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?OLYSTYRENE FOAM MADE wrr~ ONLY CARBON DIOXIDE AS A 
SLOWING AGENT AND. A ?~OCESS FOR MAKING ~HE SAME 

:'his invention r-~lates to ;:olystyrene f'oam 
~~e~ared with a blowing aaen~ ~hie~ !s only carbon 
:icxide. ~he invention ~lso includes a process ror 
::ia1<ing this polyst:rroene foam utilizi?"tg only carbon 

dioxide as the blowing agent. Thi~ invention is 
par~~cularly suited for ~aking polystyrene foam sheet 

having a thickness of less·than about 0.5 inch. 

iO Polystyrene foam. ~articularly in sheet form. 

15 

20 

25. 

is ac the present time made trom any number of blowing 
agents which may possess or. cause one or mo~e ot the 
following undesirable cha~acteristics: volatilit7, 
~~ammability, poor the~moforming charaa~eristics, 
brittle foam sheet phy~ical properties, high cost or an 
adverse etfeat to the ozone layer. Examples of these 
blowing agents would include aliphatic hydrocarbons and 
fully or partially halogenated hydro9arbons. 

Some have experimented with blends of carbon 
dioxide and other blowing agents such as aliphatlc 
hydrocarbons or fully or partially halogenated 
hydrocarbons. An example of this can be seen in U.S. 
Patent Nos. 4,344,710 and 4,424,287. These patents, 
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however, state that :he use of a 100 percent carbon 
dioxide blowing agent has not been successfully employed 
Ln continuous di~ect ~~jection foam sheet manufacturi~i 
(Column 1. l!nes ~2-U3 ~nd lines U9-5S respectively) due 
~o the extreme volati:~~y. Jse o! these ~aterials is 
said to p~oduce cor~~~a~ioo and surface ce!ec~s. 

Others have developed methods and apparatuses 
for metering a gaseous blowing agent. such as ~n 
atmospheric gas. into a molten resin char;e. such as 
polystyrene. in an accurate and ~recise :anne~. One 
example of this can be seen in u.s. ?atent No. 

The appara~~s cf :h!S patent ~ete~s disc~~:e 
~n:form volumet~~c cha~~e3 oC gaseous blowin~ a~enc ~~to 

~s ~he molten resin ~sing a f~ee piston-aylincter 
combination which ~s g!ven ~otive power ~Y the supply 
gas source. 

20 

25 

30 

A typical current commercial polystyrene foam 
sheet extrusion process ~ay use a tandem extrusion 
process (two ex~ruders in series}. The first extruder 
melts the polyme~ to produce a polymer melt. A high 
pressure metering pump ~ould then deliver blowing agent 
to the polymer melt at the end o! tne first extruder . 
Nhe~e mixing is initiated prior to entering the second 
extruder where further mixing and cooling of the blowing 
agent and the polymer·melt occurs. After exiting the 
second extruder the polymer melt then passes through and 
becomes a foa.ni structure at an annular die. The foam 
structu~e~ in tne shape or an annular tube. is then 
stretched over a rorming mandrel. The annular tube 
coming off the mandrel is then slit and opened to form a 
sheet which ls then gathered on one or more rolls. The 
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sheet is then aqed and then thermoformed into a foam sheet 
packaqinq article. 

The use of carbon dioxide as the sole blowinq aqent 
5 avoids many of the problems of other blowinq agents and 

blends of other .blowing agent with carbon dioxide. 1'he use 
of carbon dioxide in liquid f crm avoids tha problems of 
handling a gas. 

Thus the invention in one aspect provides 

10 polystyrene foam blown solely with carbon dioxide, 
pr~ferably liquid carbon dioxide, and the process necessary 
to make such polystyrene foam. 

