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and in situ polymerization. Blending two polymers having different moiecular weights offers
a high degree of control, but is inefficient due to the addition of the compounding step. US-
A-4,585,825 discloses a bimodal composition, however, the high molecular weight polymer
25 is produced at low temperatures and low conversion rates which require very long reaction
times. US-A-5,962,605, and US-A-5,948,874 disclose bimodal compositions produced using
free radical polymerization, characterized in that high molecular weight polymer is produced
in the presence of a vinyl acid having a pKa of less than 2.0, and low molecular weight
polymer is produced by adding initiator and chain transfer agent to the reaction mixture
30  containing high molecular weight polymer. However, the presence of the vinyl acid retards
the polymerization rate and continues to encourage high molecular weight polymer
production, thus requiring large amounts of chain transfer agent in order to produce the low
molecular weight polymer.
Therefore, it remains highly desirable to provide an improved process to produce

35 high molecular weight monovinylidene aromatic polymers, which does not require additional
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molecular weight polymer, with a sufficient amount of base such that substantially
all of the acid is neutralized, and continuing the free radical polymerization in the
absence of the vinyl acid, under conditions such that a monovinylidene aromatic
polymer having a low molecular weight is produced.

25 This process can produce high molecular weight monovinylidene polymers with
increased conversion without by-product formation or significant low molecular weight
fractions. It also offers better control of the polymer molecular weights within the polymodal
composition and does not have the disadvantages of the prior art.

Monovinylidene aromatic polymers can be produced by free radical polymerization of

30  vinyl aromatic monomers. Vinyl aromatic monomers for use according to the present
invention include, but are not limited to, those vinyl aromatic monomers previously known
for use in polymerization processes, such as those exemplified in US—-A-4,666,987, US-A-
4,572,819 and US-A-4,585,825. Preferably, the monomer is of the formula:
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20 phosphonic acid of the formulas:
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wherein X'is O and n is either 0 or 1; Y is H, methyl or phenyl; Zis C -C, alkyl, aryl or O-Y;
and R is -C(=0)CH,CH(Y)-, -C(=0)NHCH,CH(Y)-, phenyl or a direct bond. Examples of
such acids include 2-sulfoethyimethacrylate (SEM), vinylphosphonic acid (VPA),

25  2-sulfopropylmethacrylate (SPM), styrenesulfonic acid (SSA), styrenephosphonic acid
(SPA), 4-vinylbenzylphoshonic acid (VBPA), 2-sulfoethylacrylate (SEA),
a-phenylvinylphosphonic acid (PVPA), or mixtures thereof, with the most preferred vinyl acid
being SEM. These acids are known and are commercially available or can be made by
processes as described in US-A- 4,529,5509.
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values will be present in greater amounts than acid catalysts of lower pKa values.

25  Generally, the acid catalyst will be present in an amount of from 1, typically from 5,
preferably from 10, more preferably from 15 and most preferably from 25 ppm to 1000,
typically to 950, preferably to 900, more preferably to 850 and most preferably to 800 ppm,
based on the amount of vinyl aromatic monomer. Suifur containing vinyl acids can be used
in amounts which will produce a high molecular weight polymer without initiating cationic

30  polymerization. If the amount of sulfur containing vinyl acid is too great, the acid will initiate
cationic polymerization which will produce low molecutar weight polymers, for example, less
than 20,000 Mw. Cationic polymerization can therefore be detected by the formation of low
molecular weight fractions within the high molecutar weight polymer produced. Typically,
amounts of from 1, preferably from 5, more preferably from 10, most preterably from 15 to

35 500 ppm, preferably to 400, more preferably to 300, and most preferably to 100 ppm of a
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25  ethylbenzene, toluene and xylene being most preferred. If employed, the solvent is
generally employed in an amount of up to 35 weight percent, preferably from 2 to 25 weight
percent, based on the total weight of the solution.
The polymerization can be conducted at any temperature at which a high molecular
weight polymer will be produced. Suitable polymerization temperatures are from 80°C to
30  170°C, preferably from 110°C to 160°C, with 115°C to 150°C being the most preferred.
Once the desired level of high molecular weight polymer is achieved, a base is
added to the reaction mixture of high molecular weight monovinylidene aromatic polymer
and unreacted monomer and other optional components. Typically, the base is added at a
vinyl aromatic monomer conversion level of from 20 to 60 percent, preferably between 25

35 and 55 and more preferably between 30 and 50 percent.
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vei ght monovinylidene aromatic polymer. Monomodal refers to the weight average molecular

weight distribution of the polymer as having one distinct weight average molecular weight
peak when evaluating different conversion fractions of the polymer produced, but does not

25  necessarily refer to a polymer having a polydispersity of 1.

