; e3eppgxyVD6zTML5 May 2002 Et hyl ene/ a- ol efi n Copol yner, Method for
Produci ng the Sanme, and Use Thereof Technical Field of the Invention 5 The
present invention rel.ates to a novel ethylene/a-olefin copol yhEMay280Rod
for producing the sanme, and i‘ts use. Mrre particularly, the present
invention relates 10 to an ethyl ene/a-ol efin copol yner havin

unsat urated bond, such as vinyl or vi nyl%dene type, at the nﬁl‘mmlmmm““\‘““m‘
termnal at a ratio of 95% or nore, spectfic nol ecul ar wei ght anggsee
conposition, and nmethod for producing the same and its use. 15 Prior Art

Lubricant oils, such as gear and engine oils, are known to c
m neral oil or synthetic oil, such 20 as poly-a-olefin and 1mmmmmmmmmww
| ow- nol ecul ar -wei ght et hyl ene/ aol efin copolymer. It is also K

these lubricant oils are incorporated with a viscosity index inpré®®:, such

as et hyl ene/ a-ol efin copol yirer1and /peby et hacopbatmert,0 | nprove their 15
May 2002 2 viscosity/tenperature characteristics. These |ubricant oi

conposi tions are pe@uodedolro pe¥hulihglend ¥ame9Shind ohkar agkekbtics (in
particular, lowtenperature fluidity), and shear, heat and oxidation
stability. 5 Lubricant oils, such as engine oil, gear oil, grease and netal
machining oil, are also incorporated with a variety of other additives, to

improve their functions. MRy ek 1t Fesgq28¢ th¥es deftRghar conpounds, which
have |ow affinity for non?pUfar—%HSE—UTfST—Iﬁ‘Thereﬁvrer they are
frequently sparingly soluble in base oils, which tends to cause problemns,
such as Iimtations on their dose rates or decreased effects. Recently,

t hese probl ens havm}ﬁeee&é'g)%le%i q,'f‘%%ﬁis&pcreel ',peesr 6\!0 o(,; Iéo\?esl the base oils

are replaced by sy etic 1 ower polarity to satisfy the severer

requi rements of lubrigcant, oils. As resul a solubillizing. agent has been

in demand to § 1eeanse (go?lu ’%]Ir?t(f/o%cff %Li’e r}b%tf%?éa%dod’f '[Fi){/%%ul nn%oﬂlepol ar base
oils. 20 In the plastjc, industry, it is a common practice to incorporate a

synthetic | ubtid®nt®B 11{2. "% “ethyl ene/ a-ol efi n copol yner or a-ol efin

oligoner) in resin in order to inprqove their friction/abrasion
characteristics (sl'itdind HadriYet it&% PERREIE 1NN P IR af S%si ns
used in Bis case, hqﬁffer, ar e- nor mal | folar ones, such as pol yacet al
pol yami d an&xbdpyégi _ene/a—ole in copolymer having an

unsaturated bond, such as vinyl or vinylidene type, at
the molecular terminal at a ratio of 95% or more,
specific molecular weight and composition, and method
for producing the same and its use.

16

Prior Art

Lubricant oils, such as gear and engine o0ils, are
known to comprise a mineral oil or synthetic o0il, such
20 as poly-w-olefin and low-molecular-weight ethylene/a-
olefin copolymer. It is also known that these
lubricant oils are incorporated with a viscosity index
improver, such as ethylene/a-olefin copolymer and

polymethacrylate, to improve their



Therefore, the above-nentioned non-polar synthetic Iubricants are not well
conpatible with these resins, 5 possibly causing probl ens, ?
deteriorated strength and surface exfoliation, when they are &8May 2002
sol ubilizing agent, therefore, has been strongly demanded to i nprove

di spersibility of a non-polar lubricant oil in a polar resin. 10 - An

et hyl ene/ a-ol efin copol yner for the above lubricant oil or additive has
been produced in the presence of a vanad2um based catal yst conposed of a
vanadi um conpound and or ganoal um num conpound, as di scl osed by Japanese
Pat ent Publication Nos. 1163/1990 15 and 7998/1990. However, the
vanadi um based catalyst is insufficient in polynerization activity. It is
known that the copol ynmer can be produced in the presence of a catalyst of
hi gh pol ynerization activity, which is conposed of a netall ocene conpound

20 (e. 9., Zig£onQs )téﬂﬂe%e@fl@aeygwe@fys@eyounr:he@é WioXaNe) . as
di scl osed by Japanese Pat ent Lalid Open . 221207/ 1986 and Japanese Patent

Publi cation Ng;, 18&&;@(?5}@9§nswfee£@ ufpgéafals%hgbfep%g{g;h%ggyg?d by

t he met hods prlor Iterature is c aracteri ze havi ng

an unsat ur at ed bonde AL Lhecaof eubar. f g pal 800, EgLY. TP €d 1o

i ntroduce a func |on ver, rodUc fon of suc copol yner

ff I I I be .1 d d 5
of hI/glIggtenya W'“%”I%ﬁ%‘l‘%?%%“%ﬁ?hﬁ%ﬁ ?s?%r' IIII?Eﬂgﬁa%g%e T

pr obl ens, decr eased ﬁ rlzatlgn g d, and ssive di sappear ance of
t he unsatérated bo LAC3e Peut ATt n?%%I%GUQl yd?9Yendtton, which
serve as the active sites f0{ the 10, nodifjcation eactlons teéts of the
Invention It 9ES35F oMfddret?! tRRChTRERM OF veﬁf?oﬁ 9 1B°PrBOTdec

et hyl ene/ a-ol efin copol mer of speC|f|c structure, exhibiting excellent

per f or mance d%l%PI%bY?Eh%¥Y0?f Qe ¥ i 3RJ1Ehpabt etOf TRRLPHG VBF1Bus

functional groups in high yield, and applicable as raw material for various
sol ubi | i zi ng %&Rﬁﬁ%9n$t iMany of these additives are polar compounds,

which have low affinity for non-polar base oils.

10 Therefore, they are frequently sparingly soluble in
base oils, which tends to cause problems, such as
limitations on their dose rates or decreased effects.
Recently, these problems have been more noted, since
mineral oils as the base oils are replaced by synthetic

16 o0il of lower polarity to satisfy the severer
requirements of lubricant oils. As a result, a
solubilizing agent has been in demand to increase
solubility of these polar additives in non-polar base
oils.

20 In the plastic industry, it is a common practice
to incorporate a synthetic lubricant oil (e.g.,
ethylene/a-olefin copolymer or a-olefin oligomer) in
resins, in order to improve their friction/abrasion

characteristics (sliding characteristics). These



20 anot her object of the present invention to provide a nethod for
produci ng the above copolyner. It is still another object of fhe present
invention to provide use of the above copol yner. 15 May 2001h Uaga ry of
the I nvention The present invention provides a novel ethylene/a-olefin
copol yner effectively solving the above probl ens, a nethod of producing the
sane, and use of the sane. That is, the present "invention provides an

et hyl ene/ a ol efin copol ynmer obtained by Copol yneri zi ng et hyl ene and aol efin
of 3-10 carbon atonms in the presence of an ol efin polynerizing catalyst
conprising: (A) a transition nmetal conpound, represented by the foll ow ng
formula (I11); (B) at |east one conpound selected fromthe groups consisting
of (B-1) an organonetal lic conmpound; (B-2) an organoal um num oxy conpound;
and (B-3) a conpound reacting with the transition netal conpound (A) to
forman ion paesimnbi aBedsinephésenhed, byowbeetpl boer ngrhat myl polar. { zl )
15 May 2002 6 wherein Mis a transition netal atomselected fromGoup 3 to

11 of the perbpéss §@@heésnbbiyéﬁetﬁlﬁgpblgémidéiaﬁ@ be1Restay . be the same
as or different fromeach other, and 1s a hydrogen atom a hal ogen atom a

hydr ocarbon grRpefdr8¢t Eh8CYBLYE-ROAPOYALJ! B8hdPah a8l SYRthalic _
oxygen-cont ai ni ng group, a nitrogen-containing group, a boron-containing

group, a sul fuhp£ORLALBI Be Ih8HPwe 81 PRGRPRLIHS2CANLR BhB8e 9FQERNSE
silicon-containing group, a germaniumconhtaining group or a tin
5 possibly causing problems, e.g., deteriorated strength
and surface exfoliation, when they are used. A
solubilizing agent, therefore, has been strongly
demanded to improve dispersibility of a non-polar
lubricant o0il in a polar resin.
10 . An ethylene/a-olefin copolymer for the above
lubricant oil or additive has been produced in the
presence of a vanadium-based catalyst composed of a
vanadium compound and organocaluminum compound, as
disclosed by Japanese Patent Publication Nos. 1163/1990
15 and 7998/1990. However, the vanadium-based catalyst is
insufficient in polymerization actiwvity.

It is known that the copolymer can be produced in
the presence of a catalyst of high polymerization
activity, which is composed of a metallocene compound

20 (e.g., zirconocene) and organoaluminumoxy compound
(aluminoxane), as disclosed by Japanese Patent Laid-
Open No. 221207/1986 and Japanese_Patent Publication No.

121969/1995. The ethylene/a-olefin copolymer produced

by the methods of prior literature is characterized by



containing group, with the proviso that two or nore of these nmay be bonded
to each other to forma ring, and when mis 2 or nore, any two of groups
represented by Rl to R6 may be bonded; n is a nunber satisfyiHbMangO%nce
of M X is a hydrogen atom a hal ogen atom a hydrocarbon group, an
oxygen-contai ni ng group, a sul fur-containing group, a nitrogen-containing
group, a boron-containing group, an alum num contai ning group, a
phosphor us- cont ai ni ng group, a hal ogen-cdnt ai ni ng group, a heterocyclic
conmpound residual group, a silicon-containing group, a gernmani um contai ni ng
group or a tin-containing group, with the proviso that when n is 2 or nore,
pl ural groups represented by X may be the sane as or different from each

ot her, and plural groups represented by X may be bonded to each other to
forma ring, 15 May 2002 7 and said copolyner is characterized by: (1)
conprising et i 80 .~4b - i j 3 to 10
carbon atons @%$§€§t%H7%ngétﬁg?%8?Zgoﬂ%vgﬁngeﬁﬂﬁ%g??ggérgagﬂ¥%€gcular

wei ght (Mn) of 500 to,12 0Q0..determ ned el pernepation chronatography
(G0 and ol I <7 b Ghearite Boc LBh orirtng BEnSEErhRL.EPORE) having a
ki netic viscosity at 100C.of 10 to_.5,000 mme/s;.(4) that_at,least 95 0 of
whote pol yrer TRHETEE: hRRRASFE 8Pt ohB RS aboPar EAEBoRA G CHORELYI ar

term nal thereof;, and (5 E%vi ,ahB val ue, given by the follow ng fornula
(1), of 1.0 tho% 4 PRLeeuber PFLghy URePe) hiPELT snegaras FAEFon of the
ethylene ynit in the copolyner, Po is nolar_fraction of the a-olefin unit
inthe cogolyﬁﬁé?t%hﬂ B YSro9enor i e ofoherBee r ofe halbt fodi 68t ene
sequences to nunber of all the dyad sequences. The ethyl ene/a-olefin

copol yner accHHfhgceseheVhlRn? i BROREAMDe @sed: adeFudRFR@nt base oil

excel lent in _
polymerization yield and massive disappearance of the

unsaturated bonds at the molecular terminals by
hydrogenation, which serve as the active sites for the

10 modification reactions.

Objects of the Invention

It is an object of the present invention to

16 provide an ethylene/a-olefin copolymer of specific
structure, exhibiting excellent performance as a
lubricant oil additive, capable of having various
functional groups in high yield, and applicable as raw
material for various solubilizing agents. It is

20 another object of the present invention to provide a
method for producing the above copolymer. It is still
another object of the present invention to provide use

of the above copolymer.