The invention is particularly suited for making 
polystyrene foam sheet having beneficial physical 

15 properties for thermoforniing pu.:t"poses. 
~n a !irst aspect, '.tb,e invention pro~ides a 

thermoplastic foam made from a styrenic polymer and carbon 
dioxide as a blowing agent wherein the thermoplastic foam 
has tensile elonqation values greater 1:han or equal to 

20 about five percent under ambient conditions in both a 
machine and a cross direction. The said tensile elongation 
values are generally qreater than or equal to about five 
parcent Qver an extended period, for example a period of 
from so to 300 hours. 

25 In a second aspect, the invention provides a 
foam.able mixture of a molten styrenic polymer and carbon 
dioxide as. a blowing aqent. 

In a fourth aspec~, the invention provides a 
process for producing the f oamable mixture and a 

30 thermoplastic foam by melting a styrenic polymer, then 
continuously directly introducinq into the melted styrenic 
polymer a blowinq aqent consisting essentially of carbon 
dioxide, then mixing intimately the styrenie polY111er 

and the carbon dioxide and then extrudinq and 
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foaming the mixcure a~ a die tempe~ature below abouc 
150°C into a region ~f lower ;ressure to ~or~ 
thermoplastic foam. 

- . ~ . \... : z..naJ..1.7 c .... e ;:a·esent .:..:1.vention also :.::eludes 
ther~oplastic ~oam made by tte process cf ~~e pre~ent 
invention. 

!he thermoplas:ic foam and ~recess of the 
pre5ent invention are especially suited to make 

~a thermoplastic foam sheet for :he~=o!orming ~urposes. 

20 

:igures i and 2 are cachine direction and cross 
di~eotion tensile slcngatlon ~alues. respect~vely, ~or 

~cams prepared with car=on c~oxiae(C02) ana 
dichlorcdifluoromethane (C~C-i2) as blowing agents. 

Figure 3 is a post expansion study of roam 
shest at three different residence time$ in an o~en. 

Polymers useful in the present invention are 
these polymers. copalY?llers and inte~polymers having at 
least 70 percent by weight styrene monomer incorporated 
into the final ~esin as the monome~ic ~epeat units. 
This includes othe~ polymers such as for example styrene 

25 ac~ylonitrile. styrene acrylic acid, othe~ known 
e~uivalents and blends having the styrene monomer repeat 
unit requirement. For the purpose of this invention 
these useful polymers shall be referred to as styrenic 
polymers. The preferred materials are styrenic 

30 homopolymers. 

The blowinq aqent preferably used is that grade 
of carbon dioxide which is norm.ally commercially available. 
For the purposes of this specification such carbon dioxide 
is ref erred to as 100 percent carbon dioxide 
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even though this careen dioxide may contain minor 
impurities or amounts of othe~ compounds. 

!he carbon d~oxide :s ?refe~acly added to a 
?Clymer :elt in a lic~id for=. althouzh use of the . ~ 

oaroon cioxice in :~e 5aseous fcro ~ould also be 
acceptable i= the practice of the present invention. 

!he use of a ~andem extrusion process for the 
~anufacture or polystyrene ~o~m sheet is typical, but is 

~o ~ot requi~ed. Such a process includes a pri~ary 

ext~ude~. a blowing aient addition sys~em i~to the 
?rimary extruder. a secondary extrude~. an annular die. 

·5 

20 

30 

a cooli~g ~a~drel. a ~heec c~c:er ~r slitter and a sheet 
gathe~ir.g device. such as ~c~ example rolle~s and 
~ir.de~s. 

However, the use or this exact equipment set-up 
is not required in the ?rocess of this invention. 

Additives, such as pigments. nucleating agents 
and other additives conventionally known in the art may 
ce added to the polystyrene foam cf the present 
invention. The addition or a nucleating agent is 
generally preferred and is added in an amount o' rrom 
0.02 to 10 percent or the total polystyrene by weight. 
Preferably the amount of nucleating agent is between 
0.2 to ~ percent. One conventional nucleating agent is 

talc. 

