B Foamed plastics, sometimes
called expanded, cellular or
sponge plastics, are a group of
low density (although some of
the newer so-called “structural
foams” are relatively high in den-
sity), high quality materials
which can be engineered to meet
specific end requirements of den-
sity, cell size, ete. Most thermo-
plastic or thermosetting resins
can be expanded in volume to
create such cellular structures
(which resemble fine honeycombs
or masses of tiny hollow spheres
fused together).

Foaming can be accomplished
by many processes, the most basic
being 1) mechanical frothing, 2)
dissolving a gas or a low-boiling-
point liquid in the resin and 3)
incorporating a foaming or blow-
ing agent which will release an
inert gas in the resin when the
temperature is increased. Combi-
nations or modifications of these
methods are constantly being
tried with a view toward obtain-
ing still better materials more
economically. The article on
foaming agents, which begins on
p. 370, provides an up-to-date
look at some of the newer meth-
ods being used.

New developments

Progress, however, has been
recorded not only with foaming
agents but with the foams them-
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sclves. Based on the past year’s
activities, here is a brief run-
down on some of the newer de-
velopments:

® Urethane foam, when im-
pregnated with resins or other
fluid reinforcing agents, can be
used as a carrier in making RP
panels or similar laminates. The
flexible foam can be compressed
so as to almost disappear between
layers of a laminate. It can also
be compressed tightly in some
areas of the form and allowed to
maintain its thickness to fill and
reinforce ribs and other voids.

® A syntactic foem made of
hollow glass
resin is being
mergence v

© deep. sub-
iplications.

The foam prevlow w buoyaney
material in the 465 {6 075 g./cm.?
density range gL of with-

standing the 10 779 pa iwvdrostatic

i for such uses.

©® Expansio: olding of PE
provides major ionereies in ma-
chinery and m- i oo and pives
a five-fold inci-wse in production

rate compared to injection mold-
ing. The foaming agent furnishes
the pressure to fill the mold,
yielding products with densities
varying from 0.2 to 0.92 g./cm.f?
Heels, soles, corks, carrying cases,
ete,, are among the diverse prod-
ucts now in production.

® Speed-up in urethane foam
production lines is pointing the

~vheres and epoxy.

IcS

way to economies and larger-
scale use of the foam. A refriger-
ator manufacturer has automated
molded slab production. A con-
struction firm applies a layer of
foam to metal panels by a con-
tinuous spray process. Building
panels consisting of urethane foam
between flexible skin facings are
made in continuous sandwiches
and cut to desired sizes.

® A crosslinked acrylic foam
features high thermal insulation
value, ease of cutting and form-
ing and a working temperature of
150° C. for a 0.0033 specific gravity
material, higher than that for ure-
thane or styrene foam. A prepoly-
mer of acrylonitriles, acrylamide
and acrylic acid is irradiated,
placed in a mold and heated to
expand it up to 40 times its origi-
nal volume.

® Polypropylene cellular mono-
filament and solid film are begin-
ning to compete with sisal as a
raw material for baler and tying
twines. A new polypropylene foam
(Minicel-PPF, Haveg Industries)
also has been introduced. A mi-
nute closed cell structure gives
the foam rigid, non-friable and
abrasion resistant characteristics.
Various degrees of flexibility and
resiliency can be introduced by
adding selected modifiers without
changing the cell structure.
Foam sheets can be thermo-
formed. )
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On a more current basis, the
following scetion {rcats with the
chemistry, properties, methods of

processing and applications of the
leading families of cellular plas-
tics. For a more direct compari-

son of,the physical characteristics
of the various foams, sec the
Foamed Plastics Chart, page 250,
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BY C.E. LEYES*, R. E. WEBER” and R. E. JONES”~

The wide range of chemical and
physical propertics of urethane
foams makes these strong, light-
weight plastics  suitable for a
wide varicty of applications.
Urethane foams are cellular
plastics formed by an isocyanate
and a polyol reacted in the pres-
ence of catalysts, cell control
agents and blowing agents, By
varying the ratio of raw materials
or the foaming conditions, a broad
spectrum of end properties may be
produced. The foam may be form-
ed inside a mold or cavity, sprayed
on almost any surface or allowed
to rise [reely into a loaf-shaped
mass. Almost as soon as the raw
materials are blended together
the foam begins to rise. Within
minutes, volume increases from
30 to 70 times for low density
foams and the cellular structure
solidifies to permanent form.
The most important of the
foams’ properties that can be var-
ied by adjusting raw materials
are flexibility, resiliency and load
bearing ability. The range extends
from soft, flexible foams used in
pillows to rigid foams used for
load-bearing supports. Density
ranges {rom one to about 70 lb./
cu. foot. Characteristics of low
density urethane foams may in-
clude . buoyancy, thermal and
acoustical insulation, shock and
vibration. absorption, durability
and chemical resistance. As dene

sity increases many foam charac-

teristics change. In addition, ure-
thane foams can be tailored spe-
cifically to be self extinguishing,
non-burning or to maximize other
key properties.

Formulating foams

Polyols: Polyols are influential
in determining the degree of flex-
ibility or rigidity of a urethane
foam. Moderately high molecular
weight polyols with a relatively

*Napeo Chemical Co., Plastics Div., North
Arlington, N.1

URETHANE FOAM

low degree of branching produce
flexible foams. Their low cross-
linking density permits an open
cell structure and the molecular
weight between  each  crosslink
contributes to flexibility.

Lower molecular weight polyols
with a high degirce of branching
produce rigid foams, High cross-

linking "density creates a closed

cell structure and cells tend to
be small.
The most wid-ty used polyols

are polyeth‘ors ol Badroxyl ter
minated polyeste [+ - -id foams,
polyethers are i+ cred (o1 pro-
ducing desired 1 .portics at lower
cost. Propylene v debvicts of
sorbitol, sucrose. i uvings, penta-
erythritol and 1 bl glucoeside
are among the poivethers used in
rigid foams. Sele ticn of the poly<
ol depends upon ' ioesily, egulve

alent weight and huvdrowyl nume-
ber. Polyethers with hydroxyl
numbers in the 330 to 600 range
are used quite generally and
polyols are frequently blended to
obtain specific types of rigid foam
properties,

The majority of flexible foarns

are also bhased on polyethers. .

Foams based on polyesters are
used primarily in foam-backed
and laminated fabrics and in
packaging. Polyethers for flexible
foams are based generally on
condensates of polyhydrie alcow
hols such as propyvlene glyecol and
glycerin. Ethylene oxide is fre-
quently added to provide fermi-
nal primary hydroxyl groups for
increased reactivity.

A recent development in rigid
foams is the usc of starch-baged
polyols. Low ir oot they are
capable of produ i tams with
high functions! jproperties and
are being evahiied for various
formulations.

Isocyanates: 1o ‘o a polye
meric structure, 0 vals are re-
acted with isocy.seior The hy-
droxyl groups of i polvel and

the terminal NCO groups of the
isocyanate react to build the
polymer chain, In flexible foams,
the most widely used isocyanate
is distilled 80/20 toluene diiso-
cyanate or TDI In addition to
TDI, other isocyanates, such as
crude TDI and crude polymeric
isocyanates, are used in rigid
foams. Polymeric isocyanates give
better self-extinguishing charac-
teristics, They also have lower
vapor pressure, making them
easier to handle.

Blowing agents: Foams are
generally blown in one of two
ways: by the carbon dioxide
generated when water reacts with
isocyanate; or by using a volatile
blowing agent such as fluorocar-
bon 11 or methylene chloride,
which is vaporized by the ex-
othermic heat of the polyol-iso-
cyanate reaction.

In flexihie £ ons, the load bear-
ing ahility -+ e foam can be
controlled to some extent by the
choice of blowing agents. In many
cases a combination of water and
volatile blowing agents is used.
In rigid foams, fluorocarbon 11 is
primarily used because of the low
K factor it imparts to the finished
foam. It also offers more attractive
economics. The froth process
uses both fluorocarbon 11 and
fluorocarbon 12,  Water-blown
rigid foams are also available.

Surfactants: Cell formation is
stabilized by the presence of sur-
face active agents in the formu-
lation. Silicones and organic sur-
factants, generally ionic, are used
most widely to control the ex-
panding gas bubbles, Surfactants
serve to keep bubbles suitl and
uniform, promoting i - U
structure and higher rise

Catalysts: Foaming reactions
are accelerated by the presence
of catalysts. Widely used catalysts
are tertiary amines in combination
with stannous . or other metallic

{Continued on p. 352)
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salts. Careful control of [oaming
operations is required to obfain
the desired properties and proper
cure,

Additives: As requirements for
specific  performance  propertics
grow more numerous and more
demanding, additives for both
rigid and flexible foam are be-
coming more important. Bromine,
chlorine and phosphorus, which
promoie fire retardancy, are being
used more extensively as urethane
foams gain increasing acceptance
in  construction, acrospace and
transportation  applications.,  In
flexible formulations, extenders
are being added to produce higher
density, weighted {oams for seat-
ing applications. Forms of barites
are favored as an extender. Other
additives include dyes and color-
ants, nucleating agents such as
talc and carbon black to control
cell size, and special purpose ad-
ditives to control hydrolysis or to
overcome other handling difficul-
ties during the foaming process.

Rigid foams

Rigid urethane foams offer out-
standing performance advantages
in thermal insulation, light weight,
load-bearing strength, adhesion
and buoyancy. Variations in for-
mulation, in method and conditions
of application and in foam density
have a decided eflect in deter-
mining performance properties.

In addition to high performance,
case of fabrication is an outstand-
ing advantage of rigid urethane
foams. Generally foamed at the
user’s plant or at the construction
site, they may be molded into any
shape, poured into any cavity as
a filler and sealer or sprayed in
place. Use of urethane foam fre-
quently simplifies fabrication of
finished articles, eliminating the
need for many assembling and
joining steps. Rigid foams also
may be made into slab stock.

Manufacturing and fabrication

Most on-site foaming of rigid
urethanes utilizes the semi-pre-
polymer technique, This technique
involves two-component systems
which include a resin blend and
a prepolymer hased on one of
the available isocyanates. Reaction
of the components takes place
during the simultaneous blending
and pouring of the two package
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parts. In some cases the prepoly-
mer step is hy-passed and erude
isocyanates  are reacted directly
with the resin blend. This results
in a reaction which is more diffi-
cult to control and which gen~
erates hizh amounts of exother-
mic heat

One of the preferred methods
of applyivg vigid foam is to pour
it to fill cortain’ wall sandwich
panels, wuli cavities and irregu-
larly shaped voids. As the re-
active liquid expands up to 30
times its orviginal volume it fills
the entire mold including erevices,
corners and irregularly shaped
spaces. Rigid urethane shapes
may be cast in a mold in much
the same way as metals, where
the urcthane hardens into a
strong, seamless object. Release
agents or {ilms facilitate extraction
of the foamed shape from the
mold, Molds may be pre-heated
to speed cure,

Many applications take advan- - -

tage of the strong adhesion of
urethane {oams. Urethanes adhere
tightly to metal, glass, wood,
fibrous glass laminates, fabrics
and most  other
pressure developed during foam-
ing promotes strong adhesion,
forcing the foam into the exact
configurafion of the cavity into

which it hug been poured. Molds
or form: i+t be constructed to
withsta: .~ - pension and pres-
sure croi o} guring foaming and
the conaraction of the mold
affects v iy el curing time
and foar .l ity violds construc-
ted of -+l orv other materials
which di - s heat rasidly tend
to increi-o U skin density of

the fomn n-! lergthen “he curing
time, Moiox coreirueted of fibrous
glass or vther snsulating materials
reduce the {oaming time. Because
the heat of resclion is retained
within the mold, the Ffuom has
more uniform density fromm sur-
face to cove. Similarly, the size
and configuration of the mold
affect foam density. Because of
the eflicient insulating properties
of urethane foam itself, the heat
of reaction in a large cross section
is largely contained in the core
of the foam. The result is a low-
ering of {density. The ratio of sur-
face area to volume also influ-
ences dinsity. Higher densities
are obtained by pouring into thin

surfaces, The"

scetions which maximize heat e s
and restrict flow.

