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Pol ymeri zi ng styrene in the presence .of netall ocene catal yst

The invention relates to a process for preparing polymers of
vinylaromatic compounds in dispersion in the presence of a
dispersing auxiliary and a catalyst, obtainable from A) a
transition metal complex of subgroups II to VIII, B) a
cation-forming agent and C), if desired, an aluminum compound.

10

The polymers thereby obtalnable can be used to produce fibers,
films and moldings.

15 Polymerizing styrene in the presence of metallocene catalyst
systems leads to polymers of high stereoregularity and is
described at length, for example, in EP-A 0 210 615. Because of
its high crystallinity, syndiotactic polystyrene has a very high
melting point of about 270°C, high rigidity and tensile strength,

20 dimensional stability, a low dielectric comnstant and high
chemical stability. The profile of mechanical properties is
retained even above the glass transition temperature.

In the metallocene-catalyzed polymerization of styrene, there is
frequently crystallization of the resulting syndiotactic
polystyrene starting at a level of only about 10% conversion.
This leads firstly to the formation of deposits on the walls and
secondly to an extreme viscosity rise during the polymerization,
which makes handling and dissipation of the heat of reaction more
difficult, especially on the industrial scale.

25

30

To solve this problem a variety of techniques using special
reactors or extruders have been tried out. EP-A-0 535 582
describes a process for preparing éyndiotactic polystyrene in a
stirred bed of solids, which is able to reduce the wall deposits
but not prevent them. The reactor has to be equipped with a .
special stirrer in order to prbduce a homogeneous fluidized bed.
Temperature control is by way of partial evaporation of styrene
by reduced pressure, using a complex vacuum control system.

35

40

EP-A 0 584 646 and EP-A 0 389 939 describe the preparation of
syndiotactic polystyrene in self-cleaning twin-screw extruders or
compounders with no dead spaces. In both processes, owing to the
45 sudden rise in frictional forces at higher levels of conversion,
and to the motor output required for continued operation,
polymerization is carried out not to complete conversion but only
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20 It is an object of the present invention to provide a process for
preparing syndiotactic vinylaromatic polymers using metallocene
catalysts, which does not have the above disadvantages, the
reaction mixture being of low viscosity and increasing the
productivity of the catalyst.

25
We have found that this object is achieved by a process for
preparing polymers of vinylaromatic compounds in dispersion in
the presence of a dispersing auxiliary and a catalyst, obtainable
from

30 _

A) a transition metal complex of subgroups II to VIII,

B) a cation-forming agent and

35 C), if desired, an aluminum compound, wherein lubricants are
added.

Particularly suitable vinylaromatic compounds are those of the

formula I
40
R1—C=—CH,
R6 R2
(1),
RS R3
45
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R! is hydrogen.
15
Particularly suitable substituents R2 to RS are hydrogen,
Ci1-Cs4-alkyl, chlorine or phenyl, biphenyl, naphthalene or
anthracene. Two adjacent radicals may also together be cyclic
groups having 4 to 12 carbons, so that compounds of the formula I
20 may also, for example, be naphthalene derivatives or anthracene
derivatives.

Examples of such preferred compounds are:

25
styrene, p-methylstyrene, p-chlorostyrene, 2,4-dimethylstyrene,

4-vinylbiphenyl, 2-vinylnaphthalene or 9-vinylanthracene.

It is also possible to employ mixtures of different vinylaromatic

30 compounds, in which case one component may also carry further
hydrocarbon radicals, such as vinyl, allyl, methallyl, butenyl or
pentenyl groups, preferably vinyl groups, on the phenyl ring. It
is preferred, however, to use only one vinylaromatic compound.

35 Particularly preferred vinylaromatic compounds are styrene and

p-methylstyrene.

The preparation of vinylaromatic compounds of the formula I is
known per se and is described, for example, in Beilstein 5, 367,
474, 485.

40

Suitable dispersion auxiliaries are block copolymers having at

least one diene block B and at least one block S comprising a
45 copolymer of a vinylaromatic monomer of the formula (I) and

1,1-diphenylethylene or its aromatic ring-substituted
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agent and10 All dienes are suitable in principle as the diene component for

the block B, although preference is given to those having
conjugated double bonds, such as butadiene, isoprene,
dimethylbutadiene and phenylbutadiene. The diene block may be
partially or completely hydrogenated or unhydrogenated. The
molecular weights Mw of the blocks B are generally from 10,000 to
500,000, preferably from 50,000 to 350,000 and, with particular
preference, from 70,000 to 250,000, g/mol.

15

20 The blocks S8 consist of a copolymer of a vinylaromatic monomer of
the formula (I) and 1,1l-diphenylethylene or its ring-substituted
derivatives, including those substituted with alkyl of up to 22
carbons, preferably of 1 to 4 carbons, such as methyl, ethyl,
isopropyl, n-propyl and n-, iso- or tert-butyl. Particular

25 preference, however, is given to the use of unsubstituted
1,1~diphenylethylene itself. The proportion of diphenylethylene
in the block S is from 15 to 65% by weight, preferably from 25 to
60% by weight. The molar ratio of the units derived from the
vinylaromatic monomer to units derived from 1,1l-diphenylethylene

30 is generally in the range from 1 : 1 to 1 : 25, preferably from
1:1.05 to 1 : 15 and, with particular preference, in the range
from 1 : 1.1 to 1 : 10.

The copolymer block S is preferably random in composition and has

35 a molecular weight Mw of in general from 20,000 to 500,000,
preferably from 50,000 to 300,000. Particular preference is given
to a copolymer block S of styrene and 1,l-diphenylethylene.

The block ratio S to B is generally in the range from 90 : 10 to
40 79 . 80, particularly preferably from 90 : 15 to 65 : 35. The
block transitions can be either clean-cut or tapered. A tapered
transition is one where the adjacent blocks B and S may, in the

transition region, also contain monomers of the other block.

45
The block copolymers can be prepared by customary methods of

anionic polymerization, as described for example in M. Morton,
Anionic Polymerisation, Principles and Practice, Academic Press,



Cj'if desi r e8050448L&% num conpound, wherein lubricants are added.
Particularly suitable vinylaromati c conpounds are those of the formul a |
[err] 10 wher e

) 5

New York 1983. The anionic polymerization is initiated by means
of organometallic compounds. Preference is given to compounds of
the alkali metals, especially of lithium. Examples of initiators:
are lithium alkyls such as methyllithium, ethyllithium,

5 isopropyllithium, n-, sec- or tert-butyllithium. It is
particularly preferred to employ n- or s-butyllithium. Suitable
solvents are those which are inert toward the organometallic
initiator. Aliphatic or aromatic hydrocarbons are judiciously
used. Examples of suitable solvents are cyclohexane,

10 methylcyclohexane, benzene, toluene, ethylbenzene and xylene.

To influence the polymerization parameters, small amounts of
polar aprotic substances may be added to the solvent. Suitable
examples are ethers, such as diethyl ether, diisopropyl ether,
diethylene glycol dimethyl ether, diethylene glycol dibutyl ether
or, in particular, tetrahydrofuran, and also tertiary amines,
such as tetramethylethylenediamine or pyridine. The polar
cosolvent is added to the apolar solvent in a small amount of
from about 0.01 to 5% by volume. Particular preference is given
20 o tetrahydrofuran in an amount of from about 0.1 to 0.3% by
volume.

15

In a preferred embodiment of the novel process, at least one

25 branching monomer can be employed.

As branching monomers it is possible to use compounds of the
formula II

30 RPC—CH,
[R&—]p——M—T—(CHz)y (II)

n
RC
35

where

R2 is hydrogen, halogen or an inert organic radical of up to 20
40 carbons, where if p = 2 each R2 can be identical or different
and two radicals R2 can form a 3- to 8-membered ring together
with the metal atom attached to them, and R2 can also be a
customary complex ligand if M is a transition metal,

a5 R® is hydrogen, C;-C;-alkyl or phenyl;
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hydr ogen. Particularly SUIté%{e subs?ltuent to R6 are hydrogen,

Clerr]-Cerr]-alkyl, chlorine or phenyl, biphenyl, naphthal ene or
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exanpl e, be naph al ene derivatives or anthracene derivati ves.
Exanpl es of such pfteferred conpounds are: 35 styrene, p-nethylstyrene,
p- chl orostyrene, 2,4-dinethylstyrene, 4-vi nyl bi phenyl ,

2-vi nyl napht hal ep¢ 2+6;9- vi nyl ant hr acene. -

10
m is 0-20;

P is 0-4;

15 yith the proviso that the sum of n + p corresponds to the valency
of M.

These monomers can be obtained, for example, by way of the
Grignard compounds of the chloro(alkyl)styrenes with the
corresponding carbon, metal or transition metal compounds, for
example the halogen compounds. Where M is silicon, germanium or
tin, for example, such reactions are described in K. Nakanishi,
J. Chem. Soc. Perkin Trans I, 1990, page 3362.

20

25 _
Particularly preferred branching monomer units are those of the

formula II in which M is carbon, silicon, germanium, tin or
titanium, because they are easy to obtain. The index m is
preferably from 0 to 8, particularly preferably from 0 to 4.

30
For example, the titanium-containing monomers of the formula IIa

RPC— CHj,

35 [Ra—]p— Ti—|— (CHz) = (IIa)

REC

40 and the titanium compound IIb

45
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4 Particularly preferred vinylaropmatic corkRsresEAle Sstyrene and
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where R2, R, RS, m, n and p are as defined above, can be employed

as branching monomers.
10

The inert organic radical or radicals R2 are not of great
importance to the process. Rather, they serve merely to satisfy
the free valencies of M and can be selected for ease of
availability. Examples of suitable radicals are aliphatic and
cycloaliphatic radicals, aryls, hetaryls and aralkyls. Aliphatic
radicals include alkyls, alkoxys, alkenyls or alkynyls having,
for example, from 1 to 2 or 20 carbons. Cycloaliphatic radicals
include cycloalkyls or cycloalkane radicals of 3 to 8 carbons.
Instead of a methylene in the alkyl or cycloalkyl it is also
possible for there to be an oxygen in ether function. Examples of
aryls are phenyls or naphthyls, it also being possible for two
phenyls to be connected by an oxygen. Examples of aralkyls are
those of 7 to 20 carbons that result from combination of a phenyl
with an alkyl. Examples of hetaryls are pyridyl, pyrimidyl and
furyl. These radicals can also be substituted further, for
example by alkyl, alkoxy, halogen, such as fluorine, chlorine or
bromine, cyano, nitro, epoxy, carbonyl, ester groups, amides, and
so on. Two of the radicals R2 can also form a 3- to 6-membered
ring with the atom M, for example where two radicals R® form an
alkylene chain in which one or more CH; groups may also have been
replaced by O in ether function.

15

20

25

30

If M is a transition metal, R2 can also be a customary o- or

35 n-bonded complex ligand, such as ethylene, allyl, butadiene or
cyclopentadiene, mono- or polysubstituted cyclopentadienes, such
as methylcyclopentadiene or pentamethylcyclopentadiene, benzene,
cyclohexadiene, cycloheptatriene, cycloheptadiene,
cyclooctatetraene, cyclococtatriene, cyclooctadiene, carbonyl,

40 oxalato, cyano, isonitrile, fulminato-C, fulminato-O, cyanato,
dinitrogen, ethylenediamine, diethylenetriamine,
triethylenetetramine, ethylenediaminetetraacetate, nitrosyl,
nitro, isocyano, pyridine, a,o-bipyridyl, trifluorophosphane,
phosphane, diphosphane, arsane, acetylacetonato.

45
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If the branching monomer unit of the formula II already has a
transition metal M, especially titanium, then depending on the
concentration used it can also simultaneously be employed as

20 catalyst component A in addition to its function as a branching
unit.

Particularly preferred catalyst components A) are metallocene
complexes, especially those of the formula IIIX

25

R1l R7

R0~ ‘RS (I11),
30 | R?