15 May 2002 8 tenperature/viscosity property, shear stability, heat

resi stance/ oxidative stability. Further, the ethylene/a-olefin copal

can be used as a viscosity index inprover excellent in 15 May 20 2

tenperature/viscosity property and shear stability by adding to other base

oil, such as a mneral oil or an a-olefin oligoner. The ethylene/a-olefin

copol yner has features in that 95 ~ or nore of whole polyner chain has at

| east one unsaturated bond at a nol ecular termnal having a reactivity, so

t hat various kinds of functional groups 515 May 2002 9 can be easily

i ntroduced, and, hence, it is easy to nodify to a functional

et hyl ene/ a- ol efl n copol ymer s fammasy P fhdhar Invgiitipoe or a sol ubilizing

agent with a polar resin. 5 1n order to obtain the nodified

et hyl ene/ a-ol efin copol yner of the present invention, the above nentioned

unsat ur at ed bondTh¢ rpresehécidemtiennpaiiden & hrevethytimyniehs/eteldfincopol yner

is nodified by any one group selected froma carboxyl group, an acid

anhydri de 16operhpr affestioelgreselyingntkprebpevgr pugkleashyameopodgebup, a

di ol group, an am no group and a phenyl group, or a gas containing

nol ecul ar orygeéwciing kbé esarear anstygren ofohlbaisdmeg gas) and/ or an

ozone-contai ning gas. The lubricant oil conposition of the present 15

i nventi on cont ai fikat he,abbe eorrsenic oheckrgtihy| previdesl| &f iathgdpodAorer as a

base oil or a viscosity index inprover. And further, the lubricant oil

conposi ti onocdéfirheoppbgrert obtadmed diy copdbimesikheg sidbyéemermndopned nodi fi ed

et hyl ene/ a-ol efin copolyner as a detergent 20 di spersant. The resin

conposi ti onodéfirhiod Prederarbonvaninsonncom ainesetde cheveolafdinf i ed

et hyl ene/ a-ol efin copol ynmer as a nodifier which nodifies a resin selected
polymerizing catalyst comprising:

(A) a transition metal compound, represented by the
following formula (II);

(B) at least one compound selected from the groups
consisting of

(B-1) an organometallic compound;

(B~-2) an organcaluminum oxy compound; and

(B-3) a compound reacting with the transition metal
compound (A) to form an ion pair which is represented by the

following formula,

1

T
2
R /N‘-“'- -
L-MXo

HS

(1),



fromthe group consisting of an epoxy resin, an 15 May 2002 10 uret hane
resin, a polyacetal resin, a polyester resin and urea resin. The present

i nvention al so provides a nmethod of copol ynerizing et hyl ene AcMan280% ef i n
having 3 to 10 carbon atons to produce ethyl ene/ a-ol efin copol yner
characterized by: (1) conprising ethylene unit of 30 to 80 $ by nol and
a-olefin having 3 to 10 carbon atons of 20 to 70 $ by nol; (2) having a
nunber - aver age nol ecul ar wei ght (Wnh) of 500 to 12,000, determ ned by gel
perneati on chromat ography (GPC) and nol e6ul ar wei ght distribution (Mv M)
of 3 or less; (3) having a kinetic viscosity at 100C of 10 to 5, 000 mm2/s;
(4) that at | easwh®beih of ivhaolerameliyies rehail nstdvavelattddedrbmotwoup 3

unsat urated bond at nol ecul ar term nal thereof; and (5) having a B val ue,

gi ven by theof ol |lafithg perindia tahle;of 1.0 to 2.0: B = Poe/ (2P0’ Pe)
wherein PE is nolar fraction of the ethylene unit in the copolyner, Po is
nol ar fraction of mthe aar aheéger Wi t-6n t he 15 May 2002 10a copol yner, and
PoE is proportion of nunber of a-olefin/ethylene sequences to nunber of all
t he dyad sequencer! tohef elay bBeclxopahy ey ickatii Ofe dehitConchiclaetl bthdihe
presence of an olefin polynerization catalyst conprising: (A) a transition
met al conpouRd, i$ ephesesdad dtymf he Haalbbem axgnd, 08 N drochkdon {Boupt 4 east one
conmpound sel ected fromthe groups consisting of (B-1) an organonetallic
conmpound; ( Be2¢radydlhgasatddiundn iaoxdualogpeus)d anaotlyddi—apneaaamgound
reacting with the transition netal conpound (A) to forman ion pair, (II)
wherein M i graup) ansiitrofernreioaka ooy gebest ed bbromh ddn@dpnBng group, a

sulfur-containing group, a phosphorus-containing group, a
silicon-containing group, a germanium~-containing group or a tin-
containing group, with the proviso that two or more of these may
be bonded to each other to form a ring, and when m is 2 or more,
any two of groups represented by R! to R® may be bonded;

n is a number satisfying a valence of M;

X is a hydrogen atom, a halogen atom, a hydrocarbon group,
an oxygen-containing group, a sulfur-containing group, a
nitrogen-containing group, a boron-containing group, an
aluminum-containing group, a phosphorus-containing group, a
halogen-containing group, a heterocyclic compound residual
group, a silicon-containing group, a germanium-containing group
or a tin-containing group, with the proviso that when n is 2 or
more, plural groups represented by X may be the same as or
different from each other, and plural groups represented by X

may be bonded to each other to form a ring,



to 11 of the periodic table; mis an integer of 1-6; RL to R6 may be the
sane as or different fromeach other, and is a hydrogen atom hal n
atom a hydrocarbon group, a heterocyclic conmpound residual g#%Msv2§ﬂf
oxygen- cont ai ni ng 15 May 2002 10b group, a nitrogen-containing group, a
bor on-cont ai ni ng group, a sulfur-containing group, a phosphorus-containing
group, a silicon-containing group, a germaniumcontaining group or a tin
containing group, with the proviso that two or nore of these may be bonded
to each other to forma ring, and when m7is 2 or nore, any two of groups
represented by RlL to R6 may be bonded; n is a nunber satisfying a val ence
of M X is anHydrogen atom a hal ogen atom a hydrocarbon group, an
oxygen-cont ai ni ng group, a sulfur-containing group, a nitrogen containing
group, a boron-cortdd mapglgreup,s ghasdairmmand deyyt ai ni ng group, a
phosphor us-cont ai ni ng group, a hal ogen contai ning group, a heterocyclic
conpound r edildluakogpoigingaethylicpenugdnte 30nge gflodphy anglerameni um cont ai ni ng
group or a tin containing group, with the proviso that when n is 2 or nore,
pl ural groups reppresknfiadhbying Mayobdl tdrebsanetas of 80 ffer’@nt from each
ot her, and plural groups represented by X may be bonded to each other to
forma ring. Mde%floy mdrryi ng out the invention The ethylene/a-olefin
copol ymer, the nmethods for preparing the sane and the uses thereof
accordi ng td2t hehpresert nunventavenaae enadegbdanecigblown)n afore detail .
Et hyl ene/ a- ol efi n copol yner 15 May 2002 | OC The et hyl ene/a-ol efin
copol yner of the ppesenti At@entdeteroompt byegektpyrreneiamd an a-ol efin of
3-10 carbon atons.

chromatography (GPC) and molecular weight

distribution (Mw/Mn)} of 3 or less;
(3) having a kinetic viscosity at 100°C of 10 to

5,000 mm?/s;
(4) that at least 95 % of whole polymer chains have at

least one unsaturated bond at molecular terminal

thereof; and
(5) having a B value, given by the following formula

(I), of 1.0 to 2.0:

B = Por/ (2P* Pg) (I)
wherein P; is molar fraction of the ethylene unit in the
copolymer, P, is molar fraction of the a-olefin unit in the
copolymer, and Py is proportion of number of a-olefin/ethylene
sequences to number of all the dyad sequences.
The ethylene/a-olefin copolymer according to the invention

can be used as lubricant base o0il excellent in



Exanpl es of an a-olefin of 3-10 carbon atons used in the invention include
propyl ene, 1-butene, 1l-pentene, 3-nethyl-1 butene, 1-hexene,

4- et hyl - 1- pent ene, 3-nethyl -1-pentene, 1 octene, 1-decene arid® Mﬂ’ézp‘&e,
and one or nore of themare used. O these, propylene is particularly
preferable. The ethyl ene/a-ol efin copolyner of the present invention
contains, as constituent units, an ethylene unit of 30-80 % by nol,
preferably of 35-75 % by nol, particularly preferably of 40-70 % by nol and
an a-olefin unit of 20-70 % by nol, prefgrably of 25-65 % by nol,
particularly preferably of 30-60 ~ by nol. The 15 May 2002 11

et hyl ene/ a- abmbpeé rathepovydmisieonbpopesteachhadr shebinitys WwWebbtn t he above
ranges, so that it is capable of exhibiting an excellent

t enper at ur ekgk s£QFIckY o PIRAAKLY s Bsbid iltybr | BartthePaseh®idth@llefie Xo-s@Fihy | ndex
i nprover. 5 The nunber average nol ecul ar wei ght (M) and nol ecul ar wei ght
di stri buti ogopdlyndi) ceh dhaisetihys eneliacosefy inabxt hepfpveseakcdeant ion can
be determ ned by CGel perneation chromatography (GPC) using a nonodi sperse
pol yst yr ene tafiperatiu@dfaishosihg Prupeetylondveicages tap Acwyaby Weidhl €8h) of
the ethyl ene/a-ol efin copol yner neasured in this method is in the range of
500 to 12, 00@nhepnrfserably 6l £9 al hibBPal P&t oeUbArdyolitehes Bijome700 t 0
10, 000. Further, the nol ecular weight distribution {Mv M) of the

et hyl ene/ a- ol ef i Dhd Sett@pehyr®ioliesind &fpdigmer Heifbaablrys 2in/ taat| 5%
particularly preferably 2.5 or less. The kinetic viscosity at 100C of the
et hyl ene/ a ekehdte GEPRhYIE HpodiméheHaAERAs Ot 18230 dre nERBurAEYGS bond
preferably 15 to 4,000 mR/s, nore preferably 20 to 20 3,000 m®2/s. The

et hyl ene/ a- gkef inbleepdiy NRyrmlas] aatiingf at Peadeey) ado Wakghiarimalsecul ar

wei ght distribution and kinetic viscosity at 100C within the above ranges,
so that it exRdbidss rangoshallegpetigd ur e/ vi scosity property



15 May 2002 12 and a shear stability. In the ethylene/a-olefin copolyner of
the present invention, the proportion of the polyner chain having an
unsaturated bond at a nol ecular termnal conprising 5 a t er i 1pMay, 2

group or a termnal vinylidene group is 95 %or nore, preferably 97 % or
nore, and nore particularly 99 %or nore. Further, it is preferred that the
proportion of the polyner chain having an unsaturated bond at a nvol ecul ar
termi nal does not 10 change dependi ng onSt he nol ecul ar weight and is the
sanme all over the entire nol ecul ar weight range. The proportion of the

pol ynmer chain having an unsaturated bond at a nol ecular term nal can be
nmeasured by an infrared spectroscopic analysis (IR, titration, 13C 15 NWR
and the like. Next, the nmethylene chain in the ethylene/a ol efin copol yner
of the present invention is explained. The ethyl ene/a-ol efin copol yner

prepared by a nt L onall th ha he foll ow n tructure 20
(i). More spe%%%?%gl%égl?%exggggégfggfsggghdgﬁbﬁgbogglg%%?gg d%§dth
ethylene with a hpgh_positionreqgularity..,For exanple, the polynerization

