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foam gauge and density variation within the foam sheet produced.

Therefore, there remains a need for a process of producing high density foamed
packaging materials, particularly thermoformable foam sheet having consistent gauge and
density, which can be used in traditional non-foam applications such as dairy containers.

20 The present invention is a process for producing a thermoplastic foam sheet
comprising contacting a molten monovinylidene aromatic or olefinic polymer with a
physical blowing agent to form a polymer/blowing agent mixture, foaming the mixture into
a region of lower pressure, extruding the foaming mixture to form a foam sheet, pulling and
compressing the sheet to form a foam sheet having a uniform thickness of less than 3 mm.

25 The present invention also includes the thermoplastic foam sheet made by the process
described above, as well as thermoformed articles produced therefrom.

The process of the present invention is especially suited for producing high density
foamed packaging materials, particularly thermoformable foam sheet having consistent
gauge and density, which can be used in traditional non-foam thermoformed applications

30  such as dairy containers.

Figure I is a schematic representation of one embodiment of a sheet extrusion line
used in the process of the present invention. Resin and optional nucleator (II) is fed into the
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group, with phenyl being nost preferred. Typical vinyl aromatic nononers
whi ch can be used include: styrene, alpha-nethylstyrene, all isomers of
vinyl toluene, especially 20 paRavinyltoluene, all isomers of ethyl
styrene, propyl styrene, vinyl biphenyl, vinyl

Ar-C=CH»

wherein R is hydrogen or methyl, Ar is an aromatic ring structure having from 1 to 3

15  aromatic rings with or without alkyl, halo, or haloalkyl substitution, wherein any alkyl group
contains 1 to 6 carbon atoms and haloalkyl refers to a halo substituted alkyl group.
Preferably, Ar is phenyl or alkylphenyl, wherein alkylphenyl refers to an alkyl substituted
phenyl group, with phenyl being most preferred. Typical vinyl aromatic monomers which
can be used include: styrene, alpha-methylstyrene, all isomers of vinyl toluene, especially

20  paravinyltoluene, all isomers of ethyl styrene, propyl styrene, vinyl biphenyl, vinyl
naphthalene, vinyl anthracene, and mixtures thereof. The vinyl aromatic monomers may
also be combined with other copolymerizable monomers. Examples of such monomers
include, but are not limited to acrylic monomers such as acrylonitrile, methacrylonitrile,
methacrylic acid, methyl methacrylate, acrylic acid, and methyl acrylate; maleimide,

25  phenylmaleimide, and maleic anhydride. In addition, the polymerization of the vinyl
aromatic monomer may be conducted in the presence of predissolved elastomer to prepare
impact modified, or grafted rubber containing products, examples of which are described in

U.S. Patent Nos. 3,123,655, 3,346,520, 3,639,522, and 4,409,369. Specifically, the polymer
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can als vi ously xed and i nj ect usi ng single netering system
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the previously mixed and injected using a single metering system.
Additives, such as pigments and/or nuclieating agents, may also be used in the
process of the present invention. The addition of a nucleating agent is generally preferred
20  and it is preferably added in an amount of from 0.001 to 10 percent of the total polymer by
weight. More preferably the amount of nucleating agent 1s between 0.02 to 2 percent. The
nucleating agent is typically added with the polymer in the extruder. In one embodiment,
the nucleating agent is talc.
The process of the present invention can also utilize coextrusion capabilities to
25  produce multi-layer foam sheets. These multi-layer sheets can comprise one or more
foamed core layers or foamed skin layers if desirable. In some applications, it may be
desirable to have a combination of one or more foamed core layers or skin layers with non-
foamed core layers or skin layers as well. For example, in one embodiment, a multilayer
coextruded sheet comprises a foamed polystyrene core layer having outer skin layers
30  comprising a non-foamed high impact polystyrene or a non-foamed blend of a polystyrene

resin with a high impact polystyrene resin. Methods of coextruding are well known in the

art.



process of the present invention. The addition of a nucleating agent is

generally preferred 20 and it is preferably added in an anount of from
0. 001 towidoysnaent of the total polymer by weight. Mre [PCFUES0EDI2P6t he

amount of nucl eating agent is between 0.02 to 2 percent. The nucleating
agent is typically added with the polymer in the extruder. In one

enbodi ment, sHddeextsionad wagkagenin ths attahg desthiBe®mac Qﬁﬁlséﬁc Ptatgecspr esent
invention can also utilize coextrusion capabilities to produce

