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Lexan - Polycarbonate
Cycolac - ABS
Makrolon - Polycarbonate
Zytel - Nylon 6/6, 6, 6/12
Celcon - Acetal Homo 1 Copolymer
Noryl - Modified PPO
Ultem - Polyetherimide
Vectra - LCP Polymers
Acrylite - PMMP Polymers and Alloys
Makroblend - PRT/PC Alloys
Bayblend - ABS/PC Alloys
Fortrel - PPS Compounds
Terlux - Clarified ABS
Radel - PPS Compounds

Polypropylene/Polytheylne

Ferro - Oleifiri Compounds
Matrixx - Filled Propylene Compounds
Sunoco - Polypropylene Homo/Copolymer
Alathon - High Density Ethylenie Compounds

Specialty Products

ESD/Conductive Molding Compounds
Thermal Transfer Compounds
Glass/Mineral Filled Compounds
Bio-degradable Compounds
Color Concentrates and Additives

Elastometric Compounds

Santoprene - Thermoplastic Rubber
Kraton - Styreric Block Copolymers
Severene - EVA Compounds
Dynaflex - Thermoplastic Elastomers
Alcryn - Melt Processable Rubber
Texin - Polyurethane Compounds
Pellethane - Polyurethane
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Thermosets and Thermoplastics
 
 The two basic groups of plastic materials are the thermoplastics 
and the thermosets. Thermoplastic resins consist of long molecules, each of 
which may have side chains or groups that are not attached to other mol-
ecules (i.e., are not crosslinked). Thus, they can be repeatedly melted and so-
lidified by heating and cooling so that any scrap generated in processing can 
be reused. No chemical change generally takes place during forming. Usu-
ally, thermoplastic polymers are supplied in the form of pellets, which often 
contain additives to enhance processing or to provide necessary character-
istics in the finished product (e.g., color, conductivity, etc.). The temperature 
service range of thermoplastics is limited by their loss of physical strength 
and eventual melting at elevated temperatures.

 Thermoset plastics, on the other hand, react during processing to 
form crosslinked structures that cannot be remelted and reprocessed. Ther-
moset scrap must be either discarded or used as a low-cost filler in other 
products. In some cases, it may be polarized to recover inorganic fillers such 
as glass reinforcements, which can be reused. Thermosets may be supplied 
in liquid form or as a partially polymerized solid molding powder. In their 
uncured condition, they can be formed to the finished product shape with or 
without pressure and polymerized by using chemicals or heat.
 
The distinction between thermoplastics and thermosets is not always clearly 
drawn. For example, thermoplastic polyethylene can be extruded as a coat-
ing for wire and subsequently crosslinked (either chemically or by irradiation) 
to form a thermoset material that no longer will melt when heated. Some 
plastic materials even have members in both families; there are, for instance, 
both thermoset and thermoplastic polyester resins.

Plastics Resins

Acetal
 An engineering thermoplastic introduced to industry in 1956 as a 
potential replacement for die-cast metals. Acetal resins are produced by the 
polymerization of purified formaldehyde [CH2O] into both homopolymer and 
copolymer types. Industrial end-users are very familiar with the acetals in the 
form of gears, bearings, bushings, cams, housings, conveyors and any num-
ber of moving parts in appliances, business machines, etc., Consumers may 
be more familiar with applications such as automotive door handles, seat 
belt components, plumbing fixtures, shaver cartridges, zippers and gas tank 
caps. Acetals are extremely rigid without being brittle. They have a high melt-
ing point, high strength, good frictional properties and resistance to fatigue.

Acrylics
 Were introduced in 1936 in the form of hard, rigid and transpar-
ent materials. Acrylics were used in World War II as aircraft canopies. Other 
applications include: lighting diffusers; outdoor signs; automobile tail lights; 
washbasins and sinks; safety shields; furniture (e.g., tables); skylights, and 
large-area enclosures for shopping centers, swimming pools, restaurants, 
etc., and as room dividers. The outstanding resistance to long-term exposure 
to sunlight and weathering is one of the more important characteristics of 
acrylic. Also notable is the exceptional clarity and good light transmission 
(cast acrylic sheet transmits about 92% total light). Acrylics are a family of 
thermoplastic resins of acrylic esters [CH2CHCOOR] or methacrylic esters 
[CH2C(CH3)COOR]. The acrylates may be methyl, ethyl, butyl, or 2-ethyl-
hexyl. Usual methacrylates are the methyl, ethyl, butyl, laural and stearyl. 
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Acrylonitrile-Butadiene-Styrene (ABS)
 Chemically, this family of thermoplastics are called terpolymers, 
because they are made of three different monomers: acrylonitrile, butadiene 
and styrene, to create a single material that draws on the best properties 
of all three. ABS was introduced to the market in 1948, primarily as a result 
of activities that had taken place during the war years in the development 
of synthetic rubbers. ABS possesses outstanding impact strength and high 
mechanical strength, which makes it suitable for use in tough consumer and 
industrial products, including: appliances, automotive parts, pipe, business 
machines and telephone components. In the 1960s, ABS found wide outlet 
as a substrate for metallizing (i.e., applying a chrome-like metallic finish to the 
plastic) and appeared in such products as shower heads, door handles, fau-
cet handles and automotive front grilles. A class of thermoplastic terpolymers 
including a range of resins, all prepared with usually more than 50% styrene 
[C6H5CHCH2] and varying amounts of acrylonitrile [CH2CHCN] and buta-
diene [CH2CHCHCH2]. The three components are combined by a variety of 
methods involving polymerization, graft copolymerization, physical mixtures 
and combinations thereof.
 

