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Pol yneri zation Field of the Invention 5 This invention rela

t hree-constituent adduct of metall ocene, which consists of a net'#!P%Scene
_compound) an ether and a netal halide, and a preparation process thereof.
The adduct can be used as catalysts for the polymerizgiion. gf, Q! £f|
especially for the honopol yneri zati on of ethene and t gégp&llbgquo%atl on of
ethene with an a -olefin. The present invention 10 relateS also to a

catal yst system conprising the three-constituent adduct of netall ocene as a
mai n conponent ofFf 9689&1%?, and a process of the honopol ynerization or
copol ynmeri zation of olefins by using the catal yst system 15 -Backarouad of
the Invention Generally, a prdéepdlocepe datusesitsilrgrarrtdprocene conpri ses
converting cycl opentadiene or its derivative into an anion, conplexing the
resul tant anion with a netabdditi dipdicatiowein Obgfar &pilymeriadtignri fyi ng t he
product to obtain a pure netall ocene conpound. 20 USP 5, 200, 537 di scl oses a
process Cor prephicldgfighpdnakhtieene having the general fornula of
(RCSH, ) =MX1, wherein Ris C1 Coo alkyl or silyl, Mis zirconium or
titanium 5X i s hBhisgérveoThen pebdesIodaethraotcosottudngr adeficti gérmeidiw@aejt
is carried out at roomtenperature, which conprises the preparation
procedures ofwhigh)copemes phg mia(alSliSk e wo tnip oRXAak k ekl évah i d@) me a1 *IEOODO2tnd 2
Patents Form 14 dated 16 Septenber 2002 an organic solvent to forma

m xture of R@skkepmndtiCBHstodely theanovi Mye cultduche andst uodd @s Hathlysvauunhe
stripping at roomtenperature; (c) protonating the RCSH) and (d) adding

Ti Cl) or ZrClpelywefiernionhel vt als, espexdaonioouhd, h andp dllyere réckdiag ofl esbkwent
to separate out the pure netall ocene conpound. S The yield is 56- 74% In
USP 5, 336, 795 ndathpr oged gmiesizilitbal of e e@orwiph expar tdigfia. (Mhanstdse 0N imedzlion
conpl ex conpound havi ng a nono-substituted cycl opent adi ene |igand, wherein
t he nono-YWubstladtes etkocsech apentyads grtem cg@apeising preepareecdcdnstitsemngaaduokbde
or hydroxide of alkali nmetal or alkali earth netal as a protonating 10
agent, then mmgahonoeswbshi ndied oimgi &l dndCceneh c crnpolynd, i28df @r piect ey of the

bomopolymerization or copolymerization of olefins by using the catalyst

system.

15 “Backerouad of the Invention

Generally, a process for synthesizing metallocene comprises converting
cyclopentadiene or its derivative into an anion, complexing the resultant
anion with a metal chloride, then separating and purifying the product to
obtain a pure metallocene compound.

20 USP 5,200,537 discloses a process for preparing a metallocene having
the general formula of (RC,H,),MX,, wherein R is C, ~ C,, alkyl or silyl, M
is zirconium or titanium, X is hkalogen. The process does not cost for
refrigeration as it is carried out at room temperature, which comprises the

preparation procedures of: (a) reacting Na(C, H,) with RX(alkyl halide) in
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reacting the resultant ligand with a halide of transition netal elenents.
In USP 5,001, 205, a process for preparing a supported catal yst system of
“metal |l ocene-al um noxane is disclosed in detail, but no preparation process
oC the nmetall ocene is given. The bridge-linked or nonbridge--1inked 15
_cycl opetadiene or a derivative thereof is used as a |igand of the
netal | ocene, and is a pure netall ocene codpound. ThBatenteifgERdiedaf$8d i s
met hyl al um noxane. The catal yst systemis used forlﬁ;aﬁeaF?'PPﬁgzopFle

pol yneri zati on of ethene and of ethene with other a -olefins. In EP 426, 643
A" a process s odh sl 03¢ d ey IRk A | RESRAEND, 80 dQ EORE PPV ovi

bri dge- i nked fﬁu%reﬁyl 6§é|8pﬁﬁﬁgéiéﬁgﬁ z%??gnfuh1%?8hldfﬁdg. the “§r dtess
conprises t t ) g ti i thi r Jdthi ith a
netal|occnewﬁﬁgdﬁ§§ﬁ%Kg’%bpgggéngéﬁ?h*%FéF‘D@??ﬁﬁ?ﬁgﬁ%ﬁyéhf°§Hﬁﬁﬂ?§h6§ing
out the sol vent bt ai | i wder., r tant: and (i) reacting,the
solid powder t?@a%?é‘%t Lgmd{zﬂ?ﬁ%ln,gd’{)gemhé)rr Zé &?g%%’ %ﬁgér"é{tﬁl}lé’“n%%q["éﬁ??g onn
14 dated 16 Se er .2002 to,carry out a solijd-solid ase reactin in
hexane, then ar"g}ngg:fo"nﬁdgu{g EHEICS tv&e{’n?epéﬁat?/vﬁ%h?'ﬁeg PERE "5362‘ §li°ﬁe L C98PRlt%in a
m xture of t i spprapyl. brjdge-1inked fluorenyl cyclopentadi enyl zirconium
dichloridesaggpifﬂﬁg'gﬁg nfigUre can be used as a catalyst far preparing

ol ypropyl ene. ver t m xture has poor, stability and has,to store
D O oy bt EEs agsbE, Bt othe AR fIBRe B oo Poegh oo tmaks o

application of the present applicants) a conposite netall ocene catalys
WTh ynds ot derTRebrERsyR Y brslik <2l Boad: S L i elonRERdeRh Beke ui ng
to the patent application is an 10 three-constjtuent adduct of - .

di pheny! met hwlégfg”-‘ ‘?&ﬂ?%ﬁéh?é‘df‘b‘ﬁwC-YQ'?.R‘LFdf‘é 1% 1ig2 ¢ dhiPERR Hiednt o ie e ~
di ethylether ~ lithiumchloride having the expression of .

PhzC[ Cp- 9- FI (JjizPEide or pydigxidopf d'fa'\'/\,i%'f‘ifﬂ' PE 2Rty caEt by me Lt It A P r it AL AR of or
preparing _syndi otactic pol ypropylene. la regard to the preparation method
of the melhl 16¢8%e thaR affstmosegulstitsted metallogens yomp denferitid the
pol ynmeri zation of, olefins in the prior art, significant defects include:

(1) many steg$2ataedfigiertdeegticaletrishe brdds Addr3rdticn THE! HEpHati on
process, thus no{ I 3 Hunber of reactors are needed, but also the

rel ated reaction ‘l:gjrr‘?Ld?IFi Pis? e & RELTEY 105 RI&PREWNE DI RAC L& TR st gBytem

conplicated processes for the separation and ‘Pu_ri fication are .
of metallocene-aluminoxane is disclosed in detail, but noe preparation

process of the metallocene is given. The bridge-linked or nonbridge-linked
15 <cyclopetadieng or a derivative thereof is used as a liganud of the metallocene,
and is a pure metallocene compound. The aslumivoxane used is methyl
aluminoxane. The catalyst system is used for catalyzing the polymerization

of ethene and of ethene with other «-olefins.
In EP 426,643 A,, a process is disclosed in detail for preparing a
20 isopropyl bridge-linked fluorenyl cyclopentadienyl zirconium dichloride.
The process comprises two steps, (i). reacting buty! lithium or methyl
lithium with a metallocene ligand in a polar solvent, c.g. tetrahydrofuran,
then removing out the solvent to obtain a solid powder reactant; and (ii)

reacting the solid powder reactant with ZrCl, powder at room temperature



20 needed .in the preparati on nethods, such as recrystallization and the
like; (3) generally, the stability of the purified netall ocene conpound in
‘air is poor, so it is not easy to be stored for a long termof tinme; (4) in
general, the yield is about GO because of many reactions and separation
.steps. Even in the disclosed preparation process in CN 1,140, 720A of the
present applicants, a 4 Patents=~brm 14 3ated 16 Sept&tReforaPP2 dated

t hree-constituent adduct of Phl ([ Cp-9-FluJZrCl = ~ Et,1Q septbhilek 2@ be
directly prepared and used as catal yst without any conplicated separation
and purification steps, it is only suitable for use as a catal yst for
prepar at i ng é?n‘cﬁrdtyag‘fﬁ & Widpripyatate irptia ke Yidealth ot dAB ¢S OULdbes 5
of a bridge-linked type and its ligand has a |arge steric effect. Wen the
net al | ocene QWU ARG WS adibst aePprindss| @cob Al mHxtwie RhVEagispREIPY!
supported, is used for catalyzing the polynerization of ethene, the usage
amount of t h® rédget Ekest (lyoagnyl chcopen tadii tn yd atigt yasin e diplgsitte, apdt ki€l.