Polystyrene roam sheet can be produced using 
100 percent carbon dioxide aa the ~lowing agent provided 
certain modifications are made in _the handling and the 
preparation of the polystyrene foam sheet. Preferably 
the carbon dioxide is continuously directly introduced 
or injected into the =olten resin. Preferably the 
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car::>on d.ioxide is continuously direccly injecte·d as a 
~igh 9ressure liquid. 

To produce foam sheet havinq a aensity in the 
range of 2 to 10 pounds per cubic foot (PCF), preferably 3 

to 6 PCF (l pound per cUbic foot= lG kq ~-3 ), o.s to 6 
weiqht percent, prefer~bly l to 4 weight percent of carbon 
dioxide is required per weiqht of polymer. Cell sizes in 
all directions are less than i ~il11meter (mm), and 
preferably less than about o.s mm. The thickness of the 
foam sheet is preferably less than about 0.5 inch and 
more preferably less than about 0~25·inch. 

!t ~s possible ~o r.ave a blow up ratio. ~hat is 
a sr.r-et.ching oi the foam o'ler a mand.:rel after !.t exits a 
die. g~eater :han 4:1 • !t is preferabl~ co have a blow 
~P ratio oi at least 2.0:1. 

The f'oaming temperature at the die is generally belcw 
150°C and prefe~ably bet~een 130 and i45°C. The 
~he~moplastic roam is extruded and foamed into a zone or 
lower pressure preferably air at atmospheric pressure. 

While it may be possible to use a polystyrene 
foam sheet immediately it is preferred to age the 
polystyrene foam sheet for a period of time, usually at 
least about 20 hours prior to thermotorming the foam 
sheet. This will allow tiiue for air to counter diffuse 
into the cells. It ~ill also render the tensile 
elongation values substantially constant. This will 
provid~ uniform thermoforming characteristics for the 
polystyrene Coam sheet to be thermoformed. 

Substantially constant tensile elongation 
values over an extended period of time obtained with a 
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~inimum of aging of the f oa.m sheet would yield more 
consistent results upon thermoforming the foam sheet. 
thus more consistent produce with less sorap. The 
tensile elongation values are preferably in excess of five 
percent and reiuain abov~ five percent for an extended period 
of time eg. 80 - 300 hours, thus allowing the storage of 
foam sheet for an extended period of time before 
thermoi'or"min5 t.1ithout ~crr7ing aoout t.h.e chansing values 
or the degradation below five pe~cent oC the censile 
elongation values cf the foam sheet. 

!he tensil9 elongation 1alues are deter~ined 
acc~rding :o the r.:ethoC. .;ST~-! 0638 ''':'ensi:!.e Pro;:>erties of 
?la.s:.;;.cs" ;:.ublishec t:r :~e Am.er!.!:an Societ.y for Tesr.ing 
and. ~1ater!.a.ls ( A.S7!·0. ::te :..ior"cis :nachine or extrusion 
direction. ~~a~sverse o~ c~oss direction and ~ertical 
direction are used in t~eir no~mal and conventional 
manners. 

Though the tensile elongation values of the 
foac sheet of the ?resent invention are not perfectly 
constant. they are substantially constant and even more 
important :or ther:otor~ing, the tensile elongation 
val~es re~in above a value of tive percent far an 

25 extanded period ot time. Gene~ally when these values 
tall below five pe~cent the foam sheet becomes too 
bri:tle for thermoforming. 

The thermoforming .temperature will be somewhat 
30 highe~ than that 0£ a polystyrene roam. stteet blown with 

fully or partially halogenated chlororluoroaarbon or 
hydr-ooar-bons since the C02 provides essentially no 
solvent effect which would normally· lower the heat 
distortion temperature and therefore the melt strength 
or the foam walls upon reheating. The polystrrene roam 
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.sheet blown with 100· percenc C02 can be post expanded i:i 

a. range of 20 ·to SO percent during ~nermo.f'or-:ning. !t. 
is pl"'eferrea. thae the 9olystyrene foam sheet be aged. f'or 
at least 20 hours pl"'ior ~o the carefully controlled 
~hel"'~oformin~ c~ ~he f:am sheet. 