Alkyds
 This plastic was developed in 1926 and was promptly put to work 
in liquid form as enamels, paints, lacquers, and similar coatings for auto-
mobiles, refrigerators, stoves and similar products—still the largest use for 
alkyds. In 1948, however, an alkyd compound was introduced as a molding 
material for compression molding electrical applications like circuit breaker 
insulation, coal forms, capacitor and resistor encapsulation, cases, hous-
ings, and switch gear components. Major properties are in the electrical area 
where alkyd molding materials offer excellent dielectric strength. Alkyds also 
have excellent heat resistance and are dimensionally stable under high tem-

peratures. Alkyds are thermosetting unsaturated polyester resins produced 
by reacting an organic alcohol with an organic acid, dissolved in and reacted 
with unsaturated monomers such as styrene [C6H5CHCH2], diallyl phthalate 
[C6H4(COOCH2CHCH2)2], diacetone acrylamide [CH3COCH2C(CH3)2CHCH
CONH2] or vinyl toluene [CH2CHC6H4CH2]. Typical applications are electri-
cal uses, automotive parts, and as coatings.

Cellulosics
 Cellulosics go back to the very start of the plastics industry when 
John Wesley Hyatt created the first commercial U.S. plastic, cellulose nitrate, 
in 1868. Several other important members of the cellulosics family, each 
with its distinct properties, were introduced in the 1900s. Since then, cel-
lulosics have been used to make knobs, appliance housings, handles, toys, 
packaging, consumer products, and automotive parts, among many other 
products. Cellulosics are thermoplastic resins manufactured by chemical 
modification of cellulose [(C6H10O5)n]. Included are: cellophane—regener-
ated cellulose made by mixing cellulose xanthate [ROCSSH] with a dilute 
sodium hydroxide [NaOH] solution to form a viscose, then extruding the 
viscose into an acid bath for regeneration; cellulose acetate—an acetic acid 
ester [CH3COOC2H5] of cellulose; cellulose acetate butyrate—a mixed ester 
produced by treating fibrous cellulose with butyric acid [CH3CH2CH2COOH], 
butyric anhydride [(CH3CH2CH2CO)2O], acetic acid [CH3COOH] and acetic 
anhydride [(CH3CO)2O] in the presence of sulfuric acid [H2SO4]; cellu-
lose propionate— formed by treating fibrous cellulose with propionic acid 
[CH3CH2CO2H] and acetic acid and anhydrides in the presence of sulfuric 
acid; cellulose nitrate—made by treating fibrous cellulosic materials with a 
mixture of nitric [HNO3] and sulfuric acids. 
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Coumarone-Indene
 Thermoplastic resin obtained by heating mixtures of coumarone 
[C8H6O] and indene [C6H4CH2CHCH] with sulfuric acid [H2SO4] to promote 
polymerization. These resins have no commercial applications when used 
alone. They are used primarily as processing aids, extenders and plasticizers 
with other resins in asphalt floor tile.

Diallyl Phthalate (DAP) 
 The term DAP is used both for the monomeric and polymeric forms. 
The monomer [C6H4(COOCH2CHCH2)2] is used as a cross-linking agent 
in unsaturated polyester resins. As a polymer, it is used in the production of 
thermosetting molding powders, casting resins and laminates.

