;e3e’ "4Nb6TX 25 February 2004 SOLI D CATALYST COVPONENT AND CATALYST FOR
OLEFI N POLYMERI ZATI ON, PROCESS FOR PRODUCI NG OLEFI'N POLYMER AND PROCESS FOR
PRODUCI NG SCLI D CATALYST COVPONENT FOR CLEFIN POLYMERI ZATION 5 Field of the
I nvention The present invention relates to a solid catabyHepfippposent for

ol efin polynerization, - a catalyst for olefin 10 pol ynerization) a process
for produci n§O&IDo| eEATAROST Ne CONRONENTT OCRNB f @ATALAGICI NEOR SOQILEXIN

catal yst conmponent for ol efin polynerization. Background of the lnvention
15 U.S. Pat eROLEYERT 24090815 RROSEISSs G0 BRODUC TG aDLEF INORPOEEER) AwDi ch i s
a neM/oIefin nmerization catal yst conponent, and which is obtained by
supporting aP &£§§ EPBCS#BQUE@NﬁnéoéfplFéﬂﬂ@#ﬁ&bﬁ@ﬂ@@ﬂEﬂﬁ EOBaPLEEINof a

functional gr -carryin ol ynmer. More specifically, the patent 20
di scl oses a 8&3@@5 #é?lgpgducing an et hyl ene based polynmer with use of a

catal yst, mhich catal yst is obtained by a process conprising the foll ow ng
st eps (i)sto (v): (i) dissolving an ethyl ene-unsaturated carboxylic acid
copol ymer in an organic solvent) 25 (11) adding a poor solvent to the
resulting solution to precipitate the ethylene-unsaturated carboxylic aci d

copol yrmer, ( sepa i eci pitated copolynmer by 1 25 February
2004 f||trat?%%id EE Eﬁ& Egvég%é?éted copol ymer, and then pulverizing the

dri ed copol yner, ('![‘Mé E)Q@Ts%ﬁtt' %1}4?&1% V:.eéiim‘? CQ.B()'ay l)sid”m atalyst i her

or ganomagnesi um conpound and a transition neta mpoun

to obtain a eeﬂnpdnaﬁtafuﬁtomﬁﬁﬁmﬁrﬁéﬁ/ﬂoﬁorﬂ %tt'aa sitheopbs pbped sol id
cat al yst component with an organoal um num conpound to obtain a catalyst.

The pat ed abebyﬂesihas&enthatpfheeﬁbtﬂbﬁeﬁraahahﬁ§taﬁaﬁléfhhb%&limgfgh
activity in the polynerization of olefin) 10 particularly int

copol yrer i za@h@na @frecess dive pirddusring el ebilid Hanelest témpehene-f@nti oned
catalyst is not sufficient froma viewpoint of obtaining an olefin polyner
havi hg a | owPtehiBnpodymesheatienecul ar wei ght pol ymers 15 and/or | ow
crystallinity polymers- In addition, the above-nentioned solid catalyst
conmponent has a problen1such t hat it contains a lot of fine powlers to nake
its partlcleb e dIS% E ﬁ%on broad and as a result) the obtained

ethyl ene- a ??ﬂu% g ?%VﬁBF QBtisfactory in its 20 powder

1 S f | 1 th 1
RIS - SRR ) I*J"Far}t” T SagraRiS B gﬂgﬁﬁa"%%ﬁ%qlc%%? ot (11
25 a highly @shpyfesal amenf.feg g! ﬁkhno&@f&fﬁefﬂéﬂlde%zétﬁl%) GPIRsESs for

produ0|ng an olefin polyner, particularly
component, and which is obtained by supporting a magnesium

compound and a titanium compound on a carrier of a functional
group-carrying polymer. More specifically, the patent
20 discloses a process for producing an ethylene based polymer
with use of a catalyst, which catalyst is obtained by a process
comprising the following steps (i) to (v):
(1) dissolving an ethylene-unsaturated carboxylic
acld copolymer in an organic solvent,
25 (11) adding a poor solvent to the resulting solution
to precipitate the ethylene-unsaturated carboxylic acid
copolymer,

(111) separating the precipitated copolymer by



copol ymer of ethylene with an a-olefin, and (iv) a process for producing a
solid catal yst conponent for olefin 2 3 25 February 2004 pol yneri zati on,
according to which an ol efin polynmer having an extrenely | ow content of

I over nol ecul ar wei ght polyners and/or |ow crystallinityspiky Segnd an
ol efin pol ymer having superior powder properties can be obtained. The
present i nvefitsatbye, untkeyimkertiext srpavra teidudcepotlgmaehi ewadt hehebj ect s
As a result, it has been found that the objects can be achieved by

provi di ng (ipulvenlztngatbéydriednpopehymeén. 1) for ol efin pol ynerization,
which is obtained froma conbination o a carrier (a-1) of carboxyl

group- carryi ng pol {4l peedsacikineng Hhepeppiverigefdageqratyman size and a
transition nmetal conpound (b) of the nunber 4 group of nmetals in the

peri odi c t aftRgIACRAGRRHLY] GAAPPERY Fn€old AR Hian kR heRPMPRAUBY f or
ol efin polymerization, which is obtained froma conbinati on of a carboxyl

gr oup- car? yiHigH b ARBEANEheE &0 chtaln 2 spiidi FREALKELaFORBADPEBDRd ¥BY of

t he nunber 4 group, of netals in the periqdic table of elenents and a_ phenol
conpound (c). Ther‘e‘ﬁi/,c‘%rhté”p?fé'&% 5 ﬁg’éﬁgi“&ﬁ ﬁ&iige‘éﬁtﬁ‘ﬁg?n‘é‘a@%@br esent
| nvention proyides, a Egéﬁg gat LYR! SREBARE Lo (Apth1hoh QhELIGsr .

pol yneri zati on, At PRt A e by “a*process conprising tRe Stép of

tacting: (a-1 i | - i L€l
cont acting: (2~ 1) £ Efe O ALISNoaMOURaBERN! 301 RORYAZE, PRIy € o

havi ng an average particle dianet o] ~tm and

transi tion medmlexHQAMAAUAGH Pih (2 RURLH ndt K QI yitfe rB A 1ord BELSBePE | OdiC
tabl e of elenents, wherein 1n production of the conponent(A-1), an :

or ganonej@l Lompountefivt D BHBD@bPS) yhe®i 253 18h0WWE AtHEials Witk Nén
periodic table of the elenents is not used. The present i nvention further
provi des a cat-allgHid.or ol efin polynerization, which is obtained by a
proces 25 February 2004 conprising the step of contacting: (A-1) the
above- nenti oned sddwkeear al yshecomforentmeidneR) acatkaidystondscompdund
selected fromthe group consisting of an organoal um num conpound and an

or ganoal um 53 EempoiFRm aryd epReslayik ofne ﬁﬂﬂ-@ﬁnﬂuﬁﬂh@legfﬁvﬁ’@bﬁﬂ%\f
process for producing_an olefin polyner, which conprises the step of

pol yneri zi n*&RTH efti AOWn G esRhctoBelt RIS XMt BHe PLE™ETSt . The

EEEEEE%{,??%P%I Yodri %%f%ﬁif?ﬂ?@? | e Eéﬁrﬁ?fi Gt st Sﬁ%‘f :'SySt
navi ng. an_ i TedfLe €8 RGP ATy QUfio6ERE sk IOPLHRL AT

transition na{s 1GOMROWH A al BEeNYFDEInd RO oMRERES1ES pdie AeTd odi C
tabl e of elenents, wherein in production of the conponent(A-1), an

organonet al sii@oandtetbuiecfunieiadl, 2ner ak3 Hroepudt, "ehal Sobteided
periodic table of the elenents is not used. The present invention further

provi des a sofhh exnd aloysblesmporeiiclifes) fHrnét ebhaipFaytBiyzatn onts Whi ch
is obtained by a process conprising the step of contacting: (a-2) a
car boxyl 2@r mqwder rgrepepbigser carrier,

Summary of the Invention
Objects of the present invention are to provide (i)
a solid catalyst component for olefin polymerization, (11)
25 a highly active catalyst for olefin polymerization, (iii)
a process for producing an ¢lefin polymer, part;cularly a

copolymer of ethylene with an @ -olefin, and (iv) a process

for producing a solid catalyst component for olefin



(b) a transition netal conpound of the nunber 4 group of nmetals in the
periodic table of elenments, wherein in production of the conponent(A-2), an
organonet al conpound of the nunber 1, 2 or 13 group of netals in the
periodic table of the elenents ie not gused, and (c) a plEymEdbrégyRooad. The
present invention further provides a catalyst for olefin polynerization,

whi ch i.s obtained by a process conprising the step of contacting: 5 25

Febr uar 004 ((A-2). the above:-nentjoned.splid catalyst c onent, .and (B
at Ieas\é‘OCZBHB“eE ﬁﬁ&?ﬁﬁ&"seﬁ%‘b‘i%qgr o?ﬁtﬁglﬁgof—i‘ﬁ‘ cog]ﬁ%!%fi?@fﬁe’én avifg? (P
or ganoakh M- PHRIBOUNSY aBEnB8ner @ENAVJWET ML LONPRENght The1pmesent

invention further provides a process for producing an ol efin polyner, which
conpri seadyha step ofryoiaheiniting bedvoleat .n ARt R prdsdide BPYRET

above- n ii% e%“@%E?Llé%i;’FWE@% ejrr%%r}ttiie%v?%?jz% fwﬁ{lge_dqr ovi des a process

~for producin I al'yst “corrponent ) for o In polynerization,
whi ch conpri see thesirmp oivaontecthage (edeitakeanr bakghsgreuptudiep ng

I ier, (b t iti t al d.of th 4 f
ToLAlS £ RS Gie PALTEEBI BFoRoRES MHhord 1% BTBAUETRBR G Ch

CONMPONERtEA- Zhbi 3R 0T gAROMBAl scanReuad ef thechuabeay 1,(i3 oa 13ocgiaup of
metals in the periodic table of the elenents is not used, and (c) a phenol
conpounegatBatait! eprReymtitpt (ot offeheol bt PORYREricakiPBr ERARPI 46 of a

pr ef erab%%ﬁgglgeﬁgeércgrﬁog AL G ysed df [he pregent (] nMenbEoRa@kexhi) a

copol ym? ar boxyl group-carrying unsaturated nononer units, and
(i) a cpchpatarghaul cadlyinty palopr, \havdimocarsbowypecgfdgps axegage

introduced to_a polynmer by a chem cal, or physical nethod. /Agong.t e

pol yner §,aIttH€1@op%W?rerar+%angtEaé"rwn gF‘S}éﬁhca?‘?Tﬁ%"HKgns@ ur%% _eg%ﬁ%nnorrer
units ig ARLE. Nf effEhSdor ARe®%arplies e tHer LA DOXYALTE OUR- @AICEITS: ,
unsat ur ated nonon®r, ‘unsaturated carboxylic acids such as acrylic acid 25

Febr uar pr2004(idnd et heetidi ccacalivate enurerankd. (&2 hedOF a&WAGIE acid
is preferred. Preferred ¢ yner s k CHNOXYL PRRTRAIH NI a
unsat ur &t°ed T it‘s"ﬁgrglé %Sgﬁﬁéw%g KN TR boxyl

gr OUp- CAHANHJIG NGBS at £eryDRg TRk lgme runicry iefr alzobnofet xegisadtiam f rom
the group consisting of ethylene | ene, and st yrene. npk%s t‘ﬁe such

pro Ex
copol yrstes-adr ecetpgiede-&er yP% cFB‘éi UGS y?re?fo'éPhﬂ%enr%?trraef%acr ylic acid
copol ygg@ri;%{&péll §NZ;sACT Yd# C Atk FAPOIMHTET )a PrBtane cinpwrircrid)i ¢ aci d
copol ymer,”'styrene-acrylic acid copol yner and styrene-nethacrylic acid
copol ymeThe ¥¥tBng e sereoput yimrent peefleas deeen O d5eRavi ng et hyl ene

are. thobe haviity 1 PARPESC U oty wBraRE or 16' 1 nE earbog ] et e ee
gr oup- Ca g AgeNS @k Uf At edrnBlefien poilymerdedtion, which is obtained
by a process comprising the step of contacting:
(a-1) a carrier of carboxyl group-carrying polymer
particles having an average particle diameter of from 1 to
300 um, and
(b) a transition metal compound of the number 4 group
~of metals in the periodic table of elements, wherein in
production of the component (A-1), an organometal compound of
the pumber 1, 2 or 13 group of metals in the periodic table
of the elements is not used.

