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Various types of high-molecular weight monovinyiidene aromatic polymers have
been produced recently using branching initiators to give relatively high molecular weight
polymers. For example, US-A-5, 191,040 discloses the use of tetrafunctional peroxyketal
initiators in order to provide increased molecular weight polymers. in US-A-4,376,847
ethylenically unsaturated peroxy functional initiators that are derivatives of maleic acid are
disclosed for use in polymerizaiion of styrene and other monovinylidene aromatic monomers.

While the use of branching initiators can resuit in the formation of improved
molecular weight polymers, it has now béen discovered that use of such initiators can aiso lead
to increased formation of gels which are believed to be crossiinked polymer matrices that are
undesired for several reasoﬁs. Gels can cause appearance defects and also iowered strength '
properties in molded articies made from polymers containing such gels. Continued
accumuiation of gels during a continuous palymerization process can aiso lead to reactor
foulmg, reducing the heat transfer capability of the reactor and ultimately necessitating
discontinuation of the polymerization to clean the reactor of accumulations. Gels seem
particulariy prone to formation in the initial stages of polymerization under conditions of low
monomer conversion with the_ previously mentioned branching initiators.

Thus, those skilled in the art have been seeking a method for producing
monovinylidene aromatic polymers with a high molecular weight, branched structure which
have reduced gels, especially such a method involving a continuous polymerization process.
The present inventors have made intensive studies in order to deveiop a process far producing
such poiymers fro.m the above-mentioned viewpoint.

According to the presentinvention there is provided a process for producing a
maonovinylidene aromatic polymer having molecular weight (Mw) greatér than 275,000 which
comprises polymerizing a monomer mixture comprising a monovinylidene aromatic monomer
in the presence of: ' '

A) fram 10 to 2000 ppm by weight of at least one free radicai generating,
branching pelymerization initiator; and

B) from 10 to 2000 ppm of one or more organic gel reduction agent selected from
the group consisting of:

1) mercaptans, terpenes, halocarbons and helohydrocarbons, such agent having

up to 20 carbons,
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also lead to increased formation of gels which are believed to be
crosslinked polyner matrices that are undesired for several reasons. Cels
can cause appearance def.ects and al so | owered strength properties in nol ded
articles made from'pol yners containing such gels. Continued accunul ation of
gels during a continuous polynerization process can also lead to reactor
foul i ng, reducing the heat transfer capability of the reactor and
LUl timatel y.- necessitating discontinuation of the polynerization to clean the
reactor of accumulations. Gels seemparticularly prone to formation in the

initial stages of pol ymeri 2gfQfuhaiGiredaihd b ileh oaloidh i FRRRIRFecAMET ST ON
with the preV|oust nentlon% ing.initiators. A- Thus, those
skilled i.n the art have bee m%%?? 3Het hod for produ0|ng

_ Generally, chain transfer agents are employed in addition polymerizations to
limit the formation of higher mofecuiar weight polymer products. Thus, itis not generaily
5 viable to employ such chain transfer agents in processes when the desired product must have
high moiecular weight. The present invention lies in the use of compounds that aiso act as
chain transfer agents in order to reduce gel formation by using such agents in quantities less
than the amount required 1o substantially reduce the malecular weight of the desired poiymer
product. Also, it has been discoverad that gel formation is especially serious in the initial stages
10 of multipte reactor-pracesses. Thus, according to the presentinvention, the gel reduction
agentis advaritageously present in the initial stages of the polymerization. Also, mast
advantageously, the gel reduction agent and branching initiator are added simuftaneously or
concurrently to the reaction mixture for most efficient operation.

A continuous polymerization process normally employs one or more reaczors

15 operating in a ptug-flow orin a back-mixed manner such that reaction productions from one
reactor are aliowed to flow to subsequent reactors in a series of reactors with or without the
further addition of initiator, chain transfer agent, recycie or more monomer. Each reactorin
the series is continuously charged with reaction mixture emanating from the preceding reactor
in the seres while reaction products are continuously discharged to a subsequent reactor of the

20 seriesor finall'y to a polymer separation davice, especially a devolatilizer. Plug flow impiies that
substantially no mixing of the reaction mixture between separate regions of the reactor occurs.
An example of a plug-flow reactor is known as a stirred tube reactor. Conversely, a back mixed
reactor attains thorough mixing of the reactor contents. An example of a back mixed reactor is
a continuous stirred tank reactor or CSTR. Either plug flow or back-mixed reactors or a

25 combination thereof may be employed in the practice of the present invention.

Monovinylidene aromatic monomers used in the present invention incluce
styrene; nuclear substituted monovinylidene aromatic monomers such as p-methylistyrene, o-z-
butylstyrene, m-methylstyrene and 2,5-dimethylstyrene; nuclear substituted-haiogenzted
monovinylidene aromatic monomers such as p-chiorostyrene, p-bromostyrene and -

3p dibromostyrene; or a mixture of the foregoing monomers. _

According to the present invention, the above-mentioned monovinylidene
aromatic monomers can be used alone or in combination with up to 50 weigr:: percent of ane
or more comonomers which are copolymerizable therewith, Examples of these comonomers
include acrylonitrile, methyl methacrylate, acrylic acid, methyl acryiate, n-butyl acrylaze, t-puty!

35 acrylate, maleic anhydride, and N-phenylmaleimide.

The reaction mixture of the present invention may also contain ane or more
dissolved rubbery potymers having Tg less than 25°C, preterably less than 0°C, to produce
impact modified homopolymer or copolymer products via the we:l known graft poiymerizauon
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monovi nyl i dene aromatic polyners with a high nol ecul ar wei ght, branched
structure which have reduced gels, especially such a nethod involving a
conti nuous pol yneritzati on process. The present inventors have made '

i ntensive studies in order to devel op a process for producing such pol yners
fromthe above-nentioned vi ewpoint. According to one aspect of the present

I nvention there is provided a process for produci ng a nonovi nyli dene
aromati c pol ynmer having nol ecul ar weight (My) greater than 275,000 which
conpri ses pol yner itshmepeasytehironers rcixdeioek cerprypmei o5 fangprecopriymeV b ipgtsieehenaly
aromati ¢ nononer istyrehdiigitdileBS@B@Enea] siicn A tribi§c0 EBpdiPmdriana RéMdo@yprershaspesmilyght  of " at

| east on€ free ra%@a}tadaﬁp%mums,onmmmmnmwsse.r&aaamg. rhdbkddaRligr ; and
B) from10 to ZOOOzggmahowg?p %gre organic gel reduction agents sel ected
fromthe group consisting. . yeT? r capt ans, terpenes, hal ocarbons and

hal ohydr ocar bon$, such agB‘ﬁl‘-‘f"FPaWP'Wg"\uﬁfnﬁ #omayic pqlynipesriasmed according to the present

invention include not only homopolymers and copoiymers of monovinylidene aromatic
monomers but also impact modified varieties of such homopolymers and copolymers. A
preferred monovinylidene aromatic monomer is styrene. A preferred polymer is nonimpact
modified homopolystyrene, also referred to as general purpose polystyrene.

10 . Polymer molecular weights herein are determined by the technique of gel
permeation chromatography (GPC). Preferred polymers accarding to the present invention
have a weight average molecular weight from 275,000 to 500,000, more preferably from
280,000 to 350,000, and a ratio of weight average molecular weight to number average
molecular weight (Mw/Mn) from 1.0 to 3.5, preferably from 2.0 to 3.0. At lower molecular

15 wveights the polymer lacks adequate strength. Preferred poiymers have a tensile strength of at
least 6,000 psi (41 MPa). At higher molecular weights the polymer becomes difficult to process
because of the low melt flow rate. Preferred polymers possess a meit flow rate (ASTM 1238,
Condition G).of at least 1.0 dg/min. The gei content of the polymer is preferably less than 1 x
102 g/kg polymer, more preferably iess than 1 x 107 g/kg polymer.

20 Free radical generating, branching polymerization initiators as used herein are of
two classes. The first class (A1) includes compounds c:ontaining an average of more than 2
functionalities able to generate free radicals under polymerization conditions the remnant of
which compound incorporates into the polymer thereby providing an average of more than 2
growing polymer chain segments. The second class (A2) includes compounds containing at

25 leastone functionality able to generate free radicals under potymerization conditions of the
reaction and at least one ethylenic unsaturation able to be polymerized under the
polymerization conditions of the reaction. Functionaiities able to generate free radicals
include, peroxide, hydroperoxide and azo functionalities.