M(21) (22) (g3 a 5
2i " 2y (B, (24, (29)
where

35

R7 to R1! are hydrogen, C;-Cjp-alkyl, 5- to 7-membered cycloalkyl
which in turn can carry C;-Cg¢-~alkyls as substituents,
Ce-Cis—-aryl or arylalkyl, and where two adjacent rad-
icals may if desired together be cyclic groups of 4 to
40 15 carbons, for example fused ring systems of 4 to 12
carbons, or are Si(R12);,

where R12 is C;-Cjg-alkyl, C¢-Cis-aryl or C3-Cig-cycloalkyl,

45
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transition is one wherg the acent _ ' S may,
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copol ynmers can be prepared by customary net hods of ani oni c
pol yneri zati gag as described for exanple in M Morton,

10
z; to zs are 0, 1, 2, 3, 4 or 5, the sum z1+z3+23+2,+25 corre-

sponding to the valency of M minus 1.

Particularly preferred metallocene complexes of the formula III
15 are those in which

M is a metal from subgroup IV of the Periodic Table of
the Elements, i.e. titanium, zirconium or hafnium, es-

pecially titanium,
20

and

zZl to 25 are C;-Cip-alkyl, C;-Cjp-alkoxy or halogen.
25
Examples of such preferred metallocene complexes are:

pentamethylcyclopentadienyltitanium trichloride,
pentamethylcyclopentadienyltitanium trimethyl and

30 pentamethylcyclopentadienyltitanium trimethylate.

It is also possible to employ those metallocene complexes
described in EP-A 584 646.

35
Mixtures of different metallocene complexes can also be used.

Complex compounds of this kind can be synthesized by methods
known per se, preference being given to reacting the

40 correspondingly substituted, cyclic hydrogen anions with halides
of titanium, zirconium, hafnium, vanadium, niobium or tantalum.

Examples of appropriate preparation techniques are described,
inter alia, in Journal of Organometallic Chemistry, 369 (1989),

45 359.370.



.15 Ani oni ¢ POPPRLES32di on, Principles and Practice, Acadenic Press, New

York 1983. The anionic polynerization is initiated by nmeans of
organonetal | ic conpounds. Preference is given to conpounds of t he al kal
‘metals, especially of lithium Exanpleslof initiators are lithiumal kyls

tsucth gst rfﬁt hxh' b&xﬂ:é«lfﬂd @ QﬁhéhtftBﬁH}‘.} cgglbﬁg}%é&ﬁé'c%hlby Uit dY1locefSam Oons,
er utyllig u g

s-butyllithi um iﬂ% %t syﬂ&ﬁ# éa c%fn £ % s&ﬁ{v\%l gft'iﬂare | nerl':é taoﬁmr/a?%ﬁ‘%%e
or ganonet al | FE™P ‘"F tiator. Ali phat i c or aromati ¢ hydrocarbons are

j udi ci ously used. Exanpl es of suitable solvents are cycl ohexane,

met hyl cycl dhgyapgm & Qestéié"ﬂﬂén—%hgiﬁQﬁpiﬁﬁﬁlénglﬂﬁﬁﬁﬁﬁé cgﬁpoundénbf
i nfluence th%hgokgggﬁ} ? paraneters, smal | "amount s of polar aprotic
ed'to

substances may be a he sol vent. Sui tabl e exanpl es are ethers,
such as diethyl ether, dii sggr opyl ether, 30 diethylene glycol dinethyl

et her, diethylene glycol uty_ et her or, |g particul ar,

tetrahydrof uran, and al so ter[L39¥1éﬂ1n —hRlich as (1v)

t et r anet hylilet hyl enedi am ne ®t3pyri di ne. he pol ar cosolvent is added to

the apolar solvent in a small anount of R from about 0.01 to 5% by vol une.
Particular preference is given 35 to tetrahydrofuran in an anount of from

about 0.1 to 0.3% by vol ujre. I'n a preferfed enbodi nent of the novel
process, at |east onedxr branchi ng nononer can ke enpl oyed. 40 As
branchi ng Jronorer s it is possrb‘I‘E'{'rcPcrseii\b ds of the (V).

Rr13

where R13 is Cl-c4-a1kyl; preferably methyl or ethyl, and k is an
integer from 5 to 30, preferably from 10 to 25.

20
The preparation of these oligomeric alumoxane compounds is
usually carried out by reacting a solution of a trialkylaluminum
with water and is described, inter alia, in EP-A 284 708 and US-A
4,794,096.

25

In general, the oligomeric alumoxane compounds obtained are in
the form of mixtures of both linear and cyclic chain molecules of
different lengths, so that k is to be regarded as an average
value. The alumoxanes may also be present in a mixture with other

30 petal alkyls, preferably with aluminum alkyls.

It has been found advantageous to use the metallocene complexes
and the oligomeric alumoxane compound in amounts such that the
atomic ratio between aluminum from the oligomeric alumoxane and
the transition metal from the metallocene complexes is in the
range from 10:1 to 106:1, in particular from 10:1 to 104:1.

35

As compound B) forming metallocenium ions it is also possible to

40 employ coordination complex compounds selected from the group
consisting of strong, neutral Lewis acids, ionic compounds having
Lewis-acid cations and ionic compounds having Brénsted acids as
cations.

45 preferred strong neutral Lewis acids are compounds of the formula
Vi



formula || 0050/49121 6 [err]

where 10 Rl err] is hydrogen, halogen or an inert organic radical of up
_to 20 carbons, where if p > 2 each R err] can be identical or
di fferent and two radicals Rlerriican forma 3- to 8-nenbered ring
t oget her _ M1x1x2x3 (VI)
where
S Ml is an element from main group III of the Periodic

Table, especially B, Al or Ga, preferably B,

X1,%X2 and X3 are hydrogen, C;-Cjp-alkyl, Ce-Cis-aryl, alkylaryl,

10 arylalkyl, haloalkyl or haloaryl each of 1 to 10 car-
bons in the alkyl and 6 to 20 carbons in the aryl, or
are fluorine, chlorine, bromine or iodine, especially
haloaryls, preferably pentafluorophenyl.

15 Particular preference is given to compounds of the formula VI in
which X1, X2 and X3 are identical; preferably
tris(pentafluorophenyl)borane. These compounds and processes for
their preparation are known per se and are described, for
example, in WO 93/3067.

20 -

Suitable ionic compounds having Lewis-acid cations are compounds
of the formula VII

25 [(Y29)Q102...0;1%¢ (VII)

where

¥ is an element from main groups I to VI or subgroups I
30 to VIII of the Periodic Table,

Q; to Q. are radicals with a single negative charge, such as
C;-Cag-alkyl, Cg¢-Cis-aryl, alkylaryl, arylalkyl, ha-
loalkyl or haloaryl each having 6 to 20 carbons in

33 the aryl and 1 to 28 carbons in the alkyl,
C;-Cip-cycloalkyl, which can be unsubstituted or sub-
stituted by C;-Cjpo-alkyls, or are halogen, C;-Cyg-al-
koxy, Cg-Cis—-aryloxy, silyl or mercaptyl, such as
trimethylsilyl

40 Y yi,

a is an integer from 1 to 6,

Z is an integer from 0 to 5, and

45



Mﬁth t he net abs5av4Ml2it ached to them and R err] can also be a 15

customary conplex ligand if Mis a transition netal, Rb i s hydrogen,
Gerr]-derr]-alkyl or phenyl; Rlerr] is hydrogen,
‘Cerr]-Cerr]-alkyl, phenyl, chlorine og2an unsaturated 20 hydr ocar bon
radi cal of 24to 6 carbong; hS+fe oF n, B, b,
Ti, zr, H, ¥, Nb, Ta, E"rres"c?riysatf’t&v% letese 'nﬁ%,ao&-z'ég’,"t% Fredber
Pd. Pt. Cu, zn or pan oequalto'ly 5 6. m is 0-20: 30 p
is 0-4; with the proviso that the sumof n + p corresponds to the

val ency ObaMidflar sulB&B£116AEEpbssessdt® Bibcakbetliun Watdwasp! exorniumay

of the 5 cations and sulfonium cations, and also cationic transition metal
‘complexes. Particular mention may be made of the triphenylmethyl,
silver and 1,1’-dimethylferrocenyl cations.

They preferably have noncoordinating counterions, especially
boron compounds, as also mentioned in WO 91/09882, preferably
tetrakis(pentafluorophenyl) borate.

10

Ionic compounds with Brénsted acids as cations and preferably
15 also with likewise noncoordinated counterions are specified in WO
93/3067; a preferred cation is N,N-dimethylanilinium.

It has been found to be particularly appropriate if the molar
ratio of boron from the compound that forms metallocenium ions to

20 transition metal from the metal complex is in the range from
0.1:1 to 10:1, in particular from 1:1 to 5:1.

The catalyst system employed in the novel process may include as
component C) an aluminum compound, for example of the formula

25 yrI1
AlR14R15R16 (viii),
where
30
R14 to R16 are hydrogen, fluorine, chlorine, bromine, iodine or

C3;-Ciz2-alkyl, preferably C;-Cg-alkyl.

Preferably, R4 to R15 are identical and are C;-Cg-alkyl, such as

35 methyl, ethyl, isobutyl or n-hexyl, and R!¢ is hydrogen.

The content of component C) in the catalyst system is preferably
from 1 : 2000 to 1 : 1, in particular from 1 : 800 to 1 : 10

40 (molar ratio of transition metal from III to Al from VIII).

As solvents for the metallocene complexes it is common to employ
aromatic hydrocarbons, preferably those having 6 to 20 carbons,
and especially xylenes, toluene and ethylbenzene and mixtures

45 thereof.



~G&rignard conPO80d493R1t he chl oro(al kyl )styrenes with the correspondi ng
carbon, netal or transition netal conpounds, for 40 exanpl e the hal ogen
~conmpounds. Where Mis silicon, germanium or tin, for exanple, such
reactions are described in K Nakanishizgz J. Chem Soc. Perkin Trans I,

1990, page 33R¢. etaf%?cene c%mgﬁexes can be employed with or without ?
Terre I'ng nmononer unit's are those of the ornul a

Particularly pre branc : .

[l in which ﬁﬁ?gof%rbon, silicon, germanium tin or titanium because

they are easy to obtain. The index mis preferably fromO to 8,

particul arl yepampresidey shiedble tshpport mdterfls @¥aBikicd RR1s,

titani um cenL,aL BLAGL TP RABEE Sof tid ' FokRh ! #id) @ bal®;lwhere b is a number
from 0 to 2, preferably from 0 to 0.5; i.e. essentially
alumosilicates or silicon dioxide. The supports preferably have a
particle diameter of from 1 to 200 um, in particular from 30 to
80 pm. Such products are obtainable commercially, for example as

10 gilica gel 332 from Grace.

Further supports include finely divided polyolefins, for example
finely divided polypropylene or polyethylene, and also
polyethylene glycol, polybutylene terephthalate, polyethylene
terephthalate, polyvinyl alcohol, polystyrene, syndiotactic
polystyrene, polybutadiene, polycarbonates and copolymers
thereof.

15

20 The molar ratio of transition metal catalyst A) to vinylaromatic
monomer is generally from 1 : 1000 to 1 : 10,000,000, but
preferably from 1 : 2000 to 1 : 1,000,000.

The process according to the invention is conducted as a
25 dispersion polymerization. The dispersing medium employed may
judiciously comprise aliphatic hydrocarbons, especially those of
4 to 10 carbon atoms, or hydrocarbon mixtures. Examples are
butane, pentane, hexane and heptane. The concentration of the
monomers that are to be polymerized in the dispersion medium is
30 in general from 5 to 65 percent by volume, preferably from 10 to
50 % by volume.

The dispersing auxiliary is preferably used in an amount of from
0.1 to 10% by weight, particularly preferably from 1 to 8% by
weight, based on the vinylaromatic compound employed. It is
judiciously dissolved in the vinylaromatic monomer that is to be
polymerized.