The present invention further provides a catalyst for

olefin polymerization, which 1is obtained by a proces




fromb50.1 to 99.9% by wei ght of ethylene units, propylene units or styrene
units, and nmuch nore preferred are those having from 30 to 1% by wei ght of
t he carboxyl group-carrying unsaturated nononer units, and from70 to 99%
by wei ght of 20 ethylene units, propylene units or styresFabnidrg 20p4ovi ded
that the total weight of the copolyner is assigned to be 100% by wei ght.
Anmong t hese copol yners, copol yners having from20 to 5% by wei ght of
acrylic o%%jrqsgﬂ%t&é)rst thacLyliferaghd units and from80 to 95% by weight
of ethy‘fe e units are 25 particularly preferred. Preferred polyners used to
i ntroduce car Byl teoapeveyrentéReat cedlisht cphesYEaICHROREAC ar®dd hose havi ng
et hyl ene, propy] eng. or) Sl engelnidogpodi e Peefiked fpohymehs ageofip 25
February 2004 et hyl ene honopol yner, propyl ene hqno ol¥nar, styrene

honppol et s&Atd c 8HoRY NBFIATIRA AR hGPERRMd, A5y PRNBT BTG YRAE™ I ts as a
mai n co ents. Much nore preferred polyners are those having from50.1 to
100% by wei ght of 5 ethylene) propyl ene or st renﬁ uni ts and e1;r0mf4§. 9 to
0% by wei ght Bke a RESSEFEn GRYSAEICTr SUFHRY t AECVERB® t ot alPWeitgRt of  t he

pol ynelrpggjrﬁsﬁbgngq thgllggilloog/glqune}@gi ghhiclfpee&rﬁﬂﬁelexarrmhes etephecpol yner
are polyethylene, ethylene- a -olefin _copolyner, p pr ene, .

propy| eprek@ieRZéRE SShoPyier™ 1B 5P8p)ﬂr§ﬁ’8?’%ﬁt é’rﬁe-%%o%%?%éneﬁé%gﬁgnea

pol yst ytgne,sthe chenical or physical nethod for introducing carboxyl

groups is not |imted, and,may be any ope knaq nthe, art.. o exappl e,

there are enuhBfat®feh) énﬁ%/%lblec’é]s &H@Eg?rn f%allgaéna?e 'styrene unitsi5

carryi ngr@ldiiRy s&ch sagia styaensshbr onostporens coffollyner £¢5 t &l with

an organic al kali ,metal cqnmpound, suc S pBuld ). and.t resulting product

i s subj BetEEHIFAEESEL i U i CR™RAr %Sn}%nl’%ng%ege(])’{ Tereby obt ai ni rgi a

st yrenecar boxylsstiyr ene capoliemrer ofandce2®ok?) a JyPuResEr WiidPei P YP6Fyol ef i n

such as pol ypropy| ene and a_carboxy. I, - GALLYL DG YpsSatbsh at edonanoner

such as %ﬁgg}ﬁgag?ﬂl% earrlre?’{'??ar?eeaogea(fq;ll%itghg presence of an organic

per oxi deilmt,oaggt ain acrylic acid-nodified polypropyl ene. 25 The car boxyl

group-carryi ng unsaturated nonoper used in.th C §2) 4 he ose

ment i oned abdgé. aPrfe"faé‘rsrléaoﬁng‘ﬁFﬁ{ afgﬂp%don%fsgégeggﬁ?y i cn?éio_dﬁand mal el ¢

anhydr i dgea Vel ameagidianhy drdbde sficklasnral efhersithydr peedpatiedt it 7

25 February 2004 is recommendabl e to _subj relizkpeadsd praodust to

hydr ol y&#§. CER%?&FF%S(AGfl?t h%nc%?ﬁfyﬁeta?ohﬁﬁé:oﬁr%iong pol yners, which

car boxyh;geeups aremkbiloducechdypericiieni cabler of phy st ealenhet Héd, "4 e

st yrene- carboxystyrene copol ynmer) acrylic acid-nodified polyethyl ene,

acryli c U&€fd- nodi fi ed pol ypropyl ene, acrylic acid-nodified, o%gt rene,
I %Jéﬁﬁ

mal ef i ¢ aci d- npHé f ipedspot yethyheive; frad @i prehadesdid | 8t %ene,

mal efi ¢ aci d-nodi fi ed, ppl yst.yrene i .6 c10nanytiy de- Bdained by a
pol yet hy PRI ST éf\rg) aﬁ%% rj‘le(fggn%alﬁ?rll"%dl pol yBr opyl ene, malefic
anhydri dgre®shid icetppobisg ywheneren of drEItpSE3NPr oduct of nal efic
anhydri de- nodi f,i ed, pol n hydeol ysisoipmedusirefenyal ef i c
anhydri denodi fi(gagboily%asrtg%&gn?% d a lri].;i;/)drig';lf/osi s product of malefic .
(b) a trangition metal compoun of the number 4 droup ©

metals in the periodic table of elements, wherein in production of

the component (A-2), an organometal compound of the number 1, 2 or

13 group of metals in the periodic table of the elemente is not

used, and

(c) a phenol compound.

The present invention further provides a catalyst for

clefin polymerization, which is obtained by a process comprising

the step of contacting:




15 anhydri de-nodi fi ed pol ystyrene. The above-nentioned carrier may be used
singly or in a mxture of two or nore, or rmay be used in conbination with
ot her polyners in a manner such that the objects of the present invention
is not inpaired. 20 An average particlse diameter of the ZFdtrgdryi2Bodrom 1
to 30011.m preferably from3 to 200 Itm and nore preferably from5 to 80
| J.m for the production of the solid catal yst conponent (A-1). For the

production of the,solid catalyst conpopent (A-2) , the average particle
di aneter of the ?egr %héar viesﬁ?&tW%‘fegc?héﬁtca?tta]iyss%rcé?wr%ff ra 1 to
3001tm) nore pBef etallesdy emed dompthd 981 e dUGR R RERHGI ably from S

to SO ~t m A standard deviation _of particle dianmeter distribution of the
carrier FSPSFEFEPSHIAF BfoMIPANaad usg um gomppsinkelfngan 2004 m  nor e

pr ef er abbyghhemm dimi Qi Me Jch nore preferably from3 to 20 a m By
using a carrier having a‘relatively uniformparticle dianeter, the content

of |ower nol e@llcarpwedght povemerionnthothépwprorsicald i ai tprqdsdrersy n t he

5 obtain | efin pol ymer can be_decreased, .and noreover powder properties
of the oﬁgg.&ﬁgan& eti'n 9 oei%rp8éﬁm5€"né§él%lhp€PF’8F.ls‘?ﬁe te mstep epige

particl epdigneteringent ianed shopen neapsg t haheneapgyd e M xLpg the,
carrier wth water or an alcohol to forma slurry, followed by neasurenent
with 10 &°p¥rPrMeréiorsd RB&sdvBhg apparatus such as COULTER MULTI S| ZER

Here) the val ggs relatdng Lo Lhe ayer ti .di_amet er__and standard
devi ati on of parti]%lle di aneter gllg%llrl U J%lgéafa gogrﬁ%\?& ght Fist¥5DutPon. A
shape ofprhducangi er | sopref ercltflal yrherdaalgnersar | ja spherisal elefbn
elliptic the _carrie m’rerci.allyﬁﬁvailable pol ymer particles nmay be

As é 0

used. AJ?%%%%?F%%F%}OPheW@ FﬁiSPmﬁﬁ§SB§ §dGEER PLoRPRtE&FBERY|
group- car ryi ngapg) yaeearBexi-negppaguehi-ed: Agt Bedyiher eqf)-1£or exanpl e)
there i s enunerated o .

(b} a transition metal compound of the number 4 group
of metals in the periodic table of elements, wherein in
production of the component (A-2), an organometal compound of
the number 1, 2 or 13 group of metals in the periodic table
of the elements is not uéed, and

(c) a phenol compound.

Detailed Description cof the Invention
(a) Carrier
Examples of a preferable polymer as a carrier used in
the present invention are (i) a copolymer having carboxyl
- group-carrying unsaturated monomer units, and (ii) a
carboxyl group-carrying polymer, which carboxyl groups are
introduced to a pclymer by a chemical or physical method.
Among these polymers, the copolymer having carboxyl
group-carrying unsaturated monomer units is more preferred.
As examples of the carboxyl group-carrying unsaturated

monomer, unsaturated carboxylic acids such as acrylic acid




20 a process wherein a carboxyl group-carrying polyner, a polar solvent

whi ch does not conpletely dissolve said polynmer and a surface active agent

are m xed with one another under stirring, which process nmakes use of a

di spersion technique disclosed in U S. Patent Nos. 3, 42Z50A9,rgdKl 280432, 4S3.
A 25 tenperature for the production thereof is preferably not |ower than a
nel ti ng poi rAnGMmethaciarblox @eigh 8- erursF e dolYimdhesso AErYAd<t A€ R0l yner
is not subjected to thernmal deconposition, and a pressure is usually from

at mospher i c %3 PB&EeERe%ary 2004 pressure to 250 atm As the polar sol vent

whi ch does not conpl ef el i ssolve the carboxyl group:carryin ol yner,
water and a m xed%‘%@‘?%e TR EBRD S gvﬁffl"g?mgﬂa %5?%?6%‘?‘5??%“9

pr ef er abl e. the rface actVv nt).. bl h ne

oxi de and pruégiﬁglﬁlégéoj?((ﬁ d@og?gegxgr?%ﬁ:i%f igerc?. %%s%oﬁggngbggg{@itg{ eogf p¥%§uced
accordi ngs t g t.he C ent | \, r.GJ valkl abl e.
These pplgsyrrecf pa?ﬂglﬁ&rgﬁ%%%\%e&ar ﬁ%%@é@?@gﬁgﬁﬁg gg g\ﬁ th

| mpur it es Sfbindtl §EEEAEA | MEo 0N Sdliflbd 105€1 Ry~ OF 0BiGprlehd. ! he
course of production thereof, and therefore i1t is reconiendabl e to wash
them w th ah@and e SahMe Nt e dENDERahPEes MU | $6E8 dopI1gmeranngtat of
pol yneri zation activity of the catalyst I n accordance with the present
invention. Astly¥meesSriDic s egpbhetietrQ éEnPYendSmebhackpuictaesd for
exanple, there is enunerated a process wherein the polyner particles (those
havi ng an awsrsgeymar | | prepgilamet-ecryilicr aoidt coPoQymerm pihepyldemesolid
cat al yst conponent (A-1) is produced) are stirred in an organic solvent for
1 ni nut el o merharrElie Fpkdncepoilymey). afdrene-aorgaic efés eepal@ared from

the slurry by filtration are dried under reduced _pressure at 5 to 60 i for
10 minutes tAA0 RbYFeNe TRethAGEY bbPai AE4poCPRELYBE i c1PRCRd a ¥RP*%ior to

th bt ai ned di | Vi th b ) O | h q

Solvent) oIS ARERE By cBIBEERERgn % n EheBeoriar id ) sohvlgrberni £ 5 Vo "
[ i nt h t thed it d i d

(heori gi nalbymns Pt mse b R HE: & b P o phpiin omere "

i mpurities ﬁbn%%%% | nﬁ%sé%av%g Febidiafy. 2004 dhes of %f%l?)?lc\&em

used for wa pol ymer partic i's a solvent which does

conpletely dirsdatdd:ha RRIMPEcRIING GhsatieaitbaCmexamBesn2tst engol vent
ar e ‘

from 50.1 to 99.9% by welght of ethylene units, propylene

units or styrene units, and much more preferred are those
having from 30 to 1% by welght of the carboxyl group-carrying
unsaturated monomer units, and from 70 to 99% by welght of
20 ethylene units, propylene units or styrene units, provided
that the total weight of the copolymer is assigned to be 100%
by welght. Among these copolymers, copolymers having from
20 to 5% by welght of acrylic acid units or methacrylic acid
units and from 80 to 95% by weight of ethylene units are

25 particularly preferred.
Preferred polymers used to introduce carboxyl groups
by a chemical or physical method are those having ethylene,

propylene or styrene units. More preferred polymers are

6




ket one sol vents such as acetone, nethyl ethyl ketone and 5 nethyl nethyl
ketone; nitrile solvents such as acetonitrile; aliphatic hydrocarbon

sol vents such as pentane, hexane, heptane, octane and decane; aronatic
hydrocarbon sol vents such as benzene, toluene and Xyl enejs gdurGaig|do6a

hydr ocar bon sol vents such as cycl ohexane and cycl opentane; 10 hal ogenat ed
hydr ocar bonesbitenes $@sieped ymex.di AfeRbeditanch AP ¢RI or S6¥E2RRe; and
et her solvents such as diethyl ether and tetrahydrofuran. O these) ketone
sol vent s ar BOPPEPAYFEY, aadd CaRalomers hring g EhrienR of RFPRULEPSNPEN
econom cal point of view 15 The above-nenti oned washing to re

i npurities WERePRe Brdahi 85 s8l VD cGATBRNERF | Mychyt® %fBFﬁgg¥%Bhggr
colvent to RELNMERS ARe Shogen et Rd ol ot f KR aeiE e ©
from 20 oo B5pElepd, '&lony1 BhE S Al WEE b8 2008 €55 BY BabbEI OO0
ised i n tnotgtaBl bEG G AP R, BroldReATTASE fhd TV AL helrificbe ™" o

compounds apeNFJliyBXOIPOHRLASgnbl RESK LhbANIHYM wOIBIOUNASpRERE1C
preferred. Anong the titani um conpounds) preferred conpounds era those

[ epr esent edeRUmbh8 sl ¥ kAW fith F k@ pdiye tHP1 &£OT Udhy120@4 diofeFrh )
copolymer, polypropylene, propylene-ethylene copolymer,
10 propylene-butene-1 copolymer and polystyrene.