al um noxaue(MAO is high. When the ratio of AL/ Zr is at about 500, the 10
catal ytic actlibg myxfusefriaghbe bied ashenally Arfor artrrise dolwp repyleass Hiomzn e 00,
the catalytic activity will by greatly decreased, thus the application of

t he adducts i ihpolyxtarriezlas qre oof s tabhlétye abhdr &l yo rsdste iictdd. abdr phegamfeee
since the process having several steps for, preparating the netall ocene
ligand i s cosghdédbed and the yield in each step is about 50% the total
yield based on 15 the initial reactants is very |ow, when, for exanple,

di - phenyl - f | uor efiyt thecyolrepemt @Ni Enyl0 Akthanepdtsupreplicedon Thletled grese ety
obj ect of the present invention is to provide a three constituent adduct of
nmet al | ocene wipphichingh staliplostty metallheebasa@lpfht wtiltle spndiprtachit spentivotyed
above, being able to be easily prepared, and having 20 overcone defects of
the prior artdiscTheesetTondaobiyettpropatetica¢mvents onthe phoeusr gu lier tioplioeess
for directly preparing the abovesaid adduct in high yield without the
conplicat®d stepscohsdopartatadigicanafpuiphiatyigetthdenet al (godnee todpouiecl- 5
Patents Form 14 dated 16 Septenber 2002 Description of the Invention The
met al | ocene dtiduenypr oiricdeidh racid ok idir iy t dietlnd edreesdimthiimveribrioiy hsviag the

t hree-constituent adduct of a netallocene - au ether -an netal halide

havi ng the gempreadsi¢wpMibaCeSp{RELF|TrIW BgO 52 GG MPkich iRRed-asmN 4 (@ky st
where Cp' is a netallocene ligand which is selected froman nonbridge

i nked type ofaigéy ifvegrepaiioyclyodéntratic @nyypropalecke.

deri ved-di cycl opent adi enyl conprises cycl opent adi eayl, indenyl or

Cl uorenyl ; the derrevmddi oydicopesptaadiienyhetiind toligh ¢ ingpdad o pene etatyse usade sor
different and may al so 10 i nclude one or nore substituted groups sel ected
fromC, °15C =2 mhkykatadhkioxoympeidng| forahylpobrmarizd thoxyl gledins. inSdiedprior art,
netal | ocene ligand is preferably dicycl opentadi enyl or substituted

di cycl opent adigrijicant hikefsgiysticiwd ed(gr oupyiSepy ehdrabhylicat€d reaCtiong| k54 |
nost preferably, methyl, ethyl, propyl, isopropyl, butyl or isobutyl. 15 M
is one of nefimyelglednmntis sedpectEdofgoneGs dlups bt Bolof 2 migen tRar 4 fotk AT &1 sea of

El ements, preferably Zr or Ti, nost preferably Zr. Qis halogen, preferably
chlorine. RXReeflgdahutepkser thpr radgtdd ceaastivarconRidngs Rre pasdedeta he cgahrelnd
different and may 6e selected fromC;’ - C6 alkyl; X is oxygen; preferably
the ether isseverely; (2) complicated processes for the separation and purification are

20 needed in the preparation methods, such as recrystallization and the like; (3)
generally, the stability of the purified metallocene compound in air is poor,
so it is not easy to be stored for a long term of time; (4) in general, the yicld
is about 60%, because of many reactions aud separation steps. Even in the

disclosed preparation process in CN 1,140,720A of the present applicants, a



20 di ethyl ether or tetrahydrofuran, nore preferably tetrahydrofuran. 114

is selected froman alkali metal or alkali earth netal; preferably lithium
“or magnesium nost preferably lithium n =1 or 2, when the M is alkali
metal, n = 2; vvhen the M is alkali earth nmetal) n =1; preferably n=2.

6 Patents Forth 14 dated 16 Sept-~nber 2002,The term "adduct” is neant a new
substance formed by the internol ecul ar foréles between BatensReFosmhiy dRtetls
of substances when the crystal of one kind substance i 36fSSPheRer 492t he

ot her kind substance enters the crystal defects of said substance

sequentially (@ted. 06y AR AL | Fays ghgeﬁﬁ,;@g-'ge)gg,ggr%dw%t eeodended 0 fhe

invention is simlar to this. a“sp r ogt am det erm ned

y
to the structure t he adduct according to t.he present invention. The
charact eri stidgFToceta?Lgr%‘f“teﬁea@&sffgsf.afglfsgﬁvdﬂbo@. B ERMPHE 265 BRATA o
observed in the deternm nation of the addquct structure by 'li-NVR 10 which
is the evi der?é'g I TTHE RSN stiéRie 61 ' h°é’qédélﬁ'(ff";geccr§rrdf‘ﬁ to ’ihceatﬁpesée}]\?r
i nventi on. Furtherrrtore, when t he a;iduct is extracted w tg a solvent easily
to dissol ve PHEPAEILTY SYRAL AT @)Y UPH ISR MBCRYeaREMILTGeaE LAWP THE 11 ke,
the pure tall ocene conpound obt aji ned by the separation, and
recryst al Irg?za‘(t(i%ﬁrf °é§g~géﬁetly9es“é’ﬁisi"t’i Ué;/'f‘?) basra daegfestedit ¢ IfhEN Yilfe the
nmet al | ocene contai ning fluorenyl or indenyl s SYnthesized . However, the
t hr ee- const i fREATTOS8RRICTI % th i v ikt s AT eLACHI cai seT ok 1 8an 208 Festifaded Peerai r
for sevral hours or storred in nitrogen gas for a |long period of tinme) when
it is not sef4PBRPEGIany %Séer%t%t?hféagagte DY g riredie ok fdbEYerathi e i kg e
conponent substance. This shows that the internplecular forces exist anong
20 t he t hr ee *EBHISnehitle o9 catalystasith twithythghmahe qadalyshisiomrap ege, mghyl
adduct is increased. Therefore, besides the conponents other than the
net al | ocene 1UBiTI28 ef M Quérubfigh ¢ Wadyeowihq ratierno habdZads wHf abotabPe B¢ ect
on the polynerization of olefins. This invention relates also to provide a
process f'dr SREYEHEAG ittt high, bpymdippsA EGF nrado dadey 1@ Septbibef 02602

t he abovesaid three-constituent netall cene adduct in high yield, which need
catalytic activity will be greatly decreased, thus the application of the

adduct in polymerization of ethene largely restricted. Furthermore, since
the process having several steps for.preparating the metallocene ligand is
complicated and the yield in each step is about 50%, the total yield based on
15 the initial reactants is very low, when, for example, di-phenyi-fluorenyl-

cyclopentadienyl methane is prepared.

Therefore, an object of the present invention is to provide a three-
constituent adduct of metallocene with high stability on the basis of the
prior art mentioned above, being able to be easily prepared, and having

20 overcome defects of the prior art.