The Mw of the monomodal polymer will typically be from 250,000 to 400,000,
preferably from 250,000 to 350,000, more preferably from 250,000 to 330,000 and most
preferably from 300,000 to 330,000. The Mw defined within the present specification refers
to a Mw measured using gel permeation chromatography (GPC).

30 In another aspect of the present invention, a low molecular weight monovinylidene
aromatic polymer is produced after the high molecular weight polymer, in order to produce a
polymodai composition. A polymodal composition refers to the weight average molecular
weight distribution of the polymer as having more than one distinct weight average
molecular weight peak when evaluating different conversion fractions of the polymer

35  produced. In this process, base is added to the polymerization reaction once the desired
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initiator e an |n|t|a m xture o
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I I
o G scumesbioRgt(Eina dEmlBLI @O TyBRA ot of BREIT A% gl 10 rhig" '
tertls bu%%ﬂogmf@bqurpmeeamomttof binyharpeabx oovmat.e, di -tert - butyl per oxi de,
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2000 i
£t anst or e Ehohb e AR o8inarAbten® R Sy B 2BR 5o Ries AB8T ot ar

wei ght paddecgimerGitdradt terpimaing. tTryamalfamomagsnt chaimgeansder aysmaredoan MO ppm
the art su}a rca(i%ans Preferably, the chain

E : 2223)1]: g: ég)gﬁ{b %%\ggo | E‘Sﬁ”??é‘rné%‘t” aé?m?técr'BPrﬁ $he. Typical amounts of
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vinyl araocr(r:%Fdir(x:g {(T)I)tngrcriggi'red Mw of the polymodal composition and is preferably from 300,000 to
2,000,000 more preferably from 350,000 to 1,500,000, and most preferably from 400,000 to
800,000.
25 The desired Mw of the low molecular weight polymer is also a matter of choice and
is dependent upon the desired Mw of the bimodal composition and the desired properties.
Preferably the Mw is from 50,000 to 200,000. _
The amount of high molecular weight polymer present in the polymodal composition
can be selected according to the desired properties of the polymodal composition.
30 Typically, from 1 to 99 percent, preferably from 5 to 55 percent, and most preferably from 10
to 30 percent of the high molecular weight polymer is present.
The average Mw of polymodal compositions is dependent upon the Mw of the
polymers contained within the composition. The average Mw of the bimodal composition of
this embodiment of the present invention is preferably from 120,000 to 600,000, more

35  preferably from 130,000 to 500,000, and most preferably from 140,000 to 400,000.
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Bimodal compositions containing high molecular weight and low molecular weight
polymers are useful for a variety of applications including foam board, foam sheet, injection
molding, and extrusion.

Other traditional polymer additives may also be included in the process of the

25  present invention, including plasticizers and mold release agents.

The following examples are provided to illustrate the present invention. The
examples are not intended to limit the scope of the present invention and they should not
be so interpreted. Amounts are in weight parts or weight percentages unless otherwise
indicated.

30 Example 1
A 2.5 liter polymerization vessel equipped with an overhead stirrer, an
addition vessel, and a nitrogen inlet is charged with 1425 grams of styrene monomer, 75
grams of ethyl benzene, and 0.0075 grams of a 50/50 mixture of
sulfoethylmethacrylate(SEM)/methacrylic acid(MAA). The reactor is pressurized to 2-3 bar

35 gauge and the following temperature profile is used for the polymerization:
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Run 1 is completed without any addition of base to the polymerization reaction.

Run 2 is completed with the addition of zinc stearate to the original feed of reactants.

10

Run 3 is completed with the addition of zinc stearate after 2 hours of polymerization.

Run 4 is completed with the addition of zinc stearate after 2.5 hours of

polymerization at a level of 100 ppm zinc stearate based on the total weight of the reaction

mixture.

Run 5 is completed with the addition of trioctylamine after 2.5 hours of

15

polymerization at a level of 550 ppm based on the total weight of the reaction mixture.

Run 6 is completed with the addition of lauryl imidazolene after 2.5 hours of

polymerization at a level of 2000 ppm based on the total weight of the reaction mixture.