Frothing, a variation of the
pouring method, is wuseful fw
narrow-walled  cavitics  whee
high prcheats are not possibl:
In frothing, fluorocarbon 11 an
{luorocarbon 12, which are blo- .
ing agents of different
points, are mixed ubder pressi o
with the foaming ingredien
When the mixed ingredients 2 ¢
brought down +to atmospheric
pressure, the fluorocarbon 12
which is a low boiling material
expands instantaneously to form
a froth, generally in the eight to
10 lb./cu. ft. density range. At
this point the fluorocarbon 11 he~
gins to vaporize as a result of
the exothermic heat of reaction,
and the foam further expands to
its nominal two lb./cu. ft. density.
Frothing does not necessarily re-~
sult in lower pressure than prop-
erly formulated pour-in-place
systems; foaming pressures are

hoiliine

_influenced by the rise-gel char-

acteristics and extent of overfill
of a system.

Spraying is an application
method which is gaining wider

" use. Special spray guns which

mix and atomize the components
make it possible to spray thin
layers of foam on ceilings, walls,
tanks and other surfaces. The
spraying technique utilizes the
excellent adhesion properties of
foam and eliminates the need for
molds or supporting forms. For-
mulations with fast reaction rates
are used to prevent sagging, and
additional layers can be sprayed
almost immediately. The rate of
spray averages from four to eight
pounds per minute.

Slab stock includes long flat
sheets of rigid foam, cut into
uniform  thicknesses. Manufac-
ture of slab stock starts with con-
tinuous buns of foam, generally
produced and fabricated by =a
foam supplier, The buns e made
by mixing and potuiry compo-
nents onto a conveyor line where
the foam rises into a continuous
bun as the conveyor moves. After
about five minutes of rise, the
foam is firm and ready for curing
followed by trimming and cutting.

In all methods of application,
heat is required to cure urethane
foams. Usually the heat generated
by the chemical reaction is suffi-
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cient to elfecy the cure and most
foam systems da not require a
post=cure at  elevated tempera-
tures. After curing, rigid foams
have good solvent and chemical
resistance and are non-toxie,

Finished rigid foams may be
cut, sawed, stapled, nailed or
painted by any of the methads
used for wood. Urethane foams
may be bonded to themselves or
to other materials with standard
adhesives,

Applications and properties
Refrigeration: Rigid urethane
foams have spurred a revolution-
ary change in the design of all
types of refrigeration and cooling
equipment. Slim-wall home re-
frigerators and commercial drink
dispensers, for example, make use
of low density urcthane’s excel-
lent low temperature insulation
to boost storage capacity without
increasing overall dimensions.
Rigid urethane foams made with
fluorocarbons _have the lowest
thermal conductivity or K factor
of any insulating material avail-

able. Ranging from a K_factor of

approximately twice as efficient
in_thermal insulation as polysty-
rene foams and fibrous glass. The
e T S =

outstanding efficiency of urethane
insulation reflects the low thermal
conductivity of the fluorocarbons
which are trapped in the closed

‘cell structure of the foam. In a

two Ib./cu. ft. density foam, 97
percent of the volume is occupied
by the gas and internal convec-
tion of conductive vapors is mini-
mized. In addition to low K
factor, the insulating efficiency of
rigid foam is enhanced by being
foamed in place. The foam rises
to seal all crevices, eliminating

points of potential heat loss. In.

refrigerated vehicles, for example,
heat loss through crevices may
be substantial when urethane
foam insulation is not used.
Unlike  insulating  materials
which are highly wvulnerable to
moisture absorption, rigid ure-
thane foams are relatively un-
affected by moisture. Other insu-
fating materials lose efficiency as
they age and grow heavier with
moisture. The insulating efficiency
of rigid urethanes is further en-
hanced by protecting the foam
surface from air. Slab stock usu-

URETHANE FOAM

ally is sealed with @ moisture va-
por  barrier.  Foamed-in-place
urethane scals itself by adhering
to,a structural wall or panel skin
and thus bhas built-in protection
against exposurc. Properly formu-
lated urethane foams provide in-
sulation even ut levels of cryow
genie temperaturos.

Efficient and lisht weight, ure-
thane insulation has pained wide~
spread acceptance lor refrigera-
ted transport equipment, soft-
drink dispensers, food vending
machines, commercial warehouses,
storage tanks, pipe lines, home
refrigerators and freezers and
housewares.

Construction: Strength and in-
sulating properties of urethane
foams have opcned many con-
struction applications, which also
take advantage of their ease of
fabrication, either in pre-formed
structural panels or on-site foam-
ing. Current construction designs
also make use of urethane’s light
weight and sound absorption
properties,

Rigid urethane’s combination of

. strength and light weight comes

from its stable cellular structure.
In a two Ib./cu. ft. density rigid
foam, only threc percent of the
total volume is composed of cell
walls, with a corpressive strength
of 20 to 40 p.si. Low density ures
thane, foamed b ' light gage

metal, plastic o aod sheets,
produces a lights il ponel with
excellent suppori piropcriies. The
strength of uretl e 1o ovi1s the
use of lighter gny: o (s in well

panels. Corruge o metsl skins
add increased s cryth. Prefine
ished, lightweigh wiil uunels are
easy to install, ¢ i Constracs
tion time signiti ntiv. A min -
mum of supporis iz vequired,
Door and window openings and
quick-locking joints are featured
on many panels,

Less widely used than wall

panels, urethane roofing slabs
offer many advantages. Rigid

foam is combined with a skin of -

specially  surfaced asphalt felt,
Panels 0.8 to 2.0 inches thick are
adhered to the roofing bitumen
with hot pitch or asphalt. The
material has a high compressive
strength and weichs 75 percent
less than other panels with com-
parable insulating efliciency.
Structures may he made into

unusual  shapes with  urethane
foam, used eithor as a (il material
or as a [ree-form support. Rigie
urethane may be sprayed over
low-cost forms, such as inflatable
balloons, to build a structural
shell. The rigid urethane shell is
capable of supporting the dead
weight of ‘a sprayed concrete
shell,

Flotation: Marine vessels, buoys,
floats, docks and bridges use the
outstanding buoyancy of rigid
urethane foam. The hydrophohic
closed cell structure keeps water
out, One cubic foot of two Ib./cu.
ft. rigid urethane foam provides
approximately 60 pounds of huoy-
ancy. One of the hest flotation
materials available commercially,
urethane foam is an ideal cure
material for thin~-skinned struc-
tures. If a skin puncture occurs,
the foam prevents the structure
from sinking,

Unprotected foam has a low
water-vapor permeability of one
to four. perm inches. Immersed in
deep water for several days, foam
will show only surface wetting.
Submersion has little effect on
the foam unless water pressure
becomes strong enough to rupture
the cell walls. Covered foam can
withstand the pressures of ex-
tremely deep water. An interest-
ing application is in salvage op-
erations, where the foam system
is pumped into voids of sunken
vessels to displace the water and
raise the vessel.

Recreational boats, surf boards
and floats represent a growing
market for low density rigid
urethane foams. It also is being
used extensively in life rafts and
lifeboats.

Rigid urethane foam of 1.55 1b.”
cu. ft. density also has been used
in keeping a Texas tower afloat
during salvage.

Puackaging: Rigid urethane foam
is used in specialized packaging
as a high~performance protective
material. Light in weight and
moisture resistant, it absorbs
shock and vibration and eliminates
recoil from sudden impact. In
packaging objects of unusual
shape, the objects are wrapped in
a protective film to prevent adhe-
sion and the foam is poured di-
rectly into the shipping container,
rising up and surrounding the ob-
ject completely. In another sys-
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tem, blocks of rigid urethane slab
stock arve placed hetween  the
object and the shipping container.

Potting and encapsulation: Rig-
id urethane foam makes a tam-
perproof assembly for protecting
delicate  electronic  instruments
against vibration, shock, corro-
sion, dampness and fungus. The
foam’s low density and dielectric
constant of 1.06 to 1.60 provide
excellent cleetrical insulation be-
tween adjacent components with-

“in the instrument. The foam may

be poured or sprayed in place to
hold components in a fixed posi-
tion. The need for mounting
brackets, clips and other bracing
attachments is consequently dras-
tically reduced.

Flexible foams

Flexible urethane foams offer
outstanding advantages of resil-
ience, load bearing and deflection
strength, combined with light
weight, high tear strength and
effective insulation,

Such properties as flexibility,
weight, density, texture, cell
structure and compressive
strength can be altered to meet
the most wvaried specifications.
Types of flexible foam can be
produced to stretch up to 700
percent of their original length
without breaking or tearing, to
withstand dynamic pressures up
to 150 psi, to resist temperatures
up to 250° F., to stay flexible at
—30° F. and to absorb up to 20
times their weight in water.

Polyether and polyester ure-
thanes are available in flexible
prefoamed sheets and slabs, sup-
plied in the desired degree of
density and flexibility, colored,
molded to specifications, or cut to
fit a contoured shape or pattern.
Flexible urethane foams are easy
to handle without tearing, because
of high tensile and tear strength
plus low density. Sheets and slabs
are easily fabricated by sawing,
slitting, die cutting, bonding with
adhesives and heat sealing.

Flexible urethane foams also
may be produced on-site by the
same pour-in-place techniques
used for rigid foams.

Applications and properties

Furniture: A combination of
load bearing strength and resil-
ience has made urethane foam a

L3 -, |

major material for upholstery and
cushioning applications, Over 100
million pounds of urethane foam
are uscd annually by the furmi-
ture industry, Compared to other
types of foam, urethane is lighter
in weight and has superior load
deflection and aging properties. It
also is «wivr 1o design and fab-
ricate, dew foans which give a
fecling «i weissht and depth have
been developed for luxury furni-
ture, These feams are higher in
density {2.25 to 5.0 lb/cu. ft.)
than is pencvally available and
sometbnes  are  even  weighted
more with vslenders,

Pre-ciid cushion and upholstery
shapes of urethane foam are fa-
vored by the furniture industry.
Pre-cut shapes have helped to
simplify construction and intro-
duce important cconornies, elimi-
nating the need for springs and
fillers. Flexible urcthanes also are
used as a core material, wrapped
with a batting of synthetic fibers.

In another method of application,. .

foam is laminated to upholstery
fabrics,

Bedding: Approximately Mo aio
lion pounds of urethane foam are
used annually by the bedding in-
dustry. Superior load bearing and
load deflection properties make
urethane foam an ideal bedding
material. It is non-dusting and
non-allergenic, unaffected by
odors or mildew and flame re-
tardant. Sterilized easily by auto-
claving, urethane foam bedding is
currently favored for hospital
use; consumer applications are
expected to develop for urethane
foams in the near future.

Automotive: The largest poten~
tial market for flexible urethane
foam is the automotive industry.
Current models contain  from
three to four pounds of urethane,
future models are expected to
contain 7.5 to 10 pounds to en-
hance safety and comfort. Many
automobiles currently have all-
urethane  seating, frequently
molded into distinctive shapes.
Most models use resilient foam
for dashboard and visor padding
as safety features. Flexible ure-
thane foam also provides thermal
insulation and sound absorption
in trunk liners, headliners, rug
padding and door panels, For
many of these areas, the foam is
laminated to vinyl sheeting, up-

holstery. fabrics and  cuarpeting,
The laminates are easily installed
as a single sheet of material,
Apparel: Over 200 million yards
of urethane foam is used annually
by the apparel industries. Flexible
urcthane, peecled to thicknesses
ranging from under ¥s-inch to
Ts-inch is bonded by adhesives
or by flame lamination to coat
fabrics, dress fabrics and shoe lin-
ings. For coats and all types of
outerwear, a layer of foam trans-
forms light weight woolens, cot-
tons and knits into a fabric with
suitable body and durability. In-

¢ sulating properties of the lami-

nated fabrics are comparable to
conventional fabrics weighing 100
percent more. Foam-backed fub-
rics are found in a large perccat-
age of all-weather coats, chil-
dren’s snow suits, ski-wear nnd
men’s outer jackets.

