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By T.K. Sprow
The versaile chemistry of unsaturated
polyester resins allows them to be used in a
variety of molding processes for numerous
end-use applications. They are made by
reacting one or more difunctional acids
with one or more glycols. This reaction
normally takes place at 180 1o 200° C.
The reaction is of the condensation type;
hence water is distilled off, The resulling
polymer is then dissolved in an unsatu-
rated monomer, most commonly styrene.

Because these resins contain an unsatu-
rated acid, maleic anhydride or fumaric
acid, they are capable of furiher crosslink-
ing during a molding process.

The selection of saturated acids and the

| glycols allows the manufacturer to for-

mulate for a broad range ol properties,
Typical properties of interest include
mechanical properties, chemical resistance,
electrical properties, and weatherability.

The most common saturated acids in-
clude phthalic anhydride, isophthalic acid,
and adipic acid. The most common glycols
are propylene glycal, ethylene glycol,
diethylene glycol, neopentyl glycol, and dj-
propylene glycol. The unsaturated polyes-
ter manufacturer generally controls the
molecular weight by monitoring the acid
value and the viscosity. Once the proper
end point is achieved the molten polyester
is transferred into a thinning tank contain-
ing the crosslinking monomer and selected
inhibitors. The hot solution is cooled and is
then ready for blending with appropriate
additives.  The  blended product  always
tuntains one or more inhibitors 1o main-
tain adequate shelf life and 1o control gel
and cure rates during the crosslinking
process. Crosslinking can take place at
room or elevated temperature,

For a room lemperature cure system the
resin manufacturer normally adds a cobalt
promoter and a tertiary amine accelerator.
This blended resin is then cured by the
molder by adding a free radical iniuator,
most commonly an organic peroxide. If the
molder employs an clevated temperature
curing process, an initiator such as benzoyl
peroxide or tertiary butyl perbenzoate is
commonly employed.

Processing and applications

Unsaturated polyesters are used in unrein-
forced and reinforced applications. Ap-
proximately 80% of unsaturated polyesters

Sipeeanids

saturate polyé_s?er

T K Sprow is Technical Manager — Resins & Coatings
Div., OwensACOming Fiberglas Corp., Fiberglas Tower,
Toledo, OH 43653,
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are used in combination with reinforcing
materials, generally fibrous glass. Rein-
torced polyester molded parts have good
physical  properties  and dimensional
stability and better strength-to-weight ra-
tios than many metals, They also can be
processed to perform well in corrosive
environments and can be designed for im-
proved fire and smoke performance.

A variety of molding techniques is em-
ployed that can generally be classified as
either closed (press molding) or open (con-
tact molding). Press molding processes in-
clude compression, injection, continuous
pultrusion, and resin transfer. Open mold
processes include hand layup, sprayup.
filament winding, and centrifugal casting.

Compression ~ and injection molding
processes typically use a sheet molding
compound (SMC) or a bulk molding com-
pound (BMC). These processes employ
elevated temperature, relatively high pres-
sure, and metal dies. The dies are general-
ly very smooth and usually chrome plated.
Matched metal die processes permit very
short cycle times, often less thant 2 min.,
and are adaptable 1o high-volume produc-
tion.

In the pultrusion process, the reinforc-
ing medium is pulled through a resin bath
and then through a heated metal die. Pul-
trusion is a continuous process for the
manufacture of parts having a constant
cross section.  Molding  conditions  are
typical of that for compression and injec-
tion molding.

The hand layup and sprayup processes
are common for the molding of large rein-
forced polyester parts such as boats and
recreational vehicle structures. In this
process a pigmented polyester resin known
as a gel coat Is applied to the mold first and
allowed to cure before applying sub-
sequent layers of reinforcement and resin.
Because molding takes place at room
lemperature  with  minimal pressure,
lower-cost tools normally are employed.
These molds usually are made with a glass
{iber-reinforced polyester or €poxy resin.
"The finished parts are smooth On one sur-
face only. Because hand rolling is required
for air removal, hand layup,/sprayup
processes are more labor intensive. Capital
Investment, however, is quite low com-
pared to that of press molding equipment.

In filament winding, fibrous glass is
typically pulled through a resin bath and
wound onto a rotating mandrel. Cure nor-
mally takes place at room temperature or

! slightly elevated temperature and the sur-




e s smooth on the interior only  The
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“hanent winding process typreally 15 em
ploved for the manulacture of reinforced
plasts nipe and tanks,

The ~election of a press molding vr con
st mulding process s dependent on the
tee and volume of part 9 he manufac.-
rared s well as upon the surface aesthetics
aesired. Currendy, approximately 70%, of
nnsaturaied polyesters used in reinforced
plastics are molded via a contact molding
process. Ic should be recognized that cycle
tmes are considerably longer than with
prress molding. The molding times range
from a minimum of 45 min, 1o as long as 8
hr. Contact molding processes are adapt-
able i very large parts including extreme.
Iy Iarge boat hulls and barge covers

Nonreinforced applications  include
simulated marble castings, buttons, bowl-
ing balls, and numerous coatings. Coatings
are applied by spray or dip coating.

Reinforced applications cover 4 broad
range. {'ypical applications include hoats,
b, shower  stalls, recreational  vehicle
components, above- and underground stor-
age tanks, and Class A automotive parts.
Applications in the appliance, electrical,
and microwave cookware fields are show-
ing substantial growth.

Recent applications include an rp mine-
sweeper for the U.S. Navy, sucker rods for
oil drilling, high-performance structural
parts for automotive, and cookware for mi-
crowave and conventional ovens.

Recent advances

The incorporation of dicyclopentadiene
(DCPD) into the polyester backbone has
become common. These resins have good
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ters emploving DCPEL These resins have
proven o be henelfuin for improved sur-
faces w0 che marine indusiry, b the boat
molder must carefully moniror the process
to achicve the desired vesulis including
good interlanunar adhesion,

The termulation of other polvimers it
the unsaturated palvester is becoming in-
creasingly important. Such systems known
as wnlerpenciraling nelwerks, or 1PN in-
clude low-profile and low-shrink: svsiems
in which thermoplastic additives are em-
ploved. The thermoplastic is soluble i the
uncured resin but becomes insoluble as the
polyester crosslinks. This results in the
formation of microvoids, compensating for
the shrinkage during polymerization. The
degree of shrinkage that takes place and
the pigmentability of the final molding
compound depends on the choice of un.
saturated polyester and thermoplastic.

Another example of an 1PN includes a
combination of polyurethane and unsaty.
rated polyester resin. Diisocyanates or
polyisacyanates are blended with the un-
saturated polyester and are designed to
crosslink together.

The incorporation of tougher, more re-
silient materials together with the fine tun-
ing of molecular weight is allowing the
molder to incorporate increasingly higher
levels of reinforcement, thus enhancing
static and dynamic end-use performance.

\

Polyetherimide

By J.R. Bartolomucci

Polyetherimide is an amorphous high-
performance thermoplastic  introduced
under the Ultem’ trade name. The materi-
al is characterized by high strength, rigidi-
ty, heat resistance, dimensiona stability,
and electrical properties, combined with
broad chemical resistance and processibili-
ty. Unmodified polyetherimide is amber-
transparent in color and exhibits inherent
flame resistance and low smoke evolution
without the use of additives.

Chemistry and properties
Polyetherimide has a chemical structure
based on repeating aromatic imide and
ether units. High performance strength
characteristics at elevated lemperatures are
provided by rigid imide units while the
ether linkages confer the chain flexibility
necessary for good melt processibility and
flow.

Polyetherimide is resistant to
range of chemicals including most
1~ Registered trademark of General Electric Co.

a wide
hydro-

J.R Bartolomucer is Manager-Ultem Technical Marketing,
Plastics Group, General Electric Co., One Plastics Ave.,
Pittstield. MA 01201

carbons, aleohols, and fully halogenated
solvents. It is resistant to mineral acids and
tolerates  short-term exposure to mild
bases. Partially halogenated solvents can
be good solvents for polyetherimide.

Hydrolytic stability is good with greater
than 85% tensile strength retention after
10,000 hr. boiling water immersion and
100% tensile strength retention after steam
autoclaving 2000 cycles at 270° F. Poly-
etherimide’s resistance 1o UV s very good,
as is resistance to gamma radiation, the
latter evidenced by a 94% retention of ten-
sile strength after 400 megarads of CO,,
irradiation.

Polyetherimide resins are rated for 170°
C. and 180° C. continuous use tempera-
tures by Underwriters Laboratories and
are UL 94 V-0 listed down to 10 mils

i thickness depending on grade. Oxygen

index is 47%. Glass transition tempera-
tures of 215° C. and greater allow inter-
mittent use at 200° C. and shori-term ex-
cursions to higher temperatures. At 180°
C., the tensile strength and flexural
modulus remain in excess of 6000 and
300,000 p.s.i., respectively. Electrical in-
sulating qualities of polyetherimide resin

SUEarden nontained inelevaed temnper -
and kumidity environnents [he
T w ave transpa;‘m"

Grades
Resins are acailable in unremforced. and
it 16,20, 30, and 40% glass fiber-rein-
foreed grades for general-purpose molding
and vxirusion Also available yre casy-flow
and release grades, wear-resistan: grades,
carben fiber-reinforced grades for high
strength and static dissipation, along with
a family of high-heat grades offering 25°
F. plus higher HDTs and 200° C. service.
é;rades for structural foam molding
along with a new family of polyetherimide
blends tailored for use in vapor phase sol-
dering environments and high-impact ap-
plications are among new grade offerings.

Processing
Polyetherimide can be readily processed on
most conventional thermoplastic process
equipment. The resin must be dried thor-
oughly prior to melt processing.

Melt temperatures of 640 10 800° F.
and mold temperatures of 130 to 350° F
are used for injection molding. Film thick-
ness of 0.25 mil can be obtained using sol-
vent casting techniques. Components can
be conventionally and laser machined and
bonded together or (o other materials using
solvent, ultrasonic, hot platen, and adhe-
sive assembly methods.

Applications

Principal markets for polyetherimides are
transportation, electrical /electronic, medi-
cal, computer and business equipment, ap-
pliance, packaging, and specialty including
military.

Electrical /electronic applications  in-
clude high-strength and dimensionally
stable connectors and circuit boards that
are vapor and wave solderable, microwave
transparent radomes, IC chip carriers and
burn-in sockets; conventional, miniature,
and infrared switches; coil bobbins, low-
{lame and low-smoke plenum connectors,
explosion-proof enclosures, flexible cir.
cuttry, lamp reflectors, relay sockets, and
high-precision fiber optic components.

Medical components can undergo
repeated steam autoclave, hot air, ethylene
oxide, gamma radiation, and cold chemical
sterilization. Surgical instrument handles
and enclosures, trays, non-implant pros-
theses, staplers, and nebulizer components
are among several medical applications,

Transportation applications  include
under-the-hood lemperature sensors, fuel
system components, lamp sockets and met-
allized reflectors, high-strength transmis-
sion and jet engine components; and
flame-resistant/Jow-smoke sheeting for
aircraft interior applications.

Dual-ovenable cookware and coextrud-
ed food packaging requiring NS¥ and FDA
resin compliance are other applications.

Specialty uses include computer rigid
disks, printer wheels, and heads; high-
strength, heat, and corrosion-resistant
fluid ‘and air handling components; fas-
teners, extruded profiles, bearings, ad-
vanced composites, and direct metal re-
placement,
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Aramid
By L.H. Miner

Introduced commercially in 1972, Keylar'
aramid fiber is finding broad application
where light weight, high strength and stiff-
ness, resistance to stretch, vibration damp-
ing, and resistance to damage are impor-
tant. The fiber originally was developed to
replace steel in radial tires and is finding
increasing use in the belts of radial car
tires and carcasses of radial truck tires
where it saves weight and increases
strength and durability. Kevlar 29 s the
low density, high-strength aramid fiber de-
signed for ballistic protection, slash and
Cut resistance, ropes, cables, and coated
fabrics for inflatables and  architectural
fabrics. It is also used in friction products,
such as brakes and clutches, and in gaskets
to replace asbestos.

Kevlar 49 aramid fiber is characterized
by low density and high tensile strength
and modulus. These properties are key to
its successful use as reinforcement for plas-
tics composites in aircraft, aerospace, ma-
rine, automotive, and other industrial ap-
plications, and in various kinds of sports
equipment.

Du Pont Co, manufactures and sells
continuous-filameny yarns and rovings,
chopped fiber (staple), and pulp of Kevlar
29 and Kevlar 49 Kevlar 49 yarns in 195,
380, 1140, 1420, 2130, and 2840 denjer
sizes are supplied (o commercial weavers
who make broadwoven fabrics, woven rov-
ings, and narrow woven tapes for plastic
reinforcement applications. Commercia)
prepreggers supply fabrics and tapes pre-
Impregnated  with thermoset  resins.
Chopped fibers can be combined with
thermosets or thermoplastics o make
chopped fiber molding compounds.

Kevlar 49 aramid js used in high-per-
formance composite applications where
light weight, high strength and stiffness,

amage resistance, resistance to fatigue
and stress rupture, and vibration damping
are key properiies, Reinforced composites
(an save up to 40% of the weight of glass
fiber composites at greater stiffness. The
aramid composites resist shattering upon
impact and the presence of the fiber in-
hibits propagation of cracks. Depending
upon selection of resin systems, aramid
composites have a ysefyl lemperature
range from —320 1o +400° F. They are
nonconductive and exhibi no galvanic
reaction when in contac with metals.
While the tensile behavior is linear and
failure occurs at high stress, aramid com-
posites exhibit ductjle behavior when sub.-
Jjected to compressive or flexural loads and
the ultimate strength is lower than that of
either glass or carbon tomposites. Aramid
can be combined with glass or carbon in
hybrid composites (see articles, p. 138).
1~—-Trademark of Du Pont Co

e

L.H. Miner is Research Associate, E.I. du Pont de Nemours
& Co inc., Wilmington, DE 19898.
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Fibrous reinforcements
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Hybrids allow :he design engineer 1o
achieve a balance of properties not avaij |
able from a single reirforcing fiber.

Resins and Processing
In the aircraft industry, Kevlar 49 mos |
often is used to reinforce epoxy composites,
while the marine industry uses orthophth-
alic and isophthalic polyesters and vinyl
¢ster resin systems. Polyimide, phenolic,
and other resins also can be reinforeed.
Aramid fibers can be processed in es- |
sentially the same ways as glass and car. |
bon to produce compcsites. Vacuum hag
molding of fabric prepregs is most often
used in the aircraft industry.  High. {
performance pressure vessels and missile
engine cases are filament wound with roy-
ings. Rovings also can be used in pul.
trusion, allowing continuouys manufacture
of parts of constant cross-sectional area
ovings of Kevlar 49 are available in 4560
and 7100 denier sizes. In the marine in- }
dustry, fabrics and woven rovings of
aramid are used in the wet, or hand layup,
method.  Fabrics, chopped  fiber, and ]
continuous fibers (such as XMC, PPG In.
dustries Inc.’s trademark for continuoys
cross-plied fiher reinforcement) can be
compression molded. Technology is being |
developed to use Kevlar 49 more efficientdy
in chopper SUn sprayup. chopped fiber {
mat, preform, and injection molding. ;
Because of the inherent toughness of the |
fiber, special tools are required to cut fab. §
rics and woven rovings and 10 efficiently
machine composites, Scissors and power
cutters are available 1o ey fabrics and
woven rovings, as are (ools for cutting and
machining composies,

Applications
In the aircraft industry, composites of Kev.
lar 49 are used in components of aircraft
such as the Lockheed L-1011, Boeing 757 |
and 767, M(‘Donncll-Douglas DC-9-80,
DeHavilland DHC-7 and DHC-8. Ajr-
bus 310, Cessna Cruation and Conquest,
Canadair Challenger, and Sikorsky Black-
hawk and $-7¢6 helicopters to save weight
over incumbent metal of glass  fiber
components. Filament wound Structires
are used on the Space Shutile Orbiter, the
interim upper stage of the Orbiter, the
Trident C-4 missile, the Pershing 11 mis-
sile, and the Boeing 747SP aircraf;. ‘
In the marine market, composites are
used in the hulls of canoes, kayaks, sail-
boats, and large and smalj power boats, |
Aramid fiber now s used In a vartety of |
Sports equipment—surfboards, saitboards, }
fishing rods, and skis—for light weight,
stiffness, strength, and vibration damping. §
evelopment programs are well under 1
way in the automotive industry to identify 4
and manufacture prototype compuonents §
where plastic corposites can contribute tg |
fuel economy in future automabiles.




By Roger Prescott

Carbon fibers possess a range of stiffness
unequaled by any other family of materi-

P als. The Youn

g's modulus varies from
about 5 million

p-s.i., which is half that of
aluminum or glass fiber, up to 100 million
Psi. or more than three times that of
steel. With curren manufacturing tech-
nology the highest fiber strengths are ob-
tained for fibers in the intermediate siiff-
ness range, from 30 (6 40 million p.s.i.
! Fibers of this type possess the most useful
balance of mechanical properties and are
by far the most widely used variety. They
are  notably  effective  ag reinforcing
elements in composite materials and are
employed in many structural end uses,
particularly in the acrospace field.
These fibers also, of course. possess the
electrical, thermal, and chemical proper-
ties characteristic of carbon,

Manufacture
! Many techniques have been tried for
producing carbon fibers. All of them in-
‘ volve the heat treatment of a carbon-

containing raw marerial,
form of a polymer fiber.
three raw materials have been employed to
date  for production of commercial
products. These are rayon, acrylic or paAN
{polyacrylonitrile) fibers, and fibers spun
from pitch.

The first high-stifiness. structural fibers
were made from rayon, However, these
materials did not compete with PAN-based
carbon fibers which later became available
as commercial products,

A third manufacturing technology has
been developed hased on pitch raw materi-
als in the expectation that this approach
would lead 10 lower-cost fibers, Today,
fibers of this type are available with stiff-
nesses in the lowest and highest ranges
hut not in the intermediate range. Evident-
Iy it has not yet been possible 10 produce
pitch-based fibers with mechanical proper-
ties competitive with the most commonly
used PAN-hased types.

usually in the
However. just

f

Available types

The wide variety of carbon fibers creates a
challenge for the potential user. A usefu]
way of categorizing available fibers can be
hased on the Young’s modulus, as shown
in Table 1 Typically, the intermediate

modulus  types possess  the  highest
strengths, while the lowest and highest
modulus  variciies  exhibig the  lowes:
strengths.

The  highest compuosite  mechanical

properties are obtained in materials con-
taining at least 60% by volume of unidirec -
tional, continuous fiber in a matrix such as
a high-sirength epoxy. In such cases com-
posite moduli and strengths measured par-
allel w0 the fiber direction reach levels of
50% or more of the fiber properties,
Composites containing continuous fibers
Roger Prescort
Lakes Carbon C

s Operations and Technic.
op. P.O. Box 810, Rock

al Director. Great
wood, TN 37854

Lower, but still usefui. e b
lics are ohfained w

i
| laid in two or muo THECTOD i asese
] lower mechanieal DIroseries inoanye o
i direction, but are maoie balenecd oueryl]

Aeal }ll‘l?i)(;’l -
hen shori-lengiis carhon
fibers are used as the reintorcemen; ot
molding  compounds. a4 tvpieal case,
nylon containing short-ic gth intermediate
modulus fibers, us 2 mure or Jess random
dispension, Possesses 4 modulus of ahoy
2.5 million p.s.i. and tensile strength of ap-
proximately 35,000 p.s.i.

‘The forms in which carbon fiher are
supplied depend to some extent on the cat-
egory. Low-modulus types are available as
short-length fibers and in 4 variety of tex-
tile forms, including twisted varns, fabrics,
and felis. Intermediate- and high-modulus
fibers are most commonly  supplied .5
ontinuous  filament, nentwisted yarns,
and tows with various filamen: counts
from 1000 to 320,000. They arc also avail-
able in various short lengths {rom 0.3 (o 2
in., as woven and nonwoven fabrics, and as
preimpregnated tapes and fabrics. The
highest modulus fibers are available in 4
limited range of forms. tvpically as fine
continuous filament yarns containing 400
w 2000 filaments and as preimpregnated
tapes.

In

Fabrication techniques

Carbon fibers are combined with resins
and formed into composite structures using
techniques essentially identical w0 those
used for glass fiber. These include auto-
clave and die molding, filament winding,
mjection molding, and pultrusion. To at-
tain the best mechanical performance it is
necessary to - form well-collimated fiber
structures in-an essentially void-free ma-
trix. These factors therefore tend to be em-
phisized and have resulied in 4 number of
specialized fabrication techniques such as
dutomated tape layup.

