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NON-LINEAR STYRENICPOLYMER COMPOSITIONS
AND ARTICLES PREPARED THEREFROM

_The present invention relates to monovinyl aromatic polymer compositions.
More particularly, this invention relates to non-linear monovmyl aromatic polymers, to non-
lmear monovmyl aromatlc polymer compositions and to articles prepared from such nonlinear

} monovmyl aromatic polymer compositions.

Monovmyl aromatic-based resins, such as, for example, styrene-based resins, are
well-known and wudely employed for producing a large varlety of articles, such as food
packaging, toys, small appllances, compact disc and audio/video cassette casings. inthese
processes, styrene-based resins havmg lower melt flow rate (such as from 0.5 g/10 minutesto 5
g/10 minutes) are usually preferred. The physl_ca_l properties of such monovinyl aromatic

. -polymers, also known as styrenic polymers, generally improve as the molecular weight
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increases. The processability of such monovinyl aromatic polymers, however, generally
decreases_as the molecular welght increases. Aecordingly, the choice of a monoviny! aromatic
polymer having satisfactory properties usually involves a compromise between physical
property requirements and processing requrrements _

One approach to |mprove the processability of monovmyl aromatlc polymers has
been the addlt_lon of processing alds, such as plastlclzers. It is known that the addition of
plasticizers to po'lymer resins reduces the viscosity and increases the processability while
decreasing the physical strength fhereof. A problem frequently encountered with the use of

such plasticizers is that they also impair certain properties of such polymers.

It also is common practice to improve the physicai properties of monovinyl

‘aromatic polymer_s by ‘modifying the monovinyl aromatic polymer matrix with toughening

agents such asrubbers. However, the addition of toughening agents is known to affect the '

'p'rocessability of monovinyl aromatic polymers adversely. In addition to the adverse effects of

rubber, general purpose polystyrene also loses its transpa_re_ncy and part of itsrigidity when

rubber is- added

One problem encountered is that most - approaches to improve the processablllty
affect adversely the melt strength of the polymer. One attempt to improve meit strength has

‘been the use of specrflc copolymertzable monomers in the polymerlzatlon process. Suitable

copolymenzable monomers include polyfunctlonal monomers such as di-, tri- or
tetrafunctlonal monomers, such as, for example divinyl benzene, dl(meth)acrylates.

i trl(meth)acrylates, and allylic compounds copolymerlzable with the monovinyl aromatic

.35 _ _ _

~ monomers generally leads to excessive crosslinking and, subsequently, difficulties in processing.
“due to gelling and the higher viscosities encountered in the polymerization process.

monomer(s). One_disadvantage of di- or higher functional monomers is that the use of such
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Japanese Patent App’l'i'cation 61-87713 d_escribes a process for producing randomly
branched styrenic polymers having molecular weights above 540,000 and improved physical
properties, such as mechanical strength, as well as good processability. The styrenic polymers
described contain a substantial level of residual toluene (approximately 6 percent) itis

' belleved that this styrenic polymer has high melt flow rate due to the presence of volatile

components Likewise, adverse effects on the Vicat heat distortion temperature and meilt
strength properties of this polymer would be expected The process compnses the use of one

~ or more organic perox1des, such as alkylperoxyalkyl fumarates anda volatlle component

removal step at room temperature ' .

Styrenic polymers are known to be useful in a large var|ety of applications. For
example, refrigerator liners are commonly manufactured lndustrlally using extruded sheets of
rubber-modified polystyrene. The sheets are thermoformed into the desired shape and size by
first heating them to bring the 'polymer above its élass transition temperature The softened
polymer is then pressed intoa predetermlned shape of a door or inner liner. The final, pressed,
liner must have a certain thickness to maintain its structural mtegnty The blank sheet of
polymer i is thicker than this minimum thickness in view of the factthat the pressmg operation
stretches the blank sheet and reduces its thlckness. especnally in formed comers The degree of
stretching is expressed as the "draw down ratio." In areas such as corners, a minimum wall
thickness of one millimetre is commonly needed In these areas, where hlgh levels of draw
down ratio and high levels of built in stress are encountered any uneven wall thlckness
distribution is highly undesnrable

Normally, however, an inner llner will have a wall thickness distribution ranging
from the one mllllmetre minimum up to the startlng thickness of the blank sheet. Since the
material i is able to perform well at the minimum thickness, the excess polymer present in the
thicker sections has no functional value If it were posslble to reduce the sheet thlckness prior

to thermoformmg and still obtain a thermoformed item meetmg the minimum thickness
' requirements, then several substantlal benefits would be obtained. For example, a thinner

blank sheet could be used to safely make the same liner resulting in the use of less material

_ and, therefore, a lower manufacturlng cost. Addltlonally, thmner blank sheets would require

less heating time, reduclng the manufacturmg cycle time andi lmprovmg the consistency of the

' formed product via havmg a more even temperature dlstrlbutuon in thinner blank sheets, thus

further reducing manufacturmg cost.

Another appllcatlon for styremc polymers is ln film making processes well-known
in the art These processes typlcally mvolve feedmg of resin granules into an extruder where
the resin is heated to a molten state and then extruded through a die and pulled atthe same
time to introduce orientation. The control of the film thickn_ess, temperature of the film and

draw ratios are important parameters that define the film properties. Generally, materials
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having high melt strength.and retaining their orientation are-;_f"eo_'ri'sldered better film forming
materials than those having lower melt strength and not retaining their orientation.

Yet another application for styrenic polymers is in foam sheet processes well-
known in the art where styrenic polymers are extruded with a blowmg agent into thin foamed

* sheets which are either used without any further proce_ssmg or then thermoformed. The .

thermoformed foamed sheets are particularly useful, for exampl"'e, in food packaging, and
fabrication of dlsposable cups. When using atmospheric gas blowmg agents to make such

' sheets red uced extrusion output rates and/or sheet corrugation may occur, particularly as the

~ sheet denslty is decreased and the sheet gauge is mcreased Increasing the melt strength of
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these polymers is therefore desired.