Sl ways or ocedBibind 3. FHSEFPBRT ehivLeBr et TR ROnbaPo R B et fyl ene
ol yor  Chai 1P $ERGHESA AROLRE. RATbEHVostEna asohubT1 Ehndsagent uikhqas"
sequence havi ng. net hyl ene chains of n = 2 between Rs does not exist. 5 RR
R R R (CH2- CcHpSlaxcrsemy - (CH2-CHI - (CH2-CH) - {CH2- CH) - (CH2- CHI - {CHI -CH) U
LI ~11L (CH (CH2)a CH (CH2~s ~ i ) .Lhe other_ hand, the_,

ethyl ene/ &olefin ¢ o?§ﬂé¥ BP ¢ %ab?e%%%tméaﬁéh??oﬂtgﬁée%gggé?rﬁfﬁﬂits 10
(A) and (D) inserted with a position-irregularity Ssuch as 2, 1l-insertion
fol l owed by 1S9P¢ ?Fi%ﬁ)?hgh%F%?%?E,lnv ntion, "the above mentioned

unsaturated bond at a molecular terminal in the
ethylene/a-olefin copolymer is modified by any one
group selected from a carboxyl group, an acid anhydride
10 group, an ester group, an epoxy group, a hydroxyl group,
a diol group, an amino group and a phenyl group, or a
gas containing molecular oxygen (a molecular oxygen-
containing gas) and/or an ozone-containing gas.
The lubricant oil composition of the present
15 invention contains the above mentioned ethylene/a-
olefin copolymer as a base o0il or a viscosity index
improver. And further, the lubricant oil composition
of the present invention contains the above mentioned
modified ethylene/a-olefin copolymer as a detergent-
20 dispersant.
The resin composition of this present invention
contains the above modified ethylene/a-olefin
copolymer as a modifier which modifies a resin selected

from the group consisting of an epoxy resin, an



it has the following structure (ii), for exanple, having a chain (CH2)2
wherei n the nunber n of nethyl ene chains between adjacent side chains Rin
the polymer 15 structure is 2. 15 May 2002 14 (D) R R Ft R May2002y
-(Ct-12-CH) - ( ~ 2-CH2) - (CH a~) -(C -CH-(CH2-CH2) -(CH2-Ct~ at a a
cH( ~ ~CH+2 (~2)2 ( 2)3 Chain of n =2 Chain of n =2 (ii) Wen, after the
constituent unit derived froma 5 olefin is inserted and then ethylene is
inserted, the constituent unit (A) derived froman a-olefinis 2,1
inserted, the sequence of n = 2 chain (B)igoriginated fromthe constituent
unit derived fromthe inserted ethylene, that is, - (CHZ)2- chain is
observed. Wigstnbet Bes GONSt bbugitdetdni tedi), depbipshderopedih amal gféd) is
1,2-inserted further to the unit'(A), the sequence of n - 2 chain (O
originated f&omm.t he constituent unit derived fromthe adjacent a-olefins
(A, (D, i.e., (CHz)2- chain is observed. 15 Nanely, the - (CHZ)2- chain

i's observedryd§iredanf- thhithoh Saldds prbetiad hhmpersdd ioQ”cbﬂSéfﬁ!é'r&Eiﬁ%- The
carbon of this - (CHZ)Z- chain is generally referred to as a(3 carbon. The

specific si gnaf1dna( an€adDeR oSt aNRINavi BT BSRNLONGa MR atoms ADPRokicd 3C- NVR
spectrum appears 15 May 2002 15 a peak in the vicinity 30.5-32.5 ppm In

the et hyl engtiyiQindl/bno LN VBBs1 et BRapIASRALed 4Nt I ON, the a-olefin is
inserted with position irregularity, therefore, an a~i carbon signal as a
(1) comprising ethylene unit of 30 to 80 % by mol and
a-olefin having 3 to 10 carbon atoms of 20 to 70
% by mol;
(2) having a number-average molecular weight (Mn) of
500 to 12,000, determined by gel permeation
chromatography (GPC) and molecular weight
distribution (Mw/Mn) of 3 or less;
(3) having a kinetic viscosity at 100°C of 10 to
5,000 mm?/s;
(4) that at least 95 % of whole polymer chains have at
least one unsaturated bond at molecular terminal
thereof; and
(5) having a B value, given by the following formula
(I), of 1.0 to 2.0:
B = Pog/ (2Po" Pg) (1)
wherein Pg is molar fraction of the ethylene unit in the

copolymer, P, is molar fraction of the a-olefin unit in the



5 specific signal based on a nethyl ene chain between adjacent two tertiary
carbons in the main chain of the copolyner is observed in 13C NVR spectrum
It is known that in the ethyl ene/a-ol efin copol yner obtai ned b‘%/Maxﬂ Bza
conventional titanium 10 catalyst and a netall ocene catalyst, a-olefinis
1,2 inserted with good position-regularity, therefore, such a - (CHz)Z-
chain is not observed. Additionally, it is also known that in the

et hyl ene/ a-ol ef i n copol ynmer obtai ned by using a vanadium catal yst, a-olefin
is 15 2,1-inserted with good position-redQbarity, therefore, like the
former case, the - (CHz)2- chain is not observed in the obtai ned polyner.
Furt her, theoppthytsanehndobefis paropokiyimr off nulkeepodsantldivénthykeneas a B
val ue represented by the 20 following fornula (1) of 1.0-2.0; Poe/(2Po' Ps)
(1) wher ei nsPBEuésces ol anmberactfi ahl afheedygfi esrmguences, 15 May 2002 16 -
contained in the copolyner, Po is a nolar fraction of a-olefin unit

contai ned in the sbpotymthe eorblRUErigatiqur dportndnrtefl tineche presence

a-ol efin/ethylene alternating sequences to all the dyad sequences in the
copol yner. 5fAsntdieBnvedlgndrdecohisn |catgéyst hmpuibemg :0f

bl ock-1i ke~sequences becones snaller, and this means that the distribution
of ethyl ene (&hd eherarsltébnneetiasl womponmd,angdprésergmapbyi theofodlswirigbut i on
of the copolynmer is narrow. 10 Produci ng of the ethylene/a-olefin copolymner
The et hyl endbamelaf(Ii)ecopol yner according to the present invention can be
produced by copol ynerizing ethylene and a-olefin of 3-10 carbon atons in
the 15 presdBte et hezswt ahystonimmund e¢lertpgl ¥nomitiet gooyps consisting

of

(B-1) an organometallic compound;

(B-2) an organoaluminumoxy compound; and

(B-3) a compound reacting with the transition metal
compound (A) to form an ion pair,

[ ]
1

)
2
R ’,f“---__

L MXa

R5

(I1)

wherein M is a transition metal atom selected from Group 3
to 11 of the periodic table;

m is an integer of 1-6;

R! to R® may be the same as or different from each other,
and is a hydrogen atom, a halogen atom, a hydrocarbon group, a

heterocyclic compound residual group, an oxygen-containing



conprises (A) a transition netal conpound represented the follow ng fornula
(I'1), and (B) at |east one conpound selected fromthe group 20 consisting
of : (B-1) an organonetallic conpound, (B-2) an organoalumrnuﬂ%ﬂ@¥89W5ound
and (B-3) a conpound reacting with the transition netal conpound (A) to

forman ion pair. 15 May 2002 17 Each of catal yst conponents form ng the
ol efin polynerization catalyst is explained. (A Transition netal conpound
R FR5MC, " ... (Il ) (Werein the dotted line (----) of N----M

general | y neans coordi nating, however, ifgthe present invention it may not
al ways nmean coordinating.) In the general fornmula (Il), Mis a transition

10 metal at ggzé@%,yg AP clydrd LA GRORANGI B0 SrUPn Ty Qfralipe per i odiC

tabl e, pref a transition netal” atomof Goup 3 (Inc i‘ng T ant hanoi d)

to Group 9 gl bR BRELOMN s LABLE, JTHS.BEELRL ABLY. A tARSL,0n metal atom

of Goup 3 to Goup 5 an up 9 periodic 15 ta particularly
preferabl y 811 adsichhel dFl Rl BhOM Ly Bt BREL HiR4PaPodl J:NG PRLL 0di C

t abl e. Exanpfes of such netal” atons in scandi um tani um zirconi um

haf ni um vaggmminaiog%@n wtieﬂtawrsprow?@'énat twc}%LNE\XrgOCQf? &ésm@ghum

yttrium chromum um tungsten, manganese, rhenium iron an _
rutheni um gL LAgae «BrEfal Abhe, e AN MY, { LAG AN nZ1d PR HAT Ni um
vanadi um ni obium tantalum coba t, and r ogiunl nor e

any two of groups represented by R' to R® may be bonded;

n is a number satisfying a valence of M;

X is a hydrogen atom, a halogen atom, a hydrocarbon group, an
oxygen-containing group, a sulfur-containing group, a nitrogen-
containing group, a boron-containing group, an aluminum-
containing group, a phosphorus-containing group, a halogen-
containing group, a heterocyclic compound residual group, a
silicon-containing group, a germanium-containing group or a tin-
containing group, with the proviso that when n is 2 or more,
plural groups represented by X may be the same as or differént
from each other, and plural groups represented by X may be
bonded to each other to form a ring.

Mode for carrying out the invention

The ethylene/a-olefin copolymer, the methods for preparing
the same and the uses thereof according to the present invention
are explained below in more detail.

Ethylene/a-olefin copolymer




5 preferable are titanium zirconium hafnium cobalt, rhodium vanadi um

ni obium and tantalum and particularly preferable are titanium zirconium
and hafnium mis an integer of 1-6, preferably an integer of19May2002Ry o
R6 may be the sanme as or different fromeach other, they are each a
hydrogen atom a hal ogen atom a hydrocarbon group, a heterocyclic conpound
resi dual group, an oxygen-containing group, a nitrogen 15 contai ning group,
a boron-containing group, a sulfur containing group, a

phosphor us-cont ai ni ng group, a silicon-cagtai ni ng group, a
germani um contai ning group or a tin-containing group, and two or nore of
them may be bondede taigache Ai-hAl el EPdMvReti 8.t10pTEEAl1098R B3OMB

i nclude fluorine, chlorine, brom ne and iodine. Exanples of the hydrocarbon

groups i ncl udgpsidaal gbhy LAl BnAr akl@deBedh al k10" uHrohedms © 30 carbon
atons, preferably 1 to %0 carbon atons, such as 15 May 2002 19 net hyl,

ethyl, n-prepyhp1dsS@R" ARYd-o1RTRHIYE ,3-1B0BABHN 28685 Qe int €44 - but yl,
neopentyl and n-hexyl; straight-chain or branched al kenyl groups of 2 to 30

car bon_at oG e DRI 3Rk Yude HRoBPLER, DIDLEAID, 15HEEAS uhiily1 ALl yI and
i sopropenyl; straight-chain or branched al kynyl groups of 2 to 30 carbon

atoms, prefglabhy, 3-hexofk CALREPLAL-AMPenbiid) BSneLiyil-paAtef,0Rar gyl ;
cyclic saturated hydrocarbon groups of 3 to 30 10 carbon atons, preferably

3 to 20 carBeRed OB de8bitd 38 ENE! ONOPYhd SECLODHEN ofCYRERPER! hed.
cycl ohexyl and adénantyl; cyclic unsaturated hydrocarbon groups of 5 to 30

carbon at omg¢ §m,a§rgy§i&ﬁemgagémxmamd?mfeeggleﬁ fluorenyl; aryl
groups of 6 to 30 carbon atons, preferably to 20 carbon atons, such as
phenyl, benzyl, pgPdifliene/a-olefin copolymer of the present invention

contains, as constituent units, an ethylene unit of 30-80 % by

mol, preferably of 35-75 % by mol, particularly preferably of

40-70 % by mol and an a-olefin unit of 20-70 % by mol,

preferably of 25-65 % by mol, particularly preferably of 30-60 %

by mol. The



bi phenyl, terphenyl, phenanthryl and anthracenyl; and al kyl -substituted
aryl groups, such as tolyl, 20 isopropyl phenyl, t-butyl phenyl

di met hyl phenyl and di t-butyl phenyl. In the above hydrocar bon"%MéﬁﬁQ?zt he
hydrogen atom may be replaced with a hal ogen atom and exanpl es of these
hal ogenat ed hydrocarbon groups of 1 to 30 a 'dnozb opzweuo3Tns a 'dnozb
.za~sa o~euo~Tns a 'dnozb o~eue~00zq~0sT ue 'dnozb o~eue~oozu~ a 'dnozb
zay~aozu~ a 'dnozb T~Coeozu~ a 'dnozb ofld~T~Cze ue 'dnozb ozu~T~~l Te ue
‘dnozb za~saozu~ip a 'dnozb za~saozu~ a 'dnozb o~deozaw a se eons 'sdnozb
buzuze~uoo OZ -zn~Ins :dnozb T~Cuezoqg-rp a pue dnozb T~zz~.auezoq a 'dnozb
T~Czpauezog a se eons 'sdnozb buzuze~uoo -uozoqg :dnozb ouzwe ue wo.z~
panzzap s~Tes wnzuowu~e pue dnozb oze-rp a 'dnozb ouzpiwe ue 'dnozb
O-eUe~Co a 'dnozb oue~Coosz ue 'dnozb oue~0 a 'dnozb osoz~ru g~ a 'dnozb
0z~zu a 'dnozb ouozezpAU a _dnozb ouzzezp~u a ' dnozb opTwz ue 'dpnozb opzwe
ue ' dnozb ouz%rzriy]tﬁne dﬁb‘%ﬁeaﬁv@o %‘%e’éo‘ﬁ%ntiﬁ?l%z%a%z%%t; R0 hb. z~Tu