Applications
Substantial weight savings are possible
when carbon fiber composites are substi-

tuted  for more conventional materials.
Carbon fibers therefore are applied in
areas where weight reductions are valu-
able. For this reason they are widely em-
ployed in aerospace components. Relative-
v recently the Army has started develop-
ment of mobile feld equipment using com-
posites. including carbon fibers, with the
objective of decreasing weights and in-
ereasing  mobility.  Personal equipment
which has to be carried can also be light-

|

B e e -

Pouath e

e Phon enmposies. Nuch items
e srthonedu braces, wheelchain,
aiidbackpack o it

Carbon dibers and e COMIposites

< namber of usetul characterisiis
whamon tetheir buasic mechanicg
properaes and w eighi-siaving potential.

Their elecirical conductivity, for exam.
pie. is coupled with good  mechanical
properties i chermoplastic malding com.
peuids for use in components where dis- |
Sipation of siatn chirge iy needed, such 3
the support strictures in elect ronic equip-
ment

Their good orrosion resist
ing useful in
and  the
chemical

ance 1s proy-
erateal plants, oil felds
marine  environment.  They
! inertness has also resulied in use
of these fibers s reinforcements in the
plastic components of artificial Joints. In
this case the libers also provide creep and
WEIr Improvenents,

The friction and wear characteristics
and the high-temperature properties of
carbon fibers are heing put 1o use in pump
packings, bearings. and hrakes. Carbon
fibers bonded with carbon of a differen
type o form “carbon-carbon™ composites
have proven o be very effective as a brake
disk material for awrcrafl, resulting in sub
stantial weight savings and increased brak-
ing effectiveness.

Sports equipment items now include
skis and ski poles, golf clubs, racquets of
various types. fishing rods, and racirg
eycles. These benefit not only from the in-
creased strength, stiffness, and low densiy
of the material, but also from its good
damping  properties.  Carbon fiber.
reintorced tennis racquets, for exampi,
are reported to be easier on a player's wris
and elbow joims. The good fatigue and |
damping characteristics and low mertia o
these materials are employed in high-
speed rotating and reciprocating compo
nents in machine wols, business machines,
and computer memory devices.

Automobile and truck components cop-
taming carbon fibers have beer relauvels
slow in developing 1o date, although car-
bon fiber-reinforced parts have been used
in racing cars for some time. However, one
tomponent which appears 10 bhe close @
eommercialization is a drive shaft, A varies
1y of designs have been tested and found w
be effective. In this case the structure is
usually 4 hybrid with glass and carbon
fibers, the latter being employed 1o provide
the  stiffness  and damping  capaciw
required,

|
I
’ Table I: Available carbon fibers

! Fiber types range, 106 p.a.i. range, 108 P.s.i.  employed

— -_—

. Low modulus 5-10 50-150 Rayon, pitch

i Intermediate modulus 30-40 450-800 PAN

| High modulus 50-60 300-400 PAN, pitch
Very high modulus 70-100 250-350 PAN, pitch

I

—
Young's modulus Tensile stren

gth Raw material
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Glass
'ty P.F. Moore
rass-reinforeed producis are noted for
igh sirength-to-weight ratios, dimension-

Pstabiliy, resistance to heat and corro-
mn, and ease of fabrivanion. An extensive
dection of fiber types offers a wide range
! costoperformance benefits.

Glass fiber is the most widely used rein-
weement for plasties products. They alse
asitton glass fiber composite as one of the
wwst popular solutions o a vanety of
aructural problems,

To form basic glass reinforcement, fila-
aents of glass are drawn from a furnace of
aolten glass. Large numbers are formed
smultaneously and gathered into strands
r bundles. Surface treaiments ease
rocessing, protect fiber integrity, and es-
iblish compatibility with specific resin
swstems.

The strands can be wound into inter-
mediate  torming  packages and later
processed into the various types of rein-
forcement, or they can  be directy
rrocessed into reinforcement products.

Most reinforced products are made with
‘I7-type glass, a designation growing
from the original use in electrical applica-
Tons.

. glass provides good electrical char-
wteristies, good mechanical properties,
and high-heat resistance. Also resistant to
water and corrosion, E glass has applica-
tions in nearly every major industry.

E glass has a virgin tensile strength of
500,000 p.si. Its modulus of elasticity is
10.5 million ps.i. The fibers range {rom
0.0001 to 0.001 in. in diameter and will
stretch 4.8% before breaking.

Design keys to evaluating fiber rein-
forcement in a composite are the amount,
length, and  orientation of the fibers.
Strength of a composite product increases
proportionately to the percentage of glass
fibers added. Orientation of the fibers de-
termines  the level and direction of
strength. There are three fiber orienta-
tions: unidirectional, bidirectional, and
multidirectional. Unidirectional orienta-
tion provides the greatest strength in the
one direction of the fiber. It is possible to
achieve up 1o 80% reinforcement loading
by weight with unidirectional orientation.

Bidirectional, like woven fabric with
some fibers ai an angle to the others,
provides strength in each direction of fiber
orientation. Up to 60% glass loadings by
welght can be obtained with woven roving
and up 1o 75% with woven fabric. Mul-
tidirectional orientation provides essential-
ly equal strength in all directions in the
finished part. Up w 50% loading by
weight can be obtained.

There are several hasic forms of glass
fiber reinforcement.

Continuous roving is supplied as bun-
dles of gathered filaments wound onto a
spool. Various lengths can be cut from the

P F. Moore is Manager-Consumer & Construction
Marketing Div., Owens-Corning Fiberglas Corp., Fiperglas
Tower. Toledo, OH 43659

spool allewmg this standard package 1o be
vaed 14 variety of processes. Uvpical end
dses include tab shower units, boat hulls,
fow- o mediup-volume custom-fabricated
‘?I'()dl!l'l\; andd COPTOSION resistant strucnires,

Woren rozeg, appearing as o heavs
drapable fabric is made from contunuous
roving strands woven at 90-deg angles 10
each other. Tt s available in various
widihs, thicknesses, weights, and strength
ciauons. Pypieal apphications are
large molded parts like boat hulls, process
tanks, contatners. shrouds, ete.

Wores fabric. made from glass fiber
varns and rovings are available in a wide
range of styles, widths, lengths, and
properiies. Weights vary from 2.5 to 40
vz 'sq. yd.o thicknesses from 0.035 to
0.048 1n. Various surength orientations are
possible.

Rewnforcing mats are made from either
chopped strands in a random pattern or
continuous strands of glass fiber laid down
in a swirl pattern. Resinous binders are
generally used to hold the strands together.
Chopped strand mats generally are used
for the hand layvup molding process.
Continuous strand mats are used in com-
pression molding, resin transfer molding,
pultrusion, and stampable thermoplastics.
Both types are available in weights rang-
ing from (.75 to 3 oz. /sq. ft. and in various
widths.

The many uses for mats include truck
parts, tanks and ducts, agricultural compo-
nents, and electrical parts. Reinforcing
mat also is used to add additional rein-
forcement at key design points where
strength is critical, such as corners.

Combination mais are one ply of woven
roving bonded o a chopped strand mat.
The combination mats form a strong drap-
able reinforcement that combines the
bidirectional fiber orientation of woven
roving with the multdirectional fiber
orientation of the chopped strapd mat.
This saves time in hand layup since two
layers can be placed in the mold in a single
operation. Other combinations are avail-
able for surface finish improvement as weil
as for multilayer reinforcement.

Surfacing mal, or veil, is used in con-
junction with reinforcing mats and fabrics
o provide good surface finish. It is effec-
tive in blocking out the fiber pattern of the
underlying mat or fabric. Surfacing mats
are also used as inside layers of corro-
sion-resistant reinforced plastic products,
providing a smooth, impermeable res-
in-rich surface.

Chopped pbers come in lengths from Ys
to 2 in. They are blended with resins and
other additives to prepare molding com-
pounds for compression, transfer, and in-
Jection molding and for encapsulation.
Chopped strand glass fiber reinforcement
is available with many surface treatments

. 1o ensure compatibility with most thermo-

sets and thermoplastics.
Milled fibers, usually produced in ¥32 to
Ys in. lengths, are used as reinforcing fillers

fr vasting compounds and 1 adhesives o
improve dimensioral stabihinv. Thev are
abso used by molders for thermal stabitiy
in thermoplastic appheaaons with low o
moderate strength requirements

Speaalized glass Pher Conpovanons, in
many of the eight basic desigre forms, are
avatlable when  particulirly  demanding
ciernical, thermal, and mechanical proper-
tes are needed in the finished product

Iype 30" continuous strand rovings, for
example, are specilicaily intended for such
high-volume processes as filament wind-
mg, conitnuous pulirusion. and the weas-
ing ol glass fiber-reinforcing fabrics. Tvpe
30 offers the advantages of fast wetout siz-
ing and high swrand integritv. Tv is alse
used In woven rovings.

§-2 Glass' reinforcemenis offer high
strength-to-weight performance lor criveal
military, aerospace.  and  other  high-
performance applications. It has a virgin
tensile strength rating of about 650,000
p.s.ioand a modulus of elasticity of 12.4
nillion p.s.i. Its strength-to-weight ratios
exceed those of most metals.

In the past few years. S8-2 Glass has
evolved in such significant applications as
filament-wound pressure bottles, protec-
tive vests and helmets, helicopter blades,
and aircraft flooring.

Leached glavs is another special glass
fiber reinforcement for extremelyv high-
temperature applications. ft is specially
processed to achieve high silica content and
usually is sold as woven fabric under vari-
ous trade names.

Applications

Aircraft, aerospace, and military applica-
tions, where weight-lo-strength ratios are
often crucial design factors, are the fastest
growing market for reinforced composites.
In the next decade, reinforced composites
are expected 10 account for 65% of ma-
terials used in commercial aircraft. Ap-
plications include aircraft access doors and
flooring and ballistics protection. New
composites are being used to simplify elec-
trical appliance construction and design—
improving compressor plate stability and
heat retention seals in water heaters, etc.

The material is being used now for re-
frigerator compressor bases. room  air-
conditioner parts, inner doors on dish-
washers, and 1o construct copiers and of-
fice machinery.

Glass fiber is playing a major role in de-
sign and production of tension support
cables for fiber optics. It is still the domi-
nant material in the electrical market
where it is used for coverboards, light
poles, electrical conduit, bus bar insula-
tion, and third-rail insulators and covers.

Among the most successful applications
of recent years has been in land transpor-
tation as more and more automobile man-
ufacturers are turning to glass fiber com-
posites. By 1990, glass fiber composites use

1—Registered trademark of Owens-Corning Fiberglas
Corp.
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1s expected to Jump to 61 |b, per vehicle,
compared to 42 b, this year. Glass fiber
composites are not just used for body parts,
but for leaf springs, bumper components,
and even in hybrid glass/carbon fiber
drive shafts. By the next decade, glass fiber
composite could be used in load-bearing

I
i
J

I

applications suci L IRRTIEN
and even the c¢iype sinderhions,

The noncorros.y HOPETLes o o .
ites lead to wuie ASC I seh oo :
storage tanks, poliurion o gf CGtilane s
piping, pulp and PAPCT processiig equip.
ment, and oil field Cquinme
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Thermoplastic fib

By D.S. Cordova and H.H. Rowan

Thermoplastic fibers, such as polyester
and nylon, have been the reinforcements of
choice in rubber composites. With the in-
troduction of Compet fibers by Allied-
Signal Corp., nylon and polyester fibers
specifically " designed for use in plastics
composites have become available commer-
cially.

These high-strength fibers are char-
acterized by dimensional stability over the
range of composite processing tempera-
tures. They utilize sizing systems that en-
hance fiber-matrix adhesion, resin wetout,
and fiber dispersion in typical resin for-
mulations. These engineered thermoplastjc
fibers are available with two different
types of interface agents, creating either
low- or high-integrity fibers, Both enhance
adhesion and wetout byt high-integrity
also results in a stiffer and more cohesive
bundle that is easily handled as cut fiber in
BMC mixing systems or as 4 roving feed to
SMC or T™MC systems.

Highly oriented lyethylene fibers
were also introducets)o by Allied-Signal
Corp. under the trade name of Spectra
fibers, Combining ultra-high strength with

D.S. Cordova is Research Engineer and H H. Rowan is

Technical Manager»Polyesrer, Tire & Industrial, Allied
Corp.. Fibers Div., P.O. Box 31, Petersburg, VA 23804

unusually low weight these fibers can
serve a wide roster of specialized uses in
the high performance composite markets,
Applications and research are well under
way in the ballistic market area as a result
of this fiber's high energy-absorbency
qualities. Advanced technology  applica-
tions where properties such as ultra-high
sirength, high impact. and Jow specific
gravity are needed are perfectly suitable
for this kind of fiber.

Partial replacement of britle fibers with
less dense, more flexible, and tougher ther-
moplastic fibers combines the benefits of
both systems. These include enhanced im.-
pact, higher fatigue life. and lower surface
porosity. Abrasion, resin demand, and part
weight are also reduced.

Applications
Thermoplastic fibers are particularly ef-
fective in areas where high-shear process-
ing causes traditional glass reinforcements
10 fracture, thereby compromising com-
posite  performance. Nonetheless, sig-
nificantly  improved Impact  has been
achieved when substituting thermoplastic
fabrics for their glass fiber counterparts.
Polyester-based fibers have significantly
enhanced the performance of polyester,
epoxy. vinyl ester, and phenolic thermoser-

‘i resins. Some APPHTALLRS are high-

iapait housings fo; sower tols, shatter.

resistant cookware . high torsion amomo-
i tive grille opening panels, latigue-resisiant
i ‘:noe bodies, and fiexihle antennas. These
* fihers are also being used in cemens pier
fncasements to  achijeve COrrosion  resis-
tance 1o chemical spilis during the uninad-
ing of ships. These applications  cover
BMU. SMC, TMC, layup, pultrusion, and
filament winding.

Nylon-based fibers have been used in
rigid urethane Systems o improve their
puor impact and abrasion resistance. Cyp-
rent uses for nylon cut fiber and fabric are
pump  housings, cange ups, and other
i Sporung goods. Both nvien and polvester
fibers are being used in cur, fabric, and
mat forms in processes such as RTM,
Structural  RRIM, TERTAf, and layup.
Dramaiic Impact improvements without
catastrophic failure have been demonstrar.
ed in these processes with various regp
svstems

Processing

There are no special limitauons 1p
rocessing thermoplastic fibers, They can
ge used 1n BAMC, T™MC, SMC, pultrusion,
filament winding, RTM, hand layup, and
SPrayup processes. SMC and Thfc systems
generally require a high-integriry product
and a method to cut fibers in a continuous
fashion. Glass fiber choppers, however.
have not been successfy] In cutting these
tough  thermoplastic fibers and hence an
in-line cutter has been developed. Other
auxiliary equipment, such as part deflash-
ing tools, is also available,

Compression and injection molding of
thermoplastic/fiber composites are vir-
tually identical 10 glass-reinforced com-
posites methods. No changes in equipment
or cycle times are required.

“\_.__~_;~\\_______ - ————— T — S Y _._.%\N\\

ybrids
ARAMID/CARBON

By L.H. Miner

Hybrid composites reinforced with fibers
or fabrics ogxl)(cv]ar‘ aramid and carbon
are finding use as structura) members in
various aircraft, aerospace, marine, and
sporting  goods applications. The jwo
fibers have an almost identical low thermal
coefficient of linear expansion (slightly
negative), and therefore can he co-cured in
a resin matrix without residual thermal
stresses.

Epoxy matrixes are the most common,
but aramid and carbon can be combined
with other resins, such ag polyimide, paly-
sulfone, phenolic, polyester, and vinylester.

A comparison of fiber properties (Tabe
I) shows that both the aramid and carbon
are significantly lighter than glass fiber.
The modulus of elasticity of aramid is
nearly twice that of glass, while a typical
high~tensile-strength grade of carbon fiber
1-~Trademark of Dy Pont Co.

—

L.H. Miner is Research Associate, E.1. dy Pont de Nemours
& Co.Inc., Wilmington, DE 19898

is more than three times as stiff as glass.
owever, aramid fiber has 3 lower com-

glass, while carbon is not as impact resis-
tant as aramid. Therefore, a hybrid of the
two materials results jn 3 composite that is
1) lighter than a comparable glass fiber-
reinforced plastic; 2) higher in modulus,
compressive  strength, ~ and flexural
strength than an all-aramid composite (see
Table 11, p. 140); and 3) higher in impact

| resistance and fracture toughness than an
all-carbon composite (Table [1], p. 140).
Aramid and carbon fibers can be hy-
bridized in numerous forms. For example,
balanced fabrics or unidirectional tapes of
aramid or carbon can be combined as dis-
crete plies in a hybrid laminate. Angular
orientation and placement of these plies
can be adjusted to ailor 3 composite struc-
ture to a predetermined balance of proper-
ties. Fabrics can be woven which arrange

Table I: Comparative yarn properties
— T arann

Property Aramid®
Tensile strength, 103 p g 525
Modulus, 106p.s.i. 18
Elongation to break, % 2.5
Density, 1b./in.3 0.052

a—~Keviar 48

Type HT E-HTS
carbon glass
450 350
32 10
1.40 3.5
0.063 0.092
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CARBON/GILASS
By & .1 Walling

When twe or mere reinforcing materials
such as carbon and glass are combined in a
common matrix. the resulting composite is
vatted o hybrid. The major advantage is
“he ahility 10 tailor the laminate for max-
'mum performance and minimusm cost.

Hyhridization allows the strengths of
e material o offset the weakness of
inother. A carbon fiber laminate, for
example, may be used on an aircraft to
reduce weight, but the poor impact resis-
tance of the carbon fiber can be greatly im-
proved by combining it with glass fiber
reinforcement or by using a glass fiber
composite outer skin.

Glass/carbon hybrids can increase im-
pact strength, improve fracture toughness,
prevent galvanic corrosion, and reduce
costs of the finished laminate over an ali-
carbon composite.

The three basic methods of hybridiza-
tion are interply, intraply, and selective
placement. Interply is the combining of
two or more reinforcements in discrete
layers (sandwich-like) without mixing
within the layers. Intraply is the combin-
ing of two reinforcements within a laver,
such as alternating strands in a fabric or
chopping two reinforcements together in a

S J. Waliing is Marketing Communications Manager-
Transportaticn. Equipment, Composites Div..
Owens-Corning Fiberglas Corp., Fiberglas Tewer 7. Taledo,
OH 43659

molding compeund. In selective placement,
a small amount ol one remiorcement is
added 1n selected areas. such as in corners
or in a rib. while the laminate contains
predominately another reinforcement.

Hybrid reinforcements can be vombhined
in almost any material form such as pre-
pregs. {abrics, woven roving, and chopped
fibers They also can be utilized in most
fabrication processes, such as hand layup,
filament winding, pulirusion. compression
molding, injection  molding, and  resin
transfer molding.

Applications

The need for Lightweight structural mate-
rials has prompted the increased use of
composite materials that meet strength,
stffness, and other mechanical property
requirements for high-performance  ap-
plications. The aircraft, aerospace, marine,
land transportation, industrial, and sports
equipment markets  will  benefit from
recent development work.

The sports equipment market has led
the way in hybridization of carbon and
glass to get the proper stiffness and weight
in skis, ski poles, tennis racquets, fishing
rods, and golf club shafts.

In the marine market, carbon/glass
hybrids have allowed hull redesign from a
solid laminate to a core,/skin construction
for lighter weight. Carbon provides the
stiffness while glass provides the necessary

|

avpact sirength

The jand  womsportaton market s
experimeniing  wih the matertas in
sirustural apphicatons, such as drive shafts
and eal springs

I'ne aircraft markes 1s using carbor and
aranud composiies to save weighi; how-
cver glass is needed 1 vertain arveas o
prcvmiz galvamc corrosion and 1o improve
impats wirength

High-volume processing

The need for a simple, economical process
10 form joadbearing structural materials is
being met with the use of compression
molded sheet molding compounds (SMC)
composed of glass fibers in polyester or
vinyl ester resin svstems. A glass. glass
hybrid structurat grade $MC can be formed
from  combinations of continuous  and
chopped random glass fibers that comprise
up o “0% by weight of the composite, re-
sulting in the ability to produce composites
with 2 wide range of mechanical proper-
nes.

Glass,carbon hvbrids are easily com-
pounded using conventional SMC ma-
chines, and can be molded using today’s
high-throughput  compression  molding
presses.

Design considerations

The key to cost-effective hybrid design lies
first in choosing the right fibers. Glass has
a tensile strength higher than carbon or
aramid. Glass fiber can add high impac
strength and good compressive and flexur-
al strength and is the most cconomical of
the high-performance reinforcements.