An increasingly important use

of foam is in fabric-to-fabric
laminations. The thin layer of

foam, serving as a bonding agent
between the face fabric and the

i e

lining fabric, enhances dimen- :
sional stability. This technique,

which greatly simplifies clothing

¥

construction, makes many delicate .

and light-weight fabrics suitable

for a broadened range of applica- *

tions and opens new possibilities -
for many types of coarse and tex- ~

tured fabrics.

In shoe linings, foam backed in- -
nersoles add cushioning and re-
silience, Lining fabrics also take :

on added visual depth and offer
insulating advantages. Approxi- -

mately 20 percent of all medium
and low priced shoes now being
made have some foam-backed
linings.

Nowvelties: The cushioning and

resilience of urethane foam are
utilized in toys, sporting goods
and household accessories. The

capacity of flexible foams to ab-
sorb water (up to 50 Ib./cu. ft.)

makes them suitable for sponges,
mops and wipers,
Packaging and protection: Abil-

ity to absorb sound, vibration
and shock make flexible foams .
favorite material for insuiatin:
sound chambers and electronic.

and radio equipment, Foam pads,

slabs and sheets are used fre-

quently in packaging fragile

items and for th: lining of ship-

'

ping containers.

FOAMED PLASTICH



b ey
e peN T N
W

.

i £ RS,

gy

polystyrene foam

BY WILLIAM J. GORT*

B As currently used by industry,
styrene foam is available in two
general forms . . . as an expand-
able molding or extrusion ma-
terial, and as already-expanded
boards or logs. The expandable
material is molded into packaging
components, insulated drinking
cups, wig heads, ice chests, etc.
It is extruded into film and sheet
for meat trays, egg cartons, fruit
trays and other packaging uses.
The expanded foam finds wide
use in packaging as well as in

building and other insulation uses’

and in flotation applications.

Expandable polystyrene is pro-
duced as beads or pellets for
molding or extruding into fin-
ished form. Film and sheet may
be produced by extruding these
beads or by extruding conven-
tional polystyrene and feeding a
propellant into the extruder bar-
rel. Expanded foam, commonly
referred to as Styrofoam or “bead
board,” is produced either by a
novel extrusion process or by
large-block molding of expand-
able beads. Since each of these
foams involves quite different
equipment and processing condi-
tions, they will be discussed
separately.

Molded styrene foam

The expandable polystyrene
beads used to manufacture
molded styrene foam products are
produced by suspension poly-
merization where the propellant,
a low boiling aliphatic hydrocar-
bon such as pentane or a mix-
ture of pentane, isopentane and
other fractions, is added to a
stirred reactor containing water
and polystyrene beads or pel-
lets at elevated temperatures. A
small quantity of suspending
agent such as inorganic phos-
phate, polyvinyl alcohal! or ben-
tonite, and various anionic sur-
face-active agents are used to
stabilize the suspended beads (or
pellets) and prevent agglomera-
tion. Another method starts with
styrene monomer and the propel-

*William J. Gort Associates, Consultants, 107
Gofl Rd,, Corning, N. Y. 14830

lant is added to the same reactor
when  the pilviner heads are
formed. A gr i number of pa-
tents cover arcas of this feld.

In recent years, the control of
bead size distribution produced
in the susprusion process has
been greatly inproved. Howover,
it is still necersary io screer: the
beads to eliminaic {ine beads and

oversize agglomerates, In addi-

tion, the molding processes used
and the products being manu-
factured (cups, blocks, ete.) have
made it necessary to supply vari-
ous screened sizes of beads. The
introduction of internally colored
beads has further complicated the
bead sizing problem for the
manufacturer as well as for the
molder. Although the expandable
polystyrene beads produced by
various processes have different
characteristics, they can gen-
erally be used interchangeably in
a molding plant with some modi-
fication of molding conditions.

When the expandable polysty-
rene beads are exposed to heat,
the vapor pressure of the propel-
lant causes the beads to expand
and form a myriad of non-inter-
connecting cells. The size of the
cells is controflerd by the type of
propellant additives used during
manufacture, the concentration
of propellant and the age of the
beads bhefore expansion. The de-
gree of expansion can be con-
trolled by wvarious methods to
within the limits of two to 50
times the volume of the unex-
panded particles (or within den-
sities of 0.5 to 20 1b./cu. foot).

For the majority of applications
colored or mnatural expandable
polystyrene, Class 1 of ASTM D
2125-62T is wused; but in cases
where insurance or fire regula-
tions require it, Class 2 or self-
extinguishing expandable poly~
styrene is used.

Processing expandable
polystyrene

The bulk of the expandable
polystyrene is processed by
molding in closed mold systems
using various types of presses to

hold the molds in closed posi-
tion during the “fusion” cycle.
The sequence is pre-expansion,
aging or conditioning, filling the
closed mold with the loose dry
pre-expanded beads, introducing
heat, cooling, opening the mold,
ejecting the molded part (or re-
moving it by hand) and drying.
In some -cases the dry parts are
decorated or otherwise post
treated for specific end uses.

The pre-expansion step is by
far the most important in the
process; unfortunately, it is the
least understood and often the
most poorly controlled. Not only
do specific applications require
definite densities to achieve the
best properties, but control of
density during pre-expansion has
a major influence on subsequent
molding conditions and ultimate
manufacturing costs.

The most- common methods of
pre-expansion use either continu-
ous or batch steam expanders,
where the beads are exposed to-
saturated steam at different tem-
peratures and pressures. In the
continuous expander the beads
are fed into an agitated drum at
the bottom, using a Venturi feed
system and steam and air mix-~
tures to control the rate and
temperature. As the beads ex-
pand they become lighter, rise in
the expander, and finally over-
flow onto a screen where any ag-
glomerates are removed or onto a
conveyor belt where they are
transported by air to storage bins
for aging or conditioning. The
temperature of the steam (or
steam-air mixture) and the time
the beads are exposed to the
steam  atmosphere  (residence
time) determine the density. In
the continuous expander the resi-
dence time is dependent on the
height of the expander, ihe type
of expander, the agitation rate
and the beads; the density of the
pre-expanded product, thercfore,
is an average density.

The batch system of pre-ex-
pansion employs a rotating drum.
A given weight of beads is
charged into the expander and
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steam  is  introduced into the
drum. The density is controlled
by the time of exposure. Batch
pre-expanded beads tend to fuse
together and Torm small lumps so
they are run through a grinder
to put them in a form for mold-
ing. It is gencrally accepted that
a batch pre-expander can pro-
duce lower density beads than
the normal continuous pre-ex-
pander, but because of the low
rates of output, this method has
nol been used to any great ex-
tent in the United States.

When the pre-expanded beads
leave the expander, they are con-
veyed by air to well ventilated
storage bins for “conditioning.”
The conditioning or aging time
required varies with the density
and type of beads; normally, the
higher the density the shorter
the aging time required. The con-
ditioning process allows air to
permeate into the cells of the
pre-foamed beads until the inter-
nal pressure is equivalent to the
external pressure,

Molding

Essentially, the foam wmolding
process involves two distinct ele-
ments: the mold and the press.
The application or end use nor-
mally determines the equipment
to be used. For example in cup
molding, the wall thickness and
shape permit the wuse of thin
machined molds of stainless steel
with fully automatic, high speed
presses; in block molding, size
(thickness) is the most important
since the blocks have to be cut
to remove the skins; and in cus-
tom packaging the cost of molds
is most important since the cus-
tomer usually pays for the molds.
The one uniform requirement is
high units per hour at the low-
est cost and, therefore, the mold
becomes the most important part
of the process and the press is
required to perform the me-
chanical steps to accommodate the
highest output-per-hour mold.
This would indicate a require-
ment for either the largest press
possible to accommodate a mold
with the most cavities or the
equivalent capital in single cavity
mold presses. Since the most ef-
fective approach has not yet been
established, a brief review of the
various parts of the process

e 84 4

should at Icast identify the areas
which need improvement,

The molding process involves
all or part of the following se-
quenice: 1) Mold closes and drain
is opened. 2) Pre-boat steam
comes on during closing. 3) Press
goes into stand-off position. 4)
Moisture on mold face (from pre-
steam) is blown off or steam is
turned off to allow moisture to
evaporate with heat. 5) Slide of
slide runner mold is moved to
fill position. 6) Fill air only for
fill gun or fill air and boost de-
lay for slide runner are turned
on (boost comes on after delay).
7} Boost is turned off, fill air is
turned off. 8) Press goes into
clamp position (slide goes into
up position). 9) Steam goes on
{(with or without drain closing
delay). 10) Drain closes and
pressure or time closes steam. 11)
Cooling water delay and drain
opens. 12) Cooling water on. 13)
Cooling water off. 14) Delay
and/or purge comes on. 15)
Press clamp released, drain
closes. 18) Air for chest pres-
surization to loosen part comes on
simultaneously with clamp re-
lease. 17. Chest pressurization off,
air eject manifold comes on (one
side or other). 18. Press opens,
part blow-off on. 19. Recycle de-
lay. 20) Repeat cycle starts.

In many applications, specifie
operations are introduced in the
clectrical control system to con-
trol parts of the filling cycle, the
fusion cycle, the cooling ecycle
and the ejection cycle. The ob-
ject of all these controls is to
obtain  continuous  automatic
molding. In a cup molding opera-
tion, the sequence includes auto-
matic inspection, counting, stack-
ing and packaging and comes as
close to a fully automatic sys-
tem devised thus far. Just re-
cently, a cup molding machine
was tested where the pre-expan-
sion of the beads is accomplished
on the molding machine. Thus,
for cups, a molding machine has
been developed which literally
feeds in unexpanded beads at
one end and ends up with a com-
pletely packaged selling unit, Un-
fortunately, this same degree of
automation has not yet been
developed in custom molding,
where it is vilally needed.

In the molding sequence out-

lined above, the press provides
only the motion to open and
close the mold; the control sys-
tem provides the molding condi-
tions required to fill, fuse, cool
and eject the part from the molid.
These four parts of the cycle are
controlled by mold design and are
covered in more detail helow,

Filling: Filling a mold is a sim-
ple operation, but designing a
mold to achieve near-perfect fill
at all times can sometimes be im-
possible. Today, mold design is
largely by trial and ecrror, and
the trials usually take place after
the mold is made and put into
production. The variables which
make the mold filling operation
such a problem include:

1) Cavity configuration. 2)
Bead size and part wall thick-
ness. 3) Air pressurc and air/
beads ratio in the stream (fill
time). 4) Condensate from the
last cycle. 5) Static charge on
the beads. 6) Changing velocity
of beads with density variation.
7) Changing pressures inside the
mold caused by constantly
changing venting. 8) Location of
fill port. 9) Mold distortion dur-
ing heating and cooling. 10)
Venting variations due to ma-
chine wear.

When it is considered that
most molds contain meny steam
entry holes (or core hux vents)
for fusion, these variubles be-
come a problem even for a com-
puter to control. And as the
number of cavities in « mold is
increased, the effect of one
change in a condition bas an ex-
ponential effect' on the filling
characteristics.

