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(57) Abstract

Disclosed is a process for making a closed-cell, alkenyl aromatic polymer foam structure having enlarged cell size. In the process,
an-alkenyl aromatic polymer material is heated to form a melt polymer material; a non-waxy cell size enlarging agent is incorporated into
the melt polymer material; a blowing agent is incorporated into the melt polymer material at an elevated pressure to form a foamable gel;
and the foamable gel is then expanded in a zone of lower pressure to form the foam structure. The enlarging agent is present in an amount
sufficient to enlarge the stabilized cell size of the formed foam structure by 20 percent or more over a corresponding foam structure made
without the enlarging agent. Further, the enlarging agent is incorporated in a quantity such that the formed foam structure has physical
properties similar to the corresponding foam structure. Further, disclosed is a foam structure corresponding to the above.
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ENLARGED CELL FOAM AND METHOD OF MAKING SAME

This invention relates to a process for making
a closed~-cell, alkenyl aromatic polymer foam structure
5 having an enlarged average cell size.

Due to present environmental concerns over the
use of potentially ozone-depleting flammable blowing
agents it is desirable to make an alkenyl aromatic

10 polymer foam structure with pristine blowing agents.
Such pristine blowing agents typically include inorganic
blowing agents such as carbon dioxide, nitrogen, water,
and argon.

15 A problem with using pristine blowing agents is
maintaining desirable morphology in the resulting foam
structure. One characteristic of the morphology is cell
size. A desirable cell size can be difficult to
maintain when using pristine (inorganic) blowing agents,

20 particularly carbon dioxide, because of their relatively

high nucleation and expansion rates.
Prior art attempts to_make a foam structure

having an enlarged cell size include the integration of
25
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a wax in a foam-forming gel prior to extrusion of the
gel through a die to form the foam structure. Such use
of a wax is seen in U.S. Patent No. 4,229,396. Use of a
wax may, however, create processing problems and
physical property abherations in the foam structure.

5 The wax may cause thermal stability variations or
diminution in physical properties in the foam structure.
The wax may also cause inconsistency in extrusion
temperatures.

10

It would be desirable to make a foam structure
with a blowing agent comprised partially or entirely of
a pristine blowing agent with a desirable (enlarged)
average cell size. It would further be‘desirable to

15 make such foam structures with non-pristine blowing

agents. It would further be desirable to make such foam
Structures while retaining desirable physical properties
and thermal stability. It would be further desirable to
make such foam structures without using a wax.

20
According to the present invention, there is a

process for making a closed-cell, alkenyl aromatic
polymer foam structure having an enlarged average cell
size. The process comprises: a) heating an alkenyl
25 aromatic polymer material to form a melt polymer
material; b) incorporating a substantially non-waxy cell
size enlarging agent into the melt polymer;
c) incorporating a blowing agent into the melt polymer
material at an elevated pressure to form a foamable gel;
30 and d) expanding the foamable gel at a reduced pressure
to form a foam structure. The alkenyl aromatic polymer
comprises greater than 50 percent by weight alkenyl
aromatic monomeric units. The enlarging agent is
incorporated in an amount sufficient to enlarge the

average cell size of the foam structure by about
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20 percent or more over a corresponding foam structure
made without the enlarging agent. Further, the
enlarging agent is incorporated in a quantity such that
the foam structure has physical properties substantially
the same in degree as the corresponding foam structure.

5
Further according to the present invention,
there is a foamable alkenyl aromatic polymer gel capable
of forming a closed-cell, alkenyl aromatic polymer foam
0 structure having an enlarged average cell size. The gel

comprises: a) a melt of an alkenyl aromatic polymer; b)
an amount of a non-waxy cell size enlarging agent; and
c) an amount of a blowing agent at an elevated pressure.
The alkenyl aromatic polymer material comprises greater
15 than 50 percent by weight alkenyl aromatic monomeric
units. The enlarging agent is present in an amount
sufficient to enlarge the average cell size of the foam
structure by 20 percent or more over a corresponding
foam structure made without the enlarging agent.
20 Further, the enlarging agent is incorporated in a
quantity such that the foam structure has physical
properties substantially the same in degree as the
corresponding foam structure.

25 The present foam structure comprises an alkenyl
aromatic polymer material. Suitable alkenyl aromatic
polymer materials include alkenyl aromatic homopolymers
and copolymers of alkenyl aromatic compounds and
copolymerizable ethylenically unsaturated comonomers.

30 The alkenyl aromatic polymer material may further

include minor proportions of non-alkenyl aromatic

polymers. The alkenyl aromatic polymer material may be
comprised solely of one or more alkenyl aromatic

homopolymers, one or more alkenyl aromatic copolymers, a

blend of one or more of each of alkenyl aromatic
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homopolymers and copolymers, or blends 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

5 monomeric units. Most preferably, the alkenyl aromatic
polymer material is comprised entirely of alkenyl
aromatic monomeric units.