Epoxy
 Epoxies are used by the plastics industry in several ways. One is in 
combination with glass fibers (i.e., impregnating fibers with liquid epoxy res-
ins) to produce high-strength composites or reinforced plastics that provide 
heightened strength, electrical and chemical properties, and heat resistance. 
Typical uses for epoxy-glass reinforced plastics are in aircraft components, 
filament wound rocket motor casings for missiles, pipes, tanks, pressure ves-
sels and tooling jigs and fixtures. Epoxies are also used in the encapsulation 
or casting of various electrical and electronic components and in the powder 
coating of metal substrates. Major outlets for epoxies also include adhesives, 
protective coatings in appliances, industrial equipment, gymnasium floors, 
etc., and sealants. Epoxies are thermosetting resins that, in the uncured 
form, contain one or more reactive epoxide or oxirane groups. These epoxide 
groups serve as cross-linking points in the subsequent curing step, in which 
the uncured epoxy is reacted with a curing agent or hardener. Cross-link-
ing is accomplished through the epoxide groups as well as through hydroxyl 

groups that may be present. Most conventional unmodified epoxy resins are 
produced from epichlorohydrin (chloropropylene oxide) [CH2OCHCH2Cl] 
and bisphenol A [(CH3)2C(C6H4OH)2]. The other types of epoxy resins are 
phenoxy resins, novolac resins, and cycloaliphatic resins.

Fluoropolymer
 Fluoropolymers are known for their inertness to most chemicals, 
resistance to high temperatures, extremely low coefficients of friction and 
excellent dielectric properties which are relatively insensitive to temperature 
and power frequency. Typical applications for fluoropolymers are electrical/ 
electronic uses and pipe and chemical processing equipment and non-stick 
coatings for cookware and other applications. Fluoropolymers make up a 
family of thermoplastic resins analogous to polyethylene in which some of 
the hydrogen atoms attached to the carbon chain are replaced by fluorine 
or fluorinated alkyl groups. In some cases, other halogens such as chlorine 
are also part of the molecule. The most common commercial fluoropolymers 
are: FEP (fluorinated ethylene-propylene) from tetrafluoroethylene [C2F4] 
and hexa-fluoropropylene [C3F6]; PTFE (polytetra fluoroethylene) from the 
polymerization of tetrafluoroethylene and ethylene [C2H4]; PFA (perfluoroalk-
oxy) from tetrafluoroethylene and perfluoropropyl vinyl ether [C3H7C4OF5]; 
PCTFE (polychlorotrifluoro-ethylene) from chlorotrifluoro-ethylene monomer 
[C2F3CI]; CTFE-VDF (polychlorotrifluoroethylenevinylidene fluoride) from 
chlorotrifluoroethylene and vinylidene fluoride [C2H2F2]; E-CTFE (polyethyl-
enechlorotrifluoroethylene) from chlorotrifluoroethylene and ethylene; PVDF 
(polyvinylidene fluoride) from vinylidene fluoride monomer; and PVF (polyvinyl 
fluoride) from vinyl fluoride monomer [C2H3F]. 

Available Resinswww.polymertechnology.com

5120 Parkway Drive
Menomonie, WI
(715) 235-1464 

(DETAILED LIST)

4

http://www.polymertechnology.com


Melamine-Formaldehyde
 This plastic is a member of the amino family (which also includes 
urea) and is probably best known to the public as colorful, rugged din-
nerware. However, it also finds use in many household goods, in various 
electrical applications, and in bonding, adhesives and coatings. Melamines 
offer extreme hardness, excellent color ability and arc-resistant non tracking 
characteristics. Thermosetting resins formed by the condensation reac-
tion of formaldehyde [HCHO] and melamine [C3N3(NH2)3]. The chemistry is 
analogous to that of urea formaldehyde except that the three amino groups 
of melamine provide more possibilities for cross-linking, are more highly reac-
tive, and all six hydrogen atoms of melamine will react, forming the hexa-
methyl compound.

Nitrile Resins
 This family of resins started to appear in the late 1960s and early 
1970s. They are called barrier resins since one of their prime attributes is 
their resistance to the transmission of gas, aroma or flavor, making them use-
ful in packaging applications. These thermoplastic resins are composed of 
acrylonitrile [CH2CHCN] along with comonomer such as acrylates, methac-
rylates, butadiene [CH2CHCHCH2] and styrene [C6H5CHCH2]. Both straight 
copolymers and copolymers grafted onto elastomeric backbones are avail-
able.