Nonfibrous property enhancers

By V.A. Stayner

Nonfibrous property enhancers are a
hybrid class of materials, both filler and
reinforcement in form and function. They
include such disparate materials as high-
density silica sands, low-density hollow
microspheres of glass or phenolic, solid
spheres, flakes of glass or mica, and a great
many more—which are used singly or in
combination.

Sometimes the materials supplement
fiber reinforcements, displacing resin.
Sometimes they displace a part or all of the
fibers. Always they affect the properties,
processing. and cconomics of the end
product.

Property enhancement may include a
wide variety of mechanical properties.
Some add thermal insulation. Some im-
prove electrical properties, either insula-
tion or closely controlled conductivity,
Some provide fire retardance and smoke
suppression. Product designers sometimes
achieve both property enhancement and
cost reduction.

In most cases. basic material costs can be
reduced by high loadings of relatively low-

V.A. Stayner s President, Patentech Corp.. P.O Box 63.
Sugar Grove, il 60554

priced fillers. Often, more sophisticated
use of filler systems achieves economic
gains further downstream through im-
proved processing, reduced molding cycles,
lower reject rate, etc.

Glass flake serves as an economical rein-
forcement for reaction injection molded
parts on the Pontiac Fiero and other
models. Glass flake has been used with
polyurcthane RIM and with polyurea RIM
for car fenders and other body parts. Mica
flakes cut costs displacing glass fiber in
polypropylene (PP) battery trays, glove
compartments, and similar automotive
parts.

Blends of varying shapes and densities
produce a filler/reinforcement that speeds
the casting of tubs and vanities, maintain-
ing strength while reducing weight.

Carbon, metal powder and flake, and
silver-coated glass spheres are used as cost-
effective conductive fillers in plastics.
Recently, nickel-coated mica flakes have
been added to the list. :

Panels and molded products of these
materials are used to carry off static elec-
tricity in hospital operating rooms and at
work stations for assembly and testing of
delicate electronic equipment, and for

storage and transport boxes. They also
provide electromagnetic interference {EMI)
shielding.

A multiwall hollow glass sphere cluster.
available at low cost, offers greater com-
pressive strength with less breakage in
processing than most single hollow sphere
particles. Also of note is a very lightweight
polyvinylidene chloride hollow sphere that
1s extremely flexible for good distribution
of impact energy.

Attention is being given to coupling
agents for fillers and to engineering ther-
moplastics.  Combining  silane-treated
phlogopite mica with glass fiber in nylons
and in thermoplastic polyesters has
reduced warpage greatly with only moder-
ate decline in impact strength. A water-
ground muscovite mica with high-
aspect-ratio  delaminated flakes ‘treated
with organosilane improves physicals sub-
stantially in PP and HDPE.

Shape and density

In evaluating nonfibrous materials their
shape and density will determine their ul-
timate value in handling, loading, process-
ing, and end-product properties. Each
filler is unique and often a combination is
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required to give the desired properties.

ihapcs include fiber, flake, spheres, and
4 broad miscellaneous category including
iubes, blocks, and irregulars. Except for
the fiber and spheres, irregularity is more
-ommon than neat geometric shapes.

Densities can range from 0.07 to 2.42
ad above. Density and shape will deter-
sane the volume of material able (o be
«ied 10 a processible composite,

Size and packing

With remnforcement /fillers lower in price
fan the resin matrix, the incentive is to
watas high as product, process, and
Jnperties  permiit. Micropacking is a
‘sveloping science that guides the selection
ad - proporticning of filler shapes and
PN

taing spheres of one size as a conve-
sencexample. aboxful of spheres will oc-
cipvabout 32% of the volume of the box,
wastg 48% voids to be filled by resin.
Thicis true whatever the diameter of the
wteres. But smaller spheres can be used to
ST pant of tne voids between the larger
soheres and substantially reduce the resin
demand.

The effects of less-regular particles are
barder o caleulate but the behavior s
wuch the same. More iImportant, it is not
bresary to restrict the filler blend (o one
shape. In fact, there are important benefits
W usng various combinations of spheres,
“awe, fiber. and irregulars, not only in the
ceking that can be achieved hut in the
svsical properties obtained. Ideally the
nmpounder seeks w0 bujld microscopic
tezes chat Interlace mechanically when
mie fillers are mixed with liqurd resin.
tencdes of different densities nay  be
wended so some will sink and some will
Then the resin adheres, bonds it al}
heround wlso shrink-locks the strue-
CUTAN T Cures

Y

them
wohil i reinforcing plastics. Mica cun be
deaminated by wet or dry grinding 1o
provide flake as thin as 1 micron with high
et ratios, although tommercial-grade
ro flake s considerably thicker. The
it speaty and pay for the high
bt tatio (HARY flake. Tt is possible 10
wearate flake with ratio of 10,000 1o | buy
srrmercial-grade HAR is more likely 1o he
. 1o 100 range. or less. In effect,
beaspeet rtio is bidirectional -- length-
whickness and width-to-thickness. Cilass
“axeds much thicker with substantially
et aspeet ratio. Flakes tend 1o orient in

tailel 4 the resin mix flows and form

“Laes have aspect ratios that make

layered fish-scale structure. This serves
well as an impervious coating protecting
against infiltration and corrosion.

Parallel flakes pack solidly, giving a
relatively high filler content in minimal
thickness. This flake orientation adapts
well to molding processes such as vacuum
forming and rotational molding, also
processes with directed flow like extrusion,
injection molding, and sprayup.

Disadvantages of flake are the sharp
ends which bring high stress concentration
and the need to guard against breaking
thin flake in mixing and molding.

The reinforcement effect of flake relates
to the aspect ratio the molder gets into the
final product, not the ratio of the flake in
the bag. The thinner the flake and the
higher the ratio, the greater the problem of
‘breakage. HAR mica can be dispersed in
polyester with a slow-speed paddle mixer
with relatively litlle loss, Flake can be
mixed with thermoplastic powders, but a
compounding extruder breaks some flake.

In another approach, a high-speed,
high-shear turbine mixer js used to delam-
inate mica flake and compound it with pp.
The end result is a smooth mix with flake
ground to 10 micron diameter and aspect
ratio about 16, substantially lower than
the aspect ratio of HAR flake.

Process equipment must be suitable to
retain the highest reinforcement properties
in molding flake-filled resins, Spray gun
size and nozzle must be adequate. For in-
© jection molding, molds with ample gates
and sprues are helpful. Flake can be used
to replace or augment fiber in sheet mold-
ing  compound {$MC) and compression
molding presents no problem.

HAR mica flake is much lower in cost
than glass fiber and loading in both ther-
mosets and thermoplastics can be higher
without viscosity problems. It contributes
to tensile and flexural strength  and
modulus but reduces Impact strength.

Loss of impact strength can be mitigated
or climinated in many mica-reinforcerd
thermoplastics by adding 10% by weight of
polyester fiber, Chlorinated paraffin added
to mica-reinforced PP is an economical sur-
face treatment and improves tensile and
flexural strength and modulys.

A number of wet-ground micas are
available as filler /reinforcements for plas-
ues. Producers assert that their process
delaminates the muscovite flake to produce
large.  thin, high-aspect-ratio material.
The muscovite is light in color.

Table T gives some published physicals
on thermoplastics reinforced with HAR
mica flake (Suzorite phlogopite). Tests
with 70% loading of this miea in thermo-

Ta_t?le I: Typical mechanical properties of mica-reinforced thermoplastics

Resin and % mica by weight

Polyester, Nylon 6/8, ABS, SAN,
P_roportin ) o _ 3573 _r_r_nﬁ __50% mica 50% mica 50% mica
Tensile strength, 109 .50, 6.96 13.76 9.47 9.9
Tensie modulus, 105 p.s.. — 257 2.12 2.565
Flexural strength, 103 p.g j. 13.2 18.0 14.0 14.5
Fiexural modulus, 106 £.5.0. 1.41 183 2.13 2.68
zod impact notched. ft -b. /in. o 0.9 0.6 0.5
Compressive strength, 103p.s.i.  — 16.0 16.4 15.56
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setting  polyester showed & firwa:, Cnssiane oo espenadigd fese e

strength of 45000 psi. and fies . o resi P anad ok Dradt-

modulus of 14 million p.si. naten permr ey bl ot
Glass flake, thicker and with low o retatively Ridde vise i viscoasin

aspect ratio, has been used for impern: ctere-nilled products have seduced ana

coable shrinkage andd lese distoruon
salidd spheres, compressive sureisgrh s
iatary mgh amd hard. smooth sur-

able and corrosion-resistant coatng- !
provides a hard, scratch-resistant surfac
Glass flake has also become an import
reinforcement  for RIM urethane-huase: <van be achieved
auto parts. A selecied silane surface coatng, mr-
Talc, a hydrated magnesium silicae ] salid glass spheres  {average
found mostly as platelets, has o gow aeter 25 microns' in nylon bring sig-
enough asg)cct ratio to classify as a vemn Lant unprovement an tenstle strength,
forcement/filler. The finely ground sof pressive strength, and flexural
mineral  doubles or triples  {lexura cdidass Table 11 gives properties of 4
modulus in PP, PE, rigid PVC, and high- ~ioading i nylon 6 6.
impact PS. A 40% loading increases tensiie sy the same spheres at 60 parts per
strength of the PE and P, and slightly - idred of a polvester casting resin, the
preves notched Izod impact strength of pi subing casting showed higher tensile,
The filler does not conduct electricity, ana srral, and compressive strengths than
has low thermal conductivity and high re- ~o uniilled resin
sistance to heat shock. Elv ash from coal-burning power plants
Fiber-grade wollastonite is a minerai . :cids both solid and hollow glass-like cer-
with about 15:1 aspect ratio. Coated with  .i'nic spheres known as cenospheres. The
silane and used to replace half the glass in ~oiud spheres are considerably smaller than
v manufacared for the plastics market

a polyester BMC formulation, the materia
improved all mechanical properties excep:
notched Tzod impact. Hollow spheres

Holiow spheres have the same geometric

Spheres advantages as the solids with different re-
Spheres clearly have no aspect ratio to  suits. Contribution to compressive strength
provide reinforcement properties but their - limited by the crush resistance of the

geometry affords important advantages in
processing and end-product physicals.

Unlike the fiber with 1ts directional
strength, the sphere’s effects are isotropic.
Photoelastic stress is concentrated at the
ends of a fiber, the edges of a flake or ir-
regular particle, but stresses around a
sphere are even and predictable Spheres
distribute  stress evenly throughout the
molded structure,

The sphere has the smallest surface area

sphere and this varies with the thickness
and composiuon of the wall. Glass micro-
spheres can be had in a number of sizes
but average about 75 microns with wall
tncknesses of 1 1o 2 microns. Fly ash hol-
low spheres average a third smaller with
double the wall thickness. Crush resistance
ol the {ly ash runs three times higher 1o as
much as 5000 p.s.i.

A major advantage of hollow spheres is
their low density which may be used for
buoyancy in boat hulls or for weight sav-
ing in parts for aircraft and automobiles.
The spheres may be incorporated in the
resin throughout the molded part or serve
as a syntactic foam core, increasing stiff-

Table Ii: Average physical
properties of solid glass spheres/

nylon 6/6+ ness with minimum addition of weight.
60% nylon, They improve impact strength, acting as
100%  40% giass . Mmuniature shock absorbers in the resin ma-
Properties nylon  spheres - wrix. They tend to arrest cracks, hold fas-
Tensile break - teners, and help machining. They improve
strength, 103 p.s.i. 115 140 | thermal and acoustical insulation.
Ult. elongation, % &0 2.5 I'he hollow sphere clusters mentioned
Flexural modulus, earlier are irregular and have some aspect
10% p.sii 4.3 7.31
fzod impact,
ft -1b. /in. 10 06 |
Compressive strength,
10° p.s.i. 4.2

Deformation under

load at 122°F. :
At 2000 p.s.i. 1.2 | By F.J. Washabaugh

At 4000 p.s.i. 08 Eller 1s a general term used to describe
Deflection temp.. °F i nonmetallic minerals, meuallic powders.

At 66 p.s.i. 425 400 and organic materials added in fairly high
AL 264 p.s.i. 160 165 percentages (over 5% on a volume basis) to

plastics, and used as a reinforcement or as
37 | an extender.

Taber abrasion,
mg./ 1000 cycles

Specific gravity 1.15 1.43 A retnforcing filler provides a mechan-
Melt index, ical or thermal property improvement to
g./ 10 min. 43 the polymer matrix. The second category,

a— Potters 3000 spheres; Wellamid 660G resin F.J. Washabaugh is Sentor Technical Service Engineer,

i Engethard Corp. . Menla Park, Edison, NJ 08818

16 50 they can be experied 1o give some
mprovement in tensiie sirength. Flow
civstadleristics are good even at high load-
aigs 1t the proper resin s used. Also, they
serve well in filler compounds.

Hotlow spheres are used i such ther-
mosets as epoxies and polvesters, and are
processed by compression molding hand
Livup, sprayup, and casting

With weight a entical factor, automotve
manufacturers are working with hollow
glass spheres incorporated in SMC for badv
paris. Complete car bodies have been built
for testing. One preblem is that sanding of
bonded joints can bresk spheres and create
a porous surface.

The spheres also work well in such
thermoplastic systems as vinyl plastisols.

There are a considerable number of hoi-
low spheres on the market with a wide
range in material, size. and price. Par-
ucutarly with hollow spheres, low in den-
sity, it 1s important to calculate cost 1n
terms  of volume rather than weight
Spheres available include sodium silicate,
carbon, aluminum oxide, epoxv. phenolic,
vinvhidene chloride, and polvstyrene.

Irregular particles

While most often used as fillers tor cost
reduction, irregular particies like calcium
carbonate and silica flour when properly
utilized can offer increased modulus, abra-
sion resistance, and hardness o a product

Coupling agents

Obviously resin and property enhancers
must be chemically compatible. Coupling
agents—silane or titanate—may be used o
improve viscosity and interfacial bond,
Suntability for the end-use environment is

© equally essential.

Processing

Process conditions and equipment can in-
fluence choice of property enhancers. In
sprayup, particle size must not be oo big
for the gun and nozzle, and loading of
fillers must be within the capacity of the
spray system.

In injection molding, small gates and
runners dictate small partcle size and low
viscosity. With a big part and small gate.
heavy loading of fiber or flake is impossi-
ble. In extrusion, buildup of pressure at
the orifice can limit use of the materials.

= Fillers/extenders

extenders, consists of generally inexpensive
fillers added either to reduce cost or to im-
prove processing of the plastic.

Classification of fillers
Nonmetallic  minerals comprise many
natural and refined minerals. Mineral
rocks such as kaolin, tale, calcium carbon-
ate, and barytes are fairly inexpensive and
are readily available.

Metallic powders are a generally more
expensive class of ingredients used to
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produce thermally and electrically conduc-
tive moldings. Aluminum, bronze, zinc.
and nickel are commonly used meiallic
fillers for conductive plastics.

Organic fillers include wood- and shell
flours, starches, and carbohydrate by-
products. Synthetic organics include pyvi:
spheres,

Filler selection
Probably the most widely used measure
for selecting fillers is the Mean Particle
Stze (MPS), normally expressed as an
equivalent spherical diameter in microns.
Often the particle size distribution must
be studied as well. The percentages of
coarse and fine fractions many times in-
fluence particle packing efficiency and op-
tical effects in plastics. The shape of the

size distribution.
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| Major filler types

| Calcium carhonaies are pupular fillers for
| plastics because of their combination of
!‘ low cost. high brightness, and ability 1o be
i used at high filler loadings. They generally
| are categorized as extenders since they are
used for cost reduction and provide liule
remforcemeni. Carbonates are supplied in
five forms: water-ground.  drv-ground,
ulirafine-ground, precipitated. and
surface-treated carbonates,

Carbonates grades have a broad range
el MPS; some precipitated carbonates have
an MPs of less than 0. ] micron, while some
dry-ground types have an MPS of over 20
microns.

Py compounds are the miajor use ares
for calcium carbonate, Flexible vinvl com-
pounds often contain 5 o 50 p-h.r. of cal-
c:um carbonate (usually in the 1 t0 6 my-
fron MPS-caicgory). Finer precipitated
grades are used to improve mar resistance.
increase surface gloss, and reduce flex
whitening. Rigid PvC can contain small
amounts of precipitated calcium carbonate
for improved impact and extrusion proper-
ties.

New developments in caleium carbonate
include a low-cost, dry-ground grade for
BMC, SMC, and other polyester applica-
tions.  This  product s reportedly
agglomerate-free and does not affect paste
thickening.

Kaolin is the most important mineral in
the china clay family. The crystals are
thin. hexagonal platelets with width & to
12 times the thickness.

Kaolin is produced in three forms. wa-
terwashed, calcined, and airfloated. In wa-
terwashing. separation of controlled parti-
cle size fractions is followed by bleaching,
filtration, and drying. Calcined grades are
uniform. high-brightness fillers with fairly
low abrasivity, Air-floated grades are
made simply by pulverizing dried crude
kaolin and separating the coarse impuri-
ties by air classification.

Waterwashed and airfioated kaolins are
generally considered to be extenders. while
calcined kaolins are classified as reinforc-
ing fillers because of the strength im-
provements they impart to nylons and
other enginecring plastics. The kaolins as
4 group are generally fine in particle size
with an MPs range of 0.3 10 5.0 microns.

In BMCG, sMe, and matched meial die
molding. waterwashed kaolin helps control
consistency and moldability and provides
chemical resistance, improved electrical
properties, and low water absorption. Wa-
terwashed grades also extend polyolefins,
vinvls, and phenolic molding compounds.

Caleined kaolin is widely used in vimy]
wire covering compounds (o improve in-
sulation properties. When treated with
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Tale is a livdiaed magnesium silicate
usualdly in plare torm with an aspect ratio
between 15 and 300 It s soft, having a
Mohs® hardness =1 1.0, and is quite oleo-
phihe

A primary application for platy tales is
in PP which may be filled with between 10
and 40% tale In pp, tale imparts high
rigidity and higher heat deflection temper-
ature while mainraining good tensile, com-
pressive, and impact properties. The mar-
ket for tale-filled pp includes automotive,
apphiances. and food packaging. Talc is
also widely used in polyester auta body
compounds although in recent years hol-
low glass bubbles have replaced a portion
of the talc in lightweight types.

A recent development is a surface-modi-
fied Western talc {or nylon and other engi-
neering thermoplastics.

Alumina trihydrate (ATH) is produced
from bauxite. Tt is a low-aspect ratio
mineral that falls into the extender cate-
gorv. The unique feature of ATH is an en-
dothermic decomposition ahove about 220°
C.: the resultant heat sink is the main rea-
son for its utility as a flame-retardant
filter.

ATH grades for plastics have a broad
MPS range of less than 1 micron to over 50

microns. ATH extenders are particularly
| important in polyester sprayup, BMc, and

SMC where flame/smoke suppression, high
filler loadings, and chemical resistance are
neecded.

(rgamic fillery include wood- and shell
flours, starches, ground corn cobs, and
other vegetable  by-products. They are
low-cost extenders and are very much
coarser than most of the nonmetallic fillers
(PS 18 70 to 500 microns). A widely used
filler for phenolics and other thermosets is
woodflour. a powder ground from one or
more of the hardwoods, sometimes blended
with nut shells. Woodflours are readily
available, lightweight (specific gravity of
about 1.50), and easily wet hy thermoset-
ting resins. They are, however, hikely 10
contribute low thermal resistance, low di-
mensional stability, and poor electrical
properties. In thermoplastics, woodflours
and other organic fillers have not met with
success. The main problems have been
severe degradation and decomposition at
the prm‘essing temperatures of Pp, PE, etc.

Hollow lightweight PvDC spheres are a
synthetic organic filler used in syntactic
foams and ‘casting applications. These
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pheres are generally in the 50 w6 50 mu-
cran %P~ range and newer grades can
withistand pressires of up 1o 1500 psii

N extenders represent a o diverse
group of munerals with 1 ~elling price
range of several cents to over $1,1b. Sticas
for plasties fall into three general caiego-
ries: crystathine silica, diatomaceous earth.
and precipitated silica. Particle sizes range
from an MPS of less than 0.1 micron for
precipitated silica to over 50 for certain
ground silicas. The finer types are rein-
forcing fillers but most silicas are used as
extenders

Crystalline silicas are low-absorption
products of high Mohs’ hardness occurring
naturally as sand, quartz, tripoli, and
novaculite. The low o1l absorption results
in easy dispersion of the filler and low vis-
cosity of the resin-filler mix. Sharp silica
sands are used at high loadings in epoxy
resin in bath shell molding and resin ce-
ments. Shrinkage reduction is the key hen-
efit of this use. Dielectric, physical, and
processing properties of acryvlics are im-
proved hy the addition of 30 to 40%
quartz. In PE, quartz helps minimize
crack formation and improves shrinkage.
electrical properties, and water resistance.