Suitable alkenyl aromatic polymers include

10

those derived from alkenyl aromatic compounds such as
styrene, alphamethylstyrene, ethylstyrene, vinyl
benzene, vinyl toluene, chlorostyrene, and bromostyrene.
A preferred alkenyl aromatic polymer is polystyrene.

15 Minor amounts of monoethylenically unsaturated compounds
such as C1_u alkyl acids and esters, ionomeric
derivatives, and C2-6 dienes may be copolymerized with
alkenyl aromatic compounds. Examples of copolymerizable
compounds include acrylic acid, methacrylic acid, maleic

20 acid, itaconic acid, acrylonitrile, maleic anhydride,

| methyl acrylate, ethyl acrylate, methyl methacrylate,
vinyl acetate and butadiene. Preferred structures
comprise substantially (that is, greater than 95
percent) and most preferably entirely of polystyrene

25 because polystyrene foam is economical, and is commonly
employed as an insulating plastic foam.
The present alkenyl aromatic polymer foam is
generally prepared by heating an alkenyl aromatic
30

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. Prior to mixing with the blowing
agent, the polymer material is heated to a temperature
at or above its glass transition temperature or melting
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point. The blowing agent may be incorporated or mixed

into the melt polymer 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.

Optionally, a nucleator may be blended in the polymer

melt or dry blended with the polymer material prior to

10 plasticizing or melting. The foamable gel is typically
cooled to a lower temperature to optimize physical
characteristics of the foam structure. The gel is then
extruded through a die of desired shape to a zone of
lower or reduced pressure to form the foam structure.

15 The zone of lower pressure is at a pressure lower than
that in which the foamable gel is maintained prior to
extrusion through the die. The lower pressure may be
superatmospheric or subatmospheric (vacuum), but is
preferably at an atmospheric level.

20
Blowing agents useful in making the present
foam structure include inorganic agents, organic blowing
agents and chemical blowing agents. Suitable inorganic
- blowing agents include carbon dioxide, nitrogen, argon,

water, air, and helium. A useful blowing agent is a
blend of carbon dioxide and water. Organic blowing
agents include aliphatic hydrocarbons having 1-9 carbon
atoms and fully and partially halogenated aliphatic

30 hydrocarbons having 1-4 carbon atoms. Aliphatic
hydrocarbons include methane, ethane, ethanol, propane,
n-butane, isobutane, n-pentane, isopentane, and
neopentane. Fully and partially halogenated aliphatic
hydrocarbons include fluorocarbons, chlorocarbons, and
chlorofluorocarbons. Examples of fluorocarbons include
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methyl fluoride, perfluoromethane, ethyl fluoride,
difluoromethane, 1,1-difluoroethane, 1,1,1-
trifluoroethane (HFC-143a), 1,1,1,2-tetrafluoroethane
(HFC-134a), pentafluoroethane, difluoromethane,
perfluoroethane, 2,2-difluoropropane, 1,1, 1-
trifluoropropane, perfluoropropane, dichloropropane,
difluoropropane, perfluorobutane, perfluorocyclobutane.
Partially halogenated chlorocarbons and
chlorofluorocarbons for use in this invention include
10 methyl chloride, methylene chloride, ethyl chloride,
1,1, 1-trichloroethane, chlorodifluoromethane (HCFC-22),
1, 1-dichloro-1-fluoroethane (HCFC-141b),
1-chloro-1, 1-difluoroethane (HCFC-142b),
1,1-dichloro-2,2,2-trifluoroethane (HCFC-123) and
15  1-chloro-1,2,2,2-tetrafluoroethane (HCFC-124).
Fully halogenated chlorofluorocarbons include
trichloromonofluoromethane (CFC-11),
dichlorodifluoromethane (CFC-12),
trichlorotrifluoroethane (CFC-113),
1,1,1-trifluoroethane, pentafluoroethane,
dichlorotetrafluoroethane (CFC-114),
chloroheptafluoropropane, and dichlorohexafluoropropane.
A useful blowing agent is a blend of HCFC-142b and
25 carbon dioxide and optionally HCFC-22. Chemical blowing

20

agents include azodicarbonamide, azodiisobutyro-nitrile,
benzenesulfonhydrazide, 4,4-oxybenzene sulfonyl-
semicarbazide, p-toluene sulfonyl semi-carbazide, barium
azodicarboxylate, N,N'-dimethyl-N,N'-

30 dinitrosoterephthalamide, and trihydrazino triazine.

For environmental reason, it is desirable to
employ inorganic blowing agents whenever possible. Two
particularly desirable inorganic blowing agents are
carbon dioxide and water.
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The amount of blowing agent incorporated into
the polymer melt material to make a foam-forming polymer
gel is from 0.2 to 5.0, preferably from 0.5 to 3.0, and
most preferably from 1.0 to 2.50 moles per kilogram of
polymer.

The foam component of the present foam
Structure has the density of from 10 to 150 and most
preferably from 10 to 70 kilograms per cubic meter
(kg/m3). The foam structure has an average cell size of
from 0.1 to 5.0 millimeters and preferably from 0.15 to
2.4 millimeters according to ASTM D3576.

