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(57) Abstract: A polystyrene copolymer blend product,
achieving an optimal combination of haze/clarity, strength,
toughness/snap, and organoleptic properties is provided.
The polystyrene copolymer blend product includes a first
layer forming about (2) to about (6) weight percent of the
total weight percent of the product. The first layer includes
from about (95) to about (100) weight percent of GPPS or
HIPS, based on the weight of the layer. The polystyrene
copolymer blend product includes a second (and optional
third and fourth) layer(s) that form about. (98) to about
(94) weight percent of the product. The second (and op-
tional third and fourth) layer(s) include about (23) to about
(43) weight percent of GPPS, from either about (35) to
about (70) weight percent, such as from about (50) to
about (65) weight percent of SBC, and from about (0) to
about (17) weight percent of HIPS, based on the weight of
the respective layer.
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POLYSTYRENE CLARIFIED BLEND AND METHOD FOR MAKING
SAME

CROKS REVERERNCE TO RELATED APPLICATIONS

This application claims priority lo pending United States Provisional Patent Application

No. 62/303 848, filed March 4, 2016, which is bereby invorporated hersin in is entivety.

FIELD OF THE INVENTHIN

The present disclosure relates generally to polystyrene blends and polvstyrene
produets incorporaiing the sawe, and more specilically it relates 1o polystyrene
blends and polystyrene products that achigve an optimal combination of haze/clay

&

strength, toughoess/snap, and organocleptic properties, where the product may be

% “F

used in, for example, thermoformed food containers, to provide a visually clear

package, or the hke

BACKGROUND OF THE INVENTION

Currently, general purpose polystyrene CGFPS 113 ﬁ'equu sty used in household
products for ngd packing, where ransparency 18 regaived. However, general

purpese polystyrene has low impact resistance and toughness. The thermoplastic

blends that address this 1esue inchade polystyrene with micture of other compounds

such as niirile, cyanide, carboxylic acid, and methacrylate.

Howgver, these blends do not have the properties {e.g., mpact resistance,
transparency, toughness, and organoleptic }1?)"0:0{??’?.\::‘3.‘5} that are desired 1 produets
used i e.g., manufacture of appliance housings, household accessories, medical

parts, food packaging, and the ke, There exdsts an unfulfilled need for a
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polysiyrene blend that has an optimal combination of low haze/high clarity,
adeguate strength. improved toughness/good snap, and pleasing organoleptic
£y é, & faa) o2 ke X &

properties,

s
S

SURMMARY OF ADVANTAGEGUS EMBODIMENTS OF THE
BISCLOSURKE

According to advantageous aspects of this disclosure, products {which may alsa be
referred to herein as structures) incorporating polystyrene copolymer blends are

16 provided that welode a fivst layer, a second laver, an optional third laver ansd an
optional fourth layer. As used herein, the torm “product” may refer to any wuli-
tayered product form, Including a #ilm, a laminate ncorporating such §m, a sheet, a

pre-form and the he. Exemplary inventive multi-lavered products include 2~ 3~ and

4- tayered products.

The fivst layer generally forms about 2 weight percent fo about 6 weight percent of &
the total weight percent of the product. The fivst laver generally includes about 935
weight percent 1o about 100 weight percent of GPPR or HIPS (“high impact
poivstyrene”™), based on the weight of the layer. The second {along with the optional

20 thurd and foorth) layer(s) penerally forms or includes about 98 weight percent to about
94 weight percent of the total weight percent of the product, The second { and
optional third and fourth} layer(s) gonerally independently includes from about 23
weight percent to about 43 weight percent of GPPY; from either ahout 30 weight
pereent to aboul 70 weight percent or from about 35 to 60 weight percent of SBC

28 {"styrene butadiene copolymer™y; and frong abowt O weight percent to sbowt 17 weight
percent of HIPS,
The GPPS may mchude standard grades of GPPS.

30 The top and bottom layer may have a combined thickness between about 0.020 inches

and ahout 8,068 inches,
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In alternative exnbodiments, the top and bottom layer may have a combined

thickness of less than about 3.020 inches.

5 in turther alternative aspects, the top and bottorn layer may have a combined thic

of greater than about 0.060 inches.

Inventive polystyrene copolymer blend products having a thickness of (0020 inches

may exhibit a haze value of arcund O to 70 in sheet haze, such as a sheet haze value
i ranging from O to 54, based upon standard sheet hare measurenient ymethods konown in

the art, such as ASTM D 1746, Preferably, the pu?}s srene copolymer blend product
exhibits a haze value under 10.0, such as under 6.0, and partioniardy vnder 2.0,

%

in an alternattve embodiment, the polystyrene copolymer blend product having $.020
food

s teches of thickness may include around 0 to 30 in sheet have. The polystyrene
copolyroer blend product may include g preforsble haze value under 100, 8.0, and
2.0

In an exemplary embodiment of this disclosure, the polystyrene copolymaer blend

20 product may inchude a second { and optionaily, a third and fourth) layer each of which
independently contains (13 about 25 weight percent to about 35 weight percent of
GPPS, (1) from etther about 55 weight percent to about 65 weight poreent of SBC or
from about 38 to 60 weight percent SBC | and (41 fom about § weight percent o

about 15 weight percent of HIPE, based on the weight of the laver .