Fusion: Assuming thi.' a mold
can be consistently filled prop-
erly, the fusion c¢ycle then be-
comes the next most important
part of mold design. Factors
which control this are: 1) Raw
material variation in :nolecular
weight, density, age, rvesidual vol-
atiles and additives (lubricants).
2) Steam temperature :nd time.
3) Mold wall thickness. 4) Uni-
form steam distribution to avoid
hot spots. 5) Temperature and
moisture content of the pre-ex-
panded beads. 6) Variations in
initial venting. 7) Size of steam
chest.

These variables are miore easily
identified and controlled and a
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pressure control system for steam
time will compensate for many
of them. The result of such com-
pensation, of course, will be a
longer eycle and lower output per
hour,

Cooling: Because polystyrene
foam is an excellent insulator, the
largest portion of the cycle time
of a particular mold is cooling.
Cooling efficiency then depends
on the rate of heat (BTU) re-
moval, which depends on the
amount of heat put into the mold
and the beads. Theoretically, if
the steam chest was insulated
from the mold, and the mold
could be made of thin walled
aluminum or other rapid heat
transfer material, the only BTU
removal required would be the
heat used to fuse the beads.

In current practice then, the
variables which affect cooling
are as follows: 1) Total heat in-
put. 2) Thickness and density of
part. 3) Mold wall thickness. 4)
Steam chest size and weight. 5)
Method  of cooling  (flooding,
water spray or misting). 6) Di-
mensional tolerance of the part
(allowable post expansion will
permit shorter cycles).

Ejection: Even with optimum
filling, fusion and cooling, «
molded part is mot saleable until
it is removed from the wmold!
Additionally, the output of a
mold can bhe greatly reduced if
ejection becomes a problem. Ejec-
tion can be accomplished with
air and/or mechanical knock-out
pins or plates; [or near-positive
cjection every eycle, a combina-
tion of mechanical and air ejec-
tion may be used. However, as in
filling, fusion and cooling, mold
design is an important factor in
good ejection.

The factors which generally af-
fect ejection are: 1) Depth of
part and draft allowed. 2) Loca-
tion of air eject ports or knock-
out pins (depends on part de-
sign). 3) Differential cooling. 4)
Density of beads (finished part).
5) Release agents or Teflon coat-
ing on mold face. 6 Mold main-
tenance  (depressed  core  box
vents or large steam holes will
cause hang-ups). 7) Varigtions
in air, steam and water pressures
and temperatures.

All too often, these variables
and problems are not fully taken

POLYSTYRENE FYOAM

into consideration in part and
mold design. As a result, disad-
vantages arc built into the mold
and the tedious job of finding and
remedying the troubles is up to
the molder. If the order is large
enough, perhaps the problems
can be solved before major losses
occur. Because of these problems
many molders minimize their
troubles by using single cavity
molding machines. \

Other molding methods

There are other foam molding
processes being used beside steam
molding; however, they are either
specific for a particular applica-
tion or have yet to be developed
to a point where they will obso-
lete the steam method. These
methods include:

Autoclave: Certain articles are
successfully molded by placing a
filled, perforated mold into the
stcam chamber of an autoclave.
This method. permits cooling out~
side of the autoclave and, there-
fore, allows high production rates
but with a high mold cost.

Steam probe: For many foam-
ing-in-place applications, sand-
wich constructions and large
area, thick-section applications,
steam probes of various designs
are used to introduce steam into
the mold cavities.

Conduction heating: This
method uses molds which do not
provide for direct introduction of

steam into the mold cavities. -

Heating of the material is accom-
plished by direci  conduction
through the mold cavity wall and
the material itsclf. However,
small amounts of steam ave still
required to obtain optimum prod-
uct fusion and cycle. The primary

" purpose of this method is to per-

mit the molding of skins on the
outside of the foam part by ex-
posing the surface to high tem-
peratures. Both steamm and other
heating media (oil, ete.) have
been employed in this area.
Radio frequency wmolding: The
advantage of rapid uniform heat-
ing of beads with high frequency
dielectric energy still represents
a major potentindl  process im-

provement. Since 'he minimum
heat required is veod. cooling
times are materialle ceducod. The

problem that must be solved s
again the mold. Thus fur, only

plastic molds have been used and
the methods of closing and open-
ing these molds leave something

. to be desired.

Screw injection: A new devel-
opment in the molding of f{oams
was introduced recently (sec
MODERN PLASTICS, July 1965) which
uses a bhi=tiv madified screw in-
jection 1 4 v woachine, Conven-
tional plastic peliets are fod into
the machine and an smosiom
carbonate-based propelinnt
troduced into the extruder ¢« iin
der. The amount of propellant
determines the density and the
amount of material injected ‘into
the mold is automatically con-
trolled. Because of a rapid tem-
perature drop accompanying the
expansion of the melt in the mold,
the molded part ejected is fairly
cool. Thus far, the new tcch-
nigue has been confined to poly-
ethylene, but it is capable of
molding any thermoplastic ex-
pandable resin at densities above
12 Ib./cu: foot.

Foam sheet and film

Foamed polystyrene sheet and
film are manufactured by a tu-
bular film extrusion process using
conventional methods with spe-
cially treated expandable poly:styv-
rene pellets, or by injecting a
propellant directly into a section
of the extruder barrel with st:.l-
ard polystyrene resins and o di-
tives. In both techniques, 1h: -
trudate passes through an annular
tubing die and is expanded either
by blowing air inside the tube or
drawing the tube over an internal
sizing mandrel. This enlargemnt
of the tube (blowup ratio of :1
or greater) is necessary to oliin-
inate the normal tendency of ihe
foam to “corrugate” as it emeries
from the die.

Because of the plasticizing of-
fect of the propellant, relatively
low extruder temperatures are
required (220 to 260° F. profile).
The type of screw and barvel
length will depend on the process
employed, the production rate
and the thickness of the final

product. Commercial grades of

extruded foam are available in
gages of five mils to 100 wmils, 18

" to 48 inches wide, and at densitics

from four to 20 1b./cu. foot.
Foamed {ilm and sheet are coni-
monly used to produce embossed
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THERMAL CONDUCTIVITY of molded polystyrene foam varies with density at a given temperature, as ‘it
left above, and with temperature for a given density as at right above. (Diagrams, Sinelair-Koppers Ceo.)

packaging and decorative mate-
rial, and for thermoforming, al-
though polystyrene foam sheet is
one of the most difficult sheet
plastics to thermoform. It re-
quires extremely uniform tem-
perature control and indexing
speeds and special mold design.
Only a few tenths of a second
can make the difference between
correct forming temperature and
overheating. The lower the basis
weight (Ib./msf) the more critical
are the conditions. Basis weight
or yield is a function of both
density and gage.

Polystyrene foam sheet will
generally expand when heated
and the finished thermoformed
part will have a greater cross-
sectional thickness than the
starting sheet material. If cross-
sectional thickness is critical,
matched metal molds must be
employed.

Because of the compressibility
of polystyrene foam sheet, trim-
ming or die-cutting must be done
with extremely sharp tools. Steel
rule dies, precision-tooled steel
punch dies and hot wire cutters
have been used successfully in
fabricating operations.

Expanded polystyrene foam*

Expanded polystyrene foam is
produced by the free expansion to
about 40 times its volume,
through a slit orifice, of a hot
mixture of polystyrene, a blow-
ing agent and various additives,
After expansion,: the foam is
cooled slowly to avoid undue
stresses that might destroy the
cell walls. After cooling, the ma-

*The paragraphe on expanded polystyrene foam
and on  building-construction _applications  of
polystyrene foam are based on information sup-
[\ﬂiod by The Dow Chemical Co., Midland,
Mich. 48640

?

terial is cul {o standard sives, and
the pieces arc annealed to stabi-
lize the cell stiucture.

Expanded polystyrene foam
(e.g., Dow’s Styrofoam) comes in
densities ranging from 1.2 to six
Ib./cu, ft. and in a variety of
sizes,

Expanded polystyrene can be
fabricated with the usual wood-
working tools, hand-operated or
power-driven. It is essential that
power-driven tools operate at
high speed, and that the feed rate
be low, in order to avoid tearing
the foam. Tools must be kept
sharp, and cutting blades should
form an angle of about 110° with
the surface of the foam piece to
get a smooth cut and avoid tear~
ing. It is rccommended that poly-
styrene sawdust be continuously
removed {rom the {abricating area
to avoid trouble from eye and
skin irritations.

Polystvie« ne foam parts can be

bonded tc: - and to a great
‘number i - malerials, but
certain pro o inue must be ob-
served in t/: selection of the ad-
hesives ¢t 0 =7 1yp2 adhe=
sives {(whe o Uis njuid—water or
organic < uotwund—evaporates)
are useful o the porous struc-
ture of the (oo alisws the liquid

to evapori 5. For particu-
larly tacky adbes ves, jo ning of
the sectiors = dnne afte: maxi-
mum tackincess has been obtained.
Setting type adhesives (where
full bonding depends on a chem-
jcal reaction, i.e, cement, plaster
of Paris, or organic adhesives
which polymerize) are also very
satisfactory. Some must hbe mixed
with a catalyst just before appli-
cation. Among the hot melt ad-
hesives, which must be applied at

around 300° F., asphalt and wax-
based materials are about the
only ones used for the bonding
of polystyrene foam. The use of
adhesives which tend to attack
the polystyrene (e.g., aromatic or
chlorinated hydrocarbons) should
be avoided.

Printing, decorating, coating

‘Foamed polystyrenc can be
printed by the flexographic or
lithographic process for large
volume runs, offset printing for
multicolors, and silk screen
printing for sharp print edges and
fine details in multicolors. Low
production rate and relatively
high unit cost limit the use of the
silk screen process to small
volume runs. Roll leaf hot stamp-
ing wears well if the imprint is
properly indented. Roller coating
is used to decorate raised letters
or designs.

Polystyrene foam can be col- .

ored with water- or alcohol-
soluble dyes and pigments. Coat-
ings are often applied to its sur-
face for protection against dam-
age by abrasion or weathering, or
to produce a certain degree of
flame retardancy.

Inks, paints, lacquers and other
decorating or coating materials

~ must adhere to the foamed poly-

styrene without attacking it to an
undesirable extent. These mate-
rials achieve permanent adhesion
through a carefully controlled
solvent action which dissolves the
foamed polystyrene slightly.

The solvent action must be
adequate but must be limited,
usually by proper evaporation
rate and carefully controlled
drying conditions. Change of dry-
ing conditions due to equipment
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vartations or even a change of at-

mospheric humidity or tempera-
ture by exposure to drafts often
seriously affects appearance and
adhesion,

Properties and applications

Basically, polystyrene foam—
whether produced from expand-
able beads or in the form of ex-
panded boards or planks—offers
very low thermal conductivity,
good resistance to the transmission
of water vapor and the absorp-
tion of moisture and resistance to
relatively high static forces with-
out deformation,

These attributes, coupled with
good compressive, flexural and
shear strengths, make styrene
foam1 of special interest to the
building industry. Both molded
bead board and expanded poly-
styrene slab are’involved, parti-
cularly as insulation board in
such low temperature applications
as cold storage areas, refrigerated
display cases and coolers and low
temperature piping. In addition,
it can be used as a solid, in-
sulated backup to gypsum, alu-
minum siding, ceramic tile, wood
paneling and decorative wall
board. In refrigerated transporta-
tion, it serves as insulation in
various types of railway cars and
truck trailers.

Building construction: In build-
ing  construction, polystyrene
foam board can be used as perim-~
eter insulation and roof insula-
tion. Low thermal conductivity
and good structural strength also
facilitate its use as a combination
insulation and plaster bhase in
residential masonry construction,
Direct plastering over the foam
is practical, since the surface re-
quires no preparation. .