Nylon
 The nylon fiber industry was born in 1939 when 64 million pairs of 
nylon stockings were sold and to this day, most people still associate nylon 
with fibers. However, in the 1940s and 1950s work continued on develop-
ing nylon compounds that could be molded and extruded or otherwise 
processed like plastics. Typical applications for nylons are in automotive 

parts, electrical/electronic uses, and packaging. Nylon is a generic name 
for a family of long-chain polyamide engineering thermoplastics which have 
recurring amide groups [-CO-NH-] as an integral part of the main polymer 
chain. Nylons are synthesized from intermediates such as dicarboxylic 
acids, diamines, amino acids and lactams, and are identified by numbers 
denoting the number of carbon atoms in the polymer chain derived from 
specific constituents, those from the diamine being given first. The sec-
ond number, if used, denotes the number of carbon atoms derived from 
a diacid. Commercial nylons are as follows: nylon 4 (polypyrrolidone)-a 
polymer of 2-pyrrolidone [CH2CH2CH2C(O)NH]; nylon 6 (polycaprolactam)-
made by the polycondensation of caprolactam [CH2(CH2)4NHCO]; nylon 
6/6-made by condensing hexamethylenediamine [H2N(CH2)6NH2] with 
adipic acid [COOH(CH2)4COOH]; nylon 6/10-made by condensing hexa-
methylenediamine with sebacic acid[COOH(CH2)8COOH]; nylon 6/12-made 
from hexamethylenediamine and a 12-carbon dibasic acid; nylon 11-pro-
duced by polycondensation of the monomer 11-amino-undecanoic acid 
[NH2CH2(CH2)9COOH]; nylon 12-made by the polymerization of laurolactam 
[CH2(CH2]10CO)or cyclododecalactam, with 11 methylene units between the 
linking -NH-CO- groups in the polymer chain. 

Petroleum Resins
 Thermoplastic resins obtained from a variable mixture unsaturated 
monomers recovered as by-product from cracked and distilled petroleum 
streams. They also contain indene [C6H4CH2CHCH], which is copolymerized 
with a variety of other monomers including styrene [C6H5CHCH2], vinyl tolu-
ene [CH2CHC6H4CH3], and methyl indene [C6H3CH3CH2CHCH]. Typical 
applications are adhesives, printing inks, rubber compounding, and surface 
coatings.
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Phenolic
 These thermosetting resins are credited with being the first com-
mercialized wholly synthetic polymer or plastic, and the second major plastic 
(the first being cellulose nitrate). The basic raw materials are formaldehyde 
[HCHO] and phenol [C6H5OH], although almost any reactive phenol or 
aldehyde can be used. The phenols used commercially are phenol, cresols 
[CH3C6H4OH], xylenols [(CH3)2C6H3OH], p-t-butylphenol [C4H9C6H4OH], 
p-phenylphenol [C6H5C6H4OH], bisphenols [(C6H4OH)2], and resor-
cinol [C6H4(OH)2]. The aldehydes used are formaldehyde and furfural 
[C4H3OCHO]. In the uncured and semi- cured condition, phenolic resins 
are used as adhesives, casting resins, potting compounds, and laminating 
resins. As molding powders, phenolic resins can be found in electrical uses. 
They are also used in such applications as: automotive distributor caps, fuse 
blocks and connectors and appliance handles, knobs and bases. Phenolic 
is the most popular binder for holding the various plies of wood together in 
plywood.

Polyamide-Imide
 Engineering thermoplastic resins produced by the condensation re-
action of trimellitic anhydride [OCC6H2C2O3] and various aromatic diamines. 
Typical applications are in the aerospace, automotive and heavy equipment 
industries.

Polyarylates
 Can be used for automotive, appliance and electrical applications 
requiring outstanding heat resistance. They are engineering thermoplastic 
resins produced by interfacial polymerization of an aqueous solution of the 
disodium salt of bisphenol A [(CH3)2C(C6H4OH)2] with phthalic acid chlo-
rides [C6H4(CO)2Cl2] in methylene chloride (CH2Cl2]. The major use of 

polyarylates is in outdoor lighting.

Polybutylene
 Thermoplastic resins offering high flexibility, resistance to creep, 
cracking and most chemicals. Polybutylene is produced via stereospecific 
Ziegler-Natta polymerization of butene-1 monomer [CH2CHCH2CH3]. Typical 
applications are pipe and packaging film.

Polycarbonate
 Polycarbonates were developed commercially in 1957 and are one 
of the pioneering members of the family of “engineering thermoplastics” cre-
ated to compete with die-cast metals. They are strong, tough and rigid, while 
having the ductility normally associated with softer, lower-modulus thermo-
plastics. They also have excellent electrical insulating characteristics, main-
tained over a wide range of temperatures and loading rates. Polycarbonates 
are transparent and can be processed in a variety of ways, including injection 
molding, extrusion, blow molding and rotational molding. Typical applications 
are glazing, appliances, water bottles and electrical uses. Polycarbonates are 
engineering thermoplastic resins produced by (1) phosgenation of dihy-
dric phenols, usually bisphenol A [(CH3)2C(C6H4OH)2], (2) ester exchange 
between diaryl carbonates and dihydric phenols, usually between diphenyl 
carbonate [(C6H5O)2CO] and bisphenol A and (3) interfacial polycondensa-
tion of bisphenol A and phosgene [COCl2]. 