25
i another exeraplary embodiment of this disclosure, the polystyrene copolymer blend
product may mciunde a second and optionally, a third and fowrth) layer{s) containing
about 30 to 33 weight percent of GPPS, about 60 weight percent of SBO, and about 7
1o 10 weight porcent of HIPS, based on the weight of the laver .

Rit

[0
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in aliernative embodiments, the second ¢ and optionally, a third and fourth) laver

Y wetght percent o about 40 weight

may inclode a specific range of {1} abowt 30

sereent of GPPS, (i) either about 55 weight percent to about 83 weight percent of

ans

SBO or from about 35 to 60 weight percent SBC, and (H) from about & weight

5 percent fo 10 weight percent of HIPS, based on the weight of the layer.

The polystyrene copolymer blend product may be included within {e.z used to

&2

form} a food package.

i The polystyrene copolymer blend product may be included within {e.g. used to
form} one or move of an appliance howsing, 4 household accessory, and & medical
device.

in a further exenplary erabodiment of this disclosure, the polysivrene copolymer blend

X

15 product may inclede a second { and optional third and fourth) laver(s) containing {a)
from about 60 weight percent to about 70 weight percent of SBU, (B) frow about 23
weight percent to about 33 weight percent of GPPS, and {0} Hom about 2 weight

pereent to about 12 weight percent of RIPS, based on the weight of the laver,

20 in yet another exarnpie of this disclosure, the polystvrene copolvimer blend product
may mclude a second {and optional third aud fourth} laver of preferably 85t 65

weight percent of SBO, preferably about 28 1o 33 peorcent of GPPS, and preferably

b

about 7 to 14 weight percent of HIPS.

25 According to another aspect of this disclosore, a process of manufactaring s
polvstyrene copolymer blend product 1€ provided, The process generally includes: (1)
overlaving a first faver with a second { and optional thivd and fourth) Javer{s} and (i1}
applving a standard processing mwethod for thormoplastics, wherein the overlaving

meludes: cxi“admg a first layer, layer A, that forms ahout 7 weight percent to about 6

[
<

weight percent of & the total weight of the product; and extruding a second {and

optwnal third and fourth) laver{s}, laver B and optional € and optional D, that forms
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about 98 weight percent to about 94 weight percent of the total weight of the produet,

1 s

wherein the frst layer inchudes abowt 95 weight percent o about 100 weight percent
of GPPS or HIPS based oo the weight of the first §ayer,, and wherein the secowd  and
optionally, third and fourth) layer includes about 23 weight percent to about 43

5 weight percent of GPPS; from about 35 or 50 weight percent to about 70 weight
percent, such as about 35 1o A8 weight percent of 5B and fron aboat § weight
perent to about 17 weight percent of HIPSE, based on the weight of the respective

faver,

fons
<>
poms]

The standard processing method for thermoplastics that may used to form the
overlald layvers way inclade one oy more of the known methods of! blown Ghm
extrusion blow molding; extrusion profiles, film and sheet; and injection mo?ding,
jncluding gas assisted,  Additional standard processing methods for thermoplastics
that may be applied to the overlaid lavers to form end-prodacts inchude any type of

i3 thermoforming, such as cither thin-gauge thermotorming or thick-gauge

thermoforming

The secomd {and optional third and fourth) laver(s) way independently include from

akb R vk oot 0 A it 35 weigd sreent of GEPR f i ither abhout 558

Bout 25 weight percent (o about 35 weight percent of GFPS, from sither about 53

20 weight percent fo about 65 weight percent or from about 33 0 60 weight percent of
SBC, and fron about 5 weight porcent to about 13 weight percent of HIPS, based

on the weight of the fayer.

A spectiic range of the copolymer dend for the second and optional third and fourth
23 fayer(s) way iudi?pe.mis;?nﬁ‘}, achide about 30 weight percent to about 40 weight

parcent of GPPS, either from about 35 weight percent to about 83 weight percent or
from about 35 to 60 weight percent of SBC, andd from about O weight percent to 10

3

weight percent of HIPS, based on the weight of the layer,

(9]
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The second { and optional thivd and fourth) layer(s) may independently inclade ()
from gbowt 60 weight percent to about 70 weight porcent of SBC, (b from about 23
weight pereent o about 33 weight percent of GPPE, and (¢} from about & weight

percent {o about 12 weight percent of HIPS, based on the weight of the laver.
The second { and optional third and fourth) layer(s) may include preferably 65 weight
percent of SBC, preferably about 28 percent of GPPS, and preforably sbout 7 weight

pereent of HIPS, based on the weight of the laver.

