e3e~~d $67 Technical Field The present i20&niarp 2088ates to a
rret hod“mmm N\ng an 5 ol efin honopol yner or an oI efl n copol yrrer Mor e
partic e i

present invention is concerned wt

produci ng =9 ef i n horopol ymer or an ol gfin copolyner fron1agmﬂmm"wwum
olefin and at | east one conononer copolynerizable therewith b

slurry polynerization in the presence of a 10 netal |l ocene cat al ystigsier
continuous slurry polyﬁg?kégtfgﬂ gﬁoﬁﬁa N ugNs gggggu§oggﬁ§§ pol ymeri zati on
using a netall ocene catal yst. Backgroun g conventional catalysts
for use in producing an ol efin honopol yner or an ol efin copol yner
(hereinafter, both of the honopol yner and copol yner are frequently,
coIIectlveI eferred sinply as "ol efin polymer"), there have been known
a tltanlun} 1€§€blyst conprising a titaniumcontaining 20 conpound
and an organoalun1nun1conpound a vanadi um cont ai ni ng catal yst conprising a
vanadi um cont ai niThg p@%gahdwﬁp@r@mm@n@m&w@m puaduging an
chromiumcontaining catalyst. In addition to these catalysts, as an olefin
pol yner % zavilef inahamppolymear orhas odeéinl gopedymprepddere gpat batlaxlys
"metal | ocene catal yst", which conprises a netall ocene conpound containing a
transi ti on timet presenthdaveatdonndencohaeraedewdthoaemethadatystipraducing
advant ageous not only in that it has a 29 January, 2003 2 high

pol yner i zatanowlaEiiny hioyopuilymesooirnahhalefiiancopolimeppoiymesn zol ¢ Hin Wr
copol yneri zation of an olefin is perfornmed in the presence of a netall ocene
catal yst , anhelefdanahd Atolldast aGite OtEfioMoMONDESDyIRe Fbxable StHEFéwWith

nol ecul ar weight 5 distribution or an ol efin copolyner having not only a
narrow nol egul gentehdblisdi Siurdyt plyiidiridlatd oh Ulnf O CQ@iseiRie ZaFi o
distribution (i.e., uniformdistribution with respect to the proportions of

differeot @RTRANDYer® EHEI1yEY ! So£086htiHILAS Bh&ArE9P Pl RiSriddtftas & so
been known that, when the above ol efin 10 pol ymer having such advant ageous

properti es gt it FBLE6uS ApnBE0hol k-0l idh PALYAE! il focene
excel l ent nechani cal properties, such as high stiffness, high inpact
reS|stance<ﬁggAﬂy§y1 envi ronent al - stress-cracking resistance (ESCR). A high
nol ecul ar wei ght” ol efin pol ymer having such excellent nechanical 15
properties is highly promsing as a nolding material for producing various
articles, such as bottles, pipes and filnms. Therefore, it has been desired

t d i ght ol efi | b '
2,5 Pauce gl s = veloht o i ve exampl es of processes for
| 20 | ef t f tall t al yst
Comuri 3o 5 1 ads BB SRAnadoRRbaY BRA=ndei uat B HERRPGIE W hefin
| wh ' [ f
Peatt) on SOPBRORGIon okt coiofif | FOBBLYREE ARE-RRED tefe. dBi GHf oYet n

polyner is od ed in_a dissolved forn1|n the S

so-cal | ed" e PBFTTF?%L\Y‘B%’F ﬁ?eef TF&EAYER acsgii §Ey¥82¥|’6%#?’§/r%d
process in which an olefin, ced articylate-form

Exanpl es oft °su€|§lrm91¥9 gﬁnuéﬁf ’ébo§° YE‘QFU cul Et‘ErPoP’Fﬁ‘ EE€Te S5 PAEPUR a
slurry polynerlzatlon rocess and a seous hase pol nerlzatlon r ocess.
The sol Uti Gt YRR SRTGOARA GRS Setkad B9 1% Yhean{HR-SRRERLRIRS of
the solution of the olyner bei n roduced is 5 considerabl |ncreased |n
accor d&fice SAMRPUNME an‘i’c P@aQEgPH°gﬁBmﬁBF@cﬁP§P°R@P‘gh?‘ wWoagkh 'X‘b

that it is difficult to produce a p mer having a high nnlecular melght :
Ther ef or e, GRHEH TSt | SORRILSRG: 02 p V&d{?églﬁ"?ﬁ%fhtm%%%l SOMBAYRG  BPdf | @0
pol ymer by perfornlng an olefin polynerlzatlon in the presence of a 10

net al | ocen®@RGANRaAqMinym jconpound,,3nd @ Shrgplummeertaining- ¢k ¥she

pol ymeri zation process. On the other hand, netallocene catalfsts tend to
pose the foll ow g pAdbrdan 4 Fhear | Qntey Tha alPysan gdeddn polunerbzatian
especially high polynerization activity at the initial stage of 15 the

pol ymer i zatdakralyRter efthere whas a regen il erkeent apyeposedusad $so-ealled
particul ate-formtype pol ynerization process, a vigorous polynerization
reacti @@ olmetallpcére igittalatstst,aybich cohappdisgsen matadhocand, corpeandt he
heat of polynerization is vigorously generated. The rate of heat generation
beconmes hi gleertaining a transition metal. It has been known that a

metallocene catalyst is advantageous not only in that it has a



20 than the rate at which heat is renoved fromthe rgaghn 803k m

Therefore, local high tenperature portions (heat spofs) are formed in the
particul at e pol yner bei ng produced, and the tenperature of such heat spots
increases to a tenperature which is the ?arre as or higher than the nelting
tenperature of the polynmer. 25 The resul tant nolten polynmer particles fuse
with each other, thereby producing indefinite fornms of polyner. Wen such

i ndef i ni tehigxﬁlﬂgggé ROLVRE18h het ﬁezhl;'yn @ueorﬁiwpmr @rat) ALY +AQ03 4

pol yneri zat a plpe or ot means for w aw ng a produced

pol ymer fr j js.cl i i [ Nk fo f | yaer,
S0 that i 1PonapBERELLEE ghiot CRgit it da iy 863 BusBavt L besoh et

pol ymeri zes_through the pipe, thu maki ng it i npossi bl e to .continuously
ot T or m ¢ hen 1S HEPesREel RE it Rt ShesnysRatBers ahf S Amraic s
cannot be contifu]g) sly erfoirred tPle iffi ci ency of th%?g%c ss is | ow and,
hence, it #8 dP+efiR| (hPBOBPL¥PRLe PAYIBHOCBssPBRTI™ o arsc yed ghto
Meanwhi l e, it has been attenpted to synthesize an excellent catal yst which
is ef fécti $&SEBIPUBLIORNGTt RE A ERRGIELHRAVENY BAE PBLY0As NAEERYdS
have been proposed for synthesizing such excellent netall ocene catal ysts.
However , t%@lﬁﬁﬁbég@t?%mﬁ?épug&ﬁ@%@i 21 5@ anenbf o BB Gepdamenizasieave a
problemin 15 that the reproducibility of the polynerization behavi or of

t he cat al ydistphbuttoneflii ¢ .posmiform distrihutidn swhtharespeat tat &hest

i s synthesized by the same nethod, not only the polynerization activity of
t he cat al ypropbdrhionrg afidiffevenhaanipdnent ménomer sinidisnedns bl tiying the
suppress the above-nentioned 20 problem (i.e., the occurrence of indefinite
forns of pobporyperhandes hmseralsa eenhknowhathat, ivheynthestxee olefin
Therefore, it has been strongly desired to develop a particulate-formtype
pol ynetad zapobymer deesing suchr advanhggaous|mfopepol ¢srdras athidgh molecular
advant ageous in that, even when such a conventional netall ocene 25 catal yst
i s enpl oyedeight, preibd e dfime melymernextofbiitadefextdld €t ninechapdlcpier
can be reliably and surely solved, thus enabling continuous production of
an ol efi n ppbperties, asuchnzs chigh sselffnes9 hiiaghiampadd G 3 dHadenande of
the Invention The present invention relates to a nmethod for producing an

ol efi n honnpghyenkiebmen tallelsitieser@natiiniy a8 Sl taedé N(ESCRN. ol &f hagand a
conmononer copol ynerizable therewith by continuous ~i 5 slurry

pol ymeri Zaﬂ\bﬂécﬁlaﬁwigw&i&%@pﬂiﬂméhmm ¥{iBhi €RééDlehf ridthapieaance
of a netallocene catal yst, wherein the catalyst is contacted with hydrogen

gas pri®r bPopesPekUEhigALY P13 flaslathd 1aiRg hatAnAEr F48/prdduang
catal yst or a copolynerization of said olefin and said 10 conononmer inthe

pol ynmeri zegaPYodsi dreftfey Stsudk Lkt es!, h?;ﬁégsﬁ@é £IMRE! | @hedrdfore,
concerned with a nmethod for producing an olefin polyner conprising (1)

providing atPRh¥MBEbACHes2PdA( 2b brdanker bl Rd ghhmolaldinast wdlldht! RAefin
pol ymeri zer while continuously feeding the oléefin or continuously feeding

the 15 ol eppiyRBE bpeaCHPBBRYE' uisihg bNhekhiBRENECCatldd ydier eby effect a
honopol yneri zati on of the olefin or a copol ynerization of the olefin and

Compr Srng R EBLORUFLERTN LIRS SEVRI A OE Bl SRR 20
l'igandsg a ghxbyEf1ROIR R Wresence of a metallocene catalyst comprising
a transition metal compound, there can be mentioned a solution
polymerization process in which the polymerization is performed

using a reaction solvent for a desired olefin polymer and hence

the desired olefin polymer is produced in a dissolved form in the

25 solvent, and the so-called "particulate-form type polymerization

process", specifically a process in which an olefin polymer is

produced in a particulate-form. Examples of such



20 an activator conpound conprising a cation and a NoACRRAIZ008Y.
conpati bl e anion and being capable of reacting with tthe transition netal

conmpound to forma' netal conplex having a catalytic activity and
optionally an organonetal conpound; optignally a solid conponent; and
optionally an 25 organoal um num conpound. ' 29 January, 2003 6 The net hod
of t.he present invention is advantageous in that production of an olefin

nomopol Y Tep gk A kB FOPBLUNEL DY SOIIHIOUS. SLUGHY PRI 2B el 8"

cont i nuous~gaseous phase meri zation | he presente "0 cene
catal yst can stably _perfarned. w_thout i_sadvant ageous occurrence of
As i ndefi nSFggggrsrre%gf ap%laf%é)?l% -P#%S%I gs,olé&%tr%ezsaﬁaq%b& T pr esent

i nvention a pipe_gor other,nmeans, for_wthdrawi ng a .produced P q, P pol ymer
from a pol ymer i zggecﬁﬂgﬁéiﬁile?/%m%r%%ﬂf%%i915‘9%?%%3’&? foPﬁPFﬁeWnﬁ%f‘rﬂ}ﬁ{e
forns of polyner, so . that an ol efjn honopolymer yr an ol efin copol yner can
be stably, tBff V&?ERFWYpPSdEEQdSB§“EiEBn&?n %P eF i ping BF Gl
scale plant. In this situation, the present inventor has nmade extensive and
i ntensi¥e seongilderably 4ngregseddind agepxdanasy with fheovarrenstetdbdhor
produci ng an .ol efin honopol yner or an ol efin copol yner, which enabl es

st abl e conmodecyd agyweilght of e pelymeri spshatekt s dIEE Irwke hopriduce
netal | ocene catalyst. As a result, it has unexpectedly been found that, in
a net hod f erppipuerivimg @ bigh nohepulanweightin dhsfnef axspowhesr 1£risn an
olefin or an olefin 20 and at | east one cononomer copol ynerizable therewith
by conti nudesisiedr o potodumre zaat hbgh onoteaulanoweightcolefiihapolymer by

pol ynmeri zation in the presence of a netallocene catalyst, for attaining the
above obj eperferming samerglef frec polgmerdizatidlosr ein, the oprie@ence of a
honopol yneri zati on of said olefin in the polynerizer by 25 said catal yst or
a copolhgnemetalllocene Sacdtallgbitn aniit saiik comerawararyn t e poémpEoyzera by
said catal yst, said catalyst is.subjected to hydrogen gas-treatnent in

whi ch sai dpaaitdloydiaties foraP tipalPolymedizat ivantpasicsbsan t h hydrogen gas.
The present invention has been conpl eted, based on the above novel finding.
I't is, thereforeopnathei 6EherdMed} ndftdlSdums Fatdlysedd itend eoPpeye dchdén

i mproved net hod for producing an ol efin honopol ymer 5 or an ol efin

copol yner, sai1ekiing pE¥BNbAge W teitR 11 Bdeneotat ALPSE dumdiativwaxaibalsdef i n
honopol ymer or an ol efin copol yner by slurry polynerization or gaseous

phase pol ygRipeeald1aR, h&ghhﬁomf,ﬁéenﬁs»cQénaaé@iaitf@mh@a&ahﬂalcgaa & of
stably perfornmed w thout the di sadvant ageous occurrence of indefinite forns

of pol yger tlﬂl&op’%igﬂne&@.%‘&ltti’ont.heTHQ£¥%feW Whehayahe Ph PEoEéfle Nea PAEY SR £4

from being cloggeéd w th such indefinite forms of polynmer, thus enabling

cont | “UPUSu%reqd%ﬁi o PEr%ﬁcﬁh.ﬁftieﬂfBQfﬁopE)hYér?rpd?lfynﬂé]:icﬂaedciid?l CEPaL¥as!, of a
comerci al scale. The Toregoing and ot her”obj ects, features and advant ages
vigorous polymerization reaction occurs in the initial stage of
the polymerization, and, hence, the heat of polymerization is
vigorously generated. The rate of heat generation becomes higher
20 than the rate at which heat i1s removed from the reaction system.
Thefefore, local high temperature portions (heat spots) are
formed in the particulate polymer being produced, and the
temperature of such heat spots increases to a temperature which
is the same as or higher than the melting temperature of the polymer.
25 The resultant molten polymer particles fuse with each other,

thereby producing indefinite forms of polymer. When such

indefinite forms of polymer are formed in a continuous



15 of the present invention will be apparent to thosggghhlh®d2008 t he art

fromthe follow ng detail ed description taken in conffiéeCtron wmth the
appended cl ai ns. According to the present invention, there is provided a
nmet hod for producing an ol efin honopol yngr or an olefin copolymer 20 from
an olefin or an olefin and at | east one cononomer copol ynerizable therewith
by continuous slurry polynerization or continuous gaseous phase

pol yneri zgid éﬂééﬁ%%ﬁ% a?gii'ﬁ%abgo&?ﬂér‘iﬁé%}é’ Yor m%llyﬁ;ﬁ.gl% a o

i nventionrelates to: produci ng an ef1 n honopol

olefin co [ 0, | j e n r
copol yror 1Eid R e B THARE 450 A 1Al £ 2o Eodyna Pk S BRORIRTR
January, 03 8 nti.nuous gasepu se polynerizat]j int resence of
2ot | odng 0 PpITat i, RRRE: SF Wechtes imdn{ Sy | Witnaay Bhgs {n
in the polynerizes by said catal yst or _.copolynerization of the olefin and
the compndifROYGPd ROLYReE EZ0R| Fher BAIYTRFI3RF (hEfYah  thAcPLREal FBUS s
subj ected to a hydrogen gas-treatnment in which the catalyst is contacted
wi th hydr GpRingdt dmpespibliecke senyinuResiycReRfOrRdIR PeAYMErdgatdrRed
with a nethod for producing an ol efin honopol yner or an ol efin copol yner
conpri si nd'hem @1)P¥eessdi fPR psPPREAngesan godefln  pah¥mer  igapndte be
catal yst to the polynerizes and introducing the catalyst into the

pol yner i zesonvkineowdly iperdipymed ctieeffiiwliency of the paadensous|low eadi ng
the olefin and the conononer into the polynerizes, to thereby 15 effect a
honopol ynerenee i okt dfs tdifDllailith o pragdyiaiey hive patoices sofont e commeiroiahd

t he conononer, the catalyst conprising: (A a transition nmetal conpound
conpri si ngseateansition netal having n-bonded thereto a cyclic anionic
ligand, 20 (B) a m xture of an activator conmpound (B-1) conprising a cation
and a toncoor di Meanwhibeniithés deen abtemptbditogsgaphbkdzefan eaceilhgnwi t h
the transition netal conpound (A) to forma netal conplex having a

catal yti c catalysty, wandhofis ot éyt ive Of ganaudivdling otipeuatotB~Aentioned
optionally 25 (C) a solid conponent, and optionally 29 January, 2003 9
(D) an or garsbi.er] @@ ¢agpoustne toddha@bedopBopdséd FdObyiEhesaking, it
is preferred to use the solid conponent (C). For an easy understandi ng of

the presengu¢hveréePienthmetalloden®s itdBst£at e, VEhE OPEopbetar r ed
enbodi mrents of the present invention are enunerated below. 1. A nethod for

produci ng e 10 &S ifdNSFRRALKARA NG méfa Pl §EéRe I s ha® aprdrafdnniar an
olefin and at | east one conononer copol ynerizable therewith by continuous

sl urrysl0 feAynEsd &%ﬂm&wﬂéfw%@mﬁmﬁm YaavAYY @2 the! NE
presence of a netall ocene catalyst, wherein prior to honopol ynerization of

sai d ol ef igatinyH€ PPhYABELZEE RY §abé.9arﬁAVSisoreeeﬁoh¥rrﬁr iné2Rh98cBhet NE

olefin and t he conmononer in the polynerizes by the catalyst, said catalyst

S subj ectégldtydf RUIr 89REnERIbRCAHYCRhe Nsiih Chhe¥toh Coh8EY Unl the
contacted w th "hydrogen gas.

polymerization activity of the catalyst obtained but also the

abllity of the obtained catalyst to suppress the above-mentioned
20 problem (i.e., the occurrence of indefinite forms of polymer)
changes every time the catalyst is synthesized. Therefore, it
has been strongly desired to develop a particulate-form type
polymerization process for producing an olefin polymer, which is
adva{ntageous in that, even when such a conventional metallocene
25 catalyst is employed, the problem of the occurrence of indefinite
forms of polymer can be rellably and surely solved, thus enabling

continuous production of an oclefin polymer on a commercial scale.



2. The nmethod according to item1, wherein said netheod GaiuRiy,2003 (1)
provi ding a polynerizes; and 20 (2) transferring sai d catalys 0 said

pol ymeri zes and introducing said catalyst into said polynerizes while
continuously feeding said olefin or continuously feeding said ol efin and
said comononer into said polynerizes, to thereby effect a
honopol yneri zation of said olefin or a 25 copol ynerization of said olefin
and sai d conononer, 29 Ja~.uary, 2003 10 ~. said catalyst conprising: (A
a transition netal conpound conprising a transition netal having n-bonded
thereto a mysdldeuxiel of €hki Gvehtid® a m xture of an activator conpound
(B-1) conprising a 5 cation and a noncoordi nati ng, conpatible anion and

bei ng capabl e ofnd eAcldehle Whint lén £t 28 g%ghs&pgg#;ﬁdﬁci&g Lgrma

metal conplex having a catalytic activity, and optiona or gan met al

conpound ( : I ( sqh Ld. conponent d optionally 10 (D) an
or ganoal um(?{]guén%ngg‘%tpdgg)n%g%%.r %egﬁe ?ﬁ%g“gc(gg ogllxﬁ(be’rt ?}iqfner?ini o&gfé¥ \Rﬁe%é‘i n
prior tot introduction of said catal yst into the pol rizer, said

oy ol yst (ST O | SOMIT e FRRLTTEELEHEIR (RPVRAGN S iLApYe | s
caﬁ¢act§d jth hydrogin gas. 15 4. The method according to item1 or 2,
wher ei n”t ofet el ~ wi PRIYRETHFRT ddtct | B of RALLTRIQUA yst IRALIUS-he Phase

pol yreri zer,_ said catalyst is subjected to hgdrogen gas-treatnment in which
sai d cat al PIYRriZEHLR: ednwi the hpaesgeae gt 3  TesakdeRenae ackaadiveg t o
item1l or 2, wherein, in said 20 hydrogen gas-treatnment of the catalyst,
sai d hydr oferjids the wt@liyRtadsarpnbected wiklshyBh®gsnmesst ricwl &0 anount
of Said transition netal conpound (A) contained in the catal yst, wherein
sai d anoungcrflyneripadiogencfassdigi deflefidd iint &x npodiymeézen| dyy amauikt of
t he hydrogen nol ecul es contained in said 25 hydrogen gas. i 1 29 January,
2003 fi. Teetaktdtod acca dicupdlymetréraBiomhes®i neaiadl d qodfiiner iazer hadda
catal yst transfer pipe connected thereto and, in step ('2 ) , said catal yst
i s trad8f ecormshdnegetiterthai pblgmeni zdy Hy taadids icatalipdt um phéeBdrdlslyf,| amed in
said catal yst transfer pipe, and wherein 5 said hydrogen gas-treatnent of

t he cat al ystesentpeihwsneibrDyis nidrbitieag wiydr @gaietdRd ifr0 prhtRiuedhngl Wit
transfer mediumto thereby contact the catalyst Wth the hydrogen gas
during theorefin rpoBfdr Mongieseagal(ypt ptovDaty t depsPyrmd videt;r 2 ef2)pi pe.
7. The nethod according to item 6, wherein said catalyst 10 transfer pipe

i ncl udes aceaméitdrrigRnneehed tenthiSiste Wahtot haspof %@nﬁ@@ﬂwﬂ hygyiagen
gas into the catal yst transfer pipe) and wherein said introduction of

hydrogen gasnt{teodds, cabadysd tﬁansﬁ%rfiﬂ?dw%bﬁt@ﬁﬁé@é%s?dfméd_&ﬁsdiﬂi&
hydrogen gas into the catalyst transfer pipe through said conduit” 15 8.

The nehodope£ns dish@  Bnb! GBrbnotBE" &l At S akfleCOpdilhe  Be . colbNG: Kysdingen
gas into the catalyst transfer pipe is connected to the catalyst transfer
pi pe in sakflroot YA diolyher1B8L 14 hod L UG b Lt eBpd1yMbe] Rl sai d
pol ymeri zer has a catalyst transfer pipe connected thereto, and wherein,
while 20 igfr @AdCidige 53] dakeil BhY SloomBhOmePE Qhé{”‘ifeﬂtﬁpsts%o%p‘i@k%&ﬁa 'S
subj ected to hydrogen gas-treatnment in which said catalyst 1 s contacCted

wi th hydro ; j 0 ' h as..l 1 RRY2 t he
catal yst. ?P%Q@h%yn%ﬁ%lddéa&%{ or ihng:oﬁgg?tggﬁn# 9? \?\ﬁ%&selftlhpﬁe&%g&t&a%és%& d 25
hydr ogen el i hto .pol LZek .| . doupl. | .pIbe wWhich
nas. an i ooy P SER MRS S RTTBRI T bR, CO I REAPL | Bl U

wher ei Qosa'%gl in rggug ilQn ofoh cglrn en asri.s. 29 Januar%@. 2003 a]ﬁ%
perforied By fe@drndthe cafdlFEt bt o (TR AN pi p& andFé&di ng

hydr ogen-gas_to the quter pipe. The, met had . accordin oitem9, wherein
O oge 9Bt Sot e v, BeBBR 5P o, O NG, SRS APARLE Gherdet ol g o
pol ymeri zer,in cl ose ]E)roxj mty to an end of the catal yst-transfer pipe, and

wher ei n sal'd= R nR§duET I Brth B idlenCgEROYRA pEPF Gkl By MeterlodteMMEEx

hydr ogen gas through said nozzle. . | )
having & catalytic activity and optionally an organometal

a

compound; optionally a solid component; and optionally an

25 organoaluminum compound.