Polyethylene
 This plastic came to the fore during the World War II years, first as 
an underwater cable coating, then as a critical insulating material for such 
vital military applications as radar cable. It was not until the end of the war 
that the plastic was taken off allocation and freed for consumer use. From 
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that point on, its rise in popularity for both consumer and industrial uses was 
so spectacular that polyethylene became the first plastic in the U.S. to sell 
more than 1 billion pounds a year. Today, it is still the largest volume plastic 
in the United States; in fact, it is the largest in the world. Applications for 
polyethylenes are many and varied, including: packaging films; trash, gar-
ment, grocery and shopping bags; molded housewares; toys; containers; 
pipe; drums; gasoline tanks; coatings and many others. Polyethylenes are 
thermoplastic resins obtained by polymerizing the gas ethylene [C2H4]. Low 
molecular weight polymers of ethylene are fluids used as lubricants; medium 
weight polymers are waxes miscible with paraffin; and the high molecu-
lar weight polymers (i.e., over 6000) are the materials used in the plastics 
industry. Polymers with densities ranging from about .910 to .925 are called 
low density; those of densities from .926 to .940 are called medium density; 
and those from .941 to .965 and over are called high density. The low density 
types are polymerized at very high pressures and temperatures, and the high 
density types at relatively low temperatures and pressures. A relatively new 
type called linear low density polyethylene is manufactured through a variety 
of processes: gas phase, solution, slurry, or high pressure conversion. A high 
efficiency catalyst system aids in the polymerization of ethylene and allows 
for lower temperatures and pressures than those required in making conven-
tional low density polyethylene. Copolymers of ethylene with vinyl acetate, 
ethyl acrylate, and acrylic acid are commercially important.

Polyimides
 Thermoset polyimides were introduced in the 1960s, followed in 
the early 1970s by thermoplastic polyimides. They are used in wire enamels, 
laminates, adhesives, gears, covers, bushings, piston rings, valve seats, 
and in solution form as a laminating varnish. Polyimides are characterized 
by repeating imide linkages: There are four types of aromatic polyimides: (1) 

condensation products made by the reaction pyromellitic dianhydride (PMDA) 
[C6H2(C2O3)2] and aromatic diamines such as 4,4’-diaminodiphenyl ether 
[(C6H4NH2)2O]; (2) condensation products of 3,4,3’,4’-benzophenone tetra-
carboxylic dianhydride (BTDA) [(C6H5)2CO(C2O3)2] and aromatic amines;(3) 
the reaction of BTDA and a  such as 4,4’-methylene-bis(phenylisocyanate) 
[OCNC6H4CH2C6H4NCO]; and (4) a polyimide based on diaminophenyl-
indane and a dicarboxylic anhydride such as carbonyldiphthalic anhydride 
[OC6H4(CO)2COC6H4(CO)2]. Thermoset polyimides are produced in con-
densation polymers that possess reactive terminal groups capable of subse-
quent cross-linking through an addition reaction.

Polyketones
 The family of aromatic polyether ketones: polyetherketone (PEK), 
chemical structure; polyetheretherketone (PEEK), chemical structure ... and 
polyetherketoneketone (PEEKK). 

Polyphenylene Oxide, Modified
 Engineering thermoplastic resins produced by the oxidative coupling 
of 2, 6-dimethylphenol [(CH3)2C6H3OH] (xylenol), then blended with impact 
polystyrene. Typical applications are electrical/electronic uses, business ma-
chine parts, appliances, and automotive parts. 