The chemical or physical method for introducing
carboxyl groups is not limited, and may be anf one known in
the art. For example, there are enumerated:

(1) a process wherein a halogenated styrene units-

15 carrying polymer such as a styrene-bromostyrene copolymer
is treated with an organic alkali metal cempound such as
n-BuLi, and the resulting product is subjected to reaction
with carbon monoxide, thereby obtaining a styrene-
carboxylstyrene copolymer, and

20 (2) a process wherein a polyolefin such as
polypropylene and a carboxyl group—carrying unsaturated
monomer such as acrylic aclid are melt-kneaded in the presence
of an organic peroxide to obtain acrylic acid-modified
pelypropylene.

25 -+ The carboxyl group-carrying unsaturated monomer used

in the process (2) may be those mentioned above. Preferred

unsaturated monomers are acrylic acid and maleic anhydride.

When an aclid anhydride such as maleic anhydride is used, 1t




wherein Ti is a titaniumaton) Ois an oxygen atom) Rl is an 5 al kyl group
having 1 to 4 carbon atons ) X is a chlorine atom -~a brom ne atomor an
iodine atom and n is 0 or an integer of 1 to 3. Specific exanples of the
titani um conpounds represented by the above fornula are dtdhsd, @g968n0

titani um 10 conpounds such as titaniumtetrachloride, titaniumtetrabrom de
and titani umsg eteapndeddablei al cypdnect koxytmeahrknesdagoPrdsivnicht@s

met hoxytitaniumtrichl oride, ethoxytitaniumtrichloride, butoxytitanium
trichlori dehysdemkxsgistani umtrichloride and ethoxytitani um 15 tribrom de;
di hal ogeno di al koxytitani um conpounds such as di nmet hoxytitani um di chl ori de)
di at hoxytitani um WM#%e?fd{%@t FATREAL uAFAPENFEFFEARIdiRMEMBER i t ani um
di chl oride and . diethoxytitani um di broni da; nonohal ogena trial koxytitani um
conpounds sUPHER CRTREKNxVITAURT uAF20 IR t PYetthokPEMLSAFuRT

{11 ot hoxt | (IR U oAREo R ePE S ROT T AR BT CORDOn GRS

tetramet hoxytitanju traet hoxyt | t.ani nd. te t'_tﬂpi'
t hese, tetr %Ca%%g%%o@#fa"ﬁ?‘ﬁi jz%&lt%’nlﬁoeutn flear}%' pérée%&?rhfeée]?ﬁgiadn |jfga9'rﬁ€m

tetrachl ori ' ' ar e . nQ| FES&:% 1

February Zogffjgﬁ%lﬁ%%#jl'%yu%edél%ﬁ%ﬁ%s%?gt [gé&%ﬁgﬁgl %83%%0 n ggc'aﬁnable&used as
the phenol cRIRPURKIS: £p&dl | N 16 HIRSRIHe | NVedd ik c ATONL g suiisidd ut ed
phenol conpounds) phenol conpounds having a substituant at |east at
2-position g wEdFiats, Smandibhese diaddr sabspbliyenyseak | easlent 2-
and 6-positions are particularly preferred. Preferred substituents are a
hal ogen HI omnianiicod&ytho d B Pdd ol yathly,lesiel,yiha 1 al & anhydrixdcmad i fired oxy
and silyloxy groups, which groups nay be substituted with a hal ogen atom
10 Speci fi c pxapesybéne hemphedol apdrpbuinte awed PELAGt podvedypeerel & such
as 2-mat hyl phenol, 2-ethyl phenol, 2-n-butyl phenol, 2-isobiltylphenol,

2-t- but yl phé¥sicoysibs opy PERENEE) 2-afsopr BpYEpHenolaniydHs Mk Yed

2f | uor ophenol ). 2-chl or ophenol and_2-bronophenol; 2,6 15 disubstjtuted
phenol s sucPAYetisrigniet hl prerertysdsed @ HAhnehompleic anhydride-

2, 6-di -n-butyl phenol , 2, 6-di i sobut yl phenol , 6]:di-t-butallcphenfol

2. 6-di-n- 5%;{# |?d]2¥%xaqqg_€$}% ediydrolysis product of maleic

2, 6-d: pﬂ p;%gl ‘#)’.Lid?e_@-d'# oro hjreﬁgﬁ %nG-ii chl or ophenol and

2, 6-di br?rmp ??8 ; anofmﬁé,l #Pé(ﬁ? E”su"grs T ut ed phenols (X is at |east one
nunber sel ected frﬁ@y l@p%o‘bea-%n@ cHEA c%i‘r%.’eﬁl: &av Fgﬁﬁ@&hD@fﬂ&iy or in

2,6-dit-butyl-4-ne enol and pent af | uor opheno Anong t hese phenol

conmpounds) R efiStiR® dECtdo B hvRhese! nay i vispienfl corb tnPed h RO )

2-1 sobutyl phenol, 2-t 25 butyl phenol, 2-n-propyl phenol, 2-isopropyl phenol)
2phenyl phenajhek; foditiebyirpAaiadine 2s el ittiatytind ebdectsd, & dhempdrdetdtphenol )
2, 6-di i sobutyl phenol) 2,6-di-tbutyl phenol, 2,6-di-n-propyl phenol)

2, 6-di i sopr opnegitelot 18 noR5ingekmdty 2004 and 2, 6- di phenyl phenol . Furt her
preferred phenol conpounds are 2-substituted phenols, 2,6-disubstituted
phenol s #hd 2, 6, X-AT iadEage mastisHendlianetes ofs e i9RIF ovied ERfifer ei n
the substituent is a branch-carrying al kyl, 5 cycloal kyl or aryl group. (A
Solid cat al Ystochhp&fenPreEerab &Y i b Bykre 20Pat4 Bn aNeMIBE iRF ré&&‘é’t

component (A) for_olefin
P ( f)rom 5 to 80 £m, for the production of the solid catalyst

component (A-1). For the production of the solid catalyst
component (A-2), the average particle diameter of the carrier
25 4is not limited, but it is preferably from 1 to 3004m, more
preferably from 3 to 200 #m, and much more preferably from

5 to 80 4L m. A standard deviation of particle diameter

distribution of the carrier is preferably from 0.1 to 50 U




pol yneri zation in accordance wth the present invention is: 10 (A-1) a
solid catal yst conponent for olefin polynerization, which is obtained by a
process conprising the step of contacting: (a-1).a carrier of carboxyl
group-carrying polyner particles having an average partig petglhgfgqtoga of
from1l to 15 300 a mwith (b) a transition netal conpound of thé nunber 4
group of netml| snare pirefpeabdd £rbmil eocado el eneahd ;muh MAr2)peefetally
catal yst conmponent for olefin polynerization) which is obtained by a
process conpfremng 20 e (sinepByf usdngaet icagrijex jawinmrdorglatively
group-carrying gol ymer carrier (b% a transition netal conpound of the
nunber 4 gr odRplEPrRePartiche: fapetebdi the ABPRIGRT cPENRAYET ARRLEEYLAT phenol

conmpound with one another. 25 From a vi ewpoi nt of obtaining an olefin

pol yner havi‘ﬁﬁfﬁhFoRB YREREcANAPT| J R %%W’\H 9912135@3%&% BRI/ or

|l ow crystallinjt | ynmers) the solid catal yst component {A-2) is better
than e 2ol PAERLRER RIFHA RERERSE CAnISE Gpreassdhonts AR Soyis Povdst

I nci dental Iy, i rogucti on of saolid cat st._gonpaenent ( for.olefin
pol yneri zat i #’E‘nﬁ}g%‘égr %cém\?vi . @e|odr e%"‘g%?}‘%{n\?g o, ??naﬁ)eor"é{a%%rret al

compound of Lagepughermly Cfh 1380000 PalBlals dluhlesPerhéltt foldd! e of

el enents i s used, e [Tower nolecu pol yners are 1 ncreasingly
produced, anghéPErREDEE SOH pid LIPHAIM 7ARARY RReUeBHribP fi€n RFDERET I ON
of solid catal yst conmponent (A-2), confacting order of respective

i ngredients ¢a-ah hldbhoanto (form @ B0hrtMtsKhodda by peabaremdntoncairy out
a first 10 contact of the transition netal conpound (b) with the phenol
conpoundl@ c)aammhrttiria sEHcend meastadingof apparhitust sashacas preaIcTER t h
the carrier (a-2) in this order. It is allowable to carry out the first
cont act and MPETERESRE. dereacths vadoesi xelytinplovthe averagerpaohimiriabl e
to wash the first 15 contact product with a solvent prior to carrying out

the second céttBREer adnd ustifdrdans wdenipkd ofecBfid RaRtAELe probARet&H th a
sol vent. Contacti time for each contact. is not particularly limted, and
doual 1y from B HrHRRELoR 0ase PR Meiah MtHReloeiShgr Barbape Of 1990 (a-2).
(b) and (c) wused, for the prqducti.on of solid.catalyst conmponent (A are
used prefera%?f/r'}?lra j[ﬁ urppﬁ?%dﬁra?ttbéy V\ﬁPBﬁ'riigaTlOrnﬂﬁ%ﬁ‘i?’ou@ﬁhﬁgﬁﬁﬁsi% in a
sol vent . 3P uch a solvent are aliphatic hydrocarbons such as

pent ane,lﬁxaneﬁﬁgé?ghe) 25 octane and decane; aromatic hydrocarbons such
as benzene, tol uengsangh&y!&feridh] CYSddnfe YU POAT DONS] BHCT 2Pkl exane
and cycl opent ane; hal ogenated hydrocarbons such ‘as 1, 2-dichloroethane and
monochl or obepzetiecl@fdmeyhbe teed.2A1kebhdtnyed9Q4 th@RAHId %S Wy afe

di et hyl ether) dibutyl ether; diisoanyl ether and tetrahydrofuran. O

t hese, ali phetedudedr rambenscartbxylongtowp hyarogimpopelemarpr dserthed, and

hexane, hept ane) octane, toluene and xylena era nore preferred. 51t is
r ecommendablRreduehioy makhad shereddct fon exammld.d there is enumerated

.20 a process wherein a carboxyl group-carrying polymer, a polar

solvent which does not completely dissolve sald polymer and
a surface active agent are mixed with one another under
stirring, which process makes use of a dispersion technique
disclosed 1in U.S. Pategt Nos. 3,422,049 and 3,432,483. A
25 temperature for the Iproduction thereof i1is preferably not
lower than a melting point of the carboxyl group-carrying

polymer, so far as the polymer 1s not subjected to thermal

decomposition, and a pressure is usually from atmospheric




catal yst conmponent (A) under atnosphere of an inert gas such as nitrogen
and argon at a tenperature ) at which the original shape of the polyner
carrier can ba maintained. Tha tenperature is usually from-30 to