[xamole and Comcarative ~xamcle 

?olyst7rene foam shee~ ~s pr~pare~ on a tandem 
ex~l"'usion line, with the polystyrene ~esin having a 

·~ weight average molecular weight ot aoout 300.000 being 
melted in the fi~st ext~~der and with the car=on dioxide 
being continucu.:sly directl7 injected a . .s a· high pressure 
:iquid into the end o~ ~!"le f!.:--st e:<truce!" a.s a liquid. 

20 

25 

30 

:~e pump heads providing the carbon dioxide to the 
ex:~uder.ar9 cooled to about 0°F with liquid nitrogen to 
eli=inate vapor ~ock and to improve pump efticiency. 
!he carbon dioxide is metered using a mass flow meter on 
a low pre:!sure side or suction siae o!' the pump. 
Conf i~:ation of the percent or co2 usea is also made by 
measuring the weight loss of the co2 from storage 
cyllnaers nolding the COz. 

The results of this example and a comparative 
example, conventionally blown with 
diehlorodifluoromethane (CFC-12), are shown in Table I. 
Weights a~e percent weight by polymer weight. The 
thermoforming was performed in a manner typical for 
forming meat trays. 
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:able 1 

?'oam Sheet and Extr"usion P~ocess P·arameters 

Slowitig Agent 

~00% C02 iersus CFC-12 

by weight 

Com~a.rative Example 
Example 

CFC-~2 rnoi co~ 
=s .o 2.5 

10 ~ !a.le cy weight 0.7 0.5 
Shee-c Gauge, mils 120 130 

Sheec Density, ?CF 3.5 3.2 
Jie Melt :'emperature. : "' 1'50 llU' .. 

·s Out~ut Rate. Lbs/hr 198 169 

20 

25 

30 

3low Up Ratio 3. s: 1 3.5:1 
:.:xtruder ?r-essure, psi 3800 4700 

Die Pressure psi 2.000 3500 

Sheet Aging Time, days 7 3 
Th er-mo former- % Post Expansion 54 30 

Tooling Osed meat tray meat tray 

As can be seen Cram Table 1· it is possible to 
use a lower amount of carbon dioxide to produce a fOaDl 

sheet having approximately the same thickness and saiue 
density as a foam polystyrene foam sheet "blown with the 
fully halogenated chlorofluorocarbon CFC-12. In 
addition the roam sheet produced from tne 100 percent 
co2 blowing agent under these cond-iticns bas a smooth, 
unitor= sur!ace similar to that ot roam. sheet. 
manufactured with aliphatic hydrocarbons and fully or 
partially halogenaeed hydrocarbons. 
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A t/pical set of cell sizes for TOO percent co2 
olown foam sheet i:'l the machir:e direction is 0.39 cun: 
cross direction is o. 33 mm: "le.rt !.cal d.irection is O. 28 
~.!ll. For the CFC-i2 olown foam sneet. typical cell si%es 
are i::i the machine dir~c:ior.· 0.29 u-.. 11: .!.n the c~oss 
C.ireci:;ion 0.33 mm: i:'l ':.he var~ical direction 0.2.2 mm. 

Figures i and 2. Nith a dif~erent exa..inole and 
comparative example (density of S.i ?Cz for ~he co2 
blown foam sheet and 5.~ PCF for the CFC-i2 olown 
sheet). also show an unex~ected benefit ~hen foa~ sheet 
is produced using only car~on dioxide as. the blowing 
agent. rhe benef i: is that the percent elongation in 
beth the machine (~igure 1) and t~ansverse (:igure 2) 
directions remains essentially eonstant7 or at worst. 
dec~eases only slightly over time after a sho~t initial 
aging period. 