12. The net hod aocor di ng to any one of itens 1-4, wheygahussi dodly drogen gas
used for said hydrogen gas-treat nent oféthe cat al yst as a purity of

99..99 % by nole or nore. 13. The method according to any one of itens 1-4,
wherein said olefin is selected fromthe group consisting of ethylene and
C3-CZo a-olefins. Mdireover, with respect to the itens 1 to 13, instead of
said 15 hydrogen gas, nitrogen or Lews acid may be used. Hereinbel ow, the
present inventiPhewdthdikofiaddme predent inventdemnal s advartegeoesdntthat

i nvention, the term"pol ynerization"” neans either honopol ynerization or
copol yner pzaduetio40o¥ bl beepest hbﬁp%@ﬁyﬁ@@&ﬁﬂ Yo ld¥eL A 8bp&DRRd NURUS
operation performance as above descri bed can be achi eved by 1 ntroduci'ng

hydr ogen Q@ﬁtiiﬁhgukhFslﬁII?r]ﬂ].fyh{eﬁfﬁfa%&oﬁg@'&:U'@o‘ﬂ“ti?%\rofu%e LA ST gas

iln clgse pro>r<]|mtyto an e catalyst trans pI pe, corrEIee ;
i i 3 5
s Fol T ondoLiEprly et sEthE ibaeRCHE a etininds A RAR YRS BaBE )

prior to h atynerjzation of said ql efin or copol ynerization 29
January, - 2889175 BerEermed| withoty e (ALeRRRRASHRNE  APRUREANFS! OF ne
pgtymerization activity of the catalyst at the initial stage of the
pol-yner i z3dPAeFind tekeBps PARAWYMSH er EB,até(?'t%FhPW‘m%Pg@ﬁgﬁﬁ%ﬁ%ﬂ on of
thefheat of polynerization at the initial stage of 5 polynerization can be
suppr essednventipnpyea t pip¢coBr o§Bate meanshEony Mifhdrazng sddpraducad

hydr ogen gas-treatnent of the nmetall ocene catal yst, there occurs a

t enpor ar y ppdgymeas £riom ahpopymerizepreasn hee provented Erom bedngdclobgged

catal yst introduced into the polynerizes, so that the 10 pol ynerization
rate a0 thdthmidindelfintizgefofms et pollymer,zed i that anapleddn hombpolymer ed,

t her eby suppressing a vigorous generation of the heat of polynerization. In
t he met hodmian biefiaseopolymentcam beastablyde iffipEntiky iprdduned bgcd i on
for honopol yneri zing an olefin or 15 copol ynerizing an olefin and at | east
one conon@wrItitninils pdrzatiion ofeeeWommereiabngcalouplahtnry pol ynmeri zation
or a continuous gaseous phase polynerization is enployed. O these nodes of
pol yneri zation, r ¢Rflki sliaustidn theppres@it 1avbatorshds eifld estterBive
Generally, in a continuous slurry polynerization, a catalyst, at |east one

MONONEr  argheR 1HRled@INY s6RALBE WwEEH airdew( Sowdrdddvalioltiaty 9IS 1Rpraves
dienyl), are added to the polynerization reaction nediumto thereby perform

a pol yser meiHdd£6 8 Pridattinigudn BleEla HilapPlymedid P BnIErsE 10 &opairﬁ‘bﬁ,
reaction systemis in the formof a suspension of a solid particulate

pol yner. kihih ehdbilas’8tuBEs i dotit Dtud beoatdto¥n o€ WX LIS pblihyr
pol ymeri zation, into a polynerizes is 9 January, 2003 14 continuously

i ntroduced nARh@l ?Eb'ﬁe%beaoﬂ K mdttaXfodBhedlcatalystd s l£adsane, aemagner
copol yneri zabl e herew t h and,
unexpectedly been found that, in a method for producing an olefin
homopolymer or an olefin copolymer from an olefin or an olefin
20 and at least one comonomer copolymerizable therewith by
continuous slurry polymerization or continuous gaseous phase
polymerization in the presence of a metallocene catalyst, for
attaining the above objective, it is very effective that, wherein,
prior to homopolymerization of said olefin in the polymerizer by
25 saild catalyst or a copolymerization of said olefin and sald

comonomer in the polymerizer by said catalyst, said catalyst is

subjected to hydrogen gas-treatment in which said catalyst is



continuously or intermttently, are introduced a cat29 Jsiuarg, 28ecul ar

wei ght regulator ( such as hydrogen gas or zinc dienyl ) 5 and a

pol ymeri zation reaction nmedium while continuously or intermttently

wi t hdrawi ng the suspension of a solid paiticulate polynmer fromthe

pol ymeri zer. The w thdrawn suspension of the solid particulate polyner is
transferred to equi pnent where the suspension i's subjected to subsequent

steps ga nficte 3°RALR! K Hfurkbel sand u%fgge fcemnvmr@@ohhia@%%% of

t he presen PRVenRtron 175 p us slhurr nerization, use
i s made of n.re d n the formof a
liquid und8$m§§F§§§ '§§FP§ e§§%'§§°§§ h Fﬁhgﬁgﬁglﬁhlch is inert to the
15 polynerizatio reac nd does ot | o nerlzatlon activity
of the catalyst. r\sisant'tbsgﬁ%r’éeofapﬁ Mg, RBOPSE o b A HFaRe SOt B aR AR
in the continuous slurr yneri zation, there can be nentioned an inert
hydr ocar boRO rRFE¥4 %%&Eﬁ?vﬁw d £ar Praducing anfobef inhomopolymer ed
as a polynmerization reaction nmedium Exanples of such inert hydrocarbon
reacti dh nR¥ian iod@fide caprpimere Wiehdd Beyan tagaouss 1pr dhak continnonte

i sobut ane, pentane, hexane, heptane, octane, decane, dodecane, and kerosene;
alicyclic pyddeesiponof gncnlagiaybpmppmlmr @,vcla@h@aafdnam;@aymer by

met hyl cycl opent ane; aromati c hydrocarbons, such as benzene, tol uene and

xyl ene; habdyenut mltwymd@artdnms,onsLgﬂrsexslsetnlyasehpofiymerizhltcbonbemzdnm and
di chl oronet hane; and m xtures 29 January, 2003 15 thereof. Anong these

i nert hydrpraesbopercametalisfiene bakahgstpan hastatily pebfioemedarithout
preferred. On the other hand, when the nmethod of the present invention 5 is
performed biecdbsaduantagasesuscoursengel gfeindefinite of grass cofh tpilyimed: .an
olefin or a mxture of an olefin and at | east one conononer copol ynerizabl e
t herewig h As aopésalitystieflpolpmet witlpdrawdl up b achbask qrgvdritsll Erom
catal yst under polynerization reaction conditions. The produced ol efin

pol yner 10pegng@Edgysdiwtiyhrspiasndebyndtéerfsaimobelgolyierr, thaslenabling

ol efi n/ conononer m xture by continuously flow ng a gas containing the fresh
olefin or gbAthnabak ProdadtA®wI of Xan' e leFinuHondipoIymesli d8dahed1eF e
continuously or intermttently wthdrawi ng the gas containing the produced

ol efin pol Magblirfnéﬂ“ bhe af tomtlezedalbskadei,n the polynmerizer. Further, wth
respect to the catalyst used in the continuous gaseous phase

pol ymeri zation, Qg §8§850§ﬂ§aﬁﬂétotl§ef%jéﬁ@é‘5|ﬁ’ea@t‘fui‘éﬁ &8 técﬁlfdﬁéges
wi t hdrawn from t he polyneri zer while contlnuousTy or intermttentl

|t r 0dyg! ngearks a8 hiSnleab JlieL B KEBRIRGH: +3Grldkd gmmh ?nq_fhé he

present inventio Is preferred t pol ynerrzer as a cata

transfer gE@ £f eEﬁgq‘EcLl Wiy detaihBaSh Ec&%&ﬂ)ﬁes\ﬁ%ﬁl ‘cdnhection

transferre toge er with a catalyst trans Ium I'S flome In the

catal yst t f Pigl Ipexanpl e of a catalyst transfer nedi um
t here can BgeﬁeﬁPFonggegﬁaqiggg %érocarbon medi um 29 January, 2003 16

Ex | f hal d
anmpl es of suc bggﬂiiﬂé E%C%gll%?gr%gh% b AG e qﬁ'exane tfgpti%? ocrane

such as propane, atané&, 1so penfane,

decane, doﬂg%ﬁ% fgg é’l)%? q% a&ldféﬁﬂ EORXBBQ% Q-OS'E ‘an Hfgffﬁ copolymer

cycl opent ane,” cycl o
20 from an olefin or an olefin and at least one comonomer

copolymerizable therewlth by continuous slurry polymerization oxr
continuous gaseous phase polymerization in the presence of a
metallocene catalyst.
The present invention relates to:
25 a method for producing an olefin homopolymer or an olefin
qopolymer from an olefin or an olefin and at least one comonomer

copolymerizable therewith by continuous slurry polymerization or



5 met hyl cycl opentane; aromatic hydrocarbons, such as MQQ%F 2093 uene and
€, C

xyl ene; hal ogenat ed hydrocarbons) such as ethyl chl orl or obenzene and
di chl oronet hane; and m xtures thereof. An ol efin nononmer, which is used as
a rnononeric raw material for producing an ol efin honmopol yner or an olefin
10 copolynmer in the nmethod of the present invention, can also be used as a
catal yst transfer nedium Wen the nethgd of the present invention is
performed by continuous slurry polynerization, the catalyst transfer nedium
and the pol ynerization reaction nedium my be the sane or 15 different

For exanpl here m S ac ination of hexane as a polynerization
reaction ﬁ%ﬁ?ﬁﬁPaﬁﬁ 9%?%5%% §gagec§ggyvgfl%?ﬁﬁ§}e?nnﬁgﬁuﬁFeﬁﬁnfﬁeoﬁefhod of
the present .inyention, an_ ol efin homppol yner is produced froman olefin, or
an olefin‘%%ﬁ@ﬁ?ﬁﬁ?e2§aF§l§?Bdu@@8rFF mBE1Og §9 nRgRaPalyPetiiatdee of
conmononer copol ynerizable therew th. Exanples of olefins used _in the nethod
of the pre¥eit | o@FD onifncitiige RPRETEZeFd Y C2Faddol efatrlysSpecdd i c
exanpl es of C3-LC20 a-ol efins include propyl ene, 1-butene, 1-hexene, 25

4- met hyl - CqRodyessizatben emf atdel- géedhe. amd comnommonosed i knt hehe
pgesent _invention may also be an olefin. That is, at |east 29 January,
2003 17 t v ldimefrézent byl efienscaw lattted thoncahalpbovésmentbjectddexand es of
ol efins may be copol yneri zed with each other. |If desired, the ‘comononer
used in theydrogeangaishteadtrmemtmain béhialc afeo Wt ayiser ishamnthetedswith
Exanpl es of such conononers 5 other than ol efins include aromatic vinyl
conpounds, hyediiyeds §dg) eneNore NPaRyl SdHEIRE aBHe p-pRideyicst yMiwdieianol o

vi nyl conpounds , such as vinyl chloride and acrylonitrile; dienes , such
as but adi eénduitheds RREANE; m3th6d CEoE Pr&dhdisng St holasE ¢y HordpyepRe ANGr

nor bornene; alicyclic diolefins, such as cycl ohexadi ene and 10

nor bor nadi gnes1e3iky B8po1 wpRekYAgL i zabl e acetyl ene; and al dehydes,
such as 2-propenal. In the nethod of the present invention, it is preferred

that egpyl ene i )hHRRAUYART 4 2650 HerG2ROL YAREI zed With at | east one
conononer sel ected fron1cg§C20 a}gfefins . It is nore preferred 15 that

t
CL LT | o TEPE MEREREEE: i PR VURCAFERL I Bhel SpSl R AaTOREET
s preferrfﬁkf&&ﬂbing the catalyst into the polymerizer while
continuously feeding the olefin or continuously feeding the
olefin and the comonomer into the polymerizer, to thereby

15 effect a homopolymerization of the olefin or a copolymerization

of the olefin and the comonomer,
the catalyst comprising:
(A) a transition metal compound comprising a transition
metal having n-bonded therete a cyclic anionic ligand,

20 (B) a mixture of an activator compound (B-1) comprising a
cation and a noncoordinating, compatible anion and being
capable of reacting with the transition metal ébmpound (A) to
form a metal complex having a catalytic activity, and

optionally an organometal compound (B-2), optionally

25 (C) a solid component, and optionally



the reaction pressure of the continuous slurry pol y@@iﬁﬂhgggzgm conti nuous

gaseous phase polynerization is in the range of from ric
pressure to 50 atm It is preferred that the reaction tenperature of the
cortinuoussl urry pol ynerization or continuous gaseous phase pol yneri zation
isin the range of from40 Cto 120 C, nore advantageously from60 Cto
120 C. Wien the nmethod of the present gnvention is performed by 25
continuous slurry polynerization, it is preferred that the weight
percentage of the formed polyner (i , a . ( slurry concentration) in 29
January, 2003 18 the slurr s the reaction systemis 60 % by wei ght or

| ess, nore adva )aGQO8§9§n5§ih%ﬂ3VWN§P@ﬁPuBa'Iess. In the nethod of the
present invention, it is requisite that said catalyst is subjected to

hydr ogen gas-t r'éat Hight SO RIS SAuFry Ralamesizatlennt Akt 4§ WreRekEyedogen
gas. It is preferred that prior to or simultaneously with

honopol ynefq As §heofosid dcampemienti KC he pol ymeri zer by said catal yst or
copol yneri zation of said olefin and said conononer in the polynerizer by
sai d catal yst ,Fomianceaayysndésstandiow edf t chhygregent gasveneadmenthen
WHf:ch said 10 catalyst in contacted with hydrogen gas. It is nore preferred
t hat , prd oredsemmnflacfeatfurtedse amd alvpstiowst hpridferaledf | embvdisendsc wmnener ,
said’catalyst is subjected to hydrogen gas-treatnent in which ‘said catal yst
I s cont actgecksdrith ihydhegen Hs enumeaapeasbeiowai d hydrogen gas-treat nment
include: 15 (i) prior to the introduction of said catalyst into the

pol ynerizer, sai tnéicd Wdr ipkolUbifgt 88 bPe RV RERGp AR @3 BBNb1kRivhi Ch
said catalyst is contacted with hydrogen gas, and (ii) together with the

i ntroduct i espSfynied d redhal %5t J1RlEdnt NerPOhY MBS IZ8, aakd £¢ alaat | $ne
subj ected to hydrogen gas-treatnment 20 in which said catalyst is contacted
Wit h hydr og&foiiser EXA0IR) 1§Mmeh 2881 80d$ heh-bw@PRVE bhOT RS iAELAY %ﬁ%rrg

hydr ogen gas-treatnent ‘defined in the present invéention include: 1 )

et hOdlb”iéﬁ‘ityfrﬁ;an?%é&t% P dr 2¢ n@:f.n&z{lﬁs ”55988[?5” p@%ef%%}?&%rm &4 0y, the

cat al yst erred together w a“catalys r medi um and

3 s ; °! .
the hydroggg, Q%S%ate{eﬁx@:gnegtf of Rx{é‘%a‘ii%%%%ét éét&‘]ﬁ{)ét%[ﬁﬂg?Xthﬂ%%‘ing%

hydr ogen gas i e catal yst trans medi um eby cont4a
FINERA R R TR L ST R et
of the catalyst or copolymerization of the olefin and the comonomer in
the polymerizer by the catalyst, said catalyst is subjected to
15 hydrogen gas-treatment in which said catalyst is contacted with
hydrogen gas.
2. The method according to item 1, wherein said method
comprises:
(1) providing a polymerizer; and
20 (2) transferring said catalyst to said polymerizer and
introducing said catalyst into said ©polymerizer while
continuously feeding said olefin or continuousl§ feeding said
olefin and said comonomer into said polymerizer, to thereby

effect a homopolymerization of said olefin or a

25 copolymerization of said olefin and said comonomer,



br esent invention (i.e., prior to the start of the tnomahairQR00de catalyst

toward the polynerizer) , the catalyst is placed in, or exanple, a

cat.al yst reservoir, and hydrogen gas is introduced into the catalyst
reservoir containing the catalyst to thereby contact the catalyst with the
hydrogen gas. The hydrogen gas-treatnent nmethod of item( i ) above can be
efficiently perforned by one node of thgnethod of the present 10
invention, in Wich the polynerizer has a catalyst transfer pipe connected
thereto and, in step ( 2 ) ( the catalyst is transferred together with a
cat al yst transfer, nmediu ich is flowed in the catalyst transfer pipe and
t he hydrogen gﬁ?}érggFﬁg%F 0?0T9ﬁ§%ﬁ¥?alyst is performed by introducing
hydrogen gas intq the 15 catal yst transfer mediumto thereby contact the
catalyst with t‘H’@ h?dl’;S@Eﬁllj%a‘%Xdﬁ‘FFﬂb CREPPYR} s FEMPELS IR SattaiapeitiRRough
the catal yst transfer pipe. Wth respect to the above-nentioned node of the
met hod of Wefdlpheydnsg nnE@ﬂ@fF@)thQ‘FQM@i ghcyebinanicgds dagandeat ment is 20
performed during the transfer of the catalyst through the catal yst transfer
pi pe, it is prefBrreeduittare v cat alogpdvatonnsdmpoypidhe(Brds, ddmpirdstinghtl y
cdhnected to a side wall thereof, a branched-conduit for feeding hydrogen
gas jintd témtiat alayst tr amshevopdjatiary] t kempatibbectamiorof dndlr agdnggas
intd the 25 catal yst transfer nediumis perforned by feedi ng hydrogen gas
into the cedpdblst dff ansdering peldihritheghctdins icapduimetal Themponddi t(amayobe
connected to the catal yst transfer pipe either inside the 29 January,
2003 20 potyrmerigesmetabut sb@glde WOFMEEN i €ScatAll v ifcur tdheafivaxa)pl andf

nmet hods for perform ng the hydrogen gas-treatnent defined in the present

i nventi on, ophSrR105N ale oFgRhoREEMN diplohad i(B-3) Cptikaanyt 0 step (2), the
hydrogen 5 gas-treatnent of the catalyst is performed by m xing the

catal yst with aj@atalamtigt Egm%gén@pcgdgno?@_%ﬁgmﬂg hydr ogen gas introduced
thereinto, to thereby contact the catalyst with the hydrogen gas, and, in

step (3p, the c&?)ala)ﬁtog Laaist 56 e‘%ntg%% her with the catalyst transfer
medi um 10 Exanples of r'?étnhogs 11'5‘ above for performng the hydrogen
gas-treat mgnt d@ﬁ%ﬂg&’tﬁ&té&o@d‘iﬁgngo' E!g&ﬂt OBJE'Q,C' Sre fh TN 4 (}‘M%I'Ch’
the catalyst an ydrogen are introduced into the polynerizes i'n a double
val | pipe Wi che 1S A0 e aRiPeoleyiyit 2 13057 8N dpBlyRUL ELeP] PR NG
a nozzle, an erein sard

catalyst is subjected to hydrogen gas-treatment in which said

catalyst is contacted with hydrogen gas.

15 4. The method according to item 1 or 2, wherein together with
the introduction of said catalyst into the polymerizer, said
catalyst is subjected to hydrogen gas-treatment in which said
catalyst is contacted with hydrogen gas.

5. The method according to item 1 or 2, wherein, in said

20 hydrogen gas-treatment of the catalyst, said hydrogen gas is
used in an amount 0.5 to 50,000 times the molar amount of said
transition metal compound (A) contained in the catalyst,
wherein said amount of the hydrogen gas is defined in terms of

the molar amount of the hydrogen molecules contained in said

25 hydrogen gas.



15 introduction of hydrogen gas is perforned by f eedi\garivaey 2003l yst to the
I nner pipe and feeding the hydrogen gas to the outer pipe or in which, said
pol.ymeri zes has a nozzle for introducing said hydrogen gas into said

pol yneri zeg.in clragemBtAvdnatdot@ing €PaeRO 3, 0khepbi AdHAK AIpbNemEst ALY St
such as an end of the 20 catalyst transfer pipe, and wherein said

Cntroduct i , . .
thr ough sa3one A AL EEherker i P ok el Kharkel Wnd) 1RSI e
Cranster PERES RPBSIYAtnaenbhokafefren Fodhimr Ba%h, & €aBaiat, FRatelene
(5o @ nerdiBabdeh Uy BIGeet S5 A8%ebe e} et Dlne andmbarein
di anmeter of the polynerizes or 29 January, 2003 21 |ess, nost preferably
1/ 20 of 8t h8ai&k ehydrogieanegas -Ereakuend W\%rthﬁé?latf&hfsq eds f perfommedpeoy ng

for introducing the catalyst, such as the end of the catal yst transfer

pi pe. Wt hindsedncing thyrdrnogenogas datot thet cehalystt tranafarysedbunntd he
present invention, it is preferred that the anount of the hydrogen gas used
i$ 0 . 5 tahEeby0@britiacts thiec catladystnwith thethpdrogeni gasndaeing the
conpound (A) contained in the netallocene catalyst . Wen the.anpbunt of the
hydfogen gasaisdér bff e \vHtaaeatoahronght tRet catalst cerah¥gbri p1pESS
than 0.5 time the nolar 10 anount of the transition netal conmpound (A), the

effect of FyppreyGieNGnd ifoPCacESELEg Oto! NEEhi 8], hedeih OdaP@! ¥ARAILHANOL
be achieved. On the other hand, when the anmount of the hydrogen gas used in

the hydpooesintdd pipetiiciaddIa s bohﬁeaga§ 5‘4"3[??&" WL LiBFed A

nmol ar anount of the transition nmetal 15 conpoun e polynerization

Rl e R S B R e

nmet hod of the present™ i t1 on, IS nore pre

e CURR BB AT hBEORNG A6 Bohyb S0 Gledlatls B chiEtybe 10

to 30,000 tinmes, nore advant ageous tinmes

o1 on, SR T R Ner o BT EEL R, e
R
0.05-3,25 [ . PD5- ' 0, 05-0.
00503487 Y oS BRI 024 1) L ChesURC RS SERELY. O

feeding hydrogen gas into the catalyst' transfexr pipe is connected

to the catalyst transfer pipe in said polymerizer.

9, The method according to item 4, wherein said polymerizer

has a catalyst transfer pipe connected thereto, and wherein, while
20 dintroducing said catalyst into the polymerizer, said catalyst is

subjected to hydrogen gas-treatment in which said catalyst is

contacted with hydrogen gas by introducing the hydrogen gas in

close proximity to the catalyst.

