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EXTRUDED, OPEN-CELL FOAM AND PROCESS FOR MAKING
Abstract

Disclosed 1s an extruded, open-cell alkenyl

aromatic polymer foam useful in i1nsulating applications.

The foam has an open cell content of 30 percent or more.

The foam further has in minor dimension and cross section of
greater than 6.4 millimeters. The foam 1s substantially
free of rubbery polymer content and thermoset polymer

F

content and 1s free of carbon black. It has a density of

2.0 to 3.5 pounds per cubic foot (32 to 48 kilograms per
cubic meter) and has an average cell size of 0.08 to 1.2

millimeters. The foam has a high heat distortion

temperature, and 1s particularly useful in roofing

applications. Further disclosed 1s a process for making the

open—-cell foam.
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EXTRUDED, OPEN-CELL FOAM AND PROCESS FOR MAKING

This invention relates to an extruded, open-cell alkenyl aromatic polymer foam
and a process for making.

Alkenyl aromatic polymer foams have been employed extensively in a variety of -
insulating applications. The most common types empioyed are closed-cell extruded foams and
expanded bead foams. Extruded foams are made by forming a gel of a polymer meit and a
blowing agent under heat and pressure, and extruding the gel through a die into a region of
lower pressure. The lower pressure causes the gel to expand, cool, and solidify to form the
foam. Bead foams are made by charging a mold with solid, expandable polymer beads
containing an imbibed blowing agent or pre-expanded beads, and exposing the beads to
heated air or steam to effect their expansion, coalescence, and adherence to form a unitary

foam mass or article.

Heat distortion temperature of an alkenyl aromatic foam is very important when
the foam is being used in a relatively high temperature application close to the service
temperature timit (about 165°F for a conventional closed-cell polystyrene foam) of the foam. If
the heat distortion temperature of a foam is too low, it may be subject to disfigurement and/or
rupture.

Extruded, closed-cell foams are more vapor-resistant, more water-resistant, and
mechanically stronger than expanded bead foams. Extruded, closed-cell foams have these
advantages because they are made in a solid, celiular form. Expanded bead foams, in contrast,
are formed in a coalesced mass of discrete, expanded foam beads.

Expanded bead foams typically better maintain their shape in a high temperature
environment than extruded, closed-cell foams because they typically have better bowing
characteristics. Their bowing characteristics are better because the coalesced expanded beads
allow for greater mechanical relaxation compared to the solid, celiular form of extruded,
closed-cell foams.

A common high temperature application for alkenyl aromatic foams is in roofing.
In roofing, the foam is typically employed below a roofing membrane, which is dark and
rubber-like, and may reach service temperature limits when underneath a membrane exposed
to direct sunlight in the summer months. If the foam becomes distorted, the membrane and
the foam may separate to form void pockets, which leaves the membrane with less mechanical
support on its undersurface. The lack of undersurface support renders the membrane more
subject to rupture, which results in water leaking in the roof.

it would be desirable to have an alkenyl aromatic foam which had a vapor
resistance, water resistance, and mechanical strength similar to that of extruded, ciosed-cel}

foams and bowing characteristics similar to that of expanded bead foams.
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According to the present invention, there is an
extruded, open-cell alkenyl aromatic polymer foam. The foam
comprises an alkenyl aromatic polymer material having
greater than 50 percent by weight alkenyl aromatic monomeric
units. The foam has an open cell content of 30 percent or
more, and preferably 30 to 80 percent according to
ASTM D2856-87. The foam has a minor dimension 1n

cross—-section (thickness) of greater than 0.25 inches

(6.4 millimeters(mm)). The foam preferably has a density of
1.5 pounds per cubic foot (pcf) to 6.0 pct (24 to 96
kilograms per cubic meter (kg/m’)) according to

ASTM D1622-88. The foam preferably has an average cell size

of from 0.08 millimeters (mm) to 1.2 mm according to

ASTM D3576-77. The foam preferably has a heat distortion

temperature of from 175°F to 210°F according to

ASTM D-2126-87. The foam 1s useful 1in a variety of
insulating, cushioning, and protective applications. Since
the foam has a relatively high heat distortion temperature,
it is particularly useful 1n high-temperature 1nsulating

applications such as in roofing.