Preferred free radical generating, branching polymerization initiators of ciass A1

30 arecompoundsselected from the group consisting of multifunctional organic peroxides or

peroxyketals of the formula (I):

R*((C0),00R)n (1)

_ wherein .
35 R’ is a muitifunctional organic radical of up to 25 nonhydrogen atoms,

R represents a Ca.15 tertiary alkyl group or a Cy.:5 tertiary aralkyf group,
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2): a recycle liquid generated by devolatilization of the polynerized
nmonomer m xture, and 3) mxtures of 1) and 2), wherein said initiator and
gel reduction agent are present in initial stages of polynerization. 2
General ly, chain transfer agents are enployed in addition polynerizations
to limt the formation of higher nolecul ar wei ght pol ynmer products. Thus, _
itis not generally viable to enploy such chain transfer agents in processes
when the desired product nust have high nol ecul ar wei ght. The present
invention lies in the use of.&pnpoqus that al so act as chain transfer

fO anag .

: . ni rtl, . . .o,
agents in order to reduce gel formngation bg usi ng such agents in quantities
| ess " misaninteger from 3 tob.

Exampies of suitable free radical generating, branching poiymerizationinitiators

of class A1 include:

CH3
ROO l OOR
c
00 I ::::: OOR : ?
CH3 : . _

0

ROOC
(COJOOR 4

RCOC

ROO

s

s and

ROO

ROOC (co)oor

-e

ROOC (Co)OOR

0
wherein Ris as previously defined. _
Examples of free radical generating, branching polymerization initiators of ciass

A2 include compounds of the formula:

d-

rl
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than the anount required to substantially reduce the nol ecul ar wei ght of
the desired polyner. product. Also, it has been discovered that gel
formation is especially serious in the initial stages of multiple reactor
processes. Thus, according tothe present invention, the gel reduction agent
i s advantageously present in the initial stages of the polynerization.
Al so, nost advantageously, the gel reduction agent and branching initiator
are added. si nul taneously or concurrently to the reaction m xture for nost
efficient operation. A continuous polynerization process nornally enpl oy
one or nore reactors gﬁerating in a ﬁ@f ow or in a back-m xed

A4 o]

| u

manner sucht hat react3"8h'pr'S PR T oA SRV P LIS ProfP 2P T 0Hed "% 1 ow to
subsequent react or s JzePistorpmronugle robisdddimsthyfval¢ronitileygzediroigenexiecardopifriier
addi tion of initi at cszebispiatylnisolatettss brdilazobig@atioyaldr@€yCcl € or nore nonomer. Each
reactor in the series i s CORLdRUALR YenGBRH IR thAMdifltihG AR ihQRporite I Re
emanating fromthe prgecggdl gﬁg}br eact or.1n tHe Serles vM;url Ine Heactlon, .p;h%duct S
are continuously 8i SCHATGET 18 K Y B teit " e e ore 8F "t e Ser | Ba oY
finally to a pol ymerm¥épie sithetass wealq iete iniigisaas of thepolymadeasion afn wp srurore 4iyideg
flow inplies that sulsihsriniddl éng sueeedihostaty otxhe dolysetizadunt Camendonat perogidbigtiam@en
separate regions of gh& ubdaPdnk B e riiG I Hferferating, branching initiators may be separately added to the

reactor in any order or combined and added together with the branching initiator.

10 Preferred organic gel reduction agents used according to the present invention

include Cs_5g aliphatic and aromatic mercaptans; especially n-dodecyimercaptan, and Cy.4
halogenated hydrocarbons; especially carbon tetrachloride. The organic gel reduction agent
may be combined with the free radical generating, branching initiator and added to the
reactor, combined with the monomer(s) and added to the reactor or sep_arately added to the

15 reacuon mixture. Preferred quantities of gel reauction agent employed ére from 10 to 1000
ppm based an monomer amount.

The present invention desirably employs the use of recycle liquids generated by
devolatilization of the reactor effiuent, generally from the latter stages of the reaction.
Preferably, such recycle is added to the first reactor in a series of continuous reactors in order to

20 obtain the benefit of reduced gel formation. In the preparation of general purpose
polystyrene, the reactor recycle includes unreacted styrene monomer, solvent {generally ethyl
benzene, xylene or toluene) impurities of the monomer manufacture (especially, n-propyl
benzene, isopropyl benzene, 3-phenyl-1-propene, 2-phenyl-1-propene, 1-phenyl-1-propene,
acetophenone, phenyiacetaidehyde, styrene oxide, phenylacetyiene, and 1-hydroxy-2-

25 phenyiethane) and by-products of the polymerization process (especially, styrene dimer and
trimer, that is, oligomers of 2 or 3 styrene units). Other unknown ingredients may aiso be
present in the recycle that advantageously reduce the formation of gels in the resulting
praduct. .

inthe pracfice of the invention, the recycie (the more voiatile components of the

30 reaction mixture separated from polymer and preferably further separated from iess voiatiie
reactor by-products (tars)} is recovered from one or more aevolatilizers and acded to the
reaction mixture in the initial and optionally in subsequent reactors in the series, Additional
mercaptan, terpene, halocarbon or halohydracarbon organic, gei reduction agent may be
added as weil, especially to the initial reactor of the series, so long as the molecufar weignt of

35 theresuiting polymeris not reduced below the desi red lower limit of 250,000. Generally, large

_ quantities of recycte may be added to the reactor before detrimental effect on polymer
molecuiar weight occurs. The amount of mercaptan, terpene, chlorocarbon or

-6-
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An *exanmpl e of a plug-flow reactor is known as a stirred tube reactor.
Conversely, a back m xed reactor attains thorough m xing of the reactor
contents. An exanple of. a back m xed reactor is a continuous stirred tank
reactor or CSTR Either plug flow or back-m xed reactors or a conbination
t hereof may be enployed in the practice of the present invention.
Monovi nyl i dene aronmati c nonorers used in the present invention include
styrene; nucl ear substituted nonovinylidene aronmati c nononers such as

p- met hyl styrene, p-t- butyl styrene, m nethyl styrene and

2, 5-di net hyl styrene; M?@%C%béﬂdﬂW@Gmeﬁlca@g‘éﬁm@dﬁﬂmfemeﬁS?F‘ietféﬁ"e“a““e’
aronatlc nonomer s sucki@snh@edthl or ostyrene, p-bronostyrene and

di br anost yrene; or a m Xt UI’ € ﬂngI)th@n;aQJn%gcg}anﬂtJmm%ve ad)l D LoPudubS:

present | nventi on, . or etomaorl] 1 tl bt at ol&eenz tonsaremducc’as ITPI]OITEI‘S can
be used al one or |n c n% ﬁ 2t 1°8R Vﬁ?fff&)% gU’ At e Eeht” o “one or nore

conmononer s whi ch arse GWBQ)PWH°2?£b4“eﬂWHEF@%]'Q"W'“E@b(ﬁt)'fzé%“@f""tgﬁ‘é?éF'ese“‘
conmonomner s i ncl ude acnydnoen it dairiedout fieieligilowin® hirdvert JheaioBomeararefid ictoagsteln net hyl

acrylate, n-butyl acr ydhaifg oflt ol Lnitdd Fn)ﬁtnatﬂ&v ty{:garleﬁl:o?s aRIMPYRG ARy pEldors whicn
N- P he ny | mal ei m de. are connected in series and one or more units of monamer devolatilizing equipment. The
reaction temperatures are preferably from 70° to 250°C with the first reactors of the series
10 generally operating at lower temperatures than the temperature in subsequent reactors As
described above, the desired amount of muitifunctional organic peroxide is incorporated
either as a whole in the initial stage or the polymerization or as divided lots in the initial ang
follawing stages of the polymerization. A solvent such as ethylbenzene, toluene or xylene may
also be added to the reaction system. The reaction rate, r, is not otherwise limited and '
15 preferably is in a range of 5 to 50 percent/hour. The conversion of styrene monomer at the ex::
of the final reactor in the series is preferably from 40 to 90 percent by weight.

in a batch, bulk polymerization, a similar process as that of the sbove preferrec.
continuous, bulk polymerization is conducted, excepting that only one reactor is utilized anc
the entire reactor contents are devolatilized, usually after a degree of conversion of from 1010

| 26 75 percent is reached.

Discharged polymerizate is then fed into monomer devolatilizing equipment ic
remove residual monomer(s) and solvents. The devolatilized polymer is then pelletized into tne
final product. Additives such as antioxidants, lubricating agents, mold reiease agents, flame
retardants, fillers and colarants may be added to the polymer as it is pelletized. Exampies of

25 monomer devolatilizing equipment include a thin film type evaporator, falling stranc
evaporator, flat place heater, and flash drum devolatilizer. The equipment is operated, for
example, at temberatures of 180° to 300°C and pressures of 0.01 to 600 atmospheres (1-60,0CC
kPa). The final polymer product usually has a residual monomer content in an amount of ne:
more than 5000 ppm by weight, preferably not more than 1000 ppm by weight and mare

30 preferably not more than 500 ppm by weight.

