(¥ 1Y

20

25

Th03L7¢-2- 1002

REPLACED SHEETS' SG
¥ Description : paged L. to paged ...
WA Claim(s) : paged ¥.... to paged I 7. T
] Drawing(s) : paged: 4. 1o paged 4.
il Abstzact s paged .#... to paged ...
ATT OF RECEIPT e

FOLYSTYRENE FOAM MADE WITH ONLY CARBON DIOQXIDE AS A
BLOWING AGENT AND A 2ROC ESS rOR MAKING THE SAME

» S

This invention relates to polystyrene foam
renared with & blowing zgent wnien s only carben

[% A )

icxide. “he ianvention also .ﬁcludes & procgess feor
making this polystyrene foam utilizing oaly 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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nowever, stats that the use of a 100 percent carbon
dioxide blowing agent has not seen Successfully employed
in continuous direct injection foam sheet manufacturing
{Column 1. lines #2-43 ang lines 49-33 respectively)

7. Jse of thesge nmateriagls is
sald to produce corrugation and surface cafeers.

N
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Others have developed methods and apparatuses
for metering a gaseous tlowing agent. such as zn
atmospheric gas. into a molten resin charge, such as
polystyrene, in an accurate and precise zanner. One
example of this can te seen in U.S. Patent No.
1.370.938. The apparaztus c¢f this patent meters discrese

niform volumetric charges of gaseous blawing agent :ata
the moltan resin using = free piston-cylinder
compinaticn which Ls given motive power 2y the supply
£as source.

A typical current commercial polystyrene foam
sheet extrusion pbccess 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'uhen 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 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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sheet is then aged and then thermoformed into a foam sheet
packaging article.

The use of carbon dioxide as the sole blowing agent
avoids many of the problems of other blowing agents and
blends of other blowing agent with carbon dioxide. The use
of carbon dioxide in liquid form avoids the problems of
handling a gas.

Thus the invention in one aspect provides
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
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 egual 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 conéisting essentially of carbon
dioxide, then mixing intimately the styrenic polymer
and the carbon dioxide and then extruding and
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foaming the mixture az 2 die temperature telow about
130°C into a region of lower rrassure to fora
thermoplastic foam.

Tinally the gresent iavention also iacludes
thermoplastic fcam made 2y the process ¢f tke present
inventica.

The thermoplastic foam and process of the
present invention are especially suited to make
thermoplastic foam sheet for -hermoforming purposes.

-
a
-

gures i and 2 are pachine direction and cross
directicn tensile sleongation values, respearively, Sor
£ pared with carcon dioxide(CO02) ana
difluoromechane (CFC-12) as blowing zgents.
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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 zs for example styrene
zerylonitrile, styrene aerylic aeid, other known
equivalents and blends having the styrene monomer repeat
unit requirement. For the purpose of this inventicn
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 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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gven though this carcen dioxide may contain minor
impurities or amounts of other compounds.

The carbon dicxide is preferaply added to a
polymer =elt in a ligquid form. although use of the

carbon dioxide in the zassous Jform would alse be
acceptable in the przetice of the present invention.

-

The use of 2z tandem extrusion process {or ths
manufacture of polystyrene foam sheet is typieél, but is
not required. Such a process includes a prizary
extruder. a blawing agent addition system into the
srimary extruder. & secandary extruder. an aanular cdie.
cooling mandrel. & sheet cugtter o ter and & shee:

gathering device. suenhr zs fer Example rollers and
“<inders.

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 nucleating 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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carson dioxice is continucusly direcctly injected as a
high pressure liquid.

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

' to 6 PCF (1 pound per cubic foot = 16 kg m™3), 0.5 to 6

veight 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
foam sheet is preferably less than about 0.5 inch and

more preferably less than about 0,25 inch.

It 1s possible o have z blow up ratioc. that is
a2 stretching of the fcam over a mandrel after it exits a

io of at least 2.0:1.

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

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.

While it may be possible to use a polystyrene
foam sheet immediatély 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
elongation values substantially constant. This will
provide uniform thermoforming characteristics for the
polystyrene foam sheet ta be thermoformed.