10

The cell size enlarging agent has the
capability to and is present in an amount sufficient to
enlarge or increase the average cell size of the present
foam structure over that of a corresponding foam

15

structure without the agent. The average cell size is
enlarged or increased by 20 percent or more and

20 preferably by 30 percent or more over that of the
corresponding foam without the agent. The average cell
size refers to the cell size of the present foam
structure 30 minutes after extrusion or expansion
thereof according to ASTM D3576. The cell size

25 enlarging agent is preferably present at from 0.05 to
5.0 parts per hundred and more preferably from 0.1 to
3 parts per hundred based upon the weight of the alkenyl
aromatic polymer material.

30 The cell size enlarging agent is an organic
material which melts below the foaming temperature of
the alkenyl aromatic polymer foam structure. Foaming
temperatures for alkenyl aromatic polymer foam
structures typically range from 110°C to 135°C. The cell
size enlarging agent either partly or substantially
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dissolves in the foamable gel of the polymer and blowing
agent at the foaming temperature.

The cell size enlarging agent is of a nature
and is present in an amount such that it does not

5 deleteriously impact the physical properties of the
present foam structure. The present foam structure has
physical properties substantially similar or the same in
the degree as a corresponding foam structure without the
cell size enlarging agent. These physical properties

10 include compressive strength (according to ASTM D1621-

79), heat distortion temperature (according to ASTM

D2126-87) and environmental dimensional change

(according to ASTM D2126-87). Physical properties,

15 Specifically those described above, preferably are
within 10 percent (10 percent or less) of that of the
corresponding foam structure. The present foam
Structure is preferably more dimensionally stable than
the corresponding foam structure.

20
The cell size enlarging agent is also

Substantially non-waxy. The agent is substantially non-
waxy in that it usually takes a liquid form at both
ambient and elevated temperatures, such as at typical

25 foaming temperatures of 110°C-135°C. The agent may,
however, take a solid form at ambient temperature if it
is substantially resistant to deformation at that
temperature. A waxy substance is typically a solid
deformable at ambient temperature without the

30 application of heat or elevated temperature.

Suitable non-waxy cell size enlarging agents
are diverse in chemical structure, and include the
following: polyethylene glycol and polypropylene glycol
of 1200 or more molecular weight, salts of n-tallow beta
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amino dipropionate, amine oxides, imidazoline, fatty
acid alkanblamides of C12-18, n-alkyl trimethyl ammonium
chloride, ethoxylated linear alcohols, dioctyl ester
sodium sulfosuccinic acid, polyoxy-ethylene sorbitan
monopalmitate, diglycol laurate, fluorochemical

2 surfactants, coco betaine, aqueous emulsions and fluids
of silicone compounds such as dimethyl polysiloxane.
The cell size enlarging agent of the present
invention is further distinguished from the prior art
10

plasticizing agents because it affects the desired
enlargement of average cell size without deleteriously
affecting the physical properties of the foam structure.
Prior art plasticizers such as those seen in Great
15 Britain 1,316,465, U.S. Patent No. 4,940,735, and Japan
47-25147 may enlarge or increase cell size, but also may
deleteriously or negatively impact physical properties,
including those described above. 1In particular, low
molecular weight (<1000 weight average molecular
20 weight) organic and inorganic compounds and polymers may
enlarge cell size, but also may cause diminution in
desirable physical properties. Likewise, higher weight
average molecular weight compounds and polymers may not
cause diminution in physical properties, but may not

25 enlarge cell size. In the present invention, certain
organic and inorganic compounds and polymers were
discovered to cause cell size enlargement without
diminution in physical properties.

30

The foam component of the present foam
structure may be closed cell or open cell. Preferably,
the present foam is greater than 90 percent closed-cell
according to ASTM D2856-A.
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Various additives may be incorporated in the
present foam structure such as inorganic fillers,
pigments, antioxidants, acid scavengers, ultraviolet
absorbers, flame retardants, processing aids, and
extrusion aids.

In addition, a nucleating agent may be added in
order to control the size of foam cells. Preferred
nucleating agents include inorganic substances such as
calcium carbonate, tale, clay, titanium oxide, silica,
barium sulfate, diatomaceous earth, and mixtures of
citric acid and sodium bicarbonate. The amount of
nucleating 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 0.1 to 3 parts by
weight.

The present foam structure may be used to
insulate a surface by applying to the surface an
insulating panel fashioned from the present structure.
Such panels are useful in any conventional insulating
applications such as roofing, buildings, and
refrigerators.

The present foam structure may be formed into a
plurality of discrete foamed particles for conventional
loose-fill cushioning and packaging applications, or may
be ground into scrap for use as blown insulation.

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.

Foam structures were made in accordance with
the present invention, and tested for cell size and

-10-
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retention of certain desirable physical properties. The
physical properties include density, compressive
strength, heat distortion temperature, and environmental
dimensional change.