According to the present invention, high-molecular weight monovinylicene
aromatic polymers can be obtained without substantial gef formation. The moided oroauczs
made therefrom exhibit significantly improved aesthetic properties due to the reduction c*ge:
farmation in comparison with the products made using free radical, branching, initiators a:cne

35 The polymers prepared according to the present inventior_n are used as moiding materials 12
prepare various different household goods, electric appliances, consumer articies and

pacikaging materials such as film and foam articles.
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The reaction nixture of the present invention may al so contain one or nore
di ssol ved rubbery polymers having Tg | ess than 25[err]C. preferably |ess
than O[err]C, to produce inpact nodified honopol ynmer or copol ymer products
via the well known graft polynerization 3 techni que. Suitable rubbers

I ncl ude bl ock copol yner or random copol yner rubbers, especially
styrene/ but adi.ene copol yners, such as tri bl ock copol ynmers and honopol yners,
especi al I'y pol ybut adi ene. Grafted emnul si on rubbers havi ng nononodal or

mul t'i-nodal rubber particle sizes are also suitably -enpl oyed. Ther ef ore,

nonovi nyl i dene aromatic pol yner S"lIeQFe'%dn@mminG\g nL&s&nbﬁ Nr@ﬁé?ﬁ@aulbﬂh‘:@éﬁém
I ncl ude not only homopol Yo and $%1$\9é%paratwe xamnle Vcnat¥ nrormeuear%rugggve oUrposes

o) examo
nononers but al so inpact RogieREq &S eShch
copol yners. A only. In the examples and comparative examples, percentages and rauos are based on weight
Example 1
5 Styrene was polymerized in a continuous tubular laboratory reactor operating at

low conversion to simulate the initial reactor in a multi-reactor sequence. The reaction
temperature was maintained at 100°C. No solventwas present. Average reactor resigence time ..
was 2 minutes. Different initiators were tested with and without the presence of a n-
dodecylmercaptan (NDM) chain transfer agent. The quaritity of gels in the resulting polymer
10 were measured by dissolving the polymer in toluene, filtering and weighing the insoluble gels.

Results are contained in Table i.

Table I
Run Initiator (oom) pomANDM  gef (mag) Polymer Mw
1 BDPPL (200)2 50 1.2 333,000
Comp. A “ (428)3 0 143 693,000
15 Comp.B ” 100 6.7 209,000
Comp. C BPBF2(750) 0 >5000 ~>1,000,000
Comp.D ” 100 1.2 157,000

' 2,2-bis(4,4-detertiarybutylperoxycyclohexyl) propane
2 inciudes 5 weight percent ethylbenzene

3 no ethythenzene
4

20 t-butytperoxy-n-butylfumarate

As may be seen by reference to Table |, the presence of the organic, gel reduction’
agent in addition to the free radical generating, branching initiator greatly reduced gel
formation in the resuiting polymer. By controlling the amounts of such gel reduction agent

25 and initiator used it is possible to attain the dual objective of molecular weight greater than
275,000 and low ge! formation as illustrated by Run 1 versus comparative A and 8.
Comparative exampies C and D illustrate the ability of the gel reduction agent to reduce gel
formation using a fumarate initiator. The quantity of gel reduction agent used was not
optimized in order to attain the desired polymer molecular weight.

30 Examole2

A miniature continuous reactor was used to polymerize polystyrene over 2 21 day
period. The polystyrene formed had a weight average molecular weight {Mw) of 340,000.
During the test, reactor conditions were altered to produce a constant Mw product. The
solvent was ethylbenzene. The initiator, 2,2-bis(4,4-ditertiarybutylperoxycycichexyl)propane

35 Wwas added to the initial reactor to provide an initiator level of 428 pom. Results are containec
in Table {l.
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pref erred- nonovi nyl i dene aromatic nononer is styrene. A preferred pol yner
i's noni npact nodified honopol ystyrene, also referred to as general purpose
pol ystyrene. Polynmer nol ecul ar weights herein are determ ned by the

t echni que of gel perneation chronatography (GPC). Preferred pol yners
according to the present invention have a wei ght average nol ecul ar wei ght
from 275,000 to 500,000, nore preferably from 280,000 to 350,000, and a
rati o of ‘wei ght averagei nol ecul ar wei ght to nunber average nol ecul ar wei ght
(MvW Mn) from1.Oto 3.5, preferably from2.0 to 3.0. At |ower nolecul ar

wei ghts the pol yner | acks adequate strength. Pr&boegnred pol yners have a
tensile strength of at least 6,0.00 i (41 MPa). hi ghe lecul ar

wei ghts the pol ymer becorrg@ﬂdi f £ iee §mm(a°ta" Ss bgéc%%ée o%‘gﬂfg‘ﬁ'é""fow mel t
flowrate. Preferred polymars possess agpelt flow rase (ASTM235238,
Condition G of at least 1.6 dg/mn. The gel content _of the ynmer is
preferably | ess thansl xcf@f'érr]g/ kg poloymer, nor e p'?ef erably"less than 1 x

1d err] g/ kg pol yner. Fre dircal_ gengrarin rapcilng _pol yneri zati on
initiators as used hergi %g&?ﬁ!gﬂ:g%ﬁ:g@%“ "9:2215‘}11,%.: ;@ﬁg%;gﬂ ass (A1) includes

> @
conpounds cont ai ning an’ average of nore than 2

10

15

20

25

30

35
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functlonalltles able to generate free radicals under polynerizatiaon

condi tions the remant of which conpound |ncorpo““TEs*rﬁ%e—Lhe~pQ*¥ner

thereby providing an average of nore than 2 grow fg
The second class (A2) includes conpounds containin
functionality able to generate free radi cals under
conditions of the reaction and at | east one ethyle

§wwfwe chai n segnents. -
lﬁﬁ?ﬁ%ﬁuiLn able to -

be polynerized under the polynerization conditions of the reaction.
Functionalities able to generate free radicals include, peroxide,

hydr oper oxi de and azo {uRek QD d:.1 es. Preferred free radical generating,
branchi ng polynerization initiators of class Al are conpounds sel ected from
the. group consisting of mul tiflunctPBFEE 8P4 "BRPEYICHEE B BRYBYYRE S al s

of the fornul a (1): R gplpc}:(a(@hqm};mterman 275,000 which comprises polyrr(erramgmerpﬁ
Rlerr] is a multifunctinauadcods@iag Godoaeiitek adhatthohémeli eprivi@dnogen at ons,

R represents a Clerr] 5 terti afyoilotdboounttd walghids &leSh ble rek didal haraiigal kY

roup, . T
9 _ P branching polymerization initiator; and

B) from 10 to 2000 ppm of one or mare organic gel reduction agent selected from

the group consisting of:

1) mercaptans, terpenes, hatocarbons and halohydrocarbons, such agent having

10 up to 20 carbons,

2) distillate recovered from the reaction devolatilization process (recycie), and

3) mixtures of 1) and 2).

2. Aprocess according to claim 1 wherein the free radical generating,

" branching, polymerization initiator is of the formuia

15

R'({CO)n00R )
wherein
R'is a multifunctional organic radical of up to 25 nonhydrogen atoms,
: R represents a Cy.¢5 tertiary alkyl group or a Cy.15 tertiary aralkyl group,
20 nisQor 1, and
mis an integer from 3 1o 6. ‘
3. A pracess according to claim ! wherein the monovinylidene aromatic
monomer is styrene.
4. A process according 1o claim 1 wherein the initiator is selected from the
25 group consis;ing of 2,2-bis(4,4-ditertiarybutylperoxycycichexyl)propane and
t-butylperoxy-n-butylfumarate.
s. A process according to claim 1 wherein the organic, gel redbcnon agentis
n-dodecylmercaptan. "_ _
6. A process according to ciaim 1 wherein the quantity of gels in the polymer
30 product is less than 1 x 10 g/kg polymer. )

A A continuous process according to ctaim t wherein liquid comaonents
obtained upon devoiatilization of the reaction mixture are added to the snitial polymerization
mixture.

35 8. A continuous process according to claim 7 which is conducted in multipie

reactors connected in series and wherein at least some of the the liquid components obtained

upon devoiatilization of the reaction mixture are added to the initial reactor of the muitipie

reactor series.