35

Suitable lubricants are organic and inorganic compounds. Examples
of organic lubricants are lubricating oils such as mineral oils,
i.e. liquid products obtained from petroleum, hard-coal tar or
lignite tar, such as benzines, white oils, petroleum or gas oils,
and also polyether oils, ester oils and silicone oils, or else
lubricant greases. Examples of inorganic lubricants are
molybdenum(IV) sulfide or titanium(IV) sulfide. Further suitable
lubricants are glyceryl esters or fatty acids. Preference is
given to hydrocarbons such as liquid paraffins, other paraffins,

40

45



- 15 and t he t 00&0/4912dnpound I1b [err] where Rlerr], Rerr],
Rlerr], m n and p are as defined above, can be enployed 25 as branchi ng

. AoNnoners. The inert organic radical or radicals R err] are not of great
i nportance to the process. Rather, theyjgerve nerely to satisfy 30 the free

valencies of M apd, £ BBoSek G5l fbchieRENGalls . 3UBRLAPIdiichY asEuBEpL €5 Of
peigt °P‘ﬁ°;ate‘%;§'%& | > Shat o Fad .
] & L aCbiBhRaT  SheRRAL: S100RIL, FHERSATHY AGads| Sifin BesnpBEIL dcia,
al kenyl s or RRABItIS acidi Ay, steamjc agisp metal Galts:of Xazboxylig aoids,

Cycl oal i phat suchaal (i stearate, Zn stearate, carboxamides and carboxylic
5 esters such as ethyl stearate, n-butyl stearate or distearyl
phthalate. Further lubricants are described, for example, in the
Taschenbuch der Kunststoff-Additive, edited by Gdchter and Miiller
for the Carl Hanser Verlag, 2nd Edition, page 309 to 327.

10 pyrther lubricants which can be employed are polymers such as
polystyrene, preferably low molecular mass polystyrene having
molecular weights My, of from 2000 to 40,000, polyethylene,
polypropylene, or else copolymers of ethylene with other

l-alkenes.
15

Particular preference is given to distearyl phthalate and mineral
oil hydrocarbons such as white oils. Mixtures of different
lubricants can also be employed.

20
The amount of lubricants can vary within wide ranges, with

preference being given to from 0.01 to 50% by weight, in
particular from 0.1 to 40% by weight and, with particular
preference, from 0.2 to 10% by weight based on monomer employed.

25
The lubricants are preferably added, prior to the addition of the
transition metal complex, to the vinylaromatic compound, the
dispersant, the dispersing medium, the cation-forming agent and,
if appropriate, the aluminum compound. '

30

The polymerization conditions are not critical. Polymerization is
preferably conducted at from 50 to 100°C under a pressure of from
0.05 to 30 bar, preferably from 0.1 to 20 bar. The polymerization
is generally at an end after from 0.5 to 10 hours. It can be
terminated by adding protic compounds, for example methanol, and
the dispersion medium can be removed by filtration or evaporation
and recycled to the process.

35

The novel process is technically simple and permits the
preparation of vinylaromatic polymers having a high syndiotactic
content with low viscosities of less than 5 mPas with high
catalyst productivity. Furthermore, the polymers are obtained in
particulate form. The resultant polymers are suitable for
producing fibers, films and moldings.

40
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.35 i nclude cycl oal kyl s or cycl oal kane radicals of 3 to 8 carbons. I nst ead

of a nethylene in the alkyl or cycloalkyl it is also possi ble for there
to be an oxygen in ether function. Exanpkes of aryls are phenyls or
“napht hyl's, i als being possi ble for two phenyls to be connected by an
oxygen. n% ff® aral kyl s are 40 those of 7 to 20 carbons that result
fron1conb|nat|on of a phenyl with an aIkyI Exanples of hetaryls are
pyridyl, pyryakgyylﬁﬁui , 1-hl Hényl ehgd can al so be substituted
further, for exanpl e by a kyI oxy, alogen such as fluorine,
chlorine og bromne, cyano, nltro epoxy, carbonyl, ester groups, am des,
and 45 so onCrude REE t(addridh co Qne[pereii by refctdnyopheny Magnesdumenber ed
ring with thprehdde Mithoacesephdrons)caeetylating wdkh &fetid ahhydrbde and

al kyl ene Chabﬁetﬂhﬂ!&(éilﬁﬂﬁaﬁinénﬂﬂé QH@tﬂéC&HEH yTRY alseileeE tbegy. ez

replaced by tJ}Fr Oﬂhvm %%@t&éﬁ?ét éaEL” dﬁk@g Rlerr]
can al so be CUS err umn gerr de such as
et hyl ene, 12l | ?leb’cﬂga e“8 ; ﬁﬁﬂ ’é&i%’i@ Frﬁﬁb lb'g‘flygﬁﬁgt i tuted
cyci opent adi 8Ré3er sRRﬂ*lng)asT%t tdjdpbpeithigheds Bpually pale yellow, is

pentanethylCf@ltﬁmﬂdenhneneh gdhzsmealox column (Woelm alumina for
chromatography, anhydrous), titrated with 1.5 N sec-butyllithium
until there is a strong red coloration, and distilled over under
reduced pressure (1 mbar). The resulting product is completely
colorless and can be employed directly in the anionic
polymerization.

15

Purifying the monomers and solvent

20
The cyclohexane (H) employed as solvent was dried over anhydrous
alumina and titrated with the adduct of sec-butyllithium and
1,1-diphenylethylene until a yellow coloration was obtained. The
butadiene (Bu) was distilled off from triisobutyaluminum, the

25 1,1-diphenylethylene (DPE) from sec-butyllithium (s-BuLi). A 0.5
molar solution of s-BuLi in cyclohexane was used as initiator.
Styrene (S) was dried over alumina directly before use.

All polymerizations were conducted under purified nitrogen with
rigorous exclusion of air and moisture. The reactors were
pretreated for a number of hours with a solution of
1,1-diphenylethylene and sec-butyllithium in cyclohexane under
reflux before being filled.

30

35
In the Examples below, Bu is 1,3-butadiene, S is styrene and DPE

is 1,1-diphenylethylene. Also, the proportions are by weight.

Preparing a Bu-S/DPE block copolymer
40
Dispersant D1

7.1 1 of cyclohexane and a few drops (about 2 ml) of DPE were
charged to a 10 1 stirred reactor and titrated with a 0.278 molar
sec-butyllithium solution until the mixture began to take on a
red coloration. Following the addition of 15.1 ml (4.2 mmol) of
the 0.278 molar sec-butyllithium solution, 1.6 1 (19.4 mol)) of

45
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acyclohexadlene cycl oheptatri ene, cycl ohept adi ene, cycl ooct at et r aene,
cycl ococtatriene, cyclooctadi ene, carbonyl 10 oxal ato, cyano, isonitrile,
~fulmnato-C, ful mnato-0Q cyanato |trogen et hyl enedi am ne,

di et hyl enetria i eth etran1 ep I ami_net etraacet at
i trosy ! 1S iEadiene) 3%3@% i EhcBOrEfane”l ?5 Ef) SR €h8' LA B
trifl uoropho?ﬁﬂa‘i‘@lf at 5 & edF'ibﬁE e, P& z%éFyVQ&tWa% 15
Rb is wth pfnrther drouy.eThe mqn}grogemhﬁs okt he . rﬁldrbrl]ngl S hydr ogen,
Clerr] - errpodyytaciene blocietwatle detéyminead omnyh, sample dyy means of yelyl
and the i ssnséhﬁeéwdd %nrsﬂ&ea@napw QGP@F ﬂrt o2 Pbukdildhed badi by mar RGN
radi cal of 2_ %ﬁ ) E Yhaximhak! ¥4 &%egrmblor
ent enyl . oner, ., uni LGl OUS ye in
e T ATl L s ey T
10, 000, 000 : Syceessipn at an intgryadi pfohS rmrwteéon%g&é@ d0-SAbBPBURE 11 to
VI, preferablydiphenyletbyléne angr @858sel 2. 25amallysof shyrenent angd. Very
particul ano popyméiztion wagicstitin@edoap! F0Es fot $ Neoursamdrel ORftEr ahe of
30 subgroup A:Xach& Hala shbsided) tzau £ORELH B mikehPe Was titratbd!Wfh
branchi ng R ot Uatead" 1h Mol e Wedot ol it bal o hicadd GER! 1 0N Mot

. especi al niu
M P water. ghe cofLr ess soigklon was freed from solvent under

reduced pressure in a devolatilizing extruder, and the product
15 was granulated.

GPC (polybutadiene calibration): two peaks: 1lst peak (20%) M
(peak maximum) = 32,000 g/mol; 2nd peak (80%): peak maximum at

260,000 g/mol.
20

- Bxamples 1 to 4

532 ml of pentane and a mixture of 2.61 g of dispersant D1 in
104.2 g (1 mol) of styrene were introduced with stirring into an
autoclave which had been rendered intert [sic] with argon.

8.16 ml1 of a 1.53 molar solution of methylaluminoxane (MAO) in.
toluene (obtained from Witco) and 2.08 ml of a 1.0 molar solution
of diisobutylaluminum hydride (DIBAH) in cyclohexane (obtained
from Aldrich) were added. Prior to the addition of the transition
metal complex, a defined amount of lubricant was then added to
this mixture. Subsequently, 1.5 1 of hydrogen were injected at
room temperature and the reaction solution was heated to 80°C.
Then 1.14 mg (0.05 mmol) of pentamethylcyclopentadienyltitanium
trimethyl Cp*TiMe; were added, and an internal pressure of 7.5 bar
developed. After 2 hours, the polymerization was terminated by
adding 10 ml of methanol. After cooling to room temperature, . a
homogeneous, readily flowing suspension was obtained. The
resultant polymer was washed with methanol and dried under
reduced pressure at 50°C.

25

30

35

40

The molecular weights Mw and Mn were determined by means of
high-temperature gel permetion [sic] chromatography GPC (135°C,
1,2,4-trichlorobenzene, polystyrene standard). The syndiotactic
45 content was determined by means of 13C-NMR spectroscopy. The
particle sizes lay within the range from 2 to 10 pm and were
determined on a sample, slurried in immersion oil, between two
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.concentration used it can al so simultaneous! y be enpl oyed as cat al yst
conponent A in addition to its function as a branching unit..
Rarticularly preferred catalyst conponeggs A) are netallocene 40 conpl exes,

.Sspe cially tpggg %Pfglaryé&%ggf@% aurdelr t Le%#;en%ltd.on m:.cr%/slceorpﬁ -(ei% }r:ljmo X kyI

5- to 7- nenb@F@B cark Seies) - mhlch in turn can carry
Clerr]-Cferr]-alkyls as substituents, Cerr]-Cerr]-aryl or
arylal kyl, apfleW&kvers¥on2dis a5£48d bAlthe amount of styrene employed.

5

Comparative Experiment C1

Polymerization was carried out as in Examples 1 to 4 but without
the addition of a lubricant.

10
Ex. |Lubricant My, Vis- Con- |Productivity
[g/mol] |My/Mp |cosity |ver- |[kg s-Ps/gTi)
[mPas] |sion
15 : [%]
1 |0.5% by wt.[]422,800 {1.9 2.99 67 69.2
Winog 60
2 |5% by wt. 278,500 |2.0 4.81 73 82.1
Winog 60
3 1% by wt. 296,700 |2.0 2.43 69 49.7
20 . 4
distearyl
phthalate
4 |8% by wt. 301,400 }2.2 4.01 71 66.5
Winog 70
25 Cl - 321,50012.1 2.35 34 15.4

The syndiotacticity of the polymers was > 95%.

The percentages by weight for the lubricants are based on styrene
30 Monomer employed.

Winog®60 and Winog®70 are white oils (mineral oil hydrocarbons)
to DAB [German Pharmacopeia] 9 from Wintershall Mineral®&l GmbH.
Winog 70 has a dynamic viscosity [to DIN 51562] of 136 mPas, a

35 Mmolecular weight in the range from 400 to 550, and a density of
0.865 g/cm3.
Winog 60 has a dynamic viscosity [to DIN 51562) of 180 mPas and a
density of 0.863 g/cm3.