5 The foam structures were made with an apparatus
comprising an extruder, a mixer, a cooler, and a die in
Seéquence. Polymer feedstock and additives other than
the blowing agent were dry blended and fed to the
extruder. The blowing agent was injected into the
polymer melt in the mixer to form a foamable gel. The
foamable gel was cooled in the cooler, and conveyed

10

through a die into a region of lower pressure to form
the foam structure.

15 The polymer feedstock employed was a granular

polystyrene having a weight average molecular weight of
200,000 according to size exclusion chromatography.

Density was measured according to ASTM D1622.
20 Two specimens of each sample were averaged. Foam

Structure skins were removed for the tests.
Cell size was measured according to ASTM D3576.

25 Compressive strength was measured according to
ASTM D1621-79. Two specimens of each sample were
averaged. Foam structure skins were removed.

The heat distortion temperature (HDT) was
30 measured according to ASTM D2126-87. Two specimens of
each sample were averaged. Foam structure skins were
removed. Each specimen was kept at 165°F/ambient
humidity for three days and increase in increments of
5°F until specimens failed.

-11-



WO 94/16876 PCT/US93/11813

Environmental dimensional changes (EDC) was
measured according to ASTM D2126-87 (158°F/97 percent
relative humidity). Two specimens of each sample were
averaged. Foam structure skins were removed.

5 Example 1

The extruder used was a 1-1/4 inch (in) (3.1
centimeters (ecm)) screw type extrusion line with a slit
die. The foamable gel was cooled to a uniform foaming

10 temperature of 125°C-130°C. Blowing agent content,
process conditions, and physical property values of the
resulting foam structures are represented in Table 1.

The foam structure of Run B exhibited a
15 significantly higher cell size versus the foam structure
of control Run A. Further, the skin quality was better.
The foam structures of Runs D and E also exhibited
significantly greater cell size than the foam structure
of control Run C. The foam structures of Runs D and E

20 exhibited better skin quality as well.

Example 2

The extruder used was a 2-1/2 in (6.3 cm) screw
25 type extrusion line with a 1 in (2.5 cm) wide slit die.
Additives included 0.05 pph magnesium oxide, 0.05 pph
caicium stearate, and 0.01 pph cyano-phthalo blue based
upon the weight of the polymer. For Run F, 1.0 pph
hexabromocyclododecane (HBCD) was dry-blended with the
30 polymer. The foam structure was expanded between
substantially parallel forming plates downstream of the
die. Blowing agent content, process conditions, and
physical property values of the foam structures are

represented in Tables 2A and 2B.

-12-
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The foam structures of Runs G, H, and I
exhibited significantly greater cell size than the foam
structure of control Run F. Surprisingly, heat
distortion temperatures were maintained despite adding
large amounts of enlarging agent to increase the cell
size.

Example 3

Foam structures were produced using the
10 apparatus and formulation of Example 2 except for a
change in blowing agent and enlarging agent content.
Blowing agent content, process conditions, and physical
property values for the foam structures are represented

in Tables 3A and 3B.
15

The foam structures of Runs K and L exhibited
significantly greater cell size than the foam structure
of control Run J.

20 Example 4

Foam structures were produced using the same
formulation and apparatus of Example 3 except that a 3
in (7.5 cm) wide slit die and different enlarging agents
25 were used. Blowing agent content, process conditions,
and physical property values for the foam structures are
represented in Tables 4A and 4B.

The foam structures of Runs N through R
30 exhibited significantly greater cell size than the foam
Structure of control Run M.

Example 5

The extruder used was a 2 in (5.0 cm) screw
type extrusion line with a slit die. Additives included

-13-
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30

0.15 pph barium stearate and 0.03 pph cyano-phthalo blue
by weight based upon the weight of the polymer. The
foam structure was expanded between substantially
parallel forming plates. Blowing agent content, process
conditions, and physical property values for the foam
structures are represented in Tables 5A and 5B.

The foam structures of Runs 0, P, T, and U
exhibited significantly greater cell size than the foam
structure of control Run S.

The foam structures of Run R exhibited
significantly higher cell size than the foam structure
of control Run Q.

Example 6

A plurality of materials were evaluated for
cell-size enlarging capability. One hundred parts by
weight of polystyrene was introduced into a glass ampule
along with 45 parts by weight of a one-to-one by weight
mixture of methyl chloride and dichloro-difluoro
methane. The ampule was then cooled to dry ice
temperature, sealed and permitted to warm to ambient
temperature. The ampule was then heated to a
temperature of 200°C in an o0il bath for a period of two
to three hours until the polymer melted and a
homogeneous mixture was obtained in the ampule. The
ampule was then cooled to the foaming temperature of
125°C for a period of about five to ten minutes. The
glass ampule was then ruptured to permit foaming polymer
to extrude therefrom. The cell-size enlarging agent was
present in a proportion of one-half part by weight per
one-hundred parts by weight polymer. The results are
set forth in Table 6.