10. The method according to item 9, wherein t'pe catalyst and
25 hydrogen are introduced into the polymerizer in a double wall pipe

which has an inner pipe having a nozzle and an outer pipe having

a nozzle, and wherein said introduction of hydrogen gas 1s



29 January, 2003 22 catal yst neans the greatest val ug9Janoagry, p@03anount of
the catal yst introduced into the polynerizes divided by the anount of the

catal yst transfer nmediumintroduced into the polynerizes. The expression,
"the anobunt of the catalyst” , nmeans the,total weight 5 of (A a transition
metal compound conprising a transition tal having [err]-bonded thereto a
cyclic anionic ligand, (B) a m xture of (B-1) an activator conpound

conprisin j r.di i ifl.e i i

capabl o o SEERMET i el RleCLARRLEY, E"REL Bifef Baph 0P8 A%08: o
conpl ex 1qt havi n%ba catgl y%i o ac{i Vi t and (B-2) an organonetallic
conpound, YO WLTIN ¢ ?rp rh%n?‘,l ?iﬁdp&f'an or ganoal um num conpound. Wen
said catalyst is_introduced into the polynerizes, the |linear speed of
Foedi ng. ¢ 1 cat TS (S VRO RO 00 o o Sy BhETaIm, SO1d) PaLFRerLAsKe
preferably 0.01-3 mis, and still nmpre 15 preferably 0.01-1 m's, with the
provi so t @S " 8 |ReERte s FR" 1pEERLUCABIantRHL @fyd%;l?@e@at dpgstintnspdd
medi um di vi ded by the cross section of the opening for introducing the

cat al y§t, pajcnerizer didcdpserpresinl Yxito apmndetpthe catalysthéransfer
pol ynmeri zes. Wien hydrogen gas is used as a nol ecul ar wei ght regul ator, 20

t he hydr ogEiPgyagandswherrinhsahd dimiradustian oft hpdrogént ¢was rist pecrformed
catal yst may be enployed as a portion or all of the hydrogen gas used as a

nol ecul ar heijghtrodued ag dnydSpegenf gasl throagh sahdphezzdeportion or all of
t he hydrogen gas used as a nol ecul ar wei ght regul ator nay be used for the
hydr ogen dis. 25 The atetiidd atcolrdiagt 8o yaiy mned oifr btems My 4 hevhanriageaigas
into a catalyst transfer nediumwhich is transferred to the polynerizes

t oget her \nydrdden ¢raisahyed forsatdrhydifé@en igas -ypdaigrntges tias catddyst
January, 2003 23 been transferred to and introduced into the polynerizes

toget her \Hds 4 hpuxptywl ystoandot hebganelygsbrtmepsef er nmedi um the hydrogen
gas serves as a nol ecul ar weight regulator in the polynerizes). In this

case, whemihe hpil agdhdPackdeding tbeany dnegof geemd 1+LaMRiteidf shh@
catalyst is a portion of the hydrogen gas used as a nol ecul ar wei ght

regul at or ,o1d¥eLn 2&BG & 88t EQHricatRé dritip ¥Eh88818g% 28 tAyTehetandt, e&j,ght
regulator is directly fed into the polymerizes through, for exanple, a

hydrogen gas %&d{ﬁiumi on pipe fluid-tightly connected to the polynerizes.
10 In the fethod of " the present invention wherein the hydrogen gas and the
catal yst are contacted in gdvance, with respect tqQ the contact tine between

the netal | ocene NOXSPVRY - b HESH?BFJd%ﬁhSa%t?‘P\S thko dyhr dehegdLt sadfnent

of the catalyst, there is no
15 hydrogen gas, nitrogen or Lewis acid may be used.

Hereinbelow, the present invention will be described in
more detail.

In the present invention, the term "polymerization" means
either homopolymerization or copolymerization.

20 With respect to the reason why the high continuous operation
performance as above described can be achieved by introducing
hydrogen gas Iinto the catalyst transfer medium or by feeding
hydrogen gas in close proximity to an end of the catalyst transfer
pipe, complete elucidation has not yet been made. However, the

25 reasons can be presumed as follows.

(1) By the hydrogen gas-treatment of the metallocene catalyst

prior to homopolymerization of said olefin or copolymerization



particular limtation; however, it is preferred that29)ljgnesRt 2603 15 time is
€SS , stli

10 mnutes or less , nore advantageously 5 m nutes of | nore
advant ageously 1 mnute or less, still nore advantageously 30 seconds or

| ess, nost advant ageously 20 seconds or l[ess . On the other hand, it is

pr ef erred that the contact time is 0.01 Ycond or nore, nore advantageously
0.1 second or nDre 20 It is preferred that the purity of the hydrogen gas
used for th S, uge for,the hydrogen gas-tregtnen f the

catal yst i 8 %Qgs?g‘ﬁ& a ;e& Qr%O%%\‘?ea]?]t gaeoﬁgr'g é@gys/% by T8 e
or nore, sti nor e_advant ageo 9..9999 % nol e, o Such hi gh
purity hydPBé)gﬂ &Eaggﬂnbﬁc é¥¥E %gt‘%%&&t@} faid E‘GnF]éEthbt%?/dr%B%‘?rF(?a‘s
with an adsorbent , such as nol ecul ar sieves_, activated_alum na or copper
oxi des , tBPPRAMBEIGTHRATLILLS ARRFCRELIRREY LoyRFEEn, SQ alr th@é‘FWOUS
nonoxi de, carbon di oxi de 29 January) 2003 24 and nitrogen oxides) from
(b hydr 0ggANGR3t LUREHEha heat AY BolaReghastion it Fhalnbain) ghage of
chromat ography (using, for exanple, a gas chromatography apparatus Mdel GC
8A, nmurfuf apoliysarimdtiondchp Bki suppressedor ati on) Japan). 5 In the nethod
of the present invention, as the olefin polynerization catalyst, a

met al | ocené2gdat aDyetta shegmoesdinee o thegpimigammgasrageddn thé fipdresjen
whi ch are used in various formul ae described herein, are, respectively,
used to degagratreasmentfiaf elthieenmétallopenef icatalhait  uehiete) occthe XD

| i ke and specific nunbers) or the like, only in connection with a certain
formul a i ntelnpobariedéetesasactn citey pairyin)l pirdssukki s€stharslesht arvuhd
therefore, the sane reference characters) and suffixes) used in different

formul ae denhsotcattatayst deatgoaucedhelsed®e thleeNBolymefizer, SWost thaentithe S )
or the like 15 and the sane nunbers) or the |ike, respectively. The

Peri odic Tpbligmeeleanteent pater atNthe imetfel i Peide 0 thed Polyread Atd on
copyrighted by CRC Press, Inc. , 1989. The "Group" and "G oups" used herein

are in accgEdagsrubilatbeyabnyderBal i OPRE-Sby ﬁ%ff@ﬂﬂ@ncht AL dds

system for numbering 20 groups . The term” hydr oca group” as enpl oyed

herei n meaggnab¥tabhPBat khe ﬁ)é‘&ltO%E' P grh@ri%&r{%h' C group or any
conbi nation thereof. The term "hydrocar byl oxy group” enployed herei n neans

a 25 hydrocarbyl tgr Gy *}@é(fﬂwdoé\r‘l he %}&Mé EHGQE@iohhr%h 2 2fhoRKY BN

| i nkage, to a rret al atom a neta or car nitrogen or phosphorus
atom of a £BAPMEPYzation reaction for homopolymerizing an olefin or

15 copolymerizing an olefin and at least one comonomer
copolymerizable therewith, a continuous slurry polymerization or
a continuous gaseous phase polymerization is employed. Of these
modes of polymerization, a continuous slurry polymerization is
preferred.

20 Generally, in a continuous slurry polymerization, a
catalyst, at least one monomer and a molecular weight regulator
(such as hydrogen gas or zinc dienyl), are added to the
polymerization reaction medium to thereby perform a
polymerization reaction. During the polymerization reaction,

25 the reaction system is in the form of a suspension of a solid
particulate polymer. In an olefin polymerization performed by

a continuous slurry polymerization, 1into a polymerizer is



29 January, 2003 25 The term"silyl group"” enployed b¢u@ﬁﬁhﬂﬁ¥gg§ a silicon
cont ai ni ng group bonded, through a silicon |Iinkage, To a netal atom a

nmetal l oid, or a carbon, nitrogen or phosphorus atom of a conpound. 5 The
term "gernyl group” enployed herein means, a germani um cont ai ni ng group
bonded, through a germanium|linkage, to a netal atom a netalloid, or a
carbon, nitrogen or phosphorus atom of a conpound. The ol efin

pol yner i Z%%x&?iﬁ@%@éy .tjfﬁ'éz?c?d& *'h"n %&te*}‘lgn ok éomiﬂﬁuﬂéeéfrﬁn ey %E&q
conpri ses: a transition nmetal conpound conprising a fransition neta
havi -b t t ' i Qni ' ; B ] f
nctivator Sbrpathat( BHE ) elng¥bups  SeBdaedtit o onihefarhibi L gnd. "
tibl ' d, bei bl.e 15 qf ti ith t t Lti t
compound (GGREERRERRHE RE 4 EBOMIEERRE A he A SATEedcr| CAERLYERA &
ti | talli B- 2): ti | 1 C lid
component ISTRCBEEF RIS EBEUIALGEgAAOSH S AT SBLGHA. SBC: 1Y G1ABE R
explanation is made with respect to a transition netal conpound (A
conpri $i ng@Rdt AaRQymarigateiom areagtien r megdifed WHeket @oRtEDUEPNELYNOBNI C
ligand (hereinafter, frequently referred to sijfly as "conponent (A)"). As

an exanpl elptesmhpbephly Wwithdraving the suepersionndhaisnlidparkdcylede be
menti oned a conpound represented by the following fornula (2): 29

January, 20okymer £k MipX pelymerzemer dhe withsirawrosaspesrsdon of the
I ndependently represents a [err]-bonded, cyclic anionic |ligand selected

fromt he gsolpdqarstitulatepayinerydisopranhafiermgll o crquipmencdietde gheup,
a tetrahydroi ndenyl group, a fluorenyl group, a tetrahydrofluorenyl group
and an octshypensionrienghibdectpd thenbisequeat] stepsbeutddascy skeparationi c
| i gand optionally has 1 to 8 substituents, each of which independently has
up to @0 nsbtepyandgendeybng abdpis i ndependently 10 selected fromthe group
consi sting of a Cl-C2o0 hydrocarbon group, a hal ogen, a Cl-Cl2
hal ogen- subst i t uiieen hiylts anettiood of e preSentldnvention is performed by
continuous slurry polymerization, use is made of a polymerization
reaction medium which 1is 1in the form of a liquid under
polymerization reaction conditions and which 1s inert to the
15 polymerization reaction and does not lower the polymerization
activity of the catalyst.

As an example of the polymerization reaction medium used
in the continuous slurry polymerization, there can be mentioned
an inert hydrocarbon reaction medium. Further, an olefin itself

20 can also be used as a polymerilization reaction medium.

Examples of such inert hydrocarbon reaction media include
aliphatic hydrocarbons, such as propane, n-butane, isobutane,
pentane, hexane, heptane, octane, decane, dodecane, and kerosene;
alicyclic hydrocarbons, such as cyclopentane, cyclohexane and

25 methylcyclopentane; aromatic hydrocarbons, such as benzene,

toluene and xylene; halogenated hydrocaronbs, such as ethyl

chloride, chlorobenzene and dichloromethane; and mixtures



am nohydrocar byl group, a Cl-Cl2 hydrocar byl oxy group9 Jansdry(CA(H3

di hydrocar byl am no group, a Cl-Cl2 hydrocar byl phosphi no group, a silyl
group, an am nosilyl group, a Cl-Cl2 hydrocarbyl oxysilyl 15 group and a
hal osilyl group; Mrepresents a transitign netal selected fromtransition
metals of G oup 4 of the Periodic Table, each independently having a forma
oxi dation state of +2, +3 or +4, the transition netal being bonded, in a
[err] 5-bongh@gespde, to at |least one L; 20 Wrepresents a dival ent
substituent having up to 50 non-hydrogen atons, which has one val ence

bonded to L and algaee iBgd%c§9b5Patre\gcﬂi&{'dm%iﬁge%?aé{sqrm a

met al | ocycl e; X (each occurrence) independently represents a [igan

havi ng up %%llggngogﬁgygé%gg@aggo%e ﬁ?%‘%gakﬁga nonoval ent o' -bonded ani onic

i gand, a ent —a-bon anronic gan Vi ng both 29 January, 2003 27
val ences bonded to or.a_divalent a-bonded .anionj¢. |igand havin e

val ence bonded tén Iﬁliqfnagzgﬁg%%‘?énéé’%gg&f"‘fg‘?é o%! EPEa@’ﬁe%ﬁ%ﬁrirné’%é&;]”n

i ndependently represepts a neutral Lewi s base |igating conpound having up
to 40 ron- ?/oﬁ’%’ég?{f&% PHIARLIRUUS 9357ecus RRaSe mad Z3tiomt 2 9aghen
j is 2, tw L ligands are optionally bonded together through a dival ent
group havi fentpin Qoaﬁhdhlffﬁ/ﬁ? R FiFrure REcan Q1eElRcaRE 3F GkBaste ofeoup
consi sting of a Cl-Cl2 hydrocarbadiyl group, a Cl-Cl2 10 hydrocar byl eneoxy
group, a CEOMIDORGH FARIAIRSELAAMEL g ewdthi | 48i yonfrnpeuslyialfdomeddi vl
group and an amnosilane; kis Oor 1; pis O, 1 or 2, with the proviso

t hat when threughnpaovElehdizedonbed aspmprdsedgarf of acgitadlystt Ondemded
ani onic ligand 15 having one val ence bonded to M and one val ence bonded to
L, P is anpbhymgrizahich deachiiomcondisional | ¢Phe paoduced olefiln @olymeron
state of M and that, when X is a divalent Q bonded anionic |igand having
bot h vl entes ¢omtituucwsly préplacedntbyerawhingsh s defirl) axr reor Ereshl | er
than the fornmal oxidation state of M and 20 g is 0 ~ 1 or 2 . Exanples of
X l'i gands oteflinjicohenomepamind wife byraantdnuahislybbowingd gds contalinday, a
Cl- C60 hydrocarbon group, a Cl-Cso hydrocarbyl oxy group, a Cl-C60

hydr ocar bythei five gh oale £ in Gir Ghre sty drlecfimid oo migrtoaye thrci:dibdhe
hydr ocar byl sul fi do group, a

fluidized bed while continuously or intermittently withdrawing
the gas containing the produced olefin polymer from the fluidized

15 Dbed in the polymerizer. Further, with respect to the catalyst
used in the continuous gaseous phase polymerization, the spent
catalyst 1s continuously or intermittently withdrawn from the
polymerizer while continuously or intermittently introducing a
fresh catalyst into the polymerizer.

20 In the method of the present invention, it is preferred that
the polymerizer has a catalyst transfer pipe connected thereto
and, in step (2), the catalyst 1s transferred together with a
catalyst transfer medium which is flowed in the catalyst transfer
pipe.

25 As an example of a catalyst transfer medium, there can be

mentioned an inert hydrocarbon medium.



25 silyl group and conbinations thereof. Exanpl es of 2KJaneadyt 2003.ewi s base
| i gati ng conmpounds used 29 January, 2003 28 in the conpound of fornula (
2 ) above include phosphines , amnes , CZ-C4o0 ol efins, Cl-C4o dienes and
di val ent groups derived fromthese conpornds. In the present invention, it
is preferred that conponent 5 (A) is a't %nsition metal conpound
represented by fornula (2) above wherein j is 1. Preferred exanpl es of
conmpounds of forpula (2 ove erejn_j.is 1 .inclu a, co und .
represented by tﬁ%@gig%ﬁaﬁaupgr ?’é{' ?g&d_rq%aqqrmhmfgi%l%fﬁgg #"Wtéli%: M
represents a transh;ion netﬁl sel ected fron1ﬁhe grou c%nsistin of
titani um BYFESRRERAPRAL FHCH &7 RERBARGdcPeRutAley ASePMiamernohpfitane,

oxi dation state of +2, +3 or +4; 15 R3 (each occurrence) independently

r epr esent sh@Xangsianiane .naGFageutacann dedergaesdehkaraagne: iikayglic
selected fromthe group consisting of hydrogen, a O -C8 hydrocarbon group,
a silyl grbﬂ@?ogaggﬁﬁﬁl- gr 8uph a @$ano FCdgPendansl .ogecYsHPhaxasiaat iant
thereof with the proviso that, when substituent R3 20 is a Cl-Ce

hydr ocd& bonethylpychopehybng: o gramatalgehpirogavbpnst, wsukl} asentbeRZene,
substituents are optionally bonded together to forma dival ent group,

t hereby fotolugnea andg xylersopehaloganaiteldl dydhmotdrboresn swohcasbatatlons
on the cycl opentadi enyl ring which are bonded to the two adjacent R3

substi t uentllortdpect chBbyoben28nd anawd y,d ZfBordmethdwafh axed umiiefiiles

i ndependently represents a substituent having up to 20 non-hydrogen atons (
which is seheeéod. f rom é hefoh oMPn6mes| sivhighofl saukeldo@en.a mdebnieddc raw
hydr ocar bon group, a O -C18 hydrocarbyl oxy group, a Cl-Cl8 hydrocar byl am no
group, a Smatéy¥lalr ®gr PréduciBghyali oedeFinahéeifogd Dyera dzl- 848 olefin
hydr ocar byl phosphi do group, a Cl-C18 hydrocar byl sul fi do group and

conbi Ny | 08pbIgMESTin themd o d0FVtEe Prided @ nFentbst,| a8 H1SOBE vy | Y
together forma neutral C4-C30 conjugated diene or optionally together form

a divalentagrguehtggygtreggﬁgggksmeghumzs-, -NR*- or -PR*- wherein R*
represents hydrogen, “a O -Cl2 hydrocarbon group, a Cl-Ce hydrocarbyl am no

group, a silyl OpRUR. tRe GlatBodabLIANRSr SV | 1 I WPLERN A @ Srfhea B,

hal ogenat ed aryl group or a conbination thereof; Z represents SI R*2,

Si R*2Si R* Zcoﬁggéﬁﬁ’ Is%&%f@%} eH‘l’Zé@i&i,Z fhe C@ﬁ@l}y@@rﬂé}x&ef Tneéflum

defi ned above;
and the polymerization reaction medium may be the same or

15 different. For example, there may be used a combination of hexane
as a polymerization reaction medium and toluene as a catalyst
transfer medium.

In the method of the present invention, an olefin
homopolymer is produced from an olefin, or an olefin copolymer

20 1s produced from an olefin and at least one comonomer
copolymerizable therewith.

Examples of olefins used in the method of the present
invention i1include ethylene and Ci-Czy «a-olefins. Specific

examples of C3-Cyo ¢~0lefins include propylene, 1-butene, 1-hexene,

25 4-methyl-l-pentene, l-octene and l-decene. The comonomer used

in the present invention may also be an olefin. That is, at least



More preferred exanples of transition netal conpound29g@hnfi 088 ( 2 )
b h $oil

above wherein j is 1 include a conpound represented by the OW ng
formula (4) or (5): R R3 RS R3 Z~-Y R~M XP ~X~q 20 (4), or 29 January,
2003 30 Z-Y MXp | X~q (5) wherein: Mrepresents a transition netal
selected fromthe group consisting of ti Qnium zirconi um and hafni um each
I ndependently 5 having a formal oxidation state of +2, +3 or +4; R3 (each

occurrence) independently represents, a_substituent having up tg 20

non- hydr ogﬁﬂoaéj refh: O &t @e?%g?%ﬁe@r%ﬂ"l ﬁge ‘Eﬂbe'(‘:'ﬁﬁgf%gpﬁﬂ &famples
hydrogen, a_Cl-C8 hydrocarbon group, a silyl group, a gernyl group, a cyano
group, a haFofeAfARE TGYCBRbPﬁEPi]-BW@rﬂ-ﬁ@FeW-F%AﬁaH’QH@ Tovi so that, when
the R3 substituent is a Cl-C8 hydrocarbon group, a silyl group or a gernyl
group, two adj acéhtdemlrrbs theuepmanemer aaedbinl the paesentt dgvention mayor m
a divalent group, thereby formng a ring in cooperation with a bond between
two car bonbat angompound cthévpthamdokefinsi n@Exibnple s hofarsadio mbewbriomertse
two adj acent R3 substituents, respectively; X (each occurrence)

I ndeperiddenbotiierephane oile fi nsuhisic Iudntaihawa tihc upihpl 2 Gonpounddr, o gaichatas s,
which is selected fromthe group consisting of a hal ogen, a Cl-C20

hydr ocar bog e8Ha, ocC yl -C '
(hydrocar bngg: a%’d?ﬁ%%?l§9@¥%%z ﬁ?hy@%%%%ﬁ%ﬁ%%hi 0 Igjér%u;;r,ingl

Cl-C12 hyd rhvlsul f1do_ar iLyly gro nd ¢ i,nati gns _thereof, or
rfpreser?sfgﬁg?gﬁfl?i'zsldf Q%i‘éfm lfpggﬁﬁdgg?%%hgggyﬂrog%% eg'r iﬁB“Banﬁ"ﬁq ng
of an ally r qu a 2-(N, | et hy I_nonet eny Loup an 29
Janvary, s8ePEAuLhe Rnd {RoRATAT ALTSERIGE S SEnn oo B Bt ichexene

di val e%t groyp d rie\(/ed fro lF.@04][03 ;fut al éﬁgjﬁggat ed gbene, {th the
brovi so ¢ hRANSTRORRERE | ALAGYP R dRdP By SoRE aF| SIS LPREEATLeRe Gcp:
5 X' (each _occurrence) i1ndependentl represenis a neutral conjugated or
non- colf ugRPERCEREALchRs A RIPGRy ARG 30 DALFRETIFAPLR A i @k

or substiturthceid wiith at | east gne Cl-Cl z hydrocarbon group and which fornms a

n- conpl ex PhIeBEpeFat SYFNREH 2ypropenal.
In the method of the present invention, it is preferred that

ethylene 1s homopolymerized or copolymerized with at least one
comonomer selected from C;-C;y a-olefins. It 1s more preferred

‘15 that ethylene 1s homopolymerized or copolymerized with at least
one comonomer selected from C;-Cg a-olefins.

In the method of the present invention, it is preferred that
the reaction pressure of the continuous slurry polymerization or
continuous gaseous phase polymerization is in the range of from

20 atmospheric pressure to 50 atm. It is preferred that the reaction
temperature of the continuous slurry polymerization or continuous
gaseous phase polymerization is in the range of from 40 °C to 120
°C, more advantageously from 60 °C to 120 °C.