A



4 nis O

‘adi cal. . BET tiof X
[ Thi e y‘sagzs R e
gener at i i RiBER hj n@"‘%ﬁ"&l yn'e 17\ )

DD rawMEZEhr PALES: - to paged .......nr a.Wll’Ig(o page ,,,,, fo paged.....

conmpounds
i 7] Abstract  :paged .M. to paged .7} L/ Abstract  : paged.’..to paged.T.

o me'—y L0

"‘r—

- btprsﬁig glege TOM 3 to 6. ‘Exarmm%@ﬁaﬁﬁ%‘y 5T TEG

onThitiators “’“Ta

DATE OF RECEIPT .oocconrisssssicrsnie ]
PROCESS FOR PRODUCING HIGH MPLEEZSTERCF RECEIPT ..M ...,

WEIGHT MONOVINYLIDENE AROMATIC POLYMERS -

The present invention relates to a process for producing amonovinylidene
aromatic polymer and more particularly, to a process for producing high molecular weight
polymers in a continuous manner wuthout substantial formation of gels.

Various types of high-molecular weight monovmyhdene aromatic polymers have
been prod .uced.recently using branching initiators to give relatively high molecular weight
polymers. For example, US-A-5,191,040 discloses the use of tetrafunctional peroxyketal
initiators in order to provide increased molecular weight polymers. In US-A-4,376,847
ethylenically unsaturated peroxy functional initiators that are-derivatives of maleic acid are
dlsclosed forusein polymenzatlon of styrene and other monovmylldene aromatic monomers.

' While the use of brandmlg initiators can result in the formation of 1mproved
molecular weight polymers, it has now been discovered that use of such initiators can also Iead
to increased formation of gels which are believed to be crosslinked polymer matrices that are
u_nde'si red for several reasons. Gels can cause appearance defects and 'also lowered strength
properties in molded articles made from polymers containing such gels. Continued
accu'mulation of g'el's during a continuous polymerization process can also lead to reactor
fouling, reducing the heat transfer capability of the reactor and ultimately necessitating
discontinuation of the polymerization to clean the reactor of accumulations. Gels seem
particularly prone to formation in the initial stages of polymerization under conditions of low
monomer conve_fsion with the previously mentioned branching initiators.

Thu'.s. those skilled in the art have been seeking a method for producing
monovinylidene aromatic polymers with a high molecular weight, branched structure which
have reduced gels, especially such a method involving a continuous polymerization process.
The present inventors have made i-ntensive studies in order to develop a process for producing
such polymers from the above-mentioned viewpoint.

According to the present invention there is provided a process for producing a
monoVvinylidene aromatic polymer having molecular weight (Mw) greater than 275,000 which
comprises polymerizing a mon.omer mixture comprising a nionovinylidene aromatic monomer
in the presence of: )

A) from 10 to 2000 ppm by weight of at least one free radical generating,
branching polymerization initiator; and

B) from 10 to 2000 ppm of one or more organic gel reduction agent selected from
the group consisting of:

1) mercaptans, terpenes, halocarbons and halohydrocarbons, such agent having
up to 20 carbons,
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5 [err] ROO- (O -CHCH C(OOR and ROO(O - C:I-I—C:I—I—C(O)m

previousl ydefined. The -nultifunctional organic peroxi de aded
initiators Al) utilized herein especially include t hoser
tertiary butyl group, tertiary arryl group, tertiary octyl

group, or |-ethyl-I-phenyl propyl 2up Preferably R i st
Specific exanples of these initiato I ncl ude:

2,2-bis(4,4-dit
Fih s L e Lot %ervgféé{ﬁ%%’ipfz‘t‘gﬁs e

di cuny! per oxycycl hegurepeidpand2). and _
2, 2-bi s(4, 4-di terbhﬁérmwa&ms&wgy&l@n@wbmm.ﬁmu&q %ﬂhamsxopreferred

initiator is 2,2-bis itertiarybutyl peroxycycl ohexy ropane, The

.mt.ato#'gﬂmff%wppéeﬂ*mmecalaé cigl pllymer plodurts. Thys AR GE0RENG 0 R i s a

viable to employ such chain transfer agents in processes when the desired product must have
high molecular weight. The present invention liesin the use of compounds that also act as
chain transfer agentsin order to reduce gel formation by using such agents in quantities less
than the amount required to substantially reduce the molecular weight of the desired polymer
product. Also, it has been discovered that gel formation is especially serious in the initial stages
of multiple reactor processes. Thus, according to the present invention, the gel reduction
agent is advantageously present in the initial stages of the polymerization. Also, mc;st
advantageously, the gel reduction agent and branching initiator are added slmultaneously or
concu rrently to the reactlon mixture for most efficient operation.

A continuous polymenzatuon process normally employs one or more reactors i
operatlng inaplug-floworina back-mixed manner such that reaction productlons from one
reactor are allowed to flow to subsequent reactors in a series of reactors with or without the
further addition of initiator, chain transfer agent, recycle or more monomer. Each reactorin
the series is continuously charged with reaction mixture emanating from the precedirig reactor
in the series while reaction products are continuously discharged to a subsequent reactor of the
series or finally to a polymer separation device, especially a devolatilizer. Plug flow implies that
substantially ne mixing of the reaction mixture between separate regions of the reactor occurs.
Anexampleofa plug-flow reactor is known as a stirred tube reactor. Conversely, a back mixed
reactor attains thorough mixing of the reactor contents. An example of a back mixed reactor is
a continuous stirred tank reactor or CSTR. Either plug flow or back-mixed reactors or a
combination thereof may be em plbyed in the practice of the present invention.

Monovinylidene aromatic monomers used in the bresent invention include
styrene; nuclear substituted monovinylidene aromatic monomers such as p-methylistyrene, p-t-
butylstyrene, m-methylistyrene and 2,5-dimethylistyrene; nuclear substituted-halogenated
monovinylidene aromatic monomers such as p-chlorostyrene, p-bromostyrene and |
dibro'rhostyrené; or a mixture of the foregoing monomers.

According to the present invention, the above-mentioned monovinyiidene
aromatic monomers can be used alone or in combination with up to 50 weigh: percent of one
or more comonomers which are copolymerizable therewith. Examples of these comonomers
include acrylonitrile, methyl methacrylate, acrylic acid, methyl acrylate, n-butyl acrylate, t-buty!
acrylate maleic anhydride, and N- phenylmalenmlde

. The reaction mixture of the present invention may also contain one or more
dissolved rubbery polymers having Tg less than 25°C, preferably less than 0°C, to produce

impact modified homopolymer or copoiymer'products via the weil known graft.poiymerization
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tertiary butyl group, tertiary anyl group, tertiary octyl group, cunyl
group, or l-ethyl- 1- phenyl propyl group. Mdst preferably Ris tertiary
butyl. Highly preferred initiators, A2, are peroxy and peroxyketal-
derivatives of maleic acid or fumaric acid. A nost preferred initiator of
the A2 group is t-butyl peroxy-n-butylsfumarate. A m xture of the foregoing
initiators Al) and A2) may be used as mell The anount of the free radi cal

t e there ctlo m Xt ure r f er abl
2 om 50 achyRA" SRR b BriBhe BRAC R Bl el B cobbhyfesrbicsy shosbiefiy ° 2! ¥
wei ght bafsseenedwte e'wcondumnersucfoaﬂtehtockmelmmedsemahmnmolmers, pspefialiyor i s | ess
than 10 prbi/admga;aﬁehteﬁwmo‘?ﬁﬁws ﬁa%.ﬁa%nalllaamp{“hﬂlnldaa EB&&%g&haV\hen

~the anount is nF han 2000 ppm by wei ght, the polyners obtaine ve too
| ow nol eSlFELFRE ‘@FH'“P'(XeHEP"PYP&hI y useful in molding applications. The
process of the praheefore, I?Mﬁi&hhﬁmehﬁ afonidtic pélymers fcl?h‘ne& BQokdhR t8'the present
above- rrer}t‘lle(r)‘ ed. f{ﬁe rag\? q%fgleratl ré% ranc n ni H ator and, if
desired, '¢6 ngnlcg 2ot @T’f’é‘? TrEH PR R &L m )ﬂ ege arMAYAt i onal
pol yner i zedrionrers but bisaimpact mud:f’adlearmnoéﬂsmhthmpblymald and copolymers. A
- preferred._monovinylidene aromatic monomer is styrene. A preferred polymer is nonimpact
- modified homopolystyrene, also referred to as general purpose polystyrene.
' Polymer molecular weights herein are determined by the technique of gel
permeation chromatogr_a_phy (GPC). Preferred polymers according to the present invention
. have'a weight average molecular weight from 275,000 to 500,000, more preferably from
- 280,000 to 350,000, and a ratio'of weight average'molecular weight to number average
molecular weight (MwIMn) from 1.0t0 3. 5, preferably from 2.0 to 3.0. Atlower molecular
weights the polymer lacks adequate strength. Pteferred polymers have a tensile strength of at
least 6,000 psi (41 MPa). At higher molecular weights the polymer becomes difficult to process
' because of the low melt flow rate. Preferred polymers possess a melt flow rate (ASTM 1238,
Condition G) of at least 1.0 dg/min. The gel content of the polymer is preferably less than 1 x
- 10%g/kg polymer more preferably less than 1 x 10 *g/kg polymer. ’

Free radical generating, branching polymerization mltiators as used herein are of
" two classes. The first class (A1) includes compounds coniai ning an average of more than 2

functionalities able to generate free radicals under polymerization conditions the remnant of
which compound incorporates into the polymer thereby providing an average of more than 2
growing polym_er chain segments. The second class (A2) includes compounds containing at
least one functlonality able to generate free radicals under polymerization conditions of the
reaction and at least one ethylenic unsaturation able to be polymerized under the
polymerization conditions of the reaction. Functionalities able to generate free radicals
include, peroxide, hydroperoxide and azo functionalities.