In the field of food packagmg, such as dairy containers, usually a thermoformmg
operation is employed. In this operation, a sheet of polymer without any significant loss on
'processability:is heatedtoa temperature above its glass transition temperature and then, by
means of either an assisted plug or pressure of air, formed into the desired article. As in the
case of manufacturlng refrigerator liners, it is highly desirable to have a material with a higher
melt strength since such materials lead to better draw down retios and a more uniform wall
thickness. . ' |

Therefore, it would be highly desirable to proyid_e styrenic polymers exhibiting
good physical properties and improved melt strength properties without sacrificing the
processability and/or heat properties thereof thereby rendermg such polymers suitable for
producmg films, molded articles and thermoformed articles extruded foam articles. _

We have now found that rt is possible by the use of appropriate branching
initiators, for example initiators of the kmd disclosed in Japanese Patent Application 61-87713 |

'~ referred to _above, and speclflc polymerization conditions (specifically, a specific temperature

regime), to: produce novel non-linear monovinyl aromatlc polymers which have desirable
propertres not possessed by the polymers prepared in the sard Japanese application.
' Inone aspect, the present mventlon provndes a non-llnear monovinyl aromatic

i polymer contalmng atleast 50 werght percent of units derived from at least one monovmyl

aromatic monomer, wherein in that the polymer hasa werght average molecular weight of
from 75,000 to 500,000, a meit strength of from 0.5 gat 190°C to 10.0 g at 230°C, and contains

monomer units havmg atleast1 and uptod branchmg pomts It is particularly preferred that

the welght average molecular welght of branches emanatmg from the said branchlng points is

"'at least 1,000, preferably at least 5,000.

 The polymer optlonally contams one or more addrtronal comonomers and/or
toughemng agents such as rubbers '

in another aspect, the present invention is a foam sheet extruded from a

" monovinyl aromatic polymer formulation compnsmg the non-linear monovmyl aromatic
‘polymer composition of this invention. -
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" In another aspect, the present mventuon isa polymer film prepared from a
monovinyl aromatic polymer formulatlon comprlsmg the non-lmear monovinyl aromatlc
polymer composition of this mventron

Inyet another aspect the present mventlon provrdes a process for preparing a
non-linear monovmyl aromatic polymer havmg a welght average molecular weight of from
75,000 to 500,000 charactenzed by comprising the steps of

(a) provndlng a reaction mixture havmg at least 50 welght percent of a monovinyl.
' aromatic monomer and, optlonally, oneor more addrtronal comonomers and/or
| | toughening agents '
{b) - heating the reaction mixture to at least 90°C and mamtalnmg the reaction

mixture at at feast 90°C for at least one hour; _
(4] rarsmg the heatmg temperature toat least 140°C and mamtamlng the reaction :
mixture at at least 140°C for at least four hours, and ‘
(d) devolatizing the reaction mixture so as to achieve a residual monomer or
' dlluentlsolvent content of not more than 1 percent based on the reaction

mixture.

Inyet another aspect the present invention is an m]ectlon molded article
prepared froma monovunyl aromatic polymer formulatron compnsmg the non-linear
monovinyl aromatic pplymer composmon of this mventlon _

' in yet another aspect, the present inventionisa process for producing a
thermoformed article prepared from a monovmyl aromatic polymer formulation comprising
the non-lmear monovmyl aromatrc polymer composntlon of this invention. _

In yet another aspect, the present mventron isa polymerlc foam prepared froma
monovinyl aromatlc polymer formulatlon comprising the non-linear monovinyl aromatic
polymer composmon of thls lnventlon ) o

Surprlslngly, it has been found that the non-linear monovmyl aromatlc polymer
composltrons of the present |nvent|on have an improved balance of processabll ity and physlcal
properties and can be prepared without usmg specral equipment. Hence, the non-lmear
monovinyl aromatlc polymer composmons of the present mventlon are sultable in a wide
range of applications. _

The non-linear polymers of the present mventlon compnse a polymer matrlx of at
least one monovinyl aromatic monomer and, optronally, one or more additional comonomers.
The term non-lmear polyrner as used herein means a polymer containing'monomer units
havmg at least 1and upto4 branchmg points. The weight average molecular weight of
branches emanatmg from the said branching points wrll generally be at least 1,000, preferably
5,000 or h|gher The structure of such non-linear polymers canbea comb-type form wherein
the said monomer units have 3 branchmg points, a star-type form wherein the said monomer
units have from 2 to 4 branching points, or a dendritic structure wherein the branches
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themselves have branched units attached to them as long as there are no more than 4 branches
per monomeric unit. |

The higher temperature of polymerization, at least after the :mtual _
polymenzatlon phase, of the polymers of the present invention, as compared with those of the
.Iapanese reference referred to above resuits in branching chain length somewhat lower than
in the said reference (i.e., lower than 300,000) which is believed to result in the improved melt
strength of the polymers of the invention. | _

Representative monovnnyl aromatic monomers mclude styrene; alkyl-substltuted
styrenes such as a-alkylstyrenes (for example, a-methyl_styrene and a-ethylistyrene); ring-
-substituted styrenes (for example, 2,4-dimethylstyrene; o-ethyistyrene, t-butyl-styrene,
vinyltoluene and pai'ticularly p-vinyltoluene; ring-substitute_d halostyrenes such as
chlorostyrene and 2,4-dichlorostyrene; styrene substituted with both a halo and'alkyl group,
such as Z—éhloro—A-methyIstyrene; vinyl anthracene; and mixtures thereof. in general, the
polymer matrix is preferably derived from styrene or..a combination of styrene and o-
methylistyrene. Styrene is the most preferred monovinyl aromatic monomer.

| in general, the non-linear monovinyl aromatic polymer will advantageously

comprise from 50 to 100, preferably from 65 to 100, more preferably from 75 to 100, weight
percent of the monovinyl aromatic monomer(s), bas'ed on the total weight of the monomers.

Other comonomers can optionally be empioyed in combination with the
monovmyl aromatic monomer(s). Representative of such other comonomers are the polyvinyl
aromatic monomers; the conjugated dienes, such as butadlene and isoprene; the a,8-
ethylenically unsaturated carboxylic acids and esters thereof. such as acrylic acid, methacrylic
acid, methylacrylate, methyl methacrylate, ethyl acrylate, n-butyl acrylate and .
2-ethylhexyl acrylate; the ethylenieally unsaturated a'mides, such as acrylamide and

'methacrylamide, vinyIidene chloride and vinylidene bromide, vinyl esters such as vinyl acetate;
" and maleimides such as N-phenyl maleimide. if employed these comonomers will generally be

employed in amounts less than 40, more generally less than 35 weight percent based on the
total weight of the monomers employed in preparing the non-linear monoviny! aromatic
polymer. | o _ -
inone emBocliment of the present inv_enti_on, the non-linear monovinyl aromatic
polymers can further be rubber-modified. The rubber component employed in the rubber-
-modified polymer is a rubber which ad_vantageodsly exhibits a second order transition

temperature which is pot higher than 0°C, preferabiy not higher than -20°C, and more

