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FOLYSTYRENE FOAM MADE WITH ONLY CARBON DIOQXIDE AS A
BLOWING AGENT AND A PROC ESS rOR MAKING THE SAME

» S

This invention relates to polystyrene foam
crepared with a blowing zgen: wnich s only carben

1]

. The invention zalso zncludes & progess for
making this polystvyrene foam utilizing only carbon
dicxide as the blowing agent. This ianvention is
parvicularly suited for making polystyrene foam sheet
naving a thickness of less than about 0.5 ineh.

Polystyrene foam. garticularly in sheet form,
is at the present time made from any number of blowing
agents which may possess or cause one or more of the
following undesirable characteristics: volatility,
Slammability, poor thérmoforming characteristics,
prittle foam sheet physiecal properties, high cost or an
adverse effeat to the ozone layver. Examples of these
blowing agents would include aliphatie hydrocarbons and
fully or partially halogenated hydrogarbons.

Some have experimented with blendz of carbon
dioxide and other blowing agents such as aliphatic
hydrocarbons or fully or partially halogenated
hydrocarbons. An example of this can be seen in U.S.
Patent Nos. 34,344,710 and 4,424,28T7. These patents,
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PO_YSTYRENE’aI‘—L&I\‘?IONﬁISI?Wﬁ-I %ﬁ""%&RBWBFoﬁPBﬁaﬁS AeSEORENG AGENT AND A
PROCESS FOR MAKI NG THE SANE
Others have developed methods and apparatuses

for metering a gaseous tlowing agent. such as zn
atmospheric gas. into a molten resin charge, such as

0 polystyrene., im an accurate and precise manner. One
example of this can te seen in U.S. Patent No.
1 “”0 938. The appgaratus of this patent meters discrete
uniform volumetric charges of gaseous blowing agent :ats
15 -he moltan resin using = free pistoan-eylinder

compinaticn which Ls given motive power 2y the supply
£33 source.

A typical.current commercial polystyrene foam

20 sheet extrusion process may use a tandem extrusion

precess {two extruders in series). The first extruder

melts the polymer to produce a polymer melt. A high

pressure metering pump would ‘then deliver blowing agent
| - to the polymer melt at the end of the first extruder
25 where mixing is initiated prior to entering the second
extruder where fuyrther 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 foam structure at an annular die. The foam
structure, in the shape of an annular tube, is then
stretched over a forming mandrel. The annular tube
conming off the mandrel is then slit and opened to form a
sheet which is then gatheéed on one or more rolls. The
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is Sheet Has Been Reilaccd

T, 712-5 T



438 USe Ui Carvon dloXilide as the S50le DLOWING agent
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maki ng this pol ystyrene am ut ng on I OXI e ‘as owi ng
agent. ThP§ caFH@énﬁP@H1ﬂ§ par Liguidrfgrnm %anﬁﬁitEQnPHﬁﬂbﬁmg ®F ystyrene
f oam sheet haadlAdgaat Bagkness of |l ess than about 0.5 inch( 1.25cm

Pol yst yrane foam Q,grt | %ﬂleaiit};en{non S:{]x?ecgnef Oa{s”;}ect provides

10 polystyrene foam blown solely with carbon d;ox;de,
preferably liguid 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 thermoforming purposes.

In a first aspect, the invention provides a
thermoplastic foam made from a styrenic polymer and carbon
dioxide as a blowing agent wherein the thermoplastic foam
has tensile elongation values greater than or equal to

290 akout five percent under ambient conditions in both a
machine and a cross direction. The said tensile elongation
values are generally greater than or egual to about five
percent over an extended period, for example a period of
from 80 to 300 hours.

25 In a second aspect, the invention provides a
foamable mixture of a molten styrenic polymer and carbon
dioxide as a blowing agent,

In a fourth aspect, the invention provides a
process for producing the foamable mixture and a

30 thermoplastic foam by melting a styrenic polymer, then
continuously directly introducing into the melted styrenic
polymer a blowing agent conéisting essentially of carbon
dioxide, then mixing intimately the styrenic polymer
and the carbon dioxide and then extruding and

i
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_ z thermoplastic fcam made oy the process ¢f. “ka present .

is at the pry Senf,; 1ime made from any nunber of blow ng agents which may
possess .or HEAFEE Y or .nore of the foll owm ng undesirabl e characteristids:
volatility flammability, poor thernoform ng characteristics, brittle

f oam sheet physi cal The opertaesizshigh cawsdndrpraee sx\eer seef fect to the
ozone | ayer, | f. t.h l.QW;ng ,a s uld_ Lpgl ude aliphatic
hydr ocar bor?srean f‘d’ﬁ%ﬁ(ip%pg?ﬁ aﬁglp%wﬁ%g&ggﬁgtlzgwﬁﬁér 8‘(5:'gr8bons.

Sone haPe &SRR WA Isdess Sorcansemoforming purposes.

igures i and 2 are machine directicon and cross
ecticn tensile slongation values. respearively, Sor
ams grepared with carcon dioxice(CO02) ang
ienlorcdifluoromethane (CfC-312) as blowing zgents.

*3
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figure 3 is a post expansion study of foam
sheet at three different residence times in an oven.

20 Polymers useful in the present invention are
those polymers. copolymers and interpolymers having at
least 70 percent by weight styrene monomer incorporated
into the final resin as the monomeric repeat units.

This includes other polymers such zs for example styrene

29 aerylonitrile., styrene acerylic aecid, other known
equivalents and blends having the styrene monomer repeat
unit requirement. Fotr the purpose of this inventiocn
these useful polymers shall be referred to as styrenic

10 polymers. The preferred materials are styrenic

homopolymers,

The blowing agent preferably used is that grade
of carben dioxide which is normally commercially available.
For the purposes of this specification such carbon dioxide
is referred te as 100 percent carbon dioxide
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garbon dioxide in Zaseous fora Would alse be

the
di oxi de ang agent s such as aliphatic hydrocarbons or fully
or partial¥y %Qf%%é%atéd“hﬁyarﬁ tHBrRE “AR 8§§ﬁ$$% d¥ VaR{iet,

U S. Patent Nos. 4,344,710 an d 4,424,287. These patents,
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%an be seen in
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The use of & tandem extrusion process for ths
manufacture of polystyrene foam sheet is typieél, But is
not required. Such a process includes a prizary
extruder. a blowing agent addition system into the
srimary extruder., a secondary exstruder. an annular die.
cooling mandrel. a sheet cucter or slitter and a sheet

gathering device. sueh 23 f¢r example rollers and
Jinders.

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

Additives, such as pigments, anucleating agents
and other additives convénuionally known in the art may
be added to the polystyrene foam of the present
invention. The addition of a nucleating agent is
ganerally preferred and is added in an amount of from
0.02 to 10 percent of the tatal polystyrene by weight.
Preferably the amount of nuecleating agent ls between

0.2 to 2 percent. One conventional nucleating agent is
tale.

Polystyrene foazm sheet can be produced using
100 percent carbon dioxide az the blowing agent provided
certain modifications are made in the handling and the
preparation of the polystyrene foam sheet., FPreferably
the carbon dioxide is continuously directly introduced
or injected into the molten resin. Preferably the
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" o 6 PCF (1 pound per cubic foot = 16 kg m™3), 0.5 to 6 _

(2:ont i nﬁglrjgﬁl?e%“% ect i'qﬁﬂ-f oam tgﬁg‘;‘? %%;&?g'%?aﬂdﬁga?%ﬁhlnﬁfi@#%gg |42 45
and |ines AFBgde is required per weight of pelymer. Cell sizes in

all directions are less than 1 millimeter {(mm), and

preferably less than about 0.5 mm. The thickness of the

foam sheet is preferably less than about 0.5 inch and

more preferably less than about 0,25 inch.

It is possible 10 hazve = blow up ratioc. that is

a2 stretching of the fcam over a mandrel after it exits a

- die, greater than 4:1, It isg preferable to have a blow
t

\Jl

io of at least 2.0:1.

The foaming temperature at the die is generally below
15Q0°C and preferably between 130 and 145°C. The
thermoplastic foam is extruded and foamed into a zone of
lower pressure preferably air at atmospheric pressure.

20

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
ieast about 20 hours prior to thermoforming the foam
sheet. This will allow time for air to counter diffuse
into the cells. It will also render the tensile
30 elongation values substantially constant. This will

provide uniform thermoforming characteristics for the
polystyrene foam sheet ta be thermoformed.

s
wn

Substantially constant tensile elongation
values over an extended period of time obtained with a

This Sheet Has Been Replaced
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respect [ ve?’i/)mtﬁﬁa %% tahoe ex%qoer%c’u\ﬁﬁ’a hluﬁ allﬁgungr tthhe g‘etoﬁa er| aI S is said
to produckoamrshegtt ifor an edrendad (M:ac:ds of time bemrleers have devel oped

net hods and.éa.pﬁq-roq.tdjsl%s .af:. cmageja ! na;,_gaasoeoqﬁs Ll;{]ovg!@p sucsh as an

atnnspherlc gas, Into ten resin as'p yr 2 in an

accurate & ‘%-reeéﬁeﬁé'arﬁrm@(n W@eﬁm @a:ﬁc‘-’t'tﬁ 9%&%&)&%& n U S. Patent

No. 1,470,9%n am@@wr@yscpfuqéu@.a%tﬁﬁg,mters di screte uniform

volunet iC charges of gaseous bl owi ng agent iNnto the nolten resin usi ng
The tensile elgngation vzlues are detarmined

adccording to the method ASTH DE38 "Tensile Propertiss of

Plaztics” zublished by the American Society for Testing

and Materials (ASTM) The words machine or gxtrusion

direetion. S“ransverse ¢

(%)}

» ocross cdireotion and vertical
direction are used in their normal and conventional
ganners.

Though the tensile elongation values of the
foam sheet of the nresent invention are not perfectly
constant. they are substantially constant and even more
impartant {or ther=zoforming, the tensile elongation
values remain above a value of five percent far an
gxtended period of time. Generally when these values

falli below five percent the foam sheet becomes too
brittle for thermoforming.

3]
o

(N
[V}

The thermoforming temperature will be somewhat
- 3¢ higher than that of a polystyrene foam sSheet dlown with
' fully or partially halogenated chlorefluorocarbon or
hydrocarbons since the CO2 provides essentially no
solvent effeet which would normally lower the heat
distortion temperature and therefore the melt strength
of the foam walls upon reheating. The polystyrene foanm

377712"‘? "7"



- S =T s T TR e T T W T . T

a free p|sfggmgyglgdgrngmgggpal}p = f is given notive power by the
supply gas : rent comrercial polystyrene foam
sheet extrusion process may use a tandem extrusion process (two extruders

in series). The fiPoivésrrader ‘st sheke psl pneparedpendaceaadeol ymer nelt.

A high presgyrgsiBhelt p,vmw?% Nede phel 4y ept to the
pol ymer, me| t aﬁﬁt he enﬁgof t he |rg;t, ext r’ﬂﬁ%ar e’reeér)’!etpvné%gq]n%gl S initiated

prior t0 efifiBPRgEYRR2ER RAERULFTIdEe L gkl faiaWer 30 «$0) BaEngool i ng of
the bl owi ngedgedt ianghé hei pot yeetr BBéd HCUIBLh the carzon dioxide

being continugusly directly in Jec ed as a high pressure
-iguid intc the end of the fir

st truder as 2 liquid.
The pump nheads orov1d1n~ the carbon dioxide to the

(%]

extruder are cooled to apout 0°F with liguid nitrogen to
eliminate vapor Lock and to improve pump effieiency.

The carbon dioxide is metered using 2 mass flow meter on
low pressure side or susticn side of the pump.

20 Confirmation of the percent of CO, used is alsc made by

measuring the weight loss of the CO0s from storage
eylinders nholding the CO,.

The results of this example znd a comparative
example, conventionally blown with
dichlorodiflucromethane (CFC~12), are shown in Table I.
Weights are percent weight by polymar weight. The
thermoforming was performed in a manner typical for
forming meat trays.