120~, -prefarably from 0 10 to 1000 and nore preferably fypmad, 2088~ -
Wth respect to a proportion of respective ingredients used for the
production obr&gtife CR6abY6t atANPRECRhe( Hollad HURHH Gmid| @sed atid D) Of
the transition netal conpound (b) to the carboxyl group in the carrier
(a-1) or (a-Z¢mplefdlysanbsylieonns. tarbokiQ tgmmm - cayimesf epabymefrom 0. 1
to 1D tines. A proportion (nolar ratio) of the phenol conpound (c) to the
transiti on meatércandowndnizkdd i solisealk! waimdip Ocdmpasd@Oofi Maferanare
preferably from0. 1 to 10 tines. The obtained solid catal yst conponent (A)
i s preferabl papticetarly poefEratilemndsdthe sucfagre aptdyie agapsphekeclsf an
inert gas such as nitrogen and argon. (H) Organoal um num conpound and

or ganoal ufi nesReveerpowd TRBEYLenganexldni mnf c FFSEYAE eusediif dee
present 25 invention nmeans a conpound having at | east one -C bond in the
mol ecul e. An®RYBLLRL.INTEE R LY BRERAT EF ISHPEARHS e 3F S 9 &8 B @nt ed

by the following formila 16 25 Feb 2004 R70Al 77,0 wherein Al i
al uri num at RFOPRSF SMERELPRTR QPOUD AEG RySq. COMF CArbER. ALOME D18 s a

Spect't1c exanpl es otfEETAEERarh otel mehsd ol R0 o8 srnl ¥t dughery S 5
trimethyl al ugl,opony L4584 hyhgt ;53{1 lod tidd dhdy ARYa¥ALRUS t1ve agents

tri-n-butylalumnum triiso mnum tri-tart-butylal um num

triisopregyl ahdnimews dypiduded UH B cbiirsBheXYhRb&L USh thereof,
tri(2-methyl pentyl)alum num tri-noctylalum num diethylal um num hydride)

di i sobut yl al afdhedeEdredet 156t dybaheniabie Iswast tihem wieth enhytganbE num
sesqui chl ori de, isobutyl al um num sesqui chl oride, 15 di nethyl al um num
chlori de, disphyeatuticmumenbierittes dimpupdddlsal fmpmura chitewpdént of

di - n- but yl met hyl al um num chl ori de) diisobutylal um num chl ori de,

di -t ert but yl ppdmrenhrahion aktivitsopf die skilysth énl defgedance with

di pentyl al um num chl ori de, nethyl al um num di chl oride, 20 ethyl al um num
di chl ori de, tBemASHEHtHR YRRt HPR hIAG  BSCCesS LOTMASRIAS Hasm FOCFPBRYRe,

' |al unj di chl ori de_and pentyl al yni dichl oride. A t hese,
i ot y! Al P RPFL HRA= ¢ HH IRASHRAR mUNRHR o, PRUBBEE B SR RARST a or e

SRR TR R T T SNONY

i nvention ma ) KON e ar anpl es ot~ said
commount B eSS, ARSI By 06 LI BT B
condensat i onchfp¥ReALt WA - 'Y epkbAdsel@) are stirred in an organic
solvent for 1 minute to 10 hours to form a slurry, and the
20 particles separated from the slurry by filtration are dried
uﬁder reduced pressure at 5 to 60T for 10 minutes to 10 hours.
The thus obtalned polymer particles are superior to those
obtalned by dissolving the carboxyl group-carrying polymer
in a good solvent, follgwed by precipitation with use of a
25 poor solveﬁt, from a viewpoint such that the impurities can
be removed to a higher degree and the original shape of the

polymer particles before the removal of impurities can be

malntained.

10




trial kylalum num and water. Specific exanples thereof are nethyl al um noxan,
et hyl al um noxan, propyl al um noxan) butyl al um noxan, isobutylal um noxan) 5
met hyl et hyl al um noxan, et hyl butyl al um noxan and ~met hyl i sobut yl al um noxan.
O these, nethylal um noxan) isobutylal um noxan and nmet hylg scpidryl28baim noxan
are particularly preferred. 10 Production of olefin polymer In producing
the ol efi n pol ymefMhet herganic neollventatisad r €pat Meaghting Hee hd@ e eedi ng
the solid catal yst conponent (A) and at | east one conpound (gl) sel ected
fromthe grpeptdoisisting ¢ lven towhdsdaldesisn aotc SopPlede landisgelys

or ganoal um nunoxy conpounds to a pol ynerization vessel. For exanple, the

feedi ng of thesBORNHEEIPRRELCERR - P FieeXdmPLes 2fwehe sy NS RIfe under

at nosphere of an inert gas such as nitrogen and _argon_ n_the _presence of an
ol efi n nonoMEENE O IEIRARrFURY. 2 nRCe H %di’@ﬂf’é‘yg ﬁ&h@ﬂyi?ﬁgngol"i“gl

cach ot hdr T8 R0l yhEPPULTT on KASSEER) oPLEF Ut At ARt Bitheesboth
S o RS LS 0 Rl B SEROUIE B pUACLELTS f
CRenel LT U ED L DRETBLEREL: ! Beckptse] bRl om 1
addi tional GYIRQHIG SHEbh 882 bkneWRes! AU hSIORM Rpdehydr egarymat de
hydrocarbon solvents such as cyclohexane and cyclopentane;
10 halogenated hydrocarbon solvents such as 1,2-dichloroethane
and monochlorobenzene; and ether solvents such as diethyl .
ether and tetrahydrofuran. Of these, ketone. solvents are
preferred, and acetone is particularly preferred from an
economical point of wview.
.15 ' The above-mentioned washing to remove the impurities
with the organic solﬁent can be carried out preferably under
conditions such that the polymer particles do not dissolve
in the organic solvent tomaintain the original shape thereof,

and a temperature is usually from -30 to 120, preferably

20 f£rom O to 100C, and more preferably from 20 to 80T.

{b) Transition metal compound
Examples of the transition metal compound of the 4 group
metal of the periodic tab;e of the alements used in the present
25 invention are titanium compounds, zirconium compounds and
hafnium compounds. Of these, titanium compounds are
preferred. Among the titanium compounds, preferred compounds

are those represented by the following formula,

11




1 8 25 February 2004 fed at the sane tinme. Preferred electron donor is (
for exanple, an organic conpound having an Si-OR bond, wherein R3 is a
hydr ocarbon group having 1 to 20 carbon atons. Specific exanples of the

Si -OR bond-having organic conpound are S tetranethoxysidsaigryary 2004

di et hyl di net hoxysi | ane, ~tetraethoxysilane,triethoxysilane,

di et hoxydi et hyl ai | ane, at hoxytriethylailana, tetrai sopropoxysilane)

di i sopropoxydi i sopropyl sil ane, tetrapropoxysilane, dipropoxydi propyl sil ane,
t et rabut oxysil ane, 10 dirhgoBRXyHbuit yl sil ane) di et hoxydi phenyl sil ane)
phenoxytri met hyl sil ane, triethyoxyphenyl silane, hexaethyl di sil oxane,

di cycl opent oxydi et hyl si | ane) cycl ohexyl oxytri nmet hyl si | ane,

t etraphenoxysi | ane, hexanet hyl di si |l oxane, hexapropyl di si |l oxane, 15

oct aet hyl t r whiekretan®i t% phdriytiandiums alteman@) s PEso BEPsi Roddnén

di et hyl pol yai | oxane) net hyl hydr opol ysil oxane and In the present invention,
besi des & caakydtgveupaeilg 4 tarhrasboRApoREntX 48) 2 GRIPEANY 858 one
conmpound (H) 20 selected fromthe group consisting of the org n%aluninum
conpounds afdPFRBLBEgARER BFi ﬂ%n%?@’-’&%rﬁ'b?mds’-)n% g P & 5Inygf‘ &8fthonent
(A"") , which is obtained by subjecting the solid catal yst conponent(A) to
pre-poPynerPfaﬁiGﬁ Preatnent) may be brought into contact with the conpound

(2] roror0) o e BoaBiSAR°, VORRREPL} 1 ff STHAEL S BATSR, | EBABRRst o
represented by the above formula are tetrahalogeno titanium
10 compounds such as titanium tetrachloride, titanium
tetrabromide and titanium tetralodide; trihalogeno
alkoxytitanium conmpounds such as méthoxytitanium
trichloride, ethoxytitanium trichloride, butoxytitanium
trichloride,phenoxytitaniumtrichlorideandethoxytitanium
15 tribromide; dihalogeno dlalkoxytitanium compounds such as
dimethoxytitanium dichloride, diethoxytitanium dichloride,
dibutoxytitanium dichloride, diphenoxytitanium dichloride
and . diethoxytitanium dibromide; monchalogeno
trialkoxytitanium compounds such as trimethoxytitanium
20 chloride, triethoxytitanium chloride, tributoxytitanium
cﬁloride,friphenoxytitaniumchlorideandtriethoxytitanimn
bromide; and tetraalkoxytitanium compounds such as
tetramethoxytitanium, tetraethoxytitanium and
tetraphenoxytitanium. Qf these, tetrahalogeno titanium

25 compounds are preferred, and titanium tetrachlorlde is

particularly preferred.

{c) Phenol compound

12




solid catal yst conponent (A). As an exanple of a process of the

. pre-polynerization treatnment, there is enunerated a 19 25 February- 2004
process wherein the conpound (B) and an olefin are brought into contact
with the solid catalyst component (A) . Such an ol efin s Fagtudry pbée£d, and
exanpl es thereof are ethylene, propylene and butane-1. The olefin may be

used singly or in gL iaiiad o st At Jii@phihB1SebhfoGalal ¥8h be
conponent (A) used for the pra polynerization Is used preferably in a

slurry stat exded R thir pugho Ui SeRfchods ivied dnseheepiteséxanmwsniofor he
solvent are aliphatic hydrocarbons such as butane, pentane, hexane 10 and

hept ane, andumsrodrethie SyosoLaubeds pheabklascmpounsds ,aphendlasynpoursdar
ratio of Al in the conmpound (B) used for the pre-polynerization to Ti in
the solid catatirsy x~eubstdituepd) at (LABST at 2spoasibloy aremuefexred 00, and
particularly 15 preferably from1 to 10. A pre-polynerization tenperature

i s usual 1§ fandntheGet bagdng summwmt%mtageyssr@f erapng¢ §rRARitirns 50~
A polynerization anmount of the olefin_in_the pre-polynerization is usually
from 0.1 to aWR RArekeuEaF1Y cRFafeyrplef §F&E—Wrﬁﬁolﬁ"’é’.s§jtt6‘eﬁ’dzsg ARf &y of

the solid 2Q catal yst conponent (A). As exanples of the qlefin polynerized
accordi ng t d*34Rg e§§HF'iﬁﬂﬂu?éﬁ}lol@HQ+¥qinﬂ?E?E'tﬁig§ carbot® ons and

0y o o1 2 SR 2t TP LTI IRMoPBURY SLAREK GEobfla SRAYIART!
substituted with a halogen atom.