Diatomaceous earth is a low density
(2.3), low hardness mineral with proper-
ties unlike those of other silicas. It has
been used at tow loadings in polyolefin
films 1o reduce blocking or film adhesion.
Because of its very high oil absorption,
it has heen used to improve the surface of
reinforced polyester moldings.

Precipitated silica is a specialty filler in
the premium price range. Applications for
precipitated silica include elastomer rein-
forcement, liquid system thixotrope, and as
a nucleating agent for wurethane and
styrene foams.

Glass spheres. both solid and hollow, are
extenders. Solid glass spheres, ranging
from 10 to 50 microns in MPS, are used in
polyesters and engineering nylons to im-

Table I: Economics of fillers

Volume
Specific cost,

Materials gravity ¢/cu.in.
Plastics
Polypropylene 0.91 1.47

homopolymer
Low density polyethylene 0.92 1.49
Polystyrene homopolymer 1.05 1.81
Nylon 6/6 113 7.50
Polycarbonate 1.20 8.00
Fiflers
Woodflour 1.5 0.35
Crystalline silica 2.7 0.55
Kaolin, waterwashed 2.6 0.65
Calcium carbonate 2.7 0.58
Alumina trihydrate 2.4 0.75
Talke 2.7 0.82
Kaolin, calcined 2.6 1.17
Mica, high aspect

ratio, treated 2.8 2.70
Hollow glass spheres 0.4 2.88
Solid glass spheres 2.5 2.97
Wollastonite, treated 2.9 3.34

Note: Filler costs calculated on T.L. bag estimated prices,
FOB mines
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sove flowability, to raise modulus, and to
/apart an isotropic nature to composites.
Hollow microballoons are available in a
«milar size range. Lower specific gravity
<0.40) bubbles are successfully used in
fuid casting and thermosetting resin ap-
wations. Also they have been used in
wntactic foams 1o produce composites as
s oas 30 1b. /eu. (}1) in density that can
<ithstand uniaxial compressive loads as
i as 18,000 pusi.

Willastonite is a naturally occurring
daum metasilicate. Tt is a high-melting,
sgh-pH. acicular mineral sold in grades
anging from very fibrous to finely divided
md available with a variety of surface
weatments. It is a reinforcing filler used in
wilyesters, phenolic brake linings, epoxy
mwolding  compounds, urethanes, vinyls,
ad nvlons. Tts low moisture absorption is
4 partcular advantage for both nylon 6
and nvlon 676 compounding. On the nega-

wr

tive side, impact strengths of plastics filled
with wollastonite are generally low. Also,
it must be carefully used to avoid abrasive
wear to compounding equipment.

Micas, both muscovite and phlogopite
varieties, are high aspect ratio plates that
are true reinforcing fillers. They are

enerally coarser than tales and range

%mm —325 mesh to +40 mesh. Mica
flakes reinforce in two directions. They
have traditionally been used in thermosets
like phenolics and epoxies for mechanical
improvements as well as for electrical and
heat insulation benefits. A number of new
areas have emerged including polyolefins,
reaction injection molding polvurethanes,
and engineering plastics. Surface treat-
ments have been employed to improve the
generally poor impact strength of mica-
filled plastics.

Other fillers find specialty uses and
several are rapidly growing in importance.

Feldspar, barytes, calcium silicates, and
metallic powders fall into this category.
Fine-mesh size attapulgites are now used
in phenolic friciion compounds and
specialty engineering thermoplastics.

Filler economics
In any filler evaluation for a plastics ap-
plication. the cost of the filler per unit
volume should be directly compared to the
cost of the resin matrix on the same basis.
Table 1, p. 148, summarizes such
figures for some of the major types of
fillers. With engineering plastics in the 7
to 8¢ /cu. in. category, nearly all extenders
and reinforcing fillers can result in sub-
stantial cost savings. The commodity plas-
tics at 1 to 2¢/cu. in., however, present a
far different picture: Here, the economic
incentive is greater for the lower-cost
fillers such as calcium carbonate, kaolin,
silica, and ATH.

Flame retardants

By R.L. Markezich and J.J. Duffy

Palvimers can be modified by a number of
dame retardants 1o hinder ignition or
fame  spread. These flame retardants
wpically act by one of three ways—solid
ihase inhibition, vapor phase inhibition,
or heat absurption.

11 Solid phase inhibition. These addi-
uves promote extensive polymer crosslink-
ing at the surface 10 form a carbonaceous
<hiar upon heating. Char insulates the un-
derlving polymer from the heat of the
flame, preventing production of new fuel
and further burning.

5 Vapor phase inhibition. These act by
dhanging the flame chemistry and quench-
i radicat chain reactions.

b+ Heat absorption. This system evolves
wawr during heating, cooling the surface
eandmereasing the amount of energy need-
=it to maunitain the flame.

Additive flame retardants

uneng the most widely used additive-type
wame retardants are alumina trihydrate,
phosphorous compounds, and halogenated
compounds used in combination with a
snergist such as antimony oxide, and in
Sruan cases, zine oxide or borate.

Afwemina ifiydrate (ATH) requires high
wadings o achieve modest flame retar-
danee. but because the material is inexpen-
st s the sargest single flame retardant
wed in the LS. The flame relardant
mechanism of alumina trihydrate is an en-
duthermie theat-absorption) cooling of the
Tume upon release of water of hvdration
viti produces iude smoke and is nontoxic.
i omain use s i unsaturated polyester,
epuxy. urethane, and some wire and cable
ippheations

Hidspnated  aliphatics. Bromo-  and
ibloro-paratfins are generally liquids or
low-mehiing solids. While they have their
imitatiors. low-heat stability, and  are

4 Duffy are Scientists Ocoidental
TLong Rd Grand fstane, NY 14077

plasticizing, they are still very economical
and can be used successfully to flame-
retard many systems, including PE, PVC,
polyurethane foam, and PP. Generally they
are used in conjunction with a svnergist

such as antimony oxide. One chlorinated
flame retardant that is more stable and is
nonplasticizing is the hexachlorocyclo-
pentadiene adduct of cyclooctadiene. Be-
sides antimony oxide, other synergists,

ing advanlages offered by FYREBLOC

PYROBLOC FR Concentrates combine both $b,0, and a selected halogen source in the carties resin to provide the
ultimate cost-savings and convemence in compounding operations

SMOKEBLOC compounds are an extension of the antimon
retardance and stability while greatly recucing smoke ge

SVROBLAC
FREBLOC”
SMOK=:.® "

A New Worid of Fire Retardant Plastic Additives. The McGean Division of McGean-Rotico, (nc. now affers a whole
new family of plastic additives based on artimony oxide

FYREBLOC Antimony Oxide "H''. L' and * MH'' grades continue io be industry standards of quahty
FYREBLOC antimony oxides in concentrats torm combine igh loadings of Sb.0, with a carrier resin selected for
compatbitity with a wide range of commetcial resins. Dust - free compounding, cleanliness and safety are handi-

y oxide line. They are designed t mainiain high flame
neration in PVC applications

Antimony Speciaities also availabte: Antimony Sulfide. Antimony Trichloride and Sochum Anlimonate.

D

McGEAN DIVISION

1250 Terminal Tower, Clevelana. Ohw 44113

800/321-8480

¢In Chio call 216:621-6425)

Circle 149 for reader service
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control.

Metering system. The metering svstem
takes the conditioned intermediates from
the supply tanks and delivers them 1o the
mixing head at the desired rate and pres-
sure, %"hcre are two basic types of meter-
ing systems: high pressure axial or radial
piston pumps,” and lance displacement
cylinders. The Piston pumps are hydraulic
Pumps that have been modifjed 1o handle
chemicals. They are capable of ¢on-
tinuously metering at pressures up to 3500
p-s.i. Lance pistons, which are driven by 4
separate hydraulic pump, displace the re-
actamts from ga high pressure metering
cylinder. In  addition !0 more precise
metering, they have the capability of
processing filled systems,

Mixing head. The mixing head contains
a cylindrical mixing chamber where the
intermediates are mixed by direct impinge-
ment at pressures ranging from 1500 (o
3500 psi. It also contains a cylindrica)
cleaning piston which, after the shor i
complete, moves forward o wipe the re-
maining materials out of the mixing
chamber. In addition, there s valving
mechanism to shift the material flow
between recirculation back to the tank ang
flow into the mixing chamber. This allows
the tirculating materials reach an equj-
librium at the proper temperature, pres.-
sure, and flow rate before shifting into the
nixing position.

Mold carrier. The mold carrier holds
the tool in the proper orientation for mold-
ing, provides enough clamping force 10
overcome the in-mold pressure, opens and
closes the mold, and positions the open
mold in an accessible position for de-
molding, cleaning, and preparing the mold
for the next shot, There is a wide variety
of designs and sizes available.

Tooling

Since the in-mold Pressures in RIM are
generally relatively low (25 1o 100 psi)a
variety of tooling construetions have been
used. These include machined steel or ajy.
minum, cast aluminum  or kirksite,
sprayed metal or electroplated shells, and
filled epoxy. Although some of these con-
structions are relatively inexpensive when

Reinforced plastics

—_—TTT

Automated

By G.W. Ewald

Tape placement, or tape laying, of rein-
forced plastics/composites materials with
dulomated equipment hasg emerged as an
important fabrication technique to position
fibers during the manufacture of advanced
composites structyral products.

Fibers preimpregnated with thermoset
resins  and carefully collimated side-
by-side on a Paper backing create 3 thin

h\_\___h\_
G.W. Ewald is Vl(:eAPresndem-Marketing, Gcldswor(hy
Engmeerrng Inc., 23930 Magdison St , Torrance, CA 90505

crompved with orher larue-. B proddy
den toling i should be reriembered 1y
the I w viseosiny hguid that 14]5 the mold
will cuplate exacrly the surface of the
tool. Uonsequent)y when yood  surface
charasteristics and high tolerances are
reque *d, machined tooling has generaily
been  he chosen rode, particuiarly for
higher volume producticn runs. The ubil;.
Wt use less costly twoling methods for
prototy pe and for short ryns, however, re.
mains a4 significang advantage of the iy
procese

Materials

RIM wos developed as 4 processing teck-
nique for polyurethane and o date the
bulk of the usage has been with that mate-
rial. Fertunately, polyurethanes and re-
lated polymers are a tremendously diverse
group of materials with a range of proper-
ties to [l the needs of quite differen; ap-
plications

Polvicrethane rd structural foam. Ope
of the earliest applications for RIM, this
material s characieriged by lLight weight
and rigidity. It consisis of asolid skin and
a lower density celiular core. It is used in
equipment housings, furniture, building
tomponents, and 4 variety of industrial
and consumer applications,

Lov moduius elastomers are materials
that have found wide use 1n the automobile
industry for fascia, bumper covers, and
wim parts. Newey applications include
integral window seals and a wide variety
ol applications where it is replacing mold-
ed rubber. Most of these materials are not
bure  polyurethane, by polyurethane /
polyurea hybrids with improved process.-
ing and properties when compared with
the earlier all-urethane systems.

Theh modulus elastomers. Modifications
to the chemistry of producing the low
modulus elastomers atlgw for the process-
ing of tough  polymers with flexural
modulus as high as 250,000 p.s.i. These
are used in a variety of large industrial and
consumer parts.

Reinforced RIM elastomers. By the ad-
dition of fillers such as milled glass fiber,
glass flake, or mineral fillers, the proper-
ties of the material can be altered 1o meet

tape placement

f tape with the paper backing acting as a

carrier for ease of handling.

For machine dispensing, the tapes are
supplied typically in spooled 3-in, widths
of any desired length.

Equipment types
Although the earliest machines were de-
signed to lay tape only on flat surfaces,

to modern machines, Being designed to lay

’ their design in principle was quite similar

narrow (3-in.) tape, byt required to lay up

|
|

et wr he Thus rech.
nolog ased L erease
moduies, o e therma! properries. ane
duprove dimensiona siaby 'y

el

Iritepra by, Joars are Nexible urethan
TRy with o digh density skin Thev ar
wsed 1 Lnphcations, such

'\\rh(’("l‘S. AT resgy, \md
that must comhbine -
soft feel

Folyirea RIM. One of the leading
candidares for automotive body panels
al-polyurea systems have improved high
lemperature stability. These systems ape
also characterized by very fast reactivin
and rapid cycle times.

Polyacrviamate is a proprietary sysier
(Ashland Chemical’s Airmax) that s de.
signed for use with preforms or glass mag
Composites possess high flexural modulys
good impact resistance, and high temper..
ture stability. Sysiems with similar per-
formance from isocyanate-based polymers
are also being introduced by urethane sup-
pliers.

While currently RIM systems based o:
chemistry unrelated to polyurethanes ar
not in significant commercial production, 5
good deal of development work has taken

lace and future prospects are promising
?or several polymer systems.

Nylon  RiAL Commercialization A
olymers based on caprolactam is now
Eeing carried out by DSM. a Nether-
lands-based producer that purchased
Monsanto’s Nyrim technology. Nylon Riy
polymers offer high toughness and abra.
sion resistance and are under evaluatjop
for a variety of industrial and automotve
applications.

Polydz'cyclopenladz'ene Is a proprietan
thcrmosetting polymer developed by Her-
cules. PCPD offers high-impact resistance
and stiffness and is currently being used
for production of snowmobile components

ther polymers that have been evalua.
ed for RIM processing include epoxies,

ough surface ang

polyesters, phenolics, acrylics, and styrep. ]
ics. Although none of these is currently

commercial, work is continuing and the
polymer base of the RIM process is likely to
continue to expand, yielding new property
balances and Cost-property options.

wide parts, the function of the machine
was to place successive courses of tape
side-by-side until the proper  produst
width was achieved, Modern tape place-

ment machines perform the same basic

function.
Several machine motions

nomenclature of machine tools, e.g., a spar
mill, which many tape placement mg.
chines resemble. On 2 typical machine, the

tape dispensing head is mounted on a pon
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onch in wurn is mounted on a gantry car-

4 on ways straddling the machine bed or
ra in which tooling 1s placed. Five axes
sordinated motion are required for lay-

ne wvof contoured parts:

e = 1) X—the longitudinal movement of the
ng gmtry along the ways over the machine
rig )

i an
% Y—the transverse movement of the
¢ ¢ dispensing head across the bed.
Y Z--the vertical movement of the tape
trd
i C~~tape head rotation about its ver-
s centerhine.
. A—a “swarfing” motion of the tape
+1f used only for contour tape laying to
~antain perpendicularity of the tape lay-
4wn shoe 1o the tool surface.
¥ In a typical layup sequence, the tape
SO -1l dispenses tape for a specified distance
g the X-axis, stops and lifts using the
xis, turns 180 deg. using the C-axis,
«iexes over one tape width with the Y-
us, lowers and repeats the sequence mov-
. in the reverse direction.

$mgle- vs. two-stage machines

iwo types of machines are currently mar-
sied: 1) single-stage machines in which
¢ o of the tape cutting and tape laying are
wquentially performed in one machine,
- 4~ 1) a 1wo-stage machine consisting of
‘o separate machines-—a tape prepara-
' o0 machine, which cuts all the tape
i «urses for a complete part and stores
anse prepared courses in a tape reel cas-
uue, and a tape layer machine, which re-
ceaes the prepared cassette then performs
=y the function of tape laying. Both types

“machines use gantry systems for achiev-
¢ the necessary laydown motions.

The single-stage machine tape head, in
speration, 15 threaded with a spool of pre-
-reg material and thereafter must perform
£ ihe functions of tape laying: shear the
arung angle, lay a specified length of
‘pe. stop or slow 1o shear the ending angle
« that course, resume to the end of the
s urse, stop, raise its head, rotate, index
¢ tape width, lower and repeat the cycle

the reverse direction.

single-stage  machine  tape  heads,
wause their function depends on retain-
« the integrity of the tape backing paper

cuide the tape through the head, must
¢ the tape without cutting the backing
er. Also because the end of one course
nnot be separated from the start of the
“ext. elaborate mechanisms are employed

prevent trapping of the ends of courses.
b these reasons single-stage tape ma-

-res are quite complex and generally
ssversatile than two-stage machines.

The first stage of a two-stage machine
eewves the prepreg material, removes the
snginal tape backing paper, cuts the start-
=g angle of each course, measures the

urse lengih, cuts the ending angle, rein-
il the cut course onto a new backing
waper with i space hetween it and the next
rarse to prevent course trapping, and
wores the cut courses on a spoul Lo be later
rasferred 1o the second machine.

the 1ape preparation function, being
wparate from the laydown function, per-
=25 100% shear dependability, inspection

of the tape before reaching the laydown
machine, removal of all cutting scrap re-
sulting from differing starting and ending
angles of sequential courses, and greater
versatility in cutting, including the
capability of edge slitting and contouring,
important in laying compound curvatures.

Contour tape laying

All tape laying systems have the ability to
layup compound curvatures. The single-
stage systems use a machine software pro-
gram that predicts the gaps and overlaps
allowing the operator to examine, then re-
design, the ply orientation if gaps and
overlaps are excessive or shows that the
part cannot be made with constant-width
tape. The two-stage system, having the
slitting ability to edge-contour each course,

provides software that causes the tape
preparation machine to shape each course
to fit the tool contour.

Applications

Virtually all products employing automat-
ed tape placement techniques in their
manutacture are aircraft parts: horizontal
and vertical stabilizers, wing skins, flaps,
ailerons, or any other highly stressed air-
craft control surface where great strength,
stiffness, and light weight are required,
and especially where carbon composites
are used in the design. Because 40 to 60%
of the weight of aircraft of the near future
is expected to be advanced composites, au-
tomated tape placement techniques, as the
only alternative to hand layup, will
become increasingly important.

Closed mold processing

By Dave Clavadetscher

Closed die molding in the reinforced plas-
tics industry involves the use of two
matched dies: a male die (the core), and a
female die (the cavity). When closed and
filled with a reinforced plastic composite,
the matched die mold is subjected to heat
and pressure to cure the plastic.

Matched dies can be simple or complex
in shape. They can be made of aluminum,
plastic, rubber, steel, etc. Although the
lightweight material dies are less expen-
sive to make, they are not durable enough
1o withstand high-volume production;
therefore, hardened steel or other hard
metal dies prove more cconomical in the
long run and are used for most matched
die molding applications. These dies, when
designed for compression molding, should
incorporate machined surfaces for tele-
scoping pinchoffs as opposed o metal-
to-metal mashoff as is the custom in the
design of conventional injection molds.

Advantages of matched metal die mold-
ing include part-to-part uniformity and
the capability to produce detailed configur-
ations and finished surfaces on both sides
of a part.

There are four commonly used varia-
tions of the closed mold process: compres-
sion, injection, and transfer molding; and
stamping. Each is capable of handling a
variety of resin-reinforcement-filler for-
mulations, depending on the molding com-
pound and the size of the part being
molded.

Compression molding

Since compression molding is suited to
relatively high volume, and design of com-
plex shapes, low tooling costs are an ad-
vantage. Minimal fiber degradation occurs
in the molding process, so mechanical
properties remain high.

Although thermoplastics can be com-
pression molded, the process generally is
used with thermosetiing resins in the form
of wet molding of precombined composites,

Dave Clavadetscher is Vice President-Molding Compound
Div. Mgr, Premix Inc, P.O. Box 281, North Kingsville, OH
44068

such as bulk molding compound (BMC),
sheet molding compound (sMcC), thick
molding compound (TMC), and pelletized
molding compound (PMC). Heat and pres-
sure are applied after the mold has been
closed on the cold material. Temperatures
of applied heat range from 225 10 330° F,
and pressures vary from 100 to 2000 p.s.i.

Typical applications are grille opening
panels for passenger cars, truck hoods, ap-
pliance components, business machine
housings and components, and electrical
apparatus.

Injection molding

For injection molding, a plastic material is
forced from a low-temperature barrel into
the cavity of a matched die mold, held
closed by a clamping mechanism. Pressure
is used to force the heated material from
the first barrel through a sprue, or runner,
to the mold.

Both reinforced thermoplastic and ther-
mosel resins are injection molded. With
thermoplastics there is no material waste
because material left in the sprue, etc., can
be reused, whereas thermosets cannot.
With either type of compound, some fiber
degradation occurs in the injection process,
resulting in the loss of physical properties.
However, because of its capacity for high-
volume production, good surfaces, and de-
tailed shapes, injection is the {astest grow-
ing of all closed mold processing systems.
Applications are growing rapidly in the
automouve, appliance, electrical, and
cookware industries.