Preferred free radical generating, branching polymerization mmafors of class A1
are compounds selected from the group consisting of multifunctional organic peroxldes or
peroxyketals of the formula (1):

R'((CO),00R )y (1)

wherein
R"is a multifunctional organic radical of up to 25 nonhydrogen atoms,

Rrepresents a C4.:5 tertiary alkyl group or a Cy.15 tertiary aralkyl group,

Thiz i3 the replacemers sheat
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di functional organic peroxides such as tertiarybutyi hydroperoxide,
ditertiarybutyl peroxi de. cunene hydroperoxi de, dicunyl peroxide,

benzoyl peroxi de, 1 -bis(t-butylperoxy)cyclohexane. and :

1, 1-bis(tertbutyl peroxy)-3,3,5-trinmethyl cycl ohexane; and azo conpounds such
as azobi si sobutyronitrile, azobis-2,4-dinmethylvaleronitrile,

azobi scycl ohexanecarbonitril e, azobisnethyl isol acetat.e, and

azobi scyanoval erate. The free radi cal generating, branching initiators are
incorporated into theiskad;amh system by a variety of neans, the nethods

t hereof are not ot he%?r’?in&ég{?ﬁrﬁ%hﬂ%ﬁay may be fed either as a whole in the
initial stage of the polynerlization or in two or nore divided lots in the

initial and succeedi ftprarlegrisuitable free j9dical gengrating branchingnalymerzaten ipitiasrs de
initiators (oraar Aisedldeand free radical generating, branching initiators
may be separately added to the reactor in any order or conbi ned and added
together with the branchirmTHBnitiator. ”
. ROO :
ROO

T

<: : :f°%
. OOR . ?

v and
|
ROOC (CO)OGR - '
@ | ;
ROOC (CO)OOR
0

vggerein Ris as previously defined.
Examples of free radical generating, branching polymerization initiators of class
A2 include compounds of the formula:

This is the raplacement sheet
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Preferred organic gel reduction agents used according to the present

I nvention include CJerr] aliphatic and aronmati c nercaptans; especially

n- dodecyl nercaptan, and C[err] hal ogenat ed hydrocar bons; especially carbon
tetrachl ori de. The organic gel reduction agent may be conbined with the
free radical generating, branching igitiator and added to the reactor,
conbi ned with the nononer(s) and added to the reactor or separately added
to the reaction mxture. Preferred quantities of gel reduction agent

ed on nononer anmount. The present
I nvention desirably, | eyl auids generated by
devol atilization ofcfﬁ%éc EYSQ%Q@% f’rgm the latter stages
of the reaction. Preferably,

ycle is added to the first reactor in
a series pf continuous reactors in order to obtain the benefit of reduced
gel formation. In the preparation of general purpose polystyrene, the
reactor recycle includes unreacted styrene nonomer, solvent (generally

et hyl benzene, xylene or tol ueng purities of the monomer manuf act ure
(especially, n-propyl benzene, oyl benzene, 3- phenyl - 1 -propene,
2-phenyl - 1 -propengla0(G ,. €0)00R Ly

ROO-C(0)~-CH=CH~C(0)OR, and
Rooc(o)-cn-cn-c(o)oon, -

wherem Ris as previously defined.

The multifunctional organic peroxldes or peroxyketal mctlators A1) utilized
herein especially include those wherein Risa tertiary butyl group, tertnary amyl group, tertiary
octyl group, cumyl group, or 1-ethyl-1-phenyl propyl group. Preferably R is tertiary butyl.
Specific examples of these initiators include: 2,2-bis(4,4-ditertiarybutyl peroxycycl ohexyl)-
propane; 2,2-bis(4,4-ditertiaryamylperoxycyclohexyl)propane; 2,2-bis(4,4-
dicumylperoxycyciohexyl)propane; and 2,2-bis(4,4diteﬁiarybutylperoxycyclohexyl)butane. A
most highly pre_ferred initiator is 2,2-bis(4,4-ditertiarybutylperoxycyclohexyl)propane.

The initiators A2) utilized herein also éspecially include those whereinRis a
tertiary butyl group, tertiary amyl group, tertiary octyl group, cumyl group, or 1-ethyl-1-
phenylpropy! ngup. Most preferably R is tertiary butyl. Highly preferred initiators, A2, are
peroxy and pekoxyketal derivatives of maleic acid or fumaric acid. A most preferred initiator of
the A2 group is t-butylperoxy-n-butylfumarate. A mixture of the foregoing initiators A1) and
A2) may be used as well.

The amount of the free radical generating, branching initiator added to the
reaction mixture is preferably from 50 to 1000 ppm by weight, most preferably from 100 10 500
ppm-By weight based on total monomer content. When the amount of initiator is less than 10
ppm by weight, its presence is not substantially effective. When the amount is more than 2000
ppm by weight, the polymers obtained have too low molecular weight to be highly useful in
molding applications. .

The process of the present invention is carried out by the use of above-mentioned
free radical generating, branching initiator and, if desired, conventional polymerization
initiators. Suitable conventional polymerization initiators inciude monofunctional and
difunctional organic peroxides such as tertiarybutythydroperoxide, ditertiarybutylperoxide,

cumene hydroperoxide, dicumylperoxide, benzoyiperox:de, 1,-bis(t-butylperoxy)cyclohexane,
This is the replacememnt sheet
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acet ophenone, phenyl acet al dehyde, styrene oxi de, phenyl acetyl ene, and

1- hydr oxy-2- phenyl et hane) and by-products of the polynerizati-on process
(especially, styrene dinmer and trinmer, that is, oligoners of 2 or 3 styrene
units). O her unknown ingredients may al so be present in the recycle that
advant ageously reduce the formation @f gels in the resulting product. In
the practice of the invention, the recycle (the nore volatile conponents of
the reaction m xture separated from polynmer and preferably further e
separated _fr MY actor -products. (tars I S recovere rom
ong or mofd 8’?\% {"bt‘ﬁykﬁ"g‘yhﬁ& éﬁﬁ'@ﬂ‘y%d@ﬁéaq’eeﬂldﬁ 8ﬁ°’ﬁ¥’%€ﬂﬂ?§‘ ﬁ the initial
and opti oamﬂlgwbmymlm:mamuis-z,eaamahﬂvaleromntr&e aeskiegdohddatietarboaitrilerer capt an,
ter pene, ﬁmm&oggﬁtg Mﬂgg@ﬁr{? ,epgtganlc gel reduction agent nmay be

added aswe especi al reactor of the series, so long as
the nol ecul ar wei g'ﬁ'!eféfﬁe rﬁ#fealeewatmmgrq@m-mmm arsincordrasestintathew t he

desired | paRfion dyftem byfa vaﬁﬂ?«ggﬂear@e%rn?eﬂl\dﬂstHe?Jo@@re%@@tthleMléﬁmﬁ{edr ?ﬁi{fl € nay

B e e e T oo o o e Shide
lots in the initial and succeeding stages of the polymerization. Conventional peroxide initiators
(when used) and free radical generating, branching initiators may be seperately added to the

~ . reactor in any order or combined and added together with the branching initiator. '

- Preferred organic gel reduction agents used according to the present invention
include Cs.2¢ aliphatic and aromatic mercaptans; especially n-dodecylmercaptan, and C1.4
halogenated hydrocarbons; especially carbon tetrachloride. The organic gel reduction agent
may be combined with the free radical generatl ng, branchmg initiator and added to the
reactor, combined with the monomer(s) and added to the reactor or separately added to the
reaction mixture. Preferred quantities of gel reduction agent employed are from 10 to 1000
ppm based on monomer amount. ' )