In one construction technique,

expanded polystyrene foam
boards are used extensively in
the construction of thin shell
roofs. By contouring the foam
boards to the forms and pouring
a reinforced concrete roof directly
over them, the foam becomes per-
manently bonded to the inside of
the roof and serves both as ther-
mal insulation and a base for the
interior ceiling finish.

In another, known as “spiral
generation,” the expanded board
is slightly bent and joined to-
gether by heat and/or with adhe-

POLYSTYRENE FOAM

sives 1o create circular, domed
structures for wuarchouses, tank

_covers, filter ponds, ete.

Finally, the high shear strength
of polystyrene foum makes it an
excellent core muterial for sand-
wich panel conslruction, espe-
cially where a lightweight in-
sulating panel is required. Poly-
styrene foam sandwiches are also
produced for use in walk-in re-
frigerators, cold storage room
liners, and weather-resistant
buildings.

Packaging: The next major out-
let for polystyrene foam after
construction is in nekaging, Ma-

jor areas in this ficld include the

following:

Molded foam packaging com-.

ponents: Four properties—energy
absorption  (cushioning), light
weight, insulation and ability to
be molded to shape-—have made
polystyrene foam a major con-
tender in the cushioning mate-
rials market. Probably the great-
est advantage to the ultimate user
is the opportunity for reduced
packaging labor costs because of
fewer package parts, more Hexi-
bility of use and less in-transit
damage. Drum barbecues, light-
ing fixtures, servo motors, vacuum
tubes, slot cars, steam irons,
toasters and a host of other prod-
ucts are being packaged in foam
primarily to reduce total packag-
ing costs. More recently, inter-

est has been generated for foam -
fruit and produce shipping and-

handling lugs. If the proper de-
sign and costs cav be developed,

this one applicati- n conld con- -

sume almost 100 ‘ rounds
of expandable : . . . ¢ per
year. '
The market for g uwniled ine :
sulated foam drio - o hag
continued to grovw il iopresents
a major consumct 1 oxpendable
polystyrene heads '+ :y. Now in- :
terest in foam jars i developed
with the advent @ {vicr proc-

esses, colored beoods and new

coating materials, 'The oppor-

tunity to incorperiaie color, tex-
ture and skins in cosmetic jars
of a variety of shapes has opened
a new horizon for foam plasties.

Thermoformed prckaging: Wa-
ter resistance, light weight, and
the insulating «and cushioning
properties of polysiyrene foam,
along with the availability of a

variety of sheet materiai< has
stimulated the thermoforming of
a wide variety of packnging
items. Currently thermofuimed
meat and produce trays, bullt ap-
ple and egg trays, syringe packs
and drug and pharmaceutical
sample platforms are bcing pro-
duced commercially. Under inves-
tigation are egg cartons, labora-
tory glassware packaging and
vending machine cups. Also being

- test.marketed are take-out pack-

ages for hot dogs, hamburgers
and pizzas where the thermal in-
sulation of the foam sheet iv an
attractive advantage.

Sheet and film products: As the
manufacturing process continues
to be improved and raw matcrial
prices decline, sheet and film
products, embossed, formed or
laminated to paper, are making
deeper penetrations into the pa-
per products markets. A continu-
ous .thin sheet skived from a
large molded cylinder of polysty-
rene foam and heat laminated
to lightweight Kraft paper is
being used to protect glass wind-
shields and television bulbs dur-
ing shipment. This same mate-
rial is being tested for car head-
liners, door padding and sun
visors.

Embossed or indented extruded
foam sheet laminated to XKraft
paper is currently under test as
an inner liner for shipments of
fresh fruit and produce to reduce
or prevent bruising.

Packaging specialties: Two un-

 usual forms of styrene foam have

also found use in the packaging

" area, One is a loose fill (Pelas-

pan, by Dow) produced in spa-
ghetti-like expandable polysty-
rene strands. When expanded, the
strands form an extremely low
density cushion packing medium
which has a number of significant
advantages in protective qualities,
cleanliness, ease of handling and
neat appearance over other mate-
rials now in use for loose-fill
packaging.

More recently, pre-expanded
styrene foam beads are being
mixed with an adhesive and
blown around a product after it
has been encased in a PE film
bag and set into a corrugated pa-
perboard box. Thus, the beads
can be made into an effective co-
coon-like cushioning layer for
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packaped products—-hy -passing
the molding steps and - contribut.-
ing 1o lower cost yet effective
packaging,

Buoyaney: Polystyrene foam is
used extensively in the field of
buoyancy because of its light
weight and closed~cell structure.
With a buoyancy factor of 55 1b./
cu. ft, it is used by boat manu-
facturers to replace airtight com-
partments, and by manufacturers
of life rafts, aquaplanes, swim-

ming rafle, navigation buoys and
floating docks. T is also used in
the constraction of tankers and
passenger e

Other 1 - “frigeration and
air condii ~ wppliances, poly-
styrene fnoov s used  for drip
trays, covspiatmeni separators
and section iocalanon,

A wide ariely of othor mis-
cellaneous picducts are molded
from polys.s:rae form. Examples
of these a1 toys, novelties, dis-

plays, housewares and portable
coolers.

The floral field linds expandecd
foam slab useful because of its
light weight, attractivencss, col-
orability, and the fact that its
cellular structure holds the stems
of flowers firmly in place. The
display and novely field uses
polystyrene foam for holiday dec-
orations as well as a variety of
window and counter displays,
carvings and signs.
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® Principal applications of foamed
or cellular vinyl presently and in
the recent past have been in the
coated fabric and floor covering
areas, Both the plastisol and cal-
ender techniques described below
have been successfully used in
coating natural and synthetic fah-
rics, paper and other type sub-
strates with vinyl foam? having a
non-foamed vinyl skin which pro-
vides an abrasion-resistant wear
surface that may be further en-
hanced by lamination and print-
ing for decorative cffects,

In the coated fabric ficld such
constructions have opened up
large markets for vinyl foam-
coated substrates for fabrication
into winter jackets for the entire
family; for upholstery material
for furniture and automobiles; in
ladies’ accessories such as hats,
handbags, shoes and belts, and in
a host of other items where
leather and conventional vinyl-
coated substrates have been em-
ployed.

The principal advantages ac-

cruing from this laminate of vinyl
foam between cloth and a vinyl
wear surface are a suppleness and
warmth not available in ordinary
vinyl-coated cloth. These proper-
ties are provided by the softness
and the thermal insulating quality
of the foam layer.

A similar construction used in
the flooring industry provides
soft, warm, highly decorated and
long~-wearing products (e.g. Cush-
;N_m_v; Group Leader and Senior Research
Specialist, Marvinel® Research and  Develop-
ment; Chemical Div., Unirayal-U, S, Rubber,

Naugatuck, Conn,
For example, sce U.S. Patent 2,064,799,
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ionflor by Congoleum-Nairn Ca.).
Here a vinyl foam is sandwiched
between backing materials con-
ventionally used in vinyl flooring
and an abrasion-resistant wear
surface to produce a laminate that
has all of the desirable sales ap-
peal of flooring that has been
proved in service plus the cush-
oning effcet of the vinyl foam.

Blowing agents

There are several techniques
by which foamed vinyl may be
produced. T« principal ones used
today wuse o Dich  temperature
blowing age .t in the vinyl formu-
lation such oy arodicarbenamide

(eg. Celepnn RAZ, Uniroyal- -

U. S. Rubb » (a3,
Sufficient, blawing agent (from

two to five pats per hundred of -

resin) is ciuplovsd to develop a

foam densiiv v the cange of 10 to -
20 Ib./eu. :oot. The softness or

“hand” of the product is deter-
mined by both the foarm density
and the plosticizer level in the
wear surface and the foam. Cloth
coated products usually require
80 to 110 phr of plasticizer in the
foam and skin. Jacket and cloth-
ing accessory stocks favor the
higher levels, upholstery stocks
favor the lower level.

Flooring products are based on
lower plasticizer levels in both
the foam and the wear surface.
The activation temperature of
azodicarbonaride is  slightly
above the fusion temperature of
the plastisol system employed or
the processing temperature re-
quired for calendered vinyl. This

makes it possible to manipulate
the product in its denser, un-
foamed state before the blowing
agent is activated.

Plastisol technique

‘A typical plastisol technique
process for producing a cloth-
foam laminate starts with the

. casting of the wear surface on a

special release paper. This is gen-
erally applied at five to 10 mils
by a knife or reverse roll coater
and then oven fused. It is impor-
tant that a minimum of fusion
heat be employed so as to maxi-
mize the adhesion of the subse-
quently applied {oam layer. After
the skin coat is fused a foamable
layer of plastisol is cast over it.
This operation may be performed
in tandem with the skin coating
and fusion procedure by using a
second coating and fusion unit, or
during a second pass through the
same unit,

The fabric backing then is ap-
plied in a number of ways. These
include a lamination to the wet
or partially gelled foam plastisol
just after its application, or ap-
plication of the backing to the
foam after fusion either before or
after foaming. In both of the lat-
ter procedures an adhesive coat-
ing is desirable. In any event, the
construction must have a last
pass through a high temperature
oven to effect final fusion and
foaming. ,

In calendering, a variety of fah-
ricating techniques may also be
used. The foam and skin layers
may be produced separately on

FOAMED PLARSTICR
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the calender, Taminated topether
in a combiner with the eloth, and
hlown. In an alternate  method
layer and  cloth  are
brought together, foaming is ef-
fected, and the skin is laminated
to the foam. This latter procedure
provides a completely solid skin
since ne  migration of hubbles
from the foam into the skin can
take place.

The technique selected for a
production sctup, ie. casting or
calendering, is for the most part
dependent  on  the  equipment
available. However, industry ex-
perience has shown the calender
process to be better adapted to
the harder, lower plasticizer level
stocks such as upholstery grades.
On the other hand, the plastisol
technique is suitable for a wider
range of application; it is as prac-
tical for the very high plasticizer
level formulations used in gar-
ment  and  clothing  accessory
stocks as for the low plasticizer
compounds in foamed flooring.

These foam-cloth laminates are
almost invariably embossed and
color printed with vinyl inks, fol-
lowed by a top coating of lacquer
to develop a slip-type finish.
Products of exceptional quality,
hand and appearance result.

The technology of formulating
plastisol and calender type com-
pounds with high temperature
type chemical blowing agent has
been well developed. A variety of
recommended PVC resins, plas-
ticizers, stabilizer-activators, and
other compounding ingredients
are available to the formulator.
One of the essential concepts in
this development is that the com-
pound must be in a plastic and
cohesive state at the time the gas

the fomn

is evolved so that it can properly . .

expand. Such factors as the par-
ticle size of the blowing agent and
the type of activator-stabilizer
selected influence the temperature
and time of blowing agent decom-
position, resin  molecular
weight and plasticizer level and
tvpe influence the plasticity of
the hot melt when the gas be-
comes available for expansion.

while

Pressure molded foam

Among the minor uses for
vinyl foam is the manufacture of
flotation cquipment such as boat
bumpers and life preservers,

FOAMED VINYLS

wrestling and boxing ring mats,
padding for athletic equipment
and a wide variety of shock ah-
sorbing and sound deadening ap-
plications. In this arca, a molding
method is used which is quite
different from laminating proce-
dures. The vinyl compound with
blowing agent
placed in a mold ind confined in

a press under pressove up fa 10,4
000 psi. The pres: bosted by
steam or electricii: 1 temperas

tures in the 350" 1° range, which
activates the blowie rin, Boa
cause the material tder pres-
sure, gas evolved 1 the hlow-
ing agent is distrih v d through-
out the plastic mast a5 tiny cells,
each under pressuc  After cool-
ing, a post-expaien step s
performed at 200" 1o cotaplete
the process. This again softens
the plastic so that it can expand
until the pressure in cach cell is
equalized and the pressure mold-
ed foam becomes stabilized and
ready for its end usec.