When the method of the present invention is performed by

25 continuous slurry polymerization, 1t is preferred that the weight

percentage of the formed polymer (i.e., slurry concentration) in



10 Y represents -O, -S-, -NR*- or -PR‘- wherein R* 293&nende2003y
represents a hydrogen, a Cl-d z hydrocarbon group, a Cl-C8 hydrocarbyl am no
group, a silyl group, a Cl-CB hal ogenated al kyl group and a C6-Czo

hal ogenat ed aryl group or a conbination fhereof ; 15 Z represents Si R*2,
CR*2, SIR*2SIR*2, CR*2CR*2, CR* =CR*, CR*ZSIiR*2 or GeR* wherein R* is as
defined above; pis 0, 1 or 2; and qis O or 1, wth the proviso 20 that,

when p is an he for oxi dat i of nd X _(each
occurrence%h rfgléﬁré%lgﬁt Fb Srepre gg?\? d‘s gts ?ﬁa%%%é'\?mqb&u S}, more
non- hydr og at ons, whj s, selected, fromthe group consisti ng of a

hal ogen, %’a’@:’éﬁgﬁ?&?% f"hoﬁ BYOUSE ghtcer Esﬁydrocar byl oxy group, a

C2-d 2 di (hydrocarb | )am do_grou 25 a C2-Cl12 di hydr ocar byl %_ phosphi do
Group. & G0 2 TahReya Be Fhs RFRARRE ARYPRFLOG. oL L aegUhEE KAI:

t her eof ; 29 January, 2003 32 that, when pis 1 and q is O, the fornal

oxi dati on %@h@@aéﬁllvlsits183u&il&c)tetdeb¢ &ydrogen gasptreatmgnininowhichisgdd
selected fromthe group consisting of an allyl group, a

2- (N, N&i necatabyshobet tontapghedywithoypdnogen agN, N1 idi stdfdraredidhat
-benzyl group, or the formal oxidation state of Mis +4 and X represents a
di val ent gpnier der ox edrfuldrare ds 380 1ithrhomepelyme ehea t bon ¥ fasdidldlegdmher
forma netal |l ocycl opentene group; and that, when p is 0 and q is 1, the
formal oxiimttlos peilameriked by sald2catdl)streprespolyvmerieatioh &Pyaignt ed
or non-conjugated di ene having up to 40 carbon atons, which is

unsubstit ubPEf Dl SnddssaiditEeshondentin asd pwlemisr {zek el Rata0yetp and
which fornms a n-conplex in cooperation with M Specific exanples of (A

conponent ssas@dataliyd: s ewifected By HYdrvydngasdereatment in which said
[ (N-t-butylam do) (tetranmethyl-[err]5-cycl opentadienyl)-1,2

et haneg@i yl &:&f&:ﬁ?\st‘nlﬁ“ aBhbatted (W th Dy ategesd éé et rmdwdcﬂeerﬂﬂe%erred

cycl opent adi enyl ) di net hyl sil ane]titani um di net N- net hyl am do )

tetranet hytné@f }ﬁofyﬁboesﬂtaetearl ):Hb”%h"&)ﬁh&'slta%]tw ttml Wl 17 0V Isaid
[ (N-phenyl am do) (tetranethyl-[err]5

cycl opent @bﬁaﬂb,%.gi- rmég%l% ﬁwé'ﬁ t:l.%”b{iﬁ’jdbﬂgﬁhﬂ; ‘hydrogen gas-treatment
[ (N-benzyl am do) ( t ef ranet hy

cyclopent 14it |

[Nt but yE At et ﬁ"é%& BELe %“%“ﬁ’;‘**ﬁ“ LR I el

et hanedi yl ) ki

[ (N-t-but y%’é gggé(%r r?gg éfaopgﬁtgggpgﬁﬁ 51801utdhyl silane]titanium di nmet hyl,
15 (1) prior to the introduction of sald catalyst into the

polymerizer, sald catalyst is subjected to hydrogen gas-treatment
in which sald catalyst 1s contacted with hydrogen gas, and
(ii) together with the introduction of said catalyst into the
polymerizer, sald catalyst is subjected to hydrogen gas-treatment
20 1in which sald catalyst i1s contacted with hydrogen gas.
Examples of methods (i) above for performing the hydrogen
gas-treatment defined in the present invention include:
I) a method in which, in step (2) of the method of the present
invention, the catalyst is transferred together with a catalyst
25 'transfer medium, and the hydrogen gas-treatment of the catalyst
is perfprmed by introducing hydrogen gas into the catalyst

transfer medium to thereby contact the catalyst with the hydrogen



[ (N-net hyl am do) ([ err] 5-cycl opentadi enyl ) -1, 2- et hane2$i Jdniary,2008m 5
dimethyl, [(N-nethylam do)([err]5-cycl opentadi enyl)di nethylsilane]titanium
dimethyl, [(N-t-butylam do)([err]5-indenyl)dinethylsilane]titanium

di rethyl, and [ (N-benzyl am do)([err]5-ingenyl)dinmethylsilane]titanium 10

di rethyl. Further, specific exanples of (A) conponents used in the present
i nvention al so include conpounds having t he sanme nonencl atures as those of

the above- gal4aReHgSRAE! LhanSragpLds e CALAYRNGH except thal the

term"di me ears e rear en each nonencl ature and

spoear g (o %%%@35%%&% é?rib@r R R

"dibenzyl " 2- n1no)ben but ne 1, 4-
s-iraps- [EF?fﬁ’(‘E] %&Fﬁﬁéﬂ%? Pﬁé%‘gn‘@o i f M tiansfer of
[err]4-3-nethyl - entadlene" ) Ei gerr 1, 4 benzyl 1, 3butad|ene"
"s-traps- Eaaki 2aJ4y M%We'the"e#ms F Fl)]'4tl'ie§a§é4tya?ﬁ dfeplaced
"s-traps- [err]4 1,4-ditolyl-1,3-butadie
"strap®[e 9?@?@‘@%5@?@%%15% ﬁ‘#%ﬂI)VQI?-IB» Bodydreuen gascis - ingrqdnced
1, 4-di phenyl - 1, 3- but adi ene", "s-cis-[err]4-3-nethyl-1,3 25 pentadi ene",
"S-ci - ~4- inmdtbenqqtalystbmaqr‘eﬂbr cortaining eambnljyszocﬂao Fhereby
[err]4-2, 4- hexadi ene", "s-cis-[err]4-1, 3-pentadiene”, "s-cis-[err]4-1,4
ditonI-1,Gobuaaui@he"camaIYstcMitpethp4hyﬂ¢d@aﬂﬁgdsnethyIsiIyI)
1, 3- but adi ene". Herei nbel ow, explanation is nade with respect to a m xture
5 (B) (hereinaft®he liydvogen lgas-dhwyatwento methodoopabieen (([iB) aboveedanrbé he
present invention. Conponent (B) is a mxture of: (B-1) an activator
conpound (&£fichahtdy, per&gmmetll byr ehermedet of athé aneivod g £ (tH Jpresent
which is present preferably in an ambunt of 0. 5 to 10 tinmes the nol ar
amount1mf ineeatiban Detwiidd thenpolpmletAxerdnals (@Bcatadyster gpanster!pipe
conpound (hereinafter, frequently referred to as "conponent ( B-2 ) " )

whi ch is peefifattpietrResbty amdanimstep (Qf) ,0theObataldttiserddsrdmtead
amount of activator conpound (B-1), 15 wherein activator conpound ( B-1)

conpri ses @ogather withaa CHELDFSH RAHANMHE e qE@UNDvB1ZA 98, FYBRERI In the
activator conpound (B-1 ) is capable of reacting with transition netal

conpound (SathPyker Pran¥ed p%ﬁ&”éﬁdhﬁﬂénﬁyaréébﬁ|bhbct%%hwmdﬁt df tife

preferred that organonetal conpound (B-2)
catalyst is performed by introducing hydrogen gas 1into the
15 catalyst transfer medium to thereby contact the catalyst with the
hydrogen gas during the transfer of the catalyst through the

catalyst transfer pipe.

With respect to the above-mentioned mode of the method of
the present invention in which the hydrogen gas-treatment is
20 performed during the transfer of the catalyst through the catalyst
transfer pipe, it is preferred that the catalyst transfer pipe
has, fluid-tightly connected to a side wall thereof, a
branched-conduit for feeding hydrogen gas into the catalyst
transfer pipe, and the introduction of hydrogen gas into the
25 catalyst transfer medium is performed by feeding hydrogen gas into

the catalyst transfer pipe through the conduit. The conduit may

be connected to the catalyst transfer pipe either inside the



20 represented by the following formula (1): NRnXm_nzq,]gmjamlmrﬁi n:. M

represents an el enent selected fromthe group consisting of elenents of
Goups 1 to 15 of the Periodic Table, 25 R ( each occurrence )

i ndependently represents a Cl-Cl2 |inear,, branched or cyclic al kyl group or
a C6-C20 aryl group, 29 January, 2003 ?95 X (each occurrence)

I ndependently represents a hal ogen, hydrogen or a Cl-C a al koxy group, m

repr esent ?%g“gég%%ggflaéﬁeﬁi&éa{:get)%ot&/#ggggzg is an integer of from1 to

m wher ei f1 ned above. catalyst used in the nethod of

] T's"as | intl
E??}pﬁﬁiﬁf & l(k?véifﬁﬁ?%ﬁﬁgﬁﬁeﬁiﬁf@?@né‘?éréﬁ%% Eo B pEdEmi A NS R oBRET,
t t t ' | pi hi,gh .0l ef i I ' ' fvity. | h
Catalyst A FETHICHE REELBRAL A SRS SR T AR e AR cofpBREnFapEBs) -
S prof or MARYIARSA [ UBERRSoaAIRE L SRLOR. CorBbRent 2 ¢) thas Ayarogen

substantially no hydroxyl group. Wth respect to the term "noncoordi anti ng,
Conpat Pbl A%~ EFRAMENE 08 ERRGIHAIES ridcbaBt pERE SR MIRANGCHRG catalyst
"noncoordi nati ng" means that the anion is incapable of form ng a coordinate
bond wi t h Whigh t ransiatiadiyset diragsiempsesHiun Acont@ining adivdragerncagals e
of formng only a weak coordinate bond with the transition nmetal, so that

it is easilntzhdypted cthemeinteuttaltharebyicontaet thecatalystawiltdf ithe
Further, in the present invention, the "noncoordi nating" anion is an anion
whi ch, wheémydmegémrgasg andgoridi nstepbdad ., wittte téatalyeti Lot nasisfle rireidn
such a case, the anion functions as a charge bal ancing anion in the

cat al yst usegethert heltiet tivel chtahgspr tsansfenvmetdiam). , will not 25 suffer
deconposition, so that neutralization of conponent (A) in the

above-tgent i oned Exang s of methotisvéispabese £od perfarming tle hgdroglen

by- products due to the deconposition of the anion can 29 January, 2003 36
be avoi dedgadheréetmen € @afdindd £h tiapsesbat imeminian ingladel taaietheden

when the activator conmpound (B-1 ) deconposes, the anion

in which, the catalyst and hydrogen are introduced into the
polymerizer in a double wall pipe which has an inner pipe having

a nozzle and an outer pipe having a nozzle, and wherein said

15 1introduction of hydrogen gas 1s performed by feeding the catalyst
to the inner pipe and feeding the hydrogen gas to the outer pipe

or in which, said polymerizer has a nozzle for introducing said
hydrogen gas into said polymerizer in close proximity to an
opening for introducing the catalyst, such as an end of the

20 catalyst transfer pipe, and wherein said introduction of hydrogen
gas 1s performed by introducing hydrogen gas through said nozzle.

In the method of the present invention, wherein, the

hydrogen gas is introduced in close proximity to an end of the
catalyst transfer plpe through the nozzle, 1t is preferred that

25 the tip of the nozzle for supplying the hydrogen gas is about 1/5

of the internal diameter (D) of the polymerizer or less, more

preferably 1/10 of the internal diameter of the polymerizer or



wi Il not be degraded to neutrality, and that the ani 29 Janbdryp@2803harnful |y
affect the polynerization using the catalyst in the 5 present invention.
The transition netal conpound (A) used in the present invention can be
general |y synthesized by a conventional gethod. As a preferred exanpl e of
met hods for synthesizing the transition netal conpound as conponent (A)
used in the present invention, 10 where can be nentioned a nethod as

discl 0sed 1dsd) SmoBR! Gedlranyoty 360 o RO int bRRTPIA AREENS 62! Anes!

of the present invention Inc s an activator conmpound bel ng capabl e of
reacting w | 41 fiar. I Vi ng
215 caralnt EhSELREREY $88 S EORIALRG Lo (TR AERURI AR
"activat or ng' ) . nega y Al |l ne.catal yst, the netal
conpl ex fo?"?égpé)#oﬁ{l% h%%r ﬁsH‘fY’oﬁaﬁgggstgggﬁggﬁﬁg%aﬁ&p%he above-nenti oned
activator conpo exhi bits high olefjn polynerization activity 2 S an
active species g‘?f’fthé:etf‘ﬁeﬁ@&’. %mré@%? %%-'ffemﬁeﬂfst?%é’ﬁ%\?aﬁ?&
conmpounds) ,used in the 1‘_gresent i nvention include, for exanple, a compound
r epr esént etP Pyhe PFesentodPNENtdPRyl 4t (35 Prefeyned thatobhg apeynd o ideei n:
[L-H d+ represents a proton-donating Br[err]nsted acid, 29 January, 2003
37 wher ei MYAreger 33 31sedd§t PaP tewd L dimas) the modari ameyet theom 1
to 7; and [~+Qp]a- represents a noncoordi nating, conpatible anion, 5
wherei n M ¥eprestheon dehalal conpaprdl [(d)d epntatnedp ige| the emettadhogensps 5
to 15 of the Periodic Table, Q (each occurrence) is independently selected
fromthe geatplyshsi Hhentbe amaiintief thehhvdgegengazused ixgthe hydrogen
di hydr ocar byl am do group, a Cl-C30 hydrocarbyl oxy group, a Cl C3o0
hydr ocar bogagrbupatment GE- €N cabsilistt &8 Rpdsothanon .§r dime Wwiner iolax
single Qis optionally a halide, mis an integer of from1l to 7, pis an
i nt eget0 ofamount2otfo the itHadsities defialedcambpeendarfd)p -the —efifePtefodr r ed
exanpl es of (H 1) components (activator compounds) used in the present
I nvent i on suppuessing diipo wiodureenescof echde/f ikt d ddrma nf palymén ca®not20
[L-H d+[ MmOn{ G T-Hr}a]d (8)
be achieved. On the other hand, when the amount of the hydrogen
gas used in the hydrogen gas-treatment of the catalyst is more
than 50,000 times the molar amount of the transition metal
15 compound (A), the polymerization activity of the metallocene
catalyst 1s disadvantageously decreased. In the method of the
present invention, it is more preferred that the amount of the
hydrogen gas used in the hydrogen gas-treatment of the catalyst
is 10 to 30,000 times, more advantageously 100 to 10,000 times
20 the molar amount of the transition metal compound (A).
In the method of the present invention, when said catalyst
is introduced together with the catalyst transfer medium into the
polymerizer, the peak concentration of the catalyst in the
catalyst transfer medium is 0.05-5 g/liter, preferably 0.05-3
25 g/liter, more preferably 0.05-1g/liter, most preferably 0.05-0.5
g/liter.

The term "peak concentration" of the transfer medium of the



wherein: [L-H d+ represents a proton donating Br[er r];glgaﬂgh!?p_mm wherein L

represents a neutral Lew s base) and 25 d is an integer o roml to 7; and
[M"+Qn{ G T-H)r}Z]" represents a noncoordinating, conpatible anion, 29
January, 2003 38 wherein Mrepresents a netal or netalloid of a G oup
selected fromGoups 5 to 15 of the Peri%di c Tabl e, Q (each occurrence) is
i ndependently selected fromthe 5 group consisting of hydri de, a C2-C20

di al kyl am do a Cl- C20 al koxi rou C30 ar 'de royp, .a
G C3n, y DL TR R msARh g SERakRs tiEn a8 Biarty SReAmg bl BoR BRIT S a
Cl- C4o hydrocarbyl - or Cl-C4o-hal.ohydrocar byl -substituted organorret alloid
group, whetRtroducedqinte theypolymiemizer hivifed 1oy ctheaamogptuctetd®

i ndependently represents a Cl-C30 nultival ent hydrocarbon grou haV| ng a
val ence ofc§€a]+Y§',& tmapsferspedtumdntraiucedRinge tivR poliames The
represents a Cl1-Cl2 hydrocarbyl group, a Cl1-C8 trihydrocar byl eryI group or
a Cl- C8 treéxpressioby| Hther@nanntgefughe thitaliystdh measgetheftdtalnweight7, n
is an integer of fromOto 7, gis Oor 1, r is an integer of from1 to 3,
z is ab i ndfgdy) af ttansition met&D abmpouas] dempmrds ialgosa et ramst tion metadb =
d. Wth respect to the Ggroup in forrmula (8), when Gis a dival ent group,

it is prefgrayesl tﬁ%oﬁ@&d@:ﬁé?&@o'é Apoded dii it Mgl S§)5 d\/‘ﬂfi‘icture

preferred exanpl es of (B- conmponent’s (activator corrpounds used in the

(o 20 SEnaRL) 6{33%@?{%@[%@%%?‘%? osolipEtaths (€ pteth, HENd .
EQSE"Qoﬂ?Qﬁér"ﬁ%wséi FLRSe roBRe Eonit A, og, SEEREFAbaRTe (ROwgRr1RY °
) P hdependebtRyHie fSaddt tdn SEEBE compodih b F6 o %‘uf&gﬁb“ 28
substi t Ut edax%.xtxg aac:[:a1|:::(1a ;Ej.c activity, and (B-2) an organometallic compound,

(C) a so0lid component, and (D) an organoaluminum compound.

When sald catalyst 1s introduced into the polymerizer, the
linear speed of feeding the catalyst into the polymerizer is
preferably 0.01-5m/s, more preferably 0.01-3 m/s, and still more

15 preferably 0.01-1 m/s, with the proviso that "a linear speed"
means the amount of the catalyst transfer medium divided by the
cross section of the opening for introducing the catalyst, such
as an end of the catalyst transfer pipe, into the polymerizer.

When hydrogen gas 1s used as a molecular weight regulator,

20 the hydrogen gas used in the hydrogen gas-treatment of the
metallocene catalyst may be employed as a portion or all of the
hydrogen gas used as a molecular weight regulator. Specifically,
for example, a portion or all of the hydrogen gas used as a
molecular weight regulator may be used for the hydrogen gas-

25 treatment of the catalyst by introducing the hydrogen gas into

acatalyst transfer medium which is transferred to the polymerizer

together with the catalyst (wherein, after the hydrogen gas has



substituent selected fromthe group consisting of a §ghJjsd@aryy2003car bon
group and a halogen, and Q represents a C6-CZO aryl group substituted with
a hydroxyl group. 15 In fornula ( 9 ) above, it is preferred that L is a
conpound represented by the follow ng fornmula: ~n wherein: Mrepresents
carbon, nitrogen, phosphorus or sulfur: ¥ R (each occurrence) represents
hydr ogen, a Cl1-C3o linear, branched or cyclic al kyl group, a Cl-C20 al koxy
group or Co6 0 aryl group, wth the proviso that, en two R groups are
8080 thesn Fraphshones HPiant dhorpadiad thEo PR pd oAl St Hethen |y
bonded together to forma . ring .in cogperation wwth M 25 and n is 2 or 3,
with the preth he casslyss ang, the s tas vatatranRERTmedLun. Hhe hrdsedes
carbon or sulfur, and that, when n is 3, Mrepresents nitrogen or

phosphor usgasSHanve s asx anP £ecBlapr ¥e bab BRI IR\t ®F 1t rihes ped yaerdsetided in
the present invention include trialkyl anmoni um cations 5 obtained by

repl aci ng Imrtlsfcase. fwhen pte ochydseganmoasuusedt Lionthe hindzegenkghs -
groups, such as triethylanmonium tripropylamonium tri(n-butyl)amoni um
trinet byl atmeatnent tof (Hher cataillylsitarsoai portion(ef oche IhEdmugenigas used

di et hyl met hyl anmoni um di but yl net hyl ammoni um 10 di but yl et hyl anmoni um

di hexyl nmetdy | amehecul arli weightetaghaatoni i the denadnliaet pyrateaniofmthe

di dodecyl met hyl anmoni um dit et radecyl nmet hyl ammoni um

di hexadecyny@idyémasnasn ndileciadacykighhytedalatoills directly fed into
di i cosyl net hyl ammoni um and bi s(hydrogenated tall ow al kyl) 15

net hyl amothel o Lyt rilzdrdt it éugh adr 8keiplal iDAFArsdeh §&s introduction
N, N-di methylanilinium N N-diethylanilinium N, N2,4,6

pent anet hyh 594 | £ 044D ¢ gt N NoohiiBE buabeaZ thanbbi g 8. her exanpl es of
proton-donating Br[err]nsted acids include dial kyl anmoni um cati ons, such as

di (i - prpopy! ) anmory ¥heandtROd U £ ¥hOPLE Y RETRN N1 drl WAB¥ERAOPIO RvdFogen
cations, such as triphenyl phosphoni'um tri (nethyl-phenyl)phosphoni um and

tri(dimet f‘?’éé’%ﬁ'ﬁﬂ&‘%@éﬂ”afﬂ & dil st d PN BARA NS witdE ePect to

di met hyl sul f oni um and di et hyl sul fonium and di aryl sul foni um cati ons, such

s ol LY KRS 8 BARS R O lr OB RLFL DR e THRSLH °
gas 1n the hydrogen gas-treatment of the catalyst, there is no
particular limitation; however, 1t 1s preferred that the contact

15 time is 10 minutes or less, more advantageously 5 minutes or less,
stl1ll more advantageously 1 minute or less, still more
advantageously 30 seconds or less, most advantageously 20 seconds
or less. On the other hand, it is preferred that the contact time
is 0.01 second or more, more advantageously 0.l second or more.

20 It is preferred that the purity of the hydrogen gas used
for the hydrogen gas used for the hydrogen gas-treatment of the
catalyst is 99.99 % by mole or more, more advantageously 99.999 %
by mole or more, still more advantageously 99.9999 % by mole or
more. Such high purity hydrogen gas can be easlily obtained by

25 contacting hydrogen gas with an adsorbent, such as molecular

sieves, activated alumina or copper oxides, to remove impurities

(such as water, oxygen, sulfur, carbon monoxide, carbon dioxide



29 January, 2003 41 triphenyl (hydroxyphenyl)borate, 29 January, 2003

di phenyl - di (hydr oxyphenyl ) borate, triphenyl (2, 4-di hydroxyphenyl ) borate,
tri(p-tolyl)(hydroxyphenyl)borate, 5

tris(pentafl uorophenyl) (hydroxyphenyl)b 4ate,
tris(2,4-dinmethyl phenyl) (hydroxyphenyl ) bor at e,

tri(3,5-di nmethyl phenyl) (hydroxyphenyl ) bor ate,

135 PSR D LR e sarsty o
E[::gggﬂt %ﬁr gﬂe n&g&%%%g&%%%hporategpgpgatography (using, for

t tafl henyl ) [ 4- (4’ -hyd h h b d
tiliﬁﬁiﬂt%x%&?ﬁ%h%%%@%m@% aaﬁin‘ﬁyp? g W

conpounds, trls(fentafluoro hené gh droxyphenyl)borate I S nost
pref er r ed.2nq hgQ @p@$|$h%mé @§P6¥a 48BoofaPARYi-ng, conpati bl e ani ons
whi ch can be used in the present invention include borate conmpounds

obt ai n@d by replErei fhehyetdod aff otire Prespatadamenisian onksl theciolie€in
exanpl es of borate conpounds by an -NHR group 20 wherein R represents a

met hyl gr @plymerktzayiogroapadysh,t armebalybcgneupathiysiie ipr asedt.
invention, it is preferred that conponent (B-1) is used in an anmount of 0.5
to 10 tines the Tiné arefammie charanterdst) A suffikéesd: ewlpich erre diseldat

t he nol ar anmount of conponent ( B-1 ) is 0. 8to 5tinmes , nore

advant ageals varidus ZoirmitaeZde s feived dersimnarel, cespeseiveld) .uddd ithe
present invention, it is preferred that organometal conpound (B-2)

(herei naf t@ssign&uecspeyifeteelefleht(8y, " 6pepoitat subd®itaend(y) 20The2
(B-2)") is represented by the followng formula (1): MRnXmn ( 1 ) wherein:

M reprgsentfkérarfi epRei fie AthBdr{s9not thed)N1ake ,CoAIYSih ibrmedt QL imAhS of
Goups 1 to 15 of the Periodic Table; R ( each occurrence ) independently

represent sz a dekt@li4 | FoeRG1aPrHANCRRICR" the! reralkhlcedr ehdraétar (§y Caagar V!
group; X (each occurrence) independently represents a hal ogen, hydrogen or
a Cl-d o adPryx0UE8YP;are used, and, therefore, the same reference
character(s) and suffix(es) used in different formulae do not
always designate the same element(s), substituent(s) or the like
15 and the same number(s) or the like, respectively.