—1Y4-



PCT/US93/11813

WO 94/16876

4918w 3N Jad swelbojiy gcw/By

1004 >1gnd Jad spunod :jod
1ua|j@dx3 :"8>x3
(007 = MmN 103419 auajAyraA|od :00ZD3d

apixoip uoqie) :ZQ>

J31epn (0%H

34N1ONJ1S WEROJ JO UOI1IIS-S504) JO ALY NOILDIS-X
waby buibiejuz 8zig 13> :3AILIQAV

(00Z1 = M) [094)9 auajAdoidhjod :00Z L Ddd josuo) :,
9°Ly) (oZvol) (S'v)
08¢ "|95x3 LEOD 09'¢ 0zslL 09z |00ZL9dd oY 20D oL 3
(oov) (ozzot) (S'v)
ov'e "|93x3 vZ0 0S¢ o6vL 09'¢ 00293d (187 20D oL a
(6°09) (0902L) (S'v)
oLz pooo oL0 8L'€ 0ssL -- SUON oY 20D oL *D
(6°€€) (oovel) (8'9)
0z'¢ poo9o LL'0 zZLe 0081 00'L {002L9dd| £0/0% | 0ZH/ZOD Sl |
(9°6¢) (oogglL) (8'9)
00'¢ 1004 L0°0 VA" 4 0g6l - 3UON £0/0v | 0CH/ZOD Sl «V
6
(zwWd) (ww) | (ewy/B) ﬁ&% ydd 3dAL ydd AdAL (4/6%)
ALITYNO d s y/q|
NOILD3S 3215 9 NNY
X NIJS 135 | ALisnaa | 38NSS3Yd ENAATeEEE
31q nlLIdav INIDV ONIMO18 | YINATOM
L 319vL

Ge

0c

Gl

ot

-15-



PCT/US93/11813

WO 94/16876

U WBYI0LY S IuouAd
aimesadwaj Buiweoy 4}
by buibie|ug az15 ||9) :3AILIAQV

joauo)
(S€66) TyirL vel 0S'v | Spluoikd 0'S 20D _
(ozvyoL) €LSL 174! ST | Ssvluoilg 0'S 20D H
(ogzoL) s8ylL rel 00'L 10 "uIN (1 20> )
(r686) 9cvL 1Z4} - auop 0'S 20D e
dd 3dAL dd IdAL
(Begy) Bisd ) - ’ Y
3¥NSS3yd 3 1
g JnlLiaav LN3IOV ONIAMO1E
ve 31avl

ge

0e

Gl

ol

16—



PCT/US93/11813

Se

WO 94/16876

02
a|qeidacrdy :1dady : [BIIMIA "IN
AWN|OA :'|OA shep 0|z 4314e abuey) |euOISUAWI(C [BIUBWUOIIAUT :')'] 3
|PIUOZIIOH :"JOH sAep 01 Z 191)e ainjesadwa) uoiI0ISIJ183H '1'Q'H
papnJixy :-ax3 jouod 1 G|
(ze8) | (ovt) | (ozL) | (osg) (L'vE)
89 pooo -- - -- -- 08L< (¥4 Y4 sS £V°0 £LC [
(ovL) | (ov2) | (09v) (0'9¢)
LS poo9o - - - -- - Lz GE L9 Z€0 S¢'e H
(s8) | (ot1) | (092) | (08v) (6 7€) ot
1% 1daxy | Lo- Zo0 L'0- | zo- | s8L< 91 8¢ 69 440 8L2 D)
(s8) (ogL) | (oog) | (ovs) (9°L€)
4% 1dexny | zo- 0 L'0- | L'0- | s8L< 6l £y 8. gL°0 GET xd
ION | IOH | "4x3 | "H8A "10H “13X3 ESEYN ¢
(zwd) (ww) | (gw/by)
NOILD3S i_ﬁwmo .mu%ﬁ azis | pd o |nny
X (3ua213d) (ed) 1sd 1130 | ALISN3Q
‘a3 HLONIYLS JAISSIHLINOD
gz 318avl

-17-



PCT/US93/11813

WO 94/16876

Wby Buibie|ug szis (190 :3AILIQAV

|041U0D

(0958) LvelL 24! G2'e o wn | €o0/0v | 0ZH/OD 1

(8564) SSL1 2L T 4rd no-"ulA | €o0/0t | 02H/Z0D A

o)

(0901) 9€SL Lel - 3UOpN €00t | ¢H/COD «f
dd IdAL dd IdAL

(Begy) Bisd R . ! NN

34NSS3Idd 31Q il
AlLIQQY INIOV ONIAO1E
VE 319V1

Ge

0c

Gl

0l

-18-



PCT/US93/11813

T4

0¢

[sAep 081 ] 4314e pue shep | -0y 191e abuey) JeUOISUBWIQ [PIUBWIUOIIAUT )G ]
[sAep 081 ] 4a13e pue shep g|-0| 4a1ye aintesadwa] UOILIOISIC 1eaH CLIaH