The second object of the invention is to provide a process for directly
preparing the abovesaid adduct in high yicld without the complicated steps

of separating and purifying the metallocene compound.



not carry.out the conplicated separation and purification of the

net al | ocene conpound. The inventors have found that the three-constituent
adduct of 5 netall ocene according to the invention can not be obtai ned by
m xing directly the netall ocene conpound with the correspondi ng net al
.halide in an ether solvent, but the netall ocene adduct according to the
present invention can only be obtained aftser the prapanéd iFePmpPI4O8RSSIES
having the given reaction steps according to the presegptdnbeegoo@n as said
hereafter are 10 used. This al so shows the existence of the adduct of the
present inventiop on.anot he‘r aspect.. W have found that the anion of the
net al | ocene addu@tgs—?—ri%&%—ﬂ—sgﬁé‘i#ﬁﬂlﬂﬁ—g an ether solvent by the reaction of
t he cycl opent adi 5135# meial | ocene |igand conpound with a strong basic
protoni ng agent, -8Ad*¢1AET C§%e A ALY TN [ dets o BHAELP the ProfSEdIBEn Haliing a
solid transition netal conpound, for exanmple ZrCl, or TiCl" under nore
noder at e r eadtf &5 c@BHdft§Idndddueth gl ggygmetaliosempt- ABelEF t o2 bemespatatisd and
recrystallized, but needed only by renoving nost of solvent to form an
adduct sl urryt2vingdla@ap atp e raukane the felilepirese t he adduct slurry, which
is then filtered and 20 dried to obtain the netal |l ocene adduct. The
preparati on process of the netal | ceeH¥Qaddi%R’ prd/ided according to the
invention conprises the steps of: reacting the cyclopentadiene type of the
met al | ocene INiyA®dCeOMPotirae Wilkolseme Biapind agéalt i melantet feomaso o adinidgd- at
-10~ - 30~, preferably at -5 8 Patents Fonn 14 dated 16 Septenber 2002
LO~t o form a!iuksdnty pard foteriyehcdicng! opiee t£die meld sk idgderdy edriddsy obp p én ta divst |
hal i de having the general fornula of M) at -78 - 30 Cto formthe

met al | ocene E6MITLE; ivictap enltadigeylal | dedavel i sobei figo faryied, thtehe derived-
met al | ocene adduct is fornmed fromthe netall ocene and a netal halide 5
havi ng the f@isaAlapettaieyl-ior dlecaged! fmgnhd He wivoy es i tfer estct a dm gnalsohe
et her solvent; renoving out preferably 50 - 98% of the solvent; adding an
al kane t d0di édpelude qureor araiersabstititrdrgrbups erlieng dt trenr €sul € arsti kyd, xtl ip gy,and
drying the rermai nder to obtain the solid product of the netall ocene adduct.
In the prepafsHyi.ofryproscedikesy etdwp-cycl opent adi ene type netal | ocene 10

| i gand conpound conpri ses nonbridge-1inked cycl opeat adi ene and deri vati ves
t hereof, such asS#idunteitocgpeilizdedds psaled2blycd @opelnpadiatien pindr substituted

dicyclopentadienyl, the substituted group is preferably a C,~ C,, alkyl ,
most preferably, methyl, ethyl, propyl, isopropyl, butyl or isobutyl.
15 M is one of metal elements selected from Group IV B of the Period Table
of Elements, preferably Zr or Ti, most preferably Zr.
Q is halogen, preferably chlorine.
RXR’ is an ether or cyclic ether, R and R’ may be the same or different
and may be selected from C,~ C,alkyl; X is oxygen; preferably the ether is
20 diethylether or tetrahydrofuran, more preferably tetrahydrofuran.
M* is selected from an alkali metal or alkali earth metal; preferably
lithium or magnesium, most preferably lithium.
o =1or2,when the M’ is alkali metal, n = 2; when the M’ is alkali earth

metal, n = 1; preferably n=2,.



derivatives thereof may further conprise one or nore substituted groups,
preferably cycl opent adi ene or nono-substituted cycl opentadi ene; the
substituted group is selected fromthe group consisting of C - C, = al kyl,
15 al koxy, silyt) aryl or aral koxyl, preferrably C, - C'alkyl ; nore
preferably, said cyclopentadi ene type conpound is cycl opentadi ene, nethyl

" cycl opent adi ene or butyl - cycl opentadi ené. Sai d subspitante Foeycliopetsdadi ene
is prepared by a well known process, for exanple, byle gepoades 2002ough t he
reaction of an al kane halide with an excess anount of cyclopentadiene under

20 the conditiogQf Rhase-,tnanst er ca% aqlztysr S. e§ar %betprev\%esgl éee %

ether or cyclic ether avrng a genera ornmula

the sane or i h a al, k YD 4 f rab the
ether is di eﬂﬁ%f@%ﬁg&“\gﬂoﬁe? Bfttwcfr of‘h"reﬁ ‘yt&g &r"é?serogbsg@ e'{%regh@h f'}léra

9 Patents Fo 16 enber (2002 Sai as o bSe AN .0f ani c
conmpound of él%éﬁ nevqf “or aF%ﬁfF's 'ﬁétéﬁ“‘prgrﬁﬁgﬁpf“£|%ﬁ°ﬂ “ATum or
aryl lithiu nost bl I|th um ound " the
Mis optionally crﬁvgonéﬁﬁ? 8?@&@ fg ga§éfé?ﬂéénpfghﬁ@§oh f fhéNE%riod
Tabl e of El ene Hi gref%rabI¥ zrrconruntor titanium nore Preferably
zirconi um  CPFSRIRdge éé’ﬁl upt aferdhg %h‘f%f‘t‘rfé‘“"a“aisds‘é‘t'%ﬁé° *sel ected from
Cs - C ~, alkan% ‘wpre erabli a petroleumether with the b0|I|n9 aqge of
60 - 90 ~ . The i ¥&ne!si 5 hrsEtogse B &5iabIT Abb ydHel MR tadb ottt bt °h ke 10
times oC the %olune of the adduct slurry. The invention relates also to a
catal yst systEM ¥ e R BIrdBoIRF et ARYFBHOBr copol yneri zation of oIefrns
whi ch conprlsesnéhe abovesai d, netal | ocene adduct as a nain zgg%

conponent, and thﬁyfh"eﬂatﬁh"rrh‘dk%ri’é”tﬁf ttheb 6B Bre %fl B dmy1° & mcﬁ‘t‘r B wi t h
met hyl al um noxanc 15 as a cocatal yst, wherein the usage ratrg bﬂkﬁﬁ

cocat al yst 1 Y ARS refibs e Byt dreée “r‘l‘"tar‘re’“r‘éfntj‘é pH g sStrugyse Bas Rt he
nmol ar rat o of AI/N% preferably 100 - nmor referably SO - 100. A main
advant age oCVRifd Bbesrivne F§ft‘h%tf"tsﬁ'e‘°ﬁr‘tfv‘ihde”d‘ ‘eﬁCICBE%Wé QSIS ATERERY not
be separated, but can directly be used into the catal yst 20 systentfor t he
honopol yrer i PXEFHAR of “EQSSMYREr VBt itBR A6 U6t df iexEY2 cded atiitty 3 301 Bf ¢ fﬁe”
honopol yneri zatji on of ethene or copol ynerization of ethene with ot

-olefins. | rr°t%'ésb‘dryﬁérr"ztat'%rrepfseés‘s SuCher hBHtbbYl §ife ? 24¢ i b"r*’- Tike,
copolynerrza ion of olefins is carried out by usi ng the netal |l ocene adduct
provi ded acddfdi Byt o ™A 5f0entSosP U G gltHned105Patdht sSRAF AT ddthd 16
Sept ember 2002 Catﬁﬁéft conponent, and net hyl al um noxane or, a g;xture of

al kyl al uni ddff&Ha" et A ﬁlJﬁfﬁﬁ&ﬂﬁesebfet@?aﬂtyaPhe“ﬁBfﬂﬂpélu HoxAhe as

15 metallocene containing fluorenyl or indenyl is synthesized). However, the
three-constituent adduct is not sensitive to air and can be exposed in air for
sevral hours or storred in nitrogen gas for a long period of time, when it is
not separated and recrystallized but being used directly as a three
component substance. This shows that the intermolecular forces exist among

20 the three components in said adduct, by which the stability of the adduct is
increased, Therefore, besides the components other than the metallocene
stabilize the adduct, they will even have no unfavorable effect on the
polymerization of olefins,