' pteferably not higher than -40°C, as determined or epproximeted using conventional

35

techniques, for example; ASTM Test Method D-746-52 T. Advantageously, the rubber
eomponent of the compasition exhibits a gel content (as calculated per Formula I) between 5

percent and 50 percent and a swelling index (as calculated per Formula li) in the range of 7 to
20.
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Representative of such rubbers are elkadiene-polymers. Suitable alkadienes are
1,3-conjugated dienes, such as butadiene, isoprene, chioroprene or pipe'rylene. Also included
are copolymers of dienes. Most preferred are homopolymers (ex:ept for any coupling
copolymers) prepared from 1,3-conjugated dienes, with homopolymers of 1,3-butadiene being
especrally preferred. - ;

As used hereln, the particle size is the dlameter of the rubber particles as
measured in the resultant product, including all oc_clus_ro_ns of matrix polymer within rubber
particles, which occllrsion's are g’enerélly present inthe disperse rubber particles of arubber-
-reinforced polymer prepared uslng mass polymenzatlon techmques Rubber partlcle
morphologies, sizes and distributions r may be determined using conventional techniques such
as (for larger partlcles) usmg a Coulter Counter (Coulter Counter i is a trademark of Coulter
Electronic Ltd.) or, partrcularly for smalier particles, transmnssron electron microscopy. '

The partlcle suze of the rubber particles W|ll typlcally be within the range of 0 1 ‘
micron to 10 microns with mono- ot multi-modal partlcle size distributions.

" Therubberis advantageously employed in amounts such that the rubber-
reinforced polymer product cohteins from 1' to45 percent, preferably from 2 to 35 percent,
more preferably from"3_ to 30 weight percent rubber or rubber equivalent.

The term "rubber® or “rubber equivalent” as used herein to indicate weight
amounts of rubber material is intended to mean, fora rubber homopolymer (suchas
polybutadiene), simply the amount of rubber, and for a block 'copolymer, the amount of the
copolymer made up from monomer(s) which, when_homopolymerlzed form a rubbery polymer.
For example, for calculating the amount of rubberina composition' where 5 butacliene-styrene
block copolymer rubber has been employed, the "rubber” or "rubber equivalent” of the |
composition is calculated based on only the butadiene component in the block copolymer.
Obviously where physical properties or other aspects of the rubber materlal are measured, the
complete rubber material includmg any comonomers is referred to.

The non—llnear character of the polymers of the present invention is introduced
by the use of one or more specific initiators in the polymerization process of the present
invention. Suitable initiators include copolymerizable organic peroxide initiators.
Representatlve copolymerizeble organic peroxide initiators useful in the present invention
include acrylic acid derivatives containing a peroxide unit, such asa percarbonate, perester,
perketal, or e hydropéro:'(ide. The copolymerizable functionality could be derived from any
vinylic species that is capable of copolymerization with the monovinyl aromatic monomer
employed. | | | | _

Repr,esentativ.e. l:opolymerizable organic peroxide initi_ators include alkylperoxy-
alkylfumarates, such as, for example, t;butylperoxy_-methylfumarate, _
t—butylperoXy-ethylfumarate, t-butylperoxy-n-’propylfumarate, t-butylperoxy- _
isopropylfumarate, t-butylperoxy-n-butylfumarate, t-butylperoxy-t-butylfumarate,
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t-butylperoxy-sec-butylfumarate, t-butylperoxy-n-hexylfumarate, t-butylperoxy-n-
-octylfumarate, t-butyiperoxy-2-ethylhexylfumarate, t-butylperoxy-phenylfumarate,
t-butylperoxy-m-toluylfumarate, t-butylperoxy-cyclohexylfumarate, t-amylperbxy-n- _
-pr;:pylfumarate, t-amylperoxy-isopropylfumarate; t-amylperoxy-n;b utylfumarate,
t-a'mylperoxy-t-butylfumarate, t-amylperoxy-n-octylfumarate, t-amylperoxy-2-
-ethylhéxylfumarate, t-hexylperoxy-ethylfumarate, t-hgxylperoi‘(y-n-hropylfumarate,
t-hexylperoxy-isopropylfumarate, t-hexylperoxy-n-butylfumarate, t-hexylperoxy-t-

_-butylfumarate, t-hexylperoxy-cyclohexylfumarate, t-hexylperoxy-z-ethylhexylfumarate,

t-hexylperoxy-phenylfumarate, cumylperoxy—ethylfumarate, cumylperoxy-isopropylfumarate,

“cumylperoxy-n-butylfumarate, cumylperoxy-t-butylfumarate, cumylperqu-ZF

-ethylhexylfumarate, cumylperoxy-m-toluytfumarate, and cumylperoxy-cyciohexylfumarate.
Preferred initiators are t-butylperoxy-isopropylfumarate, t-butylperoxy-n-butylfumarate,
t-butylperoxy—sec-butylfumarate,t-butylperoxy—t-butylfumarate, t—butylperoxy-ethylfumarate,

‘t-butylperoxy-n-hexyifumarate, t-butylperoxy-phenylfumarate, with t-butylperoxy-n-

-butylfumarate and t-butylperoxy-t-butylfumarate being especially preferred.

| ~ The copolymerizable orga_nit peroxide initiators are typically employed in
amounts of from 0.001 to 2.0, preferably from 0.001 to 0.5, most preferably from 0.002t0 0.3,
weight percent, based on the total weight of the monomers.

“In another embodiment of the present invention, the non-linear monovinyl
aromatic polymers can be biended with linear monovinyl aromatic polymers or rubber-
modified linear or non-linear monovinyl aromatic polymers. The ratio of non-linear monovinyl
aromatic polymer to linear monovinyl aromatic polymers or rubber-modified linear or non-
-linear monovinyl aromatic polymer is not critical and can be any ratio as lbng as the desired
properties, such as meit strength, are achieved. |

The monovinyl aromatic polymer compositions of the present invention, which
can be optionally rubber-reinforced, can be prepared by any of the several polymerization
methods known to those skilled in the art including, for example anionic, cationic or free
radical, which is preferred, polymerization. The monovinyl aromatic polymers can be prepared
by wel‘ known methods including, for example, mass, émulsion, suspension and mass
suspension methods. in general, continuous methods are employed for polymerizing the
monovinyl aromatic monomer(s). Mass polymerization is the. most preferred polymerizatioh
process for use in the present invention. Typlcally, mass polymenzatlon results in a mixture of |
non-linear and linear polymers.