Substantially constant tensile elongation
values over an extended period of time obtained with a
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Binimum of aging of the foam sheet would yield more
congistent results upon thermorerming the foam Sheet.

thus more consistent producr with less sorap. The

tensile elongation values are preferably in excess of five
percent and remain above five pardent for an extended peried
of time eg. 80 - 300 hours, thus allowing the storage of
foam sheet for an extended period of time before
.ue"no:crm_ng without worrying aoout the changing values

ar the degradation bhelow ercent of the tensile
elongation values of the foam sheet. | |

y
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The tensile elongarion values are determined
acccrding 0 the method ASTH [E38 "Tensile Propertigs of
Plastics” lished by :he American Scciety for Testing
and ﬁater:al (ASTM). The words machine or extrusion
diresetion. transverse gr cross direction and vertical
direction are used in their normal and conventional
fanners.

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.

The thermoforming temperature will be somewhat
higher than that of a polyényrene foam sheet bdlown 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"
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sheet blown with 100 percent COz can be post expanded in
& range of 20 to 350 percent during thermoforming. It.
is preferred that the polystyrene foam sheet be aged for
at least 29 hours prior o the carefully controlled
ihermoferming ¢f the 2am sheet.

[t}

xample and Comparative Txample

falystyrene foam shest s prepared on a tandem
extrusion line, with the polystyrene resin having a
weight average molecular weight of zdout 300.000 being
me;ted in the first extruder and with the carton dioxide
eing continuously directly injected as a high pressure
-iquid into the end of the first extruder as z liquid.
ne pump heads providing the carbon dioxide to the

truder are cooled to about 0°F with liguid nitrogen to

ﬂlﬂ)

iminate vapor Lock and to improve pump effigiency.

The carbon dioxide is metered using 2 mass flow meter on
low pressure side or susticn side of the pump.
Confirmation of the percent of CO, used is alsc made by
measuring the weight loss of the CO; from storage
cylinders nolding the CO,.

p

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.

This Shee! Been Rey‘\aced
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anm Sheet znd Extrusion Process Parameters

100% COg Tergus CFC-12 -

[$1]

Comparative Example

Zxample
CFC~-i2 100% COg
3 Blowing Agent by weight 5.0 2.5
10 ¥ Tale by weight 0.7 0.5
Sheeu Gauge, mils 120 130
Sheaz Density, PCF 3.5 2.2
Jia Melt Temperature., °C 120 144
"% Qutput Rate. lbhs/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
CO0, 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, '

37,712-F P P eet Has Been Replaced
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A& typical set of cell sizes far 10Q percent CQ-,
olown foam sheet In the machine direction is 0.39 mm: o
eross direction is 0.33 mm: vertical d;rect_on is 0.28
mm. For the CFC-72 bLlown foam sneet. typical cell sizes
are in the machine dirgciion 0.28 mm: in the cress
direction 0.33 mm: in the varcical direction 0.22 mm.

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

As Figures 1 and 2 show the tensile elongation
values remain substantially constant for the CO2 blown
foam sheet, with only & 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 a= 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 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.

heet Has Been RTlaccd
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Also in Figures 1 and Z the percent e'ongatxon
in both d+reefions is zbove five percent far an extended

feriod of time only whea carbon dxoxxde i3 used as the
tlowing agent.

The CO2 blown foam sheet exhibits a machine
direction tansile elongation of 6.8 percent and a cross
direction tensile elongation'of 6.3 percent after 313
hours of zging. The CFC~i2 blown foam has a machine
direction tensile elongation of 4.4 percent and a eross
direction tensile elongation of 3.0 percenc after 330
rours of aging.

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.

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
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

{
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-nydroearbon and fully or partially halogenated
hydrocarton plowing agents.

Corrugaticn
It is also possible with the present lavention

to make 3-6 PCT foam sheet blown with CO2 having little
or ng cartugation.

- For the purpose of definition "littls or no
corrugation 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 setween the overall average
and the peak and valley average is less than about
fifteen (13) percent.