This invention relates also to provide a process for preparing directly



cocat al yst under conditions sufficient to bring the olefins entering into
the reaction. The cocatal yst nay al so be selected fromone of the Lews
“acids, 5 for exanpl e as organo-boron conpound. Said a -olefins are sel ected
fromC, - CB a -olefins. The honopol ynmerization of olefin preferably is the
- honopol yneri zati on of ethene The copol ynerizatioa of olefins is preferably
ethene with other a -olefins. The pol ymer?zatl on reactl Qi JTBYd§ 4 Cdith €d
out by using well known 10 processes in the art, prefgr ghBachogs a

sol ution polynerization process, slurry polynerlzatlon process or gas phase
pol ymerization process. The solvent used in the solution polynerization or
sl urry pol ynidye e yesai drblyrelgec cas tidp omtamne ta lbre ng rr dgjuie phdthii b pyeldo celriebmeeflor
exanpl e, toluene or hexane and so on. 15 W have al so found that when the
met al | ocene mekdeastrywiutit hoenbraligdaed s eread tidinbandyb u Gicladivane Gthi emetddoxne

| i gand, after having been supported, is used in catalytic polynerization of
et hene, the usapgeuvadount of the nethyl alum noxane(MAO) is |ess, even the
ratio of Al/Zr is in the range of about SO~ 100, the catalytic activity is
still close to TWeg iREkatirsZrhavEhifsud dieaondter aheeetchattitinent adduct of

t hree-constituent netall ocene adduct using the non bridge-Ilinked dibutyl
cycl opent adi meealbdscea el hgandih@stosithaiibiveatrivn acxch proacbecabt=dppli sabmlixinyg i N
the regard with decreasing the cost of the catalyst. The netal |l ocene adduct
provi ded accdirdtng th@ ilaealpreasenion gouant ivork hieescamuebp bk givgr nettabibiidy inhan
that according to the prior art, which can be 11 Patents Form 14 dated 16
Sept enber 2002 axposadvedt,abtt fdke TRVENAdenROWESUOr agt OF &G gl Mo athY tplrogait

at nrosphere for a long period of tine. The preparation process of said
adduct is eaisyealidnCoiw ALLMe ¢btadpar atte®nthdnoep a fa tiva gy aitce s G@ N Ein@Ndh eand
the yield of the product- obtai ned may be over 90% at nost, for exanple)
when the addgi¢enirgabtiph 8péyesk@idenkKid QQ! Pdos L@ e ntida €841 T eaater b e
conpleted with the sane reaction nmediumin the same reactor, and the

reacti oni¢ enpRidatiuie al&ys ted ves0t Hree \GORE O b k etle bydﬁheoﬁﬂfmpkdsmdtﬁ)ﬁventlon on
heat-transfer nediumin the reactor jacket, e.g. the mxture of glycol and
wat er, and tdhetadducpeodt ai ned need not be separated and purified) and can
be directly used as the catalyst of olefin 10 polynerixation. The foll ow ng
exanpl es are i nvendedet Doudd ushr athe kiiodehai {het RRthBaACH N daaeer dgngd tid t he
present invention but not limting it in any way. Exanple 1 In this

exanpl e, thefoadtidCtinOfandi @yel opantadi ©Nydhet ideaddionm bS ei chéynbplentadienyl
tetrahydrofuran - lithiumchloride having the expression, CpiTiCt - THF -
2Li O was prepediettene ligand compound with a strong basic protoning agent, and then

15 the metallocene adduct is formed by adding a solid tramsition metal
compound, for example ZrCl, or TiCl,, under more moderate reaction
conditions . The adduct is not needed to be separated and recrystallized, but
needed only by removing most of solvent to form an adduct slurry, then
adding an alkane to disperse the adduct slurry, which is then filtered and

20 dried to obtain the metallocene adduct.

The preparation process of the metallocene adduct provided according
to the invention comprises the steps of:

reacting the cyclopentadiene type of the metallocene ligand compound

with a basic agentin an ether as a solvent at -10C - 30C, preferably at -5~



(a). Preparation of cyclopeatadienyl lithium Being cooled in an ice-water
bath, a solution of 1d7 m of butyl lithium0.267 nol) in 2. SM hexane was
slowy dripped to a solution of 17.6 20 g(0.267 nol) of

cycl opent adi ene(avail able from Al drich Corp.) in 120nl tetrahydrofuran
_(TIiF) under stirring, after the drippingis finishedp dhes we5H14atea

m xture was continuously stirred for | hour, a white ﬂy rerBbtbiog Of
cycl opent adi enyl lithiumwas obtained. (b). Preparation of netall ocene
adduct : 12 Patents Form 14 dated 15 Septenber 2002 25.5g(0.134 nol) of

TiCQ, was addedtsltomhYa fi@akHGuli SSUlEARIn SOl b ARePllighlQ £IGLOPRRAH LR
I|th|un1sa|d above at -78 C . After the dripping was finished, the reaction

m Xture was iAndd Muous) Yenst Igreaeﬂanow@mhwtotatmboomtevrsperﬁwr:% (& ilafde Ted
nmuddy sol ution was then obtained. The solvent was 5 renoved out, the

remai nder wagediifReH S o Wiph o d 20 witli10f end ptﬁE{aQIoQ:UmenbeBeWgt hfotrnl%dbolllé ng
range of 60 - 90~, then flltered and dried. Eventually) 48.°8 g of reddi sh-

orange sol i d S i c i st f
0r anae 301 L BRI IR VS OUAA Tl Y AR BIALRCLES! SUAGPORMOT

Dy TN SRR TR by TUF L HACAAR EAALREL 3G SRR 10

w % th | 3, % t]t
Exanpl e 2 110k Sufal Pt all ke S ?Sg?r"’oﬂtp}e‘ﬁ RN AR e

di chl oride ~ hy r | fhium 0 n A L0

Cp=2Zr Cl ~ &QﬁggﬁcngIQ théﬁ"?' efaﬁl PhéggF y%ngo g@c gbgﬁ?ad“%nyl
lithium Bel ice- er. bat I on butyI
i thiun(0. 11 f%?‘?e St gpltd 3 s C\Nr& 5 85“%"‘0 oy % utl on oCt

20 ¢(0.118 nol ), of ycIo en adi enc i.n_80 THF Wi th tirricn

dri ppi ng was fi n| sllﬁlu elpﬁ E' s tzfﬁflu ESXF{JJM CM P& tsdluh uou § |rre€i[;{1or 1
hour , nuddy sol uti of ¢ clop nta i.eny I| hi um wa t obt aj ned.
(b). Pr epar a‘{a‘? or?dofcoPr’é)t " océ%’é‘pé}o/fﬁﬂct 9 5§e ( 50 o °)p§ Q@%) \Aqus
added slovvly to the gbovesaid,solufion 13 tents 4 a

Sept enber 2 (féi”afmtﬁ'sue ceﬁ? dpseur?thaﬁ? ghﬂﬂref'f (hril'J écli: q &gl’l pap'}dng
was fini Sheqi[erhha l\;eess tanit ay urrtE yvac%mcqu]te llilglillsrl XloStl 1t|9t\{: rnrloggg‘ at
room t enper at ur e "ﬁIOM/nu Gy SRS SnEwas™then” o ai ned>’ 969 of

n
1]

e}

t he sol vent b

pre?erabl} cyclopentadiene or mono-substituted cyclopentadiene; the
substituted group is selected from the group counsisting of C,~ C,, alkyl,
15 alkoxy, silyl, aryl or aralkoxyl, preferrably, C,~ C,,alkyl ; more preferably,
said cyclopentadiene type compound is cyclopentadiene, methyl-
cyclopentadiene or butyl- cyclopentadiene. Said substituted cyclopentadiene
is prepared by a well known process, for example, by a process through the
reaction of an alkane halide with an excess amount of cyclopentadiene under
20 the co“udition of phase-transfer catalysis.
Said ether solvent is an ether or cyclic ether having a general formula
RXR’, where R and R’ may be t!\c same or different which are C, - C4 alkyl,

X is oxygen; preferably, the ether is diethylether or tetrabydrofuran, more

preferably tetrahydrofuran.