- dnozb apzzphuue 0zTl Cxoqzeo a pue dnozb Axozad a,' dnozb T~xozp~CU a 'dnozb
o~euoqzeo a '‘HHoYH TS RRRE L 2RFRT0 TG el t dhd6PRARAR %k ' dnozb za-sa
ue 'dnozb ~CxoT~Cze ue 'dnozb ~xoxTe ue se cans 'sdnozb buzuze~uoo -uab~Cxo
sdnozb TenpZyipiindged @d DFTLRYE-LRIREEAF We(i%l semdi by LRERRYBZY~CU
anoge auk 'zau~zn3 ~T~Owno pue ZAzuaq apnZouz sdnozb T~CxTe
pa~n~z~sqns- B¥ e glulkzicanh RspirbkLpur VHreeHl upgreées plwpravebue g~~M
paoeTdaz aq osTe ~Cpm sdnozb uoqzeoozp~CU anoqge aqs - T~CuaqdozoTUo pue

T~I uar ~do®onT~e~uad hennpmleao Zorekd ge- rphefouAar sywrghtuogielo g o~ T
~CTgeza~azd 'suzo~e uogzeo QZ ZOQZ ~~W 96 15 May 2002 21 thiocarboxyl
group, a dit mobsrboxy |waighip,dis sl but prouMw AMsul dHnsthe gr oup, a sul fi nyl
group and a sul fenyl group; phosphorus-containing groups, such as a

phosphi do gr cahyleerphsphios§in grHughe gprtds aphosphentylon cgroupe and a
phosphat e groups silicon-containing groups; gernmani um containing groups; or
tin-contai ni nietgrouipsed By tdel glronmees g oatpsch pored eoqid ghar 653 Y aiginig chai n
or branched al kyl groups of 1 to 30 carbon atons, preferably 1 to 20 carbon
atons, such as meid¥ispetdylpolystyrene as a standard. The number

10 average molecular weight (Mn) of the ethylene/a-olefin
copolymer measured in this method is in the range of
500 to 12,000, preferably 600 to 11,000, particularly
preferably 700 to 10,000. Further, the molecular
weight distribution (Mw/Mn) of the ethylene/a-olefin
16 copolymer is 3 or less, preferably 2.7 or less,
particularly preferably 2.5 or less.
The kinetic viscosity at 100°C of the ethylene/a-
olefin copolymer of the invention is 10 to 5,000 mm?/s,
preferably 15 to 4,000 mm’/s, more preferably 20 to
20 3,000 mm®/s.
The ethylene/a-olefin copolymer has each of the
moleculér weight, molecular weight distribution and
kinetic viscosity at 100°C within the above ranges, so

that it exhibits a good temperature/viscosity property



"I~ n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t butyl, neopentyl
and n-hexyl; aryl groups of 6 to 30 carbon atons, preferably 6 to 20 carbon
atoms, such as phenyl, naphthyl, biphenyl, terphenyl, phenanttd Way2002

ant hranyl ; and substituted aryl groups such as the 15 above aryl groups
substituted wwth 1 to 5 substituents such as hal ogen atons, al kyl or al koxy
groups of 1 to 30 carbon atons, preferably 1 to 20 carbon atons, and aryl

or aryloxy groups of 6 to 30 carbon atorgp preferably 6 to 20 carbon atons.
20 Exanpl es of the oxygen-containing groups, nitrogen-containing groups,

bor on- cont ai ni ng group, sul fur-containing groups and phosphorus-contai ni ng
groups include those previously described. 15 May 2002 22 Exanpl es of the
het er ocycl i ¢ conpound residual groups include residual groups derived from
ni trogen containi ng conmpounds (e. g., pyrrole, pyridine, pyrimdine,

qui noline and triazine), oxygenjcontaining 5 conmpounds (e. g., furan and
pyran) and supRdracshearnFhgPédipunds (e. g., thiophene), and these

het er ocycl i ¢ conpound residual groups substituted with substituents such as
al kyl or al koxy grolpstbe ethplenelarbbafanomspopyweerabl yhe poegentarbon
atons. 10 Exanples of the silicon-containing groups include a silyl group,
a siloxy grouppvanhydnpcthboprepbstiont e shkypoyymep ahdim having

hydr ocar bon-substituted sil oxy group. Particul ar exanples of the

hydr ocar bon sabstnsatedasetlybogdoapsai moladelaet hgkmihyl, cabpdisehbyl sil yl,
trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl,

di phenyl mét hyastéyhinali phepyl srbyp, odi aetbyhphebyvsnlyidene group

di rethyl -t-butyl silyl and dinmethyl (pentafl uorophenyl)silyl. O these,
preferable argsnes hyl skl ywbredi peéhyrablyl 97t ¢i sethiygksj | ¥hd R8rethylsilyl,
diethylsilyl, triethylsilyl, dinmethylphenylsilyl and triphenylsilyl.
Particul arly psetecabhelqreot ¢i sethyksl | Ydurdid.et hW Sid Wreferred

that the proportion of the polymer chain having an
unsaturated bond at a molecular terminal does not
10 change depending on the molecular weight and is the
same all over the entire molecular weight range. The
proportion of the polymer chain having an unsaturated
bond at a molecular terminal can be measured by an
infrared spectroscopic analysis (IR), titration, 3C-
16 NMR and the like.
Next, the methylene chain in the ethylene/a-
olefin copolymer of the present invention is explained.
The ethylene/a-olefin copolymer prepared by a
conventionally known method has the following structure
20 (i) . More specifically, the a-olefin is randomly
copolymerized with ethylene with a high position-
reguiérity. For example, the polymerization always

proceeds with 1,2-insertion, therefore, the number n of

methylene chains ((CH:;),) between adjacent side chains



triphenylsilyl and di net hyl phenylsilyl. Particul ar 15 May 2002 23
exanpl es of the hydrocarbon-substituted siloxy groups include
trimethylsiloxy. Exanples of the germani um containing groups Hhifay2802
tin-containing groups include groups wherein 5 silicon is replaced with
germaniumor tin in the above nentioned silicon-containing groups. The
above exanples of the groups indicated by RlL to R6 are nore specifically
descri bed below. O the oxygen-containi mg groups, exanples of the 10 al kaxy
groups include nethoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy
and tert-butoxy; preferred exanples of the aryloxy groups include phenoxy,
2, 6-di met hyl phenoxy and 2, 4, 6tri net hyl phenoxy; preferred exanples of the
acyl groups 15 include fornyl, acetyl, benzoyl, p-chlorobenzoyl and p

met hoxybenzoyl; and preferred exanples of the ester groups include

acet yl oxy, benzoyloxy, nmet hoxycar bon phenoxycar bonyl and

p- chl or ophenokytér Bladypol ITe¥h%hﬁiFr%@§ﬂm%%n?%|ﬁﬁﬂgnﬁmgﬁﬁs seghnpFeB of 20
t he am do groups |nclude acet am do, N-nethyl acetam do and

N- et hy| benzafi Ho: 3pr2f er r eds exBeph eseanende havhod grethylenel cheins

di et hyl am no, ethyl nmethyl am no and di phenyl am no; preferred exanpl es of
the i m do groehsninc? vdeteeeni s ddoandndengkh$tdo; and preferred exanpl es

15 May 2002 24 of the imno groups include nmethylimno, ethylimno,
propylimno, butylimno and phenylimno. O the sul fur containing groups,
exanpl es of the alkylthio groups include nethylthio and ethylthio; 5

pref erredbexanpl es of the arylthio groups include phenylthio,

met hyl phenyl t hi o and napht hyl thi o; preferred exanples of the thioester
groups incl ude acety | t hio, IHbenzoylthlo mef hyl t hi gcar bonyl and

phenyl t hi ocar bo E%l ?&ﬁ ed exanpl es of aul fonaflo 10 ester gr&?ﬁs i ncl ude
met hyl sul f onat d eﬁ#@r TGHE‘E@W 2) ~(CH2-CH) {CH2-CH)~{CH,-CHa){CH,-C

] I L

(CHZ) (CHa)s " (CHY) (CHo)a

(1)

On the other hand, the ethylene/a-olefin
copolymer of the present invention has a—élefin units
10 (A) and (D) inserted with a position-irregularity (such
as 2,1-insertion followed by 1,2-insertion), therefore,
it has the following structure (ii), for example,
having a chain (CH;), wherein the number n of methylene
chains between adjacent side chains R in the polymer

15 structure is 2.



and phenyl sul fonato; and preferred exanples of the sul fonam do groups

i ncl ude phenyl sul f onam do, N net hyl sul f onam do and

N- net hyl - p-t ol uenesul fonami do. R6 is preferably a substituent 15Ma¥200Ran 15
hydrogen. Nanely, Rs is preferably a hal ogen atom a hydrocarbon group, a
het er ocycl i ¢ conpound residual group, an, pxygen-containing group, a
boron-contai ni ng group, a sul f ur - cont ai nl g group, a silicon-containing
group, a gernmani um containing group, or a tin 20 containing group.
Particularly R6 is preferably a hal ogen atom a hydrocarbon group, a

het er ocycl i ¢ conpound residual group, a hydrocarbon-substituted silyl
group, a hydrocarbon-substituted siloxy group, an al koxy group, an

al kylthi o group, an aryl oxy group, an 15 May 2002 25 arylthio group,
an-acyl group, an ester group, a thioesth)group,)an am de group, an am no
group, an imdo group, an imno group, aSulfoniclacid ester group, a

sul fonam de group, a cyano group, a vitrdj§ grou or a hydroxyl group and
further preferably halogegratonl a hydr¥car bon oup, or a hydrocarbon
substituted silyl, group. Praferabl e exalipl es of the hydrocarbon oups far

R6 i nclude strai Qﬂéi‘%%?“b‘r%@f@#’ HY) r GiR<CH-(CHE-CHR) 4GHZ &Hbon
atons, preferably 1-20 lcarhon a ns," such methyl, ethyl, n-pdopyl,

i sopropyl, n-butyl, isdbtipyl, stﬁgggfil, t yl, neoférdyl, or n-hexyl;
cyclic saturated hydrocarbon gro of 3-30f9ﬁﬂbon atons, preferably 3-20
carbon atons, such as 15 cycl ofhapgfn=@ytsineifi= 2cycl opentyl, cycl ohexyl ,
or adamantyl; aryl groups of 6-308tarbon aton€) preferably 6-20 car(q(?;\
atons, such as phenyl, benzyl, naphthyl, biphenyl, or triphenyl.

Af or ement i oned substituted groups may be further substituted with
substituent, 20 such as al kyl groups or al koxy groups of 1-30 carbon atons,
preferably 1-20 carbon atons, hal ogenated al kyl groups of 1-30 carbon

atons, preferably 1-20 carbon atoms, aryl groups or aryl oxy groups of 6-30
car bon

When, after the constituent unit derived from a-

5 olefin is inserted and then ethylene is inserted, the

constituent unit (A) derived from an o-olefin is 2,1-
inserted, the sequence of n = 2 chain (B) originated
from the constituent unit derived from the inserted
ethylene, that is, - (CH;);- chain is observed. When

10 the constituent unit (D) derived from an a-olefin is
1,2-inserted further to the unit ' (A), the sequence of n
= 2 chain (C) originated from the constituent unit
derived from the adjacent a-olefins (A), (D), i.e.,
(CH,)2— chain is observed.