BRIEY DESCRIPTION OF THE DRAWINGS

o)
(o]

The accompanying drawings, which are inchuded to provide & further anderstanding of

the disclosure, are incorporaied in and constitute a part of this specification, illustrate

embodiments of the disclosure and twogether with the detailted description serve to

13 explain the principles of the disclosure. No atiompt is made to show structural details of
the disclosure m more detail than may be necessary for 3 fundamental enderstanding of
the disclosare and the varions ways in which # may be practiced. o the drawings:

Fig. 1 shows an example of a polystyrene copolymer strocture, according to the

20 principies of the disclosure.

Fig. 2 shows annther example of a polystyreng copolymer struciare, according to
the principles of the disclosure,

28 Fig. 3 shows an example of 2 3 laver polystyrene copolyroer siracture, aceording to
the principles of the disclosure.

Fig. 4 shows an exampie of a 4 layer polystyrene copolymor structure, according to the
principles of the disclosure,

3

&
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Fig. 3 shows an exemplary schematic of a process for ereating a polvstyrene
copotvmer structure, according to the principles of the disclosure.

DETAILED DESCRIPTION OF ADVANTAGEQUS
ERMBODIMENTS OF THE INVENTION

The disclosure and the various features and advantagenus details thereof are explainec
more fully with reference to the non-lhmitting emboditents and examples that are
described ansor illustrated in the accompanying drawings and detailed in the following
deseription. H should be noted that the festures Hlustrated in the drawings are not
necessartly drawn o scale, and features ot one embodiment may be employed with
other embodiments as the skilled artisan would recognize, ever i not exphcitly stated
herein, Deseriptions of wells known components and processing technigues may be
omitied 0 as o pot unoecessarily obsoure the ernbodirents of the disclosure. The
cxamyples used herein are intended merely to facilitate an understanding of wavs in
which the disclosure woay be practiced and to further enable those of slall in the art to
wractice the ernbodiments of the disclosure. Accordingly, the examples and
embodiments herein should not be construed as hmiting the scope of the disclosure.
Moreover, it 1s noted that like reference numerals represent similar parts throughout the

~

several views of the drawiogs.

FIG. 1 shows an example of a polystyrens copolymer structure according to the
present disclosure. The strocture includes at least one top laver, alse reterred to herein
as the A-laver, and af least one bottors layer, also referved o herein as the Blayer. The
top layer may also be referred 1o as 8 fivst laver and the bottom faver may also be
referved to as a second laver (with optional addittonal bottom laverts) being referred to

as third and tourth laver{s), respectively). The top layer forms about ¢ percent & about

]

percent of the structure, based on weight, and 18 comprised of from about 95 to abowt
HOU weight percent general purpose polystyrene {GPPS). The bottor faver orms
about 96 percent & about 2 percent of the siroctire, based on weight, and comprises a

~
i
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polystyrene {PSY hlend. The combined thickness of the top and bottom lavers may be
between about (020 inches and abowt 0.060 inches, Alternatively, the combined

thickness may be greater than $.064 inches, or less than 0.020 inches, as well,

R FIG. 2 shows another examuple of a polystyrene copolymer structure aconrding to
the present disclosure. The structure inchudes at least one top iaysr, also reforred o
herein as the A-layer, and &t least one bottom layer, also refarred o herein as the B-
fayer, The top layer forms about 4 percent & about 2 percent of the structure, based on
weight, and 1s comprised of high tmpact polystyrone (HIPSY The bottom laver forms

1 about 86 percent & about 2 percent of the structure, based on weight, and coroprises a
polystyrene {FS) blend. The combined thickness of the top and bottom layers way be
between about $.02¢ inches and about (L0060 juches, Alternatively, the combined

thickness may be greater than $.060 inches, or less than 8.020 inches, as well,

s
(]

FIG. 3 and FIG. 4 show examples of the two polystvrene copolvmer blend structores

N By

according 1o the present disclosure. As shown, the first layer in Figs, 3 and 4 inclodes
about 85 weight percent 0 about 100 weight percent of HIPS, based on the weight of the
inyer. The second, third and fourth laver each independently inclode abowut 23 weight

percent to about 43 weight porecent of (GPPS, from sither about 33 to 60 welght percent

o]

ot SBC or about 30 fo 65 weight percent of 8B, and from about 7 weight percent to

Sy

¢

about 17 weight percent of HIPS, based on the weight of the respective laver

Surtable GPPS for incorporation inte the wventive products, layer(s) and polystyrene
copolymer blends mehude any general purpose polystyrene {GPPR) known in the

25 exirusion, molding andfor thormotorming arts. Conseguently, the GFPY may be any
standard grade, such as, e, PN 120071201, PS 123071291, PS 1300/1301, PS
2600/2601, and PS 2610 GPPS, all from INEOS Styrolution Gronp GmbH, PS 31080
PSC 329, PSC 525 and PRO SG0, all from Total Petrochematals, ina:.? and so on,. General
parpose polystyrene, well known in the art as a hard, transparent material with a high