As Figures and 2 show the tensile elongation 
values remain substantially constant for the C02 blown 
foam sheet, with only a 9.3 percent change in ·the 
machine direction from the period of ti=e ot 2~ hours to 
313 hours and only a 7.4 percent change in the cross 
direction during the same period. 

In contrast, when using CFC-12 as the blowing 
agent. the percent elongation decreased Qra~tically and 
substantially over tne same time period after the same 
short initial aging period. Figures 1 and 2 show that 

30 the crc-12 blown f'oam changed 29.·o percent in ~he 
machine direction and 15.·2 percent in th.a oros.s 
direotlon tor the period or time or 18.5 hour3 to 330 
hours. 
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Also ~n Figures 1 and 2 the percent elongation 
in both directions is above five ~ercent !o~ an extended 
~erioa of time only when ca~bon dioxide is used as the 
blowing agent.. 

The C02 olo~n foam sheet exhibits a ~achine 
direction tensile elongation of 6.8 percent and a cross 
direction tensile elongation of 6.3 percent after 313 
hours of aging. :he CFC-ia blown foam has a macnin~ 
aireceion tensile elongation of 4.4 percen~ and a c~oss 
direction tensile elongation of 3.0 pe~oent after 330 
hours of aging. 

!ensile elongation values below f ~ve percenc 
are generally considered to be brittle and not 
acceptable for thermoforming purposes. 

Tensile elongation values for the foam sheet 
which change at a rapid ~ate over an extended time make 
a determination as to when to thermotonn the foa.t11 sheet 
dif'ficult, and in addition, the foam sheet oecomes 
brit~le and difficult or impossible to chermoform when 
the tensile elongation values are less than five 
pe!"~en c. 

The product of the prese.nt invention has 
elongation values which remain constant, or at worse, 
·decline only $lightly over a long period of time. This 
means, a~ shown in tigures 1 and 2, that toa.m sheet 
stored on a roll and waiting to be thermgformed will 
have approximately the same elongation values at the 
thirty hour mark as at the one hundred sixty hour mark. 
This is not true for foam sheet produced with 
dichlorodif luorom.ethane and other types of aliphatic 
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.hydrocarbon ~nd tully o~ par~ially halogenated 
hydrocarbon olowin~ agents. 

Cor?"ulfaticn 

Zt is also possible with the present invention 

to maKe 3-6 ?Cf ~cam sheet blown with C02 having little 
or no aor~~gation. 

For the purpose of definition "little or no 
corrugation or noncorrug.ated" ::iearts that the tnickness 

values for peaks and valleys are ave~agea. the overall 
average ts deter~ined ~Y ave~aging tne peak and valley 
averages and the di!f et~nce between the ove~all average 
anci the peak and valley average i.s less chan a.bout 

·5 rifteen (15) percent. 

In Table 2 Sheets 1, 2 and 3 have a blow-up 
ratio of 3.5:1. The weight percent C02 is 2.3 for Sheet 

1; 2.0 for Sheet 2; and 1.3 for Sheet 3. The die 

20 temperature is 1~6"C{ centigrade) for Sheet 1; ll11°C f'or 

Sheet 2: and 1U4°C fo~ Sheet 3. 

30 
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Sheet l 
J. 77 PC!' 

Peak Val,1.ev 

141 

lS4 

171 

l.27 

AVG. 
148 

Aver11.9e cf 
Peak s. Val.by 

l23 

ou:e.cenc:e 
Basttd an. AVG 

94 

lOl 

10$ 

89 

AVG. 
98 

20 pe.rceae 

-i3-

1'ABr..E 2 

Sheet 2 
J.60 PC!" 

Peak - Valle? 