30

™
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After exiting the second extruder the poloygRaraelityd hgRaggsses through and
becones a foam structure at an annul ar diggample foam structure, in the
shape of an annular tube, is then stretched over a foam ng mandrel. The
annul ar tube coming off the mandrel is tig@€-slat and opeRedoso forma sheet

T A WMWY bt m i Ywe W e
-

———————————

whi ch is,the r on.one.or nore rolls. The sheef Ls then aged and
t hen tngFhﬁ#gfﬁgéh?ﬁggtaggogﬁﬁgﬁéet packadi'ng articleé'}5 '

Tale by weight 0.7 0.5
Sheeu Gauge, mils 120 130
Shees Density, 2CF 3.5 2.2
Jie Melt Temperature. ‘2 150 144
"3 Dutput Rate. lbs/hr 198 169
3lew Up Ratio 3.5:1 3.5:1
Zxtruder Pressure, psi 3800 4700
Die Pressure psi 2000 3500
20 ' ' _
Sheet Aging Time, days T _ 3
Thermoformer % Post Expansion L} 30
Tooling Used meat tray meat tray
25 As can be seen from Table 1 it is possible to
use a lower amount of carbon dioxide ¢0 produce a foam
sheet having approximately the same thickness and same
density as a foam polystyrene foam sheet blown with the
30 fully nhalogenated chloraflugracarbon CFC~12. In

addition the foam sheet produced from the 100 percent
C0, blowing agent under these conditions has a smooth,
uniform surface similar te that of foam sheef .

manufactured with aliphatie hydrocarbons and fully or
partially halogenated hydrocarbons, '

heet Has Been Replaced

T il



- me = TR At AWML NS v vww A W el MUY bl Lad ey a2

- 3- sﬁeetdﬁgeﬁﬁéﬁ“a86§3aﬁﬁ‘then-fﬁeYﬂﬁFoFﬁédcrﬁFS'a°F09n?§h@@t packagi ng
article. ' The use of carbon di oxide as the sole bl ow ng agent avoids
.Eigures i and 2. with a diflerent example and

comparative example (density of 3.1 PCF for the COp
Slown foam sheet and 5.4 PCF far the CFC-12 blown
sheet). also show an unexpected benefit when foam shest
is produced using cnly carbon dioxide as the blowing
agent. The benefi: is that the percent elongation in

10

dcth the machine (Figure 1) ang transverse (Tigure 2)
directions remains essentially constant, or at worst,
decreases only slightly over time after z short laitial
aging period.

-—
un

As Figures 1 and 2 show the tensile elongation
2g VYalues remain substantlally constant for the C02 blawn
feam sheet, with only a 9.3 percent change in the
machine direction from the period of time of 24 hours to
313 hours and only a 7.4 percent change in the cross
direction during the same period.

25
In contrast, when using CFC~12 as the blowing

agent, the percent elongation decreased drastically and
substantially over the same time period after the same
short initial aging period. Figures 1 and 2 show that

30 the CFC-12 blown foam changed 29.0 perceat in the
machine direction and 15.2 percent in the cross
direetion for the period of time of 18.5 hours to 330
hours.

Sheet Has Been RTlaccd
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many of" t he problenﬁnofC8@h5}°gPomPﬁa 3GeRFseXREPLFEnGs BFR4PRer bl owi ng
agent with €aFeehidnokeasilqhelosgabionarhoh. & pedaent nandiguésoser m avoi ds

the probl engipéabandl £t BAs 1 gag: T t i Ope L5 goncerned with
pol yst yrene,_f oam bl own 20 el onzauc%r} bé;%'ns%li(;&é,fl-_v@ﬁ'{; ?gr%{bly i quid

carbon di ox{'a®"3 Rl "ihﬁgprocéEs Chiet £3 ¥ 9MR of PRk &t %’Elcﬁ BoelySter ene foam
direction tensile elongation of 4.4 percent and a eross

direction tensile elongation of 3.0 percent after 330
rours of aging.

i0

Tensile elongation values telow five percent
are generally considered to be bHricttle and not
acceptable for thermoforming purposes.

()]

Tensile elongation values for the foam sheet
which change at a rapid rate over an extended time make
a determination as to when to thermoform the foam sheet
difficult, and in addition, the foam sheet becomes
brittle and difficult or impossible to thermoform when
the tensile elongation values are less than five
paréent.

20

3%,
i

The product of the present invention has
elongation values which remain constant, or at worse,
decline only slightly over a long period of time. This
means, as shown in Figures 1 and 2, that fcam sheet
3p Stored on a roll and waiting to be thermoformed will
have approximately the same elongation values at the
thirty hour mark a3 at the one hundred sixty hour mark.
This is not true for foam sheet produced with
dichloredifluoromethane and other types of aliphatice

37,712-F -] hs&wa‘hsB&nkiime
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The i nvent $@®rm3&e paré i 26 aFfo3m ssheatd Flowmeak Hy GRE yraykng cl Foake sheet
havi ng benghigd abaPiysicdda Properties for thernofoanm ng purposes.
AU- A- 529339 di scl oses the preparaton of foaned sheets of al kenyl -aromatic

pol ymers using carhon dioxide as a Ql owi,ng_ agent ver, the anmpount of
b pFofe? 1 3LEREN

carbon di oxi de and®8Kkt & BHFE8AE ndégggﬁPfB? PPom t hose of

the inventeorrugation or aoncorrugated" means that the thickness
values for peaks and valleys ars averaged. the overall
average (s determined by averaging the peak and valley
averages and the difference between the overall average
and the peak and valley average is less than about
fifteen (13) percent.

()]

. In Table 2 Sheets 1, 2 and 3 have a blow-up
ratio of 2.5:1. The weight percent C02 is 2.3 for Sheat
13 2.0 for Sheetr 2: and 1.3 for Sheet 3.  The die
20  temperature is 146°C{ centigrade) for Sheet 1; 141°C for
Shest 2: and 144°C for Sheet 3. |

M
D
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In a frrst asp8¥ tnhdakleyenti @82kr oviYalden pro&eak forVaileduci ng a

t hernopl astic fqan1conpr|3|ng the follomﬁng steps a. nelting a
styrenic polyner 84 _ 3
154 101 108 88 88 85
. 171 1488 108 89 92 .99
10 127 a9 103 90 87 a5
8s 88§
AVG. AvVG. AVG. AVG. . AVG. ©ave.
148 $8 . - 165 8a . 88 89

v Average of

> peak & Valley
123 $6.5 88.5
Pifference
Based an AVG
20 perceat 8.8 percaent ' 0.8 percant
20 |

As can be Table 2, with the values in mils

(0.001 ineh), the corrugaticn af Sheet 1 is 20 percent.
This corrugation is visibly noticeable and this level of

25 corrugation makes this sheet unsuitable 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 difference between Sheet 1 and Sheets 2 and

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

A3 is e¢lear in these examplés, corrugation can
be minimized or even prevented by controlling the die

is Sheet Has Been Re| laced
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Ffolystyrene foam sheet 5.0 PCF and 100 mils
b. contlnuDthy dumeehly;tnte@du@mn@.¢ﬁi@ethssneﬁéeﬂoféﬁﬂﬁéﬁuﬁ~a0|ynEr a

bl ow ng ag on_di oxi degin_an anDunt of 0.5 to 6 weight

per cent byg€%i§%F§§§;t bo 5ﬁb eraraer. Pﬁ*QTnQO ?*%%Iely the styrenic

pol ymer anthermofarted tHeoRoams; sheet is neated in an oven for 3,
® or 7 seconds as detailed in Figure 3., The oven

'0 temperatures are about SO0°F (Fahrenheit} in the bottom

of the oven and about 800°F in the top of the oven.

Figufe 3 shows that zithough the nercent ¢f
ouff or post expansion is sensipive to the amount of
1 time in the oven., generally the amount of puff can be as
much as 20 to 350 percent,

The present invention has been described with
preferred embodiments. It is to be understood however
20 that modificatiaons and variztions may be resorted to,
without departing from the spirit and scope of the
invention, as those skilled ia the art will readily
under=stand. These'modifications and variations are
cansidered to be within the scope and purview of the

25 appended claims.

30
This Sheet Has B
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CLAIMS
1. A thermoplastic foam comprising:

{a) a styrenic polymers: and
(b) a blowing agent characterised in that the

blowing agent consists essentially of carbon
dioxide.

wherein the thermoplastic fcam 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 thermoplastic foam, 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 thermoplastic foam, as recited in
Claim 2, wherein the substantially constant tensile
elongation values in either machine and a cross
direction under ambient conditions vary by no more than
about fifteen percent after an initial aging period of
20 hours.

37,712-F ~15~ This Sheet Has Been R
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Claim 1. wherein th thermoplastic foam is in sheet

d. extrudeagmand foam ng the n1xture at a die tenperature below 150C into
a region of lower pressure to formthernoplastic foan1sheet wherei n the

resul ting thernoplastic, foamhas a cell  size in dlrectlon which is
less than 1mm and SHedt Hif% &"?@s%“‘tﬁ QAR t“rFarYed’ 24 (- 25 cny.
The proces€isfimt ie pheseanh theethieomopiasspectabhyhasi bedehsiopker

ther mopl asil ¢of 0361 p5RAES haL LUgIAEGLE.NY Purposes.
"0 _ ' :

7. A thermoplastic foam. as recited in |
6. wherein the thermoplastic foam has a density of
o 6 pounds per cubic feor.

(V)]

8. A thermoplastic foam. as recited in
Claim 3, wherein the thermoplastic foam has a thickness
less than about 0.5 inech.

9. A thermoplastic foam, as recited in
20 Claim 8, wherein the thermoplastic foam has a thickness
less than about 0.25 inch.

10. A thermoplastic foam. as recited in
Claim 1, wherein the thermoplastic foam has a c¢ell size,
25 In any direction, of les=s than about one millimeter.

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

.12, A thermoplastic foam, a3 recited in
Claim 1, wherein the thermoplastic foam has 2 blow-~up
ratio of at least 2.0:1.

This Sheet Has Been Replaced -
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- Lialdl 1. Wnerein tile thermoplastic foam nas caroon

Fi gured 1dindiZeapeeseahi na andizmeghiconfand.§r eas diuquhqn tensile -
eIongation a &S el r .foa repar canQon di oxi de
(Cderr]) %ﬁ?hf&rogggﬁudrSﬁefﬁgﬁ§q68F€n§§Eegs‘gﬁg 5eﬁf§

Figure 3 |§eanﬁo§33@%p&nsL@nmsﬁudyeoﬁnhodmamegheet at three di fferent :
residence tines in an oven, -

15. A foamable mixture compriging:

v}
(a) a molten styrenic polymer; and
(b) 2 blowing agent coasisting esseantially
of carbon dioxide.
15 6. A foamable mixture. as recited in Claim 15,
wierein the foamable mixture includes a nucleating
agent. '

17. A foamable mixture, as recited in Claim 16,

20 wherein the foamable mixture has carbon dioxide present

in an amount of 0.5 to 6 weight percent per weight of
styrenic polymer. '

18. A process for producing a thermoplastic
25 foam comprising the following steps:

(2) melting a styrenxc polymers;

(B) continuously directly introducing into the
30 melted styrenic polymer a blowing agent consisting
essentially of carbon dioxides;

(c) mixing intimately the styrenic polymer and
the carbon dioxide; and

p\aued
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pressure to form thermoplastic foam.

Pol ymers useful in the present invention are those pol yners, copolyners and
I nterpolynmers having at |east 70 percent by wei ght styrene nononer

i ncogporated into hlae fippal I?&xg,?ég@%ort 2 oA TR hcth%r}ﬁgﬁil%e This

i ncludes other polyners suc for exafple styrene a styrene
acrylic &siat, esheeditedn iaqdiladimiss sheéraimndhehearbont kdostiieeris nononer

repeat unit requiremen For .t he purpose of this.invention these useful
pol yners Wé"ﬂ% &% df m&%‘gﬂgﬁ‘&ﬁé BOISWE The preferred

20. The process for producing a thermoplastic
10 foam, as recited in Claim 19, wherein the carbon dioxide is
continuously and directly introduced into the polymer melt
as a ligquid in an amount of 0.5 to 6 weight percent by

. weight of the polymer.

