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2 ABLATIVES

ABLATIVES. Materials used for the outward dissipation of extreme-
ly high heats by mass removal. Their most common use is as an
external heat shield to protect supersonic aerospace vehicles from
an excessive buildup of heat caused by air friction at the surface. The
ablative material must have a low thermal conductivity in order that
the heat may remain concentrated in the thin surface layer. As the
surface of the ablator melts or sublimes, it is wiped away by the fric-
tional forces that simultaneously heat newly exposed surfaces. The
heat is carried off with the material removed. The less material that
is lost, the more efficient is the ablative material. The ablative mater-
ial also should have a high thermal capacity in the solid, liquid, and
gaseous states; a high heat of fusion and evaporation; and a high heat
of dissociation of its vapors. The ablative agent, or ablator, is usually
a carbonaceous organic compound, such as a phenolic plastic. As the
dissociation products are lost as liquid or vapor, the char is held in
place by the refractory reinforcing fibers, still giving a measure of
heat resistance. The effective life of an ablative is short, calculated in
seconds per millimeter of thickness for the distance traveled in the
atmosphere.

Single ablative materials seldom have all the desirable factors, and
thus composites are used. Phenolic or epoxy resins are reinforced with
asbestos fabric, carbonized cloth, or refractory fibers, such as asbestos,
fused silica, and glass. The refractory fibers not only are incorporated
for mechanical strength, but also have a function in the ablative
process, and surface-active agents may be added to speed the rate of
evaporation. Another composite, polyarylacetylene (PAA) reinforced
with carbon fiber fabric, proved superior to carbon-reinforced phenolic
in tests to develop an alternative ablative and insulative material for
nozzle components of solid rocket motors. Favoring the PAA is its high
(90%) char yield, lower weight loss and erosion, greater moisture resis-
tance, and more stable ablation. Ablative paint, for protecting wood-
work, may be organic silicones which convert to silica at temperatures
above 2000°F (1093°C).

Metals can resist temperatures higher than their melting point by
convection cooling, or thermal cooling, which is heat protection
by heat exchange with a coolant. Thus, tungsten can be arc-melted in
a copper kettle which is cooled by circulating water. The container
metal must have high thermal conductivity, and the heat must be
quickly carried away and stored or dissipated. When convection cool-
ing is difficult or not possible, cooling may be accomplished by a heat
sink. Heat-sink cooling depends on the heat absorption capability
of the structural material itself or backed up by another material of
higher heat absorption. Copper, beryllium, graphite, and beryllium
oxide have been used. A heat-sink material should have high thermal
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conductivity, high specific heat and melting point, and for aerody-
namic applications, a low specific gravity.

ABRASIVES. Materials used for surfacing and finishing metals, stone,
wood, glass, and other materials by abrasive action. The natural abra-
sives include the diamond, emery, corundum, sand, crushed garnet and
quartz, tripoli, and pumice. Artificial abrasives, or manufactured
abrasives, are generally superior in uniformity to natural abrasives,
and are mostly silicon carbide, aluminum oxide, boron carbide, or boron
nitride, marketed under trade names. Artificial diamonds are also now
being produced. The massive natural abrasives, such as sandstone, are
cut into grinding wheels from the natural block, but most abrasive
material is used as grains or built into artificial shapes.

For industrial grinding, artificial abrasives are preferred to natural
abrasives because of their greater uniformity. Grading is important
because uniform grinding requires grains of the same size. The abra-
sive grains are used as a grinding powder; are made into wheels,
blocks, or stones; or are bonded to paper or cloth. Abrasive cloth is
made of cotton jean or drills to close tolerances of yarns and weaves,
and the grains are attached with glue or resin. But the Fabricut
cloth of 3M is an open-weave fabric with alumina or silicon-carbide
grains of 100 to 400 mesh. The open weave permits easy cleaning of
the cloth in an air blast. Abrasive paper has the grains, usually alu-
minum oxide or silicon carbide, glued to one side of 40- to 130-1b kraft
paper. The usual grain sizes are No. 16 to No. 500.

Abrasive powder is usually graded in sizes from 8 to 240 mesh.
Coarse grain is to 24 mesh; fine grain is 150 to 240. Blasting abra-
sive for blast cleaning of metal castings is usually coarse grain.
Arrowblast, of Norton Co., is aluminum oxide with grain sizes from
16 to 80 mesh. Grinding flour consists of extremely fine grains sep-
arated by flotation, usually in grain sizes from 280 to 600 mesh, used
for grinding glass and fine polishing. Levigated abrasives are fine
powders for final burnishing of metals or for metallographic polish-
ing, usually processed to make them chemically neutral. Green
rouge is levigated chromic oxide, and mild polish may be levigated
tin oxide; both are used for burnishing soft metals. Polishing pow-
der may be aluminum oxide or metal oxide powders of ultrafine par-
ticle size down to 600 mesh. Micria AD, of Monsanto Co., is alumina;
Micria ZR is zirconia; and Micria TIS is titania. Gamal, of Fisher
Scientific Co., is a fine aluminum oxide powder, the smaller cubes
being 59 pin (1.5 pwm), with smaller particles 20 pin (0.5 pm). Cerox
is cerium oxide used to polish optical lenses and automobile wind-
shields. It cuts fast and gives a smooth surface. Grinding com-
pounds for valve grinding are usually aluminum oxide in oil.
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Mild abrasives, used in silver polishes and window-cleaning com-
pounds, such as chalk and talc, have a Mohs hardness of 1 to 2. The
milder abrasives for dental pastes and powders may be precipitated
calcium carbonate, tricalcium phosphate, or combinations of sodium
metaphosphate and tricalcium phosphate. Abrasives for metal polishes
may also be pumice, diatomite, silica flour, tripoli, whiting, kaolin, tin
oxide, or fuller’s earth. This type of fine abrasive must be of very uni-
form grain in order to prevent scratching. Cuttle bone, or cuttlefish
bone, is a calcareous powder made from the internal shell of a
Mediterranean marine mollusk of the genus Sepia, and it is used as
a fine polishing material for jewelry and in tooth powders. Ground
glass is regularly marketed as an abrasive for use in scouring com-
pounds and in match-head compositions. Lapping abrasives, for fin-
ish grinding of hard materials, are diamond dust or boron carbide
powder.

Aluminum oxide wheels are used for grinding materials of high ten-
sile strength. Silicon carbide is harder but is not as strong as alu-
minum oxide. It is used for grinding metals that have dense grain struc-
ture and for stone. Vitrified wheels are made by molding under heat
and pressure. They are used for general and precision grinding where
the wheel does not exceed a speed of 6,500 surface ft/min (33 m/s). The
rigidity gives high precision, and the porosity and strength of bond
permit high stock removal. Silicate wheels have a silicate binder and
are baked. The silicate bond releases the grains more easily than the
vitrified, and is used for grinding edge tools to reduce burning of the
tool. Synthetic resins are used for bonding where greater strength is
required than is obtained with the silicate, but less openness than
with the vitrified. Resinoid bonds are used up to 16,000 surface ft/min
(81 m/s), and are used especially for thread grinding and cutoff wheels.
Shellac binder is used for light work and for high finishing. Rubber is
used for precision grinding and for centerless-feed machines. 3M’s
Trizact abrasives are microreplicating aluminum oxide or silicon car-
bide pyramid-like grains on flexible polyester cloth or film. Continued
use keeps exposing fresh cutting grains.

Grading of abrasive wheels is by grit size number from No. 10 to
No. 600, which is 600 mesh; by grade of wheel, or strength of the
bond, which is by letter designation, increasing in hardness from A to
Z; and by grain spacing or structure number. The ideal condition is
with a bond strong enough to hold the grains to accomplish the
desired result and then to release them before they become too dull.
Essential qualities in the abrasive grain are penetration hardness,
body strength sufficient to resist fracture until the points dull and
then break to present a new edge, and an attrition resistance suitable
to the work. Some wheels are made with a porous honeycombed struc-
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ture to give free cutting and cooler operation on some types of metal
grinding. Some diamond wheels are made with aluminum powder
mixed with a thermosetting resin, and the diamond abrasive mix is
hot-pressed around this core wheel. Norton diamond wheels are of
three types: metal bonded by powder metallurgy, resinoid bonded,
and vitrified bonded.

ABRASIVE SAND. Any sand used for abrasive and grinding purposes,
but the term does not include the sharp grains obtained by crushing
quartz and used for sandpaper. The chief types of abrasive sand
include sandblast sand, glass-grinding sand, and stone-cutting
sand. Sand for stone sawing and for marble and glass grinding is
usually ungraded, with no preparation other than screening, but it
must have tough, uniform grains. Chats are sand tailings from the
Missouri lead ores, used for sawing stone. Banding sand is used for
the band grinding of tool handles and for the grinding of plate glass,
but is often replaced by artificial abrasives. Banding-sand grains are
fine, 95% being retained on a 150-mesh screen. Burnishing sand,
for metal polishing, is a fine-grain silica sand with rounded grains. It
should pass a 65-mesh screen, and be retained on a 100-mesh screen.

ABS PLASTICS. The letters ABS identify the family of acrylonitrile-
butadiene-styrene. Common trade names for these materials are
Cycolac, Magnum, and Lustran. They generally are opaque and
distinguished by a good balance of properties, including high impact
strength, rigidity, and hardness over a temperature range of —40 to
230°F (—40 to 110°C). Compared to other structural or engineering
plastics, they are generally considered to fall at the lower end of the
scale. Medium impact grades are hard, rigid, and tough and are used
for appearance parts that require high strength, good fatigue resis-
tance, and surface hardness and gloss. High impact grades are formu-
lated for similar products where additional impact strength is gained
at some sacrifice in rigidity and hardness. Low-temperature impact
grades have high impact strength down to —40°F (—40°C). Again,
some sacrifice is made in strength, rigidity, and heat resistance. Heat-
resistant, high-strength grades provide the best heat resistance—
continuous use up to about 200°F (93°C), and a 264 1b/in? (1.8 MPa)
heat deflection temperature of around 215°F (102°C). Impact strength
is about comparable to that of medium impact grades, but strength,
modulus of elasticity, and hardness are higher. At stresses above their
tensile strength, ABS plastics usually yield plastically instead of rup-
turing, and impact failures are ductile. Because of relatively low
creep, they have good long-term load-carrying ability. This low creep
plus low water absorption and relatively high heat resistance provide
ABS plastics with good dimensional stability. Transparent grades are
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available. ABS plastics are readily processed by extrusion, injection
molding, blow molding, calendering, and vacuum forming. Resins
have been developed especially for cold forming or stamping from
extruded sheet. Typical applications are helmets, refrigerator liners,
luggage tote trays, housings, grills for hot air systems, and pump
impellers. Extruded shapes include tubing and pipe. ABS plated parts
are now in wide use, replacing metal parts in the automotive and
appliance field Lustran 266 Mediclear, from Monsanto, offers better
than usual clarity with toughness and chemical resistance. Modified
with methyl methacrylate, it has excellent gloss and haze values
while providing an Izod impact strength of 3.25 ft-Ib/in (173 J/m)
for 0.125 in (3.175 mm) thickness. Of interest for medical applica-
tions, it can be sterilized by gamma radiation with little color loss.
Lustran 752, from Bayer Corp., is a high-gloss, tough ABS with low
color to ease coloring with ABS color concentrates. The density is
0.038 1b/in? (1.04 g/cm?®) and, at 73°F (23°C), it has a tensile strength
at yield of 5100 1b/in2? (35.2 MPa), tensile and flexural moduli
of 270,000 1b/in? (1.9 GPa), and a notched Izod impact strength of
6.3 ft-1b/in (336 J/m) for 0.125 in. thickness. Cycolac Magix, a metallic-
flake ABS from General Electric Plastics, can provide a variety of colors
and surface effects: the high gloss of a marble surface; the shadow,
light, and 3D visual effect of granite; the look of gun metal; and the
glitter of quartz or gold dust.

ACAROID RESIN. A gum resin from the base of the tufted trunk
leaves of various species of Xanthorrhoea trees of Australia and
Tasmania. It is also called gum accroides and yacca gum. Yellow
acaroid from the X. tateana is relatively scarce, but a gum of the yel-
low class comes from the tree X. preissii of western Australia, and is
in small hollow pieces yellow to reddish. It is known as black boy
resin, the name coming from the appearance of the tree. Red
acaroid, known also as red gum and grass tree gum, comes in
small dusty pieces of reddish brown. This variety is from the X. aus-
tralis and about 15 other species of the tree of southeastern Australia.
The resins contain 80 to 85% resinotannol with coumaric acid,
which is a hydroxycinnamic acid, and they also contain free cinnamic
acid. They are thus closely related chemically to the balsams. Acaroid
resin has the property unique among natural resins of capacity for
thermosetting to a hard, insoluble, chemical-resistant film. By treat-
ment with nitric acid it yields picric acid; by treatment with sulfuric
acid it yields fast brown to black dyes. The resins are soluble in alco-
hols and in aniline, only slightly soluble in chlorinated compounds,
and insoluble in coal-tar hydrocarbons. Acaroid has some of the physi-
cal characteristics of shellac, but is difficult to bleach. It is used for
spirit varnishes and metal lacquers, in coatings, in paper sizing, in
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inks and sealing waxes, in binders, for blending with shellac, in pro-
duction of picric acid, and in medicine.

ACETAL RESINS. Highly crystalline resins that have the repeating
group (OCH2)x. The resins are polyformaldehyde. The natural
acetal resin is translucent white and can be readily colored. There
are two basic types: a homopolymer, such a Du Pont’s Delrin, and a
copolymer, such as Hoechst Celanese’s Celcon. In general, the
homopolymers are harder and more rigid and have higher tensile,
flexural, and fatigue strengths, but lower elongation. The copoly-
mers are more stable in long-term high-temperature service and
have better resistance to hot water. Glass-filled acetals provide
greater strength and stiffness, and tetrafluoroethylene (TFE)-filled
acetals provide low friction and high wear resistance. The 500
Series of Glidestar, from EM Corp., consists of acetal-based self-
lubricating (oil or TFE) compounds.

Acetals are among the strongest and stiffest of the thermoplastics.
Their tensile strength ranges from 8,000 to about 13,000 1b/in? (55 to
89 MPa), the tensile modulus of elasticity is about 500,000 1b/in2
(3,445 MPa), and fatigue strength at room temperature is about 5,000
Ib/in? (34 MPa). Their excellent creep resistance and low moisture
absorption (less than 0.4%) give them excellent dimensional stability.
They are useful for continuous service up to about 220°F (104°C).
Acetals’ low friction and high abrasion resistance, though not as good
as nylon’s, rates them high among thermoplastics. Their impact resis-
tance is good and remains almost constant over a wide temperature
range. Acetals are attacked by some acids and bases, but have excellent
resistance to all common solvents. They are processed mainly by mold-
ing or extruding. Some parts are also made by blow and rotational
molding. Typical parts and products made of acetal include pump
impellers, conveyor links, drive sprockets, automobile instrument clus-
ters, spinning reel housings, gear valve components, bearings, and
other machine parts. Acetal homopolymers are used for mechanical
and electrical parts. They have a specific gravity of 1.425, a tensile
strength of 10,000 1b/in? (69 MPa), 15% elongation, a dielectric strength
of 500 V/mil (19.6 X 106 V/m), and Rockwell hardness M94. They retain
their mechanical strength close to the melting point of 347°F (175°C).
Acetal copolymers are thermoplastic linear acetal resins produced
from trioxane, which is a cyclic form of formaldehyde. The specific
gravity is 1.410, flexural strength 12,000 lb/in? (83 MPa), Rockwell
hardness M76, and dielectric strength 1,200 V/mil (47 X 106 V/m). It
comes in translucent white pellets for molding.

Tenac SH, a homopolymer from Asahi Chemical, uses a Nylon 3
heat stabilizer to enhance processibility but retains the thermal sta-
bility and mechanical properties of the standard homopolymer.
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ACETIC ACID. Also known as ethanoic acid. A colorless, corrosive lig-
uid of pungent odor and composition CH, - COOH, having a wide vari-
ety of industrial uses as a reagent, solvent, and esterifier. A carboxylic
acid, it is employed as a weak acid for etching and for soldering; in
stain removers and bleaches; as a preservative; in photographic chem-
icals; for the manufacture of cellulose acetate and vinyl acetate; as a
solvent for essential oils, resins, and gums; as a precipitant for latex;
in tanning leather; and in making artificial flavors. Acetic acid is
found in the juices of many fruits and in combination in the stems or
woody parts of plants. It is the active principle in vinegar, giving it
the characteristic sour taste, acid flavor, and pungent odor. It is made
commercially by oxidation of acetaldehyde (in the presence of man-
ganese, cobalt, or copper acetate), butane, or naphtha. Its specific
gravity is 1.049, its boiling point is 244°F (118°C), and it becomes a
colorless solid below 61.9°F (16.6°C). The pure 99.9% solid is known
as glacial acetic acid. Standard and laundry special grades contain
99.5% acid, with water the chief impurity. Standard strengths of
water solution are 28, 56, 70, 80, 85, and 90%.

Acetic anhydride, CH,COOCOCH,, a colorless liquid with boiling
point 283°F (139.5°C), is a powerful acetylating agent and is used in
making cellulose acetate. It forms acetic acid when water is added.
Hydroxyacetic acid, HOCH,COOH, or glycolic acid, is produced
by oxidizing glycol with dilute nitric acid and is intermediate in
strength between acetic and formic acids. It is soluble in water, is
nontoxic, and is used in foodstuffs, dyeing, tanning, electropolishing,
and resins. Its esters are solvents for resins. Diglycolic acid,
O(CH,CO,H),, is a white solid melting at 298°F (148°C). It is stronger
than tartaric and formic acids and is used for making resins and plas-
ticizers. Thioacetic acid has the formula of acetamide but with HS
replacing the NH,. It is a pungent liquid used for making esters for
synthetic resins.

Chloroacetic acid, CH,CICOOH, is a white crystalline powder
melting at 143°F (61.6°C) and boiling at 372°F (189°C). It is used for
producing carboxymethylcellulose, dyes, and drugs. Sequestrene,
used as a clarifying agent and water softener in soaps and detergents,
and to prevent rancidity in foods and sulfonated oils, is ethylene
bisaminodiacetic acid, (HOOCCH,),-NCH,CH,N(CH,COOH),. It is a
liquid, but in the form of its sodium salt is a water-soluble white pow-
der. Trifluoroacetic acid, CF,COOH, is one of the strongest organic
acids. It is a colorless, corrosive liquid, boiling at 160°F (71.1°C) and
freezing at 4.5°F (—15.3°C). It is used in the manufacture of plastics,
dyes, pharmaceuticals, and flame-resistant compounds.

Paracetic acid, CH, - O - COOH, is a colorless liquid of strong
odor with the same solubility as acetic acid. It has 8.6% available
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oxygen and is used as a bleaching agent, a polymerization catalyst, for
making epoxy resins, and as a bactericide. Acetin is an ester of acetic
acid made from glycerin and acetic acid, used as a solvent for basic
dyes and tannins. It is a neutral straw-colored liquid of specific gravity
1.20 and boiling point 271 to 307°F (133 to 153°C). It is also used in
low-freezing dynamites and smokeless powder. The triacetic ester,
triacetin, is a water-white liquid of specific gravity 1.16 and flash
point 271°F (133°C), soluble in aromatic hydrocarbons. It is used as a
plasticizer and in propellants.

Phenylacetic acid, C.H.CH,COOH, is a white flaky solid melting
at 166°F (74.5°C). The reactive methylene group makes it useful for
the manufacture of fine chemicals. Cyanoacetic acid, CN - CH, -
COOH, has an active methylene group and an easily oxidized cyano
group, and is used for producing caffeine, while the derivative ethyl
cyanoacetate, NC - CH,COO - CH,, - CH,, a liquid boiling at 405°F
(207°C), is used for making many drugs. Malonic acid, CH,(COOH),,
or propanedioic acid, is a very reactive acid sometimes used instead
of acetic acid for making plastics, drugs, and perfumes. It decomposes
at 320°F (160°C), yielding acetic acid and carbon dioxide. Methyl
acetic acid, CH,CH,COOH, is propionic acid or propanoic acid,
a by-product in the extraction of potash from kelp. Modifications of
this acid are used for cross-linking plastics.

ACETONE. An important industrial solvent, used in the manufacture
of lacquers, plastics, smokeless powder; for dewaxing lubricating oils;
for dissolving acetylene for storage; for dyeing cotton with aniline
black; and as a raw material in the manufacture of other chemicals. It
is a colorless, flammable liquid with a mintlike odor and is soluble in
water and in ether. The composition is CH, - CO - CH,, specific gravity
0.790, boiling point 133°F (56°C), and solidification point —137°F
(—94°C). Acetone is mainly produced as a by-product in the cleavage of
cumene hydroperoxide into phenol. A secondary route is by catalytic
dehydrogenation of isopropyl alcohol.

Diacetone, or diacetone alcohol, is a colorless liquid of composi-
tion CH, - CO - CH,, - COH(CH,),, with a pleasant odor. It is used as
a solvent for nitrocellulose and cellulose acetate, for gums and
resins, in lacquers and thinners, and in ink, paint, and varnish
removers. Because of its low freezing point and miscibility with cas-
tor oil it is used in hydraulic brake fluids. The specific gravity is
0.938, boiling point 331°F (166°C), and freezing point —65°F
(=54°C). Synthetic methyl acetone is a mixture of about 50% ace-
tone, 30 methyl acetate, and 20 methanol, used in lacquers, paint
removers, and for coagulating latex. Dihydroxyacetone, a color-
less crystalline solid produced from glycerine by sorbose bacteria
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reaction, is used in cosmetics, and in preparing foodstuff emulsions,
plasticizers, and alkyd resins. It is soluble in water and in alcohol.

ACETYLENE. A colorless gas of the composition HC:CH, used for
welding and flame cutting of metals and for producing other chemi-
cals. It contains 92.3% carbon and is therefore nearly gaseous carbon.
When pure, it has a sweet odor, but when it contains hydrogen sulfide
as an impurity, it has a disagreeable odor. Acetylene burns brightly in
air, and was widely used for theater stage lighting before the advent
of electric light. When mixed with oxygen as oxyacetylene for flame
cutting and welding, it gives a temperature of 6332°F (3500°C). In air
it is an explosive gas. The maximum explosive effect is with a mixture
of 7.7% gas and 92.3% air. Acetylene has a specific gravity of 0.92. It
is nontoxic and is soluble in water, alcohol, or acetone. It liquefies
under a pressure of 700 1b/in% (4.8 MPa) at 70°F (21°C). It is easily
generated by the action of water on calcium carbide, but the newest
methods involve pyrolysis, or cracking, of hydrocarbons, principally
methane. It is also recovered from ethylene feedstock prior to poly-
merization. About 80% of acetylene usage is for synthesis of industri-
al chemicals, such as vinyl chloride, vinyl acetate, acrylonitrile,
polyvinylpyrrolidone, trichloroethylene, and acetic acid. Acetylenic
alcohols and diols include propargyl alcohol, butynediol,
butenediol, butanediol, and butyrolacetone; these are used in
metal pickling and plating and for making agricultural chemicals,
polyesters, and vinyl esters. It is marketed compressed in cylinders,
dissolved in acetone to make it nonexplosive. One volume of acetone
will dissolve 25 volumes of acetylene at atmospheric pressure, or 250
volumes at 10 atm (10.3 kg/cm?). Prest-O-Lite is a trade name of
Union Carbide Corp. for acetylene dissolved in acetone. Acetylene
snow, or solid acetylene, is produced by cooling acetylene below the
melting point and compressing. It is insensible to shock and flame
and is thus easier to transport. A replacement for acetylene for pro-
ducing plastics is methyl acetylene propadiene, which contains
70% methyl acetylene and 30 of the isomer propadiene. It has the
reactions of both acetylene and its isomer. Mapp, of Dow Chemical
Co., for metal cutting, is methyl acetylene, CH:C - CH,. It is safer to
handle and gives about the same flame temperature.

ACRYLIC RESINS. Colorless, highly transparent, thermoplastic, syn-
thetic resins made by the polymerization of acrylic derivatives, chiefly
from the esters of acrylic acid, CH,:CH - COOH, and methacrylic
acid, CH,:C(CH,) - COOH, ethyl acrylate and methyl acrylate.
Glacial acrylic acid is the anhydrous monomer with less than 2%
moisture. It can be esterified directly with an alcohol. Vinyl acrylic
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acid, CH,:CHCH:CHCOOH, with a melting point of 80°C, is made
from acrolein and malonic acid. It polymerizes on heating.

The resins vary from soft, sticky semisolids to hard, brittle solids,
depending upon the constitution of the monomers and upon the poly-
merization. They are used for adhesives, protective coatings, finishes,
laminated glass, transparent structural sheet, and molded products.
Acrylic resins, or acrylate resins, are stable and resistant to chemi-
cals. They do not cloud or fade in light when used as laminating
material in glass and are used as air-curing adhesives to seal glass to
metals or wood. Water-based acrylics are used for the formulation of
caulks and sealants. They have better adhesion and weather resis-
tance than butyl rubbers and dry more quickly. The sealants usually
contain about 80% solids. A hydrogel sealant of acrylates and water,
developed at Germany’s Fraunhofer Institute, automatically seals
underground pipe joints by swelling on water contact in the event of a
leak from a crack in service.

Most acrylic plastics are based on polymers of methyl metha-
crylate, which may be modified by copolymerizing or blending with
other monomers. Noted for excellent optical properties, they have a
light transmission of about 92%. Clarex DR-III, from Astra
Products, is an acrylic light-diffusion material to guide light from low-
level sources to display surfaces. Light transmission ranges from
45 to 92%, and the material is available in white or specially formu-
lated to transmit peak wavelengths of various colors.

Besides the transparent grades, they can be obtained in translucent
or opaque colors as well as the natural color of water white. Moldings
have a deep luster and high surface gloss, and for this reason are
widely used for decorative parts. Acrylics have excellent weathering
characteristics. Because they are little affected by sunlight, rain, and
corrosive atmospheres, they are well suited for outdoor applications.
In general, the majority of grades can be used up to about 212°F
(100°C). Thermal expansion is relatively high.

Acrylics are hard and stiff. They are also a relatively strong plastic;
their tensile strength ranges from 5,000 to about 11,000 1b/inZ (34 to
about 76 MPa). However, regular grades are somewhat brittle. High
impact grades are produced by blending with rubber stock. The high
strength is useful only for short-term loading. For long-term service,
to avoid crazing or surface cracking, tensile stresses must be limited
to about 1,500 1b/in? (10 MPa).

Acrylic plastics are available as cast sheets, rods, tubes, and blocks.
They are also processed by injection or compression molding. Sheets are
produced in thicknesses from 0.125 to 0.375 in (0.32 to 0.95 cm) and
in sizes up to 10 by 12 ft (3 by 4 m). A special process that produces mol-
ecular orientation in the cast product is used to make crack-resistant
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aircraft cabin windows and fighter plane canopies. Acrylic moldings as
large as 1 yd? (1 m2) have been produced. Typical moldings include
knobs, handles, escutcheons, parts for vending machines, and a wide
variety of lenses for light control, signal lamps, and the like.

Tough molding resins are made by copolymerizing methyl
methacrylate with styrene. These molding resins have a flexural
strength of 17,600 1b/in% (121 MPa). Acrylate rubbers, having a ten-
sile strength of 2,500 1b/in% (17 MPa) and an elongation of 350%, are
used for gaskets, wire insulation, and hose.

Allyl methacrylate is a liquid of the empirical formula C H,O,,
boiling at 145°F (63°C) and insoluble in water. It can be polymerized to
form liquid or hard solid resins, but is used chiefly as a cross-linking
agent for other resins to raise the softening point and increase hard-
ness. Polymethyl alphachloroacrylate, (CH,:CCl- COOCH,), is a
transparent and craze-resistant resin used for aircraft windows. The
heat distortion point is 260°F (127°C), and it has higher tensile and
flexural strength than other acrylics. Cyclohexyl methacrylate has
optical properties similar to those of crown glass and is used for cast
lenses, where its softness and low softening point, 160°F (71°C), are not
objectionable.

Lucite is methyl methacrylate of Du Pont, marketed as molding
powder and in rods, tubes, and cast and molded sheets. Lucitone, of
Dentsply International, is this material molded in dentures in pink
and translucent. Lucite HM-140 is this material compounded for
high-temperature injection molding. Acrylic syrup is a liquid Lucite
for use as a low-pressure laminating resin. It produces strong, stiff,
tough laminates adaptable to translucent or bright colors. Reinforced
with glass fibers, a panel with contact cure has a flexural strength of
25,000 1b/in? (172 MPa), elongation 1.5%, distortion point at 233°F
(112°C), Rockwell hardness R121, and light transmission up to 65%.
Crystalite, of Rohm & Haas Co., is an acrylic molding powder.
Plexiglas, of this company, is transparent methyl methacrylate in
sheets and rods. All these plastics are used for aircraft windows.
Plexiglas V is for injection molding, while Plexiglas VM is a mold-
ing powder to resist heat distortion to 174°F (79°C). Vernonite, of
Rohm & Haas Co., is an acrylic denture resin. Quarite and Quarite
Plus, of Aristech Chemical, are mineral-filled sheets with a pebbly
surface texture for spas, plumbing ware, and architectural applica-
tions. Acrystone, of the same firm, is a mineral-filled, solid-surfacing,
cast acrylic sheet.

The Acryloid resins, of the same company, are acrylic copoly-
mer solid resins, and the Acrysol resins are solutions for coatings.
Plexene M, of the same company, is a styrene-acrylic resin for
injection molding. The specific gravity of the molded resin is 1.08, the
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dielectric strength 350 V/mil (14 X 108 V/m), and tensile strength
15,000 1b/in (103 MPa). Rhoplex resins, of the same company, are
acrylic resin emulsions for paints, textile finishes, and adhesives.
Water-soluble acrylic copolymer is used for thickening natural or syn-
thetic rubber latex for paper and textile coatings. Coatings made with
acrylics have good adhesion and gloss, are resistant to oils and chemi-
cals, and have good dielectric strength. Carboset 511 is a water solu-
tion of acrylic resin for protecting polished metal surfaces and precision
parts against scratching. It is resistant to water, but can be washed off
with soap and water. Cavalon, of Du Pont, is a polyacrylic resin for
coatings that has high hardness and resistance to abrasion.

Cyrolite HP sheet, from Cyro Industries, has 90% light transmis-
sion and is thermoformable at 240 to 320°F (116 to 160°C). It has a
Rockwell hardness of 60 M, a tensile strength of 7800 1b/in? (54 MPa),
a flexural strength of 13,800 1b/in? (95 MPa), a flexural modulus of
440,000 1b/in? (303 GPa), an Izod notched impact strength of 0.7
ft-1b/in (37 J/m), and a maximum continuous service temperature of
160°F (71°C). Shinbolite P UT-100, UT-200, and UT-300, a heat-
resistant acrylic copolymer from Mitsubishi Rayon Co. and
Franklin Polymers Inc. is intended for lens applications. Density is
0.043 1b/in® (1190 kg/m3), light transmission is 92 to 93%, refractive
index is 1.49 to 1.51, and haze is 0.3 to 0.5%. Tensile and flexural
strengths are 11,000 to 11,500 1b/in? (76 to 79 MPa) and 16,100 to
18,100 1b/in? (111 to 125 MPa), respectively; ultimate elongation is 4.3
to 8.8%; the flexural modulus is 470,000 to 480,000 lb/in% (3240 to
3310 MPa); and the heat deflection temperature at 264 1b/in? (1.8
MPa) is 230 to 248°F (110 to 120°C).

Volan, of the Du Pont Co., is a methacrylate-chromic oxychlo-
ride, CH,:C(CH,)C(OH)(OCrCl,),, in which methacrylic acid is joined
with two CrCl, groups to form resonant bonds. It is a dark-green
liquid with a specific gravity of 1.02, boiling point at 180°F (82°C).
When applied to negatively charged surfaces such as cellulose,
polyamides, or silica materials, the chromium complex is strongly
held while the chlorine is lost. In attaching to glass, the CrO forms a
chemical bond to the silica of the glass, Cr - O - Si. With polyamides,
the CrO attaches to a carbon atom, Cr - O - C, and thus provides
strong bonds in plastic laminates. Korad films, from Polymer
Extruded Products, are weatherable, wood-grain, acrylic laminating
films for outdoor window and door profiles and for adhesive-free bond-
ing to polypropylene sheet for thermoformed products. Acumer 3000,
a water-treatment acrylate polymer from Rohm and Haas Co., con-
trols silica and prevents formation of magnesium-silicate scale.
Treated with the polymer, recirculated water can tolerate as much as
300 parts per million of silica without scale formation. Acumer 5000,
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an acrylate terpolymer of the same company, controls iron and
inhibits scale formation in boiler water.

ACRYLONITRILE. Also called vinyl cyanide and propene nitrile. A
liquid of composition CH,:CHCN, boiling at 172°F (78°C), used in
insecticides and for producing plastics and other chemicals. It is made
by the addition of hydrocyanic acid to acetylene, by using propylene
as the starter and reacting with ammonia, or from petroleum.
Acrylonitrile fiber, originally developed in Germany as a textile
staple fiber and as a monofilament for screens and weaving, and
known as Redon, has good dimensional stability and high dielectric
strength and is resistant to water and to solvents. The polymerized
acrylonitrile has a molecular structure that can be oriented by draw-
ing to give fibers of high strength. Orlon, of Du Pont, is a polymer-
ized acrylonitrile fiber. It is nearly as strong as nylon and has a softer
feel. It can be crimped to facilitate spinning with wool. It is used for
clothing textiles and for filter fabrics. Dynel, of Union Carbide Corp.,
is an acrylonitrile-vinyl chloride copolymer staple fiber. It pro-
duces textiles with a warmth and feel like those of wool. It has good
strength, is resilient, dyes easily, and is mothproof. Verel, of Eastman
Chemical Products, Inc., is a similar acrylic fiber produced from acry-
lonitrile and vinylidene chloride, and Creslan, of American
Cyanamid Co., called Exlan in Japan, is an acrylic fiber. Acrilan, of
Monsanto, is a similar textile fiber and is an acrylonitrile-vinyl
acetate copolymer. Acrylonitrile-styrene is a copolymer for injec-
tion molding and extruding that produces rigid thermoplastic parts of
higher tensile strength than those of the methacrylates, and has good
dimensional stability and scratch resistance. Saran F-120, of Dow
Chemical Co., is a similar material.

Centrex polymers from Bayer Corp. are acrylonitrile styrene
acrylate (ASA), acrylonitrile-ethylene-propylene-styrene
(AES), and ASA/AES resins. All are noted for good resistance to
weather aging in unpainted, outdoor applications. ASA grades include
medium-impact, low- or high-gloss types, and a high-impact, high-
gloss type. AES grades include high-impact, low- or medium-gloss
grades suitable for coextrusion over ABS or PVC substrates.
ASA/AES grades are medium-impact, low-gloss or high-impact, high-
gloss grades, most of which are suitable for coextrusion over ABS.

Acrylonitrile also is polymerized with vinyl pyrrolidone or other
dye-receptive monomer. The fiber has a molecular structure called a
nitrile alloy, with a continuous polyacrylonitrile backbond with
close-packed hydrophilic groups which hold the dye molecules. It
resists heat to 490°F (254°C). Crystal-clear styrene-acrylonitrile
copolymer is used for molding such articles as dinnerware and food



ACTIVATED CHARCOAL 15

containers. Acrylonitrile-styrene copolymers are also combined with
alkyl-substituted phenolic resins to produce hard, glossy, flexible coat-
ings. Itaconic acid, or methylene succinic acid, CH,:CCH(COOH),,
is also polymerized with acrylonitrile to produce fibers. When this acid
is polymerized with styrene, it produces transparent plastics of good
optical properties. Ultrapure succinonitrile (SCN) is a transparent
organic material that melts at 134°F (58°C) and forms crystals much
like common metals. Produced at Rensselaer Polytechnic Institute, it
was used by the National Aeronautics and Space Administration on
the Space Shuttle to observe dendritic crystal formation in gravity-
free space to validate or modify crystal-growth theories for metals on
earth. For jet aircraft tires, an extremely wear-resistant rubber is
made of acrylonitrile-butadiene with an organometallic catalyst
that has alternating groups in the copolymer.

Acrylonitrile reacts with cellulose to form a wide range of resins
from soluble ethers useful for textile finishes to tough, resistant mate-
rials useful for fibers. It can be reacted directly with cotton to improve
the fiber. Sodium salts of acrylonitrile are used as soil conditioners.
They are more efficient than peat moss.

ACTIVATED CHARCOAL. A nearly chemically pure amorphous car-
bon made by carbonizing and treating dense material such as
coconut shells, peach pits, or hardwood. When made from coal, or in
the chemical industry, it is more usually called activated carbon,
or filter carbon. It may be made by dry distillation or by leaching
the charcoal with steam or by treatment with zinc chloride or potas-
sium thiocyanate. It is used as an adsorbent material for gas masks,
for cigarette filters, and for purifying acids, recovering solvents, and
decolorizing liquids. Activated carbon woven into garments protects
members of the armed forces from chemical warfare. Garments with
superactivated carbon are lighter in weight and much more absor-
bent. Coconut charcoal, valued for gas masks, is an activated
charcoal usually made by heating coconut shells in a closed retort,
crushing, and steam treating. An activated charcoal made from
coconut shells will adsorb 68% of its weight of carbon tetrachloride.
A requirement of activated charcoals, besides high adsorbing power,
is that they possess strength to retain a porous structure to pass the
air or liquid. Activated carbon CXC4-6, of Union Carbide Corp.,
produced from petroleum and used as a catalyst support, is in ¥s-in
(0.48-cm) pellets of high hardness and strength. Activated charcoal
powder is usually ground to 300 mesh. An acid-washed coconut-shell
activated carbon from Barnebey Sutcliffe Corp. is effective for
removing mercury, ketones, and methylene chloride from solutions.
For water purification it should be fine enough to wet easily, but not
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so light that it will float on the top. For decolorizing or deodorizing
oils and chemicals, it is mixed in the liquid and settles out in a few
hours. A single drop of water will hold 10,000 particles of powdered
charcoal. HiPur, from Barnebey Sutcliffe, is intended for high-purity
water and process applications, especially medical dialysis service
and semiconductor manufacturing. HiPur Plus is useful in sweeten-
er decolorization and for purifying select organic, mineral, and food
acids as well as pharmaceuticals and vitamins. In sugar and oil
refining, it removes color but does not bleach like chemicals. Color
removal is measured by the molasses number, which is the index
of color removed per gram of carbon when tested on a standard
molasses solution.

Kelpchar is activated carbon made from seaweed. Tec-Char, of
Tennessee Eastman Co., is a by-product charcoal obtained in wood
distillation and in graded grains for various uses. Nuchar is an acti-
vated carbon. The activated carbon of the Masonite Corp. is made by
subjecting wood chips to high steam pressure and disintegrating by
sudden release of the pressure. The doughy mass is briquetted and
carbonized. Activated carbon of Calgon Carbon Corp. serves as an
adsorbent to stabilize organic chemicals such as halogenated aromatic
compounds in contaminated soil and sludge. After stabilization, the
treated soil and sludge are mixed with pozzolanic materials such as
portland cement, fly ash, and kiln dust for disposal as landfill.
Granular activated carbon is used in a system from Envirex Inc. for
the removal of benzene, toluene, ethylbenzene, and xylenes from
groundwater. It is especially effective in cleaning sites having low lev-
els of these contaminants.

Activated carbon derived from coal is harder than organic carbons
and does not crumble easily, permitting a higher flow of liquid to be
filtered. It has a high density and high activity. SGL carbon has an
iodine number of 1,000 compared with 650 for ordinary carbons. Its
color-removal index is about 40% higher than that of organic carbons.
Filt-o-cite, of Shamokin Filler Co., is finely ground anthracite used
to replace sand as a filtering agent for industrial wastes.

Filtrasorb 600, from Calgon Carbon, is made from bituminous
coal and designed to remove methyl tert-butyl ether from water.
Picabiol is a wood-based activated carbon from Pica USA for biologi-
cal filtration of potable water. Picacarb, of this company, is a series
of coal-based activated carbons for removing taste and odor com-
pounds and adsorption of pesticides, herbicides, and other micropollu-
tants from water. Hydrodarco B and C, from Norit Americas, are
activated carbon in powder form for potable-water production and
wastewater treatment. Bentonrit, of the same company, is activated-
carbon powder bonded with betonite into cylindrical pellets that sub-
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merge in liquids without creating excess dust. The pellets are effec-
tive for dosing systems used for purifying and decolorizing pharma-
ceuticals, foods, beverages, chemicals, potable water, and wastewater.
Centaur, an adsorptive-catalytic carbon from Calgon Carbon, is
made by modifying the surface properties of granular activated car-
bon to speed chemical reactions. In effluent-cleaning operations, it
has removed virtually all the hydrogen sulfide and converted it to
sulfuric acid. The 55% copper—45% zinc KDF55 redox alloy, from
KDF Fluid Treatment Inc., is used to prolong the life and reduce
replacement frequency of activated-carbon beds. The alloy is quite
effective in removing chlorine, which deactivates carbon, from water.
A woven cloth made by Calgon Carbon from bundles of activated-
carbon filaments and fiber has surface areas of 4.89 X 108 to 8.79 X
108 £t%/1b (1000 to 1800 m?/g) and densities of 0.045 to 0.203 1b/ft2 (220
to 990 g/m?2). It is less vulnerable to humidity than granular activated
carbon and provides a greater rate of chemical absorption, which can
be further improved by impregnation with copper, silver, or potassium
iodide. Kothmex, a pressed rather than knitted carbon-fiber cloth
supplied in rolls by Taiwan Carbon Technology, is 0.016 in (0.4 mm)
thick and has surface areas of 4.89 X 10° to 9.78 X 108 ft%1b (1000 to
2000 m?/g). BPS (bonded particulate structure), of Filtration
Group, is made by binding activated carbon into a monolithic struc-
ture with a polymeric binder. The material is formable into various
shapes, its open-pore structure exceeds 9.78 X 10°% ft%/1b, and its
reduction in micropore volume, despite the binder, is less than 2%

ADHESIVES. Materials employed for sticking, or adhering, one sur-
face to another. Forms are liquid, paste, powder, and dry film. The
commercial adhesives include pastes; glues; pyroxylin cements; rub-
ber cements; latex cement; special cements of chlorinated rubber, syn-
thetic rubbers, or synthetic resins; and the natural mucilages.
Adhesives are characterized by degree of tack, or stickiness, by
strength of bond after setting or drying, by rapidity of bonding, and
by durability. The strength of bond is inherent in the character of the
adhesive itself, particularly in its ability to adhere intimately to the
surface to be bonded. Adhesives prepared from organic products are
in general subject to disintegration on exposure. The life of an adhe-
sive usually depends upon the stability of the ingredient that gives
the holding power, although otherwise good cements of synthetic
materials may disintegrate by the oxidation of fillers or materials
used to increase tack. Plasticizers usually reduce adhesion. Some
fillers such as mineral fibers or walnut-shell flour increase the
thixotropy and the strength, while some such as starch increase the
tack but also increase the tendency to disintegrate.
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Adhesives can be grouped into five classifications based on chemi-
cal composition. Natural adhesives include vegetable- and animal-
base adhesives and natural gums. They are inexpensive and easy to
apply and have a long shelf life. They develop tack quickly, but pro-
vide only low-strength joints. Most are water-soluble. They are sup-
plied as liquids or as dry powders to be mixed with water. Casein-
latex adhesive is an exception. It consists of combinations of casein
with either natural or synthetic rubber latex. It is used to bond metal
to wood for panel construction and to join laminated plastics and
linoleum to wood and metal. Except for this type, most natural adhe-
sives are used for bonding paper, cardboard, foil, and light wood.

Thermoplastic adhesives can be softened or melted by heating
and hardened by cooling. They are based on thermoplastic resins
(including asphalt and oleoresin adhesives) dissolved in solvent or
emulsified in water. Most become brittle at subzero temperatures and
may not be used under stress at temperatures much above 150°F
(65°C). Being relatively soft materials, thermoplastic adhesives have
poor creep strength. Although lower in strength than all but natural
adhesives and suitable only for noncritical service, they are also
cheaper than most adhesives. They are also odorless and tasteless
and can be made fungus-resistant.

Hot melts, based on polyamides, polyolefins, or polyesters, are
compounds modified with waxes and processing aids. They are used
in book binding, packaging, carpeting, and making laminates.
Koraprop 210, an olefin-based hot melt from Kommerling
Chemische Fabrik of Germany, bonds dissimilar substrates in the
transportation industry.

Elastomeric adhesives, based on natural and synthetic rubbers,
are available as solvent dispersions, latexes, or water dispersions.
They are primarily used as compounds which have been modified
with resins to form some of the adhesive “alloys” discussed below.
They are similar to thermoplastics in that they soften with heat, but
never melt completely. They generally provide high flexibility and low
strength and, without resin modifiers, are used to bond paper and
similar materials.

Thermosetting adhesives soften with heat only long enough for
the cure to initiate. Once cured, they become relatively infusible up to
their decomposition temperature. Although most such adhesives do
not decompose at temperatures below 500°F (260°C), some are useful
only to about 150°F (65°C). Different chemical types have different
curing requirements. Some are supplied as two-part adhesives and
mixed before use at room temperature; others require heat and/or
pressure to bond. As a group, these adhesives provide stronger bonds
than the other three groups. Creep strength is good and peel strength
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is fair. Generally, bonds are brittle and have little resilience and low
impact strength. An adhesive developed at the University of Illinois
(Urbana) is based on a cross-linked polyester thermoset made by
reacting aromatic carboxylic acids with aromatic acetates. The poly-
ester adhesive is stable in air to 662°F (350°C), withstands heat to
392°F (200°C), and is more resistant to moisture than epoxy adhe-
sives. Potential uses include bonding carbon-fiber-reinforced laminates
and alumina or silicon-carbide particles in grinding wheels.

Jet-Weld adhesives, of 3M, are one-part, moisture-curing, ther-
mosetting urethane formulations which eliminate the need for clamp-
ing. Designed to be applied with a handheld applicator or by bulk
dispensing equipment, they are intended for bonding aluminum,
glass, plastic, and wood. Two-part urethane adhesives from
Ashland Chemical permit primerless bonding of auto panels made of
sheet molding compound. A 100% reactive two-part urethane is
intended for high-pressure lamination of auto, appliance, and build-
ing panels. Terokal 806, a fast-reacting two-part urethane from
Teroson of Germany, primerless-bonds auto seat shells.

Proform 3630, 3631, and 3632 adhesives are one-component
reactive urethane hot melts from Loctite Corp. that provide greater
strength and flexibility than conventional hot melts. The 3630 is a
polyester-based urethane with high chemical resistance and 30-s open
time. The others are blends of polyester and polyether urethanes with
60- and 180-s open time. Lord 7542 A/B adhesive, from Lord Corp.,
is a two-component urethane with excellent weatherability and resis-
tance to salt spray. Lord 7610 is a one-part urethane with high
impact resistance and peel strength. Hybond J9625, from Pierce and
Stevens Corp., is a one-component, 100% solid, moisture-curing ure-
thane with better properties than solvent-based adhesives. It is used
in laminated walls and ceilings of recreational vehicles.

Alloy adhesives are adhesives compounded from resins of two or
more different chemical families, e.g., thermosetting and thermoplas-
tic, or thermosetting and elastomeric. In such adhesives the perfor-
mance benefits of two or more types of resins can be combined. For
example, thermosetting resins are plasticized by a second resin,
resulting in improved toughness, flexibility, and impact resistance.

Paste adhesives are usually water solutions of starches or dex-
trins, sometimes mixed with gums, resins, or glue to add strength,
and containing antioxidants. They are the cheapest of the adhesives,
but deteriorate on exposure unless made with chemically altered
starches. They are widely employed for the adhesion of paper and
paperboard. Much of the so-called vegetable glue is tapioca paste.
It is used for the cheaper plywoods, postage stamps, envelopes, and
labeling. It has a quick tack and is valued for pastes for automatic
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box-making machines. Latex pastes of the rub-off type are used for
such purposes as photographic mounting, as they do not shrink the
paper as do the starch pastes. Glues are usually water solutions of
animal gelatin, and the only difference between animal glues and edi-
ble gelatin is the degree of purity. Hide and bone glues are marketed
as dry flake, but fish glue is liquid. Mucilages are light vegetable
glues, generally from water-soluble gums.

Rubber cements for paper bonding are simple solutions of rubber in
a chemical solvent. They are like the latex pastes in that the excess can
be rubbed off the paper. Stronger rubber cements are usually com-
pounded with resins, gums, or synthetics. An infinite variety of these
cements are possible, and they are all waterproof with good initial bond,
but they are subject to deterioration on exposure, as the rubber is
uncured. This type of cement is also made from synthetic rubbers which
are self-curing. Curing cements are rubber compounds to be cured by
heat and pressure or by chemical curing agents. When cured, they are
stronger, give better adhesion to metal surfaces, and have longer life.
Latex cements are solvent solutions of rubber latex. They provide
excellent tack and give strong bonds to paper, leather, and fabric, but
they are subject to rapid disintegration unless cured.

In general, natural rubber has the highest cohesive strength of the
rubbers, with rapid initial tack and high bond strength. It also is odor-
less. Neoprene has the highest cohesive strength of the synthetic rub-
bers, but it requires tackifiers. Gr-S rubber (styrene-butadiene) is
high in specific adhesion for quick bonding, but has low strength.
Reclaimed rubber may be used in cements, but it has low initial tack
and needs tackifiers.

Pyroxylin cements may be merely solutions of nitrocellulose in
chemical solvents, or they may be compounded with resins, or plasti-
cized with gums or synthetics. They dry by the evaporation of the sol-
vent and have little initial tack, but because of their ability to adhere
to almost any type of surface they are called household cements.
Cellulose acetate may also be used. These cements are used for bond-
ing the soles of women’s shoes. The bonding strength is about
10 1b/in? (0.07 MPa), or equivalent to the adhesive strength of the outer
fibers of the leather to be bonded. For hot-press lamination of wood, the
plastic cement is sometimes marketed in the form of thin sheet.

Polyvinyl acetate-crotonic acid copolymer resin is used as a
hot-dip adhesive for book and magazine binding. It is soluble in
alkali solutions, and thus the trim is reusable. Polyvinyl alcohol,
with fillers of clay and starch, is used for paperboard containers.
Vinyl emulsions are much used as adhesives for laminates.

Epoxy resin cements give good adhesion to almost any material
and are heat-resistant to about 400°F (204°C). An epoxy resin will
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give a steel-to-steel bond of 3,100 1b/in? (21 MPa) and an aluminum-
to-aluminum bond to 3,800 lb/in2 (26 MPa).

Some pressure-sensitive adhesives are mixtures of a phenolic
resin and an nitrile rubber in a solvent, but adhesive tapes are made
with a wide variety of rubber or resin compounds. Furan cements,
usually made with furfural-alcohol resins, are strong and highly
resistant to chemicals. They are valued for bonding acid-resistant
brick and tile.

Structural adhesives have come to mean those adhesives used to
bond metals to other metals, to wood, or to rigid plastics, where bond
strength is a critical requirement. They are generally of the alloy or
thermosetting type. Three of the most commonly used are the modi-
fied epoxies, neoprene-phenolics, and vinyl formal-phenolics.
Modified epoxy adhesives are thermosetting and may be of either the
room-temperature curing type, which cure by addition of a chemical
activator, or the heat-curing type. They have high strength and resist
temperatures up to nearly 500°F (260°C). Neoprene-phenolic
adhesives are alloys characterized by excellent peel strength, but
lower shear strength than modified epoxies. They are moderately
priced and offer good flexibility and vibration absorption. Vinyl
formal-phenolic adhesives are alloys whose properties fall
between those of modified epoxies and the thermoset-elastomer
types. They are supplied as solvent dispersions in solution or in
film form.

Conventional two-part liquid epoxy adhesives are brittle but can be
toughened by incorporating a rubber phase. Scotch-Weld DP-420 and
DP-460, of 3M, are examples, and they are said to provide 10 times
greater peel strength. Three others—DP-105, DP-125, and DP-190—
provide shear and peel strengths approaching those of the toughest
epoxies and 120% elongation versus 40% for the softest conventional
epoxies. Thus they are more vibration-resistant and suitable for join-
ing substrates differing more widely in coefficients of thermal expan-
sion. FM 350 epoxy film adhesive, of American Cyanamid, cures at
250°F (121°C) whereas prior grades cured at 350°F (177°C). It also
increases use temperature, from 300°F (149°C) to 350°F (177°C). FM
94 epoxy film adhesive, from Cytec Fiberite, cures at either 250°F
(121°C) or 350°F (177°C), and has a service temperature of 225°F
(107°C). The company’s FM 2000 epoxy film adhesive, which also
cures at 250°F or 350°F, can provide long-term service at tempera-
tures up to 250°F (121°C). TIGA 321 epoxy adhesive, from the
Resin Technology Group of Locktite Corp., has exhibited a tensile
strength exceeding 9500 lb/in? (66 MPa) and a fracture toughness of
32 in-1b/in? (0.571 mm-kg/mm?) for bonding phenolic rings to steel or
aluminum housings of nozzle assemblies for Space Shuttle reusable
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solid-rocket-motor cases. SynSkin HC9872, of Dexter Aerospace
Materials, is a surfacing adhesive film used to reduce labor-intensive
finishing in fabricating composite components. Liquid polymer
shim, also from Dexter, is room-temperature-curing epoxy paste suit-
able for 300°F (149°C) service.

Eccobond adhesives, of Emerson & Cuming Specialty Polymers,
are one- or two-component, moderate- or high-strength, mostly epoxy
(some silicone) adhesives.The many grades include general-purpose,
electrically or thermally conductive, ultraviolet-curable, impact-
resistant, low- or high-temperature, or fast-curing formulations.
Amicon adhesives, also from Emerson & Cuming, are epoxy prod-
ucts for surface-mount applications. Plastilock 731SI, from SIA
Adhesives, is a two-part epoxy capable of bonding to urethane struc-
tural reaction-injection molded components. Hexcel Corp.’s Redux
610 adhesive is a modified, flame-retardant, hot-melt epoxy film
material that cures at 250°F (121°C) in 1 h and is free from solvents,
thus having low volatile content. Available with a lightweight glass
carrier, it also features good lap-shear performance up to 210°F (99°C),
good peel strength in aluminum honeycomb-sandwich structures to
180°F (82°C), and good tack, drape, and handling characteristics. The
company’s Redux 340 adhesive is a high-strength, high-temperature
epoxy that cures in 1 h at 350°F (177°C). It has a lap-shear strength of
1700 1b/in2 (11.7 MPa) at 400°F (204°C). Dozens of two-component
epoxy adhesives are marketed by Master Bond, most of which cure at
200°F (93°C), some at 300°F (149°C), and some at room temperature.
Service temperatures range from as low as —100°F (—73°C) to over
400°F (204°C). Most bear the designation EP. The company’s
SteelMaster 43HT is a stainless steel-filled thixotropic paste for
repairing metal parts and bonding carbide to steel.

Acrylic adhesives are solutions of rubber-base polymers in
methacrylate monomers. They are two-component systems and have
characteristics similar to those of epoxy and urethane adhesives.
They bond rapidly at room temperature, and adhesion is not greatly
affected by oily or poorly prepared surfaces. Other advantages are low
shrinkage during cure, high peel and shear strengths, excellent
impact resistance, and good elevated-temperature properties. They
can be used to bond a great variety of materials, such as wood, glass,
aluminum, brass, copper, steel, most plastics, and dissimilar metals.

Methacrylate adhesives, from ITW Plexus, are structural adhe-
sives for bonding plastics, metals, or composites. There are 17 grades:
A0420 and AO420FS, MA300 to MA1025, and 3940, providing tensile
strengths of 1250-1500 1b/in2 (8.6-10.3 MPa) to 4500-5000 1b/in?
(31-34.5 MPa), tensile elongations of 5-15% to 125-175% and shear
strengths of 1250-1500 1b/in2 (8.6-10.3 MPa) to 3000—3500 1b/in?
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(20.7-24.1 MPa), depending on grade. Some are all-purpose grades,
others feature special properties or characteristics, such as high tough-
ness, good low-temperature performance, fast curing, low shrinkage,
and long open time. All are resistant to moisture and solvents. Acrylic
adhesive 8141, from 3M, is an optically clear, solvent-free, laminating
film adhesive providing better than 99% light transmission and less
than 0.1% haze. Loctite’s 4302 is a rapid-curing (ultraviolet primary,
cyanoacrylate secondary) cyanoacrylate adhesive providing a typical
tensile strength of 4800 Ib/in? (33 MPa), 10% elongation, and 62 Shore
D-2 hardness. It is particularly suited for use in medical devices but
should not be used in oxygen-rich or strong oxidizing environments.
VHB (very high bond) acrylic foam and adhesive transfer tapes
are forms of pressure-sensitive adhesives from 3M. They are available
in clear, white, gray, or black colors and thin, narrow, lengthy rolls.
They feature good resistance to weathering, fatigue, thermal cycling,
short-term solvent exposure, long-term moisture exposure and, depend-
ing on grade, temperatures up to 160 or 300°F (71 or 149°C). Uses
include ambulance-body-to-frame bonding, traffic and architectural
signs, curtain-wall construction, and bonding stainless steel antichaf-
ing strips to aluminum aircraft wing flaps.

Silicone adhesive sealants are room-temperature-vulcanizing
elastomers, also called RTV silicones. They excel in resistance to
ozone, ultraviolet, water, and heat—to 500°F (260°C) or greater—
while retaining flexibility at subzero temperatures. They also possess
excellent electrical insulative properties, having superior resistance to
high-voltage ionization and corona discharge. However, they are rela-
tively weak, having tensile strengths up to about 1,200 Ib/in (8.3 MPa)
and moderate tear resistance. There are both one-part and two-part
systems, with grades suitable for bonding metals, plastics, glass,
stoneware, marble, concrete, and wood. Dow Corning and General
Electric are the major producers. Dow’s 3146 silicone, a recent one-
part, self-priming grade for electronics packaging, provides excellent
adhesion to most metals, glass, select plastics, and FR-boards. It also
eliminates emission of volatile organic compounds, cures without
exotherm or corrosive by-products, does not emit the vinegar odor
associated with other one-part RTVs, has good tear resistance, resists
long-term exposure to temperatures up to about 400°F (204°C), and
stays flexible at temperatures as low as —85°F (—65°C). The company’s
739 silicone adhesive is a one-component silicone rubber having a
room-temperature alcohol cure. It is available as a nonslumping paste,
has a specific gravity of 1.52, and, at 77°F (25°C), a hardness of
37 Shore A, a tensile strength of 225 1b/in? (1.55 MPa) and 640% elon-
gation. The adhesive is suitable for bonding and sealing many plastics,
primed or unprimed, and metals and for formed-in-place gaskets.
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Ultraviolet cure adhesives, of Loctite Corp., are anaerobic struc-
tural adhesives formulated specifically for glass bonding applications.
The adhesive remains liquid after application until ultraviolet light
triggers the curing mechanism. The UV-curable adhesive 3-20556 of
Dymax Corp. responds to both UV and visible lightwaves of 300 to
500 nm, thus curing to greater depth and faster with less costly
lamps than usually needed. Being curable to visible light permits its
use with colored plastics and glass that do not transmit UV light. The
solvent-free adhesive resists moisture and bonds various plastics and
glass, ceramics, and metals.

A ceramic adhesive developed by the Air Force for bonding stain-
less steel to resist heat to 1500°F (816°C) is made with a porcelain
enamel frit, iron oxide, and stainless-steel powder. It is applied to
both parts and fired at 1750°F (954°C), giving a shear strength of
1,500 Ib/in% (10 MPa) in the bond. But ceramic cements that require
firing are generally classified with ordinary adhesives. Wash-away
adhesives are used for holding lenses, electronic crystal wafers, or
other small parts for grinding and polishing operations. They are
based on acrylic or other low-melting thermoplastic resins. They can
be removed with a solvent or by heating.

Electrically conductive adhesives are made by adding metallic
fillers, such as gold, silver, nickel, copper, or carbon powder. Most con-
ductive adhesives are epoxy-based systems, because of their excellent
adhesion to metallic and nonmetallic surfaces. Silicones and poly-
imides are also frequently the base in adhesives used in bonding con-
ductive gaskets to housings for electromagnetic and radio-frequency
interference applications. ZX adhesives, of Zymet Inc., are called
anisotropically conductive adhesives. A monolayer of uniformly
sized conductive particles provide Z axis, or through-the-thickness,
conductivity.

ADIPIC ACID. Also called butane dicarboxylic acid or hexane-dioic
acid. A white crystalline solid of composition HOOC(CH,),COOH, used
as a plasticizer in synthetic resins and coatings, and in the production
of nylon. It is made by a two-step oxidation of cyclohexane to cyclohexa-
nol and cyclohexanone, followed by treatment with nitric acid. The
cyclohexanol can also be derived by phenol dehydrogenation. The melt-
ing point is 306°F (152°C). It is soluble in alcohol and slightly soluble in
water. Many other dibasic acids useful for making synthetic resins are
produced readily from fatty oils. Suberic acid, HOOC(CH,),COOH, is
made by the oxidation of castor oil. It is the same as the octane-dioic
acid made from butadiene. Sebacic acid, HOOC(CH,);COOH, called
decane-dioic acid, is produced by heating castor oil with sodium
hydroxide. Azelaic acid, HOOC(CH,),COOH, or nonane-dioic acid,
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is a strong dibasic acid with melting point at 223°F (106°C), made by
the oxidation of oleic acid, and is used as a substitute for phthalic
anhydride to react with glycerin to form alkyd resins less hard and
brittle than those made with phthalic anhydride. It is also used instead
of sebacic acid for producing the high-temperature lubricant ethyl-
hexyl sebacate. Another substitute for this acid is pelagonic acid.
Petroselic acid, which is an isomer of oleic acid with the double bond
in a different position, is made by the hydrogenation of the ricinoleic
acid of castor oil and then is oxidized to produce adipic acid. Adipic acid
can be used as a substitute for citric acid for the acidulation of bever-
ages, but is less water-soluble. It is also used in protein foods to control
the gelling action. The acid also has been used as a substitute for rosin
flux in soldering printed wiring boards. Unlike rosin, it leaves no
residues that require subsequent cleaning.

ADMIRALTY METAL. These are copper alloys noted for good resistance
to low-velocity freshwater and seawater and thus are used for con-
denser, distiller, and heat-exchanger tubing and related equipment in
these environments. Also known as inhibited admiralty metal and
admiralty brass, they comprise nominally 71.5% copper, 28 zinc, plus
small amounts of lead (0.07 maximum) and iron (0.06 maximum) and
either 0.02 to 0.06 arsenic [arsenical admiralty metal (C44300)],
0.02 to 0.10 antimony [antimonial admiralty metal (C44400)], or
0.02 to 0.10 phosphorus [phorphorized admiralty metal
(C44500)]. Though available in the annealed and cold-worked tem-
pers, the annealed condition is often preferred because of the alloys’
susceptibility to stress corrosion. Typical tensile properties in the
annealed condition are 45,000 to 53,000 1b/in2 (310 to 365 MPa) ulti-
mate strength, 13,000 to 22,000 1b/in? (89 to 152 MPa) yield strength,
and 65 to 70% elongation. Cold working appreciably increases
strength.

ADSORBENT. A material used to remove odor, taste, haze, and color
from oils, foods, pharmaceuticals, or chemicals by selective adsorption
of the impurities. Such materials are also called adsorbates.
Adsorption is the process of adhesion of the molecules of the sub-
stance to the surface of the adsorbent; in contrast, absorption entails
a physical or chemical reaction. The common adsorbents are activated
carbon, or activated clays, alumina, magnesium silicate, or sili-
ca gel. The noncarbonaceous adsorbents are used for decolorizing
vegetable, animal, or mineral oils, but activated carbon may also be
used in conjunction with clays to adsorb color bodies not removed by
the clay. Granular adsorbents are employed as filter beds, but pow-
dered adsorbents are stirred into the liquid and are usually more
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effective. Adsorption from a gas is usually done with activated car-
bon. Silica gel is usually employed for removing trace quantities of
water from water-insoluble liquids, while activated carbon is used for
removing trace quantities of oils or chemicals from water. Adsorbents
are normally recovered and are regenerated for reuse by heating,
steaming, or burning off the adsorbed material.

Adsorbents called molecular sieves are used to separate chemi-
cals of different molecular diameters without regard to their boiling
points. A double hydrated aluminum calcium silicate marketed by
Union Carbide Corp. as a zeolite will pass chemicals with molecular
diameters less than 5 A and retain larger ones by selective adsorp-
tion. Zeolite adsorbents with greater silica-to-aluminum ratios are
being developed to increase their heat resistance and make them
hydrophobic so that they can better absorb organics. Zeolyst
International CBB 901 zeolite is a high-silica Y type and is quite
hydrophobic. Molecular-sieve desiccants are used in sealed resin
containers to adsorb moisture and also can be used to dry resins.
Carbon molecular sieves are used to concentrate nitrogen from air.
However, a material used in the separation of liquid mixtures whose
components boil too close together for simple fractional distillation is
called an azeotrope. It is a solvent added to the mixture to increase
the relative volatility of one of the components so that it can be sepa-
rated. The solvent may be alcohols, glycols, or nitrobenzene.

The adsorbents used in vacuum tubes to adsorb or combine with
residual gases are called getters. Flash getters are pellets or strips
of barium or barium alloy used to shorten the exhaust period. The
getter is evaporated by induction heating during tube exhaust, and it
condenses on the tube walls, adsorbing the gas residues. Later, at
operating temperatures of 300 to 400°F (150 to 204°C), the getter
formed on the tube wall traps gases liberated during tube life. Bulk
getters are sheets or wires of zirconium, tantalum, or columbium
mounted on the hot electrode to trap gases at temperatures of 900 to
2200°F (482 to 1204°C). Thorium or thorium-misch metal may be
used as getters for high temperatures by a coating sintered on the
tube anode.

AEROGEL. A highly porous, sometimes more than 98%, extremely
lightweight and nearly transparent solid formed from a gel by replac-
ing the liquid with a gas with little change in volume. The fine, airy
cell structure can support more than 1000 times its weight and is con-
sidered a superior thermal and perhaps acoustic insulator. Silica, the
most common aerogel, has been typically made by dissolving silicon
alkoxides in a solution, curing it to form a gel, and drying the gel with
carbon dioxide at about 1150 1b/in? (7.9 MPa) and high temperature.
A room pressure and temperature process, developed at Sandia
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National Laboratory, has since been used by NanoPore Inc. to make
aerogel granules. Besides silica, carbon, resorcinol-formaldehyde,
and melamine-formaldehyde aerogels have been made.