18 gloss, is also referred to in the art as standard polyatyrene, novmal polvatyrene, clear

polvetyrene, or styrene homopolyvmer. As kuown 1o the art, GPPS has a density of about
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.04 g/ee. Suitable GPPY grades generally range in melt flow from abont 1.6 /10 min

to abont 4.5 /10 min at 2 load of .00 kg and a temperatwe of 200 °C, per ASTM D
-
Ju

The inventive polvatyrene copolymer blends further include styrene butadiens

copolymer (SBOY, which may include any standard grade snitable for extrusion and/or

. o B g ¥ 4 Py ~
thermotorming and the Hke. Exemplary SBCs includeSTYROLUKT 6840 SR

STYROLUX® 3¢ 1G46 SBOC, STYROFLEX" 2366 SBC, all

from INEQOS Styrolation Group GmbH, and so on. SBU is well known inthe arf as a
thermoplastic resin that Is transparent and inpact-resistant. B is ased to provide a high
optical appearance. As known in the art, SBC has a density of abony 1.8 f0 1.2 glce.
Suitable SBC grades generally range in melt flow from abont T /10 min to abowt 15

g/ min at o Ioad of S.00 kg and a temperature of 200 “C per ASTM D 1238

The inventive polystyrene copolyvmer blends may further include igh twpact
polystyrene {HIPS) HIPS {s well known 1o the art as a two phase systom having a
polvstyrene matrix with pelvbutadiene disperse phase, and alse referred o as toaghened
polystyrene or rubber-modified polystyrene, Switable HIPS grades inchude any standard

grade suitable in the extrusion, molding and/or thermoforming aris. Exesi‘xpia‘ry HIPS
grades nelude P8 S300 | PS 5310, PR S400/3401, PS 5410, PS a200/6201, P8
GZIA2TE, PR 6220, PS 7120, and PRTENO, all from INEOS Styroloetion Groap GmbH:
44T, R4S, O3SE, W40E, 9T7SE, 825, 945E, and 960K, all from Total Petrochomials,

Inc,; and ER/RCE400, ER/BCH60S, STYRONT 421, and STYRONY 484, all from

.}(

Awmericas Myrentes LLC, and so one HIPS ie well known i the art as g thermoplastic

resin that has elevat izhness and impact-reaistance, but low transparency dug to

£
[
B
fos]
i
vt
e

Hight scatiering wduced by the disperse phase. As known in the art, HIPS has a density

\i\

ot about 104 giee. Suitable HIPY grades generally range in melt flow from about 2.0
AYAY

g 10 v to sbowt 14.5 g/ 10 min at a load of 3.00 kg and 4 teroperature oF 200 7O per

ASTM 3 1238,
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FIG. 5 discloses an example of a process 400 for manmufacioring a poi}-'siy;'em:
copoelymer blend product in accordance with the present disclosure. At S410, the

process includes extruding {or carrving out an extrusion process on} a first laver that
comprises about 2 weight percent to about & weight pereent of the total weight of the
copolymer blend product, wherein the layer may include shoat 100 percent (/- 5

H

percent) of a standard grade general purpose polvstyrene (GPPS), Alternatively, the
first layer way inchude about 100 percent {4 § percent) of standard grade high impact
polystyrene (HIPS) At 5420, the process includes extruding (or carrving out the
extrusion process on} a second {and optionally a third and fourth) layer that forms
about 94 weight percent to about 98 weight percent of the total weight of the

copotymer blend product, wherein the second {and optionally a third and fourth) layer

may melude a polystyrene blend.

At S420, the process of extruding {or carrying out the exirusion process on) the
second { and optional third and fourthy laver(s) may include providing abowt 35
woight percent 1o about 780 weight percent {preferably botween about 60 weight porcent

and aboul 63 percent) of styrene butadione copolymer {(SBC), about 28 weight percent

0 about 40 waight percent (preferably between 28 and 35 percent) of general purpose
polystyrene {GPPS), and abowt 8 weight percent to about 15 weight percent {preforably
between about § and 10 percent) ot high impact polystyrene (HIPS), all based spon the
weight of the respective layer, Alternatively, Wihe Svstlayer includes about HH weight
percent of HIPS, the second {and optional third and fourth} laver may include providing
about 60 weight percent to about 70 weight percent {preferably about 65 parcent) of

SBEC, about 23 weight poroent to abowt 33 weight percent {preferably abont 28 percenty

&

of GFPS, and about 2 weight percent to about 12 weight porcent {preferably abount 7

peets

percent of HIPS, all based upon the weight of the respective laver,

The process 400 may mchrde any standard exirusion processing method for
processing thermoplastics, including, blown filn; extrusion blow wouidingy
exirusion profites, film and sheet] injection molding, nciuding gas assisted, and so

OfY.