According to the present invention, there 1is a
process for making an extruded, open-cell alkenyl aromatic
polymer foam having a minor dimension and cross-section of
greater than 0.25 inches (6.4 millimeters). The process
comprises: a) heating an alkenyl aromatic polymer material

comprising more than 50 percent by weight alkenyl aromatic

monomeric units to form a melt polymer material; Db)
incorporating into the melt polymer material an amount of a
nucleating agent sufficient to result in a foam having 30
percent or more open cell content; c) i1ncorporating into the
melt polymer material at an elevated pressure a blowlng

agent to form a foamable gel; d) cooling the foamable gel to

-7 -
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a sultable foaming temperature; and e) extruding the

F

foamable gel through a die into a region of lower pressure

to form the foam. The foaming temperature ranges from 118°C

to 145°C wherein the foaming temperature is from 3°C to 15°C

higher than the highest foaming temperature for a

corresponding closed-cell foam. Preferred foaming

temperature 1s 33°C or more higher than the glass transition
temperature (according to ASTM D-3418) of the alkenyl

aromatic polymer material.

According to one aspect of the present invention,
there 1s provided an extruded, open-cell alkenyl aromatic
polymer foam, comprising: a) an alkenyl aromatic polymer
material having greater than 50 percent by weight alkenvyl
aromatic monomeric units; and b) a nucleating agent; the
foam being characterized in that: 1) the open-cell content
1s 30 percent or more, 11) the minor dimension in

cross—section 1s greater than 6.4 millimeters, and iii) the

foam has a density of 1.5 pcf to 6.0 pcf (24 kg/m’ to 96
kg/m?, an average cell size of from 0.08 mm to 1.2 mm and
0.01 to 5 parts by weight nucleating agent per hundred parts

by weight polymer resin.

According to another aspect of the present
invention, there 1s provided an extruded, open-celled
alkenyl aromatic polymer foam, comprising greater than 90
welght percent polystyrene homopolymer and 0.01 to 5 parts
by welght nucleating agent per hundred parts by weight
polymer resin; and wherein said foam: (a) has an open-cell
content of 30 percent or more; (b) has a minor dimension in

—

cross—-section of greater than 6.4 millimeters; (c) is

substantially free of rubbery polymer content and thermoset

H

polymer content; (d) 1s free of carbon black; (e) has a

density of 2.0 to 3.5 pounds per cubic foot (32 to 48
—28._
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kilograms per cubic meter); and (f) has an average cell size

of 0.08 to 1.2 millimeters.

F

According to another aspect of the present

invention, there is provided a process for making an

extruded, open-cell alkenyl aromatic polymer foam, the foam

pr——

having a minor dimension 1n cross-section of greater than

6.4 millimeters comprising: a) heatling an alkenyl aromatic
polymer material comprising alkenyl aromatic homopolymer to
form a melt polymer material; b) incorporating 1nto the melt
polymer material an amount of a nucleating agent; c)

incorporating into the melt polymer material at an elevated

pressure a pblowlng agent in an amount of 0.2 to 5.0 grams-

moles per kilogram polymer to form a foamable gel; d)

cooling the foamable gel to a suitable foaming temperature;
and e) extruding the foamable gel through a die into a
region of reduced pressure to form the foam; the process
being characterized 1n that the nucleating agent 1s
incorporated 1n an amount sufficient to result in a foam
having 30 percent or more open cell content wherein the
amount 1s 0.01 to 5 parts by welight nucleating agent per

hundred parts by welght polymer resin, wherein the foamable

P

gel 1s cooled to a foaming temperature of from 118°C to

145°C, and wherein the foaming temperature is from 3°C to

15°C higher than the highest foaming temperature for a

corresponding closed-cell foam.

P

According to yet another aspect of the present

invention, there is provided the process as described
herein, wherein the foamable gel 1s extruded through the die

into a region of atmospheric pressure.

g

According to still another aspect of the present

invention, there is provided the process as described

-72b-
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herein, wherein the foamable gel i1s extruded through the die

into a region of subatmospheric pressure.

Extruded alkenyl aromatic foams of relatively high
open—cell content (30 to 80 percent), relatively high
5 cross-section thickness (greater than 0.25 inches (6.4 mm)),
and relatively low density (1.5 pcf to 6.0 pcf (24 kg/m’
to 96 kg/m’)) have previously been difficult to prepare.
Problems encountered i1ncluded small cross—-section, small

cell size, low compressive strength, and higher density.