Transfer molding
Transfer molding is similar to both com-
pression and injection molding. Measured
charges of a thermoset molding compound
are placed in a heated pot and then forced
by plunger into a heated, closed mold
where the compound cures. As the mater-
ial is transferred into the mold, displaced
air is expelled through specially designed
vents as in injection molding. The matched
dies are not designed with telescoping
pinchoffs.

Transfer is faster than compression
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molding, because the material (o be moid-
ed is preheated. Also, the transfer pProcess
does not produce vertical flash lines.
Transf‘cr molding lends itself to smalf
intricate parts such as electrical brackeis,
pot handles, and hand-held tool housings.
Multiple cavities usually are involved

)

Stamping

Molding cycles of only 10 10 20 sec. make
stamping the fastest of closed mold
processing systems. Reinforced thermo-
plastics are first heated 10 Just ahove their
softening point, and then put int¢ an open
matched mold. This mold quickiy closes or
strikes the material, stops for about 6 10 15
sec. for cooling, then opens for part
removal and reloading.

Only one sirike and one die set are
necessary for stamping of reinforced ther-
moplastics, as compared o steel stamping
which requires several strikes in a number
of dies and presses.

Parts formed by stamping have high im-
pact resistance and strength. Typical ap-
plications are reinforeing components or
management systems for flexible thermo-
plastic passenger car [ascia. and fender
liners.

Resins and reinforcements

An almost unlimited number of resins can

be used in closed mold processing systems.
Thermoplastics, reinforced and non-

reinforced, which can be melted down

after molding and reused, and thermosets,

.

sevnte ved o and Geireintonoes o b L
dergo o chemical e w e Beaten o
cannc he remolded. e cgeabe for gy
variovs molding sy e,

The rmoplastivs most commonts used -
clude polypropylene, nyien, and therme-
plastic polyesiers., Polvpropyiene affords
good techanical . chemical. eleetric al, nd
therm -1 propertics. Nylon offers Righ fa-
ugue cesistance and hear deflection, and
thermoplastic polvesters are noted for then
sirength, good molded curfaces. 1s wol as
clectri 1!, mechanieal. dimensionai. and
thermul properties.

Unsaturated polvesters are the most
trequently used  thermosets They have
gond faechanical, electrical. and cherical
resistant properties, and superior dimen-
stonal stabilivy . In addivon, these resins
crosslink completely, creating no volatiles.
Other volume thermosets used in rein-
forced compostites include CPOXY Tesins,
which exhibit high chemical resistance;
phenolics, which demonstrate good elec-
trical properties; and silicones. which have
the highest resistance to heat. Silicones also
exhibit low water absorption, as well as

good weatherability, and  dielectric
properties.
The most common reinforcement s

glass, which is available as fibers, spheres,
or flakes. Other common reinforcements
used separately or combined include car-
bon, graphite, and synthetic fiber. Ap-
plications include door hinges, wheels, leafl
springs, etc.
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Lydon builds ovens. We offer standard or custom
designed units. Tell us your process, production re-
quirements, product type and size and plastics material
used. We'll design and build one that best fits that

application.

It will be priced right, perform properly, and prob-
ably still be around fifty years from now. We know! Many

BROTHERS
CORP.

85 Zabriskie Street, Hackensack, N.J. 07602 - (201) 343-4334

of ours are.

LYDON

¢ sintering PTFE

e resin drying

e pre-print treatment

e curing FRP

* rotational molding

¢ sheet forming

¢ curing molded
compounds

For details, request our
brand new brochure.
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Composites

Prctmionally, onn remnborred plastics
cmipesites have been used o dosed mold
procesng. These composites are formula-
tors i resins, fillers. reinforcements, el
And serve to make charging the moid
casier In addition. « omposites make possi-
bie the tailoring of mechanical properties
e meet special requiremenis. Materials
canbe combined or compounded in many
ways 1o form a composite. The 1wo basie
methads are wet melding and precombined
compasite systems.,

Wet molding composites

Wet malding comprsites  are  so-railed
because the resins and reinforcements are
combined at the press. If possible, the resin
is poured over the reinforcement before
being put into the mold. 1f this i imprac-
tical, the reinforcement must be placed di-
rectly into the mold and the resin distribut-
ed over it. The reinforcement remamns in
one position during the maolding process
while the resin flows (o encapsulate it
Machined and polished dies with telescop-
ing pinchoffs are necessary for this process
since they must contain the resin as well as
haold the reinforcement.

Wet molding compaosites generally are
used for medium o large parts of constan
thickness. Depending on the shape of the
intended part, however, either glass mat or
glass fiber preform reinforcements can be
used. Mat generally is used for simple,
shallow parts, or for deep ones with litle
or no compound curvatures. Preform rein.
forcement is necessary when part design
includes deep draws or considerable cop-
louring.

A preform is simply the building of
reinforcement into the exact shape of the
part to be molded. This can be ac
complished by direct fiber, plenum
chamber, or water slurry methods.

In all preform methods, a perforated,
sheet metal screen is made 1o duplicate the
end product. Reinforcement fibers are dis-
tributed over this screen and compacted by
means of air suction behind the screen.
When fibers reach the desired thickness.
they are spraved with a binder resin and
heated for a short period. This process
keeps the fibers in place during the mold-
ing operation, when resin is squeezed into
the preform.

Mat reinforcement involves cutting of

i patterns from rolls of compacted strand

fibers. Layers are added according 1o the
requirements of the finished product. Asin
preform, the resin is then poured over the
reinforcement prior to molding.

Precombined composites. In comparison
o wet molding, precombined composite
systems offer greater efficiency in produc-
ing reinforced plastic composites. The
ready-for-molding systems include Prem;-
Glas' BMC, sMm, TMC, and PMC.

BMC is the oldest of the precombined
molding systems. A high concentration of
fillers along with resin and short reinforce-
ment fibers are combined in a blade-type
mixer. This batch process produces a bulk
form composite which is weighed and
hand loaded into molding dies.

Advantages of BMC include its low
1—Registered trademark ot Prenix Inc




warrial cost and its ability to be molded
* detailed configurations such as bosses,
isets, or ribs. A drawback, however, is
," tgh fiber degradation which occurs
b d g the mixing process, resulting in
8 4 o mechanical properties.
. MO incorporates  resins, fillers, ca-
& v and release and thickening agents
wrticy S v roduce 4 composite  considerably
Tial SN o e and easier to handle than BMC.

nay * Mitis produced on a continuous process
hasie e by dropping chopped strand
Aned i e onw a layer of resin and filler sup-

s~ by a moving plastic film. A second
1 +of resin and filler-coated plastic is
g 2o pliced on top of the reinforcement

#lhe entire formulation passed through
i s 1o of rollers. The rollers impregnate
0 canforcement fibers throughout with
sin paste. The compesite, in sheet
.18 rolled up and allowed 0 mature
wi thicken for a few days. When it is
sy for molding, the plastic film coatings
vz aripped off and the dry compound
+ihedor rolled to form a mold charge.

10 15 produced in thicknesses of up 1o
+roand s ideal for compression molding
g fesuse its fibers flow with the resin, it is
i e for parts that require variations in
»ulthichness as well as molded-in ribs or

L weses Parts produced from $M also have

it S sy mechanical properties, since f{iber

BB -ahocan be varied from 1 in. 1o contin-

. »»wvsirand and/or combinations. Another

he 8 whitage 1s the minimal fiber degradation
’ ‘ “nng the continuous mixing process.

-

L 0 composite offers an improved
o wehad of werting-out polyester resins,
" B enoand gluss 1o form a three-dimen-

o B ol glass fiber distribution. Horizontal,
_ g wicd, and parallel glass patterns give
A 1 vesignificandy  improved properties
ot SMe which has a two-dimensional
v ostructure, and over BMC, which
B’ o glass degradation. Complete wet-
b . during his process also results in low
wroay of the composite, which means
*w rework on the end product.

Butis produced in thicknesses up to 2

nen cuillotine-cut and packaged into
e The composite is a good choice for
srpressien, anjection, and transfer mold-
@ espeaally for applications in the au-

mine appliance, and electrical fields,

Pelielized molding compounds

M employs similar raw materials 10 the
whet precombined  systems in 4 free-
towing Fs-in. pellet. These compounds can
e ormulated to meet general-purpose and
Underwriters Laboratories requirements
aud exhibit exceptional pigmen:ation. The
peiietized compounds are designed for au-
wanaue molding and are designed for low
amperage electrical enclosures, appliance
housings. and under-the-hood auto elec-
el applications,

Surtace finishes

hoad surface dppearances are important
@ the muiched die molding  process,
sspecially as reinforced plastics become
slofe common in - external product parts.
For this reason, meihods are  being
devcluped 1o counteract the effect of un-
stnrated polyester shrinkage during the

|

curing process. This shrinkage, of approx-
imately 8%, occurs perpendicular to the
reinforcing fibers, creating a fiber pattern
on the surface of the part. One way 10
mute the pattern is to add inert fillers,
reducing shrinkage to about 5%.

Addition of thermoplastic additives to
resin composites also will reduce surface
patterns. The process, however, results in
some loss of physical properties as com-
pared to wet mat molding.

Molded-in coatings
Molded-in surface coatings are another
way to improve the surface finish. The
compression press is opened about 0.040
in. near the end of the molding cycle 1o
allow for the injection of a surface coating.
The mold is quickly closed, causing the
coating 1o flow over the part surface and
cure. If the mold is not in perfect condi-
tion, however, any scratches or nicks will
show up on the part surface.

Another molded-in coating method in-
volves an all-solid powder which is

sprayed on the mold before it is charged.
The powder melts on the hot mold and
fuses into a film which is allowed to cure
partially so that it will not tear under the
pressure of the molding process.

Molded-in shielding

Because of the increase in electromagnetic
pollution, another growing concern for
molders is the ability of composites to in-
corporate shielding properties against elec-
tromagnetic interference (EMI). This in-
terference is in the form of stray radio air
waves and can interrupt the operation of a
business machine if its housing is molded
of an unshielded compound.

To effectively shield a product from
EMI, a metallic barrier must be inserted
between the (ransmitter of the stray EMI
and the receiver. This type of barrier has
been added (o glass fiber-reinforced plas-
tics by conductive coating, flame spray,
spray plating, and vacuum metallizing
methods. All' of these approaches have
proved 99% effective.

Continuous RP laminating

By A.B. Menzer

The continuous laminating of reinforced
plastics materials consists of impregnating
various reinforcements with resins on an
in-line conveyor. The resulting laminate is
cured and trimmed as it passes through the
various zones of the conveyor,

Materials. The most common resins
used in the process are polyesters made u
of various glycols and acids. Many addi-
tives are used (o improve performance of
the resin, such as UV stabilizer for better
weather resistance, fire-retardant halogen-
ated compounds, and fillers such as alumi-
num trihydrate, calcium carbonate, and
glass spheres. The typical reinforcing
material is glass fibers. with most ma.
chines chopping continuous rovings into
nominal 2-in. " lengths. Future  devel-
opments may include combinations of
other high-strength reinforcing materials
such as carbon fibers. Some product stll is
produced with glass mat or woven roving.
Surfacing veils also are used.

Process and equipment. Basic compo-
nents of a continuous Rp laminating line
are shown in Fig. 1, p. 312. The resin
usually is mixed in batches of from 5 to
over 500 gal. The resin mix is metered
onto a carrier {ilm or, in some cases, it is
metered onto a stainless steel bely,

‘The metering is usually controlled by a
doctor blade. Some processes can apply a
continuous gel coat. The first carrier film,
which ereates the panel’s surface, gener-
ally is polyester, cellophane, or nylon, and
can be smooth, embossed, or matte finish.

The glass free-falls into the resin mix
and is allowed to wet out, Mechanical
compactors can be used to accelerate the
wetout process. A second carrier film is
used to encapsulate the resin and glass
mix. The resuliing envelope is pulled

————
A.B. Menzer s President {retired) . Dyrotech industries Inc.,
subs Cranre Corp., 104 N. Chicago St , Jolet, L 60434,

through a set of squeeze rollers to elimi-
nate any entrapped air and to set the sheet
thickness.

Next, the laminate enters a heated cure
area. Inside this cure area, the sheet is
formed either by wood or metal shoes into
a desired configuration. If the sheet is to be
made flat, most machines use some sort of
tenter device to maintain even tension on
the film across the sheet.

When the laminate is fully cured and
leaves the area, the release film is stripped
from the sheet, and the sheet is trimmed (o
its final width by saws, slitters, or high-
pressure water jets. Then. the sheet is cut
1o its finished length.

Operating parameters. The majority of
machines produce material approximately
4 fu. wide, but some can produce material
as wide as 9 ft. Although some configura-
tons (or shapes) are over 5 in. deep, the
majority are less than 2 in. deep. Cor-
rugated, ribbed, and v-beam panels are the
most common shapes. Generally, sheets
are produced in thicknesses ranging from
0.04 10 0.18 in. Machine speeds vary wide-
ly but can be over 60 lineal ft./min. The
high-volume machines can consume 2 full
tank wagon of resin in a single 8-hr. shift.
Some of the larger producers have machin-
ery which uses over 20 million Ib. of resin
and over 5 million Ib. of glass per year.
The capital  requirements vary from
$250,000 to some machines on the draw-
ing boards at over $1 million. With the
modest cost of equipment and with labor
cost lypically at one-tenth of the raw
materials cost, this process is dependent on
the efficient use of materials.

Product and  performance. An out-
standing characteristic  of continuously
laminated products is light transmittance,
‘This can vary from over 95% transmission
to fully opaque. Products also are available
in a wide range of colors and decorative ef-
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Fig. 1 Continuous RP laminating line.

fects. These products typrcally are impact-
and chemical-resistant. Most meet the
requireinents of the USDA for use as wall
and ceiling liners in meat aad food
processing arcas. Due (o shipoing  and
handling limiations, configurated sheets
usually are available up to 40 1. in length
Flasbieers beciuse they wan e roiled fos

shppane, conbe purdhased ocer 1600 £ g
frrgis Remloreed plastic. products are
rotleBle e widels g Qe grees of
wechiepesanee but e prosdacers are
il meke encdoer with o oo

-» - -
Filament winding
3y C 1) Hermansen
Filamen winding is the provess of daying a
band of vesin-impregnated fibers onw 4
mandrel surlace in a precise geometric pat-
tern. ‘The pracess provides an elficient
method of producing cylindricails shaped
parts and has the potentjal for producing
the highest strength-to-weight ratio of any
of the composite manufacturing processes
because of the ability 1o place continuous
“fibers i the direction of the loads with
some iension. This allows the fibers to
share the loads evenly and thus permits the
material propertes to be tailored to the
specitic design,

Part configurations that are surfaces of
revolution are all gond candidates for
filament winding, but irregular or non-
axisymmetric parts do not lend themselves
10 this process as readily.

Wet filament vs. prepreg materiais

The wet filament winding process van be
extremely cost-effective since materials are
used in their Jeast expensive forms. Other
advantages include the long shell life of the
materials, no need for refrigeration, less
likelihood of voids. and minimization of
maierial waste.

The prepreg materials offer the advan-
tages ¢! laster winding speeds, less mess,
casier 1o work with and to clean up, less
resin content variation, less likelihood of
toxicity and lower resin content.

Filament windiny has the following ad-

C I Hermansen is Sales Manag

En-Tec Engineering
Technology Inc., 145 W. 2950 §
4115

>alt Lake City, UT
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seevice life in excess of 10 yr.

Among  formulations * availuble  are
products with low flame spread, Jow 1ox-
icity, and low smoke development (AN
E-§4).

Applications. The arginal buckbene of

this industry, industria ybzhiss sl is
major factor, particulariy when panels are
produced to match vonfigurations of me:
building roofs and/or sidewali panis,
Another Jarge use of Rrp pancls iy
greenhouse marke: The trunsportation
miarker tses the pavels for traek e oler

the

and centainer finers, and similariy. the
opaque panels  are  used  as  sanary
Usv-accepred wall Hiners in food process-
ing plants, animat confinement buildings.
wd fast fond kitchen areas. The panels
alwoare used widely as garage doors.
Future, Revolutionary  cure systems
suchoas electron beam and Ry initiation
will greatly increase productivity. A new
generatien of fire-retardant paneis is ai-
ready availabie which have passed the FA
Corner T'est tone of the most stringent fire
tests recognized by building code officials:

'

vantases Gver other methods of fabncation:
high tiber-strength retention, high degree
of automation, high production rate, high
reproducibiliiy, simple design and araly-
sis, shorter fead times, and lower tooling
costs. The problems that have deterred the
use of filament winding for fabrication of
structural parts have been selection of the
proper high-performance resin matrix,
control of resin content, void content, limi-
tations in structural design analysis, in-
process inspection methods, and external
surface finish. All of the deterring factors
can be minimized or eliminated by proper
application of currently available tech-
nology. Void content is not generally a
problem in lower performance applica-
tions like pipe and tubing nor in rocket
metor cases where burst strength is the
primary design criterion. In these applica-
tions the fiber strength is the dominant fac-
tor in ultimate part strength. The critical
defects for structural components include
void content, delaminations, debonds. and
wrinkles. All of these become very impaor-
tant when the resin properties govern the
ultimate strength of the parr.

Materials selection
Glass fiber is the most widely used rein-
forcing fiber, but aramid and graphite rov-
ings are becoming less costly and their
unique properties make them the best
choice in many applications. Boron and
various metal wires also are used in some
cases.

Resins include various thermoplastics,
epoxies, phenolics, polyurethanes, and

n

polvimides. The thermoplastics st.!}
soree of the process procedures and tooling
o be more tully developed in order o
make them cvailable for widespread use.

need

The  fiber/resin - selection process
requires studying the data on the material
properties as published by the suppliers
(and, possibly, from in-house testing) for
meeting all the design requirements. Sup-
pliers are constantly introducing new ma-
terials and these should be reviewed for
their application 1o the particular compos-
ite produect.

The primary functions of the resin are
to bind the fibers together and distribute
the load between fibers as well as protect
them against damage and from environ-
mental degradation. While the fibers are
the principal load carriers, the resin is the
key factor in determining the shear, trans-
verse tension, compression, and flexural
properties of the composite.

Mandrels and tooling

A wide range of materials have been used
for mandrels with steel being the most
common. In many applications the man-
drel can become an integral part of the
product, typical examples being stainless
steel or aluminum-lined compressed gas
containers and thermoplastic-lined liquid
containers.

Extractable mandrels include: steel both
solid and segemented, aluminum, plaster,
salts, PvA-bonded sand, air-filled biadders,
and various composites. Plaster is-probably
the most difficult to use of the molded ype
of mandrel. Proper selection of the man-
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Radial motion
Carriage “ \i

faw motion
{seldom required) —.

Monitor

Cross carriage motion
(seldom required)

Rotating
delivery eye

-

Mandre! shaft

Mandrel

Fiber band (roving)

\Wmding angle

\ Spindie

" Contro! panel

Fig. 1 Typical winding machine.

drel material and its surface preparation
will eliminate crooked parts and prevent
saizing of the part to the mandrel or
damage to the fiber as the mandrel is re-

moved. Composite mandrels are becoming
more popular because they are less expen-
sive, lighter, and have superior thermal
and fatigue properties.

TP e T, L el S

Inflatable mandrels are used to produce
smooth outer surfaces especially for air-
craft and airfoil shapes. Molding and hand
laying operations are being used more
frequently with filament winding to
further expand the potential of this
process. A combination of processes often
will be the best approach to fabricating a
particular product, especially as the size of
the part increases.

Machinery

Fig. 1 shows a typical winding machine
with the four most commonly used axes of
motion: spindle, carriage, radial motion,
and rotating eye. If there is a need, other
axes can be added such as the yaw axis or
cross carriage. Other possible uses of cur-
rently available extra axis capability are a
secondary carriage with or without radial
motion, or a robot arm.

Almost all cylindrical parts ranging
from Y4 in. to 30 ft. in diameter can be
produced. Part configurations that are
close to surfaces of revolution can some-
times be wound when some slippage can
be tolerated. Complex shapes require more
sophisticated machinery.

Applications

A wide variety of parts representing the
aerospace, military, commercial, and au-
tomotive markets are produced by filament
winding. These include storage tanks, fuel
drop tanks, leaf springs, fuselages, wind
turbine blades, helicopter blades, tubing
and pipe, and tool handles for mining and
power industries.