- 10 | Specific examples of the phenol compound are 2-
substituted phenols such as 2-methylphencl, 2-ethylphenol,
2-n-butylphenol, 2-isobutylphenol, 2—t—but§lphenol. 2-n-
propylphenol, 2-isopropylphenol, 2-phenyphenol, 2-
fluorophenol, 2-chlorophenocl dnd 2-bromophenol:; 2,6-

15 disubstituted phenols sﬁch as 2,6-dimethylphenol, 2,6-
diethylphenol,2,séﬁifn-butylphenol,2,6-diisobutylphenol,
2,6-di-t-butylphenol, 2,6-di-n-propylphenol, 2,6~
diisopropylphenocl, 2,6-diphenylphenol, 2,6-diflucrophenol,
2,6-dichlorophenol and 2,6-dibromophenol; and 2,6,X-

20 trisubstituted phenols (X 1s at least one number selected
ffom 3, 4 and 5) such as 2,4,6-trimethylphenol, 2,6-di-
t-butyl-4-methylphenol and pentafluorophenol. Among these
phenol compounds, preferrad are 2-methylphenol, 2-
ethylphenol, 2-n—buty;phenol, 2-1iscobutylphenocl, 2-t-

25 butylphenol, 2-n-propylphenol, 2-isopropylphenocl, 2-
phenylphenol, 2,6-dimsthylphenol, 2,6-dlethylphenol,
2,6-dl-n-butylphenol, 2,6-diisobutylphenol, 2,6-di-t-

butylphencl, 2,6-dl-n-propylphenol, z,s-diisopropylpheno;

13




25 are ethyl ene, propylene, butane-1, pentane-1, hexane-1) heptene-1)
octane-1) nonene-1, decene-1, S-nethyl-2 pentane-1 and vi nyl cycl ohexene.
Exanpl es of the conbination of two -or nore ol efins are ethyl ene-propyl ene,
ethylene 20 25 February 2004 butane-1, ethyl ene-hexaneslgebryary 2004

et hyl ene-octane-1 and propyl ene-butane-1. Preferred exanples of "the olefin
pol ymer pr odam@d bi- dimhemeiggrno hy Furitherepaegenyednpheonod| efmpounds
copolynmers, and 5 nore specifically) ethyl ene-propyl ene copol yner, '

~et hyl ane- buaeme2tsubptiyuted pheppdfe- Refaddsnbsigdunas phrnols and

et hyl ene-octane-1 copolyner. In the process for producing the olefin

pol yner in a%c@r&aﬁlégs“gﬂhi'ﬁ%ée@ré’é‘@ﬂﬂi?nvéﬁt i bh) & cﬁ&ﬁgn{agan%'?%‘fehgent 10

such as hydrogen can be fed to a polynerization vessel to regul aje

mol ecul ar wevitedn tfaeol bsthbacner 1% b%.pP?ﬂﬂEﬁiFaﬁFﬁéﬁgnﬁgiQ%ffon
tenperature is fsu£%$¥ fron1-f0 to 300k preferably from20 to 250" C, and
nore preferaBY 5% 59502F5- 196°¢P; provided that the tenperature is not

hi gher than:a malting point of the polynmer to ba obtained. A polynerization
pressure is not limted) and a pressure of from atnospheric pressure to

ibgg} yg?i AR | SoPE8" EREEEYLE OBMPGHERE! Por 20 e LERNBE FRErRARESNCT VI EW
The solid catalyst component (A} for olefin
polymerization in accordance with the present invention is:
10 (A-1) a solid catalyst component for olefin
polymerization, which is obtained by a process comprising
the step of contacting: _ .
{(a-1) a carrier of carboxyl group-carrying polymer
particles having an average particle diameter ¢f from 1 to
15 300 4m with
(b) a transition metal compound of the number 4
group of metals in the periodic table of elements; or
(A-2) a solid catalyst component for olefin
polymerization, which is obtained by a process comprising
20 the step of contacting: |
{a-2) a carboxyl group-carrylng polymer carrier,
{b) a transition metal compound of the number 4
group of metals in the pericdic table of elements and
{c) a phenol qompound with one another.
25 From a viewpoint of obtaining an oclefin polymer having
a lower content of lower molecular weight polymers and/or
low crystallinity polymers, the solid catalyst component

(A-2) 1s better than the solid catalyst component (A-1).

14




20 tinme can be appropriately determ ned dependi ng on the kind of polyner td
be obtai ned and a reaction apparatus) and usually from5 mnutes to 40
hours. The pol ymerization may be carried out in a continuous manner or

bat chwi se) and a slurry or solvent polymerization 25 W tdy pge,f 28h4 i nert
hydr ocar bon sol vent such as propane, pentane, hexane) heptane and oct ane,
and a |iqui incidgasapigseipdiharprodacitdenwnthsalsiel olted ysdl cempopantbe
applied. O these the slurry polynerization and the gas phase

pol yneri zat {8) £dr ol2F iFebeliymgr2eatiandpaccosdeaceywithitdis prefessr di ng
to the present invention concerned wth the solid catalyst corrponent (A1),
there are pisvea&dopi.)if %lqnﬂmngﬁw cepsaeh oL ‘éheo‘l"éﬁ“i’%r or

pol ymerization, (11) a 5 highly active catalyst for olefin ymerlzatlon

(iii) a prodds3cewp OErEGGéﬂ-ﬁgifhﬁhGI @Prh%épy%ble s&ﬂ%%ﬁﬁ%uessm ymer

of ethylene with_an a-olefin,_ and cess for ucin

cat al yst gcoﬁBSneﬁ?“’PSr ‘B‘T’%‘??‘hl%l ;}éf‘\?‘r%rktat &Ir% Sacﬁﬁgéﬂnggyol efin
pol ymer hawvi n n extr | ow cont ent of | ower m)l egl ul ar wei ght

pol yner s anBFgflu 'cP&Fal ggﬁ%tf?rﬁo & COMENAN F§IE, erbeorusﬁéigv\der

properties can be @biaLnNed,af 18 or WYL NG Q< BREBRSA (RYSHLI ON

concer ned
contacting order of respective ingredients (a-2), (b} and

(¢} is not limited. It is preferred to carry out a £first
10 contact of the transitim:x metal compound (b) with the phenol
compound (c) and then a second contact of the first contact
product with the carrier (a-2) in this order. I‘t is allowable
to carry out the first contact and the second contact
successively. However, it 1s recommendable to wash the first
15 contact product with a solvent prior to carrying out the
second contact, and further to wash the second contact
éroduct with a solvent. Contacting time for each contact is
not particularly limited, and usually from 5 minutes to 24
hours. B
20 Respective ingredients (a-1), (a-2), (b) and (c) used
for the production of solid catalyst component (A) are used
preferably in a slurry state, which is formed through
dispersion in a solvent. Examples of such a solvent are
aliphatic hydrocarbons 'such as pentane, hexane, heptane,
25 octane and decane; aromatic hydrocarbons such as benzene,
toluene and xylene; alicyclic hydrocarbons such as
cyclohexane and cyclopentane; halogenated hydrocarbons such

as 1,2-dichloroethane and monochlorobenzene; and ether

15




with the solid catal yst conponent (A-2), there are provided 15 (i) a solid
cat al yst conponent for olefin polynerization) (11) a highly active catal yst
for olefin polynerization) (iii) a process for producing as ol efin polyner,
particularly a copolymer of ethylene with ana-olefin, ang fdpy)aropp@cess
for producing a solid catal yst conponent for olefin 20 polynerization,
accor di ng t compoahndan salckf ias ddleyinyl ledhienry ddbatylessher.odidsoeayl of

| ower nol ecul ar wei ght polyners and/or |low crstallinit ol yners can be

obt ai ned. Er&hplrcand tRtrahydrofurany e bhess. e%@pﬂl%ﬁ@é: FAFOCATRONSi | with
reference to the follow ng Exanples, which are only illustrative and not to
be construe@ndATIma ki R¥ATesas bons de prefestefln At PeKane L StANfement

val ues rel ati ng to 22 _w 25 February 2004 particulars jn Exanples were
obt ai ned i n®CkE0Lo| TOHIST e Py LEnerag RN REFRET Y st S Measured

di | CP gmi ssi L %Si g US | 8, 3000 Ki
E?;ﬁé’ﬁ 118 2. Conthrhe shearBearRhiaq CRRTRil Hig B LA Budh, 7 e

ti teri i | ) . ) 7
i rared spEarPauhe sompEReRt i) Gt BnARAnEES OF AOARCKE 4 BOCRT

Co., Ltd., E%gﬁﬁég‘gg %ld gﬁgsggsét g Fé\mﬁaPéquQ?iﬁ Rhapai W o4 BhaRE1( SCB)

per 1000 C (car | alue'I's Increased with increase of the
I x -olefin gaap@Ntof15%the polymer carrier can be maintained. The

temperature is usually from -30 to 120TC, preferably from 0

10 to 100T., and more preferably from 20 to 80T.
With respect to a propoxrtion of respect‘ive ingredients
used for the production of solid catalyst cor;nponent {A), a
proportion {molar ratio) of the transition metal compound
(b) to the carboxyl group in the carrier (a-1) or (a-2} is
15 usually from 0.1 to 100 times, and preferably from 0.1 to
10 times. A proportion {molar ratio) of the phenol compound
{c) to the transition metal compound (b) is usually from 0.1
to 100 times, and preferably from 0.1 to 10 times. The obtained"
s0lid catalyst component (A) is preferably placed in a cool
20 and dark storage under atmosphere of an inert gas such as

-nLtrogen and argon.

(B) Organoaluminum compound and organocaluminumoxy compound

The ‘organoalumiqum compound” used 1in the present

25 4invention means a compound having at least one Al-C bond in
the molecule. Among such compounds, preferred compounds are

those represented by the following formula,
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3. Melt flowrate (MFR) Measured at 190 according to ASTM D1238. 4. Melt
flowrate ratio (MFRR) 20 MFRR was cal cul ated according to the follow ng
equathqn ufln%S%RFDng% fISW/rate (MFR, load: 2.160 kg) neasured at 190C
according to and that (MFR) neasured in the R exce
that the | oad was changed to 21. 68 kg) 25 MFRR m MFR (Z?E%bkg) /QO(R?FR P!
(2.160 kg). 5. Lower noR&éliZara wei ght pol yners and/ or low crystallinity 23
25 February 2004 polymers Evaluated by a weight of a 20°C cold

xyl ene-sol ubl e portions (CXS, by weight) in the olefin polyner 'In general,

t he CXS valuetends to increase with incre s,e of th I
1 (1) Washi whegeigpoidnds 3%r§3r‘31‘3é§u‘1‘r?1%9"2 rfb’i‘m 18%1_1 ‘%Ff S ?jl ggeg

with a stlrrer i ch fl.ask had an _pur ge of
gfgxcrirg;d . zf’l w&i“tﬁﬂﬂ ﬁ§°;§ﬁ %grsaae g?g? a ° gers‘| o% %?) ;aqn%gﬂand a

viation of particle ter S th on of 15 . 1 a and 100
m of acet 0%t &% &y "%, eirre"(f‘ ngHn {er%l%t f oom t enper at ur(ran) and

hgg&e% ;erFL'fQ',\',t el & 1P AkAkp 1Y XE‘EEnQa&Bﬂxﬁ&:@ﬁd TSr oo YeEd Wardries! es

above formula are trimethylaluminum, triethylaluminum,

tri-n-propylaluminum, tri-n-butylaluminum,
triisobutylaluminum, tri-tert-butylaluminum,
10 triisopropylaluminum, tripentylaluminum, tri-n-
hexflaluminum, tri(2-methylpentyl)aluminum, tri-n-

octylaluminum, diethylaluminum hydride, diisébutylaluminum
hydride, methylaluminum sesquichloride, ethylaluminum
sesguichloride, 1sobutylaluminum sesquichloride,

15 dimethylaluminum chloride, diethylaluminum chloridg, di-
n-propylaluminum -chloride, di-n-butylmethylaluminum
chloride, diisobutylaluminum chloride, di-tert-
butylaluminum chloride, diisopropylaluminum ch;oride,
dipentylaluminum chloride, methylaluminum dichloride,

20 ethylaluminum dichloride, isobutylaluminum dichloride.
tért-butylaluminum dichloride, isopropyialuminum
dichloride and pentylaluminum dichloride. Among these,
diethylaluminum chloride, triethylaluminum and
triisobutylaluminumharq more preferable.