15 Namely, the - (CHz);- chain is observed when an
o-olefin is inserted with position-irregularity. The
carbon of this - (CH;);- chain is generally referred to
as off carbon. The specific signal (of carbon signal)

representing the aff carbon in 3C-NMR spectrum appears



15 May 2002 26 atons, preferably 6-20 carbon atons, hal ogen, a cyano group,
a nitro group, or a hydroxyl group. Preferable exanples of the hydrocarbon
substituted silyl groups for R6 include, nethylsilyl, 5 di nmetA§May 2002
trinmethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl,

di phenyl nethyl silyl, triphenylsilyl, dinethyl phenylsilyl,

di met hyl -t-butylsilyl, dinmethyl (pentafl uorophenyl)silyl. Particularly
preferable are trinethylsilyl, triethyl ph®nyl, 10 di phenyl net hylsilyl,

i sophenyl silyl, dinethyl phenylsilyl, dinethyl-t-butylsilyl,

di met hyl (pent af | uorophenyl)silyl. In the present invention, preferable
exanples of R6 is selected fromthe group consisting of 15 branched al kyl
groups of 3-30 carbon atons, preferably 3-20 carbon atons, such as

i sopropyl, isobutyl, sec-butyl, tert-butyl, and neopentyl; groups in which
hydrogen atons of the aforenentioned_hranched al kyl groups are substituted
20 with aryl areﬁﬁkofn6£§8 XéFbBﬁtXtSﬂsg‘épegePEHry 6-20 carbon atons, such
as cunyl; cyclic saturated hydrocarbon_groups of .3-30 carbon atons,
preferably 3-20 carEBnté?oﬁﬁgyiﬁﬁﬁ/%§°lgf5nwﬁ9p9éﬁﬁef7° d5henPypsent

cycl opropyl, c¢yclobutyl, cyclopentyl, and cycl ohexyl: aryl groups of 6-30
carbon at ons, 1PYeRELaBr ytBEoB-PAREOR AforBSEEERYaY1EReRYFLtAGBNE hyl
fluorenyl, 5 anthranyl, and ghenanthryl; and hydrocarbon_substituted silyl
group. Two or lIFBReuyRBELPY. of hRICfErRe, apr efefabbPynadjigpant agr dups, may be
bonded to each ~ott~~er to forman aliphatic ring, an aromatic ring or a
hydrocarb@h rfpgcific signal based on a methylene chain between

adjacent two tertiary carbons in the main chain of the
copolymer is observed in 3C-NMR spectrum.
It is known that in the ethylene/oa-olefin
copolymer obtained by using a conventional titanium
10 catalyst and a metallocene catalyst, a-olefin is 1,2-
inserted with good position-regularity, therefore, such
a — (CHz)z- chain is not observed. Additionally, it is
also known that in the ethylene/a-olefin copolymer
obtained by using a vanadium catalyst, a-olefin is
16 2,l-inserted with good position-reqularity, therefore,
like the former case, the - (CH;)2- chain is not
observed in the obtained polymer.
Further, the ethylene/a-olefin copolymer of the
present invention has a B value represented by the

20 following formula (I) of 1.0-2.0;
B = Pog/ (2Po * Pg) (I)

wherein Pg is a molar fraction of ethylene unit



10 containing a hetero atom such as a nitrogen atom and each of these rings
may further contain a substituent. When mis 2 or greater, two of RlL to R6
groups may be bonded. And further when mis 2 or greater, R s15 May 20835
R4s, RSS, or R6s may be the sane as or 15 different fromeach other. nis a
nunber satisfying a valence of M e.g. 0 to 5, preferably 1 to 9,
particularly preferably 1 to 3, and X is a hydregen atom a halogen atom a
20 hydrocarbon group, an oxygen-contai nitfy group, a sul fur-containing
group, a nitrogen-containing group, a boron-containing group, an
al um num cont ai ni ng group, a phosphorus-containing group, a
hal ogen-cont ai ni ng group, a heterocyclic conpound residual group, a silicon
15 May 2002 28 containing group, a germani umcontaining group or a
tin-containing group, and when n is 2 or greater, Xs may be the sane or
different. The hal ogen ato include fluorine, chlorine, 5 brom ne and
Yodi ne. Exampt 2aCorTER e hy EbBCarBORVEFBUES [k I LA 1 SR b as
previ ously descrjbed with respect ta Rl éo R6. Specifically, there can be
ment i oned al KITOLF bisunLhcfoatarBesytD boRyFOPRIABSF: T09bhesy RS Rexyl
octyl, nonyl, dodec%[ and eicosgl; o cl9alk%l %rougs of 3,to 30 carbon
atons, such aRreRerbpemtf, thsc ﬁﬂéigF? RBRKOERAGI 2AharBaGHRFt yI ; al keny!
groups, such as vinyl, propenyi and cycl ohexenyl; 15 aryl al kyl groups, such
as benzyl, pheeQURESS %@bheﬁ‘??p‘?bﬁ?l,Se‘éﬁﬁn‘é?{éll1@r6@%s9°@%g%m%§~phenyl,
tolyl, dinethylphenyl, trinethylphenyl, ethylphenyl.,

5 As the B value becomes large, the number of

block-like sequences becomes smaller, and this means
that the distribution of ethylene and the oa-olefins is
uniform and the composition distribution of the

copolymer is narrow.

10

Producing of the ethylene/a-olefin copolymer

The ethylene/a-olefin copolymer according to the
present invention can be produced by copolymerizing
ethylene and a-olefin of 3-10 carbon atoms in the

16 presence of a catalyst for olefin polymerization,
comprises

(A) a transition metal compound represented the
following formula (II), and

(B) at least one compound selected from the group

20 consisting of:

(B-1) an organometallic compound,

(B-2) an organoaluminum oxy-compound, and

(B-3) a compound reacting with the transition

metal compound (A) to form an ion pair.



propyl phenyl , bi phenyl, naphthyl, nethyl naphthyl, 20 anthryl and
phenanthryl, but not limted thereto. The hydrocarbon groups nay al so

i ncl ude hal ogenat ed hydrocarbon groups, specifically, those of5WMayR09@
carbon atons in which at | east one hydrogen is replaced with hal ogen. 15
May 2002 29 OF these, preferable are hydrfocarbon groups of 1 to 20 carbon
atons. Exanpl es of the heterocyclic conpound residual groups include the
same groups as previously described 5 with respect to RL to R6. Exanpl es of
t he oxygen-contai ni ng groups include the sane groups as previously
described with respect to Rl to R6. Specifically, there can be nentioned a
hydr oxyl group; al koxy groups, such as nethoxy, et'hoxy, 10 propoxy and

but oxy; aryl oxy grogfish S#Chas1 PheNBpod@ | PHEROXY ., 1tk net dy] phenoxy and
napht hoxy; aryl al koxy groups, such as phenyl net hoxy and phenyl et hoxy; an

acet oxy group;, giggﬁpggyéagggﬁgT f%”e£§ﬁalﬁ@8?ed t hereto. 15 Exanpl es

of the sul fur-cohtal ning groups I ude the sane groups as previously
described wt ; ifically, there can be nentioned
sul fonat o groﬂ%£?§§§g 1%§°§%T%§?£f??§ﬁa d? trifluoromet hanesul f onat o,
phenyl sul fonat o, 20 benzyl sul f onat o, p-t.Ql uenesul fonat o,

trimet hyl benzenesul fonato, | triisobuty| bengzenesul fonat o,

p- chl orobenzenesul f onat o apd pent af | 'gor obgnzenesul f onat o; sul fi nato groups,
such as nethylsul finato, ppenysul fihato,|benzylsulfinato, p 15 May 2002

- MX,

RS m
- o -+ (1)

(Wherein the dotted line (~---) of N----M generally
means coordinating, however, in the present invention
it may not always mean coordinating.)
In the general formula (II), M is a transition
10 metal atom of Group 3 (including lanthanoid) to Group
11 of the periodic table, preferably a transition metal
atom of Group 3 (including lanthanoid) to Group 9 of
the periodic table, more preferably a transition metal
~atom of Group 3 to Group 5 and Group 9 of the periodic
16 table, particularly preferably a transition metal atom
of Group 4 and Group 5 of the periodic table. Examples
of such metal atoms include scandium, titanium,

zirconium, hafnium, vanadium, niobium, tantalum, cobalt,



30 toluenesul finato, trimethyl benzenesul finato and

pent af | uor obenzenesul fi nato; al kylthio groups and arylthio groups, but not
limted thereto. Exanples of the nitrogen-containing groups Eﬂ5ﬁbV86@2the
sanme groups as previously described with respect to RL to R6. Specifically,
there can be nentioned an am no group; al kylam no groups, such as

nmet hyl am no, di net hyl am no, diethyl am no, dipropylam no, dibutylam no and
di cycl ohexyl am no; and arylam no or 10 a&yl aryl am no groups, such as
phenyl am na, di phenyl am no, ditolylam no, dinaphthylam no and

met hyl phenyl am no, but not limted thereto. Exanples of the
boron-contai ni ng groups include BRQ (R is hydrogen, an al kyl group, an aryl
group which 15 may have a substituent, a hal ogen atomor the like).
Exanpl es of the phosphorus-containing groups include trialkyl phosphi ne

, h I, et hj b '
1 cyel onexyl BRaebhey Ut P b1 ShEenhihe BYLIRdSRI e Bdaren,

tri phenyl phosphj tritolyl phosphi ne; ph hite gr hosphi do
groups), sucﬁggégg%%€y1p %é% ¥Té,lﬁ$ﬂy?%ﬁo§%ﬁ$$%1%%d 6%%&3?%%%Sphite; a
phosphonic acid group: and a_ phosphinigc. acid grou but not limted

t her et o. 1§QW%€GE%%Ee31r%M% Tigu%f ?h%agf?ﬁtoﬁféﬁﬂ?bPﬂinﬁab?bﬁﬁs i ncl ude
t he sane groups qi,grevio s%%mdescribed with respect to Rl to R6.

Speci fical | y, ViTR{ " Ranb t | DAREP hYBr ot dbhe stbet FReE &Y si M9Fegr oups,
such as 5_phenylsilyl, diphenylsilyl, trinethylsilyl, triethylsilyl,
tripropyl 8 | WEeter2te MesyFEF 2R UMy 2 HFRORT S yha Ly | apRmbhyl si |yl
tritolylsilyl and trinaphthylsilyl; hydrocarbon-substituted silyl ether

groups, such B} imetFRadiyn, edhepiun|andoranioakiumstandt ed al kyl groups,

such as trinmethylsilylmethyl; and silicon-substituted aryl groups, such as
particularly preferable are titanium, zirconium and

hafnium.
m is an integer of 1-6, preferably an integer of
10 1-4.

Rl to R® may be the same as or different from
each other, they are each a hydrogen atom, a halogen
atom, a hydrocarbon group, a heterocyclic compound
residual group, an oxygen-containing group, a nitrogen-

15 containing group, a boron-containing group, a sulfur-
containing group, a phosphorus-containing group, a
silicon-containing group, a germanium-containing group
or a tin-containing group, and two or more of them may
be bonded to each other to form a ring.