Open mold processing

EL Shreve

Open mold processing employs a single-
tavity mold and produces only one finished
surface which is determined by the surface
of the mold in contact with the matrix.

Mold design (usually female) places
limitations on radii and corner areas that
require extensive rolling out for elimina-
non of trapped air pockets. Part design
may have to be altered in the tooling stage
w insure quality, ease of proeduction, and
demolding.

General  categories of open  mold
processing are: 1) hand layup, 2) sprayup,
and 3}  reinforced  plastics-backed
{ngidized) vacuum forming, including en-
capsulation and potting.

Open mold tooling costs are relatively
ow  Plant facilities can be spartan, or
tomplex involving computers for tempera-
wre control and application/production
rates. Production can be the classic flow
pattern or a one-mold station where all of
the procedures are accomplished.

Demolding the part involves a mold
release that 1s most easily spray-applied,
although most wax releases are hand-
applied and rubbed out. Sometimes a com-
tination is used. Techniques must be prac-

£ . Shreve is Manager, Plastic & Resin Equipment Div.,
Biws Manufactunng Co. 9201 W Belmont Ave., Franklin
Fare L 60131

ticed to prevent sticking in the mold and
even damage to the mold or part.

For polyester, clear or pigmented sur-
facing resin (gel coat) is applied, usually
by spraying, to the mold surface prior to
layup/sprayup. Gel coat in contact with
the mold hardens, while the side away
from the mold stays tacky to bond with the
layup/sprayup. The gel coat (some items
may not be gel-coated but painted later)
reproduces the mold surface, adding sheen
and /or color while later becoming an inte-
gral part of the built-up matrix.

Wax releases can permeate surfaces and
affect paint adhesion. A barrier coat such
as polyvinyl alcohol isolates the matrix
from the waxed mold surtace yet affords
release and is easily removed (water solu-
ble) after demolding, leaving a wax-free
paintable surface.

Most open mold processing is polyester-
based, but activity is increasing in high-
density foamed urethane. Higher exo-
therm may require dedicated molds, but
tooling cost can be offset by faster cycle
rates. Processing (less gel-coat) is similar,
although chop length may be much
shorter.

Faster cycle rates and other economies
allow direct competition with polyesters
and certain physical properties may sug-
gest urethane as first choice.

Hand layup

This oldest and simplest method is best-
suited 0 low-to-medium volume and for
medium-to-large parts requiring high
strength.

Advantages include design and mold
flexibility, unlimited physical size, eco-
nomical design changes, and opportunity
for last-minute use of reinforcement bars,
blocks, and ribs. Rework of damaged
pieces or rejects is possible.

Disadvantages are the need for labor
with above-average RP knowledge, high
labor costs per unit, and the lowest
production rate.

In hand layup, the reinforcement is
manually fitted after the mold is wetted
with catalyzed resin, and it is then saturat-
ed with resin. This can be spray-applied
(wet out), as can the wet coat in the mold.
Layers of reinforcement and resin are
added to build the desired laminate thick-
ness. Inserts, balsa wood blocks, metal in-
serts, fasteners, and supports can be weld-
ed in place (generally covered completely
with  laminate). Squeegees, stipple
brushes, and finned rollers are used to
thoroughly wet the reinforcement, lay
down fiber ends, and remove trapped air
bubbles. It is then cured at room tempera-
ture {can be heat accelerated), then
demolded, trimmed, and drilled for sub-
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A single source
for all your

Plural Component
Application ne,eds

A. Air-assisted airless spray guns: (1) for
cultured rarble (2) for FRP spray-up.

B. Air-operated Formulator “X".

C. Hydraulic-operated Formulator " J"

D. Gelcoat/FRP spray-up outfit.

"Binks. We're the source you can turn
to for all your plural component
needs. Everything. From pumps for
resins and catalysts. . .choppers and
rollers for fiberglass. .. spray guns,
respirators, spray booths. . .to
compiete production line systems.

All backed by the most extensive
R&D program in the FRP field and
over 95 years experience in spray
applications of all kinds.

Send Today
for complete information and the
name of your local representative.

BINKS MANUFACTURING
COMPANY

Plastics & Resins Equipment
Division (PRED)

9201 West Belmont Avenue
Frankhin Park, IL 60131

(312) 671-3000

Poly-Craft Systems Division

3403 Pacific Avenue

Burbank, CA 91505

(800) 423-3694 or (213) 840-1387

BINKS

We have a system for you

FIOEAGLASS
FADRICATION
ASSOCIARON

Powies  VMEMBER

6021

CULTURED
MARBLE
INSTITUTE

Circle 338 for reader service

sequent assembly operatons

Lxamples are boat hulls, auvtomotive
components, pools, bath/shower items,
panels, housings, prototype parts, and
tooling for other RP items.

Revently developed machines can -
pregnate rolls of mat, fabric, or roving
with resin and catalyst Saturation of the
roll product 14 in a predetermined glass-
to-renforcement ratio. and the machine
posttions the correct length over the mold,
applies pressure, and institutes rolling
technigues producing a part almost au-

“tomatically. Produciion rates up 1o 20 1o

30 tt ‘min. are possible.

Sprayup
Spravup is best suited tw low-to-medium

i production, but has a greater production

rate (faster mold wurnover), more uniform
parts with skilled operators, and uses more
complex molds. Installaiions can be highly
mechanized, while portable equipment al-
lows in-field repair, on-site fabrication, or
product maintenance.
In this process,

reinforcement fibers

- {usually glass) are deposited simultaneous-

. ly in a mold by specialized spraying equip-

ment. Hand or automatic spray guns/dis-

i pensing devices, airless (hydraulic) or air

atomization, are in common use. A recent
| development, a marriage of both called air-

assisted, augments airless with external air
to shape and improve the pattern. This
utilizes the best features of both types, and
is rapidly becoming a standard. Each has
its particular advantages and choosing one
over the others can be a tradeoff. Glass
roving passes through a chopper, is
chopped Lo predetermined length, and is
projected to merge with an atomized resin-
catalyst stream. The stream precoats the
chop and both are deposited simultaneous-
ly on the mold surface. Special equipment
controls fluid volumes and pressures,
catalyst-to-resin ratio, glass volume, and
chop length. The deposited matrix is rolled
to remove air and lay down fiber ends.

Matrix deposition is dependent upon
operator skill. Multiple passes can build
up nearly any required thickness. Typical
glass fiber-reinforced (RP) uses are elec-
trical consoles, boat, aircraft, and automo-
tive components, helmets, and tanks.

The bulk of open mold products are RP,
but another grouping known as cultured
marble and cultured onyx are products
that are man-made simulations of natural
marble. Examples are bathroom vanity
tops, lavatories, bathtubs, tub-shower sur-
rounds, toilet bidets, and a host of match-
ing bathroom accessories.

These open mold products consist of a
polyester system, highly filled with
Inorganic particulates and pigments,
formed in a mold previously coated with a
clear gel coat. The gel coat enhances the
surface, while accenting the random stria-
tions and veining, to reproduce the beauty
of natural polished marble.

Resin supply is by pressure tank, piston
pump, siphon, or piped from a bulk tank
circulating system. Commonly the catalyst
supply system is a pressure vessel with an
in-line flow meter.

A new device referred to as a slave
pump is mechanically coupled with a resin
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- rotate movements can be combined with 3

TR T T AR 0% ST TSRS
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Cpmmpand supphies canalyse Percentage of
Ceacalvat s altered by selection of the appro-
| prute preet hole paterns Theoreuealh
' pereentage s preseledted, In pracice, how.
ever aovisual How meter is common
Anoadvance nooresin controi s oan
electromic ratio control system. A computer
constantly monttors flow,/rativ and dis-
plays data in digisal form. Stoichiomen
control 15 auternatic once  programmed

The unt s self-diagnostic and  visual

audible signals are energized if malfunc
uens allow rates in excess of tolerance
Fauls and locations are pinpointed and
displayed. Recorded values are useful
inventory, cost controls.

Special  automatic  units  (verticak
rotary-horizontal or universal articulaing
robais) greatly enhance quality and pro-
duction rates. Panels in various widihs

i

{made in endless lengths) or seamlew B

necked tanks, can all be made complereh §
by machine. Waist and shoulder piwve §
elbow exiension, and wrist pitch-yaw. §

traverse axis to provide a total of sever
axes. Products produced by robots inclus
snowmobile hoods and car fenders.

Custom automatic mechanical (non.
robot) package installations can include
conveyers, e¢xhaust and resin  suppi
sysiems, pumping stations, and a travers
ing carriage with spray gun and chopper
Controls allow automatic gel coat an¢
sprayup with automatic rollout. One such
unit has dial-in adjustment of glass-t-
resin ratio.

Vacuum bag
In this process, the layup/sprayup 1 §
covered with a film of polyvinyl acetarr ¥
polyethylene, or nylon. The film is seale
to the matrix at the edges and a vacuum i
drawn on the bag formed by the film. A:
maospheric pressure forces out entrappet
air, improves resin distribution, lays dowr.
fiber ends, and glazes the surface
Physicals are enhanced and surfaces awar-
from-mold are improved.

Pressure bag

A variation of the vacuum bag process
using positive pressure, can only be used
with a female mold. Tailored sheet {usu-
ally elastomer) is placed over the mairx.
and a pressure of about 500 p.s.i. is ap
plied above the membrane and maintainee
until  the matrix is cured. Void-fret
uniform physical characteristics, dense:
laminates, and molding-in of cores and in-
serts are advantages.

Autoclave

In the autoclave process (an extension o
vacuum/pressure bag process), the lam:
nate is prepared by the vacuum pressure
bag process and the entire bagged assem.
bly is placed in an autoclave. Pressures rur
from 50 to 100 p.s.i. at temperatures upic
500° F. The pressure permits greater rein.
forcement loading and densities than art
possible under ambient conditions.

Rigidized vacuum forming ]
This Process bridges the gap between |
layup/sprayup and closed mold methods

Limiting factors are size and type o |
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uct. Volumes range from low-medium
Vunits) to high (10,000 units).
inforced plastics-backed thermoform-
§ needs 4 single-cavity mold and room
R ®eperaiure curing of the matrix.
B An advaniage over gel-coated items s
Ukt ne surface quality is assured belore
¥ applicition of the backup matrix.

‘FT& this process, a  preformed  sheet

e, ABS. or PVC) s placed in a mold
t o he Lavup 'sprayup process bonds a
"had o matrix mtimately to the sheet,
wher takes the place of the surfacing
& e gel coat. A preselected pattern or
ween gives the part its eye appeal
S Mol characteristios are tailored before-
A Lol and thickness is controlled by sheet
wrkiess selection. Secondary or  sub-
Ut operations, except trimming, are
e dimuated.
E Prinaipal disadvantages are an addition-
4l nestment in vacuum forming equip-
wen and handling and storage of butky
frmed  sheets. Preformed  parts with
i defeits cannot be repaired as can gel-
£ myieid 1ems.

Malds form only the plastic sheet. The
shee-forming mold can be recycled im-
' mediately. A large production rate can re-
i wlr from a single mold, because a formed
, sheet 1s produced faster than the matrix
will cure. Uses include bath/shower enclo-
wres, vanities, contoured sink tops, and
mowmobile, dune bugegy, and boat
| fmponents.

3. Cold moid thermoforming
@ This process produces finished surfaces on

k"o sides but still is an open-mold process.
& The thermoformed sheet is placed in one
& wde of 2 cold matched mold. A preform

£ positioned in the mold forms one surface,
£ ¢ Lyup sprayup/impregnated mat is
apphied 15 the inside of the preformed
sheet. The sheet,/preform matrix cures in
the losed mold at room temperature.
Bonding of the matrix to sheet is a
themical process assisted by displacement
pressure inthe now closed mold.

Vanations allow cold molding of ma-
g o thermoforming, and curing in the
& e press with sequencing.

1l
E:

Encapsulation

Thin process uses an open mold, sometimes
wih multiples of single cavities staged for
production. It lends itself to low-cost, high-
wiume automation for the production or
ercapsulation of relatively small jtems. It
is used for posilion retention, vibration
dampening, security masking, and heat
snks for electrical components. Inserts of
anv campatible material, size, and shape
ae be encapsulated in almost  any
Quantity.

Lquipment can be hand-held or au-
wmatic equipment that senses the mold
presence, and - size-shape-volume char-
aeristics, and then dispenses the exact
mised quantity required.

Materials may require specialized com-
prunding o achieve desired flow patterns
or selt-leveling  characteristics.  Typical
thixotropic agents which are added include
milled glass fibers and glass, and various
sther short fibers. For reinforcement, the

fiber or filler is combined with the cat-
alyzed resin and dispensed (usually
poured) into the open mold cavity. Filiers
decrease shrinkage, cracking, and provide
heat sink characteristics to increase useful
temperature ranges. Cure usually 15 room
temperature.  This is an  advaniage.
because mold distortion is minimized and
the process is less expensive. Post-cure
above-ambient temperatures sometimes is
practiced.

Centrifugal casting

This process produces cylindrical items
that include tubes, pipe, containers, and
tanks

The centrifugal force results in sclf-
leveling of thie compeund against the mold
to produce uniform wall thicknesses and
good surface quality. The outside surface
duplicates the mold surface, while the in-
side surface is smoothed by the centrifugal
force. The force also compresses the ma-
trix, removes air voids, and improves lay-
down of fiber ends. External surfaces can
be gel-coated for eye appeal or color cod-
ing. Threads can be molded in or by in-
serts bonded in place in post-molding
operations. Bolt-flange adaptions are
another possibility.

Originally the process was a hand oper-
ation, but spraying is now almost univer-
sal. In sprayup, the prepared mold is
rapidly revolved. Chopped mat, directed
onto the inside wall surface, is retained by
centrifugal force. Conventional dispensing

cquipment apphies resin nude the mold on
op o de chopped stiand. Centrifugal
forec amsures that the resin will weep
trongic e the mold surface: Compressive
foree appied ovontrolled by the speed of
rotasion Clure s chemical aithough addi-
tonal heat somcnmes tsoapphed o lower
e viscascoy o the applicd vesin and -
prove side sarface, Matrix cure cas alse
be nastened by heat e the exterior of the
mold Gem Laeops radians heaters or di-
sected hot-air sources,

A variauon of  sprayup  dispenses
premixed resin onw the chop through a
low-pressure nozzle on the end of a lanee.
The lance is inserted into the mold and the
dispensing is done as the lance is with-
drawn at a controlled speed. Mold rotation
and the lance wravel are such as 1 describe
an overlapping helix inside the mold
Multiple passes will achieve desired thick-
ness of matrix.

The process can be reduced (o a one-
step operation by preparing the mold and
dispensing a premix compound onto the
rotating mold. A typical compound is rein-
forcement that has been wetted/saturated
with catalyzed resin, although a short fiber
and catalvzed resin in a slurry form also is
used.

Finished parts with surface defects
usually can he repaired by filling and
sanding. Exterior color coating can be ap-
plied by spraying, although colored matrix
can be used, or a coating can be applied to
the mold surface.

. By J.D. Martin

Pultrusion is a versatile composite process
for producing continuous cross-sectional
lincals. Reinforcing fibers are pulled
through a liquid resin bath then into a
long machined steel die where heat ini-
tiates an exothermic reaction polymerizing
the thermosetting resin matrix. The com-
posite profile emerges from the die as a
hot, constant cross-sectional profile that
coals sufficiently to be clamped and pulled
by the action of a pulling mechanism. The
process concludes when the product is
automatically cut to specified lengths.

Some of the properties achieved are a
high strength-to-weight ratio, electrical in-
sulation, corrosion resistance, and thermal
insulation. These properties make pul-
truded profiles ideal as ladders, cable
trays, gratings, thermal breaks, and win-
dow lineals.

Processing

Conventional pultrusion has three basic
elements: upstream material handling and
forming, the heated die, and downstream
product handling/tooling. The typical
process line has six sections to it: the rein-
forcement dispensing creels, reinforcement
forming and resin impregnation station,
heated die station, process controls, clamp-
ing,/pulling device, and automatic cutoff

J.0 Martin s President, Pultrusion Technology Inc.. 1670
Erteiprise Pkwy.. Twinsburg, OH 44087

Pultrusion and pulforming

5aW.

Over 90% of the products produced by
pultrusion are glass fiber-reinforced
polyester. As the market demands higher
service temperatures and better corrosion
resistance, pultruders use vinyl ester res-
ins. For higher mechanical properties,
especially flexural modulus at elevated
temperatures, carbon fiber-reinforced
cpoxy resins are selected.

There are two types of puliruded
products. The first is solid rod and bar
where axial reinforcement fibers are
utilized to provide high tensile strength
and modulus. The second is structural
profiles where a balance of axial and
multidirectional reinforcing fibers are
utilized 1o create a structural element.

In the first stage of pultrusion process-
ing, axial reinforcing fibers are dispensed
from the inside of a package on a book-
shelf-style creel. These creels utilize cer-
amic guide eyes 10 reduce abrasion of the
fibers. When no twist is desired, glass fiber
rovings or carbon fiber tows are pulled
from the outside of a package mounted on
a rotating spindle or a simple mandrel.
When a swructural profile is to be
produced, multidirectional reinforced fiber
mats or biaxial fabric materials are mount-
ed on a mat creel station and are dispensed
tangentially. Fine fiber mats for improved
surface, corrosion-resistant  veils, and
UV-resistant surfacing materials are also
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dispensed in this manner.

[t 1s important 1n the material handling
step that the fibers be organized and
oriented from the creel sections through to
the resin impregnation hath. For this rea-
son, the axial fibers are generally pulled
through the mat creel system where they
are organized on specific planes and pulled
along with the mat products to their initial
layered construction.

Resin impregnation/material forming
The reinforcing fibers then move into a
resin impregnation station. Here, resin
formulated with pigments, mold releases,
catalysts, and other additives is held in one
of three types of resin pans. The most
typical is a resin dip pan, a long metal
trough. From the horizontal plane estab-
lished in the creels, the reinforcing fibers
dip down into the resin bath through 4 se-
ries of breaker bars that separate the mat
and rovings, allowing each 1o be thorough-
ly impregnated. The wet fibers then move
out of the resin pan up onte the horizontal
plane and into a series of forming guides
that perform two functions: preshaping the
wet reinforcing fibers and stripping off
excess resin before the materials enter the
die.

A second system is called a straight-
through resin bath. Here the reinforcing
fibers enter the back of the resin bath
through a carding plate, generally made of
abrasion-resistant  materials such  as
UHMWPE, where slots for the mat and
holes for the axial fibers have been ma-
chined. The wetted materials exit through
a similar carding plate at the front of the
bath. The fibers then move through the
forming guides to the die. The advantage
of this bath is that the fibers are not
stressed when taken off of the horizontal
plane as with the dip technique. Materi-
al-induced stresses cause warping or bow-
ing in the finished profile.

The third type is the resin injection sys-
tem-—no resin bath is used. The reinforc-
ing fibers enter a forming collar at the
front of the die. Resin, under pressure, is
pumped into this collar and wets the fibers
just before they enter the die. The advan-
tage of this process is the elimination of a
long resin bath and the occasional spills as-
sociated with it. The disadvantage is that
the reinforcement does not get much expo-
sure to the resin. Also, in the case of filled
resins and thick parts the filler material
can be filtered out as it is pressured
through the compacted reinforcements.
The shape of the part and the resin/rein-
forcement formulation dictate the type of
impregnation system utilized.

Heated die station

Not all pultrusion machines come with a
heated die station. Yet it is important that
the heat going into the formulated resin be
controlled. Either strip heaters or cartridge
heaters are used to provide thermal heat-
ing of the die. Pultrusion dies are generally
36 10 60 in. in length. For epoxies, shorter
lengths are typically used because of the
adhesive-like characteristics of the resins.
Both single- and multi-zone heating sys-
tems are used. It is important in processing

feonirel the imaason cimperatnre of the
tesin, the focaton and hewght of the peak
exatherm, and “he rate ai whih heat o
taken away from he profide aher exe
therm

Toe low a temiprrature withm the die
“an result i anancompleie cure and there-
fore iess than the amicipated properties of
the profile. Too high « temperatare can re-
sult in a product exhibitme thermal crack-
mg due to uncontrolled exctherm.

In the production of large-diameter
glass fiber-reinforced sohd rod and bar,

- radio frequency preheadng s typically

used o augment thermal heal in the die
The radio frequency (Rf) preheater is

. placed before the steel die entrance and the

resin-impregnated {ibers pass through the
diciectric heating electrodes. The advan-
tage is that the mass is uniformly heated
throughout its cross section. This reduces
the amount of time that the material must
stay i the dic and results in an increase in
line speed. Another major advantage of RF
preheating is in allowing thick sections to
be manufactured without large thermal
stresses within the rod which result jn

. micro-cracking and associated reductions

i1 the electrical insulation, chemical resis-
tance, and structural integrity of the
product.