25 The organoaluminumoxy compounds used in the present
invention may be aluminoxan compounds known in the art.
Examples of said compounds are those obtained by the reaction

between one kind of trialkylaluminum and water, and those
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15 BEADS(trada mark), manufactured by Sum tono Seika Chemicals, Co.) i.e.
particles of an ethylene-acrylic acid copolynmer having an acrylic acid unit
content of 7.0% by wei ght The total of the polyner particles separated and-
100 m of acetone ware placed in the above-nentioned fl askanth29084 eat ed
in the sane manner as above. The golynmer particles separated ware dried at
40 ~ for 3 hypa&inddledy rath cash e asSticl) Bdissadity twer asemoxge thiendmlofirer
particles in an anmount nearly equal to the feeding one. It was found that

t he pol yner tpatdllc)ybslumed mimiaredl watesr . dpegiflc shamplad (IBrdyHdurt i on of
solid catal yst conmponent In a 100 m -round bottom fl ask equi pped with a
stirrer, whingthHyhskombabbaen t hetbydhlynpooyad. wi t Pufinylegamiqexamg 25
February 2004 2 .0 g of the polyner particles obtained in the above ( 1)
and 60 m ofbutheptemingwar. fed. To the resul ti ng HHECRWIYE ARG se
added 1.1 m of titaniumtetrachloride under stirring at room tenperature.
Ther eaf t e}, MEASERY A LRBIAPXAR 1 ed aMeEDY1PYEYIARBRINOFAR  eactdh

m xture obtai ned was filtered) and a solid separated v&ts shed three tines
with each 20D L3RBAEL apRingFaRy- \aQfied THESSdr | &F Yfrla\/g'd’rﬂjtrbqﬁ?é'r'ature

for 2 hours under _reduce ressure,.there obt gi ni sol i d cat gl yst
conponent (A#fﬁ%gtﬂta rf‘g’fﬁfb t B9 10 B %]bjﬁogmcqzﬁr}'gqf;/ué? Totponent” T A- 1)
had a T1 co (3) Copol prerization of ethylene with
butene-1 A %%—%ﬁ-%%%#}féé%‘%@%?@m% pressure reaction tube 15 equi pped

with a stirrer, which tuba had been thoroughly purged with nitrogen gas,
was held in reduced pressure) and 20 g of butena-1 and 80 g of n-butane

were fadig hegbductiey esf telefihepdEpmerature in the systemwas raised to
701 ) and hydrogen and ethylene were fed therein to obtain hydrogen 20 and

et hyl ene pressuresimprédiciggctite andf1q gajlyowdy, thepecis nelhimiffetrisat t er,
the mixture was stirred for a while until the systemreached saturation.
Here, the 'seglatingro aswihod Sontfeestinghibe sdid dypagalpstamnonsgnt

et hyl ene no | onger decreases fromthe pressure of 10 kg/cmi. To the
mxture, 2 288hiard at hkgashone|eanprng (B celaciamiHnn (Boh@&tu=t i on:
O. 1 mol/mM ) and a liquid ﬁrepared by suspending 21 . B of the solid
catal yst corfpeksting 1)0f the GrIARRBIURABURer SOMBAWNAS: hidd%r dd¥® under-

r r f argon initi 2
pressure, ot ar e?nogfgm:}.!?mnoxg' c%[mepouSI‘ldS to a polymerization vessel. For

example, the feeding of these ingredients can be carried out
in a water-free state under atmosphere of an inert gas such
as nitrogen and argon in the presence of an olefin monomer .
to be polymerized. The ingredients, namely the solid catalyst
20 component (A} and the compound (B) mﬁy be fed independently
of each other to a polymerization vessel, or a contact product
between both ingredients may be fed thereto.
An amount of the compound (B) in terms of the aluminum
atom contained therein 1'5 usually from 1 to 10000 moles, and
. 25 preferably from 1 to 3000 moles per mole of the transition
metal atom in the solid catalyst component (A).
In producing the olefin pelymer, an additional

compound such as a known electron donor and hydrogen may be

i8




25 February 2004 polynerization. One hour after the initiation of

"pol ynerization) ethanol was fad in the systemto discontinue the

pol ymeri zation, and unreacted gases were purged to recover a copolynmer. 5
The copol yner was dried at 60°i for 4 hours under reduced RabARSYDEEI4 t her eby
obtaining 7.6 g of ethyl enebutene-1 copolynmer. Wth respect to the

copol yner ofediatethe $EBle PLRR, PvelRrned e APAGEILS o fRE PP Ye 1000
C), 0.45 (g/10 min.), 39.6 and 4.3 % by weight, respectively. 10 Exanple 2
(1) \shi ngasf opeppAsr cpapeuadebapiadgpre PLEOR RS o’ Kcdft 2t hat
the pol yner particles having a standard devi ation of %Erti clg di ig?_t er 15
di stri buti oRYBFOEBTPENMIRRUR HABERY by ERoIAPherIRAT | CFRES ha?PRETA St andar d

s
one. 201! iESaLgUS, g0 e Pol yrer par 1 e ) B ARG gi5R0
ound ot OTLLLASK S ARA L SR ELNOL 6 chatochatadaen b U

purged with ogen S, eptana an

2'tert'b“tyEQHSQ%ltr%“tgxa'g%q.’laﬁ%d heated to 40~{dRdRA sspirbbbRgsilankhe

m xture was dropW se a a sol'ution conposed of 17.6 m of titanium

tetrachl ori de13agrdpodydafs saVeime/0 M nut egetZ@propoxirelitaaey 2004
Thereafter) the m xture was further heated to 60~, and then allowed to

react with alpropekaiprepyldidans, After the reactearabasoayedlanke

sol vent was evaporated at 120 C to obtain a dried reaction product. The
dri ed prifdudiibwisxyddibetyd sthdane ., mes w t Blggchopeotakydiietbydsdlangd t he
product washed was dried at 120 for 30 m nutes) and thereafter cooled to
room t enper dletboxyddpdigpydisidiatieng a seVrdobemydasrtrimgthyigdiareround
bottom fl ask equi pped with a stirrer, which flask had been thorqughly
pur ged wi t hPheRPFYEFigeshyilFidang g (90 mol in t EPAEE etnf’t"gﬁiig'ﬁgﬁt'on) of

Slurry of ¢ RELESFRO GRRRSHORLIN 1 ho resul { ant "GAPECSHYRALEa g A rhe |
pol ymer particles.ohtained_ in the above (1) and - and the
resulting hﬁ?@*\%ﬁﬁf@ﬁaﬂ’ﬁ%d to react with 8%%a§1ﬁ8?’%érﬁi§§.3&%3§efor 1
hour under A r%qﬁdt_d' on m xture obtai bhian8dkadld a
solid scei.gar %E:lé:ge\%/g%l\}\:/a%ei&t Fee times with eacﬁigls\eﬁél%;ol?gxane. The solid
washed was ﬁ_&bﬁ@n&&pﬁlﬁ@ﬂl‘ﬂ%&%’f ure tRithd1IhSldrepdNdat Ick@need prasgur e,

t hereby obtaining a solid 20 catal yst conmponent (A-2). It was found that

the solid cahanydhyaaapisiiilokate.had a Ti content of 22.9 a nol/g. (3)
Copol yneri zation of ethylene with butene-1 Exanple 1 (3) was repeated)

except that the sdhithépreaealtysiveoniboncbesiies)a castacplafctie Bplide sol id
catal yst conmponent (A-2)) thereby obtaining 14.4 g of a dried
et hyl ene- bucatalyséopebypenenty t(h)r ehtlt ato ieasEopsieyneempReird ndd) ScCB,

MER and MFRR were found.to be 15.6 (/1000 Cl,
20 selected from the group consisting of the organcaluminum

cdmpounds and the organcaluminumoxy compounds, a solid
catalyst component (A'), which is obtained by subjecting the
solid catalyst component (A) to pre-polymerization treatment,
may be brought into contact with the compound (B). Here, the
25 *“pre-polymerization treatment” means a treatment to
polymerize a small amount of an olefin on the surface of the
solid catalyst component (A). As an example of a process of

the pre-polymerization treatment, there is enumerated a
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27 25 February 2004 0.54 (g/10 mn. ) and 24.7, respectively, and CXS was
not nore than the limt of detection. 28 29 25 February 2004 Cains 1. A
solid catal yst conponent (A-1) for olefin polynmerization, which is obtained
by a process conprising the step of contacting: (a-1)a ¢aFdhAfarpbogar boxyl
group-carrying polyner particles having an average particle di aneter of
from1l to 3@Fadesy whedeln thet campoundn (Bgt ahdconpoletinfane nandhdr 4
group of netals in the periodic table of elenents, wherein in production of
t he conponernto Aohtpct whtbrthacmtid cadfdasidcemponentufpér Suckp an or 13
group of nmetals in the periodic table of the elenents is not used. 2. The
sol i d cat al ywhefdghgehamt fldmidiad i Rsbiaxann et itdieTefortfish 1@ m 1,
wherein the carrier conprises a carrjer obtained a _pr.ocess. conpr.i sing
the step of REAR¥ RN ASoRIEeEPodp- TaRr S HHED BaPE; ﬁﬁ%glﬁa‘i‘? an
average particle diameter_of from1l to 300 h. mwith an organic sol vent. 3.
The sol i dsacft“é‘}%‘&ﬁfbcﬁferﬁw? d* ¥ n pol ymeri zation according to Claim

1, wherein the car,lrhime)ra%r}g;(if%%iwsgaé&jnsgngm_akg?gg édaf%rroct%%s E&%rmri si ng

the steps of:. (1) ) roup=carryi _ ner particl’es having
s’ 20, MRS AT 0 od ECEERANIL N LirRp R salyent Lo
filtration, g dn 1 <Hedibd Ha R0y 9B vRALL | Bk8Rp2ERAGATEEk solvent
' are éliphatic hydrocarbons such as butane, pentane, hexane
10 and heptane, and aromatic hydrocarbons such as toluene and
xylene.

A molar ratic of Al in the compound (B) used for the
pre—polymerizationtof&Linthesolidcatalystcomponent(A),
(A1/Ti), is usually from 0.1 to 100, and particularly

15 preferably from 1 to 10. A pre-polymerization temperature
is usually from -30 to 80C, and particularly preferably from
-10 to 50C. A polymerization amount of the olefin in the
pre-polymerization 1is usually from 0.1 to 100 g, and
particularly preferably from 0.5 to 50 g per g of the solid

. 20 catalyst component (A).

As examples of the olefin polymerized according to the
present invention, olefins having 2 to 20 carbon atoms and
diolefins are enumerated. The olefin may be used singly or
in combination of two or more. Specific examples of the olefin

25 are ethylene, propylene,'butene—l, pentene-1, hexene-1,
heptene-1, octene-1, nonene-1, decene-1, S-méthyl—z-
pentene-1 and vinylcyclohexene. Examples of the combination

of two or more olefins are ethylene-propylene, ethylenej

20




4. The solid catal yst conponent for olefin polynerization according to
Caiml, wherein the polyner particles conprises 25 February 2004 those
havi ng a standard devi ation of particle diameter distribution of fromO0.1
to 50 a m 5. The solid catalyst conponent for olefin posyEgi£9togh S
according to Caiml) wherein the carboxyl group-carrying polyner conprises
a copol yner bud&eneg lcar betiy pramheswmngilng urethylenedoabebeet unP8 or a
car boxyl group-carrying polynmer) which carboxyl groups are introduced to a
pol ymer by aropydiessi-teytepeydi-cal nethod. 10 6. The solid catal yst
conponent for ol efi nfpol yneri zation according to Caim1l, wherein the

car boxyl group- caFRELeFTesl fHEMPABAPPT ste LI RRIYMER BFPMASH D¥e units

and acrylic acid units. 15 7. The solid catal yst component_ for olefin
pol yneri zat ithe BEeseUt dgvies tdon are ethvdesiar ¢ nelefiAsIPOlYTet ound