In this invention, the proportion of linear to non-linear polymers is not
particularly critical as long as the melt strength specifications of the polymer are met. The
proportion of linear to non-linear polymers depends on the type, amount and number 6f
additions of initiator to the polymeriiation mixture as well as on the number and molecular

weight of the branches of the non-linear polymer. if the non-linear polymer has a high number
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of high molecular weight branches (e. 0. Mw of up to 50,000), then relatively lower amounts of
the non-lmear polymer areé required to achleve the desnred melt strength specification. If, on
the other hand, the molecular weight of both the non-linear polymer and its branches are
relatively low (e.g., both Mw of less than 50,000), a higher proportion of the non-linear
polymer will be required. in the case where the molecular weight of both the non-linear
polymer and its branches are relatwely hlgh as low as 5 percent by welght will be sufficient to
achieve the desired melt strength. ' _

The non-linear monovmyl aromatlc polymer compoasitions of the present
invention advantageously have a welght average molecular weight (Mw) of from 75, 000 to
500,000, preferably from 100, 000 t0,400, 000, more preferably from 120,000 to 380,000. The
molecular welght distrib utlon (Mw/ Mn (number average molecular weight)) of the non-linear
monovinyi aromatic polymer composntlon of the present mventlon is generally from 1.1 to 5,
preferably 1.5 to 4, and more pref_erably 1.8t0 4. The compositions of the invention
advantageously exhibit improved_ melt strength properties while essentially maintaining other
important physical properti'e_s such as rigidit'y, toughne_ss and, in the case of clear matrix |
polymers, transparency and processability. Typically, the non-iinear monovinyl aromatic
polymer of the present invention exhibits melt stren_gth properties in the range between 0.5g
at 190°C to 10.0 g at 230°C, preferably from 1.5 g at 190°C to 8.0 g at 230°C, and most preferably
from1.6g at190°Cto 6.0 g at 230°C. _

The non-linear monovmyl aromatlc polymer compositions of the present
invention advantageously have a Vicat heat_dls_tortlon temperature of at least 60°C, preferably
between 70°C and 110°C. Surprisingly, it has been found that the non-linear monovinyi
aromatic polymer compositions of the present invention, ata given melt flow rate and Vicat
heat distortion temperature exh_ibit amelt _strength of atleast 20, preferably at least 30, more
preferably 50 percent higher than linear monovinyl aromatic polymer compositions of same

melt flow rate at a given Vicat heat distortion temperature

ln a preferred embodlment. the preparation of the non-linear styrenic
thermoplastlc polymer resin compositions in accordance with the present invention is carried
out by feedmg monovinyl aromatic monomer, advantageously in the presence of suntable
amounts of an orgamc liquid reactlon diluent, such as, for example, ethyl benzene, and in the
presence of other optional add itives, such as mineral oils, chain transfer agents and rubber,
into a first, out of three, stirred tube-type reactor having 3 reaction zones. The 3 reactors are
assembled in a series and ea_ch have 3 reaction zones with ihdependent temperature control.
The polymerization mixture is then initially heated up to at least 90°C for at least one hour to
initiate the polymerization and then to at least 140’(.'-. forat Jeast four hours. The
copolymerizable orgamc peroxide lmtlator is then added to the polymerization mixtureat any
desired stage of the polymerlzatlon process Typically, the initiator is added in the first reaction
zone of any reactor, preferably of the first reactor. Typically, the polymerization is started at
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100°C and within the first reaction zone of the reactor, then the temperature is increased in
order to maintain an aporoximately constant polymerization rate. Usually, the temperature in
the third reaction zone of the third reactor reaches 180°C. _

The polymerization mixture |eavmg the reactor is passed through aheaterata
temperature in excess of 200°C and then subjected to vacuum. At this point, unreacted
monomers and diluents are evaporated and condensed in a condenser to be recycled to the
feed in the first reaction zone. The polymer melt is then extruded and granullated

By carrying out the polymenzatlon as indicated above, non-linear monovinyl
aromatlc polymers having a wenght average molecular weight of from 75,000 to 500,000, and
containing monomer units with at least1and upto 4 branches or branching points having a
weight average molecular weight of at least 1,000 are obtained.

The number, length, as well as molecular weight of the branches of non-lmear
polymers are readily determined by well-known kinetics calculations, based on the monomer
composition, initiator reactivity, and/or process conditions. Such calculations _are well known,
for example from Principles of Polymerizafion, 2nd edition, John Wiley and sons, New York,
1981, | | | -

The aforementloned polymer composmons are partlcularly well suited for the
preparation of blow molded articles, films, extruded foam, refrlgerator liners, thermoformed
artlcles and injection molded articles.

A food packaging process useful in the present mventlon is any of the well-known

food packaging processes in the art used to prepare yogurt cups, trays of all sizes and shapes

for general food packaging and vending cups. The food packagmg process typucally involves

_ extrusion of a first polymer sheet at a thickness of a few millimetres (typ|cally between 1.5 mm

25

"and 0.2 mm). This sheet is then fed to one or more heating ovens where the temperature is

increased well above the glass-transition temperature of resin. Once the desired temperature

is reached, the sheet is formed into the desired shape by known processes such as plug assisted

thermoforming where a plug pushes the sheet into a mold of the desired shape. Air pressure

" and/or vacuum can also be employed to mold the desired shape.

.30

35

The preparation of styrenic thermoplastic polymer refrigerator liners in
accordance with the present invention typically involves extrusion of a polymer sheet. This
sheet is then fed to one or more heating ovens uvhere_ '_che temperature is increased well above
the glass transition temoerature of resin. Once the desired temperature is reached the sheet is
formed into the desired shape by known processes such as plug assisted thermoformmg where
a plug pushes the sheet into a mold of the desired shape.

The foliowing examples are given to illustrate the invention and should not be

2 interpreted as limiting it in any vuay. Unless stated other\lvise, all parts and percentages are -

given hy weight.
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The following test methods were employed to determine the physlcal properties
of both the monovinyl aromatic polymer resin and the fo_am preparecl therefrom..
Melt Flow Rate o |

‘The melt flow rate (MFR) is measured uslng a Zwick MFR Measurement
Apparatus. Model 4105, accordmg to the test procedure ASTM D-1238-86 at 200°C and 5
kilograms (kg) load.

Meit Strength o
Meit strength measurements are made using an extrusi_on' plastometer as

- described in ASTM D-1238-86 at the temperatures gi':ve_n in the examples. A heated cylinder is

filled with the polymer sample at a constant temper'ature with one end of the cylinder
restrlcted with a small die (8 mm long) with an orifice havmg adiameter of 2.1 mm.