20 The halogen atoms include fluorine, chlorine,
bromine and iodine.

Examples of the hydrocarbon groups include
straight-chain or branched alkyl groups of 1 to 30

carbon atoms, preferably 1 to 20 carbon atoms, such as



trinmethylsilyl phenyl. Exanples of the gernmani um contai ni ng groups include
the sanme groups as previously described with 15 respect to RL t
Specifically, there can be mentioned groups wherein silicon |B5Méb?9@%d
with germaniumin the aforesaid silicon-containing groups. Exanples of the
tin-containing groups include the same groups as previously described with
respect to RL 20 to R6. Specifically, there can- be nentioned groups wherein
siliconis replaced with tin in the aforl®aid silicon-containing groups.
Exanpl es of the hal ogen-containing groups include fluorine-containing
groups, such as PF6 and BFq; 15 May 2002 32 chl orine-containing groups,
such as C109 and Sbd 6; and i odi ne-containing groups, such as 109, but not
limted to thereto. Exanples of the al um num contai ning groups 5 include
AlR9 (R is hydrogen, an al kyl group, an aryl group which may have a

bstit t k thl d V%
s 2 Lr“SPeater“%f FoupPt iyl oy i bR Fr e gL, Jren
di fferent frome oiher %Oou“dlp'r%‘%c‘g;'?e&tﬂ‘pénée&res ied by X nay be
or

bonded to eac?F exanpl'es of“transition netal
d t t.he f I but t t.ed
thereto. 15 In the ma%m-e i aé a%%ri AT o 477 2 o and
h L11) III I Hf (1 V(I'V),
N0y | Raey Si80n takand ) Blerq blw( 14120 Jeafidn Atogts ' shen) 1) L

t her et o. these, preferable are, Ti (1V), Zr(I\O 20 H (1'V), partlcularly
pr ef er abl ISanY*QH allyl and isopropenyl;

straight-chain or branched alkynyl groups of 2 to
30 carbon atoms, preferably 2 to 20 carbon atoms, such
as ethynyl and propargyl;
cyclic saturated hydrocarbon groups of 3 to 30
10 carbon atoms, preferably 3 to 20 carbon atoms, such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
adamantyl;
cyclic unsaturated hydrocarbon groups of 5 to 30
carbon atoms, such as cyclopentadienyl, indenyl and
16 fluorenyl;
aryl groups of 6 to 30 carbon atoms, preferably 6
to 20 carbon atoms, such as phenyl, benzyl, naphthyl,
biphenyl, terphenyl, phenanthryl and anthracenyl; and
alkyl-substituted aryl groups, such as tolyl,
20 isopropylphenyl, t-butylphenyl, dimethylphenyl and di-
t-butylphenyl.
In the above hydrocarbon groups, the hydrogen
atom may be replaced with a halogen atom, and examples

of these halogenated hydrocarbon groups of 1 to 30



X is for exanple hal ogen such as C or Br, or an al kyl group such as
methyl, but not limted thereto. Wen pl ural X are present, they may be the
sane as or different from each other. 15 May 2002 33 n is dﬁ:&é!@%

val ence of the netal M For exanple, when two nonoani ons are bonded to the
nmetal, there can be nentioned n = 0 in case of a divalent netal, n =1 in
case of a trivalent netal, n 2 in 5 case of a tetravalent netal, and n =
3 in case of a pentaval ent me

tal. More 2fecifically, there can be nentioned
n=21incase of Ti(lIV), n=21in case of Zr(1V), and n = 2 in case of
H (1V). 15 May 2002 34 1 \ IV I VI VI oz/ pzozzoz\ I I \ Et \ nPr
\VViPr VNV /0 M-~N. . iviIXn N. MX\nN. . O202 _02021 1 " E \
sBu\lBu\t8u\Et\rEt\\ VAN~ /rN . Mn ~N--__ -MXn

~Nw-~Mn ~N-- Xn NN-- Xn O _ O _ply/ / [/ przpZ\ \ ~Ph\ ~l Ph /[ ~l
:Pg, t- | gh2h~\%§rk>]oxfh%)f'czrﬁ\§\ é{r%féﬂé?ff %N%o 2?< ca%n’ycoms, Mo gak-- - -Mn
trifluoromethyl, pentafluorophenyl and chlorophenyl.
The above hydrocarbon groups may also be replaced
with another hydrocarbon group, and examples of these
5 aryl-substituted alkyl groups include benzyl and cumyl.
Further, the above hydrocarbon groups may have
heterocyclic compound residual groups; oxygen-
containing groups, such as an alkoxy group, an aryloxy
group, an ester group, an ether group, an acyl group, a

10 carboxyl group, a carbonato group, a hydroxyl group, a
peroxy group and a carboxylic anhydride group;
nitrogen—containigg groups, such as an amino group, an
imino group, an amido group, an imido group, a
hydrazino group, a hydrazono group, a nitro group, a

16 nitroso group, a cyano group, an isocyano group, a
cyanato group, an amidino group, a diazo group and
ammonium salts derived from an amino group; boron-
containing groups, such as a boranediyl group, a
boranetriyl group and a diboranyl group; sulfur-

20 containing groups, such as a mercapto group, a
thicester group, a dithioester group, an alkylthio
group, an arylthio group, a thioacyl group, a thioether
group, a thiocyanato group, an isothiocyanato group, a

sulfonato ester group, a sulfonamido group, a



N . ~~N.._MN_.. NXn N\ N _. O20Li ~Mn .~li ozl [/ \ ~\\
/" o\ i , SM3SiEt~ SiPh2Me ~ ~ S, Ph3 15 May 2002 35 ,, . 2\ \ / Xn
Xn' MXKn 0202\V\\\/ 02> 02\V\\\\N~~N M-TRMay 20029 7 O
ZOOZO2\V\V\ ~\V\V AV AN/~~~ MNN-~_ M ~N" ~ N)On/
02/ 0Zj OZ\VN\V\N,.. ~~_  MO2O2hpPhBu\)\ t8u.. ,02/ ~/ ~|
N. MnN__Xn/ p~/ 0'-"/ Oz Ph\ t9u MO \ tBui PLO\ tBu 15
May 2002 36 \ \ \ \ I/ / ~ I/ Xn N'~ M&1~ - Xn ~~'" MXn N=" MXn 2 2 2 12
21/ 1/ ~\la~aaaal\\\ /1 /1 /N ~~t... M- Mn-~-.. Mn'
MXn 2/ z2z/ 22/ ~21 Bu~Bu\ Bu\l\ t8u \ tBu

thiocarboxyl group, a dithiocarboxyl group, a sulfo
group, a sulfonyl group, a sulfinyl group and a
sulfenyl group; phosphorus-containing groups, such as a
phosphido group, a phosphoryl group, a thiophosphoryl

5 group and a phosphato group; silicon-containing groups;
germanium-containing groups; or tin-containing groups.

Of the above groups, preferable are straight-

chain or branched alkyl groups of 1 to 30 carbon atoms,
preferably 1 to 20 carbon atoms, such as methyl, ethyl,

10 n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-
butyl, neopentyl and n-hexyl; aryl groups of 6 to 30
carbon atoms,-preferably 6 to 20 carbon atoms, such as
phenyl, naphthyl, biphenyl, terphenyl, phenanthryl and
anthranyl; and substituted aryl groups such as the

16 above aryl groups substituted with 1 to 5 substituents
such as halogen atoms, alkyl or alkoxy groups of 1 to
30 carbon atoms, preferably 1 to 20 carbon atoms, and
aryl or aryloxy groups of 6 to 30 carbon atoms,
preferably 6 to 20 carbon atoms.

20 Examples of the oxygen-containing groups,
nitrogen-containing groups, boron-containing group,
sulfur-containing groups and phosphorus-containing

groups include those previously described.



' v 1 v1 Vi \V/ Bt/ nPr/ iPr / n8u t8u ~' ~MXn ~ ~MXn N~MXn ~~~MXn N~MXn
oRkR/ ~z/ 62/ Oz~ O3\ i \\ 1|l t8utBu ~tBu tBu t8u Bu/ t8u ,,~. _
MXn / 2 t9u Ph "-... .MXn/ Z\ t8u i\ / Ph N'" MXn 2 tBu Xn t&May2088 |\
Ph / Ph " \MXn / OI2\ t8u |l N~Xn OtBui \ \ \ I / [/ [/ ~" MXn N~\MXn O
z/ / \ tBu\ tBu N~SXn O-' t8u OH Ph Ph N~~ O 'tBu 15 May 2042 37 ., ,~
CNCNF ™ FF3 O~3 ~-CNN'" MXn N.... M~22FF"."' Xn O12dx UU _ ~U~ $U
1G1

Examples of the heterocyclic compound residual
groups include residual groups derived from nitrogen-
containing compounds (e.g., pyrrole, pyridine,
pyrimidine, quinoline and triazine), oxygen-containing

$ compounds (e.g., furan and pyran) and sulfur-containing
compounds (e.g., thiophene), and these heterocyclic
compound residual groups substituted with substituents
such as alkyl or alkoxy groups of 1 to 30 carbon atoms,
preferably 1 to 20 carbon atoms.

10 Examples of the silicon-containing groups include
a silyl group, a siloxy group, a hydrocarbon-
substituted silyl group and a hydrocarbon-substituted
siloxy group. Particular examples of the hydrocarbon-
substituted silyl groups include methylsilyl,

16 dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl,
triethylsilyl, diphenylmethylsilyl, triphenylsilyl,
dimethylphenylsilyl, dimethyl-t-butylsilyl and
dimethyl (pentafluorophenyl)silyl. Of these, preferable
are methylsilyl, dimethylsilyl, trimethylsilyl,

20 ethylsilyl, diethylsilyl, triethylsilyl,
dimethylphenylsilyl and triphenylsilyl. Particularly
preferable are trimethylsilyl, triethylsilyl,

triphenylsilyl and dimethylphenylsilyl. Particular



Li N.. M~.._ WMtrt z/ 2'~ Xn0O2 ~Hu ~""'" tHutBu Cl t CC /
~"'"~MXn'" MXn O~ 2 12 $u "~ t$u Ove OVe OV \ Me OV OVE ~ /. Ove N-MXn

N. . M(n N I~~~ MKn ~l-_ . MXn,. Ol ~~) 02 f 0.12x15May2002, > ¢
/ T t$u ~" t8u ~\ tBu 1" ~at$u ~ wN\L NN" ~MXn N._._ Mn ~ ~ ~MXn
fN'._ MX\n0'" 0202\ $u ~ t8u ~"" Su~"t$u ~ 1/ ~N~""t"" MXKn 0 2
t8u N~ ~ MeO~-N-OM IN~ N~ ~NT~ Ni N_. " ~Mn N-. Mn ~ Xn ~~" ' Mn
MKn /| C?~2 0?2 0~z 020 _t t$u~t® "~tBu ~" ~t$u ~ ( t$u 15
May 2002 38\ ( ~~t 6u\ tBUNNV_ N"" ~H3 Xn ~Xn ~"' Mnh O~ 2 z fz
\' \ t8u SCaH SOzH COOH 0~~2 ~~~MXn ~N-... MXn ~~Xn ~MXn Oi, 0 ~ 1 ~, 2\

Bul\ I \ "tgu ~~tBu t8 a O~ ph2 \PPhZ 3PhZ SCN\ \ / ~/ ~ 1/ 1 i NN~MXn
i Nl ~MXn ~N-~MXn ~N~MXn O I, / Oi, O, O2r~\ ~I '\ ~\ ~V 'tgu tBu tBu
1o examples of the hydrocarbon-substituted siloxy groups
include trimethylsiloxy.
Examples of the germanium-containing groups and
the tin-containing groups include groups wherein
5 silicon is replaced with germanium or tin in the above-
mentioned silicon-containing groups.
The above examples of the groups indicated by Rl
to R® are more specifically described below.
Of the oxygen-containing groups, examples of the
10 alkoxy groups include methoxy, ethoxy, n-propoxy,
isopropoxy, n-butoxy, isobutoxy and tert-butoxy;
preferrea examples of the aryloxy groups include
phenoxy, 2,6-dimethylphenoxy and 2,4, 6-
trimethylphenoxy; preferred examples of the acyl groups
16 include formyl, acetyl, benzoyl, p-chlorobenzoyl and p-
methoxybenzoyl; and preferred examples of the ester
groups include acetyloxy, benzoyloxy, methoxycarbonyl,
phenoxycarbonyl and p-chlorophenoxycarbonyl.
Of the nitrogen-containing groups, examples of
20 the amido groups include acetamido, N-methylacetamido
and N-methylbenzamido; preferred examples of the amino
groups include dimethylamino, ethylmethylamino and
diphenylamino; preferred examples of the imido groups

include acetimido and benzimido; and preferred examples



CF3/ \\ 1/ I/ N~Mn M{n N.._ ' ~ MK~ p | Z~N-MXn ~ ~N_._. MXn O ..