removed out, the remainder was dispersed with 80 ml of the petrol eum et her,
5 then filtered and dried. Eventually, 15.5 g of white solid powder adduct
“was obtai ned. The zirconiumcontent of the adduct was 19.42 w % the
reaction yield was 57.5 wt % based on the zirconiumcontent. Exanple 3 In
.this exanple, the netall ocene adduct of bis(nethyl-cycl opentadienyl) (O
titani umdichloride ~ tetrahydrofuran - |i%thium chl o%\ta%t%gwm 4tci%éed
expression) (MeCp)= TiCl~ ~ TIiF - 2Lid was prepar el SERFE™: &B% ati on oC
met hyl - cycl opentadi enyl lithium Being cooled in an ice-water bath, a
solution of 15.2nl, of butyl lithiun(0.Q038 nol) in 2.§M,hexane was sl ow
dripped to the s |au{ ibaﬁ'°0¥gef5 lg.adgﬁ a4y cﬁﬁ‘lp)ouﬂfj of alkali metal or alkali eart

met hyl cycl opent adi ene(Al drich Corp.). in 50m TIFF. After the dripping was
fini shed, the™etdul REEIEr Hilxt at'@'wglé Wont P hudas | Htdepn r @ast drreferdly  buytyl

white nuddy sol ution of nethyl-cycl opentadieayl |ithiumwas then obtained.
(b). PreparatfitHust netal | ocene adduct: 20 3.6g(0.019 mol) of TiC, was
added slowy to the resultant solution of methyl-cyclopentadienyl |ithium

sai d above at -28u saidfmpetal iclo@ RviosoMQovids Mohpt it &R i he ny exngl e bptemmants ur e
was continuously stirred overnight at roomtenperature, a dark- yellow
muddy sol u?i offlt&tedt herm obratmeblV Boobs e PreiogoTabht afaf!tmemised Ghtrablhe
remai nder was dispersed with 50 ml of the 14 Patents Foxm 14 dated 16
Sept enber 2002 rpetingt enrtitenhen, marerr ref ¢ tadledirgndidpi Qdis IBJeptuditeferaglys g
of yellow solid powder adduct was obtained. The titaniumcontent of the
adduct was 8.9dowinedy the reaction yield was 85.0 wt % based on the
titaniumcontent. Exanple 4 5 In this exanple, the netall ocene adduct of

bi s( et hyl - cycl ofeid adkenylij szleac¢ohifuemdCehl©n.iadkane t atrefdnpdit o Gup afroleum

i thium chloride having the expression, (MeCp)TZrCl = ~ THF ~ 2Li C1 was
prepared. (a)etherepithatli o odlin gretamglecyC |68 pehd Bdi Blirey lalkdnehiiym osBep rede wrddl ed
in an ice-water bath, a solution of 51.5m of butyl 10 Iithiunm(0.0824 nol)
in 1.6M hékansddesiskovnyowrt phéd thtianesod luthieore lafn 6o Sthg(0d D824 wmly)  of

mat hyl - cycl opent adi ene in 90nil THF. After dripping vas finished, the
resul tant m xtur&bwasicormticruouzliytest i ptsed for 4 hourlysa nidskemhi fe& middy

sol uti on oC net hyl cycl opentadi enyl lithiumwas then obtained. (b).
Prepar ati on ofomep alylnoodneti e duc ko p 45 née rigy (@ Op 120 kphin)s, of hiZh omprises|tonl y
dripped to the resultant solution of nethylcycl opentadienyi |ithiumsaid

above at -78 abovepfidemq¢thtodet ppiddg chvees eomplretcathlysheo megulenbne o di e Uryd
was continuously stirred overnight at roomtenperature, a yellow nuddy
sol ution was zlMericebtat nedhe 70%tafe phansgkybatu mips m etibly ate thyt 2lumipgxane

remai nder was dispersed with 90 ml of the
15 as a cocatalys't, wherein the usage ratio of the cocatalyst to the main catalyst

is in the range of S0~ 1000 based on the molar ratio of Al/M, preferably

100 ~ 500, more preferably 50 ~ 100.
A main advantage of the invention is that the provided metallocene
adduct need not be separated, but can directly be used into the catalyst
20 system for the homopolymerization or copolymerization of olefins,
especially for the homopolymerization of ethene or copolymerization of
ethene with other «a -olefins. In the polymerization process, the
bomopolymerization or copolymerization of olefins is carried out by using

the metallocene adduct provided according to the invention as a main



20 petroleumether, they filtered and dried. Eventually, 7.8 g of yellow
solid powder adduct was obtained. The zirconium content of the adduct was
-20.40 Wt % the reaction yield was 42.5 w % based on the zirconium
content. Exanple 5 In this exanple) the netall ocene adduct of

~ bi s(butyl -cycl opent adi enyl) 15 Patent syg-orm 14 dat edpt8,SeRLANME 4282
titaniumdichloride ~ tetrahydrofuran ~ Iithiun1ch|orid% b
expression, (BuCp)=Ti~'t, ~ THF ~ 2Li Cl was prepared. (a). Preparation of
but yl cycl opent adi enyl lithium Being cooled in an ice-water bath, a

sol ution of bikabyek QfonttinkheS ddd hindtlyd. h2EmDd YanleN o2. M dipxare wergxghow y
dripped to a solution of 15.4 g(0.126 nol) of butyl-cycl opent adi ene(

manuf act ur eda km BP)a ol d mle@PPIL a i d¥xall e Sk £ feir BBy AL GechhRIGRIiIRPING YRS
f.inished, the resultant m xture was continuously 'stirred for 1 hour, a
white muddy s@laihiyaR uQfacPUolili GYE! OPATIAPI BNYLidg TV LIDNES: APl i@leade ¢
(b). Preparation of netall ocene adduct: 12.0g(0.063 nol) of TiC, was added

slowly to the Jefll, 1PN 50141y PY Y XL‘s‘éVc‘%‘thPQF :ﬁdJnee“X{ ehd ERWIME /49

above at -78C. After the dripping s conpl eted, e resultant m xture was

continuousl Yt L{{ 0¥k iggggbfotgpﬁf’%e'ﬂﬁl FALHM & . ofe I e gsﬁcmdtﬂyﬁem

sol uti on was then obtal ne sol vent was renoved out,

e ner v, gpcr SAYILL 00l G ARHO ST St AT, [ Lot e

and dried. Evéntudlly, uct was’ obt al ned.

The L1 Lani umh sRBbEN i h 05, 3d9UchiBs 910D Wopdiy . {RRELIQN JfLBLY e

81.0 wt % base e titanium content. e n this exanp t he

met al | ocene f. i | -cycl ppent.adi enyl zirconi um di chl oride
~t et r ahydr of ﬁ?eggpﬁl?heltﬁﬁgwyfueyrhaé\zioﬁéhflg'e formula: (BuCp)~zrCl, ~ THF ~

2Li 0l vas prepangd: oS, FLSRAL 24100, O BbK!  Skelonentadient i ol 4on

16 Patents Fonn ept e cooled-in an | ce-wate

bath, a lutio 6.1 of butyl [|ithiunf0.090 LY in,2.5M hexane was
T oty and ot f8 T O b ok dalisd Bk G502 Ra W dy b1 fPNEDGER WebES,
in 100mL THFle}’irFyh stirri NG After the

polymeri ou process or gas phase polymerization process. The
solvent used in the solution polymerization or slurry polymerization may be
an aromatic or an aliphatic hydrocarbon, for example, toluene or hexane
and so on.

15 We have also found that when the metallocene adduct with nonbridge-
linked dibutyl cyclopentadiene as a ligand, after having been supported, is
used in catalytic polymerization of ethene, the usage amount of the methyl
aluminoxane(MAQ) is less, even the ratio of Al/Zr is iz the range of about
50 -~ 100, the catalytic activity is still close to 10'g PE/mel Zr. This

20 demonstrates that the three-constituent metallocene adduct using the non-
bridge-linked dibutyl cyclopentadiene as a ligand has significant and
practical applicability in the regard with decreasing the cost of the catalyst.

The metallocene adduct provided according to the present invention has

much higher stability than that according to the prior art, which can be



dri pping was finished) the resultant m xture was continuously stirred for
5 hour, a white nmuddy solution of butyl-cycl opentadi enyl |ithiumwas then
(b). Preparation of netall ocene adduct: 10.7g(0.045 nol) of zZrd,
was added slowy to the resultant solution of butyl-cycl opentadienyl

obt ai ned.

lithiumsaid above at -78' C . After thejdripping was LQiefPreitds ddita

resul t ant

yel | ow muddy sol uti on was then obtained. 90% of the sol ven
out, the remai nder was dispersed with 100 ml of the petrol eum ether,

m xture was continuously stirred overnight afg Shpesature, a

was renoved

t hen

filtered andxmeseddto Evenétiatderhl hQuirs @roftotédid ayeitk oyenpownblespizeki @ ragdduct

was obt ai ned. The zirconium content of the adduct was 9.05 wt 15 % the

reacti on yi 6o pasiodlod tiheYThaspeeatide gidceoniotimacondanict iExanpl snd | 0

this exanp

| e, the metall ocene adduct of bis(butyl-cycl opentadi enyl

zirconi um deedn it dle ir cfe@bNyh ol a hoddtadinceRd Qidud e dYE OFid1ACof ¢he
(BuCp)=z2rd | ~ EtlO.~ 2Li Cl was prepared. 30 (a). Preparation

expr essi on,

of butyl cychepandtadh taiydd hiat i eUsWer_902B3aitNGo GOR €k ainip 12N wihe£-th ¥ aldaiu c P D,

solution of 49.8ml of butyl Iithiun(0.125 nDI) in 2.5M hexane was sIomAy

dripped o
200mL di et

pr&ireti N aOtiltdgrat 9€eldPe PPIckicd cdbY lcot)ptt QREWI RN HRNG th O
hyl ethcr with stirring. After the dri pping was finished) the

a

resul tant niedddidh HRAIEANLIBHYReYreacdot, PRE SRL seanfom detn a4 Bk o168 2 pRRYE £1TDET
2002 stirred for 1 hour, a white nuddy sol ution of butyl-cycl opentadi enyl

l'i thi um wasp¢ bene Qbteal %Eﬁle {MMe I EPRL AL Q0 Ofer BEALIOGENS RADUAL facket,