A constant load of 5 kg or a constant speed of the traverse (preferably of 10
mm/minute) is applied to force the polymer through the orifice of the die after a
predetermined heating time has elapsed The extrudate passes verttcally downward under a
first pulley, then passes vertically upward over a second pulley and then passes horizontally to a
wind-up drum. In the present invention, unless otherwise indicated, this wind-up drum is
rotated at 100 revolutions per mlnute (rpm). Each pulley is of hlack anodized aluminum alloy,
has a nominal diameter of 3l.75 mm (1.25 inehes) measured at the center of. a 120° V-groove,
and is 2.9 mm (0.114 inches) thick. Both pulleys have a precision instrument bearing and are
statically balanced. i | | . | |

~ The strain on the first pulley ismeasured viaa strain cell having a capacity of 60
grams or less. Typically, the most sensitive range of 0-10 grams is used for accuracy purposes.
The strain cell is calibrated uslng analytical weights. The first pulley is mounted on a force lever
which is ad; ustable to permit mcreaslng the force appl ied to the strain cell by factors of up to 8
times the applled force. The wind-up drum is aluminum and has a diameter of 50.8 mm (2.0
inches) and is about 76.2 mm 3.0 inches) wide. The drum is equipped with a means for
adj usting the speed overa range of from 0 to 2,000 rpm. The force at a given rate of rotation is
a measure of the melt strength of the matenal '

Molecular Welgh

' The werght average molecular weight, Mw, and number average molecular
weight, Mn, for the polymers are determlned by the gel permeatron chromatographlc
techni iques descnbed by ASTM test method D-3536 (polystyrene standard) and expressed
without correction for the dlfference_s between polymers and polystyrene standards.
Vicat Heat D|stort|on Temperature - | |

Vlcat heat distortion temperature (Vlcat) is measured using injection molded test
bars according to test method ASTM D-1525- 87, rate B, load 1kg.

-10-
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lzod Impact |
The unnotched izod Impatt tests were carried out according to ASTM D-256/A-
-1988 using a Zwick Impact Tester, Model 5102 using a 2 Joule {J) pendulum hammer and test
bars with dimensions of 63 mm by 12 7 mm by 3.2mm.
Tensile Yield Strength |
' ' The tensile yleld strength (Ty) was measured accorél ing to ASTM D-638M.
GelContent
The gel content is measured by dissolving 1 gram of polymer in 50 millilitre (mL)
toluene for 2 hours in a shaker. The solution is then centrifuged ét 16,000 rpm for 1 hour. The
'sr.rp'ernatant'liquid is caref'ullly removed and the wet gel Wei'ghed. Then, the Wet gél is dried
under Vac'u'ur_n' at 150°C for 1 hour and its dry weight determined. The following Formula 1 is
used to determine gel content: - |

o . Dry Weight (g)
Gel Content (%) = —e-—ceecomeseeene x100 (0
R Initial Weight (g)
Swelling Index |
The swellmg index is determined by the following Formula II:
' : . Wet Weight (g)
SwellingIndex = ---eeeeeve- - m
' Dry Weight (g)

Example 1-14 - Unmodified Resin Preparation |

* A series of unmodified non-linear monovinyl aromatic polymers was pré pared
using three-plug flow reactors of 2.5 litre (L) capacity and in a series configuration. An amount
and type of a free radical, branching initiator as specified in Table | was added to the first
reaction zone of the first reactor. Simultanéously with the initiator feed, the polyme_rization
feed was added to the first reaction zone of the first reactor at a feeding rate of 1170
grams/hour (g/h). The polymerization reaction was carried out by cb_ntinuously stirring the
polymerization mixture and continuously increasing the femperature of the polymerizatibn

. mixture from 105°C in the first zone of the first reactor to 170°C in the last zone of the thlrd

30

.35

reactor.

Upon completion of the polymenzatlon reactlon. the polymerlzatlon m|xture was
fed to a devolatilizing extruder to remove the unreacted styrene monomer and ethyl benzene

- diluent under vacuum. The devolatilization was carned out at 220°C and under 15 mbar

vacuum. The conversion was calculated based on the followi'ng Formula lil:
Weight of polymer in 1 hour {g)

' Conversion(%) =. x100 ()

Total feeding rate in 1 hour (g)

Based on Formula Il a total conversion of 80 pertent (%) was achieved. The

.extruded polymer was then stranded and cutinto pellets with a rotating knife.

-11-
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“The resins were evaluated for their propertres whlch are set forth i in Table |
together with the monomeric composmons thereof ,

Comparative Examples A-G - Unmodrﬂed Resin Pregaratron _ _ _

. Aseries of unmodlfled linear monovmyl aromatic polymer was prepared by
followmg the procedure of Example 1, except uslng a standard r;on-branchmg initiator (1, 1-d|-
tert-butoxycyclohexane) as the free radical initiator. The properties thereof as well as the
monomeric composmons are set forth in Table . _ o

As readrly apparent from the data shown in Table l the non-lmear monovmyl
aromatic polymers of the present invention exhibit significantly higher melt strength than the
monovmyl aromatic polymers of the state of the art (comparatwe examples). Specifically,
comparing Example 3 with Comparative Example A, although both have approximately the
same melt flow rate and Vicat heat distortion temperature, the melt strength of Example 3 is
over 80 percent higher than that of Compara_tive Example A. Similarly, upon comparing
Example 8 with Comparative Example C, an increase of over 45 percent in the melt strength of
Example 8 of the present invention was observed. o |

Samples of the monovrnyl aromatic polymers prepared in Example 3 and
Comparative Example A were extruded into thin foam sheets and evaluated for their
properties. The sheet appearance was visually evaluated vyith 1being very poor appearance
(completely corrugated surface) and 10 belng excellent appearance (no corrugation). The
results are given in Table ll '

The datain Table It shows that in the example of the present mventlon (Example
3), the output rate of the non-lmear monovmyl aromatlc polymer has significantly improved
producing a foam sheet havmg better appearance than a foam sheet prepared with linear
polystyrene polymer (Comparatlve Example A) at comparable densities.

Examgles 15-19 - Modufred Resin Preparatlon _

A series of hlgh impact, non-linear, rubber-modrfred ‘monovinyl aromatic
polymers was prepared by the following generic procedure of Example 1, except for using
rubber dissolved in the polymenzatlon feed The rubber was a dlene-based rubber Diene 55,
commercially avallab le from Firestone Company. The polymerization feed wasadded ata
feeding rate of 1500 g/h The polymerlzatlon reaction was carried out by contmuously stirring
the polymenzatron mixture and continuously i mcreaslng the temperature of the
polymerization mixture from 115°C in the first part of the reactor to 165°Cin the last part of the
reactor. ' . | _ o |

The rubber particle size is controlled by the agitation speed in the first part of the

" reactor. At high speeds a small particle size is obtained whereas at low speeds a large particle
_size is obtained. Upon completion of the polymerization reaction, the polymerization mixture
was fed to a devolatilizing extruder as described in Example 1 to remove unreacted starting

material under vacuum. The conversion was calculated based on Formula | as being 80 percent.