Bt
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The process 400 may further include forming a fnther subsequent end- product or part
from the first and second {and optional, third and fourth} lavers, such as a yoguet cup
or the like, where the product has a predetermined thickness, The predeternuined

5 thickness of the copolymer blend products and endeproducts therefrom way be
hetween about (.02 inches and about (.060 tnches, Alternatively, the predetermined
thickuness of the copolymer blend products and endeproducts therefrom may be less
than about 0.020 inches. The predeternuned  thickness of the copolymer blend
wradocts and end-products thereform may likewise be greater than about 0.060 mnches.

i The predetermined  thickness of the copolymer blend products wmay vary based on one
ot more of a sheet thickness, a final part design, an end product requirernent, and the
like.

The polystyrene copolvmer hlends products of the present disclosure have fow

U;

s

oy with high sivength/ high stiffhess comparesd to conventional

,..;
)
,
oo’
%
7
s
poes
foet
s
SN
o
-
o
2
%
o
i
5
i
=

solvstyrene hlends, The blends and blend prodects also do not have a noticeable
odor, which is an fmportant organoleptic characteristic that is often mussing in other
polystyrene blends. The copolymer blend products may be suitable in applications
that reguive clear and fough parts, such as, ez, manufacture o appliance bousings,

20 houschold accessories, medical pants, food containers, and so on.

EXAMPLE &

A non-limiting example of a polvatyrens copolyruer blend product that is created

3
e

according to the principles of the disclosure is showsn in Table 1. This blend product
includes {1) at least one top layer comprising about 2 weight percent to about & weight
percent of the blend product, wherein the top layer inclodes gbout 00 weight percent

‘- about 3 percent) of standard grades of GPPY based on the weight of the top iaysr
and {23 at least one bottom laver comprising about 94 weight percent to about 88 weight
30 percent of the blend  product, whereln the botiom laver may melude {a) from erther

about SO weight percent to about 70 weight perent of 3BC oy frow about 35 weight

P
P
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percent (o 68 weight percent 5B

~

percent of GPPS, and (¢} froro about § weight percent to about

HIPS, b

ased on the weight of the bottom laver .

PCT/US2017/020724

T, () from about 23 weight percent o aboud

A o
43w

gight

7 weaght pereent of

TABLE ¥
percent {wi.) pereent percent percent | percent | percent {wi}
fop laver in {wt.} boltom | {wi} {wi} {wi.y SB{ HIFS i
FORMUL | copolymer faver m OGPPSR (GPPS i | in bottom laver
ATHON product copolymer | top layer | bottomm | botlom
progdact faver layer
Preferred | 4 96 100 30 o 16
Blend
Specific R 94 - B3 95 - 100 35~ 35 Hp—-n5 1 5-17
Range
Broad 2.6 94 - 98 95100 [ 23-43 SLTG 1017
Range
As showrin Table | shove, the preferved copolymer structure tor the blend product
inciudes about 4 weight percent for the top laver and about 96 weight pereent for the
botlom layer, based on the weight of the blend product. The broad range for the top
ayer of the copolymer blend 1s about 2 weight percent to abont § weight percent of the
total werght of the blend product. The broad range for the bottom layer of the
copolymer blend product is about 94 weight percent fo about 98 weaight percent of the
total weight of the blend product.

The preferred copolymer blen

i the

e top laver,

[ 55 T TPRPRR RN
The broad range

i2

wd product may include abont 100 weight percent of GPPS

e for the top laver of the copolymer blend product may
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inciude abowt 88 weight percent to about 100 weight pereent of GPPS, based on the
weight of the top layer.

™~ N

For the bottom layer, the pretfer

&3

sred copolymer blend may include about 38 weight

percent of GFPS, about 60 weight percent of SBC, and abont 10 weight percent of

HIPS, based on the weight of the bottom layer.

The broad range of the copolymer blend for the bottom layer may include from about
23 welght percent to about 43 weight percent of GPPS, from sbout 30 weight percent
to ahout 70 weight percent of SBC, and from about § weight percent to about 17

weight percent of HIFS, based on the weight of the bottem layer.

The specific range of the copolymer blend  for the bottom laver may nclude frov

abont 25 weight percent o about 35 weight pevcent of GPPS, from abont 53 weight

i X

percent to about 65 wea

ohit percent of SBO, and from about § weight percent to about

13 weight percent of HIPS, based on the weight of the butiom layer.

This copolymer blend resalis in bproved hase/clarity properties with enhanced
toughness and stiffhess. The haze values from the Examnple 1 of the present disclosure
are Hsted i Table 2 below. The nmimom target may be § and the maximum target
may vary as a function of thickness, The vahues are hsted based on thickness of 0.020°
snd $.051", Sheet haze was defermined within each of the examples below in

accordance with ASTM I 1744,

L...‘
[
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TABLE?Z

Property Value
Sheet hare, 0.0287 36.2
Mimimuom sheet haze, §.0207 3.0
Maximum shest haze, 3.0287 0.0
Sheet hazg, 80517 742
Mimmum sheet hare, 0.05317 0.0
Maximan sheet haze, Q0317 8G.0