The present invention desirably employs the use_lof recycle liquids generated by
devolatilization of the reactor effluent, generally from the latter stages of the reaction.
Preferably, such recycle is added to the first reactor in & series pf continuous reactors in‘order to
obtain the benefit of reduced gel formation. in the p'reparation of general purpose
polystyrene, the reactor recycle includes unreacted styrene monomer, solvent {generally ethyl
benzene, xylené or toluene) impurities of the monomer manufacture (especially, n-propyl
benzene, isopropyl benzene, 3-phenyl-1-propene, 2-phenyl-1-propene, 1-phenyl-1-propene,
acetophenone, phenylacetaldehyde, styrene oxide, phenylacetylene, and 1-hydroxy-2-
phenylethane) and by-products of the polymerization process (especially, styrene dimer and
trimer, that is, oligomers of 2 or 3 styrene units). Other unknown ingredients may also be
present in the recycle that advantageously reduce the formation of gelsin the resultmg
product.

in the practice of the invention, the recycle (thé more volatile components of the
reaction mixture separated from polymer and preferably fu&her separated from less volatile
reactor by-products (tars)) is recovered from one or more devolatilizers and aaded to the
reaction mixture in the initial and optionally in subsequent reactors in the series. Additional
mercaptan, terpene, halocarbon or halohydrocarbon organic, gel reduction agent may be
added as well, especially to the initial reactor of the series, so long as the molecular weight of
the resulting polymer is not reduced below the desired lower limit of 250,000. Generally, large
quantities of recycle may be added to the reactor before detrimental effect on polymer

molecular weight occurs. The amount of mercaptan terpene, chlorocarbonor .
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chl or ohydr ocar bon added nust be nore carefully controlled due to the
greater .chain transfer effect thereof. The pol ynerization according to the
present invention usually is the continuous bulk or solution '

pol ymeri zation, but batch polynerizations are included as well. The
continuous, bulk or solution pol yrrerJézat ion preferably utilized according
to the present invention is carried in the foll owi ng manner. The
nononers are fed into a systemconsisting of 1 or nore units of mxing flow
type reacthiarghysinelfadrongkided hiiglve myqre carefalty wntoliddiduk tathe goratrTsbaietransfeser i es
and one OdPherddpi tS of nononer devol atilizing equipnent. The reaction

t enperatures-are preferably from70 to 250C with the first reactors of the
series general |y dpepalymggzationiaesasding taihe presant isventiogysyalfyistlasoatinveiyse in
subsequensulk &36uBibh polffeflBitioh] M%&h@u@mhmodﬁ% inedde @B Wl Phe

multifu ncgolngtr\]t?olus,ob acprlsglu%er O)iymgnlzashon pre ?erg&y utlhzed according to the present

invention is carried out in the following manner. The monomers are fed into a system
consisting of 1 or more units of mixing flow type reactors and/or plug flow type reactors which
are connected in sgries and one or more units of monomer devolatilizing equipment. The
reaction temperatures are preferably frorr! 70° to 250°Cwith the first reactors of the series -
generally operating.at lower temperatures than the temperature in subsequent reactors. As
described above, the desired amount of multifunctional organic peroxide is incor'poréted

- either as a whole in the initial stage or the polymeﬂzatnon or as divided lotsin the initial and
followi ng stages of the. polymenzatnon Asolvent such as ethylbenzene. toluene or xylene may.

- also be added to the réaction system. The reaction rate, r, is not otherwise limited and
preferably is in a range of 5 to 50 percent/hour. The conversion of styrene monomer at the exit
of the final reactor in the series is preferably from 40 to 30 percent by weight.

in a batch, bulk polymerization, a similar process as that of the above preferred
continuous, bulk polymerization is conducted, excepting that only one reactor is utilized and
the entire reactor contents are devolatilized, usually after a degree of conversion of from 10 to
75 percent is reached. .

Discharged polymerizate is then fed into monomer devolatilizing equipment to
remove residual monomer(s) and solvents. The devolatilized polymer is then pelletized into the
final product. A‘&itives such as antioxidants, lubricating agents, mold release agents, flame
retardants, fillers and colorants may be added to the polymer as it is pelletized. Examples of
monomer devolatilizing equipment include a thin film type evaporator, falling strand
evaporator, flat place heater, and flash drum devolatilizer. The equipment is operated, for
example, at temperatures of 180° to 300°C and pressures of 0.01 to 600 atmospheres (1-60,000
kPa). The final polymer product usually has a residual monomer content in an amount of not
more than 5000 ppm by weight, preferably not more than 1000 ppm by weight and more
preferably not more than 500 ppm by weight. .

According to the present invention, higtho{ ecular weight monovinylidene
aromatic polymers can be obtained without substantial gel formation. The moided products
made therefrom exhibifc significantly improved aesthetic properties due to the reduction of ge!
formation in comparison with the products made using free radical, branching, initiators alone
The polymers prepared according to the present invention are used as moiding materials to
prepare various different household goods, electric appliances, consumer articles and

packaging materials such as film and foam articles.
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either as a whole in the initial stage or the polynerization or as divided
lots in the initial and follow ng stages of the polynerization. A solvent
such as et hyl benzene, toluene or xylene may. al so be added to the reaction
system The reaction rate, r, is not otherwwse limted and preferably is in
a range of 5 to 50 percent/hour. The %onversi on of styrene nononmer at the
exit of the final reactor in the seri'es is preferably from40 to 90 percent
by weight. In a batch, bulk polynerization, a simlar process as that of
t he above pr ef er r edhe presentinyention Willl Howdel destebédzin greater dstad by oheensad the
excepting ; | b - Arr '@é‘;ﬁh ontents
are devol J%ngggké’%@g%ﬁd?@@ ?%Pl’jéae%é{ kdégﬁg?gg%ﬁé@gﬁ%"%s a¥lrom %E)se 0 75
per cent | LWeRHEEremplgsing ga@arAtive praMPIes RerceRtagpiand ratips pretkgsedafomeight.
devol ati | |gxgmp@ 1€qui pnent to renove residual nmononer(s) and solvents. The
devol atilized po yger | St hen F‘el,l eéd,i zed into th\ﬁ final product. Additives
such as anti oxi dant®TeNeNfsPelMErgeLiga spatinupytuoylaniabocatotyseantar operating at
r et ar dant dowkordvession tasiehutate citecnitial reagtotin a pitlie@attor deljgeréell THaRéactioni t i S
]PIG: lmei Iy:) gq%n\;lgég%%% §Ir§s 8}1 gﬁ? |Re(r)1dg§é 9&;}’1 Qtl: %[I\lfeln v%é;rﬁgesgrgtl.l IAQe-rrr%Sg relagglr rueglger%:ettl}?rlten

was 2 minytes. Different initiators were tested with and without the presence of an-

dodecylmercaptan (NDM) chain transfer agent. The quantity of gels in the resulting polymer
were measured by dissolving the polymer in toluene, filtering and weighing the insoluble gels.

Results are contained in Table . :
Table I >

" Run Initiator (oppm) © ppm NDM gel{mg)  PolymerMw
1 BDPP1 (200)2 50 1.2 333,000
" Comp. A “ (428)3 0 14.3 693,000
Comp. B . 100.- 67 209,000
Comp.C BPBF4(750) 0 >5000 >1,000,000 .
Comp. D " 100 1.2 157,000
1 2,2-bis(4,4-detertiarybutylperoxycyclohexyl) propane
2 includes S weight percent ethylbenzene
: no ethylbenzene '

t-butylperoxy-n-butylfumarate

As may be seen by reference to Table |, the presence of the organic, gel reduction
agentin addition to the free radical generating, branching initiator greatly reduced gel
formation in the resulting polymer. By controlling the amounts of such gel reduction agent
and initiator used it is possible to attain the dual objective of molecular weight greater than
275,000 and low gel formation as illustrated by Run 1 versus comparative A and B. |
Comparative examples C and D itlustrate the ability of the gel reduction agent to reduce gel
formation using a fumarate initiator. The quantity of gel reduction agent used was not
optifmized in order to attain the desired polymer molecular weight.