15 : 21l. The process for producing a thermoplastic
foam, as recited in any one of Claims 18 to 20, including
the step of thérmoforming the thermoplastic foam into
articles.

20 ~ 22. The process for_producihg a thermoplastic
foam, as recited in any one of Claims 18 to 21, including
the step of passing the thermoplastic foam over a forming
mandrel ha#ihg a blow up r#tio af'greater than about 2.0:%

- immediately after step (d)., | |
25
) 23. The process for producing a thermoplastic
foam, as recited in.any one of Claims 18 to 22, including
the step of aging the thermoplastic foam, after step (d)

and prior to thermoforming, until the thermoplastic foam -
30 has substantially constant tensile elongation values over

eet Has Been Replaced
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_ or equal to about five percent ovexr_ an extended period of -
material s arémétyrenlc honopol yrers. xThe Sfbmnng agent pré?erably

used $s thime gumdiar cimirierin rcohdid dmahinc both RO maeh inec aireraciaddss
avai l abl e_, For_t he purposes of this specification such carbon dioxide is
referred SHFESEA: percent carbon di oxi de

24. The process for producing a thermoplastic
foam, as recited in any one of Claims 18 to 23, wherein the

10  styrenic polymer is polystyrene.

25. The process for producing a thérmoplastic
foam,ﬁas recited in any one of Claims 18 to 24, wherein the
die temperature in step (d) is from 130+ to 145eC.

15 '

20
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ABSTRACT

roam blb;:&wf;:sent iavention is a styreniec polymer

solely carbon dioxide and a process for
ma&lng that styrenic polymer foam. Foam sheet made by
this process is especially useful for thermoforming'
purposes. '
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The carbon dioxide is preferably added to a polynmer nelt in a liquid form
al t hough use of the carbon dioxide in the.gaseou . al so be
acceptabl e i 8-& practice of the present _iLnyent 'Ec{_?fgj%we&"%he use of a
t andem ext r usi o\ process for the nanufacture of %&nys“fﬁ'gﬁg"ﬁé’ﬁﬁl sheet is
typical, but is|fot required. Such a process includes a prinary extruder, a
bl owi ng ageng. a;dditi on systeminto the primary extruder, -a secondary
extruder, an anpular die, a cooling mandrel, a sheet cutter or slitter and
a sheet ~ : : '
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_ _ ELONGATION _
gat hering device, such as for exanple rollers and w nders.

However, the use of this exact equi(pesaRireetiomp is not required in the
process of this invention. : Addi tives, such as pignments, nucleating
agents and ot her additives conventional | y -krewd i0ztdqoaednerry be added to
t he pol ystyr%ﬁe“f oam of the present i nvente-aa=-—Taes. gt biokdugd a nucl eati ng
agent is generally preferred and is
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2 -
added in gn %nn&nt?of fromO0.02 t 0 percent @f the total pol sg¥rene by
wei ght. PFef éraldl y:the anount of cleating agent I s between O.
percent. One conventional nucl eat/ifng agent |s'talct 4
f oam sheet can be produced usin

Pgl ystyrene
00 percent ¢arbon di oxi de asath@ bl owi ng

agent provided certain nodificafifons are made! in the handling and®the
preparation of the polystyrene,f am sheet. Preferably the carbgn di oxide is
conti nuously dlrectly i nt r oduced or |njectedx|nto the nolten resism.
Preferably the .
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This iavention relites to polystyrene foam

ich Is only carbon
des a process for

rene fcan utilizing only carbon

! n s invention is

ar ::ca1a"ly suited for making polystyrene foam sheet

ving a2 thickness of less-than about 0.5 inch.

<

Polystyrene foam, garticularly in sheet formy
is at the present time made from any number of blowing
ageats which may possess or cause one or more of the
following undesirable characteristics: volatility,
ammability, poor thermoforming characteristics,
brittle foam sheet physical properties, high cost or an
adverse effect to the ozone layer. Examples of these
hlowing agents would include aliphatic hydrocarbons and

1ly or partially halogenated hydrocarbons.

Some have experimented with blends of carbon
dioxidae and other blowing agents such as aliphatic
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,

is Sheet Has Been Reil aced
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=1 CCALLAUVOUSR alrect .nj8clidn i0e&nl shee. dalluicciuriag

carbon di oxii@el L$ cdntudu@mﬂ524ﬁw cidl Y ine snr@GLedreaaan&uyélwyeﬂaure

l'i qui d. uce Jfoam.shees ha NS Ly, J range of 2
to 10 ponnds Ser cublc %oot “(37°to~ %80 kgn?%%f])‘“?%ha 3to 6

PCF (48 fo 96akgnfer pFpdusb aar B 36ei igint aper Sonmtl 2 o8y efedretlsy- 1 to 4 wei ght
percent of carbon dioxide is required per weight of polynmer. Cell sizes in

all directions are | gushdband 8 b TBIKlc (MEQnod@dhknd apparatusas
for metering a gaseous tlowing agent, sSuch as an -
atmospheric gas. intoe a moiten resin charge, such zas
polystyrene, in an securate and srecise zanner. 0One
axample of this can te sees in U.S. Zatent No.
1.370.938. The apparazus cf this gatent meters discre:e

-

niform volumetric

[

he moltan re

s
given motive power Ty the suppl:
gas source

A typical currsnt commercial polystyrene foam
20 sheet extrusion process may use a tandexm extrusion
precess (two extruders in series). The first extruder
melts the polymer to produce a polymer melt. A high
pressure metering pump would then deliver blowing agent
to the polvmer melt at the end of the first extruder

25 wWhere mixing is initlated 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 mellt then passes through and

30 becomes a foam structure at an aannular die. The foam

structure, in the shape of an annular tute, is then
stretched over a forming mandrel., The annular tube
coming off the mandrel is thea slit and opened to form a
sheet which is then gathered on one or more rolls. The

heet Has Been Replaced
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packaging article.

preferably less than @1‘9@“&59 3 ”EAzhbJJPed #JUIHNGSS tHe lg?ﬁ]ef %@‘ﬁﬁ%ﬂﬁ?’oa

preferably |ess than about _0.5 inc nore preferab ess
0.25 inch® avolds|pany 965%?%I%??%@?ﬁ§u9%aqﬂW§ﬁ @&QMﬂﬂQ)aQQﬂ£S|a§da

Zt rlet ching of blLberdasoem @V@é* abIWﬁli lagifriteviich @arlbora didkideLat ehd MR
is pr

ratio of, at |east 2.0:1.
The foan1ng t%ﬁp ?:?%? l%fl % ir <§éﬁ§?bﬁy°&§Powhe problems of
handling a gas.

Thus the invention in one aspect provides

10  Dpolystyrene foam blown sclely with carbon dioxide,
preferably liguid 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 thermoforming purposes.

In a f£irst aspect, the invention provides a
thermoplastic foam made from a styrenic polymer and carbon
dioxide as a blowing agent wherein the thermoplastic foanm
has tensile elongation values greater than 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 greater than or equal to about five
percent over an extended period, for example a period of
from 80 to 300 hours.

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

In a fourth aspect, the invention provides a
process for producing the foamable mixture and a

30 thermoplastic foam by melting a styrenic polymer, then
continuously directly introducing into the melted styrenic
polyner a blowing agent consisting essentially of carbon
dioxide, then mixing intimately the styrenic polymer
and the carbon dioxide and then extruding and

Sheet Has Been Replaced
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| 50[err] C and preferably between 130 and 145[err]C. The thernDpIastrc f oam
is extruded and foaRB83itAvo a2z6NesEntl dneenpiessaisopieténdbly air at
atmosphey i c PELSSHELstic “nam n¥Rile: 14, MBY.NE ROSSibl e,.,I% cHSE @
polystyrene f oam sheet T medr at e y it"is preferred to age” t he polystyrene
f oam sheet for’%rpé?rod of time, usually at |east about 20 hours prior to
thernofornming the foam sheet. This will allowtine for air to counter

diffuse into the cel fae therwoblizakse reafleentheré€ssk! 85 the
present invention are aspecially sulted to maxe
c

0  thermoplastic £ thermaforming purcoses.

ere nachine directicen and cross
icn tensila elcngaticn values, respecerively, for
L o)

son cicxice(CO2) arna

Z dichlorcdifluoromethane (CFC-:2) as blowing zgents.
figure 3 is g pest expansion study of foam
sheat at three different residence times in an oven.

Polymers useaful in the present invention are
these polymers. copolymers and interpolymers naving at

[A8]
Q

least 70 percent by weight styrene monomer incorporatad
into the final resin as the monomeric repeat units.

This Iincludes other polymers such a3 for example styrene
zerylonitrile., styrene aerylic acid, other %nown

3%}
9]

equivalents and blends having the styrene monomer repeat
unit reguirement. For the purpose of this iavention
these useful polymers shall be referred to as styrenic
polymers. The preferred materizls ars styrenic
homopolymars '

tal
o

The blowing agent preferably used is that grade
of carben dioxide which is normally commercially available.
For the purposes of this specification such carbon dioxide
is referred to as 100 percent carbon dioxide

This Sheet Has Been Rei aced
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el ongati on val ues subS5t&nfREPPY EoASL&RL -5 ?ﬁ?§“ﬁPPFYp§€9ﬁéetgnEf6rm
t her nof or m ngedlyaeactarlstigsal digthe potystyrenaudpamshget-igo be

t her mof ogned,, ;. Substantjally_ constant tgnSJ e el ongation val ues
over an extena‘eacﬁeﬁ °d‘ 6t tTne'UBta'%‘/ﬁ%?i“% ¥ [ Youte also Se

acceptadle in the orzotice of the asresent iavention.

manufacture of golystyrene foam sheat ‘=z typical, dur is
‘3 not required. Such z grocess ineludss a primary
axt

srimary extiruder. a

e

,—C
-
dq

mandrel. 2 gnes: cucser or sli

o L
gathering device. such zs feor exampie roll
inde '

(§}]

rowever, the use of this exact equipment set-up
{s not required in the process of this invention.

20 Additives, such as pigments, nucleating agents
and other additives ccaventicnally known in the art nay
be added to the polystyrene foam of the present
inveaticn. The addition of a nucleating agent is
generally preferred and is added in an amount of from
0.02 to 10 percent of the total polystyrene by weight.
Preferably the amount of nucleating agent is between

0.2 to 2 perceat., One conventional nucleating zgeat is
tale.

113}
()]

30

Polystyrene foam sheet can be produced using
100 percent carbon dioxide a3 the blowing ageant provided
certain modifications are made in the handling and the
preparation of the polystyrene fcam sheet., Preferably
the carbon dioxide is continuously directly introduced
or injected into the molten resin. Preferably the

This Sheet Has Been Rerlaced
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To produce foam sheet having a density in the--
range of 2 to 10 pounds per cubic foot (PCF), preferably 3

" £o 6 PCF (1 pound per cubic foot = 16 kg m~3), 0.5 to &

weight percent, preferably 1 to 4 weight percent of carbon
dioxide is required per weight of polymer. Cell sizes in
all directions are less than 1 millimeter (mm), and
preferably less than about 0.5 mm. The thickness of the
foan sheet is preferably less than about 0.5 inch and
more preferably less than about 0.25 inch.

It i1s possible 0 have z Dlow up ratic. that is

4:1, It is preferable Zo0 have a blow
io of at least 2.0:1.

The foaming temperature at the die is generally belcw
150°C and preferably betweea 130 and 145°C. The
thermoplastic foam is extruded znd foamed into a zone af
locwer pressure preferably zir at atmospheric pressure.