EXAMPLEZ

Another non-limiting example of & polystyrene copelvmer Mend product that s created
according to the principles of the disclosure 18 shown in Table 3. This blend prodagt
includes (1) a top layer forming shout 2 weight percent to abowt & weight pereent of the
total weight of the copolymer blend product, wherein the top layer may include about 95
weight percent fo abont 100 weight percent {(prefurably about 100 percent) of standard
grades of GPPS, hased on the weight of the laver and {2} a boltor laver forming about

¢ percent to ahout B¥ weight percent of the total weight of the copolymer blend

product, wherein the bottoan laver includes () fromm about 55 weight percent {o about 658

weight pereent {preferably 60 percent) of SBOU, (b} from about 30 weight pereent o

b

Y3 1

about 40 weight poreent {preferably abowt 38 porcent) of GPPR, and ()} from abowt §

weight percent o ghont 10 weight porcent {preferably about § percent) of HIPS,

based on the weight of the laver,
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TABLE 3

peroent percent {wi.} | percent pereent parcent pereent
{wt.} hottom layer | {wi) {wi.} GPPS | fwit) fwi
FPORMULA | top laverin | in copolymer | GPPS in hottom SBCmn HiFS
TION copolymer o iop fayer(s} hotiom hottom
laver faver(s} layer{a}
Freferred 4 96 HEL 35 60 5

Blend

Specilic 2-n B4 - 9% 100 30~ 40 5565 810
Range
Broad 2.6 94 - 9% 95 - 184 12343 SG - 78 G- 17
Range

N

As shown in Table 3 ghove, the preforred copolymer blend product mmcludes shout 4

weight percent of & the total weight percent of the

ahout 96 weight percent of the total weight percent of the hlend

AYEY.

The broad range for the

top lay

blend product

for the to

3

i layer

angd

product for the boliom

er of the copolvmer biend product inciudes abouwt

2 weight porcent to about & weoight percent of the total weight of the blend product. The

broad ra

weight pereent o

&t

ge for the bottom laver of the copolvimer bi

about 9% weight pereent of the total

end product inchudes about 84

wetght of the blend product.

&

The pretorred copolymer blond may include aboot 100 weight percont of GPPS i the

tap layer.

The broad vange o

{ the copolymer dend tor the

i3

top laver may inchag

& fromm
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about 95 weight percent to abowt 100 weight percent of GPPS, based on the weight of
the fayer. For the bottom layer, the preferred copolymer blend may include about 33

rercent of GFPS, about 60 weight percent of SBC, and sbout § weight percent

ot

wely 1l |

"55

r‘n

of HIPS based oo the weight ot the bottomu layer. The broad range of the copolymer
blend for the bottony layer may include Som about 23 weight percent 1o aboat 43

~

weight percent of GPPS, from about 56 weight percent to about 70 weight percent of
1

BC, and from about (o 15 weight percent of HIPS, based on the weight of the

bottom laver.

The spectfic range of the copolyimer blend for the bottom layver may include abowt 30 1o
about 48 weight percent of GPPR, fom about §§ weight percent o abool 65 weight
percent of SBC, and from about § weight percent to 10 weight percent of HIPS, based

on the weight of the bottom layer.

This copolymer blend resulis in improved haze/clarily properties with enhanced
toughoess and stillness. The haze values from the example 2 of the present diacioaure
are listed  in Table 5 below, based on ASTM D 1746, The wintmaom target may be 0
and the maxirowm larget may vary as g fmction of thickness, The values are listed

hased on thicknesses o G.020% and 80517,

TABLE 4
Property Value
Sheet haze, 0.02067 279
Mirnsrnurn sheet haze, 0.0207 0.0
Maximuom sheet hage, 00287 400
Sheet hare, 0.05817 4010
Manimum sheet hare, 30517 0.0
Maximum sheet haze, $.0317 50.9

15
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EXAMPLE 3

Ancther non-lnmiing example of g polystyrene copolymer blend product that i
created avcording o the principies of the disclosure is shown in Table 5. This blend
product inchudes (1) a2 top layer including about 2 weight percent to about & weight
percent of the total weight of the copolvmer blend product, wherein the top laver
may wehide about 85 weight percent to about T weight percent {preferably about
O percent) of standard grades of HIPS, based on the waight of the top laver and {4}
a hottom layer comprising about 84 weight percent to about 98 weight percent of the
total wetght ot the copolymer blend product, wherein the bottom layer includes {a)
from about 80 weight percent 1o aboul 7O weight percent {prefurably 65 porcent) of