40

45
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- 10 icals may if desired together be cyclic Kﬂiﬂ)SHEETlﬂAsoBEEN
15 carbons, for exanple fused ring systems of 4 to 12 - " REPLACED _

_ earbons, or are Si(Rerr])[err], wigre Rlerr] is C{UIIJ-L{errJ-aIKy ,
C[err]%C[err]Baryl orIF{e{r]Vl e;rt-c ycl oal kyl, 15 Tableso? he
netal from subgroups 0 0
El enents or We gladmat of the |ant hﬁmlm“"ﬁ“m"llll”“l seri es, 20 z[err]
Ef z[frE% ?relhydrogen hal ogen, err] err] al’kyl, derr]-Jerr]-aryl,

err]-derr],-al kox err ar
cterr] CareTor & Bhodtss s brebgr %Lﬁﬁﬁﬂrﬂs#] o5 mlrdlsffamazf%ra‘i“&?ferr]
corre- in dls@?:’f’ﬁ?fﬂ"nd-“t Gh?h%‘:?ﬁzﬁr@ﬁcy oft RAShegdng auxiliary and a

Particul arly prefcatatystetcitiadnehdectrpi dles bransitioy metal| ¢omEexaod
those in which subgbbups II to VISIf Bptalcaltiofi-foligingagkit Odnd g ,PafFi odi C
Tabl e of desired, an aluminum compound, which comprises adding

10 lubricants.

2. A process as claimed in claim 1, wherein the dispersing
auxiliary used comprises block copolymers having at least one
diene block B and at least one block S comprising a copolymer

15 of a vinylaromatic monomer and 1,1l-diphenylethylene or its
aromatic ring-substituted derivatives, including those
substituted by alkyls of up to 22 carbons.

3. A process as claimed in claim 2, wherein the block copolymer
20 comprises polybutadiene or polyisoprene in copolymerized form
and the diene block B is partially or completely hydrogenated
or unhydrogenated.

4. A process as claimed in either of claims and 3, wherein the
block S of the block copolymer consists of a copolymer of
styrene and 1,l-diphenylethylene.

25

5. A process as claimed in any of claims 1 to 4, wherein the
lubricant is used in an amount of from 0.01 to 50% by weight,
based on the monomer employed.

30

6. A process as claimed in any of claims 1 to 5, wherein a
branching monomer unit comprising at least two vinylaromatic
35 radicals is used in a molar ratio of vinylaromatic monomers
to branching units of from 10,000,000 : 1 to 10 : 1.

7. A process as claimed in any of claims 1 to 6, wherein the
catalyst component A) employed is a metallocene complex of
40 the formula (III) '

45
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- the Elenents, i.e. titanium zirconiumor hafnium Jﬁtﬁ___~_-_‘___~_§
pecially titanium 35 and z[err] to z[err] are
Jgerr]-Cerr]-alkyl, Cerr]-Cerr]-al koig or hal ogen.”"'"”lmmmm f
such preferred netal |l ocene conpl exes aré€: ' v e (IR A, mnm
s *

pent amet hyl cycl opent adi epy] titani umatrichl ori de,

pent anet hyl cycl opent adi e fl wanim trinmet hyl and

pent anet hyl cycl opent adi enyl ti um trimet hyl at e.

10 It is also possi bl gid-0 & hose netal |l ocene corrplexes(III ,
descri bed ign EP-A 584 646. xtures of different netall ocene c&nplexes
can al so be used. -

1 2
M(2Z )zl(z )22(23)23(24)24(25)25

where
10
R7 to R!1 are hydrogen, C;-Cjp-alkyl, 5- to 7-membered
cycloalkyl which in turn can carry C;-Cg-alkyls as
substituents, Cg-Cis-aryl or arylalkyl, and where
15 two adjacent radicals may if desired together be
cyclic groups of 4 to 15 carbons, or are Si(R!2)j,
where R12 is C;-Cjp-alkyl, Cg¢-Cis-aryl or C3-Cjpo-cycloalkyl,
20 M is a metal from subgroups III to VI of the
Periodic Table of the elements or is a metal of
the lanthanide series,
zl to 25 are hydrogen, halogen, C;-Cjp-alkyl, C¢-Cis-aryl,
25 Ci1-Cjpo-alkoxy or C;-Cis-aryloxy
and
30 2, to 25 are 0, 1, 2, 3, 4 or 5, the sum z;+2z3+z3+2,+25

corresponding to the valency M minus 1.

8. A process as claimed in claims 1 to 7, wherein the
cation-forming compound B) employed comprises open-chain or

35 cyclic alumoxane compounds of the formula IV or V
Rl
Al O—Al—]m—R13 v
40 R13
; R13
0 — a1l +—— v

45 I
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=5 Compl ex conpounds of this kind can be synthesized by nethods known
per se, preference being given to reacting the correspondi ngly
rs}_u]E)sfti t ut ed, g_ycl i ¢ hydrogen a{li o?s wi t Bghal i (é)e(s 1? of ]Ei tani um zirconium
af nium vanadi u ni abisum, Qr a of .a [
pr epar eTti on techii ﬁﬁ gplé?r elge% ‘@Bg%&i ar}dn?‘e?‘sag}lgafrﬁ?er?efoggélglog otfac£ 30.
Organonetal lic Chenmistry, 369 (1989), 359-370. 15 As conpound B whi ch
forns cationg. eappgoceds aELtabiné®nini Eny0Bs, clainke 1C&bal Y Shhensincthecan
conpri se open- chahpj G- £ialin! &Hﬁ%&f&‘%g eﬁgif&#w“i% a cZQr&E.éﬁWnecSﬂi%i@i €s
are open- cBAin o gXSldd Si1UIRAA Fr P T 9508  cons 161Tnb S F Wk dnd, "
neutral Lewis acids, ionic compounds having Lewis-acid
cations and ionic compounds having Brdnsted acids as catioms.

: A
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- where Rlerr] is Cferr]-Cferr]-alkyl,: preferably nmethyl or ethyl, and k is
an . integer from5 to 30; preferably from10 to 25. 35 The
preparation of these oligoneric al unox conmpounds is usual ly carried
out by reacting a solution of a trialkylalumnum wth water and is
described, inter alia, in EP-A 284 708 and US-A  4,794,096. 40 In
gener al , therrépayatdoncofil poly(rinytenpoaiiits Jobyadhsperaion polynémsifatimonof-

m xtures of HPER dHehQaditieh @ 1ubrebahts Mol ecul es of di fferent | engths,
so that k is to be regarded as an average val ue. The al unoxanes may al so

be presentgin a mxture with other. netal alkyls, preferably with al um num
al kyl s. Abstract 11 It has been found
advant ageous to use the netall ocene conpl exes and the oligoneric

al unoxane co u nount such.th t he o] i um num
From e o | AR AP BN il {lmiokie, B R Gpd i pRTHIEEY o
met al | ocene g qﬁgg;t;g ?quqﬂg s in dlsper51on, 1n the presence o a dis-

10 persing auxiliary and a catalyst, obtainable from A) a transition

metal complex of subgroups II to VIII, B) a cation-forming agent
and C), if desired, an aluminum compound, wherein additives are
added. '
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5 range fron110 1 to 106:1, in particular from10: 1t to [Of;
- T ﬁfﬁggg

cofhrpound B) forn1ng netallocenlun1|ons It is also possip
coorglnatlon conpl ex -conpounds sel ect ed f8om t he. group con
strong, neutral Lew s acids;, ionic conpounds having 10 Lemns acid cations

and ionic cqu qggﬁmpaV|ng Bronsted acids as - cations. - Preferred_“
strong neutral Lews acids are conpounds of - the forml a VI 15 - :
[err] - where- 20 Merr] is an elenent frommin group |11 of

the Periodic 1. A process fozrameparé@peypbymgr%ommwlwmw comboynds;
25 Xlerr], Xgerr] smdiidpersjionrin laldphgeic ¢-@;p | hydreicarbehkyas dispersion
Cerr]-derr]- ar yhed itk 1hothé presence of a dlsﬁﬂrshﬁbk&ﬁxliEHanhhaia0r

hal oaryl each of dedaiyl@,C@btainable from a) %giraliﬁ!éelé,ﬁqneaééiy' fef 4 20
iodihe,”especiaJliﬁbgroups I1 to VIq{aI8&r§ ﬂﬂQ§F8FQb? 9 Gt AP $prE%

sired, an alumlnum compound whlch comprlses adding
0 1ubr1cants.: :

. 24 A process ‘as clalmed 1n clazm 1, whereln the dlsper51ng ,
' auxlllary used comprlses block copolymers hav1ng at least one
: diene block B ‘and at least one block S comprising a copolymer
18 . of a vrnylaromatlc monomer and 1, l-dlphenylethylene or its
o - aromatic rlng-substltuted derlvatlves, 1nc1ud1ng those_
"-;substltuted by alkyls of up to 22 carbons. '

'_3; A process as clalmed 1n clalm 2, whereln ‘the block copolymer
- 20 comprises polybutadlene or polylsoprene in- copolymerlzed form
' and the diene block B 1s partlally or completely hydrogenated
or unhydrogenated.

. 4. 'A process as claimed in either of claims and 3, wherein the
25 block S of the block copolymer consists of a copolymer of
styrene and 1, 1-d1phenylethylene.

5. A process as claimed in any_of claims 1 to 4, wherein the
lubricant is used in an amount of from 0.01 to 50% by weight,
30 based on the monomer employed.

6. A process as claimed in any of claims 1 to 5, wherein a
branching monomer unit comprising at least two vinylaromatic
radicals is used in a molar ratio of vinylaromatic monomers

35 to branching units of from 10,000,000 : 1 to 10 : 1.

\
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conpounds of the formula Vi ?‘I.I‘\\PO_S\

_ s REPLACEMENT SHEETS
Paft AXDeses amef ﬁig%ﬁCQ tos ene"?t

vmldFXUw 1 r ri dentical ; prefer ghlPphchidsly og .
trls(pent L?C G dXGQ& gg!c hpounds and processes for their
preparatio 55_’e r§ described, for 35 exanple, in WO
93/ 3067. .B/&B | vvn% %gm C c grds| havi ng Lewi s-amﬂﬂchN%m are
conpound$ f the forml [erf] mhere- 45 Y s an
el enent 1 F--Ou\¢a£W subgr oups :l to VIl of

t he Peri odi 8rapdstation of poly(vinylaromatics) by dispersion polyme2ization
with the addition of lubricants

Description

N

The invention relates to a process for preparing polymers of
vinylaromatic compounds in dispersion in the presence of a

10 dispersing auxiliary and a catalyst, obtainable from A) a
transition metal complex of subgroups II to VIII, B) a
cation-forming agent and C), if desired, an aluminum compound.

The polymers thereby obtainable can be used to produce fibers,
15 films and moldings.

Polymerizing styrene in the presence of metallocene catalyst
systems leads to polymers of high stereoregularity and is
described at length, for example, in EP-A 0 210 615. Because of
its high crystallinity, syndiotactic polystyrene has a very high
melting point of about 270°C, high rigidity and tensile strength,
dimensional stability, a low dielectric constant and high
chemical stability. The profile of mechanical properties is
retained even above the glass transition temperature. '

20

25

In the metallocene-catalyzed polymerization of styrene, there is
frequently crystallization of the resulting syndiotactic
polystyrene starting at a level of only about 10% conversion.

30 This leads firstly to the formation of deposits on the walls and
secondly to an extreme viscosity rise during the polymerization,
which makes handling and dissipation of the heat of reaction more
difficult, especially on the industrial scale.

35 To solve this problem a variety of techniques using special
reactors or extruders have been tried out. EP-A-0 535 582
describes a process for preparing syndiotactic polystyrene in a
stirred bed of solids, which is able to reduce the wall deposits
but not prevent them. The reactor has to be equipped with a-

40 special stirrer in order to produce a homogeneous fluidized bed.
Temperature control is by way of partial evaporation of styrene
by reduced pressure, using a complex vacuum control system.