Wnile it may be possible to use a polystyrene
foam sheet immediately it is preferred to age the
polyscyrene foam sheet for a period of time, usually at
ieast abour 20 hours prior to thermoforming the foam

sheet. This will zllow time for air to counter diffuse
into the cells. It will also render the tensile
elongation values substzntially constant. This will
provide uniform therzoforning characteristics for the
polystyrene foam sheet to be thermoformed.

Substantially constant tensile elongation
values over an extended period of time obtained with a

Sheet Has Been Replaced

i




S T T e MWW walBl Ve Mt Wikt Vel AVGALW, WO L e

product wit ;7 gsgoggrﬁﬁ Sfﬁé‘%'é'hﬁ’f%c‘éﬂn’déﬁ SR SFAISEER T Preeferably in

excess of fmeaspéeceﬂbn@utiqnnuanuﬂxn&rd|pmafpeabéyt1hoexaassxb€nd&deper|od

of Ui 20 pBRcenfORoios,s {hun Ald Q0 hecaorge o cLaalluahiegt s an

ext ended perl ime b er nofor W Th WOr r
changi ng vabkfetive e @&yradiag dmlma,oWWSvéléeWc};Bgt the sh@ragas oife

el ongation %géﬂe§hgg Ifgg(ggnéﬁgggﬁ1 d ofNeihenplelse gl Ongation val ues

are determ ne accor | ng to the met D638 "Tensi |l e Propertles of
Pl astics" pabPT3REArBy Ehe Amurcm'som*@ goout the changing values

or the degradation below {ive percens cof the zensile
-9 S cngaction values cof the foam sheat.

ne tensils e‘c*gat'

Ul

and Materiazis (ASTM). Tha words machi
ion. transverse ¢r cross cdireation and vertical
direction are used in their nor=mal and cconventional

Qanners.

Though the tensile slongation values of the
foanm shest of the present inventicn are not perfectly
constant. they are substantially constant and even more
izmportznt for ther=zoforming, the tensile elongation
values remain above a2 value of flve percent for an

e
Q

ded periocd of time. Generally when these values
below five percent the foam sheet becomes too
brittle for thermoforming.

[\8]
(9}
[(}]
»
(w4
¢ b
3
n

The thermoforming temperature will be somewhat
30 higher than that of a polystyrene Foam sheet blown with
fully or partizlly halogenated chlorofluorocarbon or
hydrocarbens since the C02 provides essentially neo
solvent effeet which would normally lower the heat
distertion temperature and therefore the melt strength
of the foam walls upon reheating. The polystyrene foan

This Sheet Has Been RT
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B errsed that the golystyr n {oam sheet ‘Be aged for

For Testing and Matgriaks, (A3 he_motg %’" or extrusion direction
transverse or cCross dlréctloh aﬁd ert cél ITanaFé UGEEF 58T thei r
normal and coRveRfrcéaaringnaérshe f:*: sne §hough the tensile el ongation

val ues of Zthe foam sheet of the present invention are not perfectly
constant theyzgkessubstanthaklya¢0enst apt-ghd even nore inportant for
“T‘ﬁ‘—r—“‘“ré‘mm

t her nof or m ng € tensi gatT remai n above a val ue of five
percent for an extended .period of tine. Generally when these values fal

-

bel ow five percent theéFyHRAIREER IRECH AL Y06 SHPFEPEE &[0 her WAGERI ng.

extrusiocn line, with the polystyrene resin having a
verage molecular weignt of zdout 300.000 being
t extruder and with the carton dioxide
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minate vaper Lock and to izprove pump efficiency.

~ @ O
|-

43
i

carbon dioxide is metered using & mass flow meter cn

low pressure side or sucticon side of the pump.

29 Coniirmaticn of the percent of COp used is also made by
measuring the weight loss of the CO; from storage
cylinders holding the CO,.

v

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

™
\n
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The t her nof or mi ng terrpersaﬁaure 30T 15 S RBWRSP °is§h¢§|ar'taﬁ"aent§71%t of-*a

pol ystyrene foam sheet bl own wgkk Eully,p;iy aldy hal ogenat ed

chl or of | uof ocar bon or hydrocarbons sfnce t%leéxierr] provi des essentially
no sol vent effect which would nornally |owerchRgsh gan,QgsE?%Ebgg
tenperature and therefore the nelt strength a&a&gea oam wal ['s™ upon
reheati ng. The pol ystyrene foam

? Blowing Agent by welgh: 5.0 2.5
*0 3 Tale ty waeight 0.7 0.5
Sheer Gauge, zils 120 130
Sheat Density, PCT 3.5 3.2
Jia Melt Temperature. 7 150 144
"3 Output Rate. lbs/hr 198 169
Slcw Up Hatio 3.5:1 3.5:1
Zxtruder Pressure, psi 3800 4700
Die Pressure psi 2000 3500
20
Sheat Aging Time, days 7 | 3
Thermoformer % Post Expansion sy 30
Tecoling Used meat Eray meat tray
25

As can be seen from Table 1 it is possible to
use a lower amcunt of carbon dioxide to produce a foam
sheet having approximately the same thickness and same
density as a foam polystyrene foam sheat blown with the
30 fully halogenated chlorofluorocardon CfC-12. In
addition the foam sheet produced from the 100 percent
CO0, blowing agent under these conditions has a smooth,
unifors surface similar to that of foam sheet.
manufactured with aliphatie hydrecarbons and fully or
partially halogenated hydrocarbons.

This Sheet Has Been Reﬂlaced
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eross direccticn is 0.33 ma: vercical direction is 0.28
sheet bl own with H et X arrl, cagagecpgg: e@ﬁdﬂc&d &l siz
. . - . .

2 mm: in the cress

(93}

Figures 1 and 2. with a diflerent exazmpla and
ccmparative example (density of 3.1 PCY for zhe COp
slcwn foam sheet and 5.% BCT for the CFC-i2 slown

10 sheet), also snow an unexpectad benefit when fcam sheet
is oroduced using caly carcon dioxide azs the blowing
zgent. The btenerfi: is thar the cercent elongation in
bcth the machine {Figure 1) anc transverse (TFigure 2)

i3 directions remains essentially consctan or &t worset,

a
decreases only slightly over time aite
aging period.

As Figures ! and 2 shcw the tensile eleoangation
20 values remain substantially constant for the CO2 blewn
fcam sheet, with only a 9.3 percent change in the
machine direction from the pericd of time of 2% hours to
313 hours and only a 7.% percent change in the cross
directicn during the szame pericd.

N
()

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

30 the CFC-12 blown foam changed 29.0 perceat in the
machine direction and 15.2 percent in the cross
directicn for tre period of time of 18.5 hours to 330
hours.

This Sheet Has Been Replaced
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seriod of time only vwhen carbtcen dioxide is used as the
a range of 20lb&inz0zReneant during thernof orm ng. It is preferred
that the pol ystyrene foan1sheet be aged for at least 20 hours prior to the

careful lyz=control | ed ther orm foan1s qet... anpl g.and
Conpar ati Ve Exanpl e ReE ﬁ%ﬁ% yfﬁﬁ% foanlshg %‘FS g%eggréd *6h a tancem

extrusion |ingiregicipnt kengdllestefoegaticaseh fali pgraswmd gnd o eccges
nol ecul ar wei ght 2@k :8R0WEL 1300 0QA PG:RYcn of §.3 percent after 313
. -ane C7C-i2 tlown foam has a machine
el ngaticn of 4.4 percent and a qross

c
siongation of 3.0 percent after 330

Teasile elongation values celow five percent
are genarally ccnsidered to be drictle and not
accepntable for thermoforaing purgoses.

w

Tensile elengation values for the foam sheet
which change at a rapid rate over an extended time make
a determination as to when to thermoform the foam shest
daif

b

20 cult, and in addition, the fozm sheet becomes

fi

ittle and difflcult or impossible to thermoform when
the tensile elongation values are less than five
gre¢ent.

‘G

N
19}

The product of the present invention has
elongation values which remain constant, or at worse,
‘decline only slightly over a long period of time. This
means, as shown in Figures 1 and 2, that fcam sheet
3o Stored on a roll and waiting to be thermoformed 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
dichloradifluoromethane and ather types of aliphatie

This Sheet Has Been R
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melted in the OFEg€28écader and with the carbon dioxi de being
continously directly injected as a high pressure liquid into the end of

the first_extruder  as:aisli@dbdpcIBespainp; eadss Moyvidhogihhesgashon
di oxide t® the extruder .are cooled to about OF (-18[err].C

. £00 ¢ - 18 er wth Jiguid

nitrogen to el*PnfA%ee RGCd cGERMPEY IRy & bdimb O 15 ‘f’e“rﬁ?‘t"gr‘hgecar bon
di oxde i s net @re@ougoig radmscn fl ow meter on a | ow pressure side or suction
side of the punp. Confirmation of the percent of CJerr] used is al so nmade

by measuring the wel ghg'crl'Ogﬁeoguyggs%?ré;fﬂgmgr&O"f?@tla Qr no
9 corrugaticn or noncorrugated" means that the thickness
values for peaks znd valleys ars azveraged. the overall
average is deterzined by averaging the peak and valley
averages and the difference between the overall average
and the peak and valley average is less than zabout

()]

fifveen (i3) percent.

able 2 Sheets 1, 2 and 3 have a blow-up

1 e vweight percent C02 is 2.3 for Sheat
13 2.0 for Sheer 2; and 1.3 for Sheet 3. The die

20 temperature is 146°C( centigrade) for Sheet 1; 141°C for
Sheet 2: and 184°C for Sheet 3.

n
ratio of 3.

[\Y}
N

30
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Sheet 1 Shear 2 Saeer 3

cylinders hol ding therCGerr] 1,509 results of.7h $caXxanpl e and a
conparati ve exanple. conventionally blown w th dichlorodifl uoronethane
(CFCG-12),_are shown in I I [ghts af, ercen; W@Ight ﬁ golyner
wei ght. The ther'rrUf'or m mg——wa nAlhg V\%—%T a‘?: 3 T A form ng
meat trays. 141 94 105 g4 87
154 101 105 g8 88 es -
171 108 108 89 92 89
10 127 89 103 30 87 9s
gs 88
AVG. AVG. AVG. AVG, AVG. AVG.
148 98 105 8 88 89
15 Average of
Peak & Valley
123 56.5 88.5
DifZerence
Basaed on AVG
20 pecceas 8.8 perceat 0.6 gercent
29
As can be Table 2, with the values in mils
(0.001 inch), the corrugaticn of Sheet 1 is 20 percent.
This corrugaticn is visibly noticeable and this level of
25 corrugaticn makes this sheet unsuitable 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 difference between Sheet 1 and Sheets 2 and
30 3 is visibly noticeable and measurements confirmed the
' visual evidence.

As is clear in these examples, corrugation can
be minimized or even prevented by controlling the die

This Sheet Has Been Re’i
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20

3Q

rolystyrene fozn sneet 5.0 PCYF and i00 mils
thick, blown with carton dioxide. is thermaformed into
egg cartons in
ar

of tha cven and about G00°F in the to

¢+ 3}
|

gure 3 shows that eithcugh the percent ¢f

suff cor post expansicn is sensitive to the amount of
time in the oven. generally the amount of puff can be as

much as 20 to 39 percent

The present invention has been described with
preferred embodiments. It is to be understood however
that modifications and variations may be resorted to,
without departing from the spirit and scope of the
invention, as those skilled ia the art will readily
understand. These modifications and variations are
considered to be within the scope and purview of the
appended clains..

is Sheet Has Been Replaced
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1 Foam Sheet and Extrusion Process Paraneters

100% CJ err]

Conparative
CFC 12

\h

10

20

25

Versus CFC-12
Exanpl e o Exanpl e

100% CJ err]

This Sheet Has Been Re‘placed
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1. A thermoplastic foam ccmprising:

CLATMS

{a) a scyrenic golymer: and
(b) a blowing agent characterised in that the

blowing agent consists essentially of carbon
dioxice.

wherein the thermoplastic foam has tensile elongation
1

ues greater than or equal to about five percent
under ambient conditions in
both a machine and a c¢ross direction.