12 0z / Ob ~ _\ tgu\ tgu\ 1Bu\ Ph\ 15 May 2002 NOz \ ~ \ NO2 N.. .
M-~y. . M 02 0~2i Bu~tHu O-CEt '~~'"~MXn O~ Z te~ SCN 15Mayp2909® 2

tBu | N~MXn OQ'1! 2 PhO \ tBu 39 t7Ph Xn N.... MXn O 'Z t6u Bu ~Ph O-NM e2
N-MXn ,N ~MXn /'i 2 /' ~ ~ t9u ~ tHu MeZIM\ /NMeZ P ~ ~f | N~MXn i~\~-MXn

O~2/ O? Bu MO I~ t8u I Pf - ~MXn O ~% ph Ph CN ~~MXn O ~Z v "t6u ~N
~MXn O 2 MeO t9u 15 May 2002 2

of the imino groups include methylimino, ethylimino,
propylimino, butylimino and phenylimino.

Of the sulfur containing groups, examples of the
alkylthio groups include methylthio and ethylthio;

5 preferred examples of the arylthio groups include
phenylthio, methylphenylthio and naphthylthio;
preferred examples of the thioester groups include
acetylthio, benzoylthio, methylthiocarbonyl and
phenylthiocarbonyl; preferred examples of sulfonato

10 ester groups include methylsulfonato, ethylsulfonato
and phenylsulfonato; and preferred examples of the
sulfénamido groups include phenylsulfonamido, N-
methylsulfonamido and N-methyl-p-toluenesulfonamido.

R® is preferably a substituent other than

16 hydrogen. Namely, R® is preferably a halogen atom, a
hydrocarbon group, a heterocyclic compound residual
group, an oxygen-containing group, a boron-containing
group, a sulfur-containing group, a silicon-containing
group, a germanium-containing group, or a tin-

20 containing group. Particularly R® is preferably a
halogen atom, a hydrocarbon group, a heterocyclic
compound residual group, a hydrocarbon-substituted
silyl group, a hydrocarbon-substituted siloxy group, an

alkoxy group, an alkylthio group, an aryloxy group, an



-~ \ N~ MKn N. . ~O-0Ca/ Pr N.__ ~N~/ O3/ O3 1tl3u\ tI3u N~MXn
/ OSiPh2Me 40 \i \ Bu (/11 ~1 /T N. .MnN...XnNO~30s/ J\
tBU\ Ph t8u CF3 N -" MXn tBu NC\ N~MXn 1 ~' ~MXn / O3 i3 té%MthZQ”/ ~
~/ N. . MN__. MN__OOO\)\\tBuMOW ! N--. ~Ph/ 7 O, Ph
Ph N ND(nJOZNPh/ NO3\C30Ow\\// N...~~ph' N_. yXn/ O
\PhPh\\Pr ~/ ~NN__.~~N._ _ ~~N-~n0OO0O1tSuSiPtt3 \ téu
15 May 2002 25

arylthio group, an acyl group, an ester group, a
thiocester group, an amido group, an amino group, an
imido group, an imino group, a sulfonic acid ester
group, a sulfonamido group, a cyano group, a nitro

S group, or a hydroxyl group and further preferably a
halogen atom, a hydrocarbon group, or a hydrocarbon-
substituted silyl group.

Preferable examples of the hydrocarbon groups for

R® include straight-chain or branched alkyl groups of

10 -1-30 carbon atoms, preferably 1-20 carbon atoms, such
as methyl, ethyl, n-propyl, isopropyl, n-butyl,
igobutyl, sec-butyl, tert-butyl, neopentyl, or n-hexyl;
cyclic saturated hydrocarbon groups of 3-30 carbon
atoms, preferably 3-20 carbon atoms, such as

16 cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, or
adamantyl; aryl groups of 6-30 carbon atoms, preferably
6-20 carbon atoms, such as phenyl, benzyl, naphthyl,
biphenyl, or triphenyl. Aforementioned substituted
groups may be further substituted with substituent,

20 such as alkyl groups or alkoxy groups of 1-30 carbon
atoms, preferably 1-20 carbon atoms, halogenated alkyl
groups of 1-30 carbon atoms, preferably 1-20 carbon

atoms, aryl groups or aryloxy groups of 6-30 carbon



41 ~MXn o' Jz ~02\ olz 1/ tai ° /| ~a~c~i CGeH~ _z ~-NMn | / tsu
i ~~MXn\ 021 / te~i CBNt ~ ~eHt s i I~-MXn ~MNn T ~\ Ttsu/ %ﬂl ~eN
~a ~N~-MXn O 2 MeO * / i8u ~6~1~ ~N~MXn \ 4 s iPrO | / t8u N-15 May2002,,
HMNn 21 ~tsui CeH ~~MXn \ O1 z OINI / t~u ~N~-MXn O s tsu ~BHt 3
~N~ Olz | / teu ~sHt~ MXn \ 2 Ph iCeHt~ i~MXn Gs NC, ~ tBu 15 May
2002 42 I n the above exanples, Me denotes nethyl, Et denotes ethyl, iPr

denotes i-propyl, tBu denotes tert buty?? and Ph denotes phenyl.
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atoms, preferably 6-20 carbon atoms, halogen, a cyano
group, a nitro group, or a hydroxyl group.
Preferable examples of the hydrocarbon-

substituted silyl groups for R® include, methylsilyl,

dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl,

triethylsilyl, diphenylmethylsilyl, triphenylsilyl,
dimethylphenylsilyl, dimethyl-t-butylsilyl,
dimethyl (pentafluorophenyl)silyl. Particularly
preferable are trimethylsilyl, triethylphenyl,
diphenylmethylsilyl, isophenylsilyl,
dimethylphenylsilyl, dimethyl-t-butylsilyl,

dimethyl (pentafluorophenyl)silyl.

In the present invention, preferable examples of

R® is selected from the group consisting of

branched alkyl groups of 3-30 carbon atoms,
preferably 3-20 carbon atoms, such as isopropyl,
isobutyl, sec-butyl, tert-butyl, and neopentyl;

groups in which hydrogen atoms of the
aforementioned branched alkyl groups are substituted
with aryl group of 6-30 carbon atoms, preferably 6-20
carbon atoms, such as cumyl;

cyclic saturated hydrocarbon groups of 3-30

carbon atoms, preferably 3-20 carbon atoms, such as



Exanpl es of transition netal conpounds (B) 5 represented by the formula
(I'l) include transition nmetal conpounds represented by the follown
formula (I1-a); R ~~R 7RBRIVNRRa _ O~ M ORs RS R6 5Mays2002
(I'l-a) 10 wherein Mis a transition netal atom selected fromGoup 3 to
G oup 11 of the periodic table; RL to RlL may be the sane as or different
from 15 each other, and is a hydrogen atom a hal ogen atom a hydrocarbon
group, a heterocyclic conpound residual 2dr oup, an oxygen-cont ai ni ng group,
a nitrogencontaining group, a boron-containing group, a sulfurcontaining
group, a phosphorus-containing group, a 20 silicon-containing group, a
ger mani um contai ning group or a tin-containing group, and two or nore of

t hem may 15 May 2002 43 be bonded to each other to forma ring; nis a
nunber satisfying a valence of M X is a hydrogen atom a hal ogen atom a

hydrocar bon gf Pfpan @ OXKEENs SR @ N A BRI 1,2 & SWddHERONtRINI Ny group,

a nitrogen-contal ning group, a boron-contal ni'ng group, an
al um num cont .éﬂéﬁb£§fup’ a phosphorus-cont ai ni ng group, a
hal ogen-cont aini'ng group, a heterocyclic conpound residual group, a silicon

cont ai ni ng group, r i cantaigy r Qu r i n-e¢qnt ai_ni\ng
group, when n is Z%O&Lg%‘g{g, Oi)ﬁ]-%rjg Q’%rrg)l?g’s%rt%&sgsé%teeg}g%a% ?a%obe t he
sanme as or different_ from each ot her nd plural .graoups represented by X
may be bonded 3 BhA Bhet! (i'b afsorp%éa{lyrqi’nd%@tﬁ%yld %ﬁreeﬁ{g’lbondi ng group
containing at_|east 15 one atom selected fromthe group of oxygen, sulfur,
car bon, nstr éﬁrﬁﬂgiﬂﬂﬁﬂQnﬁh%ﬂqq§ﬂﬁ¥l’sé1 ium tin and boron. In the

eneral formula (lIl-a), at | east one of .
g\ ( herocarbon substitute5551lyl group.

Two or more groups of Rl to Rf, preferably
adjacent groups, may be bonded to each other to form an
aliphatic ring, an aromatic ring or a hydrocarbon ring

10 containing a hetero atom such as a nitrogen atom and
each of these rings may further contain a substituent.

When m is 2 or greater, two of R' to R® groups
may be bonded. And further when m is 2 or greater, Rls,
R?s, R3s, R%s, R%s, or R®s may be the same as or

16 different from each other.

n is a number satisfying a valence of M, e.g. O
to 5, preferably 1 to 4, particularly preferably 1 to 3,
and

X is a hydrogen atom, a halogen atom, a

20 hydrocarbon group, an oxygen-containing group, a
sulfur-containing group, a nitrogen-containing group, a
boron—coﬁtaining group, an aluminum-containing group, a
phosphorus-containing group, a halogen-containing group,

a heterocyclic compound residual group, a silicon-



and R1, particularly both of them is preferably a 20 hal ogen atom a

hydr ocar bon group, a heterocyclic conpound residual group, an
oxygen-contai ni ng group, a nitrogen-containing group, a boron18May2082ng
group, a sulfur-containing group, a phosphorus-containing group, a
silicon-containing group, a gernani um containing 15 May 2002 44 group or
a tin-containing group. In the fornmula.(ll-a), M Rl to Rl~ and X are the
same as those of M Rl to R6 and X in tI28 conmpound represented by the
formula (11). 5 X is preferably hal ogen atom hydrocarbon group of 1-20
carbon atons or sulfonate group. Wwen n is 2 or greater, ring forned by
bonding two or nore of X nay be aromatic ring or aliphatic ring. Y is, as
descri bed above, a dival ent bonding 10 group containing at |east one atom
selected fromthe group of oxygen, sulfur, carbon, nitrogen, phosphorus,

silicon, SelQ@é&@&iﬁiﬂgagﬂoﬁﬂf9§-g£¥ﬁﬁh£ﬁmléﬁﬁ%%fﬁﬁﬁﬁ ot ng%kpreferably

has a structure whereinh the nain tThain is constituted © or nor e

at onrs, prefer@myc(ﬁn{é)igpn t‘g{?‘%%’gg#a%@ﬁw pge{egpb(%lyaﬁait o) ])ps atonms. The

bondi ng group may havesa sub npl es of a di ht ‘bondi ng group

Y include grQHﬁi gﬁﬂéﬁgrg chal sogen, - atonms such as -0-, -S and 20 - Se-;
phosphor

ni trogen- or | us-contarni ng groups, such as -NH, -N(CH3)-, -PH and
PO oL Eon ST A A 2 A A i (0 2
at om cont gi nikgllgonglrrg)éjpasdd such. as - BH-, 15 May 2002
! Examples of the hydrocarbon groups include the
same groups as previously described with respect to R!
to R®. Specifically, there can be mentioned
alkyl groups, such as methyl, ethyl, propyl,'
10 butyl, hexyl, octyl, nonyl, dodecyl and eicosyl;
cycloalkyl groups of 3 to 30 carbon atoms, such
as cyclopentyl, cyclohexyl, norbornyl and adamantyl;
alkenyl groups, such as vinyl, propenyl and
cyclohexenyl;
15 arylalkyl groups, such as benzyl, phenylethyl and
phenylpropyl; and
aryl groups, such as phenyl, tolyl,
dimethylphenyl, trimethylphenyl, ethylphenyl,
propylphenyl, biphenyl, naphthyl, methylnaphthyl,
20 anthryl and phenanthryl, but not limited thereto. The
hydrocarbon groups may also include halogenated
hydrocérbon groups, specifically, those of 1 to 30

carbon atoms in which at least one hydrogen is replaced

with halogen.