105 84 

l.OS 88 

l08 89 

103 90 

AVG. 1\VC. 
lOS 88 

96.5 

a.a pe~cene 

Sheet 3 
5.75 ?CF 

Peale · V'allet, 

87 81 

88 85 

92 99 

87 95 

85 86 

AVG. >.VG. 
88 89 

88.S 

a.a percenc 

As can be Table 2, witn the values in mils 
(0.001 inch), the corrugation of Sheet 1 is 20 percent. 
!his corrugation is visibly noticeable and this level ot 

25 corrugation makes tnis sheet uns~itable for many 
thermoforming operations. Sheets 2 and. 3 are 
acceptable. As can be seen the corrugation is 8.8 and 
0.6 percent respectively, well below the 15 percent 
level. The diff'er-ence between Sheet l and. Sheets 2 and 

30 3 is visibly noticeable and measurements confirmed the 
visual evidence. 

A~ is clear in these examples, corrugation can 
be minimized er even prevented by controlling the die 
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temperature and amount of blowing agent wnen u:sing 100 
~ercent carbon ·dioxiae as a blowing agent. 

Post Exoansion (Ther=ofo~~in~j 

Polystyrene foam sheet 5.0 ?CF and 100 mils 
thick, blown with carbon dioxide. is thermotormed into 
egg cartons in a ther~ofo~:er. Prior to being 

. . 

ther~oformed the foam sheet is heated in an oven for 5, 
6 or 1 seconds as detailed in Figure 3. The oven 

10 temoeratures are about 500°F (Fahrenheit) in the bottom . . 

15 

of the oven and acout 600°F in the top of ~he oven. 

figure , shows that although the percent of J 

~uf f or post e'Cpansion is sensitive to the amount of' 

time in the oven. generally the amount of pu!! can be 

much as 20 to 50 percent. 

The present invention has been described with 
preferred embodi~ents. It is to be unaerstood howeve~ 

20 that modifications and variations may be resorted to, 
without departing ·f~om the spirit and scope or the 
invention. as those skilled in the art will readily 
understand. These modifications and variations are 

25 

30 

considered to be within the scope and purview of the 
appended claims. 

37,712-F -14-
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CLAIMS 

11111111111111111111111111 1111 
* C L M S * 

1. A ther~oplast~c foam comprising: 

(a} a seyrenic polymer; and 
Cb) a blowing agent characterised in that the 
blowing agent consists essentially of carbon 
dioxide. 

~he~ein the thermoplastic foam has tensile elongation 
values greater than or equal to about five percent 

under ·ambient conditions in 
both a machine and a cross direction. 

2. A. thermopla..stiQ f'oam, as recited in 
Claim 1, wherein the thermoplastic foam has 
substantially constant tensile elongation values 

under ambient conditions in both 

a machine and a cross direction after an initial aging 
period. 

3. A thermopl·astic roam, as recited. in 

Claim 2, wherein the substantially constant tensile 
elongaeion value~ in either machine and a cross 
direc~ion under ambient conditions vary by no more than 
about fifteen percent after an initial aging period of 
20 hours .. 

37~712-F -15-
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4. A thermoplastic foam, as recited in 
Claim 1. wherein the thermoplastic f'oa.m tas corrugation 
less than about fifteen percent. 

5. A ther~oplastic foam. as recited :n 
Claim l. wherein the thermoplastic foam is in sheet 
form. 

Claim 
2 ta 

Claim 
.. to • ..J 

1 ' 
iO 

,. 
o. 
6 

6. A ther~oplastic foam. as recited :n 
wherein the the~moplas~ic foam has a density of 
pounds per cubic too~. 

1. A thermoplastic foam. as recited in 
wherein the ther~oplastic foam has a density of 

pounds per cubic root • 

8. A ther~oplastic foam, as recited in 
Claim 5, wherein the thermoplastic foam has a thickness 
less than about 0.5 inch. 

9. A thermoplastic roam, as recited in 
20 Claim 8, wherein the thermoplastic foant ha~ a thickness 

less than about 0.25 inch. 