WO 94/16876

[oau0) :,
(901 f [sol | [o] | (1ol [(s8)1lsst] | (o9t) | (062) | (0z€) (T'vE)
€9 poo9 e viL- vo- | vo- (£'89) SS1 X4 474 15" 0s0] vL¢ 1
[9°0] | [¥ 0l [0] [¢0] [(s8)1[s8l] (ost) | (062) | (00€) (9°€€)
65 poooH 9°L- 6°0- €0- | €0 (€°89) S ac 44 v 6v0 oL'c A
teol | [t°ol | [o] | (z'ol | [(s8)1[s8L<] [ (0zL) | (oLe) | (06E) (L°LE)
09 poo9 80- | vO- ¢0- | COo- (£92) 01 e 1174 9s 8¢€°0 (434 M
1OoA | aoH | nx3 | uen 1oH | ix3 | uen
(zwd) [(.2)1le4] (Www) I (sw/bx)
NOILD3S >._._h_."M%O [sAep 0g| 43348 Juadiad] (c2).4 (ed) 1sd EFAN $pd - INNY
-X shep g1-01 49}4e Juadiad L'A’H HL1ONIYLS 717130 | ALISN3Q
0'al JAISSIUdINOD
g€ 31avl

-19-



PCT/US93/11813

WO 94/16876

waby Buibiejuz azis 119D :IAILIQAY

|043u0) :,
(8888) 0621 Lzl 0L 00293d €00y | 0ZH/ZOD Y
(z068) z62L vel o€ 00Z19dd €05y | 0ZH/OD 0
(vvs8) ovel 1Z4} o€ 0021 9dd €0/St | OZH/COD d
(z6€8) 8LEL LzZL o€ 002L9dd £0/0¥ 0¢H/Z0D o)
(Legg) oLzt Lzl oL 002L9dd £0/0Y 0ZH/C0D N
(0€58) 8L L2l - auop €0/0¥ | OTH/COD | «WN
dd IdAL dd IdAL
(Beg) bisd (:2) ’ : NNY
3YNSSIUd 31g 1
AlLIQaY IN3IOV ONIMO1E
V¥ 318vL

Ge

024

Gl

ot

-20-



PCT/US93/11813

WO 94/16876

Ge

[sAep GS-Sp] a8 pue shep | z Ja1ye dBuRY) [RUOISUBWIQ [EIUBWUOIIAU] g3 0¢
[sAep §5-gp] 4a14e pue shep | Z 4914 dunjeladwa) UONIOLSIQ 1E3H :'1'Q'H

04U :,
(082) | (0sg) | (06€) (L°LE)
9 poon 'L €0 Vo v'0- (2'28) 081 874 €9 95 060 (44 |
. (ov2) | (0zg) | (09¢) (v veE) gl
6S poo9 €1l €0- ¥ 0- 9°0- (6'€£) 99l 13 )74 4] ao'L SL'e (0]
(0€e) | (082) | (ove) (6°€€)
6S "1dany L0 €0 o £0- (6'€£) S9l 143 (4 0s 580 aLe d
(S0l | [L0] | [1ol | leol | (res)llsst] (oge) | (0oog) | (0zg) (£°5¢€)
0L poon €0 0 20 0 (6'€£) s9L 133 1474 1% og'tL L Yard 0] oL
[¢°0-] (0] (Lol | [vo-1] [(0s8)1ls8L] | (082) | (09€) (oov) (P LE)
59 poo9H L0 €0 €0 0 (¢'z8) 08L ov Zs 89 VL0 ve'e N
(zo-1| [o] [0] [[zo-1] [(8,8)1[06L] | (orE) | (06€) | (OSt) (€Lp)
L9 1dadny 6°0- €0 0 €0 (9'06) S61 6v LS 99 €90 859°¢ MY
1on | uoH | nxg | uen JoH | nxg | uea c
NOILIIS [ ™56 [sAep §G-Sp 19140 JuadIad] (c2)od (edy) 1sd 3Z1S pd NNy
X shep | gz 1314e Jusdad L'a’H H1ONIYLS 113D | ALISN3Q
a3 JNISSIUAINOD
gv 319vl

21—



PCT/US93/11813

WO 94/16876

(3ueylawoion|}ipoIo|yd) ZZ-D4DH :ZZ-4
(3ueyiacionyip-1 1 -010|Yyd-1) GZyL-D4DH GZYL-4
weby buibiejuy azis 18) :3AILIAAY

[043U0)
(ooL9) L9 62l L't 00Z19dd S/S°L/L | 2g-4/20d/9evi-4 d
(00£9) €9 621 - | auon s/su/L | ze-dodazyi-4| O
(0009) 09 LEL st 00219dd S'2/6 Zod/qzvL-4 d
(0089) 85 LEL L't 00219dd S'C/6 ¢0d/9evL-4 o]
(00£9) LS 0€lL L't 00Z19dd S'T/6 ¢0D/q2yL-4 N
(0085S) 85 0€lL L1 00¢19dd S'2/6 ¢0d/9zvL L
(009S) 95 174! -- 3UON S'¢6 ¢0d/q9evL-4 S
mmmwmmv_mwmmma Ty = - = — NMY
JAlLIQQY 1N3IOV ONIMO14