A
f th nber 4 f l.s i h | odi I f el [
2 ti tani dm BORSoNd SPESTESEALA by t RENIOSRAr PORPRGSHS mul SFLPE TRl )
X4-n wh Ln, T ti tani t ' RL | Kyl
G oup havi n PIBSTR-BREE h Gy bime? o e ARePENE e iRaL 1 hopbagher) 11

an iodine a 5 r.an i 1to 3. 30 31 25 February
2004 8. A cg'?laa fgc?lq}lo%rdezloe t%r?ep& yrr?‘r%ig'?gte%n, which is obtained by a

process comprisingg %étﬁ%ﬁsscwla%ﬂmicm%lina §0bEdnCpbakmer ganponent
for olefin polynerization, which is obtained by a process conprising the

step of conhaddr@Endedwithaheaprésin©finvankaryl, gohaincaraysfier poenter
particles having an average particle dianeter of from1l to 300 Gm and (b)
a transiil osuwntt @s doyrhaget afant be fedbéo 4 gedymesilzmttizins viessele tgeri odi c
table of elenments ) wherein in production of the conponent ( A-1 ) , an
or ganonet al regyl@bed ofmeheculabevelghp oforthes gfefiin cPORERGF stPnbehe
periodic table of the elenents is not used, and (B) at 1east ona conpound
sel ect ed fr ®RodWeeg-oup consi sting of organoal um num conpounds and
or ganoal um nunoxy conpounds. 9: A process for produci an ol efi ol yner)
whi ch conprises t fe PR 33511 PRe FRRPRFINIS &5 M q‘%%'er%ﬁrog'séﬁge%ﬁ’f a
catal yst for olﬁfi n pol yneri zation, which :Eat alyst is obtain b)é a_process
. an v from

conprisi ng tR€ st BrefeEaptndyqm 20 to 250 more prefera
15 20 to 100C, provided that the temperature is not higher than

a melting point 6f tha polymer to be obtained. A
polymerization pressure ié not limited, and a pressﬁre of
from atmospheric pressure to about 150 atm. is preferred from
industrial and economical peints of view. A polymerization .
20 time can be appropriately determined depending on the kind
of polymer to be obtained and a reaction apparatus, and
usually from 5 minutes to 40 hours.
The polymerization may be carried out in a continuous
manner or batchwise, anr:l_ a slurry or solvent polymerization
25 with use of an inert hydrocarbon solvent such as propane,
pentane, hexane, heptane and octane, and a 1iquid or gas phase
polymerization withuse of no solvent can be applied. Of these,

the slurry po‘lymerization and the gas phase polymerization
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(A-1) a solid catal yst conmponent for olefin polynerization, which is
obt ai ned by a process conprising the step of contacting: (a-1) a carrier of
car boxyl group-carrying polyner particles having an average particle
diameter of from1l to 300 ,um and (b) a transition netak FeBRRPYAGPT the
nunber 4 group of netals in the periodic table of elenents, wherein in
producti on afret iparddrpdrearity (sudtlable. an or ganonet al conpound of the nunber
1, 2, or 13 group of netals in the periodic table of the elenments is not
used, and (B) at Aesmsrddma sonple it esat Loy entden fengesnpdcthti ftheng of
or ganoal um num conpounds and or ganoal um nunoxy conpounds. 32 %5 February
2004 10. Theoddék exatalstrermrenefan(dril i nt%8F9n§Feaé’€8l”&Flﬁ& tld)a@im 9,
wherein the ol efin polynmer conprises ethglene units aqg a-olefin units. 11.
A process f&OWoaacRAgst SoMPANERLtaf§Tt OLBFHBRATYTHE mﬁ Dplerth2

| i iLon, which i h i_ng: -1 i f
ggrﬁggu E'a{i&feafrl '@%%tﬁéfzegmfﬂ%s %’Sﬁaﬁ‘ﬁ:%@ﬁgﬁﬂéﬁﬁ%@&%ﬁ% [éﬂ'e; fh
i ameter of from an ra on nd o e
nunber 4 gr &FFGHE %ﬁ'sprﬂa?%}%ﬁﬁeﬂr"ocﬁ%&f]&rblgglgﬁg?éngﬁ% gkc&gg? g&n%l n

ducti f t A-1 t al d nb
D005 o Fonsioms Pt atpe oie mken, 3R SePEOFIR! Shnd CROH I sleqdhs JUI0Y
used. 12. Agglid ool eONReNeAtl £Aedlyser SbmpddedP! VY | Zaldram Wwhich

i s obtained by a"process “conprising the step of contacting: (a-2) a

car boxyl gr QyiveRir i ¥ i) WeRbr@ang €6, whidh an bassihi pelyméahasampund of
t he nunber group of netals in the periodic table of elenents, and (c) a

phenol crHhpameéxtremedynlonw @smrkict icth lowerhmoteapdaenwd 192 podiymers
organonet al conpound of the nunber 1,2,or 13 group of netals in the

peri odi ¢ t alwnd/afr LL.hw ettt nity polymeas.. ard hpvd ngosnpeEheE PRtder
conponent for olefin polynerization according to C aim-12, wherein the
phenol conp@AfPeTHRS S oA iredpound havi ng a substituent~at | east

at 2position. 25 February 2004 33 14. The sol i% at al ft conponent_ for
ol efi n pol yneri zatti Gt R0 AECRGULE I Qi thea PrefRE ef’hv?’h'g 2B GrRGARTRed

group-carryi ymer ri ses a copol yner havi,ng, carboxyl p: carrying
~ unsat ur at ed"ﬁ%ﬁg aﬁ%@;@%‘iaﬁi’ %‘ér"}?d%ﬁlyed}%dg‘-%ar’r§ﬁﬁﬁep%¥?/r%°?}i\ﬂﬁ ch
car boxyl, gr s areJdnr Q r i.cal SIS IRer]
et hod.. II% e a_scﬁqld{%:ﬁoaﬁ@ggﬁ:&r?%‘#gln%fo%@%Iog’fe?r}%;n&???gﬁrziat| or?qp'
according t q§ i Myldgn e raRit] vieh €331 | & QIR£G3 PH1fnerization,
(1iii) a process for producing an oclefin polymer, particularly

a copolymer of ethylene with ana@-olefin, and (iv} a process

for producing a solid catalyst component for olefin
20 polymerization, according to which an olefin polymer having
aﬁ extremely low content of lower molecular weight polymers

and/or low crstallinity polymers can be obtained.

Example

25 The present invention is explained in more detail with
reference to the following Examples, which are only
illustrative and not to be construed to limit the scope of

the present invention. The measurement values relating to
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pol ymer conprises ethylene units and acrylic acid units. 16. The solid
cat al yst conponent for olefin polynerization according to Caim12) wherein
the transition netal conpound of the nunber 4 group of netals in the:
periodic table of elements conprises a titani um conpounchy eshres9bed by the
following formula, T1 ( ORL ) nXy_n wherein Ti is_a titaniun1%;8n1 Ois an
oxygen at onparRticylamsality| Exasppenavieds 10ptained, dgn Hiontolioring
chlorine atom a bromne atomor an iodine atom and nis 0 or an integer
of 1 to 3. ®m&nnAreatal yst for ol efin polynerization, which 34 25 February
2004 is obtained by a process conprising the step of contacting: (A-2) a
solid catal yst conponent for olefin polymnerization, which is obtained by a
process conprising the st of .contacting: (a-2) a carboxyl group-carrying
pol yner ca?&ke t ?BftﬁnirgﬁsFPFS Y#&t al conpound of the number 4 group of
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3. Melt flow rate (ﬁFR)

Measured at 190TC according to ASTH D1238.
4. Mélt flow rate ratio (MFRR)

20 MFRR was calculated according to the following
eqﬁation using the melt flow rate (MFR, locad: 2.160 kg)
measured at 190C according to ASTM D1238 and that (MFR)
measured in the same manner, except that the load was changed
to 21.60 kg:

25

MFRR = MFR (21.60 kg) / MFR (2.160 kg).

5. Lower molecular weight polymers and/or low crystallinity
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group-carrying polyner carrier, (b) a transition netal conpound of the

nunber 4 group of

/'N'Ni / NAcG NPF/ NOF/ NL/ Nif NL4/ NN/ NL/ NO' / NE ¢/ N j ) / N Noa/AR P10 29K 7 oy N

L/ NOm NOP/ N4) / M) yrid ¥ N6 NO/ Ni 4/ NV N Nmi NL/ Nc; p| 231wl n prz~I N a

kx{vqgl gb] XS] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] cal] ca] ca] caU] ca] ca] ca] ca] ca

] cal] cal] cal] cal] eatluatfedatlycal seligte] caf ea BFT cold xylene-soluble
"H#HSYR&( (T) G*++1, .//0] 0c01] 1b111

2} wr mgb] XcapealtdsincalFEa] d welpha)chp e SlleslapehYRaFc iR SeR8Ead] ca] ca] ¢

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!

2T2V2233i 33 yad e @B b P mcrean Bt kdeenaise 9OdHTaFR XA Pcay] cay]

cal] cal] cal] cal] caU] cal] caU] caU] cal] cal] cal] cal] caU] cal] cal] cal] cal] caU] caU

] cay caU]5caU] cal caU ca9: L::y; ; <=>>>?207?7??7?00h GaoA\ABXBBBB

C( CaCC{ vgkt a\ W:g] ! a] ca] ca] caU] ca] ca] cal] ca] cal] ca] ca] ca] cal] ca] cal] ca] ca]

ca] ca] ca] ca ] ca] cal] cal] ca] ca] cay ca] ca CDODDDDDDDDD EEY&EaEl E

cal) cal ca) &40 PRAEIY R e BRI Caly Sl Cal cal cal ca cal cal cat L

I§ 0 ml roun bottom flask ec*uip ed with a stirrer,
NOOOOOOODNPgP] PPPP&P?’ QLY vpke ZUk aU] cal] ca] cay ca] cal] ca
] cay] ca] caUjgalgoEl sk sabh walaald edd gengasl], crd/icaf pallgaidicca) cal

ca] cal] ca] caQRRRQLR4R<R>RERI RKRhRI RsRRRR, SvSSSSSSSSSST! T* Tzt oi d_YTkf a\ Wa] ¢

aU] ca] cajeca 16a\dsC alatadlgc ahcavkeaheapheakbtallitahe abk-cak cat)ianlandl] ca] ca
U] ca] cal] ca] cal] ca] cal] ca] caU] ca* TATKT[ TbTf Tt TTTTTTTTTUVBWXaXXYYOY[ [, [f[

\ H\\'\ ~yt oi caXlsftandzaide alevedltdatd] mmmmm]m@mwm@]fca] ca] c
a] ca] caU] ca] cal] ca] cay] ca] cal] ca] cal] ca] caU cal] caUca\\3]a]c]Jd* } ~~°°
aVa~aaa] f cf flifsudgggh Rivhi-§ 0 0 jmi &7 lefca taineg wa]:eaﬂﬂtbaa)]:ta]?eé]ﬂm] é&]’lﬂa\]lﬁ@]scaU] ca]
caU] cal] ca] cal] caU] ca] ca] cal] cal] ca] cal] ca % aU] cahhh
Ciwiijj-j ] BY 5k iKisERe T3 YRR nRRRATER He‘?’SgEﬂ]l &l cal] ca

U cald call collcal o@l sal epl gl ookt opl sphes! ggglcsaacal CHLELET btk ool

[ cal call fa) SRR e AREA ety Zﬁftss ]Wﬁa %J? ﬂ%“@% Bl cao

gt 9 W hb\ VPj
]ﬂcg;ﬂchlaﬂchgjcalﬂ caﬁ%ﬁ%ﬁ%ﬁ ca] c caU] cal caU] cal] ca] caU]rga] caUJ]

ca] cal] cal] grlveiald Gl <& ald e drpdad Forere 2d4 {1 {04 rvy | wédgng ~~0~f ~~~N8
u~xr | f* ZTNhbU] caU| cal] cal] caU] cal] cal] cal] cal] ca] ca] cal] cal] cal] cal] caU] caU
] cal] cal] cal] cal] and eattadabEcaheaph b caphcbll et oapa@atd@ antdil@OyShbU] ¢
aU] ca] cal] ca] cal] ca] cal] ca] caU] ca] cal] ca] ca] cal] ca] cal] ca caU] caU] cal] cay
cal] cal] caUmdadfc adecadec wekeapl aaefichn Ubke | FYe-yaginbl omrg APk al] cal
] caU] ca] caU] cal] ca caU] cal] cal] ca] ca] ca] cay caU] cal ca cal cal cal c cal] cau
] ca] caU ¥aujeagted dak ihek@emeoRanzeiba YR ePre] cEg aﬂ%]%ﬂlfg cal] ca

cal] caU] cal] ca] ca] ca] caU] cal] ca] ca ca ca cal] caU] cal] c ca] cauU
]U]ca] (L:J]a@PL(J]gr ﬂLé]le]razftﬂ]gﬂ e‘]"mLJ]U]ﬂ@;J]Féa]%tﬂ‘c% c§9¥]ca'] 'ég]%] eaﬂ]deﬂq&ﬁ%ega] c!a] ca