AEROSOL. A dispersion of particles in air, particularly the chemical
dispensing of a liquid or a finely divided powder substance by a gas
propellant under pressure. The common aerosol can system was
developed during World War II for dispensing insecticides.
Substances commonly dispensed by the aerosol process include
resins, paints, waxes, and cosmetics. Chlorofluorocarbons (CFCs),
hydrocarbons, and carbon dioxide are used as propellants. The
use of CFCs is being phased out because the possibility exists that
when they reach the stratosphere, they are subject to attack by
ultraviolet radiation, which frees their chlorine atoms, which in turn
react with the ozone and thus deplete the protective ozone layer.
Their use in aerosols was banned in the United States in 1978, and
CFC alternatives are being sought in refrigeration, foam blowing,
and degreasing. The main propellants now are liquefied hydrocar-
bons, carbon dioxide, and nitrogen. Aerothene MM, of Dow
Chemical, is a methylene chloride that has properties needed for
the efficient functioning of carbon dioxide and hydrocarbon propel-
lants in cosmetic aerosol applications. In noncosmetic aerosol appli-
cations, such as paints and insecticides, hydrocarbons claim 45% of
the market. The principal objection to their use for cosmetic aerosols
has been their flammability.

AGAR-AGAR. The dried bleached gelatinous extract from various
species of seaweed, Algae, mostly species from the Pacific and Indian
Oceans. It is the only one of the seaweed products classified as a
strategic material because of its use in medicine, but its use is small
compared with the use of the products from other seaweeds. The word
agar means seaweed. Translations of double words from the primor-
dial languages, such as Malay, Carib, or Gaelic, must be made by tak-
ing the first word as a superlative adjective or the second word as a
cognate verb. Thus, agar-agar means best-quality agar.

When dissolved in hot water, agar forms a transparent jelly and is
used for fixing bacteria for counts, as a stabilizer in toilet lotions, and
in medicines. It has high thickening power, but, unlike most other sea-
weed extracts, it is indigestible and is not used in foodstuffs. Kantan
is a variety of agar from the tengusa seaweed, Gelidium corneum, of
Japan. Australian agar is from the abundant seaweed Gracilaria
confervoides. Commercial agar is colorless, yellowish, or pink to black.
It is marketed in strips, blocks, or shredded, and is obtained by boiling
the dry seaweed and straining out the insoluble matter.
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Most U.S. production of agar, as distinct from the algins of the
Atlantic, is from the giant kelp, Macrocystia pyrifera and Gelidium
cartilagineum of the coast of California and Mexico, but it is not val-
ued as highly for bacteriologic use as the Asiatic. The kelp grows
straight up in water 60 to 100 ft (18.3 to 30.5 m) deep and then
spreads out on the water another 60 to 80 ft (18.3 to 24.4 m). It is cut
about 3 ft (0.9 m) below the surface, and three crops are harvested
annually. The plant is 90% water. The dried kelp is washed with boil-
ing water, cooked with soda ash, filtered, sterilized, and treated with
muriatic acid to extract the agar.

AGATE. A natural mixture of crystalline and colloidal silica, but con-
sisting mainly of the mineral chalcedony. It usually occurs in irregu-
lar banded layers of various colors derived from mineral salts and,
when polished, it has a waxy luster. The specific gravity is about 2.6,
and the mineral is sometimes harder than quartz. Agate is used for
knife edges and bearings of instruments, for pestles and mortars, for
textile rollers, and for ornamental articles; and the finer specimens
are employed as gemstones. The finest of the massive agates come
from Uruguay and Brazil. Much agate encloses dendritic, or fernlike,
patterns of manganese oxide or iron oxide, suggestive of moss. The
moss agates of Montana and the yellow-green moss agate of
California known as amberine are used as gemstones. Agate is a
water-deposited stone and often occurs in the form of stalactites and
in petrified wood. Agatized wood of Wyoming and Arizona has a
green fluorescence. It is cut into ornaments. Clear translucent yellow
agates are called sard, while the clear reddish ones are carnelian.
Both are cut as gemstones. Sardoine is a brownish carnelian. Iris
agate, with rainbow colors, from Montana and Oregon, is highly
prized. Moss opal of Nevada and California is moss agate intergrown
with opal. Blue moonstone of California is not a true moonstone but
is a blue agate of opalescent luster. Commercial agates may be artifi-
cially stained with mineral salts, dyed, or treated with acids to bring
out color differences. White agate is a cream-colored chalcedony with
a waxier appearance than agate.

AJOWAN OIL. Also called ptychotis oil. A yellow essential oil distilled
from ajwan seed of the herbaceous plant Carum copticum, or
Ptychotis ajowan, of India. The seed yields 3 to 4% oil containing up to
50% thymol and some cymene, most of the thymol separating out on
distillation. Thymol is known as ajwan ka phul, meaning flowers of
ajwan in Hindustani, and the latter part of the name is Anglicized to
thymol. Ajowan oil has a specific gravity of 0.900 to 0.930. It is used in
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pharmaceuticals. Thymol, (CH,),CHCH,(CH,)OH, is a white crys-
talline solid with a strong thyme odor, soluble in alcohol, and melting
at 122°F (50°C). It is used in antiseptics and as a deodorant for leather.
Thymol is also obtained from horsemint oil and from eucalyptus oil, or
it can be made synthetically from metacresol. It was originally distilled
from the thyme plant, Thymus vulgaris, of the Mediterranean coun-
tries, the dried leaves of which are used as a condiment. Cymene,
(CH,),CHC,H,CH,, is used as a scent in soaps and has high solvent
properties. It is also obtained from spruce turpentine. It is a liquid of
specific gravity 0.861, boiling at 351°F (177°C).

ALBUMIN. The water-soluble and alcohol-soluble protein obtained
from blood, eggs, or milk and used in adhesives, textile and paper fin-
ishes, leather coatings, varnishes, as a clarifying agent for tannins,
and in oil emulsions. Crude blood albumin is a brown amorphous
lumpy material obtained by clotting slaughterhouse blood and dis-
solving out the albumin. The remaining dark-red material is made
into ground blood and marketed as a fertilizer. Blood albumin is
sold as clear, pale, amber, and colored powders. Blood albumin from
human blood is a stable, dry, white powder. It is used in water solu-
tion for treatment of shock. PolyHeme, a human-blood substitute
from Northfield Laboratories, is made from human red-blood-cell sup-
plies that have become too old for use in transfusions. The material of
egg white is sometimes spelled albumen. Egg white is a complex
mixture of at least eight proteins, with sugar and inorganic salts.
More than half of the total is the protein ovalbumin, a strong coagu-
lating agent, and another large percentage consists of conalbumin
which forms metal complexes and unites with iron in the human sys-
tem. Two of the proteins not so desirable in the human body are ovo-
mucoid, which inhibits the action of the digestive enzyme trypsin,
and avidin, which combines with and destroys the action of the
growth vitamin biotin. Egg albumin is prepared from the dried egg
white and is marketed in yellowish amorphous lumps or powdered.
The complexity of proteins is illustrated by the fact that the formula
for egg albumin is C,,,.H,,,,N,..S,,. The heat of pasteurization dam-
ages the proteins of the egg white. A small amount of lactic acid and
an aluminum salt will stabilize it and allow pasteurizing at 143°F
(62°C). Milk albumin is made by coagulating casein. Soybean albu-
min is used to replace egg albumin in confectionery. Synthetic egg
white, or albumin, was made in Germany from fish by extracting the
soluble proteins with acetic acid, removing the fat with trichloroethyl-
ene, and hydrolyzing with sodium hydroxide. After neutralization, it
is obtained as a white powder. Fish albumin is a good emulsifier and
can be whipped into a stiff foam for bakery products.
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ALCOHOL. The common name for ethyl alcohol, but the term
properly applies to a large group of organic compounds that have impor-
tant uses in industry, especially as solvents and in the preparation of
other materials. A characteristic of all alcohols is the monovalent
—OH group. In the primary alcohols there is always a - CH,OH
group in the molecule. The secondary alcohols have a :CHOH group,
and the tertiary alcohols have a distinctive :COH group. Alcohols
with one OH group are called monohydroxy alcohols; those with
more than one OH group are known as polyhydroxy alcohols or
polyhydric alcohols. Another method of classification is by the
terms saturated and unsaturated. The common alcohols used in
industry are ethyl, methyl, amyl, butyl, isopropyl, and octyl. The
alcohols vary in consistency. Methyl alcohol is like water, amyl
alcohol is oily, and melissyl alcohol is a solid. Many of the alcohols
are most easily made by fermentation; others are produced from
natural gas or from petroleum hydrocarbons. Much of the produc-
tion of ethyl alcohol is from blackstrap molasses. Alcohols, generally
colorless, are similar to water in some ways and are neither alkaline
nor acid in reaction.

Methyl alcohol, commonly known as wood alcohol, has the chem-
ical name methanol. It is also referred to as carbinol. A colorless,
poisonous liquid of composition CH,OH, it was originally made by
the distillation of hardwoods. It is now produced chiefly by catalytic
reduction of carbon monoxide and dioxide by hydrogen. Mobil Corp.’s
zeolite-based process has been employed in New Zealand to convert
methanol to automobile gasoline. Fuel use, either directly or for mak-
ing methyl-tert-butyl ether (MTBE), is growing. MTBE makes up
as much as 15% of reformulated gasoline. Methanol is used as a
solvent in lacquers, varnishes, and shellac. On oxidation it yields
formaldehyde, and it is used in making the latter product for syn-
thetic molding materials. The specific gravity of methyl alcohol is
0.795, the solidifying point is —144°F (—98°C), and the boiling point
is 149°F (65°C).

Solidified alcohol, marketed in tins and used as a fuel in small
stoves, is a jellylike solution of nitrocellulose in methyl alcohol. It
burns with a hot flame. Sterno is this material, while Trioxane,
employed for the same purpose, is an anhydrous formaldehyde trimer,
but has the disadvantage of being water soluble.

Butyl alcohol is a colorless liquid used as a solvent for paints and
for varnishes and in the manufacture of dyes, plastics, and many chemi-
cals. There are four forms of this alcohol, but the normal or primary
butyl alcohol is the most important. Normal butyl alcohol,
CH,(CH,),CH, - OH, has a specific gravity of 0.814 and boiling point of
243°F (117°C). This form, known as butanol, has strong solvent power
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and is valued where a low evaporation rate is desired, such as in latexes
and nitrocellulose lacquers. It is also used for organic synthesis.
Several fatty alcohols can be used for production of Guerbet alcohols,
which have been known since the 1880s, when Marcel Guerbet first
synthesized them. They are unsaturated, have high molecular weight,
and are liquid at very low temperatures. These properties and their
hydrophobic, oily nature suit them for use in synthetic lubricants.

Fluoro alcohols are alcohols in which fluorine is substituted for
hydrogen in the nonalcohol branch. They have the general composition
H(CF,CF,) CH,OH, with high specific gravities, 1.48 to 1.66, and high
reactivity. As solvents, they dissolve some synthetic resins that resist
common solvents. Some of the esters are used as lubricants for temper-
atures to 500°F (260°C). Acetylenic alcohols are methyl butynol,
CH:C - C(CH,),OH, with a specific gravity of 0.8672, boiling at 219°F
(104°C), and used as a solvent, in metal pickling and plating, and in
vitamin manufacture; and methyl pentynol, CH:C - C(CH,),CH,OH,
boiling at 250°F (121°C). It is a powerful solvent. It has hypnotic quali-
ties and is also used for tranquilizing fish in transport.

Fatty acid alcohols, made from fatty acids or synthetically, have
the general formula CH,(CH,) OH, ranging from the C, of octyl alco-
hol to the C,, of stearyl alcohol. They are easily esterified, oxidized,
or ethoxilated and are used for making cosmetics, detergents, emulsi-
fiers, and other chemicals. Lorol 25, of Du Pont, is cetyl alcohol.
Elaidyl alcohol, made from methyl oleate, is an 18-carbon alcohol. It
is solid, melting at 75°F (24°C). The fatty acid alcohols vary from
water-white liquids to waxy solids. The Dytols, of Rohm & Haas, are
fatty alcohols, and the Alfols, of the Continental Oil Co., are straight-
chain primary fatty alcohols made from ethylene and containing even
numbers of carbon atoms from 6 to 18. Polyols are polyhydric alco-
hols containing many hydroxyl, —OH, radicals. They react easily
with isocyanates to form urethane. Asahi Glass Co.’s Preminol poly-
ether polyols enhance the comfort of polyurethane auto-seat foams
by absorbing vibrations in the 4- to 8-Hz region.

ALDEHYDE. A group name for substances made by the dehydrogena-
tion or oxidation of alcohols, such as formaldehyde from methyl alco-
hol. By further oxidation, the aldehydes form corresponding acids, as
formic acid. The aldehydes have the radical group —CHO in the mol-
ecule, and because of their ease of oxidation they are important
reducing agents. They are also used in the manufacture of synthetic
resins and many other chemicals. Aldehydes occur in animal tissues
and in the odorous parts of plants.

Acetaldehyde is a water-white flammable liquid with an aromat-
ic penetrating odor, used as a reducing agent, preservative, and for
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silvering mirrors, and in the manufacture of synthetic resins,
dyestuffs, and explosives. Also called ethanal, it has the composition
of CH, - CHO and is made by the direct liquid-phase oxidation of eth-
ylene. Less commonly, it is made by oxidation or dehydrogenation of
ethanol, acetylene hydration, or partial oxidation of hydrocarbons.
Eastman Kodak Co. has a rhodium-catalyzed process that gasifies
coal into synthesis gas and then into acetaldehyde. The specific grav-
ity is 0.801, and the boiling point is 69°F (20.8°C). It is soluble in
water, alcohol, and naphtha. Paraldehyde, (CH, - CHO),, may be
used instead of acetaldehyde in resin manufacture; has a higher boil-
ing point, 255°F (124°C), and a higher flash point; but is not as reac-
tive and will not reduce silver solutions to form a mirror. It is used
for fulling leather. Propion aldehyde, or propanal, CH,CH,CHO,
is made in the same way by oxidation of propyl alcohol. It has a boil-
ing point of 120°F (48.8°C) and has reactions similar to acetaldehyde.

When acetaldehyde is condensed by reaction with a dilute alkali, it
forms acetaldol, also called aldol, a viscous pale-yellow liquid of
composition CH, - CH(OH):CH,CHO, with a specific gravity of about
1.10, soluble in hot water and in alcohol. It is used to replace formal-
dehyde for synthetic resins, and for cadmium plating baths and dye
baths, and for making butadiene rubber. Paraldol, the double mole-
cule of aldol, is a white crystalline material melting at 180°F (82°C).
When crude aldol is slightly acidified with acetic acid and heated, it
yields croton aldehyde, also called crotonic aldehyde, and propy-
lene aldehyde, CH, - CH:CH - CHO, with a specific gravity of about
0.855 and a boiling point of 210 to 219°F (99 to 104°C). It is soluble in
water, alcohol, and hydrocarbons and is used as a solvent for resins,
gums, and rubber and in tanning leather. It has a pungent, suffocat-
ing odor and is used in tear gases. Small quantities are sometimes
used in city gas mains as a warning agent on the escape of poisonous
fuel gas, as even tiny quantities will awaken a sleeping person.

Acrolein is acrylic aldehyde, CH,:CH - CHO, a colorless volatile
liquid of specific gravity 0.8389, boiling at 127°F (52.7°C). The vapor
is irritating to the eyes and nose, and the unpleasant effect of scorch-
ing fat is due to the acrolein formed. Acrolein is made by oxidation of
propylene with a catalyst. It polymerizes easily and can be copolymer-
ized with ethylene, styrene, epoxies, and other resins to form various
types of plastics. Its reactive double bond and carbonyl group make it
a useful material for chemical synthesis. It is used as an antimicrobial
agent for controlling algae, microbes, mollusks, and aquatic weeds.
Acrolein cyanohydrin, CH,:CHCH(OH)CN, a water-soluble liquid,
boiling at 329°F (165°C), is also used to modify synthetic resins by
introducing a nitrile group and a free hydroxyl into the molecular
chain. It will copolymerize with ethylene and with acrylonitrile.
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ALDER. The wood of several species of tree of the genus Alnus of the
same family as the birch and beech. The red alder is from A. rubra,
or A. oregona, growing in the northwestern United States. The wood
is reddish-brown, has a fine even grain, is tough and resilient, can be
worked easily, and takes a good polish. It has been much used for fur-
niture, cabinetwork, and interior finish, as it rivals mahogany and
walnut in appearance. Black alder is from the tree A. glutinosa,
widely distributed in the northern hemisphere. It is reddish-white
and has a smooth, fine grain, with a density of about 35 Ib/ft? (560
kg/m?3). It is used for plywood, cabinetwork, and toys. The wood of the
alder is also used to produce smoke for curing kippered fish. The
smoke is cooled to remove creosote and is filtered. Formosan alder
is from A. maritima of Asia. The wood is light yellow streaked with
reddish lines and has a fine texture.

ALIPHATIC POLYKETONES. Semicrystalline thermoplastics developed
by Shell Chemical, which discontinued production in the year 2000.
Called Carilon polymers, these polyketones consist of a perfectly
alternating linear structure of ethylene and carbon monoxide with a
minor amount of propylene for excellent chemical resistance and
dimensional stability in harsh environments and good mechanical
properties. They are especially resistant to salt solutions, hydrocar-
bons, oil field chemicals, weak acids and bases, and soaps and deter-
gents; resist hydrolysis, dissolution, and plasticization in a broad
range of chemicals; exhibit minimal swelling in harsh hydrocarbon
environments; and provide good barrier properties, or permeation
resistance, to methane, carbon dioxide, and hydrogen sulfide.

The melting temperature is 428°F (220°C). The general purpose
(unreinforced) injection-molding grade has a specific gravity of 1.24, a
density of 0.045 1b/in® (1246 kg/m?3), a tensile strength at yield of 8700
Ib/in? (60 MPa), a tensile elongation at yield of 22%, tensile and flex-
ural moduli of 230,000 1b/in% (1586 MPa), and a notched Izod impact
strength of 4 ft-1b/in (214 J/m). The coefficient of linear thermal
expansion at 77 to 131°F (25 to 55°C) is 0.0000556 in/in/°F (0.001
m/m/K), the heat-deflection temperature at 264 lb/in? (1.82 MPa) is
221°F (105°C), the short-term dielectric strength for 0.0625-in
(1.5875-mm) thickness is 540 V/mil (21,260 V/mm), and the dielectric
constant at 1 MHz is 5.7. A 30% glass-reinforced grade has a specific
gravity of 1.46, a density of 0.053 1b/in® (1467 kg/m?), a tensile
strength at break of 19,000 1b/in% (131 MPa), a tensile elongation at
break of 3.1%, a tensile modulus of 1,200,000 1b/in? (8274 MPa), a
flexural modulus of 1,050,000 1b/in? (7240 MPa), and a notched Izod
impact strength of 2.6 ft-1b/in (139 J/m). The coefficient of linear ther-
mal expansion at 77 to 131°F (25 to 55°C) is 0.0001 in/in/°F (0.0002
m/m/K), the heat-deflection temperature at 264 1b/in2 is 425°F
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(218°C), the short-term dielectric strength for 0.031-in (0.787-mm)
thickness is 1030 V/mil (40,551 V/mm) and the dielectric constant at
1 MHz is 6.2.

ALKALI. A caustic hydroxide characterized by its ability to neutralize
acids and form soluble soaps with fatty acids. Fundamentally, alkalies
are inorganic alcohols, with the monovalent hydroxyl group—OH in
the molecule, but in the alkalies this group is in combination with a
metal or an ammonia group; and alkalies have none of the characteris-
tics of alcohols. All alkalies are basic and have a pH value from 7 to 14.
They neutralize acids to form a salt and water. The common alkalies
are sodium hydroxide and potassium hydroxide, which are used in
making soaps, soluble oils, and cutting compounds, in cleaning solu-
tions, and for etching aluminum. All the alkalies have a brackish taste
and a soapy feel; most corrode animal and vegetable tissues.

ALKALI METALS. A name given to francium, lithium, sodium, potas-
sium, rubidium, strontium, cesium, calcium, and barium because of
the basic reaction of their oxides, hydroxides, and carbonates.
Carbonates of these metals are called fixed alkalies. The metals
show a gradation in properties and increase in chemical activity with
increase in atomic weight. All are silvery white and very soft. They
tarnish rapidly in air and decompose water at ordinary tempera-
tures. In the alkali metals the electron bonding is so weak that even
the impact of light rays knocks electrons free. All have remarkable
affinity for oxygen. Rubidium and cesium ignite spontaneously in dry
oxygen. Calcium, strontium, and barium are also called earth met-
als. Thin films of the alkali metals are transparent to ultraviolet but
opaque to visible light.

ALKYD RESINS. A group of thermosetting synthetic resins known
chemically as hydroxycarboxylic resins, of which the one produced
from phthalic anhydride and glycerol is representative. They are
made by the esterification of a polybasic acid with a polyhydric alco-
hol, and have the characteristics of homogeneity and solubility that
make them especially suitable for coatings and finishes, plastic mold-
ing compounds, caulking compounds, adhesives, and plasticizers for
other resins. The resins have high adhesion to metals; are transpar-
ent, easily colored, tough, flexible, heat- and chemical-resistant; and
have good dielectric strength. They vary greatly with the raw materi-
als used and with varying percentage compositions, from soft rubbery
gums to hard, brittle solids. Phthalic anhydride imparts hardness and
stability. Maleic acid makes a higher-melting-point resin. Azelaic acid
gives a softer and less brittle resin. The long-chain dibasic acids, such
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as adipic acid, give resins of great toughness and flexibility. In place
of glycerol the glycols yield soft resins, and sometimes the glycerol is
modified with a proportion of glycol. The resins are reacted with oils,
fatty acids, or other resins, such as urea or melamine, to make them
compatible with drying oils and to impart special characteristics.

Since alkyd resins are basically esterification products of innumer-
able polybasic acids and polyhydric alcohols, and can be modified with
many types of oils and resins, the actual number of different alkyd
resins is unlimited, and the users’ specification is normally by service
requirements rather than composition. Short-oil alkyds, with 30 to
45% nonoxidizing oils, are used in baking enamels, while the long-oil
alkyds, with 56 to 70% oxidizing oils, are soluble in mineral spirits
and are used for brushing enamels.

Alkyd coatings are used for such diverse applications as air-dry-
ing water emulsion wall paints and baked enamels for automobiles
and appliances. The properties of oil-modified alkyd coatings
depend upon the specific oil used as well as the percentage of oil in
the composition. In general, they are comparatively low-cost and
have excellent color retention, durability, and flexibility, but only fair
drying speed, chemical resistance, heat resistance, and salt spray
resistance. The oil-modified alkyds can be further modified with
other resins to produce resin-modified alkyds. The resin is some-
times added during manufacture of the alkyd and becomes an inte-
gral part of the alkyd, or the modifying resin is blended with the
alkyd when the paint is formulated. When mixed with urea
formaldehyde or melamine resin, harder and more resistant baked
enamels are produced. Alkyds blended with ethyl cellulose are used
as tough flexible coatings for electric cable. Other resins blended
with alkyds to produce special or improved properties include pheno-
lic, rosin, vinyl, and silicone.

Alkyd plastic molding compounds are composed of a polyester
resin and usually a diallyl phthalate monomer plus various inorganic
fillers, depending on the desired properties. The raw material is pro-
duced in three forms—granular, putty, and glass-fiber-reinforced. As a
class, the alkyds have excellent heat resistance up to about 300°F
(149°C), high stiffness, and moderate tensile and impact strength.
Their low moisture absorption combined with good dielectric strength
makes them particularly suitable for electronic and electrical hard-
ware, such as switch gears, insulators, and parts for motor controllers
and automotive ignition systems. They are easily molded at low pres-
sures and cure rapidly.

ALLIGATOR LEATHER. A light, tough leather with platelike scales on
the surface. It is made from the skins of large saurians, or lizards,
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of the order Crocodilia, abounding in muddy tropical streams. The
species Alligator mississippiensis inhabits the swamps of the
southeastern United States. Alligator leather is valued for luggage,
pocketbooks, and shoes. It is much imitated with embossed split
sheepskins, but sheepskin is soft and easily scuffed. Lizard
leather, from the Java ring lizard, is another reptile leather val-
ued for women’s shoes.

ALLOY. A very old term for the admixture of a precious metal with a
metal of lesser value, or with a base metal. This term refers broadly
to the combination of at least two atoms or elements. More generally,
however, the principal element is a metal, and all are intended for a
specific purpose as opposed to the minute quantities of various ele-
ments retained from the ore or introduced during the refining process
and called impurities. In most cases, the two or more elements are
metals, metal alloys being the most common kind. There are notable
exceptions, however, as in the case of steel, which is fundamentally
iron alloyed with small amounts of carbon, a nonmetal. In recent
years, the term plastic alloy also has been applied to plastics.

Metal alloys are more specifically described with reference to the
major element by weight, which is also called the base metal or par-
ent metal. Thus the terms aluminum alloy, copper alloy, etc. Ele-
ments present in lesser quantities are called alloying elements.
When one or more alloying elements are present in substantial quan-
tity or, regardless of their amount, have a pronounced effect on the
alloy, then they, too, may be reflected in generic designations.

Such designations usually, but not always, list the base metal first.
Thus nickel-copper alloy refers to an alloy predominantly nickel but
also containing copper as a principal alloying element. Alloys so des-
ignated may also contain other alloying elements, however. On the
other hand, high-carbon steels and nickel steels are largely steel, and
beryllium copper is largely copper. Sometimes the base metal and
alloying elements are prefixed with numerals indicating their specific
amounts by weight or volume in the particular composition.

Metal alloys are also often designated by trade names or by trade
association or society designations. Among the more common of the
latter are the three-digit designations for the major families of stain-
less steels and the four-digit ones for aluminum alloys.

Structurally there are two kinds of metal alloys—single-phase and
multiphase. Single-phase alloys are composed of crystals with the
same type of structure. They are formed by “dissolving” together dif-
ferent elements to produce a solid solution. The crystalline struc-
ture of a solid solution is normally that of the base metal. The atoms
of the alloying element (solute) join the base metal (solvent) either as
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substitution atoms or as interstitial atoms. In the former, alloying
atoms occupy some of the lattice sites normally occupied by the host
atoms. In the latter, alloying atoms place themselves in between the
host atoms. In substitutional solid solutions, the solute and solvent
atoms are of approximately similar size; whereas in the interstitial
type, the solute atoms must be small enough to fit between the atoms.
The nature of solid solutions has an important effect on many alloy
properties. For example, strength and hardness increase with the
amount of solute present, but ductility usually decreases. Electrical
conductivity also is generally lowered by the presence of the solute
element.

In contrast to single-phase alloys, multiphase alloys are mixtures
rather than solid solutions. They are composed of aggregates of two or
more different phases. The individual phases making up the alloy are
different from one another in their composition or structure. Solder,
in which the metals lead and tin are present as a mechanical mixture
of two separate phases, is an example of the simplest kind of multi-
phase alloy. In contrast, steel is a complex alloy composed of different
phases, some of which are solid solutions. Multiphase alloys far out-
number single-phase alloys in the industrial materials field, chiefly
because they provide greater property flexibility. Thus, properties of
multiphase alloys are dependent upon many factors, including the
composition of the individual phases, the relative amounts of the dif-
ferent phases, and the positions of the various phases relative to one
another.

When two different thermoplastic resins are blended, a plastic
alloy is obtained. Alloying permits resin polymers to be blended that
cannot be polymerized. Not all plastics are amenable to alloying. Only
resins that are compatible with each other—those that have similar
melt traits—can be successfully blended.

ALLOY STEELS. In general, the term applies to all steels exceeding
the limits of manganese, silicon, and copper of carbon steels or which
contain other alloying ingredients. Alloy steels often take the name of
the alloying element or elements having the greatest influence on
their performance characteristics or the name of a key characteristic,
processing mechanism, or application. Thus, the prevalence of such
terms as nickel steels; stainless, or corrosion-resistant, steels; marag-
ing steels; precipitation-hardening steels; tool steels; valve steels, etc.
Usually, however, the term excludes high-alloy steels and refers
instead to the standard alloy steels of the American Iron and Steel
Institute (AISI) and SAE International, which contain low to moder-
ate amounts of alloying elements, usually less than 5% total. The
AISI or SAE designations of these steels are usually noted by four
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numerals—13XX to 91XX. The first two numerals pertain to the spe-
cific alloying element or elements, and the last two numerals indicate
carbon content in hundredths of 1%. Sometimes three numerals are
used to denote carbon content, and a letter, such as B for boron and
L for lead, follows the first two numerals to indicate an alloying ele-
ment not indicative of the first two numerals. A letter prefix is used
occasionally to designate special furnace practice used to make the
steel, and the suffix H is used to designate steels made to specific
hardenability requirements. A three-numeral system, 9XX, is com-
monly used to designate high-strength, low-alloy (HSLA) steels,
some of which are also called microalloyed steels because of the
small amount of alloying elements, with the last two numerals indi-
cating minimum tensile yield strength in 1,000 1b/in? (6.895 MPa).
Although most alloy steels are heat-treated by users and extremely
high levels of strength and toughness can be achieved, HSLA steels
are typically supplied to specific strength levels and are not heat-
treated by users.

ALLYL PLASTICS. A group of water-white casting plastics, related to
the alkyds, produced by the polymerization of the ester of allyl alcohol
or from allyl chloride, both produced from propylene. Allyl alcohol,
CH,:CH - CH,0OH, is a colorless liquid also known as propanol,
which can be made by heating glycerol with formic or oxalic acid. The
specific gravity is 0.849, boiling point 205°F (96°C), and freezing point
—200°F (—129°C). Allyl chloride, CH,:CH - CH,Cl, is a liquid of spe-
cific gravity 0.937, boiling point 113°F (45°C), and flash point —25°F
(=30°C). Allyl ester is a clear, syrupy liquid of specific gravity 1.26
which polymerizes with a peroxide catalyst to form allyl plastics. The
liquid monomer can be poured into molds and hardened by polymer-
ization. The polymerized castings are hard and crystal-clear. Allyl
plastics have a specific gravity of 1.34 to 1.40, dielectric strength of
1,275 V/mil (50.2 X 10% V/m), refractive index of 1.57, Rockwell M
hardness of 116, and compressive strength of 19,600 1b/in? (134 MPa).
As the plastic has high clarity and less light dispersion than most
optical glass, it is used for lenses, prisms, and reflectors. It can be col-
ored easily with dyes and is also used for mechanical and electrical
parts. CR-39, of PPG Industries, is an optically clear, hard, ther-
mosetting casting resin for clock and instrument faces, windows, and
lenses. It is made from diallyl diglycol carbonate and triallyl cyanu-
rate. The sheet material transmits 92% of ordinary light, has a heat
deflection temperature of 266°F (130°C), a tensile strength of 5,500
Ib/in? (38 MPa), a compressive strength of 22,800 1b/in? (157 MPa),
and a Rockwell hardness of M100. It can be machined with carbide
tools. It is craze-resistant and has only half the weight of glass.
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Diallyl phenyl phosphate is a monomer which polymerizes with a
catalyst to form a transparent, hard, strong, flame-resistant ther-
mosetting resin. It can also be copolymerized with the thermoplastic
vinyl acetate or methyl methacrylate to produce thermosetting resins.
Diallyl phthalate is a thermosetting resin cured by polymerization
without water formation. The molded material, depending on the
filler, has a tensile strength from 4,500 to 7,000 lb/in? (31 to 48 MPa),
a compressive strength up to 30,000 1b/in? (207 MPa), a Rockwell
hardness to M108, dielectric strength to 430 V/mil (16.9 X 10¢ V/m),
and heat resistance to 450°F (232°C).

Methallyl alcohol, CH,:CH - CH, - CH,OH, also forms esters
which can be used for the production of plastics. It is a liquid boiling
at 238°F (114.5°C). The allyl radical will combine with starch or sugar
to form shellaclike resins. Allyl sucrose, made by combining sugar
and allyl chloride, is a resin that produces varnishes which will with-
stand temperatures to 400°F (204°C) and are chemical-resistant.
Allyl starch is resinous material made by treating sweet-potato or
grain starches with allyl chloride or allyl bromide. It is soluble in var-
nish solvents and is a substitute for shellac as a varnishing agent,
forming an adherent, resistant film on paper, fabric, wood, or metal.
It will withstand temperatures to 400°F (204°C).

ALMOND OIL. An essential oil distilled from the ground, macerated
kernels of bitter almond, Prunus amygdalus or communis, of the
Mediterranean countries, and from the kernels of the apricot,
P. armeniaca. The two oils are identical and contain the glucoside
amygdalin. The U.S. production is mostly from the by-product pits of
the apricot canning industry of California. The almond is a small tree
closely resembling the peach. The fruit is inedible, but the seeds
inside the pits are marketed as roasted and salted nuts and are made
into a paste for confections. Oil of bitter almonds is used in perfumery
and as a flavor. For flavoring use, the poisonous hydrocyanic acid is
extracted. Synthetic almond oil is benzaldehyde, C.H.CHO, a color-
less volatile oil with an almond flavor, produced from benzol or from
toluol and used for producing triphenylmethane dyes and many
chemicals.

ALPACA. A fabric made from the fine, woollike hair of the alpaca, an
animal of the llama family in the mountains of Bolivia, Peru, Chile,
and Argentina. Alpaca fiber is long and fine, with a downy feel, but it
does not have the strength or elasticity of fine wool and is more closely
allied to hair than to wool. There are two breeds of alpaca animal,
Huacaya and Suri, the latter having the longer and finer wool, reach-
ing a fiber length to 30 in (0.762 m). From 3 to 10 b (1.4 to 4.5 kg) of



40 ALUM

fiber is obtained per animal. Llama hair (pronounced lyah-mah)
from the llama of Bolivia is marketed as coarse alpaca. In Incan
times, llama wool was used by the common people for clothing, while
the finer wool from the alpaca and vicuiia was reserved for the upper
classes. The llama is sheared every 2 years when the wool reaches a
length of about 12 in (0.30 m). A considerable amount of stiff guard
hairs occur in the fiber.

Vicuia, another animal of the llama family, is almost extinct, and
the commercial vicuna cloth is made of alpaca or fine wool, or mix-
tures. There is a limited production of true vicuna from domestic
herds in Bolivia and Peru, raised at an altitude of about 14,000 ft
(4,267 m). It is the softest of all animal weaving fibers. Alpaca and
vicuna cloths are used for shawls, jackets, and fine goods. Imitation
alpaca fabric for clothing linings is a lustrous, smooth, and wiry fab-
ric plain-woven with a cotton warp and a worsted mohair filling.
When made with a rayon filling, it is called rayon alpaca.

ALUM. A colorless to white crystalline potassium aluminum sul-
fate, KAI(SO,), - 12H,0, or [KAI(H,0),]SO, - 6H,0, occurring natu-
rally as the mineral kalunite, or kalinite, and in combination as the
mineral alunite. It is also called potash alum to distinguish it from
other forms. It has a sweetish taste and is very astringent. It is used
as an additive in the leather and textile industries, in sizing paper, as
a mordant in dyeing, in medicines as an astringent, and in baking
powder. It is made commercially by reacting bauxite with sulfuric
acid and then potassium sulfate. It is an important water-purifying
agent. From a water solution it crystallizes out, forming positively
charged particles which attract the negatively charged organic impu-
rities, thus purifying the water as they settle out. Alum has a specific
gravity of 1.757, melts in its water of crystallization at 198°F (92°C),
and when heated to redness, is converted to burnt alum, a porous,
friable material which dissolves slowly in water. Alum is marketed as
USP, lump, pea, nut, ground, and powdered. The rice crystal alum
of General Chemical Corp. is 10 to 30 mesh, and the granular is 30 to
60 mesh.

Alumstone is a gray or pinkish, massive form of alunite found in
volcanic rocks. A pure variety from Italy is called Roman alum, or
roche alum. The alunite of Australia is used to produce potassium
sulfate, K,SO,, for fertilizer; and the residue, containing 50% alumi-
na, is used for aluminum production. Soda alum, in which the potas-
sium is replaced by sodium, occurs in the South American Andes as
the mineral mendozite. It is more soluble than alum, but is more dif-
ficult to purify. The largest use is as a leavening agent in bakeries.
Filter alum, also called patent alum and aluminous cake, used
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for waterworks filtration, is aluminum sulfate, Al,(SO,),, plus a
varying amount of water of crystallization. The anhydrous form is
used as a dehydrating agent for gases. It is a white, crystalline solid
readily soluble in water. When filter alum contains a slight excess of
alumina, it is called basic. The hexahydrate aluminum sulfate of
Allied-Signal Inc. has composition AlL,(SO,), - 6H,0 and is used for
chemical processing.

Commercial aluminum sulfate is also called concentrated alum,
and it replaces potash alum for many uses because of its cheapness.
It comes in colorless crystals having a strong astringent taste and is
used as a mordant in dyeing, in water purification, sizing papers,
tanning, printing inks, and dry colors. For use in pickling and tan-
ning leathers, it contains not more than 0.01% iron oxide.
Ammonia alum, used in tanning sheepskins and fur skins, and in
fireproofing and dyeing textiles, is ammonium-aluminum sulfate,
NH,AI(SO,), - 12H,0, a colorless or white crystalline powder soluble
in water and, like other alums, insoluble in alcohol. It is valued for
water purification because it forms chloramine, and is also used in
vegetable glues and porcelain cements. For uses where an alkaline
instead of an acid solution is required, sodium phosphoaluminate
is employed. It is a white, water-soluble powder and is a double salt
containing about 70% sodium aluminate and 20% sodium orthophos-
phate, with the balance water. Alkophos of Monsanto Co. is alu-
minum phosphate, AIPO,, a white powder used as a bonding agent
for high-temperature cements and as an alkaline flux for ceramics.

ALUMINA. The oxide of aluminum, AL,O,. The natural crystalline
mineral is called corundum, but the synthetic crystals used for abra-
sives are designated usually as aluminum oxide or marketed under
trade names. For other uses and as a powder, it is generally called
alumina. It is widely distributed in nature in combination with silica
and other minerals and is an important constituent of the clays for
making porcelain, bricks, pottery, and refractories. The alumina clay
from the large deposits in western Idaho contains an average of 28%
Al O,, 5.6% iron oxide, and a high percentage of titanium oxide. Such
clays are used for ceramics, but the oxide, alumina, is obtained com-
mercially chiefly by high-temperature fusing of bauxite. It is also pro-
duced from alunite with a by-product fertilizer and is obtained from
the oil shales of Colorado.

The crushed and graded crystals of alumina, when pure, are nearly
colorless, but the fine powder is white. Off colors are due to impuri-
ties. The U.S. aluminum oxide used for abrasives is at least 99.5%
pure, in nearly colorless crystals melting at 3722°F (2050°C). The
chief uses for alumina are for the production of aluminum metal and
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for abrasives, but it is also used for ceramics, refractories, pigments,
and catalyst carriers, and in chemicals.

Aluminum oxide crystals are normally hexagonal and are minute.
For abrasives, the grain sizes are usually from 100 to 600 mesh. The
larger grain sizes are made up of many crystals, unlike the single-
crystal large grains of silicon carbide. The specific gravity is about
3.95, and the hardness is up to Knoop 2,000. The ultrafine alumina
abrasive powder of Union Carbide Corp. is of two kinds. Type A is
alpha alumina with hexagonal crystals of particle size 11.8 pin
(0.3 pm), specific gravity 4.0, and Mohs hardness 9. Type B is gamma
alumina with cubic crystals of particle size less than 3.94 win (0.1 pm),
specific gravity of 3.6, and hardness 8. Type A cuts faster, but Type
B gives a finer finish. At high temperatures, gamma alumina trans-
forms to the alpha crystal. The aluminum oxide most frequently
used for refractories is beta alumina in hexagonal crystals heat-
stabilized with sodium. It has composition Na,O - 11Al,0,, but stabi-
lized alumina is also produced with oxides of calcium, potassium, or
magnesium. The alpha and gamma alumina powders of J. T. Baker
Chemical Co. for lapping, grinding, and are in dentifrices are of
99.96% purity in controlled particle sizes from 0.8 to 1.6 pin (0.02 to
0.4 pm).

The aluminum oxide abrasives in all forms are sold under trade
names. Alundum, of Saint-Gobain Industrial Ceramics, formerly
Norton Materials; Aloxite, of Carborundum Co; and Lionite, of
General Abrasives are aluminum oxides. The alpha alumina
Alundum abrasive grains and powders include the 96.6% Dark
Brown Alundum, a fused product of calcined bauxite, coke, and iron
filings. It is the most widely used kind for grinding wheels and gener-
al industrial applications. Alundum 38 and Alundum 32 are white
fused abrasives of 99.55 and 99.08% purity, respectively.
ZF Alundum, ZS Alundum, and NZ Alundum are heat-fused
alumina-zirconia products, the ZF and ZS having 75% alumina and
23% zirconia, the NZ having 60 and 39%, respectively. Calcined
alpha alumina powders are used for polishing and lapping metals,
glass, and silicon wafers to fine finishes; for fillers to impart ther-
mal, abrasive, and wear-resistant qualities; for reinforcement of
ceramic and metal-matrix composites; and for precision optics and
electronic applications.

Activated alumina is partly dehydrated alumina trihydrate,
which has a strong affinity for moisture or gases and is used for dehy-
drating organic solvents. Hydrated alumina is alumina trihy-
drate, AL,O, - 3H,O, used as a catalyst carrier. At elevated tempera-
tures it becomes active, and the fine powder is an auxiliary catalyst.
It is also used as a filler in plastics and in cosmetics, and it comes in
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various particle sizes for use in glass and vitreous enamels to
increase the strength and luster. Hydrated alumina C-741 is this
material with particles coated with stearic acid for use as a reinforc-
ing pigment in rubber.

Activated alumina F-1, of Aluminum Co. of America, is a porous
form of alumina, ALO,, used for drying gases or liquids. It will remove
moisture up to 15% of the dry weight of the alumina. Activated alu-
mina F-6 is this material impregnated with cobaltous chloride which
will change color from blue through pale pink to white with progression
of the adsorption of moisture. Activated alumina is also used as a cata-
lyst for many chemical processes.

Aluminum hydroxide is a white, bulky, water-insoluble, fine pow-
der of specific gravity 2.42 and refractive index 1.535, used as a base
for lake pigments, for making gloss white, as a water repellent in tex-
tile and paper coatings, and as an antacid in medicine. Boehmite, of
Du Pont, used in cosmetics, is called colloidal alumina, but it is an
aluminum monohydrate, AIOOH, made by polymerizing aluminum
cations in a water solution. Baymal of this company, used for coat-
ings, adhesives, paints and for making dense ceramics, is similar. The
powder is in the form of tiny fibrils, 197 nin (5 nm) in diameter and
5,906 nin (150 nm) long. In coatings the fibrils interlock the molecules
into a tight adherent film. In paints the powder acts as a thixotropic
material to prevent sagging or running on vertical walls. The powder
is both a hydrophilic material, that is, water-soluble, and an
organophilic material soluble in oils and organic solvents. An alu-
minum monohydrate has been used as a filler in coatings and will
give a hydrophilic coating on normally hydrophobic surfaces. It is in
crystals 0.2 pin (0.005 pm) in size, agglomerated into particles of
about 1,732 pin (44 pm). It has very high bulking properties and is
used also in cosmetics. Sumitomo Chemical can make particles as fine
as 12 to 787 win (0.3 to 20 pm) from aluminum hydroxide by high-
temperature chemical vapor deposition in inert atmosphere.

Alumina ceramics are the most widely used oxide-type ceramic,
chiefly because alumina is plentiful, relatively low-cost, and equal to or
better than most oxides in mechanical properties. Density can be var-
ied over a wide range, as can purity—down to about 90% alumina—
to meet specific application requirements. Alumina ceramics are the
hardest, strongest, and stiffest of the oxides. They are also outstand-
ing in electrical resistivity and dielectric strength, are resistant to a
wide variety of chemicals, and are unaffected by air, water vapor, and
sulfurous atmospheres. However, with a melting point of only 3700°F
(2037°C), they are relatively low in refractoriness, and at 2500°F
(1371°C), retain only about 10% of room-temperature strength. In
addition to alumina’s wide use as electrical insulators and in chemical
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and aerospace applications, its high hardness and close dimensional
tolerance capability make this ceramic suitable for such abrasion-
resistant parts as textile guides, pump plungers, chute linings, dis-
charge orifices, dies, and bearings. Calcined alumina is made by
calcining aluminum hydroxide, and the commercial product is 99.1%
Al O,, with no more than 0.5% adsorbed water and not over 0.4% sili-
con, iron, sodium, and titanium oxides. The powder, in particle size as
small as 394 win (10 wm), is used for abrasives, glassmaking, and
refractory ceramics. The molded material has little porosity or
shrinkage and retains its strength and electrical resistance at high
temperatures. Alumina A-14, of Aluminum Co. of America, is a cal-
cined alumina for electrical insulators with a particle size of 79 to 118
pin (2 to 3 pm) and containing not more than 0.08% soda. For elec-
tronic and nuclear ceramic parts, a 99.95% pure alumina is produced
by this company. It has less than 0.01% sodium oxide. The alumina
powder of Reynolds Metals Co. has an average particle size down to
39.4 pin (1 pm) and has low soda content. It is made by calcining the
powder with silica sand at high temperature. Sintered parts have a
service use to 3500°F (1927°C) with tensile strength to 60,000 1b/in?
(414 MPa). Alumina Al-200, of Coors Porcelain Co., for high-frequency
insulators, gives a molded product with a tensile strength of 25,000
Ib/in? (172 MPa), compressive strength of 290,000 1b/in? (2,000 MPa),
and specific gravity of 3.36. The coefficient of thermal expansion is
half that of steel, and the hardness about that of sapphire. Alumina
AD-995, of this company, is a dense vacuumtight ceramic for high-
temperature electronic use. It is 99.5% alumina with no silica. The
hardness is Rockwell N80, and the dielectric constant is 9.27. The
maximum working temperature is 3200°F (1760°C), and at 2000°F
(1093°C) it has a flexural strength of 29,000 1b/in2 (200 MPa).
Cotronics 902, of Cotronics Corp., is a high-purity, readily machin-
able alumina-silicate in bar and plate forms for service temperatures
up to 2,100°F (1,149°C).

Koralox, a product of General Electric, is an alumina ceramic
material formed by a selective densification process. It is used in the
casting of hollow jet engine cores. These cores are then incorporated
in molds into which eutectic superalloys are poured to form the tur-
bine blades.

Tabular alumina is alumina converted to the corundum form by
calcining at temperatures below the fusing point, and the tabular
crystals are larger than those of calcined alumina. It comes as a fine
powder or as coarse granules for making refractory ceramics and elec-
trical insulators. Alumina balls are marketed in sizes from 0.25 to
0.75 in (0.6 to 1.9 cm) for reactor and catalytic beds. They are usually
99% alumina, having high resistance to heat and chemicals. Alumina
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fibers in the form of short, linear crystals, called sapphire
whiskers, have high strength up to 200,000 1b/in? (1,375 MPa) for use
as a filler in plastics to increase heat resistance and dielectric proper-
ties. Continuous single-crystal sapphires (alumina filaments) have
unusual physical properties; high tensile strength [over 300,000 1b/in?
(2,069 MPa)] and modulus of elasticity of 65 to 70 X 10° 1b/in? (448 X
103 to 483 X 103 MPa). The filaments are especially needed for use in
metal composites at elevated temperatures and in highly corrosive
environments. An unusual method for producing single-crystal fibers
in lieu of a crystal-growing machine is the floating-zone fiber-drawing
process. The fibers are produced directly from a molten ceramic with-
out using a crucible. Nextel 610, from 3M, is an alumina fiber. Nextel
550 and 720 are alumina with 27 and 15% silica, respectively. Use of
Nextel plies in glass- or carbon-reinforced plastic-matrix composites
can increase their fire-barrier resistance.

FP, a polycrystalline alumina (Al,O,) fiber, has been developed.
The material has greater than 99% purity and a melting point of
3713°F (2045°C), which makes it attractive for use with high-
temperature metal matrix composite (MMC) processing tech-
niques. Thanks to a mechanism, currently not explainable by the
developer of FP fibers (Du Pont), a silica coating results in an
increase in tensile strength of the filaments to 275,000 1b/in? (1,896
MPa) even though the coating is approximately 10 win (0.25 pm)
thick and the modulus does not change. Fiber FP has been demon-
strated as a reinforcement in magnesium, aluminum, lead, copper,
and zinc, with emphasis to date on aluminum and magnesium mate-
rials. Saffil, high-purity, precise-diameter, spun fiber from ICI
Chemicals is thermally stable to 2700°F (1500°C) and effective for
reinforcing MMCs.

Alumina particulates are also used to reinforce aluminum-
matrix composites. Fumed alumina powder of submicrometer size
is made by flame reduction of aluminum chloride. The powder is used
in coatings and for plastics reinforcement and in the production of fer-
rite ceramic magnets.

Alfrax is the trade name of Carborundum Co. for alumina as a cat-
alyst carrier and as a refractory. Stupalox, of the same company, for
ring and plug gages, is alumina hot-pressed to a specific gravity of
3.95. It is tough and wear-resistant, with a transverse rupture
strength of 100,000 1b/in% (690 MPa) and compressive strength of
450,000 1b/in2 (3,100 MPa). Another vitreous ceramic, in tube form
and composed of 96% alumina, has been used for protecting thermo-
couples. It is gastight at 2642°F (1450°C). Lucalox, of General
Electric Co., is a translucent ceramic pressed from high-purity fine
alumina powder and fired at high temperature. It transmits 90% of
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visible light rays and will withstand temperatures to 3600°F
(1982°C). It is polycrystalline with pores removed in the firing. The
transverse strength is 50,000 1b/in? (345 MPa), and dielectric strength
is 1,700 V/mil (67 X 10°% V/m). It is used for high-intensity lamps, mis-
sile nose cones, and instrument parts. Alite, of U.S. Stoneware Corp.,
used for bearings, valves, nozzles, and extrusion dies, is a white
ceramic made by molding or extruding alpha alumina and sintering
at 3400°F (1871°C). The bonding is by crystal growth, producing near-
ly a single crystal. The tensile strength is up to 32,500 1b/in? (224
MPa), compressive strength up to 290,000 1b/in? (2,000 MPa), and
dielectric strength 250 V/mil (9.8 X 108 V/m). It is used for tempera-
tures to 1600°F (871°C). Aluminum oxide film, or alumina film,
used as a supporting material in ionizing tubes, is a strong, transpar-
ent sheet made by oxidizing aluminum foil, rubbing off the oxide on
one side, and dissolving the foil in an acid solution to leave the oxide
film from the other side. It is transparent to electrons. Alumina bub-
ble brick is a lightweight refractory brick for kiln lining, made by
passing molten alumina in front of an air jet, producing small, hollow
bubbles which are then pressed into bricks and shapes. Alumina
foam bricks and blocks for high-temperature insulation are made by
PPG Industries. The foam has a density of 28 1b/ft? (448.5 kg/m3) and
porosity of 85%. SermaGard 1453, from SermaGard Coatings, is a
black-pigmented alumina-silica coating that cures at 750°F (400°C)
and resists temperatures to 1200°F (650°C) on carbon steel and to
1750°F (954°C) on stainless steel.

ALUMINIDES. Emerging alloys of the intermetallics—nickel alu-
minide (Ni,;Al) and titanium aluminide (TiAl and Ti, Al)—they are
envisioned as the next generation of superalloys, or high-temperature
structural alloys, because of their high strength and oxidation resis-
tance at elevated temperatures and lower density than traditional
superalloys and titanium alloys. The compounds themselves are
extremely brittle at room temperature, but ductility can be improved
by alloying and controlled thermomechanical processing. Columbium,
for example, has proved effective in this regard for Ti Al, and boron,
in combination with other ingredients and controlled thermomechani-
cal processing, for Ni Al

Molded aluminum nitride, AIN, forms dense, nonporous shapes of
Mohs hardness 6. It resists molten iron or silicon to 3100°F (1704°C)
and molten aluminum to 2600°F (1427°C) but is attacked by oxygen
and carbon dioxide at 1400°F (760°C). Just 1% oxygen causes rapid
property deterioration. Without oxygen present, however, the materi-
al is highly thermally conductive, light in weight, and a good insula-
tor. Doping low-oxygen AIN powder with 3% yttria, pressing to high
density, and pressureless sintering for 80 h at 3362°F (1850°C) more
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than doubles thermal conductivity: to 98 to 110 Btu/h-ft-°F (170 to
190 W/m-K) relative to yttria-free polycrystalline AIN. However,
single-crystal AIN of equivalent oxygen has a thermal conductivity
of 116 Btu/h-ft-°F (200 W/m-K).

Borolite 1505 is sintered nickel aluminide having a specific gravity of
5.9 and a transverse rupture strength of 150,000 1b/in? (1034 MPa) at
2000°F (1093°C), which is twice that of cobalt-bound titanium carbide at
this temperature. It melts at 3000°F (1649°C), resists oxidation
at 2000°F (1093°C), and is used for highly stressed parts in high-
temperature equipment. Metco 405, of Metco Inc., is this compound
in wire form for welding, flame coating, and hardfacing. Metco 404 is
nickel-coated aluminum powder, which can be mixed with zirconia or
alumina to increase hardness and heat resistance of the aluminum
nitride coating.

Two Ni,Al alloys are the castable and cold-workable IC-50 and the
castable and weldable IC-221M. By weight, nickel aluminide IC-50
contains 11.2 to 11.8% aluminum, 0.4 to 0.85 zirconium, 0.01 to 0.03
boron, at the most 0.5 chromium, 0.5 molybdenum, 0.3 iron, 0.1 sili-
con, and 0.05 carbon, with the balance nickel. Nickel aluminide IC-
221M contains 7.5 to 8.5% aluminum, 7.2 to 8.2 chromium, 1.45 to
1.90 zirconium, 1.2 to 1.5 molybdenum, 0.005 to 0.02 boron, at the
most 0.3 iron, 0.1 silicon, and 0.05 carbon, and the balance nickel. A
unique characteristic of these alloys is that their tensile strength
increases with increasing temperature up to a certain temperature,
yield strength peaking at 105,000 lb/in2 (724 MPa) at 1470°F (800°C),
according to Oak Ridge National Laboratory.

A gamma titanium aluminide, developed at General Electric
Research and Development, contains by weight 49% titanium, 47 alu-
minum, 2 chromium, and 2 columbium. Weighing about half as much
as nickel superalloys, it is just as strong at temperatures up to 1400°F
(760°C) and about 50% more rigid than titanium alloys. Blades for a
low-pressure aircraft turbine wheel, successfully tested, were 43%
more lightweight than those made of a nickel superalloy and demon-
strated that the aluminide’s much lower ductility could be accommo-
dated. Titanium aluminide XDTiAl is a Ti-47Al1-2V alloy with 7% by
volume titanium diboride. The XD refers to an exothermic-dispersion
composite fabrication process developed at Martin Marietta
Laboratories in which ceramic particulates, short fibers, or whiskers
develop in situ within a metal or intermetallic matrix. The alloy has a
density of 0.14 1b/in® (3875 kg/m3), and tensile properties at 85°F (30°C)
include a yield strength of 85,000 1b/in? (586 MPa), 1.1% elongation,
and a modulus of 26.1 X 108 1b/in? (180 GPa). At 1380°F (750°C), the
yield strength is 60,000 1b/in? (414 MPa) and the modulus is 23.5 X 10°
Ib/in? (162 MPa). Unlike nickel and titanium aluminides in general,
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orthorhombic titanium aluminides, based on the Ti(AlCb) type of
orthorhombic crystal structure, have excellent room-temperature
formability and high-temperature mechanical properties and have
been cold reduced 40 to 80% in producing foils.

Nickel aluminides, applied by thermal spraying, have been used to
coat aircraft-turbine parts in airline engine overhaul. Sermaloy oJ, of
Sermatech International, is a silicon-enriched aluminide coating dif-
fused into nickel and cobalt superalloys for protection against hot cor-
rosion (sulfidation), oxidation, and particulate erosion at tempera-
tures up to 2200°F (1200°C). The coating comprises aluminum,
silicon, chromium, cobalt, and nickel. Platinum-modified alu-
minide coatings, assessed by the Naval Surface Warfare Center,
improve the hot-corrosion resistance of Rene 80 nickel superalloy. A
continuous overlay of PtAl, gave the best resistance to 500-h exposure
at 1650°F (900°C). Iron aluminide Fe, 24Al reinforced with various
carbide or diboride powders promises high resistance to corrosion,
oxidation, sulfidation, and wear. And both iron aluminides (FeAl and
Fe,Al) and nickel aluminides (NiAl and Ni,Al) are being considered
as matrix materials for tungsten carbide composites for high-
temperature, highly corrosive environments. Columbium alu-
minide is used as a refractory coating as it is highly resistant for
long periods at 2600°F (1427°C). Tin aluminide is oxidation resis-
tant to 2000°F (1093°C), but a liquid phase forms at this point.

ALUMINIZED STEEL. Standard Type 1 aluminized steel consists of a
hot-dipped coating of 92% aluminum and 8% silicon on cold-rolled
sheet steel for oxidation and corrosion resistance. It is available with
coating weights (total both sides) of 0.40 oz/ft? (120 g/m?2) or 0.25 oz/ft?
(75 g/m?), provides good oxidation resistance in continuous service to
1250°F (675°C), and is used for auto exhaust-system components and
other applications. The thicker coating provides the better environmen-
tal resistance, but the thinner one is preferred for parts requiring
severe forming because of its better adhesion. Type 2 aluminized steel
has a coating weight of 0.60 oz/ft? (182 g/m?) and thus provides still bet-
ter environmental resistance, but is limited to parts requiring still less
severe forming.

Galvalume, a cold-rolled steel having a thin hot-dipped coating of
55% aluminum, 43.4 zinc, and 1.6 silicon on both sides, was developed by
Bethlehem Steel as an alternative to Type 2 aluminized steel. It is sub-
stantially stronger and correspondingly less ductile than the aluminized
steel, scale-resistant to 1250°F (675°C), and superior to conventional gal-
vanized steel in corrosion resistance in rural, industrial, and marine
atmospheres. Applications include roofing for preengineered buildings,
auto exhaust-system parts, agricultural equipment, and appliance parts.
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The advantage of two other aluminized steels stem from modifica-
tions to the base steel, the coating being the standard hot-dipped alu-
minum-silicon alloy. Both were developed as low-cost alternatives to
409 stainless steel for auto exhaust systems. The base steel for Inland
Steel’s Aluma-Ti contains a bit of titanium, stabilizing the carbon
and nitrogen contents of the steel and thus increasing the spalling
resistance of the coating above 1250°F (675°C). Armco’s Alumi-
Therm uses the company’s columbium-bearing interstitial-free steel
as the base steel, thus providing better formability than standard alu-
minized steels.

ALUMINUM. Called aluminium in England. A white metal with a
bluish tinge, symbol Al, atomic weight 26.97, obtained chiefly from
bauxite. It is the most widely distributed of the elements next to oxy-
gen and silicon, occurring in all common clays. Aluminum metal is
produced by first extracting alumina (aluminum oxide) from the
bauxite by a chemical process. The alumina is then dissolved in a
molten electrolyte, and an electric current is passed through it, caus-
ing the metallic aluminum to be deposited on the cathode. The metal
was discovered in 1727, but was obtained only in small amounts until
it was reduced electrolytically in 1885.

Pure (99.99%) aluminum has a specific gravity of 2.70 or a density
of 0.097 1b/in® (2,685 kg/m3), a melting point of 1220°F (660°C), elec-
trical and thermal conductivities about two-thirds that of copper, and
a tensile modulus of elasticity of 9 X 108 Ib/in? (62,000 MPa). The
metal is nonmagnetic and highly reflective and has a face-centered-
cubic crystal structure. Soft and ductile in the annealed condition, it
is readily cold-worked to moderate strength. It resists corrosion in
many environments due to the presence of a thin aluminum oxide
film.

Iron, silicon, and copper are the principal impurities in commercial-
ly pure aluminum, wrought products containing at least 99% alu-
minum and a foil product containing at least 99.99%. Such unalloyed
aluminum is available in a wide variety of mill forms and constitutes
the aluminum 1XXX series in the designation system for wrought
aluminum and aluminum alloys. Annealed sheet is quite ductile—35
to 45% tensile elongation—but weak, having a tensile yield strength
of 4,000 to 5,000 1b/in? (28 to 35 MPa). Cold reduction of 75% increas-
es yield strength to 18,000 to 24,000 1b/in? (124 to 166 MPa). Thus,
the unalloyed metal is used far more for its electrical, thermal, corro-
sion-resistant, and cosmetic characteristics than for its mechanical
properties. Applications include electrical and thermal conductors,
capacitor electrodes, heat exchangers, chemical equipment, packaging
foil, heat and light reflectors, and decorative trim.
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Aluminum flake enhances the reflectance and durability of
paints. Aluminum powder is used for powder-metal parts.
Aluminum powder and aluminum paste are used in catalysts,
soaps, explosives, fuels, and thermite welding. Aluminum shot is
used to deoxidize steel, and aluminum foam, made by foaming the
metal with zirconium hydride or other hydrides, is an effective core
material for lightweight structures. Anodize conversion coatings are
often applied to aluminum and aluminum alloys for corrosion protec-
tion. SermaGard, from SermaGard Coatings of Teleflex Inc., is a
70%-plus-binder sacrificial basecoat and topcoat sealer system for
heat and corrosion protection, such as of auto exhaust parts subject to
road salts. The basecoat is galvanically active, stable to 1200°F
(649°C), electrically conductive, and especially adherent.

ALUMINUM ALLOYS. Alloying aluminum with various elements
markedly improves mechanical properties, strength primarily, at only
a slight sacrifice in density, thus increasing specific strength, or
strength-to-weight ratio. Traditionally, wrought alloys have been pro-
duced by thermomechanically processing cast ingot into mill products
such as billet, bar, plate, sheet extrusions, and wire. For some alloys,
however, such mill products are now made by similarly processing
“ingot” consolidated from powder. Such alloys are called PM (powder
metal) wrought alloys or simply PM alloys. To distinguish the tra-
ditional type from these, they are now sometimes referred to as
ingot-metallurgy (IM) alloys or ingot-cast alloys. Another class of
PM alloys is those used to make PM parts by pressing and sintering
the powder to near-net shape.Osprey aluminium alloys, from
Osprey Metals Ltd. in England, are made by the solidification of
molten wrought alloy droplets onto a rotating disk by thermal spray-
ing. As the disk withdraws, a cylindrical billet forms. There are also
many cast alloys. All told, there are about 100 commercial aluminum
alloys.

There are two principal kinds of wrought alloys: (1) heat-treatable
alloys—those strengthened primarily by solution heat treatment or
solution heat treatment and artificially aging (precipitation harden-
ing) and (2) non-heat-treatable alloys—those which depend primarily
on cold work for strengthening. Alloy designations are a continuation
of the four-digit system noted for aluminum, followed with a letter to
designate the temper or condition of the alloy: F (as-fabricated condi-
tion), O (annealed), H (strain-hardened), W (solution heat-treated and
unstable; that is, the alloy is prone to natural aging in air at room
temperature), and T (heat-treated to a stable condition). Numerals
following T and H designations further distinguish between tempers
or conditions. T3, for example, refers to alloys that have been solution
heat-treated, cold-worked, and naturally aged to a substantially sta-
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ble condition. T'6 denotes alloys that have been solution heat-treated
and artificially aged. H designations are followed by two or three dig-
its. The first (1, 2, or 3) indicates a specific sequence of operations
applied. The second (1 to 8) refers to the degree of strain hardening
(the higher the number, the greater the amount of strain, or harden-
ing, 8 corresponding to the amount induced by a cold reduction of
about 75%). The third (1 to 9) further distinguishes between mill
treatments.

The aluminum alloy 2XXX series is characterized by copper (2.3
to 6.3%) as the principal alloying element. Most of these alloys also
contain lesser amounts of magnesium and manganese, and some may
contain small amounts of other ingredients, such as iron, nickel, tita-
nium, vanadium, zinc, and zirconium. 2XXX alloys are strengthened
mainly by solution heat treatment, sometimes by solution heat treat-
ment and artificial aging. Among the more common, especially for
structural aircraft applications, are aluminum alloys 2014, 2024,
and 2219, which can be heat-treated to tensile yield strengths in the
range of 40,000 to 60,000 1b/in? (276 to 414 MPa).Besides the usual
reasons for selecting aluminum alloys for aerospace applications,
2219 was chosen for the International Space Station because of its
machinability, weldability, and resistance to atomic oxygen erosion,
which is a problem in the outer-space environment. Because of its
high copper content, about 6%, the alloy is prone to corrosion in salt
spray, necessitating a chromium or alternative protective coating. An
alternative is aluminum-lithium alloy powder in an acrylic resin.
Aluminum alloy 2224, for extrusions, and aluminum alloy 2324,
for plate, combine high strength with superior damage tolerance.
Alloy 2224-T3511 provides an ultimate tensile strength of about
79,000 1b/in? (545 MPa), a yield strength of 59,000 1b/in% (407 MPa),
and 13% elongation. For 2324-T39, ultimate tensile strength is about
70,000 lb/in? (483 MPa), the yield strength is 64,500 1b/in? (445 MPa),
and the elongation is about 13%.

A recent alloy for auto body panels is aluminum alloy 2036, which
in the T4 temper provides a tensile yield strength of about 28,000 1b/in?
(193 MPa). Aluminum alloy 2XXX series is not as corrosion resistant as
other aluminum alloys and thus is often clad with a thin layer of essen-
tially pure aluminum or a more corrosion-resistant aluminum alloy,
especially for aircraft applications. Aluminum alloy 2011, which nom-
inally contains 0.4% bismuth and 0.4 lead, is the most easily machin-
able wrought aluminum alloy and is widely used for screw-machine
products. Toolrite 2011, of Alcoa, is cold-finished by proprietary pro-
cessing to increase tool life in screw-machine operations.

Manganese (0.5 to 1.2%) is the distinguishing alloying element in
the aluminum alloy 3XXX series. Aluminum alloy 3003 also con-
tains 0.12% copper. Aluminum alloys 3004 and 3105 also contain
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1 and 0.5% magnesium, respectively. Strengthened by strain harden-
ing, 3XXX alloys provide maximum tensile yield strengths in the
range of 27,000 to 36,000 lb/in? (186 to 248 MPa) and are used for
chemical equipment, storage tanks, cooking utensils, furniture,
builders’ hardware, and residential siding.