Clamping/pulling station

A clamping and pulling device is required
to pull the material from the die. There
are two types of pulling systems. One is
the cleated tractor-like belted puller.
Typically two of these belts are offset from
one another and the cured profile is fed
between the two belts. This puller system
1s inexpensive and a lot of pulling force can
be developed when required for large
parts. A disadvantage is that the cleats
must be shaped to receive the top or the
bottom section of the profile. This can
create a great deal of expense since there
must be up to 80 cleats each for each
profile being pultruded. Also it reduces the
possibility of pultruding two dissimilar
parts at one time. Large. thin-wall shapes
are also more difficult to produce since the
clamping pressure cannot be isolated from
the pulling pressure.

The second system is a more expensive
but more versatile type known as the re-
ciprocating clamp/puller system. Two
clamping and pulling mechanisms are
placed in tandem and alternatively clamp
and pull the profile on a continuous basis.
The clamping and pulling process is
synchronized through the use of pro-
grammable controllers to the extent that
the product never sees a pause in the pull-
ing motion or force. In each one of the
clamp units, a top and bottom pad, gener-
ally machined urethane, is positioned to
cradle the top or the bottom of the profile
being pulled. The changeover from one
part to another is achieved simply by
changing the two puller pads. Because
they are made from rigid urethane, they
have enough durability to pull on the hot
profile without disintegrating but also to
cushion the profile during clamping with-
out crushing the product. The pulling mo-
tion is generally achieved by a ballscrew

1
i

drove, hvaraulic eylinder. or o chain drive
Ihe amping action 15 preamatic o
Feodrauly

Cutoff station
As the product emerges from the pullers, it
maeves into the final station, the automauc
fying rutoff saw. Here the product tripsa
mechanica. limit switch or a light beam to
actuate pneumatic cylinders clamping the
part to the saw table. The saw 1able moves
throughout the duration of the cuting
sequence and returns to its home position
when the cat is completed.

Equipment
As the market has dictated tighter toler-
ances and higher properties, pultrusion
operations have been forced to respond
with machinery that provides tighter con-
trol over the clamping and pulling function
and the heating functions

Currently, machines are in use that can
produce profiles up to 60 in. in width and
up to 24 in. in height. There is no limita-
tion, however, to the size of a pultrusion
machine that can be built.

Materials

A wide variety of raw materials has been
developed specifically for the pultrusion
process. These include faster-processing
methyl methacryiate-based resins and the
introduction of single-stage epoxies thai
have processing characteristics like those
of polyesters.

New direct-draw glass fiber rovings
have better sizing chemistry to enable them
to process and wet out with superior char-
acteristics. These low-cost products can
now provide properties that were
previously available only in conventional
roving products. Biaxial nonwoven fabrics
are now available to provide increased
transverse strength and higher impac
properties than previously available from
woven fabrics.

Surfacing materials are likewise being
improved to make possible the processing
of lower-cost materials for corrosion resis-
tance and improved ultraviolet resistance.

Applications

The electrical market with glass fiber lad-
ders, third rail coverboard, transformer
spacer stick, hot-line maintenance tools,
and standoff insulators is the largest single
market for pultruded composites.

The chemical processing industry is the
second largest user for glass fiber sucker
rods, walkway gratings, stair and handrail
supports, and structural supports for a
wide variety of chemically resistant eni-
ronments. Additionally, a great deal of
pultruded material is used in the wate
and wastewater treatment area and in
scrubbers for air pollution control equip-
ment.

In the consumer recreation market, pul-
trusions are used for fishing rods, sailboat
battens, snowmobile track rods, tent poles,
CB radio antennas, and bows and arrows.

In the construction market, pultruded
composites are beginning to make penetra-
tion against wood, vinyl, and aluminum as
pultruded composites are now being
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wlized for window
Us,

I the aerospace and defense markets,
mid fibers, §-2 glass fibers, and carbon
wisoare  being  used  with high-
L formance resins like epoxies 1o provide
e o cprionally lightweight yer strong and
i act-resistant profiles.

and door framing

¢ Puliorming

i torming is a process that was developed
L W roduce profiles (hat do not have con-
|l ross-sectional shape, but have a con-
Wart cross-sectional area  ag any point
#hg the length of the profile.

"he materials are pulled from rein-
firement creels and impregnated with
wand in some cases combined with a
bult. molding compound charge. The ma-
werisi can be preheated using RF energy as
mthe pultrusion process,

Vothis point, 1he pracess technology
47 deor from the conventional pultrusion
g Poose Bevond the fibep impregnation
Pt ioa horizonial table on which ig
mei t=d 4 continuous ring of open female

By Spencer Kreiser

Resional molding is a plastics process for
producing hollow, seamless products of all
ers and shapes. Thig molding process is a
wpplement to the more conventional injec-
wonand  blow molding processes. Nor-
maly. thermoplasuc materials are rowa-
wrallh molded  but  the crosslinkable
pelethvlenes and some thermoset mate-
il have been growing rapidly in use in
T VEArs.

Betause the process does not involye
% njecton pressures, high shear rates,
Chredse metering of chemicals, the molds
@t machinery are relatively low-cost and
ng-lasting. '

Adsantages of the process include:

- Unlimited product design freedom.
Machinery cost ow relative to pro-
weton capabilivy,

3rComplex parts can be molded with-

' he need for parg assembly.

i Muliiple  products  and multiple
eoivis can be molded ar the same time.

¥ The variety of molds that is available
ey tooling costs lower than for most
processes

6 Parts are manufactured with very lit-
de siress because pressure is not required.

") Added strength in the corners and
sntform walls are inherent (o the process.

3 For impact and stiffness, parts can
have 4 muliilayer construction.

9 Can be geared up to high production
rans on selected parts,

10) Ease of color and material change.

HY Serap losses are minimal.

£ Duuble-walled jiems can
duced

5

be pro-

£ Kigiser g Markating Manager-Piastics Machinery
McNer Akeon In B E Crosier St Akron. OH

molds. As it operates, the table rotates like
a carousel pulling the wetted fibers
through the process. The second mold half
or in some cases a flexible steel belt is
closed or held against the bottom mold.
Since the mold and the belt are heated, the
material within the closed mold is pulled
and cured accepting the contoured mold
profile.

When a two-part mold is used it opens
at the completion of the cycle, moves 1o the
side. and s redirected to the front of the
machine to repeat the process. The fin-
ished, cured product continues jts path and
moves into a cutoff saw which is synchron-
ized to cut ar the end of cach part. To
produce curved puiformed parts, a heated
steel belt is used 10 close the mold, The
radius of the part determines the number
of molds utilized in this process. A curved
part made in this manner could be an ay-
tomotive leaf spring. Other products are
| ‘hammer handles and ax handles. The

process can also produce other curved
’ parts that do not incorporate undercuts in
I their design.

Rotational molding

Process

The basic process is simple. A powder or
liquid polymer is placed in a mold; the
mold is first heated while being rotated
about two perpendicular axes simulta-
neously. and then cooled, During the first
portion of the heating stage, when molding
powdered material, a porous skin s
formed on the mold surface. This gradu-
ally melts as the cycle progresses Lo form a
homogeneous layer of uniform thickness.
When molding a liquid material, it flows
and coats the mold surface until the gel
temperature of the resin is reached, at
which time all flow ceases. The mold is
then indexed into a cooling station where
forced air and/or water spray cool the
mold. 1t is then positioned in a wark zone
where the mold is opened, the finished
part removed, and the mold recharged for
the following cycle.

The most popular rotomolding system
uses a horizontal rotating unit commonly
called the carousel. This normally has
three arms on which molds are mounted,;
however. up 10 five arms have been used.
The arms can be indexed automatically
from station 1o station.

Various types of heating systems have
been used; however, the cleaner, lower-
vost, safer operation offered by hot air
systems has caused them to be most widely
adopted. The potential hazards and opera-
tional maintenance problems that general-
lv are associated with spraying molten salt
or il onto a rotating mold have virtually
climinated such types of equipment from
commercial use.

Cooling usually is the most ignored por-
tion of the entire cycle. Development work
has proved, however, that the utilization of
proper cooling cycle control helps to insure

|
|
|
|

!

|

more dimensionally stable parts and in
some cases improved physical properties.
Slow cooling of crystalline polymers is
preferred when minimum part distortion
and good low-temperature properties are
needed. In amorphous polymers, on the
other hand, the rate of cooling has little ef-
fect on physical properties since there is
basically no crystal growth to be con-
trolled.

Many attempts at automating the mold
opening and loading sequence have been
tried in past years; however, due 10 the
diversity of parts that can be molded
simultaneously on this equipment, such ef-
forts have proved basically unsuccessful.
Complete automation of mold filling and
unloading is feasible only on very high
production runs of the same part.

Machinery

Relatively simple one-arm rotocast ma-
chines with an oven and a cooling chamber
are available for laboratory an§ explora-
tory development. Small prototype parts
up to about 20 gal. in size can be produced
with this type of machine.

Most  production  rotational molding
operations use three-arm machines (see
Fig. 1) where one arm is always in each of
the three siwations: load-unload, oven, or
cooling. There are several different sizes of
this type of machine and tanks up to 5000
gal. can be produced every time the carou-
sel is rotated from one station to the next.

In recent years, several shuttle-type ro-
tational molding machines have been de-
signed and built 1o rotocast much larger
products. One of these machines is cur-
rently producing 22,500-gal. tanks. With
this type of machine, the mold and mate-
rial are mounted on a large shutie cant
that is sell-driven and moves on tracks
from the oven 10 the cooling chamber. One,
two, or three carts can be utilized indepen-
denty of each other with one oven and
cooling chamber.

Moids

In comparison with mjection and blow
molding equipment, rotational molds are
inexpensive. While a number of different
metals is used, cast aluminum molds are
the most practical for small 1o medium-

Cool station -

AN

™.

Oven station |

Load-unload station - ——

——

Fig. 1 Typical three-arm rotational
molding unit shown in Cross section.
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CWB MICROPROCESSOR
CONTROLLED TORQUE
RHEOMETER HELPS AVOID
COSTLY POLYMER
PROCESSING PROBLEMS,

New CW. Brabender Computerized Plasti-
Corder® tests the entire sFectrum of polymer
processing characteristics. it lets you duplicate
actual production conditions in the lab to reveal
potential problems on the line.

Fast and flexible, the Computerized Plasti-
Corder automatically evaluates all test data,
displays it on a screen, stores it and provides a
hard copy printout if desired,

Use it to determine, in advance, the precise
formulations for the best quality, economy and
production efficiency. Use 1t for thermoplastics,
thermosets, elastomers, textiles, ceramic inders,
etc. Simulate mixing, kneading, extruding, calender-
ing and molding.

For complete details on the new C.W, Brabender
Computerized Plasti-Corder, call or write:

c "y

<Wb C.w. Brabender

Circle 339 for reader service

sized parts e Ml 1

Cost varies wathy (he il ar ey
required for che ead produc A prattern
must be made for the fipg Caviny . which
greauly inercases the iriual cos: but sui-
Sequent cavities are noderately priced,
thus marked]. lowering the 1ol cost

Electroformed nickel molds bave the ad-
vantage of good surface reproduction with-
out the problems of mold porosivy often en-
countered in cast alumunum molds. b
electroformed: nickel moids cost more than
aluminum molds. Shee: meta) usually iy
used for protoiype molds and fos exiremely
large parts cas{ in single-cavity molds.

Experimenial molds for protetype paris
can be made from glass fiber-remnforeed
epoxies.  Because rorational  aven cure
lemperatures usually are quite high 500
to 800 F.), these molds wil] degrade in a
short time. They can be used for liqquid
thermosetting polyester and epoxy mate-
rials that cure at roor wmperature,

FENE

Applications

There is an cver-icercasing number of
products being rotationally molded every
vear Typical products are agricultural

\ ‘

Testing

By H.J. Bultman Jr.

The trend in testing is lowards use of the
computer. More and more, where possible,
signals from the test machine are trans-
ferred directly 10 a computer. These sig-
nals are processed automatically to give
specific information. This information can
be printed out or stored on a disk for fu-
ture recall.

"The computer is the data acquisition
system. ‘This method of data acquisition
with the proper programs can speed up
testing, reduce costs, and provide better
data presentation.

Test methods  still  cover sampling
procedures and  the apparatus  and
procedures used to determine the proper-
ties, composition, or performance that may
be specified. Standards referred to in the
United States are those prepared by the
American Society for Testing and Materi-
als. The group responsible for the Plastics
Test Methods is Committee D-20, which
is composed of producers, users, and
general-interest participants. Voluntary
consensus standards with regard to (est
methods are arrived at in this forum,

The form and style for an ASTM Stan-
dard is the responsibility of the group’s
board of directors. All standards carry a
statement addressing precision and bias;
this gives the user of the method an idea of
the nature of the sample to be prepared
and analyzed and information regarding
the nature of the data obtained by using
the method. Each method is reviewed for
reapproval every five years. All new and
revised ASTM Standards include metric
units.

—
H.J Bultman Jr. is Vice President, Custom Scientific
Instruments Inc,, 13 Wing Orive. Whippary, NJ 07981
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Sraversostorage and food tanks, auome g
tve dashooards; door Livers and zear sha
covers) andustrial chemoai slorage tam
4nd shipping contaimers. husiness and e
tdentizl urniture, planters. trash on 3
taners. v hirlpool tubs, and light glohes, B
recreanonal boats, canaes, camper |

playground equipment, water and refue
tanks for recreational vehicles and boats,
and fuel tanks for snowmobilee and me
torcyeles; toys, including  hobhy  horses
dolls, sandboxes, small swimming pools
and athletic  balls: advertising  display
signs, racks, and mannequins, Other A
plication areas for the method melude cor.
structien barriers, septic ranks, portals §
teilets, and shelters.

New process controls

Many rotational molding machines 4 i
now in operation with MiCroprocessor cv:. g
trols and programmable controllers, Vo B8
tous mold cycle data can now be stored, 1.
tricved, and put into operation in second
Automatic trouble shooting is now 4 le:
ture of microprocessor cantrols and pre B
grammable controllers  with  hujy.. B
failure alarms.

The world organization on tes; methody
is the International Organization for Stap-
dardization (ISO). Many ASTM St
dards are accepted by ISO as prepared.

In all testing, conditioning of the teg |
specimen is essential. The temperature |
and moisture content of plastics affers 4
physical and electrical properties. ASTV §
standards have been established 1o g
tomparable test results at different rime
and in different laboratories. For conds
tioning, the standard that is most refen
enced 1s D-618.

Mechanical properties
Tensile properties are an indication of (b ;
strength of a material in tension. The fonr
necessary to pull the specimen apart i de. §
termined, along with how much the mate. |
rial stretches before breaking. The 1eg4
procedure (ASTM D-638) is to prepare x ;
specimen, as specified in the standard b
injection molding or by machining from
compression molded plaques. Both endsd |
the specimen are firmly clamped in jawsd
a tensile machine. The jaws are mow
apart at rates of 0.2, 0.5, or 20 in.. min, |
pulling the sample from both ends. Stres
IS automatically plotted against siran
(elongation) on graph paper. )

Flexural propertics tests are specilied 3 §
ASTM D-790. The specimen is placed e
two supports and a load is applied in th J
center (three-point) or by two load poins
(four-point). The three-point loading i
designed for materials that break &
comparatively small deflections. The fogs ]
point loading is for materials tha underg]
large deflections during testing. The la]
i1s applied at a specified rate and the load
ing at failure is the flexural strength. They




Key to codes

1. Baslc resins*

Casting resins or compounds
Laminating resins or compounds
Molding or extrusion compounds
Organosols and plastisols

Powders (finely divided)

Solutions, emuisions, or dispersions
Blends, alloys, etc.

Primary material producer
Proprietary compounder
Distributor, jobber, sales agent, stc.

D09 oNovawn

*Including basic companents for multicomponent
reactive resins systems such as poiyurethanes,
epoxies, and potyesters; excluding hardeners,
catalysts, promoters.

Huels Corp., Piscataway, NJ (1) D
—see a? age 29

Montedison 885\ Inc., New York, NY (L4,8) P

Nuodex Inc., a Hiils Co., Piscataway, NJ (Hp
—see ad page 29

Phenolic

American Hoechst Corp., Specialty Products Group,
Wazxes, Resins, Polymers, Somerville, NJ (1,7 PD

Ametek Inc., Haveg Div., Wilmington, DE (1, 4P

Ashland Chemical Co., Div. Ashland Oil, Inc., Columbus,
OH(1,7) P

Atlas Minerals & Chemicals. Inc., Mertztown, PA M C

Ball Chemical Co., Glenshaw, PA (7) C

Borden Chemical, Div. Borden, Inc., Columbus, OH (1,3,
P

CdF Chimie North America, Inc., Larchmont, NY (HP
Ciba-Geigy Corp., Composite Materials, Fountain Valley,
CAQ(3)C
Dolph, John C., Co., Monmouth Junction, NJ (7) C
Durez Resins & Moldin Materials, Div. of Occiden-
;al Chemical Corp., No. Tonawanda, NY (1,2, 3, 4,
, Ty P

~see ad page 31
Fiberite Corp., Winona, MN @ C
—see ad pages 16B-16C
Fiber-Resin ., Burbank, CA (3, 8) C
George, P. D, Co., St. Louis, MO (1, 7) P
Georgia-Pacific, Atlants, GA (1, 2, 3467 P
Hexcel, Dublin, CA [K)R 4
Ironsides Resins, Div./Ironsides Co., Columbus, OH (1, 3,
,8) P
Lewcott Corp,, Worcester, MA (1, 3, ne
Maruzen Petrochemical Co., Ltd., New York, NY (1,7)
P

Owens Corning Fibergtas Corp., Toledo, OH (1) P
PMC Speciatties Group, Inc., Rocky River, OH (1. 2, 3,
4H P

Perma-Flex Mold Co., Columbus, OH “cC

Plaskon Electronic Materials, Inc., Toledo, OH (4) P

Plaskon Electronic Materials Inc., Los Angeles, CA (4)
C

Plaslok Corp., Buffalo, NY (4) C
Plastics Engineering Co., Sheboygan, WI (1, 3, 4,67
P

~see ad page 19

Reichhold Chemicals, Inc., White Plains, NY (1, 2,3, 4,
6P

Resinoid Engineering Corp., Skokie, IL (4) P

Rogers Corp., Rogers, CT (4) C

Rogers Corp., Rogers, CT (1, 4)

Soc-co Plastic Coating Co., Cucamonga, CA 65,7 C

Union Carbide Corp., Specialty Chemicals Div., Danbury,
CTL3, e

U.S. Polymeric, Div. Hitco, Santa Ana, CA 4 C

Valite, Div. Valentine Sugars, Inc., Lockport, LA (1, 4}

P
Werner Consultants Inc., Wallingford, CT (L4 D

Polyamide-imide
Advance Coatings Co., Westminster, MA 2nc
Amoco Chemicals Co., Chicago, IL (1, 4, P

Amoco Chemicals
Torlon®
Poly{amide-imide)
Toll-free (800) 621-4557

In linois and Canada (312)866-3414

770

.

Ciba-Geigy © vop iz o E
CA g

IFETT il L 4
¢ Materies e

NY 7
Hexcel. Dubuan < A . p
Hysoi Div. The Doxie -

Whitford Corp. West Chester "4

Polyaryl ether
Union Carbude Corp., Spectalty Poivine s & ¢ impesites
Div, Danbury, (T ! 4y p

Polyarylate !