LZJ]\C?Lj]yg(rE:hU]b]:a L‘l%ﬁa %]et%{ﬁ%a’]% %5?%%]% éjﬁ'g{“ca] %%]t lﬂa%ca ca cla]7\(]:)a] c
?]ng?gqtcs]zf?:}?ﬁw (}%ﬁ hg_%tﬂat]%a] fc%]](%g]gcaﬂ ca]Icta]vcaa ca ca ca] caj cal ca

| cal caul ca] Gaid cadfﬁ]afa;lméféa (‘rﬁ_’elﬁé‘é&ﬁ?é& cand £al ak) ek caliapd) YAEGS, . K

h~yt oj e 44v/a] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] cal] ca]
ca] ca] ca] calU] ca] ca] ca] ca] caU] ca] ca] ca] ca! V?Sv' UW 4e

h~ytoj e[ Va](Zp|erdded €Ede A £ ad SRid ad£6d Tpg c agempamgnall] ca] ca] ca] ca] cal caj
] caU] ca] ca] ca] ca] ca]ca]ca] cal]calcalcalca >4 <%0%IHAHE ()-=

l-n"<%40% H H&' ()-En & 100 ml round bottom £lask equipped with a stirrer,

which flask had been thoroughly purged with nitrogen gas,

24




. <9%40% ;& ()-= s10%4& ()- TFg 10%H& ()- SY

100648 () - yW5! i 3" 10%HH8! () - ! i 3" 10%IH8 ()-1]i 3" 10%4Hg' ()-! i3"10% H
!-Icr&};(l)o-!#i(f"locydﬂ-l#l-l&'()- Hi 3" 1098 #&' () - W[ Y7! 1 i i L0%&' () - & |
i i 100 ()- & i nt 109@&' ()- & i nf 109% ()- & 10H 10H 1OHLf ; WOz
{Y:{Y7!1p6 10%& ()-!is-"10%& ()-6!tis-"10%& ()-6 brary'200
i s-"109K& ()y & o $9%hd Jpodyn@irbie ¥l bsdbbialndl N the abbié 1024 Rnd
R ()-$!"10% R B& ()-$" 10% -

5

10

15

20

- 25

60 ml of n-heptane were fed. To the resulting mixture was
dropwise added 1.1 ml of titanium tetrachloride under
stirring at room temperature. Thereafter, the mixture was
stirred at 40T for 1 hour. The reaction mixture obtained was
inltered, and a solid separated was washed three times with
each 20 ml of hexane. The solid washed was dried at room
temperature for 2 hours under reduced pressure, thereby
obtaining a solid catalyst component (A-1). It was found that

the solid catalyst component (A-1) had a Ti content of 14.3

Mdmol/g.

(3) Copolymerization of ethylene with butene-1

A 400 ml stainless steel-made pressure resaction tube
equilpped with a stirrer, which tube had been thoroughly
purged with nitrogeﬁ gas, was held in reduced pressure, and
20 g of butene-1 and 80 g of n-butane were fed therein.
Thereafter, the temperature in the systemrwas raised to 70T,
and hydrogen and ethylene were fed therein to obtain hydrogen
and ethylene pressures of 6.0 kg/cm’® and 10 kg/cm’,
réspectively. Thereafter, the mixture was stirred for a while
until the system reached saturation. Here, the “saturation”
means a state at which the gauge pressure of ethylene no longer
decreases from the pressure of 10 kg/cm’. To the mixture, 2
ml of a heptane solution of trioctylaluminum {concentration:
0.1 mmol/ml) and a ligquid prepared by suspending 21.8 mg of
the solid catalyst component (A-1) in 5 ml of n-heptane were

fed in this order under pressure of argon gas to initiate

25




R& ()-$1c10% R& ()- 10 10 10Lf;t10%& () - kx|z|"P—"'"10% 10 RR 10 RR 10 R
R Op, | "10% R R& ()-!0p, "1 O%R R& ()-0p,1"10% & ()-!X"10% R
R& ()-$V-zX6P=! 1 P'10% R R& ()-!P"'10% R

25 February 2004

polymerization. One hour after the initiation of
polymerization, ethanol was fed in the system to discontinuer
the polymerization, and unreacted gases were purged to
recover a copolymer.

5 ~ The copolymer was dried at 60C for 4 hours under
reduced pressure, thereby obtaining 7.6 g of ethylene-
butene-1 copolymer. With respect to the copolymer obtained,
SCB, MFR, MFRR and CXS were found to be 18.4 (/1000 C), 0.45
(g/10 min.), 39.6 and 4.3 % by weight, respectively.

10
Example 2
(1) Washing of polymer particles

Example‘l (1) was repeated, except that the polymer
particles having a standard deviation of particlé diameter

15 distribution of 15.1im was replaced by polymer particles
having =a standard deviation of particle diameter
distribution of 8.34m. As a result, the polymer particles
waere recovered in an amount nearly equal to the feeding one,
and it was found that the polymer particles maintained their

20 original shape.

(2) Production of solid catalyst component
In a 500 ml round bottom £flask equipped with a stirrer,
whicﬁ flask had been th_oroughly purged with nitrogen gas,
25 200 ml of heptane and 48.1 ml of 2-tert-butylphenol were fed,
and heated to 40C under stirring. To the mixture was dropwise
added a solution composed of 17.6 ml of titanium

tetrachloride and 80 ml of heptane over 70 minutes.
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reaction was over, the solvent was evaporated at 120C to
obtain a dried reaction product. The dried product was washed
5 two times with each 200 ml of hexane, and the product washed
'was dried at 120 for 30 minutes, and thereafter coocled to
room temperature, thereby obtaining a solid component.
In a 300 ml round bottom flask equipped with a stirrer,
which flask had been thoroughly purged with nitrogen gas,
10 37.5 g (90 mmol in terms of titanium atom) of the solid
component obtained above and 180 ml of heptane were fed to
form a slurry of the solid component. To the resultant were
added 18 g of the polymer particles obtained in the above
(1) and 10 ml of n-heptane, and the resulting mixture was
15 allowed to react ﬁith‘one another at 40T for 1 hour under
stirring. The reaction mixture obtained was filtered. and
a solid separated was washed three times with each 20 ml of
hexane. The solid washed was dried at room temperature for
2 hours under reduced pressure, thereby obtaining a solid

20 catalyst component (A-2). It was found that the solid

catalyst component (A-2) had a Ti content of 22.9 Umol/g.

(3) Copolymerization of ethylene with butene-1
| Example 1 (3) was repeated, except that the solid
25 catalyst component (A-1) was replaced by the solid catalyst
component (A-2), thereby .obtaining 14.4 g of a dried
ethylene-butene-1 copolymer. With respect to the copolymer

obtained, SCB, MFR and MFRR were found to be 15.6 (/1000 C},
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(b} a transition metal compound of the number 4 group of
metals 1n the periodic table of elements, wherein in production
of the component(A-1), anorganometal compound of the number 1,2, or

13 group of metals in the periodic table of the elements is not
used.

2. | The solid catalyst: component for olefin polyﬁerization
according to Claim 1, wherein the carrier comprisesa carrier
obtained by a process comprising the step of washing carboxyl
group-carrying polymer particles having an average particle

diametér of from 1 to 300 i4m with an organic solvent.

3 .7 The sol'i.d catalyst component for olefin polymerization
according té Claim 1, wherein the carrier comprises a carrier
obtained by a process comprising the steps of:

(1) mixing carboxyl group-carrying polymer particles
héxving an average particle diameter of from 1 to 300 im with
an organic solvent to form a slurry,

(1i) separating the polymer particles from the slurrcy
by filtration, and

{iii) drying the polymer particles separated.

4. The solid cat'alyst component for olefin polymerization

according to Claiml, wherein the polymer particles comprises
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@g6- 109 (BSFPRa &t?)cq:a 1. wheréin the carboxyl gréup-carrying
polymer comprises a copolymer having carboxyl group-carrying
unsaturated monomer units, or a carboxyl group-carrying
polymer, which carboxyl groups are introduced to a polymer
by a chemical or physical method.
10
6. The solid catalyst component for olefin polymer:l.zation
according to Claim 1, wherein the carboxyl group-carrying
polymer comprises a copolymer having ethylene units and
acrylic acid units.
15
7. The solid catalyst component for oiefin polymerization
according to Claim 1, wherein the transition metal compound
of the number 4 group of metals in the periodic table of

elements comprises a titanlium compound represented by the

20 following formula,
T4 (OR*)nXcn

wherein Ti is a titanium atom, O is an oxygen atom, R! is an
25 alkyl group having 1 to 4 carbon atoms, X is a chlorine atom,
a bromine atom or an icdine atom. and n is 0 or an integer

of 1 to 3.
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9. : . A process for produCing an clefin polymer, which
comprises the step of polymerlzing an olefin in the presence of
a catalyst for olefin polymerization, which catélyst is obtained
by a process comprising the step of contacting:

(A-1) asolid catalyst component for olefin polymerization,

which is obtained by a process comprising the step of contacting:
{a-1) a carrier of carboxyl group-carrying polymer
particles having an average particle diameter of from 1 to 300
um, and
{b) a transition metal compound of the number 4 group
of metals in the periodic table of elements, wherein in production
of the component(A-1}, anorganometal compound of the number1l,2,o0r
13 group of metals in the periodic table of the elements is not
used, and
(B) at least one compound selected from the group consisting

of organcaluminum compounds and organoaluminumoxy compounds.
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10. The process for producing an olefin polymer according

to Claim 9, wherein the olefin polymer comprises ethylene

‘units and ¢-clefin units.

11. A procéss for producing a solid catalyst
component (A-1) for olefin polymerization, which comprises the
step of contacting: _ '

(a-1) a carrier of carboxyl group-carrying polymer
particles having an average particle diameter of from 1 to 300
Lm, and

(b) a transition metal compound of the number 4 group 6f
metals in the periodic table of elements, wherein in production
of the component(A-1), an organometal compound of the number 1, 2, 0r
13 group of metals in the periodic table cof the elements 1s not
used.

12. " A s0l1d catalyst component (A-2) for olefin
polymerization, which is obtained by a process comprising the step
of contacting:

(a-2) a carboxyl group-carrying polymer carrier,

(b} a transition metal compound of the number 4 group of
metals 1in the periodic table of elements, and

(¢} a phenol compound, wherein in production of the
component{A-2), an organometal compound of the number 1,2,0or 13
group of metals in the periodic table of the elements is not used.

13. .The solid catalyst component for olefin polymerization
according to Claim 12, wherein the phenol compound comprises

a phenol compound hawving a substituent.-at least at 2-

position.
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unsaturated monomer units, or a carboxyl group-carrying
polymer, which carboxyl groups are introduced to a polymer

by a chemical oxr physical method.

15. The solid catalyst component for olefin polymerization
according to Claim 12, wherein the carboxyl group-carrying

polymer comprises ethylene units and acrylic acid units.

ls. The s0lid catalyst component for olefin polymerization
according to Ciaim 12, wherein the transition metal compound
"of the number 4 group of. metals'-in the periodic table of
elements comprises a titanium compound represented by the

following formula,

T1(OR') Xs-n
wherein Ti is a titanium atom, O is an oxygen atom, R! is an
alkyl group having 1 to 4 carbon atoms, X is a chlorine atom,

a bromine atom or an iodine atom, and n is 0 or an integer

of 1 to 3.

17. A catalyst for olefin polymerization, which
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(a-2} a carboxyl group-carrying polymer carrier,

(b) a transition metal compound of the number 4 group
of metals in the periodic table of elements, and

(c) a phenol compound, wherein in production of the
component(A-2}, an organometal compound of the number 1,2,or 13

group of metals in the periodic table of the elements 1s not used,
and

I'p, 109%&' ()-nmgFl JKLz[ PE:L 10 10 10f;

(B) at 1east one compound selected from the group consisting
of organocaluminum compounds and organocaluminumoxy compounds.

18. A process for producing an olefin polymer,
which comprises the step of polymerizing an olefin in the presence
of a catalyst forolefinpolymerization, whichcatalyst is obtained
by a process comprising the step of contacting:

(A-2) asolidcatalyst component forolefin polymerization,
which 1s obtained by a process comprising the step of contacting:

(a-2) a carboxyl group-carrying polymer carrier,
(b) a transition metal compound of the number 4 group
of metals in the periodic table of elements, and
(c) a phenol compound, wherein in production of the
. component(A-2), an orgahometal compound of the number 1,2,o0r 13
group of metals in the periodic table of the elements is not used,
and

(B} at least one compound selected from the group consisting

of organocaluminum compounds and organcaluminumeoxy compounds.

19. The process for producing an olefin polymer

according to Claim 18, wherein the olefin polymer comprises
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step of contacting:
(a-2) a carboxyl group-carrying polymer carrier,

(b) a transitioen metal compound of the number 4 group of