10 Preparing the above foams is difficult because the
need for a small average cell size 1s incongruous with the
need for desirable levels of density, cross-section

thickness, and compressive strength. In makling an open-cell

"

foam, cell walls must be sufficiently thin upon expansion of
15 the foam such that a certain proportion of them rupture so
that the desired open-cell content 1s attained. Making
sufficiently thin cell walls requires that the average cell
size be relatively small, since cell wall thickness 1is
proportional to cell size. Making a foam with a
20 sufficiently small average cell size typically requires that

relatively large amounts of a

-7 0C—-
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nucleating agent be employed. The large degree of nucleation to achieve small average cell
size results in foam expansion which is too }apid. The rapid expansion causes premature
cooling of the expanded foam, which results in small cross-section and high density.

In the prior art, open-cell polystyrene foam sheet of up 1o 0.25 inches {6.4
millimeters) have been prepared. Such foams range from 10 percent to 40 percent open cell,
and range in density from 3 pcfto 6 pctf (48 kg/m3 to 96 kg/m3). Such foams are typically
produced with an annular die, and are slit to shape. Such foams are typically employed in
packaging applications, and are too thin for roofing applications.

In the present process, a relatively high foaming temperature is em ployed along
with a nucleating agent to make the desired open-cell foams. The relatively high foa ming
temperature enables the open-cell foam to be made with a lower degree of nucleation than
with a lower foaming temperature. The relatively higher foaming temperature results in the
polymer material in the cell wall being less viscous than at a lower foaming temperature. A less
viscous cell wall is more likely to rupture upon expansion of the foam, and, thus, is more iikely
to form a foam with higher open-cell content. The less viscous the cell wall during foam
expansion, the thicker the cell wall, and, thus, the larger the cell size that may be em ployed in
the open-cell foam.

in the present process, the foaming temperature, which is relatively higher than
that for making closed-cell foams (less than 10 percent open-cell according to ASTM D2856-87),
may vary from 118°Cto 145°C. Foaming temperature will vary according to nucleating agent
composition and concentration, blowing agent composition and concentration, polymer
material characteristics, and extrusion die design. The foaming temperature for the present
open-cell foam varies from 3°C to 15°C and preferably 10°C to 15°C higher than the highest
foaming temperature for a corresponding ciosed-cell foam (less than 10 percent open-ceii
according to ASTM D2856-87) of substantialiy equivalent density and celi size made with a
substantially equivalent composition (including polymer material, nucleating agent, additives,
and blowing agent) in a substantially equivalent process. A preferred foaming temperature is
33°C or more greater than the glass transition temperature (according to ASTM D-3418) of the
alkenyl aromatic polymer material. A most preferred foaming temperature is from 135°C to
140°C.

The amount of nucleating agent employed to prepare the present open-cell foam
will vary according to desired cell size, foaming temperature, and composition of the
nucteating agent. Open-cell content increases with Increasing nucleating agent content.
Useful nucleating agents inciude calcium carbonate, calcium stearate, talc, clay, titanium
dioxide, silica, barium stearate, diatomaceous earth, mixtures of citric acid and sodium
bicarbonate, and the like. Preferred nucleating agents are talc and calcium stearate. The
amount of nucieating agent employed may range from 0.01 to 5 parts by weight per hundred
parts by weight of a polymer resin. The preferred range is from 0.4 to 3.0 parts by weight.

-3-
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The present foam has a density of 1.5 pcf to 6.0 pcf (24 kg/m3 to 96 kg/m3) and
preferably a density of 2.0 pcf to 3.5 pcf (32 kg/m3 to 48 kg/m3) according to ASTM D-1622-88.

The present foam has an average cell size of from 0.08 millimeters (mm) to 1.2
mm and preferabiy from 0.10 mm 1o 8.9 mm according to ASTM D3576-77.

In the present invention, the foam is particularly suited to be formed into a plank,
desirably one having a minor dimension in cross-section {thickness) of greater than 0.25 inches
(6.4 millimeters) and preferably 0.375 inches (9.5 millimeters) or more. Further, preferably, the
foam has a cross-sectional area of 30 square centimeters {cm) or more.

The present foam has an open cell content of 30 percent or more, preferably 30 to
80 percent, and most preferably 40 to 60 percent according to ASTM D2856-87.