EP-A 0 584 646 and EP-A 0 389 939 describe the preparation of

45 syndiotactic polystyrene in self-cleaning twin-screw extruders or
compounders with no dead spaces. In both processes, owing to the
sudden rise in frictional forces at higher levels of conversion,



qerr] “to Qerr] are radicals with a single negati veﬁgg@%é{iﬂé_u%ﬁﬁs
Cerrj-Cerr]-alkyl, (err]-(err]-aryl, alkylaryl, arylalkyl, ha- :
| oal Kyl or hal oaryl each having 6 to 20 carbons in the aryl

and 1 to 28 carbons in the alkyl, 5 4 C[err] Q:[lerJrAf" BN oal kyi |

' d
o 15 er Aol bhe8 b craminga, for. eony iy LALEEL 0

koxy, CferrP* g HZ%§FQPok? cagrigh gnt 9:§Bt9 mD%ﬁﬁﬂ1°&§Ver51°n but only
trinmethyl si kgla lemplawhere the 901meamqwﬂe@ge&0¢keﬁnvmtthomenomers no

is an integeon¢exnaq§1bme5atesuin th® cburse of subsa&nrenespeockssdingt Beeps.
differencg a - z, but is greater than or equal to 1.
Particular suitability is possessed by carboni um cations, oxoni um

catlons and IR uF4®Fash ehtIneRicahnt Biaionat £BRI Eeghmsaet PBLifnession
| exes. Patymetilzatinenis dmowny Be rmcowdpyedesnadifieaylvetchyreparesi| ver
1,1 - di sraly|daysegeayd paationss, as debeybed efcar aRbypha@vims Journal
noncoordl nabf“ﬂofﬁr}é’i‘ Skl &iGe, @%E%CAalﬂ»aiymerb@ﬁ&nlwove@s 3@8(1%%9
ment i onedoi g, Vi 9882, I &fzeLabL VoD inpbtekhsd Pantal! yor onhenylLy bprate.

dispersing auxiliary for stabilizing the dispersion.

DE-A 43 30 969 describes a process for preparing polystyrene
mixtures by polymerizing styrene in an organic liquid in the
presence of a styrene-butadiene block copolymer and of a
metallocene catalyst system. For the preferred embodiment,
however, pressures of from 5 to 20 bar are required; otherwise
the resulting polymers have a very low molecular weight of around
30,000 g/mol.

15

20

DE-A 195 42 356 describes a process for the preparation of
copolymers of vinylaromatic and olefinic polymers in the presence
of ‘metallocene catalysts in dispersion. As dispersing auxiliaries

25 two-block copolymers of styrene and dienes are used. However,
process productivity still requires further improvements to be
suited for technical processes. -

It is an object of the present invention to provide a process for
30 preparing syndiotactic vinylaromatic polymers using metallocene
catalysts, which does not have the above disadvantages, the
reaction mixture being of low viscosity and increasing the
productivity of the catalyst.

35 we nave found that this object is achieved by a process for

preparing polymers of vinylaromatic compounds in dispersion in
the presence of a dispersing auxiliary and a catalyst, obtainable
from

40 A) . a transition metal complex of subgroups II to VIII,

B) a cation-forming agent and,

C) if desired, an aluminum compound, wherein lubricants are

45 added.



| oni ¢ conpounds with Bronsted acids as cations and preferaﬁ%pé{f\ggwg@m@}ﬁﬂ}h

| i kewt se noncoordi nated counterions are specified in WO 3067; a
preférred cation is N, N-di nmethylanilinium It has been_fouqq&u_‘be
particularly appropriate if the nolar 5 ratio of boron fro@ﬂhe-ﬁ--’d ound
that forns netall oceniumjons to transition nmetal fromthe netal conpl ex

is in the rBHge-Mlgm ¥5S\eitable; yinylaromatifarPmRQungs £F8ntRose ©f 5he .
The cat al ysfomgalsed enpl oyed in the novel process may include as

conponent C) an al um num conpound, for exanple of the formula VIl 40
[err] where 45 Rl14 to RI16 ~aRt—hge=s@en, fluorine, chlorine, bromnine,
i odi ne org C[err]-&;err]-alkg;, preferably
Cerr]-Cerr]-alkyl. _ (1),
RS R3
/ R4
10
where
Rl is hydrogen or Ci;-Cs-alkyl,
15
R2 to RE independently are hydrogen, C;-Cip-alkyl, Cg-Cig-aryl or
halogen, or two adjacent radicals together are cyclic
groups having 4 to 15 carbons, for example C4z-Cg-cyclo-
alkyl, or fused ring systems.
20
It is preferred to employ vinylaromatic compounds of the formula
I in which
1 4 ,
25 R! is hydrogen. . .

Particularly suitable substituents R? to Ré are hydrogen,
C1-C4—alkyl, chlorine or pheﬁyl, biphenyl, naphthalene or
anthracene. Two adjacent radicals may also together be cyclic

30 groups having 4 to 12 carbons, so that compounds of the formula I
may also, for example, be naphthalene derivatives or anthracene
derivatives.

Examples of such preferred compounds are:
35 : '

styrene, p-methylstyrene, p-chlorostyrene, 2,4-dimethylstyrene,
4-vinylbiphenyl, 2-vinylnaphthalene or 9-vinylanthracene.

It is also possible to employ mixtures of different vinylaromatic
compounds, in which case one component may also carry further
“hydrocarbon radicals, such as vinyl, allyl, methallyl, butenyl or
pentenyl groups, preferably vinyl groups, on the phenyl ring. It
is preferred, however, to use only one vinylaromatic compound.

40

45



13 Preferably, Rlerr] to Rlerr] are identical and are

Cerr]j-Cerr]-alkyl, such as met hyl , ethyl, isobutyl dﬂﬁ¥AEEwaTl£ﬁ%j R16
i s hydrogen. The content of conponent C) in the cat éy t syste
T

preferably 5 from1 : 2000 to 1 : 1, i4 particular from 174 g3@ aga 1
(ol ar rat'ﬁh 1én&§9§*tﬂé£}e¥§aa' {ﬂ§¥grbﬁgt£8 éﬂmdaaBHngié) Egrefs d

sol vents for 1t ge& | ocene conplexes It 1S cormobn aromatic
hydrocarborﬂ%,[n g %ﬁf%gthose having 6 to 20 carbons and especially
xyl enes, toluene and ethyl benzene and m xtures t her eof . The

Esta|:OceneTKé”ﬁyeﬁéE§t£6H1d@evﬁﬂ?iéb6%iﬂﬂbtBo@ﬁodﬂd@hgﬂttﬁejééﬁﬂdﬁgo$;}s t hose
a es I S I
of ?ﬁe fo?n%igy%é ??e??igHH) leEgéﬁ err?B?vﬁ#Aééﬁ% Ogh Bel%ﬁ#%lg 5. f%%z% 0Oto
2, preferab f7#8m0 to 0 5; i.e. essentially 20 aIunDS|I|cates or silicon
dl%dee The supports preferably have a particle dianeter of from1l to
[err]mgiftapaet afsabéfsﬂohoah,%@liéhes 8Pe [@rddﬁnco&ﬁgn@wm%ﬁgaa@
obtai “ab' e folIPLgbak dne MAGRERIE a3S 10as8 dd£B198k $3ddAML G a5e
copolymer of a vinylaromatic monomer of the formula (I) and
1,1-diphenylethylene or its aromatic ring-substituted
derivatives, including those substituted with alkyl of up to 22
carbons, as are described, for example, in DE-A 44 20 917.

15
Suitable examples are block copolymers with blocks S8 and B, of

the general structures (S-B)p, S-B-S, B-S-B, X[(5-B)nlm:

X[{B-S)plm, X(S-B-S)p and X(B-S-B)n, where X is the radical of an

m-functional coupling agent or of an m-functional initiator, n is
20 an integer from 1 to 5 and m is an integer from 2 to 20.

All dienes are suitable in principle as the diene component for
the block B, although preference is given to those having
conjugated double bonds, such as butadiene, isoprene,

25 dimethylbutadiene and phenylbutadiene. The diene block may be
partially or completely hydrogenated or unhydrogenated. The
molecular weights Mw of the blocks B are generally from 10,000 to
500,000, preferably from 50,000 to 350,000 and, with particular
preference, from 70,000 to 250,000, g/mol.

30

' The blocks S consist of a copolymer of a vinylaromatic monomerlof_

the formula (I) and 1,l-diphenylethylene or its ring—éubstituted

derivatives, including those substituted with alkyl of up to 22

carbons, preferably of 1 to 4 carbons,” such as methyl, ethyl,

isopropyl, n-propyl and n-, iso- or tert-butyl. Particular
preference, however, is given to the use of unsubstituted
1,1-diphenylethylene itself. The proportion of diphenylethylene

in the block S is from 15 to 65% by weight, preferably from 25 to
60% by weight. The molar ratio of the units derived from the

40 vinylaromatic monomer to units derived from 1,1-diphenylethylene

~ is generally in the range from 1 : 1 to 1 : 25, preferably from

1 :1.05 to 1l : 15 and, with particular preference, in the range:
from 1 : 1.1 to 1 : 10.

35
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25 Further supports include finely divided polyol efins, fBEPMﬁﬁMﬁN? SHEET
fi nelﬁy di vi ded pol ypropyl ene or pol yethyl ene, and al so pol yet hyl ene

gl.yc pol ybutyl ene terephthal ate, polyethyl ene t er egtph glﬂgt
pol yvi nyl al cohol, polystyrene, syndiofactic pol ystyrene, @th adi ene,

foggﬂ Ibggaﬁn@ | Gl?ﬁ@@'k‘)ﬂ!&kss?’f’s tﬂk@f@@&bly randbe 1A0L&p Jﬁtagnoérédlkilasf o
.

1 7000 t *T%‘ﬁef o f‘ g N be® P%PQ %ﬁ’r% AL ELECENC L L

1, 000, 000. Prefer? &Y pF L 90 § o‘?%l@?? F%Fé’ﬁtar-oﬂr?%e%e@ﬁ&uéﬁe%ll‘é%na
di sper si on %IW#@PF%&W%@lOFHeSdﬁP%M§?ﬁg %lhﬁ‘éhﬁh@@b@ﬁhﬁ’}eﬂe

judi ci ousby conprise aliphatic hydrocarbons, especially those of 40 4 to 10

b
ﬁiigﬁg 2‘}[_]3;?16 ?ogxdg%?fa %0@ ”%i‘i rgee%ergf inesch%r 4 Pange é‘{% al'?gf@ it

pol ymeri ze He B?E a6 Yn%’a‘?{ﬁﬁapgy r‘?rﬁ 9g°ene|1§I L? &5 3P0 BB percent
voI une, PragketzBnyitiong centhbe eitherogbganwiuiner uspered. A tapered
transition is one where the adjacent blocks B and S may, in the

10 transition region, also contain monomers of the other block.

The block copolymers can be prepared by customary methods of
anionic polymerization, as described for example in M. Morton,
Anionic Polymerisation, Principles and Practice, Academic Press,
New York 1983. The anionic polymerization is initiated by means
of organometallic compounds. Preference is given to compounds of
the alkali metals, especially of lithium. Examples of initiators
are lithium alkyls such as methyllithium, ethyllithium,
isopropyllithium, n-, sec~ or tert-butyllithium. It is
particularly preferred to employ n- or s-butyllithium. Suitable
solvents are those which are inert toward the organometallic
initiator. Aliphatic or aromatic hydrocarbons are judiciously
used. Examples of suitable solvents are cyclohexane,
methylcyclohexane, benzene, toluene, ethylbenzene and Xylene.

15

20

25

To influence the polymerization parameters, small amounts of
polar aprotic substances may be added to the solvent. Suitable
examples are ethers, such as'diethyl ether, diisopropyl ether, -

30 diethylene glycol dimethyl ether, diethylene glycol dibutyl ethér
or, in particular, tetrahydrofuran, and also tertiary amines,
such as tetramethylethylenediamine or pyridine. The polar
cosolvent is added to the apolar solvent in a small amount of
from about 0.01 to 5% by volume. Particular preference is given

35 to tetrahydrofuran in an amount of from about 0.1 to 0.3% by
volume.