-12-
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The non-linear, rubber-modified monovinyl arom'at_ic polymers were evaluated
for their properties and the monomeric compositions are set' fprth in Table Ill and the
properties thereof are set forth in Table IV. | .

Comgaratwe Examgles H-J - Modified Resin Preparation _

Aseries of high |mpact linear, rubber-modlfred monovmyl aromatic polymers
was prepared by following the procedure of Example 15, except for using 1,1-di-tert-
butoxycyciohexane as the free radical initiator. The monomeric compositions are set forth in

" Table it and the properties thereof are set forth in Table IV.

As readily apparent from the data shown in Tables m and IV the non-llnear,
rubber-modified monovinyl ar_omatlc polymers of the present invention also possess_ higher
melt strength than the comparative example polymers. Specifically, comparing Example 15

" with Comparative Example H, although both have approximately the same melt flow rate and

Vicat heat distortion temperature, the melt strength of Ekample 15is 60 percent higher than
that of Comparative Example H. A comparison of Exampie 16 and Comparative Example J

shows that while both examples have approximately the same Vicat heat distortion

temperature, Example 16 has both higher melt flow rate and melt strength.

The monovinyl aromatic polymers of Ekample 18 and Comparative Example H

‘were blended with the monovinyl aromatic polymer of Comparative Example G. The blend

ratios as well as the physical prope_rties of these blends in comparison to the polymers
properties alone are given in Table V.

As readily apparent from the data shown in Table V, upon companng the blends .

~ -containing linear polystyrene and the non-linear polystyrene of the present invention (18/G

25

© (75/25) and 18/G (50/50)), it is readily apparent that their physical properties are significantly

improved over those blends containing linear polystyrene and linear rubber-modified
polystyrene (H/G (75/25) and H/G (50/50)). | |

According to well-known procedures, mo'n'ovinyl aromatic polymers of Example

- 17 and Comparatwe Examples | and J were extruded into sheets of a standard thlckness (2 2

"~ 'mm), thep heated for a specified time, as given in Table Vl and then thermoformed into

- refngeratﬁr liners of the mini-fridge-type (60 cm x30 cm x 30 cm) having a freezer

30

35

compartment. The resuitant liners (Liner 17, and Comparative Liners | and J) were evaluated

-for their thickness dlstnbutlon The measurement of the thu:kness dlstnbutlon was carrled out

following two procedures, First, the so-called 14- .

-pom_t Measurement Test which involves measunng along'the centerline of the sidewall at14
different points the thickness of the liner. Second, the so-called critical Grid Method where 32
thickness measurements are taken in an 8 x 4 grid lpcated at the fridge/freezer diViding part
(fridge/freezer insert compartmént) between the fridge and freezer compartments. The |
fridge/freezer insert compartment is typica"y the thinnest part of the fridge and_, therefore,

-13-
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consldered the most cr|t|cal reglon on the inner ||ner The thermoformmg conditions as well as
the thlckness measurement results are glven in Table VI '_ o

As apparent from the data shown in Table VI the lmer of the present |nvent|on
(Lmer 17) exhibits about 25 percent less standard dewatlon m the thlckness distribution
compared to Comparatlve Lrner I at the same heatlng tlme s _

The monovmyl aromatlc polymers of Example 17 and Comparatlve Example J
were biow molded into refrlgerator doors havmg a wetght of2.2kg. The thickness distribution
of these parts (Door 17 and J) were measured in 35 points using an ultrasomc thickness gauge
with a measurrng error of 0. 05 mm The results are given in Table VII. :

Again, the data clearly shows that, at the same overall welght Door 17is 26
percent thicker in cntlcal corners desrgnated along the centerline of the door, compared to
Door), prepared from a lmear, rubber-modlfled polystyrene polymer

' omgaratlve Examgles I(-N lmtrator Comgarlson For Unmodified Polvmer Pregaratron

Unmodlfred lmear monovmyl aromatic polymers were prepared by following the
procedure of Example 1, except for using. a standard non-branchmg tert-butoxy maleic acid
(Comparatlve Example K and L) and 1 1-d|-tert-butoxy cyclohexane (Comparative Example M
and N) as the free radical initiator. The monomenc composltlons thereof as well as the meit
strength properties are set forth i in Tab_le Vill in comparison to Examples 6 and 7 of the present
invention.

As apparent from the data shown in Table VIII at comparable molecular weights,

~the fumarate-lmtlated polymers exhlblt hlgher melt strengths in fact, the maleate-initiated

polymers (Comparative Example K and L) are clearly comparable to standard materials, such as

' Comparatlve Example M and N.

Comgaratlve Examgles o) and P _

Two polymers were prepared followmg the teachmgs of Example 3 of the
Japanese Patent Appllcatlon 61-87713. The same mgredrents and amounts as taught therein
were used, except that the polymerlzatlon was camed out at 110°Cfor 6 hours. The polymers
were recovered from the solutlon and dned in dlfferent manners. One polymer was dried as
taughtin the above-men_ttone_d Japanese Patent Application, thati is, atroom temperature and
under vacuum (Comp. Ex. O) and the oth_er_polymer (Comparative Example P) was first dried for
1 hour under vacuum at 120°C and then for el'more hours at 140°C, also under vacuum. The
molecular weight and composition propertres of these polymers are set forth in Table IX.

The data shown in Table X clearly shows that the improved melt flow rate of
Comparatlve Example’o isdue to the presence of toluene. Toluene is known to functionas a
plasticizer and itis belleved thati in Comp Ex. O that is the function performed by the toluene.
Although not m__easured, it is known that the presence of plasticizers reduce the Vicat heat
distortion temperature of the polymer. Thus, at the high levels of about 6 percent of residual
toluene the heat distortion temperature would be unacceptably low for use in the present

-14-
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invention, in addition to being unacceptable for industrial extrusion and injection molding
processes that are typically used for preparing the articles of the present invention.
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Table I Properties of Unmodified Branched Polystyrene

i/ Monomeric COmposition. Properties

Comp.