VS 378Vl

Gge

0c

gl

—22—



PCT/US93/11813

WO 94/16876

|osu0) :,
o€ 1004 09°0 8¢ 4
9€ 1004 050 867 | O
£v ‘[22x3 Z€0 | vos d
by ‘j23x3 LEO 0'LE 0
Sy ‘|29x3 LE0 zLE n
vy ‘199x3 0£°0 SlE L
ov pooo 220 g€ .S
@w) | anvno | G40 | euby) N
NOILD3S-X |~ NIdS ALISN3Q
1135
g 378vL

Ge

0¢

Gl

—23-



PCT/US93/11813

WO 94/16876

‘P31e1s 351MIaYI0 SS3|UN JU.ad §°( O UONRIIUAIUOD e pey stuabe Buibie|ua azis |9 ||y (310N

L9°0 (9'8L)9LL " (uoneiodio) 3v9) 01 9-3V 1LIS}RID
S6°0 (6'L2) €L ainjesadwa] wooy e pinbi (vsn duj |23usH) Gp-gy |odepuels
09°0 (8'€z) 6L (L'1Z1-00L1) 0S2-0€2 (Auedwod WE) 8z L-D4
SL0 (9'Le)se’L dinjesadwa| wooy je pinbi ('di03 |ed1wiay) ajos) 31eine (034|61poIuQ-3(0s
9.0 (ree)ovt (0°09-6'8%) OVL-0CL (uoneiodio) anopuedm 4Sva) 89-4 Jiu0in|d
€9°0 (6°22) eV B : (Pa1ei0diodu| seduBWY D)) Oy UM |
SED (spe)es’L " (p1weuel) ueduawy) H 4o |0S0IAY
L¥'0 (8's¢) 191 .. (1e21wayd 030u0d) 09-8| Z| JIUO|Y
90°L (L) ve'L » (lenisnpu yeuuy) 0G-gL penbiy
880 (002) szt ; (le1nsnpu) yeuwly) 0G-9| penbiy
85°0 (Lee)evL " (03 je31way) uedass) (v Q1 uedals 1o) 29 vy |OUlN
88°0 (e1e)eeL = (uonres0di0) 4¥D) pE-D4 UOIRIUY
9zl (¢ve) Ls'L ainmesadwa| wooy e pinbi (Auedwo) uospieydiy ayl) Qs Xxopewsay)
£8°0 (r'6L) Lzt (0'0LL-v'¥0L) 0€2-02¢ (vsn ul |3juaH) $5 | yeydiuag
sluaby cneisnuy pue sjuepejns g
SL°0 (r'Lgvel (0°0S-6'8¥) 2ZL-02Z1 (Ul 1ponduljle) SH LEL NSYH d1eledls dulz
6’0 (zee) st dinjeladwa| wooy e pinbiy (Auedwo) jedwwiayd mod ayL) 00Z L -d |034)64|04
$19153 pue sj0dA|9 vy
0Z0 (8°02)0g’L -- [043U0)
(ww) (gw/Bx) 4od (02)od
32IS 1130 | ALISN3Q WVO4 LNIOd DNILTIN SINIDV ONIDUVIN 37IS 773D

91318vl

Ge

0e

Gl

24—



PCT/US93/11813

WO 94/16876

“P31815 351MI3L410 SS3|UN %S0 JO UONEeIUAUO) e pey stuabe Bulbiejua azis |a) ||v 910N

860 (rsz)es’tL N (uonesodio) Buiuioly moq) v-4v-1Q
68°0 (¢ee)sri " (uonesodio) butuiod moq) D-4v-1Q
6v°0 (8¥7)ss'L " (uonesodio) Buiuio) moq) gL -94-4v¥-1q
8€°0 (S€2) LL " (uonesodio) buiuiod moq) | £-§Q-1Q
1S0 (Lge)syL " (Auedwio) >1323|3 |e4aUaD) Z/-4V-3O
0,0 (€'52)8S°L " (Auedwo) 5113533 e43ua9) 0/-4V-39
(80 (zZo)es'L aunesadwa] wooy e pinbiy (Auedwod 111233 jeiausn) 0g9-Jy-39
spunodwo) weoyliuy auodijis
ww w/63) 42
Jpaal || feurow b NS SINIDV ONID¥YING 3215 173D

ALISN3IQ WVOA

d3INNILNOD 9 318VvL

Ge

0c

Gl

—~25-



PCT/US93/11813

WO 94/16876

pINjL 3UOI||IS papunoduwon) V-iv-2d

UoisjNWa auodi|is J-4v-2d

uoIs|INWa auodI|Is 01-93-4v-2da

UoIs[NWa auodijis 1€-8a-24

auexo|isAjod jAy1awip o suois|nwa snoanby 2L-4v-39
spinjy auodi|is papunodword) 0£-4v-35

auexojisAjod |Ayrawip 4o suois|Nwa snoanby 09-4v-39

punodwod uabouriu paiipopy

019-3Vv 1e31sjeiy

auie}aq 030)