14. 45¢g(0. 062 nol ) of Zr
but yl - cycf opgntegei @t b iolrhyi

t he resul tant nlx?ure was contlnuously stirred overnlght at

was added slowly to the resultant solution of
8152 & vAReV.Ea it (il Gaaué¥ bBlaih @ el P NP, WAS

conpl et ed) room
tenperat ur edea r¥edd QWdpEIFY; 0l 08y WRSa & BEMRYy QxQE@-' zﬂeQre 89 }f ¢ 6N8 1§94 vent
was renoved out, the renminder was di spersed Wth he petrol eum

ether, fthen, 3Hhhgﬁ§gkgpd dried. Eventually, 20.8 g of Ilght yel low solid 10
pomder adduct was obtai ned. The zirconium content of the adduct was 15.5 %

the reaction yhs drow‘v.ﬁé eQaMpl‘%/Q Qﬁé?ﬂe% M‘@ ﬁth‘?Qw LM EQNE BlY ¢e X3Pl € 8
In this exanple, the netall ocene adduct of s(butyl -cycl opent adi enyl

zi rconi um d:i&ch'r@fd«d@o th el A 0 L @ blut h.'
15 (BuCp)=ZrCl, : THF - 2LiCl was prepared

15

20

l*_,xample 1

In this example, the adduct of dicyclopentadienyl titanium
dichloride - tetrahydrofurao - lithium chloride having the expression,
CplTi‘Clz - THF - 2LiCl was prepared.

(a). Preparation of cyclopentadienyl lithium:

Being cooled inm an ice-water bath, a solution of 107 ml of butyl
lithium(0.267 mol) in 2.5M hexane was slowly dripped to a solution of 17.6
£(0.267 mol) of cyclopentadiene(available from Aldrich Corp.) in 120ml
tetrabhydrofuran (THF) under stirring, after the dripping is finished, the
resultant mixture was continuously stirred for 1 hour, a white muddy
solution of cyclopentadienyl lithium was obtained.

(b). Preparation of metallocene adduct;

ovm.&nl&rud‘a naviiag. the formul a,



(a). Preparation of butyl-cyclopentadienyt |lithium Being cooled in an

i ce-water bath, a solution 32.9nl of butyl lithiun(0.082 nol) in 2.5M
hexaae was slowy dripped to a solution of 10.0 g(0.082 nol) of

butyl -cycl opentadi ene in 100mL THF with stirring. After the 20 dripping was
finished the resultant mxture was contiyuously sti pLeshtf Ford TMOHEteda White
muddy sol uti on of butyl-cycl opentadi enyl 1ithium vva§6t§é§f@mgajomgd. (b).
Preparation of netall ocene adduct: 9.75g(0.041 nol) of ZrCl, was added
slowy at 10~ to the resultant 18 Patents Foztn 14 dated 16 Septenber
2002 sol ution of2h6t¢d.12yaldpentlatl enyb aldidtdisbnwisaiedteebossa itanAfsbbrti¢he
dripping was conpl eted, the resultant m xture was continuously stirred
overni ght at theomctarquapdtemye,lithiyel Jadw shoddyatseol L€ L oxfteasht hiatp pintgaivaed.
90% of the solvent was renoved out) the renmainder as slurry was di spersed
with 100 ml Fidbbehetipeteoltmummektvae, wiheon fibhéenedtandd diveedighEvanidwahl y)
18.0 g of light yellow powder solid adduct was obtained. The zirconium
content of thempdeiatre\ndatB- Pl i dUy sbhaideaat iodn ybelide yvash Odol10eid wiG
based on the zirconiumcontent. Exanple 9 10 In this exanple) the high
pressure pol yeriivZalu@Ntid r&h NiQRRr Was Gidp édsed vaul 1Ry wisbng plebaipeihadthoeene
adduct prepared according to the invention as the main catal yst and

met hyl al um nevianen ¢ VDo @5a ko COC AR Sthenlrilth el a 0f dSicai mves6uAlgeails. s
reactor was evacuated and purged with a highly pure nitrogen for three
times, then gtdrenAdgas &y GRAAILEw d & 54Ot Wik dBtapRtyMeri zation of ethene
was carried out by using toluene as the solvent, with a ratio of the

net al | ocene adducdb ¥ uiet byt ks expdas( VAQ U, avaitablad romel keganbl e
Corp. US) was' about 50D. The reaction conditions included ethene pressure

0. 7MPa, tenpebaéiied ialtie ad et st tu Vel PG kln &PBy "HANMAR, 804 {ahBigh paChEON
time 1 hour. The product was 20 discharged after the reaction was stopped,

the pol ymeri zakhAim preadect tMnSthQre&jcmcttardeeﬁ’l\ﬁittlladabbyac:[ﬁ:u&tﬁteh)’toﬁﬁl'i@@hO' :
then the resultant precipitate was washed, dried and wei ghed, and the

activity of whgsBtabhieaneisaddust e MRSmCA@CPUL BEGast NI &BUYL ShaN@aSHOMN 1N
Table 1. 25 Exanple 10
yield was 83.0 wt % based on the titanium content.
Example 2
In this example, the adduct of dicyclopentadienyl zirconium
15 dichloride - t‘ctralxydrofuran - lithium chloride baving the expression,
Cp,ZrCl, - THF - 2LiCl was prepared.
(a). Preparation of cyclopentadienyl lithium:
Being cooled in an ice-water bath, the solution of 47.3ml of butyl
lithium(0.118 mol) in 2.5M hexane was slowly dripped to a solution of 7.8
20 g(0.118 mol) of cyclopentadiene in 80ml THF with stirring. After the
dripping was finished, the resultant mixture was continuously stirred for 1
hour, a white muddy solution of cyclopentadienyl lithium was then obtained.
(b). Preparation of metallocene adduct:

14.03¢g (0.059 mol) of ZrCl, was added slowly to the abovesaid solution



19 Patents Form 14 dated 16 Septenber 2002 In this exanple, a slurry
honmopol yneri zati on process of ethene was carried out wwth the netall ocene
" adduct according to the present invention) (BuCp), ZrCl=~THF~2LiCl as a main
catal yst and nethyl alum noxane as a cocatalyst in a 2 liter - autoclave
_reactor, after the adduct was supporte;\‘.l3 In the 2 liter - _stainless_steel
reactor) after the reactor being evacuated and S pFeER¥sWm ¥ Keted y pure
aitrogen far three tines, the ethene gas was fill ed6 prpteHeTVAY2 sed as a
solvent) the reaction was carried out at an AUZr nolar ratio of 150 under
condi tions Ay at j 1 (A ' e[, t he
SC Pe %Wﬂggﬁtﬁﬁdgg%ﬁ N E?W?E..Hﬁ@rv&r&i@eﬁlg (vakrl'gul_sﬁ‘lg% [el%ehanol |

reaction was finishe ol ynmer was precipitate tth an aci

of the met o asans BHIELEWE' Golffl kRS il Gl {CLEIF L b PP 11

exanpl e, a slunry. I I zati.on progess . eng ,and .1- hexene was
carried out§tl{ghtthyetqﬁo§9rrné{§{yl f)ogéhéma‘ga uc ena?:tg{)a'r'g%&r}g '?8 /Ifqﬁé]tgfesgemnt was

i nventi on, '(e%l’,locpe)dZOZ&tth 're%]_la%n:_:{ieg \él‘slzaqmgarsségtwgyx @Ocn?ltt?ll Cseg;l),e?}rr]glfegﬁ,p

