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According to a first aspect the present invention relates fo a process for producing styrene-based
polymers having mainly syndiotactic configuration in the presence of a catalyst comprising (A) a titanium
compound and (B) a contact product of a methy! group-containing organoaluminum compound and water,
45 wherein the contact product (B) having a molecular weight of 400 to 3 000 as determined by the freezing
point depression method using benzene has a high magnetic field component of not more than 50 % in the
methyl proton signal region due to an aluminum-methyl group (Al-CHs) bond, the high magnetic field
component in the methyl proton signal region due to the aluminum-methyl group (Al-CHz) bond as
determined by the proton nuclear magnetic resonance absorption method being in the range of from -0,1 to
s0 -0,5 ppm with the methyl proton (2,35 ppm) of toluene under toluene solvent measuring conditions as the
standard.
According to a preferred embodiment of the present invention the contact product (B) is further
subjected to heat treatment.
Preforably the contact product (B) is a contact product of trimethylaluminum and tribranched al-
s6 kylaluminum represented by the general formula;
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“ Description of preferred embodiments

The process of the present invention is carried out in the presence of a catalyst containing (A) a
titanium compound and (B) a contact product of a methyl group-containing organoaluminum compound and
water as main components.

45 Various titanium compounds can be used as component (A).

An example of the usable titanium compounds is at least one compound selected from the group

consisting of titanium compounds and titanium chelate compounds represented by formula (1) or (ll):

TiR'R%R3 R 4-atnrg ()
TiR"dﬂzeRs ~{d+e) (")

wherein R, R?, R3 and R* independently each represent a hydrogen atom, an alkyl group having 1 to 20
carbon atoms, an alkoxy group having 1 to 20 carbon atoms, an aryl group, an atkylaryl group, an aryl alkyl

55 group and an aryloxy group each having 6 to 20 carbon atoms, an acyloxy group having 1 to 20 carbon
atoms, a cyclopentadieny! group, a substituted cyclopentadienyl group, an indenyl group or a halogen atom;
a, b and ¢ are independently an integer of 0 to 4, and d and e are independently an integer of O to 3.
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hexyl oxy g oup, ‘or a tH hexyl oxy group), an aryl group, an al kyl aryl
group, an arylal kyl group and an aryl oxy group each having 6 to 20 carbon
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{wherein R® and RS represent independently a halogen atom, an alkoxy group having 1 to 20 carbon atoms,
or an acyloxy group having 1 to 20 carbon atoms, and k is 2 to 20) may by used.
The above titanium compounds may be used in the form of complexes with esters, ethers and the like.
Typical examples of the frivalent titanium compound represented by the general formula (il) as
50 component (A) are titanium trihalides such as titanium trichloride, and cyclopentadienyltitanium compounds
such as cyclopentadienyltitanium dichloride. In addition, those obtained by reducing tetravalent titanium
compounds can be used. These trivalent titanium compounds may be used in the form of complexes with
esters, ethers and the like.
Component (B) of the catalyst to be used in the present invention is a contact product of a methyl
§5 group-containing organoaluminum compound and waier. This contact product is usually obtained by
contacting or reacting a methyl group-containing organoaluminum compound with water. As the methyl
group-containing organoaluminum compound, trialkylaluminum represented by the general formula:
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the cont agh 200-@CuHabsiratle hddt d6B6HRpodition! PP BB CSRIIFEREMESS ock pr ot on
si gnal gsdue liie@enﬁing [oRMedt tleing REARAYRths BorktdeEprbdtet EBRINBd isleofdrids® solid or solution. The
product thus obtained is, if necessary, dissolved in or diluted with a hydrocarbon solvent and can be used
as a catalyst solution.
The catalyst of the present invention contains the above components (A) and (8) as main components.
oo If necessary, the catalyst may further contain other catalyst components, e.g., other organometallic
40 compounds. The ration of component (A) to component (B) in the catalyst is varied and cannot be
determined unconditionally. The ratio of aluminum contained component (B) to titanium contained in
component (A), i.e., aluminum/itanium (molar ratio) is 1 : 1 to 1x105 : 1 and preferably 10 : 1 to 1x10% : 1.
In the present invention, along with components (A) and (B), an organoaluminum compound (C) can be
used as a main component of the catalyst.
45 As component (C), various organoaluminum compounds can be used. More specifically, or-
ganoaluminum compounds represented by the general formula

R7AI(ORB)WH X%, (VII)

50 (wherein R7and R® are independently an alkyl group having 1 to 8 carbon atoms, preferably 1 to 4 carbon
atoms, X2 is a halogen atom, k is 0 < k<3, mis0< m £ 3, pis0sp<3,qis0=qg<3 and
k+m+p+q=3) can be used.

Examples of the organoaluminum compound represented by the general formula (Vll) are shown below.

55 p=q=0

Compounds represented by the general formula:
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-0.5 ppm (tetramethyl silane (TMS) standard). Since the proton signal of TMS
(O ppm is in the 1.0 to -0.5 ppm @g%ﬁgﬁhe nmet hyl proton signal due to
Al -[err], the contact product is nmeasured with toluene as the 45 solvent as
t he-standard. The nethyl proton signal due to Al-[err] is divided into two
conponent sR”akeRERIgh magnetiic field conponent in the -0.1 to -0.5 ppm’
region and the other nmagnetic field conponent in the 1.0 to -0.1 ppm

regi on. | niwherain & andofoariaithe samperasfabove.ang k ispedbrably cranmpearvens <kR)3). t he area of

t he:"hi gh magnetic field conponent is not nore than 50% preferably 45 to 5%
of the& tot B=Psi0gnal area in the 1.0 to -0.5 ppmregion. 50 | f the high
magnetic field conponent is nore than 50% the resulting catal yst has

i nsuf fici ent CaPPgupds rePresseted b the ganprelderewlBased pol ymers havi ng syndi ot acti ¢
configuratbﬂgégannot be produced efficiently. There are no speci al

Iim'tatig)n Tket hods of preparing the contact product of the nethyl

gr oup- ddnt ai ni organoal um num co und an ter; that is, the contact
pr oduct ca{\"% rg'n(r)ﬁg?%c{%é"ﬁ?t ?ﬁ%ﬁﬁﬁ“ﬁ%gﬁ‘gﬁ@?"’gbﬁg‘y P, (1) a method in

whi ch t he ggtqr;)bl gr oup- cont ai ni ng or ganoal um num conpound is 55 dissol ved
in an organi c solvent and then contacted with water, (2) a nmethod in which
the nmet hyl gg 5 Wl Lnum conpound is first added at the
time of t;lé’[;ol ynclga}rrhlgozugti gﬁéégﬂg{]gﬁtﬁgerea tlérth,mh'water is added, and (3) a nethod in
whi ch the ggaRkyl group-containing organoal um num conpound is contacted with
wat er of crystallization contained in netal salts and the like, or with

wat er absogmheein RNisithesagaBs sbo®, aml k is prelrably 3zk¢3063 Bl or gani ¢ conpounds can
be enpl eyed. The above water nmay contain up to about 20% by wei ght anmoni a,
am hes such=@is et hyl am ne, sul fur compounds (e.g., hydrogen sulfide),
phosphorus conpounds (e.g., phosphorous acid esters), and the |iKke.