Polyphenylene Sulfide
 Engineering thermoplastic resins produced by the reaction of p-
dichlorobenzene [C6H4CI2] with sodium sulfide [Na2S]. A thermoplastic, PPS 
exhibits excellent heat resistance, as well as outstanding chemical resis-
tance, high stiffness and good retention of mechanical properties at elevated 
temperatures. The major use for polyphenylene sulfide is in electrical/ elec-
tronic parts and automotive parts.
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Polypropylene
 Another “workhorse” of the plastics industry, polypropylene is one 
of the high-volume “commodity” thermoplastics. Polypropylene was de-
veloped out of the Nobel award-winning work of Karl Ziegler and Professor 
Natta in Europe, and came to the United States in 1957. It belongs to the 
“olefins” family, which also includes the polyethylenes, but it is quite differ-
ent in its properties. It has a low density, is fairly rigid, has a heat distortion 
temperature of 150 to 200 degrees F (making it suitable for “hot-fill” packag-
ing applications), and excellent chemical resistance and electrical properties. 
Polypropylenes are also very easy to process in all conventional systems. 
(For information on processing methods, see: processing methods.) Major 
applications of commercial PP are packaging, automotive, appliances and 
carpeting. Polypropylene is made by polymerizing propylene [CH3CHCH2] 
and in the case of copolymers with monomers, with suitable catalysts, 
generally aluminum alkyl and titanium tetrachloride mixed with solvents. The 
monomer unit in polypropylene is asymmetric and can assume two regular 
geometric arrangements: isotactic, with all methyl groups aligned on the 
same side of the chain, or syndiotactic, with the methyl groups alternating. All 
other forms, where this positioning is random, are called atactic. Commercial 
polypropylene contains 90-97% crystalline or isotactic PP with the remainder 
being atactic. Most processes remove excess atactic PP. This by-product is 
used in adhesives, caulks, and cable filling compounds.

Polystyrene
 Styrene monomer and the polystyrene resin made from the mono-
mer remained as chemical curiosities for 80 years following their discovery 
in 1845. It wasn’t until 1925 when commercial production of styrene mono-
mer began in Germany and the U.S. that polystyrene attracted interest, and 

it wasn’t until after World War II when monomer capacity could be diverted 
from its essential wartime use for styrene-butadiene synthetic rubber that 
polystyrene became an important plastic. Today, polystyrene is among the 
most heavily used commodity thermoplastics. Foamed polystyrene is familiar 
to consumers as foam cups and containers, protective packaging and build-
ing insulation. Polystyrene is also widely used in other packaging and food 
service products, such as trays, disposable plates, cutlery and tumblers. 
Other applications include: automotive parts, toys, housewares, appliance 
parts, wall tiles, radio and TV housings, furniture, floats, luggage and many 
more. High molecular weight thermoplastic resins produced generally by the 
free-radical polymerization of styrene monomer [C6H5CHCH2] which can be 
initiated by heating alone but more effectively by heating in the presence of 
free-radical initiator (such as benzyl peroxide [(C6H5CO)2O2]. Typical pro-
cessing techniques are modified mass polymerization or solution polymeriza-
tion, suspension polymerization, and expandable beads for foam.

Polyurethanes
 Introduced commercially in 1954, the urethanes have made an 
impact on a broad spectrum of U.S. industry. They are extremely versatile 
plastics in terms of the forms in which they are available: flexible or rigid 
foams, solid elastomers (or rubbers), coatings, adhesives and sealants. Their 
versatility also extends to chemical structure in that, although the urethanes 
are generally considered to be thermosets, there are grades of urethane 
elastomers that are thermoplastic in nature and are supplied in pellet form 
for molding, calendering and extrusion. Polyurethane’s major and best 
known form, however, is a foamed or “cellular” material. Like all urethanes, 
the foams are prepared by first reacting two liquid components—polyols 
and isocyanates together. In the presence of a blowing agent, this reaction 
will produce a foamed material having excellent thermal insulating proper-
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ties, and, in fact, polyurethane foam is widely used in building insulation. 
The foams can either be soft and flexible or tough, and rigid, with all the 
possible variations in-between. Flexible foams have outstanding cushioning 
characteristics, excellent energy-absorbing properties and long life. They are 
used in furniture, cushioning, carpet underlay, bedding, packaging, textiles 
and automotive seating and safety padding. Rigid foams offer outstanding 
insulating values, excellent compressive strength, good dimensional stability 
and buoyancy. Besides building insulation, they are also found in refrigera-
tors, trucks, boats (for flotation), and in the construction of furniture compo-
nents. As coatings, polyurethanes impart excellent protective and decora-
tive effects to wood, metals, rubber, textiles, concrete, paper, leather, other 
plastics and many other materials. In the form of elastomers, polyurethanes 
offer superior abrasion resistance and toughness, and are used in applica-
tions in which good performance and long service life are important: printing 
rolls, gaskets and seals, cable insulation, drive and conveyor belts, solid tires 
and automotive applications. Elastomers can also be processed by reaction 
injection molding, an important technique for producing automotive panels, 
front ends and bumpers. The commonly used isocyanates for manufacturing 
polyurethanes are toluene disocyanate (TDI) [CH3C6H3(NCO)2], methylene 
diphenyl isocyanate (MDI) [OCNC6H4CH2C6H4NCO], and polymeric isocya-
nates (PMDI), obtained by the phosgenation of polyamines derived from the 
condensation of aniline [C6H5NH2] with formaldehyde (HCHO]. Polyols (with 
hydroxyl groups) are macroglycols which are either polyester or polyether 
based. Polyurethane elastomers and resins take the form of liquid castings 
systems thermoplastic elastomers and resins, microcellular products, and 
millible gums.