2. A thermoplastic foam, as recited in
Claim 1, wnerein the thermoplastic foam has
substantially constant tensile elongation values
under ambient conditions in both
a machine and a cross direction after an initligl aging
period.

3. A thermoplastic foam, as recited in
Claim 2, wherein the substantially constant tensile
elongation values in either machine and a cross
direction under ambient conditions vary by no more than
about fifteen percent after an-initial aging period of
20 hours.
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% Bl owi ng Agent by wei ght 5.0 2.5 % Talc by wei ght

O.7

0.5 Shedt. Catlgernobiss:c{emjoaz. <-.s recited (3 0) 130

3.3) Sheet t Kg/ nd.er rh). 56) 51
(3.3) ee EQD%X[H ég{rge;r]k) opiascied ?i&‘ dwol)

Mel t Tenperafife

Cutput it e.

Ibs/hr((K@/hr}GF 198 (89.8) 169 (76.7) Slow Up Ratio

3.5:1

3.5:1 Extrudar Pressure psi (K Pa) 3800 (26200) 4700

(32400) Die Pressure pg, (K PAprmoplastic 2040, (4380801 8680:4624100)

(2]

20

30

Ciaim 1, wherein the therooplastic fozm has z density or
to 10 pounds per cubic fooct.

7. A thermoplastic {fcam. as recited in
. Wwherein the thermoplastic foam has & density of

5
o b6 pounds per cubic fcoct.

8. A therzoplastic foam, as recited in
Claim 3, wherein the thermoplastic foam has a thiekness
less than about 0.5 inch.

9. A thermoplastic foam, 28 recited in
Claim 8, wherein the thermoplastic foam has a thickness
less than about 0.25 inch.

10. A thermoplastic foam. as recited in
Claim 1, wherein the thermoplastic fcam has a cell size,-
in any direction, of less than about one millimeter.

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

12, A thermoplastic foam, as recited in
Claim 1, wherein the thermoplastic foam has a blow-up
ratio of at least 2.0:1.
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Sheet Aging Ti'te,Pdays - “Pon reat;r; prior to “%FﬁTRﬁQEﬁ FHERer %  Post

Expansi on
meat tray

54 30 Tool i ng Used nmeat
As danieromdasitiomSbalm.e sk reciisggossible to

a | ower amounte:f: .£af Do, gh o) denl0: pgp.dggqutfgaigam S@?cbﬁ%ﬂg
%e sane thlcRness and sanme” ~ density as f 6am pol ystyrene

approxi matsel y t
foam sheet bl GAP%ddsh FTesSentulnyanatogennt @8 c%#br@?ld%rﬂ%aﬁbbn CFC- 12.

percent per welght of styrenic polymer immediately zfter

In

20

N
(32}

30

Y

teing extruded frem a2 die anc foamed.

- -

i5, A foamable mixture cecmpriging:

(a) & moltan styrenic palymer; and
{b) 2 blo wiﬂg ageat coasisting essentially
of carton dioxicde.

Y
n

i6. A foamable mixture. as recited in Claim
wherein the foamable nmixture includes a nucleating
agent.

7. A foamable mixture, as recited in Claim 16,
wherein the foamable mixture has carbon dioxide present
ir an amount of 0.5 to 6 weight percent per weight of
styreaic polymer.

i8. A process for preducing a thermoplastic
foam comprising the following steps:

(2) melting a styrenic polymer;

(b) contvnuously direetly introducing -into the
melted styrenic polymer a blowing ageat consisting
essentially of carbon-dioxide;

(e¢) mixing intimately the styrenic polymer and
the carbon dioxides; and

Sheet Has Been Re] laced
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addi tion the poessshectio pfogtceHetnopLabeid0foperl cent CJerr] bl ow ng
agent under these conditions has a snooth, uni formsurface simlar to-
t hat of foam sheet manuf actured with aliphatic hydrocarbons and fully or
artially_hal ogenat ed hydrocarbons. . .
P ys 9 f@. fhe process for producing a thermoplastic
foan, as recited in blaim 18, wherein the carbon dioxide is

introduced in the polymer melt as a liquid.

20. The process for producing a thermoplastic
10 foam, as recited in Claim 19, 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 pexrcent by

veight of the polymer.

15 21. The process for producing a thermoplastic
foam, as recited in any one of Claims 18 to 20, including
the step of thermoforming the thermoplastic foam into
articles.

20 22. The process for producing a thermoplastic
foan, as recited in any one of Claims 18 to 21, including
the step of passing the thermoplastic foam over a forming
mandrel having a blow up ratio of greater than about 2.0:1%
immediately after step (d).

25

23. The process for producing a thermoplastic
foam, as recited in.any one of Claims 13 to 22, including
the step of aging the thermoplastic foam, after step (d)
and prior to thermoforming, until the thermoplastic foam "

30 has substantially constant tensile elongation values over

This Sheet Has Been Reﬂlaced




period and the tensile elongation values are greater than
A typical set of ceIJh sizes for_. 100 percent err] blown foam sheet in

the machi ne dPFefTTon Y2 PR il Ve RTBM 1 VES 67 eXtensednRexiidi eh)
directionsis @iR8 WiAer FMnidee CESnd2e o %@zéfaegfau{%@ %6}161 ée&oéyes
28 mm | |reclt ) mi 1 n

are in the machine direction O. n the cross I on

the vertical direetiam 0.22 mm

24. The process for producing a thermoplastic
foam, as recited in any one of Claims 18 to 23, wherein the

10 styrenic polymer is polystyrene.

25. The process for producing a thermoplastic
foan, as recited in any one of Claims 18 to 24, wherein the
die temperature in step (d) is from 130s to 145-C.
i5
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Figures 1 and =@ H i AL, s NLY CAX

of 5.1 PCF (81 ke haid e Uiy OAddndl ek IR ke
kg/merr]) for t ;

when foam sheet is produced using only carbon di oxide as the bl ow ng agent.
The _benefit is that the percent elongation in both the machine (Figure 1)
and transverse (Figure 2) directions remains essentially constant, or at
wor st, decreases only slightly over tinme after a short initial aging

peri od. ABSTRACT

. -ne present invention is a styrenic polymer
! lown wi
ifoam blown with Solely carbon dioxide and a process for

)
making that styrenie polymer foam. Foazm sheet made by
this process is especially useful for therzoforming
purposes.

0 pig. 1

This Sheet Has Been Replaced
WA
20

REPLACEMENT SHEET
25 11 SEP 1996




Wia e Utrecdon

As Figures 1 and 2 show the tensile elongation values remain substantially
constant for the CJerr] blown foam sheet, with onlé a 9.3 percent change
in the machi gegs girection fromthe period of Trme Bf "Adbirectes 313 hours
rcent chance in the crossSTURTECFon2 faFtePitdrucsane
period. I n*¢ontrast, when using CFC-12 as the bl ow ng agent. the

per cent eIongﬁti n decreased drastically and substantially over the sane
time period 4 ér\the same short initial aging period. Figures 1 and 2 show
that the CFC 121ibRhown foam changed 29.0

and only a 7.4

-l

6.6
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percent in the machine direction an".d“ol%c.':‘ﬁ‘rf)%%ent in the cross direction
for the period of time of 18.5 hourc%ésfbi?'é&&fur& The tensile

el ongati on val ues preferably vary by no nbre than 15 percent over an
extended period of tine under ambient conditions ég paost -,echChi ne and a
cross directggn_ after an initial aging period, a &% Sn‘Sﬁ e el ongation
val ues are preflerably greater than or equal to a 54 We"ﬁcéﬁ’(?ent over an

ext ended period~of tinme under anbient conditions in both a machine and a
cross directdon. ‘

0
o>

5.8

11 SEP 1994

R

30N D0 TMm BTTwan -

54

w1
l

46

.4,2...

3.8 ! { ! 1 ? ? 1 1 ! {1 ! t ! ! ! | N




{SAvd) awiL . .
6 - 6 S8 0 SL L 59 9 §S S SF ¥ cf E ST T §1 1

1 ! 1 ! I i ] 1 1 1 I ! ] | ] ] X §

Y : l_om

S S

o | AUNLS NOISNVIX3 1504

I Vi) m ..@ — h*

11 SEP 1996

KEPLACEMENT SHEET

11



Also,fi’n

e

fivei
usedi
mach

tensile elongation of 6.3 percent after 313 [ .. # <
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POLYSTYRENE FOAM MADE WITH ONLY CARBON DIOXIDE AS A
BLOWING AGENT AND A PROCESS FOR MAKING THE SAME

This invention relates to polystyrene foam prepared with a blowing agent
which is only carbon dioxide. The invention also includes a process for making
this polystyrene foam utilizing only carbon dioxide as the blowing agent. This
invention is particularly suited for making polystyrene foam sheet having a

thickness of less than about 0.5 inch.

Polystyrene foam, particularly in sheet form, is at the present time made
from any number of blowing agents which may possess or cause one or more of
the following undesirable characteristics: volatility, flammability, poor
thermoforming characteristics, brittle foam sheet physical properties, high cost or
an adverse effect to the the ozone layer. Examples of these blowing agents would

include aliphatic hydrocarbons and fully or partially halogenated hydrocarbons.

Some have experimented with blends of carbon dioxide and other blowing‘
agents such as aliphatic 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, govycw}_er, state that the use of a 100 percent
;ﬂ . - ‘
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direct injection foam sheet manufacturing (Column 1. lines 42-45 and lines 49-35

hours of agj . - e ' j i Qn: il
el ongati on %egg%“?g@&%gﬁ %%é;%fay&z;cé; g@gﬂ lllcijt? ?elgsf%dﬂtb %ﬁ?ﬁﬁﬁg‘gﬁg’gﬁ?g? 01? 3.0

percent after 330 hours. of ing. . Tensil e el ongati on val ues bel ow
five percenProduge ﬁ‘é‘iﬁﬁgaélolnf“ggﬁ%ﬁgﬂ%p%fac?o be brittle and not acceptable for

t her nof or m ng pur poses. Tensil e el ongati on values for the foam
sheet which change at a rapid rate
Others have developed methods and apparatuses for metering a gaseous

blowing agent, such as an atmospheric gas, into a molten resin charge, such as
polystyrene, in an accurate and precise manner. One example of this can be seen
in U.S. Patent No. 1,470,938. The apparatus of this patent meters discrete
uniform volumetric charges of gaseous blowing agent into the molten resin using
a free piston-cylinder combination which is given motive power by the supply gas

source.

A typical current commercial polystyrene foam sheet extrusion process
may use a tandem extrusion process (two extruders in series). The first extruder
melts the polymer to produce a polymer melt. A high pressure metering pump
would then deliver blowing agent to the polymer melt at the end of the first
extruder where 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 foam structure at an annular die. The foam structure, in the shape of
an annular tube, is then stretched over a foaming mandrel. - The annular tube
coming off the mandrel is then slit and opened to form a sheet which is then
gathered on one or more rolls. The sheet is then aged and then thermoformed

into a foam sheet packaging article.

1=

¢
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over an ext gpbednd bfBthePkRwingl e@itsTAmPblefdy GfSothér HIb®ing fxehh afithdaghidh t he
foam sheet difficult, and in addition, the foam sheet becones brittle and

difficult odioxidsosTheuse elocarhen diokiserinliquid fora aveidsi the peotdergsiof on val ues
are | ess thﬁ%}ﬁlj ve percent. The product of the present invention
has el ongat P&1%e% which remain constant, or at worse, decline onl y
slightly over a long period of tinme. This neans, as shown in Figures 1 and
2, that foam sheet stored on a roll and waiting to be thernofornmed wll
have appr oxi mat eMus the ioxeation igrrpgtaspact Peavides palystyrene foam blown solely

with carbon dioxide, preferably 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 properties for thermoforming purposes.