B st! EB2 BA3 | Init® | woM® | Mo’ | ma? | wmEm I‘;’,‘:; y V(i.%‘)t "elt(;t.‘:)“gth
1 97.5 | 2.5 o | 8s0 o | 360 | 18 | 2.2 | w® | 108 8.9 (200)
2 96 4 0 840 0 313 116 2.8 | wo® 108 {7.9 (200)
3 92 8 0 840 0 352 | 115 1.7 157 108 }9.5 (200)
4 90 10 0 840 99 296 112 3.5 N 108 |6.7 (200)
5 90 10 0 840 0 294 111 3.5 npb 108 6.4 (200)
6 90 10 0 840 99 281 | 109 | 3.7 | w® | 108 [6.3 (200)
7 90 10 0 850 | 160 | 274 | 105 | 3.8 | wo® | 108 [6.0 (200)
8 85 15 0 840 700 145 66 | 21 86 108 [3.25 (190)
9 82 15 3 840 600 160 | 69 25.2 | wpb 101 J2.25 (190)

79611/96 OM
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Table I (cont.) Properties of Unmodified Branched Polystyrene

Bx./ Monomeric Composition Properties
Comp. _ - :
Ex. g1l es? pad | mnict | woo® | me? | Ma? | wmr I;‘;:’ "(i,";)"' “e“( @s"fg;‘gth
10 88 12 0 840 400 | 200 85 8.4 | wob 108 [5.9 (190)
nm || 25 | o 850 0 438 | 127 1 224 | 108 [wo®
12 96 4 o | 840 0 364 122 1.8 187 108 [mob®
13 90 10 0 860 165 277 107 3.7 135 108 |wp®
14 90 10 0 970 0 200 | 92 8.2 110 108 Wb
A* 98 2 0. | 250 290 | 125 | 1.6 118 108 [5.2 (200)
B* 92 8 0 250 0 220 90 5.4 88 108 [5.2 (190)
c* 90 10 0 700 | 132 60 23 | 68 108 }2.2 (190)
p* 90 10 0 400 152 52 24 | wp® 108 [2.5 (190)
E* 90 10 0 100 190 75 9.1 Np® 106 [4.2 (190)

[38
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Table I (cont.) Properties of

Unmodified Branched Polystyrene

Monomeric Compoaition Properties
Ex./ . .
Comp. T . _ T .
1 2 aa3 . 4 5 7 7 | Izod, | Vicat | Melt Strength
ST EB BA mich | e | owe | ol | owe TR O LT
i 96 4 [ 250 | o | 200 | 116 | 2.4 | 95 | 108 |wn®
c* 98 2 250 0 310 | 135 | 2.5 | wm® | 97 |m®

*Not an example of the present invention.
** Contains 3.2 weight percent mineral oil,

ST = styrene in weight percent.
2gp = ethyl benzene in weight percent.
3pa = n-butyl acrylate.

b1nit =

SNDM =

Initiator in ppm,
butoxycyclohexane as standard non-branching initiator for Comp. Ex. A, B, F and C.

n~dodecyl mercaptan chain transfer agent in ppm.

6ND = not determined.
7mu1tip1y indicated number by 1,000,

N-butylperoxy fumarate as branching initiator for Ex. 1-10; and 1,1-di-tert-

T9611/96 OM
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Table II
Foam Sheet Properties
Property | !!_2. *Comg. Ex. A*
Output Rate, kg/m° - 17.0 15.1
5. - {1b/h) (37.5) (33.3)
Density, kg/m° 87 80
(1b/£t3) (5.4) (5.0)
co,, wt 8! | 2.20 2.43
Post Expansion, $ 29 28
10 Sheet Appearance Better (8) Average (5)
Cell Size, mm (MD?) 0.33 0.33
Cell Size, mm (CD3) 0.41 0.41
Cell Size, mm (VD) - 0.20 0.20
15

*Not an example of the

present 1nvent10n.

amount of CO, in weight percent.

MD = machine direction.

CD = cross-sectional direction.
= vertical direction.
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Table III - Composition of Rubber-Modified Branched Polystyrene

Bx. / Monomeric Composition.

Comp. Ex. sl £82 Rubber3 | Min. 0i14 Initd oMb
15 84.2 7 6.8 2 750
16 86.2 7 6.8 0 750
17 85.2 7 6.8 | 750
18 83.7 7 6.8 2.5 - 880 99
19 84.2 7 6.8 2 - 750 0 -
H* 84,2 7 6.8 2 0 0
I* 83.9 7 6.8 ‘2.3 1250 120
J¥ - 88.2 5 6.8 0 1250 120

*Not an example of the present invention.
ST = styrene in weight percent.
2gp = ethyl benzene in weight percent.
Rubber = butadiene in weight percent.
4Mineral 0il in weight percent.
Init = branching initiator in ppm. N-butyl tert-butylperoxy fumarate for Ex., 15-19; and
1,1~di~tert-butoxycyclohexane for Comp. Ex. I and J.
NDM = n-dodecyl mercaptan chain transfer agent in ppm.

LIIP1/S6S/1Dd
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Table IV - Properties of Rubber-Modified Branched Polystyrene

Bx./ - Properties 3.1

Comp. | Tzod; | vicat | Ty1, | cet se | EPZ | ... | Bp 2 |Melt strengtn
Exe we? | Mol | MFR | Tyt 1 ey | wpa 2" | ma2 | we3 | B5% | oS |ce 190°C)
15 210 74 3.0 130 | 102.5 17 37 1n 8.5 2.2 3.3
16 198 70 2.0 92 107.5 24 42 9 | 8.5 ) 3.3
17 198 70 2.5 118 104 17 42 8.5 1.3 3.1
18 237 87 3.2 139 99.3 19 37 11 8.5 | 3.2 2.8 ND®
19 185 76 3.6 143 102 17 39 12 8.5 3 2.5 ND®
B 192 84 3.3 117 | 100.5 16 39 12 8.5 | 3 12,3 2.0
T* . 184 81 3.2 100 | 101 12 42 8.5 6 2.8 2.0
J* 205 95 1.2 95 106 17 42 8.5 6 0 2.4

*Not an example of the present invention.

lTy = tensile yield strength.

254w Ind = Swelling Index. '
3gp L RB = percentage of rubber in the end product.