Cont act i ng c&pmipaundsireprésentechimidthengpnerbldormilgh magnetic fi el d conponent not” nore
than 50% are vari ed and cannot be al ways specified. In general, the contact
reacti off i B «¥OFf)leX%bl y carried out .under :such conditions that (1) the
contact reaction tenperature is raised é)speci fical l% about 40 to [err]),

(2) the rathgeinf fReet XGap hegamess Abave. 3pd 05 kSch P &iMhf A F gAsadk tmtAG A
conpound is_increased (specifically, water/nethyl group- containing

or ganoa%’ijn?ﬁ%ﬁqc’%ﬁﬁpound = 1.2/1 to 5/1 (molar ratio)), and (3) heat

treatne i's LI ut_after t cont act, .r tion. 1N preparation
of the abolyu%,}-ﬁa |a%§q:.%§:§mﬁﬁ u?n"i tﬁ%@"‘ggﬁf“ nt{llfugl%gug\mgp\gg%g%els% rﬁ'ﬂtﬂﬂﬁ%@!ﬂﬁﬁoﬁﬁ'ﬂ i's
used. Particular y 1n e case o0 Irmet’hyl alumnum it may be used in
conbi nati op=4\d g hsknanghed al kyl al um num represented by the general formila:
[err] (wherein R which may be identical or different, is a branched al kyl
group havi ng pRikfiQurifunteikod@ s@dh0 ) diethyiumiima BR¥Edel QhdTHitRtylalBmingma bdbaaC rd
al kyl gr ougylalinui GesulalMoxidd sGeh'd3 @thyliliaiEm sédq@ethoxi@s andsaiiaRRhum G5suiButox®d, and

i sobutyl Opaftialy, alidxysbe-dikyifalihingHh Aalihg afladorigd cdmpodition Gdpridentedady theSeraalt yl 15
group, a neopentyl group, a 2-nethyl penthyl group, a-2-nethyl hexyl group,
and>e 24et R 5AORs. gr oup. Speci fic exanples of the tribranched

al kyl alum num are triisopropylalum num triisobutylalumnum tri-tert-

but yI al umi fate¥gmele.i i sopent yl al umi num tri (2-nmet hyl pentyl) al umi num
tri(2-methyl hexyl)alumnum tri(2-ethyl- hexyl)alum numand the |ike. O
these conp®dRd8, triisobutylalumnumis preferred. In preparation of the

cont act “prodBct, as o onent gnl_?‘) trinmethyl al um num and t he above :
tri-branch artially halogenated alkylaluminum, e.g., dialkylaluminum halogenide (k=2), such as diethylaluminum

chioride, dibutylaluminum chloride and diethylaluminum bromide, alkylaluminum sesquihalogenide (k=1.5),

such as ethylaluminum sesquichloride, butylaluminum sesquichloride and ethylaluminum sesquihalogenide,

and alkylaluminum dihalogenide (k=1), such as ethylaluminum dichloride, propylaluminum dichloride and
50 butylaluminum dibromide.

m=q=0
Partially hydrogenated alkylaluminum, e.g., dialkylaluminum hydride (k=2), such as diethylalumnum

55 hydride and dibutylaluminum hydride, and alkylaluminum dihydride (m=Kk), such as ethylaluminum
dihydride and propylaluminum dihydride.
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20 al kyl al um num can be used in varied ratios when they are used in

combi nation. In general, the nol trimethylalumnumto

tri-branched al kyl al umi numi s QQang%%égsfh 50 and preferably 98 : 2

to 72 : 25. The contact product as conponent (B) has vari ed nol ecul ar

wei ght. Amo contact product can be used in the process of the present

I nvention. O these contact products, those having a nol ecul ar wei ght of
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vari ed amsthedisnodicated injtermas ofi niepgrtionscab stticturab pails | contindRyely cemneateddd eadhunttien ien
cont ai nediag dhybiete e stpgturplgunits ara repRnested ot eacth eiter; hiad iwhichethnee stagcturdl upits are
aI um nunmCPeed 10 A3 P Andrpeptadin whish five-styugtusal ynits @fercpnnegtedsig @aghrotbe Thenstyenen: 1

sed polypys 'ﬁlé‘"%ﬂé‘g'é (FYNAIGRGIG EQniigyration ginte Rrepent éy ?Jh@?lt“?s (PRlystyene. (B)
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an or g’élngg %‘hl;mzﬂebe %c{m B@'V@'g‘éﬁs“é’l%“ h pﬂ'&‘l"ﬁ{' QhW'foegé;‘nggé’f
eed yﬁ/EP‘gﬁ" et o mgo d'ad baﬁ%ﬁé}i 2P ey e
gener al f(r giilg %;e :S?lélu ol;elr ,%J,g"' E) gtlé% I\ ro y%fg/relngge & ently
an al kyl g ey Ioe L%? Qn%p% ons,
[err] Ts fl@or éﬂgeﬂe ko}fysly%n |&l %BI éng a d %omt &l} lduﬁrhp
[err] p ﬁre%fredlarh&th ﬁfoﬂd nmor: hyE@an Iy-

the or ganeeh-biyiSysney, q,arp@lm o&ﬁmesew%&@holmy , o RaRGH r%mlldaa lu r).er%f e
shown belsgisne &ia prdimistykeagpounds represent ed by t he general for rru
0 387 4©63 Brhe [s§rohd-based polymers produced according to the process of the present invention have a welght
average molecular weight of at least 5,000 and preferably 10,000 to 20,000,000 and a number average
molecular weight of at least 2,500 and preferably 5,000 to 10,000,000,
The styrene-based polymers produced by the process of the present invention have sufficiently high
syndiotacticity. If de-ashing treatment using a washing solution containing hydrochloric acid and the like is
45 applied after polymerization, washing treatment is further applied using a solvent (e.g., methyl ethyl ketone)
after the process of washing and drying in vacuum to remove a soluble portion, and the insoluble portion is
treated with, for example, chloroform styrene-based polymers havmg a much higher syndnotactncnty can be
obtained efficiently.
By controlling the catalyst components, the molecular weight of the styrene-based polymer can be
60 controlled within the desired range.
Heat treatment of the contact product as component (B) further increases the catalytic activity and thus
the desired styrene-based polymers can be produced even more increased efficiently.
Styrene-based polymers having syndiotactic configuration are excellent in physical properties such as
heat resistance and chemical resistance, and thus can be widely used in various applications.
§5 The present invention is described in greater detail with reference to the following examples.



(wherein [err] and [err] are the same as above, and k is preferably a
nunmber of 1.5 Sk < 3). 5 nrp=0 Ggpp presented by the general
formula: [err] 10 (wherein [err] and g?rgfagfe t he sone as above, and k is
preferably 0 < k < 3). meq=0 15 Compounds represented by the general
formul a: [BAMPLE wherein [err] is the sane as above, and k is preferably
2[ err]k<3). 20 p=0 Conpounds represented by the general formula: 25 [err]
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di al kyl @l usjnsibtaetbiydh rademi(psmatt 98%)Upéld:a2.19).et hyl al utmum 55 hydri de and

di b&-wyl al um num hydri de, and al kyl al um num di hydride (m = k), such as

et hyl al um EXAMPUE Rydri de and propyl al um num di hydride. 7

(1) Preparation of Contact Product of Trimethylaluminum and Water

The procedure of Example 1 (1) was repeated with the exception that the reaction time was changed to
24 hours, to obtain 6.2 g of a contact product having a molecular weight of 750 and a high magnetic
component of 41%.

30 (2) Production of Styrene-Based Polymer

The procedure of Example 1 (2) was repeated with the exception that the contact product obtained in
(1) above was used, to obtain 6.6 g of syndiotactic polystyrene (syndiotacticity in recemi pentad: 98%)
(yield: 42.2%).
35
EXAMPLE 3

(1) Preparation of Contract Product of Trimethylaluminum and Water

S 40 ~ The procedure of Example 1 (1) was repeated with the exception that 22.9 g (91 mmol) of copper
sulfate pentahydrate (CuSO: + 5H20) and 100 ml of toluene were used, and the reaction time was changed
to 24 hours, to obtain 7.0 g of a contact product having a molecular weight of 1,000 and a high magnetic
field component of 33%.

45 (2) Production of Styrene-Based Polymer

The procedure of Example 1 (2) was repeated with the exception that the contact product obtained in
(1) above was used, to obtain 7.4 g of syndiotactic polystyrene (syndiotacticity in racemi pentad: 98%)
{yield: 47.4%).
50
EXAMPLE 4

(1) Preparation of Contact Product of Trimethylaluminum and Water
55 The procedure of Example 1 (1) was repeated with the exception that 25.2 g (100 mmol) of copper

sulfate pentahydrate (CuSO. « 5H20) was used and the reaction time was changed to 15 hours, to obtain
6.5 g of a contact product having a molecular weight of 850 and a high magnetic field component of 28%.



EP 0 322 663 Bl p=0 Partially al koxylated and hal ogenated al kyl al um num
e.g., ethylalum num ethoxychl ori dgp o@gﬁgé@bym num but oxychl ori de and

et hyl al um num et hoxybromide (k = m=q = 5 The catal yst of the
present invention contains the above corrponents (A), (B) and (C) as main
conponent (@), Productior of¥tyweneyBasediRolymart al yst nmay contain ot her catal yst
conponents. The ratio of conponent (A), conponent (B) and conponent (C) in
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pol yvi nyl bmezpaeédare od ExdMpiet Lwas Jedelited Wit thedkBeptieriat YemdnetiyRdicpbmadi@yiiithfunrabove
MONONEr S tikthoXide WasQSEHio PRcd of theqatimétaNdy BipehtddishyBitariyih tinithoGdd, ® dblamlghditiR- t hat
t he propdic polystyrapd halingak weighteverbgaasdlecularieiphichf 0,626,080 &l apnvdtsioh epsit7935% or t he
proportion of pentad (racem pentad) is at |east 30%and preferably at

| ea®t BOBXAMBLE Hol y(al kyl styrene) includes pol ymet hyl styr ene,

pol yet hyl stf/rene polg( gropyl styrene, and p - 35 (tert-butyl styrene)

The” pol y( halh8 geredueept e asl’?R?F*%l@ﬁ” @ peryansthyicyqpprasienisaniup ene,
and pol y- tplitB #@(}7 g vTaﬁéjs |p>p ‘ggtmg clppﬂmagem@tamum trimethoxide, to
pol ynef, h Y/}d@ b 1 st&gpeyga[v B ?%‘PEWJ?'QJW P 43080%in 3c@MRHFI9R G t he

above polyners are pol ystyrene, pon(p nethylstyrene),

pol y(m nﬁgg MPiE T ene), poly- (p-tert-butylstyrene), poly(p-chlorostyrene),

poly(mc rene), poly(p-fluorostyrene), and a copol yner of styrene

and p- met hWh§ tpYJcQJb?e of Example 5 was repeated with the exception that the contact product obtained in
s0 Example 2 (1) was used and cyclopentadienyltitanium trimethoxide was used in place of the pentamethyl-

cyclopentadienyltitanium trimethoxide, to obtain syndiotactic polystyrene having a weight average molecular
weight of 128,000 in a conversion of 75.2%.

EXAMPLE 9
55
Syndiotactic polystyrene was produced in the same manner as in Example 8 except that cyclopen-

tadienyltitanium triethoxide was used in place of the cyclopentadlenyltltanlum trimsthoxide (conversion
68.6%).

10



40 The styrene-based pol yners produced according to the process of the

present invention have a weight avep JEga@qul ar wei ght of at |east 5,000

and preferably 10,000 to 20, 000,000 and a number average nol ecul ar wei ght

of at least 2,500 and preferably 5,000 to 10, 000, 000. The styrene-based

pol ymers pEXAMRLEdObY t he process of the present invention have sufficiently

hi gh syndiotacticity. |If de-ashing treatment using a washing solution

cont ai ni ng hypundintdetiopdlystysand dvas pdduche inl thk eanhes mérdner @spip |Exantblead tegdept that cyclopen-

pol yrer i zatpienyHitapiars Hiinhgnoxide wesresed in pladeunf tteecyclapspladieny titasium drirsetiwaibier Gatvelsion:g .
% et h§9-3%et one) after the process of washing and drying in vacuumto

rem)ve a sqQluble portion, and the insoluble portion is treated with, for

exanpl e, cm&%e based pol yrrers havi ng a nmuch hi gher

syndi otact|C| can be ta n d eff|C| ent : B controllln the catalyst

conponent s, {1 }:&‘g‘é *é'"

H\tas gqpost
ative réd tlt?_lr&lg)[ tefraeihoxi acg fhg(ﬂen
o ek }g‘fﬁf A "meg%’%lse N alwgg?@% g tmien ey
desired st yrer & i b Reight r]Cargmoe ular
R s et
55 T

excel | end t4pePhysi cal properties suc resista ce an

resi stance, and thus can be widely used in various applications.
present invention is described in greatgghedetail with reference to the
foll ow ng exanples. 8 EP 0 322 663 Bl EXAMPLE 1 (1) Pr epar ation of

Cont act Product pft—T1ri Ny atromy T and T
Gony g‘ltyi ueY‘?lé‘-l‘F) M@_pl aced

500-mlkaliter glass vedSel whic nYereR
200%a1 of toluenpExambles g (71 mpl) &b.ocopper 250 f t edspent] ahysdr at g [err]
and 24 nl (250 njrEkampist6 t ri net hy] al u@um Whi20l wdr 5t hep redected at [err]
for 8 hours. ThehBxample7Zs were sppar d6&d frpm 7ife feabtion nl48turgd, and the
t ol uene was di st| Exa8Plefray from [ he J8Ruti op &42o0bfaidfed gbovi@8under
reduced?pr essur e &amPledn terrpera fur e 888§ obt fi B1&. 7 g 88 aFon‘t"dfct product .

he

The nol ecul ar we P10t he conthct FPdduct [ a27fo ned-8by |t he
free2| ng point d P'BQ’&?“}S%EWP'HSd vas B8%0  The Ai%n msﬁ?ﬁetl c 34 d |conponent
(i.e., -0.1to -0.5 ppm as determ ned by the 1H NVR net hod was 43% (2)
Productl on of Styrene-Based Polynmer is In a 500-mlliliter reactor were
pl aced i"OOE)mMFthﬂmlMene 15 mmol as al um num atom of the contact product
obtained in (1) above, 0.025 mmol of cycl opentadienyltitaniumtrichloride
and 150 mmol nof 5@1"9'"'@?1’6330&'1&9 ol PGOzmk 4f daptanes 8 pemol o3 Alendinem afoer of jthef eontacine
hour. Af t eProdualeobizisey inefp@Emele i1 dﬁ 0. @mgr%aa@mumgmmemwhwt in TablerR and,$Embdf
hydr ochlgpr F¥enec g offEationa s Petfer"e@@bﬁfﬁ for rheurs-aAfigr fhetpolymasratioanthe rqaction.

t he cont ack® Ftoﬂt‘.?ct”as&ﬂ‘bwé A Elol 'P'l'"tafl'ﬁ 3rd t"lefhé'l'ﬁ'd?ld pesedthe (ratalyst
dried to offf*aPeNs. ge'bf'"eé’ ?l t't‘i’t‘é °" o r‘gg’é Wés oxyactady dnetltvhe!tw' kgteng by

: se p T I r
racem pen ‘g }} ﬁ# gﬂl a erlf\;lf:réa e molecu aﬁmht@ggz%%g
om e

h
Pr Q@Ct 400f Fro rF:It resu ts he 13 MR analysns it was confirmed that the polymer was
polystyrene havmg syndlotactlc configuration.
The conversion, yield, methyl ethyl ketone-insoluble portion (MIP), weight average molecular weight
(Mw) and number average molecular weight (Mn) of polystyrenes obtained in Examples 11 to 14 are shown
in Table 2.

50

55
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The procedure of Exanple

reaction time was changed to 24 hgig §00

havi ng a nol ecul ar wei ght

1 (1) was repeated with the exception that the
tain 6.2 g of a contact product

of 750 and a magneti ¢ conponent of 41 % 30

2 48

(2)- Production of Styrene-Based Pol yner The procedure of Exanple 1 (2) was

repeated with the excepti
was used,
recem pentad: 98% (yi el

Contract Product of Trimef hydal ui newn amd Mat ero40
Exaffpl® 1 (1) was repeate
copper sul fate pentahydrafte ZFer']
the reaction tinme was chaphged to 24 hours,

product having a nol ecul
component of 33% 45 (2)
of Exdftp

Preparation of Contact Pr

procedyre of Exanple 1 (1
mol ) of copper sulfate p

was changed to 15 hours,
nol ecul ar wei ght of 850
0 322 663 Bl (2) Producti

Exanplse 1 (2) was repeate

obt &hed in (1) above was
pol ystyrene (syndiotactic
COVPARATI VE EXAMPLE 1 (1)
Trimet hyl al um num and Wat
wi th the exception t
(117 mmol ) of copper
reaction time was ch
havi ng a nol ecul ar
65%

ul f
ged
ght

30

50

55 EXAMPLE 15

to obtain 6.6 g, of syndiotactic polystyr

le 1 (2) was repe
obtained in (1) above was
(syndiotacticity in racen

t 3

on that the-contact product obtained in (1) above
ene (syndiotacticity in
1) Preparation of
The procedure of

22.9 g (91 mol ) of

t ol uene were used, and

in 7.0 g of a contact

i gh magnetic field
sed Pol yner The procedure
hat the contact product
syndi otacti c pol ystyrene
.49 . 50 EXAMPLE 4 (1)
m and Water 55 The

42. 2% . 35 EXAMPLE 3 (
& Lhekxcgption tHat
vand? 109 nl of
to obt
wei ght of 1,000 and a
Production of Styrene-Bg
at edzwi bh &he wexcepti o t
us@ttiuﬁo bt gin Z. 4 ¢70of
pentad: 98% (yield: 47
pduct of Trinethylal umn
repeat e w bhh t ha ception that 25.2 g (100
ngéﬁ%dﬁatel [&rrf wag used and the reaction tine
o obta?n 5% of a cBntfact product having a
d a high magnetic field jconponent of 28% 9
n of Styrene-Based Pol ynfer The procedure of
é%h dhecexeeptbon tdat] the contact product

EP

d
, Lo abtagn 1.0 g of syndiotactic

t&% Thh wacen ependad: 989 (yield: 70.5%.
Preparati on of Contact
er 10 The procedure of

4. 8 (360 Mol ) of tri
ntahydrage [err]y,)

hgurs- to obtaiq$3.
70a\ang a thi gﬁ magnet

t hyl al umi num and 29.4 g
wer e used, and the

2 g of a contact product
ic field conponent of

Titanium
Compound
Cp*TiMe3
*
*
Cp Ti(n-Bu)3
TJ.(OEt)4

*
Cp Ti(CH,C H.)4

No.
. Cp=pentamethylcyclopentadienyl

Comparative
Example 2

Example 11
Example 12
Example 13
Example 14

*

in a 500-milliliter reactor were placed 200 mil of heptane, 2 mmol as aluminum atom of the contact
product obtained in Example 1 (1), 2 mmol of tirisobutylaluminum, 0.08 mmol of pentamethylcyclopen-

12



15 (2) Production of Styrene-Based Pol ymer The procedure of Exanple 1 (2)
was repeated with the exception th%i’diﬁe%@?ﬁa‘:t product obtained in (1)
above was used. In this case, only 0.01 g of syndiotactic polystyrene
(syndiotacticity in racem pentad: 20 96% was obtained (yield: 0.1 %
EXAMVPLE 5 ({adienylti&6iOm nrinhetfiokidd @1 50 edi ot yrenstand pplymerzation Was perforefed BEg0l 8176 2 hureo|
as al uni nuhiteatthenpotymetizationc thet maiuct Mas wasted véth adinbdaiend chydrochioke B8 @ndl méthinol 8. 08
Mol of pedrcomposé Hecsatalysipesmpentinte rapd thish alriectn dbtdinit.ch 9 rof depotymelr. Tbis pblymér was
styrene, afiifagesl withetrimathylistinl ketese pie the aserefck Saxhigterdractof. Ghe Methyl eihgl. keldhd-iasolublee
pol ywer 5z abarion, (MIPh was, 984 clihe Relymerdiat 8 veightt aMeragermoteculpreweight bfya$p,000hdnd rai remberi d
and et han®/Prags Relaguisr wejoki ot 8GARIY Framm he deglting paint and isoaaiis of the HCtNMRendlysisdt t o
obt ai n 25. WRsgogrmed hal tho palymerpas golyshrapphvingsundisiactccenfigeraiont h net hyl et hyl

ket one by migof a Soxhl et extractor to obtain a nethyl ethyl

ket one- iwns ortion (MP) of 98.0% 30 The polyner thus obtained had

a wei ght” aver lecul ar weight of 1.600,000 and_a nunber average
ol ecul ar el QU R0 ATESEE rTEhEen I ol e e e s Pemee e
[err]-NVR anal ysis it Was contirred AP Prehp Sisonafeimym., o vst yr ene

havi ng syngi@ipaety ¢ configuration. EXAMPLE 6 35 The procedure of Exanple 5
was repegat®d Wit t he exception that pentanethyl cycl opentadi enyltitani um

triethoxi de wagstysiethalifh BindeBctiecohfighratidn Wad HRIdbH G e QRS hiaer BY i blafPle U8

t ri met hoxi éi@ept thet 20hihélioNménsBEbxdistSyialuninamils Yisdalid 48 oY tilRGouyanRiiddiAl aver age
mol ecul ar weirghtatahist donfpdsition Usskd and the ABSARY & Polymerzatibd i’ Brampf@ 15EKANRIsEshdwnliie
procedur e tleBxanpl e 5 was repeated with the exception that

penktbg._ne?d"lyl cycl opentadi enyltitaniumdi-tert-butoxy nonochl oride was used in
pl as€ of tEXAMPEES $8ehy| cycl opentadi enyltitaniumtrinmethoxi de, to obtain
syndi otactic polystyrene having a wei ght average nol ecul ar wei ght of

1, 480, 000 i nPelysbmane chavingsyndiptacti§ corffiguratin waX Aiduded 8n Thsape owadt ke inoExatplapl e
5 was r epedewthalithercopdiiona showmn inj Teble B ere usade Thogeruliscare ghowalindebledt ai ned in 50
Exanpl €22 (1) was used and cycl opent.adi enyl-t.itani umtri methoxi de was used
in place oéﬁ'i’ﬁé—ﬁént anet hyl - cycl opentadi enyl titaniumtrimnmethoxide, to
obtai n syndiotactic_ polysityrene_havjng a weight average nol ecul ar wei ght of
128, 000 | n(qhﬁ?gﬁ}%%BBﬁg%%%W‘g%'m 'rﬁn‘é‘"gg\’a@ndi otactic polystyrene was

pr OQUCG?O I n Fn%o (ilgteto nrér.lﬁgr s%l\sleni r}45>< quig 80 eﬁﬁlﬁ@tth It hai;[lumCXn%l 2%gen(b 095 mol) of
t adi eny t'é r rﬁa r'eﬁgigée re%%'g;za.aérao' rlsg a\(gurs, an E%'ngn ids wi re-mgv , 0 j
CYCl Opent o e et e o e A Up and ftsole erp emovado i

663 Bl high magnetic field component (i.e., 0.1 to -0.5 ppm) as determined by the 'H-NMR analysis was 48%.

35 (2) Production of Styrene-Based Polymer

Polystyrene having syndiotactic configuration was produced in the same manner as in Example 15
except that the contact product obtained in (1) above was used. The results are shown in Table 3.

45

50

55
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EXAMPLE 10 Syndiotactic polystyrene was produced in the same manner as in
Exanpl e 8 except that cyclopen- igpdj 3\dgsigiani um triphenoxi de was used in
pl ace of the cyclopentadienyltitaniumtri nmethoxide (conversion: 5 60.3%.
COMPARATI VE EXAMPLE 2 The procedure of Exanple 5 was repeated with the
exception that the contact product obtained in 10 Conparative Exanple 1
(1) was used and titaniumtetraethoxi de was used in place of the

pertt anet hyl - cylcl opentad| enyl titani umtri nmet hOXI de.{ In this case,
syndiotactic pdlystyrefelwds St & n@dl &l yixi nNa Bonversion of 6.6% The
contgesi on, vyi gl d, rretzh)c et hyl ketone-insoluBle portion (MP) and wei ght
aver age nol ecullar wei ght” (My) of syndiotactic pol ysit yrenes obtained in
Exanples 5 to 10 and Gg?g])agoat ve Examplg Zyarg sp,omln in 15 Table 1. Table 1

20 o o Convedsion 0% Yield (9) MP (%
Mv (x[err]) Exgmpl e 5 55.0 25.0 98 160
Exanpl’® 6 g 44.7 20. 3 95 162 Exanple 7
16.9 7.17 D6 148 Exanple 8 75.2

34.2 86 02l 825+« o < w Ewanpl eo9 68. 6
31.2 88 B Brafpr £ 180 © ° 60. 3 27. 4

94 11.|8 Conpd&§ afi ve Exanple 2 6.6 3.0 88.2

54.1 30 EXAMPLH 11 to®4'Iin a 500-nmilliliter reactof were placed 200 m of
heptane, 8 nmol| as al ypihum atom of the contact product obtained in Exanple

1 (1), 0.08 nmugl of |a §gtani um conpound as shown in Table 2 and 50 m of
styrene, and pd ygeri Z2&l o' wlS Serfdrrdd At [erf for 2 hours. After the
.pol ymewi zation,| tBe|reasilion 35 product was washed with a mi xture of
“hydnechl oric adi dgd&)d met hanol to _deconpose the catplyst conponegts and
then dried to obtglg] ap Iyper 'Eﬁi%pom/nﬁf' mzas exfracted with et hyl

“ethyl ketone byt Eluseg f sa I et _fexgra F} nmet hyl et hyl §
- ket one-i nsol ublje g arfftio (WI P)x:vv@ 9-8 0 helpo ner had a weig aver age
ol ec#p ar |gH f {1, 469, 8bo .-ancga er-—ave«r age hol ecul ar wei ght of

1662, 000. Freym theSmal ting Eoi it ahd J:he.q:reeul s @ f[he 13C-NMR analysis, it
-was confirngd that t'he pol ymer was pol ystyrene havihg syndi ot act fic
configuratiegn. [The eonvefsion, yield, nmethyl ethyl ketone-insol uBl e portion
(MP), vvel ght ayverale dsm.llecul ar wei ght (Mr) and nunper average ngl ecul ar

wei ght® (M) of jpol ysBy3 Bhes, ol aicpedni nwExanphesall|to 14 are shguwn in

+ 0E
Table 2. 455055 w0 E > o
O A~ 0 o
(8} 'S %
[} L]
35 o~ 44 0
™ Mm Mmoo, 0~ ™ a a
T 23 -2 23| & g
Q 9 = e
gEwo|l = == X & = © = (o] =]
5l 8 8 S 0o § © = © - ~
gol w «H H A T oH O A > o -l
ool & & B B g BoA H 0 o ™
N 40 PEl - = A - 5™ H o -~ e K=
- O] * * * « = *® - * >N T 4+
Ol & 2 o a & Ty T o o, £ o Q
£ & & & © § & & 9 E a4 E
[« =3 Q > o2}
© Q = [~
- 0 Q
= - o] =]
45 n . W N~ W O O = N 9] L o e
- - - e - N NN Qq > A o
LS8
Q Q Q Q ] V]
{23233 38s| €858
O 2, [«
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EP 0 322 663 Bl [ ERR| EP 0 322 663 Bl tadienyltitaniumtrimethoxide and
50 m of styrene, and pol ynerizati ornmed at 50 C for 2 hours.
After the polynerization, the prodggto\l%gsegfmgghed with a mxture of

hydr ochl ori ¢ acid and net hanol to deconpose the catal yst conmponents and
then dri edexamprebeai n 41.2 g of a polyner. This polynmer was extracted wth.
trimethyl ethyl ketone by the use of a Soxhlet extractor. The nethyl ethyl
ket*one- i ns@) Rrbgagtién of Gontdct Broduchdf Auminas CdBpaiad and avatn (GomponshigE)) a wei ght
average nol ecul ar wei ght of 850,000 and a nunber average nol ecul ar wei ght
of R&9, 300. PragiPPiilliiitarglassi vagpekydich thadibren plrgedr with atgos wer plated 2D@mi §f 1dieRd, 23.7 g
anal ysi s, ©% mmed of Gearer puifefe toraiehydate (BesiOy natlOlnens 290mly@50, menak: ohbigvethyjaluminum,
syndi ot act VYREhotsrs hepuieartadcay 40 1Odan i roursgThep, splidsywereyrprapyed Fren ithegreastianamigiurgcantl c
conf i gur at Yolsle W%‘?’@d’(ﬁ'&"e@is"?'?? qwiRe fram fhe resulfingcsolutioy under padugeg Peesspep ta ebtain 7.0 Bat

2 mol O”fl ;erﬁ S ;“\Hﬁi %ﬁﬁﬂgﬂ“ i°“$§9'°3$$°é-‘3{°§¥$%53§"$"§%m rps(qa%qgggq&%yg
EXAMPLE’ | wap & i the,c ggoqr T i OMAONGAL (161, 05
the sane 8&5%1;%@& I'%Eeig &3 )%Eat 2 mmol of r ceein

nonoet hoxy(g" %J&Xt:oglo*,%rg%t%\é\&sp&%ﬁp in place of the triisobutylalum num The
an

catal yst conpositions use e results of polynerization in Exanple 15

to 17 age Shﬂ%s?t{-}niﬁﬂbr' Sactr wold @é@&\@&ﬁoﬂ{%mﬁeﬂ?& il Ys> LNFIRNE 208 Ve E,% contact
syndi ot act d6uEQbtalngd! indlh) HBve!'BS nitidP GistRidinbrithdifn 87380 BN Grer@Sarld’bo of 15
except t hakastdaRormed i $0-€M¥sr SHBNOLY. Afibr HROMRMAria4BnE th $&etion DrRiudt el washed wih a
shown in Takl@ oBhydédenibrt/vidlahd méthinb) to [AbRRPEsRtheOdatalbt oRPdnams arfdriRsilmbd Bfobtain

Tri met hyl adaumg srlarpomer. Vié solymdPwas exirattod Afith Moth@fethlylotéRIBY B8 ud of 8 ISHIRE extrador O

m (0. 250 wwbleinadn dxtradti@t eyl EolimaNTAS dolyhder s Ghe( Skirlion rEBitiYe IRl £ WEIGHE laverage

sul fat e pemntliedokcwesgheof\8e0,800 26ha bubtberdverge mdlechiar weilsht 61300,000. and t hen sol i ds
wer e renovedFio tebhelting mint @id deresuobitibd 'BCtNUBRhaysis] ingasSodfirgedithat the polymer was

met hyl al ungolysiyrerrehaying syndiotattiaitytin rscevel wertad df 88%.hi s cont act product, the high
magnetic field conmponent (i.e., 0.1 to -0.5 ppn) as determ ned by the

[err] - NRR BHMPLEPE was 48% 35 (2) Productien of Styrene-Based Pol ymer

Pol yst yrene havi ng qsg}/;ndi otactic confi%tugr ation was produced in the same

manner as §'hPresesfion of Confack Brodst of yminumijompesie and WalerdeompenedhBRi ned in (1)

. wn i ble 3. 40 45 50
LA ?Ir(\je prt;I;gSurer gfsé')ltlar%ae 23r (?) v?ag (?e_peatecrI wit-l;athe exception that the reaction temperature and the

30 reaction time were changed to 60°C and 24 hours, respectively, to obtain 6.5 g of a contact product. The
molecular weight of the contact product as determined by the freezing point depression method was 1,900.
In the contact product, the high magnetic field component (i.e., -0.1 to -0.5 ppm) as determined by the
TH-NMR analysis was 29%.

35 (2) Production of Styrene-Based Polymer

The procedure of Example 23 (2) was repeated with the exception that 6 mmol as aluminum atom of
the contact product obtained in (1) above was used, 0.06 mmol of pentamethylcyclopentadienyititanium
. trimethoxide was used in place of the tetrasthoxytitanium, and the reaction temperature was changed to
"~ 40 70°C, to obtain 37.9 g of a polymer. The syndiotacticity in racemi pentad of the polymer as the extraction
residue was 97%. The polymer had a weight average molecular weight of 1,800,000 and a number average

molecular weight of 900,000.

EXAMPLE 25

In a 500-milliliter reactor were placed 50 ml of toluene, 3 mmol as aluminum atom of the contact
product (molecular weight: 1,900) obtained in Example 24 (1), 3 mmol of triisobutylaluminum, 0.06 mmol of
pentamethylcyclopentadienyltitanium trimethoxide and 200 ml of styrens, and polymerization was per-
formed at 70°C for one hour. Thereafter, the same procedure as in Example 23 (2) was conducted to

s0 obtain 36.1 g of a polymer. For the polymer as the extraction residue, the syndiotacticity in racemi pentad
was 95%, the weight average molecular weight was 800,000, and the number average molecular weight was
400,000.

EXAMPLE 26
55 _
In a 500-milliliter reactor were placed 50 ml of toluene, 3 mmol as aluminum atom of the contact
product (molecular weight: 1,900) obtained in Example 24 (1), 3 mmol of triisobutylaluminum, 0.06 mmol of
pentamethylcyclopentadienylititanium trimethoxide and 200 ml of styrene, and polymerization was per-

15



55 13 EP 0 322 663 Bl [ERR] 55 14 EP 0 322 663 Bl EXAMPLE 23 (1)
Preparation of Contact Product ofgph)4ss ggdg{onpoound and Water (Conponent
(B)) 5 In a 500-mlliliter glass vessel which had been purged with
argon were placed 200 m of toluene, 23.7 g (95 Mol ) of copper sulfate
pent ahydra@ined pteTor T foraone Hodr. WherdaRéyDthasarhg potedumiasti Bydnpleu2s @uUms sthdueted wer e
then reaobleid 384 9/ rwplyfer F@helpolymsr. asTweexiraction residuevtbe syndietawiicigydin facemn dohited
redact i on wak R1%the, weightiavgregeamdlécglaicwaighbwas#08,000cand theingmbedr aedhga walpcular eiglit wes
resukti n@%@ﬂoutlon under reduced pressure to obtain 7.04 g of a contact
progdie?. The nol ecul ar wei ght of the contact product as determined by the
fr eezi ng EXAMRLE 7o depressi on rret hod vvas 1 100 In the cont act product t he
hi gh magnetlc 'Im@ as determ ned th

r‘h -myjlllitor g t° ? ’B Hm
2 (

Sé“‘

aSOO{p ft f
t@r

atom o eﬁtgln a§) ofa ol er. For the
tetraet haxyb Lt any wﬁ EJJP ,. wg ! B8 waibie Rt é)rm%‘d
at [err] (ﬁ%{ %.Zﬁ%qz J‘P Nk g’h b ra, wt. ?wfs% o0 otductag

washed with a mXxture o or|c acrd a anol to decorrpose the
cat al ygt ssampawnts and then dr| ed to obtain 32.7 g of a polyner. This

pol ymer was extracted with nethyl ethyl ketone by the use of a Soxhl et
ext r act or()2bphration lat ContaciEmModudtliofr AGhingh Comsoustiand ek yner ) . The pol yner as the
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pol Yet yr ehtiisbhutylalgpinomnediichtwerst theni reagted at 4046 dar4 paarst ad of 98% 25 EXAVPLE 24
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[err]-HVR apg éb'é'm'?uu’{@%a%t%/‘tveé%la(:&) o P S4febiad) 6 Fhmortal TafthHRaRE of b ¥BMdct

product obtained in (1) above, 12x10™2 mmol of pentamethylcyclopentadienyititanium trimethoxide and 225
mi of styrene, and polymerization was carried out at 70 * C for 3 hours.
After the polymerization, the product was washed with a mixture of hydrochloric acid and methanol to
decompose the catalyst components and then dried to obtain 48.1 g of a polymer. The polymerization
s5 activity was 297 g/g Al. The syndiotacticity in racemi pentad of the polymer as determined by the 3C-NMR
method was 96%.

EXAMPLE 29 to 31

A 40 (1) Proparation of Contact Product of Aluminum Compound and Water

A contact product was prepared in the same manner as in Example 28 (1) except that the amount of
trimethylaluminum was changed, and an aluminum compound in the amount shown in Table 4 was used in
place of 6.3 ml (256 mmol) of triisobutylaluminum, and then dissolved in toluene to prepare a catalyst

45 solution.

In the contact products thus obtained, the high magnetic field component (i.e., -0.1 to -0.5 ppm) was
20% in Example 29, 18% in Example 30 and 15% in Example 31.

A polymer (polystyrene) was produced in the same manner as in Example 28 (2) except that the
catalyst solution obtained in (1) above was used. The results are shown in Table 4.
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55 17 EF@hgresiien apgizmer (Pqlysixrape)pvas obtained in the same manner as in Example 32 (2) except that
5 the above catalyst component was used. The results are shown in Table 5.
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40 6. A catalyst for producing styrene-based polymers, comprising (A) a titanium compound and (B) a
contact product of a methyl group-containing organoaluminum compound and water, wherein the
contact product (B) having a molecular weight of 400 to 3,000 as determined by the freezing point
depression method using benzene has a high magnetic field component of not more than 50 % in the
methyl proton signal region due to an aluminum-methyl group (Al-CHs) bond, the high magnetic field
45 component in the methyl proton signal region due to the aluminum-methyl group (Al-CHs) bond as
determined by the proton nuclear magnetic resonance absorption method being in the range of -0.1 to
-0.5 ppm with the methyl proton (2.35 ppm) of toluene under toluene solvent measuring conditions as
the standard.

s0 7. A catalyst for producing styrene-based polymers, comprising (A) a titanium compound, (B) a contact
product of a methyl group-containing organoaluminum compound and water and having a molecular
weight of 400 to 3,000 as determined by the freezing point depression method using benzens, said
contact product having a high magnetic field component of not more than 50% in the methyl proton
signal region due to an aluminum-methyl group (Al-CHsz) bond, the high magnestic field component in

85 the methyl proton signal region due to the aluminum-methyl group (Al-CHz) bond as determined by the
proton nuclear magnetic resonance absorption method being in the range of -0.1 to -0.5 ppm with the
methyl proton (2.35 ppm) of toluene solvent measuring conditions as the standard, and (C) an
organoaluminum compound.
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Met hyl gr upperund AlilveGivaigieRi Akl apminivm/dargdstelitidndh bie aligd@site Famberg dur ch das

ker pmagriet i sche Resonan- zabsorptionsverfahrsn von Protonen di e Konponente
i m en Magrféfsf el d i m Berei ch des Met hyl pro- tonen-Signals aufgrund der

Al um ni um Met hyl gr uppen- (Al - CH3) - Bi ndung i m Bereich von -0,1 bis -0,5 55
ppm | i egt \/\dﬁ%’i"%ﬂ? VREYigie Alkdgrenpe it 33 19Keflonstoffatarognis) mitiWesser ist.

MeBbedi 9&R rn t Toluol als Solvens als Standard verwendet wird. 21 EP
0 322 oﬁf9 B? erfahren nach A"SE’”E’I:HJH iydem dlie Titanyerpigdung {A) mindestans einp Verbingungausgewdiit s
7. Katalysat g}° Al 'fj?é’? PRI EYS JERMVBINSARAnend dTtAnchsielyprainginans dargasteliuech die( A)

ei ne Ti tanver it 'l']?\g B) ei n Kont akt produkt aus ei ner

met hyl gr uppe I n Organoal um ni unver bi ndung und Wasser und mt einem
i ttglg pglPr ﬁﬁgﬁn c’?‘se‘?r'igle\dr| gungs- Ver f ahren unter Verwendung von Benzol
bestinmten Myygku- |argew cht von 400 bis 3 000, wobei das Kontakt produkt
ei ne Konponente im hohen Magneffeld von nicht mehr als 50 % im Bereich des
Met hyl pr ot on-tigame,s.auf grund ei ner Al um ni um Met hyl gr uppen-

(Al - CH3) - Bi ndung auf wei st, di e Konponente i m hohen Magneffeld in dem

m ttelssker niggwérini /S CRPeRY Rage NASGhEMYRO/ORSINaAdES WiR W28k stofraty bird! ANy RRBES mit 1 bis
besti mt en Beo ¢bladnsudtitonidal dnsl AloRlgAIPpeShig) N Bls 20 AoHi@ELIREbNAR,Tsine Aryigruppe mit 6 bis 20
Al um ni um Me tkehlérgrotidgesn; dindl AlKglR)grdpps) it 1B Bisi 20N KBIErRioRdIomeaeineArvialigigruppdmie 6 BRM
| i egt, wobei 2BdphlehstofidimiBipeelinentyinxyemopmbasit 8/blsieg|Kohlatsbiat¢nabin3&nedAd¥loxydeHpe mit 1
Tol uol sol vendisa?ls Ketienstoftatomen; ceinee Aybiopentidiedylgrunpe, ¢ifd substituierte Cyclopentadienylgruppe,
40 eine Indenylgruppe oder ein Halogenatom sind, a, b und ¢ unabhéingig voneinander eine ganze Zahl
von 0 bis 4 sind, und d und e unabh#ingig voneinander eine ganze Zahl von 0 bis 3 sind).

5. Verfahren nach Anspruch 1, in dem der Katalysator (A) eine Titanverbindung, (B) ein Kontaktprodukt

aus einer methylgruppenhaltigen Organoaluminiumverbindung und Wasser und (C) eine Organoalumini-
45 umverbindung umfaBt.

6. Katalysator zur Herstellung von Polymeren auf Styrolbasis, umfassend (A) eine Titanverbindung und

(B) ein Kontaktprodukt aus einer methylgruppenhaltigen Organoaluminiumverbindung und Wasser,

wobei das Kontaktprodukt (B), das ein mittels Gefrierpunktserniedrigungs-Verfahren unter Verwendung

50 von Benzol bestimmtes Molekulargewicht von 400 bis 3 000 aufweist, sine Komponente im hohen
Magnetfeld von nicht mehr als 50 % im Bersich des Methyiprotonen-Signals aufgrund der Aluminium-
Methylgruppen-(Al-CHs)-Bindung aufweist, und bei Bestimmung durch das kernmagnetische Resonan-
zabsorptionsverfahren von Protonen die Komponente im hohen Magnetfeld im Bereich des Methylpro-
tonen-Signals aufgrund der Aluminium-Methylgruppen-(Al-CHs)- -Bindung im Bereich von -0,1 bis -0,5

] ppm liegt, wobei das Methylproton (2,35 ppm) von Toluol unter MeBbedingungen mit Toluol als Solvens
als Standard verwendet wird.
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10 ei ne Organoal um ni unver bi ndung. Revendi catl ons 1. Procede pour
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| oquel 20l e calnmiois®-gtbepe méthyle (A-EH:)e Bt composaiitt A6 chdinpCABINGHRAs GBS Sdns (ARTioh Qu
grolrpe conssignaldy preten wétkyledinplo si@ison deminlumayheipe inéiige (AOH) GRE GuoBteninsa Per fa
ch6l at es r epftbererdabsorplion db 48 Eeanmeb enagBitigie alugéaird Protoniquel iaftasiiads RAGRrter(alig b+C)
ou Ti R dR2efB3%.1. i-08) Prrs le RsaorRinéthyP (2,3RDpm) duRdiudne rviens IexiGpdititia dermeturalavea tio e
d hydrogbne““’&ﬁ"‘é‘féﬂ%ﬁé"téﬂVRfé'Ieeceayant de 1 & 20.atones de carbone, un groupe
al koxy25ayant de.1 a 20 atones de carbone, .un ?r oupe aryle ayant de 6 a 20
at ones dée* cSPHY 1‘% &! aypye 63? 208 W?"&ﬁ‘%ﬂa@"a’ym QSEe'éP Rrodel da certiast (Blest dapiwne,
un groupe a?%'ﬁ"ﬁ It"é'te aﬂ? '8“36 & 20 atones de carbone, un groupe aryl oxy

ayant de D Bro s 21 2 que Sie le%r e ac on ant dg 1 & 20
at ones, dé" ¢ , ?'8 E% 0 é?ﬁ‘%&ﬂ - 8pns ?ﬂ c;ﬂ‘?é’H'&I e
substi tue, €Jn trgoﬁjuel ¢ 1}1 eégaﬁduﬁr% Slkylel piniup iz %EEF J?'E?‘gz %‘%“

i nd6pendam ggENt un entier de 0 a4, et det e sont |nd6pendamrent un
entier de 0 & 3). 5. Proced6 tel que revendi que dans |a revendication 1,
dans | equel obﬁesﬁln%tdﬁﬁeemyue%ﬂﬁé%ﬁldﬁ% 1'dréoﬁa§sdecarb% JgB&b%%eﬁé‘sut'ta”e (B) un
produids de contact d'un conpose d organoa um ni um cont enant un groupe

mrt hyl e aveprroskas tel @s’bh‘eveﬁ\ilqu@ GansUdNreGenBBAISH 1, Hatt 18RAIAALINPoSY déMhand AA) sst au moins

un composé choisi dans le groupe constitué par des composés de titane et des composés de titane
chélatés représentés par la formule générale:

N0 TIRGRZBRYGR ey
ou

TiR'4R2,R33-(g4.¢)
45
(ob R', R?, R3 et R* sont indépendamment un atome d'hydrogéne, un groupe alkyle ayant de 1 & 20
atomes de carbone, un groupe alkoxy ayant de 1 4 20 atomes de carbone, un groupe aryle ayant de 6
& 20 atomes de carbone, un groupe alkylaryle ayant de 6 & 20 atomes de carbone, un groupe
arylalkyle ayant de 6 & 20 atomes de carbone, un groupe aryloxy ayant de 6 & 20 atomes de carbone,
50 un groupe acyloxy ayant de 1 & 20 atomes de carbone, un groupe cyclopentadigne, un groupe
cyclopentadignyle substitué, un groupe indényle ou un atome d'halogéne, a, b et ¢ sont indépendam-
ment un entier de 0 2 4, et d et e sont indépendamment un entier de 0 & 3).

5. Procédé tel que revendiqué dans la revendication 1, dans lequel le catalyseur comprend (A) un
55 composé de titane, (B) un produit de contact d'un composé d'organoaluminium contenant un groupe
méthyle avec de I'eau, et (C) un composé d' 'organoaluminium.
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