The aluminum alloy 4XXX series is characterized by the addition
of silicon: about 12%, for example, in aluminum alloy 4032 and 5%
in aluminum alloy 4043. Aluminum alloy 4032, which also contains
1% magnesium and almost as much copper and nickel, is heat-treat-
able, providing a tensile yield strength of about 46,000 1b/in? (315
MPa) in the T6 temper. This, combined with its high wear resistance
and low thermal expansivity, has made it popular for forged engine
pistons. Deltalloy 4032, of Alcoa, is cold-finished 4032 alloy screw-
machine stock. DHT-3, from Kaiser Aluminum Tennalum, is 6.5 to
12% silicon, 2 to 5 copper, 1 to 5 bismuth alloy for low friction and
wear and galling resistance, and excellent machinability. Extrusions
in the T6 temper have an ultimate tensile strength of 50,000 1b/in?
(345 MPa), a tensile yield strength of 35,000 lb/in? (241 MPa), 10%
elongation, and 86 Brinell hardness. Aluminum alloy 4043, which is
alloyed only with silicon, is a strain-hardenable alloy used for welding
rod and wire. Some aluminum-silicon alloys are also used for brazing,
others for architectural applications. Their appeal for architectural
use stems from the dark gray color they develop in anodizing.

The principal alloying element in the aluminum alloy 5XXX
series is magnesium, which may range from about 1 to 5% and is
often combined with lesser amounts of manganese and/or chromium.
Like 3XXX alloys, the 5XXX are hardenable only by strain harden-
ing, and all are available in a wide variety of H tempers. Tensile
yield strengths range from less than 10,000 lb/in% (69 MPa) in the
annealed condition to more than 40,000 1b/in? (276 MPa) in highly
strained conditions. Aluminum alloys 5083, 5154, 5454, and 5456
are widely used for welded structures, pressure vessels, and storage
tanks; others for more general applications, such as appliances, cook-
ing utensils, builders’ hardware, residential siding, auto panels and
trim, cable sheathing, and hydraulic tubing. A highly formable
bake-hardenable aluminum alloy, developed by Mitsubishi
Aluminum in Japan, has a tensile yield strength of 11,000 to 14,000
Ib/in? (76 to 97 MPa) and 30% elongation. After a 2% stretching oper-
ation and paint baking at 340°F (170°C), yield strength increases by
as much as 9000 1b/in? (63 MPa) for the 2 to 3% magnesium, 0.6 cop-
per, 0.3 silicon 5XXX alloy.

The aluminum alloy 6XXX series is characterized by modest addi-
tions (0.4 to 1.4%) of silicon and magnesium and can be strengthened
by heat treatment. Except for auto sheet aluminum alloys 6009 and



ALUMINUM ALLOYS 53

6010, which are typically supplied and used in the T4 temper, the
alloys are strengthened by solution heat treatment and artificial
aging. As a class, these alloys are intermediate in strength to alu-
minum alloy 2XXX and aluminum alloy 7XXX but provide good overall
fabricability. The auto sheet alloys are relatively new. More traditional
among the dozen or so alloys of this kind are aluminum alloy 6061,
which is used for truck, marine, and railroad-car structures, pipelines,
and furniture, and aluminum alloy 6063 for furniture, railings, and
architectural applications. Other applications include complex forging,
high-strength conductors, and screw-machine products. Aluminum
alloy 6013-T8, in cold-finished bar and rod from Alcoa, has typical
tensile yield strengths of 58,000 to 62,000 1b/in? (400 to 427 MPa) and
11 to 12% elongation. Compared with 6061-T6, it is stronger, more
fatigue-resistant, and more machinable, though comparable in weld-
ability, corrosion resistance, and anodizing response. Aluminum
alloy X6020, from Alcoa, is a lead-free alloy with an A rating (the
best) for machinability. And aluminum alloy KA-62, from Kaiser
Aluminum-Tennalum, equals 6262 alloy in machinability and physi-
cal and mechanical properties. Alcoa’s aluminum alloy X6022,
developed mainly for auto body panels, features superior surface
finish and matches the corrosion resistance of 6016 alloy. An
aluminum-magnesium-boron-silicon alloy developed at Ames
Laboratory of the U.S. Department of Energy has a hardness of 6.67
X 10% 1b/in? (46,000 MPa), slightly greater than that of cubic boron
nitride, a common cutting-tool abrasive.

Zinc is the major alloying element in the aluminum alloy 7XXX
series, and it is usually combined with magnesium for strengthening
by heat treatment. An exception is aluminum alloy 7072, which is
alloyed only with 1% zinc, is hardenable by strain hardening, and is
used for fin stock or as a clad for other aluminum alloys. The other
alloys, such as aluminum alloys 7005, 7049, 7050, 7072, 7075, 7175,
7178, and 7475, contain 4.5 to 7.6% zinc, 1.4 to 2.7% magnesium, and,
in some cases, may also include copper, manganese, silicon, titanium,
or zirconium. These heat-treatable alloys are the strongest of alu-
minum alloys, with tensile yield strengths of some exceeding 70,000
Ib/in? (483 MPa) in the T6 temper. They are widely used for high-
strength structures, primarily in aircraft. And aluminum alloy
X7093, a PM alloy of Alcoa, provides greater resistance to stress corro-
sion than 7075 without reducing tensile yield and ultimate strengths or
fracture toughness. In the longitudinal direction, 7093-T7E92 has an
ultimate tensile strength of 88,000 1b/in? (607 MPa), a tensile yield
strength of 84,000 1b/in? (579 MPa), and 14% elongation. Fracture
toughness is 48,000 1b/in%in'? (53 MPa-m'?), substantially greater
than that of 7075-T6 and 7075-T73.
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Aluminume-lithium alloys are a significant recent development in
high-strength wrought aluminum alloys. Because of the very low den-
sity of lithium, every 1% of this alkali metal can provide a 3% reduc-
tion in density and a 10% increase in stiffness-to-density ratio relative
to conventional 2XXX and 7XXX alloys. These alloys, such as alu-
minum alloys 2090 and 2091 (there are several others, including
proprietary ones), are comparable in strength to some of the strongest
traditional alloys. Some are ingot-cast products, others PM wrought
alloys. Alcoa’s aluminum alloy C155 is 7% more lightweight and has
greater fracture toughness and resistance to fatigue-crack growth
than 7075-T651 and 2024-T351. It is also 11% stronger than the lat-
ter alloys. Reynolds Metals’ Weldalite 2195 is 5% more lightweight
and 30% stronger than 2219 alloy and has good fracture toughness
at cryogenic temperatures. It is a candidate to replace 2219 for the
external fuel storage tanks of the Space Shuttle orbiter. VacLite
aluminum-lithium alloys, of Comalco Aluminum Ltd. of Australia, are
vacuum-refined alloys having low amounts of hydrogen and alkali-
metal impurities. Their high purity is believed to account for improved
toughness, greater resistance to stress corrosion, and superior weld-
ability, or less tendency for weld cracking, than other aluminum-
lithium alloys. One of the alloys, with 3.3% lithium, has a tensile yield
strength of 73,000 1b/in? (504 MPa) and a tensile modulus of 12.1 X
10% 1b/in? (83,400 MPa). Aluminum-lithium alloys were developed pri-
marily for aircraft applications. They are used in the horizontal stabi-
lizer of two Airbus models and in the cargo floor of the C-17 military
transport.

Osprey aluminum alloys include 4019, 7034, and 8024. Aluminum
alloy 4019 is a wear-resistant alloy with 18.5 to 21.5% silicon, 4.6 to
5.4 iron, and 1.8 to 2.2 nickel. The density is 0.1 1b/in? (2768 kg/m3),
the coefficient of thermal expansion is 8.9 X 107%°F (16 X 10~%K),
and the tensile modulus is 14.2 X 10° 1b/in? (97,909 MPa). In the F
temper, typical tensile strengths are 52,000 lb/in? (359 MPa) ultimate
and 39,000 lb/in? (269 MPa) yield, elongation is 2%, and the fatigue
limit is 16,000 1b/in% (110 MPa). At 300°F (150°C), 480°F (250°C), and
660°F (350°C), the yield strength is 29,000 lb/in? (200 MPa), 22,500
Ib/in? (155 MPa), and 11,500 1b/in? (79 MPa), respectively. The fatigue
limit is 11,600 1b/in? (80 MPa) at 480°F. Aluminum alloy 7034 has
11 to 12% zinc, 2 to 3 magnesium, 0.8 to 1.2 copper, 0.08 to 0.3 zirco-
nium, 0.12 maximum iron, and 0.1 maximum silicon. The density is
0.104 1b/in3 (2879 kg/m?), the coefficient of thermal expansion is 11.7
X 1075/°F (21 X 107%/K), and the tensile modulus is 10.7 X 10° 1b/in?
(73777 MPa). In the T6 temper, typical longitudinal and transverse
tensile properties of 2.5 X 1-in (63.5 X 25.4-mm) samples are 102,400
Ib/in? (706 MPa) and 97,200 1b/in? (670 MPa) ultimate strength and
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100,000 Ib/in? (690 MPa) and 90,500 1b/in? (624 MPa) yield strength,
with 13 and 11.8% elongation, respectively. Longitudinal properties of
0.5-in (12.7-mm) rod are 119,800 1b/in? (826 MPa) ultimate strength,
118,900 1b/in? (820 MPa) yield strength, and 4.6% elongation.
Aluminum alloy 8024, which has a density of only 0.087 1b/in3 (2408
kg/m?3), owes its light weight to 3.8 to 4.2% lithium. It also contains
0.08 to 0.25% zirconium, 0.1 maximum iron, and 0.01 maximum sili-
con. The tensile modulus is 12.2 X 108 1b/in? (84119 MPa) and the
thermal expansion is 14.5 X 107%°F (21.6 X 107%/K). Extrusions in
the T62 temper have longitudinal, longitudinal transverse, and short
transverse tensile properties of 76,700 1b/in? (529 MPa), 63,500 1b/in?
(438 MPa), and 60,500 1b/in? (417 MPa) ultimate strength; 66,700
Ib/in? (460 MPa), 56,900 1b/in? (392 MPa), and 53,900 1b/in? (372 MPa)
yield strength; and 4.7, 3, and 5% elongation, respectively.

Osprey aluminum alloys also include a family of machinable, light
weight, aluminum-silicon alloys, featuring controlled thermal
expansion, high thermal conductivity, electromagnetic or radio-
frequency shielding capability, and thermomechanical stability up to
932°F (500°C). Applications include RF or microwave housings, elec-
tro-optical housings, integrated-circuit power devices, and waveguide-
and microwave-filter components. Alloys include aluminum alloy
CE7, CE9, CE11, and CE13. The numbers in these designations indi-
cate the approximate coefficient of thermal expansion in ppm/°C.
Compositions can be customized to thermal expansion requirements.
For the common alloys, CE7 contains 70% by weight silicon, CE9 60%,
CE11 50%, and CE13 58%. CE7 has a density of 0.088 lb/in3 (2436
kg/m3) and a thermal conductivity of about 75 Btu/h-ft-°F (130
W/m-K).

Wrought superplastic alloys, such as Superform Metals’ Supral
alloys and fine-grain aluminum alloy 7475 or modifications thereof,
permit far greater tensile elongation than conventional alloys at low
strain rates and temperatures in the 700 to 980°F (371 to 527°C)
range, permitting extremely complex shapes to be formed at low gas
pressure [100 to 300 1b/in? (0.69 to 2.1 MPa)].

For structural aircraft applications, high-strength alloys such as
2024 and 7075 are generally limited to temperatures below 400°F
(204°C). Developmental dispersion-strengthened aluminum
alloys may extend the range to 600°F (315°C). Key elements of these
PM wrought systems include iron and cerium; iron and molybdenum,;
iron, vanadium, and silicon; or chromium, zirconium, and manganese.
All provide tensile yield strengths greater than 30,000 Ib/in? (270 MPa)
at 600°F (315°C), the strongest being an aluminum-iron-vanadium-
silicon alloy. At room temperature, this alloy has an ultimate tensile
strength of 90,600 1b/in? (625 MPa), a yield strength of 82,400 1b/in?
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(568 MPa), and 6% elongation. At 600°F, these values are 45,000 1b/in?
(310 MPa), 44,000 1b/in% (300 MPa), and 7%, respectively.

Aluminum PM parts are made mainly from aluminum alloys
201 AB and 601 AB. Both are copper, silicon, and magnesium compo-
sitions that can be heat-treated to the T4 or T6 temper after sinter-
ing. 201 AB is the stronger, having 47,000 1b/in? (324 MPa) tensile
yield strength for 95% dense material in the T6 temper compared to
about 35,000 1b/in2 (241 MPa) for 601 AB for these conditions.

A four-digit system, based on principal alloying elements, is also
used to designate aluminum casting alloys; but the third and
fourth digits are separated by a decimal point, and a capital letter
before the first digit designates alloy modification. Essentially pure
aluminum (99% minimum) is designated aluminum IXX.X.
Aluminum alloys 2XX.X are aluminum-copper alloys; 3XX.X are alu-
minum-silicon alloys with copper and magnesium; 4XX.X are alu-
minum-silicon alloys; 5XX.X are aluminum-magnesium alloys; 6XX.X
is an unused series; 7XX.X are aluminum-zinc alloys; and 8XX.X are
aluminum-tin alloys. 2XX.X alloys may, however, contain other alloy
elements, and whether an aluminum-copper-silicon alloy is a 2XX.X
or 3XX.X alloy depends on which of the alloying elements is present
in the greater quantity. In the IXX.X designations, the second and
third digits indicate the degree of minimum aluminum content
beyond 99.00% to the nearest 0.01%, and the fourth digit denotes
product form (0 for castings or I for ingot). In the other designations,
the second and third digits have no numerical significance and serve
only to distinguish one alloy from another. The fourth digit again
indicates product form: 0, castings; 1, standard ingot; 2, ingot having
a composition within but narrower than that of the standard.

Of some 40 or so standard casting alloys, 10 are aluminum die-
casting alloys. The others are aluminum sand casting alloys
and/or aluminum permanent-mold casting alloys. Some of the
latter also are used for plaster-mold casting, investment casting, and
centrifugal casting. Although the die-casting alloys are not normally
heat-treated, those for sand and/or permanent-mold casting often
are, usually by solution heat treatment and artificial aging.
Aluminum alloy 380.0 and its modifications constitute the bulk of
die-casting applications. Containing 8.5% silicon, 3.5 copper, and as
much as 2 iron, it provides a tensile yield strength of about 24,000
Ib/in? (165 MPa) and good corrosion resistance, is quite fluid and free
from hot shortness, and thus is readily castable. Engine cylinder heads,
typewriter frames, and various housings are among its applications.
Aluminum alloy 390.0, a high-silicon (17%) copper-magnesium-zinc
alloy, is the strongest of the die-casting alloys, providing a tensile
yield strength of about 35,000 1b/in? (240 MPa) as cast and 38,000
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Ib/in2 (260 MPa) in the T5 temper. Like high-silicon wrought alloys,
it also features low thermal expansivity and excellent wear resis-
tance. Typical applications include auto engine cylinder blocks, brake
shoes, compressors, and pumps requiring abrasion resistance. To
improve castability and machinability while maintaining similar
wear resistance and physical and mechanical properties as 390.0
alloy, Nippon Light Metal Ltd. of Japan developed a lower silicon
(14.5 to 16%), lower copper (2.5 to 4) alloy with slightly greater mag-
nesium (0.75 to 0.9) plus iron (0.7 to 0.85), manganese (0.45 to 0.55),
chromium (0.17 to 0.25), and titanium (0.05 to 0.15) by weight.
Aluminum alloys 383.0, 384.0, 413.0, and A413.0 provide the best
die-filling capacity and have excellent resistance to hot cracking and
die sticking. Aluminum alloy 518.0 provides the best corrosion
resistance, machinability, and polishability, but is more susceptible
to hot cracking and die sticking than the other alloys.

Sand and/or permanent-mold casting alloys are encompassed in
each of the aluminum alloy 2XX.X to 8XX.X series. As-cast, tensile
yield strengths range from about 14,000 1b/in? (97 MPa) for 208.0 to
29,000 1b/in? (200 MPa) for aluminum alloy A390.0. In various solu-
tion-treated and aged conditions, several alloys can provide tensile
yield strengths exceeding 40,000 1b/in? (280 MPa). Strongest of the
alloys—60,000 1b/in? (415 MPa) in the T7 temper and 63,000 1b/in?
(435 MPa) in the T6—is aluminum alloy 201.0, which contains 0.7%
silver and 0.25% titanium in addition to 4.6% copper and small
amounts of magnesium and manganese. The T7 temper is suggested
for applications requiring stress-corrosion resistance. Applications for
201.0 include aircraft and ordnance fittings and housings; engine
cylinder heads; and pistons, pumps, and impellers. Other more com-
monly used high-strength alloys are aluminum alloys 354.0, 355.0,
and 356.0, which are alloyed primarily with silicon, copper, magne-
sium, manganese, iron, and zinc and which are used for auto and air-
craft components. Premium-quality aluminum-alloy castings are
those guaranteed to meet minimum tensile properties throughout the
casting or in specifically designated areas.

Thixalloy 540, from Salzburger Aluminum AG of Austria, is intended
for casting with partially molten alloy. This reduces thermal stress on
tooling and solidification shrinkage. The aluminum-magnesium alloy
contains 5% silicon, 2 manganese, and some chromium and provides a
yield strength of 27,000 1b/in? (186 MPa) and 18% elongation.

Aluminum alloys also constitute a major class of metal-matrix
composites. Duralcan composites, from Duralcan USA of Alcan
Aluminum Ltd., comprise alumina particulates in a wrought
matrix alloy and silicon-carbide particulates in a cast matrix
alloy. The amount of particulate pertains to the volume percent. The
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composites are made by mixing the particulate in a molten alloy,
which is then poured into foundry ingot, extrusion billet, rolling
bloom, or rolling ingot. These forms are then processed conventionally
by casting, extruding, rolling, or forging. Matrix alloys are similar in
composition to standard wrought and cast alloys, and all the compos-
ites are heat-treatable. The composites, however, are stronger, more
rigid, harder, and far more wear- and abrasion-resistant. On the other
hand, their ductility and fracture toughness are less, and machining
typically requires the use of polycrystalline diamond cutting tools for
efficient production. In general, alumina decreases electrical and
thermal conductivity and the coefficient of thermal expansion where-
as silicon carbide increases thermal conductivity while decreasing
electrical conductivity and thermal expansivity.

Here are some typical properties of extruded bar and rod in the T6
temper: With 15% Al,O,, aluminum alloy composite 2014
(Duralcan W2A) has a tensile yield strength of 73,000 1b/in% (500
MPa), 2% elongation, and a tensile modulus of 13.6 X 106 lb/in?
(93,800 MPa). Although yield strength is only 6% greater than that of
2014-T6 at room temperature, it is 16 to 67% greater in the 200 to
700°F (93 to 371°C) range. Aluminum alloy composite 2618
(Duralcan W2F), with 20% Al,O,, has a yield strength of 61,000
Ib/in? (420 MPa), 2% elongation, and a modulus of 15.1 X 108 lb/in?
(104,000 MPa). At 400°F (204°C), the yield strength is 47,000 1b/in?
(320 MPa). With this alumina content, Duralcan W2F has a density of
0.109 Ib/in? (3,017 kg/m?).

In the T4 temper, 15% SiC aluminum alloy composite X2080
extrusions have a density of 0.102 Ib/in® (2823 kg/m?3), an ultimate
tensile strength of 70,000 1b/in? (483 MPa), a yield strength of 53,000
Ib/in? (365 MPa), 7.5% elongation, and a tensile modulus of 14.5 X 108
Ib/in2 (99,978 MPa). With 20% SiC, the density is 1.03 1b/in? (2851
kg/m?) and the other properties 75,000 1b/in? (517 MPa), 57,000 1b/in?
(393 MPa), 6% and 16 X 106 Ib/in? (110,320 MPa). With 25% SiC, alu-
minum alloy composite 6113 extrusions in the T6 temper have
similar density, tensile ultimate and yield strengths of 72,000 1b/in2
(496 MPa) and 63,500 1b/in% (438 MPa), respectively, 3% elongation,
and a tensile modulus of 17.5 X 10° 1b/in? (120,662 MPa).

Cast Duralcan alloys are based on matrix alloys 339 and 359 for
gravity casting and 360 and 380 alloys for die casting. The 359 is for
general room-temperature applications and the 339 is for elevated-
temperature applications. Alloy 380 is also for general use, and 360 is
for uses requiring additional corrosion resistance. In the T6 temper,
aluminum alloy composite 359 (Duralcan F3S) with 20% SiC has
a tensile yield strength of 49,000 1b/in? (340 MPa), 0.4% elongation,
and a modulus of 14.3 X 10° 1b/in? (98,600 MPa). Rockwell B hardness
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is 77, compressive yield strength is also 49,000 1b/in? (340 MPa),
and the modulus in compression is 14.6 X 10° 1b/in? (101,000 MPa).
Aluminum alloy composite 339 (Duralcan F3K) with 10% SiC
has a yield strength of 52,000 1b/in? (360 MPa) and a modulus of
12.7 X 10 1b/in2 (87,500 MPa). In the T5 temper, Rockwell B hard-
ness is 63, and the tensile yield strength is 36,000 1b/in2 (248 MPa)
at room temperature, 20,000 1b/in? (138 MPa) at 400°F (204°C),
and 10,000 1b/in? (69 MPa) at 600°F (316°C). In the T5 temper,
aluminum alloy composite 380 (Duralcan F3D) with 10% SiC
has a Rockwell B hardness of 84, a tensile yield strength of 48,000
Ib/in? (330 MPa), 0.7% elongation, and a tensile modulus of 13.6 X
106 1b/in? (93,800 MPa). It has a density of 0.100 lb/in3
(2,768 kg/m3).

Boralyn, from Alyn Corp., is boron carbide-reinforced alu-
minum alloy made into billet by isostatic pressing and vacuum sin-
tering powder of conventional wrought alloys and boron carbide (B,C)
particulate followed by extrusion, rolling, forging, or casting.
Solution-treated and aged extrusion of aluminum alloy composite
Boralyn H-10, 10% B,C 6092 alloy, has a density of 0.097 Ib/in® (2685
kg/m?), a tensile modulus of 12.2 X 108 Ib/in% (84119 MPa), an ulti-
mate tensile strength of 60,000 1b/in? (414 MPa), a tensile yield
strength of 50,000 1b/in? (345 MPa), a thermal expansion of 11.7
ppm/°F (21.1 ppm/°C), and a thermal conductivity of 96 Btu/ft-h-°F
(166 W/m'K). Aluminum alloy composite Boralyn H-30, 30% B,C
6092, has a density of 0.096 lb/in? (2657 kg/m?), a tensile modulus of
17.5 X 10% 1b/in% (120,660 MPa), tensile strengths again of 60,000
Ib/in? ultimate and 50,000 1b/in? yield, a thermal expansion of 8.3
ppm/°F (14.9 ppm/°C), and a thermal conductivity of 78 Btu/ft-h-°F
(135 W/m-'K). Aluminum alloy composite Boralyn E-10, 10% B*C
7093 alloy, has a density of 0.103 1b/in? (2851 kg/m?), a tensile modu-
lus of 12.5 X 108 Ib/in? (86188 MPa), tensile strengths of 90,000 1b/in?
(621 MPa) ultimate and 85,000 1b/in? (586 MPa) yield, a thermal
expansion of 11.7 ppm/°F (21.1 ppm/°C), and a thermal conductivity of
70 Btuw/ft-h-°F (121 W/m-K).

Composite castings also are made by casting aluminum alloys
about selectively placed fiber preforms. Honda has cast auto engine
blocks with alumina and graphite preforms along the cylinder-bore
surfaces, eliminating the need for cast-iron cylinder liners. Silicon-
carbide whiskers and preforms have potential for squeeze-cast alu-
minum composites, especially for military vehicles. ARALL, of Alcoa,
is a laminate composite comprising thin layers of aramid-reinforced
epoxy and wrought high-strength aluminum alloy. Besides being
more lightweight than aluminum alloys, the laminate has high
fatigue resistance. Variants include GLARE, comprising layers of
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glass-reinforced epoxy and high-strength aluminum alloy, and CARE,
layers of carbon-reinforced epoxy and high-strength aluminum alloy.

ALUMINUM BRASS. A wrought copper (76 to 79%) and zinc alloy con-
taining 1.8 to 2.5% aluminum and 0.02 to 0.06% arsenic. The aluminum
addition markedly improves the alloy’s resistance to impingement
attack in high-velocity seawater and the arsenic inhibits dezincification.
Aluminum-brass C68700 is commonly used for condensers and heat
exchangers in marine applications.

ALUMINUM BRONZE. A series of wrought and cast copper-alu-
minum alloys, most of which also contain several other elements,
principally iron. Aluminum content ranges from 4 to 15%, depending
on the alloy, and iron, if present, from less than 1 to 6%. Alloy desig-
nations for wrought aluminum bronzes are C60XXX, C61XXX,
C62XXX, C63XXX, and C64XXX; cast alloys are C95XXX. The alloys
are also referred to by their nominal aluminum content, such as 5%
aluminum bronze, or by other distinguishing alloying ingredients,
such as nickel aluminum bronze. Aluminum bronzes are noted for
their moderate to high strength, and corrosion resistance in potable,
brackish, and sea waters, industrial and marine atmospheres, and
various chemicals. They are attacked, however, by oxidizing acids.
Because of their pale gold look and amenability to lustrous finishing,
some of the alloys are also used for their decorative appeal. Alu-
minum bronzes are available in a full range of wrought products, and
the cast alloys are amenable to various casting methods. Typical
applications include condenser and heat-exchanger tubing and tube
sheets, fasteners, shafts, cams, gears, bearings, bushings, valves and
valve seats, deep-drawn parts, wear plates, pickling equipment,
impellers and agitators, nonsparking hardware, and decorative ware.

Single-phase (alpha) alloys containing only copper and aluminum
can only be strengthened by strain hardening during cold working.
The 4 to 7% aluminum bronze C60600 alloy in the form of 0.5-in
(13-mm) plate has a tensile yield strength of 17,000 1b/in% (115
MPa) annealed and 24,000 lb/in? (165 MPa) in the H04, or “hard,”
cold-worked temper. In these same conditions, 1-in (25-mm) diame-
ter rod of aluminum (6 to 8.5%) bronze C61000 has a tensile
yield strength of 30,000 1b/in? (205 MPa) and 55,000 1b/in? (380
MPa), respectively. Two-phase aluminum bronzes, such as those
alloyed with iron or iron and nickel, are typically strengthened by
quenching and then are tempered. One such casting alloy, alu-
minum bronze C95500 (nominally 81% copper, 11 aluminum,
4 iron, 4 nickel), has a tensile yield strength of 60,000 lb/in2 (415
MPa) in the quenched and tempered (TQ50) condition, 50% greater
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than as cast. Cunial, developed by the Dutch firm Lips B.V. for
casting large ship and submarine propellers, is also used for casting
molds to form various plastics because of its good thermal conductiv-
ity, machinability, polishability, chemical and erosion resistance,
nongalling quality, and adequate strength and hardness. The compo-
sition is 78.5% minimum copper, 8.5 to 10 aluminum, 4 to 6 nickel,
3.5 to 5.5 iron, 0.5 to 2.5 manganese, and at the most 1 zinc, 0.1 sili-
con, 0.1 tin and 0.03 lead. The hardness is 180 Brinell and the ten-
sile properties are 94,250 1b/in? (650 MPa) ultimate strength, 35,525
Ib/in? (245 MPa) yield strength, and 20% elongation.

ALUMINUM PALMITATE. One of the important metallic soaps. A yel-
low, massive salt, or a fine white powder of composition Al(C,H, O,),
H,0O, made by heating a solution of aluminum hydroxide and palmitic
acid. It is soluble in oils, alkalies, and benzol, but insoluble in water,
and is used in waterproofing fabrics, paper, and leather and in paints
as a drier. In finishing leather and paper it adds to the gloss. It is also
used to increase viscosity in lubricating oils. Another material of the
same class is aluminum resinate, Al(C,,H.,O,),, a brown mass made
by heating rosin and aluminum hydroxide. Aluminum oleate,
Al(C  H,,0,),, is a white salt of oleic acid used as a drier. Aluminum
stearate, AI(C,;H,.0,),, is a salt of stearic acid. It is repellent to water
and is valued for waterproofing fabrics and as a drier, and in water-
proofing concrete and stucco. It is also used to give adherence to dyes
and as a flux in soldering compounds. It is a white, fluffy powder of
200 mesh, soluble in oils and in turpentine. Grades high in free fatty
acid, up to 22%, do not gel readily and are useful as a flatting agent
and suspending medium in paints. Grades low in free fatty acid have a
thickening effect on solvents. Those with 5 or 6% are used in lubricat-
ing grease, and those with about 8% are used in paints. Aluminum
monostearate and aluminum distearate have similar uses.

ALUMINUM POWDER. Aluminum powder is produced by drawing a
stream of molten metal through an atomizing nozzle and impinging
that stream with compressed air or inert gas, solidifying and disinte-
grating the metal into small particles, which are then drawn into a
collection system and screened, graded, and packaged. Particle sizes
range from —325 mesh (fine) to +200 mesh (granules). In the process,
the metal reacts with oxygen in the air and moisture, causing a thin
film of aluminum oxide to form on the surface of the particles. Oxide
content, which increases with decreasing particle size, ranges from 0.1
to 1.0% by weight. The reactivity and combustibility of aluminum pow-
der require special handling precautions. Dust clouds, having a low
ignition temperature—Iless than 1110°F (600°C)—and low explosive
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limits, need little oxygen (less than 3%) to be ignited by an electric
spark or other ignition sources. Although coarse particles are diffi-
cult to ignite, particles in the —200 to +325 range and finer can be
quite explosive, even in small concentrations. First used to produce
aluminum flake by ball milling for paint pigments, aluminum pow-
der now finds many other uses: ferrous and nonferrous metals pro-
duction, powder metal (PM) parts, PM wrought aluminum alloy mill
products, coatings for steel, asphalt roof products, spray coatings,
and vacuum metallizing. Other applications include rocket fuels and
explosives, incendiary bombs, pyrotechnics, signal flares, and heat
and magnetic shields. It is also used in permanent magnets, high-
temperature lubricants, industrial cements, chalking compounds,
printing inks, and cosmetic and medical products. Aluminum pow-
der alloy A201AB is used to produce cam bearing caps for dual-
overhead-cam auto engines.

AMALGAM. A combination of a metal with mercury. The amalgams
have the characteristic that when slightly heated, they are soft and
easily workable, and they become very hard when set. They are used
for filling where it is not possible to employ high temperatures. A
native silver amalgam found in South America contains 26 to 95%
silver. Native gold amalgams are found in California and Colombia,
and they contain about 40% gold. Although native amalgams are
chemical combinations of the metals, some of the artificial amalgams
are alloys and others are compounds. Dental amalgams are pre-
pared by mixing mercury with finely divided alloys composed of vary-
ing proportions of silver, tin, and copper. A silver-tin alloy, developed
at the National Institute of Standards and Technology, is mercury-
free and less brittle than standard amalgams. Also promising is
NIST’s development of fine silver powder that can be compacted and
consolidated with conventional dental tools.

Cadmium amalgam was formerly employed for filling holes in metals
and was called Evans’ metallic cement. It is a silvery-white compound
of composition Cd Hg,, with about 74% mercury, the excess mercury sep-
arating out on standing. It softens at about 100°F (38°C) and can be
kneaded like wax, remaining soft for a considerable time and then
becoming hard and crystalline. Tin or bismuth may be added.
Amalgams with an excess of cadmium are ductile and can be hammered
into sheet. Bismuth amalgams are lustrous, very fluid combinations of
mercury and bismuth, used for silvering mirrors. They are also added to
white bearing metals to make them more plastic and to fusible alloys to
lower the melting point. Crilley metal was a self-lubricating bearing
alloy containing bismuth amalgam. The binary amalgams of mercury
and bismuth are usually too fluid for ordinary use.
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The usual quaternary alloy has equal parts of bismuth, mercury,
tin, and lead, with the proportion of mercury increased to give greater
fluidity. A bismuth amalgam containing bismuth, lead, and mercury
was used for lead pencils. A thallium amalgam, with 8.5% thallium,
which freezes at —76°F (—60°C), is used for thermometers for low
readings. Mackenzie’s amalgam is a two-part amalgam in which
each part is a solid but becomes fluid when the parts are ground
together in a mortar at ordinary temperatures. One part contains bis-
muth and mercury, and the other part contains lead and mercury.
Sodium amalgam contains from 2 to 10% sodium. It is a silvery-
white mass which decomposes water and can be used for producing
hydrogen. Potassium amalgam, made by mixing sodium amalgam
with potash, is a true chemical compound, used for amalgamating
with other metals.

AMARANTH. One of the few broad-leafed vegetable plants that also
produces edible grain. It was a mainstay in the diet of the Aztecs,
Incas, and other Native Americans prior to the conquest of those
empires by Spain in the 1500s. It is currently grown in Mexico, India,
and China.

The brilliantly colored plant grows vigorously in a wide range of cli-
mates, resisting drought, heat, and pests. Its tiny seeds contain 16%
protein compared to 12 to 14 for wheat and 7 to 10 for rice. The pro-
tein contains as much of the amino acid lysine as does milk protein,
making it an excellent complement to traditional grains, which are
low in this essential nutrient. The grains have a good taste. They can
be popped like corn and eaten as a breakfast cereal, used as breading
for meat and vegetables, or mixed with honey and compressed into
blocks as a sweet snack. Other fast-growing species of amaranth pro-
duce spinachlike greens that are high in vitamin A.

AMBER. A fossil resin found buried in the countries along the Baltic
Sea and in Malagasy. It is employed for making varnishes and lacquers
and for ornaments. The original German name for the material was
Glassa, and in early writings it is referred to by the Greek word elek-
tron and the Persian name karaba. It was called vernice by the
Italian painters who used it as a varnish resin. Amber came from a
coniferous tree, Pinus succinifera, now extinct. It is hard, brittle, and
tasteless but with an aromatic odor, and it dissolves in acids. It is some-
times transparent, but usually semitransparent or opaque with a glossy
surface, yellow or orange. It takes a fine polish. When rubbed, it
becomes electrically charged. In fact, the word electricity evolved from
elektron, the Greek name for amber. Amber contains succinic acid in a
complex form, and the finest specimens are known as succinite,



64 AMBERGRIS

although this is the name of an amber-colored garnet. The amber of
Malagasy was prized for necklaces and pipe mouthpieces. It is semi-
transparent, wave-streaked, and honey-colored. Synthetic amber is
plasticized phenol formaldehyde or other synthetic resin. Amberoid is
reclaimed scrap amber pieces compressed into a solid, sometimes
mixed with pieces of copal or other resin. It has the same uses as
amber. Amber oil, distilled from scrap amber, is a mixture of terpenes
and is used in varnish. Succinic acid, (CH,COOH),, a solid melting
at 361°F (183°C), is obtained by distilling scrap amber, but is now
made by fermentation of tartaric acid, or synthetically from benzene
and called butane diacid. It is used in foods as an acidifier and taste
modifier, and succinic aldehyde is used for making plastics. The
small, highly polar molecule gives crystalline resins of high strength.
The dioctyl sodium sulfo salt of succinic acid is used in the foodstuffs
industry to prevent agglomeration of colloids. Complemix, of
American Cyanamid Co., is this material. Maleic acid, (HCCO,H),,
formed by heating succinic acid, is made commercially from benzene
and is used widely for plastics production. It can be obtained by the
dehydration of malic acid, which is a hydroxysuccinic acid.
Pomalius acid, of Allied-Signal Inc., is a food grade of malic acid used
to replace acetic acid as a more powerful acidulating agent, stabilizer,
and flavor enhancer.

AMBERGRIS. A solid, fatty, inflammable, grayish to black substance
found in the intestines of some sperm whales or found floating in the
ocean. It softens at 140°F (60°C) and is composed of 80 to 85%
ambrein (triterpenic tricyclic alcohol) and 12 to 15% ambergris
oil, an active ingredient. Ambergris is becoming scarce due to exces-
sive whaling by fishing fleets. White amber, formed by aging in the
ocean, is the finest quality. When dried, it pulverizes to a fine dust.
Ambergris has a peculiar sweet fragrance and is highly valued as a
fixative in perfumes. In Asia it is used as a spice and in Egypt for
scenting cigarettes. Lumps weigh from a few ounces up to 600 1lb
(272.2 kg). Synthetic ambergris, of the Swiss company Firmenick &
Co., is a gamma-dihydro ionone, C,,H,,0, which gives the odor, with
also ambreinolide, a gamma lactone, C,,H,,O, which has fixative
power. Ambropur is a German synthetic ambergris. When the ter-
pene alcohol manool, of the wood of Dacrydium trees, is oxidized, it
yields an acetal which also has the ambergris odor.

AMETHYST. A violet or purple transparent quartz. The color is due to
manganese and iron oxides, and it becomes yellow on heating. It has
a specific gravity of 2.65 and Mohs hardness of 7. Amethyst is com-
posed of alternate right- and left-hand crystals and breaks with a rip-
pled fracture instead of the conchoidal fracture of ordinary quartz.
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The crystals are doubly refractive. One of its uses is for making pivot
bearings for instruments. It is the most esteemed of the quartzes for
cutting into gem stones, but only deep and uniformly colored stones
are used as gems and they are not common. Any large amethyst of
deep and uniform color is likely to be synthetic. The chief production
of natural amethyst is in Brazil and Uruguay.

AMINES. A large group of chemicals derived from ammonia, NH,, in
which one or more of the hydrogen atoms have been replaced by an
organic radical. A primary amine, such as methylamine, CH,NH,,
has one ammonia hydrogen substituted. It is used in the tanning
industry for unhairing skins and as a catalyst and solvent in the
manufacture of synthetic resins. It is a gas and, like ammonia, is sol-
uble in water and handled in water solution. It is flammable, a 40%
solution having a flash point of 20°F (—7°C), and the vapors are
explosive in air. A secondary amine, dimethylamine, (CH,),NH, is
more effective for unhairing. In water solution it forms a hydrate,
(CH,),NH - 7TH, 0, which has a low freezing point, 1.76°F (—16.8°C).
The tertiary amine, trimethylamine, or secaline, (CH,),N, is a gas
liquefying at 37.2°F (2.87°C). The methylamines are used widely as a
source of nitrogen. Isopropylamine, (CH,),CNNH,, is used as a
replacement for ammonia in many chemical processes and as a sol-
vent for oils, fats, and rubber. It is a clear liquid of specific gravity
0.686, boiling point 89°F (31.9°C), freezing point —150°F (—101°C),
and flash point —15°F (—25°C). The Sipenols, of Alcolac Chemical
Co., are a group of amines used as textile lubricants and softeners.
They are clear to light yellow liquids and are dimethyl ethanol
amines or dibutyl ethanol amines.

Changes in characteristics are obtainable in the amines by altering
the position of the amino group, NH,, in the carbon chain. Hodag
Amine 50, of Hodag Chemical Corp., is amino ethyl ethanolamine,
HO - CH, - CH, - NH - CH, - CH,, - NH,, a clear liquid with specific
gravity of 1.027. It has both primary and secondary amino groups
which give versatility for production of plastics, plasticizers, agricul-
tural chemicals, and textile wetting agents.

Fatty acid amines are used as flotation agents, oil additives to
prevent sludge, and rubber-mold release agents. Alamine, of General
Mills Co., is lauryl amine, palmityl amine, or other amines of com-
position RNH,, where R is the fatty acid radical. Delamin, of
Hercules Inc., is a series of fatty acid amines produced from tall oil.
The Armeens, of Akzo Chemicals Inc., are fatty acid amines with a
wide range of uses.

Genestar, from Kuraray Co. (Japan), is a heat-resistant (to 554°F,
290°C) aromatic polyamine consisting of nonane diamine and
terephthalic acid.
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Amino acids are organic compounds with both amino and car-
boxylic functional groups. They occur free and in combined states in
nature. In the combined state, they serve as the monomers that form
the carbon skeleton of protein polymers. Proteins are natural
polyamides of various amino acids linked together by amide groups,
also called peptide linkages. An amide is formed by replacing the
hydroxyl group, OH, of an organic acid by an amino group to form
CONH,, The ease with which even complex radicals can be attached
to introduce nitrogen into compounds makes the amines useful for the
production of plastics, dyes, pharmaceuticals, explosives, detergents,
and other chemicals.

Acetamide, also called acetic acid amine and ethanamide, is a
grayish-white crystalline solid with a melting point of 171 to 178°F
(77 to 81°C), specific gravity of 1.139, composition CH, - CO - NH,,
and slight mousy odor. It is soluble in water and in alcohol. It is used
as a liquid flux for soldering on painted or oily surfaces, as an antacid
in lacquers and explosives, as a softening agent in glues and leather
coatings, and as a nonhazing plasticizer in cellulose nitrate and
acetate films. Its ability to dissolve starch and dextrine makes it use-
ful in adhesives for waxy papers. With added corrosion inhibitors, it is
used as an antifreeze, a 50% solution in water having a freezing point
of —17.5°F (—27.5°C).

ARAMIDS. Synthetic fibers mainly produced from long-chain
polyamides (nylons) in which 85% of the amide linkages are attached
directly to two aromatic rings. There are the poly(isophthaloylchlo-
ride/m-phenylenediamine) meta-aramid Nomex and the
poly(terephthaloylchloride/p-phenylenediamine) para-aramid
Kevlar from Du Pont and the para-aramid Twaron from Akzo Nobel.
The fibers are not biodegradable, not toxic to aquatic life, and pose no
unusual hazard in a spill or fire. Nomex, creamy white naturally but
producible to customer color specifications, and gold-colored Kevlar
are composed mainly of carbon, oxygen, nitrogen, and hydrogen. Both
are insoluble in water and neither melts; Nomex decomposes rapidly
above 572°F (300°C)—the finish above 392°F (200°C), Kevlar decom-
poses at 800 to 900°F (427 to 482°C)—the finish may boil off as a
fume at lower temperature. Nomex has a specific gravity of 1.38; the
density is 0.049 lb/in? (1381 kg/m?). For Kevlar, these values are 1.45
and 0.052 1b/in® (1449 kg/m?3).

Nomex fiber products include staple and filament forms, the staple
being the material totally, the material with as much as 60% Kevlar,
or blends of both materials with antistatic fibers. Nomex Omega
refers to fire-fighters protective clothing of thermal inner liner, mois-
ture barrier, air, and outer shell. Other forms, or products, are yarn,
fabric, tow, and floc. Besides fire-protective clothing, uses include
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reinforcement of composites, electrical insulation, filters, and person-
al armor. Kevlar fiber products are staple, yarn, fabric, pulp, and
floc. The two principal yarns are Kevlar 29 and 49, which have a
tensile breaking strength of 424,000 and 435,000 lb/in? (2920 and
3000 MPa), tensile moduli of 10.2 X 10°% and 16.3 X 108 (70,500 and
112,400 MPa), and tensile elongations at break of 3.6 and 2.4%,
respectively. Both yarns have a specific heat at 77°F (25°C) of 0.339
Btu/lb-°F (1420 J/kg-K), a thermal conductivity of 0.3 Btu
-in/h-ft2-°F (0.04 W/m-K), and a maximum, long-term, service temper-
ature in air of 300 to 350°F (149 to 177°C). Principal uses are com-
posites reinforcements and personal armor. Korex, another para-
aramid from Du Pont, is a stronger, more rigid honeycomb material.
Aeroweb HMX and HMX 20, of Ciba Composites, use Nomex in
paper form.

AMMONIA. A gas of the formula NH,, originally called alkaline air
and volatile alkali and later in water solution called spirits of
hartshorn. Ammonia is predominantly made by direct synthesis at
high temperatures and pressures of hydrogen and nitrogen, derived
by steam re-forming hydrocarbons. It is a major building block for
making fertilizers, nitric acid, plastics, and explosives. Ammonia is
readily absorbed by water, which at 60°F (16°C) takes up 683 times
its own volume of the gas, forming the liquid commonly called ammo-
nia, but which is ammonium hydroxide, a colorless, strongly alka-
line, and pungent liquid of composition NH,OH with a boiling point
of 100°F (38°C). At 80°F (27°C) it contains 29.4% ammonia in stable
solution. It is also known as ammonium hydrate and aqua
ammonia, and it is used for the saponification of fats and oils, as a
deodorant, for cleaning and bleaching, for etching aluminum, and in
chemical processing.

Ammonia gas is used in refrigeration, in nitriding steels, and in the
manufacture of chemicals. Chlorine unites with it to form chlo-
ramines which are used as solvents, chlorinating agents, and disin-
fectants. The gas does not burn in air, but a mixture of ammonia and
oxygen explodes when ignited. Anhydrous ammonia is the purified
gas liquefied under pressure, marketed in cylinders. At 68°F (20°C)
the liquid has a vapor pressure of 122.1 lb/in? (0.84 MPa). The anhy-
drous ammonia used for controlled atmospheres for nitriding steel,
bright annealing, and sintering metals contains 90% NH, and is oxy-
gen-free. When dissociated by heat, each pound yields 45 ft3 (1.3 m?)
of hydrogen and 11 ft? (0.31 m3) of nitrogen.

Smelling salts, sometimes referred to as ammonia, and in solu-
tion as aromatic spirits of ammonia, is ammonium carbonate,
(NH,),CO, - H,O, forming in colorless or white crystals. It was also
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called hartshorn salts. Ammonium bicarbonate, NH,HCO,, or
acid ammonium carbonate, is a water-soluble, white, crystalline
powder used as a source of pure ammonia and carbon dioxide and to
decrease density in organic materials by creating voids, such as for
making foamed rubber and in the food-baking industry. It gasifies
completely at 140°F (60°C). Ammonium gluconate, NH,C.H, O, is
a water-soluble, white, crystalline powder used as an emulsifier for
cheese and mayonnaise and as a catalyst in textile printing.

The ammonium radical, —NH,, has the chemical reaction of an
alkali metal and forms many important chemicals. Ammonium
nitrate is made by the action of nitric acid on ammonium hydrox-
ide. It is a colorless to white, crystalline, hygroscopic powder of com-
position NH,NO,, specific gravity 1.725, melting point 338°F
(170°C), decomposing at 410°F (210°C), and soluble in water, alco-
hol, and alkalies. It is also used in fertilizers, pyrotechnics, dental
gas, insecticides, freezing mixtures, and explosives. For use as a
slow-burning propellant for missiles, it is mixed with a burning-rate
catalyst in a synthetic-rubber binder and pressed into blocks. Riv, a
vapor-phase rust inhibitor, is ammonium nitrate. The explosive
amatol is a mixture of ammonium nitrate and TNT, which explodes
violently on detonation. The 50-50 mixture can be melted and
poured, while the 80-20 mixture is like brown sugar and was used
for filling large shells. ANFO, a mixture of ammonium nitrate and
fuel oil formed into porous prills, is one of the largest-selling explosives.
Macite, for tree trunk blasting, is ammonium nitrate coated with TNT,
with a catalyst to make it more sensitive. Akremite is ammonium
nitrate and carbon black, used as an explosive in strip mining.
Nitramex 2H, of Du Pont Co., is TNT-ferrosilicon-ammonium
nitrate in a metal can.

Ammonium perchlorate is another explosive made by the action
of perchloric acid on ammonium hydroxide. It is a white crystalline
substance of composition NH,CIO, and specific gravity 1.95, is soluble
in water, and decomposes on heating. Nitrogen trichloride, NCl,,
which forms in reactions of chlorine and ammonia when there is an
excess of chlorine, is a highly explosive yellow oil of specific gravity
1.653. Ammonium sulfate, (NH,),SO,, is a gray, crystalline, water-
soluble material used as a fertilizer and for fireproofing. It is made by
reacting sulfuric acid with ammonia by-product from coal distillation,
and, increasingly, from sulfuric acid and synthetic ammonia, from
caprolactam production, or from gypsum.

Ammonium chloride, or sal ammoniac, NH,Cl, is a white crys-
talline powder of specific gravity 1.52, used in electric batteries, in
textile printing, as a soldering flux, and in making other compounds.
Many salts and metallic soaps are also formed in the same manner as
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with the alkali metals. Ammonium vanadate, NH,VO,, is a white
to yellow crystalline powder used as a paint drier, in inks, as a mor-
dant for textiles, and in pottery mixes to produce luster. The specific
gravity is 2.326, and it decomposes at 410°F (210°C). Ammonium
chromate, (NH,),CrO,, is a bright-yellow, water-soluble, granular
powder used as a textile mordant, in inks, and for the insolubilization
of glues. On boiling, the water solution liberates ammonia. At 356°F
(180°C) the powder decomposes to the dichromate. Ammonium lac-
tate, CH,CHOHCOONH,, is a yellowish syrupy liquid with a slight
odor of ammonia, used in leather finishing. Ammonium stearate is
obtainable as a tan-colored waxlike solid, melting at 74°F (23°C). It
can be dispersed in hot water, but above 190°F (88°C) it decomposes
to ammonia and stearic acid.

AMORPHOUS METALS. Also known as metallic glasses, amorphous
metals are produced by rapid quenching of molten metal-metalloid
alloys, resulting in a noncrystalline grain-free structure. They are
extremely strong and hard, yet reasonably ductile and quite corrosion-
resistant. Perhaps of greatest interest is the magnetic performance of
several complex iron-base compositions, called Metglas, developed by
Allied Signal Corp. and produced in the form of ribbon or narrow
strips. Because of their very low hysteresis and power losses, they can
markedly reduce the size of transformer cores traditionally made of
silicon steels. Several nickel-alloy compositions also are available for
use as brazing foils. One such foil, Metglas MBF60A, contains 11%
phosphorus and 0.1% maximum carbon and meets BNi-6 brazing
filler specification of the American Welding Society. For aircraft tur-
bines, it is used as a preform to braze fiber metal to 430 stainless
steel for abradable seals.

A family of amorphous zirconium-beryllium alloys with substan-
tial amounts of titanium, copper, and nickel can be cast into bulk
shapes. The alloy family was developed by researchers at the
California Institute of Technology and Amorphous Technologies
International. For the alloys, densities range from 1.8 to 2.3 lb/in®
(49,824 to 63,664 kg/m?), and tensile and compressive yield strengths
are 275,000 to 360,000 1b/in? (1896 to 2482 MPa). The alloy 41Zr-
14Ti-12Cu-10Ni has a hardness of 585 Hv. One alloy has exhibited
the unusual behavior of giving off intense sparks when struck and
broken by impact in air and giving off infrared emissions when struck
and broken in nitrogen atmosphere. This behavior is attributed to the
intense heat generated by the highly localized deformation when
metallic glasses break. Also, the alloy is not corrosionproof.

Amorcor hardfacing alloys, of Amorphous Metals Technologies,
are iron-chromium alloys of Vickers hardness 625 to 675 in their
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crystalline form as applied. After abrasion in service or by surface
grinding, the two-phase crystalline structure transforms to an amor-
phous one of Vickers hardness 1,050 to 1,350. There are three basic
alloys: alloy M for general corrosion resistance plus resistance to
carburization, oxidation, and sulfidation at temperatures up to
1700°F (927°C); alloy C, for resistance to bleach, chlorides, and
medium-strength sulfuric acid and to wear, with a maximum use
temperature of 1600°F (871°C); and alloy T for especially severe
wear applications. The alloys have been used on down-hole drilling
pipe and drill bits, engine valve guides, and steel-making, coal-min-
ing, agricultural, and earth-moving equipment.

AMYL ALCOHOL. A group of monohydroxy, or simple, alcohols,
which are colorless liquids and have the general characteristic of
five carbon atoms in the molecular chain. Normal amyl alcohol,
CH,(CH,),OH, called also fusel oil, grain oil, pentanol, and fer-
mentation amyl alcohol, has a specific gravity of 0.82 and boiling
point of 279°F (137°C). It is only slightly soluble in water. It is used
as a solvent for oils, resins, and varnishes; in the manufacture of
amyl acetate; and in rubber vulcanization. Secondary amyl alco-
hol has a differently arranged molecule, CH,CHOH(C,H,). The spe-
cific gravity is 0.82 and flash point 80°F (27°C). It is used in the
manufacture of secondary amyl acetate for lacquers and in chemi-
cal manufacture. Tertiary amyl alcohol has the formula
(CH,),C(OH)C,H, and a camphorlike odor. The specific gravity is
0.81 and boiling point 216°F (102°C). It is highly soluble in water
and soluble in alcohol and ether. It is used as a flavor and as a plas-
ticizer in paints, varnishes, and cellulose plastics. Isoamyl alco-
hol, or isobutyl carbinol, (CH,),CHCH,CH,0OH, has a flash point
above 80°F (27°C). It is used in pharmaceutical manufacture. Amyl
acetate, CH,COOC.H,,, called banana oil because of its odor of
bananas, is an ester made by the action of acetic acid on amyl alco-
hol. It is a colorless oily liquid of specific gravity 0.896 and boiling
point 286°F (141°C). It is insoluble in water but soluble in alcohol.
It is a good solvent and plasticizer for cellulose plastics and is used
in cellulose lacquers and adhesives. It is also used in linoleum and
oilcloth and as a banana flavor. Amyl xanthate is a common collec-
tor for sulfides in mineral flotation.

ANILINE. Also known as aminobenzene, phenylamine, amino-
phen, and aniline oil and, when first made, krystallin and kyanol.
A yellowish, oily liquid of composition C.H, - NH,, boiling at 364°F
(184.4°C), freezing at 20.8°F (—6.2°C), and soluble in alcohol, ben-
zene, and hydrochloric acid. The specific gravity is 1.022. It turns
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brown in air, finally oxidizing into a resin. The vapor is toxic, and it is
poisonous when in contact with skin, requiring protective handling.
Its largest uses are in the making of dyes and rubber chemicals, but it
is also used for the production of plastics, drugs, explosives, perfumes,
and flavors. With nitric acid as an oxidizer it has been used as a rocket
fuel. Aniline salt is aniline hydrochloride, C.H.NH,HCIl, coming
in white crystalline plates of specific gravity 1.2215, melting at 388°F
(198°C), and soluble in alcohol.

ANNATTO. One of the chief food colors. It is a salmon-colored dye
made from the pulp of the seeds of the tree Bixa orellana of the West
Indies and tropical America and Africa. It contains bixin, C,,H, O,, a
dark-red crystalline carotenoid carboxylic acid, and bixol, C,;H, O,
a dark-green oily alcohol. It is more stable than carotene and has
more coloring power. Annatto is sometimes called bixine, and in West
Africa it is called rocou. It is soluble in oils and in alcohol. Annatto
paste is used as a food color especially for butter, cheese, and mar-
garine, but has a tendency to give a slightly mustardy flavor unless
purified. It is also used as a stain for wood and silk. Water-soluble col-
ors are made by alkaline extraction, giving orange to red shades. For
coloring margarine yellow, a blend of annatto and turmeric may be
used. Anattene is a microcrystalline powder produced from annatto,
giving a range of colors from light yellow to deep orange. It comes
either oil-soluble or water-soluble.

A substitute for annatto for coloring butter and margarine, having the
advantage that it is rich in vitamin A, is carrot oil obtained from the
common carrot. The concentrated oil has a golden-yellow color and is
odorless and tasteless. Carex is a name for carrot oil in cottonseed oil
solution used for coloring foods. Many of the fat-soluble coloring matters
found in plant and animal products are terpenes that derive their colors
from conjugated double bonds in the molecule. The yellow carotene of
carrots and the red lycopene of tomatoes both have the formula C, H,,
and are tetra terpenes containing 8 isoprene units but with different
molecular structures. Beta carotene, produced synthetically from ace-
tone by Hoffmann-La Roche, is identical with the natural food color.

A beautiful water-soluble yellow dye used to color foods and medi-
cines is saffron, extracted from the dried flowers and tips of the
saffron crocus, Crocus sativas, of Europe, India, and China. It is
expensive, as about 4,000 flowers are required to supply an ounce
of the dye. Saffron contains crocin, C, H. O,,, a bright-red powder
soluble in alcohol. Both red and yellow colors are obtained from the
orange thistlelike heads of the safflower, which are dried and
pressed into cakes.
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ANODE METALS. Metals used for the positive terminals in electro-
plating. They provide in whole or in part the source of the metal to be
plated, and they are as pure as is commercially possible, are uniform
in texture and composition, and have the skin removed by machining.
They may be either cast or rolled, with their manufacture controlled
to obtain a uniform grade and to exclude impurities, so that the anode
will corrode uniformly in the plating bath and not polarize to form
slimes or crusts. In some plating, such as for white bronze, the anode
efficiency is much higher than the cathode efficiency, and a percent-
age of steel anodes is inserted to obtain a solution balance. In other
cases, as in chromium plating, the metal is taken entirely from the
solution, and insoluble anodes are employed. Chromium-plating
anodes may be lead-antimony, with 6% antimony, or tin-lead, with 7%
tin. In addition to pure single metals, various alloys are marketed in
anode form. The usual brass is 80% copper and 20 zinc, but other
compositions are used, some containing 1 to 2 tin. Brass anodes are
called platers’ brass. Copper anodes for metal plating are usually
hot-rolled oval bars, 99.9% pure, while those for electrotype deposits
may be hot-rolled plates, electrodeposited plates, or cast plates.
Copper ball anodes are forged instead of cast to give a finer and
more even grain. Zinc anodes are 99.99% pure. Nickel anodes are
more than 99% pure, rolled or cast in iron molds, or 97% sand-cast.
Bright nickel anodes may have 1% or more of cobalt. Lead anodes
have low current-carrying capacity and may be made with a sawtooth
or multiple-angled surface and ribs, to provide more area and give
greater throwing power. Anodes of other metals are also made with
sections gear-shaped, fluted, or barrel-shaped to give greater surface
area and higher efficiency. Rhodium anodes are made in expanded-
mesh form. Platinum anodes, also made in mesh form, have the
platinum clad on tantalum wire. Special anode metals are marketed
under trade names, usually accenting the color, hardness, and corro-
sion resistance of the deposited plate.

ANTHRACITE. Also called hard coal. A variety of mineral coal found
in Wales, France, and Germany, but in greatest abundance in an area
of about 500 mi? (1,295 km?) in northeastern Pennsylvania. It is dis-
tinguished by its semimetallic luster, high carbon content, and high
specific gravity, which is about 1.70. The carbon content may be as
high as 95%, but the usual fixed carbon content is from 78 to 84%. It
should give 13,200 Btu/lb (30,700 kd/kg). In theory, the best grades of
anthracite should have 90% carbon, 3 to 4.5% hydrogen, 2 to 5.5%
oxygen and nitrogen, and only 1.7% ash. Anthracite, when pure and
dry, burns without smoke or smell and is thus preferred to bitumi-
nous coal for household furnaces. But coal will absorb a high propor-
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tion of water, and commercial coal may be wetted down to add to the
weight, thus lessening its efficiency. Hard coal is graded as anthracite
and semianthracite, depending upon the ratio of fixed carbon to
volatile matter. When the ratio is 10:1, it is anthracite.

The commercial gradings of anthracite are chiefly by size, varying
from three sizes of very fine grains called silt, rice, and buckwheat, to
the large size of furnace, or lump, coal. Standard ASTM sizes for
anthracite are as follows: broken, 4.375 to 3.25 in (11.1 to 8.3 cm); egg,
3.25 t0 2.4375 in (8.3 to 6.2 cm); stove, 2.4375 to 1.625 in (6.2 to 4.1 cm);
chestnut, 1.625 to 0.8125 in (4.1 to 2.1 cm); pea, 0.8125 to 0.5625 in
(2.1 to 1.4 ecm); No. 1 buckwheat, 0.5625 to 0.3125 in (1.4 to 0.8 cm);
No. 2 buckwheat (rice), 0.3125 to 0.1875 in (0.8 to 0.5 ¢m); No. 3 buck-
wheat (barley), 0.1875 to 0.09375 in (0.5 to 0.2 cm). As the coal comes
from the breaker, the proportions are about 8% silt, 9 rice, 15 buck-
wheat, 10 pea, 24 chestnut, 23 stove, and 8 egg.

ANTIFREEZE COMPOUNDS. Materials employed in the cooling sys-
tems and radiators of internal-combustion engines to ensure a liquid
circulating medium at low temperatures to prevent damage from the
formation of ice. The requirements are that the compound give a
freezing point below that likely to be encountered without lowering
the boiling point much below that of water, that it not corrode the
metals or deteriorate rubber connections, that it be stable up to the
boiling point, and that it be readily obtainable commercially. Calcium
chloride was early used for automobile radiators but corroded the
metals. It is still used in fire tanks, sodium chromate being added to
retard corrosion. Oils were also used, but the high boiling points per-
mitted overheating of the engine, and the oils softened the rubber.
Denatured ethyl alcohol may be used, but methanol is less corro-
sive and less expensive. A 30% solution of ethyl alcohol in water has a
freezing point of about 5°F (—15°C), and a 50% solution freezes at
—24°F (—31°C). Alcohol, however, must be renewed frequently
because of loss by evaporation.

Glycerol is also used as an antifreeze, a 40% solution in water low-
ering the freezing point to about 0°F (—18°C), and a 50% solution to
—15°F (—25°C). It has the disadvantage of high viscosity, requiring
forced circulation at low temperatures, but it does not evaporate easi-
ly. Ethylene glycol lowers the freezing point to a greater extent than
alcohol and has a high boiling point so that it is not lost by evapora-
tion, but it has a higher first cost and will soften ordinary natural
rubber connections. Acetamide in water solution may also be used as
an antifreeze. Antifreezes are sold under various trade names.
Zerone, of Du Pont, has a methanol base, while Zerex has a base
of ethylene glycol. Prestone, marketed by Union Carbide Corp., is
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ethylene glycol antifreeze. Pyro is an antifreeze of U.S. Industrial
Chemicals, Inc., with a low freezing point. Ramp is ethylene glycol
with anticorrosion and antifoam agents added. Antifreeze
PFA55MB, of Phillips Petroleum Co., used in jet engine fuels, is eth-
ylene glycol monoethyl ether with 10% glycerin. Dowtherm 209, of
Dow Chemical Co., is an antifreeze material of inhibited
methoxypropanol which boils off without forming gum. Sierra, a pro-
plyene-glycol-based antifreeze of Safe Brands Corp., performs as well
as ethylene glycol compounds but is less toxic. A 50-50 blend with
water freezes at —26°F (—32°C).

ANTIMONY. A bluish-white metal, symbol Sb, having a crystalline
scalelike structure. It is brittle and easily reduced to powder. It is
neither malleable nor ductile and is used only in alloys or in its
chemical compounds. Like arsenic and bismuth, it is sometimes
referred to as a metalloid, but in mineralogy it is called a semi-
metal. It does not have the free cloudlike electrons that occur in
metal atoms, and thus it lacks plasticity and is a poor conductor of
electricity.

The chief uses of antimony are in alloys, particularly for hardening
lead-base alloys. The specific gravity of the metal is 6.62, melting
point 824°F (440°C), and Brinell hardness 55. It burns with a bluish
light when heated to redness in air. Antimony imparts hardness and
a smooth surface to soft-metal alloys; and alloys containing antimony
expand on cooling, thus reproducing the fine details of the mold. This
property makes it valuable for type metals. When alloyed with lead,
tin, and copper, it forms the babbitt metals used for machinery bear-
ings. It is also much used in white alloys for pewter utensils. Its com-
pounds are used widely for pigments. Antimony red is the common
name of antimony trisulfide, Sb,S,, also known as antimony sul-
fide and antimony sulfuret, found in the mineral stibnite, but pro-
duced by precipitation from solutions of antimony salts. It comes in
orange-red crystals and has a specific gravity of 4.56 and a melting
point of 1015°F (545°C). It is used as a paint pigment, for coloring red
rubber, and in safety matches. Antimony pentasulfide, Sb,S;, an
orange-yellow powder, was once used for vulcanizing rubber, coloring
the rubber red. It breaks down when heated, yielding sulfur and the
red pigment antimoney trisulfide.

ANTIMONY ORES. The chief ore of the metal antimony is stibnite, an
impure form of antimony trisulfide, Sb,S,, containing theoretically
71.4% antimony. The usual content of the ore is 45 to 60%, which is
concentrated to an average of 92% for shipment as matte. Sometimes
gold or silver is contained in the ore. Stibnite occurs in slender pris-
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matic crystals of a metallic luster and lead-gray color with a hardness
of 2 Mohs. The metal is obtained by melting the stibnite with iron,
forming FeS and liberating the antimony, or by roasting the ore to
produce the oxide, which is then reduced with carbon. For pyrotechnic
uses, stibnite is liquated by melting the mineral and drawing off the
metal, which on cooling and solidifying is ground. Stibnite comes from
China, Mexico, Japan, West Germany, Bolivia, Alaska, and the west-
ern United States.

Senarmontite, found in Mexico, Nevada, and Montana, is anti-
mony oxide, Sb,0,, occurring in cubic crystals with a yellow color.
The specific gravity is 5.2, Mohs hardness 2.5, and theoretical metal
content 83.3%. Valentinite, also found in the same localities, has the
same theoretical formula and antimony content as senarmontite, but
has a rhombic crystal structure, a hardness of 3, and a specific gravity
of 5.5. These oxides are used as opacifiers in ceramic enamels.
Cervantite, found in Mexico, Nevada, and Montana, is antimony
tetraoxide, Sb,0,. It is grayish yellow, has a specific gravity of 5 and
hardness of 4.5, and contains theoretically 79.2% antimony.
Stibiconite, from the same area, is a massive pale-yellow mineral,
Sb,0, - H,O, with specific gravity 5.1, hardness 4.5, and antimony
content 71.8%.