The Periodic Table referred to herein is the Periodic Table
published and copyrighted by CRC Press, Inc., 1989. The "Group"
and "Groups" used herein are in accordance with the above-
mentioned Periodic Table and the IUPAC system for numbering

20 groups.

The term "hydrocarbyl group" as employed herein means any
aliphatic, cycloaliphatic, aromatic group or any combination
thereof.

The term "hydrocarbyloxy group" employed herein means a

25 hydrocarbyl group having oxygen, which is bonded, through an

oxygen linkage, to ametal atom, ametalloid, or a carbon, nitrogen

or phosphorus atom of a compound.



10 mrepresents a formal oxidation sate of M and n29slaanarya288®r of from 1
tom wherein mis as defined above . Wth respect to conponent (B-2) used
in the present invention, it is nore preferred that: Min forrmula (1)
represents an el enent selected fromthe é group consi sting of elenents of
Goups 2 and 13 to 15 of the Periodic Table; and R X, mand n in fornmula (
1) are as defined above for formula (1). Conponent (B-2) may be a m xture

Pt o e ey RESe? 0 A TS T RRET Rl Oty [REANL % (115 B8R

preferred exanpl es of conpone use e present 1 nvention rnclude
or ganoal um I epr te e_fal i_ng nul a 10

Al RnX3_" (c%quﬁggB@ﬁgg§P :%ﬂﬁ?ggac%hg§8§5r8n§éh§@?%dé%§kagﬁrl&°r85%%£%ﬁts
a Cl-Cl12 linear, _branched.ar cyclic_alkyl group or a_C6-C2o. aryl oup;

%0 Januar y 23003 danekedigad o B¥. pr EnBbot: HafERedh. Py Pogrludiles d:REGgen
hydrogen or a Cl-C o al koxy group; and nis 1, 2 or 3 . Exanples of R
groups in PoFRMPRYAY) representing a 5 preferred form of conmponent ( B-2 )
i nclude a nmethyl group, an ethyl group , a butyl group , a hexyl group , an
octyl gfoup ( a @88yl TRp "9IIMPHknyIroBPOup eBRd O edo| ienfidup meaB@&nphes
of X groups in formula (10) representing a preferred form of conponent
(B-2) incl ggEmaniamreopn e g giospPhbRydgfethreudhy e gerpandpmabinkage,
chlorine atom 10 Specific exanples ~ of ( B-2 ) conponents used in the
present intondimgtahatede armetalleddniorumcarkon anitrqgarhpirapbosplorus
triethylalum num tributylalumnum trihexylalumnum trioctylalum num and
tridecyl al ationumf ancdampaatricon products of these trial kyl al um num conpounds
wi th an al cohol, such as nethyl 15 al cohol, ethyl alcohol, butyl alcohol,
pentyl al cohol, Mheyblealfimhpolymerilzationhalatadgst usledohal the mbehbdkef
Exanpl es of such reaction products include nethoxydi nmet hyl al um num

et hoxydo et kplealprasemt dnordnttingy didmpgndsdsism num | n the production of such
reaction products, it is preferred that the 20 m xing ratio between a

trial kyl al um num(and aart ramitiion sdtiall Reonipiged otompeis Ong &0t2@nsiPién
advant ageously fromO0.5 to 5, still nore advantageously fromO0.8 to 3 in

terms of the Al Hdvidld H-bonded thereto a cyclic anionic ligand:
(B) a mixture of an activator compound (B-1) comprising a
cation and a noncoordinating, compatible anion and being capable
15 of reacting with the transition metal compound (A) to form a metal
complex having a catalytic activity, and optionally an
organometallic compound (B-2); optionally
(C) a solid component; and optionally
(D) an organoaluminum compound.
20 Hereinbelow, explanation 1s made with respect to a

transition metal compound (A) comprising a transition metal
having m-bonded thereto a cyclic anionic ligand (hereinafter,

frequently referred to simply as "component (A)").
As an example of component (A) used in the present invention,
25 there can be mentioned a compound represented by the following

formula (2):



As typical exanples of reaction products obtai ned bR9rlanasiv;308h

al kyl al um num and an al cohol at a mxing ratio of 1 in terns of 25 the
Al/OH nolar ratio, there can be nentioned met hoxydi nmet hyl al um num

et hoxydi et hyl al um num but oxydi butyl al umi pum and the |like. In the present
i nvention, 29 January, 2003 44 preferr exanpl es of

(B-2) conponent si ncl ude trinethylaluninun1 triethylal um num or

tributylalum nu éﬁ#P¥%B§ pres invention, it is preferred that the nolar
anount of conpon )¥is 05 to 20 tines the nolar anount 5 of
conponent (E%%£ IS nore preferred t hat conponent (B-2) is used in an
amount 0. 07¥R %1?1nes nore advantageously 0.1 to 1 tinme, nore

advant ageously 0.2 to 0.8 tinme the nolar anDunt of conponent (B-1). In the
present inventiory (EagveecurrBngeshiindependendilyedepiesentiskiang-bodded,
contacting conponents (B-1) and (B-2) with each other in a specific nolar

ratio) can éybﬁiﬁiﬁﬁidhfﬁfligﬂh@nséD@@@éenfr6ﬁ3thEOQrbﬁggeéﬁbﬂgtﬁhg of a
security of carrying of conponent ( B ) on conponent , is desired

t hat compo n X t b
(B1) “an 1ERCopChiad oy SEODN Sh | LHARNTY! 91500, DY, LaREhDACEIRNGNGT |

of conpone ifi a
conpound rre%res nt edfg%% ﬁ?j g§?%§ ") a;zéo%/ﬁe/ra' orrpofrzrent % % 1&&'1}% héd &"3
T-H groups such oup as in the case of_ fornul

Cher o . arteamedtobn e el gk ihespin the M pandndr i A opacy
trralkylalunrnu mhrch is a preferred exanpl e of conponent (B-2), thereby
produci ng aligard| eptionally whaseil £0palt swbsdituentsonpeacht ¢B- whishs
reacted with conponent (B-2). The proportion of conponent (B-1) reacted

wi t h conpontirdependenttyhascup 49i 24 nepnhydriogentatames agdriks 28dependenitdy
rati o of conmponents ( B-1 ) and ( H 2 ) . For exanple , when conponent
(H1) hgs oseldctpdrfmgm thecorewp cdnsiksidng gfoa)y-Ceoysimaaryah groapd
(B-2) may react with each other at a 29 January, 2003 45 ( (B-1) / ( B-2
) ) nol ar rahiadogenl aiC;rbichalilegendsupsbhtuhedythmcarbarhgroeacta ¢e-Cia
organi ¢ groups) in conponent (8-2). Wen the nolar anount of conponent
(B-1) is thaminokydsocarbylhl geouphaa @;4C:ehhdrdcanbyhboxgt gnouph all,+@g
reactive organic group ( s ) in 5 conponent (B-2 ) are consuned by the
reacti on wdihegénpeaehylamino)grouwd) aol, coptoydrdcd ol pliesphingidgioup, a
conponent (B-2). Wen the nmolar amunt of conponent ( B-1) is larger than
a threshol ds 81pUNgrébp Whaghamlhos DRyl egebups ar gante nyaubc(arbynomsuyl
conponent ( B-2 ) are consuned by the reaction with conponent ( B-1) , a

part ofiscongppsept adQ é ﬁaiogﬂﬂ_ragﬂauynr eacted with conponent ( B- 2 )
When conponent ( B ) is a reaction mxture obtained by reacting a part or

all of conponent i Fegresantd £FRANAEIdn Frethl seleVted EHon( tRahsddnoae
very securely carried on conponent (C). In the production of the catalyst

used in thendBaNeGOErbh 416F HIRSPEL1bAYENEAWIL, 6ABRMIAIEpdidefBly BRVing
securely carried on conmponent ( C) , and, t hen, conponent ( A ) can be

securely Cagri@em@l SLIBIRESH $Atd NbOUMD, CoTRANan!, (Rl tAldryIRAY fletalt he
production of the catalyst used in the met hod of the present invention can

I b d 2 ' ' tact ed
W th comporBRttuEyOHg8aET Hinaancait g IRBEET o 9 (flap® Sherh, " 700
th bt d | th tacte th t th

causi ngttcomponentH ?és‘ﬁrqsﬁ?ﬁ?&%%%% , Fﬁﬁ”‘ﬁﬁﬁﬁgnﬁéa&%% uﬁa&?ﬁ%gﬁo
conponent (H). In_the gr esent invention,

|
conponent pREREREBFYIRRYAREMS bW RARR BFFyoﬁﬁ H? PBE%CI’Q&&?G) o oL Iand one

valence bonded to M, so that W, L and M together form a
metallocycle;

X (each occurrence) independently represents a ligand

25 having up to 60 non-hydrogen atoms, which is a monovalent o-bonded

anionic ligand, a divalent o-bonded anionic ligand having both



used for supporting thereon conponents (A) and (B) @RiJahuarygd®®kr form a
catalytically active species. 29 January, 2003 46 Conponent (C) having
substantially no hydroxyl group can be obtained by subjecting a solid
substance (hereinafter, frequently referrgd to as a "precursor of conponent
(G " ) to the bel owdescribed treatnent Tor renoving the hydroxyl groups
from5 the surface of the precursor of conponent (C . Exanples of

precursors _of. conpopent {.hcl ude, porpus, pol yne terials, wherein the
a1 ¢ oGt poaset to M. o8 B brRE RS Hiidnd BpS Pade Tigand Ravihg
styrene-di vi nyl benzene copol yner; and inorganic solid oxides of elenents of
G oups 2 t ®Ne vRlamempndedite ¢ ard | oue cvahenee banfledsteoi Lizca, al unina,
magnesi a, magnesi um chloride, zirconia, titania, boron oxide, calcium

oxi de, zinc oxi d&X' bldachn accuereneehdindepshdent g, representrsoai deptral
thorium oxi de, m xtures thereof an oxi de conpl exes thereof. Exanples of

oxi de conpllssweis coadai biggtihgscbmpaundc hald mxiwe €0 npd enon-hiydzocaeboand
an oxide of an elenment selected fromelenents of Goup 2 or 13 of the
Periodi ¢ Talgmssuch as silica-magnesia and silica-alumna. In the present
invention, it is preferred that the precursor of conponent (C) is selected

fromsilica, alum ig Rog PXwARICERBIPPRA L thialtl, Gthed jo0d za,ntmsinmﬁanaa
el enent selected fromelenents of Goup 2 or 13 of the Periodic Table.

Among t hes @i Yiiifa B Ivbiitdd 8o gtHREC itdldoudH & @ivadent grioupPhaVihb
respect to the norphology of a silica product used as a precursor of

3?2‘38:”2?? : stp%éfr‘?éﬁ‘lf'?%%%’f‘ﬁ?%é lf% F;"%’ﬁ%%‘ét %?”3%%‘aﬁfhéff?%*r%‘fﬂs@%g??eh”

. . . . D3216. 3
22?918848?%;@%%#5%' égé‘?ﬁi zié.re‘fﬁé'vi %ﬁ;ﬁ%ﬁ%&ﬁ% YERuRr, ]%oogi%‘}“
Bavi s0n0953, @l o Alnylglo 2y S RO 381 L18. danBLdrBy) Chathi BBV kS80n( 2
SRR g bl ko i bt
and P-6 anf&%cgﬁ?%ﬁﬂ @z'manul?gg#ur e%&aﬁg gogﬂ by ?—‘ul h gﬁ?yglsa gﬁ‘%m‘ cal

Ltd., Japan). It ]icsigr&fgl[rf:d that conmponent ( C ) used in the present

p ls 0, 1 or 2, with the proviso that when X is a monovalent
o-bonded anionic ligand or a divalent o-bonded anionic ligand

15 having one valence bonded to M and one valence bonded to L., P 1is
an integer which is one or more smaller than the formal oxidation
state of M, and that, when X is a divalent g-bonded anionic ligand
having both valences bonded to M, p is an integer which is (j +
1) or more smaller than the formal oxidation state of M; and

20 q is 0, 1 or 2.

Examples of X ligands used in the compound of formula (2)
above include a halogen, a C;-C¢o hydrocarbon group, a C;-Cso
hydrocarbyloxy group, a C;-C¢ hydrocarbylamido group, a C;-Ceo
hydrocarbylphosphido group, a C,~Cs hydrocarbylsulfido group, a

25 silyl group and combinations thereof.

Examples of X' neutral Lewis base ligating compounds used



invention has a specific surface area of from 10 to 49 JAfhrgP2(@3 nore
advant ageously 100 to 600 n2/g, as determ ned by nitrogen porosinetry using
Brunauer-Emertt-Teller (B.E. T.) nethod. A 10 representative exanpl e of
conponent (C) having such a high specifigg surface is conponent (C)
conprised of a porous material having a | arge nunber of pores. In the
present invention, the porosity of conponent (C) is generally 5 cnB/g or

| ess, prefgalie/ cBmpoliRddos f@ﬂnui@r(\%)gﬁbe{r@fﬁ'ié‘ﬁhde G0 h £n €8/ h1 n@S:

determ ned by nitrogen porosinetry. respect to the average particl'e

size of COFRA)ERE fthsUSEdd, ] difkndy &5 !&%Ja’l‘é‘i’%t éﬂ?‘ugé I8 et ?g{mitgxese

particular Timtation. The average particle size 0 onponent

general ly to 500 ,um preferably from1l to 200 Vim nore
pr ef er abl yéér?%&r#%éib to 100 umIn the present invention, conponent (C

havi ng substantigll OXY. [ can ,be obtained b uhj ecting the
precursor of corfg%n%ih%]%t"lgsd%%%c#%‘%ﬁjr%QT glatt ﬁ@ntptrsﬁf'nefsr ‘?% ﬁi@%‘o\?é’“ﬁ?genq
hydroxyl g ps fromthe rface,of the precursor of co nent 25 _(C), .
Furthel HRTPEs o cERbRs1Rbbn FeraL; pORRBhRAr LRPEaSeRLeD fa- Tosuianialy,
2003 48 precursor, of con*f])onent ( C) is subjected to heat treatnent so as
to renmove 3PEP YReEelBsIci§stalline water or adsorbed water). The heat
treatment of the precursor of conponent ( C) can be perforned, for
exanpl e, at a tcirRFexted &xampdiesisef coompoundgso of cEfogmrla abRY) fbewve250
Cto 800 C, in an inert atnosphere or reductive atnosphere for 1 hour to 50
hours. | n VRkergiesints ihidiglwle a icampapnd nepsesented fy  the thel towd nigeat
treatment for dehydration, the precursor of conponent ( C) is further
subj ect ed formutaef@lal treatnment so as to renove 10 the hydroxyl groups
fromthe surface of the precursor of conponent (C) to obtain conponent (C).
Wth respect to the chem cal Rreat nent conducted for renoving the hydroxyl
groups fromthe precursor of |component ( C) , it is recommended to enpl oy
a chem cal treatnment i ¢ precursor of component (C) is

X npound. Exanpl es of organonetallic
conpounds used for the che r¥&tnent i ncl ude conpounds of el enents of
G oups 2 to 13 of the Perigdie—{Tabl e. Anong t hese conpounds, especially
preferfged are organoal um gum congounds and or magnesi um 20 conpounds. A
preferred exanpl e of the organoal um num conpou used in the chem cal
treat nent ‘glfle}_.g_le_nprecursor of conponent (C) is

M represents a transition metal selected from the group
consisting of titanium, zirconium and hafnium, each independently
having a formal oxidation state of +2, +3 or +4;

15 R? {each occurrence) independently represents a
substituent having up to 20 non-hydrogen atoms, which is selected
from the group consisting of hydrogen, a C;-Cs hydrocarbon group,
a silyl group, a germyl group, a cyano group, a halogen and
combinations thereof with the proviso that, when substituent R?

20 1s a C;-Cs hydrocarbon group, a silyl group or a germyl group,
two adjacent R® substituents are optionally bonded together to
form a divalent group, thereby forming a ring in cooperation with
a bond between two carbon atoms on the cyclopentadienyl ring which

are bonded to the two adjacent R® substituents, respectively;



represented by the following formula (10): A R1X3_" 9 ¥@niard200%rein: R (
I near,

each occurrence ) independently represents a Cl-Cl12 January,
2003 49 branched or cyclic alkyl group or a C6-C2a aryl group; X (each
occurrence) independently represents a | ogen, hydrogen or a Cl-C a al koxy
group and nis 1, 2 or 3. 5 The conpoun represented by fornmula ( 10 )
above may be used individually or in conbination. Exanples of R groups in

formula (10) (repres ihng a for anoal um num .conpound
used in the che%P‘cal G(\t%:aé:a ms‘r’n?égirg[ehgggr ecﬁ@%‘?é‘gﬁe‘% on ?pr(e(fﬁmi%cl fde a
met hyl 10 gr.ou an_ethyl gro a pr [ OUp a bugyl oup ., exyl
group , arFqthst f‘b‘?‘b%g‘a"é“@gwﬁ’%g%db&%?%‘hﬂéﬁ% n W’aﬂfixﬁhg{ﬁ ?Plﬁpgﬁa
Exanpl es of X groups in forrulag (10) (representing a preferred formof the
or ganoal urk Fﬂ%%bﬁngﬁm %gé%ﬂ%e% c?néﬁi?ESPnt St Tent P RERIBRR GEPYRr of
conponent (CQ)) .include a nethoxy group, an 15 ethoxy group, a butoxy group,
a hydr oger? &10fahy dx oOSHrHYLexYa 95 /UPSpa cF o St ary laminpm GIawR .ném
conmpounds used in the chenm cal treatnent of the precursor of conponent (C
i ncl udé® t rskl¥y| agtabBum asucte-&ast r hirdregrzbyAamddo t rg%eulyl al @i funfis
tributylalum num trihexylalumnum trioctylalum num and 20

tri decyl alhrdrecarbpntphesphido girasguca£10C:14 hpdeocarbyk ghdfddiongmeum apdunds
wi th an al cohol, such as nethyl al cohol, ethyl alcohol, butyl alcohol,
pentyl al codmibindekghs -themwsadid) widdt fheaprotbbe tikay|twd coheubsitithenttiske.
Exanpl es of such reaction products include nethoxydi net hyl al um num 25

et hoxydi etdyt bdnal hyntagdthatofpdinbat yealtraInuy-Cso | Coh egatedudiens ofr
such reaction products, it is preferred that the ratio of the

trial kyl aleptiomwalbytbegethehotorm andikraleasggrefip; 29 January, 2003 50
fromO0.3 to 20, nore advantageously from0.5 to 5, still nore

advantiggeous| y fY g@ptedein®s3-0R, t- €315 -BR*-heéxr APRSH wRb2E1ha* ephepenter I ed
exanpl e of the organonmagnesi um conmpound used in the chem cal treatnent of

the precuriggdréfes PNROOENE,,( &ydrocarbem eavHrd dic ity hodreWar®yhaminba
(11): MgRnX2_n ( 11 ) wherein: R ( each occurrence ) independently
represent sgodp; @ 4ikegfoup, a C1-Cs halogenated alkyl group and a Cg-Czo
halogenated aryl group or a combination thereof;
Z represents SiR¥*,, CR¥%,, SiR#*,SiR#%*,, CR*,CR¥,, CR¥*=CR¥%,
15 CR¥,S1R*, or GeR¥*, wherein R* is as defined above; and
n is 1, 2 or 3.
More preferred examples of transition metal compounds of

formula (2) above wherein j is 1 include a compound represented

by the following formula (4) or (5):

20 Xp Xq (4), or



branched or cyclic alkyl group or a C6-CZO aryl groupg Jdsua¥y(Z003h
occurrence) independently represents a hal ogen, hydrogen or a Cl-C o al koxy
group; and n is 1 or 2. The conpounds represented by fornula ( 11 ) above
may be used individually or in conbinatign. 15 Exanples of R groups in
formula (11) (representing a preferred formof the organomagnesi um conpound
used in the chem cal treatnent of the precursor of conponent ( C) )

i ncl ude a nethyl group, an egpyl group, a propyl group, a butyl group, a
hexyl group, an octyl group, @ decyl group, a phenyl group and 20 a tolyl
group . Exanples of X ggoup No fozaNa ( 11 ) ( representing a preferred

form of the organomagn ‘r/\ nd [used in the chemcal treatnent of the
precursor of component (C)‘! si-wele—M-A¥p hoxy group, an ethoxy group, a

but oxy group, a hydrogen apbm-and a dhlorine atom 25 Specific exanpl es of
or ganomagnesi um conpounds_J{ised lhtru¥%henical treatnment of the precursor

of conponent (C) include Bi et hyl |F‘ragnesi um di but yl maghksi um

but yl et hyl magnesi um and 29 January, 2003 51 butyl octyl magnesium 1In the
chem cal twbersdgnt of the precursor of conponent ( C) , the
above-nmenti oned organoal umi num conpound and the above nenti oned

or ganomagnesi um Monppunadenty hetraediitionhmeftalmseflextedrifdom ehehegreaip | n
the present invention, if desired, organoal um num conpound (D)

(herei naf t eonsiseqngnif yitahtumnedireaslunoghd tiabnicempeacntinddpendently
optionally used in the catalyst in addition to the above two catal yst
conponet sha¥nByaugopgatpbkadalt ieangeateat ofDk2i,n +3hercatsgl yst used in the
met hod of the present invention, an active species formed by conponents ( A

) and ( B) can Rt nqeackecubekurgdfnpe)t edindepennenely (Qepeddyss cala
adsorption. The use of optional conponent ( D) is especially preferred 15

when conpop@Bktf tBeht XN LA d ipts SACHEH-RPEPEGEA ators | which Is HéARA&LRSE,
by the use of optional conponent (D) , it becones possible to surely

prevent thergmtine gHeRp 8nki8vihgi 4@ h%&@%ﬂ,oac@l%;l%régr@an reusal

bondi ng. A preferred exanpl e of optional conponent I's 20 represented by

the fol | owyng3HgnMy:ypl0)a é@@frpﬁg};ﬂ@ h WA "gréup, CaCRa20Gen S )

i ndependently répresents a
10 combinations thereof, with the proviso that, when the R?

substituent is a C;~Cs hydrocarbon group, a silyl group or a germyl
group,twoadjacentR3substituentsareoptionallybondedtogether
to form a divalent group, thereby forming a ring in cooperation
with a bond between two carbon atoms on the cyclopentadienyl ring

15 which are bonded to the two adjacent R® substituents,
respectively:

X (each occurrence) independently represents a substituent
having up to 20 non-hydrogen atoms, which is selected from the
group consisting of a halogen, a C;~C, hydrocarbon group, a C;-C;2

20 hydrocarbyloxy group, a C,-C;; di(hydrocarbyl)amido group, a C;-Cj,
di(hydrocarbyl)phosphido group, a ¢C;-C;; hydrocarbylsulfido
group, a silyl group and combinations thereof, or represents a
stabilizing anilonic ligand selected from the group consisting of

an allyl group, a 2-(N,N-dimethylaminomethyl)phenyl group and a



branched or cyclic alkyl group or a C6-CZO aryl groupp JAhusry, 2063

occurrence) independently represents a hal ogen, hydrogen or a -Cl o al koxy
group: and 29 January, 2003 52 nis 1, 2 or 3 . Optional conponent ( D)
may be a m xture of a plurality of types of conpounds represented by

fornmul a (10) above. Exanples of R groups3in formula (10) representing a 5
preferred formof conponent (D) include a nethyl group, an ethyl group ( a
propyl group,..a _butyl group, a_hexyl _group, an octyl group, a decyl group ,
a phenyi g?b(ﬂﬂ'I,‘“Qi!‘i%ggééﬂi&?dh\e&ﬁala TR . gPEuFePIBaRRHt % s aofdivadenins
in formula ( 10 ) representing a preferred form of conponent ( D) include
a net hoxy g¥eup dezhvefdhfxpmgaobp;Ca beusdialicogingates Wianayewidtborihend a
chlorine atom Specific exanples of (D) components used in the present

i nventi on previde trtkakyl A unmiandn Muchomtionaiddyhyl bbgethem form a
triethylalum num tributylalumnum trihexylalumnum trioctylalum num and
tri decyl almetalitpcmoliopeatenengmoogucts of 15 these trial kyl al um num
conpounds with an al cohol, such as nethyl al cohol, ethyl alcohol, butyl

al cohols pentyl =m!cobath berurrahcehoindepeydeatdghadleprés@dtitsale aieltr@l t he
| i ke. Exanpl es of such reaction products include nethoxydi nmethyl al um num

et hoxydi et byhghgatadreRmbrdsngiryatsd dalend REVingup ® 40 FAPHsA td tomsOf
such reaction products, it is preferred that the ratio of the

trial kyl al yRLBHM EOuhBAbALERAREA orl BubBe1ta#ed Hith UP QchdtO & dl0ts,
advant ageously fromO0.5 to 5, still nore advantageously fromO0.8 to 3 in

component EEPea5bBR. Bpdf ol whoh REMT a3 e iRk AR ot BSEREEb Wil

1, 000 tines , preferably 0.1 to 100 tinmes, nore preferably 1 to 10 tines
the nol ar ¥hount of conponent (B-1). 29 January, 2003 53 Wth respect to
the nmet hod for produci ng the catal yst used in the nethod of the present

i nvent1®n, the cht aFSRTCERtBe 9Bt ai ned by W acthg dHbondhereim) Rfhd (
B-1) , and gptionally conponent (B-2), conponent (C) .and conponent (D). 5
Wth respethdepepdentizcrepresanhsf AFAnagsRc A the REAEPGRAFDOR SFAYP t he
nmet hod of the present invention, there is no particular limtation.