The present foam is generally prepared by heating an alkenyl aromatic polymer
material to form a plasticized or melt polymer material, incorporating therein a blowing agent
to form a foamable gel, and extruding the gel through a die to form the foam product. Priorto
mixing with the biowing agent, the polymer material is heated to a temperature at or above its
glass transition temperature or meiting point. The blowing agent may be incorporated or
mixed into the melt poiymer material by any means known in the art such as with an extruder,
mixer, or blender. The blowing agent is mixed with the melt polymer material at an elevated
pressure sufficient to prevent substantial expansion of the melt polymer material and to
generally disperse the blowing agent homogeneously therein. A nucleating agent is blended
in the polymer meit or dry blended with the polymer material prior to plasticizing or melting.
The foamable gel is typically cooled to a lower temperature to optimize or attain desired
physical characteristics of the foam. The gel may be cooled in the extruder or other mixing
device or in separate coolers. The gel is then extruded or conveyed through a die of desired
shape to a zone of reduced or lower pressure to form the foam. A preferred die designisa
rectangular or slit die, which are advantageous for making piank products.. The zone of lower
pressure is at a pressure iower than that in which the foamable gel is maintained prior to
extrusion through the die. The lower pressure may be superatmospheric or subatmospheric
(evacuated or vacuum), but is preferably at an atmospheric level.

Biowing agents useful in making the present foam include inorganic agents,
organic biowing agents and chemical blowing agents. Suitable inorganic blowing agents
include carbon dioxide, nitrogen, argon, water, air, nitrogen, and helium. Organic blowing
agents include aliphatic hydrocarbons having 1-9 carbon atoms, aliphatic alcohols having 1-3
carbon atoms, and fully and partially halogenated aliphatic hydrocarbons having 1-4 carbon
atoms. Aliphatic hydrocarboens include methane, ethane, propane, n-butane, isobutane, n-
pentane, isopentane, and neopentane. Aliphatic alcohols include methanol, ethanol, n-
propanocl, and isopropanct. Fully and partially haiogenated aliphatic hydrocarbons inciude
fluorocarbons, chlorocarbons, and chiorofluorocarbons. Examples of fluorocarbons include
methyl fluoride, perfluoromethane, ethyl tiuoride, 1,1-diflucroethane (HFC-152a}, 1,1, 1-
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trifluoroethane (HFC-143a), 1,1 .1,2-tetrafluoro-ethane (HFC-1 34a), pentafluoroethane,
difluoromethane, perfluoroethane, 2,2-difluoropropane, 1,1,1 ~trifluoropropane,
perfluoropropane, dichioropropane, difluoropropane, perfluorobutane, and
perfluorocyclobutahe. Partially halogenated chiorocarbons and chlorofiuorocarbons for use in
this invention include methyl chioride, methylene chioride, ethyl chloride, 1,1,1-
trichloroethane, 1, 1-dichloro-1-fluoroethane (HCFC-141b), 1-chioro-1,1-diflucroethane (HCFC-
142b), chiorodifluoromethane (HCFC-22), 1,1 ~-dichloro-2,2,2-trifluoroethane (HCFC-123) and
1-chloro-1,2,2,2-tetrafluoroethane (HCFC-124), and the like. Fully halogenated
chlorofiuorocarbons include trichioromonofluoromethane (CFC-11), dichlorodifiucromethane
(CFC-12), trichlorotriflucroethane (CFC-1 13), 1.1, 1-trifluoroethane, pentafluoroethane,
dichlorotetrafluoroethane (CFC-114), chloroheptafluoropropane, and
dichiorohexafluoropropane. Chemical blowing agents include azodicarbonamide,
azodiisobutyro-nitrile, benzenesulfonhydrazide, 4,4-oxybenzene sulfonyl-semicarbazide, p-
toluene sulfonyi semi-carbazide, barium azodicarboxyiate, and N, N’-dimethyi-N,N’-
dinitrosoterephthalamide and trihydrazino triazine.

The amount of blowing agent incorparated into the polymer melt material to
make a foam-forming gel is from 0.2 t0 5.0 gram-moles per kilogram of polymer, preferably
from 0.5 to 3.0 gram-moles per kilogram of polymer, and most preferably from 0.7 to 2.0 gram-
moles per kilogram of polymer. A preferred biowing agent is a mixture of carbon dioxide and
ethy! chloride.