Kermesite, known as red antimony or antimony blend, found
in Mexico and Italy, is a mineral resulting from the partial oxidation
of stibnite. The composition is Sb,S,0, and when pure, it contains
75% antimony and 20 sulfur. It occurs in hairlike tufts, or radiating
fibers of a dark-red color and metallic luster, with hardness 1.5 and
specific gravity 4.5. Another sulfide ore of antimony is jamesonite,
Pb,Sb,S,, found in Mexico and the western United States. It has a
dark-gray color, specific gravity 5.5, and hardness 2.5 and contains
20% antimony. When the ore is silver-bearing, it can be worked prof-
itably for antimony. Stephanite is classified as an ore of silver, but
yields antimony. It is a silver sulfantimonite, Ag.SbS,, containing
68.5% silver and 15.2 antimony. It occurs massive or in grains of an
iron-black color with a Mohs hardness of 2 to 2.5 and specific gravity
of 6.2 to 6.3. It is found in Nevada, Mexico, Peru, Chile, and central
Europe. Much antimony is in lead ores and is left in the lead as hard
lead. Antimony is marketed in flat cakes or in broken lumps. The
highest grade of pure refined antimony is known as star antimony
because of the glittering, spangled appearance on the surface, but
starring can be done with lower grades of antimony by special cooling
of the ingots. Crude antimony is not antimony metal, but is benefi-
ciated ore, or ore matte, containing 90% or more of metal. High-grade
antimony is +99.8% pure, Standard grade is 99 to 99.8% pure, and
Chinese is 99% pure.
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ANTIOXIDANT. A material used to retard oxidation and deterioration
of vegetable and animal fats and oils, rubber, or other organic prod-
ucts. Antioxidants embrace a wide variety of materials, but in general
for antioxidant activity the hydroxy groups must be substituted
directly in an aromatic nucleus. In the phenol group of antioxidants,
the hydrogen atoms must be free. In the naphthol group, the alpha
compound is a powerful antioxidant. Usually, only minute quantities
of antioxidants are used to obtain the effect. Ionol, an antioxidant, or
oxidation inhibitor, of Shell Chemical Co., is a complex butyl
methyl phenol used in gasoline, oils, soaps, rubber, and plastics. It is
an odorless, tasteless, nonstaining granular powder, insoluble in
water, melting at 158°F (70°C). Alpha-tocopherol (ATP), such as
Hoffman-LaRoche’s Ronotec ATP, is a polyolefin stabilizer. In gaso-
line the purpose of an antioxidant is to stabilize the diolefins that
form gums. Norconidendrin, an antioxidant for fats and oils, is pro-
duced from the high-phenol confidendrin, obtained from hemlock
pulp liquor.

Butyl hydroxyanisole (BHA), butyl hydroxytoluene (BHT) and
mono-tertiary butyl hydroquinone (TBHQ) are antioxidants used as
food preservatives. BHT is also used in plastics and elastomers to pre-
vent their degradation. The Tenox antioxidants, of Eastman
Chemical Co., used for meats and poultry, are mixtures of BHA,BHT,
propyl gallate, and citric acid, in solution in corn oil, glyceryl
monooleate, or propylene glycol. Tenox 2 contains 20% BHA, 6 propyl
gallate, 4 citric acid, and 70 propylene glycol. Tenox 4 contains 20%
BHA, 20 BHT, and 60 corn oil. Tenox HQ, used to prevent rancidity
in margarine, dried milk, and cooking fats, is a purified hydro-
quinone. Tenamene, of the same company, used in rubber, is a com-
plex phenylenediamine. Most of the antioxidants for rubber and
plastics are either phenols or aromatic amines. Naugard antioxi-
dants, from Uniroyal Chemical Co., include amine, phenolic, phos-
phite, and blend types and are intended to provide long-term heat
stability to various plastics. Lead diamyldithiocarbamate
(LDADC), long used to prolong the life of hydrocarbon-based lubri-
cants, can also be used to inhibit asphalt’s cracking with age and
exposure to varying climatic conditions. Metilox, a phenolic interme-
diate of Ciba Geigy, is used to produce antioxidants for plastics using
a metal-hydroxide catalyst.

A synergist may be used with an antioxidant for regeneration by
yielding hydrogen to the antioxidant. Synergists are acids such as cit-
ric or maleic, or they may be ferrocyanides. The presence of small
quantities of metallic impurities in oils and fats may deactivate the
antioxidants and nullify their effect. Phytic acid not only is an antiox-
idant for oils and foodstuffs, but also controls the metallic contam-
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inations. It does not break down as citric acid does or impart a taste to
edible oils as phosphoric acid does. It occurs in the bran of seeds as the
salt phytin, CaMg(C,H,P,0,),, and is obtained commercially from
corn steep liquor. Chemicals used to control metallic ions and stabilize
the solutions are called sequestering agents. Pasac is such an
agent. It is potassium acid saccharate, KHC H,O,, in the form of a
water-soluble white powder. Sequelene, of A. E. Staley Mfg. Co., for
treating hard and rusty waters, is a sodium glucoheptonate.

Since odor is a major component of flavor, and the development of
unpleasant odors in edible fats arises from oxidation, the use of
antioxidants is generally necessary, and in such use they are called
food stabilizers. But degradation of some organic materials may not
be a simple oxidation process. In polyvinyl chloride plastics, the ini-
tial stage of heat degradation is a dehydrochlorination with hydrogen
chloride split out of the molecular chain to give a conjugated system
subject to oxidation. Materials called stabilizers are thus used to
prevent the initial release. Traces of iron and copper in vegetable oils
promote rancidity, and citric acid is used as a stabilizer in food oils to
suppress this action. Densitol, of Abbott Laboratories, for stabilizing
citrus-fruit beverage syrups, is a brominated sesame oil. It also
enhances the flavor, although it has no taste.

Light stabilizers may be merely materials such as carbon black to
screen out the ultraviolet rays of light. Most commercial antioxidants
for foodstuffs are mixtures, and all the mixtures are synergistic with
the total antioxidant effect being greater than the sum of the compo-
nents. Sustane 3 is a mixture of butylated hydroxyanisole, propyl
gallate, citric acid, and propylene glycol. Inhibitors for controlling
color in the chemical processing of fats and oils are usually organic
phosphates, such as the liquids triisooctyl phosphate and
chloroethyl phosphate. They are mild reducing agents and acid
acceptors, and they complex with the metal salts. Ultraviolet
absorbers, to prevent yellowing and deterioration of plastics and
other organic materials, are substituted hydroxybenzophenones. The
photons of the invisible ultraviolet rays of sunlight have great energy
and attack organic materials photochemically. Ultraviolet absorbers
are stable in this light and absorb the invisible rays. Sorbalite, an
ultraviolet-absorbing acrylic polymer of Monsanto Co., can be dis-
persed in water as a latex to form thin, clear ultraviolet-resistant
coatings on polypropylene and polyester films. Antirads are antioxi-
dants that increase the resistance of rubber or plastics to deteriora-
tion by gamma rays. Such rays may break the valence bonds and
soften a rubber, or cross-link the chains and harden the rubber.

The term corrosion inhibitors usually refers to materials used to
prevent or retard the oxidation of metals. They may be elements



78 ANTISLIP METALS

alloyed with the metal, such as columbium or titanium incorporated
in stainless steels to stabilize the carbon and retard intergranular
corrosion; or they may be materials applied to the metal to retard
oxygen attack from the air or from moisture. Many paint undercoats,
especially the phosphate and chromate coatings applied to steel, are
corrosion inhibitors. They may contain a ferrocyanide synergist.
Propargyl alcohol, C,H,CO, a liquid boiling at 239°F (115°C), is
used in strong mineral acid pickling baths to prevent hydrogen
embrittlement and corrosion of steel. VPI 260, of Shell Chemical Co.,
is dicyclohexylamine nitrite, a white crystalline powder which
sublimes to form a shield on steel or aluminum to passivate the metal
and make it resistant to moisture corrosion. VPI means vapor-phase
inhibitor. VPI paper is wrapping paper impregnated with the
nitrite, used for packaging steel articles.

Inhibitors are also added to process water to inhibit corrosion of con-
tainment equipment. Oxygen is a major contributor to boiler corrosion,
and until it was marked as a suspected carcinogen, hydrazine was
the principal purging agent. Besides scavenging oxygen, it passi-
vates metal surfaces, further inhibiting corrosion. Mekor, or methyl
ethyl ketoxime of Drew Industrial Div. of Ashland Chemical,
behaves similarly and is not a suspected carcinogen. Other alterna-
tives are Grace Dearborn’s diethyl hydroxyl amine (DEHA) and
Nalco Chemical’s Eliminox and Surgard. Still others are carbohy-
drazide, erythorbate, hydroquinone, and sodium sulfate.
However, although they will protect the boiler, they are not volatile as
hydroxine is and thus will not protect the entire system. Boilers and
process equipment also can be protected with FMC Corp.’s hydroxy
phosphine carboxylic acid (HPCA), an organic metal-free additive,
and small doses of sodium silicate. Amrep Inc.’s AmTreat products,
made from molybdate, phosphate, and azoles, inhibit corrosion in
water cooling towers, and its AmGuard blend of sulfite and phos-
phate is used to treat boiler water. ZincGard, from ProChemTech, is a
biodegradable, environmentally safe, and low-toxicity product of
organic chemical compounds for cooling-tower water. Nontoxic organic
compounds such as benzotriazole are vapor-emitted through Tyvek
to inhibit corrosion in nonventilated enclosures in a development by
Permatex Industrial of Loctite Corp.

Imidazole and benzatriozole systems are copper antioxidants
used as alternatives to lead-tin solderable surfaces on printed wiring
boards.

ANTISLIP METALS. Metals with abrasive grains cast or rolled into
them, used for floor plates, stair treads, and car steps. They may be of
any metal, but are usually iron, steel, bronze, or aluminum. The abra-
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sive may be sand, but it is more usually a hard and high-melting-
point material such as aluminum oxide. In standard cast forms,
antislip metals are marketed under trade names. Alumalun is the
name of an aluminum alloy cast with abrasive grains. Bronzalum is
a similar product made of bronze. Algrip steel is steel plate 0.125 to
0.375 in (0.32 to 0.95 cm) thick, with abrasive grains rolled into one
face. It is used for loading platforms and ramps.

ANTLER. The bony, deciduous horns of animals of the deer family,
used for making handles for knives and other articles but now
replaced commercially by plastic moldings. Antlers are true out-
growths of bone and are not simply hardenings of tissue, as are the
horns of other animals. Unlike horn, antlers are solid and have curi-
ously marked surfaces. They come in various shapes and sizes and
are usually found on the male during the mating season, although
both sexes of reindeer and American caribou possess them. They grow
in 3 to 4 months and are shed annually.

ARGENTITE. An important ore of silver, also called silver glance. It
has composition Ag,S, containing theoretically 87.1% silver. It usually
occurs massive, streaked black and lead gray, with a metallic luster
and a Mohs hardness of 2 to 2.5. It is found in Nevada, Arizona,
Mexico, South America, and Europe. Argyrodite is another silver ore
found in Bolivia, and it is a source of the rare metal germanium.
When pure, it has composition 4Ag,S - GeS, and contains 5 to 7% ger-
manium. A similar mineral, canfieldite, found in Bolivia, has 1.82%
germanium and some tin.

ARGOLS. Also called wine lees. A reddish crust or sediment
deposited from wine, employed for the production of tartaric acid,
cream of tartar, and rochelle salts. It is crude potassium acid tar-
trate, or cream of tartar, KH(C ,H,O,). When grape fermentation is
complete, the wine is drawn off and placed in storage tanks where the
lees settle out. The amount of tartrate varies in different types of
wine, from 0.1 to 1.0 Ib/gal (0.01 to 0.12 g/cm3) of cream of tartar.
From wines clarified by refrigeration, as much as 1 to 3 1b/gal (0.12 to
0.36 g/cm?) of tartrate crystallizes out. Cream of tartar is also
obtained from grape pomace, which is the residue skins, seeds, and
pulp, containing 1 to 5% tartrate. Wine stone is cream of tartar, 70
to 90% pure, which crystallizes on the walls of wine storage tanks.
Purified cream of tartar is a colorless to white crystalline powder of
specific gravity 1.956, soluble in water, and used in baking powders.
Tartaric acid is a colorless crystalline product of composition
HOOC(CHOH),COOH, which has a melting point of 338°F (170°C)
and is soluble in water and in alcohol. It has a wide variety of uses in
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pharmaceuticals, in effervescent beverages, and as a mordant in dye-
ing. The pods of the tamarind tree, Tamarindus indica, of India, con-
tain 12% tartaric acid and 30 sugars. They are used in medicine and
for beverages under the name of tamarind. Rochelle salts is potas-
sium sodium tartrate, KNa(C,H,O,) - 4H,0, a colorless to bluish-
white crystalline solid of specific gravity 1.79 and melting point 167°F
(75°C), which is soluble in water and in alcohol. It is used in medicines
and in silvering mirrors. Like quartz, it is doubly refractive and is used
in piezoelectric devices where water solubility is not a disadvantage.

ARSENIC. A soft, brittle, poisonous element of steel-gray color and
metallic luster, symbol As. The melting point is 1562°F (850°C), and
specific gravity is 4.8. In atomic structure it is a semimetal, lacking
plasticity, and is used only in alloys and in compounds. When heated
in air, it burns to arsenious anhydride with white odorous fumes.
The bulk of the arsenic used is employed in insecticides, rat poisons,
and weed killers, but it has many industrial uses, especially in pig-
ments. It is also used in poison gases for chemical warfare. The white,
poisonous powder commonly called arsenic is arsenic trioxide, or
arsenious oxide, As,O,, also known as white arsenic. When mar-
keted commercially, it is colored pink to designate it as a poison.
White arsenic is marketed as Refined, +99% pure; High-grade, 95 to
99%; and Low-grade, —95%. Refined arsenic trioxide is used as a
decolorizer and fining agent in the production of glass, and for the
production of arsenic compounds. Monosodium methylarsonate,
disodium methylarsonate, and methane arsenic acid, also called
cacodylic acid, are used for weed control. Arsenic is added to anti-
monial lead alloys and white bearing metals for hardening and to
increase fluidity, and to copper to increase the annealing temperature
for such uses as radiators. It is also used in lead shot to diminish
cohesion, and small amounts are used as negative electron carriers in
rectifier crystals.

Arsenic acid is a white crystalline solid of composition
(H;AsO,), - H,0, produced by the oxidation of white arsenic with
nitric and hydrochloric acids. It is soluble in water and in alcohol,
has a specific gravity of 2 to 2.5, and a melting point of 95.9°F
(35.5°C). Arsenic acid is sold in various grades, usually 75% pure,
and is used in glass manufacture, printing textiles, and insecticides.
The arsines comprise a large group of alkyl compounds of arsenic.
They are arsenic hydrides, AsH,, a colorless gas. The primary, sec-
ondary, and tertiary arsines are not basic, but the hydroxides are
strongly basic. The arsines are easily oxidized to arsonic acid,
RAsO,H,, and related acids. Arsenic disulfide, also known as ruby
arsenic, red arsenic glass, and red orpiment, is an orange-red,
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poisonous powder with specific gravity 3.5 and melting point 585°F
(307°C), obtained by roasting arsenopyrite and iron pyrites. The com-
position is As,S,. It is employed in fireworks, as a paint pigment, and
in the leather and textile industries. Another arsenic sulfur com-
pound used as a pigment is orpiment, found as a natural mineral in
Utah, Peru, and central Europe. It is an arsenic trisulfide, As,S,,
containing 39% sulfur and 61 arsenic. The mineral has a foliated
structure, a lemon-yellow color, and a resinous luster. The specific
gravity is 3.4, Mohs hardness 1.5 to 2, and melting point 572°F
(300°C). Artificial arsenic sulfide is now largely substituted for orpi-
ment and is referred to as king’s yellow.

ARSENIC ORES. Arsenopyrite, also called mispickel, is the most
common ore of arsenic. It is used also as a source of white arsenic,
and directly in pigments and as a hide preservative. The composition
is FeAsS. It occurs in crystals or massive forms of a silvery-white to
gray-black color and a metallic luster. The specific gravity is 6.2, and
Mohs hardness 5.5 to 6. Arsenic is usually not a primary product
from ores, but is obtained as a by-product in the smelting of copper,
lead, and gold ores. A source of white arsenic is the copper ore enar-
gite, Cu,S - 4CuS - As,S,, theoretically containing 48.3% copper and
19.1 arsenic. It occurs in massive form with a hardness of 3 and spe-
cific gravity of 4.45 and is gray, with a pinkish variety known as
luzonite. The mineral is commonly intertwined with tennantite,
5Cu,S - 2(CuFe)S - 2As,S,, a gray to greenish mineral. Realgar,
known also as ruby sulfur, is a red or orange arsenic disulfide,
As,S,, occurring with ores of lead and silver in monoclinic crystals.
The hardness is 1.5, and specific gravity is 3.55. It is used as a pig-
ment. Another ore is smaltite, or cobalt pyrites, CoAs,, occurring
in gray masses of specific gravity 6.5 and Mohs hardness 5.5. It
occurs with ores of nickel and copper. It may have nickel and iron
replacing part of the cobalt, and it is a source of cobalt, containing
theoretically 28.1% cobalt.

ASBESTOS. A general name for several varieties of fibrous miner-
als, the fibers of which are valued for their heat-resistant and chem-
ical-resistant properties, and which have been made into fabrics,
paper, insulating boards, insulating cements, fireproof garments,
curtains, shields, brake linings, shingles, pipe coverings, and
molded products. During the past 20 years or so, great concern has
developed over the effects of asbestos, especially dust, on human
health and strict regulations regarding its uses have been imposed
in many countries, markedly reducing consumption. For example,
U.S. consumption declined from 881,058 tons (800,962 metric tons)
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in 1973 to 56,650 tons (51,500 metric tons) in 1989. The original
source of asbestos was the mineral actinolite, but the variety of ser-
pentine known as chryso-tile later furnished most of the commer-
cial asbestos. Actinolite and tremolite, which furnished some of the
asbestos, belong to a great group of widely distributed minerals
known as amphiboles, which are chiefly metasilicates of calcium
and magnesium, with iron sometimes replacing part of the magne-
sium. They occur as granules, in crystals, compact such as nephrite,
which is the jade of the Orient, or in silky fibers such as in the iron
amphibole asbestos. This latter type is more resistant to heat than
chrysotile. Its color varies from white to green and black.

Jade occurs as a solid rock and is highly valued for making orna-
mental objects. Jade quarries have been worked in Khotan and Upper
Burma for many centuries, and large pebbles are also obtained by
divers in the Khotan River. The most highly prized in China was
white speckled with red and green and veined with gold. The most
valued of the Burma jade is a grass-green variety called Ayah
kyauk. Most jade is emerald green, but some is white and others are
yellow, vermilion, and deep blue. This form of the mineral is not
fibrous.

Asbestos is a hydrated metal silicate with the metal and hydroxyl
groups serving as lateral connectors of the molecular chain to form
long crystals which are the fibers. The formula for chrysotile is
given as Mg.Si,0,,(OH), - H,O. Each silicon atom in the Si,O,, chain
is enclosed by a tetrahedron of four oxygen atoms so that two oxygen
atoms are shared by adjacent tetrahedra to form an endless chain.
When the crystal orientation is perfect, the fibers are long and silky
and of uniform diameter with high strength. When the orientation is
imperfect, the Si,0,; chain is not parallel to the fiber axis and the
fibers are uneven and harsh. In chrysotile the metal connector is
magnesium with or without iron, but there are at least 30 other dif-
ferent types of asbestos.

Chrysotile fibers are long and silky, and the tensile strength is
80,000 to 200,000 1b/in? (552 to 1,379 MPa). The color is white, amber,
gray, or greenish. The melting point is 2770°F (1521°C), and specific
gravity is 2.4 to 2.6. Chrysotile has been mined chiefly in Vermont,
California, Quebec, Arizona, Turkey, and Zimbabwe. Only about 8% of
the total mined is long spinning fiber, the remainder being too short
for fabrics or rope. The Turkish fiber is up to 0.75 in (1.9 c¢m) in
length. Asbestos produced in Quebec is chrysotile occurring in serpen-
tized rock in veins 0.25 to 0.50 in (0.64 to 1.27 ¢cm) wide, though veins
as wide as 5 in (12.7 cm) occur. The fibers run crosswise to the vein,
and the width of vein determines the length of fiber. Calidria
asbestos is short-fiber chrysotile from California and has about
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14% water of crystallization. At temperatures near 1800°F (980°C), it
loses its water, and the dehydration has a cooling effect.

Blue asbestos, from South Africa, is the mineral crocidolite,
NaFe(SiO,), - FeSiO,. The fiber has high tensile strength, averaging
600,000 1b/in2 (4,080 MPa), is heat resistant to 1200°F (650°C), and is
resistant to most chemicals. The fibers are 0.125 to 3 in (0.32 to 7.6 cm)
long with diameters from 0.06 to 0.1 in (0.15 to 0.25 cm). It is compat-
ible with polyester, phenolic, and epoxy resins.

The classes of cape asbestos from South Africa are chrysotile,
amosite, and Transvaal blue. Amosite has a coarse, long, resilient
fiber, and it has been used chiefly in insulation, being difficult to spin.
It comes in white and dark grades, and the fibers are graded also by
length from 0.125 to 6 in (0.32 to 15.2 cm). It has a chemical resis-
tance slightly less than that of crocidolite and a tensile strength of
200,000 1b/in? (1,379 MPa). The name amosite was originally a trade
name for South African asbestos, but now refers to this type of min-
eral. Transvaal blue is a whitish, iron-rich, anthophyllite,
(MgFe)SiO,, noted for the length of its fiber. The best grades are
about 1.5 in (3.8 cm) long. The fibers are resistant to heat and to
acids, and the stronger fibers are used for making acid filter cloth and
fireproof garments. This type of asbestos is also found in the
Appalachian range from Vermont to Alabama. Canadian, Vermont,
and Arizona asbestos is chrysotile; that from Georgia and the
Carolinas is anthophyllite.

Canadian asbestos is graded as crude, mill fibers, and shorts.
Crudes are spinning fibers 0.375 in (0.95 cm) or longer. Mill fibers are
obtained by crushing and screening. Shorts are the lowest grades of
mill fibers. Rhodesian asbestos comes in five grades. Kenya
asbestos is anthophyllite, and that from Tanzania is largely
amphilbole. Nonspinning asbestos is graded as shingle stock, 0.25
to 0.375 in (0.38 to 0.95 cm); paper stock, 0.125 to 0.250 in (0.32 to
0.38 c¢m); and shorts, 0.0625 to 0.125 in (0.16 to 0.32 cm). In England
this material is known as micro asbestos.

Caposite is rope 0.5 to 2 in (1.3 to 5.1 cm) in diameter made of
twisted rovings of long-staple asbestos covered with a braided jacket
of asbestos yarn. Uses have included pipe, valve, joint insulation, and
furnace door packing. Asbestos felt, also for insulation, can be made
by saturating felted asbestos with asphalt, although synthetic rubber
or other binder may be used.

Asbestos shingles and boards have been made of asbestos fibers
and portland cement formed under hydraulic pressure. Another type
of asbestos for some insulation is paligorskite, known as mountain
leather, found in Alaska. It is a complex mineral which may be an
alteration product of several asbestos minerals. It absorbs moisture
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and is thus not suited to the ordinary uses of asbestos, but it can be
reduced to a smooth pulp and molded with a resistant plastic binder
into a lightweight insulating board.

ASH. The wood of a variety of species of ash trees valued for uses
where strength, hardness, stiffness, and shock resistance are impor-
tant. Most of the species give dense, elastic woods that polish well,
but they do not withstand exposure well. The color is yellowish, which
turns brown on exposure. The woods from the different species vary
in their qualities and are likely to be mixed in commercial shipments,
but the general quality is high. Ash is used for quality cooperage such
as tubs, flooring, veneer, vehicle parts, tool handles, bearings, and
trim lumber. American ash and Canadian ash, also called cane
ash, white ash, and Biltmore ash, come chiefly from the tree
Fraxinus americana which grows over a wide area east of the
Mississippi River. Arkansas ash is from F. platycarpa; Japanese
ash, also called tamo, is from F. mandschurica; and European ash
is from F. excelsior. European ash is heavier than American ash and is
tough and elastic. It is valued for hockey sticks, tennis rackets, and
tool handles. Japanese ash is a close-grained wood, but browner.

White ash has a density of 41 1b/ft3 (657 kg/m?) dry; red ash,
FE. pennsylvanica, 39 1b/ft? (625 kg/m?); and green ash, F. pennsylvan-
ica lanceolata, also called water ash and swamp ash, 44 1b/ft3 (704
kg/m?). This latter tree grows over the widest area throughout the
states east of the Rockies, and it is commercially abundant in the
southeast and Gulf states. It is a hardy tree, and it has been used for
farm windbreaks in the Great Plains area. All these woods vary in
tensile strength from 11,000 to 17,000 1b/in? (76 to 117 MPa). White
ash has a compressive strength perpendicular to the grain of 2,250
Ib/in? (15.5 MPa). Mountain ash and black ash, F. nigra, are also
species of American ash. The latter, also called brown ash and hoop
ash, is a northern tree and was formerly used in aircraft construc-
tion. It has a specific gravity of 0.53 when oven-dried, a compressive
strength perpendicular to the grain of 1,260 1b/in? (8.7 MPa), and a
shearing strength parallel to the grain of 1,050 Ib/in? (7.2 MPa).
Oregon ash, F. oregona, is somewhat lighter and not as strong as
white ash. It grows along the west coast of Canada. Blue ash,
F. quadrangular, grows in the central states. Pumpkin ash, F. pro-
funda, grows in the lower Mississippi Valley and in Florida. A wood
that has similar uses to ash, for handles, levers, and machine parts,
but is harder than ash, is hornbeam. It is from the tree Ostrya vir-
giniana of the eastern United States. The wood is very hard, tough,
and strong, but is available only in limited quantities.
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ASPEN. The wood of the aspen tree, Populus tremula, used chiefly
for match stems and for making excelsior, but also for some inside
construction work. The color is yellowish, and it is tough and close-
grained. The tree is native to Europe. The American aspen is from the
tree P. tremuloides, called also American poplar, and from the
large-tooth aspen, P. grandidentata. Both species are also called
poplar, and the lumber may be mixed with poplar and cottonwood.
The trees grow in the lake and northeastern states and in the west.
The heartwood is grayish white to light brown with a lighter-colored
sapwood. It is straight-grained with a fine and uniform texture, but
is soft and weak. It has a disagreeable odor when moist. The wood is
used for excelsior, matches, boxes, and paper pulp. The pulp is easily
bleached. Salicin is extracted from the bark.

ASPHALT. A bituminous, brownish to jet-black substance, solid or
semisolid, found in various parts of the world. It consists of a mixture
of hydrocarbons and is fusible and largely soluble in carbon disulfide. It
is also soluble in petroleum solvents and in turpentine. The melting
points range from 90 to 100°F (32 to 38°C). Large deposits occur in
Trinidad and Venezuela. Asphalt is of animal origin, as distinct from
coals of vegetable origin. Native asphalt usually contains much mineral
matter; and crude Trinidad asphalt has a composition of about 47%
bitumen, 28 clay, and 25 water. Artificial asphalt is a term applied to
the bituminous residue from coal distillation mechanically mixed with
sand or limestone. Asphalt is used for roofings, road surfacing, insulat-
ing varnishes, acid-resistant paints, and cold-molded products.

Bitumen refers to asphalt clean of earthy matter. It is obtained at
Athabasca, Canada, in tar sands which are strip-mined. In general,
bitumens have the characteristics that they are fusible and are totally
soluble in carbon disulfide, as distinct from the pyrobitumens, alber-
tite, elatarite, and coals, which are infusible and relatively insoluble in
carbon disulfide. Pyrogenous asphalts are residues from the distilla-
tion of petroleum or from the treatment of wurtzilite. Asphaltite is a
general name for the bituminous asphaltic materials which are fusible
with difficulty, such as gilsonite and grahamite. It is thought that
benzopyrene, a constituent of coal-tar pitch and asphalt, will pro-
duce cancer in living tissues. This material also occurs in shale oil,
soot, and tobacco smoke.

Rock asphalt, or bituminous rock, is a sandstone or limestone
naturally impregnated with asphalt. The asphalt can be extracted from
it, or it may be used directly for paving and flooring. Kyrock is a rock
asphalt from Kentucky consisting of silica sand of sharp grains bound
together with a bituminous content of about 7%. The crushed rock is
used as a paving material. Albertite is a type of asphalt found originally



86 ASPHALT

in Albert County, New Brunswick, and first named Albert coal. It
belongs to the group of asphalts only partly soluble in carbon disulfide,
infusible, and designated as carboids, although they are true asphalts
and not of vegetable origin. The commercial albertite is a type called
stellarite from Nova Scotia. It is jet black, brittle, contains 22 to 25%
fixed carbon, and yields oil and coke when distilled. It is easily lighted
with a match and burns with a bright, smoky flame, throwing off
sparks. The albertite found in Utah is called nigrite and contains up to
40% fixed carbon. A species found in Angola is called libollite. These
materials are weathered asphalts. Ipsonite is a final stage of weath-
ered asphalt. It is black, infusible, and only slightly soluble
in carbon disulfide; contains 50 to 80% fixed carbon; and is very low in
oxygen. It is found in Oklahoma, Arkansas, Nevada, and various places
in South America. The rafaelite found in large beds on the eastern
slopes of the Andes Mountains in Argentina is a form of ipsonite.
Cutback asphalt is asphalt liquefied with petroleum distillates,
used for cementing down floor coverings and for waterproofing walls.
Protective coatings based on asphalt cutback form economical paints
for protection against salts, alkalies, and nonoxidizing acids at tem-
peratures up to 110°F (43°C). They are black but may be pigmented
with aluminum flake. They are often marketed under trade names
such as Atlastic and Protek-Coat. Many corrosion-resistant coat-
ings for chemical tanks and steel structures are asphalt solutions
compounded with resins and fillers. Perfecote, for steel and con-
crete, contains an epoxy resin. The color is black, but it will accept a
cover coat of colored plastic paint. High-temperature [500°F (260°C)]
asphaltic membranes are applied to carbon-steel ducts and bypass
stacks of incinerators for corrosion protection from acid condensate.
Modified asphalt, for laminating paper and for impregnating floor-
ing felts, is asphalt combined with a rosin ester to increase the pene-
tration, tack, and adhesion; but asphalt for paints and coatings may
also be modified with synthetic resins. Emulsified asphalt is an
asphalt emulsion in water solution, used for floor surfacing, painting
pipes, and waterproofing concrete walls. Emulsified asphalts may be
marketed under trade names such as Elastex and Ebontex.
Thermotex is an emulsified asphalt mixed with asbestos fibers, used
for painting steam pipes. Brunswick black is a mixture of asphaltite
with fatty acid pitch in a volatile solvent, used for painting roofs.
Amiesite is asphalt mixed with rubber latex or is a premixed asphalt
with an aggregate employed for road filling. Rubbers are sometimes
incorporated into paving asphalts to give resilience. The natural or
synthetic rubber is mixed into the asphalt either in the form of powder
or as a prepared additive. Catalyzed asphalt is asphalt treated with
phosphoric anhydride, P,O,, used for road construction to resist deteri-
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oration of the pavement from weathering. An asphalt mix developed
by Shell Chemical Co. for aircraft runways to resist the action of jet
fuels is petroleum asphalt with an epoxy resin and a plasticizer.
Flooring blocks and asphalt tiles are made in standard shapes and
sizes from mixtures of asphalt with fillers and pigments. They are sold
under many trade names, such as Elastite and Accotile.

0il asphalt, petroleum asphalt, petroleum pitch, or asphalt
oil is the heavy black residue left after removal of the tar tailings
in the distillation of petroleum. It contains 99% bitumen, is not soluble in
water, and is durable. As it adheres well to metals, wood, or paper and
forms a glossy surface, it is used in roofings or is mixed with natural
asphalt for paints and coatings. It is also used for roads. Vanadiset is
a series of resin fractions of petroleum asphalt with small amounts of
vanadium pentoxide, varying from semisolids to a brittle solid. They
are used as softeners for rubber and in bitumen paints.

AVOCADO OIL. An oil obtained from the ripe, green, pear-shaped fruit
of the avocado, Persea americana, a small tree of which more than 500
varieties grow profusely in tropical America. The oil is also called alli-
gator pear oil. In California, where the fruit is grown for market, it
is also known as Calavo. The fruits weigh up to 3 1b (1.4 kg), and the
seeds are 8 to 26% of the fruit. The fresh pulp contains 71% water, 20
oil, and 2.37 proteins. The seeds contain about 2% of an oil, but the
avocado oil is extracted from the fruit pulp, the dehydrated pulp yield-
ing 70% oil. In Central America the oil is extracted by pressing in
bags, and the oil has been used by the Mayans since ancient times for
treating burns and as a pomade. It contains 77% oleic acid, 10.8
linoleic, 6.9 palmitic, and 0.7 stearic, with a small amount of myristic
and a trace of arachidic acid. It is also rich in lecithin, contains phy-
tostearin, and is valued for cosmetics because it is penetrating, as
lanolin is. It also contains mannoketoheptose, a highly nonfer-
mentable sugar. The oil has good keeping qualities and is easily emul-
sified. The oil-soluble vitamins are absorbed through the skin, and the
oil for cosmetics is not wintered in order to retain the sterols. The spe-
cific gravity is 0.9132. Another oil used in cosmetics and for lubricat-
ing fine mechanisms is ben oil, a colorless to yellow oil obtained from
the seeds of trees of the genus Moringa, notably M. aptera, M. oleifera,
and M. pterygosperma, of Arabia, Egypt, India, and the Sudan. The
latter species is also grown in Jamaica. The seeds contain 25 to 34%
oil varying from a liquid to a solid, with specific gravity of 0.898 to
0.902 and saponification value of 179 to 187.

BABASSU OIL. An oil similar to coconut oil obtained from the kernels
of the nut of the palm tree At¢talea orbignya which grows in vast
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quantities in northeastern Brazil. There are two to five long kernels
in each nut, the kernel being only 9% of the heavy-shelled nut, and
these kernels contain 65% oil. A bunch of the fruits contains 200 to
600 nuts. The oil contains as much as 45% lauric acid and is a direct
substitute for coconut oil for soaps, as an edible oil, and as a source of
lauric, capric, and myristic acids. The melting point of the oil is 72 to
79°F (22 to 26°C), specific gravity 0.868, iodine value 15, and saponifi-
cation value 246 to 250. Tucum oil, usually classified with babassu
but valued more in the bakery industry because of its higher melting
point, is from the kernels of the nut of the palm Astrocaryum tucuma
of northeastern Brazil. The oil is similar but heavier with melting
point up to 95°F (35°C), and it consists of 49% lauric acid. In
Colombia it is called guere palm.

Another similar oil is murumuru oil, from the kernels of the nut
of the palm A. murumuru, of Brazil. The name is a corruption of the
two Carib words mart and mort, meaning bread to eat. The oil con-
tains as much as 40% lauric acid, with 35% myristic acid, and some
palmitic, stearic, linoleic, and oleic acids. It is usually marketed as
babassu oil. The awarra palm, A. janari, of the Guianas, yields nuts
with a similar oil. Cohune oil is a white fat from the kernels of the
nut of the palm Attalea cohune of Mexico and Central America. It is a
small tree yielding as many as 2,000 nuts per year. The oil has the
appearance and odor of coconut oil, and it contains 46% lauric acid,
15 myristic, 10 oleic, with stearic, capric, and linoleic acids. All these
oils yield a high proportion of glycerin. Cohune oil has a melting point
of 64 to 68°F (18 to 20°C), saponification value 252 to 256, iodine
value 10 to 14, and specific gravity 0.868 to 0.971. The cohune nut is
much smaller than the babassu but is plentiful and easier to crack.
Curua oil is from the nut of the palm A. spectabilis of Brazil. It is
similar to cohune oil and is used for the same purposes in soaps and
foods. Mamarron oil is a cream-colored fat with the odor and charac-
teristics of coconut oil, obtained from another species of Attalea palm
of Colombia. Another oil high in lauric acid, and similar to babassu
oil, is corozo oil, obtained from the kernels of the nuts of the palm
Corozo oleifera of Venezuela and Central America. Macanilla oil is a
similar oil from the kernels of the nuts of the palm Guilielma gari-
paes of the same region. Buri oil is from the nuts of the palm
Diplothemium candescens of Brazil.

BABBITT METAL. The original name for tin-antimony-copper white
alloys used for machinery bearings, but the term now applies to
almost any white bearing alloy with either tin or lead base. The origi-
nal babbitt, named after the inventor, was made by melting together
4 parts by weight of copper, 12 tin, and 8 antimony, and then adding
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12 parts of tin after fusion. It consisted, therefore, of 88.9% tin, 7.4 anti-
mony, and 3.7 copper. This alloy melts at 462°F (239°C). It has
a Brinell hardness of 35 at 70°F (21°C) and 15 at 212°F (100°C). As a
general-utility bearing metal, the original alloy has never been
improved greatly, and makers frequently designate the tin-base alloys
close to this composition as genuine babbitt.

Commercial white bearing metals now known as babbitt are of
three general classes: tin-base, with more than 50% tin hardened
with antimony and copper, and used for heavy-duty service; interme-
diate, with 20 to 50% tin, having lower compressive strength and
more sluggish as a bearing; and lead-base, made usually with antimo-
nial lead with smaller amounts of tin together with other elements to
hold the lead in solution. These lead-base babbitts are cheaper and
serve to conserve tin in times of scarcity of that metal, but they are
suitable only for light service, although many ingenious combinations
of supplementary alloying elements have sometimes been used to give
hard, strong bearings with little tin. The high-grade babbitts, how-
ever, are usually close to the original babbitt in composition. SAE
Babbitt 11, for connecting-rod bearings, has 86% tin, 5 to 6.5% cop-
per, 6 to 7.5% antimony, and not over 0.50% lead. A babbitt of this
kind will have a compressive strength up to 20,000 lb/in? (138 MPa)
compared with only 15,000 1b/inZ (103 MPa) for high-lead alloys.

Copper hardens and toughens the alloy and raises the melting
point. Lead increases fluidity and raises antifriction qualities, but soft-
ens the alloy and decreases its compressive strength. Antimony hard-
ens the metal and forms hard crystals in the soft matrix, which
improve the alloy as a bearing metal. Only 3.5% of antimony is nor-
mally dissolved in tin. In the low-antimony alloys, copper-tin crystals
form the hard constituent; and in the high-antimony alloys, antimony-
tin cubes are also present. Alloys containing up to 1% arsenic are
harder at high temperatures and are fine-grained, but arsenic is used
chiefly for holding lead in suspension. Zinc increases hardness but
decreases frictional qualities, and with much zinc the bearings are
inclined to stick. Even minute quantities of iron harden the alloys,
and iron is not used except when zinc is present. Bismuth reduces
shrinkage and refines the grain, but lowers the melting point and
lowers the strength at elevated temperatures. Cadmium increases the
strength and fatigue resistance, but any considerable amount lowers
the frictional qualities, lowers the strength at higher temperatures,
and causes corrosion. Nickel is used to increase strength but raises
the melting point. The normal amount of copper in babbitts is 3 or
4%, at which point the maximum fatigue-resisting properties are
obtained with about 7% antimony. More than 4% copper tends to
weaken the alloy and raises the melting point. When the copper is
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very high, tin-copper crystals are formed and the alloy is more a
bronze than a babbitt. All the SAE babbitts contain some arsenic,
ranging from 0.10% in the high-tin SAE Babbitt 10 to about 1% in
the high-lead SAE Babbitt 15. The first of these contains 90% tin,
4.5 antimony, 4.5 copper, and 0.35 lead, while babbitt 15 has 82%
lead, 15 antimony, 1 tin, and 0.60 copper.

Because of increased speeds and pressures in bearings and the trend
to lighter weights, heavy cast babbitt bearings are now little used
despite their low cost and ease of casting the alloys. The alloys are
used mostly as antifriction metals in thin facings on steel backings,
the facing being usually less than 0.010 in (0.03 cm) thick, in order to
increase their ability to sustain higher loads and dissipate heat.

Babbitts are marketed under many trade names, the compositions
generally following the SAE alloy standards but varying in auxiliary
constituents, the possibilities for altering the physical qualities by
composition rearrangement being infinite. Some of the trade names
that have been used for babbitt-type alloys marketed in ingots are
Leantin and Cosmos metal for high-lead alloys, stannum metal
for high-tin alloys, and Lubeco metal and Lotus metal for
medium-composition alloys. Hoo Hoo metal and nickel babbitt
are high-tin alloys containing nickel, while Silver babbitt has no
tin but contains a small amount of silver to aid retention of the lead
and to give hardness at elevated temperatures. Glyco is the name of
a group of lead-base alloys of Joseph T. Ryerson & Son, Inc. Satco, of
NL Industries, Inc., is a high-melting-point alloy for heavy service. It
melts at 788°F (420°C). Tinite is a tin-base metal hardened with
copper. Ajax bull contains 76% lead, 7 tin, and 17 antimony, modi-
fied with other elements.

BAGASSE. The residue left after grinding sugarcane and extracting
the juice, employed in making paper and fiber building boards. In
England it is called megass. The fiber contains 45% cellulose, 32 pen-
tosan, and 18 lignin. It is marketed as dry- and wet-separated, and as
dry fiber. The dry-separated fibers bulk 4.5 1b/ft? (72 kg/m?), with 62
to 80% passing a 100-mesh screen. The dry fiber bulks 6 to 8 1b/ft? (96
to 128 kg/m?) and is about 14 mesh. The fibers mat together to form a
strong, tough, light, absorptive board. The finer fibers in Cuba and
Jamaica are soaked in molasses and used as a cattle feed under the
name of molascuit. Celotex is the trade name of the Celotex Corp.
for wallboard, paneling, and acoustic tile made from bagasse fibers.
Ferox-Celotex is the material treated with chemicals to make it
resistant to fungi and termites. Celo-Rock is the trade name for
Celotex-gypsum building boards. Acousti-Celotex is Celotex perfo-
rated to increase its sound-absorbing efficiency. In India, the
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Philippines, and some other countries where sugarcane is plentiful,
paper is made from the bagasse. Newsprint is made from a mixture of
mechanical and chemical bagasse pulp, and writing papers may be
made by delignifying the bagasse and digesting with soda. Aconitic
acid, HOOCCH:C(COOH)CH,COOH, occurs in bagasse and is
extracted from Louisiana cane. The acid is esterified for use as a plas-
ticizer for vinyl resins, or sulfonated for use as a wetting agent. This
acid is also produced as a white powder of melting point 383°F
(195°C) by the dehydration of citric acid. Bio Oil fuel has been pro-
duced from sugar cane bagasse by DynaMotive Technology Corp.

BALATA. A nonelastic rubber obtained chiefly from the tree
Manilkara bidentata of Venezuela, Brazil, and the Guianas. It is simi-
lar to gutta percha and is used as a substitute. The material contains
a high percentage of gums and is more tacky than rubber, but it can
be vulcanized. It differs from rubber in being a transisomer of iso-
prene with a different polymerization. Balata has been used princi-
pally for transmission and conveyor belts and for golf ball covers. For
conveyer belts, heavy duck is impregnated with balata solution and
vulcanized. The belts have high tensile strength, good flexibility, and
wear resistance. The wood of the balata tree is used for cabinetwork
and for rollers and bearings. It is called bulletwood in the Guianas,
but this name is also applied to the wood of the gutta-percha trees of
Asia. The wood is extremely hard and durable and has a density of
66 1b/ft3 (1,057 kg/m?). It has a deep-red color and a fine, open grain.

BALSA WOOD. The wood of large and fast-growing trees of the genus
Ochroma growing from southern Mexico to Ecuador and northern
Brazil. It is the lightest of the commercial woods and combines also
the qualities of strength, stiffness, and workability. It is about one-
fourth the weight of spruce, with a structural strength half that of
spruce. The crushing strength is 2,150 1b/in%? (14 MPa). The wood is
white to light yellow or brownish and has a density of about 8 lb/ft3
(128 kg/m?) from a 4-year-old tree. Wood from a 6-year-old tree has a
density of 10 to 12 1b/ft? (160 to 192 kg/m3). Its peculiar cellular struc-
ture makes it valuable as an insulating material for refrigeration. It
is also used for life preservers, buoys, floats, paneling, vibration isola-
tors, insulating partitions, and inside trim of aircraft. The small
pieces are used for model airplanes. Balsa sawdust may be used as a
lightweight filler for plastics.

Much of the commercial wood is from the tree O. grandiflora of
Ecuador. Barrios balsa, O. concolor, grows from southern Mexico
through Guatemala and Honduras. Limos balsa is from the tree
O. limonensis of Costa Rica and Panama, and Santa Marta balsa is
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0. obtusa of Colombia. Red balsa is from O. velutina of the Pacific
Coast of Central America. The balsa known in Brazil as Sumaama is
from a kapok tree Ceiba pentandra. It is used for life preservers and
rafts and is quite similar to balsa. A Japanese lightweight wood used
for floats, instruments, and where lightness is required is Kiri, from
the tree Paulownia tomentosa. It has a density of 14 to 19 1b/ft? (224
to 304 kg/m?), has a coarse grain, but is strong and resists warping.
Grown as a shade tree since 1834 under the names paulownia and
empress tree, it is now common in the United States, and the wood
is used as a lightweight crating lumber.

BALSAM FIR. The wood of the coniferous tree Abies balsamea of the
northeastern United States and Canada. It is brownish white and soft
and has a fine, even grain. It is not strong and not very durable, and
it is used chiefly for pulpwood and for packing boxes and light con-
struction. The density is 26 Ib/ft? (417 kg/m?3). Liquid pitch comes from
blisters on the outer bark. It was formerly used as a transparent
adhesive. Canada balsam, or Canada turpentine, is a yellowish,
viscous oleoresin liquid of pleasant odor and bitter taste, obtained
from the buds of the tree. The specific gravity is 0.983 to 0.997. It is a
class of turpentine and is used as a solvent in paints and polishes, in
leather dressings, adhesives, and perfumes. It is also referred to as
balm of Gilead for medicinal and perfumery use, but the original
balm of Gilead, marketed as buds, was from the small evergreen tree
Balsamodendron gileadense of the Near East. Southern balsam fir is
Frazer fir, from the tree A. fraseri of the Appalachian Mountains.
The wood is similar to balsam fir.

BAMBOO. A genus of gigantic treelike grasses, of the order
Graminaceae, of which the Bambusa arundinacea is the most com-
mon species. It grows most commonly in Indonesia, the Philippines,
and southern Asia, but many species have been brought to Latin
America and to the southern United States. The stems of bamboo are
hollow and jointed and have an extremely hard exterior surface. They
sometimes reach more than 1 ft (0.3 m) in diameter and are often
50 ft (15 m) high, growing in dense masses. Nearly 1,000 species are
known. The B. spinosa of the Philippines grows as much as 10 ft (3 m)
in one week. Bamboo is a material which has had innumerable uses.
The stalks are used for making pipes, buckets, baskets, walking
sticks, fishing poles, rug-winding poles, lance shafts, window blinds,
mats, arrows, and for building houses and making furniture. The den-
sity is about 22 1b/ft? (352 kg/m?3). Tonkin bamboo is strong and flex-
ible and is used for making fishing poles. Tali bamboo of Java,
Gigantochloa apus, is used for construction. Betong bamboo,
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G. asper, is one of the largest species. Giant bamboo, Dendrocalamus
gigantea, of Sri Lanka, grows to a height of 100 ft (30 m). The fast-
growing eeta bamboo is used in India as a source of cellulose for
rayon manufacture. Bamboo dust, a waste product of pulp-and-paper
mills using bamboo feedstock, can be used to clean up mercury and
the black color of mill effluents in a process developed at Gauhati
University (India).

BARITE. Sometimes spelled baryte, and also called heavy spar, and
in some localities known as tiff. A natural barium sulfate mineral of
the theoretical composition of BaSO,, used chiefly for the production
of lithopone, in chemical manufacture, and in oil-drilling muds. Mixed
with synthetic rubber, it is used as a seal coat for roads. For chemi-
cals it is specified 90 to 95% pure BaSO,, with not more than 1% fer-
ric oxide. Prime white and floated grades are used for coating paper.
Baroid, of NL Industries, Inc., used in oil wells, is barite ore crushed,
dried, and finely ground. Artificial barite, permanent white, and
blanc fixe are names for white, fine-grained precipitated paint
grades. Micronized barite, for rubber filler, is a fine white powder
of 400 to 1,000 mesh. Barite is widely distributed and especially asso-
ciated with ores of various metals or with limestones. It occurs in
crystals or massive form. It may be colorless, white, or light shades of
blue, red, and yellow, and transparent to opaque. Its hardness is
Mohs 3 to 3.5, and its specific gravity is 4.4 to 4.8. It is insoluble in
water. The mineral is produced in the western United States and
from Virginia to Georgia. The barite of Cartersville, Georgia, contains
96% BaSO,, 0.6 iron, with silica, alumina, and traces of calcium,
strontium, and magnesium. Large deposits of high-grade barite occur
in Nova Scotia. In the west, much ground crude barite is used as a
drilling mud in oil wells. The white pigment marketed by American
Zinc Sales Co. under the name of Azolite is 71% barium sulfate and
29% zinc sulfide in 325-mesh powder. Sunolith, of Wishnick-
Tumpeer, Inc., is a similar product. A substitute for barite for some
filler uses is witherite, an alteration mineral of composition BaCO,,
which is barium carbonate, found associated with barite.
Precipitated barium carbonate is a white, tasteless, but poisonous
powder used in rat poisons, optical glass, ceramics, and pyrotechnics;
as a flatting agent in paints; and as a filler for paper. With ferric
oxide it is used for making ceramic magnets. Barium oxide, BaO, of
99.99% purity, is made by the reduction of barite. It is used as an
additive in lubricating oils.

BARIUM. A metallic element of the alkaline earth group, symbol Ba.
It occurs in combination in the minerals witherite and barite, which
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are widely distributed. The metal is silvery white and can be obtained
by electrolysis from the chloride, but it oxidizes so easily that it is dif-
ficult to obtain in the metallic state. Powdered or granular barium is
explosive when in contact with carbon tetrachloride, fluoro-
chloromethanes, and other halogenated hydrocarbons. Its melting
point is 1562°F (850°C) and its specific gravity 3.78. The most exten-
sive use of barium is in the form of its compounds. The salts which
are soluble, such as sulfide and chloride, are toxic. An insoluble, non-
toxic barium sulfate salt is used in radiography. Barium compounds
are used as pigments, in chemical manufacturing, and in deoxidizing
alloys of tin, copper, lead, and zinc. Barium is introduced into lead-
bearing metals by electrolysis to harden the lead. When barium is
heated to about 392°F (200°C) in hydrogen gas, it forms barium
hydride, BaH,, a gray powder which decomposes on contact with
water and can be used as a source of nascent hydrogen for life rafts.
Barium is also a key ingredient in ceramic superconductors.

BARIUM CHLORIDE. A colorless crystalline material of composition
BaCl, - 2H,0, or in anhydrous form without the water of crystalliza-
tion. The specific gravity is 3.856, and the melting point 1760°F
(960°C). It is soluble in water to the extent of 25% at 68°F (20°C) and
37% at 212°F (100°C). In the mechanical industries it is used for
heat-treating baths for steel, either alone or mixed with potassium
chloride. The molten material is free from fuming and can be held at
practically any temperature within the range needed for tempering
steels. It is also used for making boiler compounds, for softening
water, as a mordant in dyeing and printing inks, in tanning leather,
in photographic chemicals, and in insecticides. Two of the most widely
used red colorants, Lithol Red and Red Lake, are made by treating
a hot, aqueous solution of barium chloride with the appropriate diazo
dye. Barium chlorate, Ba(ClO,), - H,O, is a colorless crystalline
powder, soluble in water. The melting point of the anhydrous material
is 7T77°F (414°C). It is used in explosives as an oxygen carrier and in
pyrotechnics for green-colored light. Barium fluoride, BaF,, is used
in crystal form for lasers. When “doped” with uranium, it has an out-
put wavelength of 8,530 nft (2,600 nm). Doping with other elements
gives diffused wavelengths for different communication beams.
Barium cyanide, Ba(CN),, is a poisonous, colorless, crystalline
material melting at 1112°F (600°C). It is marketed by Koppers Co. as
a 30% water solution for adding to cyanide plating baths, in which it
removes carbonates and increases the current efficiency.

BARIUM NITRATE. Also called nitrobarite. A white crystalline pow-
der of composition Ba(NO,),, with specific gravity of 3.24, melting at
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1098°F (592°C), and decomposing at higher temperatures. It is a bar-
ium salt of nitric acid obtained by roasting barite with coke, leaching
out the precipitated barium sulfide, precipitating as a carbonate by
the addition of soda ash, and then dissolving in dilute nitric acid. It
has a bitter metallic taste and is poisonous. Barium nitrate is used
in ceramic glazes, but its chief use is in pyrotechnics. It gives a
pale-green flame in burning and is used for green signals and flares,
and for white flares in which the delicate green is blended with the
light of other extremely luminous materials. It is also used as an
oxygen carrier in flare powders and to control the time of burning
of the aluminum or magnesium. Sparklers are composed of alu-
minum powder and steel filings with barium nitrate as the oxygen
carrier. The steel filings produce the starlike sparks. Barium
nitrite, Ba(NO,),, decomposes with explosive force when heated.
Barium oxalate, BaC,0,, is used in pyrotechnics as a combustion
retarder.

BARLEY. The seed grains of the annual plant Hordeum vulgare of
which there are many varieties. It is one of the most ancient of the
cereal grains. The plant is hardy, with a short growing season, and can
be cultivated in cold latitudes and at high altitudes, giving high yields
per acre. The grains grow in a dense head with three spikelets, and
the six-row variety has a high protein content, but has low gluten,
thus making a poor breadstuff. Pearl barley is the husked and pol-
ished grain. When used for cattle feed, barley produces lean meats.
The chief industrial use is for making malt, for which the two-rowed
varieties with low protein and thin husk are used. Malt is barley that
has been germinated by moisture and then dried. Malting develops
the diastase enzyme, which converts the insoluble starch to soluble
starch and then to sugars. It is used for brewing beer and for malt
extracts. Caramel malt is browned with high-temperature drying
and is used for the dark-colored bock beer. Barley straw is
employed in Europe and Asia for making braided plaits for hats. In the
United States it is used for packing material, especially for glassware.

BASALT. A dense, hard, dark-brown to black igneous rock, consisting
of feldspar and augite and often containing crystals of green olivine. It
occurs as trap or as volcanic rock. The specific gravity is 2.87 to 3, and
it is extremely hard. Masses of basalt are frequently found in columns
or prisms, as in the celebrated basalt cliffs of northern Ireland. It dif-
fers from granite in being a fine-grained extrusive rock and in having
a high content of iron and magnesium. Basalt is used in the form of
crushed stone for paving, as a building stone, and for making rock
wool. A Russian cast basalt used for electrical insulators is called
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angarite. In Germany cast basalt has been used as a building stone,
for linings, and for industrial floors. It is made by melting the crushed
and graded basalt and then tempering by slow cooling. The structure
of the cast material is dense with needlelike crystals, and it has a
Mohs hardness of 8 to 9. Basalt glass is not basalt, but pumice.

Basalt fiber, produced by Kompozit Ltd. of the Ukraine and
Sudogda Fiber Glass Co. of Russia, has a tensile strength of 500,000
to 550,000 1b/in? (3448 to 3792 MPa), 3.2% elongation, 1.62 refractive
index, a softening or melting and operating temperature of 2012°F
(1100°C), and is free from creep and hysteresis. It is also alkali resis-
tant, thus compatible with concrete and perhaps suitable for infra-
structure applications.

BASSWOOD. The wood of several species of lime trees, Tilia ameri-
cana, T. heterophylla, T. glabra, and T. pubescens, all native to the
United States and Canada. The European limewood, from the tree
T. cordata, is not called basswood. The wood of T. glabra, called in the
eastern states the lime tree and the linden, and also white bass-
wood, T. heterophylla, is used for containers, furniture, and such
millwood as blinds. It is soft and lightweight and has a fine, even
grain, but is not very strong or durable on exposure. The white sap-
wood merges gradually with the yellow-brown heartwood. The spe-
cific gravity is 0.40 when oven-dried, and the compressive strength
perpendicular to the grain is 620 1b/in? (4.3 MPa).

BATE. Materials used in the leather industry to remove lime from
skins and to make them soft and flaccid before tanning by bringing
the collagen into a flaccid or unswollen condition. Since ancient times,
dung has been used for this purpose, and until recent years the U.S.
tanning industry imported dog dung from Asia Minor for bating
leather. Artificial bates are now used because of their greater uni-
formity and cleanliness. Boric acid is sometimes used for deliming,
and it gives a silky feel to the leather, but most bates have both a
deliming and an enzyme action. Trypsin is a group of enzymes from
the pancreatic glands of animals, and its action on skins is to dissolve
protein. They are generally used with ammonium chloride or other
salt. Oropon, of Rohm & Haas Co., is this material carried in wood
flour and mixed with a deliming salt. Sulfamic acids are also used
as bates. The lime compounds used for dehairing are called depilat-
ing agents.

BAUXITE. A noncrystalline, earthy-white to reddish mineral, massive
or in grains, having composition ALO, - 2H,0, theoretically contain-
ing 74% alumina. It is the most important ore of aluminum, but is
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also used for making aluminum oxide abrasives, for refractories,
white cement, and decolorizing and filtering.

Bauxite is graded on the Al,O, content. High-grade bauxite, Grade
A, contains a minimum of 55% alumina and a maximum of 8% silica.
Grade B contains a minimum of 50% alumina with a silica content
from 8 to 16%. Chemical grades should have less than 2.5% Fe,O..
Grades appearing in price quotations with up to 84% alumina con-
tent are calcined and are based on the dehydrated alumina content
of the ore.

Bauxite has a high melting point, 3308°F (1820°C), and can be used
directly as a refractory. Cement-making white bauxite from Greece
ranks very high in alumina content. Brazilian, Arkansas, and Indian
ores also contain some titanium oxide, and the Surinam ore has as
high as 3% TiO,. Two kinds of red bauxite are found in Italy, a dark
variety containing 54 to 58% Al,O,, and only 2 to 4 SiO,, but having
22 to 26% Fe,0,, and 2 to 3 TiO,, and a light variety containing 60 to
66% AlL,O,, 5 to 9 silica, 10 to 16 iron oxide, and 3 to 5 titanium oxide.
The best French white bauxite contains 66 to 74% alumina, 6 to 10
silica, 2 to 4 iron oxide, and 3 to 4 titanium oxide. It is preferred for
ceramic and chemical purposes, while the best grade of the red vari-
ety is used for producing aluminum, and the inferior grade for refrac-
tories and for cement manufacture. Malayan and Indonesian bauxite
averages 57 to 60% Al,O,, 6.7 Fe,O,, 3 to 5 SiO,, and 0.9 to 1 TiO,,.
The large deposits on Ponape and other Pacific islands average 50 to
52% alumina, 3 to 6 silica, and 10 to 20 Fe,O,, but the bauxite of
Hawaii contains only 35% alumina with up to 15% silica.
Phosphatic bauxite, from the island of Trauhira off the coast of
Brazil, is a cream-colored porous rock containing 31.5% alumina, 25.2
P,O,, 7.3 iron oxide, 6.8 silica, and 1.3 titania. Diaspore, Al,O, - H,0,
mined in Missouri, and gibbsite, Al,O, - 3H,0, from the Guianas, are
bauxites also used for refractories. Gibbsite is also called wavellite.
Filter bauxite, or activated bauxite, is bauxite that has been
crushed, screened, and calcined, and it is usually in 20- to 60- and 30-
to 60-mesh grades. It may be sold under trade names such as
Porocel and Floride. It is preferred to fuller’s earth for oil-refinery
filtering because it can be revivified indefinitely by calcining.
Calcined bauxite for the abrasive industry is burned bauxite and
contains 78 to 84% alumina. Laterite, or ferroginous bauxite, has
been used in Europe to produce alumina and iron. The laterite of
Oregon contains 35% alumina, about 35 iron oxide, and about 7 silica.
Low-alumina, high-silica bauxites can be lime-sintered to release the
sodium aluminate which goes back into the process while the silicate
goes out with the calcium, thus giving high alumina recovery with low
soda loss. Anorthosite, an abundant aluminum silicate mineral
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containing up to 50% silica, is also used to produce aluminum. The
anorthosite of Wyoming is sintered with limestone and soda ash and
calcined to yield alumina and a by-product portland cement base of
dicalcium silicate.

BEARING MATERIALS. A large variety of metals and nonmetallic
materials in monolithic and composite (laminate) form are used for
bearings. Monolithic ferrous bearings are made of gray cast iron,
pressed and sintered iron and steel powder, and many wrought steels,
including low- and high-carbon plain-carbon steels, low-alloy steels,
alloy steels, stainless steels, and tool steels. Most cast-iron bearings
are made of gray iron because it combines strength with the lubricity
of graphitic carbon. Pressed and sintered bearings can be made to
controlled porosity and impregnated with oil for lubricity. Because of
its wide use in ball and roller bearings, one of the best-known bearing
steels is AISI 52100 steel, a through-hardening 1% carbon and 1.3 to
1.6% chromium alloy steel. Many steels, however, are simply surface-
hardened for bearing applications. In recent years, the performance of
bearing steels has been markedly improved by special melting prac-
tices that reduce the presence of nonmetallic inclusions.

Monolithic nonferrous bearings include copper-zinc bronze,
leaded bronzes, unleaded bronzes, and an aluminum-tin alloy,
containing about 6% tin as the principal alloying element. The bronze
and aluminum alloy provide similar load-bearing capacity and fatigue
resistance, but the bronze is somewhat better in resistance to corro-
sion by fatty acids that can form with petroleum-based oils. It is also
less prone to seizure and abrasion from mating shafts; more able to
embed foreign matter and thus prevent shaft wear; and more tolerant
of shaft misalignment. The load-bearing capacity of tin bronzes
depends on the lead content. Low-lead and lead-free tin bronzes have
the highest load capacity, about 5,000 1b/in? (34 MPa), and fatigue
strength. Applications include auto engine starter-motor bearings, or
bushings, for the copper-zinc bronze; auto engine connecting-rod bear-
ings for the aluminum alloy; and various bearings in motors, machine
tools, and earthmoving equipment for the tin bronzes. An aluminum-
tin-silicon alloy (Al-8Sn-2.5Si-2Pb-0.8Cu-0.2Cr), developed by
Federal Mogul Corp., features high resistance to wear, seizure, and
fatigue at an optimal hardness of Vickers 50.

Monolithic bearings are also made of cemented tungsten and
chromium carbides, plastics, carbon-graphite, wood, and rubber.
Plastics provide good combinations of inherent lubricity, corrosion
resistance, and adequate strength at room to moderately elevated tem-
peratures. Thermal conductivity and other performance features that
may be required can be provided by metal and other fillers. Plastic
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bearings can be made of acetal, nylon, polyester, ultrahigh-molecular-
weight polyethylene, polytetrafluoroethylene, polysulfone, polypheny-
lene sulfide, polyimide, polybenzimidazole, and polyamide-imide.
Carbon-graphite bearings are more heat-resistant but rather brit-
tle, thus limited to nonimpact applications. Wood bearings are made
of maple and the hard lignum vitae. Rubber bearings, usually steel-
backed, are used for applications requiring resilience.

Nonferrous metals are widely used in dual- or trimetal systems.
Dual-metal bearings comprise a soft, thin, inner liner metallurgi-
cally bonded to stronger backing metal. Steel lined with bronze con-
taining 4 to 10% lead provides the highest load-bearing
capacity—8,000 1b/in? (55 MPa), or about twice that of the bronze
alone—and fatigue strength. However, the aluminum alloy with a
steel backing provides the best corrosion resistance and only moder-
ately less load-bearing capacity. Tin and lead babbitt linings excel in
surface qualities conducive to free-sliding conditions and are used
with steel, bronze, or aluminum-alloy backings; load-bearing capaci-
ties range from 1,500 to 7,000 1b/in? (10 to 48 MPa). Dual-metal sys-
tems cover a gamut of bearings for motors, pumps, piston pins,
camshafts, and connecting rods.

Trimetal bearings, all with steel backings, have an inner liner
of tin or lead babbitt and an intermediate layer of a more fatigue-
resistant metal, such as leaded bronze, copper-lead, aluminum-tin,
tin-free aluminum alloys, silver, or silver-lead. Load-bearing capac-
ity ranges from 1,500 to 12,000 1b/in2 (10 to 83 MPa). The silver
bearing systems provide the best combination of load-bearing
capacity, fatigue and corrosion resistance, and compatibility to mat-
ing materials; but a lead babbitt, medium-lead bronze and steel
system is a close second, sacrificing only a moderate reduction in
corrosion resistance but at a reduction in cost. Applications include
connecting-rod, camshaft, and main bearings in auto engines and
reciprocating aircraft engines.

Hybrid bearings comprise silicon-nitride balls, a fiber-reinforced
polyimide separator, and a steel race. The balls are much more light-
weight than steel balls, markedly reducing centrifugal force, and
ride on the low-friction separator, increasing wear life and running
speed. They also have high fatigue resistance, increasing service life.
These bearings are used in medical instruments and machine-tool
spindles.

BEECH. The wood of several species of beech trees, Fagus atrop-
unicea, F. ferruginea, and F. grandifolia, common to the eastern parts
of the United States and Canada. The wood is strong, compact, fine-
grained, durable, and light in color, similar in appearance to maple.
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The density is 47 Ib/ft? (753 kg/m3). It is employed for tool handles,
shoe lasts, gunpowder charcoal, veneer, cooperage, pulpwood, and
small wooden articles such as clothespins. The beech formerly used
for aircraft, F. grandifolia, has a specific gravity, oven-dried, of 0.66, a
compressive strength perpendicular to the grain of 1,670 1b/in?
(12 MPa), and a shearing strength parallel to the grain of 1,300 1b/in?
(9 MPa). The wood may be obtained in large pieces, as the tree grows
to a height of 100 ft (30.5 m) and a diameter of 4 ft (1.2 m). It grows
from the Gulf of Mexico northward into eastern Canada. White
beech refers to the light-colored heartwood. Red beech is from trees
with dark-colored heartwood. The sapwood of beech is white tinged
with red and is almost indistinguishable from the heartwood. The
wood is noted for its uniform texture and its shock resistance.
Antarctic beech, F. antarctica, known locally as rauli, grows
extensively in southern Chile. It is commonly called by the Spanish
word roble, or oak, in South America, and is used for cooperage to
replace oak. It has a coarser grain than American beech. European
beech, F. sylvatica, is reddish; has a close, even texture; is not as
heavy as American beech; but is used for tools, furniture, and small
articles. New Zealand beech, known as red beech and tawhali, is
from the very large tree Nothofagus solandri. The wood has a density
of 44 1b/ft? (705 kg/m?), is brown, and has high strength and durabil-
ity. Silver beech, of New Zealand, is N. menziesii. The trees grow
to a height of 80 ft (24.3 m) and a diameter of 2 ft (0.61 m). The wood
is light-brown, straight-grained, and strong and has a density of
34 1b/ft? (545 kg/m3). It is used for furniture, implements, and cooperage.