After post-expansion, an an-
nealing period of several howrs at
150" F. is recommended to avoid
shrinkage of the foam in service.
This method produces a foam
with closed cells, i.e. not inter-
connected, and a low density of
six 1b./cu. foot.

Other plastisol techniques

Vinyl plastisol systems lend
themselves to a varicly of other
foaming  techniques, including
mechanical foaming and
tions of the chem i
procedures. Foam s.dw can he
produced on moving bels convey-
ors or cast into moids to make
end products such as cushions
through mechanicid  tochuigues
like the Elastomer ¢
processes, In the Eluss
ess, a gas under pre-
solved in the plastizizor
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of a vinyl plastisol, after which :
the system is allowed to expand

rapidly at atmospheric pressure
and is then fused with heat. This

type of foam has rather large in-

terconnected cells and a medium
to low density.

In the Vanderbilt process, air
is whipped into a specially for-
mulated plastisol by means of a
mechanical “foamer”. Part of the
formulation is a surfuctant, which
also contains a stabilizer. Foam

ncorporated  is

varia-
fiming

Vianderbilt

prepared hy this method has very
small cells, also interconnceted,
and its density is somewhat high-~
er than that of foam made by the
Elastomer method.

Other chemical foaming moth-
ods at atmospheric pressure dif-
fer in the point of the cycle at
which foaming actually occurs.
For foaming at a relatively low
temperature preceding gelation, a
low-temperature blowing agent
such as Nitrosan (Du Pont) is
used. It decomposes at 190 to 220°
F. For such a process the plasti-
sol must be compounded so that
its gelation is retarded until after
the gas has been evolved. This
allows for expansion of the plas-
tisol while still in its fluid state.
Gelation and fusion of the foam
occur in rapid succession.

On the other hand, foaming
may be made to occur simultane-
ously with fusion, Here, a blow-
ing agent is used (viz. Celogen
OT) which decomposes at tem-
peratures within the fusion range
of the plastisol.

Extruding foamed vinyls

Still another method of pro-
ducing foamed vinyl is by extru-
sion. As a matter of fact, it has
probably been so produced unin-
tentionally from the first day that
a vinyl compound was processed
through an extyuder, However, it
was not then called foamed vinyl,
expanded vinyl or cellular vinyl
but, more often than not, that
“blankety~blank” porous vinyl.
And every effort was made not
to produce it.

Today, foamed vinyls can be
extruded under controlled condi-
tions and with predictable prop-

-erties, As a result they are being

used in- many products. In the
wire and cable industry, cellular
extrusions are of interest as cable
fillers, cable jackets and insula-
tion. In the building industry, cel-
Tular extrusions are used to make
welting, weatherstripping, win-
dow spline and gasketing. Cellu-
lar vinyls also are being used for
clothesline, as thermal insulation
over flexible metallic tubing, and
for profiles having a variety of
end uses. .
Foamed vinyl compounds for
extrusion or injection molding
are normally made by blending a
chemical blowing agent into the




material. The choice of
blowing agent will depend upon
the composition of the vinyl and
the processing techniques. Cellu-
lar vinyl compounds have been
made by the use of azodicarbon-
amide, 4,4-oxybis  benzenesul-
fonyl hydrazide and other chemi-
cal blowing agents.

Vinyl  extrusion  compounds
containing  chemical  blowing
agents can be prepared in several
ways, of which the following are
most commonly used:

1) The simplest means of add-
ing blowing agent to a vinyl com-
pound, and perhaps the most eco-
nomical in respect to inventory
control, is to tumble the blowing
agent with the granules. The
blowing agent is held to the
granules by static attraction and
any simple tumbling equipment
can be used satisfactorily. How-

hase

ever best dispersion of the blow- '

ing agent throughout the matrix
is not obtained with this method.

2) Blowing agents can be in-
corporated inte dry blends simply
by adding them to the blender
during the blending cycle. The

temperature of the blend must be -

kept well below the decomposi-
tion temperature of the blowing
agent.

3) Intensive mixers, compound-
ing extruders and mills can be
used to prepare vinyl dice con-
taining blowing agents. Again, to
prevent premature activation of
the blowing agent, the stock tem-
perature must be maintained well
below the activation temperature
of the blowing agent during com-
pounding. Good dispersion of the

blowing agent throughout the
matrix is obtained with this
method.

The equipment used to extrude
solid flexible vinyls can usually be
used to extrude cellular vinyl
However, there are an infinite
number of variables in the many
vinyl formulations and in the

. processing equipment. These var-
iables make it impossible to
specify extrusion conditions for
cellular vinyls, but the following
generalized recommendations can
be made:

Single flight screws with con-
stant pitch, constantly increasing
root diameter and low compres-
sion can be used to extrude vinyl
dice containing a blowing agent.
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Screws with a higher compres-
sion raliv mway be required for
extruding <ro dlervads,

The scrow specd and design, in
conjunction with the temoerature
profile, shonld be such that the
temperature  gencrated
compound is high enough to com-
pletely  activate  the
agent. Revolation of the serew
speed is also required to insure
proper flusing and blending.

The screen pack normally used
for solid vinyls can be used for
cellular vinyls and it can be
varied to obtain the necessary
pressures. -

The temperature profile of the
extruder will depend upon the
usual factors such as screw and
type of compound. Generally, the
conditions required for the solid
vinyls can be used.

Die temperatures

Die temperatures should be
substantially lower than the stock
temperature. By using a cold die
the extrudate is cooled and
toughened, thereby preventing
tearing of the surface of the
foamed extrudate,

Dies for the extrusion of cellu-
lar vinyl should have very short
lands or no lands at all. Length
of the die land becomes more
critical as the hardness or density
of the cellular vinyl decreases.

The die and guider pin should
be positioned so that the pressure
of the extrudate is as uniform as
practical. An uneven flow can
cause roughness on the extrudate.

Compound temperature should
be high enough to activate the
blowing agent. If the compound
temperature is too low, a cellular
structure will not be formed. On
the other hand the compound
temperature should not be too
high. If the compound tempera-
ture is toc higly, the viscosity of
the stock will be too low and the
extrudate will not have sufficient
hot strength to retain the gas.

Cooling equipment can be of the
type normally used for cooling
other plastic extrudates. The ex-
truded cellular product expands
immediately as it comes {from the
die and complete expansion oc-
curs rather quickly. However, it
is advisable to have the distance
of the cooling medium from the
head adjustable hecause the time

in the

blowing

of exposure of the cxtrudate to
the air will depend upon its rate
of travel.

The mechanical and physical
properties of cellular vinyls, just
as for solid vinyls, can be regu-
lated by varying the resin/plas-
ticizer ratio and hy varying the
other compounding ingredients.
Also, the mechanical properties
of cellular vinyls will vary with
their density.  Tensile strength
and modulus decrease as density
decreases. Elongation decreases
as density decreases, hut the rate
of change is relatively small.

injection molding

Cellular vinyl products may
also be produced by injection
molding on reciprocating screw
injection machines. The greatest
volume of cellular vinyl molding
compounds used today goes into
shoe soles,

Cellular vinyl moldings are of
interest because they can be
either soft and compressible or
hard and inflexible. Molded cel-
lular vinyls also have the inher-
ent properties of solid " vinyls—

" abrasion. resistance, flame resist-

ance, chemical resistance, water
resistance and weather resistance,
plus a warmness to the touch and
a compleie color range. Screw in-
jection runlded cellular vinyl parts
have a continuous solid skin and

"a closed cell core.

The exact conditions required
for molding cellular vinyls will
depend on the size and geometry
of the molded part as well as on
the composition of the vinyl
molding material. Optimum mold-
ing conditions can readily be de-
termined with a little experimen-
tation. The skin thickness, the
density of the molded part, the
cellular structure and the hard-
ness of the molded part can be
varied by compounding and proc-
essing changes.

The following general condi-
tions are recommended for screw
injection molding of cellular vi-
nyls: 1) Compound temperaturc
above decomposition temperature
of blowing agent; 2) adequut:
venting of the mold; 3) fast screw
speed; 4) rapid injection; 5) shot
size just sufficient to fill a mold:
6) low injection pre:sures; 7) o
warm mold; 8) suflicient dwell
time in the mold.

FOAMED PLASTIC:

=



i
{
]
H

;e
amaday

polyethylene foams?®

@ There are two distinet types
of polyethylene foams available
today: high density foam—20 to
30 Ib/ewlt. and above—or low
density foam-—around 2 1b./cu.
foot. In addition, there are new
techniques available today for ex-
truding PE foam film or sheet and
“expansion molding,” described
below under New Developments.

Low density PE foam

Low density polyethylene foam
is made by mixing a foaming
agent with hot, molten polymer
under pressure, then releasing the
pressure and cooling. Control of
cooling time and, in certain cases,
application of ionizing radiation,
permits monitoring the cell struc-
ture of the foam.

Low density polyethylene foam
has good cushioning ability over
a wide range of temperatures.
Like most foamed materials, it ex-
hibits a certain amount of com-
pressive set; that is, it does
not completely regain its initial
thickness after having been com-
pressed for several hours. It re-
sists the action of solvents and
chemicals at temperatures below

7130° F. Above that temperature, it

softens in certain solvents. It is
non-toxie, and although it has a
burning rate of 25 in/min.
(ASTM D1692-59T), chances are
it will melt before it buns,

Low density polyethylene foam
retains all of the commonly
known properiies of solid poly-
ethylene (e.g., chemical resistance,
moisture resistance, toughness
and flexibility) and offers the
added plus of weighing only about
%40 as much as the solid material.

Polyethylene foam is used in
many applications as a padding
material. Because it has a buoy-
ancy of 55 Ib./cu.ft, PE foam is
also being used as a positive flota-
tion medium. Items such as hoat
bumpers, dock fenders, water ski
belts, swimming aids, and floating
toys are being produced.

Another interesting use for

*Rased on data suogﬁcd by ]. S. Laing, The
Now Chemical Co., Midland, Mich., and H. J.
Pazinski, Union Carbide Corp., Plastics Div,,
270 Park Ave., New York, N. Y. 10017,

POTLYEFTHYLIENE FOAMS

polyethylene foam is in the field
of package cushioning. High-im-
pact absorption iius the qualities
of chemical incriness, molsture
resistance, and nondusting appear
to make the pelyethylene fosm
ideal for packaging.

The automotive industry is vuse-
ing low density poirothylene form
in the form of woskets for tail
lights, heater housings, seuls

around the steering colinan where

it extends threush the firewall,
and floor board scals. Compression
resistance, closed-cell structure,
and sufficient shape retention in
thin slices to stay in place, enahle
polyethylene foam to qualify. In
addition to sealing applications, it
is used as a floor mat underlay.

Low density polyethylene
foam’s K-factor of 0.35 1o 040
Btu/hr./{t2/°F./in, of thickness
places it within the useful ther-
mal insulation range, Polyethylene
foam, because of its flexibility, is
ideally suited for wrap-around
insulation on large tanks and
small copper tubing.

Buildings applications include:
flexible insulated roof expansion
joints, filler strips in the expan-
sion joints of large structures,
weather stripping and quality
sealant backer rods in joints.

Fabrication: Low density poly-
ethylene foam can be fabricated
with standard power tools. Hot-

wire cutting is also a practical °

method of fabrication.

Products of polyethylene foam
can also he made by “thermal
compression molding,” and ex-
truded shcets of polyethylene
foam may be vacuum formed fol-
lowing conventional techniques
with due regard to thermal and
mechanical properties.

Sections of polyvethylene foam
may be joined together by bond-
ing under heat. The heating tool
used should be at a temperature
of about 350° F. Generally the tool
is coated with glass-reinforced
fluorocarbon to prevent the foam
from sticking to it

Polycthylene foam can also be
bonded to itself or to other mate~
rials with adhesives. Pressure-

sensitive rubber emulsion: and
rubber-solvent contact adhesives
are recommended.