Example 2 '

A miniature continuous reactor was used to polymerize polystyrene over a 21 day
period. The polystyrene formed had a weight average molecular weight (Mw) of 340,000.
During the test, reactor conditions were altered to produce a constant Mw product. The
solvent was ethylbenzene. The initiator, 2,2-bis(4,4-ditertiarybutylperoxycyclohexyl)p_ropane

was added to the initial reactor to provide an initiator level of 428 ppm. Results are contained
in Table I1.
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evaporator, flat place heater, and flash drum devol atilizer. The equi pnent

i s operated, for exanple, at tenperatures of 180 to 300[err]C and pressures
of 0.01 to 600 at nospheres (1-60,000 kPa). The final polymer product

usual |y has a residual nononer content in an anmount of not nore than 5000
ppm by wei ght, preferably not nore than 1000 ppm by wei ght and nore
preferably not nore than 500 ppm by ight. According to the present

i nvention, high-nolecular wei ght nonovinylidene aromatic polymers can be
obt ai ned wi t hout substantial gel fornaii?n. The nol ded products nade
therefromexhibit significantly inprov Fledbst heti c properties due to the

reduction of gggl for Won '%,Igwt he made using free
radi cal , brarfching, i § ‘he \rl)\& rs BeIoeh! according to the
present invention are used afyml ding materjal s to prggare various

di fferent househol d goods, electric appliances, consuner articles and
packagi ng n€em®piGl s such as fd1mand foam atZicles. 825

"1 Total gel formed after 21 days equals 0.9 x 10° é/kg polymer
2 Total gel formed after 21 days equals 2.3 x 102 g/kg polymer
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The present invention will now be described in greater detail by neans of
t he fol I ewi ng exanpl es and corrpar ative exanpl es which are provided for

illustrative purposes only. In the exanpl es and conpnﬁgaghbaﬁa@eamd Reed

polymerized in a continuous tubular laboratory reacto
conversion to sinmulate the initial redctor in a nulti-
reaction IR ISALAINEDBS mai nt ai ned at 100[err] C. No sol ventwas present.
Aver age reactor resjdence ti was m nut es. Rfferent initiators were

tested with and wit hout™PREesH éE@‘F&‘é‘“SF men@vinyj

percentages and ratios are based on wei ght. Exanple 1 ﬂ!‘!

mlow
ence

The

ERAATPRRNEIHMES "R chai n

transfer aneatularWeght@an) giegted thapal7s, 000whiktecangmiséstpolymefigihy metonamee neasur ed

o oLk M o ol e a0, {1 sl bl e
ppm ND|V| gel (ma) A) froPolOyta2000ipm by weight of at least one free radical generating,

branching polymerization initiator; and

B) from 10 to 2000 ppm of one or mote organic gel reduction agent selected from
the grdup.consisti ng of: ,

1) mercaptans, terpenes, halocarbons and halohydrocarbons, such agent having

up to 20 carbons, ' -

2) distillate recovered from the reaction devolatilization process (recycle), and

3) mixturesof 1)and 2). -

- 2. - Aprocess according to claim 1 wherein the free radical generating,'

branching, polymerization initiator fs of the formula

- -

R'((CO)n00R )

wherein ‘
- R’ is a multifunctional organic radical of up to 25 nonhydrogen at’oms, )

R rep'_resents a C1.1I5 tertiary alkyl group or a C;.15 tertiary aralkyl group,

nisOor1,and -

misan integer from 3 to 6.

3. A process according to claim 1 wherein the monovinylidene aromatic
monomer is styrene.

4. A process according to claim 1 wherein the initiator is selected from the
group consisting of 2,2-bis(4,4-ditertiarybutylperoxycyclohexyl)propane and
t-butylperoxy-n-butylfumarate.

S. A process according to claim 1 wherein the organic, gel reduction agent s
n-dodecylmercaptan. )

6. A process according to claim 1 wherein the quantity of gels in the polymer
product is less than 1 x 10-2g/kg polymer.

7. A continuous process according to ¢laim 1 wherein liquid components
obtained upon devolaiilization of the reaction mixture are added to the initial polymerization
mixture.

8. A continuous process according to claim 7 which is conducted in multiple
reactors connected in series and wherein at leas: some of the the liquid components obtained
upon devolatilization of the reaction mixture are added to the initial reactor of the multiple

reactor series.
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1 BDPP1. (200) 2 50. 1.2~ 333,000 Conp. A U
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I ncl udes 5 melght percent ethyl benzene 3 no et hyl

t-buty! peroxy-n-butyl fumarate As may be $¢en by reference

presence of the organic, gel reduction agent in addition to the free
radi cal generating, branching initiator greatly reduced gel formation in

the resultin poI r. Bycontrollingthe anobuntsof such gel reduction agent
bng | i t1 atBROCESS TOR PROISUSTNGHIGHMOLEC AR UEICUE, MONGYINYLIDER

nmol ecul ar wei ght greater than 275 formation as illustrated
by Run 1 versus conparative A anﬁﬁgﬂ\’[ﬁﬁc P%L‘g"[E

ABSTRACT

A process for producing a monovinylidene aromatic polymer having molecular
weight (Mw) greater than 275,000 which comprises polymerizing a monomer mixture
comprising a monovinylidene aromatic monomer in the presence of: (A) from 10 to
2000 ppm by weight of at ieast one free radical generating, branching polymerization
initiator; and (B) from 10 to 2000 ppm of “one or more -organic gel reduction agent
selected from the group consisting of: (i) mercaptans, terpenes, halocarbons and
halohydrocarbons, such agent having up to 20 carbons: (2) distillate recovered from the

reaction devolatilization process (recycle); and (3) mixtures of (1) and (2).
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Compar ative exanples C and Dillustrate.the ability of the gel red B&%&va
agent” to reduce gel formation using a fumarate initiator. The quantity of
gel reduction agent used was not optimzed in order to attain the desired
pol ynmer nol ecul ar weight. Exanple 2 A miniature continuous reactor was used
to polynerize polystyrene over a 21 day period. The pol ystyrene forned had
a wei ght average nol ecul ar wei ght (NMD'&F 340, 000. During the test, reactor
conditions were altered to produce a constant Mwv product. The sol vent was
et hyl benzene. The ini bpejchis - b S | {18650 D) AR
per oxycycl ohexyl ) propane was _added ] It reactor to provide an
initiator |evel of $48 SF : AROMATIC DIVE

The present invention relates to a process for producing a monovinylidene aromatic
polymer and more particularly, to a process for producing high molecular weight
polymers in a continuous manner without substantial formation of gels.

Various types of high-molecular weight nionovinylidene aromatic polymers have
been produced recently using branching initiators to giwfe relatively high moleéular

| Wéight polymers. For example, US-A;S,191,040 discloses the use of tetrafunctional
peroxyketal initiators in order to provide increased molecular weight polymers. In
US-A-4,376,847 ethylenically unsaturated peroxy functional initiators that ‘are -

~ derivatives of maleic acid are disclosed for use in polymerization of styrene and other
monovinylideiié aromatic monomers.

While the use of branching initiators can result in the formation of improved
molecular weight polymers, it has now been discovered that use of such initiators can
also lead to increased formation of gels which are believed to be crosslinked polynier
matrices that are undesired for several reasons. Gels can cause appearance defects and
also lowered strength properties in molded articles made from polymers containing such
gels. Continued accumulation of gels during a continuous polymerization process can
also lead to reactor fouling, reducing the heat transfer capability of the reactor and
ultimately necessitating discontinuation of the polymerization to clean the reactor of
accumulations. Gels seem particularly prone to formation in the _initial stages of
pplymerization under conditions of low monomer conversion with the previously

mentioned branching initiators.

REPLACEMENT SH\I}I‘ETS SG
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™ Description : paged """\, to paged .7

B Claim(s) : paged .k.. to paged "
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CLAIMS 1. A process for producing a nonovinylidene aromatic pol yner having
mol ecul ar wei ght (Ma) greater than 275,000 which conprises polynerizing a
“mononer m xture conprising a nmonovinylidene aromatic nononer in the
presence of: A) from 10 to 2000 ppm by wei ght of at |east one freée radical
generating, branching polynerization in}tiator; and B) from 10 to 2000 ppm
of one or nore organic gel reduction dgéhis sel ected fromthe group
consisting of: 1) nercaptans, terpenes, hal ocarbons and hal ohydrocarbons,

such agent hayjng #,gts%oskﬁﬂidc%bﬂles art2ha® 86 Febkihg 04! MeMBA CfaH ??ocﬁﬁéing

devol atilization of the polymerized nononer mxture, and 3) m xtures of
1) and 2), mph&¥igy ?He‘ﬁé'ﬁoinﬁtié ipdlyRhera it @l high dueletulir f@iiht, brapchude sendtuien

initial stages ©
which have reduced gels, especially such a method involving a continuous
polymerization process. The present inventors have made intensive studies in order to
develop a process for producing such polymers from the above-mentioned viewpoint.
According to one aspect of the present invention there is provided a process for
producing a monovinylidene aromatic polymer having molecular weight (Mw) greater
than 275,000 which comprises polymerizing a monomer mixture comprising a
monovinylidene aromatic monomer in the presence of:
A) from .10 to 2000 ppm by weight of at least onc free radical generating,
branching polymerization initiator; and
_B) from 10 to 2000 ppm of one or more organicl gel reduction agents selected from
the group consisting of: ;
1) mercaptans, terpenes, halocarbons and halohydrocarbons, such agent having up
to 20 cal;bons? ' '
2) a recycle liquid generated by devolatilization of the polymerized monomer
mixture, and
3) mixtures of 1) and 2),
wherein said initiator and gel reduction agent are present in initial stages of

polymerization.
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Jpol ymerization. 2. A process according to claim 1 wherein the free

't adi cal generating, branching, polynerization initiator is of the fornula
Rlerr]((CONOCORymwherein R is a nmultifunctional organic radical -of up to
25 nonhydrogen atons, R represents a CJerr] tertiary alkyl group or a
Cerr] tertiary aral kyl group, n is20 or 1, and mis an I nteger from3 to
6. 3. A process according to claim 1 wherein the nonovinylidene aronmatic
nononer i s styrene.