10. A thermoplastic t'oam. as ~ecited in 
Claim l, wherein the thermoplastic foa.ni has a cell size. 

25 in any direction, of less than about one millimeter. 

11. A thermoplastic roam, as recited in 
Claim 10, wherein the thermoplastic foam has a cell 
size, in any direction of less than about 0.5 

30 millimet~r • 

. 12. A thermoplastio roam, as recited in 
Claim 1, wherein the thermoplastic foam has a blow-up 
ratio of at least 2.0:1. 

37,712-F -16-
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* C L M S * 

13. A thermoplastic foam. as recited in 
Claim 1. where~n the thermoplastic foam expands 20 to 
50 percent upon heating prior to the~moforming. 

14. A :.her~opla.stic ::-oa.m. as recited in 
c::.a.i:n 1. wherein the thermoplastic !cam has carbon 
dioxide presen~ in an amount of 0.5 to 5 weight 
percent per weight of styrenic polymer immediately afte~ 
being extruded f~cm a ctie .ana roamed. 

15, A foamable mixtur2 comprising: 

(a) a molten sty~enic polymer; and 
(b} a blowing agent consisting essentially 
of carbon ~ioxide. 

i6. A foamable mixture. as recited in Claim i5, 
whe~ein the foamable mixture includes a nucleating 
agent. 

17. A foamable ~ixture, as recited in Claim 16, 
20 wherein the f oamable mixture has carbon dioxide present 

in an amount of 0.5 to 6 weight percent per weight of 
sty~enio polyme~. 

18. A process for producing a thermoplastic 
25 foam compr~sing the following steps: 

30 

I 

(a) melting a styrenic polymer; 

(b} continuously directly introducing ·into the 
melted styrenic polymer a blowing agent consisting 
essentially or carbon·dioxide; 

(c) mixing intimately the sty~enic polymer and 

the carbon dioxide; and 

37,712-F -11-
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(d) extrudinq and foaminq the mixture at a die 

temperature below about lSO•C into a region of lower 

pressure to fol:ln thermoplastic foam. 

19. The process for producing a thennoplastic 

foam, as recited in Claim lS, wherein the carbon dioxide is 

introduced in 'the polymer melt as a liquid. 

20. The process for producinq a thermoplastic 

10 foam, as recited in Claim 19 1 wherein the carbon dioxide is 

continuously and directly introduced into the polymer melt 

as a liquid in an amount of 0.5 to 6 weight percent by 

weiqht of the polymer. 

15 

25 

21. The process for producing a ther.moplastic 

foam, as recited in any one of claims 18 to 2·0, including 

the step of thermoforming the therltloplastic foam into 

articles. 

22. The process for producing a thermoplastic 

foam, as recited in any one of Claims 18 to 21, including 

the step of passinq the thennoplastic foam aver a f orminq 

mandrel having a blow up ratio of CJreater than about 2 .. 0:1 

immediately after step (d) ... 

23. 'l'he process for producinCJ a thermopla_stic 

foam, as recited in any one of Claims 18 to 22, inciudinq 

the step of aqinq the thermoplastic.foam, after step (d) 

and· prior to thermoforming, until the thermoplastic foam 

30 has substantially constant tensile elonqation vaiues over 
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an extended period of time under ambient conditions in both 

a machine and a cross direction after an initial aqing 

period and the tensile elongation values are greater than 

or ~qual to about five percent over an extended period of 

S time under ambient conditions in both a machine an~ a cross 

direction. 

24. The process for produoinq a thermoplastic 

foam, as recited in any one of Claims 18 to 23, wherein the 

io styrenic polymer is polystyrene. 

l.5 
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25. The process for producinq a thermoplastic 

foam,. as recited in any one of Claims 18 to 24, wherein the 

die temperature in step (d) is from 130• to 145•C. 