Run 7 is completed with the addition of a 0.5 % solution of ammonia in ethyl

benzene after 2.5 hours of polymerization at a level of 25 ppm of ammonia based on the

20  total weight of the reaction mixture.



Run 1 is conpleted without any addition of base to the polynerization
reaction. Run 2 is conpleted with the addition of zinc stearate to the
ori gi nal f reactants. 10 Run 3 is conpleted wth theradgdobpn of
zinc stevg\({)g&ggzglfter 2 hours of polynerization. Run 4 is corrpset ed with the
addition of zinc stearate after 2.5 hours of polynerization at a |evel of

100 ppm zi nc ﬁ{e%é&%e?%q@%g i@ﬁamﬁ' total weight of the reaction mxture.

Run 5 is conplete I'tion of trioctylamne after 2.5 hours of 15

pol ynmeri zation at a |evel of 550 ppm bas’®LEom the total weight of the
reaction m XtL'F‘{UN "_Itg‘ .~ °.C3 :grrr;,\.,! &]tcd wi=triy 'S,IE)CLI -eA—eF—-adH
i m dazol ene affiESiNa IEMBLCE BdimeDoUrRl, L g SEEIRS IMWayal o 2000 ppm based
on the total el ght 187 the rpfion .rri,\(tl.:é'r—:?’:8 Run 4 37&7’80%7,.\' eted Wth the
addition of alo 5 94148 utionl&f ammoni a ilPdet hy| 2730 after 20 5 hours
of polymerizatlion 4t158 | evel | 6f 25 ppm of] 82moni a |B3eAP%bn the 2P tot al
wei ght of the |r2&act]il@8 m xtuf8.459 WD 00/ 48R81 PCT/|\ZSB0J0@9945 The] results
are listed in|Tabl ¢ 14F TABLE| BI73 RUN TENMR 55.7Ti ne ({84800 % SOLI DY Mv 1* 137
2.2 23.8 377,800 14854 54 49,300 156 § 3% 397, 403400138 2. 45 BO.5
296,100 147 §.373 353€ 281, 80033155 5 73.[20263, 800 A 116 2. 33 20.|7 441, 900
145 3.42 43.8 (351, 60Qs 154 4] g§30606. 7 311,430 4 14 3515500 01D, 500 | 149 4
50.9 345,800 [T56 572} 3 311543 5 136 2 [k P74 53079%0 B9 346, 100
155 5 72.71 3(@1, 80419, 136 2309482400 615.500
149 4 50.9 345,800
156 5 71.3 311,500
5 136 2 12.04 540,200
150 4 54.89 346,100
155 5 72.71 305,800
6 136 2 11.89 482,400
150 4 54.59 350,100
155 5 74.45 304,200
7 131 2 17.86 432,700
147 4 58.00 299,500
141 5 72.15 280,700

*Comparative Examples

the vinyl acid wherein only high Mw poiymer is obtained.

Run 1 is a comparative example to show a polymerization without neutralization of

Run 2 is a comparative example to show the effect on Mw when the base is present

from the start of the polymerization. High Mw polymer is not obtained.

Runs 3-7 are examples for producing bimodal Mw compositions by neutralizing the

10

subsequently produced.

10

vinyl acid after high Mw polymer has been produced, and wherein low Mw polymer is



150 4 54.59 350,100 155 5 74.45, 304,200 7 131 2 17.86 432,700 147 4
58.00 299,500 141 5 72.15 280,700 *Conparative Exanples 5 Run 1 is a
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exanple to show the effect on Mv when the base is present fromthe start
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exanpl es Tor produci ng bi nodal Mwv conpositions by neutralizing the 10
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polyqer %H(? .the presence of a vinyl acid having a pKa at 25C of |ess

t han” &F%in the i nprovenent 5 conprises: neutralizing the vinyl acid,
after t he pewtcilicing dine vihyltduid, déter thegraduation obfheldegited amloantibiatignei ght

pol ymer, a sufficient amount of base such that s tan aII

Phe”aci d 1 molbafier SeldpEathined BT silipry amain pLbesE R bana s Rartuiat on i n
the absencihefacidie neitrytizedcardi cantidling Gafiéd reainsl pwgh}ehfatogad@gél onal high
nol ecul ar ht monovi nyl i dene ar.onat i produced. 2. An