SBC, {b) trom about 23 weight percent 1o about 33 weight percent {_br{:ferab‘iy ahont
I8 percenty ol GPPS, and {¢) Hrom about 2 weight percent 1o about 12 wveight

percent {preferably about 7 percenty of HIPS, based on the woight of the bottom

TABLES

percent {wi) percent pereand poreent pereent percent
N PR top laver in {wiy WY HIPS | {wih {wi) {wi)
FORMULATION A : ! : S :
eopolymer baottom oy GEPS | SBUm HiFS @
fayer in ayer bottom hottnm boitom
copolvmer faver{s} layer{s) layar(s)
Preferved Blend 4 a6 10 28 05 7
Spectfic Range 28 Q4 - ¥ 1040 2333 160670 12412
Broad Rangs 26 34 - OX 95 - 100 2340 (5570 1815
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As shown in Table 5 above, the preferred copolymer structure for the copolvmer blend
product tncludes about 4 weight percent of the total weight of the product for the top
faver and about 96 weight percent of the total weight of the product for the boltom
faver. The broad range for the top laver of the copolvmer blend product is about 2
weight percent {o about § weight percent of the copolymer blend product. The broad
range for the bottom layer of the copolvmer blend product is about 94 weight percent

to about 98 weight percent of the copolymer blend produc

The preferred copolvmer blend product may include about TG0 weight percent of
HIFS m the top layer, based on the weight of the top laver, The broad range of the
copolvmer blend for the top laver of the copolymer blend product may inchade from

abont 98 weight poreent 1o about 100 weight porcent of HIPS, based on the weight of

the opt layer. For the bottom {ayer, the preforred copolymer blend may include ahout
28 weight percent of GPPS, about 65 weight percent of 8B, and sbout 7 weight

pereent of HIPS. The broad range of the copolymer blend for the bottom laver may
mchude from abont 23 weight pereent 1o about 43 weight percent of GPPS, from
ahout 3¢ weight percent {0 abowt 70 weight percent of SBC, and frow aboot § weight

percent to 13 weight percent ot HIFS, based on the weight of the bottem laver.

be

The spectlic range of the copolymer blend for the bottom {ayer may include abow
23 welght percent to about 33 weight percent of GPPS, Hom abowt 60 weight
percent 1o about 7O weaight percent of SBC, and from about 2 weight percent to 12

weight percent of HIPS, based on the weight of the botiom tayver.

This copolymer blend resulls in improved haze/clarity properties with enhanced
faghness and stiffness. The baze values from the example 3 of the present
disclosure arg {isted in Table & below, based upon ASTM D 1746, The manimuom
haze target may be U and the maximum hase targel may vary gs a function of
thickness, The values are Hated based on thickness of G.020" and L0517

18
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TABLES

PCT/US2017/020724

Property

Value

Measured She

et haze, $.0287

Minimum Sheet hase

3.0207

Maximum Sheet haze, 8,

Measured Sheet haze, 0.08517

Minimum S

Sheet haze, H.0517

Ni4

~

Maximom She

$XH

‘Jv

17

)

=i haze,

The terms

disclosure, mean

otherwise.

The terms "a",

"inchuding™,

Yan® and ¥

"comprising”

g

“mnchuding, bot not Hgted 7

uniess expressly specitied otherwise.

The term

range.

Although prog

sa stepa, method

and vartations thereof,

, undess

the”, as used in this disclo

3
&

as used in this

expresaly specified

sure, means Tone or wmore’,

about”, as used n this disclosure, means plus or minus ten percent

steps, or the fike, may be desentbed ina

sequeential order, such processes and methods may be configured to work in

alternate orders. In other words, any sequence or order of steps that roay be

described does not necessartly indicate a requiremnien

in that order.

arformead

i any ovder pra

The steps of the processes or methods desenibed |

otical

o
&Y

Farther, some steps may be

that the steps be performed
erein may b

- performed



WO 2017/152091 PCT/US2017/020724

simaiansously,

ty apparent that more

When a single layer or article 15 described herein, it will be readil

than one layer or article may be vsed in place of a single laver or article. The
3 i”unaiﬁ,mm?ii‘y or the features of a layer or articie may be alternatively embodied by one
% .y N s, . . s ~
or more other lavers or  articles which are pot explicitly desoribed as having such

functionality or features.

N

All ranges welnde each integer subsumed therein, to at least the hundredth place value,

&

Each elevnent of the invention may be used imterchangeably within any embodiment of

the invention, unless noted 1o the contrary or ity unsuilability i3 obvious from the contexi.

Ped
e
P}
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THAT WHICH IS CLAIMED Is:

1. A polystyrene copnivmer blend product, comprisiag:

a first layer comprising about 2 weight percent to about 6 woight percent of a
total weight of the prodaoct; and

a second, along with an optional third and optional fourth layer, comprising
about 98 weight percent to about 94 weight percent of the total weight of the
produet,

wherein the first fayver comprises about 95 weight percent 1o aboot 1060
weight percent of GPPR or HIPS, based on the weight of the first layer, and

the second, optional third laver, and optional fourth layer each independently
comprise about 23 weight percent o about 43 weight percent of GPPS, from about
30 welght percent o about 70 weight percent of SBC, and from about § to about 15

weight percent of HIPS, based o the weight of the respective laver.