St-9v |odepuels

(%001 1apmod) 1ueldens |ed1wayd040n|4

8Z1-D4

aieinje |034|6ig

alesne j024|BiIpoIuQD-3|0g

102416 auajAdoud yrm apixo auajAdoid

Buisuapuod Aq pawio} aseq diqoydoipAy Yyiim apixo auajAyla L0 31esuapuor) 89-4 d1uouinid
(O 91equosA|od) ajeriwjedouow uelq.ios (0Z) auajAyia-Axof|ogd Of usamy
Pi2€ 21UIdINSO4 NS WNIPOS 13153 |A1201] D49 |0s0idy

('0'3 %04) SI040d(e Jeaul| patejAxoy13

09-81 1 21UO4 |V

(%08) apLo|yd> wniuowwe |Aytawiy |Axje-N

0S-81 penbuy

(9%08) 2puoYd wnuowwe jAytawiiy [A>[e-N

0S-91 penbuy

apiwejoueye pie Aley v 79 VvV |OUIN
punodwod auijozepiwy| v€-D4 uoieuy
apixo aulwy 0EE Xopewayd

a1euoidoidip oulwe e12q MO||el-N O }[es Wwniposiq

rS1 1eydiag

SH LEL NSY 31eieals duUIZ

Wblam Je|ndajow 0Oz 102416 auajAyiakjod

00Z1-d 1024|6A|04

NOILLISOdINOD

JNVN

SLIN3IOV DONIDYVINT 3ZIS 113D AXVYM-NON 10 NOILISOdINOD TvHINID

£318v1

Ge

0¢

Gl

-26—



WO 94/16876 PCT/US93/11813

10

15

20

25

30

Additional tests were conducted with the same
apparatus, substantially the same procedure, and
substantially the same measurement levels as the
examples above. These tests employed prospective cell
size enlarging agents found not to be effective in
making the present foam structures. The prospective
agents were ineffective because they either did not
cause an enlarging of cell size or resulted in a
diminution of desirable physical properties. The
ineffective agents were as follows:

TABLE 8
INEFFECTIVE CELL SIZE ENLARGING AGENTS

NAME AND COMPANY COMPOSITION
Silanox 10 (Cabot Co.) hydrophobic fumed silicon dioxide
Aerosil R972 (Degussa Corp.) fumed silica
Microwax (intl. Wax Refining Co.) petroleum wax
Titanoxid P-25 (Degussa Corp.) titanium dioxide
D-17 Kieselsaure (Degussa Corp.) silica sitice
Hercules 918 emuisifier
Syloid 63 (Grace) silica
Tulco hydrophobic fumed silica
Mineral oil mineral oil

Quso G-30 (Philadelphia Quartz Co.) hydrophilic precipitated silica
Quso Wr-50 (Philadelphia Quartz Co.) | hydrophobic silica

Emcol (Witco Corp.) emulsifier

Miranol HM (Miranol Inc.) monocarboxylic lauric derivative,
sodium salt

Makon BBk (Stepan Co.) wetting agent

Alkanol B (DuPont Co.) surface active sulfonate
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While embodiments of the foamable gel and the
process of the present invention have been shown with
regérd 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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5
10 CLAIMS
1. A process for making a closed-cell, alkenyl
aromatic polymer foam structure having an enlarged
average cell size, comprising: ‘
15 a) heating an alkenyl aromatic polymer

material comprising greater than 50 percent by weight
alkenyl aromatic monomeric units to form a melt polymer
material;
b) incorporating a blowing agent into the melt
20 polymer material at an elevated pressure to form a
foamable gel; and
c) expanding the foamable gel at a reduced
pressure to form a foam structure; the process being
characterized in that a substantially non-waxy cell size
25 enlarging agent is incorporated into the melt polymer
material in an amount sufficient to enlarge the average
cell size of the foam structure by 20 percent or more
over a corresponding foam structure made without the
30 enlarging agent and wherein the enlarging agent is
incorporated in a quantity such that the foam structure
has physical properties similar in degree as the
corresponding foam structure.
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2. The process of Claim 1, wherein the
foamable gel is cooled to an optimum foaming
temperature, and expanded by extrusion through a die to
a zone of lower pressure.

3. The process of Claim 2, wherein a
nucleating agent is incorporated into the melt polymer
material.

4. The process of any of Claims 1-3, wherein
the cell size enlarging agent is incorporated in an
amount to enlarge the average cell size of the foam
structure by 30 percent or more over the corresponding
foam structure.

5. The process of any of Claims 1-3, wherein
the cell size enlarging agent is incorporated at from
0.05 to 5.0 parts per hundred based upon the weight of
the alkenyl aromatic polymer material.

6. The process of any of Claims 1-3, wherein
the physical properties consist of compressive strength,
heat distortion temperature, and environmental
dimensional change.

7. The process of any of Claims 1-3, wherein
the physical properties are within 10 percent of that of
the corresponding foam structure.

8. The process of any of Claims 1-3, wherein
the blowing agent contains carbon dioxide.

9. A closed-cell, alkenyl aromatic polymer
foam structure obtainable from the process of any of
Claims 1-3.
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