In a first aspect, the invention provides a thermoplastic foam made from a
styrenic polymer and carbon dioxide as a blowing agent wherein 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. The said
tensile elongation values are generally greater than or equal to about five percent

over an extended period, for example a period of from 80 to 300 hours.

In a second aspect, the invention provides a foamable mixture of a molten

styrenic polymer and carbon dioxide as a blowing agent.

In a fourth aspect, the invention provides a process for producing the
foamable mixture and a thermoplastic foam by melting a styrenic polymer, then
continuously directly introducing into the melted styrenic polymer a blowing
agent consisting essentially of carbon dioxide, then mixing intimately the styrenic
polymer and the carbon dioxide and then extruding and foaming the mixture at a
die temperature below about 150°C into a region of lower pressure to form

thermoplastic foam.
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al i phatic suited to make thermoplastic foam sheet for thermoforming purposes.

Figures 1 and 2 are machine direction and cross direction tensile
elongation values respectively, for foams prepared with carbon dioxide (CO,) and

dichlorodifluoromethane (CFC-12) as blowing agents.

Figure 3 is a post expansion study of foam sheet at three different

residence times in an oven.

Polymers useful in the present invention are those polymers, copolymers
and interpolymers having at least 70 percent by weight styrene monomer
incorporated into the final resin as the monomeric repeat units. This includes
other polymers such as for example styrene acrylonitrile, styrene acrylic acid,
other known equivalents 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

homopolymers.

The blowing agent preferably used is that grade of carbon dioxide which
is normally commercially available. For the purposes of this specification such
carbon dioxide is referred to as 100 percent carbon dioxide even though this

carbon dioxide may contain minor impurities or amounts of other compounds.
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although use of the carbon dioxide in the gaseous form would also be acceptable

12 hydgﬁﬁ?[ﬁgﬁ&tggqﬁwé L%Sa{t iR\?é'nEil)fi‘.l | y hal ogenat ed hydrocarbon bl ow ng

agents.

The use of a tandem extrusion process for the manufacture of polystyrene
foam sheet is typical, but is not required. Such a process includes a primary
extruder, a blowing agent addition system into the primary extruder, a secondary
extruder, an annular die, a cooling mandrel, a sheet cutter or slitter and a sheet

gathering device, such as for example rollers and winders.

However, the use of this exact equipment set-up is not required in the

process of this invention.

Additives, such as pigments, nucleating agents and other additives
conventionally known in the art may be added to the polystyrene foam of the
present invention. The addition of a nucleating agent is generally preferred and is
added in an amount of from 0.02 to 10 percent of the total polystyrene by weight.
Preferably the amount of nucleating agent is between 0.2 to 2 percent. One

conventional nucleating agent is talc.

Polystyrene foam sheet can be produced using 100 percent carbon dioxide
as the blowing 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 molten resin. Preferably the

"REPLACEMENT SHEET
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It is al'so possi J?i)‘:]‘)r&&ﬁc@ fblft?tsﬂlééﬁﬁ@fn | Y&HRIL) O tHeOraliBE Of 3-t6 169@51?19?%& heet

blowmn with CJ err] “havi ng tlhe or ﬁo corrugati on.
purpose of cldfi¢ fodti(BEF), prefdrablpr3 tocd PEFr (1getuind pep cubiofoetr mulfake dt)means

that the thjickness values for a nd ,val.l eys ar veraged, .t he overall
average is @gt@rﬁsﬁ’ﬁlgg‘t Bﬁrcﬁ%rpé‘gfgﬁg& ﬁéo Bexusuper ?Iogﬁaﬁ\?grcg% € Bnd the
ﬁ'efsfsef ence RGLWEEPet BRighY OF pblyniY e'CAEsi2dnt MEdiRRMena BEL 3 {HaN 1aver age is
millimeter (mm), and preferably less than about 0.5 mm. The thickness of the
foam sheet is preferably less than about 0.5 inch and more preferably less than

about 0.25 inch.

It is possible to have a blow up ratio, that is a stretching of the foam over
a mandre] after it exits a die, greater than 4:1. It is preferable to have a blow up

r'atio of at least 2.0:1.

The foaming temperature at the die is generally below 150°C and
preferably between 130 and 145°C. The thermoplastic foam is extruded and

foamed into a zone of 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 thermoforming the foam sheet. This will allow time for
air to counter diffuse into the cells. It will also render the tensile elongation
values substantially constani. This will provide uniform thermoforming

characteristics for the polystyrene foam sheet to be thermoformed.

Substantially constant tensile elongation values over an extended period of
time obtained with a minimum of aging of the foam sheet would yield more

consistent results upon thermoforming the foam sheet, thus more consistent

This Sheet Has Been
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ﬁve percent and remain above 1ive percent 1or an €xt€nded period or tme

than about fé()eeg()d ﬁé\)ripﬁ{hﬁ%ﬂ&m the storage! df fEﬁﬁ'sﬂe@t iﬁh‘iﬁteiteﬁded? and 3 have

a bl ow up r 0 O evvm ht percent CO2 is 2.3 for Sheet 1; 2.0

for Sheet 2peranmidofitiBe fbeforSItlmtnoﬁmnngewuhmttmmwngtaboui ths chaﬂrqlw valaes
centigrade) for_ Sheet 141 :

( J ) therdegradatlon below }nger IrJ rgeﬁct o tlﬁehtensﬂe élonga 10:114VA£1 ues rolf ?hg PoramSheet 3.

sheet.

The tensile elongation values are determined according to the method
ASTM D638 "Tensile Properties of Plastics" published by the American Society
For Testing and Materials (ASTM). The words machine or extrusion direction
transverse or cross direction and vertical direction are used in their normal and

conventional manners.

Though the tensile elongation values of the foam sheet of the present
invention are not perfectly constant they are substantially constant and even more
important for thermoforming, the tensile elongation values remain above a value
of five percent for an extended period of time. Generally when these values fall

below five percent the foam sheet becomes too brittle for thermoforming.

The thermoforming temperature will be somewhat higher than that of a
polystyrene foam sheet blown with fully or partially halogenated
chlorofluorocarbon or hydrocarbons since the CO, provides essentially no solvent
effect which would normally lower the heat distortion temperature and therefore

the melt strength of the foam walls upon reheating. The polystyrene foam
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aged for at least 20 hours prior to théABtdfully controlled thermoforming of the

foam sheet.

Example and Comparative Example

Polystyrene foam sheet is prepared on a tandem extrusion line with the
polystyrene resin having a weight average molecular weigﬁt of about 300,000
being melted in the first extruder and with the carbon dioxide being continuously
directly injected as a high pressure liquid into the end of the first extruder as a
liquid. The pump heads providing the carbon dioxide to the extruder are cooled
to about 0°F with liquid nitrogen té eliminate vapor lock and to improve pump
efficiency. The carbon dioxide is metered using a mass flow meter on a low
pressure side or suction side of the pump. Confirmation of the percent of CO,
used is also made by measuring the weight loss of the CO, from storage cylinders
holding the CO,.

The results of this example and a comparative example, conventionally
blown with dichlorodifluoromethane (CFC-12), are shown in Table I. Weights
are percent weight by polymer weight. The thermoforming was performed in a

manner typical for forming meat trays.
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Corrugation in mls (mm 100% SB5eVerdus CFC-12 Sheet 2
Sheet 3 3.77 PCF 3. 60 PCF 5 75 PCF
Peak Val | ey Peak Val | ey Peak Val l ey 141
(3.58) 94 (2.39) 105 (2.67) 84 (2.13) Con’?p%rétﬁ/eﬂ) %Xafn%le%)
Example
CFC-12 100% CO,
% Blowing Agent by weight 5.0 2.5
% Talc by weight 0.7 0.5
Sheet Gauge, mils 120 130
Sheet Density, PCF 3.5 3.2
Die Melt Temperature, °C 150 144
Output Rate, Ibs/hr 198 169
Blow Up Ratio 3.5:1 3.5:1
Extruder Pressure, psi | 3800 4700
Die Pressure psi 2000 3500
Sheet Aging Time, days 7 3
Thermoformer % Post Expansion 54 30
Tooling Used meat tray | meat tray

As can be seen from Table 1 it is possible to use a lower amount of
carbon dioxide to produce a foam sheet having approximately the same thickness
and same density as a foam polystyrene foam sheet blown with the fully
halogenated chlorofluorocarbon CFC-12. In addition the foam sheet produced
from the 100 percent CO, blowing ageﬁt under these conditions has a smooth,
uniform surface similar to that of foam sheet manufactured with aliphatic

hydrocarbons and fully or partially halogenated hydrocarbons.
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154 (3.91) 0.28Ini2- Béd the GPO-10D16wh fodld shekt; 2\3?1%8&:1( gizédare inGhe (2. 15) 171
(2.36) 1080 0 U085 74y 20 (2 fsgti (2.34) 99 (2,51) 127

(3.22) 89 waclisg diregticn 0.28gnm: nggle(cgo irectigry 0¢38 12111} inghe vglecgb

85 (2. 16) AVG. AVG. AVG. AVG.
AVG. gﬁ"x?é‘m]@?(‘g%es) 98 (2.49) 105 (2.67) 88 (2.24) 88 (2,24)

89 (2.26) Averace of Peak and

Figures 1 and 2, with a different example and comparative example
(density of 5.1 PCF for the CO, blown foam sheet and 5.4 PCF for the CFC-12
blown sheet), also show an unexpected benefit when foam sheet is produced using
only carbon dioxide as the blowing agent. The benefit is that the percent
elongation in both the machine (Figure 1) are transverse (Figure 2) directions
remains essentially constant, or at worst, decreases only slightly over time after a

short initial aging period.

As Figures 1 and 2 show the tensile elongation values remain substantially
constant for the CO, blown foam sheet, with only a 9.3 percent change in the
machine direction from the period of time of 24 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 drastically and substantially over the same time period after
the same short initial aging period. Figures 1 and 2 show that the CFC-12 blown
foam changed 29.0 percent in the machine direction and 15.2 percent in the cross

direction for the period of time of 18.5 hours to 330 hours.
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Val | ey the b}g@in(gaaﬁga_ 96.5 (2.45) 88.5. (2.25)
D fference based on G 20 percent 8. 8 percent

0.6 percent As can be seen from Table 2, which the value in mls
(m, the

The CO, blown foam sheet exhibits a machine direction tensile elongation
of 6.8 percent and a cross diréction tensile elongation of 6.3 percent after 313
hours of aging. The CFC-12 blown foam has a machine direction tensile
elongation of 4.4 percent and a cross direction tensile elongation of 3.0 percent

after 330 hours of aging.

Tensile elongation values below five percent are generally considered to be

brittle and not acceptable for thermoforming purposes.

Tensile elongation values for the foam sheet which change at a rapid rate
over an extended time make a determination as to when to thermoform the foam
sheet difficult, and in addition, the foam sheet becomes brittle and difficult or
impossible to thermoform when the tensile elongation values are less than five

percent.

The product of the present invention has elongation values which remain
constant, or at worse, decline only slightly over a long period of time. This
means, as shown in Figures 1 and 2, that foam sheet stored on a roll and waiting
to be thermoformed will have approximately the same elongation values at t.he
thirty hour mark as at the one hundred sixty hour mark. This is not true for foam

sheet produced with dichlorodifluoromethane and other types of aliphatic



corrugati oncgfru%n@g{ 1is 20 percent. This corrugation is visibly
noti ceabl e | evel of corrugation nakes this sheet unsuitable for

many tEerm)f oam ng operations. Sheets 2 and 3 are acceptable. As can be
seen the corrugati.on.is 8. ercent es ect ow t he 15
percent |evel. h d‘?ﬁof%qs@’ﬁ‘ceewﬂ]éw %\%é‘é‘fm k%étipg\i%%“@ﬁ\egt vi sibly
noti ceabl e gR&IWARCO RISy ﬁﬁl&fdrrﬁae@brmgauym.sual evi dence.