2. The produoct of Claim 1, wherein the GPP exlubits a melt flow from abont 1.6

/10 min 1o about 4.3 /10 min at g Ioad of 300 kg and & temperatare of 200 °C, per

ASTM I3 1238

3. The product of Clatm 1, wherein the product comprizes a thickness between

ahout 0.020 inches and about 0.080 inches,

4. The product of Clatm 1, wherain the produet comprises a thickoess ot Jess than

SR

about $.020 inches,

5. The product of UClaim 1, wherein the product comprises a thickness of greater

than abount 8060 inches.

6. The prodoct of Claim 1, wherein the product exhibils a sheet hage
ranging from about O to 70 for product having a thickness of 0.020 inches, based on

ASTM 3 1746



A

24

WO 2017/152091 PCT/US2017/020724

0

7. The product of Claim 6, wherein the product has a sheet haze ranging
frorn abowt U 1o aboot 30 for product having a thickness of (.020 inches, based on

ASTM D 1746,

8. The product of Clann 1, whoretn the second layer, the optional thivd layer and
the optional fourth laver include from about 25 weaight percent (o about 35 weight percent
of GPPS, from abowt S5 o about 65 weight percent of SBC, and from about 5 to aboat 18
weight percent of HIPS, based on the weight of the respective layer.

The produet of Claim §, whersin the second layer, the optional thivd faver
and the optioval fowth layer includes about 33 weight percent of GPPS, ahout &0 weight
percent of SBC, and about 7 weight percent of HIPK, based on the weight of the

respective layer.

1. The product of Claim 1, whorehn the copolymer blend for the second
aver, the optional thivd laver and the optional fourth layer comprises about 30 weight
prroent o about 40 weight percent of GPPS, from aboat 55 weight percent to about 65
weight percent of SBC, and from about O weight percent to 16 weight percent of HIPS,

hased o the weight of the respective layer,

i A food package comprising a polystyrene copolymer blend product as

clatmed in Claim 1.

12, An apphiance housing, a household accessory, or a medical device

comprising a polystyrene copolymer blend as claimed in Clasm 1L

13, The product of Claum 1, wherein the second laver, the optional third laver and
the optional foorth layer comprise {8} from abowt 60 weight percent to about 70 weight
percent of SBC, (b)Y Bom abowt 23w ax}‘:i percent to abowt 33 weight percent of GPPS, and

{c} from about I weight percent to abont 12 weight percent of HIFS, based on the weight

22



WO 2017/152091 PCT/US2017/020724

of the respective laver.

T4, The product of Clann 13, wherein the second laver, optional thivd laver

and optional fourth fayer comprise abont 60 waight percent of SBC, sbout 33 porcent of

5 GPPS, and about 7 weight percent of HIPS.

13, A process of wanufacturing a polysivrene copolymer blend product
COMPISing:
overiaying a fivst layver with g second layer, optional third layer and
1 optional fourth laver by applving a standard processing method oy
thermoplastics, wherain the overlaying oot nprises:
extruding a first layer that comprises about 2 weight percent to about
& weight percent of a total weight of the product; and

extnnding a second layer, optional third laver and optional fourth

15 faver that comprise about 98 weight percent o sbout 94 weight percent of the total
weight of the produet;
wheretn the Grst laver comprises about 95 weight percent to about
LO0 wetght porcent of GPPS or HIPS, based on the weight of the layer, and
the second laver, optional third fayer and optional fourth layer
20 comprise about 23 weight percont to about 40 weight percent of GPPS, from about 56

weight percent 1o about 70 weight percont of SBC, and from aboot § weight percent

&<

te about 17 weight percent of HIPFS, based on the waight of the respective layer

The process of Claim 15, wherein the standard processing method for
25 thermoplastics comprises one or more of) blown filn extruding extnusion blow

melding; forming extrusion profiles, filins and sheet; and mjection wolding

17, The process of Claim 13, wherein the second layer, optional third
taver and optional fourth laver include from sbowt 25 weight percent to about 35
30 weight percent of GFPS, from about 55 weight percent to abont 63 weight percent

of 8BC, and from about S weight percent to about 15 weight percent of HIFS,
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based on the weight of the respective laver,

18, The process of Claim 15, wherein the copolymer blend for the second
fayer, optional third layer and optiongl fourth layer comprises about 30 weight percent
to about 40 weight percent of GPPS, frow about 35 weight pereent to about 65 weight
percent of 8BC, and from abont § weight percent to 10 weight percent of HIPS, based

o the weight of the respective layer.

19, The process of Claim 15, wherein the second laver, optional third laver and
optional fourth layer comprises {8} from gbont 60 weight percent to about 70 weight
percent of SBC, (b} from aboot 23 weight percent o about 33 weight percent of GPPY,
and {£} from about £ weight percent 1o shout 12 weight percent of HIPS, based on the

weight of the respective layer.

The process of Claim 19, wherein the second laver, optional third layer
and optional foarth layer comprises 60 weight percent of 8B, sbout 33 percent of
& ™

GPPS, and about 7 weight percent of HIPS, based on the weight of the respective

fayer,
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