BEEF. The edible meat from full-grown beef cattle, Bos taurus. The
meat from the younger animals that have not eaten much grass is
called veal and is lighter in color and softer. The production of beef
and beef products is one of the great industries of the world. In the
industrial countries, much of the beef is prepared in organized pack-
ing plants, but also the production from city slaughterhouses
is important. After slaughter and preparation of the animal, the beef is
marketed in animal quarters either chilled or frozen. Fresh-killed
beef from local slaughterhouses is also chilled to remove animal heat
before marketing. The amount of marketable beef averages 55 to 61%
of the live weight of the animal. The hide is from 5 to 7%, the edible
and inedible fat and tallow are 3.5 to 7.5%, and the bones, gelatin,
and glue material are 2.8 to 4.9%. From 10 to 17% of the live weight
may be shrinkage and valueless materials, although the tankage,
which includes entrails and scraps, is sold as fertilizer. Offal includes
tongues, hearts, brains, tripe (stomach lining), livers, tails, and
heads, and may be from 3 to 5.5% of the live animal. The glands are
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used for the production of insulin. Lipid is the name for a yellow
waxy solid melting at 212°F (100°C), extracted from beef spinal cord
after removal of cholesterol. It contains phosphatides and complex
acids and is used in medicine as an emulsifier and anticoagulant.
Cortisone, used in medicine, is a steroid produced from ox bile, but
now it is made synthetically.

Canned beef, which includes corned beef, canned hash (beef
mixed with potatoes), and various potted meats, is not ordinarily
made from the beef of animals suitable for sale as chilled or frozen
beef, but is from tough or otherwise undesirable meat animals, or
from animals rejected by government inspectors as not suitable for
fresh beef. In the latter case, the beef canned is held at high tempera-
ture for a sufficient time to destroy any bacteria likely to be in the
fresh meat. Federal specifications for canned corned beef require free-
dom from skin, tendons, and excessive fat, and a maximum content
of not more than 3.25% salt and 0.2 saltpeter. Government inspection of
beef for health standards is rigid, but the federal grading of beef is lit-
tle more than a rough price evaluation.

Beef extract was first made by Prof. Justus von Liebig in 1840 as a
heavy concentrated paste that could be kept indefinitely. It is now
made on a large scale in both paste and cubes, and it is used for soups
and hot beverages, but much of the extract marketed in bouillon cubes
is highly diluted with vegetable protein. The so-called nonmeat beef
extract is made with corn and wheat hydrolysates and yeast. Pure
nonfat beef extract is used in the food processing industry for soups,
gravies, and prepared dishes. The extract of International Packers,
Ltd., is a paste of 17% moisture content. It contains thiamine, niacin,
riboflavin, pyrodoxine, pantothenic acid, vitamins B, and B,,, purine,
creatine, and the nutrient proteins found only in meat. Dehydrated
beef is lean beef dried by mechanical means into flake or powder
form. It is semicooked, and when it is wet with water, it resumes its
original consistency but has a somewhat cooked taste. Its advantage is
the great saving in shipping space. Beef is also marketed in the form
of dried beef, usually sliced and salted. Jerked beef, or tasajo, is
beef that has been cut into strips and dried in the sun. It is used in
some Latin American countries, but has a strong taste.

BEESWAX. The wax formed and deposited by the honey bee, Apis mel-
lifera. The bees build combs for the reception of the honey, consisting of
two sheets of horizontal, six-angled prismatic cells formed of wax.
Between 1.5 and 3 1b (0.56 to 1.1 kg) of wax can be obtained from 10
combs when they are scraped. After the extraction of the honey, the wax
is melted and molded into cakes. New wax is light yellow, but turns
brown with age. It may be bleached with sunlight or with acids. It is
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composed largely of a complex long-chain ester, myricil palmitate,
C,;H,;,CO0C, H,, and cerotic acid, C,;H,,COOH. The specific gravity
is 0.965 to 0.969 and the melting point 145°F (63°C). It is easily colored
with dyes, and the Germans marketed powdered beeswax in various
colors for compounding purposes. Beeswax is used for polishes, candles,
leather dressings, adhesives, cosmetics, molded articles, as a protective
coating for etching, and as a filler in thin metal tubes for bending. It is
frequently adulterated with paraffin, stearin, or vegetable waxes, and
the commercial article may be below 50% pure. Standards for the
Cosmetics, Toiletry, and Fragrance Assoc. require that it contain no car-
nauba wazx, stearic acid, paraffin, or ceresin and show no more than
0.01% ash content. Beeswax is produced in many parts of the world as a
by-product of honey production from both wild and domesticated bees,
the honey being used as a sweetening agent or for the making of alco-
holic beverages. Honey varies greatly in flavor owing to the different
flowers upon which the bees feed, but the chemical properties of both
the honey and the wax vary little. Honey is composed largely of fructose.
In the food industry, small proportions are added to the sugar to
enhance the flavor of cookies and bakery products. Honey, normally 82%
solids, is also dehydrated to a free-flowing honey powder used in con-
fectionery. Sugar may be added to raise the softening temperature and
make the powder more resistant to caking. West Africa produces much
wax from wild bees. Abyssinia is a large producer of beeswax, where the
honey is used for making tej, an alcoholic drink. The ancient drink
known as mead was a fermented honey solution. Scale wax is pro-
duced by removing the combs from the hives, thus forcing production of
wax which is dropped in scales or particles by the bees and prevented
from being picked up by a screen.

BELL METAL. A bronze used chiefly for casting large bells. The com-
position is varied to give varying tones, but the physical requirements
are that the castings be uniform, compact, and fine-grained. The stan-
dard is 78% copper and 22 tin. The alloy has a density of 0.312 1b/in?
(8,636 kg/m?), is yellowish red, has a fine grain, is easily fusible, and
gives a clear tone. Increasing the copper slightly increases the
sonorous tone. Large bells of deeper tone are made of 75% copper and
25 tin. Big Ben, at Westminster Abbey, cast in 1856, contains 22 parts
copper and 7 tin. Another bell metal, containing 77% copper, 21 tin,
and 2 antimony, is harder, giving a sharper tone. An alloy for fire-
engine bells contains 20% tin, 2 nickel, 0.1 silicon for deoxidation, and
the balance copper. The nickel reduces the tendency to embrittlement
from pounding. One bell metal contains 80% copper and 20 tin, deoxi-
dized with phosphorus. Silver bell metal, for bells of silvery tone, is
a white alloy containing 40% copper and 60 tin. This type of alloy,
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with tin contents up to as high as 60%, is also used for valves and
valve seats in food machinery.

BENTONITE. A colloidal clay which has the property of being
hydrophilic, or water-swelling, with some clay absorbing as much as
5 times its own weight in water. It is used in emulsions, adhesives, for
oil-well drilling, to increase plasticity of ceramic clays, and as a bond-
ing clay in foundry molding sands. In combination with alum and lime,
it is used in purifying water as it captures the fine particles of silt.
Because of its combined abrasive and colloidal properties, it is much
used in soaps and washing compounds. It is also used as an absorbent
in refining oils, as a suspending agent in emulsions, and in lubricants.

Bentonite occurs in sediment deposits from a few inches to 10 ft
(3 m) thick. It is stated to have been formed through the devitrifica-
tion and chemical alteration of glassy igneous materials such as vol-
canic ash, and it is a secondary mineral composed of deposits from the
mineral leverrierite, 2A1,0, - 5S5i0, - 5H,0, crystallizing in the
orthorhombic system, though some of the bentonite marketed may be
montmorillonite. The finely powdered bentonite from Wyoming was
originally called wilkinite. Wyoming bentonite is characterized by a
very sticky nature and soapy feel when wet, and it is highly
absorbent. Bentonites are usually light in color, from cream to olive
green. Some have little swelling property, and others are gritty. The
material from Otay, California, has been called otaylite. It is brown-
ish and not as highly colloidal as Wyoming bentonite. Analyses of
bentonites from various areas vary from 54 to 69% silica, 13 to 18 alu-
mina, 2 to 4 ferric oxide, 0.12 to 3.5 ferrous oxide, 1 to 2.2 lime, 1.8 to
3.6 magnesia, 0.1 to 0.6 titania, 0.5 to 2 soda, and 0.14 to 0.46 potash.
The material known as hectorite from California is lower in silica
and alumina and higher in magnesia and lime. In general, the highly
colloidal bentonites contain the highest percentages of soda which
have been adsorbed by the clay particles. Most crude bentonites con-
tain impurities, but are purified by washing and treating.

Bentonites are marketed under various trade names such as Volclay
of American Colloid Co., Refinite, and Eyrite, of Baroid Division, NL
Industries, Inc. Bentone, produced in various grades by the latter is
purified montmorillonite. It is a fine white powder of 200 mesh and is
used as a gelling agent for emulsion paints, adhesives, and coatings.
Bentone 18-C is an organic compound of the material used for gelling
polar organic materials such as cellulose lacquers and vinyl solutions.

BENZENE. Also called benzol, although the term is now reserved
for the less pure grades. A colorless, highly inflammable liquid of
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composition CH,. It is an aromatic hydrocarbon obtained as a by-
product of coke ovens or in the manufacture of gas, and also made
synthetically from petroleum. Its molecular structure is the closed
benzene ring with six CH groups in the linkage, which forms a con-
venient basic chemical for the manufacture of styrene and other
chemicals. It is also an excellent solvent for waxes, resins, rubber, and
other organic materials. It is employed as a fuel or for blending with
gasoline or other fuels. Industrially pure benzene has a distillation
range of 172.6 to 179.8°F (78.1 to 82.1°C), a specific gravity of 0.875 to
0.886, and a flash point below 60°F (15.5°C). The pure nitration
grade, used for nitrating and for making organic chemicals, has
a 1.8°F (1°C) boiling range starting not below 174.6°F (79.2°C) and a
specific gravity of 0.882 to 0.886. Benzene has a characteristic odor, is
soluble in aleohol but insoluble in water, and all its combinations are
toxic. The terms aromatic chemicals and aromatics refer to all the
chemicals made from the benzene ring.

Nitrobenzene, C.H.NO,, is a highly poisonous and inflammable
liquid made by the action of nitric and sulfuric acids on benzene, used
in soaps and cosmetics. It is called myrbane oil as a perfuming agent.
The nitrated derivative called benzedrine, or amphetamine, origi-
nally used by wartime pilots to combat fatigue, is phenylaminoben-
zine, C.H, - CH, - CH(NH), - CH,. It is used in medicine to control
obesity, but it is a stimulant to the central nervous system and is
habituating. The isomer dextroamphetamine is d-phenylamino-
propane sulfate, commonly called Dexedrine. It causes a rise in blood
pressure and stimulates cerebral activity which lasts several hours,
but it has a depressant effect on the intestinal muscles, causing loss of
appetite and delayed activity of the stomach with other side effects.

Diphenyl carbonate, (C,H,),CO,, is much used for the manufacture
of chemicals where two benzene rings are desired. It is a white crys-
talline water-insoluble solid melting at 172°F (78°C). Benzyl alcohol,
C,H.CH,OH, is a colorless liquid soluble in water, having a boiling point
of 401.4°F (205.2°C) and a freezing point of 4.5°F (—15.3°C). It is also
called phenylcarbinol and is used as a solvent for resins, lacquers, and
paints. Benzyl chloride, C.H.CH,CI, is a colorless liquid of specific
gravity 1.103 and boiling point 354°F (179°C), which was used as a
lachrymatory gas and is employed in the production of plastics. Benzyl
cellulose is a thermoplastic of ICI Americas Inc., produced by the action
of benzyl chloride and caustic soda on cellulose. The plastic is nonflam-
mable and resistant to acids, can be molded easily, and is produced in
various grades by different degrees of benzylation. Benzyl dichloride,
CH.CH - Cl,, is a liquid heavier than benzyl chloride and has a higher
boiling point, 414°F (212°C), but was also used as a war gas. It is also
called benzylidene chloride and is used for producing dyestuffs.



BERYLLIUM 105

BERGAMOT OIL. An essential oil contained in the fresh peel of the
fruit of Citrus aurantium Linn., subspecies Bergamia, a small, spiny
tree cultivated principally in southern Calabria in Italy. In Turkey,
the sour, pear-shaped fruit is called beg-armudi, or Bey’s pear. The
yellowish-green oil is expressed by pressing the fruit between two cor-
rugated disks. The oil, filtered to remove any rind, has an aromatic,
agreeable odor, but a bitter and unpleasant taste. It is used princi-
pally in perfumery to make eau de colognes and to mask unpleasant
odors. About 36 to 45% of the oil is I-linalyl acetate, about 6%
l-linalool, d-limonene, and dipentene. Lavender oil also has sig-
nificant quantities of [-linalyl acetate. The white, hard crystals that
separate out from an alcohol solution of bergamot oil are known as
bergaptene.

BERYLLIUM. This steel-gray lightweight metal, symbol Be, was for-
merly known as glucinum and is used mainly for its excellent phys-
ical properties rather than its mechanical properties. Except for
magnesium, it is the most lightweight of common metals, having a
density of 0.067 lb/in® (1,855 kg/m3). It also has the highest specific
heat [0.45 Btu/(1b - °F), 1,833 J/kg - K)] and a melting point of
2354°F (1290°C). It is nonmagnetic, has about 40% the electrical
conductivity of copper, a thermal conductivity of 110 Btu - ft/(h - ft2 - °F)
[190 W/(m - K)], high permeability to X-rays, and the lowest neutron
cross section of any metal having a melting point above 932°F
(500°C). Also, its tensile modulus [42 X 10° 1b/in? (28.9 X 10* MPa)] is
far greater than that of almost all metals. Mill forms, such as block or
billet, are made from powder by hot pressing and can be thermome-
chanically processed to extruded billet and cross-rolled sheet.

Ultimate tensile strength ranges from 33,000 to 100,000 1b/in? (228
to 690 MPa) and tensile elongation from 1 to 40%, depending on the
mill form. Thus, because of its low density, beryllium excels in specific
strength, especially in specific stiffness. However, tensile properties,
especially elongation, are extremely dependent on grain size and ori-
entation and are highly anisotropic, so that results based on uniaxial
tensile tests have little significance in terms of useful ductility in fab-
rication or fracture toughness in structural applications. From these
standpoints, the metal is considered to be quite brittle. Ductility, as
measured by elongation in tensile tests, increases with increasing
temperature to about 750°F (400°C), then decreases above about
930°F (500°C). Although resistant to atmospheric corrosion under
normal conditions, beryllium is attacked by oxygen and nitrogen at
elevated temperatures and certain acids, depending on concentration,
at room temperature.

The metal is also very expensive. It is toxic if inhaled or ingested,
necessitating special precautions in handling. Most beryllium parts are



106 BERYLLIUM-ALUMINUM

made by machining from block, and machining leaves a damaged sur-
face layer that must be removed by etching for stressed applications.
Most applications are quite specialized and stem largely from the
metal’s good thermal and electrical properties. Uses include precision
mirrors and instruments, radiation detectors, X-ray windows, neutron
sources, nuclear reactor reflectors, aircraft brakes, and rocket nozzles. It
is also used as an alloying element to produce beryllium-aluminum,
beryllium-copper, and beryllium-nickel alloys.

BERYLLIUM-ALUMINUM. A 62% beryllium 38% aluminum alloy devel-
oped by Lockheed Aircraft in the 1960s and called Lockalloy. Noted
primarily for its lightweight and high tensile modulus, thus high spe-
cific rigidity, it was used in the form of extrusions for missile skin
stiffeners and in rolled sheet on the YF-12 reconnaissance aircraft.
The alloy has since become available as a powder-metallurgy product
from Brush Wellman Inc. as AlbeMet AM162 rolled sheet and
extruded bar and AlbeMet AM162H hot isostatically pressed billet,
which contain by weight 60 to 64% beryllium, 36 to 40 aluminum, and
as much as 1 oxygen, 0.1 carbon, and 0.2 each of other metallics. The
density is 0.0748 to 0.0767 1b/in® (2,070 to 2,123 kg/m3). Typical mini-
mum tensile properties of rolled sheet are 55,000 1b/in? (379 MPa),
40,000 1b/in% (276 MPa) yield strength, and 5% elongation. For
extruded bar, the minimum properties are 52,000 to 55,000 1b/in? (358
to 379 MPa), 40,000 1b/in? (276 MPa), and 6 to 7% elongation, respec-
tively, depending on the extrusion ratio. For the hot isostatically pressed
billet, typical minimums are 38,000 1b/in? (262 MPa), 28,000 1b/in?
(193 MPa), and 2%, respectively. These properties pertain to material
heat-treated for 24 h at 1100°F (593°C).

Beralcast alloys from Starmet, formerly Nuclear Metals, include
beryllium-aluminum 363, 191, 310, and MGA alloys. Having a
density of 0.078 1b/in® (2160 kg/m?) and a tensile modulus of
29,300,000 1b/in? (202 GPa), 363, 191, and 310 alloys they have 3 to 4
times the specific rigidity of A356 aluminum alloy, AZ91 magnesium
alloy, and cast Ti-6Al-4V titanium alloy. They also have one order of
magnitude better vibration-damping capacity than 6061 aluminum
alloy. Alloys 363 and 191 are for investment casting and contain 61.1 to
68.6% beryllium. The 363 also has 2.65 to 3.35 silver, 0.65 to 1.35 cobalt,
and 0.55 to 0.95 germanium, with balance aluminum. The 191 has 27.5
to 34.5 aluminum, 1.65 to 2.5 silicon, and 1.65 to 2.35 silver. Ultimate
tensile strength is 42,000 1b/in? (290 MPa) and 28,500 1b/in? (197 MPa),
tensile yield strength is 31,000 1b/in% (214 MPa) and 20,000 lb/inZ (140
MPa), and elongation in 1 in (2.54 cm) is 3 and 1.7%, respectively. Alloy
310, a wrought product for rod and tube, contains 26.8 to 37.2% alu-
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minum and 1.8 to 3.2 silver. It has a tensile strength of 61,800 1b/in?
(426 MPa), a yield strength of 47,200 1b/in? (325 MPa), and 13.2% longi-
tudinal elongation. The three alloys have a liquidus point of 1193°F
(645°C). The specific heat is 0.3 Btu/lb-°F (1250 J/kg -°C) for Alloy 363
and 0.34 Btu/lb-°F (1423 J/kg-°C) for Alloy 191, and the coefficient of
thermal expansion is 7.6 pin/in (13.7 pm/m) and 7.3 pin/in (13.2 pm/m),
respectively. Thermal conductivity is 61 Btu/h-ft-°F (106 W/m-K) for
Alloy 363 and 104 Btu/h-ft-°F (180 W/m-K) for Alloy 191, and the electri-
cal conductivity is 40 and 42%, respectively. For Alloy 310, these physical
properties are similar to those for Alloy 191.

MGA alloys, for extrusions, consist of about 2 to 3% beryllium in
7XXX aluminum alloys, about 15% beryllium in 6XXX aluminum
alloys, and about 25% beryllium in Beralcast 310. MGA-15, which has
15% beryllium, has a density of 0.0934 1b/in3 (2590 kg/m3). In the T6
temper, the tensile modulus is 15,000,000 lb/in? (103 GPa), ultimate
tensile strength is 42,700 1b/in? (294 MPa), tensile yield strength
is 36,300 1b/in? (250 MPa), and elongation 12.2%. Specific modulus is
about 50% greater than that of 6061-T6 aluminum alloy.

BERYLLIUM-COPPER. Beryllium-coppers, as these copper-base alloys
are commonly called, are among the hardest, strongest, and most
wear-resistant of copper alloys. They also feature good electrical and
thermal conductivity and corrosion resistance in various environ-
ments, are nonmagnetic and nonsparking, and can be readily fabri-
cated. Wrought beryllium-coppers C17000 to C17300 contain 1.6 to
2.0% beryllium with much smaller amounts of iron, nickel, cobalt, sil-
icon, and aluminum; beryllium-coppers C17400 to C17700 contain
less beryllium, 0.7% maximum, and, depending on the alloy, greater
amounts of nickel or cobalt, sometimes with other ingredients, such
as magnesium and zirconium (C17520), silver (C17600), or tellurium
(C17700). Beryllium-copper alloys Brush 60 and Alloy 171, from
Brush Wellman, Inc., contain 0.15 to 0.5% beryllium, 0.4 to 1.25
nickel, 0.06 to 1 titanium and/or zirconium, 0.25 maximum tin, bal-
ance copper and feature improved resistance to stress relaxation.
Casting alloys, beryllium-coppers C81300 and C81400 contain
only 0.02 to 0.10% beryllium, with 0.6 to 1.0 cobalt in the former and
this range of chromium in the latter. Beryllium-coppers C81700 to
C82200 contain 0.3 to 0.8% beryllium, with generally larger amounts
of cobalt, nickel, and, in some cases (C81700 and C81800), silver.
Beryllium-coppers C82400 to C82800 contain 1.65 to 2.75% beryl-
lium with smaller amounts of other alloying elements, such as cobalt,
nickel, silicon, and iron. All the alloys, wrought or cast, are 94% or
more copper. The general corrosion resistance of the alloys is similar
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to that of deoxidized copper and other high-copper alloys. Some of the
alloys have excellent resistance to stress corrosion in many environ-
ments. At elevated temperatures, however, the alloys can form inter-
granular oxidation, causing surface deterioration and abrasion of
fabrication tools. The beryllium oxide film can be removed, however,
mechanically or by pickling. Because beryllium is toxic, precautions
are required in many fabricating operations.

Mechanical properties vary widely depending on solution treat-
ment or annealing, cold working and precipitation, or age harden-
ing. For example, the tensile yield strength and elongation of
beryllium-copper C17000 strip ranges from 25,000 to 35,000
Ib/in? (170 to 240 MPa) and 35 to 60%, respectively, in the annealed
condition to 140,000 to 195,000 1b/in? (965 to 1,345 MPa) and 2 to
5% in hard tempers. Beryllium-copper C17200 strip is somewhat
stronger and generally less ductile in all tempers. The hardness of
both alloys ranges from roughly Rockwell B 45 to 78 and Rockwell C
39 to 45, respectively. Electrical conductivity increases with increas-
ing strength and hardness, from about 18 to 25% that of copper,
respectively. Beryllium-copper C17500 strip, though not as strong
or hard, is more conductive—25 to 30% (annealed) to as much as
52% (hard)—relative to copper.

Of the casting alloys, high-beryllium C82400 to C82800 provide
the greatest strength and hardness. As sand-cast, yield strengths
range from 37,000 lb/in? (255 MPa) for beryllium-copper C82400 to
55,000 1b/in2 (379 MPa) for beryllium-copper C82800 and hardness
from Rockwell B 78 to 85, respectively. Following solution heat treat-
ment and precipitation hardening, yield strength and hardness
increase to 135,000 1b/in? (931 MPa) and Rockwell C 38 for C82400,
and to 155,000 1b/in? (1,069 MPa) and Rockwell C 43 for beryllium-
copper C82600. In the fully heat-treated condition, electrical conduc-
tivity is on the order of 18 to 25% that of copper, beryllium-copper
(82400 being the most conductive. Alloys containing less beryllium
are not nearly as strong. Yield strengths after full heat treatment
range from 36,000 lb/in? (248 MPa) for beryllium-copper C81300 to
75,000 1b/in? (517 MPa) for beryllium-copper C81800, C82000, and
C82200.

Typical applications for wrought alloys include diaphragms, bel-
lows, fasteners, bushings, washers, springs, electrical and instrument
parts, valves, pump parts, tools and dies, connectors, and welding
equipment. Casting alloys are used for resistance-welding tips and
equipment, soldering irons, casting and molding dies and equipment,
electrical and thermal conductors, valves, gears, cams, bearings, and
pump parts.
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BERYLLIUM-NICKEL. Wrought beryllium-nickel contains about 2%
beryllium, 0.5 titanium, and the balance nickel. Casting alloys con-
tain a bit more beryllium (2 to 3%) and, in one alloy, 0.4 carbon. As
in the case of beryllium-copper alloys, mechanical properties vary
widely, depending on temper condition—from 45,000 to 230,000
Ib/in? (310 to 1,586 MPa) in tensile yield strength and Rockwell B
70 to Rockwell C 55 in hardness at room temperature. The alloys
retain considerable yield strength at high temperature: 130,000 to
170,000 1b/in? (896 to 1,172 MPa) at 1000°F (538°C). They also have
good corrosion resistance in general atmospheres and reducing
media. Because beryllium is toxic, special precautions are required
in many fabricating operations. The wrought alloy is used for
springs, bellows, electrical contacts, and feather valves; and the
casting alloys for molding plastics and glass, pump parts, seal
plates, and metal-forming tools.

BERYLLIUM ORES. Beryllium is widely distributed in possible recov-
erable quantities in more than 30 minerals, but the chief ore is beryl,
3BeO - ALO, - 6Si0, - H,0. This mineral is usually in pale-yellow
rhombic crystals in pegmatic dikes. The crystals are 0.25 to 0.5 in
(0.64 to 1.27 cm) in diameter, with a specific gravity of 2.63 to 2.90,
and a Mohs hardness of 7.5 to 8. The ore is resistant to acid attack
and requires calcining to make it reactive, although the ore of Utah,
called vitroite, is of simpler composition and can be acid-leached.
Beryl ore may contain up to 15% beryllium oxide, but most ore aver-
ages below 4%. The Indian ore contains a minimum of 12% BeO, and
the beryl of Ontario has 14% BeO, or 5% metallic beryllium. The ore
of Nevada contains only 1% BeO, but can be concentrated to 20%.

The secondary ores of beryllium—bertrandite, herderite, and
beryllonite—usually have only small quantities of BeO disseminated
in the mineral. But Utah clay from Topaz Mountain, Utah, in which
the bertrandite is associated with pyrolusite, fluorspar, opal, and
mixed with montmorillonite and other clays, is concentrated by flota-
tion, acid-leached, and chemically processed to 97% BeO. Other ores of
beryllium are chrysoberyl, BeO - Al,O,, and phenacite, which is a
beryllium silicate, Be,SiO,. Helvite, (MnFe),(Mn,S)Be,(SiO,),, is in
cubic crystals of various colors from yellow through green to dark
brown, associated with garnet and having the appearance of garnet.
The specific gravity is 3.3, and the Mohs hardness is 6.5.

Choice crystals of beryl, colored with metallic oxides, are cut as
gemstones. Alexandrite, a gem variety of chrysoberyl, is emerald
green in natural light but red in transmitted or artificial light. Allied
Corp. produces a synthetic alexandrite for use as a tunable solid-state
laser. The emerald is a flawless beryl-colored green with chromium.
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High-grade natural emeralds are found in Colombia, but occur in the
United States only in North Carolina. The rose-pink, rose-red, and
green beryl crystals of Malagasy, called morganite, are cut as gem-
stones, and the dark-blue stone is made by heating the green crystals.
The pale blue-green crystals are aquamarines, and the heliodor is
golden beryl from southwest Africa. But the yellowish-green gem-
stone of Brazil, called brazilianite, is not beryl, but is a hydrous
sodium-aluminum phosphate and is softer. Lemon-yellow crystals of
chrysoberyl found in Brazil are valued as gemstones. Synthetic emer-
ald of composition 38BeO - Al,O, - 6Si0O, was first made in Germany by
heat and pressure under the name of Igmerald. Synthetic emeralds
are now grown from high-purity alumina, beryllia, and silica, with
traces of Cr,0, and Fe,O, to give the green color. Synthetic beryl is
used for bearings in watches and instruments.

BERYLLIUM OXIDE. A colorless to white crystalline powder of compo-
sition BeO, also called beryllia, and known in mineralogy as
bromellite. It has a specific gravity of 3.025, a high melting point,
about 4680°F (2585°C), and a Knoop hardness of 2,000. It is used
for polishing hard metals and for making hot-pressed ceramic
parts. Its high heat resistance and thermal conductivity make it
useful for crucibles, and its high dielectric strength makes it suit-
able for high-frequency insulators. Single-crystal beryllia fibers,
or whiskers, developed by National Beryllia Corp., have a tensile
strength above 1x108 1b/in? (6,895 MPa).

Ceramic parts with beryllia as the major constituent are noted for
their high thermal conductivity, which is about 3 times that of steel,
and second only to that of the high-conductivity metals (silver, gold,
and copper). They also have high strength and good dielectric proper-
ties. Properties of typical grades of beryllia ceramics are: tensile
strength, 14,000 Ib/in? (96 MPa); compressive strength, 300,000 1b/in?
(2,068 MPa); hardness (micro), 1,300 Knoop; maximum service temper-
ature, 4350°F (2400°C); dielectric strength, 5.8 V/mil (0.23 X 108 V/m).
Beryllia ceramics are costly and difficult to work with. Above 3000°F
(1650°C) they react with water to form a volatile hydroxide. Also,
because beryllia dust and particles are toxic, special handling precau-
tions are required. Beryllia parts are used in electronic, aircraft, and
missile equipment. A more recent application has been beryllia’s use
as thermocouple insulators in vacuum furnace equipment operating
below 3000°F (1650°C).

Beryllia is used in ceramics to produce gastight glazes. Thin films
of the oxide are used on silver and other metals to protect the metal
from discoloration. Very thin films are invisible, but heavier films
give a faint iridescence. Two other beryllium compounds used espe-
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cially in chemical manufacturing are beryllium chloride, BeCl,, a
water-soluble white powder melting at 824°F (440°C), and beryllium
fluoride, BeF,, melting at 1472°F (800°C). Another beryllium com-
pound, useful for high-temperature, wear-resistant ceramics, is
beryllium carbide, Be,C. The crystals have a Mohs hardness of 9,
and the compressed and sintered powder has a compressive strength
above 100,000 Ib/in? (690 MPa). Berlox, of National Beryllia Corp., is
a beryllium oxide powder in particle sizes from 80 to 325 mesh for
flame-sprayed, heat- and wear-resistant coatings.

BESSEMER STEEL. Steel made by blowing air through molten iron.
The original pneumatic process, which for the first time made possi-
ble the production of steel on a large scale, involved blowing air
through molten pig iron held in a bottom-blown vessel lined with acid
(siliceous) refractories, and thus is commonly referred to as the acid
Bessemer process. It was developed independently by Henry
Bessemer of England, whose U.S. patent was issued in 1856, and by
William Kelly, Eddyville, Kentucky, who didn’t apply for a patent
until 1857 but proved that he had been working on the process as
early as 1847. Bessemer built a steel works in Sheffield, England, and
began operating in 1860. In the United States, where both men
shared rights to the process, Kelly Pneumatic Process Co. was formed
in 1863. By 1871, some 55% of total U.S. steel production was made
by this process, and it remained the significant steelmaking process
for many years until it was eventually replaced worldwide by the
open-hearth process, which, in turn, was replaced by the basic-
oxygen process.

The acid Bessemer process was the major steelmaking process until
1908. Among the product forms made were free-machining bars, flat-
rolled stock, seamless and welded tubing, wire, and castings. Fully
killed (deoxidized) acid Bessemer steel was first used by U.S. Steel for
making steel pipe, and the dephosphorized steel was used extensively
in the production of welded pipe and galvanized sheet. The basic
Bessemer process, or Thomas process, patented in 1879 by
Sidney G. Thomas in England, involved use of a basic lining and flux
in the converter, making it possible to use the pneumatic process to
refine pig iron smelted from high-phosphorus ores common in Europe.
The process was never used in the United States, and production
developed more widely in other European countries than in England.
Steel produced by the process was called Thomas steel. In the acid
Bessemer process, ferromanganese and sometimes steel scrap were
added to the steel when pouring into the ladle in order to regulate the
content. In the blowing process, the chemical action between the oxy-
gen of the air and the molten mass increases the temperature, and air
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then forms the chief fuel as carbon is oxidized and driven off. The
blowing required only a few minutes, and carbon was reduced to
0.04% or less. The carbon desired in the steel was then regulated by
the addition of carbon to the melt. The two processes, acid and basic,
differ in the type of refractories employed for lining the converters,
and there is a difference in the resulting steel since the acid process
does not remove as much sulfur and phosphorus.

BIOMATERIALS. Materials used to repair, restore, or replace dam-
aged or diseased tissue, or those that comprise parts of artificial
organs, artificial tissues, or prostheses. The use of biomaterials
dates back to antiquity. Hair, cotton, animal sinew, tree bark, and
leather have been used as natural suture materials for almost
4,000 years. Synthetic biomaterials are composed of metals, ceram-
ics, polymers, and their composites, and they are often called bio-
medical materials to differentiate them from natural ones. Gold
plates for skull repair were in use in 1000 B.C., and gold-wire
sutures as early as 1550. Besides the mechanical properties of
strength, elasticity, and durability, biomaterials need to be non-
toxic, sterilizable, and biocompatible. Biocompatibility implies that
the material will be inert when in contact with the body and not
activate the immune system or lead to blood coagulation.
Biomaterials are also categorized as bioabsorbable or nonbioab-
sorbable. Among the former are the peptides (collagen, fibrin, albu-
min, and gelatin), hemiacetals (starch, hyaluronic acid, chitin),
esters (poly-B-hydroxybutyrate and polymalic acid), and phosphates
(DNA and RNA). Synthetic polymers that are bioabsorbable are
polylactides, polylactones, polycarbonates, poly-a-cyanoacrylates,
polyphosphazenes, and polyanhydrides.

No natural suture material has been so prevalent as catgut,
derived from the small intestines of animals, usually the outer serosal
layer in cattle or the submucosal layer in sheep. For surgical catgut,
or gut, the intestinal tracts of animals are slit lengthwise; the result-
ing ribbons are twisted into bonded strands and then sterilized by
electron-beam irradiation. Catgut becomes too stiff to handle when
dry, so it is packed in aqueous alcohol. When the material is treated
with a chromic salt solution to prolong in vivo strength, it is called
chromic catgut. For a more uniform surface, chromic catgut is
treated with glycerine to form glycerine catgut. Catgut varies
widely in quality and elicits relatively severe tissue reactions. It is
absorbed by the body in 90 days.

A more uniform suture material has been prepared by wet-spinning
dispersions of purified collagen into strands. Three kinds of syn-
thetic, absorbable polyester sutures are now marketed. The first is a
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glycolide homopolymer, also known as poly(glycolic acid) or
PGA, obtained by ring-opening polymerization of cyclic diester
monomers at high vacuum using tin catalysts. The suture is formed
by melt extrusion spinning, followed by hot drawing to give high ori-
entation and crystallinity, and annealed to improve dimensional sta-
bility. It is braided into a multifilament and can be dyed or coated. It
is absorbed by the body in 90 days. Dexon is such a material from
Davis and Geck Div. of American Cyanamid Co., and Medifit is
a competitive product from Japan Medical Supply Co. Vieryl is a
copolymer of 90 to 92% glycolide and 8 to 10% lactide, with properties
similar to PGA. It is made by the Ethicon division of Johnson &
Johnson. Also from the same company is PDS, an absorbable suture
made from polydioxanone. It is a smooth monofilament that can
reduce tissue trauma. PDS takes twice as long as Vicryl to be absorbed
by the body. Among nonabsorbable sutures, the most common are
silk, linen, cotton, polyester, polyamide (nylon 6 or nylon 6,6),
polypropylene, and steel. Mersilene is a braided polyester from
Ethicon, which also produces Prolene, a monofilament polypropy-
lene, and Ethilon, a monofilament nylon. Surgilon and Ticron are
braided nylon and polyester products, respectively, that have also
been silicon-treated. They are from Davis and Geck. Polylactic acid
(PLA) is also used for sutures and, in injectable microcapsules, for
controlled drug release.Thermoplastic polyurethane products of
Polymedica Industries include wound dressings and Spyroflex films
that can be stretched over surgical incisions to close them, replacing
sutures or staples.

Polymer matrixes are receiving attention for cell transplant
devices to regenerate human tissue in wound healing and recon-
struction surgery. For skin tissue, Type I collagen, a protein that
strengthens tissue and is available from animals, has been com-
bined with chondroitin sulfate, a carbohydrate polymer, to form
largely porous insoluble matrixes with controlled rate of degrada-
tion. Concern over adverse biological reactions of the collagen, how-
ever, has prompted development of matrixes based on synthetic
polymers, such as biodegradable polyester, which is widely used for
absorbable sutures. Also being studied are hybrids of a degradable
polymer such as hyaluronic acid, an anionic polysaccharide of the
skin, covalently modified by a small peptide ligand to control bio-
logical response. For cartilage tissue, polyesters in the family of
polylactides, polyglycolides, and their copolymers are of inter-
est. They degrade mainly by hydrolysis to yield natural metabolic
intermediates, most of which then convert to carbon dioxide and
water. These polymers are sufficiently strong to make plates and
screws for setting bone fractures.
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Biofix screws, from Bioscience of Finland, are made of either poly
(L-lactide) (PLLA) semicrystalline polyesters or PGA thermoplastic
resins and are used to reassemble broken bones. The screws, which
are strengthened with sutures of the same materials, hold bone frag-
ments in place during healing, then break down and are absorbed by
the body. An injectable paste, produced by Norian Corp. from mono-
calcium phosphate monohydrate, a-tricalcium phosphate, calcium
carbonate, and sodium phosphate solution, speeds treating broken
bones with less hardware and less-invasive procedures. After injec-
tion, the paste hardens within 10 min and, within 12 h, forms the
mineral phase of bone—a dahllite, or carbonated apatite—that is, at
least as strong as natural porous bone.

Joint replacement is one of the largest uses of biomaterials. The
first implants, artificial hips, were made from 316L low-carbon
stainless steel, followed by chromium-cobalt, and in the 1970s by
titanium. Ti-6Al-4V alloy is the most commonly used, but Kobe
Steel’s Ti-15Zr-4Ta-4Cb-0.2Pd-0.20-0.05N is also biocompatible,
stronger, and about as ductile. Initially, metal femurs with ball-
shaped ends were inserted into the acetabulum, the hip socket, as a
direct replacement for the natural femur. Now, the acetabulum itself
may be made of metal cups coated with a self-lubricating plastic
with good wear properties, such as high-molecular-weight (HMW)
polyethylene. A bioactive silicate glass coating and an enameling
process for applying ultrathin layers of it to cobalt- and titanium-
alloy implants has been developed at Lawrence Berkeley National
Laboratory to enable the implants to bond with bone. Europeans
commonly use alumina for femoral balls and acetabular cups, and in
the United States, Richards Medical is marketing an alumina-
capped femur. Astro Met is developing a partially stabilized zir-
conia for the same application. Osteonics, of Stryker Corp., uses
wrought cobalt alloy CMM for the femoral cap of hip joints. The
cap fits over the top of a hip stem made of either the cast or wrought
alloy or a titanium alloy. The cap is within an acetabular cup made
of ultrahigh-molecular-weight polyethylene that is mounted in
a hemispherical titanium shell. The combination serves as the artic-
ulating couple of the hip joint. To reduce friction and wear of the
cup, nitrogen ions are implanted in the cap surface. A thin coating of
pliable titanium inhibits cracking of yttria-doped zirconia hip joints.
It also lessens friction and its related wear debris. LifeCore
Biomedical is testing graphite-polysulfone composites, and Zimmer
is sheathing titanium in polysulfone or polyetheretherketone
(PEEK). PEEK-Optima LT, implant version of Victrex’s pol-
yaryletherketone (PAEK) that can match bone stiffness and tough-
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ness, is intended for hip, knee, spine, dental, heart valve, and other
body parts. Hyaluronic acid is a viscoelastic liquid used to lubri-
cate the traumatized joints in arthritic patients.

Thermoplastic aromatic polyetherurethanes are used for implants
because of their resistance to flexural fatigue, self-bonding characteris-
tics, and good tensile strength. Some grades, however, are degraded by
enzymes. Corethane thermoplastic elastomers have similar properties
and are believed to resist enzymes. They are being studied by Corvita
Corp., a small-device manufacturer. The company is also developing a
copolymer of polyurethane and polycarbonate that is free of polyether
segments responsible for degradation in the body. Potential uses include
insulators for pacemaker leads, long-term in-dwelling catheters, and
pump diaphragms for artificial hearts. A composite of the copolymer and
a silane is seen as a potential replacement for silicone in breast
implants. Being stronger, the composite is expected to have less tendency
to rupture. Also, unlike silicone, it would permit X-ray examination.
Chronoflex, from Polymedica Industries, is another urethane believed
to resist enzyme degradation. It is being developed for artificial hearts,
vascular parts, and grafts.

A zirconium-palladium-ruthenium alloy developed at
Paffenbarger Research Center at the National Institute of Standards
and Technology, to extend the life of medical and dental implants,
holds promise for hip and knee implants. Extremely wear-resistant, it
may reduce the amount of wear debris generated by other implant
materials, which, even if inert, can degrade surrounding tissue. A
dentin-regenerative protect based on OP-1, a protein that appears to
stimulate uncommitted cells to lay down dentin, may preclude root-
canal operations. Developed by Creative Biomolecules, Inc., it may
also be useful in bone reconstruction and in treating osteoporosis.
Bioglass, of U.S. Biomaterials, consists of silicon, sodium, and nat-
ural bone ingredients—calcium and phosphorus. It can be used to
replace middle-ear bone and tooth roots. Perioglas, a granulated
form, is used to fill gum pockets formed by periodontal disease.

To anchor artificial bones in place, they are layered with a porous
coating that encourages the growth of natural bone tissue and blood
vessels. Because these materials interact with the body, they are
called bioactive materials. A porous coating of cobalt-chromium or
titanium beads on metal femurs is bioactive. Calcium phosphate
ceramics and coatings are osteophilic (bone-loving); their porosity
provides the templates on which new bone growth can form for nat-
ural healing. Calcium phosphate cement, a dental material ini-
tially, can now be used for neurosurgical applications, such as
rebuilding part of a person’s face lost to cancer, NIST reports. The
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cement, which the body readily accepts, can replace a section of bone
and serve as scaffolding around which new bone forms in the same
shape. At present, use is limited to motionless and stress-free body
areas.

HTR polymer from HTR Sciences, a division of U.S. Surgical, is a
porous plastic bead made from polyhydroxyethylmethacrylate and
polymethylmethacrylate. It has a negative charge that attracts cell
formation in bones and is hydrophilic, so it stays where surgeons
place it. It is derived from a bacterium by LifeCore Biomedical.
Hedrocel, developed by Ultramet Inc. and licensed by Iruplex Corp.,
is an open-cell lattice material reinforced with tantalum to replace
damaged vertebral bodies and facilitate spinal fusion. It can be
implanted between two vertebrae, where bone will infiltrate the
porous structure and form a bony fusion at the joint.
Hydroxyapatite, a ceramic similar to bone and which bonds to bone
naturally, is used to coat bioactive implants. It is applied by plasma
spraying, although high-velocity oxy-fuel deposition also may be suit-
able and advantageous due to its lower processing temperature and
ease of control. In coating titanium, a common implant material, good
results were achieved with HVOF at the Interdisciplinary Research
Center in Biomaterials at Queen Mary College, London. Artificial
blood is bioactive. One of the earliest and best known is Fluosol, a
perfluorocarbon blood substitute made of perfluorodecalin and
perfluorotripropylamine. Under testing are other perfluorocar-
bons with larger oxygen-carrying capacity than Fluosol, such as
perfluorobutyltetrahydrofurane. Under testing are other perfluo-
rocarbons with larger oxygen-carrying capacity than Fluosol, such as
perfluorobutyltetrahydrofurane. A biodegradable skin substitute,
Stage 1 skin, that stimulates new skin growth is being developed. It
is a mixture of bovine collagen fibers and chondroitan-6-sulfate, a
polysaccharide from shark cartilage, that lowers the rate at which
collagen degrades in the body.

Pyrolytic carbon, a pure, glassy carbon developed originally to
encapsulate fuel for nuclear reactors, is used for making heart valves
because it is inert and extremely wear-resistant. It is also compatible
with blood. The valves in the Jarvik-7 artificial heart are made from
this material. Medtronics produces highly polished titanium for heart
valves and for insulin delivery pumps.

PMMA lenses are implants made of polymethylmethacrylate and
are commonly used for patients suffering from severe cataracts.
Recent improvements include lenses made of silicone rubber or of
hydrogel, a viscous, jellylike polymer. These require a much smaller
incision in the eye during insertion, because they are “foldable.”
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Silicone has been widely used for breast implants, a controversial use
that has led to lawsuits by women, alleging that leaks from the
devices have injured their health. Sulfoxide hydrogel may extend
the wear of soft contact lenses and reduce the chance of eye infection
by enhancing water in the eye without increasing protein buildup.
Excess water in the lens makes it softer, thus more comfortable, while
providing oxygen to the eye.

Elastomeric polypeptides that will do work in response to
changes in the body’s chemical potential have been developed at the
School of Medicine, University of Alabama. Polypentapeptide is the
parent of this class of biomaterials. They are prepared by solution-
and solid-phase peptide synthesis. The elastomeric polypeptides can
match the compliance of natural biological tissues and can be modi-
fied to obtain desirable tissue reactions to the cellular and enzymatic
levels. They can be made to contract and relax in response to changes
in chemical potential analogous to the production of motion in living
organisms. Some of their possible biomedical applications are syn-
thetic arteries and ligaments, burn cover materials, and targeted
drug delivery systems. In many other product areas, the materials
can function as sensors, based on their thermomechanical and chemo-
mechanical transduction properties. OncoScint, of Cytogen Corp., is
a genetically formulated, injectable, diagnostic imaging agent that
tests for colorectal and ovarian cancer.

BIRCH. The wood of birch trees, of which more than 15 varieties
grow in the northeastern and Lake states of the United States
and in Canada, and other varieties in Europe and north Asia. The
birch of north Europe is called Russian maple. The wood of the
American birches has a yellow color; is tough, strong, hard, and
close-textured; and polishes well. It has a fine wavy grain, some-
times beautifully figured, and can be stained to imitate cherry
and mahogany. Birch is used in construction work for trim and
paneling, for furniture, and for turned articles such as handles,
shoe pegs, clothespins, toys, and woodenware. The lumber usu-
ally includes the wood of several species. It has a specific gravity,
oven-dried, of 0.68, a compressive strength perpendicular to the
grain of 1,590 1b/in% (10 MPa), and a shearing strength parallel to
the grain of 1,300 1b/in%? (9 MPa). Yellow birch, Betula lutea,
highly prized for furniture, is now getting scarce. It is also called
silver birch and swamp birch. The commercial wood includes
that from the gray birch, B. populifolia. Sweet birch, B. lenta,
ranks next in importance. It is called black birch, cherry
birch, and mahogany birch, and it may be marketed together
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with yellow birch. Sweet birch may also include river birch, B.
nigra, but sweet birch is a heavier and stronger wood. Paper
birch, B. papyrifera, is the variety known as canoe birch
because the silvery-white flexible bark was used by the Indians
in making canoes. It is also referred to as silver birch and is
much used for pulpwood. It is similar to and mixed with white
birch, B. alba, which is strong, elastic, and uniform and is much
used in Vermont and New Hampshire for making spools, bobbins,
handles, and toys. Yellow birch of the Canadian border reaches a
height of 60 to 80 ft (18.3 to 24.4 m) and a diameter up to 2 ft
(0.61 m). A 50-year-old tree has a diameter of about 15 in (0.38 m)
and a height of 40 ft (12 m).

Birch oil is a viscous, yellowish, poisonous oil of specific gravity
0.956, with a characteristic birch odor, obtained by distilling birch
tar, a product of the dry distillation of the wood of the white birch.
It contains phenols, cresol, and xylenol and is used in disinfectants
and in pharmaceuticals. It is also called birch tar oil, and in phar-
macy it is known as oil of white birch. Sweet birch oil, also
called betula oil, is a lighter volatile oil distilled from the steeped
bark of B. lenta, or sweet birch. It contains methyl salicylate and is
used as a flavoring agent, in perfumes, in dressing fancy leathers, in
cleaning solutions and soaps, and as a disinfectant to neutralize
odors of organic compounds.

BISMUTH. An elemental metal, symbol Bi, sometimes occurring
native in small quantities. American bismuth is obtained chiefly as a
by-product in the refining of lead and copper. Foreign bismuth comes
largely from the mineral bismuthinite. The metal is grayish white
with a reddish tinge, is very brittle, and powders easily. It is highly
crystalline in rhombohedral crystals. It has few uses in its pure
state. Specific gravity is 9.75, melting point 520°F (271°C), and hard-
ness Brinell 73. Thermal conductivity is less than that of any other
metal except mercury, and it is the most diamagnetic of all the met-
als. It is one of the few metals that increases in volume upon solidifi-
cation. It expands 3.32% when changing from the liquid to the solid
state, which makes it valuable in type-metal alloys and in making
small castings where sharp impressions of the mold are needed. The
metal imparts to lead and tin alloys hardness, sonorousness, and lus-
ter and lowers the melting point. By regulating the amount of bis-
muth, it is possible to cast the alloys to fill the mold without
expansion or contraction on cooling. It is used in white alloys for
molds for casting plastics, and because it lowers the melting point, it
is valued in fusible alloys and soft solders. Very fine bismuth wire
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used for thermocouples is drawn in glass tubes, and extruded bis-
muth wire in diameters of 0.003 to 0.039 in (0.0062 to 0.0991 cm) is
ductile enough to be wound very tightly.

Small amounts of bismuth are used to enhance the machinability
of metals, especially steel, a use fostered by concern about the toxic-
ity of lead, a traditional free-machining additive for this purpose.
Bismuth has been used both as an additive to resulfurized, rephos-
phorized, and leaded AISI 1214 steel and as a substitute for lead
in AISI 1214 and 1215 steels. As a substitute, it is believed to
improve machinability in a manner similar to lead. As an additive,
it alloys with lead, providing more effective internal lubrication
than lead alone, further improving machinability. Its advantages
over lead also have been attributed to its lower density, which per-
mits more uniform dispersion in the steel matrix. Aluminum alloy
6262, which was developed specifically for improved machinability,
contains about equal amounts (0.6%) of bismuth and lead. Bismuth
is also used in amalgams and is employed in the form of its salts in
pigments, in pharmaceuticals as an antacid, and in many chemi-
cals. A molten bath of bismuth-tin alloy at 300 to 350°F (149 to
177°C) is used to dry paper run through the bath. The alloy will not
stick to or damage the paper.

For medicinal purposes bismuth must be completely free of traces
of arsenic. The paint pigment known as pearl white is bismuth
oxychloride, BiOCl, a white crystalline powder of specific gravity
7.717, insoluble in water. Another bismuth pigment is bismuth
chromate, Bi,0, - 2CrO,, a water-insoluble orange-red powder. The
material known in medicine as bismuth is bismuth phosphate,
BiPO,, a white powder insoluble in water. Bismuth telluride,
Bi,Te,, is a semiconductor, used mainly as a thermoelectric material.

BISMUTHINITE. An ore of the metal bismuth, found in Bolivia,
Peru, central Europe, Australia, and the western United States. It
is bismuth trisulfide, Bi,S,, theoretically containing 81.3% bis-
muth. The richest Bolivian ores contain more than 25% bismuth,
and concentrates from northwest Argentina contain 40 to 48% bis-
muth. The mineral has a massive foliated structure with a metallic
luster, a lead-gray streaked color, and a Mohs hardness of 2. The
concentrated ore is roasted and smelted with carbon, and the
resulting impure bismuth is refined by an oxidizing fusion. Other
bismuth ores are bismite, or bismuth ocher, Bi,O, - 3H,0, con-
taining theoretically 80.6% bismuth, and bismutite, Bi,0,CO, -
H,0O, containing theoretically 78.3% bismuth, both of which are
widely distributed minerals.
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BITUMINOUS COAL. Also called soft coal. A variety of coal with a
low percentage of carbon, and easily distinguished from anthracite
by the property of losing moisture and breaking up into small
pieces. Because of its cheapness, it is the coal used most exclusively
for industrial fuel, but is not preferred for household use because of
its smoke and odor. However, considerable fine or powdered coal
called slack coal is used in making fuel briquettes. Bituminous coal
is widely distributed in many countries and is found in 28 states of
the United States. Much bituminous coal is used for the production
of coke, coal tar, liquid fuels, and chemicals. The bituminous coals
vary in quality from near lignite to the hard grades near anthracite,
called semibituminous coal, depending upon their geologic age.
They are not true bitumens. The specific gravity of clean bituminous
coal is 1.75 to 1.80. The best steam coals are the semibituminous
grades from West Virginia, Virginia, Pennsylvania, and some parts
of the midwest. The latter is very compact and is extracted in large
blocks, called block coal. Good coals for industrial use should give
13,500 to 14,500 Btu/lb (30,400 to 33,700 kdJ/kg) and should have
from 55 to 60% fixed carbon and 30 to 37% volatile matter. The best
grades are in lumps. Coking coals are the higher-carbon grades
low in sulfur, and with capacity to leave the residue coke in large
firm lumps. Sea coal is a name for finely ground bituminous coal
used in sand mixtures for molds for cast iron to prevent fusing of the
sand to the castings.

BLACKFISH OIL. A pale-yellow oil extracted from the pilot whale, por-
poise, or blackfish, Globicephala melas, found off the North Atlantic
Coast as far south as New Jersey, and the G. ventricosa of other seas.
The blackfish averages 15 to 18 ft (4.6 to 5.5 m) in length, with a weight
of about 1,000 1b (454 kg). The oil has a saponification value of 290,
iodine value 27, and specific gravity 0.929. Dolphin oil, of the common
dolphin, Delphinus delphis, of all seas, is also classified as blackfish oil,
as is the oil of the killer whale, Grampus orca, of all seas. The oil is used
as a lubricant for fine mechanisms, in cutting oils, and for treating
leather. The product from the head and jaw is of the best quality and is
known as jaw oil, although the best grade of sperm oil is also called jaw
oil. The jaw oil from blackfish does not oxidize easily and is free-flowing
at low temperatures, having a pour point of —20°F (—29°C). It consists
of 71% mixed acids, of which 86% is valeric acid, C,H,(CH,)CHCOOH,
and 13% oleic and palmitic acids. Normal valeric acid is methyl ethyl
acetic acid, and it can be made by the oxidation of amyl alcohol. It is
produced in the human system by the action of enzymes on amino acids.
Arginine, of General Mills, Inc., used for treatment of shock and for
reducing the toxic effects of ammonia in the blood, is a guanidine
valeric acid. A variant of valeric acid is levulinic acid, a liquid boil-
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ing at 473°F (245°C), used for making synthetic resins. It is produced as
a by-product in the production of furfural from corncobs, and it has com-
position CH,COCH,CH,COOH with reactive methylene groups that
undergo condensation readily. It can also be produced from starches and
sugars.

BOILERPLATE. Originally, a high-grade plain iron or steel plate
0.1406 in (0.36 c¢m) thick or thicker, used for making steam boilers;
however, the term came to mean plate of this kind for any purpose,
and plates 0.25 in (0.64 cm) thick or thinner are referred to as sheet.
Actually, boilerplates for boilers, tanks, and chemical equipment, and
flange plates for dished ends, are now made in various alloy steels
to incorporate high strength, corrosion resistance, and creep resis-
tance, and also in clad steels. Ordinary boilerplate is divided into fire-
box, flange, and extra-soft. A plain steel firebox plate contains not
more than 0.30% carbon, 0.30 to 0.50 manganese, and not more than
0.40 each of sulfur and phosphorus. Flange plates contain less carbon.
The tensile strength is about 60,000 1b/in? (414 MPa). Boiler-tube
steel may be carbon steel or alloy steels and may be hot-rolled or
cold-drawn. But the tubes are given an internal hydrostatic test and
marked with the test pressure used

BONES. The dried bones from cattle and from Asiatic buffalo form an
important item in international commerce. In general, organized pack-
ing plants do not ship much bone, but utilize it for the production of
glue, gelatin, bone meal, and fertilizer. The bones shipped from pack-
ing plants are called packer bones, but the source of much commer-
cial bone is slaughterhouses, local retail meat shops, and the bones
from farms and fields known as prairie bones and camp bones, the
latter name being from the Argentine word campo, meaning field. U.S.
imported bone comes from Argentina, Canada, Uruguay, Brazil, South
Africa, and India. Raw bone meal was the term for the scrap pieces
and sawdust from the manufacture of these articles.

Case-hardening bone, for carbonizing steel, and bone meal, for
animal feed, are processed to remove fats and prevent rancidity and
are steam-sterilized. Fertilizer bone is bone meal that is of too fine
a mesh for carbonizing use or for making bone black, but it is not
cooked or processed and has an analysis of about 45% ammonia and
50 phosphate of lime. Knucklebones, and the hard shinbones, are pre-
ferred for gelatin manufacture. Dissolved bone, used for fertilizer, is
ground bone treated with sulfuric acid, or the residue bone after dis-
solving out the gelatin with acid. The steamed bone meal produced
as a residue by-product of the glue factories and soap factories is suit-
able only for fertilizer, but it contains only 1% ammonia. The steamed
bone meal for animal feed is merely steam-sterilized raw bone.
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Bone black, also called animal charcoal and bone char, is
charred bone ground to a fine silky powder for use as a pigment, or as
a decolorizing agent for sugar and oils. It has a deep, dense, bluish-
black color valued for engraving inks of depth and tone, and to give a
dull velvety-black finish to coated paper. Its covering power, however,
is inferior to that of carbon black, as it has only about 10% carbon, is
largely calcium phosphate, and has a very high ash content. The best
blacks may be treated with acid to remove the lime salts. Federal
specifications for bone black for pigment require that 97.5% pass
through a 325-mesh screen. For filtering, the material used is from
4 to 16 mesh. The specific gravity is 2.6 to 2.8. Bone black is made by
calcining ground, fat-free, dried bones in airtight retorts.

Drop black is the spent bone black from the decolorizing of sugar,
which has been washed and reground for pigment use. Ivory black,
having the same uses as bone black, is made by heating the refuse of
ivory, working in a closed retort, and then grinding to a fine powder.
Aquablak No. 1, of Binney & Smith Co., is a water dispersion of
bone black used to give a velvety-black color to inks, water paints,
and leather finishes.

Bone oil, used in sheep dips and disinfectants, and in insecticides
and fungicides, is a chemically complex oil with a pungent, disagree-
able odor derived as a by-product in the destructive distillation of
bones. It contains nitrides, pyrroles, pyridine, and aniline.

BORAX. A white or colorless crystalline mineral used in glass and
ceramic enamel mixes, as a scouring and cleansing agent, as a flux in
melting metals and in soldering, as a corrosion inhibitor in
antifreeze liquids, as a constituent in fertilizers, in the production of
many chemicals and pharmaceuticals, and as a source of boron.
Borax is a hydrous sodium borate, or tetraborate, first obtained
from Tibet under the Persian name borak, meaning white. Tincal is
the natural borax, Na,O - 2B,0, - 10H,0, obtained originally through
Iran from Tibet, and later found in quantity in the western United
States. The specific gravity is 1.75, Mohs hardness 2 to 2.5, and melt-
ing point 1125°F (608°C). It contains 47.2% water and is readily solu-
ble in water. The borax from California and Nevada known as
colmanite is calcium borate, 2Ca0 - 3B,0, - 5H,0. That known as
kernite, or rasorite, is another variety of sodium borate of composi-
tion Na,O - 2B,0, - 4H,0. Ulexite, or boronatrocalcite, is found in
the western United States, Chile, Bolivia, and Peru, and it has com-
position Na,O - 2Ca0 - 5B,0, - 16H,0; but the ulexite of Chile and
Bolivia is also mixed with sodium and calcium sulfates and sodium
and magnesium chlorides. The dried mineral contains 45 to 52%
boric acid. Priceite, or pandermite, chiefly from Asia Minor, is
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5Ca0 - 6B,0, - 9H,0. All these minerals are boron ores suitable for
producing boron.

Borax is found in great quantities in the desert regions of the west-
ern United States, and in the Andean deserts of South America,
where the borate deposits are in land-locked basins at altitudes above
11,000 ft (3,353 m). The colmanite is usually associated with ulexite,
shale, and clay and is concentrated to 40% B,0O,. Kernite ore from
Kern County, California, contains about 29% B,0O, and is concen-
trated to 45%. Federal specifications for borax call for not less than
99.5% hydrous sodium borate in grades from large crystals to fine
white powder. Pyrobar is a crystalline anhydrous borax of American
Potash & Chemical Co., produced from the brine of Searles Lake.
Puffed borax, of this company, is an expanded borax powder with
bulking density as low as 2 1b/ft? (32 kg/m3) which is very soluble and
is used for detergents.

Boric acid, also called boracic acid and orthoboric acid, is a
white, crystalline powder of composition B,O, - 3H,0, derived by
adding hydrochloric or sulfuric acid to a solution of borax and crystal-
lizing. It is also obtained from the boron ores of California, Chile,
Bolivia, and Peru as one of a number of chemicals. It occurs naturally
in volcanic fissures in Italy as the mineral sassolite, B,O, - 3H,0.
The specific gravity is 1.435 and melting point 1050°F (562°C). It is
soluble in water and in alcohol. Boric acid is used as a preservative
and weak antiseptic in glass and pottery mixes, in the tanning indus-
try for deliming skins by forming calcium borates soluble in water,
and as a flux in soldering and brazing. Anhydrous boric acid is
nearly pure boric oxide. It is used in glass and ceramic enamels.

BORNEO TALLOW. A hard, brittle, yellowish-green solid fat obtained
from the seed nuts of trees of the family Dipterocarpaceae of Borneo,
Java, Sumatra, and Malaya. They include the Shorea aptera, S. robusta,
S. stenoptera, Hopea aspera, and Pentacme siamensis, which trees also
produce copals and valuable woods. The kernels of the nuts of
S. stenoptera contain 45 to 60% fat. It contains 39% stearic acid, 38 oleic,
21.5 palmitic, and 1.5 myristic acid. The specific gravity is 0.852 to
0.860, saponification value 185 to 200, iodine value 29 to 38, and melt-
ing point 93 to 102°F (34 to 39°C). The seeds are exported as Sarawak
illipé nuts or Pontianak illipé, the “black” grades being of higher
quality and richer in fat than the “brown” ones. They are not the same
as the illipé nuts and illipé tallow from the species of Bassia of India.
Ilipé butter, also called mowrah butter and bassia butter, is from
the seed nuts of the trees B. longifolia and B. latifolia, of India. The oil
content of the seeds is 50 to 60%. The crude fat is yellow to green, but
the refined product is colorless with a pleasant taste. It is used as a food
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and in soaps and candles. Phulwa butter, or Indian butter, is from
the seed nuts of B. butyracea of India. It is white, stiffer than lard, and
is used as a food. Siak tallow is from the Palanquium oleosum of
Malaya and various species of Dipterocarpaceae of Indonesia. The nuts
are smaller than the illipé and are known as calam seeds in Sumatra.
The fat is yellow to greenish, and was used as a substitute for cocoa
butter. Jaboty fat is a similar heavy oil from the kernels of the fruit of
the tree Erisma calcaratum of Brazil. It contains 44% palmitic acid,
28 myristic acid, and 4 stearic acid, and it has a melting point of 104 to
115°F (40 to 46°C). The tropical forests of Brazil, Africa, and southern
Asia abound in trees that produce a great variety of nuts from which
useful fats and oils may be obtained.

BORON. A metallic element, symbol B, closely resembling silicon.
When pure, it is in the form of red crystals or a brownish amorphous
powder. Crystalline boron in lumps of 99.5% purity is extremely
hard, has a metallic sheen, is not hygroscopic and resists oxidation,
and is a semiconductor. It has a specific gravity of 2.31, a melting
point of about 4172°F (2200°C), and a Knoop hardness of 2,700 to
3,200, equal to a Mohs hardness of about 9.3. At 112°F (600°C)
boron ignites and burns with a brilliant green flame. Obtained by
the electrolysis of fused boric oxide from the mineral borax, it is
used mostly in its compounds, especially borax and boric acid.
Minute quantities of boron are used in steels for case hardening by
the nitriding process to form a boron nitride, and in other steels to
increase hardenability, or depth of hardness. In these boron steels
as little as 0.003% is beneficial, forming an iron boride, but with
larger amounts the steel becomes brittle and susceptible to hot-
short unless it contains titanium or some other element to stabilize
the carbon. In cast iron, boron inhibits graphitization and also
serves as a deoxidizer. It is added to iron and steel in the form of
ferroboron. Boriding, diffusing boron into metal surfaces, forms
intermetallics that increase hardness, thus wear resistance. It can
also improve corrosion resistance and the bonding and brazing of
certain alloys. Boron diffusion can increase the surface hardness
of ferrous alloys to 1500 to 1700 Knoop and their resistance to
hydrochloric, hydrofluoric, and sulfuric acids. Resistance to attack
by these acids also pertains to nickel alloys. For nickel- or cobalt-
bonded tungsten carbide and titanium carbide, boron diffusion
can markedly increase erosion resistance.

Boron 10, an isotope that occurs naturally in boron in the propor-
tion of 10 to 12%, is 10 times more effective than lead in stopping
neutrons and is used for neutron shielding, but it does not stop
gamma rays. Boron 11, which comprises 88 to 90% of natural boron,
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is transparent to neutrons. Boron steel foil and sheet for neutron
shielding, called Bo-Stan, has the composition of a stainless steel
with 2% boron evenly distributed. It is made from metal powders,
compacted under pressure, sintered below the melting point to bond
the metals, and hot-rolled. A similar foil called Binal is aluminum
with 2% boron.

Boron fibers for reinforced structural composites are continuous
fine filaments which are, themselves, composites. They are produced
by vapor deposition of boron on a tungsten substrate. Their specific
gravity is about 2.6, and they range from 4 to 6 mils (0.10 to 0.15 mm)
in diameter. They have tensile strengths around 500,000 1b/in? (3,448
MPa), and a modulus of elasticity of nearly 60 X 108 1b/in? (0.41 X
10%) MPa. The fibers are used chiefly in aluminum or epoxy matrixes.
Unidirectional boron-aluminum composites have tensile strengths
ranging from 110,000 to over 200,000 1b/in? (758 to over 1,379 MPa).
Their strength-to-weight ratio is about 3 times greater than that of
high-strength aluminum alloys.

Boron compounds are employed for fluxes and deoxidizing agents in
melting metals and for making special glasses. Boron, like silicon and
carbon, has an immense capacity for forming compounds, although it
has a different valence. The boron atom appears to have a lenticular
shape, and two boron atoms can make a strong electromagnetic bond,
the B, acting as carbon does but with a double ring.

Typical of a complex boron compound is the natural mineral dan-
burite which occurs in orthorhombic crystals that will fuse to a color-
less glass. The composition of the mineral is given as CaB,(SiO,),, but
each silicon atom is at the center of a group of four oxygen atoms, two
such groups having one oxygen atom in common. The eighth oxygen
atom forms another tetrahedral group with one oxygen atom from
each of the three Si,O, groups, and in the center of such groups are
the boron atoms. Thus, even tiny amounts of boron can affect alloys
greatly. Boron is used in specialty refractories, electronics, borane
fuels, and high-temperature carborane plastics.