The present foam comprises an alkenyl aromatic polymer material. Suitable
alkenyl aromatic polymer materials include alkenyl aromatic homopolymers and copolymers of
alkenyl aromatic compounds and copolymerizabie ethylenicaliy unsaturated comonomers. The
alkenyl aromatic polymer material may further include minor proportions of non-aikenyl
aromatic polymers. The alkenyl aromatic polymer material may be comprised solely of one or
more alkeny! aromatic homopolymers, one or more alkenyl aromatic copolymers, a blend of
one or more of each of alkenyl aromatic homopolymers and copolymers, or biends of any of
the foregoing with a non-alkenyl aromatic polymer. Regardless of composition, the alkenyl
aromatic polymer material comprises greater than 50 and preferably greater than 70 weight
percent alkenyl aromatic monomeric units. Most preterably, the alkenyl aromatic polymer
material is comprised entirely of alkenyl aromatic monomeric units.

Suitable alkenyl aromatic polymers include those derived from alkenyl aromatic
compounds such as styrene, alphamethyistyrene, ethylstyrene, vinyl benzene, vinyl toluene,
chiorostyrene, and bromostyrene. A preferred alkenyl aromatic polymer is polystyrene. Minor
amounts of monoethylenically unsaturated com pounds such as C,_g alkyl acids and esters,
lonomeric derivatives, and C4.5 dienes may be copolymerized with alkeny! aromatic
compounds. Examples of copolymerizable compounds include acrylic acid, methacrylic acid,

ethacrylic acid, maleic acid, itaconic acid, acrylonitrile, maleic anhydride, methyl acrylate, ethyl
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acrylate, isobutyl acrylate, n-butyl acrylate, methyl methacrylate, vinyl acetate. The foams are
preferably substantially free of rubbery or rubber-like substances such as those with C4.¢ diene
monomeric content, including 1,3-butadiene monomeric content. The foams are further
preferably substantially free of thermoset polymers such as polyurethanes. Preferred foams
comprise substantially (that is, greater than 90 percent) and most preferably entirely of
polystyrene.

The present foam optionally further comprises carbon black to enhance
insulating capability. The carbon black may comprise between 1.0 and 25 weight percent and
preferably between 4.0 and 10.0 weight percent based upon the weight of the alkeny!
aromatic polymer material in the foam. The carbon black may be of any type known in the art
such as furnace black, thermal black, acetylene black, and channel biack. A preferred carbon
black is thermal black. A preferred thermal black has an average particle size of 150
nanometers or more.

Smali amounts of an ethylene polymer such as linear low density polyethylene or

high density polyethylene may be incorporated into the foamabie gel to enhance open-cell
content upon extrusion and foaming.

The present foam preferably has a heat distortion temperature of from 175°F to
210°F and more preferabiy from 190°F to 205°F according to ASTM D-2126-87. The present
foam has excellent heat distortion characteristics due to its open-cell content.

The present foam is substantially non-crossiinked. Substantially non-crosslinked
means the foam is substantially free of crosslinking, but is inclusive of the slight degree of
crosslinking which may occur naturally without the use of crosslinking agents or radiation. A
substantially non-crossiinked foam has less than 5 percent gel per ASTM D-2765-84, method A.

Various additives may be incorporated in the present foam such as inorganic
fillers, pigments, antioxidants, acid scavengers, ultraviolet absorbers, flame retardants,
processing aids, and extrusion aids.

The following are examples of the present invention, and are not to be construed
as limiting. Unless otherwise indicated, all percentages, parts, or proportions are by weight.

Open-cell foams were prepared according to the present invention.

The apparatus for making the foam comprised an extruder, a mixer, a cooler, and
a die in series. Two different extrusion systems were used. The foams represented in Table 1
were made with a 1 1/2inch (3.8 centimeter) extruder. The foams represented in Table 2 were
made with a 2 1/2 inch {6.4 centimeter) extruder.

A polystyrene resin and additives were dry-biended, and fed to the extruder to
form a polymer melt. A blowing agent was added to the polymer melt in the mixer to form a
foamabie gel. The temperature of the foamable gel was reduced in the cooler to a suitable
foaming temperature. The foamable gel was conveyed through the die into a region of

reduced pressure to form the foam.

-6-
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The polystyrene resin was of 200,000 weight average molecular weight acco rding
to size exclusion chromatography. Additives included talc, calcium stearate (CaSt), magnesium
oxide (MgO), linear low density polyethylene (LLDPE), and high density polyethylene (HDPE).
Talc was employed as a nucleating agent, CaSt as an acid scavenger, MgO as an extrusion aid,
and LLDPE to enhance open-cell content in the resulting foam. Not all additives were used in
every example.