Treatment of polyethylene foam
surfaces prior to decorating or
printing is necessary, either by
flame or electronic treatment, or
by chemical chlorination or oxi~
dation, For certain applications,
the polyethylene foam is coated
with a synthetic elastomer, or
with harder coatings such as
polyester or epoxy.

High density PE foam

High density polyethylene foam
(20 to 30 1b./cu. ft. or higher)
can be made from either low den-
sity (0.915 to 0.925) or high den-
sity (0.941 to 0.965) polyethylene
resin. At equivalent foam densi-
ties, foam produced from high
density resin has greater tensile
strength, better abrasion resist-
ance, higher compressive strength,
and is harder than that produced
from low density resin.

High density polyethylene foam
is a natural polyethylene which
contains a great number of small
isolated cells filled with inert gas.
It is produced by heating an ex-
pandable compound wuntil the
resin softens and the blowing
agent particles, dispersed through-
out the resin, release tiny cells
of gas at a great number of points
within the mass.

Cellular polyethylene for use
as wire and cable insulation is
normally produced at densities of
14 to 14 that of the base resins;
at this density it retains many
properties of polyethylene—in-
cluding chemical-, water-, and
abrasion - resistance, flexibility,
and toughness.

Cellular polyethylene finds use
as primary insulation for commu-
nications cable (coaxial cables
and television lead-in wire), be-
cause its good electrical charac-
teristics, at all frequencies up to
101® cycles, hold line losses and
electrical attenuation to a mini-
mum, The lower dielectric con-
stant of cellular polyethylene
permits the space between con-
ductors to be reduced without
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mereasing the impedance charac-
teristic. Consequently, 1) attenu-
ation may be reduced and eusble
strength  incereased by increasing
the size of the inner conductors
without increasing the over-all
diameter; ar 2) weight may be
reduced by decreasing the over-
all diameter without decreasing
the size of the inner conductors,

When immersed in water, the
power factor of cellular polyeth-
vlene increases only slightly more
than the power factor of solid
polyethylene; dielectric constants
do not increase significantly for
either, When exposed to water
vapor, the foam will pick up mois-
ture and tend to reach an equilib-
rium with the immediate atmos-
phere. This will result in an
increase in dissipation factor and
high attenuation in cables. The
moisture can be removed by dry-
ing in an oven., Drying will pro-
duce a decrease in dissipation fac-
tor and will bring attenuation
back to normal. For maximum
protection against moisture, a
welded aluminum or copper jac-
ket is required.

The combination of water-
resistance, good insulating quali-
ties, and buoyancy of cellu-
lar polyethylene insulation makes
floating communications and sig-
nal cable possible.

In the 042 specific gravity
range, cellular polycthylene has
a thermal conductivity of about
0.8 Btu/in./h1./f1.2/°F. Since this
conductivity is high compared
to commercial thermal insulations,
it cannot compete in cost, unless
its other properties provide special
advantages. For example, the ex-
cellent chemical properties and
low moisture transmission of cel-
lular polyethylene suggest its use
as an insulator for chemical lab-
oratory refrigerators and cold
boxes. Its relatively low melting
point restricts its use to tempera-
tures below 90° C. (194° F.).

Cellular polyethylene, in the
form of extruded rod, disks
sliced from rods, and disks
stamped from sheeting, has also
been used in such diverse appli-
cations as lightweight spacers,
bumpers on small hoats, floats,
and cap liners.

Fubrication: Extrusion is the
most commonly used method for
forming cellular polyethylene.
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The long barreled, 24:1 L/D ex-
truders with accurate tempera-
ture controllers and shallow chan-
nel  metering-type  polyethylene
serews are recommended. This,
along with good screw tempera-
ture control, will provide a uni-
form melt extrudate and result in
uniform  cellular  composition.
Subsequent  uniform  cooling  of
the extrudate will provide an
optimum cellular  construction.
Best results are obtained by ob-
serving these general rules: 1)
the time-temperature relations
within the extruder must be ade-
quate to decompose the blowing
agent; an increase in through-put
usually necessitates an increase in
extruder temperatures for the
same product; 2) pressures must
be maintained uniformly high un-
til the extrudate is released from

the die; premature expansion of -

the cells must be prevented; 3)
extrudate viscosity must be main-
tained at an optimum level (high
extrudate  viscosity  produces
higher density foam; low extru-
date viscosity produces large, in-
terconnected cells, surface rough-
ness, and accompanying cooling
problems).

New developments

A new continuous extrusion
process for the production of
closed-cell foamed polyethylene
films and sheet has recently been
announced.

Key to the development is the
use of polyethylene pellets im-
pregnated with a foaming agent
in solution (details not yet re-
vealed). After drying, the pellets
can be extruded into film or sheet
on blown film or flat die equip-
ment. Pellets can also be blow
molded directly into hottles or
tubes {a hlow molded thermal
bottle is already commercial).

Like polystyrene foam film or
sheet, the polvethylene foam can
be thermoformed. It can also be
heat-sealed, embossed, or lami-
nated (with heat and pressure) to
such substrates as cloth, paper, or
urethane {oam.

Originally developed as a dec-
orative paper, the strength, tough-
ness, water and chemical resist-
ance, insulating  characteristics
and soft texture of the PE foam
film now indicate other markets in
such areas as: insulation for

TABLE I: Typical properties of
high density polyethylene
structural foam*

Density (starting resin

0.96 density) g/cc 0.55
Tensile strength (paral-
lel to skins) psi 1,000

Compressive strength
(perpendicular to
skins, 10% deforma-

tion) psi 800
Flexural strength

(Ya~in. thick

sample) psi 1,900

Flexural modulus
(Va~in. thick

sample) psi 88,000
K factor, Btu/
hr./sq. ft./°F./in. 0.92

Coefficient of thermal
expansion, in./in./°F,

Water absorption
(24-hr. immersion,
Y4~-in. thick sample,
unexposed edges) %  0.22

418 x10°

SPrepared by Plastics Div., Union Carbide,

greenhouses or other structures;

‘table cloths; foam film-to-cloth

laminates for bags; embossed foam
film-to-cloth laminates to compete

.. with other synthetic leathers; in-

sulation " for electric wire and
cable; tents; wallpaper; packag-
ing; toys; outdoor sigrhoards, ancl
similar end uses whey: its specific
properties and fabricating meth-
ods can be applied to advantage.

Expansion molding: In a new
foam molding technique devel-
oped in Europe, polyethylen
pellets are fed from a hopper to
a hot-plate-type turntable. The
turntable makes six revolutions
per minute and the pellets are
evenly distributed on it in -
thin layer. By the tini they hav
traveled one complet rturn the.

- have been heated o a viscous

melt that is scraped off the turn-
table by a doctor blade and di-
rected into an extruder cylinder
located above the tanle. Unlike
conventional extrusion practice.
entry of the materii! into the
cylinder is through an opening i
the bottom of the cylir:ler, Imme-.
diately upon entry into the eylin-
der, the material is picked up by
the extruder screw (2!5-in. diam-
eter) and conveyed to the mold.

Ammonium carhonate-based
propellant and any ¢ocired color-
ant are added directly to the ex-
trusion cylinder and incorporated
in the melt. The amount of pro-
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pellant used determines the foam
density:

The screw {urns at a constant
speed of 60 vpm. It requires about
1 bp. for ecach 10 kg, hourly out-
put and convevs the melt to the
exit nozzle and into the mold.
Compression ratio is 3.5:1. While
the melt is in the cylinder, pres-
sure there is sufficiently high to
prevent expansion. But as soon as
the extrudate (generally in rod
form) enters the mold, immediate
expansion takes place and is com-
plete within 14 second.

The expansion of the melt is
accompanied by, a rapid tempera~
ture drop of about 40° C. (about
70° F.), so that the molded part
is ejected fairly cool.

By proper sclection of basic
resin and control of feed and pro-
pellant, the finished product can
have a broad range of densities
and cell structure. Part finish
is good, since the material picks
up mold detail faithfully.

First commercial applications in
the United States are in the shoe

field, and involve hecls and soles.
Among other products {or which
this process appears to he suit-
able are automotive arm rests,
suitcase handles, toilet seats, beer
cases, window frames, toys, con-
tour packaging, and stock shapes.

Struciural foams: A new one-
step method for foaming polyeth-
vlene and other thermoplastics
and producing strong, tough,
molded parts with integral solid
skins has recently been devel-
oped. But details of the process
will not be made available until
patents have issued.

It is reported by the developert
of the process that parts molded
of the new material, called
“structural foam,” are as much as
three times as rigid as equivalent
parts produced {rom the same
weight of solid material. This
means that equal rigidity can be
obtained with one-third the
amount of material, bringing new
concepts of economy to the foam
field. In addition, the process op-

1!7;110; Carbide Corp., Plastics Div.

erates at  low pressures  and
therefore can make use of inex-
pensive molds.

The characteristics of struc-
tural foam make it competitive
with wood and metals in such ap-
plications as industrial tote boxes,
agricultural field lugs, furniture
drawers and in other areas to
which it brings advantages of
light  weight combined with
strength and rigidity.

It is reported that structural
foam parts weighing 0.5 pounds
or more and with minimum wall
thicknesses of #¢-inch are mold-
ed strain-free and with a com-
plete absence of sink marks op-
posite ribs or bosses.

Polypropylene has also been
foamed. There is only limited in-
terest in the process so far, be-
cause of the brittleness of the
foam at low temperature, but it is
still being investigated. At equi-
valent foam densities, the poly-
propylenes will produce a harder,
tougher, and more rigid product
than polyethylene.
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phenolic foams

B There are two basic types of
phenolic foam——the reaction-type
and the premixed cellular mortar
or “syntactic foams.”

Reaction-type foams

A rigid thermoset open-cell
product, phenolic foams may vary
from a rather friable, soft material
of less than one 1b./cu. ft. density
to a hard, board-like foam weigh-
ing as much as 10 Ib./cu. foot.
Average strength properties of

two densitics of foam are listed

in Table I. The color of phenolic
foams is yellow to brown, and
tends to darken with age. Basi-
cally, major characteristics of the
reaction-type phenolic foam are
light weight, high dimensional
stahility, heat vesistance up to a
temperature of 250° F, and non-
support of combustion.

The foam is prepared by adding
an acid to a water solution of
phenolic resing and then incor-
porating a blowing agent and a
surfactant. A number of acids may
be used to start the reaction, in-

PHENOLIC FOAMS

cluding sulfurie, phosphoric, tolu-
enesulfonic, hydrochloric, or phe-
nolsulfonic. The heat of reaction
causes vaporization of the small
amounts of water and solvent
present in the mixture. A proper
balance of reaction and expan-
sion results in the formation of
a foam having a volume as much
as 200 times grecater than the
original liquid resin.

The speed at which the foaming
reaction will take place can be

TABLE 1: Average strength
properties of phenolic foams*

Density of
foam,
{Ih./eu. {t.)
2 4
Compressive strength, psi 25 69
Flexural strength, p 25 65 .
Shear strength, psi 14 30
Tensile strength, p-i 20 42
Shear modulus, psi ane 750

varied. The type of resin used
and the relative proportions of
the various components can also
be varied to affect the nati: = of
the phenolic foam obtained. For
example, one part per hundred
of mixture by weight of a woiting
agent (e.g., Tween 40, by \tlas
Chemical Co.) gives a uniiorm
distribution of small cells. Re-
ducing the proportion of w. ting
agent results in a coarse ioam
with large thick-walled cells; by
substantially increasing the pro-
portion of agent, a tough, resilient
foam is produced. More water in
the reaction also leads to the for-
mation of large size cells.

Variations in blowing sgent
concentration must be great to
produce significant changes in the
foam, but changes in acid propor-
tions result in setting of the [oam
before its full expansion, and
hence higher densities.