In a preferred embodiment of the novel process, at least one
branching monomer can be employed.
40

As branching monomers it is p0551b1e to use compounds of the
formula II

45



14 The di spersing auxiliary is preferably used in an anmount of from
0.1 te 10% by weight, particularly preferably from1l to &%ﬁmcrmfmmqglﬁh

based on the vi nyl aromati ¢ conpound enployed. It is j udi ci ously
di ssolved in the vinylaromatic nononmergthat is to be zup%?% P@ed
Suitable lubricants are organi c and. i norgani c conpaynd npl e of

organi c lubricants are lubricating oils sucRP gHpgral oils, i.e.
| i qui d products obtained frompetnol eum hardfcoal tlar or 10 lignite tar,
such as benzines, white oi]s, petnol eum or ils, and al so pol yet her

oil's, ester oils and sRPTThpe M9~ GiH2dnse ubrilcant gred&&k. Exanpl es
of inorgadic lubricants are nDIy denunt| ul firdé or titaniunm(lV)

sul fide. Further suitable | ubricants are gl y®&ryl esters or fatty acids.
Preference is 15 given to hydrocarbons such as liquid paraffins, other
paraffins, pol ar and nonpol ar pol yet hyl ene waxes, al cohols such as cetyl
al dohol or whexsryl al cohol, carboxylic acids such as lauric acid,

palmtic acid or stearic acid, netal salts of carboxylic aci ds, such as
Ca steard® a ZN; ste rate, carhoxam des and car box vid g ters _such,as
iyl ot carth o, 5k gre, HHIARGHE o AErsPORSg adtedl o N 1528

|l ubricants are ‘b%"shtﬂnlsbeﬂ efQrifeRarfpl%e 23k Rhean ‘Fa%@:‘l"fétrﬂﬁf&h%eﬁhfferent
Kunst st of f - Addi erd/é'-,woedﬁde@lkﬁ/ R&aean dorand Ml te8-membered ringatpasbineer

Verl ag, 2nd Ediwium thpaget&0%tom 32Fach&db to them, and R® can also be a
15 customary complex ligand if M is a transition metal,

RP is hydrogen, Ci-Cs4-alkyl or phenyl;

R¢ 1is hydrogen, C;-Cs-alkyl, phenyl, chlorine or an unsaturated:
20 hydrocarbon radical of 2 to 6 carbons;

M is ¢, Si, Ge, Sn, B, Al, Ga, N, P, Sb, Ti, Zr, Hf, Vv, Nb, Ta,
Cr, Mo, W, Mn, Fe, Ru, Os, Co, Rh, Ir, Ni, Pd, Pt, Cu, 2Zn or
cd, '

25 . :

n is 2-6;

m is 0-20;
30
D is 0-4;

with the proviso that the sum of n + p corresponds to the valency

of M. : -
35 :

These monomers can be obtained, for example, by way of the

Grignard compounds of the chloro(alkyl)styrenes with the

corresponding carbon, metal or transition metal compounds, for
40 example the halogen compounds. Where M is silicon, germanium or

tin, for example, such reactions are described in K. Nakanishi,
J. Chem. Soc. Perkin Trans I, 1990, page 3362.

45



Further |ubricants which can be enployed are polyners su h as

pol ystyrene, preferably | ow nol ecul ar mass pol ystyrene héd] gtMtNﬁﬁﬁgéLIar
weigﬁts Merr] of from 2000 to 40, 000, polyethyl ene, polypr ¥kene or
el se copol ymers of ethylene with other730 1-al kenes. Paridi €Y

pref erence partgicuearly phefleeary| bydrdidngt aoacmeniundrtal are tmdsehysdr,a]mar bons
such as Mif&ﬂllaSHMpxw&a aflgliéafﬁoe@t sul&&prig@@mam&@n tahserbe

oTploved. %ssanlhe AU Bhal Uy Al 5B VL MEANL R de anaco, w1
r r |
B DR Akt € g pa!mtemuiﬁr‘lyy%%%%eéage&w s 8 o 0% by

wei ght ba2ed on nonomner enployed 40 The lubricants are preferably

added, priofof @xahg1@ddind @A tohikdeontalihdA hdrRiheBl 8F CRIRHuLIEOTE e
vi nyl aromati ¢ compound, the di spersant, the dispersing nedium the

cation-form ng agent and, | f appr|ipr| ate i;@_a[:H num conpound. 45

15f
(CHz) - (IIa)
15 and the titanium compound IIb
' RPC==CH, ‘
20 (CHz)‘——EgéiQ : (IIb)

where R2, RP, RS, m, n and p are as defined above, can be employed
as branching monomers. o ’

10 [Ra—] —Ti—

25

The inert organic radical or radicals R®* are not of great
importance to the process. Rather, they serve merely to satlsfy
the free valencies of M and can be selected for ease of _
availability. Examples of suitable radicals are aliphatic and
cycloaliphatic radicals, aryls, hetaryls and aralkyls. Aliphatic -
radicals include alkyls, alkoxys, alkenyls or alkynyls having,
for example, from 1 to 2 or 20 carbons. Cycloaliphatic radicals
include cycloalkyls or cycloaikane radicals of 3 to 8 carbons.
Instead of a methylene in the alkyl or cycloalkyl it is also
possible for there to be an oxygen. in ether function. Examples of
aryls are phenyls or naphthyls, it also being possible for two
phenyls to be connected by an oxygen. Examples of aralkyls are
“those of 7 to 20 carbons that result from combination of a phenyl
with an alkyl. Examples of hetaryls are pyridyl, pyrimidyl and
furyl. These radicals can also be substituted further, for
example by alkyl, alkoxy, halogen, such as fluorine, chlorine or
bromine, cyano, nitro, epoxy., carbonyl, ester groups, amides, and
so on. Two of the radicals R2 can also form a 3- to 6-membered
ring with the atom M, for examplé where two radicals R2 form an

30

35

40

45
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EP
The pol ymerization conditions are not critical. Polynerizati é‘rl\uf"gt”‘ SHEET
prefefably conducted at from50 to 100[err] C under a pressur f from
O.;OS«?to 30 bar, preferably fromO0.1 to 20 bar. The pol ymerizlag Nur | S
generally at an end after from0.5 to 80 hours. It can be 5 term nated by
addi ng protalkyiemeouhdsn irowhexhnge aretbaaolH; ardups mdye lispprase Gearedi um

can be renoygehdpedl bit6add @iher B¥ARAIGALT on and recycled to the process.
The novel process is technically sinple and permts the 10 -preparation of

vi nyl aromati c pol ymers having a high syndiotactic content with | ow
vi scositi esIHM |igse themsiB-ieRanetal h RYi ghn alsosabgl gscupramhrat pvi 0.
Fur t her nD? eg-BdmdedotyneYex aigandi aduwdd asnethyard,i allgl £ Buyadiedbeor
Lﬁfﬁ' tn agt P Byt al sl hdRbe $€rpolysﬂbgﬁlﬂ€fht’if&i fc&@%ﬁenéa'dire&leéodsuc%

| . . -
Crude DPE ( d;r:ﬁté‘ﬁig?m‘?%ﬁatradéegg ‘J’r‘fe%?‘.gﬁée e %gg%{nﬁ% %rgglr[:r%%% Wi th
acdt ophenon®C 8&?59?1’9 %Cﬁﬁhﬁ%'é?‘?r&eé’ﬁhyﬁ?‘? prgiieneher mal |y
el i mi nat i ngCYFCOSEALRETRNY) CYSslacettatrdgneo B lpRctadpene+ waghorytol um
havi ng at9l exstats0 thens etiscalitpibe eSulBhifspd i fylhandteo umyankoo, | ar ger
quanti ties, dtnxHogeh, WetHyleneSuhdtie PRkt APlenciid atiisb] | | ate, which is
usual 1y pal g yalyQWnel St ramilel, t SERF drllaQHRPnSe &G 602h X, GRlZRyq VOeI m
al um na fornitro, isocyano, pyridine, a,a-bipyridyl, trifluorophosphane,

phosphane, diphosphane, arsane, acetylacetonato.
15

RP is with particular preference hydrogen or methyl. RS is _
hydrogen, C;-Cs4-alkyl such as methyl, ethyl, propyl, isopropyl,
n-butyl and the isomeric butyls, phenyl, chlorine or an
unsaturated hydrocarbon'radical of 2 to 6 carbons such as vinyl,
allyl, methallyl, butenyl or pentenyl.

20

The branching monomer unitlis judiciously employed in a molar
ratio of vinylaromatic monomer to branching unit of from
25 10,000,000 : 1 to 10 : 1.

Transition metal complexes of subgroups II to VIII, preferably
III to VIII, are used as catalyst component A). Very particular
preference is given to complexes of the transition metals of

30 subgroup IV, i.e. of titanium, zirconium or_hafnium.

If the branching monomer unit of the formula II already has a
transition metal M, especially titanium, then depending on the
concentration used it can also simultaneously be employed as
catalyst component A in addition to its function as a branching
unit.

35

Particularly preferred catalyst components A) are metallocene

40 complexes, especiallylthose of the formula III

Rl R7

Rlo"’ R8

(III),
45 R9 :

M{zZl) (22) (g3 4 5
g, B a2



chr omat ogr aphy, anhydrous), titrated wwth 1.5 N sec-but ﬁgtp hi um unti |
therg-is a strong red coloration, and di-stilled over i d%ﬁfﬂ
presdure (1 nmbar). The resulting product is conpletely Cppﬁ@gﬁﬁﬁ and can

be enployed directly in the anionic %pol ynerizati on. 'ng the
nononers and sol vent 35 The cycl ohexane (H) enployed as sol vent was
dried over anhydrous alumna and titrated wth the ‘adduct of

sec-butyl |ithium and 1, 1-di phenyl et hyl ene until a yellow col oration was

obt ai ned. The 40 but adiene (Bu) was distilled off fromtriisobutyal um num
t he 1, 1- Qﬂ%enylethylene (DPE) fromsec-butyllithium(s-BuLi). A 0.5
nol ar solﬁtlon of s-BuLi in cycl ohexane was used as |n|t|ator Styrene

S) was dri Y, al rectl ef S AII ns
\(/veZe conduc?dagu%ler lgg ﬂ?d% il trg 8 g&?}ﬁf 5+ ij §V8h1°?a)$k‘§l
an? nmoi sture. The re 8 fsigeiyrn ca r%??%%ﬁhd ﬁcﬁ ﬁuﬁﬁe?uﬁﬁtqﬂﬁﬁﬁ§smnth a

ofuti on of Cs-Cis~aryl or arylalkyl, and where two adjacent rad-
icals may if desired together be cyclic groups of 4 to
15 carbons, for example fused ring systems of 4 to 12
carbons, or are Si(R12)j,

10

where R12 is C1-Ci1o-alkyl, Cg-Cis-aryl or C3-Cip-cycloalkyl,

15 _
M is a metal from subgroups III to VI of the Periodic
' Table of the Elements or is a metal of the lanthanlde
series,

20 Zl to 25 are hydrogen, halogen, Ci-Cip—alkyl, Cg—Cis-arvl,
C1-Cig-alkoxy or Ci-Cig-aryloxy

and
25 | | | ,
z1 to 25 are 0, 1, 2, 3, 4 or 5, the sum z{+Z;+z3+z4+zs corre-
sponding to the valency of M minus 1.

Partlcularly preferred metallocene complexes of the formula IIIX
.30 are those in which -

M is a metal from subgroup IV -of the Periodic Table of
the Elements, i.e. titanium, zirconium or hafnium, es-
35 pecially titanium, -

and

Zl to Z5 are C;-Cig—-alkyl, Cj-Cjp—~alkoxy or halogen.
40 _
Examples of such preferred metallocene complexes are:

pentamethylcyclopentadienyltitanium trichloride,
pentamethylcyclopentadienyltitanium trimethyl and

4 . . . \
5 pentamethylcyclopentadienyltitanium trimethylate.