Boron trichloride, BCl,, is used as a catalyst. Above 55°F (12.5°C)
it is a gas, but it is also used as the dihydrate, a fuming liquid. Boron
trifluoride, BF,, is a gas used for polymerizing epoxy resins, usually
in the solid form of boron ethyl amine, BF, - C.H.NH,, which
releases the BF, at elevated temperatures. Boron tribromide, BBr,,
is also a highly reactive compound, used to produce boron hydrides as
sources of hydrogen. Hydrazine diboride, BH, - NH, - NH,, - BH,,
used as a source of hydrogen in rocket fuels, is a white, crystalline,
free-flowing powder. Trimethyl boroxine, (CH,0).B - B,O,, is a lig-
uid used for extinguishing metal fires. Under heat it breaks down, and
the molten coating of boric acid smothers the fire.
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Carborane plastics are produced from the boron molecule, a boron
hydride of composition B, H,,, by replacing the four terminal hydro-
gens with two carbon atoms. The monomer, C(HB,H).C, polymerizes
at high heat and pressure to form rubbery solids which will withstand
temperatures above 600°F (315°C); but the commercial plastics are
usually copolymers with vinyls, silicones, or other plastics.

BORON CARBIDE. A black crystalline powder of high hardness used
as an abrasive, or pressed into wear-resistant products such as draw-
ing dies and gages, or into heat-resistant parts such as nozzles. The
composition is either B,C or B,C, the former being harder but usu-
ally containing an excess of graphite difficult to separate in the pow-
der. It can be used thus as a deoxidizing agent for casting copper and
for lapping, since the graphite acts as a lubricant. Boroflux, of
General Electric Co., is boron carbide with flake graphite, used as a
casting flux.

The boron carbide marketed by Norton Co. under the name of
Norbide is B,C, over 99% pure. It is used as a hard abrasive and for
molding. Parts molded without a binder have a compressive strength of
400,000 1b/in? (2,758 MPa), a tensile strength of 22,500 1b/in2 (155 MPa),
and a Knoop hardness of 2,800. The coefficient of expansion is only
one-third that of steel, and the specific gravity is 2.51, or less than
that of aluminum. The melting point is 4450°F (2454°C), but above
1800°F (982°C) it reacts with oxygen. The material is not resistant to
fused alkalies. Boron carbide powder for grinding and lapping
comes in standard mesh sizes to 240, and in special finer sizes to 800.
The usual grinding powders are 220 and 240 mesh, and the finishing
powder is 320 mesh. Boron carbide powders are also added to molten
aluminum and then rolled into sheets for use in shielding against
neutrons. Boral, of Aluminum Co. of America, is this sheet contain-
ing 35% by weight of carbide and clad on both sides with pure alu-
minum. A 0.25-in (0.64-cm) sheet is equal to 25 in (0.64 m) of concrete
for neutron shielding.

BORON NITRIDE. A light, fluffy, lubricious, chemically inert, ther-
mally conductive, nontoxic, white powder produced by the reaction of
boric oxide with ammonia results in the composition BN, used as a
lubricant for high-pressure bearings, for compacting into mechanical
and electrical parts, and as an additive to plastics, potting com-
pounds, oils, and grease to increase thermal conductivity and dielec-
tric strength. Not wetted by and highly resistant to many molten
metals and slags, it is used as a release agent and container material
for molten salts, various metals, and nonlead glasses, and for braze
stop-off and weld-spatter release coatings.



BORON NITRIDE 127

Its X-ray pattern and platy crystal structure are almost identical
with those of graphite, and it is called white graphite. Boron nitride
has a very low coefficient of friction (0.2 to 0.7) but unlike carbon, it is
a nonconductor of electricity, and it is attacked by nitric acid. It sub-
limes at 5432°F (3000°C). It reacts with carbon at about 3632°F
(2000°C) to form boron carbide. It is used for heat-resistant parts by
molding and pressing the powder without a binder to a specific grav-
ity of 2.1 to 2.25. Theoretical density is 0.082 Ib/in? (2270 kg/m?), the
dielectric constant is 4, dielectric strength is 800 to 1000 V/mil (31.5
X 108 to 39.4 X 10° V/m), and the electrical resistivity is 0.669 X 1013
Q -in (1.7 X 10'3 Q- cm). Its thermal conductivity at room tempera-
ture is about the same as that of stainless steel and the linear ther-
mal expansion at 77 to 1832°F (25 to 1000°C) is 0.44 X 107 to 4.2 X
1075/°F (0.8 X 107% to 2.5X1078/°C). Service temperatures range up to
3272°F (1800°C) in inert and reducing atmospheres, to about 2552°F
(1400°C) before sublimation, and to about 2012°F (1100°C) in oxidiz-
ing atmospheres.

Sintered parts have an ivorylike appearance, a tensile strength of
3,500 Ib/in? (24 MPa), compressive strength of 45,000 1b/in2 (310 MPa),
and dielectric strength of 1,000 V/mil (39 X 106 V/m). They are soft,
with a hardness of Mohs 2, and can be machined easily.

When compressed at very high pressure and heat, the hexagonal
crystal structure changes to a cubic structure of greater strength and
hardness. Cubic boron nitride (CBN), such as General Electric’s
Borazon, has a Knoop hardness of 4,700, second only to diamond, a
compressive strength of 700,000 1b/in? (4,830 MPa), twice the thermal
conductivity of copper, and is thermally stable to about 3500°F
(1925°C). It is also chemically stable with iron and oxidation-resistant
in air to about 3600°F (1982°C), a temperature far exceeding that at
which diamond oxidizes. Thus CBN is valued as a bonded abrasive
powder for cutting tools used to machine materials that cannot be
readily cut with more common materials.

Boron nitride fibers are produced in diameters as small as 197
to 276 pin (5 to 7 wm) and in lengths to 15 in (0.38 m). The fibers
have a tensile strength of 200,000 1b/in? (1,378 MPa). They are used
for filters for hot chemicals and as reinforcement to plastic lamina-
tion. Boron nitride HCdJ, of Union Carbide, is a fine powder, 99%
pure, used as a filler in encapsulating and potting compounds to add
thermal and electric conductivity. Boron nitride (BN) is basically the
same as BC and can only be densified by hot pressing, Hot-pressed
hexagonal BN is easy to machine and has a low density but must be
kept free of boron oxide or the boron oxide must be stabilized with
CaO-containing additives so that BN is not destroyed by hydration
during heating.
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Another boron compound used for the production of high-temperature
ceramic parts by pressing and sintering is boron silicide, B,Si. It
is a black, free-flowing, crystalline powder. The powder is microcrys-
talline, with particles about 2,950 win (75 pm) in diameter, and the
free silicon is less than 0.15%. This compound normally reacts at
2190°F (1200°C) to form B,Si and silicon; but when compacted and
sintered, the ceramic forms a boron silicate oxygen protective coat-
ing, and the parts have a serviceable life in air at temperatures to
2550°F (1400°C). Molded parts have high thermal shock resistance
and can be water-quenched from 2000°F (1093°C) without shatter-
ing. Boralloy pyrolytic boron nitride, a dielectric, and pyrolytic
graphite are combined in Boralectric PBN/PG resistance-heating
elements of Union Carbide Coating Services Corp. The elements,
which operate at temperatures up to 3632°F (2000°C), are electri-
cally and dimensionally stable and resistant to thermal shock and
many chemicals.

BOTANICALS. Known also as plant extracts and crude drugs, they
are preparations, usually in concentrated form, obtained by chemi-
cally treating plant tissue from roots, leaves, stalks, flowers, or bark
to remove odiferous, flavorful, or nutritive substances of the tissue for
use in medicines, cosmetics, insecticides, and foodstuffs. Their use
goes back to ancient times when they were used for herb healing and
aromatic bath preparations. Over thousands of years, plant extracts
have been the main ingredient in many folk remedy drugs.

Today botanicals find use in sophisticated drugs and in an immense
variety of cosmetics. It is estimated that there are approximately
750,000 different species of higher plants on earth. Of these, only
about 1% have been studied for possible use as botanicals.

Among the plant extracts used in cosmetics are those from cornflow-
ers, marigolds, wild pansies, hawthorn blossoms, sage, horse chestnut,
ivy, juniper, hops, mint, and chamomile. Chamomile is a popular
botanical in cosmetics, such as shampoo and skin care products.

Many of the most valuable drug plants contain alkaloids which
have complex arrangements of carbon, hydrogen, oxygen, and nitro-
gen. Most of the alkaloids are violent poisons even in small quanti-
ties, and with few exceptions, such as quinine, they are not employed
as medicines except under the direction of trained physicians or phar-
macists. The actual amount to produce sufficient effect without injury
must be understood prior to use of a drug. Pain-killing drugs for
example, do not kill pain but diminish the conductivity of the nerve
fibers and thus prevent the brain from recording the pain. The alka-
loid hyoscine, or scopolamine, a heavy liquid of composition

C,,H, NO,, causes loss of part of the normal inhibition control, and it
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is known as truth serum. But what is expressed as truth by a men-
tally disturbed person may be only the product of imagination, and
the drug should be given only by trained operators.

Drug plants are almost unlimited in number. Belladonna, used to
relieve pain, to check perspiration, and as a dilatant, consists of the
leaves, roots, flowers, and small stems of the perennial herb Atropa
belladonna, cultivated chiefly in Yugoslavia and Italy, but also grown
in the United States. The plant is called banewort and deadly
nightshade. The leaves are dried in the shade to retain the green
color. They contain two alkaloids, atropine and hyoscyamine.
Atropine is used as an antidote for military nerve gas. Henbane is
the dried leaves and flowering tops of the ill-smelling herb
Hyoscyamus niger, a plant of the nightshade family containing sev-
eral alkaloids. It is used as a sedative. The plant is grown in southern
Europe and Egypt and to some extent in the United States. It is har-
vested in full bloom and dried in the shade.

Stramonium is the dried leaves, flowers, small stems, and seeds of
the thorn apple or jimson weed, Datura stramonium, an annual of
the nightshade family which grows as a common weed in the United
States. It is shipped from Ecuador under the name chamico. It pro-
duces the alkaloids atropine and hyoscyamine and is used as a nerve
sedative, hypnotic, and antispasmodic. Under cultivation, the yield is
1,000 to 1,500 1b (453 to 680 kg) of dry leaf or 500 to 2,000 1b (227 to
906 kg) of seed per acre. In general, the yield of drug plants in culti-
vation is high, so that only small acreages are needed. Aconite is the
dried root of monkshood, a perennial plant, Aconitum nepullus. 1t is
grown in Europe and the United States. The root contains the color-
less, crystalline, extremely poisonous alkaloid aconitine,
C,,H,,0;N. It is used as a cardiac sedative and diaphoretic and to
relieve pain and fever. Matrine, obtained from the plant Sophora
angustifolia, is a lupine alkaloid having two piperidine rings.
Combined with phenol sulfonate salts under the name of dysentol, it
is used for amoebic dysentery.

Digitalis, an important heart stimulant, consists of the leaves of
the perennial foxglove plant, Digitalis purpurae, native to Europe
but also grown in New England and the Pacific northwest. The leaves
contain the bitter glucoside digitoxin, C, H.,O,,. Peyote is the root
of a eactus, Lophophora williamsii, growing wild in the desert region
of Mexico. The buttonlike tops of the root, called mescal buttons,
contain several alkaloids, and were used by the Indians to produce a
sense of well-being with visions. Peyotina hydrochloride, made
from the buttons, is used in medicine as a heart stimulant similar to
digitalis and as an anesthetic to the nervous system. The glucosides,
unlike the alkaloids, contain no nitrogen. They are ethers of single
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sugars. The glucoside rutin, used for treatment of hemorrhage and
for high blood pressure, is a yellow nontoxic powder extracted from
flue-cured tobacco and from Tartary buckwheat or rye buck-
wheat. The active ingredient, quertin, is extracted and used to pre-
vent hemorrhage in hypertensive persons. Ipecac is the rhizome of
the shrub Cephalis ipecacuamha, of tropical South America, chiefly
Brazil. It contains emetine, C,)H, O.N,, and other alkaloids and is
used as an emetic tonic and expectorant. Gentian, also known as bit-
ter root, is the dried root of the perennial herb Gentiana lutea of cen-
tral Europe. It contains glucosides and is used in tonics and in cattle
feeds. Coca is a South American shrub from which the drug and nar-
cotic cocaine is produced. The shrub, indigenous to Peru and Bolivia,
is produced by cultivation in Java. The dried leaves, when chewed,
have a mild narcotic effect.

Ginseng is the dried root of the plant Panex ginseng of China and
P. quinquefolium of North America. It is used as a stimulant and
stomachic. Dog-grass root, known in medicine as triticum, is the
powdered dried rhizome of Scotch grass, Agropyron repens, which
abounds in the meadows of the northern United States. It has a slight
aromatic odor and sweet taste and is used as a diuretic. Lobelia is
the dried leaves and tops of the small annual plant Lobelia inflata,
known in the northeastern United States as Indian tobacco. It con-
tains the alkaloid lobinine and is used as an emetic and antispas-
modic. Erigeron is the herb and seeds of the fleabane herb,
Erigeron canadensis, which grows wild in the north central and west-
ern states. The herb yields 0.35 to 0.65% erigeron oil, used as an
astringent and tonic. Hamamelis is the dried leaves of the witch
hazel shrub, Hamamelis virginiana, of the eastern United States. It
is used as a tonic and sedative, and the water extract of the leaves
and twigs with 14% alcohol and 1% active ingredient is known as
witch hazel. It is used as an external astringent. It is fragrant and
contains also tannic acid from the bark of the twigs. Ephedrine, or
ephedra, is an alkaloid extracted from the dried twigs of the
mahuang, Ephedra sinica, and other species of mountain shrubs of
China and India. It is also grown in South Dakota. It is used as an
adrenaline substitute to raise blood pressure and in throat medicines
and nasal sprays. Hoarhound is an extract from the leaves and flow-
ering tops of the small perennial herb Marrubium vulgare of North
America, Europe, and Asia. It is used in preparations for colds and as
a flavor in confections.

Cascara is the bark of the small buckthorn tree, Rhamnus pur-
shiana, of the northwestern United States and Canada. It was also
called chittem bark. It was used by the Indians and given the name
cascara sagrada by the Spaniards. The word cascara simply means
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bark; the word sagrada is not translated as sacred but is a term
applied to medicinal botanicals. Cascara is used as a laxative and
tonic. The European buckthorn, R. frangula, also yields cascara.
Aloe, used in purgative medicines, is the dried resinous juice from
the leaves of the bush Aloe vulgaris of the West Indies and A. perryi of
western Africa. The cut leaves are placed in troughs where the juice
exudes. It is then evaporated to a viscous black mass which hardens.
Both aloe and cascara contain the glucoside emodin, occurring also
in senna and in rhubarb. The latter, the stalks of which are much
used as a food, is known in medicines as rheum and is employed as a
laxative and stomach tonic. Aloin, used in skin creams for radiation
and sunburns, is an extract from A. vera, a plant of the lily family
growing in Florida. Aletris root is a botanical drug from stargrass,
Aletris farinosa, growing in the eastern United States. It is also
known as colic root and is used as a tonic and uterine stimulant.
Senega, used as an emetic and stimulant, is the dried root of the
snakeroot or milkwort, Polygala senega, a small perennial herb
grown in the eastern United States. Calumba root is the yellow root
of the woody climbing plant Coscinium fonestratum of Sri Lanka. It is
used as a cure for tetanus. The wood, which is bright yellow, is used
locally as a dye. Tanacetum is the dried leaves and tops of the sil-
verweed, Tanacetum vulgaris, of Michigan and Indiana, used as a
vermifuge. The green herb yields about 0.2% tansy oil, or tanace-
tum oil, which contains a terpene—tanacetene—and borneol. It is
used as an anthelmintic.

Ergot, used to stop hemorrhage, is the dried sclerotium of the fun-
gus Claviceps purpurea, which develops on rye and some grasses. The
purple structure that replaces the diseased rye grain contains the
alkaloid clavine, C,,H,,0, N,. Ergot is also used to produce the alka-
loids ergotamine and ergonovine, used for treating high blood
pressure and migraine headache and used for mental-disease
research. It requires 1,000 1b (453 kg) of ergot to yield 1.5 oz (43 g) of
ergonovine, but it is produced synthetically by Eli Lilly & Co. from
lysergic acid, which is synthesized from indole propionic acid,
C,H,N(CH,),COOH. Ergot oil, used in medicinal soaps, is obtained
by extraction from dry ergot. It was the original source of ergosterol,
one of the most important sterol alcohols from plants, known as
phytosterols, which, when irradiated, yield vitamin D. Ergot is pro-
duced chiefly in Spain, and its commercial production has not been
encouraged in the United States because it is an undesirable disease
on grain. Ergot also contains the amino acid thiozine found in blood.

Araroba, or Goa powder, is a brownish, bitter, water-soluble pow-
der scraped out of the split logs of the tree Andira araroba of Brazil.
The Carib Indians used the powder for skin diseases, and it is now
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employed for eczema and skin infections. It contains chrysarobin, a
complex mixture of reduction products of a complex acid contained in
the wood. Labdanum is an oleoresin obtained in dark-brown or
greenish lumps from the branches of the rock rose, Cistus ladani-
ferus, and other species of the Mediterranean countries. It yields a
volatile oil with a powerful sweet characteristic odor, and is used as a
stimulant and expectorant and as a basis for lavender and violet per-
fumes. It was originally obtained in Greece by combing from the
fleece of sheep that browsed against the bushes. Buchu is the dried
leaves of the South African herb Barosma betulina, used as an antica-
tarrhal. Serpasil, of Ciba Pharmaceutical Products, Inc., is an
extract from the root of the plants Rauwolfia serpentina of India and
R. heterophylla of Central America. It is used as a sedative in hyper-
tension cases and belongs to the class of tranquilizing agents.
Rauwolfia extract contains the two alkaloids reserpine and
rescinnamine, both having hypotensive activity. They are produced
by Riker Laboratories as Serpiloid and Rauwiloid, and the product
of Squibb is called Raudixin. A synthetic material, meprobamate is
a complex propanediol dicarbamate, and Singoserp, of Ciba, is a
synthetic reserpine.

BOXWOOD. The wood of the Turkish boxwood tree Buxus sem-
pervirens, native to Europe and Asia but also grown in America. It
is used for rulers, instruments, engraving blocks, and inlay work.
The wood is light yellow and hard and has a fine grain and a dense
structure that does not warp easily. The density is about 65 1b/ft?
(1,041 kg/m3). African boxwood, or cape boxwood, comes from
the tree B. macowani, of South Africa, and is similar to boxwood
but softer. Kamassi wood is a hard, fine-grained wood from the
tree Gonioma kamassi, of South Africa, sometimes substituted for
boxwood, but it does not have the straight grain of boxwood. It is
valued for loom shuttles. Coast gray boxwood, or the Gippsland
boxwood of New South Wales, is from the tree Eucalyptus bosis-
toana. It is a durable wood of uniform texture, but it has an inter-
locking grain. Maracaibo boxwood, or zapatero, which comes
chiefly from Venezuela, is from the tree Casearia praecox. It comes
in straight knotless logs 8 to 10 ft (2.4 to 3 m) long and 6 to 10 in
(15.2 to 25.4 cm) in diameter. The light-yellow wood has a fine uni-
form texture and straight grain. It replaces Turkish boxwood for all
purposes except wood engravings. The ginkgo wood used in China
for making chess pieces and chessboards is from the large tree
Ginkgo biloba which appears to be the sole survivor of a family of
trees with fernlike leaves once very abundant. The wood is white to
yellowish, lightweight, fine-textured, and easy to work. Ginkgo
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extracts obtained from the tree’s leaves are used widely in medi-
cines in Asia and much of Europe. The synthesis recently in the
United States of the compound ginkgolide B may lead to the
development of ginkgo-based drugs in this country.

BRASS. Copper-zinc alloys whose zinc content ranges up to 40%. If
the copper crystal structure is face-centered cubic, there will be up to
36% of zinc present. This solid solution, known as the alpha phase, or
alpha brass, has good mechanical properties, combining strength
with ductility. Corrosion resistance is very good, but electric conduc-
tivity is considerably lower than that for copper. When 30 to 36% of
the alloy is zinc, a body-centered-cubic crystal structure is formed,
known as the beta phase, or beta brass. This phase is relatively brit-
tle and high in hardness compared to the alpha phase. However, duc-
tility increases at elevated temperatures, thus providing good
hot-working properties. Gamma brass, with zinc above 45%, is not
easily worked, either hot or cold.

The mechanical properties of brasses vary widely. Strength and
hardness depend on alloying and/or cold work. Tensile strengths of
annealed grades are as low as 30,000 1b/in? (207 MPa), although some
hard tempers approach 90,000 1b/in? (621 MPa). Although brasses are
generally high in corrosion resistance, two special problems must be
noted. With alloys containing a high percentage of zinc, dezincifica-
tion can occur. The corrosion product is porous and weak. To prevent
dezincification, special inhibitors—antimony, phosphorus, or
arsenic—in amounts of 0.02 to 0.05% can be added to the alloy. The
other problem is stress corrosion, or seasonal cracking, which occurs
when moisture condenses on the metal and accelerates corrosion.

Brass is annealed for drawing and bending by quenching in water
from a temperature of about 1000°F (538°C). Simple copper-zinc
brasses are made in standard degrees of temper, or hardness. This
hardness is obtained by cold-rolling after the first anneal, and the
degree of hardness depends on the percentage of cold reduction.
When the thickness is reduced about 10.9%, the resulting sheet is
Yi-hard. The other grades are %-hard, hard, extra hard, spring, and
finally extra spring, which corresponds to a reduction of about
68.7% without intermediate annealing. Degrees of softness in
annealed brass are measured by the grain size, and annealed brass
is furnished in grain sizes from 0.00039 to 0.0059 in (0.010 to 0.150
mm). The ASTM standard grain sizes are 0.00059 to 0.00098 in
(0.015 to 0.025 mm) for light anneal, 0.0014 in (0.035 mm) for
drawing or rod anneal, 0.002 in (0.050 mm) for intermediate
anneal, 0.0028 in (0.07 mm) for soft anneal, and 0.0047 in (0.120
mm) for deadsoft anneal. Brasses with smaller grain sizes are not
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as ductile as those with larger grain sizes, but they have smoother
surfaces and require less polishing.

Even slight additions of other elements to brass alter the character-
istics drastically. Slight additions of tin change the structure, increas-
ing the hardness but reducing the ductility. Iron hardens the alloy
and reduces the grain size, making it more suitable for forging but
difficult to machine. Manganese increases strength, increases the sol-
ubility of iron in the alloy, and promotes stabilization of aluminum,
but makes the brass extremely hard. Slight additions of silicon
increase strength, but large amounts promote brittleness, loss of
strength, and danger of oxide inclusion. Nickel increases strength and
toughness, but when any silicon is present, the brass becomes
extremely hard and more a bronze than a brass.

There are hundreds of brasses with a bewildering array of
names—some misleading, such as commercial bronze, jewelry
bronze, and manganese bronze, which are brasses. But most brasses
can be grouped into a few major classes. The straight brasses con-
stitute by far the largest and most widely used group. They are
binary copper-zinc alloys with zinc content ranging from 5 to about
40%. Some of the common names of these alloys are gilding metal
(5% zinc), commercial bronze (10 zinc), jewelry bronze (12.5
zinc), red brass (15 zinc), yellow brass (35 zinc), and muntz
metal (40 zinc). As the zinc content increases in these alloys, the
melting point, density, electric and thermal conductivity, and modu-
lus of elasticity decrease while the coefficient of expansion,
strength, and hardness increase. Work hardening also increases
with zinc content. These brasses have a pleasing color, ranging
from the red of copper for the low-zinc alloys through bronze and
gold colors to the yellow of high-zinc brasses. The color of jewelry
bronze closely matches that of 14-karat gold, and this alloy and
other low brasses are used in inexpensive jewelry.

The low-zinc brasses have good corrosion resistance along with mod-
erate strength and good forming properties. Red brass, with its excep-
tionally high corrosion resistance, is widely used for condenser tubing.
The high brasses (cartridge brass and yellow brass) have excellent
ductility and high strength and are widely used for engineering and
decorative parts fabricated by drawing, stamping, cold heading, spin-
ning, and etching. Muntz metal, primarily a hot-working alloy, is used
where cold working is not required.

Another group is the leaded brasses. These alloys have essentially
the same range of zinc content as the straight brasses. Lead is pre-
sent, ranging from less than 1 to 3.25%, to improve machinability and
related operations. Lead also improves antifriction and bearing prop-
erties. Common leaded brasses include leaded commercial bronze
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(0.5% lead), medium-leaded brass (1 lead), high-leaded brass
(2 lead), free-cutting brass (3.25 lead), and hardware bronze
(1.75 lead). Free-cutting brass provides optimum machinability and is
ideally suited for screw-machine parts.

Another group, the tin brasses, is copper-zinc alloys with small
amounts of tin. The tin improves corrosion resistance. Pleasing colors
are also obtained when tin is added to the low brasses. Tin brasses in
sheet and strip form, with 80% or more copper, are used widely as
low-cost spring materials. Admiralty brass is a standard alloy for
heat-exchanger and condenser tubing. Naval brass and manganese
bronze are widely used for products requiring good corrosion resis-
tance and high strength, particularly in marine equipment.

Casting brasses are usually made from brass ingot metal and are
seldom plain copper-zinc alloys. In melting brass for casting, any
overheating causes loss of zinc by vaporization, thus lowering the zinc
content. Small amounts of antimony or some arsenic are used to over-
come this dezincification. The casting brasses are roughly divided into
two classes as red casting brass and yellow casting brass, which
are various compositions of copper, tin, zinc, and lead to obtain the
required balance of color, ease of casting, hardness, and machining
qualities. Copper-bismuth-selenium alloys C89510, C89520, and
C89550 are lead-free or low-lead alternatives to lead-bearing red and
yellow brasses, thereby meeting low lead-leach requirements of regu-
latory agencies for potable-water plumbing fixtures. The alloys are
also called EnviroBrass I, II, and III, respectively, and because of
their selenium and bismuth contents, SeBiloys. Depending on the
alloy, up to 0.1 or 0.25% lead is permitted because of the lead content
that may be present in recycled metal, from which casting alloys are
commonly made. However, lead is not intentionally added. The ulti-
mate and 0.5% yield strengths and hardness of sand-cast C89510 and
(C89520 are similar to those of leaded red brasses; ductility is some-
what less. Permanent-mold-cast C89550 has similar strengths and
hardness to leaded yellow-brass, with less ductility. Machinability,
relative to 100% for the free-cutting C36000, is 75% for C89510, 85%
for C89520, and 75 or 95% for C89500 with 0.7 or 1.1% bismuth,
respectively.

Many brasses are now designated by alloy number and grouped
into several families of standard alloys. There are three families of
wrought brass: copper-zinc brasses (C20500 to C28580); copper-
zinc-lead brasses, or leaded brasses (C31200 to C38590); and
copper-zinc-tin brasses, or tin brasses (C40400 to C49080).
Casting alloys comprise four families; copper-tin-zinc red brasses
and copper-tin-zinc-lead brasses, or leaded red brasses (C83300
to C83810); copper-zinc-tin-lead brasses, semired brasses, and
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leaded semired brasses (C84200 to C84800); copper-zinc-lead-
tin yellow brasses, leaded yellow brasses, and manganese-
bearing high-strength yellow brasses (C85200 to C85800); and
copper-zinc-silicon brasses, or silicon brasses (C87300 to
C87900). Wrought alloys are available in most mill forms, and cast-
ing alloys are amenable to most casting processes, including sand,
permanent-mold, investment, plaster, and centrifugal. A few alloys
can be die-cast.

Mechanical properties vary depending on the alloy, grain size, and
temper condition. Thin, annealed flat products of red brass C23000,
for example, have tensile yield strengths of 10,000 to 18,000 1b/in?
(69 to 124 MPa), with strength increasing and ductility decreasing
(48 to 42% elongation) with decreasing grain size. Cold work increases
yield strength to 39,000 1b/in% (269 MPa) in the %-hard temper and to
63,000 1b/in? (434 MPa) in the spring temper. Sand-cast red brass
(C83300) has a minimum tensile yield strength of 60,000 1b/in? (414
MPa) and 12% elongation as cast.

BRASS INGOT METAL. Commercial ingots made in standard composi-
tion grades and employed for casting various articles designated as
brass and bronze. They are seldom true brasses, but are composition
metals intermediate between the brasses and the bronzes, and their
selection for any given purpose is based on a balance of the require-
ments in color, strength, hardness, ease of casting, and machinability.
Brass ingot metal is usually made from secondary metals, but, in gen-
eral, the grading is now so good that they will produce high-grade
uniform castings. In producing the ingot metal there is careful sorting
of the scrap metals, and the impurities are removed by remeltings. An
advantage of ingot metal over virgin metals is the ease of controlling
mixtures in the foundry. The ATSM designates eight grades for brass
ingot metal. Number 1 grade, the highest in copper, contains 88% cop-
per, 6.5 zinc, 1.5 lead, and 4 tin, with only slight percentages of impu-
rities. The No. 8 grade contains 63.5% copper, 34 zinc, 2.5 lead, and
no tin. Yellow ingot, for plumbing fixtures, contains 65% copper, 1 tin,
2 lead, and the balance zinc. The most widely used ingot metal is
ASTM alloy No. 2, which is the 85:5:5:5 alloy known as composi-
tion metal. Yellow brass, or yellow casting brass, is frequently cast
from ASTM alloy No 6, which contains 72% copper, 22 zinc, 4 lead,
and 2 tin. It has a tensile strength of 20,000 to 25,000 1b/inZ (138 to
172 MPa), elongation 15 to 20%, and Brinell hardness 40 to 50. It is
yellow and makes clean, dense castings suitable for various machine
parts except bearings.
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BRAZIL NUTS. Also called Para chestnut. The nuts of the large
tree Bertholletia excelsa growing wild in the Amazon Valley. The
trees and nuts are called tacari in Brazil and toura in French
Guiana. The tree begins to bear in 8 years and yields up to 1,000 Ib
(453 kg) of large, round fruit pods containing 18 to 24 hard-shelled
kernels which are the commercial nuts. The shelled kernels are sev-
eral times the size of the peanut, and they have a pleasant nutty fla-
vor. The kernels contain 67% of a pale yellow oil of specific gravity
0.917, saponification value 192 to 200, and iodine value 98 to 106.
The oil contains 51% oleic acid, 19 linoleic, 2 myristic, 3 stearic, and
12 palmitic. It is a valuable food oil and is also a good soap oil, but is
normally too expensive for this purpose, as the nuts are more valued
for eating.

BRAZILWOOD. The wood of the trees Caesalpinia brasiliensis, C. crista,
and C. echinata, of tropical America, and C. sappan, of Sri Lanka,
India, and Malaya. The latter species is called sappanwood.
Brazilwood formerly constituted one of the most valuable exports from
Brazil to Europe as a dyewood. It produces purple shades with a
chrome mordant and crimson with alum. Brazilwood extract is still
valued for silk dyeing, wood staining, and inks. The wood is prized for
such articles as violins and fine furniture. It has a rich bright-red color
and takes a fine, lustrous polish.

BRAZING ALLOYS. A common name for high-copper brass used for
the casting of such articles as flanges that are to be brazed on copper
pipe. Federal specifications for brazing metal call for 84 to 86% copper
and the balance zinc. Brazing brass, of American Brass Co., has 75%
copper and 25 zinc. Some alloys also contain up to 3% lead for ease of
machining. It also makes the metal easier to cast. Nickel welding
rod is often used to braze cast iron. So is nickel silver containing
46.5 copper, 43.4 zinc, 10 nickel, 0.1 silicon, and 0.02 phosphorus,
which matches the color of cast iron.

The term brazing metal is also applied to brazing rods of brass or
bronze, used for joining metals. A common brazing rod is the 50-50
brass alloy with a melting point of 1616°F (880°C). The SAE desig-
nates this alloy as spelter solder. The joints made with it are
inclined to be brittle. Brazing wire, of Chase Brass & Copper Co.,
contains 59% copper and 41 zinc, while the brazing solder, for braz-
ing high-zinc brasses, has 51% copper and 49 zinc. Phos-copper is a
phosphor copper which gives joints 98% the electric conductivity of
copper. It flows at 1382°F (750°C). Tri-metal is a brazing metal con-
sisting of sheet brass with a layer of silver rolled on each side. It is
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used for brazing carbide tips to steel tools. The silver ensures a
tightly brazed joint, while the brass center acts as a shock absorber
for the cutting tool.

Brazing rods for brazing brasses and bronzes are usually of a compo-
sition similar to that of the base metal. For brazing cast iron and steel,
various bronzes, naval brass, manganese bronze, or silicon bronze may
be used. Brass rods may contain some silicon. Small amounts of silver
added to the high-copper brazing metals give greater fluidity and better
penetration into small openings. Because of the toxicity of cadmium,
cadmium-free brazing alloys such as the silver-copper-zinc BAg-5, -
6, -20, and -35 brazing alloys and silver-copper-zinc-tin BAg-7, -28, -34,
-36, and -37 brazing alloys have been developed as alternatives. For
joining tungsten carbide tips to steel, silver-copper-zinc-nickel BAg-4
and BAg-24 brazing alloys are alternatives. For joining copper and
copper alloys, there are the copper-phosphorus BCuP-2, -3, -4, -5, -6,
and -7 brazing alloys and silver-copper-phosphorus brazing alloys,
both of which are self-fluxing on copper-to-copper metals. With a braz-
ing flux they also can braze brasses and bronzes. However, they should
not be used to braze iron or nickel alloys, or copper alloys if the nickel
content exceeds 10%.

Nicrobraz alloys, from Wall Colmonoy, are nickel-, cobalt-, and copper-
alloy brazing filler metals. Superbraze 250, from Materials Resources
International, is a tin-silver-titanium brazing alloy that works at 480
to 540°F (250 to 280°C). Because of that low-temperature range, it can be
considered more a solder than a braze. However, other ingredients activate
conditions for surface wetting and joining, making it more a braze. In an
aluminum-silicon-lithium brazing filler (aluminum alloy 4045
except for the lithium), introduced by Kaiser Aluminum and Chemical
Corp., the lithium (0.015 to 0.1%, up to 0.3% if vacuum brazing) allows a
fluoride flux to wet the surfaces to be joined before magnesium from the
core alloy can “poison” the flux. An 82% gold-18 indium brazing alloy,
having a solidus to liquidus temperatures of 843.8 to 905°F (451 to 485°C),
was found effective by Sandia National Laboratory for brazing Ferralium
255 duplex stainless steel and silver-nickel-silver laminates to copper.
Gold-alloy brazing foils containing 33 to 35% nickel, 3 to 4 chromium, 1 to
2 iron, and 1 to 2 molybdenum (SK-1 gold brazing alloy) and 34 to 36
nickel, 4 to 4.5 chromium and 2 to 3 iron (SK-2 gold brazing alloy),
developed by GTE Laboratories, have a brazing-temperature range of
1922 to 2102°F (1050 to 1150°C). They have been effective in brazing tita-
nium-coated PY6 (6Y,0,-modified silicon nitride) to Incoloy 909 super-
alloy with a nickel interlayer at the ceramic-metal interface.

BRICK. The most ancient of all artifical building materials, consisting
of clay molded to standard shape, usually rectangular, and burned to a



BRISTLES 139

hard structure. In some areas, bricks known as adobe bricks, are still
made by baking in the sun, and a modern adaptation of sun-baked
brick, called bitudobe, has a binder of emulsified asphalt. Commercial
bricks in the United States and in Europe are all hard-burned clay.
They are used for buildings, walls, and paving and are classified apart
from the bricks of fireclays used for refractories. Brick clays are of two
general classes. The first consists of noncalcareous clays or shales com-
posed of true clay with sand, feldspar grains, and iron compounds,
which when fired, become buff or salmon in color. The second class com-
prises calcareous clays containing up to 40% calcium carbonate, called
marls. When fired, they are yellowish. Brick clays of the first type are
widely distributed. Iron oxide in them varies from 2 to 10%, and the red
color of common brick depends largely on this content. In practice, the
composition of bricks varies widely, but much of the difference is in the
burning as well as in the method of pressing. Pressed brick is a stiff
mud brick made under high pressure. It is homogeneous and has
increased density and strength. Building brick, made by machine of
ground and tempered clay, has great uniformity of strength and color.
Such brick is made by pressing soft, stiff, or dry. The burning is done in
kilns at temperatures of 1652 to 2282°F (900 to 1250°C). The calcareous
clays require a temperature of 2192°F (1200°C) to bring about chemical
combination. The bricks are sorted according to hardness and color, both
largely resulting from their position in the kiln. Paving brick is usu-
ally a hard-burned common brick. Floor brick is highly vitrified brick.
The common hard brick for building has a crushing strength of 5,000 to
8,000 1b/in? (34 to 55 MPa) and a density of 125 1b/ft? (2,025 kg/m?). The
common standard for building-brick size is 8.25 by 4 by 2.5 in (21 by
10.2 by 6.4 cm); other sizes are also used, especially 8 by 3.875 by 2.25
in (20.3 by 9.8 by 5.7 cm). Specially sized paving bricks are 8.5 by 4 by 3
or 8.5 by 4 by 3.5 in (21.6 by 10.2 by 7.6 or 21.6 by 10.2 by 8.9 cm).
Sand-lime bricks for fancy walls are of sand and lime pressed in an
atmosphere of steam. They are not to be confused with the sand-lime
bricks used for firebrick, which are of refractory silica sand with a lime
bond. Ceramic glazes and semiglazes are used on some building bricks,
especially on the yellow.

BRISTLES. The stiff hairs from the back of the hog, used chiefly in
making brushes. The very short bristles, rejects, and scrap pieces are
used for filler in plastics. The best brush bristles do not include hair
from the sides of the animals or the product from the fat-meat ani-
mals killed in slaughterhouses. They come mostly from types of semi-
wild swine grown in cool climates, notably northern China and Russia.
Bristles are in form similar to a tiny tube outwardly covered with
microscopic scales and filled with a fatty substance. The so-called flag,
or split end, gives the valuable paint-carrying characteristic for
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brushes. The taper of the bristle gives the brush stiffness at the base
and resiliency toward the end. Quality varies according to the type of
animal, climate, and feeding. The colors are white, yellow, gray, and
black. They are graded by locality, color, and length; and in normal
times the name of the place at which they are graded, such as
Tsingtao, Hankow, and Chungking, is an indication of the grade. The
best fibers are more than 3 in (7.6 cm) in length. The Chinese nat-
ural black bristles are sometimes sold at a premium. The U.S. bris-
tles from Chester hogs are light in color and of high quality. Bristles
from the Duroc hog are bronze in color, stiff, and superior to most
Chinese grades. Those from the Poland China hogs are black and
stiff, but they have a crooked flag and are of poor quality. Artificial
bristles are made from various plastics, the nylon bristles being of
high quality and much used. Exton, of Du Pont, was one of the origi-
nal nylon monofilament nontapered bristles. Tynex, of this company,
now comes both tapered and level. They are more durable than nat-
ural bristles. Casein bristles are made by extruding an acid solu-
tion of casein, stretching the fiber, and insolubilizing with
formaldehyde or other chemicals. They have good paint-carrying
capacity and good wear resistance, but are dissolved by some paint
solvents. Keron bristle, of Rubberset Co., is produced from the pro-
tein extracted from chicken feathers. It is nearly identical in compo-
sition to natural bristle.

BROMINE. An elementary material, symbol Br. It is a reddish-brown
liquid having a boiling point of 138°F (59°C). It gives off very irritat-
ing fumes and is highly corrosive. It is one of four elements called
halogens, a name derived from Greek words meaning salt producer.
They are fluorine, chlorine, iodine, and bromine. They are all chemi-
cally active, combining with hydrogen and most metals to form
halides. Bromine is less active than chlorine but more so than iodine.
It is moderately soluble in water. It never occurs free in nature, and it
is obtained from natural bromide brines by oxidation and steaming,
or by electrolysis. It occurs in seawater to the extent of 65 to 70 parts
per million and is extracted. It is marketed 99.7% minimum purity
with specific gravity not less than 3.1, but dry elemental bromine,
Br,, is marketed 99.8% pure for use as a brominating and oxidizing
agent. For these uses, also, bromine is available as a crystalline pow-
der as dibromodimethyl hydantoin, containing 55% bromine.
Brom 55 is this material. Bromine is also used as a flame retardant
in plastics, although its use as such has been questioned due to envi-
ronmental concerns.

A pound of bromine is obtained from 2,000 gal (7,570 L) of seawater.
It is also produced as a by-product from the brine wells of Michigan
and from the production of chemicals at Searles Lake, California,
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where the bromine concentration is 12 times that of seawater. It is
used in the manufacture of agricultural chemicals, dyes, photographic
chemicals, poison gases for chemical warfare, pharmaceuticals, disin-
fectants, and many chemicals. It is also employed in the extraction of
gold. Bromine’s major end use, as ethylene dibromide for scavenging
lead antiknock compounds in gasoline, is decreasing as these environ-
mentally hazardous additives are phased out.

BRONZE. The term bronze is generally applied to any copper alloy
that has as the principal alloying element a metal other than zinc or
nickel. Originally the term was used to identify copper-tin alloys that
had tin as the only, or principal, alloying element. Some brasses are
called bronzes because of their color, or because they contain some
tin. Most commercial copper-tin bronzes are now modified with zinc,
lead, or other elements.

The copper-tin bronzes are a rather complicated alloy system.
The alloys with up to about 10% tin have a single-phase structure.
Above this percentage, a second phase, which is extremely brittle, can
occur, making plastic deformation impossible. Thus high-tin bronzes
are used only in cast form. Tin oxide also forms in the grain bound-
aries, causing decreased ductility, hot workability, and castability.
Additions of small amounts of phosphorus, in the production of phos-
phor bronzes, eliminate the oxide and add strength. Because tin addi-
tions increase strength to a greater extent than zinc, the bronzes as a
group have higher strength than brasses—from around 60,000 to
105,000 1b/in? (414 to 724 MPa) in the cold-worked high-tin alloys. In
addition, fatigue strength is high.

Bronzes containing more than 90% copper are reddish; below 90%
the color changes to orange-yellow, which is the typical bronze color.
Ductility rapidly decreases with increasing tin content. Above 20% tin
the alloy rapidly becomes white and loses the characteristics of
bronze. A 90% copper and 10% tin bronze has a density of 0.317 lb/in3
(8,775 kg/m?); an 80-20 bronze has a density of 0.315 1b/in3 (8,719
kg/m?). The 80-20 bronze melts at 1868°F (1020°C), and a 95-5
bronze melts at 2480°F (1360°C).

The family of aluminum bronzes is made up of alpha-aluminum
bronzes (less than about 8% aluminum) and alpha-beta bronzes (8 to
12% aluminum) plus other elements such as iron, silicon, nickel, and
manganese. Because of the considerable strengthening effect of alu-
minum, in the hard condition these bronzes are among the highest-
strength copper alloys. Tensile strength approaches 100,000 1b/in?
(690 MPa). Such strengths plus outstanding corrosion resistance
make them excellent structural materials. They are also used in
wear-resistance applications and for nonsparking tools. Phosphor
bronzes have a tin content of 1.25 to 10%. They have excellent
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mechanical and cold-working properties and a low coefficient of fric-
tion, making them suitable for springs, diaphragms, bearing plates,
and fasteners. Their corrosion resistance is also excellent. In some
environments, such as salt water, they are superior to copper.
Leaded phosphor bronzes provide improved machinability.
Silicon bronzes are similar to aluminum bronzes. Silicon content is
usually between 1 and 4%. In some, zinc or manganese is also pres-
ent. Besides raising strength, the presence of silicon sharply
increases electrical resistivity. Aluminum-silicon bronze has excep-
tional strength and corrosion resistance and is particularly suited to
hot working.

Gear bronze may be any bronze used for casting gears and worm
wheels, but usually means a tin bronze of good strength deoxidized
with phosphorus and containing some lead, to make it easy to
machine and to lower the coefficient of friction. A typical gear bronze
contains 88.5% copper, 11 tin, 0.25 lead, and 0.25 phosphorus. It has a
tensile strength of up to 40,000 1b/in? (276 MPa), elongation 10%, and
Brinell hardness of 70 to 80, or up to 90 when chill-cast. The density
is 0.306 Ib/in® (8,470 kg/m3). This is SAE bronze No. 65. A hard
gear bronze, or hard bearing bronze, contains 84 to 86% copper,
13 to 15 tin, up to 1.5 zinc, up to 0.75 nickel, and up to 0.5 phospho-
rus. Hard and strong bronzes for gears are often silicon bronze or
manganese bronze.

In a modified 90-10 type of bronze, the zinc is usually from 2 to 4%,
and the lead up to 1%. A cast bronze of this type will have a tensile
strength of about 40,000 lb/in? (276 MPa), an elongation of 15 to 25%,
and a Brinell hardness of 60 to 80, those high in zinc being the
stronger and more ductile, those high in lead being the weaker.
Bronzes of this type are much used for general castings and are clas-
sified as composition metal in the United States. In England they
are called engineer’s bronze.

Architectural bronze, or art bronze, is formulated for color and
is very high in copper. One foundry formula for art bronze of a dull-
red color calls for 97% copper, 2 tin, and 1 zinc. For ease of casting,
however, they are more likely to contain lead, and a gold bronze for
architectural castings contains 89.5% copper, 2 tin, 5.5 zinc, and
3 lead. In leaded bronze, the hard copper-tin crystals aid in holding
the lead in solution. These bronzes are resistant to acids and are
grouped as valve bronze, or as bearing bronze because of the hard
crystals in a soft matrix. Federal specifications for bronze give 10
grades in wide variations of tin, zinc, and lead. The ASTM designates
five grades of bronze casting alloys. Alloy No. 1 contains 85% cop-
per, 10 tin, and 5 lead; Alloy No. 5 contains 70% copper, 5 tin, and 25
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lead. The British coinage copper is a bronze containing 95.5% cop-
per, 3 tin, and 1.5 zinc.

Many of these bronzes are designated by alloy number and
grouped into several families of standard alloys. There are four
principal families of wrought bronze: copper-tin-phosphorus
alloys, or phosphor bronzes (C50100 to C52400); copper-tin-
phosphorus-lead alloys, or leaded phosphor bronzes (C53200
to C54800); copper-aluminum alloys, or aluminum bronzes
(C60600 to C64400); and copper-silicon alloys, or silicon
bronzes (C64700 to C66100). A few, such as two manganese
bronzes, are included in the copper-zinc family of copper alloys.
The aluminum bronze family is the largest, containing nearly three
dozen standard compositions.

Casting alloys comprise five main families: copper-zinc-
manganese alloys, or manganese bronzes (C86100 to C86800); cop-
per-tin alloys, or tin bronzes (C90200 to C91700); copper-tin-lead
alloys, or leaded and highly leaded tin bronzes (C92200 to C94500);
copper-tin-nickel alloys, or nickel-tin bronzes (C94700 to C94900);
and copper-aluminum alloys, or aluminum bronzes (C95200 to
C95900). Copper-silicon bronzes are included in the C87300 to
C87900 family of copper-silicon alloys.

Flat products 0.12 in (3 mm) thick of aluminum bronze C61400
have tensile yield strengths ranging from 45,000 1b/in? (310 MPa) in
the annealed (060) temper to 60,000 1b/in? (414 MPa) after cold work-
ing to the HO4, or hard, temper, with ductility decreasing from 40 to
32% elongation, respectively. All casting alloys can be sand-cast,
many can be centrifugally cast, and some can be permanent-mold,
plaster-, and investment-cast but not die-cast. Among the strongest is
manganese bronze C86300, which, as cast in sand molds, provides
a minimum tensile yield strength of 60,000 1b/in% (414 MPa) and at
least 12% elongation. Some bronzes, such as nickel-bearing silicon
bronzes and aluminum bronzes, especially those containing more
than 9% aluminum, can be strengthened by age-hardening.

BRONZE POWDER. Pulverized or powdered bronze made in flake
form by stamping from sheet metal. It is used chiefly as a paint pig-
ment and as a dusting powder for printing. In making the powder, the
sheets are worked into a thin foil which becomes harder under the
working and breaks into small flakes. Lubricant keeps the flakes
from sticking to one another. Usually stearic acid is used, but in the
dusting powder, hot water or nonsticky lacquers are used. The powder
is graded in standard screens and is then polished in revolving drums
with a lubricant. This gives it the property of leafing, or forming a
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metallic film in the paint vehicle. The leaf is also called composition
leaf, or Dutch metal leaf, when used as a substitute for gold leaf.
Flitters are made by reducing thin sheets to flakes, and they are not
as fine as bronze powder. Alpha Bronze, a prealloyed 91% copper,
10% tin powder from Makin Metal Powders of England for powder-
metal parts, provides greater green strength and less wear and noise
in bearing applications than a premixed 90-10 composition.

The compositions of bronze powder vary, and seven alloys form the
chief commercial color grades from the reddest, called pale gold,
which has 95% copper and 5 zinc, to the rich gold which has 70% cop-
per and 30 zinc. Colors are also produced by heating to give oxides of
deep red, crimson, or green-blue. The powder may also be dyed in col-
ors, using tannic acid as a mordant, or treated with acetic acid or cop-
per acetate to produce an antique finish. The color or tone of bronze
powders may also be adjusted in paints by adding a proportion of
mica powder. A white bronze powder is made from aluminum
bronze, and the silvery colors are obtained with aluminum powder.
The bronze powder of 400 mesh used for inks is designated as extra
fine. The fine grade, for stencil work, is 325 mesh. Medium fine, for
coated paper, has 85% of the particles passing through a 325-mesh
screen and 15% retained on the screen. Near mesh, for paint pigment,
has 30% passing through a 325-mesh screen. A 400-mesh powder has
500 million particles per gram. The old name for bronze powder is
gilding powder. It is also called gold powder when used in cheap
gold-colored paints, but bronze powders cannot replace gold for use in
atmospheres containing sulfur, or for printing on leather where tan-
nic acid would corrode the metal. Gold pigments used in plastics are
bronze powders with oxygen stabilizers.

BROOMCORN. A plant of the sorghum family, Holcus sorghum,
grown in the southwest, in Illinois and Kansas, and in Argentina and
Hungary. It is used for making brushes and brooms and for the stems
of artificial flowers. The jointed stems of the dwarf variety grown in
semiarid regions are 12 to 24 in (0.30 to 0.61 m) long, but the stan-
dard brush corn is up to 30 in (0.76 m) long. The fibers are yellow
and, when dry, are coarse and hard. They are easily cleaned and read-
ily dyed. As a brush material, they have the disadvantage of breaking
easily and are therefore unsuited for mechanical brushes for hard ser-
vice. Broom root, or rice root, is similar to broomcorn and is suit-
able for mixing with it or for coarse brushes. It is from a type of grass,
Epicampes macroura, of Mexico and Guatemala. The fiber is from the
tough, crinkly, yellowish roots. After removal of the outer bark, the
dry root is treated with the fumes of burning sulfur to improve the
color. The fibers are 8 to 18 in (0.20 to 0.46 m) long. In Mexico it is
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called raiz de Zacaton, or Zacaton root, and its American name, rice,
is a corruption of the Spanish word for root.

BRUSH FIBERS. Industrial brushes are made from a wide variety of
fibers, varying from the fine and soft camel’s hair to the hard, coarse,
and brittle broomcorn. Bristles are the most commonly used, but
tampico and piassava fibers are important for polishing brushes. The
vegetable fibers used for brushes are tough and stiff compared to the
finer, flexible and cohesive fibers used for twine and for fabrics. They
may, however, come from the same plant, or even from the same leaf,
as the textile fibers, but be graded out for stiffness. Palmetto fiber
is from the cabbage palm tree, Sabal palmetto, of Florida. Whisk-
brooms and brushes are made from the young leafstalks and stiff
floor sweeps from the leaves.

A fiber finer than palmetto is obtained from the twisted roots of the
scrub palmetto, S. megacarpa. Arenga fiber is a stiff, strong fiber
from the stems of the aren palm tree, Arenga saccharifera, of
Indonesia. The finest grades resemble horsehair. Kittool is a similar
strong, elastic fiber from the large leaves of the palm tree Caryota
urens, of India and Sri Lanka. It is very resistant and is valued for
machine brushes. Gomuti fiber and Chinese coir are fibers from
other species of this palm. Bass, or raphia, is a coarse fiber used for
hard brushes and brooms. The heavier piassava fibers are also known
as bass, but bass is from the leaves of the palm tree Raphia vinifera,
of West Africa. Darwin fiber, used for brooms and scrubbing brushes
in Australia, is from the Gahnia trifida. Crin is from the leaves of the
palm tree of Algeria, although the word crin originally referred to
horsehair. Crin vegetal, or vegetable crin, is fiber from the leaf of
the yatay palm, Diplothemium littorale, of Corrientes Province,
Argentina. Horsehair, from the manes and tails of horses, is used for
some paintbrushes.

Red sable hair is used for fine-pointed and knife-edged brushes
for show-card and watercolor use. It is from the tail of the kolin-
sky, Mustela siberica, of Siberia, and the pale red hair has
strength and resiliency and very fine points. Russian sable hair,
used for artists’ brushes, is stronger than red sable hair, but is less
pointed and not as elastic for water painting. It is from the tail of
the fitch, Putorius putorius, of central Asia, but the so-called fitch
hair used for ordinary flowing brushes is usually skunk tail hair.
It is stiffer and coarser than fitch hair. Badger hair, also used for
flowing brushes, is a resilient hair with fine points and is from the
back of the badger of Turkey and southern Russia. Black sable
hair, used for signwriter brushes, is not from a sable, but is the
trade name for mixtures of marten hair, bear hair, and some other
Siberian hairs.
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Vegetable and animal fibers are not resilient to alkalies or acids
and cannot be wetted with them. The artificial fibers of plastics such
as nylon are resistant to many chemicals. For hard-service mechani-
cal brushes, and for resistance to strong chemicals, brush fibers are of
steel, brass, or aluminum wire. Brush wire for rotary-power brushes
for metal brushing is soft- to hard-drawn steel wire usually 0.005 in
(0.013 c¢m) in diameter. Finer wire for soft rotary brushes is a soft-
drawn steel wire 0.0025 in (0.006 cm) in diameter.

BUFFING COMPOSITIONS. Materials used for buffing or polishing
metals, originally consisting of dolomitic lime with 18 to 25% saponifi-
able grease as a bond. The lime acts as the abrasive, and in some
compositions is partly replaced by other abrasives such as emery
flour, tripoli, pumice, silica, or rouge. Harsher abrasives are used in
the compositions employed for the cutting-down or buffing operations.
Abrasive grains are selected for combinations of hardness, toughness,
and sharpness, from the soft iron oxide to the hard and sharp alu-
minum oxide. Buffing compositions are usually sold under trade
names for definite uses rather than by composition. Metal polishes
for hand use are now usually liquids. The pastes, formerly known as
Putz cream and brash polish, contained tripoli or pumice with
oxalic acid and paraffin. The liquid polishes now generally contain
finer abrasives such as pumicite or diatomite, in a detergent, together
with a solvent, and sometimes pine oil or an alkali.

BUILDING SAND. Selected sand used for concrete, for mortar for laying
bricks, and for plastering. Early specifications called for sand grains to
be sharp, but rounded grains are now preferred because there are
fewer voids in the mixture. Building sand is normally taken from
deposits within a reasonable haul of the site of building, and is not
usually specified by analysis, but should be a hard silica sand that will
not dissolve. Pure white sand for finish plaster is made by grinding
limestone. Building sand is required to be clean, with not more than
3% clay, loam, or organic matter. ASTM requirements are that all
grains pass through a 0.375-in (0.95-cm) sieve, 85% through a No. 4
sieve, and not more than 30% through a No. 50 sieve. For brick mortar,
all the sand should pass through a 0.25-in (0.64-cm) sieve. For plaster,
not more than 6% should pass through a No. 8 sieve. Flooring sand
for mastic flooring is a clean sand passing through a No. 3 sieve, with
7% passing through a No. 100 sieve. Roofing sand is a fine, white sil-
ica sand. Paving sand is divided into three general classes: for con-
crete pavements, for asphaltic pavements, and for grouting.

The U.S. Bureau of Public Roads requires that all sand for concrete
pavements pass through a 0.25-in (0.64-cm) sieve, 5 to 25% should be
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retained on a No. 10 sieve, from 50 to 90% on a No. 50 sieve, and not
more than 10% should pass through a No. 100 sieve. Not more than
3% of the weight should be matter removable by elutriation. For
asphaltic pavements small amounts of organic matter are not objec-
tionable in the sand. All should pass through a 0.25-in (0.64-cm)
sieve, 95 to 100% through a No. 10 sieve, and not more than 5%
through a No. 200 sieve. Grouting sand should all pass through a
No. 20 sieve, and not more than 5% through a No. 200 sieve. Chat
sand, used for concrete pavements, is a by-product of zinc and lead
mines. It is screened through a 0.375-in (0.95-cm) sieve.

BUILDING STONE. Any stone used for building construction may be
classified as building stone. Granite and limestone are among the
most ancient of building materials and are extremely durable. Two
million limestone and granite blocks, totaling nearly 8 million long
tons (8,128 million kg), were used in the pyramid of Giza, built about
2980 B.c., the granite being used for casing. Availability, or a near
supply, may determine the stone used in ordinary building, but for
public buildings stone is transported long distances. Some sand-
stones, such as the red sandstone of the Connecticut Valley, weather
badly and are likely to scale off with penetration of moisture and
frost. Granite will take heavy pressures and is used for foundation
tiers and columns. Limestones and well-cemented sandstones are
employed extensively above the foundations. Nearly half of all the
limestone used in the United States in block form is Indiana lime-
stone. Marble has a low crushing strength and is usually an architec-
tural or facing stone.

Crushed stone is used for making concrete, for railway ballast,
and for road making. The commercial stone is quarried, crushed,
and graded. Much of the crushed stone used is granite, limestone,
and trap rock. The last is a term used to designate basalt, gabbro,
diorite, and other dark-colored, fine-grained igneous rocks. Graded
crushed stone usually consists of only one kind of rock and is broken
with sharp edges. The sizes are from 0.25 to 2.5 in (0.64 to 6.35 cm),
although larger sizes may be used for massive concrete aggregate.
Screenings below 0.25 in (0.64 cm) are employed largely for paving.
Granite granules for making hard terrazzo floors are marketed in
several sizes, and in pink, green, and other selected colors.
Roofing granules are graded particles of crushed rock, slate, slag,
porcelain, or tile, used as surfacing on asphalt roofing and shingles.
Granules have practically superseded gravel for this purpose. Black
amphibole ryolite may be used, or gray basalt may be colored
artificially for granule use. The suzorite rock of Quebec contains
feldspar, pyroxenite, apatite, and mica, and it is treated to remove
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the mica. Ceramic granules are produced from clay or shale, fired
and glazed with metallic salts. They are preferred because the color
is uniform.

BULK MOLDING COMPOUND. BMC is a puttylike mixture of ther-
mosetting polyester, vinyl ester or phenolic resins, additives, fillers,
pigments, and/or reinforcements generally extruded into shapes for
compression, transfer, or injection molding. Bulk Molding Compounds
Inc. makes a dozen product series compounds, including general-pur-
pose, electrical, medium- and high-strength, food-contact, and corro-
sion-resistant types. Depending on series, specific gravity ranges from
1.7 to 2.2, heat-distortion temperatures from 400 to over 500°F (204
to over 260°C), water absorption from 0.06 to 0.20%, mold shrinkage
from 0 to 6 mil/in or mm/m, dielectric strength from 300 to 500 V/mil
(11.8 X 10°% to 19.7 X 108 V/m), arc resistance from 180 to 245 s, and
flammability from HB to VO, 5V, and VO/5V. Mechanical properties
include a hardness of 35 to 82 Barcol, tensile strength of 4000 to 9000
Ib/in? (28 to 62 MPa), compressive strength of 15,000 to 24,000 1b/in?
(103 to 165 MPa), flexural strength of 8000 to 24,000 1b/in2 (55 to 165
MPa) and a notched impact strength of 2 to 13 ft - Ib/in (107 to 694
J/m). Applications include electrical coil bobbins, brush holders and
connectors, dishwares, pans, trays, tubs, and housings for headlamp
reflectors, small appliances, auto parts, and hand-held power tools.
Nu-Stone, of Industrial Dielectrics, is a BMC that looks like granite.

BURLAP. A coarse, heavy cloth made of plain-woven jute, or jutelike
fibers, and used for wrapping and bagging bulky articles, for uphol-
stery linings, and as a backing fabric for linoleum. Finer grades are
used for wall coverings. The standard burlap from India is largely
from jute fibers, but some hibiscus fibers are used. For bags and
wrappings, the weave is coarse and irregular, and the color is the nat-
ural tan. The coarse grades such as those used for wrapping cotton
bales are sometimes called gunny in the United States, but gunny is
a general name for all burlap in Great Britain. Dundee, Scotland, is
the important center of burlap manufacture outside of India, but con-
siderable quantities are made from native fibers in Brazil and other
countries. Burlap is woven in widths up to 144 in (3.6 m), but 36, 40,
and 50 in (0.91, 1.02, and 1.27 m) are the usual widths. Hessian is
the name of a 9.5-0z (269-g), plain-woven finer burlap made to replace
an older fabric of the same name woven from coarse and heavy flax
fibers. When dyed in colors, it is used for linings, wall coverings, and
upholstery. Bithess was a name for Hessian fabric coated with bitu-
men, used in India to spread over soft-earth areas as a seal for a top
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coating to form airplane runways. Brattice cloth is a very coarse,
heavy, and tightly woven jute cloth, usually 20 oz (567 g) used for gas
breaks in coal mines; but a heavy cotton duck substituted for the
same purpose is called by the same name. Most burlap for commercial
bags is 8, 9, 10, and 12 oz (226, 255, 283, and 340 g), feed bags being
8 0z (226 g) and grain bags 10 oz (283 g).

BUTADIENE. Also called divinyl, vinyl ethylene, erythrene, and
pyrrolylene. A colorless gas of composition CH,:CH - CH:CH,, used
in the production of neoprene, nylon, latex paints, and resins.
Butadiene has a boiling point of 26.6°F (—3°C) and a specific gravity
of 0.6272. Commercial butadiene is at least 98% pure.

Butadiene is primarily obtained as an ethylene coproduct during the
steam cracking of naphtha or gas oil. It is also made by oxidation dehy-
drogenation of n-butenes, the dehydrogenation of butanes, and conver-
sion of ethyl alcohol. The largest use for butadiene is the production of
elastomers, such as polybutadiene, styrene-butadiene, poly-
chloroprene, and acrylonitrile-butadiene, or nitrile rubbers.

Three types of polybutadiene are available: high-cis (97%),
medium-cis (92%), and low-cis (40%). The high-cis rubber is made by
polymerization with a cobalt or nickel catalyst to keep the detrimen-
tal vinyl content below 1%. The medium-cis, the most popular grade,
employs a titanium catalyst, and the low-cis product uses an alkyl-
lithium initiator. The rubbers have less resilience and a higher heat
buildup than natural rubber, but they also give much greater wear
life, low-temperature flexibility, and increased groove-cracking resis-
tance in automotive tire treads and sidewalls, and bias truck-tire
body plies. Polybutadiene is almost always used in blends with other
rubbers. In tire treads, the concentration is 25 to 35% by weight; the
other components include corubbers, carbon black, extending oils,
and zinc stearate activator. Polybutadiene is also used as a raw
material for making hexamethylenediamine, the precursor for
nylon 6,6 and acrylonitrile-butadiene-styrene plastics.

BUTTER. An edible fat made from cow’s milk by curdling with bacter-
ial cultures and churning. The production of butter is one of the large
industries of the Western nations, with an annual production exceed-
ing 10 billion 1b (4.5 billion kg), 30% of which is made in the United
States. Other important producers are Germany, Holland, the
Scandinavian countries, Australia, New Zealand, Canada, Ireland,
and Argentina. Butter is an important raw material in the bakery
and confectionery industries. Federal regulations require that cream-
ery butter be made exclusively from milk or cream, with or without
salt and coloring matter, and contain not less than 80% by weight of
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milk fat, not over 15% moisture, and not over 2.5% salt. Butter varies
greatly in color and flavor according to the feed of the animal, the pro-
cessing, and the storage. The natural color is whitish in winter and
yellow in summer, when the animal feeds on green pasturage.
Commercial butter is usually brought to a uniform yellow by coloring
with annatto. Musty, garlicky, and fishy flavors may be caused by
noxious weeds eaten by the animal; cheesy or yeasty flavors may be
from stale cream; metallic, greasy, scorched, or alkaline flavors may
be from improper processing. Whipped butter has 50% greater vol-
ume in the same weight and has greater plasticity for spreading.

United States grades for creamery butter range from 93 score for
the best butter of fine flavor and body down to 85 score for the lowest
grade having pronounced obnoxious weed flavor and defects in body,
color, or salt. The grading, or scoring, of butter is done by experts. The
flavor is determined by the senses of taste and smell. The flavor, body,
color, and salt are rated independently, and points, or scores, are sub-
tracted for defects. Body and texture of the butter are determined by
the character of the granules and their closeness. The most common
body defects are gumminess, sponginess, crumbliness, and stickiness.
The most common defect in color is lack of uniformity, with waves or
mottles. Defects in salting are excessive salt and undissolved salt
grains. Butter held in storage at improper temperatures is likely to
develop rancid or unpleasant flavors and acidity due to chemical
changes, or it may absorb flavors from surrounding products. High-
grade butter can be held in well-regulated cold storage for long peri-
ods without appreciable deterioration.

An important substitute for butter is margarine. Oleomargarine
is a term still retained in old food laws, but the product is no longer
manufactured. It was a compound of mutton fat with vegetable tallows
and fats, invented by the French chemist Mege-Mouries. Margarine is
made from a mixture of about 80% vegetable oils and 20 milk in the
same manner as butter. It has a slightly lower melting point than but-
ter, 72 to 81°F (22 to 27°C), but the melting point and a desired degree
of saturation of the fatty acids can be regulated by hydrogenation of
the oils. Margarine of lower melting points is used in the bakery indus-
try, and grades with higher melting points are for table use. From 2.5
to 4% salt is used, together with vitamins A and D, lecithin, annatto
coloring, and sometimes phosphatides to prevent spattering when used
for frying. Biacetyl, C,H,O,, a colorless, pungent, sweet liquid which
gives the characteristic flavor to butter, is also added. The food value
is, in general, higher than that of butter; but because of the competi-
tion with butter, various federal and state regulations restrict its use.
Soya butter is made from emulsified soybean; and when fortified with
butyric acid, the characteristic acid of butter, it is practically indistin-
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guishable from butter. It is, however, subject to restrictive regulations.
Butter flavors are used in confectionery and bakery products.
Butter-Aid is made by extracting and concentrating the esters of nat-
ural butter. It is used as a high-strength flavor in foodstuffs in the
form of powder or liquid emulsion. Butta-Van is a butter flavor with
vanilla. It contains butyric acid, ethyl butyrate, coumarin, vanillin,
and glycerin in water solution. Ghee butter, used in India, is made
from buffalo milk, sometimes mixed with cow’s milk. It is clarified and
the moisture removed by boiling and slow cooling and separating off
the opaque white portion. It is light in color and granular.

Cheese is an important solid food product made from whole or skim
milk. It contains all the food value of milk, including the proteins of
the casein. The biotics used in the manufacture produce n-butyric
acid, also with caproic, caprylic, and capric acids in varying amounts
which produce the flavor of the various types of cheese. In the same
manner, lipase enzymes from the glands of calves and lambs are
used for enhancing the flavor of food products containing milk or but-
terfat. The enzymes hydrolyze the butyric or other short-chained fatty
acids into the glycerides. Lipolyzed butter, of Marschall Dairy
Laboratories, Inc., is made by treating natural butterfat with
enzymes. It gives intensity and uniformity of flavor to margarine and
bakery products.

CADMIUM. A silvery-white crystalline metal, symbol Cd. It has a spe-
cific gravity of 8.6, is very ductile, and can be rolled or beaten into
thin sheets. It resembles tin and gives the same characteristic cry
when bent, but is harder than tin. A small addition of zinc makes it
very brittle. It melts at 608°F (320°C) and boils at 1409°F (765°C).
Cadmium is employed as an alloying element in soft solders and in
fusible alloys, for hardening copper, as a white corrosion-resistant
plating metal, and in its compounds for pigments and chemicals. It is
also used for nickel-cadmium batteries and to shield against neutrons
in atomic equipment; but gamma rays are emitted when the neutrons
are absorbed, and these rays require an additional shielding of lead.
The metal is marketed in small, round sticks 12 in (0.31 m) long, in
variously shaped anodes for electroplating, and as foil. Cadmium
foil is 99.95% pure cadmium and is as thin as 0.0005 in (0.013 mm).
It is used for neutron shielding and for electronic applications requir-
ing high corrosion resistance. Electrolytic cadmium is 99.95% pure. It
is obtained chiefly as a by-product of the zinc industry by treating the
flue dust and fumes from the roasting of the ores. Flue dust imported
from Mexico averages 0.66 ton (600 kg) of cadmium per ton (metric
ton) of dust. About half the world production is in the United States.
Other important producers are West Germany, Belgium, Canada, and
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Poland. The only commercial ore of the metal is greenockite, CdS,
which contains theoretically 77.7% cadmium. This mineral occurs
in yellow powdery form in the zinc ores of Missouri. Cadmium occurs in
sphalerite to the extent of 0.1 to 1%.

Most of the consumption of cadmium is for electroplating. For a cor-
rosion-resistant coating for iron or steel, a cadmium plate of 0.0003 in
(0.008 mm) is equal in effect to a zinc coat of 0.001 in (0.025 mm). The
plated metal has a silvery-white color with a bluish tinge, is denser
than zinc and harder than tin, but electroplated coatings are subject
to hydrogen embrittlement, and aircraft parts are usually coated by
the vacuum process. Cadmium plating is not normally used on cop-
per or brass since copper is electronegative to it; but when these met-
als are employed next to cadmium-plated steel, a plate of cadmium
may be used on the copper to lessen deterioration.

Small amounts of cadmium added to copper give higher strength,
hardness, and wear resistance, but decrease the electrical conductiv-
ity. Copper containing 0.5 to 1.2% cadmium is called cadmium cop-
per or cadmium bronze. Hitenso is a cadmium bronze of American
Brass Co. It has 35% greater strength than hard-drawn copper and
85% the conductivity of copper. The cadmium bronze known in
England as conductivity bronze, used for electric wires, contains
0.8% cadmium and 0.6 tin. Tensile strength, hard-drawn, is 85,000
Ib/in% (586 MPa), and conductivity is 50% that of copper. Cadmium
nitrate, Cd(NO,),, is a white powder used for making cadmium yellow
and fluorescent pigments, and as a catalyst. Cadmium sulfide CdS,
is used as a yellow pigment, and when mixed with cadmium
selenide, CdSe, a red powder, it gives a bright-orange pigment. The
sulfide is used for growing cadmium sulfide crystals in plates and
rods for semiconductor uses. Crystals grown at 1922°F (1050°C) are
nearly transparent, but those grown at higher temperatures are dark
amber. Cadmium, a carcinogen, can be extremely toxic, and caution is
required not to create dust or fumes. Because of its toxicity, use in cer-
tain applications—pigments, for example—has declined considerably.

CAFFEINE. An alkaloid which is a white powder when it has the com-
position C;H,; )N,O, and occurs in crystalline flakes when it has one
molecule of water of crystallization. The melting point is 459°F
(237°C). It is soluble in chloroform and slightly soluble in water and
alcohol. It is the most widely used of the purine compounds, which
are found in plants. Caffeine stimulates physically to lessen fatigue,
but in large amounts is highly toxic. Its prime use is in medicine, but
most of the production is used in soft drinks. Caffeine does not nor-
mally break down in the human body, but passes off in the urine, and
the effect is not cumulative; but sarcosine, which occurs in muscles, is
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a decomposition product of caffeine, though it normally comes from
nitrogen metabolism. Caffeine is obtained from coffee, tea waste, kola
nuts, or guarana by solvent extraction, or as a by-product in the man-
ufacture of noncaffeine coffees, or in the processing of coffee for the
production of oil and cellulose. It is made synthetically from
dimethyl sulfate, a volatile toxic liquid of composition
H(CH,)O(S0,)0(CH,)H, also used for making codeine and other
drugs. Synthetic caffeine is made from urea and sodium cyanoacetate
and is equal chemically to natural caffeine.

Less than 1% caffeine is obtained from coffee, about 2 from tea
waste, and 1.5 from kola nuts. In tea it is sometimes called theine.
Cocoa waste contains theobromine, from which caffeine may be pro-
duced by adding one more methyl group to the molecular ring. The
name is a deception, as there is no bromine in the molecule.
Theobromine is a more powerful stimulant than caffeine. It is a bitter
white crystalline powder of composition C,H,N,O,, also called
dimethyl xanthine and used in medicine. Guarana contains the
highest percentage of caffeine of all the beverage plants, about 3%. It
comes from the seeds of the woody climbing plant Paullinia cupana,
of the Amazon Valley. The Indians grind the seeds with water and
mandioca flour and dry the molded paste with smoke. For use it is
grated into hot water. Kola nuts are the seeds of the fruit of the large
spreading tree Kola acuminata, native to West Africa and cultivated
also in tropical America, and K. nitida of West Africa. The nuts of the
latter tree contain the higher percentages of theobromine and caf-
feine. The white nuts are preferred to the pink or red varieties. A sim-
ilar product consists of caffeine and sodium benzoate. Both
formulations are far more soluble in water than caffeine. Citrated
caffeine, used in pharmaceuticals, is a white powder produced by the
action of citric acid on caffeine, and it contains about equal quantities
by weight of anhydrous caffeine and citric acid.

CAJEPUT OIL. A greenish essential oil distilled from the leaves of the
tree Melaleuca leucadendron, growing chiefly in Indonesia. It con-
tains the cineole of eucalyptus oil and the terpinol which is charac-
teristic of the lilac. It has a camphorlike odor. It is used in medicine
as an antiseptic and counterirritant, and in perfumes. Naouli oil is a
similar oil from the leaves of the tree M. viridi of New Caledonia.
Cajeput bark, from the same tree, is used as an insulating material
in place of cork. The bark, up to 2 in (5.08 cm) thick, is soft, light,
resistant, and a good insulator.

CALCITE. One of the most common and widely diffused materials,
occurring in the form of limestones, marbles, chalks, calcareous
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marls, and calcareous sandstones. It is a calcium carbonate,
CaCO,, and the natural color is white or colorless, but it may be
tinted to almost any shade with impurities. The specific gravity is
about 2.72 and Mohs hardness 3. Calcite is usually in compact
masses, but argonite, formed by water deposition, develops in radi-
ating flowerlike growths often twisted erratically. Iceland spar, or
calc spar, is the name for the perfectly crystallized, water-clear, flaw-
less calcite crystals of optical grade used for the manufacture of Nicol
prisms for polarizing microscopes, photometers, calorimeters, and
polariscopes. It comes from Iceland, Spain, South Africa, and New
Mexico, and some crystals have been found as large as 17 1b (7.7 kg).
The common black calcite, containing manganese oxide, often also
contains silver in proportions high enough to warrant chemical
extraction of the metal.

CALCIUM. A metallic element, symbol Ca, belonging to the group of
alkaline earths. It is one of the most abundant materials, occurring in
combination in limestones and calcareous clays. The metal is
obtained 98.6% pure by electrolysis of the fused anhydrous chloride.
By further subliming, it is obtained 99.5% pure. Calcium metal is
yellowish white. It oxidizes easily, and when heated in air, burns with
a brilliant white light. It has a density of 0.056 1b/in3 (1,550 kg/m?3), a
melting point of 1540°F (838°C), and a boiling point of 2625°F
(1440°C). Its strong affinity for oxygen and sulfur is utilized as a
cleanser for nonferrous alloys. As a deoxidizer and desulfurizer, it is
employed in the form of lumps or sticks of calcium metal or in ferroal-
loys and calcium-copper. For the reduction of light-metal ores, it is
used in the form of the hydride. Crystalline calcium is also used in
the form of a very reactive free-flowing powder of 94 to 97% purity
and containing 2.5% of calcium oxide with small amounts of magne-
sium and other impurities. The specific gravity of the powder is 1.54,
and the melting point is 1562°F (851°C). Natural calcium compounds,
such as dolomite, are used directly as a flux in melting iron. Calcium
is also used to harden lead, and calcium silicide is used in making
some special steels to inhibit carbide formation.

Many compounds of calcium are employed industrially, in fertiliz-
ers, foodstuffs, and medicine. It is an essential element in the forma-
tion of bones, teeth, shells, and plants. Oyster shells form an
important commercial source of calcium for animal feeds. They are
crushed, and the fine flour is marketed for stock feeds and the coarse
for poultry feeds. The shell is calcium carbonate. Edible calcium,
for adding calcium to food products, is calcium lactate, a white pow-
der of composition Ca(C,H,0,), - 5H,0, derived from milk. Calcium
lactobionate is a white powder that readily forms chlorides and
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other double salts and is used as a suspending agent in pharmaceuti-
cals. It contains 4.94% available calcium. Calcium phosphate, used
in the foodstuffs industry and in medicine, is marketed in several
forms. Calcium diphosphate, known as phosphate of lime, is
CaHPO, - 2H,0, or in anhydrous form. It is soluble in dilute citric
acid solutions and is used to add calcium and phosphorus to foods,
and as a polishing agent in toothpastes. Calcium monophosphate
is a stable, white, water-soluble powder, CaH,P,O, - H,0, used in
baking as a leavening agent. The anhydrous monocalcium phos-
phate, CaH (PO,),, for use in prepared flour mixes, is a white pow-
der with each particle having a coating of a phosphate that is soluble
only with difficulty, to delay solution when liquids are added.
Calcium triphosphate, Ca,(PO,),, is a white, water-insoluble pow-
der used to supply calcium and phosphorus to foods, as a polishing
agent in dentifrices, and as an antacid. Calcium sulfite, CaSO, -
2H,0, is a white powder used in bleaching paper pulp and textiles,
and as a disinfectant. It is only slightly soluble in water, but it loses
its water of crystallization and melts at 212°F (100°C). Calcium sili-
cate, CaO - Si0O,, is a white powder used as a reinforcing agent in
rubber, as an absorbent, to control the viscosity of liquids, and as a
filler in paints and coatings. It reduces the sheen in coatings. Silene
EF is a precipitated calcium silicate for rubber. Micro-Cal, of
Manville Corp., is a synthetic calcium silicate with particle size as
small as 0.79 pin (0.02 pm). It will absorb up to 6 times its weight of
water, and 3 1b (1.36 kg) will absorb 1 gal (0.0038 m?3) of liquid and
remain a free-flowing powder.

Calcium metasilicate, CaO - SiO,, is found in great quantities as
the mineral wollastonite near Willsboro, New York, mixed with about
15% andradite. The thin, needlelike crystals are easy to crush and
grind, and the impurities are separated out. The ground material is a
brilliant white powder in short fibers, 99.5% passing a 325-mesh
screen. It is used in flat paints, for paper coatings, as a filler in plastics,
for welding-rod coatings, and for electrical insulators, tile, and other
ceramics. Calcium acetate, Ca(C,H,0,), - H,0, is a white powder used
in liming rosin and for making metallic soaps and synthetic resins. It is
also called lime acetate, acetate of lime, and vinegar salts.
Calcium hydroxide, Ca(OH),, a by-product of acetylene production,
is used mainly in fertilizers and water-treating chemicals. Also
referred to as carbide lime and slaked lime, it is marketed as
White Knight 100 by ReBase Products. Stabilized to prevent reac-
tion with carbon dioxide in the atmosphere, the fine particles can
serve as a lightweight alternative to calcium carbonate fillers in
polyolefin and polyvinyl chloride plastics.
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CALCIUM CARBIDE. A hard, grayish-black, crystalline substance used
chiefly for the production of acetylene gas for welding and cutting
torches and for lighting. It was discovered in 1892 and was widely
employed for theater stage lighting and for early automobile head-
lights. It is made by reducing lime with coke in the electric furnace, at
3632 to 3992°F (2000 to 2200°C). It can also be made by heating
crushed limestone to a temperature of about 1832°F (1000°C), flowing
a high-methane natural gas through it, and then heating to 3092°F
(1700°C). The composition is CaC,, and the specific gravity is 2.26. It
contains theoretically 37.5% carbon. When water is added to calcium
carbide, acetylene gas is formed, leaving a residue of slaked lime.
Pure carbide will yield 5.83 ft3 (0.16 m?) of acetylene per 1 1b (0.45 kg)
of carbide, but the commercial product is usually only 85% pure.
Federal specifications require not less than 4.5 ft3 (0.13 m?®) of gas per
11b (0.45 kg). Although calcium carbide is principally used for making
acetylene, this market is shrinking as acetylene is recovered increas-
ingly as a by-product in petrochemical plants. A growing application
for calcium carbide is desulfurization and deoxidation of iron and
steel. It is also a raw material for production of calcium cyanamide.

CALCIUM CHLORIDE. A white, crystalline, lumpy or flaky material of
composition CaCl,. The specific gravity is 2.15, the melting point is
1422°F (772°C), and it is highly hygroscopic and deliquescent with
rapid solubility in water. The commercial product contains 75 to 80%
CaCl,, with the balance chiefly water of crystallization. Some is mar-
keted in anhydrous form for dehydrating gases. It is also sold in
water solution containing 40% calcium chloride. Calcium chloride has
been used on roads to aid in surfacing, absorb dust, and prevent
cracking from freezing. It is used for accelerating the setting of mor-
tars, but more than 4% in concrete decreases the strength of the con-
crete. It is also employed as an antifreeze in fire tanks, for brine
refrigeration, for storing solar energy, as an anti-ice agent on street
pavements, as a food preservative, and in textile and paper sizes as a
gelling agent. In petroleum production, it is used in drilling muds,
cementing operations, and workover or completion fluids. Calcium
chloride is obtained from natural brines and dry lake beds, after
sodium chloride, bromide, and other products are extracted. The
magnesium-calcium brine remaining is marketed for dust control
or purified into calcium chloride. It is a by-product of sodium bicarbonate
production via the Solvay process and is made in small quantities by
neutralizing waste hydrochloric acid with lime or limestone.

CALCIUM-SILICON. An alloy of calcium and silicon used as a deoxidiz-
ing agent for the elimination of sulfur in the production of steels and
cast irons. Steels deoxidized or treated with calcium or calcium and sil-
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icon can have better machinability than those deoxidized with alu-
minum and silicon. It is marketed as low-iron, containing 22 to 28%
calcium, 65 to 70 silicon, and 5 maximum iron, and as high-iron, con-
taining 18 to 22% calcium, 58 to 60 silicon, and 15 to 20 iron. It comes
in crushed form and is added to the molten steel. At the temperature of
molten steel, all the calcium passes off and leaves no residue in the
steel. Calcium-manganese-silicon is another master alloy contain-
ing 17 to 19% calcium, 8 to 10 manganese, 55 to 60 silicon, and 10 iron.

CAMEL’S HAIR. The fine, tough, soft hair from the mane and back of
the camel, Camelus bactrianus, used for artists’ brushes and indus-
trial stripping brushes. Most of the hair is produced in central Asia
and Iran, and the grades preferred for brushes are from the crossbred
Boghdi camel. The hair from the dromedary, also called djemel, or
camel, is of poor quality. Much of the camel hair is not cut, but is
molted in large patches and is picked up along the camel routes. The
plucked beard hair and the coarse outerguard hair obtained in comb-
ing are the brush fibers. They are tough, silky, and resilient. The
length is 5 to 8 in (12.7 to 20.3 cm). The fine body hair, or camel
wool, which constitutes about 90% of the total fiber, is 1.5 to 2 in (3.8
to 5.1 cm) long, has a fine radiance, a pale tan color, and a downy feel.
It is the textile fiber. The beard hair from the Cashmere goat is very
similar to camel hair and is used for brushes. Various other hairs are
used for making camel’s-hair brushes, including ox-ear hair, badger
hair, and sable hair.

CAMPHOR. The white resin of Cinnamomum camphora, an evergreen
tree with laurellike leaves, reaching a height of 100 ft (30 m). The tree
occurs naturally in China and southern Japan, and is also grown in
Florida. Taiwan is the center of the industry. Camphor, C, H, O, has a
specific gravity of 0.986 to 0.996 and melts at 356°F (180°C). It is
insoluble in water, but soluble in alcohol or ether. Camphor is used for
hardening nitrocellulose plastics, but it is also used in pharmaceuti-
cals, disinfectants, and explosives and chemicals. It is obtained from
the trunks, roots, and large branches by steam distillation. From 20 to
40 1b (9.1 to 18.1 kg) of chips produces 1 1b (0.5 kg) of camphor. Crude
camphor is pressed to obtain the flowers of camphor and camphor
oil. The crude red camphor oil is fractionated into white and brown
oils; the white oil is used in soaps, polishes, varnishes, cleaners, and
pharmaceuticals; and the brown oil is used in perfumery. White cam-
phor oil is a colorless liquid with a camphor odor and a specific grav-
ity of 0.870 to 1.040, and it is soluble in ether or chloroform. Camphor
oil may also be distilled from the twigs. Camphor sassafrassy oil is
a camphor-oil fraction having a specific gravity of 0.97. It is a sas-
safras tone and is used for scenting soaps and sprays.
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Borneo camphor, or borneol, is a white, crystalline solid
obtained from the tree Dryobalanops camphora of Borneo and
Sumatra. It is used as a substitute for camphor in cellulose plastics.
It has composition C,,;H,,OH and a specific gravity of 1.01, is soluble
in alcohol, and sublimes at 414°F (212°C). The wood of this tree,
known as Borneo camphorwood, or kapur, is used for cabinet-
work. It has a density of 50 1b/ft? (801 kg/m?), an interlocking grain,
and a scent of camphor. It is also known as camphorwood.

Artificial camphor is bornyl chloride, C, H,.Cl, a derivative of
the pinene of turpentine. It has a camphor odor and the same indus-
trial uses as camphor, but is optically inactive and is not used in
pharmaceuticals. A compound derived from natural camphor, 10-
camphor-sulfonic acid, is used extensively in the optical resolu-
tion of amines. Synthetic camphor, made from turpentine, in
refined form is equal to the natural product for medicinal use, and
the technical grade is used in plastics. The camphor substitute
Lindol, of Hoechst Celanese Corp., is tricresyl phosphate, or tolyl
phosphate, (CH,C.H,),PO,, a colorless, odorless viscous liquid
which solidifies at —4°F (—20°C). Like camphor, it hardens cellulose
nitrate and makes it nonflammable. Tricresyl phosphate is also used
as an additive to gasoline to prevent buildup of carbon deposits on
the spark plugs and in the engine, thus increasing power by prevent-
ing predetonation. Other uses are as a plasticizer for synthetic
resins, as a hydraulic fluid, and as an additive in lubricants. It is
made from petroleum and from the cresylic acid from coal.
Triphenyl phosphate, (C;H,),PO,, is also used as a substitute for
camphor in cellulose nitrate and for making coating compounds non-
flammable. It is a colorless solid, melting at 120°F (49°C).
Dehydranone, of Union Carbide Corp., Chemicals Div., is dehy-
dracetic acid, C;H,O,, a white, odorless solid with some of the
properties of camphor, used in nitrocellulose and vinyl resins.
Cyclohexyl levulinate, CH,CO(CH,),COOC.H,,, is used as a sub-
stitute for camphor in nitrocellulose and in vinyl resins and chlori-
nated rubber. It is a liquid of specific gravity 1.025, boiling point
509°F (265°C), and freezing point —94°F (—70°C). Adamantane has
the odor of camphor and turpentine. It is obtained from the crude
petroleum of Moravia as a stable, crystalline solid, melting at 514°F
(268°C). It has the empirical formula C, H ., and the molecule has
four transcyclohexane rings. Camphorene, C, H,,, is made from
turpentine by polymerizing two myrcene molecules. It is a raw mate-
rial for producing geraniol and linalol.

CAMWOOD. The wood of the tree Baphia nitida, native to West
Africa, used for tool handles and for machine bearings. It will with-
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stand heavy bearing pressures. The wood is exceedingly hard, has a
coarse, dense grain, and has a density of 65 lb/ft? (1,041 kg/m?). It
contains a red coloring matter known as santalin and was once val-
ued as a dyewood for textiles. Barwood, from the tree Pterocarpus
santalinus, of West Africa, is a similar reddish hardwood containing
the same dye and used for the same purposes.

CANAIGRE. A tanning material extracted from the roots of the low-
growing plant Rumex hymenosepalus of northern Mexico and the arid
southwest of the United States. The plant is known locally as sour
dock, and the roots contain up to 40% tannin. The cultivated plant
yields as much as 20 tons/acre (4.8 kg/m?) of root. Canaigre extract
contains 30% tannin. It produces a firm, orange-colored leather.
Canaigre was the tanning agent of the Aztec Indians, and is still
extensively cultivated.

CANARY SEED. The seeds of the canary grass, Phalaris canariensis,
native to the Canary Islands, but now grown on a large scale in
Argentina for export and in Turkey and Morocco for human food and
for export. In international trade it is known by the Spanish name
alpiste. It is valued as a bird food because it contains phosphates,
iron, and other minerals and is rich in carbohydrates. It is, however,
low in proteins and fats and is usually employed in mixtures.
Birdseed is an extensive item of commerce, but the birdseed that
reaches the market in the United States is usually a blend of canary
seed and millet, with other seeds to give a balanced food. Canary seed
is small, pale yellow, and convex on both sides. The term Spanish
canary seed is applied to the choice seed regardless of origin. Niger
seed, also valued as a birdseed, is from the plant Guizotia abyssinica,
of the thistle, or Compositae family, grown in India, Africa, Argentina,
and Europe. It is also known as inga seed, rantil, kala til seed, and
black sesame. It is called gingelli in India, although this name and
til are more properly applied to sesame. The seed is high in proteins
and fats.

CANDELILLA WAX. A yellowish amorphous wax obtained by hot water
or solvent extraction from the stems of the shrubs Pedilanthus pavo-
nis and Euphorbia antisyphilitica, growing in the semiarid regions of
Texas and Mexico. The plants grow to a height of 3 to 5 ft (0.9 to 1.5
m) and consist of a bundle of stalks without leaves. The stems yield
3.5 to 5% wax that consists of, unusually for a vegetable wax, about
55% hydrocarbons, principally hentriacontane, and less than 30%
esters. The wax has a specific gravity of 0.983, melting point of 153 to
158°F (67 to 70°C), iodine value of 37, and saponification value of
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45 to 65. The refined grade is purified by remelting and contains not
more than about 1% water. It is soluble in turpentine and is used for
varnishes, polishes, and leather finishes; as a substitute for carnauba
wax; or to blend with carnauba or beeswax. About half the production
goes into furniture and show polishes, but it does not have the self-
polishing characteristics of carnauba wax. It is also used in electrical
insulators, candles, and sound records.

CANNEL COAL. A variety of coal having some of the characteristics of
petroleum, valued chiefly for its quick-firing qualities. It consists of
coallike matter intimately mixed with clay and shale, often contain-
ing fossil fishes, and probably derived from vegetable matter in lakes.
It is compact in texture, dull black, and breaks along joints, often
having an appearance similar to black shale. It burns with a long,
luminous, smoky flame, from which it derives its old English name,
meaning candle. On distillation, cannel coal yields a high proportion
of illuminating gas, up to 16,000 ft3/ton (450 m3/ton), leaving a
residue consisting mostly of ash. At low temperatures it yields a high
percentage of tar oils. The proportion of volatile matter may be as
high as 70%. It is found in Great Britain and in Kentucky, Ohio, and
Indiana. Cannel coal from Scotland was originally called parrot
coal, and boghead coal was a streaky variety.

CARBOHYDRATES. The most abundant class of organic compounds,
constituting about three-fourths of the dry weight of the plant world.
They are distinguished by the fact that they contain the elements car-
bon, hydrogen, and oxygen, and no others. Many chemical com-
pounds, such as alcohols and aldehydes, also have these elements
only, but the term carbohydrate refers only to the starches, sugars,
and cellulose, which are more properly called saccharides. Their
properties vary enormously. Sugars are soluble, crystalline, and
sweet; starches form pastes and are colloidal; celluloses are insoluble.
They are best known for their use as foodstuffs, as carbohydrates
compose more than 50% of all U.S. food, but they are also used in
many industrial processes. The digestible carbohydrates are the sug-
ars and the starches. The indigestible carbohydrates are cellulose and
hemicellulose, which form the chief constituents of woods, stalks, and
leaves of plants, the outer covering of seeds, and the walls of plant
cells enclosing the water, starches, and other substances of the plants.
Much cellulose is eaten as food, especially in the leaves of vegetables
and in bran; but it serves as bulk rather than as food and is benefi-
cial, if not consumed in quantity. The digestible carbohydrates are
classified as single sugars, double sugars, and complex sugars,
chemically known as monosaccharides, disaccharides, and poly-
saccharides. The single sugars—glucose, fructose, and galactose—
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require no digestion and are readily absorbed into the bloodstream.
The double sugars—sucrose, maltose, and lactose—must be broken
down by enzymes in the human system. Lactose, produced from milk
solids, is a nonhygroscopic powder. It is only 16% as sweet as sugar
and not as soluble, but it enhances flavor. It digests slowly. It is used
in infant foods, dairy drinks, and ice cream to improve low-fat rich-
ness, in bakery products to decrease sogginess and improve browning,
and as a dispersing agent for high-fat powders. Galactose is derived
from lactose by hydrolysis. Multisugars are mixed sugars with the
different sugars interlocked in the crystals. They dissolve rapidly to
form clear solutions.

The complex sugars are the starches, dextrins, and glycogen. These
require digestion to the single stage before they can be absorbed in
the system. The common starches are in corn, wheat, potatoes, rice,
tapioca, and sago. Animal starch is the reverse food of animals
stored in the liver and muscles. It is glycogen, a sweet derivative of
glycolic acid. It is not separated out commercially because it is hygro-
scopic and quickly hydrolyzed. Dextran, related to glycogen, is a
polyglucose made up of many molecules of glucose in a long chain. It
is used as an extender of blood plasma. It can be stored indefinitely
and, unlike plasma, can be sterilized by heat. It is produced commer-
cially by biotic fermentation of common sucrose sugar.

The hemicelluloses are agar-agar, algin, and pectin. They differ
chemically from cellulose and expand greatly on absorbing water. The
hemicelluloses of wood, called hexosan, consist of the wood sugars, or
hexose, with six carbon atoms, (C;H,,0,), . They are used to make many
chemicals. The water-soluble hemicellulose of Masonite Corp., known as
Masonex in water solution and Masonoid as a powder, is a by-product
of the steam-exploded wood process. It is used to replace starch as a
binder for foundry cores and for briquetting coal, and for emulsions. It
contains 70% wood sugars, 20 resins, and 10 lignin. Lichenin, or moss
starch, is a hemicellulose from moss and some seeds.

The pentosans are gums or resins occurring in nutshells, straw,
and the cell membranes of plants. They may be classified as hemi-
cellulose and on hydrolysis yield pentose, or pentaglucose, a
sugar containing five carbon atoms. Pectin is a yellowish, odorless
powder soluble in water and decomposed by alkalies. It is produced
by acid extraction from the inner part of the rind of citrus fruits
and from apple pomace. In east Africa it is obtained from sisal
waste. Flake pectin is more soluble and has a longer shelf life
than the powdered form. It is produced from a solution of apple
pomace containing 5% pectin by drying on steam-heated drums,
and the thin film obtained is flaked to 40 mesh. Another source is
sugar-beet pulp, which contains 20 lb (9.7 kg) of pectin per ton
(0.91 metric ton).
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Pectin has a complex structure, having a lacturonic acid with
methanol in a glucoside chain combination. It is used for gelling fruit
preserves, and the gelling strength depends on the size of the mole-
cule, the molecular weight varying from 150,000 to 300,000. It is also
used as a blood coagulant in treating hemorrhage, and for prolonging
the effect of some drugs by retarding their escape through the body.
Sodium pectate is used for creaming rubber latex, and in cosmetics
and printing inks. Hemicellulose and pectin are valuable in the
human system because of their ability to absorb and carry away irri-
tants, but they are not foods in the normal sense of the term. Oragen
is a pectin-cellulose complex derived from orange pulp. It is used in
weight-reduction diets, increasing bulk and retaining moisture, thus
suppressing the desire for excess food. Each of the saccharides has
distinctive characteristics of value in the system, but each also in
excess causes detrimental conditions. Coating french fries with a
pectin-based oil-absorbing barrier developed by Hercules Inc., world’s
largest pectin supplier, keeps the fries from absorbing oil in cooking,
reducing fat content.

CARBON. A nonmetallic element, symbol C, existing naturally in sev-
eral allotropic forms and in combination as one of the most widely dis-
tributed of all the elements. It is quadrivalent and has the property of
forming chain and ring compounds, and there are more varied and use-
ful compounds of carbon than of all other elements. Carbon enters into
all organic matter of vegetable and animal life, and the great branch of
organic chemistry is the chemistry of carbon compounds. The black
amorphous carbon has a specific gravity of 1.88; the black crystalline
carbon known as graphite has a specific gravity of 2.25; the transparent
crystalline carbon, as in the diamond, has a specific gravity of 3.51.
Amorphous carbon is not soluble in any known solvent. It is infusible,
but sublimes at 6332°F (3500°C), and is stable and chemically inactive
at ordinary temperatures. At high temperatures it burns and absorbs
oxygen, forming the simple oxides CO and CO,, the latter being the sta-
ble oxide present in the atmosphere and a natural plant food.

An amorphous carbon made from polycarbodiimide by Nisshinbo
Industries of Japan has far greater bending strength than graphite
carbon and amorphous carbon made from phenol. It is not attacked
by most chemicals and resists temperatures exceeding 5400°F
(2980°C). An amorphous carbon coating, developed at Argonne
National Laboratories, is extremely hard and, under inert conditions,
almost frictionless, having a coefficient of friction of less than 0.001 in
a dry nitrogen atmosphere, which is 20 times less than that of
molybdenum disulfide and far less than Teflon’s 0.04. Peel
strength in 200,000 1b/in? (1379 MPa). In arid or humid environ-
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ments, however, the coefficient of friction rises to 0.02 to 0.07. Also,
the coating cannot be used at temperatures exceeding 392°F (200°C),
such temperature causing severe wear. The coating, deposited by
room-temperature chemical vapor deposition, can be applied to alu-
minum, steel, ceramics, and various plastics. Hydrogenated amor-
phous carbon coating doped with nitrogen, applied by the Actis
process of Sidel (France), increases the oxygen-barrier quality of
polyethylene terephthalate beer bottles by a factor of 30 compared
with single-layer bottles. A diamondlike carbon (DLC) coating,
developed by Nissei ASB (Japan), is also a barrier coating for PET
beer bottles and other applications, including other drinks, vitamins,
and cosmetics.

Carbon dissolves easily in some molten metals, notably iron, exert-
ing great influence on them. Steel, with small amounts of chemically
combined carbon, and cast iron, with both combined carbon and
graphitic carbon, are examples of this. Volatile organic compounds
(VOCs) are carbon compounds, readily passed off by evaporation, that
react to form ground-level ozone, a primary component of smog. They
pertain to many solvents, degreasers, paints, and chemicals, and
great efforts have been made in recent years to reduce their emission.

Carbon occurs as hydrocarbons in petroleum, and as carbohydrates
in coal and plant life, and from these natural basic groupings an infi-
nite number of carbon compounds can be made synthetically. Carbon,
for chemical, metallurgical, or industrial use, is marketed in the form
of compounds in a large number of different grades, sizes, and shapes;
or in master alloys containing high percentages of carbon; or as acti-
vated carbons, charcoal, graphite, carbon black, coal-tar carbon,
petroleum coke; or as pressed and molded bricks or formed parts with
or without binders or metallic inclusions. Natural deposits of
graphite, coal tar, and petroleum coke are important sources of ele-
mental carbon. Charcoal and activated carbons are obtained by car-
bonizing vegetable or animal matter. Many seal applications make
use of a carbon face because of the material’s lubricity, inertness, and
range of abrasion resistance; soft grades are for contact with soft met-
als, more abrasion-resistant grades are for contact with hard metals
or fluids containing dissolved solids.

Carbon 13 is one of the isotopes of carbon, used as a tracer in bio-
logic research where its heavy weight makes it easily distinguished
from other carbon. Carbon 14, or radioactive carbon, has a longer
life. It exists in air, formed by the bombardment of nitrogen by cosmic
rays at high altitudes, and enters into the growth of plants. The half-
life is about 6,000 years. It is made from nitrogen in a cyclotron.
Carbon fullerenes, such as C,, are a new form of carbon, discovered
in the mid-1980s, with considerable potential in diverse applications.
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Carbon fibers are made by pyrolysis of organic precursor fibers in
an inert atmosphere. Pyrolysis temperatures can range from 2012 to
5432°F (1000 to 3000°C); higher process temperatures generally lead
to higher-modulus fibers. Only three precursor materials—rayon,
polyacrylonitrile (PAN), and pitch—have achieved significance in
commercial production of carbon fibers. The first high-strength and
high-modulus carbon fibers were based on a rayon precursor. These
fibers were obtained by being stretched to several times their original
length at temperatures above 5072°F (2800°C). The second generation
of carbon fibers is based on a PAN precursor and has achieved market
dominance. In their most common form, these carbon fibers have a
tensile strength ranging from 350,000 to 450,000 1b/in? (2,413 to 3,102
MPa), a modulus of 28 X 108 to 75 X 108 1b/in2 (193,000 to 517,000
MPa), and a shear strength of 13,000 to 17,000 1b/in? (90 to 117 MPa).
This last property controls the traverse strength of composite materi-
als. The high-modulus fibers are highly graphitic in crystalline struc-
ture after being processed from PAN at temperatures in excess of
3600°F (1982°C). Higher-strength fibers obtained at lower tempera-
tures from rayon feature a higher carbon crystalline content. There
are also carbon and graphite fibers of intermediate strength and mod-
ulus. The third generation of carbon fibers is based on pitch as a pre-
cursor. Ordinary pitch is an isotropic mixture of largely aromatic
compounds. Fibers spun from this pitch have little or no preferred ori-
entation and hence low strength and modulus. Pitch is a very inexpen-
sive precursor compared with rayon and PAN. High-strength and
high-modulus carbon fibers are obtained from a pitch that has first
been converted to a mesophase (liquid crystal). These fibers have a
tensile strength of more than 300,000 1b/in? (2,069 MPa) and a Young’s
modulus ranging from 55 X 10° to 75 X 10° 1b/in? (379,000 to 517,000
MPa). The average filament diameter of continuous yarn is 0.0003 in
(0.008 mm). Pitch-based carbon and graphite fibers are expected to see
essentially the same applications as the more costly PAN- and rayon-
derived fibers, e.g., ablative, insulation, and friction materials and in
metals and resin matrixes. Thornel, developed by Union Carbide
Corp., is a yarn made from these filaments for high-temperature fab-
rics. It retains its strength to temperatures above 2800°F (1538°C).
Carbon yarn is 99.5% pure carbon. It comes in plies of 2 to 30, with
each ply composed of 720 continuous filaments of 0.0003-in (0.008-mm)
diameter. Each ply has a breaking load of 2 1b (0.91 kg). The fiber has
the flexibility of wool and maintains dimensional stability to 5700°F
(3150°C). Thornel radiotranslucent carbon fiber, from Amoco
Polymers, allows electrical conduction while remaining invisible to
X-rays, permitting babies’ monitoring equipment to stay intact during
X-rays and MRIs.
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KITOOX fiber, from Amoco Performance Products, Inc., is a pitch-
carbon fiber for prepreg used to produce composites for thermal
management systems in space satellites. Ucar, developed by Union
Carbide Corp., is a conductive carbon fabric made from carbon
yarns woven with insulating glass yarns with resistivities from 0.2 to
30 Q for operating temperatures to 550°F (288°C). Carbon wool, for
filtering and insulation, is composed of pure-carbon fibers made by
carbonizing rayon. The fibers, 197 to 1,970 win (5 to 50 pm) in diame-
ter, are hard and strong and can be made into rope and yarn, or the
mat can be activated for filter use. Aveceram RS, of FMC Corp., is a
composite rayon-silica fiber made with 40% dissolved sodium silicate.
A highly heat-resistant fiber, Avceram CS is woven into fabric and
then pyrolyzed to give a porous interlocked mesh of carbon silica
fiber, with a tensile strength of 165,000 1b/in? (1,138 MPa). Dexsan,
of C. H. Dexter & Sons Co., for filtering hot gases and liquids, is a
carbon filter paper made from carbon fibers pressed into a paper-
like mat, 0.007 to 0.050 in (0.18 to 0.127 mm) thick, and impregnated
with activated carbon.

In a process developed by Mitsubishi Gas Chemical Co. (Japan)
naphthalene is used as the feedstock for mesophase pitch, called
AR-Resin, to produce carbon fiber. Conoco Inc. uses a mesophase pitch
to make carbon-fiber mat. This pitch has an anisotropic molecular
structure rather than the more amorphous one of the PAN precursor.

Carbon brushes for electric motors and generators and carbon
electrodes are made of carbon in the form of graphite, petroleum
coke, lampblack, or other nearly pure carbon, sometimes mixed with
copper powder to increase the electrical conductivity, and then pressed
into blocks or shapes and sintered. Carbon-graphite brushes contain
no metals but are made from carbon-graphite powder and, after
pressing, are subjected to a temperature of 5000°F (2760°C), which
produces a harder and denser structure, permitting current densities
up to 125 A/in? (1,538 A/m?). Carbon brick, used as a lining in the
chemical processing industries, is carbon compressed with a bitumi-
nous binder and then carbonized by sintering. If the binder is capable
of being completely carbonized, the bricks are impervious and dense.
Graphite brick, made in the same manner from graphite, is more
resistant to oxidation than carbon bricks and has a higher thermal
conductivity, but it is softer. The binder may also be a furfural resin
polymerized in the pores. Karbate No. 1 is a carbon-base brick, and
Karbate No. 2 is a graphite brick. Karbate has a crushing strength of
10,500 1b/in? (72 MPa) and a density of 110 to 120 1b/ft? (1,762 to 1,922
kg/m,). Impervious carbon is used for lining pumps, for valves, and
for acid-resistant parts. It is carbon- or graphite-impregnated with a
chemically resistant resin and molded to any shape. It can be
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machined. Karbate 21 is a phenolic-impregnated graphite, and
Karbate 22 is a modified phenolic-impregnated graphite. Molded
impervious carbon has a specific gravity of 1.77, tensile strength of
1,800 1b/in? (12.4 MPa), and compressive strength of 10,000 1b/in?
(69 MPa). Impervious graphite has a higher tensile strength, 2,500
Ib/in2 (17.2 MPa), but a lower compressive strength, 9,000 1b/in?
(62 MPa). The thermal conductivity is 8 to 10 times that of stainless
steel. Graphitar, of U.S. Graphite Co., is a strong, hard carbon molded
from amorphous carbon mixed with other forms of carbon. It has high
crushing strength and acid resistance and is used for sealing rings,
chemical pump blades, and piston rings. Porous carbon is used for
the filtration of corrosive liquids and gases. It consists of uniform par-
ticles of carbon pressed into plates, tubes, or disks without a binder,
leaving interconnecting pores of about 0.001 to 0.0075 in (0.025 to
0.190 mm) in diameter. The porosity of the material is 48%, tensile
strength 150 1b/in? (1 MPa), and compressive strength about 500 1b/in?
(3.5 MPa). Porous graphite has graphitic instead of carbon particles,
and is more resistant to oxidation but is lower in strength.

Carbon/carbon composites, which comprise carbon fibers in a
carbon matrix, are noted for their heat resistance, high-temperature
strength, high thermal conductivity, light weight, low thermal
expansivity, and resistance to air/fuel mixtures. However, they are
costly to produce. Also, they react with oxygen at temperatures
above 800°F (427°C), necessitating oxygen-barrier coatings. Silicon
carbide, 0.005 to 0.007 in (0.127 to 0.178 mm) thick, serves as such
a coating for applications in the nose cone and wing leading edges
of the Space Shuttle. Other uses include the brakes of large com-
mercial aircraft, clutches and brakes of Formula 1 race cars, and
rocket nozzles.

Carbon films, usually made by chemical vapor deposition (CVD)
at 2012°F (1100°C), can strengthen and toughen ceramic-matrix
composites but are not readily adaptable to coating fibers, platelets,
or powder. The Japanese have developed what is said to be a more
economical method using silicon carbide and other ceramics.
Nanometer- to micrometer-thick films are formed on these forms,
including silicon carbide single crystals, by treating them with water
under pressure at 572 to 1472°F (300 to 800°C). This treatment trans-
forms the surface layer to carbon.

The so-called carbons used for electric-light arc electrodes are
pressed from coal-tar carbon, but are usually mixed with other ele-
ments to bring the balance of light rays within the visible spectrum.
Solid carbons have limited current-carrying capacity, but when the
carbon has a center of metal compounds such as the fluorides of the
rare earths, its current capacity is greatly increased. It then forms a
deep positive crater in front of which is a flame 5 times the brilliance
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of that with the low-current arc. The sunshine carbon, used in elec-
tric-light carbons to give approximately the same spectrum as sun-
light, is molded coal-tar carbon with a core of cerium metals to
introduce more blue into the light. Arc carbons are also made to give
other types of light, and to produce special rays for medicinal and
other purposes. B carbon, of National Carbon Co., Inc., contains iron
in the core and gives a strong emission of rays from 9,055 to 12,598
nin (230 to 320 nm), which are the antirachitic radiations. The light
seen by the eye is only one-fourth the total radiation since the strong
rays are invisible. C carbon contains iron, nickel, and aluminum in
the core and gives off powerful lower-zone ultraviolet rays. It is used
in light therapy and for industrial applications. E carbon, to produce
penetrating infrared radiation, contains strontium. Electrode car-
bon, used for arc furnaces, is molded in various shapes from carbon
paste. When calcined from petroleum coke, the electrodes contain only
0.2% moisture, 0.25 volatile matter, and 0.3 ash and have a specific
gravity of 2.05. The carbon is consumed in the production of light and
of furnace heat. For example, from 1,100 to 1,320 1b (500 to 600 kg) of
carbon is consumed in producing 1 ton (0.91 metric ton) of aluminum.

CARBON BLACK. An amorphous powdered carbon resulting from the
incomplete combustion of a gas, usually deposited by contact of the
flame on a metallic surface, but also made by the incomplete combus-
tion of the gas in a chamber. The carbon black made by the first
process is called channel black, taking the name from the channel
iron used as the depositing surface. The modern method, called the
impingement process, uses many small flames with the fineness of
particle size controlled by flame size. The air-to-gas ratio is high, giv-
ing oxidized surfaces and acid properties. No water is used for cool-
ing, keeping the ash content low. The supergrade of channel black has
a particle size as low as 512 pin (13 wm) and a pH of 3 to 4.2. Carbon
black made by other processes is called soft black and is weaker in
color strength, not so useful as a pigment. Furnace black is made
with a larger flame in a confined chamber with the particles settling
out in cyclone chambers. The air-to-gas ratio is low, and water cooling
raises the ash content. The particle surface is oily, and the pH is high.
Black Pearl 3700, 4350, and 4750 are high-purity furnace blacks
from Cabot Corp. The 3700, with cleanliness and cable smoothness
and cleanliness similar to acetylene, is intended as an alternative to
the latter for semiconductive cable shields. The 4350 and 4750 could
become the first furnace blacks used for single-service food packaging
because of their low polyaromatic-hydrocarbon content and better dis-
persion and impact resistance than selective channel blacks approved
for this application.
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Carbon black from clean artificial gas is a glossy product with an
intense color, but all the commercial carbon black is from natural gas.
To remove H,S, the sour gas is purified and water-scrubbed before
burning. Thermotomic black, a grade made by the thermal decom-
position of the gas in the absence of oxygen, is preferred in rubber
when high loadings are employed because it does not retard the vul-
canization; but only a small part of the carbon black is made by this
process. This thermal process black has large particle size, 5,906 pin
(150 wm), and a pH of 8.5. It gives a coarse oily carbon.

The finer grades of channel black are mostly used for color pigment
in paints, polishes, carbon paper, and printing and drawing inks. The
larger use of carbon black is in automotive tires to increase the wear
resistance of the rubber. The blacker blacks have a finer particle size
than the grayer blacks, hence have more surface and absorptive capac-
ity in compounding with rubber. Channel black is valued for rubber
compounding because of its low acidity and low grit content. The high
pH of furnace black may cause scorching unless offsetting chemicals
are used, but some furnace blacks are made especially for tire com-
pounding. In general, the furnace black with particle sizes from 1,100
to 3,350 pin (28 to 85 pm) and a pH from 8 to 10, and the channel
blacks with particle size of about 1,140 pin (29 pm) and pH of 4.8, are
used for rubber. Micronex EPC, an impingement channel black of
Binney & Smith Co., has a particle diameter of 1,140 win (29 pm) and
a pH of 4.8, while Thermax MT, a thermal process black of Cancarb
Ltd., has a particle size of 10,800 pin (274 wm) and a pH of 7.

In rubber compounding, the carbon black is evenly dispersed to
become intimately attached to the rubber molecule. The fineness of
the black determines the tensile strength of the rubber, the structure
of the carbon particle determines the modulus, and the pH deter-
mines the cure behavior. Furnace blacks have a basic pH which acti-
vates the accelerator, and delaying-action chemicals are thus needed,
but fine furnace blacks impart abrasion resistance to the rubber.
Furnace black made with a confined flame with limited air has a neu-
tral surface and a low volatility. Fineness is varied by temperature,
size of flame, and time. Carbonate salts raise the pH. Most of the
channel black for rubber compounding is made into dustfree pellets
less than 0.125 in (0.3 cm) in diameter with a density of 20 to 25 1b/ft3
(320 to 400 kg/m3). Color-grade black for inks and paints is pro-
duced by the channel process or the impingement process. In general,
carbon black for reinforcement has small particle size, and the electri-
cally conductive grades, CF carbon black and CC carbon black,
conductive furnace and conductive channel, have large particle sizes.

Carbon black from natural gas is produced largely in Louisiana,
Texas, and Oklahoma. About 35 1b (15.9 kg) of black is available per
1,000 ft3 (28 m3) of natural gas, but only 2.2 1b (1 kg) is recovered by the
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channel process and 10 1b (4.5 kg) by the furnace method. By using gas
from which the natural gasoline has been stripped, and by controlled
preheating and combustion, as much as 27 1b (12.2 kg) can be recovered.
Acetylene black is a carbon black made by heat decomposition of
acetylene. It is more graphitic than ordinary carbon black with colloidal
particles linked together in an irregular lattice structure and has high
electrical conductivity and high liquid-absorption capacity. Particle size
is intermediate between that of channel black and furnace black, with
low ash content, nonoiliness, and a pH of 6.5. It is valued for use in dry
cells and lubricants. Ucet, of Union Carbide Corp., is in the form of
agglomerates of irregular fine crystals. The greater surface area gives
higher thermal and electrical conductivity and high liquid absorption.

For electrically conductive rubber, the mixing of the black with
the rubber is regulated so that carbon chain connections are not bro-
ken. Such conductive rubber is used for tabletops, conveyor belts, and
coated filter fabrics to prevent static buildup. Carbon blacks are also
made from liquid hydrocarbons, and from anthracite coal by treat-
ment of the coal to liberate hydrogen and carbon monoxide and then
high-temperature treatment with chlorine to remove impurities. The
black made from anthracite has an open-pore structure useful for
holding gases and liquids.

Carbon-black grades are often designated by trade names for par-
ticular uses. Kosmovar is a black with a slight bluish top tone
used as a pigment for lacquers. The specific gravity is 1.72, and
mesh is 325. Gastex and Pelletex are carbon blacks used for rub-
ber compounding. Statex is a colloidal furnace black for synthetic
rubber compounding. Kosmos 60 is a furnace black of high density
and structure, while Continex FF is a finely divided furnace black.
Both are used in rubber compounding, the first giving easier extru-
sion of the rubber and the second giving better abrasion resistance.
Aquablak H, of Binney & Smith Co., is a colloidal water dispersion
of channel black to give a jet-black color. Aquablak M is a water
dispersion of furnace black to give a blue-gray tone. They are used
as pigments in casein paint, inks, and leather finishes. Black
Pearls 3700 is a series of high-purity furnace blacks from Cabot
Corp. with far less ash, sulfur, and ion content than conventional
furnace black. Thus it has better electrical performance, melt-flow
properties, and smoothness than acetylene blacks and is a candi-
date for power cable insulation shielding. Liquimarl-Black is a
stable colloidal dispersion of pure food-grade carbon black for use in
coloring confectionery and for modifying food colors in bakery prod-
ucts. The National Aeronautics and Space Administration
Propulsion Laboratories has determined that the addition of
Shawanigen carbon black markedly increases the life of amor-
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phous-carbon or graphite anodes in rechargeable lithium-ion elec-
trochemical cells.

CARBON DIOXIDE. Also called carbonic anhydride, and in its solid
state, dry ice. A colorless, odorless gas of composition CO,, which lig-
uefies at —85°F (—65°C) and solidifies at —108.8°F (—78.2°C).
Release of CO, into the atmosphere by the burning of fossil fuels is
said to be causing global warming by the process known as the green-
house effect. 1t is recovered primarily as a by-product of the steam re-
forming of natural gas to make hydrogen or synthesis gas in
petroleum and fertilizer plants. Smaller quantities are obtained by
purifying flue gases generated from burning hydrocarbons or lime,
and from distilleries. Its biggest uses are captive, as a chemical raw
material for making urea and in enhanced oil recovery operations in
petroleum production. Merchant CO, is more than 99.5% pure, with
less than 500 ppm (parts per million) of nonvolatile residues. In liquid
form it is marketed in cylinders and is used in fire extinguishers, in
spray painting, in refrigeration, for inert atmospheres, for the manu-
facture of carbonated beverages, and in many industrial processes.
It is also marketed as dry ice, a white, snowlike solid used for refrig-
eration in transporting food products. Cardox is a trade name of
Cardox Corp. for liquid carbon dioxide in storage units at 30 lb/in?
(0.21 MPa) pressure for fire-fighting equipment. Other uses include
hardening of foundry cores, neutralization of industrial wastes, and
production of salicylic acid for aspirin. Carbon dioxide is a key lasing
gas in carbon dioxide lasers and is also used as a shielding gas in
welding and as a foaming agent in producing plastic foam products. It
can behave as a supercritical fluid, in which state it can be used to
foam plastics and extract hazardous substances in waste treatment
processes and in soil remediation. CO, is used to wash brownstock in
the pulp and paper industry, thereby sending cleaner pulp on to bleach-
ing. In cooling systems, it is an alternative to halogenated-carbon
refrigerants. CO, “snow,” pellets that is, is used to cool freshly laid
eggs, cuts of meat and poultry, and flour in baking. Dry ice pellets are
blasted on molds to clean them of plastic residuals. Liquid carbon
dioxide is used in SuperFuge, an immersion system by Deflex Corp. to
rid products of surface contaminants.

CARBON MONOXIDE. CO is a product of incomplete combustion and
is very reactive. It is one of the desirable products in synthesis gas for
making chemicals, the synthesis gas made from coal containing at
least 37% CO. It is also recovered from top-blown oxygen furnaces in
steel mills. It reacts with hydrogen to form methanol, which is then
catalyzed by zeolites into gasoline. Acetic acid is made by methanol
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carbonylation, and acrylic acid results from the reaction of CO, acety-
lene, and methanol. CO forms a host of neutral, anionic, and cationic
carbonyls, with such metals as iron, cobalt, nickel, molybdenum,
chromium, rhodium, and ruthenium. Pressure Chemical Co. and
Strem Chemicals Inc. make molybdenum carbonyl, chromium
carbonyl, and other complexes for olefin carbonylation and isomer-
ization, and carboxylation reactions. Carbon monoxide is an intense
poison when inhaled and is extremely toxic even in the small
amounts from the exhausts of internal-combustion engines.

CARBON STEEL. The wrought carbon steels covered here are
sometimes termed plain carbon steels. The old shop names of
machine steel and machinery steel are still used to mean any eas-
ily worked low-carbon steel. By definition, plain carbon steels are
those that contain up to about 1% carbon, not more than 1.65 man-
ganese, 0.60 silicon, and 0.60 copper, and only residual amounts of
other elements, such as sulfur (0.05% maximum) and phosphorus
(0.04% maximum). They are identified by means of a four-digit
numerical system established by the American Iron and Steel
Institute (AISI). The first digit is the number 1 for all carbon steels.
A 0 after the 1 indicates nonresulfurized grades, a 1 for the second
digit indicates resulfurized grades, and 2 for the second digit indi-
cates resulfurized and rephosphorized grades. The last two digits
give the nominal (middle of the range) carbon content in hundredths
of a percent. For example, for grade 1040, the 40 represents a carbon
range of 0.37 to 0.44%. If no prefix letter is included in the designa-
tion, the steel was made by the basic open-hearth, basic oxygen, or
electric furnace process. The prefix B stands for the acid Bessemer
process, which is obsolete, and the prefix M designates merchant
quality. The letter L. between the second and third digits identifies
leaded steels, and the suffix H indicates that the steel was produced
to hardenability limits.

For all plain carbon steels, carbon is the principal determinant of
many performance properties. Carbon has a strengthening and hard-
ening effect. At the same time, it lowers ductility, as evidenced by a
decrease in elongation and reduction of area. In addition, increasing
carbon content decreases machinability and weldability, but improves
wear resistance. The amount of carbon present also affects physical
properties and corrosion resistance. With an increase in carbon con-
tent, thermal and electrical conductivity decline, magnetic permeabil-
ity decreases drastically, and corrosion resistance is less.

Carbon steels are available in most wrought mill forms, including
bar, sheet, plate, pipe, and tubing. Sheet is primarily a low-carbon-
steel product, but virtually all grades are available in bar and plate.
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Plate, usually a low-carbon or medium-carbon product, is used mainly
in the hot-finished condition, although it also can be supplied heat-
treated. Bar products, such as rounds, squares, hexagonals, and flats
(rectangular cross sections), are also mainly low-carbon and medium-
carbon products and are supplied hot-rolled and cold-finished. Cold
finishing may be by drawing (cold-drawn bars are the most widely
used); turning (machining) and polishing; drawing, grinding, and pol-
ishing; or turning, grinding, and polishing. Bar products are also
available in various quality designations, such as merchant quality
(M), cold-forging quality, cold-heading quality, and several others.
Sheet products have quality designations as noted in low-carbon
steels, which follow. Plain carbon steels are commonly divided into
three groups, according to carbon content: low carbon, up to 0.30%;
medium carbon, 0.31 to 0.55; and high carbon, 0.56 to 1.

Low-carbon steels are the grades AISI 1005 to 1030. Sometimes
referred to as mild steels, they are characterized by low strength
and high ductility and are nonhardenable by heat treatment except
by surface-hardening processes. Because of their good ductility, low-
carbon steels are readily formed into intricate shapes. These steels
are also readily welded without danger of hardening and embrittle-
ment in the weld zone. Although low-carbon steels cannot be through-
hardened, they are frequently surface-hardened by various methods
(carburizing, carbonitriding, and cyaniding, for example) which dif-
fuse carbon into the surface. Upon quenching, a hard, wear-resistant
surface is obtained.

Low-carbon sheet and strip steels (1008 to 1012) are widely used
in cars, trucks, appliances, and many other applications. Hot-rolled
products are usually produced on continuous hot strip mills. Cold-rolled
products are then made from the hot-rolled products, reducing thick-
ness and enhancing surface quality. Unless the fully work-hardened
product is desired, it is then annealed to improve formability and tem-
per-rolled to further enhance surface quality. Hot-rolled sheet and strip
and cold-rolled sheet are designated commercial quality (CQ), drawing
quality (DQ), drawing quality special killed (DQSK), and structural
quality (SQ). The first three designations refer, respectively, to steels of
increasing formability and mechanical property uniformity. SQ, which
refers to steels produced to specified ranges of mechanical properties
and/or bendability values, do not pertain to cold-rolled strip, which is
produced to several tempers related to hardness and bendability.
Typically, the hardness of CQ hot-rolled sheet ranges from Rockwell B
(RB) 40 to 75, and tensile properties range from ultimate strengths of
40,000 to 68,000 1b/in? (276 to 469 MPa), yield strengths of 28,000 to
48,000 1b/in? (193 to 331 MPa), and elongations of 14 to 43%. For DQ
hot-rolled sheet: RB 40 to 72; 40,000 to 60,000 1b/in2 (276 to 414 MPa);
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27,000 to 45,000 1b/in? (186 to 310 MPa); and 28 to 48%, respectively.
For CQ cold-rolled sheet: RB 35 to 60; 42,000 to 57,000 1b/in? (290 to
393 MPa); 23,000 to 38,000 1b/in? (159 to 262 MPa); and 30 to 45%. And
for DQ cold-rolled sheet: RB 32 to 52; 38,000 to 50,000 1b/in? (262 to 345
MPa); 20,000 to 34,000 1b/in? (138 to 234 MPa); and 34 to 46%.

Special (modified) low-carbon sheet steels may contain small
amounts of other alloying elements. Nitrogen in quantities of 0.010 to
0.018% or phosphorus (0.03 to 0.15) permits increasing strength with-
out decreasing ductility as much as traditional amounts of carbon and
manganese. Thus, their use has increased appreciably in recent years,
especially in the auto industry. As supplied, these steels have tensile
yield strengths of 35,000 to 50,000 1b/in? (241 to 345 MPa) and tensile
elongations of 28 to 32%. Nitrogenized steels exhibit substantial
strain aging—to 70,000 1b/in? (483 MPa) or greater—during cold form-
ing. Although such strengthening may occur naturally, a brief low-
temperature age [15 to 30 min at 350°F (177°C)], such as in auto
paint-bake cycles, is sometimes recommended. The most formable,
however, because of their metallurgical cleanliness, are the intersti-
tial-free steels, typified by Armco’s I-F steel. Produced by aluminum
deoxidation and vacuum decarburization deoxidation, the carbon con-
tent is only 0.004 to 0.010% and nitrogen 0.004 or less. Columbium
(0.08 to 0.12%) or columbium and vanadium serve as carbide and
nitride formers. The drawability of the steel exceeds that of traditional
DQSK grades, but its tensile yield strength is 2,000 to 8,000 1b/in? (14
to 55 MPa) less. The formability of low-carbon sheet steels also can be
enhanced by inclusion-shape control, which was initially imple-
mented for high-strength low-alloy steels. This involves small addi-
tions of zirconium, titanium, or rare-earth elements and special mill
practices to alter the shape of nonmetallic inclusions from stringerlike
to small, dispersed globules. The strongest of the sheet steels are
Inland Steel’s low- and medium-carbon MartINsite grades. Produced
by rapid water quenching after cold rolling, they provide tensile yield
strengths of 130,000 to 220,000 1b/in2 (896 to 1,517 MPa) but little duc-
tility, 4 to 2% elongation, respectively.

Low-carbon steels 1018 to 1025 in cold-drawn bar 0.625 to 0.875
in (16 to 22 mm) thick have minimum tensile properties of about
70,000 1b/in? (483 MPa) ultimate strength, 60,000 1b/in? (413 MPa)
yield strength, and 18% elongation. Properties decrease somewhat
with increasing section size to, say, 55,000 1b/in? (379 MPa), 45,000
Ib/in? (310 MPa), and 15%, respectively, for 2- to 3-in (50- to 76-mm)
cross sections.

Medium-carbon steels are the grades AISI 1030 to 1055. They
usually are produced as killed, semikilled, or capped steels and are
hardenable by heat treatment. However, hardenability is limited to
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thin sections or to the thin outer layer on thick parts. Medium-carbon
steels in the quenched and tempered condition provide a good balance
of strength and ductility. Strength can be further increased by cold
work. The highest hardness practical for medium-carbon steels is
about Brinell 550 (Rockwell C 55). Because of the good combination of
properties, they are the most widely used steels for structural appli-
cations, where moderate mechanical properties are required.
Quenched and tempered, their tensile strengths range from about
75,000 to over 150,000 1b/in2 (517 to over 1,034 MPa).

Medium-carbon steel 1035 in cold-drawn bar 0.625 to 0.875 in
(16 to 22 mm) thick has minimum tensile properties of about 85,000
Ib/in? (586 MPa) ultimate strength, 75,000 1b/in? (517 MPa) yield
strength, and 13% elongation. Strength increases and ductility
decreases with increasing carbon content to, say, 100,000 1b/in? (689
MPa), 90,000 Ib/in? (621 MPa), and 11%, respectively, for medium-
carbon steel 1050. Properties decrease somewhat with increasing
section size to, say, 70,000 1b/in? (483 MPa), 60,000 1b/inZ (414 MPa),
and 10%, respectively, for 1035 steel 2- to 3-in (50- to 76-mm) thick.

High-carbon steels are the grades AISI 1060 to 1095. They are,
of course, hardenable with a maximum surface hardness of about
Brinell 710 (Rockwell C 64) achieved in the 1095 grade. These steels
are thus suitable for wear-resistant parts. So-called spring steels
are high-carbon steels available in annealed and pretempered strip
and wire. Besides their spring applications, these steels are used for
such items as piano wire and saw blades. Quenched and tempered,
high-carbon steels approach tensile strengths of 200,000 1b/in?
(1,378 MPa).

Damascus steels are 1 to 2% carbon steels used for ancient swords
made by blacksmiths using hot and warm forging, which developed
layered patterns. The swords were eminent for their strength and
sharp cutting edge. With carbon in the form of iron carbide, the forged
products were free of surface markings. With carbon in the form of
spherical carbide, the products could exhibit surface markings. So-
called welded damascus steels, also referred to as pattern welded
steels, also exhibit surface markings. Superplasticity may be inher-
ent in all of these steels. Over the centuries, dating back to before
Christ, these steels have also been known as bulat steel, Indian
steel, poulad Janherder steel, Toldeo steel, and Wootz steel.

Free-machining carbon steels are low- and medium-carbon
grades with additions usually of sulfur (0.08 to 0.13%), sulfur-phos-
phorus combinations, and/or lead to improve machinability. They
are AISI 1108 to 1151 for sulfur grades, and AISI 1211 to 1215 for
phosphorus and sulfur grades. The latter may also contain bismuth
and be lead-free. Tin has also been used to replace lead. The pres-
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ence of relatively large amounts of sulfur and phosphorus can
reduce ductility, cold formability, forgeability, weldability, as well as
toughness and fatigue strength. Calcium deoxidized steels (car-
bon and alloy) have good machinability and are used for carburized
or through-hardened gears, worms, and pinions.

Low-temperature carbon steels have been developed chiefly for
use in low-temperature equipment and especially for welded pres-
sure vessels. They are low- to medium-carbon (0.20 to 0.30%),
high-manganese (0.70 to 1.60%), silicon (0.15 to 0.60%) steels,
which have a fine-grain structure with uniform carbide dispersion.
They feature moderate strength with toughness down to —50°F
(—46°0).

For grain refinement and to improve formability and weldability,
carbon steels may contain 0.01 to 0.04% columbium. Called
columbium steels, they are used for shafts, forgings, gears, machine
parts, and dies and gages. Up to 0.15% sulfur, or 0.045 phosphorus,
makes them free-machining, but reduces strength.

Rail steel, for railway rails, is characterized by an increase of car-
bon with the weight of the rail. Railway engineering standards call for
0.50 to 0.63% carbon and 0.60 manganese in a 60-1b (27-kg) rail, and
0.69 to 0.82% carbon and 0.70 to 1.0 manganese in a 140-1b (64-kg)
rail. Rail steels are produced under rigid control conditions from
deoxidized steels with phosphorus kept below 0.04% and silicon 0.10
to 0.23%. Guaranteed minimum tensile strength of 80,000 lb/in? (551
MPa) is specified, but it is usually much higher.

Sometimes a machinery steel may be required with a small amount
of alloying element to give a particular characteristic and still not be
marketed as an alloy steel, although trade names are usually applied
to such steels. Superplastic steels, developed at Stanford
University, with 1.3 to 1.9% carbon, fall between high-carbon steels
and cast irons. They have elongations approaching 500% at warm
working temperatures of 1000 to 1200°F (538 to 650°C) and 4 to 15%
elongation at room temperature. Tensile strengths range from
150,000 to over 200,000 lb/in2 (1,034 to over 1,378 MPa). The extra-
high ductility is a result of a fine, equiaxed grain structure obtained
by special thermomechanical processing.

CARBON TETRACHLORIDE. A heavy, colorless liquid of composition
CCl,, also known as tetrarchloromethane, which is one of a group
of chlorinated hydrocarbons. It is an important solvent for fats,
asphalt, rubber, bitumens, and gums. It is more expensive than the
aromatic solvents, but it is notable as a nonflammable solvent for
many materials sold in solution and is widely used as a degreasing
and cleaning agent in the dry-cleaning and textile industries. Since
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the fumes are highly toxic, it is no longer permitted in compounds for
home use. It is used as a chemical in fire extinguishers such as
Pyrene; but when it falls on hot metal, it forms the poisonous gas
phosgene. It is also used as a disinfectant, and because of its high
dielectric strength has been employed in transformers. It was first
produced in 1839 and used in Germany as a grease remover under
the name Katharin. Carbon tetrachloride is obtained by the chlori-
nation of carbon bisulfide. The specific gravity is 1.595, boiling point
169°F (76°C), and the freezing point 73°F (23°C). Chlorobromo-
methane, Br - CH, - Cl, is also used in fire extinguishers, as it is less
corrosive and more than twice as efficient as an extinguisher. It is a
colorless, heavy liquid with a sweet odor, a specific gravity 1.925, boil-
ing point 153°F (67°C), and a freezing point —85°F (—65°C). It is also
used as a high-gravity flotation agent.