I
al um noxane as a cocatalys ave rea & 15

adduct ves qupnarLed, 11 d0e 2 .M, feaator. . Mexane yas, used as, @ splvent,

and the Teaction Wwas carri 90" Un

conditions qgf, pressyre 1.0 MPa and te ratyre 85' ith stirring. After
Che react’ of VBESTs HF €Al P <F Bl PARE arducer*add H Hreut uFfissoha
wei ghed. Theﬁggti vinst7y oCt pe netal | opcene adduct is 5.0 x10' gPE/ nol Zr.
Table 1 Ex.V'ROT WS CACH PP B9 B 8ot €92 S hi gh pressure of
nmerization of %t henpﬁlgp:Ti Cft ~ THF ~ 2Li d MAG3. 0 x 105g PE nol

Ti . hrCp~zrd ~ ~*FMH*~ 2Li CIMAD. 8 X 1059 PE/ ol Zr.hr (MCp) ~Ti Gl = ~ THF ~

2Li G MAOL. 5 x 105¢g. PElnol Ti. hr4 lzrCll ' T ' Li CIMACB. 6 x.10

PE/ ol Zr . hr 5( é&éﬁ)sﬁ’i"m'%«“ﬂ%ﬁe&‘@%&ﬂﬁ cigo(bishms! %"1“""““‘)‘&“*”?9
Ti.hr6 ., ZrCl ~ ~ THE ~ 2Li C MAO7. 6 x 105g PE/ nol Zr. hr7(Bu =ZrC's

£ -0 S B P i 1 Gt ige s a8 ( o ditigpo Be e g CE s, 6
X 10" PE/mol_ Zr. hr 20 Pgtfnts.For m 14,§Ft ed 16 Septenber 2002 dains: 1.
A et al | ocet® &84BT U6h& sTiHe L RS MGeeH&PBbNbpound, an ether and a

nmet al hal i de, erein said a has a conposition . of the general formula

duct 0
as fol l ows: Cp¢ 'EPF?SCTQ"‘“L°ﬁM°@Q-}”~'°W8Pé“'€6"e‘W§ LRI | ocene 1i gand

sel ected froma non-bridge-1inked type of dicycl opentadj ene-deriyvatiyv
group; said cygleb'iﬁ pcé’r?t'%fgi'éné‘Pdécr‘ﬁ'VéF“lrvg’aéPb sé’g ?Ts%}s lg‘zm? of ButyF

gorupin ¢ RBGR Ha e T vesUahE e e dr Y BRI s B One
O e P U692l S YU St SRR o Vb B
Peri od Tabl!@ft?:fr the dripping was finished, the resultant mixture was continuously
stirred for 1 hour, a white muddy solution of methyl-cyclopentadienyl
lithium was then obtained.
(b). Preparation of metallocene adduct:
20 3.62(0.019 mol) of TiCl, was added slowly to the resultant solution of
methyl-cyclopentadieny! lithium said above at -28C ., After the dripping was
completed, the resultant mixture was continuously stirred overnight at room

temperature, a dark- yellow muddy solution was then obtained. 90% of the

solvent was removed out, the remainder was dispersed with 50 ml of the



El ements; Qis selected fromhalogen; is RXR is ether or cyclic ether, R
and R may be the sane or different which is selected fromalkyl of C -

C6, X is oxygen ; M is selected fromalkali netal or alkali earth netal; a
=1 or 2, when the M is alkali netal, n = 2; when the M is alkali earth
~nmetal, n=1. .20 2. The adduct according to claim1l, wherein in said
general formula: Cp' is selected fromdi cyt4 opcnt adi eayénter Famslbsiatedit ed

di cycl opent adi enyl, the substituent may be the sane ae Shptémreen2Q02whi ch is
selected fromC, - C' alkyl; Mis selected from Zirconium or Titanium _
21 Patents Form 14 dated 16 Septenber 2002 Qis chlorine; RXR is selected

fromtetrahydrfe s iRRmOE cdiret b €h1b&ed Ma 'd$|e|d' télléﬁf(hany =82 g% By ilew adguct
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ether with boiling range of and then flﬁ'ered and
white muddy solution of methylcyclopentadienyl lithium was then obtained.

(b). Preparation of metallocene adduct:

15 6.0g(0.0312 mol) of ZrCl, was slowly dripped to the resultant solution
of methylcyclopentadienyl lithium said above at -78C. After the dripping
was completed, the resultant mixture was continuously stirred overnight at
room temperature, a yellow muddy solution was then obtained. 70% of the
solvent was removed out , the remainder was dispersed with 90 ml of the

20 petroleum ether, then filtered and dried. Eventually, 7.8 g of yellow solid
powder adduct was obtained. The zirconium content of the adduct was 20.40
wt %, the reaction yield was 42.5 wt % based on the zirconium content.

Example 5

In this example, the metaliocene adduct of bis(butyl-cyclopentadienyl)



10 10.. A catal yst system Cor the honopol yneri zation or copol ynerization of
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10SM 10%&' () - S#10%& ()) - M 100& () -"100@& ()-y: | 109& ()- | 23mi00& ()
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obtained.
(b). Preparation of metallocene adduct:
10.7¢(0.045 mol) of ZrCl, was added slowly to the resultant solution_ of
butyl-cyclopentadieny!l lithium said above at -78C . After the dripping was
10 completed, the resultant mixture was continuously stirred overnight at room
temperature, a yellow muddy solution was then obtained, 90% of the solvent
was removed out, the remainder was dispersed with 100 ml of the petroleum
ether, then filtered and dried. Eventually, 19.5 g of light yellow powder
solid adduct was obtained. The zirconium content of (he adduct was 9.05 wt
1S %, the reaction yield was 81.0 wt % based on the zirconium content.
Example 7
In this example, the metallocene adduct of bis(butyl-cyclopentadienyl
zirconium dichloride - diethylether - lithium chloride having the expression,
(BuCp),ZrCl, - Et;O - 2LiCl was prepared,
20 (a). Preparation of butylcyclopentadienyl lithium:
Being cooled in an ice;\vatcr bath, a solution c‘)f 49.8ml of butyl
lithium(0.125 mol) in 2.5M hexane was slowly dripped to a solution of 15.2
g(0.125 mol) of butyl-cyclopentadiene in 200m! diethylether with stirring.

After the dripping was finished, the resultant mixture was continuously
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10%})52.‘ lcl)eparatlgnloof rneta[locene adduct:

14.45¢(0.062 mol)of ZrCl, was added slowly to the resultant solution of
butyl-cyclopentadieny! lithium said above at -78C. After the dripping was
completed, the resultant mixture was continuously stirred overnight at room
temperature, a yellow muddy solution was then obtained. 80% of the solvent
was removed out, the remainder was dispersed with 200 ml of the petroleum
ether, then filtered and dried. Eventually, 20.8 g of light yellow solid
powder adduct was obtained. The zirconium content of the adduct was 15.5
%, the reaction yield was 57.0 wt % based on the zirconium content.

Example 8

In this example, the metallocene adduct of bis(butyl-cyclopentadienyl
zirconium dichioride “tetrahydrofuran ‘lithium chloride having the formula,
(BuCp),ZrCl, : THF - 2LiCl was prepared.

(a). Preparation of butyl-cyclopentadienyl lithium;

Being cooled in an ice-water bath, a solution 32.9ml of butyl
lithium(0.082 mol) in 2.5M hexane was slowly dripped to a solution of 10.0
£(0.082 mol) of butyl-cyclopentadiene in 100m! THF with stirring. After the
dripping was finished, the resultant mixture was continuously stirred for 1
hour, a white muddy solution of butyl-cyclopentadienyl lithium was then
obtained.

(b). Preparation of metallocene adduct:

9.75g(0.041 mol) of ZrCl, was added slowly at 10T to the resultant

s 110% & ()-!110% & ()-!10% & ()-'c' " L IP% & () -
-,/ @10% & ()-L-110% & ()- F+& 10%&' %%%ﬁﬂg‘p 2)5)6)7) )

“110%
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yellow powder solid adduct was obtained. The zircomium content of the
adduct was 18.23 wt %, the reaction yield was 91.0 wt % based on the
zirconium content.
Example 9
10 In this example, the high pressure polymerization of ethene was carried
out by using the metallocene adduct prepared accordiug to the invention as
the main catalyst and methylaluminoxane (MAQO) as the cocatalyst.
1 liter of stainless steel reactor was evacuated and purged with a highly
pure nitrogen for three times, then ethene gas was charged. A solutiona
15 polymerizatiod of ethene was carried out by using toluene as the solvent,
with a ratio of the metallocene adduct to methylaluminoxane (MAO)
( available from Albemarble Corp. US) was' about 500. The reaction
conditions included ethene pressure 0.7MPa, temperature 50T, stirring
velocity 250 r.p.m., aud the reaction time 1 hour. The product was
20 discharged after the reaction was stopped, the polymerization product was
precipitated with an acidic ethyl alcohol, then the resultant precipitate was

washed, dried and weighed, and the activity of the metallocene adduct was

calculated, the results are shown in Table 1.