- Generally, chain transfer ageris are employed in addition polymerizations' to

limit the formation of higher molecular weight polymer products. Thus, itis not generally
" viable to employ such chain transfer agents in processes when the desired product must have

high molecular weight. The present invention liesin the use of compoundsthat also act as
chain transfer agents in order to reduce gel formation by using such agents in quantities less
than the amount required to substantially reduce the molecular weight of the desired polymer,
product. Also, it hasbeen discovered that gel formation is especialiy seriousin the initial stages
of multiple reactor processes. Thus, according tothe present invention, the gel reduction
agentis aclvantageously present in the initial stages of the bolymcz‘ri'zation. Also, most
advantageously, the gel reductlon agent and branching mrtuatorare added srmultaneously or
concurrently to the. reactuon mixture for most efficient operatron C .

Acontinuous polymenzatron process normally employs one or more reactors
operatmg ina plug-ﬂow orin a back-mixed manner such that reactlon productuons from one
reactor are allowed to ﬂow to subsequent reactors ina senes of reactors with or without the
further addition of i mmator. chain transfer agent. recycle or more monomer. Each reactorin
the series is continuously charged with reaction mixture emanating from the precedirig reactor
in the series while reaction products are contmuously discharged to a subsequent reactor of the

'series orfinallytoa polymer separation device, especially a devolatilizer. Plug flow implies that
substantially noe mixing of the reaction mixture between separate regions of the reactor occurs.
An example of a plug-rlow reactor is known as a stirred tube reactor. Conversely, a back mixed
reactor attains thorough mixing of the reactor contents. An example of a back mixed reactor is
a continuous stirred tank reactor or CSTR. Either plug flow or back-mixed reactors or a '
combination thereof may be emp_lbyed in the practice of the present invention.

Monovinylidene aromatic monomers-used in the present invention include
styrene; nuclear substituted monovinylidene aromatic monomers such as p-methylstyrene, p-t-
butylstyrene, m-methyistyrene and 2,5-dimethylistyrene; nuclear substituted-halogenated
monovinylidene aromatic monomers such as p-chlorostyrene, p-brom.ostyrene and |
dibromastyrene; or a mixture of the foregoing monomers. .

According to the present invention, the above-mentioned monovinyl:adene
aromatic monomers can be used alone or in combination with up to 50 weigh: percent of one
or more comonomers which are copolymerizable therewith. Examples of these comonomers
include acrytonitrile, methyl methacrylate, acrylic acid, methyl acrylate, n-butyl acrylate, t-butyl
acrylate, maleic anhydride, and N-phenylmaleimide. .

. The reaction mixture of the present invention may also contain one or more
dissolved rubbery polymers having Tg fess than 25°C. preferably less than 0°C, to produce

impact modified homopolymer or copoiymer products via the weil known grart-poiymerization
This iz the replacemernt sheet
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4. A process according to claiml1 wherein the initiator is selected from
the group consisting of 2,2-bis (4,4-ditertiarybutyl peroxycycl ohexyl)
propane and t- butyl peroxy-n-butylfumarate. 5. A process according to
claiml1l wherein the organic, gel reduction agent is n- dodecyl mercaptan. 6.
A process according to claim1 wherein the quantity of gels in the polyner
product is less than I x 10[err] g/ kg pol9rer. 7. A continuous process
according to claim 1 wherein liquid conponents obtained upon

devol atilization of the reaction ”iXtHfXI e added to the initial

pol ymeri zation m xture. 8. A continustsptocess according to claim7 which

. ! e . cess a ! |
some of the o | Polreds K sRoduc A ShEbdagle, SRofc PRAVEH vz
reaction fiolcula® wighto@aRy gheter iBar 273,060 whitBottpriRts pAFmEHERMER Moh&ASE O

seri es.

mixture comprising a monovinylidene aromatic monomer in the presence of:
A) from 10 to 2000 ppm by weight. of at least one free radical generating,
branching polymerization initiator; and
B) from 10 to 2000 ppm of one or more organic gel reduction agents selected from
the group consistiﬁg of: '
1) mercaptans, terpenes, halocarbons and halohydrocarbons, such agent having up
to 20 carbons, _
2) a recycle liquid generﬁted by devolatilization - of the bolymérized monomer
mixture, and
3) mixtures of 1);and 2),
wherein said initiator and gel reduction agent are present in initial -stages of
polymerization.
2. A process according to claim 1 wherein the free radical generating,

branching, polymerization initiator is of the formula
R'((CO);00R)y

wherein _ _
"R’ is a multifunctional organic radical of up to 25 nonhydrogen atoms,
R represents a Cy_;5 tertiary alkyl group or a Cy_y5 tertiary aralkyl group,
nisOor1, and
m is an integer from 3 to 6. _
3. A process according to claim 1 wherein the monovinylidene aromatic

monomer is styrene.
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9. A process according to claim- 1.wherein the nonovinylidene aronatic
nmononer i s selected fromstyrene, p-nethylstyrene; p-t-butylstyrene,

m net hyl styrene, 2,5-di nmet hyl styrene, p-chlorostyrene, p-bronostyrene,
di bronostyrene, a m xture thereof, or a mxture of said nonovinylidene
aromatic nmononmer with up to 50 wei ght pﬁicent of one or nore conononers
selected fromacrylonitrile, nethyl crylate, acrylic acid, nethyl
acrylate, n-butyl acrylate, t-butyl acrylate, maleic anhydride, or N

) ) ARSI SR RN i ycpRldrl 150 oot
group consisting of 2,2-bis 4, 4-dltertlarybutylperoxycyclohexyl) propane and t-
butylperoxy-n-butylfumarate.

5. A process according to claim 1 wherein the organic, gel reduction agent is n-
dodecylmercaptan.

6. A process according to claim 1 wherein the quantity of gels in the polymer
product is less than 1x10-2 g/kg polymer.

7. A contimuous process according to claim 1 wherein liquid components
obtained upon devolatilization of the reaction mixture are added to the initial
polymerization mixture.

8. A continuous process according to claim 7 which is conducted in multiple
reactors mnqected in seriés and wherein at least some of the the liquid components
obtained upon devolatilization of the reaction mixture are added to the initial reactor of
the multiple reactor series.

9. A process according to claim 1 wherein the monovinylidene aromatic
monomer is selected from styrene, p-methylstyrene, p-t-butylstyrene, m-methylstyrene,
2,5-dimethylstyrene, p-chlorostyrene, p-bromostyrene, dibromostyrene, a mixture
thereof, or a mixture of said monovinylidene aromatic monomer with up to 50 weight
percent of one or more comonomers selected from acrylonitrile, methyl methacrylaté,
acrylic acid, methyl acrylate, n-butyl acrylate, t-butyl acrylate, maleic anhydride, or N-
phenylmaleimide; said monomer mixture optionally containing one or more dissolved

rubbery polymers having Tg less than 25° C.
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12
PROCESS FOR PRODUCING HIGH MOLECULAR WEIGHT MONOVINYLIDENE
AROMATIC POLYMERS

ABSTRACT

A process for producing é monovinylidene aromatic polymer having molecular
weight (Mw) greatér than 275 ,000 which comprises polymerizing a monomer mixture.
comprising a monovinylidene aromatic monomer m the presence of: (A) from 10 to
2000 ppm by weight of at least one free radical generating, branching polymerization
initiator; and (B) from 10 to 2000 ppm of one or more organic gel reduction agent
selected from the group consisting of: (1) mercaptans, terpenes, halocarbons and
halohydrocarbons, such agent having up to 20 carbons: (2) distillate recovered from the

reaction devolatilization process (recycle); and (3) mixtures of (1) and (2).

T
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