CARBURIZING SECONDARY-HARDENING STEELS. Case-carburized
steels subsequently hardened and strengthened by precipitation of
M,C carbide. Three steels, developed by QuesTek Innovations LLC,
include Ferrium CS62 stainless steel, GearMet C61, and
GearMet C69 for gears and bearings. Ferrium CS62 nominally con-
tains 15% cobalt, 9.0 chromium, 1.5 nickel, 0.2 vanadium, 0.08 core
carbon, balance iron. It is targeted at matching the surface properties
of standard nonstainless gear steels, maintaining sufficient core
strength and toughness, and having better corrosion resistance than
440C stainless steel. Core hardness is 50 Rockwell C, core toughness
50 ksi - in'2 (1740 MPa - mm'2, and surface hardness 62 Rockwell C.
GearMet C61 has 18 cobalt, 9.5 nickel, 3.5 chromium, 1,1 molybde-
num, 0.16 core carbon, balance iron. It is designed to provide surface
properties similar to conventional gear steels and an ultrahigh
strength core with superior fractive toughness. Core hardness is 54
Rockwell C, core toughness more than 75 ksi - in¥? (2610 MPa - mm'2,
and surface hardness 61 Rockwell C. GearMet C69 has 27.8 to 28.2
cobalt, 5 to 5.2 chromium, 2.9 to 3.1 nickel, 2.4 to 2.6 molybdenum,
0.09 to 0.11 core carbon 0.015 to 0.025 vanadium, balance iron. It
combines a tough ductile core with an ultrahard case. Core hardness
is 50 Rockwell C and surface hardness 69 Rockwell C.

CARCINOGENS. Substances and materials known to cause cancer in
humans or that may be reasonably anticipated to cause human can-
cers, according to the U.S. Department of Health and Human
Services’ National Toxicology Program. See Part 2, “Structure and
Properties of Materials,” for lists of such materials.

CARNAUBA WAX. A hard, high-melting lustrous wax from the fanlike
leaves of the palm tree Copernicia cerifera of the arid region of north-
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eastern Brazil, sometimes referred to as Brazil wax, or ceara wax.
It is composed largely of ceryl palmitate, C,.H,,COOC, H,,. The
trees grow up to 60 ft (18 m) with leaves 3 ft (1 m) long. The wax
comes in hard, vitreous, yellowish cakes or lumps that melt at about
185°F (85°C) and have a specific gravity of 0.995. It is soluble in alco-
hol and in alkalies. Olho wax is the wax from young yellow leaves
and is whitish gray. Palha wax, from the older, green leaves, is a
deeper grayish yellow. In melting, water is added to the palha to
make the chalky wax. No. 3 chalky contains up to 10% water. Olho
wax without water yields the prime yellow wax. Flora wax is the
highest quality and is clear yellow. Fully 70% of the production of car-
nauba goes into the manufacture of floor waxes and carbon paper. It
has the property of being self-polishing in liquid floor waxes. In car-
bon paper it is nongreasy and nonsmearing. Other uses are in shoe
polishes, in leather finishes, in cosmetics, and for blending with other
waxes in coating compounds. Burnishing wax, in the shoe industry,
is carnauba wax blended with other waxes.

A wax quite similar to carnauba is guaruma, or cauassu wax,
from the leaves of Calathea lutea, a small plant with large leaves like
those of the banana, growing in the lower Amazon Valley. Its melting
point is 176°F (80°C). Another similar wax is from the trunk of the
wax palm Ceroxylon andicola, growing on the Andean slopes. A wax
that is very similar to carnauba in properties and is more plentiful,
but which contains the green leaf coloring difficult to bleach out, is
ouricury wax. The name is also spelled urucury (uru, the Carib
name for a shell; o means leaf). The wax is from the leaves of the
palm tree Syagrus coronata, or Cocos coronata, of northeastern
Brazil. Ouricury wax has a melting point of about 185°F (85°C), acid
number 10.6, iodine value 16.9, and saponification value 78.8. It has
the same uses as carnauba where color is not important, or it is used
to blend with carnauba to increase the gloss. The nuts of the tree are
called licuri nuts, and they are used to produce licuri oil employed
in soaps. The name licuri wax is sometimes erroneously given to
ouricury.

Cotton wax, which occurs in cotton fiber to the extent of about
0.6%, is very similar to carnauba wax. It is a combination of C, to
C,, primary alcohols with C,, to C,, fatty acids. It has not been pro-
duced commercially. Sugarcane wax is a hard wax similar to car-
nauba occurring on the outside of the sugarcane stalk. A ton of cane
contains 2 to 3 1b (1 to 1.4 kg) of wax, which concentrates in the filter
press cake after clarification of the cane juice. The filter cake con-
tains as high as 21% wax, which is solvent-extracted, demineralized
with hydrochloric acid, and distilled to remove the low-molecular-
weight constituents. It is used in floor and furniture polishes. The
wax has a tan color, a melting point at about 176°F (80°C), and acid
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number 23 to 28. Duplicane wax, of Warwick Wax Co., Inc., is a
grade of sugarcane wax for carbon paper, and Technicane wax is
a grade for polishes. Sugarcane wax is miscible with vegetable and
petroleum waxes and has greater dispersing action than carnauba
wax. Henequen wax, extracted from the waste pulp of the
henequen plant, has a melting point of 185°F (85°C) and is similar to
carnauba. Moss wax, used for polishes, is extracted from Spanish
moss which contains up to 4% wax. Spanish moss is the fiber from
the plant Tillandsia usneoides, which grows throughout tropical and
subtropical America and along the southeastern coast of the United
States, hanging from branches of trees. It is used for packing fragile
articles and for mattresses.

CARNOTITE. A mineral found in Utah and Colorado and employed as
a source of uranium, radium, and vanadium. It is a vanadate of ura-
nium and potassium, V,0, - 2U,0, - K,0 - 3H,0. It is found as a pow-
der with other sands and gives them a pale-yellow color. The ore may
contain 2 to 5% uranium oxide and up to 6 vanadium oxide, but it
usually runs 2% V,0,. The vanadium is produced by roasting the ore,
leaching, precipitating the oxide with acids, and sintering. The pro-
duction of radium from the residue ore is a complex process, and 400
tons (362,800 kg) of ore produces only 0.0022 1b (1 g) of radium.
Patronite, mined in Peru as a source of vanadium, is a greenish min-
eral, V,S,, mixed with pyrites and other materials. Carnotite ore may
contain up to 2,500 parts per million of selenium and is a source of
this metal.

CAROA. Pronounced car-o-dh. The fiber from the leaves of the plant
Neoglaziovia variegata of northeastern Brazil. It is more than twice
as strong as jute and is lighter in color and in weight, but is too hard
to be used alone for burlap. It is employed as a substitute for jute in
burlap when mixed with softer fibers and also for rope, and in mix-
tures with cotton for heavy fabrics and suitings. Some suiting is made
entirely of the finer caroa fibers. Fibrasil is a trade name in Brazil
for fine, white caroa fibers used for tropical clothing.

CARTRIDGE BRASS. Basically a 70% copper, 30% zinc wrought alloy,
designated brass alloy C26000, which may also contain as much as
0.07% lead and 0.05 iron. Besides cartridge brass, a name resulting
from its use in munitions, notably cartridge cases, it has been known
as brass alloy 70-30 brass, spinning brass, spring brass, and
extraquality brass. Physical properties include a density of 0.308
Ib/in? (8,525 kg/m?), a melting-temperature range of 1680 to 1750°F
(915 to 954°C), a specific heat at 68°F (20°C) of 0.09 Btu/lb - °F 375
J/kg - K, a thermal conductivity at 68°F (20°C) of 70 Btu/ft - h - °F
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[120 W/(m - K)], and an electrical conductivity at 68°F (20°C) of 28%
that of copper. Typical tensile properties of thin, annealed, flat prod-
ucts range from ultimate strengths of 44,000 to 53,000 1b/in? (300 to
365 MPa), yield strengths of 11,000 to 22,000 1b/in? (75 to 150 MPa),
and elongations of 68 to 54%. In the %-hard to extrahard cold-worked
temper conditions, the tensile properties of these products range from
54,000 to 86,000 1b/in? (370 to 595 MPa), 40,000 to 65,000 1b/inZ (275
to 450 MPa), and 43 to 5%, respectively. Besides flat products, the
alloy is available in bar, rod, wire, tubing, and, for cartridge cases,
cups. It has excellent cold-forming characteristics and a machinabil-
ity about 30% that of free-cutting brass. It is also readily brazed and
soldered and can be welded by oxyfuel and resistance methods. Its
weldability by gas-metal-arc methods, however, is limited, and other
welding methods are not advisable. Although corrosion-resistant in
various waters and chemical solutions, the alloy may be susceptible to
dezincification in stagnant or slow-moving, brackish waters and salt
or slightly acidic solutions. Also, it is prone to stress-corrosion crack-
ing, particularly in ammonia environments. Besides munition appli-
cations, it is used for various stamped, spun, or drawn shapes,
including lamp fixtures, shells and reflectors, auto radiator cores,
locks, springs, fasteners, cylinder components, plumbing fixtures, and
architectural grille work.

CASE-HARDENING MATERIALS. Materials for adding carbon and/or
other elements to the surface of low-carbon or medium-carbon steels or
to iron so that upon quenching a hardened case is obtained, with the
center of the steel remaining soft and ductile. The material may be
plain charcoal, raw bone, or mixtures marketed as carburizing com-
pounds. A common mixture is about 60% charcoal and 40 barium car-
bonate. The latter decomposes, giving carbon dioxide, which is reduced
to carbon monoxide in contact with the hot charcoal. If charcoal is
used alone, action is slow and spotty. Coal or coke can be used, but
action is slow, and the sulfur in these materials is detrimental. Salt is
sometimes added to aid the carburizing action. By proper selection of
the carburizing material, the carbon content may be varied in the steel
from 0.80 to 1.20%. The carburizing temperature for carbon steels typ-
ically ranges from 1550 to 1750°F (850 to 950°C) but may be as low as
1450°F (790°C) or as high as 2000°F (1095°C). The articles to be car-
burized for case hardening are packed in metallic boxes for heating in
a furnace, and the process is called pack hardening, as distinct from
the older method of burying the red-hot metal in charcoal.

Steels are also case-hardened by the diffusion of carbon and nitrogen,
called carbonitriding, or nitrogen alone, called nitriding.
Carbonitriding, also known as dry cyaniding, gas cyaniding, liquid
cyaniding, nicarbing, and nitrocarburizing, involves the diffusion
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of carbon and nitrogen into the case. Nitriding also may
be done by gas or liquid methods. In carbonitriding, the steel may be
exposed to a carrier gas containing carbon and as much as 10%
ammonia, the nitrogen source, or a molten cyanide salt, which pro-
vides both elements. Ammonia, from gaseous or liquid salts, is also
the nitrogen source for nitriding. Although low- and medium-carbon
steels are commonly used for carburizing and carbonitriding, nitrid-
ing is usually applied only to alloy steels containing nitride-forming
elements, such as aluminum, chromium, molybdenum, and vana-
dium. In ion nitriding, or glow-discharge nitriding, electric cur-
rent is used to ionize low-pressure nitrogen gas. The ions are
accelerated to the workpiece by the electric potential, and the work-
piece is heated by the impinging ions, obviating an additional heat
source. All three principal case-hardening methods provide a hard,
wear-resistant case. Carburizing, however, which gives the greater
case depth, provides the best contact-load capacity. Nitriding provides
the best dimensional control, and carbonitriding is intermediate in
this respect.

The principal liquid-carburizing material is sodium cyanide, which
is melted in a pot that the articles are dipped in, or the cyanide is
rubbed on the hot steel. Cyanide hardening gives an extremely
hard but superficial case. Nitrogen as well as carbon is added to the
steel by this process. Gases rich in carbon, such as methane, may also
be used for carburizing, by passing the gas through the box in the fur-
nace. When ammonia gas is used to impart nitrogen to the steel, the
process is not called carburizing but is referred to as nitriding.
Tufftriding, of Degussa AG of Germany, is a nitriding process using
molten potassium cyanate with a small amount of sodium ferro-
cyanide in titanium-lined melting pots.

Case-hardening compounds are marketed under a wide variety of
trade names. These may have a base of hardwood charcoal or of
charred bone, with sodium carbonate, barium carbonate, or calcium
carbonate. Char is a carburizing material in which the particles of
coal-tar carbon are surrounded by an activator and covered with a
carbon coating. Accelerated Salt WS, of Du Pont, for heat-treating
baths, has a content of 66% sodium cyanide, with graphite to mini-
mize fuming and radiation losses. For selective case hardening on
steel parts, a stiff paste of carburizing material may be applied to the
surfaces where a carbon impregnation is desired. Carburit is a car-
burizing paste of this kind. Aerocarb and Aerocase, of American
Cyanamid Co., are mixtures of sodium and potassium nitrates and
nitrides for use in carburizing baths at a temperature up to 1850°F
(1010°C).
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Chromized steel is steel surface-alloyed with chromium by dif-
fusion from a chromium salt at high temperature. The reaction of
the salt produces an alloyed surface containing about 40%
chromium. Plasmaplate was a name given by the former Linde
Div. of Union Carbide to protective coatings of tungsten or molybde-
num, deposited by a plasma torch which gives a concentrated heat
to 30,000°F (16,650°C); but the refractory metals can now be
deposited at lower temperatures by decomposition of chemical com-
pounds. Molybdenum pentachloride, MoCl,, is a crystalline pow-
der which deposits an adherent coating of molybdenum metal when
heated to 1652°F (900°C).

Metalliding is a diffusion coating process involving an elec-
trolytic technique similar to electroplating, but done at higher tem-
peratures [1500 to 2000°F (816 to 1093°C)]. Developed by General
Electric, the process uses a molten fluoride salt bath to diffuse met-
als and metalloids into the surface of other metals and alloys. As
many as 25 different metals have been used as diffusing metals, and
more than 40 as substrates. For example, boride coatings are
applied to steels, nickel-base alloys, and refractory metals.
Beryllide coatings can be applied to many different metals by this
process. The coatings are pore-free and can be controlled to a toler-
ance of 0.001 in (0.025 mm).

CASEIN. A whitish to yellowish, granular or lumpy protein precipi-
tated from skim milk by the action of a dilute acid, or coagulated by
rennet, or precipitated with whey from a previous batch. The precipi-
tated material is then filtered and dried. Cow’s milk contains about
3% casein. It is insoluble in water and in alcohol, but soluble in alka-
lies. Although the casein is usually removed from commercial milk, it
is a valuable food accessory because it contains methionine, a com-
plex mercaptobutyric acid which counteracts the tendency toward cal-
cium hardening of the arteries. This acid is also found in the
ovalbumin of egg white. Methionine, CH, - S - CH,CH,CHNH -
COOH, is one of the most useful of the amino acids, and it is used in
medicine to cure protein deficiency and in dermatology to cure acne
and falling hair. It converts dietary protein to tissue, maintains nitro-
gen balance, and speeds wound healing. It is now made synthetically
for use in poultry feeds. Some casein is produced as a by-product in
the production of lactic acid from whole milk, the casein precipitating
at a pH of 4.5. It is treated with sodium hydroxide to yield sodium
caseinate.

Most of the production of casein is by acid precipitation, and this
casein has a moisture content of not more than 10% with no more
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than 2.25% fat and not over 4 ash. The casein made with rennet
has up to 7.5% ash content, less than 1 fat, and is less soluble in
alkalies. It is the type used for making plastics. Rennet used for
curdling cheese is an extract of an enzyme derived from the stom-
achs of calves and lambs and is closely related to pepsin. Rennet
substitutes produced from pepsin and other vegetable sources are
only partial replacements and often have undesirable off-flavors.
But Sure-Curd, of Pfizer and Co., is derived from a strain of
Endothia parasitica and is similar to true rennet in coagulating
and proteolytic properties. Whey is the thin, sweet, watery part
separated out when milk is coagulated with rennet. Whey solids are
used in prepared meats and other foods to enhance flavor and in
pastries to eliminate sogginess. Tekniken is a dry whey for use in
margarine, chocolate, and cheese. Orotic acid, NH(CO - NH - CO -
CH):C - COOH, produced synthetically, is identical with the biotic
Lactobacillus bulgaricus of yogurt, the fermented milk whey used
as food. It is a vitaminlike material.

Argentina and the United States are the most important producers
of casein. France, Norway, and Holland are also large producers.
Casein is employed for making plastics, adhesives, sizing for paper
and textiles, washable interior paints, leather dressings, and as a dia-
betic food. Casein glue is a cold-work, water-resistant paste made
from casein by dispersion with a mild base such as ammonia. With a
lime base it is more resistant but has a tendency to stain. It is mar-
keted wet or dry, the dry powder being simply mixed with water for
application. It is used largely for low-cost plywoods and in water
paints, but is not waterproof. Many gypsum wallboard cements are
fortified with casein. Concentrated milk protein, available as cal-
cium caseinate or sodium caseinate, is for adding proteins and for
stabilizing prepared meats and bakery products. It contains eight
amino acids and is high in lysine. Sheftene is this material.

CASEIN PLASTICS. A group of thermoplastic molding materials made
usually by the action of formaldehyde on rennet casein. The process
was invented in 1885, and the first commercial casein plastic was
called Galalith, meaning milkstone. Casein plastics are easily
molded, machine easily, are nonflammable, withstand temperatures
up to 300°F (150°C), and are easily dyed to light shades. But they are
soft, have high water absorption (7 to 14%), and soften when exposed
to alkalies. They are thus not suitable for many mechanical or electri-
cal parts. They are used for ornamental parts, buttons, and such arti-
cles as fountain-pen holders. The specific gravity of the material is
1.34, and the tensile strength is 8,000 1b/in? (55 MPa). Casein fiber
is made by treating casein with chemicals to extract the albumen and
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salts, forcing it through spinnerets, and again treating it to make it
soft and silklike. The fiber is superior to wool in silkiness and resis-
tance to moth attack, but is inferior in general properties. It is
blended with wool in fabrics and in hat felts.

CASHEW SHELL OIL. An amber-colored, poisonous, viscous oil obtained
by extraction from the by-product shells of the cashew nut industry of
India and Brazil. The cashew nut grows on the distal end of the fruit of
the tree Anacardium occidentale. The thin-skinned, yellow, pear-shaped
fruit may be eaten or used in preserves. It is also distilled into a spirit in
Mozambique and India. The kernel of the seed nut, known as the cashew
nut, is roasted and widely used as an edible nut or in confections. The ker-
nel is crescent-shaped, and the nuts are graded by sizes from 200 per 1b
(0.45 kg) to 400 to 500 per Ib (0.45 kg). On crushing, the nuts produce 45%
of an edible oil, but the nuts are more valuable as a confection than for oil,
and there is no commercial production of cashew nut oil. One pound of
shells yields 0.335 1b (0.152 kg) of cashew nut shell oil, which contains 90%
anacardic acid, a carboxypenta-dica-dienyl phenol, very blistering to the
skin. It is used for the production of plastics, drying oils, and insulating
compounds. The oil reacts with formaldehyde to give a drying oil. With
furfural it produces a molding plastic. Reacted with other chemicals, it
forms rubberlike masses used as rubber extenders and in electrical insu-
lating compounds. The other 10% of cashew nut shell oil is cardol, a
dihydroxypenta-dica-dienyl benzene. When decarboxylated, the anac-
ardic acid yields cardanol, a light oil liquid of composition
C,H, - OH(CH,),CH:CH(CH,));CH,, with boiling point of 680°F (360°C)
and freezing point of about —4°F (—20°C). Cardanol polymerizes with
formaldehyde to form a heat-resistant, chemical-resistant, flexible resin
of high dielectric strength valued for wire insulation. Small amounts of
this resin also improve the chemical and electrical properties of the phe-
nol resins. Cardolite is a high-molecular-weight, straight-chain bisphe-
nol derived from cashew nut shell oil. It is used for making flexible epoxy
resins, supplanting about half the normal amount of epichlorhydrin used
in the resin.

CASHMERE. A fine, soft, silky fabric made from the underhair of the
Cashmere goat raised on the slopes of the Himalayas in Asia. The
hair is obtained by combing the animals, not by shearing, and only
about 3 oz (0.09 kg) is obtained from a goat. The hair is straight and
silky, but not lustrous, and is difficult to dye. The fabrics are noted for
warmth, and the production now goes mostly into the making of
shawls and fine ornamental garments. Cotton cashmere is a soft,
loosely woven cotton fabric made to imitate cashmere, or it may be a
cotton-and-wool mixture, but it lacks the fineness of true cashmere.
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Cashmere hair, used for fine paintbrushes, is from the beard of the
Cashmere goat. It is similar to camel hair. Qiviut, the underwool of
the musk ox of northern Canada, is a finer and longer fiber than
cashmere, and about 6 1b (2.7 kg) may be obtained from each animal.
It is shed in May or June. One pound (0.45 kg) of giviut will make a
40-strand thread 26 mi (44 km) long. It dyes easily and does not
shrink, even when boiled. It is used for fine gloves and sweaters.

CASSITERITE. Also called tin stone. It is the only commercial tin ore
and is a tin dioxide, SnO,, containing theoretically 78.6% tin. It is a
widely distributed mineral, but is found on a commercial scale in only a
few localities, notably Malaya, East Indies, Bolivia, Cornwall (England),
Nevada, Isle of Youth, and Australia. The mineral occurs granular mas-
sive with a specific gravity of 6.8 to 7.1, a Mohs hardness of 6 to 7, and a
brown to black color. It is present in the ore usually in amounts of 1 to
5% and is found in veins, called lode tin, or in placer deposits. The con-
centrated ore averages 65 to 70% tin oxide. It is roasted to eliminate
sulfur and arsenic and then smelted in reverberatory furnaces.

CAST IRON. The generic name for a broad family of materials com-
prised basically of carbon, silicon, and iron, but which may also con-
tain small or large amounts of alloying elements. The principal kinds
are gray iron, ductile (or nodular) iron, malleable iron, white iron,
and alloy irons. The borderline between steel and cast iron is 2% car-
bon, cast irons having more than this amount, and at least 1% silicon,
usually 1 to 3. Carbon is present in two forms: graphite, often
referred to as free carbon, and iron carbide (cementite).

Each of the five major types differs in the form in which carbon is
present. High carbon content makes molten iron fluid, easing casta-
bility. Precipitation of graphite during solidification counteracts metal
contraction as it cools, producing sound castings. Graphite also pro-
vides excellent machinability, damping qualities, and lubricity on
wear surfaces. When most of the carbon is combined with iron in the
form of carbides, as in white iron, it provides excellent wear resis-
tance. Silicon serves to promote graphite formation and provide
desired metallurgical structures.

The matrix structures of cast irons, where any graphite present is
embedded, vary widely depending not only on casting practice and
cooling rate but also on the shape and size of casting. Furthermore, it
is possible to have more than one kind of matrix in the same casting.
Also, the matrix structure can be controlled by heat treatment, but
once graphite is formed, it is not changed by subsequent treatments.
The matrix can be entirely ferritic. It differs from the ferrite found in
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wrought carbon steels because the relatively large amount of silicon
produces a structure that makes the iron free-machining. Addition of
alloys can produce an acicular (needlelike) matrix. Hardening treat-
ments yield a martensitic matrix. Other possible matrix structures
are pearlite and ledeburite. Because the same composition in a cast
iron can produce several different types of structure, cast irons are
seldom specified by composition. Within each major type, standard
grades are classified by minimum tensile strength.

Cast iron is usually made by melting pig iron and scrap in a cupola
in contact with the fuel, which is normally coke. Pouring tempera-
ture, which varies with the analysis, is important, especially to pre-
vent cold shut, which is a discontinuity in the structure caused by two
streams of metal meeting and failing to unite. With an electric fur-
nace, scrap iron may be employed alone with carbon without pig iron,
and the furnace may be operated continuously. The product is called
synthetic cast iron.

Gray iron, which contains graphite in flake form and usually con-
tains 2 to 4% carbon and 1 to 3 silicon, is noted primarily for its ability
to dampen vibrations, withstand moderate thermal shock, and provide
moderate strength: ultimate tensile strengths of 20,000 to 60,000 1b/in?
(138 to 414 MPa). In general, the greater the strength, the lower the
damping capacity and thermal-shock resistance, and the less amenabil-
ity to be cast in thin sections. Machinability also decreases with
increasing strength, although high-strength grades can be machined to
finer finishes. Although the various grades are designated by tensile
strength, compressive strength is often a major design selection factor.
Compressive strengths corresponding to the above tensile strength
range are about 80,000 to 185,000 1b/in? (552 to 1,276 MPa). Modulus
of elasticity in tension also increases with increasing strength, ranging
from about 9.6 X 10% to 23 X 10% Ib/in? (66,000 to 159,000 MPa).
Although gray iron can be strengthened and toughened by heat treat-
ment, these requirements are usually met by adjusting composition.
Quenching from elevated temperature is done more commonly to
increase wear resistance by increasing hardness, with tempering used
to enhance toughness. Gray cast iron is widely used in the auto, truck,
and off-highway equipment industries for engine blocks, gearboxes,
brake drums, camshafts, and many other components.

Ductile iron, also known as nodular iron or spheroidal-
graphite iron because of the shape of the graphite particles, is noted
primarily for its high strength and toughness. Though made from the
same basic materials as gray iron, a small amount of magnesium, or
magnesium and trace amounts of cerium, is inoculated during casting
to control the shape and distribution of the graphite. Tensile properties
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range from 50,000 to 120,000 1b/in? (345 to 827 MPa) ultimate
strength, 25,000 to 90,000 1b/in2 (172 to 621 MPa) yield strength, and
20 to 2% elongation. Most ductile iron castings are used as cast, but
subsequent heat treatment can be beneficial. Annealing, which pro-
vides a ferritic structure, maximizes toughness at the expense of
strength. Normalizing, often followed by tempering, induces a
pearlitic structure, providing intermediate strength and toughness.
And a martensitic structure, induced by quenching, usually in oil,
provides the highest strength and hardness, but the least toughness.
The modulus of elasticity of ductile iron—22 X 10° to 25 X 10° 1b/in?
(152,000 to 172,000 MPa)—is typically greater than that of gray iron,
as is its high-temperature oxidation resistance, but its machinability
is about the same. Ductile-iron castings are widely used in the auto-
motive industry for crankshafts, camshafts, steering knuckles, pin-
ions, gears, and many other components. They are also used for a
variety of machinery applications, marine components, and equip-
ment used in the paper and glass industries.

Compacted graphite cast iron, also known as CGI and vermicu-
lar iron, is characterized by coarser, more rounded graphite than the
flake graphite in gray iron. It is produced by adding a small but precise
amount of magnesium, in a process similar to making ductile iron, and
resulting mechanical properties are generally intermediate to those of
gray and ductile irons. In some cases, however, properties may be supe-
rior to either of the two more common cast irons. CGI is about equal to
gray iron in thermal conductivity and damping quality but can be twice
as strong. It is similar to ductile iron in strength and rigidity. The
Backerud process for casting CGI is patented by the Swiss firm
SinterCast S.A. and named after its inventor, Lennart Backerud.

Malleable iron is white cast iron that is heat-treated to transform
the carbon phase from iron carbide to a nodular form of graphite
called temper carbon. The resulting structure can be ferrite with dis-
persed nodules (ferritic malleable iron); pearlitic, which also con-
tains combined carbon; or martensitic malleable iron, which is
produced by quenching and tempering pearlitic malleable iron. The
nodules are more irregular than those of ductile iron, but otherwise
the structure and mechanical properties are roughly comparable to
standard nodular iron. Malleable iron has a slight advantage in modu-
lus of elasticity—25 X 10% to 28 X 108 1b/in? (172,000 to 193,000
MPa)—and a definite advantage in amenability to casting thin-section
components. Ductile iron shrinks less on solidifying and has the
advantage in casting thick sections because, in making malleable iron
castings, there is a limit to the section thickness that can be cast com-
pletely as white cast iron.
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In white cast iron, the carbon is not transformed to graphite but
remains combined with iron, usually in the form of large carbides.
High hardness, thus high wear resistance, is its principal advantage.
Unalloyed white iron contains a small amount of silicon and has a
pearlitic structure. Alloy grades contain small amounts of carbide-sta-
bilizing elements, such as chromium, molybdenum, and vanadium,
and have a bainitic or martensitic structure and can provide a hard-
ness of Brinell 700. Chilled iron combines white iron and gray iron.
Iron or graphite chills are used in select areas of the mold to increase
the solidification rate and form white iron while the rest of the cast-
ing solidifies at a slower rate and forms gray iron.

Although some of the four major classes of cast irons—gray, ductile,
malleable, and white—may contain small amounts of alloying ele-
ments, alloy cast irons may contain appreciable amounts. Their pur-
pose is to increase strength, hardness, hardenability, abrasion
resistance, heat resistance, corrosion resistance, or combinations of
these properties. Among alloy cast irons are abrasion-resistant
white irons that may contain 1 to 5% nickel, 1 to 28 chromium, 0.5 to
3.5 molybdenum, and, sometimes, 1.2 to 2.5 copper, which may sup-
plant or be an addition to nickel. Corrosion-resistant cast irons
include high-silicon (14 to 17%) irons, such as Duriron, Durichlor
51, and Superchlor, which also contain 5% chromium, 1 molybde-
num, and 0.5 copper; nickel-chromium gray irons, such as Ni-
Resist austenitic iron, having 13.5 to 36% nickel, 1.5 to 6 chromium,
7 copper, and 1 molybdenum; and nickel-chromium ductile iron,
such as Ni-Resist austenitic ductile iron, having 18 to 36% nickel,
1 to 5.5 chromium, and 1 molybdenum. Heat-resistant gray irons
include 4 to 7% silicon grades, such as Silal; high-chromium iron
(15 to 35% chromium, 5 nickel); nickel-chromium irons, such as Ni-
Resist austenitic iron; nickel-chromiume-silicon irons, such as
Nicrosilal, having 13 to 43% nickel, 10 copper, 5 to 6 silicon, 1.8 to 5.5
chromium, and 1 molybdenum; and high-aluminum (20 to 25%)
iron, which also contains 1.3 to 6% silicon. Heat-resistant ductile
irons include medium-silicon ductile iron (2.5 to 6% silicon, 1.5
nickel) and nickel-chromium ductile iron (18 to 36% nickel, 1.75 to
3.5 chromium, 1.75 to 5.5 silicon, and 1 molybdenum).

Austempered ductile iron, alloyed ductile iron having a struc-
ture of ferrite and carbon-rich austenite, has been known for many
years but seldomly used because of the finesse required to induce this
structure by heat treatment. Because of the exceptional strength and
toughness possible with careful control of heat treatment, however, it
has recently emerged as a promising material, especially for auto and
truck applications. The alloying elements are nickel, copper, or molyb-
denum, or combinations of these, and their purpose is to increase
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hardenability. These elements delay pearlite formation, permitting
the casting to be cooled from austenitizing temperatures to the
austempering transformation range without forming pearlite or other
high-temperature transformation products during quenching.

Heat treatment involves (1) heating to austenitizing temperature
and holding at this temperature until the structure has transformed to
face-centered-cubic austenite and this austenite is saturated with car-
bon; (2) quenching to a temperature above the martensite start temper-
ature [450 to 750°F (232 to 399°C)] usually in molten salt or a medium
capable of providing a quenching rate sufficient to avoid pearlite forma-
tion, and holding at this temperature for sufficient time to transform
the austenite to a structure of acicular ferrite and carbon-rich austen-
ite; and (3) cooling to room temperature. No subsequent tempering is
necessary. The bainitic reaction temperature, commonly called the
austempering temperature, determines mechanical properties. High
austempering temperatures promote ductility, fatigue strength, and
impact strength, but reduce hardness. Low austempering temperatures
increase strength and hardness. Tensile yield strength can range from
80,000 to 180,000 1b/in? (552 to 1,240 MPa), with corresponding ulti-
mate strengths of 125,000 to 230,000 1b/in? (860 to 1,585 MPa), elonga-
tions of up to 10%, and hardness from the range of Brinell 269 to 321 to
Brinell 444 to 555. Impact strength is about 75 ft - 1b (102 J) for 80,000
Ib/in? (552 MPa) yield-strength material, and 30 ft - 1b (41 J) for the
140,000 1b/in? (965 MPa) material.

Dura-Bar, from the Dura-Bar Division of Wells Manufacturing Co.,
is continuously cast cast-iron bar and tube in various grades of gray
iron, ductile iron, austempered ductile iron, and Ni-Resist austenitic
iron. Depending on grade, tensile strengths range from 25,000 to
40,000 1b/in? (172 to 276 MPa) for the gray iron, 65,000 to 100,000
Ib/in? (448 to 690 MPa) for the ductile iron, and 124,000 to 233,000
Ib/in2 (855 to 1607 MPa) for the austempered ductile iron. The two
grades of Ni-Resist have a tensile strength of 25,000 lb/in? (172 MPa).

Gun iron, formerly used for casting cannons, was a fine-grained
iron of uniform texture, low in sulfur and in total carbon, made with
charcoal in an air furnace.

Graphite is a weakening element in cast iron, and the high-graphite
irons are desired only because of their ease of casting and machining.
The lower the carbon, the stronger the cast iron. To obtain this result,
steel scrap is used in the mix. Low-carbon steel of known chemical
content, such as plate and rod ends and rail croppings, is used. The
amount of steel varies from 15 to 60%, and the product resulting from
the larger additions is called semisteel. Tensile strengths as high as
40,000 1b/in? (276 MPa) can be obtained without great reduction in the
casting and machining qualities of the cast iron. Semisteel castings
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can be softened and made more ductile by annealing at a temperature
of about 800°F (427°C), but they then lose 25 to 35% tensile strength.

Many trade names have been used to designate cast irons.
Pomoloy is an unalloyed cast iron with a tensile strength of 40,000
Ib/in% (276 MPa) and hardness Brinell 215. DeLavaud metals are
made by a centrifugal process in rotating steel molds. After anneal-
ing, the pipe has an outer layer of malleable iron, a center layer
resembling steel, and an inner surface of gray iron. Hi-Tem iron is a
corrosion-resistant cast iron used for processing vessels. Hi-Tem S is
a high-manganese iron used for retorts.

High-test cast iron was originally cast iron that was superheated
in the melting for pouring, poured in chilling molds, and then heat-
treated, the only change in composition being to keep the silicon and
manganese high. The term now means high-strength irons that are
processed to give a careful balance of ferrite, pearlite, cementite, and
carbon by the treatment, by additions of steel scrap, and by additions
of nickel, chromium, and other elements that give strength to the
metal by balancing the structure, but are not in sufficient quantities to
classify the iron as an alloy cast iron. Tensile strengths above 50,000
Ib/in? (345 MPa) are obtained, and all the high-test irons are fine-
grained, not spongy like gray iron. Steel scrap gives a stronger and
finer structure; nickel aids in the chilling and eases machining;
chromium gives hardness and resistance to growth; molybdenum
raises the combined carbon and adds strength and hardness.
Oxygenized iron is high-test cast iron made by blowing air through
a part of the metal and then returning the blown metal to the cupola.
There is no sharp dividing line between some of these processed irons
and steel, and when the combined carbon is high and the graphitic
carbon is well distributed in even flakes, the metal is called graphitic
steel.

High-test cast irons are used for brake drums, cams, rolls, and high-
strength parts. In many cases they are substitutes for malleable iron.
They are marketed under many trade names. Ermal is a pearlitic cast
iron with a tensile strength up to 70,000 lb/in? (483 MPa). Perlit is
another pearlitic cast iron. Armite is a synthetic cast iron, and Jewell
alloy is the name of a group of high-strength and heat-resistant irons.
Ermalite and Wearloy are high-strength, wear-resistant cast irons.
Gunite is a graphitic steel which, when quenched to a hardness of
Brinell 477, has a compressive strength of 200,000 1b/in? (1,379 MPa).
Arma steel is a graphitic steel, or arrested malleabilized iron, of high
strength and shock resistance, used for connecting rods, gears, and
camshafts where both high strength and bearing properties are
required. Meehanite metal is made in a wide range of high-strength,
wear-resisting, corrosion-resisting, and heat-resisting castings for dies,
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hydraulic cylinders, brake drums, pump parts, and gears. Tensile
strengths range from 35,000 to 55,000 1b/in? (241 to 379 MPa), compres-
sive strengths from 135,000 to 175,000 1b/in? (931 to 1,207 MPa), and
hardness from Brinell 193 to 223. Cylinder iron is a general term for
cast iron for engine and compressor cylinders, but is also used for a vari-
ety of mechanical parts. The iron must be easily cast into a dense struc-
ture without hard spots or blowholes. Combined carbon must be
sufficient to give wear resistance without brittleness, and the content of
free graphite must be high enough to give a low coefficient of friction
without great loss of strength.

CASTOR OIL. A light-yellow to brownish viscous oil obtained from the
seed beans of the castor plant, Ricinus communis. In the tropics the
plant grows to the proportions of a sturdy tree, but in temperate cli-
mates it is small with a poor yield. Besides its original use as a purga-
tive in medicine, castor oil is one of the most widely used industrial
vegetable oils. When pure and fresh, the oil is nearly colorless and
transparent. The hot-pressed oil is brownish. It has a characteristic
acrid, unpleasant taste. The specific gravity is 0.960 to 0.970, iodine
value 82 to 90, saponification value 180, and solidifying point 14°F
(=10°C). The oil is chiefly composed of the glyceride or ricinoleic
acid, which has a complex double-bonded molecular structure that
can be polymerized easily. It is used for making alkyd resins for sur-
face coatings and in plasticizers, perfumes, and detergents. Castor
seeds have the appearance of mottled colored beans and are enclosed
in hard husks which are removed before crushing. The chief commer-
cial production has been in Brazil, where two types are grown. The
large Zanzibar type has seeds 0.63 in (16 mm) long containing 30 to
35% oil, and the sanguineous type has seeds 0.39 in (10 mm) long con-
taining up to 60% oil. They are usually mixed in shipments, and the
average yield is calculated as 0.45 1b (0.20 kg) of oil from 1 1b (0.45 kg)
of beans. In the southwestern United States, dwarf disease-resistant
hybrid varieties are grown that give high oil yields. Cold-pressed oil is
used in medicine and lubricants, but the industrial oil is usually hot-
pressed. Castor oil is used in paints, as a hydraulic oil, for treating
leather and textiles, in soaps, and for making urethane resins. It
increases the lathering power of soaps and their solubility in cold
water. In lubricating oils and in cutting oils, it has excellent keeping
qualities and does not gum on exposure.

When castor oil is chemically dehydrated by removing the hydroxyl
groups in the form of water by means of a catalyst, a double bond is
formed, giving an oil of heavy viscosity, light color, and with iodine
value 116, acid value 3.5, and saponification value 191. Dehydrated
castor oil gives a better gloss in varnishes than tung oil with a softer
and less brittle film, but it has less alkali resistance than tung oil,
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unless it is mixed with synthetic resin. Sulfonated castor oil,
known as Turkey red oil in the textile industry, is made by treating
crude hot-pressed castor oil with sulfuric acid and neutralizing with
sodium sulfate. It is miscible with water and lathers as a solution of
soap. It is used for the preparation of cotton fibers to be dyed, and it
gives clearer and brighter colors. It is also employed in soaps and cut-
ting compounds. Sulfonated dehydrated castor oil is used in nonalka-
line water-washable skin ointments. It has a softening point of 86°F
(30°C) and an SO, content of 10%. Synthenol, of Spencer Kellogg, is
a dehydrated castor oil for paints and varnishes. Castung and
Isoline are dehydrated castor oils. Copolymer 186 is a polymerized
dehydrated castor oil which adds flexibility and improved general
qualities to paints and outside enamels. Mannitan drying oil is an
ester of dehydrated castor oil that dries faster than linseed oil and
has better resistance in paints.

Hydrogenated castor oil is a hard, nongreasy, white solid melting
at 180°F (82°C), used as an extender for waxes in coating compositions
and as a hard grease for making resistant lithium-type lubricating
greases. Hydrogenated castor oil is odorless and tasteless and is val-
ued for coatings. Castorwax, Emery S-751-R, and Cenwax G are
hydrogenated castor oil. In general, these materials are white, non-
greasy, waxlike solids melting at about 185°F (85°C). Primawax is a
flaked form of hydrogenated castor oil used as a plasticizer in vinyl
and cellulose plastics. The destructive distillation of castor oil yields
cognac oil, a mixture of undecylenic acid and heptaldehyde, also
known as oenanthaldehyde. All are important intermediates in per-
fumes; heptaldehyde is the basis of synthetic jasmine perfumes.

The hydrogenated ricinoleic acid, known as hydroxystearic acid,
may also be separated out and used for making waxy esters for phar-
maceutical ointments, or for reacting with amines to make white,
waxy solids useful as water repellents. By reacting castor oil with
sodium hydroxide under heat and pressure, sebacic acid,
HO,C(CH,),CO,H, is produced. It is a powder melting at 264°F
(129°C) and is a versatile raw material for alkyd resins, fibers, and
heat-resistant plasticizers. It is also used for making nylon polymers
and for sebacate esters for cold-weather lubricants, although the
lower-cost azelaic and adipic acids may be substituted. Both sebacic
acid and isosebacic acid are now produced synthetically from butadi-
ene. Isosebacic acid is a mixture of sebacic acid with the isomers of
this acid, diethyl adipic acid and ethyl suberic acid. It can
replace sebacic acid for resin manufacture. Also similar in chemical
properties to the ricinoleic acid of castor oil is dimorphecolic acid,
obtained naturally from daisy oil from the seeds of the Cape
marigold, of the genus Dimorphotheca, grown in California.
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A substitute for castor oil in medicine is croton oil, a yellow-brown
oil obtained from the dried ripe seeds of the small tree Croton tiglium
of India and Sri Lanka. It has a burning taste and unpleasant odor
and is a more violent purgative than castor oil. The leaves and flow-
ers of the tree are used like derris to kill fish. Curcas oil is a yellow-
ish oil from the kernels of the seeds of Jatropha curcas which grows
in Central America. The kernels yield 50% oil with a specific gravity
0.920, iodine value 98 to 104, and saponification value 192. It is also a
good soap oil but has an unpleasant odor. The ethyl and methyl esters
of crotonic acid are used as monomers for flexible plastics for coat-
ings. The acid with composition CH,CH:CHCOOH is now made syn-
thetically from acetylene and aldol.

CAST STEEL. Low-carbon (less than 0.20%), medium-carbon (0.20 to
0.50), high-carbon (more than 0.5), and low-alloy (less than 8 total
alloy content) steels that have been cast in sand, graphite, metal,
ceramic, or other molds to produce finished or semifinished products.
Steel castings having greater alloy content are commonly identified
by other terms, such as heat-resistant castings or corrosion-
resistant castings. Cast and wrought steels of equivalent composi-
tion respond similarly to heat treatment and have fairly similar
properties. A major difference, however, is that cast steels are more
isotropic in mechanical properties because, for wrought steels, these
properties generally vary with respect to grain direction, that is, the
direction of hot or cold working. For example, the impact strength of
wrought steels is typically greater than that of cast steels, but the
values reported for the wrought steels usually pertain only to the lon-
gitudinal grain direction. Values transverse to grain are lower. Impact
strength of cast steels is generally intermediate to that of wrought
steels in the longitudinal and transverse directions.

Low-carbon cast steels and medium-carbon cast steels gener-
ally contain 0.5 to 1.20% manganese, as much as 0.8 silicon, and
small amounts of phosphorus and sulfur. Low-carbon grades used for
electrical equipment are restricted to 0.20% manganese to enhance
magnetic properties. As-cast, tensile properties of a 0.19% carbon,
0.74% manganese grade are about 64,000 1b/in? (441 MPa) ultimate
strength, 35,000 1b/in? (241 MPa) yield strength, and 33% elongation.
Annealing markedly improves impact strength without appreciably
affecting tensile properties. Surface-hardening methods, such as car-
burizing, are often used to increase wear resistance. Besides electrical
equipment, low-carbon cast steels are used for railroad components,
auto and truck parts, and heat-treating equipment. Medium-carbon
grades, the most widely used, are almost always heat-treated by
annealing, normalizing, normalizing and tempering, or quenching
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and tempering after casting. Depending on the grade, tensile prop-
erties range from 65,000 to 175,000 1b/in? (448 to 1,207 MPa) ulti-
mate strength, 35,000 to 145,000 1b/in? (241 to 1,000 MPa) yield
strength, and 24 to 6% elongation. High-carbon cast steels are
less frequently used, and tensile properties are markedly influenced
by carbon content. The ultimate tensile strength of one annealed
grade, for example, ranges from about 94,000 1b/in% (648 MPa) to
126,000 1b/in? (869 MPa) as carbon content increases from 0.50
to 1.00%. The steels also may be normalized and tempered or
quenched and tempered.

Low-alloy cast steels are generally medium-carbon grades contain-
ing chromium, nickel, molybdenum, and vanadium. Compared with the
plain-carbon cast steels, they provide better hardenability, toughness
(at greater strength levels), wear resistance, and/or heat and corrosion
resistance. For example, the cast grades similar to wrought grades
41XX, 43XX, and 86XX can provide 50% greater tensile yield strength
and equivalent impact strength to plain-carbon cast steels. Although
they can provide ultimate tensile strengths exceeding 200,000 1b/in?
(1,379 MPa), specified strength levels are generally less. ASTM A487
cast steels, for example, are normally specified for ultimate strengths
of 70,000 to 145,000 1b/in% (483 to 1,000 MPa) and yield strengths of
30,000 to 100,000 1b/in% (207 to 690 MPa) in the normalized and tem-
pered or quenched and tempered conditions. Corresponding elonga-
tions range from 24 to 14%. Applications include auto, truck,
steam-turbine, and earthmoving equipment parts, machine tools,
valves, marine hardware, and processing equipment of many kinds.

CATALYST. A material used to cause or accelerate chemical action
without itself entering into the chemical combination. Catalysts are
chosen for selectivity as well as activity, mechanical strength, and life.
They should give a high yield of product per unit and be capable of
regeneration whenever possible for economy. Small amounts of cocata-
lysts or promoters increase activity measurably. In the cracking of
petroleum, activated carbon breaks the complex hydrocarbons into the
entire range of fragments; activated alumina is more selective, produc-
ing a large yield of C, and C,; and silica-alumina-zirconia is intermedi-
ate. Contact catalysts are the ones chiefly used in the chemical
industry, and they may be in various forms. For bed reactors the mate-
rials are pelleted. Powdered catalysts are used for liquid reactions
such as the hydrogenation of oils. Chemical catalysts are usually lig-
uid compounds, especially such acids as sulfuric and hydrofluoric.
Various metals, especially platinum and nickel, are used to catalyze
or promote chemical action in the manufacture of synthetics.
Nitrogen in the presence of oxygen can be “fixed” or combined in
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chemicals at ordinary temperatures by the use of ruthenium as a cat-
alyst. Acids may be used to aid in the polymerization of synthetic
resins. Mineral soaps are used to speed up the oxidation of vegetable
oils. Cobalt oxide is used for the oxidation of ammonia. Cobalt and
thorium are used for synthesizing gasoline from coal. All these are
classified as inorganic catalysts. Sometimes more complex chemi-
cals are employed, silicate of soda being used as a catalyst for high-
octane gasoline. In the use of potassium persulfate, K,S,0O,, as a
catalyst in the manufacture of some synthetic rubbers, the material
releases 5.8% active oxygen, and it is the nascent oxygen that is the
catalyst. Sodium methylate, also called sodium methoxide, CH, -
O - Na, used as a catalyst for ester-exchange reactions in the
rearrangement of edible oils, is a white powder soluble in fats but vio-
lently decomposed in water. Transition-metal complexes, dispersed
uniformly in solution, are called homogeneous catalysts. The most
common ones are organometallic complexes, such as the carbonyls.
They are more resistant to poisoning than solid heterogeneous cat-
alysts, and they are highly active, specific, and selective. Magnetite,
a magnetic iron ore, is used as a catalyst in the synthesis of ammonia.
In a system from M. W. Kellogg Co., ruthenium, supported on a pro-
prietary graphite structure, is more active, increasing ammonia pro-
duction by 12 to 16% over magnetite.

Using Group VIII transition-metal catalysts usually containing
palladium having single-site bidentate ligands, Shell Chemical reacts
carbon monoxide with ethylene and propylene to produce polymeth-
ylene ketones. Showa Denko K. K. of Japan uses a palladium
heteropolyacid catalyst on silica for direct oxidation of ethylene to
acetic acid. B P Amoco and Monsanto separately have developed a
vanadium oxide catalyst to produce maleic anhydride. Du Pont
uses a vanadium-based catalyst to make both maleic anhydride and
tetrahydrofuran. Asahi Chemical Industry Co. of Japan hydro-
genates benzene to cyclohexene using a ruthenium-zinc oxide
catalyst, then hydrates the cyclohexene using H-ZSM-5 catalyst. A
ruthenium complex from Hitachi Chemical of Japan permits polymer-
ization of reaction-injection molding from liquid dicyclopentadiene in
ambient air. A photosensitive titania catalyst, from EcoDevice of
Japan, is activated by visible light, decomposes aldehydes, and
destroys 20% of the nitrous oxides much faster than conventional tita-
nia catalysts while maintaining 35 to 40% normal oxidation efficiency
with ultraviolet light. HPC and HPM catalysts, high-performance
copper oxide and manganese oxide, respectively, from Monsanto’s
Enviro-Chem Systems, are for the regenerative catalytic oxidation of
volatile organic compounds. Because of their greater thermal stability
and in-situ thermal-regeneration capability, they are said to provide
longer service life at lower cost than precious-metal catalysts. The
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HPM has an alumina substrate and resists poisoning by halogen com-
pounds. The HPC is recommended if sulfur is present or if nitrogen
oxides from the oxidation of nitrogenated VOCs are of concern. FI cat-
alyst, from Mitsui Chemicals of Japan, consists of a Group IV transi-
tion metal complexed with two phenoxyimine-chelate ligands. It is
said to be more effective and less costly than metallocenes for produc-
ing polyethylene.

Metallocenes, organometallic coordination compounds obtained as
cyclopentadienyl derivatives of a transition metal or metal hylide, are
recent catalysts in the production of various plastics. Also referred to as
single-site catalysts, they allow closer control of molecular weight
and comonomer distribution, permitting monomers and comonomers
previously considered incompatible to be combined. They also allow
production of plastics in isotactic and syndiotactic forms and have been
applied to polyethylene, ethylene copolymers, ethylene terpolymers
(including ethylene-propylene-diene elastomers), polypropylene, and
polystyrene. Insite is a metallocene catalyst from Du Pont Dow and
Lovacat is one from DSM. Star, from Equistar Chemicals, is a non-
metallocene single-site catalyst for polyethylenes and hexene resins.

Aluminum chloride, AICl,, in gray granular crystals which sub-
lime at 1742°F (950°C), is used as a catalyst for high-octane gasoline
and synthetic rubber and in the synthesis of dyes and pharmaceuticals.
Antimony trichloride, SbCl,, is a yellowish solid, melting at 164°F
(73.4°C), used as a catalyst in petroleum processing to convert normal
butane to isobutane. This chemical is also used for antimony plating
and as a cotton mordant. Bead catalysts of activated alumina have
the alumina contained in 0.1-in (3-mm) beads of silica gel. Catasil is
alumina adsorbed on silica gel, used for polymerization reactions.

Vocat 350, of Salem Engelhard, can be used to reduce chlorinated
hydrocarbon emissions in industrial processes, soil remediation, and
groundwater cleanup. The catalyst operates between 437 and 886°F
(225 and 475°C) and achieves up to 99% oxidation of chlorocarbons in
the feed stream. It has greater activity treating aliphatic compounds
than aromatics, forming carbon dioxide and hydrogen chloride gas
when 1.5% or more water is present, simplifying treatment relative to
the use of precious-metal catalysts. Styromax Plus, from Nissan
Girdler Catalyst of Japan, is a catalyst for producing styrene
monomer. GEA MOL Clean is a chlorine-free hydrogen peroxide and
catalyst system from GEA Kiihlturmbau of Germany for killing
waterborne bacteria.

Molecular sieve zeolites are crystalline aluminosilicates of alkali
and alkali-earth metals. The aluminum and silicon atoms form regular
tetrahedral structures that have large voids interconnected by open
three-dimensional channels. The micropores may amount to 50% of the
volume, resulting in crystals with some of the highest internal surface
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areas. The alkaline cations are mobile and may be ion-exchanged with
metals with catalytic properties. Only reactants of the right molecular
size may enter the channels and be catalyzed by the metal cations in the
voids. As molecular sieves, zeolite catalysts are used as desiccants and
adsorbers in drying and purifying gases. Natural zeolites may be more
effective than synthetic ones. For this reason, Natural Adsorbents use
natural ones in a fixed-bed adsorber for metal removal. Hydrophobic
zeolites are water rejecting and adsorb volatile organic compounds
(VOCs) in preference to water. A high-silica one from Zeochem and, in
Europe, Degussa’s Wessalith are examples. Other molecular-sieve cata-
lysts include MCM-22, a silica-alumina zeolite used by Mobil Chemical
to make cumene by direct reaction of benzene and propylene, and by
Dow Chemical as an alternative to aluminum chloride to produce ethyl-
bezene. TS-1 titanosilicate catalyst, a molecular sieve developed by
Enichem of Italy, is used to make hydroquinone by reacting phenol and
hydrogen perioxide. Nitto Chemical Industries of Japan uses shape-
selective zeolites to produce dimethylamine.

Zeolites occur naturally in volcanic or basaltic rocks, the most
important industrially being faujasite, erionite, clinoptilolite, and
mordenite. Synthetic zeolite X and zeolite Y, with structures simi-
lar to faujasite, are made by Union Carbide Corp. The firm’s zeolite A
has no natural analog. In the production of gasoline, a petroleum-
cracking catalyst consists of a crystalline aluminosilicate zeolite for
breaking long-chain molecules, kaolin for strength and density, and a
binder or gel to hold the two together. Reduxion, of Englehard Corp.,
is a line of fluid catalysts for precracking longer hydrocarbon mole-
cules in petroleum refining before they are released for cracking in
zeolites. Mobil Corp. markets zeolites ZSM-5 and ZSM-11, which
have been used for reacting methanol into gasoline. W. R. Grace &
Co.’s Davison Chemicals Division XP series, Engelhard Corp.’s
Precision line, Katalistiks, International’s LZ-210, and Akzo
Chemicals Inc.’s Vision are all targeted for cracking oil into high-
octane gasoline, an application where they have largely replaced alu-
mina. Ultrium zeolitic catalysts, from Engelhard, are for
processing oils in petroleum-refinery fluid catalytic cracking. They
lessen the harmful effects of nickel and vanadium while reducing
coke and hydrogen formation. A platinum-palladium-ytterbium cata-
lyst on alumina carrier, from Japan’s Catalysts & Chemicals
Industries Co., reduces sulfur and particulant contents of diesel
fuels.

Catalyst carriers are porous inert materials used to support the
catalyst, usually in a bed through which the liquid or gas may flow.
Materials used are generally alumina, silicon carbide, or mullite, and
they are usually in the form of graded porous granules or irregular
polysurface pellets. High surface area, low bulk density, and good
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adherence of the catalyst are important qualities. Pellets are bonded
with a ceramic that fuses around the granules with minute necks
that hold the mass together as complex silicates and aluminates with
no trace elements exposed to the action of the catalyst or chemicals.
Catalyst carriers are usually bonded to make them about 40% porous.
The pellets may be 50 mesh or finer, or they may be in sizes as large
as 1in (2.5 cm). Platinum, palladium, and rhodium supported on acti-
vated alumina carriers are used in the catalytic converters of automo-
biles to clean up exhaust gases. A catalyst of precious metals
supported on zeolite removes hydrocarbons, carbon monoxide, and
nitrogen oxides from auto exhaust gases even in the presence of
excess oxygen, as is the case for lean-burn engines. Developed by
Mazda Motor of Japan, it could improve fuel efficiency of such engines
by 5 to 8%. NC-300 catalyst, of Norton Chemical Process Co., has a
homogeneous zeolite composition and is used to reduce nitrogen oxide
emissions from power-generating equipment. Reliable at tempera-
tures exceeding 1004°F (540°C), it could be used in coal-fired boilers
and gas turbines. Refractory filters known as porous media, used
for filtering chemicals and gases at high temperatures, are essentially
the same materials as catalyst carriers with ceramic bonds fired at
about 2282°F (1250°C); but they are usually in the form of plates or
tubes, and the porosity is usually about 35%. They may be used
directly as filters, or as underdrain plates for filter powders.

A catalyst of palladium, cobalt, molybdenum, potassium, and a bro-
mide compound, developed by Sumiken Chemical of Japan, is used in
the production of 2,6-naphthalene dicarboxylic acid by air oxidation of
2,6-diisopropyl naphthene. A metal oxide catalyst of molybdenum,
nickel, cobalt, and aluminum is effective for off-site activation of
hydrotreatment catalysts for hydrogenation, denitrogenation, and
desulfurization in a process developed by Leuna AG of Germany and
Exxon Chemical of Brussels. Normally such catalysts are activated by
sulfiding them in situ, necessitating reactor downtime and consider-
able emission of hydrogen sulfide. Using a palladium-rhodium-alumina
catalyst instead of butane, NEC Corp. of Japan doubled the heat con-
tent of liquefied petroleum gas while converting all of the poisonous
carbon monoxide to methane.

Chiral catalysts, of Regis Technologies Inc., are made from binu-
clear rhodium compounds with bridging ligands. They are applied in
carbenoid reactions for the production of cyclopropanes, lactones, and
lactems. Substrates for these reactions are diazoacetates, which can
be prepared from various alcohols. The catalysts promote loss of
nitrogen by the substrate to form an intermediate metal carbenoid.
Potential applications include production of optically pure pharma-
ceuticals and agricultural chemicals.
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Cross-linked enzyme crystals, or CLEC catalysts, are extremely
pure, soluble in water and other inorganic solvents, stable at high tem-
peratures, and readily filtered from reaction streams. Two products,
from Altus Biologics, for chiral resolution: ChiroCLEC-CR to resolve
acids, alcohols, and racemic esters, and ChiroKit-EH to determine the
best catalyst for ester hydrolysis reactions in producing fine chemicals,
fragrances, and pharmaceuticals.

Sunlight or ultraviolet rays are also used as catalysts in some reac-
tions. For example, chlorine and hydrogen combine very slowly in the
dark, but combine with great violence when a ray of sunlight is
turned on. Biologic catalysts are the enzymes, which are organic
catalysts that are a form of life. They are sensitive to heat and light
and are destroyed at 212°F (100°C). Enzymes are soluble in water,
glycerin, or dilute saline solutions, and water must always be present
for enzyme action. Their action may be simulated or checked by other
substances. When dehydrated vegetables lose their flavor by destruc-
tion of the enzymes, the flavor may be restored by adding small per-
centages of enzymes from the same or similar vegetables.
CloneZymes, from Recombinant BioCatalysis, Inc., are biocatalysts
cloned mostly from enzymes in extreme environments and are rather
robust. For example, they can be used at temperatures up to 203°F
(95°C) in various chemical processes.

Enzymes have various actions. Diastase, found in the seeds of
barley and other grains, converts starch to maltose and dextrin.
Diastase 73, of Rohm & Haas Co., is an enzyme chemical for con-
verting gelatinized starches to dextrose. It is amyloglucosidase
modified to remove the bitter taste. One pound (0.45 kg) will convert
100 Ib (45 kg) of starch. Cytase, found in seeds and fruits, decom-
poses cellulose to galactose and mannose. Zymose, found in yeast,
hydrolyzes glucose to alcohol. Thiaminase, an enzyme which occurs
in small amounts in salmon, cod, rockfish, and some other fish,
destroys the vitamin thiamine; and if taken in high concentration in
the human diet, it causes ventritional polyneuritis. Rhozyme LA,
of Rohm & Haas Co., is a diastatic enzyme concentrate in liquid
form for desizing textiles. Bromelin, an enzyme used in breweries,
is produced from pineapples by alcohol precipitation from the juice.
Fermcozyme is a liquid glucose-oxidase-catalase used in carbon-
ated beverages to remove dissolved oxygen which would combine
with glucose to form gluconic acid, resulting in loss of color and fla-
vor. It is also used in egg powders to remove undesirable glucose.
Clonezymes, from Recombinant BioCatalysis, are quite hardy,
high-temperature resistant, and tailorable for biocatalysis in vari-
ous chemical processes. Protein-based enzyme catalysts, from Altus
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Biologics and referred to as cross-linked enzyme crystals, or
CLECs, are stable, insoluble in water and inorganic solvents, and
resistant to high temperatures. ChiroCLEC-CR is stereoselective
for chiral resolution of racemic esters, alcohols, and acids.
ChiroKit-EH is for quickly determining the best catalyst for ester
hydrolysis reactions in producing chemicals, pharmaceuticals, fla-
vors, and fragrances.

Fermenting agents comprise a wide range of yeasts, bacteria, and
enzymes which break down molecules to form other products. Yeasts
are important in foodstuffs manufacture. A yeast is a fungus, and the
life organisms produce carbon dioxide gas to raise doughs. These are
called leavening yeasts. Fermenting yeasts produce alcohols by
action on sugars. Many of the yeasts are high in proteins, vitamins,
and minerals, and as dry, inactive powders they are used to raise the
nutritional values of foodstuffs. Torula yeast, Torulopsis utilis, used
as an additive in processed foods, is a by-product of the sulfite paper
mills, growing on the 5- and 6-carbon wood sugars. It contains more
than 50% proteins and has 10 different vitamins and 15 minerals.
The dry powder is inactive and does not cause rising in baked foods.
Prostay, of St. Regis Paper Co., is this material.

CATECHU. An extract obtained from the heartwood and from the seed
pods of the tree Acacia catechu of southern Asia. It is used in tanning
leather and as a dyestuff, giving brown, drab, and khaki colors. It is
used in medicine as an astringent for diarrhea and hemorrhage. The
name is sometimes applied to gambier, which also contains catechu tan-
nin, C,.H,(OH),. Catechu, or cutch, comes either as a liquid which is a
water solution or as brownish, brittle, glossy cakes. The liquid contains
25% tannin; and the solid, 50%. A ton (0.91 metric ton) of heartwood
yields, by hot-water extraction, 250 to 300 1b (113 to 136 kg) of solid
cutch extract. It is a powerful astringent. When used alone as a tanning
agent, the leather is not high-quality, being of a dark color, spongy, and
water-absorbent. It is normally employed in mixtures. Burma cutch is
from A. catechuoides. Indian cutch is from A. sundra. The latter is fre-
quently adulterated with starch, sand, and other materials. Wattle is
an extract from Australian and east African acacia, A. dealbata, and
other species. The wattle tree is called mimosa in Kenya. Wattle bark
contains 40 to 50% tannin. It gives a firm, pinkish leather and is
employed for sole leathers. The solid extract contains 65% tannin.
Golden wattle, used for tanning in New Zealand, is the tree A. pycan-
tha. Much wattle extract is produced in Brazil from the black wattle.
Turwar bark, or avarem, used in India for tanning cattle hides, is
from the tree Cassia auricula and is similar to wattle.
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CATGUT. String made from the intestines of sheep, used for violin
strings and for tough, durable cords for rackets and other articles. After
cleansing and soaking in an alkali solution, the intestines are split,
drawn through holes in a plate, cured in sulfur or other material, and
graded according to size. Sheep intestines are also used for making sur-
gical sutures, but for this purpose they are not called catgut, but simply
gut. The sutures are encased in tubes and bombarded by electron-
beam radiation for sterilization. In the meat-packing industry, the
intestines of sheep and goats are referred to as casings and are
employed as the covering of sausage and other meat products. They are
graded by diameter, freedom from holes, strength, color, and odor.
Intestines of hogs and beef cattle are also used as casings, but they are
not as edible as those from sheep.

CEDAR. A general name that includes a great variety of woods. The
true cedars comprise trees of the natural order of Coniferae, genus
Cedrus, of which there are three species: Lebanon cedar, Cedrus
libani; Himalayan cedar, C. deodora; and Atlas cedar, C. atlantica.
The differences are slight, and all the species are sometimes classed
as C. libani. The Himalayan cedar is also known as deodar. All are
mountain trees and are native to southern Europe, Asia, and north-
ern Africa. The true cedar is yellow and fragrant, takes a beautiful
polish, and is very durable. It is used in construction work, and tim-
bers in temples in India more than 400 years old are still perfectly
preserved. The wood has a density of about 36 1b/ft? (576 kg/m?).
Numerous species of Cedrela occur in tropical America, Asia, and
Africa, and they are also called cedar, but the wood has greater
resemblance to mahogany. In the United States and Canada, the
name cedar is applied to woods of species of Thuya, Juniperus, and
Cupressus, more properly classified as thuya, juniper, and cypress.
Spanish cedar, or Central American cedar, used in the United
States as a substitute for mahogany in patternmaking, and for cigar
boxes, furniture, carving, cabinetwork, and interior trim, is a softwood
from numerous species of Cedrela, called in Spanish America by the
name Cedro. It has a light-red color sometimes beautifully figured
with wavy grain, has an agreeable odor, is easily worked, seasons well,
and takes a fine polish. The density is 28 to 33 1b/ft? (449 to 529 kg/m3).
The trees grow to a large size, logs being available 40 in (1.02 m)
square. The imports come chiefly from Central America and the West
Indies, but the trees grow as far south as northern Argentina.
Paraguayan cedar is the wood of the tree C. braziliensis, of Paraguay,
Brazil, and northern Argentina, employed locally for cabinetwork, car
building, and interior building work. It is similar in appearance to
Spanish cedar but is denser, harder, and redder. The wood known as
southern white cedar, and called juniper in the Carolinas, is from
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the tree Chamaecyparis thyoides, growing in the coastal belt from
Maine to Florida. The heartwood is light brown tinged with pink, and
the thin sapwood is lighter in color. The wood is lightweight, straight-
grained, durable, and fragrant. The more plentiful white cedar of the
west coast, known also as Port Orford cedar, Oregon cedar, gin-
ger pine, and in England as Lawson cypress, is from the tree
C. lawsoniana of California and Oregon, mostly from a narrow coastal
strip in Oregon to an altitude of about 5,000 ft (1,524 m). Mature trees
reach a height of 160 ft (49 m) and a diameter of 6 ft (1.8 m). The wood
is white with a yellow tinge and a trace of red. It is rather hard and
tough, with a fine, straight grain, and is ve