Exanpl es of Gpfeikydrogarikanino grodioi AFtHElL gxoapysa Gis€d halaganatadod

of the present invention include: 10 (a) a nethod conprising the steps of:
alkyl group and a C¢-Czo halogenated aryl group or a combination

thereof;

15 Z represents SiR¥%,, CR*,, SiR*,SiR%,, CR#%*,CR*,, CR¥=CR*¥*,

CR*,SiR*; or GeR* wherein R* is as defined above;
p is 0, 1 or 2; and
qg is 0 or 1,
with the proviso:

20 that, when p 1s 2 and q is 0, the formal oxidation state
of M is +4 and X (each occurrence) independently represents a
substituent having up to 20 non-hydrogen atoms, which is selected
from the group consisting of a halogen, a C;~Cy hydrocarbon group,
a C;-C;; hydrocarbyloxy group, a C,-C;; di(hydrocarbyl)amido group,

25 a C,-Ci2 di(hydrocarbyl)phosphido group, a C1-Ci1,

hydrocarbylsulfido group, a silyl group and combinations thereof;



(i) intimately mxing and contacting conponents ( B9JapusRd2063 2) with
each other to formconponent (B), (11) intimately m Xxi ng and contacti ng
conponents (A) and ( H) with each other to thereby obtain a m xture of
conponents ( A ) 15 and (B), and (iii) igfimtely m xing and contacting the
obt ai ned m xture of conponents (A) and (B), and conponent (C) with each

ot her, wherein conponent ( D) nmay be optionally added at any tine after

the step (i); an ( i Sd t of ; iy )4 ntimmtely
m xi ng and cont ac %ﬁg Q%?r%oﬁg%%]gp(% )ﬂa%’ (‘%%?to%l eoé‘cif(gagtihoeﬂr r)stfeoégleor m
conponent 1 ingi |y _ mixin n nt.acting ¢ ent . (B), and
component T AF A At KPREF 8 R of alytaiahHY R FLrliba SR itngh
(B) and (C, and_(iii) intimtely m xing_and contacting conponent_ (A .and

t he obt ai nﬁﬁ% x‘E"gﬁe ‘-:z)‘?c’%nﬁt?ﬁ’é‘rﬁ%ry(“% Eand®( @iiyém t&%‘é’éh i h@r‘,(N)'NZ'Q
January, 2003 54 wherein co nent (D) may be optionally added at any tine
after the Q%@%t?Y}?mVPPNnggggcPh?BY& Lewi $TQRP d, wiPdh may2be uded N.Abt ead
of hydrogen gas and contacted with the catal yst in advance, exanples 5 of
the Lefi s étpgthytanncdaPeaaYAogERVEe OF dhihEormadxpaddatdgpgehate v Mgen
oxi de, H20, al dehydes, ket ones, carboxylic aci ds, am nes, amdes and nitriles.

| n addi ti ohst 64t pedaFowrennaaaendifed chhpolent sgroupt Aeriwed! Eyowmn@ €ar by st
used in the present invention, other 10 conponents which are advant ageous
for ol efi ncppnjygatedadieme roor Beand M diogedhexr £hemozimetadil.ochs lopemtesse of
such addi tional conponents for the catalyst, there nmay be nentioned
aromat i ¢ egreupcoapdunds, such as ethyl benzoate. Hereinbel ow, the present
invention will be described in 15 nore detail with reference to the

fol | owi ng Exanpl tsatpdwhienppr s i@ cakXaypiesl, Brhieffdasad ipiidatian tdtate
Drawings [Fig. 1] 20 Fig. 1 is one enbodi ment of a polynerizer enployed in

t he metthodofiers di2ngndl X 'cté@phedent s dwewt £aE on Jutid DOr nbn -RnyRyatesy 2.
Catal yst transfer |ine

diene having up to 40 carbon atoms, which is unsubstituted or

substituted with at least one C;-C;; hydrocarbon group and which
forms a w-complex in cooperation with M.

Specific examples of (A) components used in the present

15 invention include:
[ (N-t-butylamido) (tetramethyl-n°-cyclopentadienyl)-1,2-
ethanediyl]titanium dimethyl,
[ (N-t-butylamido) (tetramethyl-n°-
cyclopentadienyl)dimethylsilane]titanium dimethyl,

20 [(N-methylamido)(tetramethyl-n’-
cyclopentadienyl)dimethylsilane]titanium dimethyl,
[ (N-phenylamido) (tetramethyl-n°-
cyclopentadienyl)dimethylsilane]titanium dimethyl,
[ (N-benzylamido) (tetramethyl-n’-

25 cyclopentadienyl)dimethylsilane]titanium dimethyl,

[ (N-t-butylamido)(n’-cyclopentadienyl)-1,2-



3. Catalyst supply nozzle 25 4. Hydrogen gas supply R9Zahfiary, 2088 al yst
supply port (tip of the catalyst supply nozzle (3) ) anuary, 2003 55

[Fig. 2] Fig. 2 is another enbodi nent of a polynerizer enployed in the

met hod according to claim3 of the present invention. 1. Polynerizer 5 2.
Catal yst transfer line 3. Catalyst suppl§3nozzle 4. Hydrogen gas supply
line 5 . Catalyst supply port ( tip of the catalyst supply nozzle ( 3 ) )
6. Hydrogen,gas ozzl e ig. 3] Fig. 3 illustrates one form of
doubl e maIthPBEa¥§£i¥6§EBiPﬂ éa@kﬁgfﬁod according to claim9 of the
present invention. 1. Inner pipe nozzle (for catalyst supply) 2. Quter pipe
nozzl e (fof (Nytirbytylanidelpnfysyekopentadberylddifathyleglane ltheanium

| nventi on Herei nbel ow, the present invention will be described in nore
detail witaimetryence to the follow ng Exanpl es and Conparative Exanples,
whi ch shoul d not be construed as limting 20 the scope of the present

i nvention. I i n i -

per for med b{NoHaFirEahEas) (HIEAGHoBthPaaEbiy 127, B bEnanBYL YT chEapsum
provi ded a ioo |iter vessel -type polynerizer equipped with an agitator and
havi ng Tonfit®eERYthereto a catal yst transfer pipe, a monomer mixture
feeding pipe and a slurry 29 January, 2003 56 wi thdrawal pipe. The

catal yst t[é&Nskhethplpwidad(ntocyetopentadienyliddimethyhsidahe]titanium
branched-conduit for feeding hydrogen gas into the catal yst transfer pipe.
As a cat al gsinethg®, was made of a netal |l ocene catalyst conprised of a
triethylalumnumtreated 5 silica carrier having supported thereon a

catal ytica _acti i €0 LS }

“ but yﬁﬁﬁi g&gg@gfﬁgﬁ;n 1RELAY T Pa fm8t Ky YE€18he 1 t1tanium dimethyl,
[err]5-cyc|opentadieny&ydinethylsiIanehtitaniun11,3-pentadiene,

bi s( hydr og8Rét ed t al I[dW-benanianidn Hfodngenyl)dimethylsilane]titanium

tris(pentafluorophenyl) (4-hydroxyphenyl)borate and
10 dimethyl.

Further, specific examples of (A) components used in the
present invention also include compounds having the same
nomenclatures as those of the above-mentioned specific examples
of (A) components except that the term "dimethyl", which appears

16 at the rear end of each nomenclature and appears immediately
following the term "titanium" and which corresponds to X" in
formula (3) above, is replaced by any of the following terms:

"dibenzyl", "2-(N,N-dimethylamino)benzyl", "2-butene-
1,4-diyl", "s-trans-n‘-1,4-diphenyl-1,3-butadiene", "s-trans-

20 n‘-3-methyl-1,3-pentadiene", "s-trans-n*-1, 4-benzyl-1,3-
butadiene", "s-trans-m‘-2,4-hexadiene", *s-trans-n*-1,3-
pentadiene", "s-trans-n‘-1,4-ditolyl-1,3-butadiene”, "g-
trans-n'-1,4-bis(trimethylsilyl)-1,3-butadiene”, "s-cis-nt-
l,4-diphenyl-1,3-butadiene”, "s-cis-n‘-3-methyl-1,3-

25 pentadiene", "s-cis-n*-1,4-dibenzyl-1,3-butadiene”, "s-cis-



10 net hyl al um noxane. Into the above vessel - pol yneri Z®Janwire, 2003t i nuousl y
i ntroduced a nononer m xture of ethylene and 1-butane, hexane (as a

pol ymeri zation reaction mediun) , hydrogen gas (having a purity of 99.99 %
by nole or nore) and the above netall ocene catal yst 15 so that a desired
et hyl ene polyner, i.e., an ethylene/l- butdane copol ymer was conti nuously
produced at a production rate of 10 kg/hr. Mre specifically, the

pol ymeri zatjon reaction was perforned s follows. 20 Wth respect {o t he
met al | ocend vhibtexadienehe hiRiroterngds,3ipantRflkenah, t htseetsit-d e
pol yneri zes was conducted by a nmethod in which they were m xed with each
other and ghgol@3uht 30buFhylighe " Wand reld @y Hf'd 1t,Q - (RY 1HEH es%.ltﬁQQUQh
the catal yst transfer pipe. That is, the hexane (which was used as a 25
pol ymeri za igg rgggil ﬁn..rredi um was al so used as a catal yst transfer

medi um The’l n‘f)}'1 PHBn rate of the hexane was maintained at 60 liter/hr.
29 January, 200357 Th dr oge as, was .fed i_nto, the hydrogen gas feedi ng
br anched- condui tHEBﬁ}ég?géwt’o ngeaqré?‘a'@%sl maﬁet%t%ﬁ%@gpa%ﬁ%t%epe,
at a fl ow rage of 18 NL/hr (NL neans L (Iite%& as neasured under nor nal

t enper & ur EBAANSFSRAT T o TLArERS LY ERks T ed $0 @S Copmmonen i R) | ) usad
flowrate of the hydrogen gas corresponds to an anount necessary for

obt ai ni ng 4R EhRyPEARSERILHEANYRBLAGPCI VARFPPRGPRg(B) dé8i ReBlnbRERUPE: Wwei ght
which is determ ned by nmeasuring the nelt index of the produced copol yner.
The hydrogen gas(Bed)i mpd @aediNgdosgefogpguntedi hrrainatterhe Freavenitilyvas
allowed to flowinto the catalyst transfer pipe through which the m xture
of the netaefercad tatad ysompaaente(Bekhht whikch dsnpresent prxefémably in
pol ymeri zer. Thus, the catal yst was contacted with the hydrogen gas during
t he transfan amouht afaPabyte 1 tinespthe molamamotntThé tomwsetion weatd of
et hyl ene and 1-butane was fed through the nononmer m xture feeding pipe.
Duri ngi@ hecompouapde(Blat and, the reaction tenperature was maintai ned at 70
C, and the reaction pressure was nmai ntained at 10 kg/cnm2-G The flow rate
of 1-butane was $B-20¢rdn e@rgahomredialddc bemponndn(heteimafters; Mreanentiy he
gaseous phase in the polynerizer was nmaintained at 0.1 % by nol e, based on
the total pefFermbdetddsMeompdnéntiu{Br2)") Welavicepresentnpréfetdlylenm and
that of 1-butane of the gaseous phase in the polynerizer were neasured by
means of oanlantirgasf oosed QYrediys themokarhinadht of activator compound

(B-1),

15 wherein activator compound (B-1) comprises a cation and a
noncoordinating, compatible anion, wherein activator compound
(B-1) is capable of reacting with transition metal compound (A)
to form a metal complex having a catalytlc activity.

It 1is preferred that organometal compound (B-2) is

20 represented by the following formula (1):

MR Xn-n (1)
wherein:
M represents an element selected from the group consisting
of elements of Groups 1 to 15 of the Periodic Table,
25 R (each occurrence) independently represents a C;-C;; 1inear,

branched or cyclic alkyl group or a C¢-Cyo aryl group,



25 slurry (liquid phase) of the produced copol yner w2$Jamuniny2003s|y

w thdrawn fromthe polynerizer through the slurry w thdrawal pipe so that

t he amount of the slurry contained in the polynerizer was 29 January,
2003 58 nmmi ntai ned constant. The w thdrawn slurry was continuously
transferred to a subsequent drying step.mﬁhe conti nuous operation of the
copol yneri zation was stably perfornmed wi thout the need for any interruption

of the operation,5, because no cl oggi ng.of the urry wi thdrawal _pi.pe
occurred. Afterq%oﬁ%?%?iBﬁcﬂFrFHEggoﬁﬁpﬁBSB eB%éya eHresents. a HaTogen,
copol ynerization, the ingide of ihe pol yneri zes was exam ned. No indefinite
form of tHRYSEPIRRIO%aR GulerovBEKOFHeIFBYPYi on conditions and results of

t he copol yneri zation 10 are shown in Table 1. Conparative Exanple 1
Substantial | y tHe ZepEesenbsyaefrEnalonxidatiopxshpte efnwds pad or ned
except that the hydrogen gas was directly fed into the 15 gaseous phase in
the pol ynmeri zes mtlsean iategarofffran Aiytm, whareln mois fasedéfinedabomir.ogen
gas into the hydrogen gas feeding branched conduit connected to the side
wal | ofs t he cat aliyshetcahalegstpigesl inhzdie methbAeof &hal peésent imventdngct ed
wi th the hydrogen gas before the introduction of the catalyst into the

pol yner i zes meXalAicomplielxe ist fotmed Bihaheopehpttonzbétwaenacampopemgs ()t he
slurry w thdrawal pipe occurred, thus rendering it inpossible to control

the amountawd (el p) W them@itaad cofpllex pekyeer agesn &otivétspdciws yre
necessary to shut down the continuous pol ynerization process. After the

shut down ofhé ftfa tefis thWREEh2ExIPDEL 86 IHAIgHO6 168 &n GRPDYEE] 2 464 bR actiRg tysi de
of the slurry withdrawal pipe was exam ned. Adherence of a nunber of

i ndefinite formsr@knRotaRLyse ddta LANGle #Rkho@fof RAePhPESERE 1QRARITI,
29 January, 2003 59 The reaction conditions and results of the

copol yfier i gahpORert € (8LOYWN Jei-vid| €0 1eoEhaBP 18 kaydShaBwb 88 TREE active
vessel -type polynerizes and the sanme netal |l ocene catal yst as used in

Exanpl e 1, 560pPLY "BhAZEbMBBn_hte(RYl.ene with 1-butane was perforned by
continuos a slurry polynerization as follows. Into the vessel-type

pol ymerizes werercqny ng%ijr%dlgh'h@tEl?&'%fi(ldac%%ﬁ%'ht”hé&ﬁr&s Yonfidhengne

and 1-butane, hexane
(C) has substantially no hydroxyl group.

With respect to the term "noncoordianting, compatible

i5 anion”, explanation 1s made as follows. The term
"noncoordinating” means that the anion is incapable of forming

a coordinate bond with the transition metal of component (A), or

the anion is capable of forming only a weak coordinate bond with

the transition metal, so that it is easlly displaced by a neutral

20 Lewis base, such as an a-olefin. Further, 1n the present
invention, the "noncoordinating"” anion is an anion which, when

not forming a coordinate bond with the transition metal (in such

a case, the anion functions as a charge balancing anion in the
catalyst used in the method of the present invention), will not

25 suffer decomposition, so that neutralization of component (A) in
the above-mentioned complex as an active species and formatting

of neutral by-products due to the decomposition of the anion can



a polynerization reaction nedium , hydrogen gas (hagdJgnaami2003 of 99.99
% by nole or nore) and the netallocene catalyst so that a desired ethylene

polymer, i.e., an ethyl ene/l-butane copol yner was continuously produced at
a production rate of 10 kg/hr. 15 Mre sggcifically, t he pol yneri zation
reaction was perfornmed as follows. Wth Fespect to the netal |l ocene catal yst
and the hydrogen gas, introduction thereof into the polynerizes was

conduct ed iy 4, EabAY 1Nl LUBRMIG I Gl B8R0t BEL oA"Y e

resul t ant Ure’was erre ol yieri'zes roug

catal yst transfer pipe. That i t he_hexane LC s _used as

ol yiur i zaERBH - rveh PBRm i o tvAlex HRud (b= egRis ¥ o fopanion
medi um The, [ntroduction rate_of the he e was intaiped at 60 liter/hr.
35 The. hyaFbberngadoateuranea o HEH At tor 3¢l ROAh thAcBRLAe Wikt daeh
gas feedi ngsbr anched-conduit connected to the side wall of the catalyst

transfer phpEmiwhly pffgctatbeopodimefidatdan using ey Satakyst on gie

corresponds to an anount necessary for obtaining an ethyl ene/ 1-but ane
copol yrier Ra¢ERytt ABVEBIAOARI nol ecul ar wei ght, which is determ ned by
measuring the nelt index of the produced copol yner. The hydrogen gas fed
into the hydrogeBhgadriansditipns metak hedmponadi t(Adasused odnd the fpreseént o
the catal yst transfer pipe through which the m xture of the netall ocene
cat al yst amkdventéibaxcam beagenexndfiyr synthesinedpy wreonvestidhad metheod.
catal yst was contacted with the hydrogen gas during the transfer of the
cat al yst t Astdpredepred ezamplé ocihmethodsef omsynthe sifzisidyheneramstition

1- butane was fed through the nononer m xture feeding pipe. During the
copol yner i metadncompeundaasi compengatal ) cuved i thaipessearit Ahvdntiod, t he
reaction pressure was mai ntained at 10 kg/cn2-G The flow rate of 1-butane

was soigoniyhelreedahipé méntiened s arithtid @z distlogledngni U. ShePgberdUso.
phase in the polynerizes was naintained at 0.3 % by nole, based on the
total nol es,abietlagl.ene and 1-butane. The concentration of ethylene and
that of 1-butane of the gaseous phase in the polynerizes were neasured by

neans of on-I|inergggnekl,0fRé @ tINbceH®E chtallbands AhespreEEnt! iréd phase)
of the produced copol ymer was continuously wi thdrawn fromthe pol ynerizes

through thenghugey #h AR oPEBRPSANENFE 14§ apNY o firddt IS¢ iWikn the
contained in the polynerizes was nai ntai ned constant. The withdrawn slurry

was Coﬂtin%?Hﬁh&ﬂﬂaﬂ“ﬁéﬁéfchﬂpéuﬁHb%%ﬂE%Emdéyw%kéﬂeEomEﬁeE“%dﬁ%ﬂdrWOUS
operation of the copolynerization as stably
15 catalytic activity (hereinafter, frequently referred to simply
as "activator compound").

Generally, in the metallocene catalyst, the metal complex
formed £from the transition metal compound and the above-mentioned
activator compound exhibits high olefin polymerization activity

20 as an actilve species of the catalyst.

Examples of (B-1) components {activator compounds) used in
the present invention include, for example, a compound
represented by the following formula (7):

[L-H]" [M™Qp1% (7)

25 wherein:

[L-H]“’represents a proton-donating Br¢nsted acid,



perfornmed without the need for any interruption of tielaneiei3088 because no
clogging of the slurry withdrawal pipe occurred. After 29 January, 2003
61 conpletion of the continuous operation of the copol ynerization, the

i nside of the polynerizes was exam ned. i ndefinite formof polyner was
observed. The reaction conditions and results of the copolynerization 5 are
shown in Table 1. Conparative Exanple 2 Substantially the sane

copol yneri zati on,gsrbppExampl e 2 was perfornmed except that the hydrogen gas
was directly fed into the 10 gaseous phase in the polynerizes at a flow

rate of 20 NL/hrg LQELS?QI‘% Be?gg@?gﬁ? kel %%%r% Q%Z’fd nto the hydrogen gas

f eedi ng branched contiurt connec e Side wal’l t he catal yst
transfer pipe. That is h tal yst._was.ngt contacted with the hydrogen
gas before the i t38d38t38§e§$rtﬁé %5?5I§s%°i§ﬂoapﬁg pol ymeri zes. 15 After
the start of the ol ynmerizatio a clogging. of the slurr i thdrawal pi pe
occurred, thus réﬁ%h ng qetplﬁﬂ?d&ﬁ [ é‘%’g’%é’d%%mtﬁ}?e a‘fﬂﬂ#ﬁ%’iﬁfﬁ HRAQ Ry ry
contained in the golynerizes, so that it becane necessary to shut down the
conti nubus pol ynBREF&LRoN process. After the shutdown of the continuous 20
operation of the copol ynerization, the inside of the slurry wthdrawal pipe
was exam ned. Ad¥erepkeserts ametad or metrileidof & frouppseleeted £xom
inner wall of the pipe was observed. The reaction conditions and results of
. the copol yREpupst bokoalds ofolhe ReTdoddcl Tapdeqxanple 3 29 January, 2003
62 Substantially the sane copol ynerization as in Exanple 2 was perforned
except that the Ql dwacht easuntendeldrimebndependantiyo seliechedr dymom diise
feedi ng branched-conduit ( connected to the side wall of the catalyst
transfer pgpeyipwascohsdg&dngo 10£NL/ hnydanidieh t ha&t hyaloagen gas avas &@l-€ae
directly fed into the gaseous phase in the polynerizer at a flowrate of 9
NL/ hr . 10fhedihydroaarbytl aotl doh @xioygr,0@e €185, (hyirdd¢dibyloxy re@spapdsat O;-an
anount necessary for obtaining an ethyl ene/ 1-but ene copol yner* having a

desi red noCeshiydrocarpon ghbap asd deCerOignedbbyitased hpdrobarbvehtigrawex 10
of the produced copolymer. The resultant slurry (liquid phase) of the
produced wherein a single Q is optionally a halide,

m is an integer of from 1 to 7,

p is an integer of from 2 to 14,

15 d is as defined above, and

p -~-m=d.