4RPS = rubber particle size in microns.
EP £ MO = percentage of mineral oil in the end product.
6ND = not determined. :

"Multiply number by 1,000,

| T96T1/96 OM
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Table V

Phys1ca1 Propert1es of Branched Polystyrene Blends

PCT/US95/14112

Properties
5 | Blend | Blend _ ; - -
Ex. | Batio | 71304, | 1y Elong.2, E-Mod.3,
+Jim | MPa 2 MPa
18 - 139 ] 18,9 | s52.6 1780
18/c* | 75/25 125 21.3 62,6 2062
10| 18/c* | s0/50 96 24.3 55.2 2429
H* - 112 15.5 52.0 1539
Bx/c* | 75/25 104 19.9 42,0 - 1782
H¥/c* | 50/50 78 ] 22.6 41.8 2194
G* - 19 40.1 1.3 3173
*Not an example of the present invention. :
Ty = tensile yield strength. ’
2Elong = elongation (%) measured according to ASTM D~638M.
3g-Mod = E-Modulus measured according to ASTM-D-638M.
20
25
30
35
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_ Table VI
Thermoforming Conditions
Critical Grid
Liner/Comp. Heetzng 14—ngnt :
b _ : Time, T+, M
Liner - Tfl 4 ean 2
Sec mm ’ Thickness
mm
mm
17 - 60 0.304 - 0.56 © 0,887
17 62 0.252 | 0.485 ~ 0.987
I% 60 0.40 0.592 - 0.841
I* 62 0.31 0.511 - 0,985
J* 62 0.427 10.609 - 0.764
I 65 © 0.385 0.62 0.871
Desired low low low high

*Not an example of the present invention.
1 Tf = standard deviation in thickness measured over 3 samples.
2 Average of the 32 measurements (8 x &4 grid) in the critical

grid procedure.
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‘Table VII _
Blow quding 9£ a refrigerator door
_ Thicknesa, mm
Position No. _ . -
o ' Door 17 Door J*
9 _ 0.60- 0.53
1 1 0.60 0.53
13 '0.65 10,53
17 10,66 0.54
19 0,75 0,57
21 1 0.77 . 0.56
23 0.72 - 0.55
Average 0.68 0.54
Thickness, mm _ S

* Not an example of the present invention.
20 1 Rel Impr. = Relative improvement between Example 17 and
Comparative Example J.

-20-



Table VIIX

: 36nomeric Composition -
Ex. or : Mw? Mn7 sc!:z}:;m
Comp. Ex sT1 EB2 Init3 a:c:llntt; | @ 200°C
: ppm
K* 90 10 MAL% 400 286 122 5.2
L* 90 10 MAL? 400 269 108 4.8
6 90 10 FUM> 850 281 109 6.3
7 90 10 UMD 850 274 105 6.0
Mr 95 5 cHExX® 300 285 120 5.0
N* 95 5 CHEX® | 300 265 101 4.5

#*Not an example of the present invention.

ST = styrene in weight percent.

EB = ethyl benzene in weight percent.
3init = type of initiator employed.

MAL = tert-butyl peroxy maleic acid.
FUM = t-butylperoxy-n~butyl-fumarate.
bcuex = 1,1-di-tert-butoxycyclohexane.
7mu1tiply the number by 1,000.

T9611/96 OM
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Table X
Property/Condition cé@ﬁ;;gx'  Comp. Ex. P*
. Initiator, % 0.2 0.2
Mw (x 1000) 841 712
Mn (x 1000) 176 161
¥R}, g/10 min 0.7 0.2
Residual Toluene, Z 5.8 0.24

*Not an example of the present invention.

MFR = melt flow rate.
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Hosduee AN e
* C L M S * l :

CLAIMS

1. Anon-linear monoVinyl aromatic polymer céﬁiéining at least 50 weight
percent of units derived from at least one monovinyl aromatic monomer, characterized in that
the polymer has a weight average molecular weight of from 75,000 to 500,000, a melt strength
of from 0.5 g at 190°C to 10.0 g at 230°C, and in thatthe polymer contalns monomer units
having at least 1 and up to 4 branching pomts

2. Anon-linear monovinyl aromatic polymer according to Claim 1 characterized
in that it has a weight average molecular weight range of from 100,000 to 400,000 and amelt
strength of from 0.5 g at 190°C to 10.0 g at 230°C.

3. A non-linear monovinyl aromatic polymer according to Clalm 2 characterized
in that it has a weight average molecular weight range of from 120,000 to 350,000 and a melt
strength of from 1.5 g at 190°C to 8.0 g at 230°C. |

4. A non-linear monovinyl aromatic polymer according to Claim 1 characterized
in that the non-linear monovinyl aromatic polymer has a comb-type form wherein the said
monomer units have 3 branching points, a star-type form wherein the said monomer units have
from 2 to 4 branching points, or a dendritic structure wherein the branches themselves have
branched units attached to them as long as there are no more than 4 branches per monomeric
unit.

| 5. A non-linear monovinyl aromatic polymer according to Claim 3 characterized
in that it further comprises one or more additional comonomers and/or toughening agents.

6. A non-linear monovinyl aromatic polymer according to Claim 5 characterized
in that the toughening agent is rubber.

7. A polymer composition characterized in that it comprises (A) a non-hnear
monovinyl aromatic polymer according to any one of Claims 1 to 6 and (B) a linear monovinyl
a_rdmatic polymer.

8 A polymer composition according to Claim 7 characterized in that the linear
monogiﬁﬂ;irométic polymer can further contain one or more additional comonomers and/or
#hing agents. |

& A filn} prepared from a monovinyl aromatic polymer formulation
characterized by comprising a polymer according to any one of Claims 1to 8.

10. A molded article prepared from a monovinyl aromatic polymer formulation
characterized by comprising a polymer according to any one of Claims 1 to 8.

11. A process for preparing a non-linear monovinyl aromatic polymer having a
weight average molecular weight of from 75,000 to 500,000 characterized by comprising the
steps of
(a) | " providing a reaction mixture having at least 50 weight percent ofa monovinyl

aromatic monomer and, optionally, one or more additional comonomers and/or

toughening agents; '
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(b) heating the reaction mixture to at least 90°C and maintaining the reaction
mixture at at least 90°C for at least one hour;

(c) E raising the heating témperature to at feast 140°C and maintaining the reaction
mixture at at least 140°C for at least four hours; énd .

. (d) " devolatizing the reaction mixture so as to achieve a residual monomer or

'diluentlsolvent content of not more than 1 percent, based on the reaction

mixture. _ . _' _

12. A process for producihg a thermoformed'article'prepared from a monovinyl
aromatic polymer formulation characterized by comprising a polymer according to any one of
Claims 1to 8. | ' '

13. A polymeric foam sheet preparéd froma rhohovinyl aromatic polymer
formulation characterized by comprising a polymer according to any one of Claims 1 to 8.

.
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