In many cases, it i8 desivable
to have a protective hard phenolic
skin formed around a core of more
friable rigid foam. By lowrring
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the temperature of the mold in
which foaming takes place, it is
possible to form such a skin: the
cooler the mold, the thicker the
skin will be.

The low K-factor of reaction-
type foams—0.20 to 0.22 for densi-
ties of one to three lb./cu. ft—
maulkes them desirable for thermal
imsulation, either in slab stock
form  ar {oamed-in-place. Huge
cavitiecs can be filled at rela-
tively low cost, with only a small
amount of erushing of the foam
necessary to follow the surface
irregularities. In building insula-
tion applications, the reaction-type
foam can be installed by: 1) filling
wall spaces with precut, factory-
produced slabs; or 2) foaming
the material into horizontal pre-
fabricated panels on a moving
conveyor belt. Phenolic resin will
foam in a vertieal cavity to con-
trolled heights.

Foam core panels, with plywood,
Masonite, paper, or metal skins
can be fabricated by laminating,
bonding, or foaming in place. An
adhesive is required when bond-
ing phenolic foam to a smooth,
hard surface such as found on
glass or metals.

Phenolic foams, which are high-
ly cross linked, are not much
affected by heat or moisture, and
retain their strength over a range

of temperatures up to 250° F.
They also retain their dimensions,
with a minimum of shrinkage, up
to a 16-hr. exposure at 350° F.
Above 400° F., stability falls off.

On the other hand, phenolic
foam, having an interconnected
cell structure, transmits moisture
and slowly absorbs water when
immersed. The rate of absorption
can be decreased by providing an
outer, protective skin or a vapor
barrier such as aluminum foil or
polyethylene film.

The light weight, high dimen-
sional stability, and non-support
of comhustion properties of phe-
nolic foam make it an ideal form-
fitting packaging material. The
ability to produce a cavity of the
desired size and dimension in phe-
nolic foam by simply pressing an
object, v a replica thereof, into
the foam cnables this material to
be used advantageously in pack-
aging applications.

In the case of consumer items

where “lustiness” of low density
foam would he objectionable, a
coating <hould be applied to the

foam wlior the’ cavity is press

formed. 115 coating can be ap-
plied by spraying a conventional
fast-drying paint or by vacuum
forming a thin skin of rigid vinyl
film over the entire foam block,

Reaction-type foam can be cut,

carved, and shapcd with conven-
tional hand tools. The three 1b./cu.
ft. variety is particularly suitable
as a handicraft matrial; it is ens-
ily worked with siriple tools.

Syntactic foams

A different tvpe of cellvipr
phenolic, ecalled = ntactic fo:rn,
consists of micro:copic holiow
spheres of phenolic resin (Micro-
balloons, by Standard Oil Co. of
Ohio) mixed with a hinding mato-
rial such as a polyester or an
epoxy resin. This produces a cell-
ular mortar of low density and
high strength. Dianicter range of
the spheres is from 0.0002 to 0.005
in. The average density of the
mortar is 10 1b./cu. foot.

Normally handled as a putiz-
like mass, the cellular mortar can

be troweled onto suitable surfaces

(preferably with some form «of
heated trowel), molded to shape,
or forced into cavities,

Cellular mortar is being ucad

as a core material for such rein-

forced applications as boat hills
and decks, and rcinforced s -
tions of airplane structures.
Cellular mortar can also %e
used for simple do-it-yourself
repairs on wood structures in
homes or industry, for embedding
electronic parts, for making heat
shields and for prosthetic devices.
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epoxy foams

B Cured epoxy foams are charac-
terized by high strength/weight
ratio, chemical resistance, heat re-
sistance up to 250° F. and adhe-
sive qualities. Where the applica-
tion requires, they can readily be
foamed in place.

Their properties suggest use in
such applications as “doppler”
navigation systems for supersonic
flights and various aireraft com-
ponent checking fixtures, where
absolute dimensional stability is
needed, The epoxy foams also
have been used for making in-
volved tools and foundry patierns,
spray~applied insulation over
large areas—such as storage tanks
—and in potting and encapsulat-
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ing of electrical and electronic
components,

Depending on the manufactur-
ing technique used, epoxy foam
density may vary between two
and 20 1b./cu. ft., its compressive
strength between 13 psi for the
lighter density foam and 1100 psi
for the heaviest variety. Tensile
strenyth slso varies greatly, again

depend::  on density, from a low
of 30 t hooef 500 psi.

Meti- i for making
epoxy {« . wmoiude:

1) Al wi-ubeic enmpound and
a curin:’ o b as riethylene
triamin- -« acoed to a liquid
epoxy 1+ i starting are exother-

mic reo o, Some  water s

added to increase the speed of the
process; surfactants are also used
to modify the surface tension.
One drawback of this particular
method is the uneven distribution
of heat throughout the mass of
the foam in formation, especially
when large slabs or blocks are
being molded.

2) An epoxy foam, using tri-
methoxy boroxine as blowing
agent, has been developed. In
production, the boroxine liberates
methanol, with a polyamine, such
as pp’ diaminodiphenyl suifone,
as catalyst. These foams cure
without application of heat and
remain rigid up to 300° F.

(More on foams on p. 369)
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foamed silicones

B Developed after World War 11,
silicone {foams are produced from
silicone resins and powders which
are both organic and non-organic,
containing the basic Si-O-Si sil-
oxane group.

Room temperature foams are
rigid or semi-rigid with densities
of from three to five lb./cu. foot.

They are prepared by mixing sil-

icone resins with a catalyst, blow-
ing agents, etc, and pouring in
place within 60 seconds. Foam is
ready to handle after ten hours.
This time can be reduced, how-
ever, by heating the foam to 250°
F. two hours after the expansion
phase is completed.

These fogms can be used at
temperatures up to 650° F. They
have excellent flame resistance,
good electrical insulation proper-
ties, and a low order of water ab-
sorption. Their main applications
are in the electrical field, and as
thermal insulation where high

temperatures will he encountered.
Cell structure of this type of foam
is small and uniform, and 60 per-
cent of the cells are closed. Ther-
mal conductivity is 0.281 Btu/in.”
°F./ft.2/hr. Compressive strength
is not very high; foam is non-
burning and reasonably stable
dimensionally up to 500° F.
RTYV silicone rubber is a mate-
rial that vulcanizes at room tem-
perature to produce a low density

{seven to 20 Ib-cuft) open cell

structure which remains flexible
and __rubbery {rom 100 to
A4500° F,

This foam ha< very good elec~
trical propertic- it offers good
resistance to w- 'uuiiu corona,
ozone, and 1 nd it is
chemically ineri. ' 15 used cssen=
tially for vibrat; -2 instlation and
thermal insulati-

RTV silicone ¢+ 0o
flame-~retardant -
ditive masterbat

can be made
ase of an ad-
Ove type of

RTV foam is particenlarly adapt-
able to encapsulation by dip coat-
ing. It cures in 24 hr. at room
temperature; at 150 or 300° F,
cure time is accelerated,

Silicone foam sponge is ob-
tained by mixing unvulcanized
silicone rubber with a chemical
blowing agent (such as N,N’-dini-
trosopentamethylene - tetramine)
and heating the mixture at vul-
canizing temperature. Silicone
rubber sponge finds use in the
fabrication of blankets for heat
sealing or honding equipment, in
electronics, and other insulation
and/or cushioning applications in-
volving exposure of the product
to high temperatures.

One important new market for
these foams is in the area of plas-
tic surgery., Coarse cell silicone
sponge appears to be useful for
breast prosthesis, while the finer
cell foam is preferred for facial
implants.

i
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cellular cellulose acetate

Produced by an extrusion proc-
ess, cellular cellulose acetate! is
known as Strux, or CCA. In pro-
duction, molten cellulose acetate
containing a volatile solvent is
extruded and the solvent flash-
vaporizes to leave a unicellular,
white, rigid foam. CCA is fur-
nished in the form of boards (1
by 4, % by 6 and ¥ by 8 inches)

and rods 2% inches in diameter.”

Its density is from six to eight
Ib./cu. foot.

A dense skin forms during the
extrusion of CCA and its removal
is recommended for better bond-
ing properties. This also reduces
the as-extruded density by about
1 Ih./cu. foot.

CCA has excellent strength
properties, is thermally stable, and
resists the attack of vermin and
fungus. It has a broad tempera-
ture use range from —70 to 350°

1 Manufactured by Strux Corp., 100 East Mon-
tauk Hwy., Lindenburst, N. ¥, 11757,

F. and will withstand tempera-
tures as high as 380" F. for short
periods. Mechanical properties are

not greatly affected by tempera--

ture change. At —70° F. room
temperature values are decreased
about 20 percent.

Its K~factor is 0.31 Btu/in./°F,
/sq. ft. and it has a slow burning
rate of 4.9 inches per minute. It
has good buoyancy properties, ab-
sorbs little water upon immersion,
and recovers full buoyancy when
dried. Its good electrical proper-
ties—1.12 dielectric constant, 0.002
to 0003 loss tangent--make it
useful for X-ray 1 electronic
equipment.

One of the mot sxiensive cur-
rent uses for oollular cellulose
acetate is ag a rih struciure in the
fabrication of Jirbtweivht, Teine

forced plastic | =1x made by
matched metal ond  autoclave
molding. Both suall ind large

parts having skin thicknesses of -

between 0.020 and 0.032 of an inch
are rigidized completely by the
use of fabricated rib sections
placed between the wet or pre-
impregnated plies of glass cloth.
The CCA withstands normal mold-
ing temperatures and pressures.

CCA also is widely used as a
core material in sandwich con-
structions. In other fields it has
found acceptance as reinforcement
for aircraft control surfaces, ra-
dome housings and filler blocks
under fuel cells. Inert to various
fuels, it is used for many years in
making tank floats for indicating
devices.

Its buoyancy has led to its use
in life floats, buoys and other ma-
rine flotation devices, as well as in
stall craft, Other applications in-
clude ribs, posts and framing in
shelters and housing units.

For Literature References on
Foamed Plustics, see p. 382.
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CHOOSEYOURPLASTIC —and there
are 9 grades of KEMPORE® blowing
agents each designed to get you a
larger share of the growing foam
market. Foam vinyls for flooring, in-
sulation materials and luxurious
coated tabrics used in garments,
fashion accessories, luggage and
upholstery covering. Foam polyole-
fins and obtain new functions like re-
duced slippage as well as low raw
material cost. Let our technology
help you achieve new production
objectives and valuable new product

QUALITY BLOWING AGENTS
FOR PLASTICS AND RUBBER

e Get betlter production control
» Broaden your market with expanded products
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COST

CHOOSE YOUR RUBBER —
and there's an OPEX®
blowing agent to help you
produce expanded shoe
soles, mechanical goods,
insulation, play balls —
without discoloration or
staining. OPEX disperses
easily in elastomers, is de-
pendably uniform, and will
achieve excellent produc-
tion results. Enjoy better
production and improved .
products at lower cost,
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Write for technical data and sample for evaluation,
s \J ki® 54 EAMES ST, WILMINGTON, MASS. 01887 [§17] 933-4240
Member of the Fisons International group

In Canada write: FISONS (CANADA) LIMITED, Toronto, Ontario
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Looking for profitable molds? Millions of foar molded prod-
ucts are made daily in Springfield built molds. Our customers
are located all over the world. Why do they come to Springfield?
— Because we were pioneers and we are still the leaders in
the production of high quality automatically operated molds.
Our facilities provide for design, casting, machining and test-
ing of E. P. molds. We make the best. Let us help you,
Write for brochure. Send prints for quotation.

MOLD DIVISION

SPRINGFIELD CAST PRODUCTS, INC.

616 Berkshire Avenue
Springfield, Massachusetts

)
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