Polyvinyl Acetate (PVAc) & Other Vinyls
 Polyvinyl acetate is a thermoplastic resin produced by the polym-

erization of vinyl acetate monomer [CH3COOCHCH2] in water producing an 
emulsion with a solids content of 50-55%. Most polyvinyl acetate emulsions 
contain co-monomers such as n-butyl acrylate, 2-ethyl hexyl acrylate, eth-
ylene, dibutyl maleate and dibutyl fumarate. Polymerization of vinyl acetate 
with ethylene also can be used to produce solid vinyl acetate/ethylene copo-
lymers with more than 50% vinyl acetate content. Polyvinyl alcohol (PVOH) 
is produced by methanolysis or hydrolysis of polyvinyl acetates. The reaction 
can be controlled to produce any degree of replacement of acetate groups. 
Co-polymers of replaced acetate groupings and other monomers such as 
ethylene and acrylate esters are commercially important. Polyvinyl buty-
ral (PVB) is made by reacting PVOH with butyraldehyde [CH3(CH2)2CHO]. 
Polyvinyl formal is made by condensing formaldehyde [HCHO] in presence of 
PVOH or by the simultaneous hydrolysis and acetylization of PVAc. Poly-
vinylidene chloride is made by the polymerization of 1,1-dichloroethylene 
[CH2CCL2]. Typical applications for the above resins are adhesives, paints, 
coatings and finishes, and packaging.

Polyvinyl Chloride
 The birth of polyvinyl chloride, or PVC or vinyl as it is better know to 
the public, dates back to a German patent in the 1910s, but it was not until 
the late 1920s that a technically useful product was introduced in the U.S. By 
the start of World War II, the significance of plasticizing PVC (that is, adding a 
chemical known as a plasticizer to make PVC flexible and processable) was 
fully realized. It was during the war that the real importance of this polymer 
became apparent when, due to the acute shortage of rubber, many compa-
nies turned to PVC and began to realize its advantages. Because of its wide 
use in applications that are close to consumers, such as upholstery, flooring, 
wall coverings, pipe, siding, apparel and accessories, vinyl is one of the bet-
ter-known plastics. Vinyls are used mainly for their chemical and weathering 
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resistance, high dielectric properties, or abrasion resistance. Vinyl is also dip 
molded into gloves, slush molded into boots and foamed to make calendered 
flooring, leather-like upholstery, shoe fabrics and carpet backing. Vinyls are 
thermoplastic resins produced by the polymerization of the gas vinyl chloride 
[CH2CHCl]. Under pressure, vinyl chloride becomes liquefied and is polymer-
ized by one of four basic processes: suspension, emulsion, bulk, or solution 
polymerization. The pure polymer is hard, brittle and difficult to process, but 
it becomes flexible when plasticizers are added. A special class of PVC resin 
of fine particle size, often called dispersion grade resin, can be dispersed 
in liquid plasticizers to form plastisols. The addition of a volatile diluent or 
a solvent to the plastisol produces an organosol. Copolymers with vinyl ac-
etate, vinylidene chloride, and maleate and fumarate esters find commercial 
application.

Styrene Acrylonitrile
 Thermoplastic copolymers of styrene [C6H5CHCH2] and acryloni-
trile [CH2CHCN]. SAN resins are random, amorphous copolymers produced 
by emulsion, suspension, or continuous mass polymerization. Typical uses 
include automobile instrument panels and interior trim and housewares.

Styrene Butadiene Latexes & Other Styrene Copolymers
 Styrene butadiene latexes usually have a resin content of about 
50%. The styrene/butadiene ratio varies from 54:46 to 80:20. Most 
are carboxylated by the use of such acids as maleic [HOOCCHCH-
COO], fumaric [HOOCCHCHCOOH], acrylic [CH2CHCOOH], or meth-
acrylic [CH2C(CH3)COOH]. Two types of styrene-maleic anhydride (SMA) 
[(COCH)2O] are available: SMA copolymers, with and without rubber impact 
modifier (e.g., DYLARK_) and SMA terpolymer alloys (e.g., CADON_). K-Res-
in_ is a solid styrenebutadiene copolymer resin. Acrylic monomers are also 

used in conjunction with styrene (or styrene plus other monomers) to produce 
specialty resins. For example, there are transparent terpolymers of methyl 
methacrylate, butadiene, and styrene (MBS), and others of acrylonitrile, an 
acrylic monomer, and styrene (AAS). Ion-exchange resins or divinylbenzene-
modified polystyrene are another variation. SB latexes are used in carpet 
backing and paper coatings. The other styrenics are used in paints, coatings, 
and floor polishes, plus many other uses.