For the purpose of definition "little or no corrugation or noncorrugated”
means that the thickness values for peaks and valleys are averaged, the overall
average is determined by averaging the peak and valley averages and the
difference between the overall average and the peak and valley average is less

than about fifteen (15) percent.

In Table 2 Sheets 1, 2 and 3 have a blow-up ratio of 3.5:1. The weight
percent CO, is 2.3 for Sheet 1; 2.0 for Sheet 2; and 1.3 for Sheet 3. The die
temperature is 146°C (centigrade) for Sheet 1; 141°C for Sheet 2; and 144°C for
Sheet 3.




Sheet 1 Sheet 2 Sheet 3
As is clear in tiZREEPERmI es, corruga®@BEFcan be ni ni ni 26 BEF even

prevented by controlling the die

Peak Valley ~ Peak Valley Peak Valley
141 9% 105 84 87 81
154 101 105 88 88 85
171 108 108 89 92 99
127 89 103 90 87 95
85 86

AVG. AVG. AVG. AVG. AVG. AVG.
148 98 105 88 88 89
Average of
‘Peak & Valley

123 96.5 88.5
Difference
Based on AVG

20 percent 8.8 percent 0.6 percent

As can be Table 2, with the values in mils (0.001 inch), the corrugation of
Sheet 1 is 20 percent. This corrugation is visibly noticeable and this level of
corrugation makes this sheet unsuitable for many thermofofming 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 difference between
Sheet 1 and Sheets 2 and 3 is visibly noticeable and measurements confirmed the

visual evidence.

As is clear in these examples, corrugation can be minimized or even

prevented by controlling the die temperature and amount of blowing agent



-14- temqfi@fﬁiﬁarﬁyx % HH&fO%iEEﬁ owi ng agent when using 100 percent

car bon di oxi

Polystyrene foam sheet 5.0 PCF and 100 mils thick, blown with carbon
dioxide, is thermoformed into egg cartons in a thermoformer. Prior to being
thermoformed the foam sheet is heated in an oven for 5, 6 or 7 seconds as
detailed in Figure 3. The oven temperatures are about 500°F (Fahrenheit) in the

bottom of the oven and about 600°F in the top of the oven.

Figure 3 shows that although the percent of puff or post expansion is
sensitive to the amount of time in the oven, generally the amount of puff can be

as much as 20 to 50 percent.

The present invention has been described with preferred embodiments. It
is to be understood however that modifications and variations may be resorted to,
without departing from the spirit and scope of the invention, as those skilled in
the art will readily understand. These modifications and variations are considered

to be within the scope and purview of the appended claims.
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Post Expansi on (fhennmt 110Gk £ o POl ystyrene foam sheet 5.0 PCF
(80 kg/nB) and 1 0 mn@sﬂ‘%@g% mc%%mtcrc])lmgﬁl,smg[ own with carbon dioxide is
tEerm)formad into e@) « stytewispolymear;tdndr nof ormer. Prior to being
t hernoformed the fo sheet, is heated in an oyen.fqr 5 6 or 7 seconds as
detailed in Figure @’ FRIOVHDE R8T Wﬁ?ﬂ?@l%@t tgsgaﬁqw@g@[ggmrchgsms
(Fahrenhei t) (260] efkddaany dridifboRqiisqee.0f the oven and about 600[err]F
(316[err]C in the top o%

wherein 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 thermoplastic foam, 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 thermoplastic foam, as recited in Claim 2, wherein the substantially
constant tensile elongation values in either machine and a cross direction under
ambient conditions vary by no more than about fifteen percent after an initial

aging period of 20 hours.

This Sheet Has Been Replaced

REPLACEMENT SHEET
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thermoplastic foam has corrugation less than about 11rteén percent.

the oven. Fi gure 3 shows that although the percent of puff or

post expansion is sensitive to the anmount of tinme in the oven,
the amount of puff @athehroplastivufohmaas 2ited ilbClaisr tewherein the

present invention has_been described with
thermoplastic foam is in sheet form.

6. A thermoplastic foam, as recited in Claim 1, wherein the

thermoplastic foam has a density of 2 to 10 pounds per cubic foot.

7. A thermoplastic foam, as recited in Claim 6, wherein the

thermoplastic foam has a density of 3 to 6 pounds per cubic foot.

8. A thermoplastic foam, as recited in Claim 5, wherein the

thermoplastic foam has a thickness less than about 0.5 inch.

9. A thermoplastic foam, as recited in Claim 8, wherein the

thermoplastic foam has a thickness less than about 0.25 inch.

10. A thermoplastic foam, as recited in Claim 1, wherein the

thermoplastic foam has a cell size, in any direction, of less than about one

millimeter.

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

millimeter.

general ly
The

12. A thermoplastic foam, a recited in Claim 1, wherein the thermoplastic

foam has a blow-up ratio of at least 2.0:1.

This Sheet Has Been Replaced -
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thermoplastic Ioam expands U 10 OV percent upon ncaling prior to

preferred qpbpclirdBiing. !t is to be understood however that nodifications
and variations fromthe preferred embodi nents may be resorted to w thout
departing fromthe scope of the invention, as those skilled in the art wll

readi |y underst alntfj ' AV\%htepmgplast t%aOpgs 9qu%@ % E*i’d?%”f’e\gh&%ﬁ{

thermoplastic foam has carbon dioxide present in an amount of 0.5 to 6 weight
percent per weight of styrenic polymer immediately after being extruded from a

die and foamed.
15. A foamable mixture comprising:

(a) a molten styrenic polymer; and

(b) a blowing agent consisting essentially of carbon dioxide.

16. A foamable mixture, as recited in Claim 15, wherein the foamable

mixture inlcudes a nucleating agent.

17. A foamable mixture, as récited in Claim 16, wherein the foamable
mixture has carbon dioxide present in an amount of 0.5 to 6 weight percent per

weight of styrenic polymer.

18. A process for producing a thermoplastic foam comprising the
following steps: . |

(a) melting a styrenic polymer;

(b) continuously directly introducing into the melted styrenic polymer a
blowing agent consisting essentially of carbon dioxide;

(c) mixing intimately the styrenic polymer and the carbon dioxide; and

Sheet Has Been Replaced

Tl \lil\l\\l 1



1OoU°C mito a region oI 10wer preéssure 1o 1orm thermopiastic 1oam.
CLAIMS 1. At process for producing a thernoplastic foam
19. The process for producing a thermoplastic foam, as recited in Claim

18, wherein the carbon dioxide is introduced in the polymer melt as a liquid.

20. The process for producing a thermoplastic foam, as recited in Claim
19, 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 weight of the

polymer.

21. The process for producing a thermoplastic foam, as recited in any one
of Claims 18 to 20, including the step of thermoforming the thermoplastic 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 passing the thermoplastic foam over a
forming mandrel having a blow up ratio of greater than about 2.0:1 immediately

after step (d).

23. The process for producing a thermoplastic foam, as recited in any one
of Claims 18 to 22, including the step of aging the thermoplastic foam, after step
(d) and prior to thermoforming, until the thermoplastic foam has substantially

constant tensile elongation values over an extended period of time

REPLACEMENT S ;;
25 APR 997 |
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aging period and the tensile eiongation vaiues are greater than or €qual to about

conprising ke EE gPMé}thSéﬁﬂﬂed genod of fime undBt htBRnecSldiiciRiif bdf ¥ Mer
b. continuously directly Iintroducing into the nelted styrenic polyner a

bl owi ng agemachinasindta ergsodirediobon di oxi de in an anpunt of 0.5 to 6 wei ght
percent by wei ght of the pol yner;
24. The process for producing a thermoplastic foam, as recited in any

one of Claims 18 to 23, wherein the styrenic polymer is polystyrene.

25. The process for producing 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.

This Sheet Has Been Replaced.




c. mxing i ”tﬂdﬁﬁYR“é&ﬁE FONMWMA T WHRE g’i\QE’Yté‘RRﬁéﬁ\Pﬁioﬁﬂlgﬁ A8 ?ﬂa”d

d. extrudi ng and Toam ng the mxture at e tenperature below 150[err]C
into a regi on ofBLOWINGAGENTAND A BROCESS ROR MAKINGOTHESSAME wher ei n
the resulting thernoplastic foamhas a cell size in any direction which

The present invention is a styrenic polymer foam blown with solely carbon
dioxide and a process for making that styrenic polymer foam. Foam sheet made

by this process is especially useful for thermoforming purposes.

No Figure




ONLY CARBON DIOXIDE AS A
Is less than %é?é%ﬁgéﬁ%‘% NBITAC AC ﬂvs%gg§ froessakhee PHB"SAME 25cm). 2. The
process for producrng a thernoplastic foam as recited in Claiml , wherein
the carbon dioxide is introduced in the polymer-nmelt as a |iquid. 3. A
process as clainmed in Claim1l or Caim2, including )

Polystyrene foam. garticulearly in snset fors:,
is at the present time made {rom any rnumber cf tlow
agents which may possess or cause one or mcre ¢l the
ceilewing undesirable chazracreristids: vol iazilizy,
flzemapility, goor therzoforming cndractaristics,
brittle foam sheet physical graperties, high cast ¢r an
adverse effect to the ozone layer. 'Examnles of these
blowing agents would include allphatxc hydrceariens and
fully or partially halogenated hydrocarbons.

Some have experipented with blends ¢Z carbon
dioxide and other-blowing agents such as alighasic
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 pztents,

/



many of the problems of ocher blowing agents and blends of echer

the step Jermoformng, the fhernoplastic foaminto articles. 4. A
process agg"%” Fedot ﬁghoﬁé-ﬁ?nd‘aﬂ’ﬁfﬁei tBe3 uspnef wrnzRgnt Gbosidep iaf

passi ng t heiddier aeahaeg;dlgsf ea4 f QF Mg dégé Jlaw ng a bl ow up
ratio of greater than 2. mgiél eﬁs ?Pt'er gp ’ |
Thus the invencion is concermed with polystyrene foam blown
solely with carbon dioxide, preferably licuid carbon dicxicde, aad

the process necessarxy to make such polystyrene foam,

The invention is parcicularly suited for making pol ysTyrena
£oam sheet having beneficial physical propercies for ther.-ac:‘cami::g

purscses.

rYy

AU-A-529339 discloses the preparation of foamed sheats o
alkenyl aromatic polymexs using carbon dioxide as s blowinc agenc.
However, the amount of carbon dioxide and extrusion conditions

recommended differ from those of the 1nvent10n.

in a first aspect, the invention provides a process for

producing a thermoplastic foam comprising the following steps:
a. melting a styrenic polymer;

b. continuously direcctly introducing into the melted
styrenic polymer a blowing agent consisting of carbon dioxide in
an amount of 0.5 to 6 weight percent by weight of the polymer;

¢. mixing intimately the styrenic pblymexr and the carbon

dioxide; and | _REPLACEMBNT SHEET]
18 FEB 1998




size in any direction which is less than lmm, and sheet thi kn S
-16- 5. A process as clained in any one of Clains 1 to 5, et d?ﬁﬁ t he

step of agﬁﬂd-eﬁﬁet"i%’blonﬁbl tt35em™ oam after step d. and prior to
t her nof or m ng.

The process of che prasant invencicn is especially suicad to

make thermoplastic foam sheet for rhe rmoforming purgoses.

igures 1 and 2 are machizs éirection and cross dires=ion
tensile elcngacion values, raspectivealy, for foams prepared with
carbon dioxide (CO;) and dichlicrodifiuncrdmethane (CFC-12) as
blowing agents.

Ficure 3 is a pest axparsion study of foam sheet at zhrsa

differant residence times in zn ove=.

Polymers useful in cthe presant iaventbion are these celvaers,
copolyners and interpolymers having at léast 70 perceat kv weight
Styrens nonomexr incorpecrated izto ctha final resin as the mcoomeric
repeat unics. This includes cther polymers such as for exzmple
styxrene acrylonitrile, styrene acryiic acid, other kaown
ecuivalents and blends having the sty—-esne monomer repeat tvnit
requirement. For the purpese of tais invention these useful
polymers shall be referred to as sty=enic polymers. The praferred

materials are styrenic homcpolymexs.