][rul ti ;jl M%l%’éﬁ@h@%@@t:é{anWé@éhWF% Nemayerk, 53l sartem/, @égﬁﬁrzi%@%r@@dor nor e
nopt oo P Vg 08RG, Db e MG Sy T OLAR G ppP IR pages o

f oaned pnqpyjayers or skin Iayers wi th non foamed core layers or skin
| ayers as well. For exanple, in one enbodinent, a nmultilayer coextruded
sheét conpri éébe@em@mbprgeﬁsymdrleﬁ@ RGPS péghérpr%awmgenealﬂ EPMBHSCS | ayers 30

conpr | f,#eg%gg apcggme tgl%rgteq_l y%%'}n HQR&? Ext?t?de}( szfﬁletrgl rﬁel?tryx%ns t{gfé?l%?ﬂoﬂlend of a

pol yst pol'ys f éne

coext r uedEloéd shdwBiough B @no iféni Hehondlayer or?mdNﬂaS)é;/ e&ﬁ'ﬂ;a’zﬁe Rﬁ@étﬂ&lﬁlf&&() 6
Sheet extrusion is well known in the art and described in F. Hensen,
Pl ast i cthickuessuas ihsrdieTedh FHF Spmingiemnsratimgtst fheiss 1 thapipcsss ok the PIEBNt Chapt er

(esber i BacPRepbol Mty Bl AR Rl 8o gt AL W RIRHELRREC 2.

useﬂ) | Narld pRIFEEBIS DeBiech N0 PEESEITC. IThegdlyntst/ HOMRE bges mikeds sgrakd mel ting
a polyner in a sheet extruder, wherein the nelt travels to an _optional

f eedbl owrid fapaed hm@agﬁneapfdwelmseasmerﬁrgfembhbma@teaﬁm@sphm piessaier Thext r udat e

(sheet) (%f d%:lﬁigfa(r)r{ ereeE 'd? l&pnt ?]1?0 aaxtne&ﬁ% sg{ f%r @él}]l%]g S;rwg?lé&ggegﬁ)rg[g CEEPIEB ture at

t he di e“1'h 0Cess resen n the

pol ymer exhgidag sﬁ@]@ﬂﬁdurﬁfdﬂml tBlckI)/dle Gﬁihleyéh@t esadtﬁermédn aDnelmOEmikOhamivin | S
preferably bet ween 170 and 300C. The poly | owi ng agent mixture is
ext r udetclugpgia faiaiingd temperityge sopeollsd 3rr@%éwohﬁv@& §lacke Iﬁrﬂé‘ﬁ gmhpdignes;, theat

?gp&s phgu,g% of 'Eh%ssﬁé'é't?s deTQ%me%WtHg gﬁr&s@(ﬁmaﬁhf%?lt stdck A AMR sh LR fgGhani sm

ratio. The roll stack gap is the clearance between the top and middle roll of the 3-roll
polishing stack when using down stack configuration. The draw ratio is the ratio of the
speed of the melt at the die exit to the speed of the 3-roll polishing stack. The gauge of the
sheet is monitored by an instrument mounted on a carriage that moves perpendicular to the

20  sheet direction, carrying the gauge instrument across the sheet. Such gauge instruments are
well known in the art. The sheet exits the gauging station and moves over a series of guide
rollers to the optional slitting station and onto a winder or directly into a thermoforming
process.

The process of the present invention is further characterized in that the physical

25  blowing agent is introduced into the polymer melt at a location prior to the die of the sheet
extruder. Preferably, the blowing agent is injected through a one way valve located at the
decompression zone (vent port) of the extrusion screw within the sheet extrusion line.
Optionally, a static mixer may be provided prior to the die to mix the polymer with the
blowing agent(s) and nucleating agent, if utilized. The foaming occurs in a region of lower

30  pressure just prior to the die exit and continues once the polymer melt mixture exits from
the die. Typically, sheet extrusion processes are utilized to extrude non-foamed materials or

chemically blown high density foam sheet. It has been discovered that by utilizing a
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that difference of less than 6 percent. Uniform density can be determined by comparing the
density of the finished sheet at any location to the average sheet density. The two densities,
when compared will have a difference of less than 4 percent. In other words, any gauge
20  measured on the finished sheet will not differ by more than 6 percent from the average sheet
gauge and any density measured on the finished sheet will not differ by more than 4 percent
from the average finished sheet density.
The following examples are provided to illustrate the present invention. The

examples are not intended to limit the scope of the present invention and they should not be

25  sointerpreted. Amounts are in weight percentages unless otherwise indicated.