Sulfone Polymers
 A family of engineering thermoplastic resins characterized by the 
sulfone [SO2] group. Polysulfone is made by the reaction of the disodium 
salt of bisphenol A[(CH3)2C(C6H4OH)2] with 4,4’- dichlorodiphenyl sulfone 
4,4’-DCDPS [(C6H4Cl)2SO2]. Polyethersulfone is made by the reaction of 
4,4’-DCDPS with potassium hydroxide [KOH]. Polyphenylsulfone is similar 
to the other sulfone polymers. Typical applications for sulfone polymers are 
electrical/electronic uses and automotive parts.

Thermoplastic Polyester (Saturated) 
 As molding and extrusion thermoplastic polyester compounds were 
introduced in the early 1970s, they quickly became important new members 
of the family of engineering thermoplastics. These linear polyesters are highly 
crystalline, hard, strong and extremely tough. The most familiar uses are 
soda bottles and textiles, but they are also used in X-ray film, magnetic tape 
(audio, video and computer); packaging; metallized film, strapping and labels. 
They form a family of polyesters in which the polyester backbones are satu-
rated and hence unreactive. The most common commercial types are: PET 
(polyethylene terephthalate) produced by polycondensation of ethylene glycol 
[CH2OHCH2OH] with either dimethyl terephthalate (DMT) [C6H4(COOCH3)2] 
or terephthalic acid (TPA) [C6H4(COOH)2]; and PBT (polybutylene terephthal-
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ate) produced by the reaction of DMT with 1,4 butanediol [HO(CH2)4OH].

Unsaturated Polyester
 While this family of plastics goes under the name of “polyesters”, 
they are quite distinct from the polyesters described above. In fact, they 
are thermosets, and are probably most familiar to the public for their role in 
fiberglass reinforced plastics. These materials were introduced to military 
use (i.e., naval craft) in 1942. After World War II, their characteristics proved 
extremely appealing to such non-military markets as automotive, marine, 
corrosion-resistant structures, building, electrical applications, and consum-
ers goods such as luggage, fishing poles and cases and housings of every 
type and description. These thermosetting resins are made by the condensa-
tion reaction between difunctional acids and glycols. The resulting polymer is 
then dissolved in styrene [C6H5CHCH2] or other vinyl unsaturated monomer. 
The structures of the acids and glycols used and their proportions, espe-
cially the ratio of the unsaturated versus the saturated acid, and the type and 
amount of monomer used, are all tailored for each resin to balance economy, 
processing characteristics, and performance properties. One common for-
mulation is the reaction of maleic anhydride [(COCH)2O], phthalic anhydride 
[C6H4(CO)2O], and propylene glycol [CH3CHOHCH2OH]. Both dicyclopen-
tadiene [C10H12] and isophthalic acid [C6H4(COOH)2] can be substituted for 
phthalic anhydride. Vinyl ester resins are linear reaction products of bisphenol 
A [(CH3)2C(C6H4OH)2] and epichlorohydrin [CH2OCHCH2Cl] that are termi-
nated with an unsaturated acid such as methacrylic acid [CH2C(CH3)COOH].

Urea-Formaldehyde
 This plastic is another member of the amino family (as is melamine) 
and was developed in 1929. Like melamine, it is a very hard, scratch-resis-
tant material with good chemical resistance, good electrical qualities and 

heat resistance up to 170 degrees F. Urea-Formaldehyde resins are formed 
by the condensation reaction of formaldehyde [HCHO] and urea [CO(NH2)2]. 
These thermoset resins are clear water-white syrups or white powered mate-
rials which can be dispersed in water to form colorless syrups. They cure at 
elevated temperatures with appropriate catalysts. Molding powders are made 
by adding fillers to the uncured syrups, forming a consistency suitable for 
compression and transfer molding. The liquid and dried resins find extensive 
uses in laminates and chemically resistant coatings. The molding compounds 
are formed into rigid electrical and decorative products. 

Sources: Chemical Economics Handbook, SRI International, Modern 
Plastics Encyclopedia, Whittington’s Dictionary of Plastics, The Condensed 
Chemical Dictionary, The SPI Plastics Engineering Handbook, The Story of 
the Plastics Industry (SPI). 
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