3

. 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
temperature is 146°C{ centigrade) for Sheet 1; 1H1°C for
Shest 2: and 144°C for Sheet 3. |

This Sheet Has Been RT‘ac
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TABLE 2
Sheet 1 Sheet 2 Sheer 3
3.77 vCP 3.60 PCF 5.75 PC¥F
Peak Vallaey Peaic Valley Peak Valle
1321 94 105 g4 a7 81
154 101 108 88 38 85
171 108 108 89 92 99
127 88 192 90 87 as
85 88§
AvG. AVG. AVG. AVG. AVG. ©ave.
148 98 - 1% g8 - 88 a9
Average of
Peak & Valley
123 $6.5 88.5
Rifference

Based an AVGE

20 perceat 8.8 percaent 0.8 percant

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
corrugation makes this sheet unsuitable for many
thermoforming operations. Sheets 2 and 3 are
acceptablé. As can be seen the corrugation is 8.8 and
0.6 percent respectively, well below the 15 peracent
level. The difference between Sheet 1 and Sheets 2 and
3 is visibly noticeable and measurements confirmed the
visual evidence.

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

Sheet Has Been Re laced
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Cemperature and amount of blowing agent when using 100
percent carbon dioxide as a blowing agant.

Post Expansion (Thermoformine)

Polystyrene foam snheet 5.0 PCF and 100 mils
thick, blown with carton dioxide. is thermoformed inta
egg cartons im a thermofarmer. Priaor to being
thermoformed the foam Sheet is neated in an oven for 3,
® or 7 seconds as detailed in Figure 3., The oven
temperatures are about S00°F (Fahrenheit) in the bottem
of the ovénuand.about G00°F in the top of the oven.

Figufe 3 shows that zithough the nercent ¢f
ouff or post expansion is sens;pive to the amount of
time in the oven. generally the amount of puff can he as
much as 20 to 350 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
under=stand. These'modifications and variations are
cansidered to be within the scope and purview of the
appended claims.
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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 Bee
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4. A thermoplastic foam, 23 recited in
Claim 1., wherein the thermaplastic foam has corrugation
less than about fifteen pgarcent.

3. A thermoplastic feam. as recited in
Ciaim 1. wherein the thermopiastic foam is in sheet

farm.

6. A thermoplastic foam. as recited :n

Ciaim 1, wherein the thermoplastic foam has a density of

2 to 10 pounds per cubic foort.

7. A thermoplastic foam. as recited in

6
to 6 pounds per cubic feor.

8. A thermoplastic foam. as recited in
Claim 3, 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 c¢ell 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
millimetar,

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

is Sheet Has Been Replaced -
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13. & thermoplastic foam. as recited in
Claim 1. wnerein the thermeoplastie foam expands 20 to
50 percent upon heating prior to thermoforming.

4. A thermopiastic foam. as recited in
Cilaim 1, wherein the thermoplastic foam has carbon
dioxide present in an amount of 0.5 te § weight
percent per weight of styrenic polymer immediately after
being extruded from a die and foamed.

15. A foamable mixture compriging:
(a) a molten styrenic polymer; and

(2) 2 blowxng agent consisting essentially
of carbon dioxide.

6. A foamable mixture. as recited in Claim 15,
wierein the foamable mixture includes a nucleating
agent. '

17. A foamable mixture; ag recited 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:

(2) melting a styrenic polymer;

(b) continuacusly directly introducing -into the
melted styrenic polymer a blowing agent consisting
essentially of carbon dioxides;

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

ep\abed

Al 1



10

15

20

25

30

‘N O Y A

-18 -

(d) extruding and foaming the mixture at a die
temperature below about 150eC into a region of lower

pressure to form thermoplastic 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_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'grgater than about 2.0:%

- immediately after step (d)t

) 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

heet Has Been Replaced
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an extended perioa of time under ambient conditions in both
a machine and a cross direction after an initial aging
period and the_tensile elongation values are greate: than
or equal to about five percent over an extended period of
time under ambient conditions in both a machine and a cross

direction.

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

die temperature in step (d) is from 130s to 145eC.
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