16: "1, 1- di phenyl et hyl ene and sec-butyllithiumin cyclohexane under
reflux before being filled. In the Exanples bel ow, BuBES[Aur,. ) o
1“3-@htadiene, Sis styrene and DPE 5 is 1, 1-di phenyl et hyl.ene. Aﬁ§8,0@¢ﬁ§
proportions are by weight. Preparithg a Bu- S/ DPE bl ockﬂg;bgp‘jayg;g_ _ 10

Di spersant Pd is alsé. podsidlec ol afgxesnahasd metf£M abiehRs coapiaite s> ﬁi‘ﬁrf of DPE
were - chaggeerivad@iaOsd-Stsigur gdgreactor and titrated with a 0.278 nol ar
sec-butyllithiumsolution until the m xture began to take on .a 15 red
coloration. Follow ng the addition of 15.1 m (4.2 nmmol) of the 0.278
mol ar sec- b¥ixtuteashiofnd st anengnmeta bldceneg campieygs ¢fan algo ddhwsadi.ene wer e
added in Portions (100 M) over the course of one hour at 70[err]C and
the m xture_was, pol ynerized at 70[err]C for _a further hour. The

mol ecul ar \/\g‘?r&?ﬁ%‘ %mPﬂ‘én‘fsef%l ttgﬁé ]?’.d']%cﬁ?bﬁ? a%%sﬂF8ékb¥\é?eé:htﬁ’gfer ni ned
on a sanpl eKBYThP&Es SBf Ryaferengerheingd GiVeRr EPrateAGtapaYLRSGPC) with

polfybut adi eeerrastdndangin: sudsedtjited, <y@A8c0bPdxpaan ankpes riidy deijides 1. 28,
M (peak nmaxbfudtanidR®, DOE@im, . hafniltn,t REna&sLH ! INIGbROK YEHtRGitanembl ock
there wetf added, in = succession at an interval of 15 m nutes, 98.3 m

(0.56 nol) of ) _ )
Examples of appropriate preparation techniques are described,

inter alia, in Journal of Organometallic Chemistry, 369 (1989),
359-370.
15
As compound B which forms cations, especially metallocenium ions,
- the catalyst systems can comprise open-chain or cyclic alumoxane
compounds . ‘

20 Suitable examples are open-chain or cyclic alumoxane compounds of
the formula IV or V

R13 )
- Al—f~ o—-—-Al—lk—R13 (IV)
R13 >
R13 C
or .
0 —a1 +— (v),
30 oK
R13

where R13 is C;-C4-alkyl, preferably methyl or ethyl, and k is an
integer from 5 to 30, preferably from 10 to 25.

35
The preparation of these oligomeric alumoxane compounds is
usually carried out by reacting a solution of a trialkylaluminum
with water and is described, inter alia, in EP-A 284 708 and US-A
4,794,096.

40

In general, the oligomeric alumoxane compounds obtained are in
the form of mixtures of both linear and cyclic chain molecules of
different lengths, so that k is to be regarded as an average
value. The alumoxanes may also be present in a mixture with other

45 metal alkyls, preferably with aluminum alkyls.
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ldatibna .1 of hydrogen were injected at

Preferred strong neutral Lewis acids are compounds of the formula
VI

Mixlx2x3 (vI)
where

MLl is an element from main group III of the Periodic
Table, especially B, Al or Ga, preferably B,

X1,%X2 and X3 are hydrogen, Ci-Cio-alkyl, Ce-Cis-aryl, alkylaryl,
arylalkyl, haloalkyl or haloaryl each of 1 to 10 car-
bons in the alkyl and 6 to 20 carbons in the aryl, or
are fluorine, chlorine, bromine or iodine, especially
haloaryls, preferably pentafluorophenyl.

Particular preference is given to compounds of the formula VI in
which X!, X2 and X3 are identical; preferably
tris(pentaflucorophenyl)borane. These compounds and processes for
their preparation are known per se and are described, for
example, in WO 93/3067. )

Suitable ionic compounds having Lewis-acid cations are compounds
of the formula VII

[(Y2*)0;05...0,19* (VII)

where

Y is an element from main groups I to VI or subgroups I
to VIII of the Periodic Table,



17 roomtenperature and the reaction solution was heaqﬁﬁuhgmmﬂkﬂﬁﬁﬁi
Then 1.14 ng (0.05 mmol ) of pentanethyl cycl opent adi enyl ti'tani um

trimet hyl *Ti M3 were added, and an internal pressure of_ 7.5 ba.
developgd.cﬁfter 2 hours, the polyneri¥&tion was terninatdﬂ-%y”@%dé%ding 10
m of methagolto At er capdirugicalsowitt errp&nglur:eegaatgve bﬁmzﬁﬁn%&uﬁ, as
readi |y flow ng suspens¢pit,yasiight acped,s-38¢1, alkgaukiantaRAlYRBE, Was-
washed w th methanol and:gishad unders SdufCl PLESTULS 25 HQBREI & 10
The nol ecul ar wei ghts an Fe et erm ne y. means o

hi gh-tenperature gel peFWetddt P8 ci‘ﬁh@%nﬁ?ﬁﬁ?%ﬁﬂﬁ? ége %% err)c

1, 2, 4-tri €hl or obenzene, CudliysE¥GiEd k¥ L arthirdy Canhle synfiibstacuted or suhrent
was determ ned by neanssoitut3C MyRCs1SketaldgdepyorTare halpgehi cte CopzaEls- | ay
within the range from 2kémy 1@l €1d-hiyyasdy Wwaiia viSodeherdapied, Osueh ¥l e,
slurried in inmersion opf;adiglMeen,iWwo pl anar gl ass plates under the

oo : . Yi, : :
trdnsm ssion m croscope (Axiophot fromCarl Zeiss). The conversion
i s based_gn the amobunt of styrene enployed. 20

10 4 is an integer from 1 to 6,
z is an integer from 0 to 5, and
15 4@ _ corresponds to the difference a - z, but is greater

than or equal to 1.

Particular suitability is possessed by carbonium_cations,'oxonium
cations and sulfonium cations, and also cationic transition metal

20 complexes. Particular mention may be made of the triphenylmethyl,
silver and 1,1’-dimethylferrocenyl cations.

They preferably have noncoordinating counterions, especially
boron compounds, as also mentioned in WO 91/09882, preferably
25 tetrakis (pentafluorophenyl) borate. :

Ionic compounds with Brdnsted acids as cations and preferably
also with likewise noncoordinated counterions are specified in WO

30 93/3067; a preferred cation is N,N-dimethylanilinium.

It has been found to be particularly appropriate if the molar
ratio of boron from the compound that forms metallocenium ions to
transition metal from the metal complex is in the range from

35 0.1:1 to 10:1, in particular from 1:1 to 5:1.

The catalyst system employed in the novel process may include as
component C) an aluminum compound, for example of the formula

VIIT
40
AL1RI4R15R16 _ (VIII),
where |
45 R4 to R16 are hydrogen, fluorine, chlorine, bromine, iodine or

C1-Ci2-alkyl, preferably C;-Cg-alkyl.



Conparative Experinent Cl Pol ynmeri zati on was carri ed’qmtxf‘awm SHEET
Exanples 1 to 4 but wthout 25 the addition of a |ubricant.

Lubr #cant Merr] Vi s- Con- Product i vi tm 3 JAN ?gm
[g/mol] Merr]/Merr] cosity ver-13 [kg s-Ps/gTi)

[ mPas] 5i0§ké¥érably, R4 to RIS are identical and are C;-Cg-alk¥, such s 0.5%

by wt. 422 rﬁg-_ql gth 1, i%oBltyl 01611 hexyl, &% %15 is hydro¥éhog 60 2
50 by wt. 2788000 50 vh 73 82.1 I W nog 60 35
3 1%by wt. 296, 700 2.0 2. 43 69" 49.7 di st earyl

pht hal ate The obnt8f% byf wompon@Qd ,A0Gn 2h@ catalystOsystem 7B preferalpgly 5
W nog 70 546rorCh : 2000 to 1 : 1, 331 fa@@idular froh 35: 80840 1 : 10 15.4

The syndi ot gﬁ&ﬂﬁ@ %Xt?(f) S8 BALYERSS MRS 1> £ 9GRIIT o ADCERS GeREAGES by
wei ght for e ricants are based on styrene 45 nononer enpl oyed.

f "As solvents for the metallocene complexes it is common to employ
aromatic hydrocarbons, preferably those having 6 to 20 carbons,
and especially xylenes, toluene and ethylbenzene and mixtures
thereof.

- 10

The metallocene complexes can be employed with or without a
15 Support.

Examples of suitable support materials are silica gels,
preferably those of the formula SiO; - bAl,;03, where b is a number
from 0 to 2, preferably from 0 to 0.5; i.e. essentially

20 alumosilicates or silicon dioxide. The supports preferably have a
particle diameter of from 1 to 200 um, in particular from 30 to
80 um. Such products are obtainable commercially, for example as
silica gel 332 from Grace. '

25 Further supports include finely divided polyolefins, for e&xample

finely divided polypropylene or polyethYlene, and also
polyethylene glycol, polybutylene terephthalate, polyethylene
terephthalate, polyvinyl alcohol, polystyrene, syndiotactic
polystyrene, polybutadiene, polycarbonates and copolymers

30 thereof.

The molar ratio of transition metal catalyst A) to vinylaromatic
monomer is generally from 1 : 1000 to 1 : 10,000,000, but

j5 breferably from 1 : 2000 to 1 : 1,000,000.

The process according to the invention is conducted as a
dispersion polymerization. The dispersing medium eﬁployed may
judiciously comprise aliphatic hydrocarbons, especially those of

40 4 to 10 carbon atoms, or hydrocarbon mixtures. Examples are
butane, pentane, hexane and heptane. The concentration of the
monomers that are to be polymerized in the dispersion medium is
in general from 5 to 65 percent by volume, preferably from 10 to

50 % by volume.

45



W nog60 and Wnog70 are white oils (nmineral oil hydrocar bgpghucheivl aHEELL
18 to DAB [ German Pharnmacopeia] 9 from Wntershall M neral ol GrbH.
VVnoé 70 has a dynamc viscosity [to DIN 51562] of 136 nPas, .~nDlecuIar
wei ght in the range from 400 to 550, &fd a density of 0B é5d£; cHrerr] .
5 W nog Hie lidsparsimamnuxitiscpsid wriefer &N Slide6? inoén mumasfafmbra
denS| ty of §.863 abgnberwdicht, gérticulaldy preferably from 1 to 8% by
weight, based on the vinylaromatic compound employed It is
judiciously dissolved in the vinylaromatic monomer that is to be

5 polymerized.

Suitable lubricants are organic and inorganic compounds. Examples
Fs of organic lubricants are lubricating oils such as mineral oils,

i.e. liquid products obtained from petroleum, hard-coal tar or

10 lignite tar, such as benzines, white oils, petroleum or gas oils,
and also polyether oils, ester oils and silicone oils, or else
lubricant greases. Examples of inorganic lubricants are
molybdenum(IV) sulfide or titanium(IV) sulfide. Further suitable
lubricants are glyceryl esters or fatty acids. Preference is

15 given to hydrocarbons such as liquid paraffins, other paraffins,
polar and nonpolar polyethylene waxes, alcohols such as cetyl _
alcohol or stearyl alcohol, carboxylic acids such as lauric acid,
palmitic acid or stearic acid, metal salts of carboxylic acids,
such as Ca'stearate, Zn stearate, carboxamides and carboxylic

20 gsters such as ethyl stearate, n-butyl stearate or distearyl
phthalate. Further lubricants are described, for example, in the
Taschenbuch der Kunststoff-Additive, edited by G&chter and Miller
for the Carl Hanser Verlag, 2nd Edition, page 309 to 327.

25 ,
Further lubricants which can be employed are polymers such as

polystyrene, preferably low molecular mass polystyrene having
molecular weights M, of from 2000 to 40,000, polyethylene,
polypropylene, or else copolymers of ethylene with other.

-alk .
30 l-alkenes —

Particular preference is given to diStearyl phthalate and mineral
0il hydrocarbons such as white oils. Mixtures of different
lubricants can also be employed.

35
The amount of lubricants can vary within wide ranges, with
preference being given to from 0.01 to 50% by weight, in
particular from 0.1 to 40% by weight and, with parﬁicular
preference, from 0.2 to 10% by weight based on monomer employed.

-

The lubricants are preferably added, prior to the addition of the
transition metal complex, to the vinylaromatic compound, the
dispersant, the dispersing medium, the cation-forming agent and,

a5 if appropriate, the aluminum compound.
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The polymerization conditions are not critical. Polymerization is
preferably conducted at from 50 to 100°C under a pressure of from
0.05 to 30 bar, preferably from 0.1 to 20 bar. The polymerization
is generally at an end after from 0.5 to 10 hours. It can be
terminated by adding protic compounds, for example methanol, and
the dispersion medium can be removed by filtration or evaporation
and recycled to the process.