25 Example 10

10



105 105 105, 6: ! 109%& ()- 4410%& ()-, 2:!10%& () - uCCPDDDSEEJE_@ 10

11'SI 109 ()-L: ! 109& ()-Y 109& ()- @ 109%&' ()-F 10% ()- @

109%& () - EEE&Fi FSFFb@ @ 10 1!! 9! #109& ()- 9! #10%& ()-3Y10%& ()-s@

109%& ()-910%& () - F! 109%& () - FGKGSAE H HaB_@ 10

111 0& 109%& ()-y. @10%& ()-, & 109%& ()-*310%& ()-! ' 10%iu& ()-' 109%& ()- | HHHI
I11:11_@10 1'Y 10%& ()-!s@0%: & ()- 10190 10610%Rb4tents Form 14 dated

109%& ()-29! 109& ()-11JaJJ2KgKaB_ @ 10 1! S10%& () -f 108@epherbbr'20026 & ()-y&
1098 ()-y 109 ()-y 10%&' ()- qKKELXLLL- M~ <_ @10 1!!L$#109%&' ()-3 "

109 ()-3 ! 109 ‘é) -, GLO9& ()-! “"109& ()-! "109%& ()--M MVLN} NNOOMI3_@ 1!
S21 109& () - ! SAm1tgexpmele, slarry dgmenolymgrization grocess ol qtapnq (yagcqryied out withthe
L$#10%&' ()-90 O O<CgOOCEPPUV7 1ls 10%&' ()-1 109%& ()-f 109%& ()-°

10%&' () - ! X, @egdpoge @iduct gecppling pPthe ropsexty iRgmtiogy (BuCp),ZrCl, THF2LICl as a main

11 f 1098 ()-!1 #10%& ()-ymlO%& ()-s10%& ()-!109%& ()-y" 109%& () -/ RIRRR6S~SSAEUV
7

catalyst and methyl aluminoxane as a cocatalyst in a 2 liter — autoclave reactor, after the adduct
was supported. In the 2 liter — stainless steel reactor, after thg reactor being evacuated and
5  purged with a highly pure nitrogen for three times, the ethene gas was filled, hexane was used as
a solvent, the reaction was carried out at an AUZr molar ratio of 150 under conditions of 0.8MPa
pressure, 70°C temperature with stirring. After the reaction was finished, the polymer was
precipitated with an acidic ethanol, then the resultant precipitate was washed, dried and weighed.

The activity of the metallocene adduct is 2.84x10" gPE/mol Zr.

10
Example 11

In this example, a slurry copolymerization process of ethene and I-hexene was carried out
with the metallocene adduct according to the preseat invention, (BuCp)2ZrCI2 . THF . 2LiCl as
a main catalyst and methyl aluminoxane as a cocatalyst in a 3.2 M’- autoclave reactor, after the
15 adduct was supported. In the 3.2 M’ reactor, hexane was used as a solvent, and the reaction was
carried out at an AVZr molar ratio of 80 under the conditions of pressure 1.0 MPa and
temperature 85°C with stirring. After the reaction was finished, the resultant product was

flashed, dried and weighed. The activity of the metallocene adduct is 5.0 x10” gPE/mol Zr.

Table 1

Ex. Main catalyst Co-catalyst [Activity of bigh pressure

No. polymerization of ethene
1} Cp,TiCl, - THF - 2LiCl MAO 3.0%10°¢g PE/mol Ti.hr
2 Cp,ZyCl, - THF - 2LiClI MAQ 0.8x10°g PE/mol Zr.hr
3 | (MCp),TiCl, - THF - 2LiCl MAO 1.5% 10°¢g PE/mol Ti.hr
4 (MCp),ZrCl, - THF - 2LiCl MAO 3.6 10°g PE/mol Zr.Lr
5 | (BuCp),TiCl, - THF - 2LiClI MAO 0.8x10°g PE/mol Ti.hr
6 |(BuCp),ZrCl, - THF ‘- 2LiCl MAO 7.6 % 10°g PE/mol Zr.hr
7 |(BuCp),ZrCl, E(,0 - 2LiCl MAO 1.5%10°¢ PE/mol Zr.hr
8 [(BuCp),ZrCl, - THF - 2LiCl MAO 6.8x10°¢ PE/mol Zr.hr
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cyclopentadiene- derivative gorup in the ligand may be the same or different,
10 which may contain one or more substituents selected from C,~ C,, alkyl,
alkoxy, silyl, aryl or aralkoxy groups.
M is onec of the elements selected from Group IVB of the Period Table of
Elements;
Q is selected from halogen;
15 RXR’ is ether or cyclic ether, R and R’ may be the same or different
which is selected from alkyl of C,~ C,, X is oxygen ;
M’ is selected from alkali metal or alkali earth metal;
n=1oar 2, when the M’ is alkali metal, n = 2; when the M’ is alkali earth
metal, n = 1.
20 2. The adduct according to claim 1, wherein in said general formula:
Cp’ is selected from dicyclopentadienyl or a  substituted
dicyclopcutadienyl, the substituent may be the same or different, which is
selected from C, -~ C,, alkyl;

M is selected from Zirconium or Titanium;
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Cp’ is selected from dicyclopentadienyl having a monosubstituent
selected from C,~ C,, alkyl;

M is selected from Zirconjum and Titanium;

Q is chlorine;

10 RXR’ is selected from tetrahydrofuraun;

M’ is lithium;

n= 2.

4. A process for preparing said adduct according to claim 1, comprising
the steps of reacting au nonbridge-linked type of dicyclopentadienyl ligand

15 compound with a basic agent in an ether as a solvent under -10 ~ 30T to
form a ligand aunion, reacting the ligand amion with a metal compound
having the general formula MQ,  at-78 ~ 30C, then removing out the solvent,
dispersing the remainder by adding an 2alkane, then filtering and drying; the
definitions of said M and Q are the same as those in claim 1.

20 5. The process according to claim 4, wherein the nonbridge-linked type
of dicyclopentadienyl compound is selected {rom cyclopentadiene or mono-
substituted cyclopentadiene of C, - C, alkyl.

6. The process according to claim 4, wherein said ether solvent is

selected from tetrahydrofuran or dicthylether.
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7. The process according to claim 4, wherein said basic agent is selected
from alkyl lithium.
8. The process according to claim 4, wherein said MQ, metal compound
is selected from TiCl, or ZrCl,.
5 9. The process according to claim 4, wherein 50 ~ 98% of the solvent are
removed out after the reaction is completed, then the remainder is dispersed
by adding an alkane which is selected from the group consisting of C;~ C,,
alkanes and a petroleum ether with boiling range of 60~ 90C, and then
filtered and dried.
10 10. A catalyst system for the homopolymerization 6r copolymerization
of olefins, comprising the metallocene adduct according to any one of
claims 1 to 3 as a maio catalyst compooent and methyl aluminoxane or a
mixture of a alkyl aluminum compound with methyl aluminoxane as a
cocatalyst, wherein the usage ratio of the cocatalyst to the main catalyst is
15 50 ~ 1000 based on the molar ratio of Al/M.
11. A catalyst system for the homopolymerization or copolymerization
of olefins according to claim 10, wherein the usage ratio of the cocatalyst to
the main catalyst is 5¢ -~ 500, based on the molar ratio of AI/M.

12. The catalyst system for = the bomopolymerization or

20 copolymerization of olefins according to claim 10, wherein the usage ratio of

the cocatalyst to the main catalyst is 50 ~ 200, based on the molar ratio of
Al/M,
13, The catalyst system for the homopolymerization or

copolymerization of olefins according to claim 10, wherein the usage ratio of
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15. The process according to claim 14, wherein said olefin is selected
from ethene or C;~ C, « -olefines.
10 16. The process according to claim 14, wherein said
homopolymerization of olefins is the polymerization of ethene and said
copolymerization of olifins is the copolymerization of ethene with an C,~

C, a-olefin .
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