Blowing agent content varied, and was selected from chlorodifluoromethane
(HCFC-22), 1-chioro,-1,1-difluoroethane (HCFC-142b), ethyl chloride {EtCl), and carbon dioxide
(CO,).

Open cell content was determined according to ASTM D2856-87. Celi size was
determined according to ASTM D3576-77. Density was determined according to ASTM D-1622-
88. Heat distortion temperature was determined per ASTM D-2126-87 by measuring
dimensional change after exposing foam for one hour, two hours, or three days at different
temperatures using <2.0% in any direction, or <5.0% in total volume as a criteria.

It was found that: as foaming temperature was increased, open-cell content
increased; as cell size decreased, open-cell content increased: as die pressure drop increased,

the open-cell content increased; and as open-cell content Increased, the heat distortion
temperature increased.
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While embodiments of the foam and the proéess of the present invention have
veen shown with regard to specific details, it will be appreciated that depending upon the

manufacturing process and the manufacturer’s desires, the present invention may be modified

by various changes while still being fairly within the scope of the novel teachings and principles

herein set forth.
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CLAIMS:

1. An extruded, open-celled alkenyl aromatic polymer
foam, comprising greater than 90 weilight percent polystyrene
homopolymer and 0.01 to 5 parts by weight nucleating agent

5 per hundred parts by weight polymer resin; and whereln said

foam:

(a) has an open-cell content of 30 percent or

more,

1

(b) has a minor dimension 1n cross-section of

10 greater than 6.4 millimeters;

(c) 1s substantially free of rubbery polymer

content and thermoset polymer content;
(d) 1s free of carbon black;

(e) has a density of 2.0 to 3.5 pounds per cubic
15 foot (32 to 48 kilograms per cubilic meter); and

(f) has an average cell size of 0.08 to 1.2

millimeters.

2. The foam of claim 1, wherein the open cell content

1s 30 to 80 percent.

20 3. The foam of claim 1 or 2, wherein the foam has a

heat distortion temperature of 175°F to 210°F.

4 . The foam of any one of claims 1 to 3, wherein the

foam has a minor dimension 1n cross-section of 9.5

millimeters or more.

25 5. A process for making an extruded, open-cell

alkenyl aromatic polymer foam, the foam having a minor

-~14 -
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dimension in cross-section of greater than ©.4 millimeters

comprising:

a) heating an alkenyl aromatic polymer material
comprising alkenyl aromatic homopolymer to form a melt

polymer material;

b) incorporating into the melt polymer material an

*

amount of a nucleating agent;

c) 1incorporating into the melt polymer material at

an elevated pressure a blowing agent i1n an amount of 0.2 to

5.0 grams-moles per kilogram polymer to form a foamable gel;

d) cooling the foamable gel to a suitable foaming

temperature; and

e) extruding the foamable gel through a die into a

region of reduced pressure to form the foam; the process

being characterized in that the nucleating agent 1s

incorporated in an amount sufficient to result 1n a foam
having 30 percent or more open cell content wherein the
amount is 0.01 to 5 parts by weight nucleating agent per

hundred parts by weight polymer resin, wherein the foamable

gel is cooled to a foaming temperature of from 118°C to

145°C, and wherein the foaming temperature is from 3°C to

15°C higher than the highest foaming temperature for a

correspondling closed-cell foam.

o . The process of claim 5, wherein the foaming

temperature is from 10°C to 15°C higher than the highest

foaming temperature for the corresponding closed-cell foam.

e

7. The process of claim 5 or 6, wherein the foamable

gel is cooled to a foaming temperature of 135°C to 140°C.

~-15-
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8. The process of any one of claims 5 to 7, wherein

the blowing agent comprises carbon dioxide.

9. The process of any one of claims 5 to 8, wherein

the blowing agent further comprises ethyl chloride.

10. The process of any one of claims 5 to 9, wherein

the foamable gel is extruded through the die i1nto a region

of atmospheric pressure.

11. The process of any one of claims 5 to 9, wherein
the foamable gel is extruded through the die into a region

of subatmospheric pressure.

SMART & BIGGAR

OTTAWA, CANADA

PATENT AGENTS

_16_



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims

