WO 03/ 054028 PCT/ EP02/ 13967 Catal yst systens of the Ziegler-Natta type and
their preparation The present invention relates to catal yst systens of 5
t he Zi eglwo-dsasioastype, to a process for preparing them @ud/EPO2A3967r use
for the polynerization of olefins. Catalyst systens of the Ziegler-Natta
type have been known for a long tine. These systens are used, in 10
particular, for the polynerization of C2-Cl0-al k-1-enes and conpri se,
inter alia, CHrpoistdssystesisyvef efhe t7iedienTNattai rymehatndeshaidl or

al um num al kyespatpgedher with a suitable support material. The Ziegler-
Natta catal ysts are usually prepared in two steps. 15 Firstly, the

titani umcontaining solid conponent is prepared. This is subsequently
react ed withridepreseatal iséentdhen peklareiszatd orataliRen spstdmsl ot with
the aid Sf t.he cg}f'al st_slgobt ai Qed intth‘i?ls way. 20 _[EP- A- 014523 d%g])%ri bes a
process Por PrepTHTZI st e? “¥RFal 53t 23, PFR-RRFcAAnPrABRgARPC EBSMde i s
reacted wt rand tmgriesiximse kidr arive pdiatogernzd t hop refigelefins .any order
and the resulting internediate is reacted with a Lewis base and titanium
tetrachloride in any order. 25 This catalyst is then used together with an
al umi num aldgtialaret f gyshemsLead s thas ki eprextiaped yepezdidavwsm beenol ef i ns.

The cat al ystig,slgscredredal M &Ry A-03307 TRE@ P! 8PateflsbYar30 addi tiog of an
al um num_al kyl and a magnesi umm al kyl to an inorganic support and subsequent

addi ti or%of REFYIFERImM EBRpSHTd RNYEHATgeitat PRy CeeaygeAt kol ~€BREohOl . 35
EP- A- 594915 aticcl @sgsr Bs@) ocensef orapi &£par cogpdufgker ofcapallyshsentn which

a support terial containing OH oups is reacted with a dia magnesi um
or trial kylrr?tla A Hlm c%#r%ﬁﬁﬁfn tﬁgﬁ‘%égﬁl ti%t;de/? er AedT A" sa@lgf"Rl\/ATl ON
COPY WO 03/ o&m@ummza 18967able duppght matercant aThewkibgaer-

monochl oroongani£ cQAYMs are usually prepared in two steps.

15 Firstly, the titanium-containing solid component is
prepared. This 1s subsequently reacted with the
cocatalyst. The polymerization is then carried out with
the aid of the catalysts obtained in this way.

20 EP-A-014523 describes a process for preparing Ziegler
catalysts, in which an inorganic oxide is reacted with
a magnesium alkyl and a halogenating reagent in any
order and the resulting intermediate is reacted with a
Lewis base and titanium tetrachloride in any order.

25 This catalyst is then used together with an aluminum
alkyl and further Lewis bases for the polymerization of
olefins.

The catalysts described in EP-A-032307 are prepared by

30 addition of an aluminum alkyl and a magnesium alkyl to
an 1inorganic support and subsequent addition of a
titanium compound and a halogenating reagent or
alcohol.

35 EP-A-594915 discloses a process for preparing Ziegler
catalysts, in which a support material containing OH
groups is reacted with a dialkylmagnesium or trialkyl-
aluminum compound, the resulting intermediate 1is

CONFIRMATION COPY



a tetravalent titani umconpound is subsequently added and the internediate
formed is reacted with an alcohol which contains only C, Hand O and is
not ar onawiom3/0A®2% a result of the addition of the al coholpcTEPOINIZGNEr

mol ar mass distribution of the polyethybene prepared therewith is

achi eved. EP-A-595574 describes a process for preparing Ziegler- 10 Natta
catal ysts, in which a granul ar support material is brought into contact
with an or gaP®’pehtokntonpelRact widhakk ylomeghdsinpereanicurrdmmedngbt i onal |y

a trialkyl- al l&@t&ﬁ%&@ﬁﬁoma@iﬁﬁn@oﬁnﬁb@hgori%angﬁbseaﬁ@ﬂggya%@g%td | east
one tetraval en t%ganl um conpound._The organo 15 silicon conpound i s used

here to redu®®dt hRecIRtERMEEEateH IdRss oh TPRCEPANUEER dBppFdicehods a
result of thehieldidhoaing bheyorgamosind cPrag®NPoUABL ardakE@Wer agmol ar

mass di stribution _and a.l r ar. mass .of _the__po t hyl ene prepared

t herew t ar% g&’?’f‘lg\tfeac.’f 28“%&%%%‘1% 8ifsc?%§e§l§°#§ces§ fBrrEWERar i ng
Zi egl er- Natmhelzat alagst sdisnributhon grfanthar modyktthyhéres i preparelii rstly
brought into.coptact; wWd zb&pé@égyl magnesi um conpound and a

trial kyl al um num conpound 1n any order. 25 This internmediate is reacted
wi th an organic hal ogenating reagent and then with a tetravalent titanium

conpound. |fgslegigetssa éégéb%egrgarﬂ%aésgonfofoweﬂagiﬁsnrz]gsglzeaﬁd to

reduce the content of C]—Iﬁgroup,s on, tthe granul ar support, a I's therefore
added t &% h"BEF3uppbRtYfEfer itdl HRithe2b&HaitRY oFUPPRY br B&FALRSN
process. It is rowdhecined tbetacesenthi aMebryanok216evsl eBmpoudieyl er
cat al yst V\/ﬂié:hdgéf% S higg ﬁrodu%%i vity. and 35 at. the sane %i [lna gi ves
pol yners having a g FUPR e ASIPTUnE R ORI MY cBpSFYARF¥ELT or ned
shoul d have akumhipwre onempound, ert megtcadhlle nmrirgrindlc, eswesniral | gnd natt he
relatively |Qudenghty {a088ys 0RO YIRS iREEPALATVE; 03/Qp40 -

PCT/ EP02/.1396/7 3 By nmeans o? a % egl er cat a?ys Ousc&él qu'%aégg‘aﬁ?te hi gh

15 silicon compound is used here to reduce the content of
OH groups on the granular support. As a result of the
addition of the organosilicon compound, a narrower
molar mass distribution and a lower molar mass of the
polyethylene prepared therewith are achieved.

20 _

EP-A-744416 discloses a process for preparing Ziegler-
Natta catalysts, in which a granular oxidic material is
firstly brought into contact with a dialkylmagnesium
compound and a trialkylaluminum compound in any order.

25 This intermediate is reacted . with an organic
halogenating reagent and then with a tetravalent
titanium compound. If desired, a further organosilicon
compound can be used to reduce the content of OH groups
on the granular support, and is therefore added to the

30 support material at the beginning of the preparation
process.

It is an object of the present invention to develop a
Ziegler catalyst which displays a high productivity and
35 at the same time gives polymers having a high bulk
density. Furthermore, the copolymers formed should have
a low content of extractable material, especially in

the relatively low density range. Copolymers prepared



proportions of extractable, i.e. |ow nolecular weight, material,
especially at densities in the range from 0.91 to 0.93 g/cnB. 5 W have
found t hawotohiostoedhj ect is achi eved by a process for prepacrmpozaal yst
systens of the Ziegler-Natta type, whigh_conprises the follow ng steps: 10
A) bringing an inorganic nmetal oxide into contact wth an organonetallic
conpound of group 3 of the Periodic Table, B) bringing the internedi ate
obt ai ned fr oY sPeNA) obr a Zd acer rertket nesea l x| Hevenayitentdgh with a

nmagnesi um coppebde MR NSE 2 el e YRS 1XL ar & eatdly fnsﬂeeemés?nwex k. one
anot her, fluorine, chlorine, l;ir om ne, _i odj ne, hydrogen, NRX ,  SRX,

SO3RX or OC TRYREL an§SRECAAd 1« aFe %‘%’a‘@l’?sl Attep ﬁerﬁqrig%f fapm

anot her, a |l0ngarto Grehahash’ar cyclic Cl- C20-al kyl, a C2-d o-al kenyl, an
al kyl aryl having 1 - 10 carbon atons in the alkyl part and 6 - 20 carbon
atons in"the aryl part or a C6-Cl8-aryl and nis 1 or 2, 25 and
subsequent | YWe&)hawe nfpung tttiea t ntlei sredbieet obs aaokiletednbsgt eppBpcekBt 0

contact withea h g ri ngi the.i d

obt ai ned from stgJ %; %}lﬁnocégﬁgg wégﬁpéﬁpalac;%hg'?’ %ghé&%?ﬁw@am OH,
where R2 is "aYEP‘?'n &gl chpreamatieib af ré@%lﬁq:ll@mmst@mwl a C2- Cl10- al kenyl ,
an al kylaryl having 1 - 10 carbon atons in the alkyl part and 35 6 - 20
car bon g})om; in the aryl part or a C6-C18- arg WO 03/.054028

PCT/ EP02P13987 - BFinging i Agi niPPREaPAFerfBtf bt &istaai ABEO r 6AR52ED D)
into contact witlwiaxl edn avedendmétsabidncenppatadorargocund)3 opt i enal |y,
bringi ng t he |nte§enz‘ei%£ e,I%l%tl%l ned fromstep E) into contact with a donor
conpoun !

B) bringing the intermediate obtained from step A) or
15 the inorganic metal oxide into contact with a
magnesium compound MgR'X,_,,
where X! are each, independently of one another,
fluorine, chlorine, bromine, iodine, hydrogen,
NR*;, OR*, SR*, SO;R* or OC(O)R*, and R' and R* are
20 each, independently of one another, a linear,
branched or cyclic C;-Cyz-alkyl, a C;-Cip-alkenyl,
an alkylaryl having 1 - 10 carbon atoms in the
alkyl part and 6 - 20 carbon atoms in the aryl
part or a Ce¢-Cig~aryl and n is 1 or 2,

25 and subsequently

C) bringing the intermediate obtained from step B)
into contact with a halogenating reagent,

30 D) bringing the intermediate obtained from step C)
into contact with an alcohol of the formula R?-OH,
where R? is a linear, branched or cyclic C;-Cyp-
alkyl, a Cy;-Cjp-alkenyl, an alkylaryl having
1 - 10 carbon atoms in the alkyl part and

35 . 6 - 20 carbon atoms in the aryl part or a C¢-Cig-
aryl,



The invention further provides catal yst systens of the Ziegler-Natta type
whi ch can be prepared by the process 10 of the present invention,

pr epol ynewoasaswmat al yst systens and a process for the polpgmmEPOZ&i9DN Or
copol yneri zation of olefins at from 20 t,o_150C and pressures of from1l to
100 bar, wherein the polyneriza- tion or copolynerization is carried out in
the presence 15 of at | east one catal yst systemaccording to the present

i nvention an®) opt bokagingarthe uihhermedipsendobisinat afabyststépommani ¢

metal oxides usediaes. cbAtaB¥aMlG: i LbERavafee! vy RLUTLAURAILS,

hydrotal cite, mesoporous materials and alumnosilicate, I n particular
silica gel. The i®®fganic metal oxide can have been partially or fully
nodi fied prior to the reaction in step A). The 25 support material can, for

exanpl e, _be # eat ed_at ng 00 to,1000C under oxi di_zi ng or _nonoxi di zi ng
condi ti orfs t hBPptRR_NE¥’ or ’éb%%h’&g ofRE| udPtRaTERGatEgeRPS2dBER as
anmoni um hexaf | uofnsml scab €E) Tintso nedweSact twPels sa dend® ddipoundter alia,
the water content 30 and/or OH group content. The support material is
preferably dried under reduced pressure for froml to 10 hours at from 100
to 800C, prefeabhyentoen150rtber6300yidiefsoreatmiyay usestéms t b phecess of

the present zigyroiie t§5%h§%gﬁﬂféﬂ1caﬁh ergg%g&gé& Bp! gheOgldgeaas a mean

particle dianeter rom 200 pre rom m-and
parti cul&r1 yebr eFéPabWersle@ﬁl 2@&\@1\/@@3/ 05rpeRo PaTeEPoed 13987alyEt70 m a

mean aver agespot&my ol 4A8 0h f pe@cRsk t o l0 még pb%ﬂéﬂk&@i@ﬁ fpgm 0.8 to
4.0 mM/g and?ﬁaitlcularl%orgrefe:éf fromO. % and a _specific
surface area B 43P H 1P 086 ‘E;él“??l $5Ha W’Eulzé)r FPom3P G 02880 ne/ g,
especi al |y fooessdfes cof 6fbmPl gto Theoi ha)fga‘ﬂhéré'ﬁﬁathéxpdﬁyﬁéﬁlbﬁ—
spheri cal Oftlgﬁaay'8%pof¥£££¥£§%%bép sréggrled out in the presence
15 of at least one catalyst system according to the
present invention and optionally an aluminum compound

as cocatalyst.

Inorganic metal oxides used are, for example, silica
20 gel, aluminum oxide, hydrotalcite, mesoporous materials

and aluminosilicate, in particular silica gel.

The inorganic metal oxide can have been partially or
fully modified prior to the reaction in step A). The

25 support material can, for example, be treated at from
100 to 1000°C under oxidizing or nonoxidizing
conditions, in the presence or absence of fluorinating
agents such as ammonium hexafluorosilicate. This makes
it possible to wvary, inter alia, the water content

30 and/or OH group content. The support material is
preferably dried under reduced pressure for from 1 to
10 hours at from 100 to 800°C, preferably from 150 to
650°C, before being used in the process of the present
invention.

35 g
In general, the inorganic metal oxide has a mean
particle diameter of from 5 to 200 um, preferably from
10 to 100 wm and particularly preferably from 20 to



The specific surface area and the nean pore volune are 10 determ ned by
nitrogen adsorption in accordance with the BET nethod as described, for
exanpl e, wo 038540B8 unauer, P. Emmett and E. Teller in Jour matr/Epo2/tive7
Anerican Chem cal Society, 60, (1939), sages 209-319. 15 In anot her
preferred enbodi nent, the inorganic netal oxide is used as spray-dried
silica gel. In general, the primary particles of the spray-dried silica
gel have afedf.pafti Brendi anerageofPI¥FoOmvckwna o af ifwomafticutar from 1

to 5 pm The pmiygy,y pait |ﬁ§é§§i@q§pa§0 BOBAUS .0 @ arky ary sy Iheay gehngarticles
whi ch are obtai ne by m | |ng of . an %%%2 gydro el, if appropriate conbined
with sievi né’.ar‘FHé:"slﬁrléQ’- dPFEESEAPI¥a T c & & nER e © Rl dHice@PBy 3pray
drying the mﬁiemirfy.qoalrsh'tr(fhe& shuéa: edf V\ffdsmvva:ttfflr e armlo@b:xrﬁhgt i cigl cohol .
However, _sug 25.siligca gel.is a cennerci a ai e.. The spray-
dried sifi cé’aégﬁc\ﬂ%iac?h £ he0 oBeaeRR P TET hFEPﬁﬁgraZ?ié’o £ort W e o
channel s whiédi® hﬁ%g.aTheadn@raaaﬁerm@kahwuxmdbtqaﬂibensphex@calcm&ar from
1to5m a@@an Qse f%Q%%Egcs§5%8g%%hqn by volune in the total 30

t

particle is~in the range from Yo In particular in the range fromb5
to 15% These voids and channels wusually have a positive effect on the

di ffusi on- et rsldad iUplYr e MDROATEESE 2BH eC Rkl priteS WifdUsre @l SO on
t he poli/marl zation kinetics., 35 The inorganic netal oxide i1s fi rst?y

react edl ¥ n SEEFTRINEG t BY af PSP PFRLEBRpotfhd 2BFROTARBCR" WiHete X are
each, indepehdent BgTof murhahot her, déswripved, chlfyrd neex¥p03/ 054328

PCT/ EPO2/ 13967 6. brom ne,_ i odi ne, hyd e 2, . , SRX., S or

OC(0) RX, an ‘RBgHEaﬁfrarg'e%we%tnﬁ&%ﬁgém?w%¥ 6@%%8?&&&?%’% near,
branched or AmggliicenCChepdcallk gbciatyC26Q10-(ABRENY| pagesakRPFALGL having 1 -
10 carbon atons 5 in the alkyl part and 6 - 20 carbon atons in the aryl

part or_a 06-C18-arg/|, Mis a nmetal of group 3 of the Periodic Table,
preferabdy Bn smnerhen @refisrredcuemppgiment, the inorganic metal

oxide is used as spray-dried silica gel. In general,
the primary particles of the spray-dried silica gel
have a mean particle diameter of from 1 to 10 um, in
particular from 1 to 5 um. The primary particles are
20 porous, granular silica gel particles which are obtained
by milling of an SiO; hydrogel, if appropriate combined
with sieving. The spray-dried silica gel can then be
produced by spray drying the primary particles slurried
with water or an aliphatic alcohol. However, such a
25 silica gel is also commercially available. The spray-
dried silica gel which can be obtained in this way also
has voids or channels which have a mean diameter of
from 1 to 10 um, in particular from 1 to 5 pum, and
whose macroscopic proportion by volume in the total
30 particle is in the range from 5 to 20%, in particular
in the range from 5 to 15%. These voids and channels
usually have a positive effect on the diffusion-
controlled supply of monomers and cocatalysts and thus
also on the polymerization kinetics.
35 '
The inorganic metal oxide is firstly reacted in step A)
with an organometallic compound MR,Xi3.mn, where X are

each, independently of one another, fluorine, chlorine,



preferably Al, and mis 1, 2 or 3. 10 R are, independently of one another,
a linear, branched or cyclic Cl-C20-al kyl, e.g. nmethyl, ethyl, n-propyl,

| sopropylworislosiogs , sec-butyl, isobutyl, tert-butyl, n-peatrEpro2/s®e6? pentyl,
i sopentyl, n-hexyl, n-heptyl, n-octyl,gn-nonyl, n-decyl or n-dodecyl,

cycl opropyl, 15 cycl obutyl, cyclopentyl, cycl ohexyl, cycloheptyl, cyclo-
octyl, cyclononyl or cycl ododecyl a C2-Cl0;al kenx{l V\/m ch may be i near,
cyclic or bmuFHEE and AHRe an hyidrogiemal R 1.er @Bal 88lbl eSH&d, oe. g.

vinyl, 1-allgd o) aldnd . R3-zld YRX ayteeraelch pemheaislendbﬁwpylof Caﬁéo 20
pentenyl cyclohexenyl cycl oocten cycloocta I e aryl

having 1 - POHon’ &t diE&aT h%r%ﬁ‘ﬁp?d 5% t CYRELS 812@&:‘;%% #at®dns in
t he aryI par(:tz, C@-galkeb:@rlz,ylan calkytaryl nrattyhgenzwy ,14- cé)fbé?n es bymphenyl ,

or C1 e _substitu db furt her al k 25 groups, e.g.
phenyl i ng'p Sht y‘? j2 4N Rgﬁyl ,an% zstnthr%/ﬁ %baﬂt REyls ¢ nttl'h":'ry'gl,'yij

1- phenant hr part2- cnheﬂa@%h@ml—;arﬁ-,phenaﬂthryde,taél-pd)'rfengnbhpyB afd the

2. b i mot hyl R 3P, eferdfanty B M BTN afy Bapfidiefay” ©

3,4,5- trlrreﬂﬂﬁlﬁh" " Alheead Mo iR Aay 2aP¥03-be joined to forma 5- or

6- menbered ring and the organic radicals R may al so be substituted by

hal ogen such as fluorine orine or bronine. 35 are each,
i ndepenfd%n aFe ot dERFsnt r]'fl’l L?dgr]l%se, ARHIE ned Jo’rrb?ﬁlhe bYanghrd

hydlrjogeln abSIIdECjXIRKiZC a1 kaxi-Ga kyQRX, etblelxﬁefjte}ﬁRX e@ubﬁqn@aepﬁg%b axf or

car boxyl at e, efined for n.be, for

exanpl Z %823%28 \IID\%T%E%R;/ §%§°g9£ygi nefﬁ%%#%%?ﬁ}f% 'no or

di i sopr opyl aln‘pl%ltyGRX Segy- g tiygt, hoxdysopsiritaxly,  irsdpegpoxy, nthemxyl , hexoxy
or 2-ethyl hexexy:, SO§E§>§OC§y) bqlnggw sglrf OHaBSdeI:{sz” U%@I%é’%pg%l sul fonate

or tol uenesul fonate an format e, ” acet pi onat e.
The i notyanFYAePRFYdxi G¥C §Pﬁ¥1’éﬂer aEY?l‘blP%@ght ¢Yie tohepkr heteydkar an

or ganonet al bicgyeonpeyied odfongloupRr3 @&yclododecyl, a C,-Cio-alkenyl
which may be linear, c¢yclic or branched and have an
internal or terminal double bond, e.g. vinyl, l-allyl,
2-allyl, 3-allyl, butenyl, pentenyl, hexenyl, cyclo-

20 pentenyl, cyclohexenyl, cyclooctenyl or cyclooctadienyl,
an alkylaryl having 1 - 10 carbon atoms in the alkyl
part and 6 - 20 carbon atoms in the aryl part, e.g.
benzyl, o-, m-, p-methylbenzyl, 1- or 2-ethylphenyl, or

a Cg-Cig-aryl which may be substituted by further alkyl

25 groups, e.g. phenyl, l-naphthyl, 2-naphthyl, l-anthryl,
2-anthryl, 9-anthryl, l-phenanthryl, 2-phenanthryl,
3-phenanthryl, 4d-phenanthryl and 9-phenanthryl,
2-biphenyl, o-, m-, p-methylphenyl, 2,3-, 2,4-, 2,5- or
2,6-dimethylphenyl, 2,3,4-, 2,3,5-, 2,3,6-,  2,4,5-,

30 2,4,6- or 3,4,5—trimethylphenyl, where two R may also
be joined to form a 5- or 6-membered ring and the
organic radicals R may also be substituted by halogens

such as fluorine, chlorine or bromine.

35 X are each, independently of one another, fluorine,
chlorine, bromine, iodine, hydrogen, amide NR®;, alkoxide
OR*, thiolate SR*, sulfonate SO;R* or carboxylate OC(O)R%,
where R* is as defined for R. NR*, can be, for example,



the Periodic Table. As organonetallic conpound of group 10 3 of the
Periodic Table, preference is given to using an alum num conpound Al RX3_m
wher e t hewoasioadsees are as defined above. Suitabl e conpowmadEpaz/e3o6tf or
exanpl e, trialkylal um num conpounds sugh_as trinethyl al um num
triethylalum num triisobutylalum numor tributyl 15 al um num

di al kyl al um num hal i des such as di net hyl - al um num chl ori de,

di et hyl al uni @imeehybanieoor @ieehhamin® undrundiisoproeylahkyd al WRHum

di hal i des sugh,a ung i chlsQk et m i.chl oride,
or m xtures sﬁ%hggsr}%e%}yhay%al %ﬂﬁgﬁsesqu?chﬁgﬁde.%e 20 ﬁg{’gzr)g#yg’irs
products of 4TFVHRESRPRYI sSRARh BAE IR | BetaxA sallégnpseus ddi fpusterr ed

al um num conpetigEsal fondH@SEri toMieee X liforFHOr iRe. oAMBNE* thggepal um num
conpounds, particul ar greference is given to those in which mis 2.
i

PreferenCe i M9eh (3-TThY oF HXSETFEEF uni num hal i des ALR2X in which X

I's hal ogen, in particular chlorine, and Ris, in particular, a linear,

branched or | i, - C20- VP i cul ar ref erence is.given to
usi ng di met h?}?% &%"(ﬁ: %gé% g’%“%‘(é/el §?€E§Feﬁ%ﬂ DY S her G Leh T P HRR 3ég§f’ep A)
can be carrientagt | wishy ampraxgancmedad Mt . coRpotndulbdr guafrerenoé i s

gi ven to alighatpsr phigs Q0RL 1 cphy hE ' g tallic
conmpound of groulr)&r?) of %ﬁg Per i o%jlgcgfl%%?{éﬁggéé%Fﬁgﬁé&ggégg.gfrf §g§{1§ne,
hexane, Mepthnet &Beaferigsticcafrbler BERFERENER 4SCTICER atkyhBéngene such

as tol uene, agyl @hemiftmetdinieRrEeNBIRAX,RAr thEeLar lthePrefer ik sokyent is
et hyl benzene, V%)e$3/ 0%40%8 PCT/ Eszg)rll3967 - 8 The inorganic nmetal oxide is
usual I'y sl urt et e Rhe®PRY Pph L 28t € aFHRI Iy fFoar boh, e%AMPLRe or gano-

netal |ic conpoisaikylaladdetint heoepoundbe suganeet akimethytadpaindmean be
tame TS PSSR, O Sl 2 RO
15 ° aluminum, ialkylaluminum halides such as dimethyl-
aluminum chloride, diethylaluminum chloride or dimethyl-
aluminum fluoride, alkylaluminum dihalides such as
methylaluminum dichloride or ethylaluminum dichloride,
or mixtures such as methylaluminum sesquichloride. The
20 hydrol_yéis products of aluminum alkyls with alcohols
can also be used. Preferred aluminum compounds are
those in which X is _chlorine. Among these aluminum
compounds, particular preference is given to those in
which m is 2. Preference is given to using dialkyl-
25 aluminum halides AlR;X ‘in which X is halogen, in
particular chlorine, and R is, in particular, a linear,
branched or <cyclic C;-Cyo-alkyl. Very particular
preference is given to using dimethylaluminum chloride
or diethylaluminum chloride.
30
Step A) can be carried out in any aprotic solvent.
Particular preference 1is given to aliphatic and
aromatic hydrocarbons in which the organometallic
compound of group 3 of the Periodic Table is soluble,
35 e.g. pentane, hexane, heptane, octane, dodecane, a
benzene or a C;-Cjp-alkylbenzene such as toluene, xylene
or ethylbenzene. A particularly preferred solvent is
ethylbenzene. -



However, it is also possible, for exanple, to add the solution of the
organonetal lic conpound to the dry 10 inorganic netal oxide. Reaction step
A) can bewoasns#ds out at fromO to 100C, preferably fromprRa/HrPo2/583€ The
organonetal | ic conpound is usually usedgin an anmount of from 0.005 to 100
mmol, preferably fromO0.05 15 to 5 nmmol and particularly preferably from
0.1 to 1 mol, per g of inorganic netal oxide. It is also possible to add

only part of the organonetallic conmpound, e.g. from0.005 to 0.15 nmol, in
step A) and rio add-fent bemdrananrhe! i gapeupd s rtrqetdhelr§ ﬁé 20
anmount of up to 100 mol, preferably up to 5 mol artic

preferably L?phtH;‘?Ltlrﬁmlor dFHRP orfe” Y ArRsEg et hénﬁurttﬁér §F§E§°-
Preference imetgilMert t Gomisongd tbe ddded wHEMEto ! OfTﬁéeoQgEﬁBQ@EEQMEC

compound.in s 25 1n B), the internedi ate obtaiped fromstep A
is reactedS ‘ii%l‘f)?éﬂ% SG% Htit 2 éﬁgﬂ %‘5 Gr U6 fHGH ARG PR nel Seredhedi um
compound MyRiXitian wirer eaX1 alEpkache bndeaeoﬂeﬁity b debeaapeh her ,

f1uorine, j b d d RX, _ SO3RX
oc (0) R, R0 R R B, PREEBSh eI B onB® anbEREF S || near.

branched or Hgrevier ,.ClitC2@salekydo, rResGDIEL0- mkeﬁybmpéa altlo)lladcgllthaw ng 1 -

10 carbon atQym;tiidh t a I 0 ryl 35
part or_a ChCle: le?rih | B2 Skky BRehndRdeg142) COAAME A0 SRl 0BTV 0 S

has t he eanelwgrﬁ% WAL 3fef PREEC abBFRCESPIXSLRP AY qRTefke amnyrmor. ne,

brom ne, netdixut a0, dos A0 IMOPPLYLESHANIXY fRHomA et &le 509cR1 and Rx have
t he sanme neanings as given above for R In particular, Rl are each,

i ndependently of one another, nethyl, ethyl, n-propyl, isopropyl, n-butyl,
sec-butyl, iMebubyiganogetailty , compenndl , isecupealyly, ubsedpehtylan n- hexyl,

Bhgﬁf/)lt yl),r NQthte ENEYim 87008 told od BRLRY! %%nyelrabjlﬂl O r & €6 hyd phenyl,
15 to 5 mmol and particularly preferably from 0.1 to
1 mmol, per g of inorganic metal oxide. It is also
possible to add only part of the organometallic
compound, e.g. from 0.005 to 0.15 mmol, in step A) and
to add further organometallic compound up to the total
20 amount of up to 100 mmol, preferably up to 5 mmol and
particularly preferably up to 1 mmol, during one or'
‘more of the further steps. Preference is given to using
o the total amount of the organometallic compound in step
A).
25
In step B), the intermediate obtained from step A) is
reacted, usually without work-up or isolation, with the
magnesium compound MgR,X';.,, where X! are each,
independently of one another, fluorine, chlorine,
30 bromine, iodine, hydrogen, NR*,, OR*, SR*, SO;R* or
OC(0)R*, and R' and R* are each, independently of one
another, a linear, branched or cyclic C;-Cyo-alkyl, a
C2-Cjo-alkenyl, an alkylaryl having 1 - 10 carbon atoms
in the alkyl part and 6 - 20 carbon atoms in the aryl
35 part or a C¢-Cig-aryl and n is 1 or 2. -



1- napht hyl . Suitabl e magnesi um conpounds are, in particular, nagnesium

hal i des, nmagnesi um al kyl s and nagnesi um 15 aryls, and al so magnesi um

al koxi de wod3mageesi um aryl - oxi de conmpounds, preferably PagrErsz/sys7

dichl oride, nmagnesium dibrom de and di gCLl-C o-al kyl ) nmagnesi um conpounds.
20 In a particularly preferred enbodi nent, magnesi um conpounds MyR12 such
as di net hyl nesi um di et hyl - magnesi um di butyl magnesi um

di benzyl magn®sihas et sane reaminpsnegneddfimest #bovg| fofodtylX) dmgnesi um
are used. ThesfehAYB, @ SOQLL ubigddidd) NeRRYBL, sol 25 Preference
is givento IISlﬁéén-butyl ). (ethyl )ﬁ?réégnesi urﬁdaennd (butcf/}{}’)(oc:e;egﬁ%)&rs{égngé:gum In

m xed conpo Sheh REEOHHRY 3¢V NS ) magnesi um the radicals RL can be
present in various ratios, e.g. preference is given to using (butyl) 1.5

octyl .5 nesi 30 Sol.vent itabl.e for step B re the sanme ones a
1£or ys%e A;Tpag%}s% i%g@ul%\ﬁ/ E}\é%f ﬁ?‘m‘ég%‘\?éﬁﬁ’é}gﬁr QSZIQPBT‘H{i%D%Y\% f%?oﬁfati c >

hydr ocar bonsInn wmintchedher nagResi ame cospctund indesehabhelye. gf peakane,

hexane, hept ta is ne, _ ne, daodecane.., cycl ghexane,
benzene or a 09-%1'0- ggﬁ?ﬁgénzen g’uc gggg%?(lenles,o%rycfpeyﬁe{ oP'gPWiL
benzene. A pRTikuAYEr yipeettyiled teuibrdmtyils Hemeneyl WOs68+DEAOLRSB,
PCT/ EP02/ 13%doperkd 1 , The-h&t-e1 Mediabge oht al nggtg,rlomgéneﬂ,lA) s ugually

slurri eg in the aliphatic and/or aronailc rocarbon, -and the magnesi um
conpound?i s RAWRIPHIREAYG:: The - na§iesi GrﬁeééMﬁBbﬁél’éan behgddéd a8x pure
subst ance orl-madtshylpreferably, as a solution in an aliphatic or aromatic
hydr ocar bon, e.g. pentane, hexane, heptane or toluene. However, it is also
possi bl e, for exanple, to add the solution of the nagnesi um conmpound to
the i nter mfliidtablebt anagdesiom stagmp@undEne aeact i dm i SpdPticubdty carried
out at from,4:0.L80C ILf&EED! YnbEARL: R 814395 anhar fhgularly

preferably from40 to ‘
15" aryls, and also magnesium alkoxide and magnesium aryl-

oxide compounds, preferably magnesium dichloride,
magnesium dibromide and di (C;-Cyp-alkyl)magnesium
compounds.

20 In a particularly preferred embodiment, magnesium
compounds MgR}; such as dimethylmagnesium, diethyl-~
magnesium, dibutylmagnesium, dibenzylmagnesium, (butyl)-
(ethyl)magnesium or (butyl) (octyl)magnesium are used.
These have a good solubility in nonpolar solvents.

25 Preference is given to (n-butyl) (ethyl)magnesium and
(butyl) (octyl)magnesium. In mixed compounds such as
(butyl) (octyl)magnesium, the radicals R! can be present
in various ratios, e.g. preference is given to using
(butyl)i.s(octyl)p.smagnesium.

30
Solvents suitable for step B) are the same ones as for
step A). Particularly useful solvents are aliphétic and
aromatic hydrocarbons in which the magnesium compound
is soluble, e.g.’ pentane, hexane, heptane, octane,

35 isooctane, nonane, dodecane, cyclohexane, benzene or a
Cs-Cio-alkylbenzene such as toluene, xylene or ethyl-
benzene. A particularly preferred solvent is heptane.



100C. The magnesi um conpound is usually used in an amount of 15 from 0.05
to 10 mmol, preferably fromO0.5 to 5 mol and particularly preferably from
0.7 to 4 wooBjos4pes g of inorganic nmetal oxide. The interPediEPb®139b1 ai ned
fromreaction step B) is, 20 preferably,w thout internediate isolation,
reacted in step C with a hal ogenating Teagent. As hal ogenating reagents,
it is possible to use conpounds which can hal ogenate the nmagnesium
conpound enpThyedintequedintk ogurtdiatediest ramch saeeerHF A)HCE s HBsuandyHl ,
silicon .25 ' such tet.r. Ql 05 , | r .-, sil ane,

di chl or odi rre%%h#glf?%ngﬁofﬁt%r |a$rlelt y CJ%{ o%%é??gng%ghggé ogg’l%l&?é gfo?jﬁ‘és such
as acetyl cHRfi dehef opagihestinor Fa@POungr opFongdedl othasetbor ofhkal i des,

phosphor us pragRedd @f | d8mpblihanydarthber iéiﬁsewééub%éosx%%@é&ﬁf, ophosgene,
nitrosyl _chloride, mneral acid halides, chloriné bromne, chlorinated
pol ysi | oRane®sS€ al RASHEHAHYM cAPor? dSOLHRARR nifh 137 cAldmhd#e 1 anddni um
hexaf | uor osiaxemed tei @andy &t kydrbeah pgen gc omaitae, Ofhde f ohapt an&YSrC Y4_S,

where RY is rogen or a linear, .35 _hranched .or. cyclic Cl-C20-al kyl such
he rothyl | rion e Byt MPEEL 580 A LB LG SR Laputg)
tert-butyl, addpertthd , scdutpent ybf i sheemadnesiumexWompourkeptyl , theoct yl ,

n-nonyl, n-dgeyd dirHr]Qé)dSB)é%in\é\Q 0?{'91?4%1?:8%;CI§ '.EPQ%%?’% éct-io%xl is
cycl opropyl, cyclobutyl, cyclopentyl, cyclohiexyl, cyclo- heptyl,
cycl oocﬂ§|, WSR3 o riArored o ddetyem i th 1208Cr aprefesaRyy afsombei ng

abl e to be sypstict utedody arkd! Paire 1R PBerdrhB1 NI OFde 4r pLom ne
and s is 5 Q, (fv 2 or 3. Halogenating reagents such as titanium
tetrahali desl,O &t exanple titaniumtetrachloride, are not very suitable.
Preference is given to using a chlorinating reagent. Preferred

hal ogenatin qgﬁ% .are - hal Qgen ounds af the formul a

R5-CY4 s g1Jl\(§{e§uc agsmrr%{: h%/?’l‘é%lll%(?i %ig u& %;EBCHISS?i d& Gt p%%%r}fut 2hiori de,

n- but yl 1Bhl driaie, 0 & ttd Q) Immedd orpreferably from 0.5 to 5 mmol and
particularly preferably from 0.7 to 4 mmol, per g of

inorganic metal oxide.

The intermediate obtained from reaction step B) is,
20 preferably without intermediate isolation, reacted in
step C) with a halogenating reagent. As halogenating.
reagents, it is possible to use compounds which can
halogenate the magnesium compound employed, e.g.
hydrogen halides such as HF, HCl, HBr and HI, silicon
25 halides such as tetrachlorosilane, trichloromethyl-
silane, dichlorodimethylsilane or trimethylchlorosilane,
carboxylic halides such as acetyl chloride, formyl
chloride or ©propionyl chloride, boron halides,
phosphorus pentachloride, thionyl chloride, sulfuryl
30 chloride, phosgene, nitrosyl chloride, mineral acid-
halides, chlorine, bromine, chlorinated polysiloxanes,
alkylaluminum chlorides, aluminum trichloride, ammonium
hexafluorosilicate and alkyl-halogen compounds of the
formula RY,-C-Y,.s, where R’ is hydrogen or a linear,
35 ©branched or cyclic C3-Cz-alkyl such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl,
tert-butyl, n-pentyl, sec-pentyl, isopentyl, n-hexyl,
n-heptyl, n-octyl, n-nonyl, n-decyl or n-dodecyl,



di chl oronet hane, chloroform or carbon tetrachloride. Very particular
preference is given to al kyl halide conpounds of the formula RY-C-C13 in
whi ch RY we asbspref erabl y hydrogen, methyl, ethyl, n-propyCr/EPmapsepyl ,
n-butyl, sec-butyl, isobutyl, tert-butyh, _n-pentyl, sec-pentyl, isopentyl
or n-hexyl. These give catalysts having particul arI y high product Ivities.
Very particular preference is given to chloroform 20 Suitable solvents
for step C) @rEdRropyilncicyicd obméydansycdneensyl ocysiepenyl, Theckeaction is

usual l'y car fHé%S’cyIOUt ?EJ.BB@K{KQ t 0c@006noRy 8f &FAblychbemadeyvio 1p9dG, 25 In

general , the 10 Q al ogenati ng rtiagent used to .magnesi um

conpound usetd“q sr?ﬂl?ﬁ%sr%gélﬁ"on}i’eﬂnq ol 0= 1beprlRstdtiuFed oay3: 1 to

0.5:1 and paridideardy prahaiably fsogh2otihe brlbrmanmmiymsconpound
can be pgrtloall¥or full ? enat dinthis 30 wa nesi um
rete

conpound’i's p r &bISF £ Ut | 3 edreaf%@’%%ﬁﬁfhofaspr'ég?%‘?’t‘é‘?ed
magnesi um haletwimhiad igierser afoy  examplle t 0i 280AubY betirgleh lofritlee iawe gani c

netal oxide, 35 pieferafly ﬂigm Zp#é)félo%@fgyi\é%o Qﬂ%e%f Eﬁte gg{lgam c netal

oxi de and part i cularl y pre er abl wei g e 1 norganic
met al oxi de.chiies im@dias uﬁ?aﬂﬁmtde Frefpnradl hﬁl@ggnaﬁ:bagedrmér@trsm y over

the VIO 03/ 034028 PPt EROPLI296 Toomdund HOLIANE RoMek Slmold dev A-pyef ei  ed

magnesi u&n halide is nesi um_chl oride. The interned ate obf ai ned>from
step OlPs FUF I1PS 5 I‘P led SRYMOAS i Nt RSN | G REIIY bne or

mor e al coholchlgriefeer abhybanglal cehmbrldé thetéﬁfnb'u@yRZ Q’hloﬁ‘f@ée R2 is a
| i near, brangh I|c Cl 0- al.k 10- al ken nakylaryl
having 1 - ?‘g‘r%(?ﬁl giﬁgogfb I Bﬁrtcaﬁ G t%%#%%}?%?ﬁﬁ foms in
the aryl 10 Vgamwt parm@@la}i&m:reyﬂermmasst heisame tneaalkgs dwmlitse

descri bed a%%oﬁl asR X aees Ml tal;{vecabgohoig %fcﬂﬁtﬁ"anols

et hanol , 1-propano 2-prop anol
is preferably hydrogen, methyl ethyl, n-propyl, isopropyl,

n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl,
sec-pentyl, isopentyl or n-hexyl. These give catalysts
having particularly high productivities. Very particular
preference is given to chloroform.
20

Suitable solvents for step C) are in principle the same
ones as for step A). The reaction is usually carried
out ét from 0 to 200°C, preferably from 20 to 150°C.

25 In general, the molar ratio of halogenating reagent

used to magnesium compound used is in the range from

4:1 to 0.05:1, preferably from 3:1 to 0.5:1 and

particularly preferably from 2:1 to 1:1. The magnesium

compound can be partially or fully halogenated in this

* 30 way. The magnesium compound 1is preferably fully
halogenated.

The amount of precipitated magnesium halide is generally
from 1 to 200% by weight of the inorganic metal oxide,
35 preferably from 2 to IOQ% by weight of the inorganic
metal oxide and particularly preferably from 5 to 20%
by weight of the inorganic metal oxide. The magnesium
halide 1is generally distributed uniformly over the



1- butanol, 2-butanol, 1-pentanol, 2-pentanol, 1-hexanol, 2-ethyl hexanol,
2, 2-di met hyl et hanol or 2, 2-dinethyl 15 propanol, in particular ethanol,

1- pr opanowp odsobwb&nol , 1-pentanol, 1-hexanol or 2-ethyl hexarkro2/18a7t abl e
solvents for step D) are the sane ones for step A). The reaction is
usually carried out at fromO 20 to 156‘, preferably from20 to 100C and
particularly preferably from60 to 100C. The nolar ratio of alcohol used
t o magnesi umorgande mesald osideuall wiafexrnreahgeadmesnOn Chalide 28: 1, 25

preferably frﬁﬁﬂ@slqgﬁ]c szJiQi;jel. and particularly preferably from0.1:1 to
1:1. The inorganic netal oxide with the magnesi um conpound precipitated

t hereon which can be obtained in this way 30 can then be used directly for

step E). Howeier irdernfediitel eicaitlak deso! #eeh Lhiep can besachigyed, for
exanpl e, . by _di Stl4| |.n$?off the solyent oy preferably by filtration and
washi ng ®i t i $F G JHat R hydh G £ & B mtwhel PR aPE BPTRept ane.
This can be &85dhalowesk dffexalsiry i drge séBPohol Whbehtakl formaoae r8Lofhe

resi dual sol ye i.2 r.empved. VWO 03/.054028. PCT/ EP02/ 13967, - 13 . The
i nt er nedi at e‘%o eaiRﬁe&%f rao%ls eeapr’nglf Thght ‘f%‘fﬁlc c@ﬁtcééfaéaﬂ%' a2

t et raval ent QG-Canialdegonipolarnd ébkglapyl EhavifgTét r-aved exdriborn aat oms
conpounds usggf a nds, gf Y A1 tanjumof. the
formula. (R3O0 %(%4%’?%?1,b\%gr%ﬂﬁgrad?gafg%gﬁagltgﬁg égqneaéﬂnee%l :bs as
def i nedl8boREFOOIR aarfeh-K2s 1Ry k heR'meadi ridie ssamelaneanicngshor® fesX and t

is fromO0 t @ebcBA®! 86006 HOrSUR! alh@npNEROUSES i sl a8l koxyid t ani uns
(t = 4) such __as tetranet oxyti%ﬁniu tet.raet hoxytitanium tetra-

propoxyt it af@fim  tBETAFEBbr opoRYRAPERF um & Vxy- t3TRFIRARDY
titani un(l V)l-dueinpllhe2ebutdenolr i akpexryandlt api-penbahéUesl {hemadornd X2 =
hal i de) such, t lnum chlyri.de tr i r opoxi de titaniumtetra-
hal i des ét 2 %?trééh:el’ﬁ%gﬁ%&den?f 2gre ertg{ﬁ}cle&?{s%néjlqvenoﬁ oaﬁ]gz’élmenthyq‘

; propanol, in particular ethanol, l-propanol, 1l-butanol,

l-pentanol, l-hexanol or 2-ethylhexanol.

Suitable solvents for step D) are the same ones as for

step A). The reaction is usually carried out at from 0
20 to 150°C, preferably from 20 to 100°C and particularly

preferably from 60 to 100°C. |

The molar ratio of alcohol used to magnesium compound
used is wusually in a range from 0.01:1 to 20:1,

25 preferably from 0.05:1 to 10:1 and particularly
preferably from 0.1:1 to 1:1.

The inorganic metal oxide with the magnesium compound
precipitated thereon which can be obtained in this way

30 can then be used directly for step E). However, it is
preferably isolated. This can be achieved, for example,
by distilling off the solvent or preferably by
filtration and washing with an aliphatic hydrocarbon
such as pentane, hexane or heptane. This can be

35 followed by a drying step in which all or some of the
residual solvent is removed.



titani um conmpounds in which X2 is chlorine or bromne, particularly
preferably chlorine. Very particular preference is given to using titanium
t et rachl owode/05408 The internedi ate obtained fromstep D) PETIEPORIIYY7
slurried in a suspension nedium and_tRheg titanium conpound is added
thereto. However, it is also possible, for exanple, to dissolve the
titani um conpound in the 25 suspension _nedi um and subsequently to add the
sol ution tdhhelhrREreRdiR e cobbeanAdd IFPBmMSSE® ) . iTherevghhi dntoconpound

i s preferablaorldhl @itR thersugponsear dmdiiimm SbkBBLAGSUsPeasgn nedi a
are, in partjcular, aliphatic and aromatic hydrocarbons such as pentane,
30 hexane, pt ane, octane, dodecane, benzene or C7-Cl0- al kyl benzenes such

as toluene, xylene or ethylbenzene. A particularly preferred solvent is

et hyl benzen tiqn step. B) is usually.carried out_at from20 to 150C

preferab%y ﬁec?rﬁ%%%te qzloofdé)%‘guﬂ)le n87n§9u¥gfi 0 5% i 13T un?%%ﬁﬁ%gm used to

magnesi um comewdisusedf | stgenaval éypti ntiiteniamge dff om2&: 1fdemuba 05: 1,

preferably fpn 12 1 A0 X ' 054028 PCT/ EP02/ 13967
GER . brtre, e PRAALE SO B0 SEERe SR um

i
- 14 prefera rom . I'n ad qn, e anoun
conmpound usé®f | §efiznapn| yakoerfo¥o Rhaandt ¥°s has sheangeahings0.dsto 20

ol pref erliineld WBVS £0r 5Bl paghi puke |y Reglherall yofrom 1 to
|

i norgani ¢ netal oxi The i nternmedi ate obtal ned from

10 rmDI1 5 erag of ge. , _ t

step E) Qan%%ﬁﬁ H& CPTPRENEFoRG Rt ERRFBALEAREL LA WIR HBnord bofpetund, for
exanpl e a nasof Wedramalhoty iadlatiumct i oned r Sereu i tardurdci deegpg boxyl i c
o or ganoph B2 REIRe: e iR an e FPEREE SRS L A a R BFer ehS P TRNGPRE (o
using a dofdtagampourd whitBnéomiiVhs atetkudheroridet r ogeinlladxm
preferably qneJniilnPogR1akem [er £xanpbgga gone 1.4ReYT 0fdly Ofas

pol yfunctional carboxam de, _am no acid,

15 titanium chloride triisopropoxide and titanium tetra-
halides (t = 0, X% = halogen). Preference is given to
titanium compounds in which X? is chlorine or bromine,
particularly ©preferably chlorine. Very particular
preference is given to using titanium tetrachloride.

20
The intermediate obtained from step D) is usually
slurried in a suspension medium, and the titanium
compound is added thereto. However, it is also possible,
for example, to dissolve the titanium compound in the

25 'suspension medium and subsequently to add the solution
to the intermediate obtained from step D). The titanium
compound is preferably soluble 1in the suspension
medium. Suitable suspension media are, in particular,
aliphatic and aromatic hydrocarbons such as pentane,

30 hexane, heptane, octane, dodecane, benzene or C,-Cjo-
alkylbenzenes such as toluene, xylene or ethylbenzene.

A particularly preferred solvent is ethylbenzene.
Reaction step E) is usually carried out at from 20 to
150°C, preferably from 40 to 100°C.

35
The molar ratio of titanium compound used to magnesium
compound used is generally in the range from 20:1 to

0.05:1, preferably from 10:1 to 0.5:1 and particularly



urea, imne or amne. Preference is given to using a nitrogen-containing
conpound or a mxture of a plurality of nitrogen-containing conpounds.

Pref erencwo i3®s5ge&en to am nes of the fornmula NRA2R5, whereTRPOaNI6cRS 20
are each, independently of one another,,linear, branched or cyclic

Cl- C20-al kyl such as nethyl, ethyl, n-propyl, isopropyl, n-butyl,
sec-butyl, isobutyl, tert-butyl, n-pentyl, sec-pentyl |sopentyl, n- hexyl ,
n-heptyl, nrsefgrabimnmdmam 2:-Hetgl 1ok . nIdodatlitizs c%l‘(ﬁom%pytt of

cycl obut yl, th%'nqwtcyamp&m QE@M' 1SCM§{191196E§1)6|senC3é%| ocqge/'lt cygl ononyl

or cycl ododecyl, C20- alkeni 't near, cyclic or_ branched
and may havé& a@h Iﬁﬂ%? nEFomr Ot rﬁanglo 6’5‘19 IeH&’cﬁ’f(Fra@lg’ 849®/10-5 1tQ] | yI |

2-allyl, 3-aldl Yr{molblﬁrﬁi‘Yﬂ)ar@ﬁéﬁEébyiy phezepsbiy3@repcliopent emytmol,

cycl ohexgnyl cycl octerp/l ar oct a- d| eny C6- C20-aryl which may be
subst it uf ed 5y £ JHHCE 5%%@; phenyl , naphthyl, biphenyl,

ant hranyl o-, m, p- rret hyI phenyl, 2, 3 2, 4-, 2, 5 or 2,6-di net hyl phenyl,
2,3, 4-, 4, 4,55trjne

ar al kyl Whl c < lzntébpméd | tuPt§§Bgaf tf%toﬁlers a?%y?)grdoupsggtfglnar%@zyl

o-, m, p- n@tehybbeng;zt ﬂ_nt@r czsn@tamtl ph&hyl , a wésreiR4comnduRl, mefoml so be
joi ned to fo &' bR ad e 03 0%@;,%%@&%%@%/ syl Ting

and the organl C radl ca R5 may al So substitute y hal ogens
such aslf| uécife, C@mhﬂwﬁé%ranrmdémdﬁe OXorCarROM 1RG3. eatr?raddartu%lnse R4 may

al so be hydr ogetoné ekenerce dicdiolen 18cefh8esr NoMbb s Ds | S
hydr ogen. Possible radicals R6 in orga%E icon radicals SiR63 are the

same radi caP¥ SFHRPEIIEFT FETRAIBEY TR S WHER W REHI%S0 bei ng
able to beaj otk t cofpouna Hhich Gzarmmersedatl mgasExamel a&tafogesw tabl e

I dical e hO
glrjgslr]gls:re!t E%I[Esha F%f%rg%{l I snl QXJO? lrﬁy <iltl st'l y dretérlly enyI sﬁl

di met hyl%herﬁ}mgtll?ll’lal | o appémfu@ﬁltapp?lpr%ﬁlébq@wn@iﬁ)odEﬁlénp QFs;esill s made
of am nes gfebhe fpidall 8rHYMINO3) Brefdr s i ¢4l &fiddIPSEoI Bsing a

nitrogen-containing compound or a mixture ©of a
plurality of nitrogen-containing compounds. Preference
is given to amines of the formula NR%R®, where R! and R®
20 are each, independently of one another, linear,
branched or cyclic C;-Cyo-alkyl such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl,
tert-butyl, n-pentyl, sec-pentyl, isopentyl, n-hexyl,
n-heptyl, n-octyl, n-nonyl, n-decyl or n-dodecyl,
25 cyclopropyl, cyclobutyl, c¢cyclopentyl, cyclohexyl, cyclo-
heptyl, cyclooctyl, cyclononyl or cyclododecyl, C,;-Cazo-
alkenyl which may be linear, cyclic or branched and may
have an internal or terminal double bond, e.g. vinyl,
l-allyl, 2-allyl, 3-allyl, butenyl, pentenyl,: hexenyl,
30 cyclopentenyl, cyclohexenyl, cyclooctenyl or cycloocta-
dienyl, Ce-Czo-aryl which may be substituted by further
alkyl groups, e.g. prhenyl, naphthyl, biphenyl,
anthranyl, o-, m-, p-methylphenyl, 2,3-, 2,4-, 2,5- or
2,6-dimethylphenyl, 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-,
35 2,4,6- or 3,4,5-trimethylphenyl, or aralkyl which may
be substituted by further alkyl groups, e.g. benzyl,
o-, m-, p-methylbenzyl, 1l- or 2-ethylphenyl, where R*
and R® may also be joined to form a 5- or 6-membered



which R6 is a linear, branched or cyclic Cl-C20-al kyl 15 such as nethyl,
ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl,

n- pentyl ,weac/opens yl , isopentyl, n-hexyl, n-heptyl, n-octrgii/EP2/nayl ,
n-decyl or n-dodecyl, cyclopropyl, cyglkobutyl, cyclopentyl, cyclohexyl,
cycl oheptyl, cyclooctyl, cyclononyl or 30 cycl ododecyl . Very particul ar
preference is given to hexanethyldisilazane. The internedi ate obtai ned
fromstep Eﬁﬂmgusnqubesbuganed\maanﬁhMSBen@nﬁ1R%dmannaﬂabthe donor

25 conpound éxﬁo@cgd&{ﬂcé&% ol @y &%@%\sersuaﬁ L8 3h3QriRRsSi bl S gxanpl e,

to dissolve t onor oun suspensi on nedi um and _subsequent|y
to add the X¥Amimieon €8 tﬁéel rﬁbﬁ‘ﬁedlBﬁe idiiRey f RomM™epagso The  donor

conpound i s HyEfRfeab! Yor%t dbirfcd N ¢ N@i vaIs PeHShAinds. iREdhyeh Subkt &bl e
suspensi gn nedi % i n pﬁbrtlc Iar aﬁ_}g ati ¢cgand aromati c hydrocarbons
such as gentJaFne H@Qfﬁ‘e € ot & fod an«:-l'n beRIBRESHEIEFR CL0-

al kyl benzenescmmaflsas stml"yenaa:e xyﬂl'ﬁene sameet h;akiheazeneas%h&rep lEéems
usual l'y carrded qut At 0,450 prefe m.Q to and
particul arl yd(':‘psrC flera aﬂé énognogo to ‘%Eﬁh %\B ﬁ'ﬁ%%ﬁ% 613 ®7 - 16
The nol ar r &e gwinad tiaml ﬁlmonrpéun@rusﬁeﬂhem@m&)rnr@npﬁmmmblmdofs

general 'y i ngj; Q%Hl@"geoxf angé'a.l]:.%ﬁo rédﬂ:% pégéeremeé ;;?f%h P to 1:0.1

and partlcul ar| prefera from1; catal'yst system

obt ai ned0i n tt%estwléé’ﬁ-rsubsebuﬁﬂe‘?ﬁm?t Si/ﬂaléfﬂed onet®ibwbyEsilyes with an
aliphatic erlaauqmtslqylwerﬁmnyau@h as aentaﬂﬁethﬁxgﬁenylbprne

oct ane, nona,_ftr%*3 decange ‘hf ecane, .Cy ﬁ% 8 10 _benzene or

C7- C10- al ky|erfy dAF ST ¥0P5858 r§§| © 6F‘e€f:hylul§§nz"egné“a¢9r Afrence is
given to usmmgr@ls pHatthe  fommoeariores R% n, pain i patt et cypkat atieosa-hrexane or

| sohexane, Rafieglape of 1ODeRLAPe. Hlilbreh UgHaldkn 81 ¢] R, Wt T om O

15 such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
sec-butyl, isobutyl, tert-butyl, n-pentyl, sec-pentyl,
isopentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl
or n-dodecyl, cyclopropyl, cyclobutyl, cYclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl or

20 cyclododecyl. Very particular preference is given to
hexamethyldisilazane. |

The intermediate obtained from step E) is wusually
slurried with a suspension medium, and the donor
25 compound is added thereto. However, it is also
possible, for example, to dissolve the donor compound
in the suspension medium and subsequently to add the
solution to the intermediate obtained from step E). The
donor compound is preferably soluble in the suspension
30 . medium. Suitable suspension media are, in particular,
aliphatic and aromatic hydrocarbons such as pentane,
hexane, heptane, octane, dodecane, benzene or C;-Cip-
alkylbenzenes such as toluene, xylene or ethylbenzene.

35 Step F) is usually carried out at from 0 to 150°C,
preferably from 0 to 100°C and particularly preferably
from 20 to 70°C.



15 150C and particularly preferably from20 to 100C, for from1l mnute to
20 hours, preferably for from 10 mnutes to 10 hours and particularly

pr ef er abl wofoens40kg om 30 m nutes to 5 hours. The catal yst ipETEHPO2Z/IBE7 i N the
solvent and then filtered off. This stgg can also 20 be repeated once or
twice. Instead of a plurality of successive washing steps, the catal yst
can al so be washed by neans of an extraction, e.g. in a Soxhlett

appar at us, Bjperemasast ¥btih @t |tﬁl§éi}§uWasﬁ©liﬂgousd asedvée. @6nStep F) or

the washi ng hfRuna Rigder abl )gewﬂaqwd iy %ed'ﬂﬁhpg SR | 1. vy choal | oor
some of the _reSidual solvent E{)rermve he novel catalyst system

obt ai ned i ©hi0® waRF SLRF ARL® oFBPBRt &F §OdiEP Q’rélvea%dcg?¥5%%u B }¥si dual

nMoi st ur e compk@Tleradaye\felom tha aentient. 4of volatile constituents should be

not nore.than 20% by weight, in particular not nore than 10% by wei ght,

based onsthe catal yst system 35 The novel catal yst system obtainable in

this way pﬂ%era@tql:has systteani obhtedneéntimf thiemway tcan3080lbye- wei ght ,

Do 3% by verRE Y P4 TiF B obi6ogx ke PEPRROYRER & rabhBietid cont ent
of from0.10K0 3PRMALiEe| ghydropaehbenr abFychr o@s). Pent 09 bthveatrgph.t and

particul arl yepRhgker dturd, 0Mchdre 1Wadnhaei @lecdile, at 5}5{%} afontent is
preferably H?p!t%he range fnrom 0.01 t.o 20% by 5 Weel"%?lt }l"?rie ?rom 0.1

to 10% by WOEGRENENQT Fardi-Cu-adky 1Resaens SHah e otcz YIS0 BHIGRE ght . | t

i s al so possirbleghydbenzenzat @Iné&terfeﬁﬁeems‘ igistdry d4® udendrepadnderd zed with
a- ol efi ns, R ferabgﬁ | i near_10 Cl0-1-al kenes and in gart icular with
et hyl ene or §F86)§Ir B85 and™® hepF§§dFPﬂﬁ§ prpoter i zBdREXPRPYst°T sol i d

then to be dasetiexanehe meheptapel yoer iizathieptranEhe Thess tat iuwswdllpat al yst
solid used B LREAPTRAO! ¥ERBELDH 0 to 200°C, preferably from 0 to

15 150°C and particularly preferably from 20 to 100°C, for
from 1 minute to 20 hours, preferably for from
10 minutes to 10 hours and particularly preferably for
from 30 minutes to 5 hours. The catalyst is stirred in
the solvent and then filtered off. This step can also

20 be repeated once or twice. Instead of a plurality of
successive washing steps, the catalyst can also be
washed by means of an extraction, e.g. in a Soxhlett
apparatus, by means of which continuous washing is
achieved.

25
Step F) or the washing step is preferably followed by a
drying step in which all or some of the residual
solvent is removed. The novel catalyst system obtained
in this way can be completely dry or have a certain

30 residual moisture content. However, the content of
volatile constituents should be not more than 20% by
‘weight, in particular not more than 10% by weight,
based on the catalyst system.

35 The novel catalyst system obtainable in this way
preferably has a titanium content of from 0.1 to 30% by
weight, preferably from 0.5 to 10% by weight and
particularly preferably from 0.7 to 3% by weight, and a



tion to polynerized-on nononer is usually in the range 15 from1:0.1 to
1:200. Furthernore, a small amount of an olefin, preferably an a-olefin,
for exanpwe omsios4okgycl ohexane, styrene or phenyl di net hyl viPogiepob/asve7 as
modi fyi ng conponent, an 20 antistatic_oy-a suitable inert conpound such as
a wax or oil can be added as additive during or after the preparation of
the supported catal yst system The nolar ratio of additives to transition
met al conpoumdgBesiem usomteyti notheframge Of.lomtd: 1QQ& t oyl 0GR iLht

preferably 5 205 1 e o] s. for. the_pol rizatiqn or
copol yneri za’??%%égg%i%l g ?f\nscq# tge 5?%520 cew%ﬂ’ggﬁ S sta/%letem&g‘taiﬁyst
syst em accorBf afe¥ablvie F¥resent |it@ent(%n kind,weigl80 deBie edyluaminainuni num

conpound as €okeéRtYsh bsetakhbey iQUltr JJ4B 28 40 458F @Bdtz%e% ures of
from1lt 100, bar. The process 0f the ({)resen i nvention for the polynmeri -

35 zatior of VSt ERT ns RESF Peakbrbi HerMwit tt alo i Adlist Aval IWedighdwn and

pol ynmer i zat | par pf OCESSES BiefCAPSIREF&E 0 M tHE 5% apgeydiom 20 to 150C and
under pressures of from5 to 100 bar. The advant ageous pressure and

tenperature WO 03/054028 - 18 PCT/EP02/ 13967 ranges for carrying out the
process therkfore dépengosgibikl foan tthe qotyhest zevsoemmeihedly Thys, the

catal yst sy ' : u ceordi to the _present iLnvention can
be enpl oyed%ﬁ%%ﬁl&/\ﬁ%%{q yﬁ“ea%rgaﬁgﬁe%%&séssé’é"eifﬁrﬁailx iﬁﬁngagpensi on,
in the lfas phése bralkenesupsidr iin calantddiulmn nwilth ceshyieng veactors
used for theRbyreid zatnen gﬁeolleé$@§tiﬂ?e.pre qu;ﬂr@g_ anpl £, chPa$ygpensi on

pol yneri zati o jgio,égsses, in solution polyherization processes, in stirred
gas- phase 105‘& L W7 PR 43I phAskhe| aFRaédrReEMBrbBasies. The

process can nes<caratfsl ofitcded DYt SeoDId paeéer ahl ¥heCpRELBUOHELY-5D ONne or
nore st ages'ti’%}})nt.go tﬂgl%’éﬂ@éhzgﬁ' I?lgngxrng%eslséesﬁsrﬂea tfyonfrg’ the range

15 from 1:0.1 to 1:200.

Furthermore, a small amount of an olefin, preferably an
o-olefin, for example vinylcyclohexane, styrene or
phenyldimethylvinylsilane, as modifying component, an
20 antistatic or a suitable inert compound such as a wax
or oil can be added as additive during or after the.
preparation of the supported catalyst system. The molar
ratio of additives to transition metal compound B) is
usually in the range from 1:1000 to 1000:1, preferably
25 from 1:5 to 20:1. B

The process for the polymerization or copolymerization
of olefins in the presence of at least one catalyst
system according to the present invention and, if

30 desired, an aluminum compound as cocatalyst is carried
out at from 20 to 150°C and pressures of from 1 to
100 bar. '

The process of the present invention for the polymeri-
35 zation of olefins can be combined with all industrially
known polymerization processes at temperatures in the
range from 20 to 150°C and under pressures of from 5 to
100 bar. The advantageous pressure and temperature



15 preference is given to gas-phase polynerization, in particular in

gas- phase fluidized-bed reactors, solution polynerization and suspension
pol ymeri zeimsnms42® particular in loop reactors and stirredTEnki13%act ors.
Sui t abl e gas-phase fl ui di zed-bed proces gs_are described 20 in detail in,
for exanple, EP-A-0.004 645, EP-A-0 0897691 , EP-A-0 120 503 or EP-A-0 241
947. The gas-phase polynmerization can also be carried out in the .
condensed or rsupescoimensedryodg iouwmhicble pardcedst hbereifoesl adgghgas is

cooled to belpwsthe dew poift arb%l 416G :.%LH atlﬁgtﬁg the peactor ,as a

t wo- phase m Xture.” The vari ous, se | ntic yrre? 78t i on l'Zﬁocesses
can al so, ifcabkalres, %@%@%e@é@hl nc%lérlb@s tléeﬁorancabrmWrmm Zztié on

cascade. Thepgegaﬁtnaqsquttl% pokyRl kpd0 lengiies,dor ned canibe i ol led
and adj ust ed oyer a, Wi de ran by addltlon of regul ators custorrary in
pol yrer i %tl%ﬂ YBEhhBRbYHR P62C§§§ﬁﬁl &Pyt Egedn msRERSiesn e 10F tlteher

custonmary addasi phaseuck ds antsupeiicatiitdtaQamedisen Be uged dd?sttdﬂ%r
ion, the ut _ca e vari.ed V|athe

I rizati 35 __addi roduct _ou
g(r)mﬁgf of Zi gg?%‘%&%%t Hﬁygt ftr?ert e ?%fy‘ﬁ’él%%}%& Qher el%di“§c_hécr ‘§ed from
the reactor £an ekampbe, convepspensian @edquerzi&faltd@nmpr%&@fsle‘éat iign vessel

where they cag be; 40 Bgﬂ?ﬁéQ%Qat%ég pRGCeEEde) 1490 L aublected 108,

custorrary and known tTtea rogen an
pol yner i Dt i BROPPeeesSsey dife Frserhassy fsucél?-eédbe@t pabcassesrperf‘ateure

which is at peasésa f&m daﬁr eearbelaw phie %Emﬂgeted?e%%%?a%ﬁ t he

polymer. In_particu t hese pol ynmerization processes a carri&d out at
from50 to 1 lxb‘?%‘f%i%b}? ‘P?%n??d“?’be §%3%€Si n suspensi on pol yneri zation

processes, the 10 pol ymeri zation is usuglLyschrggd oggbLPaﬁesuspegf;gnln
'[rﬁgl lrjrglnoﬁ{e?];&ﬁﬁ?%e: \r}l'élgen I nggﬁﬁﬂ%%’%?;a{ql onulflé%%ﬁsﬁ%resmﬁpélﬁﬁﬁgr ally in
the rang® Preference is given to gas-phase polymerization, in
particular in gas-phase fluidized-bed reactors, solution
polymerization and suspension polymerization, in
particular in loop reactors and stirred tank reactors.
Suitable gas-phase fluidized-bed processes are described
20 in detail in, for example, EP-A-0 004 645,
EP-A-0 089 691 , EP-A-0 120 503 or EP-A-0 241 947. The
gas-phase polymerization can also be carried out in the
condensed or supercondensed mode in which part of the
circulating gas is cooled to below the dew point and
25 recirculated to the reactor as a two-phase mixture.

The various, or else identical, polymerization processes
can also, if desired, be connected in series to form a
polymerization cascade. The molar mass of the polyalk-
30 1l-enes formed can be controlled and adjusted over a
wide range by addition of regulators customary in
polymerization technology, for example hydrogen.
Furthermore, further customary additives such as anti-
statics can also be used in the polymerizations. 1In
35 addition, the product output can be varied via the
amount of Ziegler catalyst metered in. The (co)polymers
discharged from the reactor can then be conveyed to a

deodorization or deactivation vessel where they can be



from20 to 150C, while the pressure is generally in 15 the range from1l to
100 bar. The solids content of the suspension is generally in the range
from 10 two3B%s40%&ri ous ol efinically unsaturated conmpound®CaTaEPILE3967

pol ynmeri zed by the process of the present i nvention. 20 For the purposes of
the present invention, the term polynefization enconpasses

copol yneri zation. Possible olefins are ethylene and |inear or branched
a-ol efins hauwbggctedm 8ot oal2cuatbmarat oasd ekgownr opeeLLmerdt bufane,
1-pentene, 1yhexene, lrRopteReczlroctene, 25 1-nonene, 1-decene, 1-dodecene
or 4-nmethyl-|-pentene, and al'so nonconjugated and conjugated di enes such
as butadi ene, 1,5-hexadi ene or 1, 6-heptadiene, cyclic olefins such as

cycl ohexene, Leychepesgae @o19RRQZR%A8n a ows@egmw@rs%a%%&als acrylic
e de

esters, ggrylan1de§, 30 acrolein, acrylonifrile, ester or a ™ vati ves
of methatryFRETAERd PWH it 8t HEPeTAYUAe SYihitl afd ati nyeasticat dftear It is
al so possi bl degpeps| paRbivzehei Xofteniah tenpeddtud0ld ivke pPdi1wlar omatic
conmpounds suEh asar%tér ne can_al so be f0| nerized by the procéss of the 35
present invehti oR3*Prerdfdnce TESFF vel© %m%6*§ﬁﬁ+?ﬁin§r°§FsF§§sta6ﬁe

a-ol efi n sel esredledr ontt be diroup ThNss S150QC, opretbeaplyPEeBRANGy Ldbut ene,

1-pentene, 1 iene, . 1- . 1-0 nd_l-decene, in particular

et hene. WO 0%?%5 OZSIBCTEEEggﬁ%§8é7 %%gg%e? zﬁilgpsopﬁg§ﬁsﬁﬁé'totge

copol ynerd zePai ymerézabiorhise usakiy ecaref #@s oultn im paefserspedséwhodi nent
of the procregi@h, t Nerdf&saiiy i NeNLHON gt hY! bEaPOSR- RhyMELI zed or

ethylene is co oléggrized w th C3-C8 5 a-nonool €fins, 1n particular
et hyl ene wi t iSORYE82C - A% iSe | HRa EORt HBPNYREY ®r ritPREMGHSTEnThef t he

process of tb@lpmesﬁﬂéti@Neaéhperaehhyheaedfbiﬂé¥3m3§m5ﬁ2€§e“&hhg@”
a-olefin sel d,firamt group. .consi.sting o ropene, 1-butene,

1- pent ene, 1§ﬁ%1§er21fg, qzoloygghépt é"r?éﬁa?ndtll% oB?gﬁﬁyggor?ﬁ" of SRREEA LY alPst
syst ems l@ccotle npanget heopr @sémt 10Mkent.i thédaselids ttenténdnyt the
pol ymeri zat i Qi GGt & Vbt Vi @"yenerally in the range from 10 to 80%.

Various olefinically unsaturated compounds can be
polymerized by the process of the present invention.
20 For the purposes of the present invention, the term
polymerization encompasses copolymerization. Possible.
olefins are ethylene and linear or branched o-olefins
having from 3 to 12 carbon atoms, e.g. propene,
l-butene, 1l-pentene, 1l-hexene, 1l-heptene, 1l-octene,
25 1l-nonene, 1l-decene, 1l-dodecene or 4-methyl-1l-pentene,
and also nonconjugated and conjugated dienes such as
butadiene, 1,5-hexadiene or 1,6-heptadiene, cyclic
olefins such as cyclohexene, cyclopentene or norbornene
and polar monomers such as acrylic esters, acrylamides,
30 acrolein, acrylonitrile, ester or amide derivatives of
methacrylic acid, vihyl ethers, allyl ethers and vinyl
acetate. It is also possible to polymerize mixtures of
various o-olefins. Vinylaromatic compounds such as
styrene can also be polymerized by the process of the
35 ©present invention. Preference is given to polymerizing
at least one a-olefin selected from the group consisting
of ethene, propene, 1l-butene, 1-pentene, 1l-hexene,
l-heptene, l-octene and l-decene, in particular ethene.



their owmn and are then brought into contact with an 15 al um num conpound as
cocatalyst in order to display good polynerization activity. Al um num
conpoundswosiosebs e as cocatal yst are, in particular, conpoavEPs2/03967t he
formula AIR71" X33 _,n, where R7 has the me nmeani ngs as defined above for
R and X3 has the same neani ngs as 20 aei ned above for X and mis 1, 2 or
3. Apart from trialkylalumnum suitable cocatal ysts al so include
conpounds of Ithiis tadmo i povhibbeon® afopolymdriide hoKMPSresr fr aplaced by an
al koxy group,...i ticular Cl1-d o- _dialkylalum num al koxi des such as

di et hyl al um P\ﬁmqﬁ(g‘@%t hoo%xel ge 'orqony gnep5F¥ %gﬁlal %‘B%?,éhff‘%ﬂg, ‘?%r tg&?arrpl e

by chlori ne probessi ref ithhepapresehtr divestindral uetthyienehl bsi demmo-

met hyl al um n | pd I aum | pde. . L

i et byl al.um Hak ST Ser ge br et an b o e rhed 2ed CE¥R | Cr i num
conpounds® whBsBORPRYEEBOSgr ops cRRAt heNEa¥ r opthydenes cavtdon Gsodes, for

exanpl e trigebhykahyi min anethytaeet e difddiMembblaehByk- & Urdaum
triisobutylalum num tr but§§1l alum num tri- hex%l al um num or _

trioctyl al unPhBRFSFt i al SPSHosEFFFENR 0 1RESRBERR al yHtDFeRGe is

al um noxane typelymerpzedi otitB5 anaro-relidiiml e ewpader MR, tALURGBRKRaNes are

prepared, f X e, hy controlle ddition of water to_alkyl- alum num
conpounds, iﬁgrﬁ%}%?%%?af&t rPhEYRYT al ﬂm%#?}ﬁne\;\o g@?%ﬁ%@%’ Pé’l'/l“@éﬁﬁ‘lel?»%? -
21 Al utilhoxhnkepteparamndohsosuénabl e as cocatal yst are commercially

avai | abl e. The anmpbunt of al um num conpounds to be used depends on 5 their
effectiveness as cocatal yst. Since many of the cocatal ysts can at the sane
time be usedSPB? PEmdiehCaERt¥F Yy sEYPERESnSCCOTEinghdi atheapresanengers),

the anmount useehEEReNEleveN1ibelemMEr khiepollimbbe-atheh agtablitPdon
materi al s. wever, a person skilled in tggﬁlo_ art can determ ne the

opti mum ampuriehy ENSLRE &Ffpl BT o BEOUIREe IRt SPPSACES Yirtet ePBbI y used
in suchldn abwuirvtun hatondomral oaksc catdtmlofstal urm nordaés orad haisphag num

conpound USQSO@Q ‘“§8¥§ﬂé§%zééﬁéﬁt‘“Eé%?JEE%? ‘Aluminum compounds
suitable as cocatalyst are, in particular, compounds of

the formula AlR'X’;.,, where R’ has the same meanings as
defined above for R and X’ has the same meanings as

20 defined above for X and m is 1, 2 or 3. Apart from
trialkylaluminum, suitable cocatalysts also includev
compounds of this type in which one or two alkyl groups

are replaced by an alkoxy group, in particular C;-Cio-
dialkylaluminum alkoxides such as diethylaluminum

25 ethoxide, or by one or two halogen atoms, for example
by chlorine or bromine, in particular dimethylaluminum
chloride, methylaluminum dichloride, methylaluminum
sesquichloride or diethylaluminum chloride. Preference

is given to using trialkylaluminum compounds whose alkyl

30 groups each have from 1 to 15 carbon atoms, for example
trimethylaluminum, methyldiethylaluminum, triethyl-
aluminum, triisobutylaluminum, tributylaluminum, tri-
hexylaluminum or trioctylaluminum. It is also possible

to use cocatalysts of the aluminoxane type, in particu-

35 lar methylaluminoxane MAO. Aluminoxanes aré prepared,
for example, by controlled addition of water to alkyl-

aluminum compounds, in particular trimethylaluminum.



the catal yst systemof the present invention is from 15 10:1 to 800:1, in
particular from20:1 to 200:1. The various alum num conpounds can be used
as cocatwbystsdoes any order, either individually or as a parapPor/e3ssef two or
nore conponents. Thus, these al um num conpounds acting as cocatal ysts
can be allowed to act in succession or together on the catal yst systens of
the present invention. The catal yst systemof the present invention can be
br ought i nt Rloumineaxang t Prdparasdcatsl ystitable t laer betatalystaf aee bei ng

brought i nt Q. ggn&UYACH, WJdy T Ol efins to be polynerized. Preactiva- tion
usi ng one or nore cocatalysts before mxing with the olefin and further

addition of the sane or other cocatalysts after bringing the preactivated

mxture i ntmles:cmﬁcmit %f hal{iﬁlﬁ{lﬁf b@mb%uﬁli%o tROS hhged PaEpSRgacHLvati on
S usualg rr.ied gﬁ‘t? fromO to in particular from20 to 80C
ur e

and pres T fPORFITIYEREDD 1B, cPﬁaEQHFEuI A NGRHnenYo Ao BRE. To
obtain a braa:(tamaidmﬁs sqmmtaumthtehealﬁ at ym8é bQSWGfErOEehB@lﬁéesent

i nvention ca&taa{];% g_nggngn oné)l n%t(g1 é’1[]| %ng agsls%%%t 8%[1% at al

S
customary for yrrerl zat oh” of sts™Br this
pur pose areamqur{jartlsedl adepehds| ips theal ymper VD €8/ (5%02B8e- Bfher

PCT/ EPO2/ 13987 hased 195‘1:&?{9{% UmPfB&}lee% ngt ?é&%%ngékﬁfbgﬁeéﬁ- £5d29368) ,

constrai ned geometry exes -
EP- A- 042B43&Ft rﬁa@(éire-teéﬁf&n%aﬁh%cﬁmfﬁlﬁfﬁ‘%% V&Y aneans opft ﬁbmml%par ation

of 5 these, teea 0 PhO8/ddRRYLydt Ofs Fpwb Lahalt pﬁébé' Nen Rkigehm o
conmpounds (for the arg,tgl on_of these, see V\g- A- 98/ 2712451) or chrom um
ani des (cf. ghﬁ? 8IPRUBYA7) A HER t R ?&H“&Biu@ chfaMystReincl ude

nmet al | ocenealtmmnmgw atoriasid onsebi wdccbmtrmblysit omva thk amsainpperdmdi enyl

or heterocycghqpe u roc wher.e the

het er ocycl egt %lr)egg@gie)?era }%ttgpon%{l gﬁgn pre gzra §e§5ﬁ93| ﬁ‘snlflf%’ben
10:1 to 800:1, :Ln particular from 20:1 to 200:1.

The wvarious aluminum compounds can be used as
cocatalyst in any order, either individually or as a
mixture of two or more components. Thus, these aluminum

20 compounds acting as cocatalysts can be allowed to act
in succession or together on the catalyst systems of
the present invention. The catalyst system of the
present invention can be brought into contact with the
cocatalyst(s) either before or after being brought into

25 contact with the olefins to be polymerized. Preactiva-
tion using one or more cocatalysts before mixing with
the olefin and further addition of the same or other
cocatalysts after bringing the preactivated mixture-
into contact with the olefin is also possible. Pre-

30 activation is usually carried out at from 0 to 150°C,
in particular from 20 to 80°C, and pressures of from 1
to 100 bar, in particular from 1 to 40 bar.

To obtain a broad product spectrum, the catalyst
35 systems of the present invention can also be used in
combihation with at least one catalyst customary for
the polymerization of olefins. Possible catalysts for
this purpose are, in particular, Phillips catalysts



and/or sul fur. Such conmpounds are described, for exanple, in WO 98/ 22486.
Further suitable catalysts 15 include substituted nono cycl opent adi enyl
nonoi ndemyio,03/0smnof | uor enyl or het erocycl opent adi enyl conplceEPs2/05967
chromumin which at | east one of the substituents on the cycl opentadi enyl
ring bears a donor function. Furtherfof®, “a further cocatal yst can
additionally be 20 added to the catalysts to nmake the catal ysts active I n

ol ef i n pol ynbasedti ovn Theseanieapr ef ekaaéy cat tn@l&'alfl@li:@h% conRo
Sui t abl e cattgn f?ﬁr% g con§oundsél ar.e, K ounds suc as an
al uni noxane, & § Unc REPGEE 2 LaRSs gaec‘?nﬁ? ’?ynn%é?‘ﬂ‘éﬁ? (et s(ﬁ@%’ta 25
f1 uor ophenyl %@maheq P+ 1041 edhpound mm@@mm)s, am&e:la-t i @pdor an
i oni ¢ conpo L Iyl on Ci c part.i cul ar
th ugg %Qm&h%fglﬁl ¢ % ?3?‘ q 8%en$?”) boPaegs z?rifd n ﬁafrtlcul ar

NN—dlrrethyIanl Intum tetra § uorop

N, N- di metohyl E%%S%he)&ﬂean‘ﬁ%r#u?@ 35%&) s ( paenaf | aed o Saiiteipyir)ilddnat-e or
N, N- di met hy|lb§@iﬂ(im6mﬂﬁhn5§t r@ﬂ%ﬁ(éﬁét ?:%BQEQF&E%W'QPOEHESBGT@%% for

exanpl e,  bi hodal ucts can be praoduced conononer s can gener at ed
in situ by nBams" % f o nSHORE U t AMiEEEt heFt cat dgmt exampleuch a
case, the caﬁwgsﬂ@susnem 3Fnftide prﬁﬁeiabﬂéve@dt@lys%soreﬁﬁ'&ﬁg@é used in
the presenc | east. one_cat al yst_cust onar. t pol yneri zati on of
ol efins and, I§|?al TG BRYIBY r?g efeac%tca?%?yé\#ganﬁhep‘?ﬁ?%ﬂy ¥QUcast onary
for thelfol mlommM8 RET/ Eﬁeﬁéiaeﬁalepaﬂtaaﬁénpm ofwiddref i gs can
have been a t hnorg t oxXi or be |nnDb|Iized
PRld &l &:0 H@t@??ﬁgngg %%%ré;?ng}qt e c?:g,oc& n:}er;F an§®

on another ‘support materfa Be use aneous €or der
with the catRIS<¥raRdt eRrsmatic praskenpPreferapdnat i contdie pnitesgenf the

present i nvesrtd sk NBEESEhE . pos&thl € conpRinRiRar &,k ef 4o ggiw&rs ?8%' ng
nol ar masses_in the range fr (r? baut OOOOtoSOOO% preferably from
10 20 000 t R 0062 wi 83 h&Vrhgekol guikabies cphimlygatsaver age)

of fromi20 OI}O:]tLtdeﬂfOQuBQGlbﬁtég monocyclopentadienyl, monoindenyl,
monofluorenyl or heterocyclopentadienyl complexes of
chromium in which at least one of the substituents on
the cyclopentadienyl ring bears a donor function.
Furthermore, a further cocatalyst can additionally be
20 added to the catalysts to make the catalysts active in
olefin polymerization. These are preferably cation—.
forming compounds. Suitable cation-forming compounds
are, for example, compounds such as an aluminoxane, a
strong uncharged Lewis acid, in particular tris(penta-
25 fluorophenyl)borane, an ionic compound having a Lewis-
acid cation or an ionic compound containing a Brdnsted
acid as cation, in particular N,N-dimethylanilinium
tetrakis (pentafluorophenyl)borates and in particular
N,N-dimethylcyclohexylammonium tetrakis (pentafluoro-
30 phenyl)borate or N,N—diméthylbenzylammonium
tetrakis (pentafluorophenyl)borate. Thus, for example,
bimodal products can be produced or comonomers can be
generated in situ by means of such combinations with
further catalysts. In such a case, the catalyst system
35 of the present invention is preferably used in the
presence of at least one catalyst customary for the
polymerization of olefins and, if desired, one or more
cocatalysts. The catalysts customary for the polymeri-



particularly preferred. The catal yst systens of the present invention are
15 particularly suitable for preparing ethylene hono polyners and et hyl ene
copol ynmerwowsihoas ol ef i ns. Thus, honopol yners of et hyl en@carepoopdbyners of
ethylene with C3-Cl2-a-ol efins havi ng&% conononer content of up to 10% by
wei ght of the copol yner can be prepare Preferred 20 copol ymers contain
from0.3 to 1.5 nold of hexene, particularly preferably from0.5 to 1 nold
of hexene, dZedsiaxh oaft ld gfalnsrecanThHeavril bedansipgpkisedf tbhetlsd hyhpge

honopol ymer n ol t
obt ai nabl e |Sln asf?l\%a%ga%@efl ngﬁg Pég%(ra%f ﬂomhﬂ%&%ﬂ%%%dm%l anﬁgg?ﬁr ably
from 245 to EBBIPCgitl mafhemll eodarbe au%@é)osymﬂ-tmleeuhﬂwermf Wit ha¢- C8- a-

30 olefin, idyrpartiguiar ameet hyheneyhexens, Lopol yaer, tl{'}@éll ngr? % psity of
0.915-0.92 g/cnB, a bulk density of "from 300 to 500 g/ ol ydispersity

VN, / Mh of fRofefitien g, preferably from4.5 to 6, and a proportlon of
material extractable by neans of cold heptane of from35 0.01 to 3% by

wei ght, pref até%lyfromo 05, t0 2% Db basagﬁonthe et hyl ene
copol yner, ¥ifish b thEi RySeREt éf‘é’%y?stﬁoé’yé‘i‘ DLt NBOPFERERL

i nvention. WO O3¢&5at0P 8o PETLEPGRY1VARGSE ha’&fh.nd’heon)afyrfarss@fs tire gresent

i nvention c SO, n her ethp pal articular
et hyl ene ho%ﬁ% yrrfe%és%21"%1l Iélg o% \rlpe&rd; Qﬁ'hg’sggbl tejp IyerEe rabplryepglf%la ei t her
by nmeansOof ahé 0dbdice- ible%%ﬁ?l%@e@i 5w EhulPodyoeys Mwlmemrmassse@ a

plurality of(yeaafir! Ysherafe)Si B2 Y Hors UDSE RNt ,péen@l@@go@é tihe; npol ynmers

of the present invention with other ethylene honopolymers or copolyners.
10 The pol er@tré'-lcé‘tlﬁfl é{né’r@éﬁﬁrﬁ?’ers pol ymer mixtures and bI ends can
further conprise aUXI liaries and/or additives known per se,

processi ng 51%1 abi | | stabilizers nst the action of ht and heat,

cust omary i tlc\? ? ¥5(§h SYSEERF, cgﬁts Snt PORF BNt SlnYiﬁ]PFb?%Cla%

15 particularly suitable for preparing ethylene homo-
polymers and ethylene copolymers with o-olefins. Thus,
homopolymers of ethylene or copolymers of ethylene with
C3-Ci2-0-olefins having a comonomer content of up to 10%
by weight of the copolymer can be prepared. Preferred

20 copolymers contain from 0.3 to 1.5 mol% of hexene,
particularly preferably from 0.5 to 1 mol% of hexene,
based on the polymer.

The bulk densities of the ethylene homopolymers and

25 ethylene copolymers with o-olefins which are obtainéble
in this way are in the range from 240 to 590 g/1,
preferably from 245 to 550 g/1l.

In particular, a copolymer of ethylene with C4-Cg-0-
30 olefin, in particular an ethylene-hexene copolymer,
having a density of 0.915-0.92 g/cm’, a bulk density of
from 300 to 500 g/l, a polydispersity M,/M, of from 4 to
8, preferably from 4.5 to 6, and a proportion of
material extractable by means of cold heptane of from
35 0.01 to 3% by weight, preferably from 0.05 to 2% by
weight, based on the ethylene copolymer, can be obtained
using the catalyst system of the present invention.



15 agents and antistatics, and also, if desired, colorants. A person
skilled in the art will be famliar with the type and anount of these

addi ti veswolaspes yners of the present invention can al sopoa/Era®13vedi fi ed
subsequent|ly by grafting, crosslinking, Pydr ogenation, functionalization or
other modification reactions with which a person skilled in the art will
be famliar. 25 OMng to their good nmechanical properties, the olefin

pol ynmer s andThepaoiyeter podpathd usragernte icatealtyish 8yAt eaBs®f fidygn present

i nvention, i i cul t hyl £ng. ho I rs and copal yners, are
especially ghig{ilé%l e gir:1 p?g_'é-‘uegit ng$$?fln%, n?lgg{%ggsahd A dipprﬁé%'&afhe
cat al yst syseehybéne hboprpedymersvemd orrpalymess. USkésé biengsepan ng
honopol yner Sb@ng‘fféwrre | ydreres e r etg,%l £BEns! t%gl \ h'a%v@-%‘é%&'&‘égg' es,

even at high p rization _tenperatures. The polynmers prepareé
t her ewi t ® ha%¥Mpi GARERNK dORIVIIEES Z&@td Mow eoHe@nt & of Plueakitul of

extractabl e sytaepess of ol dihgntane, QLB3L884028 BITAERAR/ Jc?r%lgé, 25 5
10 15 Exanpl es, and cogQar tive experinents

The paraneters Teported in the
tabl es were XRIEPFIFe % T POFROWIAYSREAST eidit AERRBIStIBERBRtY: in

accordance vih¢topQIidBsS Il cop@lymétrow i ndex (190C/ 2.16) in accordance
with | SO 1133 Eta val ue: by neans of an automatic Ubbel ohde visco- neter
(Lauda PVS 1) using decalin as solvent at 130C (ISO 1628 at 130C, 0.001
g/ m of 10decEhé npolymensl ketenieng ¢8Dplymets, wpslumerr miredrea andor dance

Wi th DIN 53468ndd & AL AR IHE | Qi 4161013 /TRSS a0la5hy Akl @95 eaNd
known per se, e.g. processing stabilizers, stabilizers
against the action of 1light and heat, customary
additives such as lubricants, antioxidants, antiblocking

15 agents and antistatics, and also, if desired, colorants.
' A person skilled in the art will be familiar with the
type and amount of these additives.

The polymers of the present invention can also be
20 modified subsequently by grafting, crosslinking,'

hydrogenation, functionalization or other modification

reactions with which a person skilled in the art will

be familiar.

25 Owing to their good mechanical properties, the olefin
polymers and copolymers prepared using the catalyst
systems of the present invention, in particular the
ethyiene homopolymers and copolymers, are especially
suitable for producing films, fibers and moldings.

30
The catalyst system of the present invention is very
useful for preparing homopolymers and copolymers of
ethylene. It gives high productivities, even at high
polymerization temperatures. The polymers prepared

35 therewith have high bulk densities and low contents of
material extractable by means of cold heptane.



the means Mh, MM and MM/ M derived therefromwas carried out by nmeans of
hi gh-tenperature gel perneation chronma- tography (GPC) using a nethod based
on DI N 5560230nmes 20 the foll ow ng conditions: solvent: PCZ/EPo2/1396h] or 0-
benzene, flow 1 m/mn, tenperature: 140C, calibration using PE
standards. The cold hept ane extract was$ determned by stirring 25 10 g of
the polyner powder in 50 ml of heptane at 23C for 2 hours. The pol yner was
filtered of fEfammhesh@ndexiampetradiitvse reegpeanintents way and washed with 100 n
of heptane. The conbined heptane phases were freed of solvent and dried
to constant weight. The residue is_30 weighed and is the cold heptane’
extract. Th&HSarPaEdwetesesIRBPELEE! éhi Pleg bybaemetWrIP bdseernined SOND

13320 parti @ye tHeZ EANJN SIS mésistdetmdMrt! YRithod¥ast er si zer 2000 (snal |
vol une 1) under an inert gas 35 atnosphere. WD 03/054028 PCT/ EP02/ 13967

- 26 Determ nation of the magnesi um and al um num contents: The magnesi um
and al um numeswrittgnt s Vmeadiﬁh&iatﬁd’@dv:mh 1dee 198Rl es digested in a mxture

of concentr nitric hos. ric d | furic acid by neans 5

of an inductt vél y coupl“éeg' I S%Era : cfﬁ’% éﬂ?ég?gﬁ'%ggp-lnAE%Sc%‘gﬁ¥%mt er

from Spectro, Kieve, Ge\r:mslmlsmshm the spectral lines at 277. 982 nm f or
9. 1 t tent

magnesi um and At 51329 %éﬁ @E‘a&greﬁé ughnuile T %f %%%%8@ Ws

determ ned on t he sanpl I gest inamx streng sulfurlc

acid and030% strengt h makesgeaysits BVl uHHa Heapldat ras $o¥eent 470 nm

Exanmple 1 In a first stap, 1§@oé q1eb fisnel Yatdi yided, s;q,r Adigiyed Jo silica
gel ES 70X from Crossfield V‘\'l\f/}hCh had been dried at 600C, were suspended

in ethyl benzene and adfS&&i%hi l e stirri ng with 2 m of diethylal um num
chloride (Zhd bulkefdeasery 4BD2 fb/df wés- Qetgthided (Dot ytderdamanesi um
(0.875 Mi nw'ltﬁlleBtIﬁn%)M%g were then added. 5.9 m of chloroformwere added

to the
15

The determination of the molar mass distributions and
the means M,, M, and M,/M, derived therefrom was carried
out by means of high-temperature gel permeation chroma-
tography (GPC) using a method based on DIN 55672 under

20 the following conditions: solvent: 1,2,4-trichloro-
benzene, flow: 1 ml/min, temperature: 140°C, calibration
using PE standards.

The cold heptane extract was determined by stirring
25 10 g of the polymer powder in 50 ml of heptane at 23°C

for 2 hours. The polymer was filtered off from the

extract obtained in this way and washed with 100 ml of

heptane. The combined heptane phases were freed of

solvent and dried to constant weight. The residue is
30 weighed and is the cold heptane extract.

The particle sizes were determined by a method based on

ISOWD 13320 particle size analysis using a Malvern

Mastersizer 2000 (small volume MS1l) under an inert gas
35 atmosphere.



solid obtained in this way and a solution of 0.7 ml of ethanol was then
slowy added dropwise. 3.9 m of titaniumtetrachloride were added to this
m xt ure, wod3/osdesresulting solid was filtered off, washedCcwrp2/2B6hept ane
and dried under reduced pressure. Thispgave 40 g of the catal yst system
havi ng a magnesi um content of 2.9% by wei ght, an al um num content of 0.06%
by weight, a chlorine content of 11.2% by weight and a titanium content

of 2.3% by REtFFMiNaTiCRcIPic 4 magmesiyy GG fd WiREhE@ndandisyst syst em

Exanple 2 | mie fidgteshen, ard @1ahihuneldordicvitdedrext ajetiéitthesi bhca gel
ES 70X from Crossfield, w%ﬁch hgt%i been dried 35 at 00C, were suspended in
et hyl benzend¥nhd SEIRLEEd GHOCSEER r FPngewi PAXEU8n Obf GPRERGFERERFRnum

chl ori de (211Mrim kevitdgnehosthdrid afid (ancbushyli)drﬁ( oﬁi/di)lﬁyﬁﬁagﬂgm um

0. 875 t 0 CT/ 7 - 27. _were added.
(5. 5m o crﬂ o:]ao O%?%A%%/S/%IZ% gé}c‘%%?ﬁe 8‘ad ot B hed T IW s gﬁ%‘ and a
sol ution of AES) n$pedtrandienl fwam tmumvm ¥levded Gmo@mmyse. uidgn of
titaniumte @ﬁéd&w’eignégd%@ (071 ez e 182, rhBRe3 i LS Wid NG sol 1d

was filtered off,” resuspen pent ane, and
hexanet hyl di3§9- az'/'énémwerf@rt hen umiqua,  THRe peliit tATEl Wis QRRESNYE edwat f and

the catal ySTdet%‘ﬁh%@bloQirﬁlﬂ%j s&nﬁhé§ a@geg\@édd&heé %ﬁ@&ruﬂee@ic%%
pressurf 10 Exag) In_a first step, é ggof finely divided

spray- di P ed St&ReE eﬁu%‘%& FRSHE O 88EF | 81 HREFQFSRd  at
600C, were wmidedwsﬂngt Ityﬂebe@eemeaandmdrraxedenM| le stirring with 2.7
m of diethylalumnumchloride (2 Min heptane). 57.3 m of

(n-butyl) 1. 5(octyl)0. 5magnesi um (0.875 Min n-heptane) were then added.
11.45 nl of Bxamplieutlyl chloride were added to the solid obtained in this

way and a s@hutd OPirst step, 29.4 g of finely divided spray-dried
15 silica gel ES 70X from Crossfield, which had been dried
at 600°C, were suspended in ethylbenzene and admixed
while stirring with 2 ml of diethylaluminum chloride
(2 M in heptane) . 41.2 ml of
(n-butyl);.s(octyl)p.smagnesium (0.875 M in n-heptane)
20 were then added. 5.9 ml of chloroform were added to the
solid obtained in this way and a solution of 0.7 ml of
ethanol was then slowly added dropwise. 3.9 ml of
titanium tetrachloride were added to this mixture, and
the resulting solid was filtered off, washed with
25 heptane and dried under reduced pressure. This gave
40 g of the catalyst system having a magnesium content
of 2.9% by weight, an aluminum content of 0.06% by
weight, a chlorine content of 11.2% by weight and a
titanium content of 2.3% by weight, in each case based

30 on the finished catalyst system.

Example 2

In a first step, 29 g of finely divided spray-dried

silica gel ES 70X from Crossfield, which had been dried
35 at 600°C, were suspended in ethylbenzene and admixed

while stirring with 1.9 ml of diethylaluminum chloride

(2 M in heptane) . 40.6 ml of

(n-butyl); s(octyl)g.smagnesium (0.875 M in n-heptane)



20 of 1 m of ethanol was then slowy added dropwi se. 5.5 m of titanium
tetrachloride were added to this mxture, the resulting solid was filtered
of f, reswopans®adsi n pentane, and 5.18 m of hexanet hyl diPsiTiERPAN®NEr €

t hen added. The pentane was 25 distill] off and the catal yst system
obtained in this way was dried under reduced pressure. This gave 70.3 g

of the catal yst systemaccording to the present invention. 30 Exanple 4
(conpar at i veveeangies) adidedr epa¥ anl oof ofhlbeofatml yetewaddedr ebedheut usi ng

t he sane co tS.dn TaS n |_ar 10 kN ex lL.e 1, but
wi t hout add{%)?lg&ﬁd]o?soﬂ%rg%}ﬁ ?Igrg%g%u%aghggﬁofe S(Js e‘%l?}j .§‘§5bE?<a“r%§F§f5
(conpar at i veehaipl eWaphe téleéparsd{q“dn’ ofddied cdrapydsewas 3cdr mledobut using

the same conpangnhsn | et NEcISPOR] dBSHeRBdamBkar tlAld1PSs WQQ%Péfloﬁﬁe
PCT/ EP02/13967 - 28 as in exanple 1, but w thout addition of ethanol (step
D) . Exanpl er%s"(]c%ﬁgaraﬁ?}/%gex‘dﬂ’ﬁl effidtegecdor &fdr-at i BRSOSPEMEEat &Ryst was

car _ri ed out lpéﬁmbe,t %&ﬁnsvoﬁ%@t&’ﬁ“édﬁﬁﬁ%1m%%ﬁ%l gﬁeﬁa][i o§
as in exanple wi t hout addi_ti on. of. no step : anpl e
(conpar at i vea%ciéadrmr@)‘e I REEEFP?stwasﬁ e‘gl,s%ﬁe‘g 8fL'ffi yt}b% vFﬁEaﬁéﬁFay- dried
silica gel E¥sth fobbtatnedsfirel dhishiwdy hadsbedniedi echdeat 65688G-eder e
suspended | enzene and adm xed while stirring with 1.7 m of
di et hyl al umnumchloride 15 (2 Min heptane). 36 m of
(n-butytP1, 5(octyl ) 0. 5magnesi um (0.875 Min n-heptane) were then added.
5.51 m of cﬁg&aq{ggfeor_o,m were added to the solid obtained in this way and a
solution of _0.83_m of tetrahydrofuran was then ,sl_ovagl added 20 dropw se.
3.4 m of ti%rﬁuﬁ?‘?é?ré&ﬁ%ri%%'%\ﬁqeogdéé&etlé’ divided spray-dried
silica gel ES 70X from Crossfield, which had been dried

at 600°C, were suspended in ethylbenzene and admixed
15 while stirring with 2.7 ml of diethylaluminum chloride
(2 M in heptane) . 57.3 ml of
(n-butyl);.s(octyl)p.smagnesium (0.875 M in n-heptane)
were then added. 11.45 ml of tert-butyl chloride were
added to the solid obtained in this way and a solution
20 of 1 ml of ethanol was then slowly added dropwise.
5.5 ml of titanium tetrachloride were added to this
mixture, the resulting solid was filtered off,
resuspended in pentane, and 5.18 ml of
hexamethyldisilazane were then added. The pentane was
25 distilled off and the catalyst system obtained in this
way was dried under reduced pressure. This gave 70.3 g
of the catalyst system according to the present

invention.

30 Example 4 (comparative example)
The preparation of the catalyst was carried out using
the same components in the same mass and molar ratios
as in example 1, but without addition of
diethylaluminum chloride (step A).

35 '
Example 5 (comparative example)
The preparation of the catalyst was carried out using
the same components in the same mass and molar ratios



this mxture, the resulting solid was filtered off, resuspended in
pentane, and 3.25 m of hexanethyl disilazane were then added. The pent ane
was di stwbloadswbs and the catal yst system obtai ned in thiPSTAPOWEY6cNAS
dried under reduced pressure. This gavgo33.9 g of the catal yst system
Exanples 8 to 11 Pol ynerization 30 Thé pol ynerizations were carried out in
a 10 1 stirring autoclave. Under nitrogen, 3 g of TEAL (triethyl-

al um num tegetiherexathld 1, obutsetichane saddizibrofof heklzameolver etept r oduced
into the augﬂclave at room tenperature. The autoclave was then pressurized
with 35 4 bar of H2 and 16 bar of ethylene, the weight of catalyst

I ndicated in table 1 was added and polynerlza- tion was carried out at an

i nternal reagi o1 Eﬁ%de@ﬁy“%aﬂﬁv dyhe tinme indicated in table 1. The
reacti on_WD Q3/054028 5 _PCT/ EPO2 13367 was stopped by venting. Table

1 bel ow PepdtSs RHPIRGRRL PEi R fcqqﬁ9¥%ﬁaW§§tC§§§P§ﬁs9?%n¥§k%ﬂples 1
to 4 both ftofe tdnexesmbeseSts0 ikl HALosah@UmbSst BRd MiEsaNt rapyesti on and

for the conparallve ex Tabl P nerlza on_.res
Ex. Cat al yst \R&i aﬂnge%%E$oH%5$ouFr8%@ 18P|f i FP?Q%Lli?Yﬁpcatalyst
[ng][nin][gr0f[g of PE/ PE] g of cat] 81381202707105 9299604504545

10313260110833 114 (C) 471202104468 Exanples 12 and 13 Polynerization The

pol ymeri zati ons were carried out under the sane
10 Example 7 (comparative example)

In a first step, 25.7 g of finely divided spray-dried
silica gel ES 70X from Crossfield, which had been dried
at 600°C, were suspended in ethylbenzene and admixed
while stirring with 1.7 ml of diethylaluminum chloride

15 (2 M in heptane) . 36 ml of
(n-butyl); s(octyl)o.smagnesium (0.875 M in n-heptane)
were then added. 5.51 ml of chloroform were added to
the so0lid obtained in this way and a solution of
0.83 ml of tetrahydrofuran was then slowly added

20 dropwise. 3.4 ml of titanium tetrachloride were added to
this mixture, the resulting so0lid was filtered off,
resuspended in pentane, and 3.25 ml of
hexamethyldisilazane were then added. The pentane was
distilled off and the catalyst system obtained in this

25 way was dried under reduced pressure. This gave 33.9 g
of the catalyst system.

Examples 8 to 11
Polymerization
30 The polymerizations were carried out in a 10 1 stirring
autoclave. Under nitrogen, 3 g of TEAL (triethyl-
aluminum) together with 3 1 of isobutane and 2 1 of
hexene were introduced into the autoclave at room
temperature. The autoclave was then pressurized with
35 4 bar of H; and 16 bar of ethylene, the weight of
catalyst indicated in table 1 was added and polymeriza-
tion was carried out at an internal reactor temperature
of 70°C for the time indicated in table 1. The reaction



10 conditions as described in exanples 8 to 11 using the catalysts from
exanpl e 3 and conparative exanple 5. The catalyst fromexanple 3 gave an
et hyl ene wopslogses having a bul k density of 416 g/|. The pcateEdoys396f r om
conparative exanple 5 gave an ethyl ene pol ymer having 15 a bulk density
of 195 g/|. Exanples 14 to 16 Polynerization 200 ng of

triisobutylalum numwere introduced into a 20 10 1 autoclave which had been
charged wi t was0 sFagipedholbyet Werdrieigand Tedde ilnebely neapores altgen The
aut ocl ave wgs-d iwleas%f Zﬁﬁ’e"‘ﬂ:&@aﬁ(@@rsQQtEHS aegomlgxag.{ole% ¥l ene,

the weight of catalyst “indjcated in was added an rrerlzatlon
was carried butteth 260gn FReer BERMPLGEL Br FRnpet atalﬂcér(ﬁlr@lo(‘:‘of ofhene hour.

The reacti opy@sersd GRRAG 6V &iHd Nhr WRD Y RGARE ive3 exdiel/ERA2/ 13967

Table 2 Bel ow reports the productivity of the catalyst systens used and

t he bul k [n&-u—es-ai—t-he_e-t—b#ene—pal-ynaw_eb:-@-neﬂ both for exanples 14
and 15 accor'ldamg 1tcpdll3»a1eﬁliesemnlrfés&mtson and for the _conpar atlve 5
exanpl e 16. [~Tabt c 2 Potymer T zat o Tesutt s VWerght—of—Butk—Product=
Ex. Cat al yst| &at a) ¢3talyefs|i tWeiahdl d i vPeyymerom gx. Yaedd g/ |1] PgodkctPE) [|g of
PE/ g of cat) 14141224912411Q% 152822581 3412R8 (166 (C) 9232483924
catalyst
[mg] [min] (g of| g of PE/
' PE] g of cat]
8 1 38 - 120 270 7105
9 2 99 60 450 4545
10 3 132 60 110 833
11 4 (C) 47 120 210 4468

Examples 12 and 13

Polymerization

The polymerizations were carried out under the same
10 conditions as described in examples 8 to 11 using the

catalysts from example 3 and comparative example 5. The

catalyst from example 3 gave an ethylene copolymer

having a bulk density of 416 g/l. The catalyst from

comparative example 5 gave an ethylene copolymer having
15 a bulk density of 195 g/1.

Examples 14 to 16

Polymerization ‘

200 mg of triisobutylaluminum were introduced into a
20 10 1 autoclave which had been charged with 150 g of

polyethylene and made inert by means of argon. The

autoclave was then pressurized with 1 bar of H; and

10 bar of ethylene, the weight of catalyst indicated in

table 2 was added and polymerization was carried out at
25 an internal reactor temperature of 110°C for one hour.

The reaction was stopped by venting.



Exanmple 17 Pol ynerization 10 The pol ynerization was carried out under the
sane conditions as described in exanples 14 to 16 using the catalyst from
conparatiwe wosupsée 7. 92 ng of catalyst were used in thequappmesswzation
and 26 g of poly- ethylene were obt ai_n%q) after polynerization for 15 one
hour at 110C. The catal yst from conparative exanple 7 thus displays a
productivity of 283 g of polyethylene per g of catal yst. Exanples 18 to 20
20 The pol yreabzeatd dnelmreepartisedth@utpriddmtgiasitphasﬁ théuk:ditaég&sbed

react or havi n al a
condi tions |gr}gst%gn§r eggtggr %I?cg q:trh%r oirﬁtﬁ)i rr:%lr(lant%a ﬁqe%g Hih e%ﬁ?ﬂ zafel on was
in each ca%obm@%cphﬁﬁmﬁ %@hhw exampiesaldparedsiy eae‘f:ozalag bar

wi th additi o, of ¢ 4 Igr@sf;eﬂtf' el AyLAE Ush nugh@er £oRoUEneWO-BRL2P4028e-
PCT/ EP02/.13967 TabI e 3: Polymerization conditions

Ex. Cat al yst FofaffRYe Q‘ryl eneH21- HexeneProduct- fromex.izationivity tenp-
erature[ % by[ % by[ % by[ g of PE/ [C]vol une]vol une]volune]g of cat]

18199283. 03[ 7 ibog 91273 24 45300 f029833 -T1-4.34. 36700 WO 037054028
PCT/ EP02/ 13 > F meeraan results
Ex. Catalyst | Weight of Bulk Yield Product-
from ex. catalyst density ivity
(mg] [g/1] lg of PE] | [g of PE/
g of cat]
14 1 112 249 124 1107
15 2 82 358 104 1268
16 6 (C) 92 324 85 924
Example 17
Polymerization
10 The polymerization was carried out under the same

conditions as described in examples 14 to 16 using the
catalyst from comparative example 7. 92 mg of catalyst

were used in the polymerization and 26 g of poly-

ethylene were obtained after polymerization for
15 one hour at 110°C. The catalyst from comparative
example 7 thus displays a productivity of 283 g of

polyethylene per g of catalyst.

Examples 18 to 20
20 The polymerizations were carried out in a gas-phase
fluidized-bed reactor having an internal reactor volume
of 0.09 m’.
reported in table 3.

The reaction conditions in the reactor are
The polymerization was in each

case carried out for one hour at a total pressure of
25 20 bar with addition of 0.4 g of triethylaluminum per

hour.



O OrnV Ar-1,-10 a) dP O -r1 -a) OONM-r{a)NNN a) fOrl azs a)
NNN fO J 1-r1 >1 41r-i rl 00 ULnH MMV -ri r o
WO 03/054028 PCT/EP02/13967
- 31 -
Téble 3: Polymerization conditions
Ex. [Catalyst | Polymer- |Ethylene H, l1-Hexene | Product-
from ex. | ization ivity
temp-
erature | (s by | [ by | [% by |lg of PE/
[°C] volume] |volume] | volume] |g of cat]
18 1 99 28 3.0 3.2 12600
19 2 91 27 3.2 4.4 5300
20 2 98 33 4.3 4.3 6700
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claim 1.wl @preaess for preparing catal yst systens of the pcdiErgbessiNatt a
type, which conprises the following 5 steps: A) bringing an inorganic
metal oxide into contact wth an orgad@netallic conpound of group 3 of the
Periodic Table, 10 B) bringing the internediate obtained fromstep A or
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the inorganic netal oxide into contact with a nmagnesi um conpound MgRLnX12
~n, where X1 are each, independently of one another, 15 fluorine,

chl ori ne,wbrosns4es i odi ne, hydrogen, NR X2, ORX, SRX, SO0¥RX/EP02/03610) RX,
and R and Rx are each, independently af one another, a linear, branched
or cyclic Cl-C20-alkyl, a C2-d o-al kenyl, an alkylaryl having 1 - 10
carbon atons in the 20 al kyl part and 6 - 20 carbon atons in the aryl part
or a C6-Cl18-Weytlaimk n is 1 or 2, and subsequently C) bringing the
internedi ate obtained fromstep B) 25 into contact with a hal ogenati ng
reagent, D) bri ngbif ng the internediate obtained fromstep € into contact
with an al cohol PRECEEPMIQF RPFERAT 1RfHer@ RLYSL aSYEREBE, M akbBRed or
cyclic Ad-C2iaied-idttar CoypadD- akkeryl , cmpdikedar ythdaviEsglowinglO

car bon agoms in the alkyl part and 6 - 20 carbon atons in the aryl part or
a C6-C18- ariltre,ps% E) bringing the internediate obtained fromstep D) into
contact with a tetravalent titani umconpound and WO 03/ 054028

PCT/ EPO2/ 13967 - F) _opti ot i ngi t inter. i a i ned
fromstep E) int oblc%'gjrﬂlégcqt \%l}lt hggggéﬁggécg&gﬁ%g%lnd%%&% 6?%%%%8?%?&% epari ng
cat al yst syst ens wigthc|an nedgagomataliien comphundi wia greyresi uvef cohpound
MyR12 is used i rnpsitiRfgiR) Tab1d) process for preparing catal yst systens as
claimed in claiml or 2, wherein chloroformis used as 10 hal ogenati ng
reagent 1°n step C). 4. A process for preparing catalyst systens as cl ai med
in any of clgy ms pitryihg W 6l érmédiLve ISt SneS efromSst &S YpnbE Net al

oxide in step A). 115 9y RRIEES Rl PELPIL! NG, E8 ANRLAYSLEMR 35 ¢l almed
magnesium compound MgR':X},.;,
where X! are each, independently of one another,
15 fluorine, <chlorine, bromine, iodine, hydrogen,
NR*;, OR¥, SR*, SO3R* or OC(O)R*, and R' and R* are
each, independently of one another, a linear,
branched or cyclic (;-Cyo-alkyl, a Cy-Cyjo-alkenyl,
an alkylaryl having 1 - 10 carbon atoms in the
20 alkyl part and 6 - 20 carbon atoms in the aryl
part or a Cg¢-Cig-aryl and n is 1 or 2,
and subsequently |

C) bringing the intermediate obtained from step B)
25 into contact with a halogenating reagent,
D) bringing the intermediate obtained from step ()

into contact with an alcohol of the formula R?-OH,
where R? is a linear, branched or cyclic C;-Cao-

30 alkyl, a C3-Cijp-alkenyl, an alkylaryl Thaving
1 - 10 carbon atoms in the alkyl part and
6 - 20 carbon atoms in the aryl part or a Cg-Cig-
arvl,

35 E) bringing the intermediate obtained from step D)
into contact with a tetravalent titanium compound

and



in any of clains 1 to 4, wherein titaniumtetrachloride is used as
tetraval ent titanium conpound in step E). 20 6. A process for preparing

cat al yst woasesm2@as claimed in any of clainms 1 to 5, whePelrEPDh@E3967
organonetal lic conpound of group 3 of sthe Periodic Table used in step A)
is an al um num conpound Al RMX3_m where X are each, independently of one
anot her, fluorine, chlorine, 25 brom ne, iodine, hydrogen, NRX2, ORX, SR,
S03RX or O®)0) RéptdrhalRyand Rérgineacthe i nikpermedistyeof obheinedot her, a

[ near . branched i, 4ldrs 1§1-4CA% Aldfillact iCh: Gl Oaldemp oAl kyl ary

having 1 - 10 carbon atons in the alkyl part and 6 - carbon atons in
the aryl 30 part or a C6-Cl8-aryl and mis 1, 2 or 3. 7. A process for
preparing catal Yol ppsieds 2y PraipiRdng BadBYyet sl8tBRslakocBaimberein the
donor coppound in . step E% contains at |least one nitrogen,atom 35 8. A
cat al yst 2sysferfGi® he ZVBGTF &+ 2 NGt FR A Whi CHPCHRE bBIBrepdt eS8y a
process as clraisteg i) .any of claims 1 to 7. WO 03/054028 PCT/ EP02/ 13967 -
35 9. A prepolynerized catal yst systemconprising a catalyst system as
claimed in claim8 and polynerized- on |inear C2-Cl0-I|-al kenes in a nass
ratio of frdm 1: & prosess fo20@reparingprotedystosyshempoaynetaizaed on or
copol ymeri zay tionf ol efinsat {Ham2 tania0GsRR PriESSYI&sy Of s from 1
to 100 bar, \7\)ﬂere| n the polynerization or 10 copolynerization Is carried
out in Lhe prdesspatindaredoendt ignstem §)yst systemas clained in claim$8
or 9 and optionally an al um num conpound as cocatal yst. 11. A process for
t he pol yneri zatiqQn or copolyneriza- 15 tion of olefins as clajned |n claim
10, whet ei n% t r PaPRPCEFEniRAnPEGRAGARE SGROALY SF k§YSEPBapes ecatfiTefle from
1 to 15 carbeon atyvonsf i elased as tal By nehemsirpoandiliza Aedr deesssédr t he
plol ymeri zat ia%n i%%r%%%qlcyﬂ%ﬁ:iazla'oﬁ%et L.an sQfepokﬁfi ns as clainmed in any of
clainms 9 to 11, )

15
5. A process for preparing catalyst systems as claimed
in any of claims 1 to 4, wherein titanium tetrachloride
is used as tetravalent titanium compound in step E).

20 6. A process for preparing catalyst systems as claimed

in any of claims 1 to 5, wherein the organometallic
compound of group 3 of the Periodic Table used in step
A) is an aluminum compound AlR,Xi.,, where X are each,
- independently of one another, fluorine, chlorine,
25 bromine, iodine, hydrogen, NR*;, OR*, SR*, S0:R* or
OC(0)RX, and R and R* are each, independently of one
another, a linear, branched or cyclic C;-Cyo-alkyl, a
C;-Cio-alkenyl, an alkylaryl having 1 - 10 carbon atoms
in the alkyl part and 6 - 20 carbon atoms in the aryl

30 part or a Cg-Cig~aryl and m is 1, 2 or 3.

7. A process for preparing catalyst systems as claimed
in any of claims 1 to 6, wherein the donor compound in
step E) contains at least one nitrogen atom.

35
8. A catalyst system of the Ziegler-Natta type which
can be prepared by a process as claimed in any of

claims 1 to 7.



wherein ethyl ene or m xtures of ethylene and C3-C8-a- nonool efins are
(co)polynerized. 13. The use of a catalyst systemas clained in claim8 25
or 9 for woaspsioggreri zati on or copol ynerization of ol ef i PET/EP2/1367

copol ymer of ethylene with C4-C8-a-olekighs which can be prepared by a
process as clainmed in claim9 and 30 has a density of fromO0.915 to 0.92
g/cnB, a bulk density of from300 to 500 g/l, a polydispersity MWM, of
from4 to 8 and a proportion of naterial extractable by neans of cold

heptane of forom Q. 0L 1A% WRIPNoa e BRI WY ddisn et Yk SPEs Hopol yer.
catalyst system as claimed in claim 8 and polymerized-
on linear C;-Cip-l-alkenes in a mass ratio of from 1:0.1
5 to 1:200.

10. A process for the polymerization or copolymeriza-
tion of olefins at from 20 to 150°C and pressures of
from 1 to 100 bar, wherein the polymerization or

10 copolymerization is carried out in the presence of at
least one catalyst system as claimed in claim 8 or 9
and optionally an aluminum compound as cocatalyst.

11. A process for the polymerization or copolymeriza-
15 tion of olefins as claimed in claim 10, wherein a
trialkylaluminum compound whose alkyl groups each have
from 1 to 15 carbon atoms is used as aluminum compound.

12. A process for the polymerization or copolymeriza-
20 tion of olefins as claimed in any of claims 9 to 11,
wherein ethylene or mixtures of ethylene and C;-Cg-0-

monoolefins are (co)polymerized.

13. The use of a catalyst system as claimed in claim 8
25 or 9 for the polymerization or copolymerization of

olefins.

14. A copcolymer of ethylene with C4-Cg-0-olefins which
can be prepared by a process as claimed in claim 9 and

30 has a density of from 0.915 to 0.92 g/ecm’, a bulk
density of from 300 to 500 g/l, a polydispersity M,/M,
of from 4 to 8 and a proportion of material extractable
by means of cold heptane of from 0.01 to 3% by weight,
based on the ethylene copolymer.