Preferred examples of (B-1) components (actlvator
compounds) used in the present invention include a compound
represented by the following formula (8):

20 [L-H]* [M™Qu{Gq(T-H)}:1% (8)
wherein:
[L-H]m'represents a proton donating Br¢nsted acid,

wherein
L represents a neutral Lewls base, and
25 d 1s an integer of from 1 to 7; and
[bf”Qn{Gq(T-H)r}z]d' represents a noncoordinating,

compatible anion,



copol ymer was continuously w thdrawn fromthe pol ymep agkudrgf2003h t he
slurry withdrawal pipe so that the anount of the slurry contalined in the
pol ynmeri zer was nai ntai ned constant. The 15 withdrawn slurry was
continuously transferred to a subsequent %rying step. The

conti nuousoperation of the copolynerizat? n Was stably performed w thout
the need for any interruption of the operation because no cl ogging of the
slurry w thdrawal , pi occurred. After 20 conpletion of the continuous
operation of theW8§5§$9nerization, the inside of the polynerizer was

exam ned. No indefinite formof polyner s.observed. The reaction

condi ti ons and rgsﬁﬁ”éeﬁ?n fie? %ﬂﬁrm%g?}gﬂi‘ir%fe?hgﬁﬁui’ns? grteqd fzem
Exanpl e 4 29 January, 2003 63 Substantially the sane copol ynerization as
i n Exanpl eC¥ORRE BeitPorlre@fetbepferi@dihdabi®y rate of the hydrogen gas
fed into the hydrogen gas feedi ng branched-conduit i connected to the side
wal | of the cataRyde RIrEanas) wes tndepeadentiynsefecied Framithe
hydrogen gas was also directly fed into the gaseous phase in the

pol ynmerd zegraupaconshsting of hydriidehr a Oh€2b stidlkyimmitdeigrone .hadoFan
gas (14 NL/hr) corresponds to an anount necessary for obtaining an

et hyl ene/ labkbxddecgipmhly marCsr&ys agyostdergabuml @ Qi+ €so pdgbtarbonydoup,
determ ned by neasuring the nelt index 10 of the produced copol ynmer. The

resul tant al uCiyC(o i haild-slubstl tafteidhe hydrdeaaborop@nouy veasd cant i ouays! y
wi thdrawn fromthe polynerizes through the slurry wthdrawal pipe so that

t he anount hgfiroeardlyl-ry cont amed in 0jeCHaIRHy S VDY dlitss fefuted
constant. The 15 withdrawn slurry was continuously transferred to a

subsequent ogh@ndfetadolBgreap] ivnexesiaparsingre of 14 bp AR MER Ralidy, Was
stably perfornmed w thout the need for any interruption of the operation

becausgg no cl ogggNy( édch hectutirence)t hilidepénfeRE1PC Tdpratber¥d €a 28 -C3
conpl etion of the continuous operation of the copolynerization, the Inside

of the pol ¥EBtHTAI S HPEHHdAbon G rioti Havilny f0r FalbnRel WEEN(MAS 1),
observed. The reaction conditions and results of the copolynerization are
shown in Table 1t represents -0-, -S-, -NR- or -PR- wherein R represents
a C;-C;; hydrocarbyl group, a C;-Cg trihydrocarbylsilyl group or
a C;-Cg trihydrocarbylgermanium group,
15 m is an integer of from 1 to 7,
n 1s an integer of from 0 to 7,
q is 0 or 1,
r is an integer of from 1 to 3,
z 1s an integer of from 1 to 8,
20 d is as defined above, and
n+2z-m=d.
With respect to the G group in formula (8), when G is a
divalent group, 1t is preferred that the G group is bonded to both
M and T.
25 More preferred examples of (B-1) components (activator

compounds) used in the present invention include compounds

represented by the following formula (9):



25 Example 5 29 January, 2003 s4 Substantially thezggaﬁu@?%QONperization
as in Exanple 1 was perforned except that the flow rate o e hydrogen gas

fed into the hydrogen gas feedi ng branched-conduit (connected to the side
wal | of the catalyst transfer pipe) was %ﬁanged to 1.5 NL/hr and 5 that
hydrogen gas was also directly fed into e gaseous phase in the

pol yneri zes at a flom/rate of 13 NL/hr. The total anount of the hydrogen
gas (14.5 NL/ hr) corre PC ?ﬁﬁgg -anount neCﬁg?gry for obtaining an

et hyl ene/ 1- but ane copo a desired cul ar weight which is

det er m ned %F asurlng the melt 10 i ndex of the produced copol yner. The
resul t ant $§ {1iquid phase) of the produced copol ynmer was conti nuously
wi t hdr awn fron1the pol ynerizes through the slurry wthdrawal pipe so that
the amount of thELsHUT iEenzesented iproten pdoyating cBronstediachdned
constant. The 15 withdrawn slurry was continuously transferred to a
subsequent dryi nghét€pn The conti nuous operation of the copol ynerization
was stably perforned w thout the need for any interruption of the operation

because no cl ogdl NGefrddentd Uar meltE4de apialy/ MBakaatéstaiftngO ddididie of
t he polynerizes was exam ned. No indefinite formof polynmer was observed.

The reactlgﬂtfggghtl ﬁgs HErb8sUbtSsafislire @@o! ynerization are shown in
Tabl e 1. Table 1 1- butene)/Propertles of I ntroducti onFl ow rate

of Mol ar Fl ow rat e gg n ]rﬂ g&@&-'e'%%ntt'so'&( %lg‘)go@#%tiq,%qr %dug%q{gadtabq anion,

catalysthydrogen gas' s fediatioof hydro-t or nsous “pro-t énpe- +
1- butene)copolyngﬁé ég the catal yst of hy-gen gasof poly-ductionraturex
100t r ansf er pi pedrogen |rectlyner i nabi litygas tofed

oy R TRl DA AR AU P L L bRk s "8 [ ey
2700, 39 4095304 é%%cﬁ“%%5%88u§8§§t§%§@N8%N%u&s%§to*%s%zﬂi Vadh B R
2388:2%.88@@‘@1% oGRS BN G BPor ORI g B B
5700. 13. 50, 34.5583000271 50. Q6724813Not No

pi pe- obserYEFEPEIHPRGPPHRUBL ARG 8t PEEPE6P 13288 9533. 570. 0002100. 000018Chser
vedcl oggi ngExanp) ¢

loccur sPi pe- Conp rﬁq%ﬁ%‘t@a55%9'§%¥36@W§553565556%W@5&%ﬂgExa
npl e 2occurs Note 1) M: Melt Index Note 2) The value of "nol (Ti)/hr" for

t he cat al y8¥°¥Rans the nol ar amount of the catal yst introduced per hour, in
terns of the nolar anount of tltanlun1gtran5|t|on netal ) contained in t he
catal y& . Note 3;npi9ml§,1ag§)99bﬁ>me,%l. iﬁ&@fm@@%hﬁr%ﬁ%@ﬂ“nd
hydrogen gas to titanium- [(Value of "nol/hr" for the hydrogen gas) X
0.9999] / {%@FﬁﬁeﬁFednBY(?P?/ﬁPllpUFn9h§°6EP&Pyst] [In the above equati on,
since the purity of the hydrogen gas is 99.99 nol % the value of "nol/hr"
for the hydrogen gas (MRe., the nolar anount of the hydrogen gas fed into
the catal yst transfer plpe) is multiplied by (99.99 + 100 =) 0.9999.] N m
mN O O wwherein:

M represents carbon, nitrogen, phosphorus or sulfur;
20 R (each occurrence) represents hydrogen, a C;-Ciy linear,
branched or cyclic alkyl group, a C;-C; alkoxy group or a Cg¢-
C0 aryl group, with the proviso that, when two R groups are C;-Cjp
linear or branched alkyl group, the two alkyl groups are
optionally bonded together t‘o form a ring in cooperation with M;
25 and

n i1s 2 or 3, with the proviso:



29 January, 2003 66 Industrial Applivability The net p@dJdandanyh2008 esent

i nvention is advantageous in that production of an ol efin honopol yner or an
ol efin copol ymer by continuous slurry polynerization or continuous gaseous
phase 5 polynerization in the presence of a netall ocene catal yst can be
stably perfornmed w thout the disadvantag@%us occurrence of indefinite forns
of polynmer. That is, by the nmethod of the present invention, a pipe for

wi t hdrawi ng a produced pol ynmer from.a polynerizer can be prevented from
being ol ogged wi EREEnd¥RP] Bel802f ofECBFeSER)SoCatOM H SHIHoiet and
honopol ymer or an ol efin copolyner can be stably and efficiently produced

by a continuous ER8Fat WBARoR &Scdrmilr ERRFESERLS prdmogen o PhARFRPTUHO3
67 Clains 1. A nmethod for producing an ol efin honopol yner or an olefin

copol ymer from afipetcefia examplesebf npprotiontddbratingnBrimsedeerids used
copol yneri zabl e therewith by continuous slurry 5 polynerization or

continuousjfagRauprBsane BavkRRibAAlneIudR tha AkSaenrRMiun JRiAdLocene
catal yst, wherein prior to honopol ynerization of Said olefin in the

pol ymerg ZeBb@X%ﬁ@h%f/%?h&%&n I IR0 LR d ZE%tdzoﬁer;oﬁéic{jf Qnfabh D ufEh SEd 4!

conononer 1 n the po Izer Py sald catalyst said catalyst 1s subjected 10

to hydroge ~LLe t iC id.C I i ted wth hyd

gas. 2. ThYneir sl ARET orBupl. CRuh BetxT iy amBHIAL O Cor i oks: (1)
rovidin Lzer.: d ferri ai t.alyst to said

Dol yrrer | 2eb = RREOPRePBGRAR" ks BLpliedd) oo nrd crarfteda/ S

conti nuous feedin atd olefin or cgntinuqusl,y feeding said olefin and

said comnbis EERESBuERY) plmbnaing o £ 1By '

honnpgﬁgﬁgriZﬁbi nogg aigggyefin o ap % |f:§rfggrfgn of said olefin

and sai d cHH6 ng’r“? Xﬁ'ﬂ‘“ﬁ'&f‘&ﬂf'st d@&?h‘%ﬁ’i Eﬁeﬁf& q’@%)‘mé’jt%nsi tion netal

conpound c rising,a.transition t al _havi - bonded th t I

ani oni 10 | | GARELY 4B Y LATRORL UG AIReETINGLAIL AT (B- 1) conpr si ng a
29 January, ,2003_68 cation and a ngncoordi i ng, tibl [ d

bei ng gapgSFQCSVIF‘S&M' Iﬁﬁ“'\?f‘?ﬁ“@he%ﬂé‘\%ﬁ%ﬂ'&% olmrrpa Ioung ?RI) Otn oaP orma
nmetal conplex having a catalytic activity, and _optionally an organonet al

conpound (8idpdegyimgtiylamyopdpm, ddtetrradasydaathvdamantiWhal iy . (D) an

or ganoal um num conpound. 3. The net hod accordin% to claiml1l or 2, wherein

np
prior to tHAdhpxpdesydmeshydamngndugyt dlpatadecy hydiammanizgg. sai d
diicosylmethylammonium and bis(hydrogenated tallow alkyl)

15 methylammonium; and N,N-dialkyl anilinium cations, such as
N,N-dimethylanilinium, N,N-diethylanilinium, N,N-2,4,6-
pentamethylanilinium, and N,N-dimethylbenzylanilinium.
Further examples of proton-donating Br¢nsted acids include
dialkylammonium cations, such as di(i-propyl)ammonium and

20 dicyclohexylammonium; triarylphophonium cations, such as
triphenylphosphonium, tri(methyl-phenyl)phosphonium and
tri(dimethylphenyl)phosphonium; dialkylsulfonium cations, such
as dimethylsulfonium and diethylsulfonium; and diarylsulfonium
cations, such as diphenylsulfonium.

25 Specific examples of noncoordinating, compatible anions

used in the present invention include:



catal yst is subjected to hydrogen gas-treatnent in w29danaaing 2003 cat al yst
is contacted with hydrogen gas. 4. The nethod according to claim1 or 2,
wherein together with the introduction of said catalyst into the

pol ymeri zer, said catalyst is subjected to hydrogen gas-treatnment in which
said catalyst is contacted with hydrogen“gas. 15 5. The method according to
claim1l or 2, wherein, in said hydrogen gas-treatnent of the catal yst, said
hydr ogen gas, i.s us ip an unt . 0.5 to 50,000 tines the nolar anmount of
said trans ?*Qﬂpﬂ%fgWY€5 ﬁnYideBﬂ%SPned in the catalyst, wherein said
anount of the hydrogen gas is defined in terns of 20 the nolar anmount of

t he hydr odélPhenebrfbEhy¥drexypReny ) Baratydr ogen gas. 29 January, 2003
6. The nethod according to claim3, wherein said polynerizer has a catal yst
transfer pt%kphghﬁbﬁzeg-@thétexﬁnbﬁnYh)§P§EtG'Z ) , said catalyst is
transferred together with a catalyst transfer nmediumwhich is flowed in
sai d cat al ¥t (prbotyk) (hbygeoxyphenpd)borasesai d hydrogen gas-treat nent of
the catalyst is performed by introducing hydrogen gas into the catal yst
transf &r nedis(péentaflubeophgngbdh{hgdrokgpbengllyborateh t he hydrogen gas
during the ~~ transfer of the catalyst through the catal yst transfer pipe.
10 7. The tetidzl, 4cdinethglphenyd) (hodrokgphenyldboratesl yst transfer pipe
i ncludes a conduit connected to a side wall thereof for feeding hydrogen
gas into tHeicd)stashethpiphenyl) PRydeosyphensil)bdaatel,nt roduction of
hydrogen gas into the catalyst transfer nediumis perfornmed by feeding

hydrogen ggsis (3 951‘-@2-ﬁéiﬁﬁﬁék&ﬁéth&iﬁﬁ&ﬁ&lpgﬁ?d&Bk?BﬁBn&@i)%di@t@i t. 8.

The method according to claim 7, wherein said conduit fof feedi ng hydrogen

gas into tfﬂﬁ#@ﬂ&flﬁea@gﬁéﬁmg@- §a£»es&ge%h§d)b_erh%,cat al yst transfer
pipe in said polynmerizer. 20 9. The nethod acCording to claim4 , wherein

sai d_pl VL] & heRtBds PubPbBhYAYLY (AUALREORYBRLGIBBERRA L her eto, and

wher ei n, e Tntroduci ng said catalyst 1nto e polynerizer, said

catal yst | ErabPhERL 814G ONAEATED (4RYHERRYERRL oY) B8R catalyst s

25 contacted w ydrogen  gas” by i ntToduci e rogen gas in close

Po ol ai m ot E - REeEPRE G onbafyL TR THY Sy dipniiut) PREHIR HREARE D" 10

nd an out and prEAERh £t TubrBBER YY) 1] HRrBRy - Bl lG RO S, 07 ©
Y 0gen, ogRohd PELLSLEE], BULERS! ndohhS RSVt ISR,
gas i o GhReEoRyRERRELEBPRaRrotE BPBY, AFRFCESSM end of the catalyst .
{ranster PLP B aoreen 9L L EANCty n,oh B dhgaSn 0T i T
anions which can be used in the present invention include borate
compounds obtained by replacing hydroxyl groups in the above-
mentlioned specific examples of borate compounds by an -NHR group
20 whereinR represents amethyl group, an ethyl group or a tert-butyl
group. In the present lnvention, it 1s preferred that component
(B-1) is used in an amount of 0.5 to 10 times the molar amount
of component (A). It is more preferred that the molar amount of
component (B-1) 1s 0.8 to 5 times, more advantageously 1 to 2 times
25 the molar amount of component (A).

In the present invention, it is preferred that organometal

compound (B-2) (hereinafter, frequently referred to as "component



15 12 , The nethod according to any one of clains 1 29 J4nuamf2063 n sai d
hydr ogen gas used for said hydrogen gas-treatnent of the catal yst has a
purity of 99.99 % by nole or nore. 13. The nmethod according to any one of
clainms 1 to 4, wherein 20 said olefin is _selected fromthe group consisting
of ethylene and C3-CZO a-olefins. .Au

| . A3. A Y. AY. Afl . A hr. A3. A@ | L. ASY9. ASY9. A. AF2. AY. AY. AF. A5F. AYR. A3. Al

. AF. A. AnF_, A3 A@H. Af . AS! . A3 AYE

RRAVE ) Agl. ’E\%PRFﬁf?ﬂﬁ§¢?XHﬁ?‘RF§%’r§.‘”ﬂu'—’-\9. A2 AR A3l . AY. AF. A
Y. AF. AH3. AF. AnFl . AHF. Aﬂ AHF. AF. AF. A . A jAF. A3. AF. AF. AFI

A. <Y5. A3#. Af HF. Af hY. A YRon-n (1

Vhi 67DE! | Pi j } xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] cal] calU] cal] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ¥B8$E81R 4] ca] ca] ca] ca] ca] ca] caU] ca] c<aU] c<a! E| 81 K{{ LMg

& | wgl gb] X] c] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca]ca] ca] ca] ca]ca]ca]ca]ca]ca]c
a] cMa] ca] ca] ca] Mjrenregents ancel empnsl selrrie@ \from the group consisting
x6u| 8JKt +, 4{vql fa\ W] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca§ capt alementifcafctroupsallc&pcapc ofcdhea Pemilodisy Mable;

zupkfa\W ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca]
c”a] ca] ca] ca] ca] Rdeaxjnca¢carrencea) dadefiendently PFepresents a C;-C;; 1inear,

] ca] ca] ca] baanehed] oa] cgbtakcallkgllc giroapcac al Cat ¢S a@yl 'gro@p it #| ##HH#HHSF
X P$P: WORE: &UEVE& & &ué&t' zupkfa\ Whhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca]c
aU] ca] ca] cal] calkcedaohcatkagkenteUindppetidenltas crighredlertisa tiXoyen,

' ACE(A(((.)a)))))/*ne*x+

+/ +P+++, (, hydrogen| 8EMAcEY}¢]calkokyabeahps] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
aJca] ca] ca]ca] ca]ca] ca] ca]ca]ca] ca]ca]ca]c”alcalca]ca!,-Z-p---...T.e.g.....

#1 $/ F/{@ P/ Q T/ VI ffO£BkEba8At 312 LEvenac " ¥rhaa¥ibhc aheal e¥UMzalea] ca] ca] ca] caV

]ca WV]cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c”a] ca] ca] ca]ca]ca]ca]ca]ca]ca

11111222V2V22222) I33R A58 I G| £ 75 AhUEaDe WL 3 12h6 21 AR GAIRA] £ ©
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components (B-1) and (B-2). Specifically, when component (B-

1) is a compound represented by formula (8) above, component (B-1)

has 1 to 3 T-H groups (such as a hydroxyl group as in the case

of formula (9)) therein, and hence can be reacted with an

20 organoaluminum compound (e.g., trialkylaluminum) which is a

preferred example of component (B-2), thereby producing a

reaction mixture wherein a part or all of component (B-1) has

reacted with component (B-2). The proportion of component (B-1)

reacted with component (B-2) can be easily controlled by changing

25 the mixing ratio of components (B-1) and (B-2). For example, when

component (B-1) has one T-H group (such as a hydroxyl group),

components (B-1) and (B-2) may react wlith each other at a
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all of component (B-1) reacts with component (B-2). When the
molar amount of component (B-1) is larger than a threshold amount
at which all the reactive organic group(s) in component (B-2) are
consumed by the reaction with component (B-1), a part of component
10 (B-1) remains unreacted with component (B-2). When component (B)
i1s a reaction mixture obtained by reacting a part or all of
component (B-1) with component (B-2), component (B) can be very
securely carried on component (C).
In the production of the catalyst used in the method of the
15 present invention, component (B) can be securely carried on
component (C), and, then, component (A) can be securely carried
on component (C) through component (B). Alternatively, the
production of the catalyst used in the method of the present
invention can also be performed by a method in which component
20 (A) is first contacted with component (B) to obtain a complex of
components (A) and (B), and the obtalned complex is then contacted
with component (C), thereby causing component (A) to be securely
carried on component (C) through component (B).
In the present invention, component (C) (i.e., solid
25 component preferably having substantially no hydroxyl group) is
used for supporting thereon components (A) and (B) which together

form a catalytically active species.
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"10%| & () copdDiftes; (and HfHglrndc sH1AWDRI e s (f ey QEYBESups 2 to
10 4, 13 and 14 of the Periodic Table, such as silica, alumina,
magnesia, magnesium chloride, zirconia, titania, boron oxide,
calcium oxide, zinc oxide, barium oxide, vanadium (V) oxide,
chromium oxide, thorium oxide, mixtures thereof an oxide
complexes thereof. Examples of oxide complexes containing
15 sllica include oxide complexes of sillica and an oxide of an element
selected from elements of Group 2 or 13 of the Periodic Table,
such as sllica-magnesia and silica-alumina. In the present
invention, it 1s preferred that the precursor of component (C)
1s selected from silica, alumina and oxide complexes of silica
20 and an oxide of an element selected from elements of Group 2 or
13 of the Periodic Table. Among these ilnorganic solid oxides,
especially preferred is silica. With respect to the morphology
of a silica product used as a precursor of component (C), there
is no particular limitation, and the silica may be in granular,
25 spherical, agglomerated or fumed or any other form. Preferred

examples of commercially avallable silica products include

SD3216.30, SP-9-10046, Davison SyloldTM 245, Davison 948 and



38" 10%4| & () - &$$10%4| & ()-3 "" 10%| & () - 29 January, 2003

"10%4| & ()- 3" 10%| & () - 3" 10%| & () - azzz{\ {{{dEYNCS

@$10%| & ()- F96" 109 & ()-334" 10%| & ()- , 2310% & () - F&ON 100%4| & () - .
9%40%| & ()-{|~|_| | a|r|ul| bCS3Y"10% h& ()5 10% h& ()-10% h& ()- 104| 104]
104| 3L<"109%}| & ()-FF: "10%| & ()-||"}1}}} dEbCSB" 10% h&' ()- "10%

h& ()- @10% h& ()- F10% h& ()-3y10% h& ()- s"10% h& ()- ~d~~~!adEbCS3" 10%

he () %EO‘(%\E&% 952’ (411, %om?’{“é@ @#ﬁ%ﬁ%% %é@% Reld) %f&«?
ne ()% mREhEet) (EHEaRith S (BraBe K, CoeRl L] cabbesin. ¥
U ()~ snobp Glo{ﬁ%%@%é ((y‘igg %m eb%%?’@%%}om%ug‘ mra@w%?’g"l rf f@%ﬂx
Us ()- Y10% U& ()-Y 10% U& () %(5)% ) 35" 10% U& () 10% U& g%
DAbiEbCS (BB ERCTSTed ARThSP L CFPS§ Yeia. (JSRr oio%h B kB0 (both

ug ()-F"" 10%U& (2: ZdYNCS 10 U 10
5 manufactured and sold by Fuji Silysia Chemical Ltd., Japan).