Tre blowing agent preferzbly used is that grade of carbon
dioxide which is normally ccmmezcially available. For the
puzrposes of this specification such caxbon dioxide is referzed to

2s 100 pexcent carbon dioxide



6. A process as Td greduce Coannsheethéraiing fe dariaityyilny the carried out
until the thermpplastic¢ _foam has tensil.e el at,d % ich vary by no
more t ha#angep@fcéntOollr P&Hr’% @ﬁﬁ(f“}?e:ﬁeo% (tpfar?g ?r%g?:dghnbi ent

condi ti 0Rg 0l RgROY) PrEEetiallyral to c6 OBGF d(4&ctd 36 daw?) anOi Ri EPaf agi ng

period and the tensile elongation_values are greater than or,equal to five
percent XeSShih R8FeRRed B’éngHaBﬁ-Yt %%rﬂjéf&zﬁ% Rl i95 o"rqﬁrqf‘?‘r’ both a

machi ne a3h:aidd 058 Fhd@fte@Nper weight of polymer. Cell sizes in
all directions are less than 1 millimeter (mm), and
preferably less than about 0.5 nm The thickness of the
foam sheet is preferably less than abcut 0.5 inch and
nore preferably less than about 0.25 inch.

- g
150°C znd preferably between 130 and i:5°C. The
ol : s extrucded znd {camed into 2 zone ¢f

Wnils it may te pecasible to-use 2 polystyrene
Toam sheat izmediataly it {2 preferred ta age the
polystyrene [oan sheet for z periad of tize, usually at
ieast about 20 hours prior to thermoforming the foam.
sheec. This will zllow time for air to counter diffuse
into the cells, It will also reander the tensile
elongation values substantially constant. This will
prcvide unifora thermofornming characteristics for the

polysctyrene foam shest to be thermoformed.

Substantially constant tensile elongation
values over an extended period of time obtained with a
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7. A prédessdss Aakesds mRARE o Bre CPArRBuily ocentapbiern the styrenic
pol ymer i-s.polopedan.eness B ADL0ELSS-as claimed in any one of Cainms 1

to 7, wherein the di & ténperature instepd is fron1130[err] to 145[err]
C

0y

xzrole znc Compzrztive Txzmple

2clystyrene fgam sheet s prepared con 2 tancen
gxtrusion line, with e regin having &
weight zverags mol t 200 bei
melted in the First extruder and with the carton dicxice
teing centiavcusliy directly injectdd 2s 2 high gressc
i teruder 28 a liguid
The pump neads providing the carzon dloxide te th

extruder are cooled to about 0°F ( 18°C) with liquid nitrogen
to eliminate vapor lock and to improve pump efficiency.
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The carten diaxide is mecearsd using a mzss {lew meter cn
iow pressure side or sucticn side of the pump.
Ccafiraztion of the percent of CO, used is alse made By
measuring the weight loss of the €Oz frem storage
cylinders holding the CO5. '

Thne results of thig exampld and a2 ccmperative
examiple., ccnventionally blown with
cdichlorodiflucromethane (CfC-12), are shaown in Table IX.
Weights zre percent weight by polyumer weight. The
thermoforzing was performed in a manner typical for
foraing meat trays.



real aneel &l LXC'usign “TQaCesSs varamaters

9. A process as clained in_.agy.ane,.of Fhe{fj ceding Cains, wherein the
process is carried out such Haf~ghéerass ‘ﬁg‘t ernopl asti ¢ foam has
corrugation |less than fifteen percent. 10, A process as clained in any one
of the preceding O aims, wherein the thernBPRESFAEINGantFRABObEdensity of 2
to 10 pounds per cub c foot ( 32 to 160 kgF¥REBRLE).

crc~i2 100% €22
% Blowing Agent Ly welight 3.0 2.3
% Telg by weight 9.7 0.5
Shee: Gauge, zilg (mm) 120(3.0) 130 (3.3) .
3hest Censity, ?CF(Kg/m3) 3.3 (56) 3.2 (51)
Jia M2iy Temperzcure. % 130 184
Qutaus 2ate. Lbs/kr (Kg/hr) 108 (89.8) 169 (76.7)

3.511 3.511

Die Fressure psi (K Pa)

380C (26200)
2000 (13800)

5700 (32400)
3500 (24100)

Sheet iging Time, days 7 3
Therzcicrmer % Post Expansion su 30
Taoling Used ceat tray meat tray

As can be sean frem Table | it is possible to
use 2 lower amount of carbon dioxida to produce a foam
sheet having approximately the same thickness and same
density as a foanm polystyrene foam sheet blown with the
fully halogenated chlaorofluorccarton CFC~12. 1In
addition the foam shest produced from the 100 percent
CO, blowing agent under these condikions has a smaocth,
unifor: surface similar to that of feam sheet
manufactured with aliphatic hydrecarbons and fully or
partially halogenated hydracarbtons.



tng Cxoss ciraction V.25 am; in tae vertical aixgoCrion U.<< wm.
11. A process as clained in Caim10., wherein the thernoplastic foamhas a

density of 3 t;esc,@-@gund@cpgr GU@U‘& ke 9Ee~(e:f1:8ek9m19ﬁ_- eSSl dnar ivel2 A

process 2% arielelnaly e Dbkt S0y ek, MEE AL eee

and 5.4 PCF (86 kc/rﬁ) for the CFC-12 blown sheet), also show an
unexpected benefit when foam siheet is produced using only carben
dioxide as the blowing agent. The benefik is that the percent
elongaction in both the machine (Figure 1) and cransverse (Figurs

2) directions remains essentially censcant, or gt worst, decreases
only slightly over time after & sherz initial aging peziocd.

As Tiguxes 1 ané 2 show the tensile diongation values remain
substantially constaatc for the CO, tlewn foam shest, with only &
9.3 percent change := the machine direcricn from the period of
time o0f 24 hours ro 3ild hours and snL

¢ross direction duziig the same pexice,

-

-y

v & 7.4 pexcenc change in whe

In contrast, whex using CFC-i2 as the blowing agent, the
percent elongation decreased crastically and substantially ovex
the same vime period after the same short inircial aging period.
Figures 1 and 2 show that the CFC-12 dlown foam cranged 29.0
percent in the machire direction ané 15.2 pexceat in the cross
direction for the peziod of time of 18.5 hours to 330 hours.

The tensile elongation values piéferably vazy by no more than
15 percent over an extended period of time under ambient
conditions in both a machine ané a cross direction after an
initial aging period, and the tensile elongation values are
preferably greater than or equal to about five percent over an
extended pexiod of time under ambient conditions in beth a machine
and a cross direction.




-17 - t hi cknes¥eeEsk t han 0. 25hee¢ (0263 cm Shear 3
o

3.77 Cr 3.60 oCc= 5,78 oCT
Paak Vallegv" Peak Vallev Da Vallev

141 (3.98) 94 (2.39) 105 (2.67) 84 (2.13) 87 (2.21) 8L (2.06)
154 (3.81) 101 (2.57) 105 (2.67) 88 (2.24) 89 (2.2¢) 85 (2.15)
171 (4.36) 108 (2.7¢4) 108 (2.74) 89 (2.26) 92 (2.34) 9% (2.5%)
127 (3.22) 89 (2.25) 103 (2.61) S0 (2.29) 87 (2.21) 95 (2.29)

83 (2.15) 85 (2.:8)

AVG. AVG. AVG. AVG. AVG, avG,
148 (3.76) 98 (2.48) 105 (2.67) 88 (2.24) 88 (2.24) 89 (2.25)

Average of
Peak anc

Valley
123 (3.12) 96.5 (2.45) 88.5. (2.25)
Difference
based on
AVG
20 percent 8.8 percent 0.6 pexeant

2s can bé éeenrféonrféble 2, witﬁitﬁé value in mils (mm), the
corrugation of Sheet 1 is 20 percent. This corrugation is visibly
noticeable and this level of corxugation wakes this sheet
unsuitable for many thermofoaming operations. Sheets 2 and 3 are
acceptable. 2s can be seen the corrugation is 8.8 and 0.6 pexcent
respectively, well below the 1S percent level. The differerce
between Sheet 1 and Sheets 2 and 3 is visibly noticeable a=d

measurements confirmed the visual evidence.

As is clear in these examples, corrugation can ke minimized ox

even prevented by controlling the die
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13. A process as clained in any one of the preceding Cainms, wherein the

thermopl asti c foampas =t ya@ie Foath s'h'ée%n)s @I et I(@rm ® /he;Sahaamo@ S5mm
14. A process as clal n anélone of, ece%! ai, s, wherein the

t her mopl a®Ele flgaMmcha@ tlS!lG\}ﬁJu oy o

thermoformed into egg cartons in a thermoformer. Prior to
being thermoformed the foam sheet is heated in an oven for
5, 6 or 7 seconds as detailed in Figure 3. The oven
temperatures are about 500°F (Fahrenheit) (260°C) in the
bottom of the oven and about 600°F (316°C) in the top of

the oven.

Figure 3 shows that although the percent of puff
or post expansion is sensitive to the amount of time in the
oven, generally the amount of puff can be as much as 20 to

50 percent.

The present invention has been described with
preferred embodiments. It is to be understood however that
modifications and variations from the preferred embodiments
may be resorted to without departing from the scope of the
invention, as those skilled in the art will readily
understand, within the scope of the appended claims.

REPLACEMENT SHEET
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cecmprising the following steps:
a. melting a styrenic polymer;

b. continuously directly introducing into the melted
styrenic polymer a blowing agent consisting of carbon
dioxide in an amount of 0.5 to 6 weight percent by weight
of the polymer;

c. mixing intimately the styrenic polymer and the
carbon dioxide; and

d. excruding and foaming the mixture at a die
temperature below 150°C into a region of lower pressuxres to
form thermoplastic foam sheet, wherein the resulting
thermoplastic foam has a cell size in any direction which
is less than 1lmm, and sheat thickness of less than 0.5"
(1.25cm) .

2. The process for producing a thermoplastic foam, as
recited in Claim 1 , wherein the carbon dioxide is
introduced in the polymer melt as a liquid.

3. A process as claimed in Claim 1 or Claim 2, including
the step of thermoforming the thermoplastic foam into
articles.

4. N process as claimed in any one of Claims 1 to 3,
including the step of passing the thermoplastic foam over a
forming mandrel having a blow up ratio of greater than
2.0:1 immediately after step d.



Q. a PLUCESS do (clliel 1lil LdaAll a3, WUCLELL Lile sall
aging is carried out uncil the thermoplastic foam has
tensile elongation values which vary by no more than 15
percent over an exténded period of time under ambienc
cenéitions in both & machine and a2 cross direction azfter an
initial aging pericé znd the tensile elongation values are
areater than or eguzl to five percent over an extenced
period of time under awbient conditions in both a machine
anéd a cross direccica. '

7. A process as claimed in any one of Claims 1 to 6,
wherein the styranic polymer is polystyrene.

8. A process as claimed in any one of Claims 1 to 7,
whersin the die temperature in step d is from 130° to

145°C.

9. A process as claimed in any one of the preceding
Claims, wherein the process is carried out such that the
resulting thermoplascic foam has corrugation less than
fifteen pexcent.

10. A process as claimed in any one of the preceding
Claims, wherein the thermoplastic foam has a density of 2
to 10 pounds per cubic foot (:32 to 160 kg/m?) .

11. A process as claimed in Claim 10, wherein the
thermoplastic foam has a density of 3 to 6 pounds per cubic
foot (48 to 96 kg/m3).

12. A process as claimed in any one of the preceding

Clzims, wherein the thermoplastic foam sheet has a



13. A process as claimed in any one of the preceding
Claims, wherein the chermoplastic foam has a cell size, in
any direction of less than 0.Smm.

14. A process as claimed in any one of the preceding
Claims, wherein the thexmoplastic foam has a blow-up ratio
of ac least 2.0:1.