The novel process is technically simple and permits the
preparation of vinylaromatic polymers having a high syndiotactic
content with low viscosities of less than 5 mPas with high
catalyst productivity. Furthermore, the polymers are obtained in
particulate form. The resultant polymers are suitable for
producing fibers, films and moldings.

Examples
Purifying 1,1-diphenylethylene (DPE)

Crude DPE_(Aldrich or prepared by reacting phenylmagnesium
bromide with acetophenone, acetylating with acetic anhydride and
thermally eliminating the acetic acid) is distilled to 99.8%
purity on a column having at least S0 theoretical plates
(spinning band column; for larger quantities, a column with
Sulzer packing). The distillate, which is usually pale yvellow, is
filtered through a 20 cm alox column (Woelm alumina for
chromatography, anhydrous), titrated with 1.5 N sec-butyllithium
until there is a strong red coloration, and distilled over under
reduced pressure (1 mbar). The resulting product is completely
colorless and can be employed directly in the anionic
polymerization. '

Purifying the monomers and solvent -

The cyclohexane (H) employed as solvent was dried over anhydrous
alumina and titrated with the adduct of sec-butyllithium and
1,1-diphenylethylene until a yellow coloration was obtained. The
butadiene (Bu) was distilled off from triisobutyaluminum, the
1,1~-diphenylethylene (DPE) from sec-butyllithium (s-BuLi). A 0.5
molar solution of s-Buli in cyclohexane was used as initiator.
Styrene (S) was dried over alumina directly before use.

All polymerizations were conducted under purified nitrogen with
rigorous exclusion of air and moisture. The reactors were
bretreated for a number of hours with a solution of



45 . 19 W claim 51. A process for prepa
vi nyl-ar omati ¢ conpounds I n dispersion in a|iphaPF@9“§@¢§@§§@£ﬁs of 4

to 19 carbon atons as the dispersing nediumin el pagszgte of a
di spersing auxiliary and a catal yst, &Btainable fron1A) a transition
nmet al conpliei-aiplsehyreahpgtetéd dral ¥ebtbuByllathilm in oeatlichexéone nimipragent

and O, if desikesbrcre BbURE NRiIM1ed. conmpound, whi ch conprises addi ng
| ubri cants. T -

In the Examples below, Bu is 1,3—butadiene, S is styrene and DPE
5 is 1,1-diphenylethylene. Also, the proportions are by weight.

Preparing a Bu-S/DPE block copolymer

10 Dispersant D1

7.1 1 of cyclohexane and a few drops (about 2 ml) of DPE were
charged to a 10 1 stirred reactor and titrated with a 0.278 molar
sec-butyllithium solution until the mixture began to take on a

15 red coloration. Following the addition of 15.1 ml (4.2 mmol) of
the 0.278 molar sec-butyllithium solution, 1.6 1 {(19.4 mol)) of
1,3-butadiene were added in portions (100 ml) over the course of
one hour at 70°C and the mixture was polymerized at 70°C for a
further hour. The molecular weights of the resulting

20 polybutadiene block were determined on a sample by means of gel
permeation chromatography (GPC) with polybutadiene calibration: M,
= 248,000 g/mol, My /Mp = 1.28, M (peak maximum) = 226,000 g/mol. '
To the resulting polybutadiene block there were added, in
succession at an interval of 15 minutes, 98.3 ml (0.56 mol) of

25 1,1-diphenylethylene and 259 ml (2.25 mol) of styrene, and
polymerization was continued at 70°C for 5 hours more. After the
reaction had subsided, the reaction mixture was titrated with
ethanol until it became colorless and was acidified with
COp/water. The colorless solution was freed from solvent under

30 reduced pressure in a devolatilizing extriider, and the product
was granulated. ' '

GPC (polybutadiene calibration): two peaks: 1lst peak (20%) M
{(peak maximum) = 32,000 g/mol; 2nd peak (80%): peak maximum at
35 260,000 g/mol.

Examples 1 to 4

532 ml of pentane and a mixture of 2.61 g of dispersant D1 in
104.2 g (1 mol) of styrene were introduced with stirring into an
autoclave which had been rendered intert [sic] with argon.

8.16 ml of a 1.53 molar solution of methylaluminoxane (MAO) in
toluene (obtained from Witco) and 2.08 ml of a 1.0 molar solution
45 of diisobutylaluminum hydride (DIBAH) in cyclohexane (obtained
from Aldrich) were added. Prior to the addition of the transition
metal complex, a defined amount of lubricant was then added to
this mixture. Subsequently, 1.5 1 of hydrogen were injected at

40



2. A process as clainmed in claim1, wherein the di sperg'p;l% MENT SHEET,
auxi ki ary used conprises bl ock copol yners having at |ea Eé Eg di ene
bl ock B and at | east one block S conp&ésing a copol yner gg 3 ﬁﬁ}@ﬁ?

vinyl aromati c nmononer and 1, 1-di phenyl*¢thylene or its W afomat i ¢ :
ri ng- subst iZoPMe §eBReTaLATey 883 FhRE INACHEOR heslartion wasg hpateduted8®’F-al kyl s
of up to 2Zheaw boh$.mg (2003. mmoll)podcpestame ivdicyetiopentddiieny 2t i vdreium n t he
bl ock copolyrigiethyl Cp*Ta®EpIw&as apabihuindligneneerigl Wreeptesdeof 7.5 bar
Pydr ogena; oo 10bBR. atter, BUROLS SHEMBotys 42%&'i%?é’,’2%i;@ai“"3§%?%e i
ol ther o dking 1945 S ASFRRISTnat er o&ting R ERSK RendRetrBtdls |
consi sts offOROgBREPYIeregfily flowing SHEPERRIOR Yadi phietiies-nfhene.. 30 5.
A process aesglaaneddlymenywas wisheds with onethaniodr anéh dtieed under | ubri cant

i s,used i n mduesUptesurfr am 0L to 50% by wei ght, based on the
nohoner enpl oyed. 6. A process as clainmed in any of clains 1 to 5,
wherein 35 branchi ng nmononer unit conprising at |east two

vi nyl ar onat§he moleculangedghssidy paddMpnveresiedermared Ry mepR§| @f omati c
mononmers  high-tespéramuote gglupeinetdbnf (8hell Gh002008raphly GEFC10135°C,
1,2,4-trichlorobenzene, polystyrene standard). The syndiotactic
content was determined by means of 13C-NMR spectroscopy. The
particle sizes lay within the range from 2 to 10 um and were
determined on a sample, slurried in immersion oil, between two
planar glass plates under the transmission microscope (Axiophot
from Carl Zeiss).

15

20 The conversion is based on the amount of styrene gmployed.

Comparative Experiment Cl

Polymerization was carried out as in Examples 1 to 4 but without
25 the addition of a lubricant.

2

Ex. |Lubricant | My Vis- Con- Productivity
(g/mol]l |My,/M, [cosity |ver- (kg s-Ps/gTi)
: [mPas] {sion
30 - _ (%]
1 |0.5% by wt.|422,800 |1.9 2.99 67 69.2
Winog 60 '
2 5% by wt. 278,500 (2.0 4.81 73 ' 82.1
Winog 60 ’
35| 3 |1% by wt. 296,700 |2.0 2.43 69 49.7
distearyl '
phthalate
4 8% by wt. 301,400 (2.2 4.01 71 ~ 66.5
Winog 70
40 Cl - 321,500})2.1 2.35 34 15.4

The syndiotacticity of the polymers was > 95%.

The percentages by weight for the lubricants are baséd on styrene
45 monomer emploved.

Winog®60 and Winog®70 are white oils (mineral oil hydrocarbons)



.* A process as clainmed in any of claims 1 to 6, \/\hereBEmegMﬂm SHEET
CatﬁﬁYSt conponent A) enployed is a netall ocene conpl ex

formda (111) 45 18 _ﬂ;J',,_,,',ﬁ& [err]

to DAB [German Pharmacopeial 9 from Wintershall Mineraldl GmbH.
Winog 70 has a dynamic viscosity (to DIN 51562] of 136 mPas, a
molecular weight in the range from 400 to 550, and a density of
0.865 g/cm3.

Winog 60 has a dynamic v1sc051ty [to DIN 51562] of 180 mPas and a
density of 0.863 g/cm3.

10
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10 cation-forming agent and C), if desired, an aluminum

compound, which comprises adding lubricants.

2. A process as claimed in claim 1, wherein the dispersing
auxiliary used comprises block copolymers having at least one
15 diene block B and at least one block S comprising a copolymer
of a vinylaromatic monomer and 1,l-diphenylethylene or its
aromatic ring-substituted derivatives, including those
substituted by alkyls of up to 22 carbons. ‘

20 3. A process as claimed in claim 2, wherein the block copolymer
comprises polybutadiene or polyisoprene in copolymerized form
and the diene block B is partialiy or completely hydrogenated
or unhydrogenated.

25 4. A process as claimed in either of claims and 3, wherein the

block S of the block copolymer consists of a copolymer of
styrene and 1,l-diphenylethylene.

5. A process as claimed in any of claims 1 to 4, wherein the
lubricant is used in an amount of from 0.01 to 50% by weight,
based on the monomer employed. '

30

6. A process as claimed in any of claims 1 to 5, wherein a
35 branching monomer unit comprising at least two vinylaromatid
radicals is used in a molar ratio of vinylaromatic monomers
to branching units of from 10,000,000 : 1 to 10 : 1.

7. A process as claimed in any of claims 1 to 6, wherein the
40 catalyst component A) employed is a metallocene complex of
the formula (III)

45



8.: A process a 1to 7, wherein the ENT SHEET
catiop-form ng leﬁﬂmayed conpri ses open-chai rﬁEﬂ'A%@A =ngy CYClicC
al.unkane conp la IV or \Y gai-é*acyérr] 40
21

where Rierr] is (err]- C[er -alkyl and mis an integer fromb5
to 30. . A process as clajpmed in any of claims 1 to 7, wherein the
cation-form ng conpounRiBy _enpl gyed is a coordinati on conpl ex 5
conmpound sel ected fromthe up consisting of strong, - .neutral Lew s
acids, ionic conmpounds hawrhgA s-acid cations and ionic_conpounds
having Brgnsted acids %qgcatl ons. © 10 (IID),
R?

M(zl) (22) (23
( )21 Zz(z )23 (z4)z4(25)

25
7
where
10
R7 to Rl are hydrogen, C;-Cip-alkyl, 5- to 7-membered
cycloalkyl which in turn can carry C;-Cg¢—alkyls as
substituents, Cg-Cis—aryl or arylalkyl, and where
15 two adjacent radicals may if desired together be
cyclic groups of 4 to 15 carbons, or are Si(R2)j,
where R12 is C;-Cjg-alkyl, Cg-Cis—-aryl or C3-Cjg-cycloalkyl,
20 M is a metal from subgroups III to VI of the
Periodic Table of the elements or is a metal of
the lanthanide series,
zl to z3 are hydrogen, halogen, C1-Cio-alkyl, Cg-Cis-aryl,
25 C1-Cyio-alkoxy or Ci-Cis-aryloxy s
and
30 z; to zs are 0, 1, 2, 3, 4 or 5, the sum zi+zy+23+z,4+25
corresponding to the valency M minus 1.
-8. A process as claimed in claims 1 to 7, wherein the
cation-forming compound B) employed comprises open-chain or
35 cyclic ‘alumoxane compounds of the formula IV or V
13 .
R ~ _
Al O—Al—}m—R13 v
40 R13
R13
——— 0 — a1 +— v

45 I
R13
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where R!}3 is C;-Cs-alkyl and m is an integer from S to 30.

A process as c¢laimed in any of claims 1 to 7, wherein the
cation-forming compound B) employed is a coordination complex
compound selected from the group consisting of strong,
neutral Lewis acids, ionic compounds having Lewis-acid
cations and ionic compounds having Broénsted acids as cations.
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";Preparation of poly(vinylaromatics) by dispersion polymerization
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with the addition of lubricants
Abstract

A description is given of a process for preparing polymers of
vinylaromatic compounds in dispersion, in the presence of a dis-
persing auxiliary and a catalyst, obtainable from A) a transition
metal complex of subgroups II to VIII, B) a cation-forming agent
and C), if desired, an aluminum compound, wherein additives are
added.