Examples
Example 1

A general purpose polystyrene resin, having a Mw of 320,000 is fed into a sheet coextrusion
line having a high pressure piston pump at the vent port location, wherein 100percent CO; is
30  metered into the extrusion barrel as a blowing agent. The end of the extruder is also
equipped with static mixers to improve the mixing of the polymer/blowing agent mixture.
Simultaneously, a 50/50 blend of the polystyrene resin with an impact modified polystyrene

resin is fed into another sheet extrusion line without blowing agent, for production of the
- 5 -
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WO 01/57120 PCT/ US01/ 01206 coextruded solid skin |ayers. The pol ystyrene
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to form awgh@edrideavi ng a foaned core resin with two solid pgkjusol/aiges S
adhered to both sides of the core resin layer. The sheet is pulled and
conpressed by a 3-roll polishing stack. Process conditions and sheet
properties sgkg:0i ven bel ow. Paraneter Value CO2 ) (Weight percent) 0.1
nucl eati ng agent (talc) (ppm 1000 Die foam ng tenperature, (C) 200 Sheet
core density, 1( g/ c&)procs2 forQvatualrg asthaatopdmnsifciayn st(eg{mﬁprﬁir&B Overal |

heet gauge, 4 Overall sheet WEI reduc i.on, (percent)
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contacting a ten nonovi iyl i dene matic or o ef| nic polymer with a

physi éal bl oWwangnggemixtue froo arezigodfiower freowniag fa@emtfoammg gxteudatel Bndh a
sheet extrusion_ line, 5 foamn the mxture into a region of |ower pressure

to forma foaRFHgeand FUBRESINEhE 0N PHEudH Lo ompR &0at Fhset ayitgsani ng

ext rudat @niformf Sfidtnassi?ass shigatmppavi ng a uniformthickness of less than 3
mm 2. The process of Claim1l wherein a nolten nonovinylidene aromatic

pol ymer is u8ed. IBe BrocseffilomeswhatinG mbher?moherisylidehd@ronmtit @olymer
nonovi nylisi gs%crl].e aromatic polymer conprises a vinyl aromatic pol yner.
10 3. The process of Claim 2 wherein the molten monovinylidene aromatic
polymer comprises a vinyl aromatic polymer.
4. The process of Claim 1 wherein a molten olefinic polymer is used.
5. The process of Claim 4 wherein the molten olefinic polymer comprises a
polyethylene, polypropylene, linear low density polyethylene, low density polyethylene, high
15 density polyethylene, an ethylene-octene copolymer, or an olefinic copolymer or
interpolymer having at least 70 percent by weight vinyl aromatic monomer incorporated into
the final resin as the monomeric repeat units.
6. The process of Claim 5 wherein the molten olefinic polymer comprises
polypropylene.
20 7. The process of Claim 5 wherein the molten olefinic polymer comprises
polyethylene.
&. The process of Claim 1 wherein the physical blowing agent is carbon

dioxide, nitrogen, water or a combination thereof.

9. The process of Claim 1 wherein the density of the foam is from 400 to 1050
25
10.  The process of Claim 9 wherein the density of the foam is from 725 to 890
g/L.
11. A foam sheet produced by the process of Claim 1.
12. A coextruded multilayer foam sheet produced by the process of Claim 1.
30 13. The coextruded mulilayer foam sheet of Claim 12 comprising a foam layer

and at least one non-foam polymer skin layer.



4. The process of Caim1l wherein a nolten olefinic polymer is used. 5. The
process of Caim4 wherein the nolten olefinic polynmer conprises a

pol yet hy man&/s7pl ypr opyl ene, |inear | ow density pol yet hyl #€g/USoppi20ensi ty
pol yet hyl ene, high 15 density pol yethyl ene, an ethyl ene-octene copol yner,
or an olefinic copolyner or interpolyner having at |east 70 percent by

wei ght vi nyl 14ar onthé CodXau@Ehuitinger famdheet dtigim I Nevifetdt@therfesh tayas t he
nononeric repeat units. 6. The process of Claimb5 wherein the nolten

ol ef i ni €OPBNSEREIAMSEROITsEENE 356 HHRBpipRBROLYREF skin Fhes compeisess Wendpfd m 5
wherein b NG ri.ses polyethylene. 8 The process
of C ai %Elglgt\x%g%}eel%ﬁl ?ﬁggﬁ%§@g+tﬁ%%?%{gm8§d§'nt is carbon dioxide, nitrogen,
wat er or a cofibi natth@imdfhreicdaiticl®profiedat @t fixsfoaim sebaiomClaitigr ei n t he
density of the foamis from400 to 1050 25 g/L. 10. The process of Claim?9
wherein the density of the foamis from725 to 890 L. 11. A foam sheet
produced by the process of Caiml1l. 12. A coextruded nmultilayer foam sheet
produced by the process of Claiml1l. 30 13. The coextruded mnulil ayer foam
sheet of Claim 12 conprising a foam|ayer and at |east one non-foam

pol ynmer skin layer. -7 WD 01/57120 PCT/ USO1/ 01206 14. The coextruded

mul til ayer foam sheet of Caim13, wherein the foam | ayer conprises foaned
pol ystyrene and t he non-foam pol ynmer skin | ayer conprises a blend of a

pol ystyrene resin with a high inpact polystyrene resin. 15. A thernoforned
article produced fromthe foamsheet of Claim1l. -8