i mpr oved p‘%%sceé‘%%f WM &GS H %&09% %Itgﬁdﬁ'%l @E'E‘ MR nyl i dene
aromgtic pwbrgnemoﬁ@\ngmehe@ﬂﬁnatw;&hér i@pidlyéd.ar onmati ¢ monomer is free
radi cally polynerized in the gresence of a vinyl acid having a pKa at 25C

of less than?2.0, AtBPRVGERE E’ésﬁ?rgﬂfoiiﬂiﬂ”&ﬂ?'é’f“o@@lr@%?c%n‘ﬁ%'gmlI i dene

ar omat i engrviyRderdgtomant mgﬁr@u bempdiomR @hére@@@‘vﬁ?ﬂé&bh@ BB eh RO Fee
pol ymer |s ﬁroduced i n. a subsequent step, wherein rovenent

conpri sdadicalypohangrized n 1eePToFafiRe o4& vinY! afifl dAViNE@ RIFaRR Lot 1o thar 2dbsi r ed

anount @6 phidabe aAgremelclaMRlctm n%bMHﬁfdenWa?J}né’n&éHI)fm@r' &M 10RTR&BEuISf base
such that substantrally all of the acid is neutralized, and continuing the

f r ed”r adVSH]t MOy IRNlidergtaremalinpely@er is producedin a subsequent step, wherein the
improvement comprises:

neutralizing the vinyl acid, after the production of the desired amount of high
molecular weight polymer, with a sufficient amount of base such that substantially all
of the acid is neutralized, and continuing the free radical polymerization in the
20 absence of the vinyl acid under conditions such that monovinylidene aromatic
polymer having a low molecular weight is produced.
3. The process of Claim 1 or 2 wherein the acid catalyst is a vinyl functional
sulfonic or vinyl functional phosphonic acid of the formula:
Y Y

I
R— ?—OH . or R— 1|>—- OH
Xn Z

25  wherein X is O and n is either O or 1; Y is H, methyl or phenyl; Z is C1-C6 alkyl, aryl or O-Y;
and R is -C(=0)CH2CH(Y)-, -C(=O)NHCH2CH(Y)-, phenyl or a direct bond.
4. The process of Claim 1 or 2 wherein the vinyl acid is 2-
sulfoethylmethacrylate, acrylamidopropanesulfonic acid, 2-sulfopropyimethacrylate,
styrenesulfonic acid, or 2-sulfatoethylmethacrylate.

30 5. The process of Claim 1 or 2 wherein the vinyl aromatic monomer is styrene.

11



20 absence of the vinyl acid under conditions such that nonovinylidene
aromatic polyner having a | ow nol ecul ar weight is produced. 3. The process
of C ai wherein the acid catalyst is a vinyl funcgd | f oni c
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wherei n the vi.nyl Ereopmtess ofiiaimet of 3 whkegie the. basklis WRIEDhGB28Hdount of at

PCT/ USO . Ih rocess of Claim1l or 2 wherein the base is selected
fr omlsjt hgé%sigﬁﬁolagg%l}/%aﬁwé(%m AOH Ogtag'gr ate, calciumstearate, sodium
stearate, tri®ctyl & precedsanirGrhimm? dazeirethe, higintholsrutanineight vinfigomadcess of
Caim1l or 2 wherein the base is added in an ampunt of at 5 |east 1 nolar
equi val SRV 4 HaNs oy AloieRa ategrt smyiaramalie pAV@egprecklf Rl SWEREeT n ¢ he

hi gh nol ecul &@. weiTHy pretend ofDigines iwberefroingfigh matkcliiae welint polyegtenamagel ght
vi nyl ar,omat i r.are bot | ystyrene. 9. The process of C aim38
wher ei n 'THSY RBRORS eGR4 IgRE b Tylsey PE eidha £ ks o gess08nGEB L0

2, 0010, 006 2a0@ovhe | ow nol ecul ar wei ght pol ystyrene has a Mv of 50,000 10
to 200,000. 10. The process of Claim2 wherein the | ow Mv polyner is
produced in tik gﬁ@’s@ﬁﬁ%sso‘?f Claigya vRereinaingry My ealmeris progicedipiisss of

A ai m 1Gpredwiceion atdhairchaisfertdg@nsf er agent is n- dodecyl nercaptan. 12

11.  The process of Claim 10 wherein the chain transfer agent is n-
dodecylmercaptan.
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