Celanese Engineering Resins, Chatham, NT (3 4y p |

General Polymers Div.. Ashlang Chemical Co, Colun-
bus, CH (1) D

Union Carbide Corp,, Specialty Polvmers & Compasites
Div., Darbury, CT (1) P

Polyarylsulfone

RTP Co.. Winona, MN (4) C

Union Carbide Corp., Specialty Polymers & Composites
Div.. Danbury, CT P

Polybutadiene

Arco Chemical Co., Philadelphia, PA (7) P

Colorado Chemical Specialties, Inc., Golden, CO(1, 2, 3,
4.7 P

Conap, Inc.. Olcan, NY 2 C

Dolph, John C., Co., Monmouth Junction, NJ (2) C

Enterplast Inc., Kingwood, TX (1) D

Firestone Synthetic Rubber & Latex Co., Akron, OH (48}
P

Goodyear Tire & Rubber Co., Chemical Div., Akron, OH
e

Hauthaway, C. L., & Sons Corp., Lynn, MA (3, 7)C

Heller, H., & Co., Inc., White Plains, NY (1, 4, 8) D

Langtex Corp., Houston, TX (i) D

Muehistein, H., & Co. Inc., Greenwich, CT (1, 6, D

Prolastomer, Inc., Waterbury, CT (4, 8) C

Reichhold Chemicals, Inc., Emulsion Polymers Div.,
Dover, DE (1,7, 8) P

Santech Inc., Toronto, Ont., Canada (4,7,8) C

Synthetic Products Co., Synpro-Ware Dispersions, Cleve-
land, OH (7) C

TSE Industries, Clearwater, FL (4) P

Ube Industries, Ltd., New York, NY (1} P

¢ raeral flectric Co., Plastic: Operanons. ™y,
MAL L 6) P
-4 ad pages 39, 184, 44759

i
i
g Freperties Guide Insert, page 447
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Generai Polymers Div., Ashland Chemcal Co., e
bus, OH {1) D

Heller, H., & Co., Inc., White Plains, NY 1 4 44
—see ad page 59

Halland, M.. Co., Northbrook. |1 {i; I

Inter-America Marketing Systems, Ir:.. New Yo &

1D
LNP Corp., Malvern, PA # C
Langtex Corp., Houston, TX (1) D
Lovco Plastics Inc., Deerfield, IL (1. 4; D
Mimco, Montgomery, AL (I c
Mitech Corp., Willoughby, OH (4; ¢
Mobay Chemical Corp., Pittsburgh, PA (i, 4 6.4 p
Muehlstein, H., & Co. Inc.. Greenwich, (T (4, 8) p
Multiplastics, Wallingford, CT (4) ¢
Nylon Polymers, Inc., Fart Myers. FL(1} D
Permuthane, Peabody, MA (1 7; PC
Plastic Compounders of Mass., Inz., Haverhil, MA 1 «
8 C

Plastics Distributing Corp., Ayer. MA (1) D

Plastics Service Inc., Cos Cob, CT (4 D

Plexchem International Inc., Dix Hills, NY (11 D

Polyfil Inc., irvine. CA 4,8) C

Polymer Resources, Lid., Stamford, CT (1, 4) b
—see ad page 72

Prime

POLYMER
RESOURCES |
ENGINEERING

For RESINS -
Polymer Resources, it¢ |
I_ess! 1700 Bedford Street

Stamford, CT 06905 ;
TOLL FREE 1-800-243 $1 8}

RTP Co., Winona, MN 4) C

Rhe-Tech, Inc., Whitmore Lake, MI (1, 4,8) ¢

Sanncor Industries, Inc., Leominster, MA L3Ny

Shuman, Philip, & Sons, Inc., Depew, NY (Lo

Shuman Plastics, Inc., Depew, NY (1, 4) C
—see ad page 23

Polybutylene

Ampacet Corp., Mount Vernon, NY (7) ¢

Bostik Construction Products, Huntingdon Valley, PA (2)
C

Enterplast Inc., Kingwood, TX (1) D

Heisler Compounding Div., Container Corp. of America,
Wilmington, DE (8) C

Heller, H., & Co., Inc., White Plains, NY 1,48 D

Shell Chemical Co., Houston, TX (1, 4 p

Suppliers of Thermoplastic Raw Materiay

AR SHUMAN
AR 7/ASTICS

35 Neoga St., Depew (Buttaky, A m& i
Phone (716) 6852121 Telex: 9190
Cable: "Philsco” FAX: (71§ 585 0%

Dokss  * Houston o Migmi New Yok o Joy

Polycaprolactone

Conap, Inc., Olean, NY (2) C

Custom Chemicals Inc.,, Elmwood Park, NJ 2,7cC

Potyurethane Specialties Co., Inc., Lyndhurst, NJ 2,3,4)
P

Prolastomer, Inc., Waterbury, CT (4, 8) C

Polycarbonate

Advance Resins Corp., Chicopee, MA (4) D

Ashiey Polymers, Brooklyn, NY (4) D

Avin Exports, Inc., Houston, TX (1) D

Bamberger, Claude, Molding Compounds Corp., Carl-
stadt, NJ (1, 4) D

Borg-Warner Chemicals, Inc., Parkersburg, Wv Db

Bruck Plastics Co., Broadview, IL (1,4 CD

Cadiltac Plastic & Chemical Co., Birmingham, MI (1) Cb

Coz Div. Allied Products Corp,, Northbridge, MA (4, 8)
D

Custom Compounding Inc., Aston, PA (6) CD
Deer Polymer Corp., Holden, MA (1, 4) D
Delta Polymers Co., Fraser, M1 (4, 8) D
Dow Chemical Co., Midland, M] ()P

—see ad pages 53.58
Enterplast Inc., Kingwood, TX [UR]
Fine, L., Company, Inc., Peabody, MA (1, 4D
Fleet Plastics Corp., Haverhill, MA 4,8 D

For compiete addresses, see Alphabetical index

Standard Polymers Corp., Cresskill, NJ (1, 4) Cb

Thermofil, Inc., Brighton, Ml 4,8 C

Thor Enterprises, Fair Lawn, NJ (4) C

Triad Plastics, Inc., Paramus, NJ (1) D

Washington Penn Plastic Co., Washington, PA 2ok
Ccb

Wilson-Fiberfil International, Evansville, IN (4) €

Polyester, aromatic

Adhesive Products Corp., Bronx, NY (2) P

Dartco Manufacturing Inc., 2 Dart & Kraft Co.. Aups,
GA(l,4 P

Dartco Manufacturing Inc, a Dart & Kraf Co, Buow
field, NJ (1, 4) P

Furane Products Co., Isochem Operations, Lincoln, B ¢,
e

General Electric Co., Insulating Materials, Schencctay
NY() P

Heller, H., & Co., Inc., White Plains, NY (1,4 B D

Morton Thiokel, Inc., Morton Chemical Dm,
Chicago, IL (7) P
—see ad page 123

Nylon Polymers, Inc., Fort Myers, FL () D

Osborn, C.J,, Inc., Merchantville, NJ (7) P

Rohm and Haas Co., Philadelphia, PA (1, 8) P

Polyester, aromatic: Basic resins, alloys

Ruco Polymer Corp., Hicksville, NY (6) P

Sohio Chemicals & Industrial Products Co., Ekonal ha
ins, Sanborn, NY (1, 6, 8) P

20 LEXANY resin grades - see te SE *».Jqﬂ 1
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.~ Polyester, unsaturated

£7S Corp., Atlanta, GA (1) P

AMtron, Inc., Gilberts, IL (2, 3, 8) PC

Adhesive Products Corp., Bronx, NY (2) P

84-Tech Plastic Systems Corp, Charlotte, M1 (2, 3,7) C

Advance Coatings Co., Westminster, MA (2, 3, 4, 7, 8)
P

| Advance Resins Corp., Chicopee, MA (4) D

Atemi Plastics Inc., Eaton Rapids, M1 (2, 3) C

Alpha Corp., Alpha Resins Div,, Collierville, TN (1, 2, 3,
5.6 )P

ushland Chemical Co., Div. Ashland Qil, Inc., Columbus,
OH(1,2.3, H P

BASF Corp., Chem. Div., Parsippany, NJ (1) P
~see ad page 15

® i Chemical Co., Glenshaw, PA (1) P

Bean Fiber Glass, Inc., Jaffrey, NH (3) D

Rrton Plastics, Inc., Teterboro, NI (2, 3, 8) D

#udd Co., Plastics Div., Madison Heights, M1 (4) C

swns & Russel Co., FSR Specialty Chemicais Div,, Bal-

umore, MD (1, 2, 8) PC

iba-Geigy Corp., Plastics & Additives Div., Hawthorne,

NY L2 6) P

ook Pain: & Varnish Co., Kansas City, MO (1, 3,6, 7)
4

«osmic Plastics, Inc., San Fernando, CA (4, 6, §) C
Joiph, John C., Co.,, Monmouth Junction, NJ (2) C

Durez Resins & Molding Materials, Div. of Occiden-

tal Chemical Corp., No. Tonawanda, NY (4) C
—see ad page 31

Oynaloy Inc., E. Hanover, NJ (7) C

Lutman Chemical Products, Inc, Sub. Eastman
Kodak Co., Kingsport, TN (1) P
—4ee ad pages 33-36

trskine-Johns Co., Los Angeles, CA (2, 3) D

“eo Corp., Coatings Div., Cleveland, OH (6, 7) P

Fiberite Corp., Winona, MN (4) C
—see ad pages 16B-16C

reeman Chemical Corp., Sub. of H. H. Robertson Co.,
Port Washington, Wi (1,2,3,4.7,8) P

(A Chemical, Stamford, CT (1) D

treneral Electric Co., Insulating Materials, Schenectady,
NY (L, 2,4 ) P

weorge, P. D, Co., St. Louis, MO {2, 3. 4,5) P

Glastic Co., Cleveland, OH (3. 4) C

Haysiie Reinforced Plastics, Erie, PA (4) C

Heller, H., & Ca., Inc., White Plains, NY (1, 2, 6,8) D

IC] Americas Inc., Wilmington, DE (3, 6, 7) P
~see ad pages 91-100

interplastic Corp., Commercial Resins Div., Minneapol:s,
MN (23,46 P

iet Moulding Compounds Ltd., Ajax, Ont., Canada (4) C

wing Fiberglass, Arlington, WA (3) D

happers Co., Pittsburgh, PA(1,2,3,7) P

NP Corp., Malvern, PA (4) C

Loveo Plastics Inc.. Deerfield, IL (1. 4) D

MAB industries, Stratford, CT (4) D

\vion Polymers, Iric., Fort Myers, FL (1) D

vwens Corning Fiberglas Corp., Toledo, OH (1, 3, 4. 5, 6,
TH P

£PG Industries, Inc., Resin Products, C&R Div., Pitts-
burgh, PA (1.2,3,4.8) P

Perma-Flex Mold Co., Columbus, OH (4) C

Flastic Compounders of Mass.., Inc.. Haverhill, MA (1, 4,
4 C

Plastics Engineering Co.. Sheboygan, W1 (4) P
—see ad page 19

Fiexchem International inc., Dix Hills, NY (1) D

Polymer Engincering Inc., Wolcott, IN (4) C

Poiyproducts Corp., Roseville, MI (2, 3) CD

Premix, Inc.. N. Kingsville, OH (3, 4) C

Rewchhold Chemicals, Inc., White Plains, NY (1, 2. 3, 4.
P

Siear Div., Engineered Matenals Co., Standard Oil,
Hawthorne, CA (1,2, ) P

Soho Chemical Co., Cleveland, OH (1, 2, 3, 4) P

Thaico, Uniglass Industries, Div. United Merchants &
Mirs., Inc., Los Angeles, CA(1,2,3,7) D

Trermoset Plastics, [nc., Indianapalis, IN (1, 2) C

LSS Chemicals, Polyesters, Linden, NJ (2, 3, 4) P
—see ad page 49

USS Chemicals, Div. of U.S. Steel Corp., Pitisburgh,

PA(L, 2, ) P

—see ad page 79

Polyester, thermoplastic, copolymer

Adhesive Products Corp., Bronx, NY (2) P

Advance Coatings Co., Westminster, MA (1,2, 3,4,7.8)
P

Eastman Chemical Products, Inc., Sub. Eastman
Kodak Co., Kingsport, TN (1, 4) P
—see ad pages 33.36

Emser Industries. Sumter, SC (1, 6) P

GCA Chemical, Stamford, CT (1) D

Goodyear Tire & Rubber Co., Chemical Div., Akron, OH
L7185 P

Heller. H., & Co., Inc., White Plains, NY (1. 4, 6, 8) D

Huels Corp., Piscataway, NJ (1, 6) D

LNP Corp.. Malvern, PA (4) C

Miles, A. L., Co., Houston, TX (2,3) D

\ylon Polymers, Inc.. Fort Myers, FL (1) D

Plexchem International Inc., Dix Hills, NY (1) D

Polyfil Inc., Irvine, CA (4,8) C

Ruco Polymer Corp., Hicksville, NY (6) P

Triad Plastics, Inc., Paramus, NJ (1) D

Washington Penn Plastic Co., Washington, PA (2, 3, 4, 8)
(o]

Polyester, thermoplastic, PBT

Adell Plastics, Inc., Baitimore, MD (4) C

BASF Corp., Engineering Plastics, Bridgeport, NJ (1)
P

—see ad page 15
Bruck Plastics Co., Broadview, 1L (1, 4) D
Cadillac Plastic & Chemical Co., Birmingham, M1 (1) D
Celanese Engineering Resins, Chatham, NJ (1, 4) P
Coz Div. Allied Products Corp., Northbridge, MA (4) D
Custom Compounding Inc., Aston, PA (6) CD
Deer Polymer Corp., Holden, MA (1, 4) D
Delta Polymers Co., Fraser, Ml (4, 8) D
Fluorocarbon Co., Tribol Div., Anaheim, CA (8) PC
GAF Corp.,, Wayne, NJ (1,4, 8) P
General Electric Co., Plastics Operations, Pittsfield,
MA(1,4,6,8) P
—see ad pages 44, 184, 447-510, 12, 28, 48

23 VALOX® resin grades—see the GE 64-page
Properties Guide Insert, page 447
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D

General Polymers Div., Ashland Chemical Co., Colum-
bus, OH (1) D

Heller, H., & Co., Inc., White Plains, NY (1, 4,6,8) D

Huels Corp., Piscataway, NJ (1, 2, 4) D

Hysol Div., The Dexter Corp., Seabrook, NH (4) P

Jet Moulding Compounds Ltd., Ajax, Ont., Canada (4) C

LNP Corp., Malvern, PA (4) C

M. A. Industries Inc., Polymer Div., Peachiree City,
GA@, 8 C
—see ad page 43

Montedison USA Inc., New York, NY (1, 2, 3,4, 8) P

Muehistein, H., & Co. Inc., Greenwich, CT (1, 4) D

Nuodex Inc., a Hiils Co., Piscataway, NJ (1, 4, 8) P

Nylon Polymers, Inc., Fort Myers, FL (1) D

Plastic Compounders of Mass., Inc., Haverhill, MA (1, 4,
8) C

Polyfil Inc., Irvine, CA (4, 8) C

Polymer Resources, Ltd., Stamford, CT (1, 4) D

—see ad page 72
Pri POLYMER
RESOURCES
me @ ENGINEERING
For RESINS
Polymer Flesources, Ltd.
less! 1700 Bedtord Street
Stamford, CT 06905
TOLL FREE 1-800-243-5176

RTP Co., Winona, MN (4) C
Shuman, Philip, & Sons, Inc, Depew, NY (4} D
Shuman Plastics, Inc., Depew, NY (4) D
—see ad page 23
Thermofil, Inc., Brighton, Ml (4, 8) C
Thor Enterprises, Fair Lawn, N} (4) €
Wellman, Inc, Plastics Div., Johnscnville, SC (1, 4, 8) P
Wilson-Fiberfil International, Evansville, IN (4) €

Polyester, thermoplastic, PET
Allied Corp., Plastics & Performance Materials Div.,
Morristown, NJ (1, 4, 8) P
—see ad page 174
Deer Polymer Corp., Holden, MA (1, 4) D
Du Pont de Nemours, E. 1., & Co., Wilmington, DE (1, 4)
| 4

Eastman Chemical Products, Inc., Sub. Eastman
Kodak Co., Kingsport, TN (1, 4) P
~~see ad pages 33-36

General Polymers Div., Ashland Chemical Co., Colum-
bus, OH (1) D

Goodyear Tire & Rubber Co., Chemical Div., Akron, OH
(1,2,4) P

Hafner Industries Inc., New Haven CT (8) C

Hellgr, H., & Co., Inc., White Plains, NY (1, 4, 6, §)

—see ad page 59
Jet Moulding Compounds Ltd., Ajax, Ont., Canada (4) C
Lovco Plastics Inc., Deerfield, IL (1, 4) D
M. A. Industries Inc., Polymer Div., Peachtree City,
GA (4. 8) C -
—see ad page 43
Mobay Chemical Corp., Pittsburgh, PA (1, 4, 8) P

i AR .MM&W

Morton Thiokol, Isc., Morton Chemical Div.,
Chicago, IL(TY P
—see ad page 123
Muehistein, H., & Co. Inc., Greenwich, CT (1, 4) D
Nylon Polymers, Inc., Fort Myers, FL (1) D
Plastics Distributing Corp., Ayer, MA (1) D
Pro-Alloy, Inc., Los Angeles, CA (1) D
RTP Co., Winona, MN (4) C
Thermofil, Inc., Brighton, MI (4, 8) C
Thor Enterprises, Fair Lawn, NJ (4) C
Wellman, Inc., Plastics Div., Johnsonville, SC (1, 4, 8) P
Wilson-Fiberfil International, Evansville, IN (4) C

Polyester gel coat

Ad-Tech Plastic Systems Corp, Charlotte, M1 C

Advance Coatings Co., Westminster, MA (3. T) P

American Colors Inc., Sandusky, OH P

American Hoechst Corp., Specialty Products Group,
Waxes, Resins, Polymers, Somerville, NJ

Cook Paint & Varnish Co., Kansas City, MO P

Ferro Corp., Coatings Div., Cleveland, OH (4) P

Freeman Chemical Corp., Sub. of H. H. Robertson Co.,
Port Washington, Wi P

Glascoat Inc., Miami, FL D

Glidden Coatings & Resins, Cleveland, OH P

Idaho Chemical Industries, Boise, ID D

Interplastic Corp., Commercial Resins Div., Minneapolis,
MNP

King Fiberglass, Arlington, WA P

Owens Corning Fiberglas Corp., Toledo, OH P

PPG Industries, Inc., Resin Products, C&R Div., Pitts-
burgh, PA P

Plasticolors, Inc., Ashtabula, OH C

Ram Chemicals, Gardena, CA C

Thalco, Uniglass Industries, Div. United Merchants &
Mfes., Inc., Los Angeles, CA D

Polyetheretherketone (PEEK)

International Polymer Corp., Houston, TX (4, 8) C

LNP Corp., Malvern, PA (4) C

Polyfil Inc., Irvine, CA (4, 8) C

RTP Co., Winona, MN (4) C

Shamban, W. 8., & Co., Santa Monica, CA (8) C

Tetrafluor, Inc., El Segundo, CA (4) C

Union Carbide Corp., Specialty Polymers & Composites
Div., Danbury, CT (1) P

Wilson-Fiberfil International, Evansville, IN (4) €

Polyetherimide
General Electric Co., Plastics Operations, Pittsfield,
MA() P
—see ad pages 101, 184, 447-510, 102
LNP Corp., &. vern, PA (4) C
RTP Co., Winona, MN (4) C .
Shamban, W. 5., & Co., Santa Monica, CA (8) C
Thermofil, Inc., Brighton, M! (4) C
Wilson-Fiberfil [nternational, Evansville, IN (4) C

Polyethersuifone

Fluorocarbon Co., Tribol Div., Anaheim, CA (4, 8) PC

ICI Americas Inc., Wilmington, DE (1, 4, 6) P
—see ad pages 91-100

LNP Corp., glalvem, PA (4) C

Polyfil Inc., Irvine, CA (4, 8) C

RTP Co., Winona, MN (4) C

Shamban, W. S., & Co., Santa Monica, CA (8) C

Thermofil, Inc., Brighton, MI (4) C

Washington Penn Plastic Co.. Washington, PA (2, 3, 4, 8)
CD

Whitford Corp., West Chester, PA (7) C
Wilson-Fiberfil International, Evansville, IN (4) C

Polyethylene, chlorinated

Advance Resins Corp., Chicopee, MA (4) D

Dow Chemical Co., Midland, MI (1, 4) P

Eastman Chemical Products, Inc., Sub. Eastman
Kodak Co., Kingsport, TN (7) P
—see ad pa es§3-36

Enterplast Inc., Kingwood, TX (1) D

Fleet Plastics Corp., Haverhill, MA (4, 8) D

Gelman, Herman A., Co., Brooklyn, NY (2, 3. 4, 5,6, 7,
8) D

Harwick Chemical Corp., Akron, OH (1) D

Heller, H., & Co., Inc., White Plains, NY (1,4, 8) D

Muehlstein, H., & Co. Inc., Greenwich, CT (4) D

Plastics Service Inc., Cos Cob, CT (1) D

Plexchem International Inc., Dix Hills, NY (1) D

Santech Inc., Toronto, Ont., Canada (4, 8) C

Teknor Apex Co., Pawtucket, RI (4, 8) C

Washington Penn Plastic Co., Washington, PA (1,2, 3, 4
7,8) PC

v

Polyethylene, crosslinked
(see Crosslinked thermoplastics, p.777)
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