It is preferred that component (C) used in the present
invention has a specific surface area of from 10 to 1,000 m%/g,
more advantageously 100 to 600 mZ/g, as determined by nitrogen
porosimetry using Brunauer-Emmertt-Teller (B.E.T.) method. A

10 representative example of component (C) having such a high
specific surface i1s component (C) comprised of a porous material
having a large number of pores.

In the present invention, the porosity of component (C) is
generally 5 cm’/g or 1less, preferably 0.1 to 3 cm’/g, more

15 preferably 0.2 to 2 cm®/g, as determined by nitrogen porosimetry.

With respect to the average particle size of component (C)
used in the present invention, there is not particular limitation.
The average particle size of component (C) is generally from 0.5
to 500 um, preferably from 1 to 200 um, more preferably from 5

200 to 100 um.

In the present invention, component (C) having
substantially no hydroxyl group can be obtained by subjecting the
precursor of component (C) to chemical treatment so as to remove
the hydroxyl groups from the surface of the precursor of component

25 (C).

Further, in the present invention, it is preferred that the
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(C) to obtain component (C).

With respect to the chemical treatment conducted for
removing the hydroxyl groups from the precursor of component (C),
it is recommended to employ a chemical treatment in which the

15 precursor of component (C) 1s contacted with an organometallic
compound. Examples of organometallic compounds used for the
chemical treatment include compounds of elements of Groups 2 to
13 of the Periodic Table. Among these compounds, especilally
preferred are organoaluminum compounds and organomagnesium

20 compounds.

A preferred example of the organoaluminum compound used in
the chemical treatment of the precursor of component (C) is
represented by the following formula (10):

AlRyX3.n (10)

25 wherein:

R (each occurrence) independently represents a C,-C;; linear,
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treatment of the precursor of component (C)) include a methyl
10 group, an ethyl group, a propyl group, a butyl group, a hexyl group,
an octyl group, a decyl group, a phenyl group and a tolyl group.
Examples of X groups in formula (10) (representing a preferred
form of the organoaluminum compound used in the chemical treatment
of the precursor of component (C)) include a methoxy group, an
15 ethoxy group, a butoxy group, a hydrogen atom and a chlorine atom.
Specific examples of organocaluminum compounds used in the
chemical treatment of the precursor of component (C) include
trialkylaluminum, such as trimethylaluminum, triethylaluminum,
tributylaluminum, trihexylaluminum, trioctylaluminum and
20 tridecylaluminum; and reaction products of these
trialkylaluminum compounds with an alcohol, such as methyl
alcohol, ethyl alcohol, butyl alcohol, pentyl alcohol, hexyl
alcohol, octyl alcohol, decyl alcohol or the llke. Examples of
such reaction products include methoxydimethylaluminum,
25 ethoxydiethylaluminum and butoxydibutylaluminum. . In the

production of such reaction products, it is preferred that the

ratio of the trialkylaluminum to the alcohol 1s in the range of
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advantageously from 0.8 to 3 in terms of the Al/0OH molar ratio.
A preferred example of the organomagnesium compound used
in the chemical treatment of the precursor of component (C) is

5 represented by the following formula (11):

MgRoXz-n (11)
wherein:
R (each occurrence) independently represents aC;-C;,; linear,
branched or cyclic alkyl group or a C¢-Czo aryl group:;

10 X (each occurrence) independently represents a halogen,

hydrogen or a C;-C;o alkoxy group:;: and
n is 1 or 2.
The compounds represented by formula (11) above may be used
individually or in combination.

15 Examples of R groups in formula (11) (representing a
preferred form of the organomagnesium compound used in the
chemical treatment of the precursor of component (C)) include a
methyl group, an ethyl group, a propyl group, a butyl group, a
hexyl group, an octyl group, a decyl group, a phenyl group and

20 a tolyl group. Examples of X groups in formula (11) (representing
a preferred form of the organomagnesium compound used in the
chemlcal treatment of the precursor of component (C)) include a
methoxy group, an ethoxy group, a butoxy group, a hydrogen atom
and a chlorine atom.

25 Specific examples of organomagnesium compounds used in the
chemical treatment of the precursor of component (C) include

diethylmagnesium, dibutylmagnesium butylethylmagnesium and
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5 mixture thereof.

In the present invention, 1if desired, organoaluminum
compound (D) (hereinafter, frequently referred to as "optional
component (D)") is optionally used in the catalyst in addition
to the above two catalyst components.

10 By using optional component (D) in the catalyst used in the
method of the present invention, an active speclies formed by
components (A) and (B) can be more securely supported on component
(C) by physical adsorption.

The use of optional component (D) is especially preferred

15 when component (B) contains unreacted component (B-1). In such
a case, by the use of optional component (D), it becomes possible
to surely prevent the active species from being bonded to
component (C) by chemical bonding.

A preferred example of optional component (D) is

20 represented by the following formula (10):

AlRoX3-n (10)
wherein:

R (each occurrence) independently represents a C;-C,; liner,
branched or cyclic alkyl group or a Cs-Cyy aryl group;

25 X (each occurrence) independently represents a halogen,

hydrogen or a C;-C;¢ alkoxy group: and
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types of compounds represented by formula (10) above.

Examples of R groups in formula (10) representing a
5 preferred form of component (D) include a methyl group, an ethyl
group, a propyl group, a butyl group, a hexyl group, an octyl group,
a decyl group, a phenyl group, a hydrogen atom and a tolyl group.
Examples of X groups in formula (10) representing a preferred form
of component (D) include a methoxy group, an ethoxy group, a butoxy

10 group, a hydrogen atom and a chlorine atom.

Specific examples of (D) components used in the present
invention include trialkylaluminum, such as trimethylaluminum,
triethylaluminum, tributylaluminum, trihexylaluminum,
trioctylaluminum and tridecylaluminum; and reaction products of

15 these trialkylaluminum compounds with an alcohol, such as methyl
alcohol, ethyl alcohol, butyl alcohol, pentyl alcohol, hexyl
alcohol, octyl alcohol, decyl alcohol or the like. Examples of
such reaction products include methoxydimethylaluminum,
ethoxydiethylaluminum and butoxydibutylaluminum. In the

20 production of such reaction products, it is preferred that the
ratio of the trialkylaluminum to the alcohol is in the range of
from 0.3 to 20, more advantageously from 0.5 to 5, still more
advantageously from 0.8 to 3 in terms of the A1/OH molar ratio.

In the present invention, when optional component (D) is

25 used, the molar amount of component (D) is 0.01 to 1,000 times,
preferably 0.1 to 100 times, more preferably 1 to 10 times the

molar amount of component (B-1).
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component (B-2), component (C) and component (D).

5 With respect to the specific method for producing the
catalyst used in the method of the present invention, there is
no particular limitation. Examples of specific methods for
producing the catalyst used in the method of the present invention
include:

10 (a) a method comprising the steps of:

(1) intimately mixing and contacting components (B-1) and
(B-2) with each other to form component (B),

(ii) intimately mixing and contacting components (A) and
(B) with each other to thereby obtain a mixture of components (A)

15 and (B), and

(1ii) intimately mixing and contacting the obtained mixture
of components (A) and (B), and component (C) with each other,

wherein coﬁponent (D) may be optionally added at any time
after the step (1); and

20 (b) a method comprising the steps of:

(1) intimately mixing and contacting components (B-1) and
(B-2) with each other to form component (B),

(ii) intimately mixing and contacting component (B) and
component (C) with each other to thereby obtain a mixture of

25 components (B) and (C), and

(iii) intimately mixing and contacting component (A) and

the obtained mixture of components (B) and (C) with each other,
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whereln component (D) may be optionally added at any time
after the step (i).
With respect to a Lewis acid, which may be used instead of
hydrogen gas and contacted with the catalyst in advance, examples
5 of the Lewis acid include carbon monoxide, carbon dioxide, oxygen,
nitrogen oxide, H,0, aldehydes, ketones, carboxylic acids, amines,
amides and nitriles.
In addition to the above-mentioned components for the
metallocene catalyst used in the present invention, other
10 components which are advantageous for olefin polymerization may
be contained 1n the catalyst. As examples of such additional
components for the catalyst, there may be mentioned aromatic ester
compounds, such as ethyl benzoate.
Hereinbelow, the present inventlon will be described in
15 more detall with reference to the following Examples and

Comparative Examples.

Brief Description of the Drawings
[(Fig. 11
20 Fig. 1 is one embodiment of a polymerizer employed in the
method according to claim 2 of the present invention.
1. Polymerizer
2. Catalyst transfer line
3. Catalyst supply nozzle
25 4. Hydrogen gas supply nozzle

5. Catalyst supply port (tip of the catalyst supply nozzle (3))
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5§ 2. Catalyst transfer line
3. Catalyst supply nozzle
4. Hydrogen gas supply line
5. Catalyst supply port (tip of the catalyst supply nozzle (3))
6. Hydrogen gas supply nozzle
10‘ [Fig. 3]
Fig. 3 1llustrates one form of déuble wall pipes employed
in the method according to claim 9 of the present invention.
1. Inner pipe nozzle (for catalyst supply)
2. Outer pipe nozzle (for hydrogen gas supply)
15
Best Mode for Carrying Out the Invention
Hereinbelow, the present invention will be described in
more detail with reference to the following Examples and
Comparative Examples, which should not be construed as limiting

20 the scope of the present invention.

Example 1
Copolymerization of ethylene with l-butene was performed
by contilinuous slurry polymerizatlon as follows.
25 There was provided a 200 liter vessel-type polymerizer
equipped with an agitator and having connected thereto a catalyst

transfer pipe, a monomer mixture feeding pipe and a slurry
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withdrawal pipe. The catalyst transfer pipe had, connected to
a side wall thereof, a branched-conduit for feeding hydrogen gas
into the catalyst transfer pipe. As a catalyst, use was made of
a metallocene catalyst comprised of a triethylaluminum-treated

5 silica carrier having supported thereon a catalytically active
species comprising a mixture of [(N-t-butylamido)(tetramethyl-
n°-cyclopentadienyl)dimethylsilane]titanium 1,3-pentadiene,
bis(hydrogenated tallow alkyl)methylammonium,
tris(pentafluorophenyl) (4-hydroxyphenyl)borate and

10 methylaluminoxane.
Into the above vessel-polymerizer were continuously
introduced a monomer mixture of ethylene and 1-butene, hexane (as
a polymerization reaction medium), hydrogen gas (having a purity
of 99.99 % by mole or more) and the above metallocene catalyst
15 so that a deslred ethylene polymer, i.e., an ethylene/l-butene
copolymer was continuously produced at a production rate of 10
kg/hr.
More specifically, the polymerization reaction was
performed as follows.
20 With respect to the metallocene catalyst and the hydrogen
gas, introduction thereof into the polymerizer was conducted by
a method in which they were mixed with each other and the resultant
mixture was transferred to the polymerizer through the catalyst
transfer pipe. That is, the hexane (which was used as a
25 polymerization reaction medium) was also used as a catalyst
transfer medium. The introduction rate of the hexane was

maintalned at 60 liter/hr.
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ethylene/l-butene copolymer having a desired molecular weight
which is determined by measuring the melt index of the produced
copolymer. The hydrogen gas fed into the hydrogen gas feeding
10 branched-condult was allowed to flow into the catalyst transfer
pripe through which the mixture of the metallocene catalyst and
the hexane was transferred to the polymerizer. Thus, the catalyst
was contacted with the hydrogen gas during the transfer of the
catalyst to the polymerizer.
15 The monomer mixture of ethylene and 1-butene was fed through
the monomer mixture feeding pipe.
During the copolymerization, the reaction temperature was
maintained at 70 °C, and the reaction pressure was malntained at
10 kg/cm?*-G. The flow rate of l-butene was so controlled that
20 the concentration of 1l-butene in the gaseous phase 1in the
polymerizer was maintained at 0.1 % by mole, based on the total
mole of ethylene and 1-butene. The concentration of ethylene and
that of 1l-butene of the gaseous phase in the polymerizer were
measured by means of on-line gas chromatography. The resultant
25 slurry (liquid phase) of the produced copolymer was continuously
withdrawn from the polymerizer through the slurry withdrawal pipe

so that the amount of the slurry contained in the polymerizer was
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maintained constant. The withdrawn slurry was continuously
transferred to a subsequent drying step.
The continuous operation of the copolymerization was stably
performed without the need for any interruption of the operation
5 because no clogging of the slurrywithdrawal pipe occurred. After
completion of the continuous operation of the copolymerization,
the inside of the polymerizer was examined. No indefinite form
of the polymer was observed.

The reaction conditions and results of the copolymerization

10 are shown in Table 1.

Comparative Example 1
Substantially the same copolymerization as in Example 1 was
performed except that the hydrogen gas was directly fed into the
16 gaseous phase in the polymerlzer at a flowrate of 18 NL/hr, instead
of feeding the hydrogen gas into the hydrogen gas feeding branched
conduilt connected to the side wall of the catalyst transfer pipe.
That is, the catalyst was not contacted with the hydrogen gas
before the introduction of the catalyst into the polymerizer.
20 After the start of the copolymerization, a clogging of the
slurry withdrawal pipe occurred, thus rendering it impossible to
control the amount of the slurry contained in the polymerizer,
so that i1t became necessary to shut down the continuous
polymerization process. After the shutdown of the continuous
25 operation of the copolymerization, the inside of the slurry
withdrawal plpe was examined. Adherence of a number of indefinite

forms of polymer to the inner wall of the pipe was observed.
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metallocene catalyst as used in Example 1, copolymerization of
ethylene with l-butene was performed by continuos a slurry
polymerization as follows.

Into the vessel-type polymerizer were continuously

10 introduced a monomer mixture of ethylene and l1-butene, hexane (as
a polymerization reaction medium), hydrogen gas (having a purity
of 99.99 ¥ by mole or more) and the metallocene catalyst so that
a desired ethylene polymer, i.e., an ethylene/l-butene copolymer
was continuously produced at a production rate of 10 kg/hr.

18 More specifically, the polymerization reaction was
performed as follows.

With respect to the metallocene catalyst and the hydrogen
gas, introduction thereof into the polymerizer was conducted by
amethod in which they were mixed with each other and the resultant

20 mixture was transferred to the polymerizer through the catalyst
transfer pipe. That 4is, the hexane (which was used as a
polymerization reaction medium) was also used as a catalyst
transfer medium. The introduction rate of the hexane was
maintained at 60 liter/hr.

25 The hydrogen gas was fed at a flow rate of 20 NL/hr into
the hydrogen gas feeding branched-conduit connected to the side

wall of the catalyst transfer pipe. This flowrate of the hydrogen
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ethylene/l-butene copolymer having the desired molecular weight,
which is determined by measuring the melt index of the produced
copolymer. The hydrogen gas fed into the hydrogen gas feeding
5 Dbranched-conduit was allowed to flow into the catalyst transfer
pipe through which the mixture of the metallocene catalyst and
the hexane was transferred to the polymerizer. Thus, the catalyst
was contacted with the hydrogen gas during the transfer of the
catalyst to the polymerizer.
10 The monomer mixture of ethylene and 1-butene was fed through
the monomer mixture feeding pipe.
During the copolymerization, the reaction temperature was
maintailned at 70 °C, and the reaction pressure was maintained at
10 kg/cm?-G. The flow rate of l-butene was so controlled that
15 the concentration of 1l-butene in the gaseous phase i1in the
polymerlizer was maintained at 0.3 % by mole, based on the total
moles of ethylene and l-butene. The concentration of ethylene
and that of 1-butene of the gaseous phase in the polymerizer were
measured by means of on-line gas chromatography. The resultant
20 slurry (liquid phase) of the produced copolymer was continuously
-withdrawn from the polymerizer through the slurry withdrawal pipe
so that the amount of the slurry contained in the polymerizer was
maintained constant. The withdrawn slurry was continuously
transferred to a subsequent drying step.
25 The continuous operation of the copolymerization as stably

performed without the need for any interruption of the operation

because no clogging of the slurry withdrawal pipe occurred. After
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Comparative Example 2
Substantially the same copolymerization as in Example 2 was
performed except that the hydrogen gas was directly fed into the
10 gaseous phase in the polymerizer at a flowrate of 20 NL/hr, instead
of feeding the hydrogen gas into the hydrogen gas feeding branched
conduit connected to the side wall of the catalyst transfer pipe.
That is, the catalyst was not contacted with the hydrogen gas
‘before the introduction of the catalyst into the polymerizer.
15 After the start of the copolymerization, a clogging of the
slurry withdrawal pipe occurred, thus rendering it impossible to
control the amount of the slurry contained in the polymerizer,
so that 1t became necessary to shut down the continuous
polymerization process. After the shutdown of the continuous
20 operation of the copolymerization, the inside of the slurry
withdrawal pipe was examined. Adherence of a number of indefinite
form of polymer to the inner wall of the pipe was observed.
The reaction conditions and results of the copolymerization
are shown in Table 1.
25

Example 3
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10/ 10/ of the hydrogen gas (19 NL/hr) corresponds to an amount necessary
for obtaining an ethylene/l-butene copolymer having a desired
molecular weight which is determined by measuring the melt index

10 of the produced copolymer.

The resultant slurry (liquid phase) of the produced
copolymer was continuously withdrawn from the polymerizer through
thé slurry withdrawal pipe so that the amount of the slurry
contained in the polymerizer was maintained constant. The

15 withdrawn slurry was continuously transferred to a subsequent
drying step.

The continuous operation of the copolymerization was stably
performed without the need for any interruption of the operation
because no clogging of the slurry withdrawal pipe occurred. After

20 completion of the continuous operation of the copolymerization,
the inside of the polymerizer was examined. No indefinite form
of polymer was observed.

The reaction conditions and results of the copolymerization
are shown in Table 1.
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Example 4
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molecular weight which his determined by measuring the melt index
10 of the produced copolymer.

The resultant slurry (liguid phase) of the produced
copolymer was continuously withdrawn from the polymerizer through
the slurry withdrawal pipe so that the amount of the slurry
contalned in the polymerizer was maintained constant. The

15 withdrawn slurry was continuously transferred to a subsequent
drying step.

The continuous operation of the copolymerization was stably
performed without the need for any interruption of the operation
because no clogging of the slurry withdrawal pipe occurred. After

20 completion of the continuous operation of the copolymerization,
the inside of the polymerizer was examined. No indefinite form
of polymer was observed.

The reaction conditions and results of the copolymerization
are shown in Table 1.
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Example 5
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5 that hydrogen gas was also directly fed into the gaseous phase
in the polymerizer at a flow rate of 13 NL/hr. The total amount
of the hydrogen gas (14.5 NL/hr) corresponds to an amount
necessary for obtaining an ethylene/l-butene copolymer having a
desired molecular weight which 1s determined by measuring themelt

10 index of the produced copolymer.

The resultant slurry (liquid phase) of the produced
copolymer was continuously withdrawn from the polymerizer through
the slurry withdrawal pipe so that the amount of the slurry
contained in the polymerizer was maintained constant. The

15 withdrawn slurry was continuously transferred to a subsequent
drying step.

The continuous operation of the copolymerization was stably
performed without the need for any interruption of the operation
because no clogging of the slurry of the copolymerization, the

20 inside of the polymerizer was examined. No indefinite form of
polymer was observed.

The reaction conditions and results of the copolymerization

are shown in Table 1.
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n* n+n, n- n>Pxe@ectbexri1of,an olerin homopolymer or an olefin copolymer by
continuous slurry polymerization or continuous gaseous phase
5 polymerization in the presence of a metallocene catalyst can be
stably performed without the disadvantageous occurrence of
indefinite forms of polymer. That is, by the method of the present
invention, a pipe for withdrawing a produced polymer from a
polymerizer can be prevented from being clogged with indefinite
10 forms of polymer, so that an olefin homopolymer or an olefin

copolymer can be stably and efficiently produced by a continuous

operation of a commercial scale plant.
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Claims

1. A method for producing an olefin homopolymer or an olefin
copolymer from an olefin or an olefin and at 1least one
comonomer copolymerizable therewith by continuous slurry
polymerization or continuous gaseous phése polymeriéation in
the presence of a metallocene catalyst, wherein prior to
homopolymerization of said olefin in the polymerizer by said
catalyst or copolymerization of said olefin and said comonomer

in the polymerizer by said catalyst said catalyst is subjected

to hydrogen gas-treatment in which said catalyst is contacted

with hydrogen gas.

2. The wmethod according to c¢laim 1, wherein said method
comprises:

(1) providing a polymerizer; and

(2) transferring said catalyst to said polymerizer and
introducing said catalyst into said polymerizer while
continuously feeding said olefin or continuously feeding said
olefin and said comonomer into said polymerizér, to thereby
effect a homopolymerization of said olefin or a
copolymerization of said olefin and said comonomer,

said catalyst comprising:

(A) a transition metal compound comprising a transition
metal having n-bonded thereto a cyelic anionic ligand,

(B) a mixture of an activator compound (B-1) comprising a
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8. The met;hod according to claim 7, wherein said condult for
feeding hydrogen gas into the catalyst transfer pipe is connected
to the catalyst transfer pipe in said polymerizer.
20
9. The method according to claim 4, wherein said polymerizer
has a catalyst transfer pipe connected thereto, and wherein, while
introducing said catalyst into the polymerizer, saild catalyst is
subjected to hydrogen gas~-treatment in which sé_-id catalyst is
25 contacted with hydrogen gas by introducing the hydrogen gas in

close proximity to the catalyst.
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10. The method according to claim 9, wherein the catalyst and
hydrogen are introduced into the polymerizer in a double wall pipe
which has an inner pipe having a nozzle and an outer pipe having
a nozzle, and wherein said introduction of hydrogen gas is
performed by feeding the catalyst to the inner pipe and feeding

hydrogen-gas to the outer pipe.

11. The method according to claim 9, wherein said polymerizer
has a nozzle for iIintroducing sald hydrogen gas into sald
polymerizer in close proximity to an end of the catalyst transfer
pipe, and wherein said introduction of hydrogen gas is performed

by introducing hydrogen gas through sald nozzle.

12. The method according to any one of claims 1 to 4, wherein
sald hydrogen gas used for said hydrogen gas-treatment of the

catalyst has a purity of 99.99 % by mole or more.

13. The method according to any one of claims 1 to 4, wherein

sald olefin is selected from the group consisting of ethylene and

Ci-Cy¢ 0-0lefins.