45 B(CH3)- and -BF-. Hydrocarbon-contai ning groups are not |imted,

however, exanples of the groups are saturated hydrocarbon groups of -
carbon atons, such as - (CHz) 4-, - (CH2) 5-, - (CH2) 6-: cycﬁpUa)ﬁaPQﬁated
5 hydrocarbon groups, such as a cyclohexylidene group and a cycl ohexyl ene
group; groups in which a part of the above saturated hydrocarbon group is
substituted by a hydrocarbon of 1-10 carbon atons, hal ogen such as
fluorine, chlorine and bronine and a he8ro atom such 10 as oxygen, sul fur,
ni trogen, phosphorus, silicon, selenium tin and boron; residual groups of
cyclic hydrocarbons of 6-20 carbon atons, such as benzene, napht hal ene and
ant hracene; and residual groups of cyclic conpounds having 3 to 20 carbon
atons and 15 containing hetero atons, such as pyridine, quinoline,

t hi ophene and furan. Exanples of the transition metal conpounds represented

by the above fornul@s (iledd, leeﬂéﬂmé)eJMhmd&tbd ﬁoe?)t%erqw- 20
15 May 2002 46 n w pn. n Ph %% n Pty /\ Iﬁ\ ﬂ J\/
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Examples of the heterocyclic compound residual
groups include the same groups as previously described
5 with respect to R! to RS.
Examples of the oxygen-containing groups include
the same groups as previously described with respect to
Rl to R®. Specifically, there can be mentioned a
hydroxyl group; alkoxy groups, such as methoxy, ethoxy,

10 propoxy and butoxy; aryloxy groups, such as phenoxy,
methylphenoxy, dimethylphenoxy and naphthoxy;
arylalkoxy groups, such as phenylmethoxy and
phenylethoxy; an acetoxy group; and a carbonyl group,
but not limited thereto.

15 Examples of the sulfur-containing groups include
the same groups as previously described with respect to
R! to Ré. Specifically, there can be mentioned
sulfonato groups, such as methylsulfonato,
trifluoromethanesulfonato, phenylsulfonato,

20 Dbenzylsulfonato, p-toluenesulfonato,
trimethylbenzenesulfonato, triisobutylbenzenesulfonato,
p—chibrobenzenesulfonato and
pentafluorobenzenesulfonato; sulfinato groups, such as

methylsulfinato, phenylsulfinato, benzylsulfinato, p-
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toluenesulfinato, trimethylbenzenesulfinato and
pentafluorobenzenesulfinato; alkylthio groups; and
arylthio groups, but not limited thereto.
Examples of the nitrogen-containing groups
5 include the same groups as previously described with
respect to R! to R®. Specifically, there can be
mentioned an amino group; alkylamino groups, such as
methylamino, dimethylamino, diethylamino, dipropylamino,
dibutylamino and dicyclohexylamino; and arylamino or
10 alkylarylamino groups, such as phenylamino,
diphenylamino, ditolylamino, dinaphthylamino_and
methylphenylamino, but not limited thereto.
Examples of the boron-containing groups include
BRy (R is hydrogen, an alkyl group, an aryl group which
15 may have a substituent, a halogen atom or the like).
Examples of the phosphorus-containing groups
include trialkylphosphine groups, such as
trimethylphosphine, tributylphosphine and
tricyclohexylphosphine; triarylphosphine groups, such
20 as triphenylphosphine and tritolylphosphine; phosphite
groups (phosphido groups), such as methylphosphite,
eéhylphosphite and phenylphosphite; a phosphonic acid
group; and a phosphinic acid group, but not limited

thereto.



15 May 2002 48 In the above exanples, M denotes nethyl and Ph denotes
phenyl. 5 According to the present invention, transition nmetal conpounds
wherein a titaniummetal is replaced by a netal other than ti#@aMay2002uch
as zirconiumor hafnium can be used instead of the above conpounds. 10
(B-1) Organonetal lic conpound Exanpl es of the organonetal lic conpounds
(B-1) which are used in the invention include organonetallic conpounds
containing netals of Goup 1, Goup 2, @loup 12 and Group 13 of the

peri odic table, such as those 15 described bel ow. (B-la) Organoal um num
conmpound represented by the followng fornula: RamAl ( ORb ) nHpXq 20
wherein Ra and Rb may be the sanme or different and are each a hydrocarbon
group of 1 to 15 carbon atons, preferably 1 to 9 carbon atons; X is a

hal ogen at om 15 May 2002 49 and m n, p and q are nunbers satisfying the

conditions of O<m~ Q]?f + B kyl
conpl ex conpound cgErr)}%aﬁT F%Sé cgrreﬁ?al Cg?i'oup rﬂ@*a{‘ﬁfrﬁrﬁ;e er| od| crpc% “ﬁé} %" and
ER R T e S S S e
pr ef er abl y 1 ound containing a rret al

of Group 2 eto%ﬁzog\@e%? 5%£f%ﬁ|‘)ch?’é%:l‘é%ént&e Sifortéd

hydrocarbon-substituted silyl groups, such as

5 phenylsilyl, diphenylsilyl, trimethylsilyl,
triethylsilyl, tripropylsilyl, tricyclohexylsilyl,
triphenylsilyl, methyldiphenylsilyl, tritolylsilyl and
trinaphthylsilyl; hydrocarbon-substituted silyl ether
groups, such as trimethylsilyl ether; silicon-

10 substituted alkyl groups, such as trimethylsilylmethyl;
and silicon-substituted aryl groups, suchﬂas
trimethylsilylphenyl.

Examples of the germanium-containing groups
include the same groups as previously described with

15 respect to R! to R®. Specifically, there can be
mentioned groups wherein silicon is replaced with
germanium in the aforesaid silicon-containing groups.

Examples of the tin-containing groups include the
same groups as previously described with respect to R!

20 to R®. Specifically, there can be mentioned groups
wherein silicon is replaced with tin in the aforesaid
silicon-containing groups.

Examples of the halogen-containing groups include

fluorine-containing groups, such as PFg and BFy;



represented by the followng fornmula: 15 RaRbMB wherein Ra and Rb nmay be
the sanme or different and are each a hydrocarbon group of 1 to 15 carbon
atons, 20 preferably 1 to 4 carbon atons; and M3 is My, Zn or1w.ayé>933rpl es
of the organoal um num conpounds (B-1a) include: an organoal um num conpound
represented by the follow ng fornula: 15 May 2002 50 RamAl (ORb) 3-m
wherein Ra and Rb may be the sane or different and are 5 each a hydrocarbon
group of 1 to 15 carbon atons, preferabl®f 1 to 4 carbon atons, and mis
preferably a nunmber satisfying the condition of 1.5m ~3; an organoal um num
conpound represented by the followng formula: 10 RamAl X3_n, wherein Ra is
a hydrocarbon group of 1 to 15 carbon atons, preferably 1 to 4 carbon
atons, X is a halogen 15 atom and mis preferably a nunber satisfying the
condition of 0<nx3; an organoal um num conpound represented by the foll ow ng
formul a: 20 Ran¥btBnerodretaimimia gsowpdydswckardorCiPoumdfSbCltse adBdcar bon
atons, preferably 1 to 4 carbon atons, and mis preferably a nunber
satisfying theodDneh¢dota DiiZs-gromgds, sddh My BOQ2 bk not limited
to thereto.
Examples of the aluminum-containing groups
$ include AlRy (R is hydrogen, an alkyl group, an aryl
group which may have a substituent, a halogen atom or
the like), but not limited thereto.
When n is 2 or greater, plural groups represented
by X may be the same as or different from each other,
10 and plural groups represented by X may be bonded to
each other to form a ring.
Below, examples of transition metal compounds
represented by the formula (II) are given, but not
limited thereto.
15 In the following examples, M is a transition
metal atom and each represents Sc(III), Ti(III), Ti(IV),
Zr(II1), Zr(IV), HEf(IV), V(IV), Nb(V), Ta(V), Co(II),
Co(III), Rh(II), Rh(III), or Rh(IV), but not limited
thereto. Of these, preferable are Ti(IV), Zr(IV),
20 Hf(IV), particularly preferable is Ti(IV).
X is for example halogen such as Cl or Br, or an
alkyl group such as methyl, but not limited thereto.

When plural X are present, they may be the same as or

different from each other.



and an organoal um num conpound represented by the followng fornula: 5
Ra,~, Al ( ORb ) nXQ wherein Ra and Rb may be the sane or different and are
each a hydrocarbon group of 1 to 15 carbon atoms, preferably 15May20902r bon
atonms, X is a halogen atom 10 and m n and q.are nunbers satisfying the
conditions of 0<m3, O-n<3, 0O-q<3 and mrn+q = 3. Particul ar exanples of the
or ganoal um num conpounds (B-la) include:_tri-n-al kylalum nuns, such as
trimethylal um num 15 triethylal um num QQi-n-butyIaluninum
tripropylalum num tripentylalum num trihexylalumnum trioctylal um num
and tridecyl al um num branched-chain trial kyl al um nuns, such as
triisopropylalumnum triisobutylalumnum tri-sec 20 butylal um num
tri-tert-butylalum num tri-2 nethylbutylal um num

tri-3-methyl butylalum num tri-2methyl pentylal um num

tri-3-methyl pentyl ahufsidédiied rbg-aevhyément yf at e mettal M. For
tri-2-nmethyl hexylalum num tri 3-net hyl hexyl al um num and

tri-2-ethyl hexybahugl nURen tdé MNo2RDEnS2até i ByRIOA! Ky BhalmhdwE, such as
tricycl ohexyl al um num and tricycl ooctyl al um num triarylalum nuns, such as

triphenyl al uni Qupeafgdntpdt @byt fbHEE NN & o abkyd abpm ngfR owalid des, such as

di i sobutyl al um num hydride; trial kenyl alum nuns, e.g., those represented by

the formul a (&é%@)%&yﬁcﬁlﬁ' eage(&beéeépi%?wn@nge@aﬁ,rerlleﬁciﬂ fn Posi tive

nunber, and z>-_2xj, such as 10 triisoprenyl.alumnum’ al kyl al um num

al koxi des,z su S _ksob 1 oxj de, isoputyl i et hoxi de

and isobuﬁ&la§€%§n3%1?sg%?%%%ay%ﬂ?qg$§%tyl%ﬁ%n?nun1a% og%%%ggyg%ch as
pentavalent metal. More specifically, there can be

mentioned n = 2 in case of Ti(IV), n = 2 in case of

Zr(IV), and n = 2 in case of Hf(IV).



15 di net hyl al um num net hoxi de, di et hyl al um num et hoxi de and di butyl al um num
but oxi de; al kyl al um num sesqui al koxi des, such as et hyl al um num

sesqui et hoxi de and butyl al umi num sesqui but oxi de; 20 partial | y i Mayxgoez ed

al kyl al um nuns, such as those having an average conposition represented by
Ra2. 5A1 (ORb) 0.5% _ dial kyl al um num ar Yoxi des, such as di et hyl al uni num
phenoxi de, diethylal um nun(2, 6-di -t 15 May 2002 53

but yl - 4- met hyl phenoxi de), ethyl al um nunbis(2,f-di-t

but yl - 4- et hyl phenoxi de), diisobutylal um um 2, 6-di-t

but yl - 4- et hyl phenoxi de) and i sobutyl al um nunbi s(2, 6
di-t-butyl-9-nethy|phenoxide) 5 di al kyl al um num hal i des, such as

di et hyl al um num chl de, al um num chl ori de, di butyl al um num
n1bro and dif utyIaI um chl off Os;
des, as 10 I al um sesqui c i de,

chloride, diethylald(
orlde and thyIaIu num sesq bronlde partially

al kyl al um num sesqui*
but yl al um num sesqui c
hal ogenat ed al kyl al wy

NG

5 such P
2prop,_a i nu _ gﬁtyl umipdtth 15

di brom de; di al kyl@l bpf hum h , & nu dQlde and
di butyl al um num h fle; par |y hyd | al um n ,
al kyl al um num di hyd , such~as>et hy ride

propyl al um num di hydri de; and partially alkoxylated and halogenafed
al kyl al um nuns, such as ethyl al um num et hoxychl ori de, butyl al um num
but oxychl ori de and et hyl al um num



et hoxybr om de. 15 May 2002 54 Al so enpl oyabl e are conpounds anal ogous to
t he organoal um num conpound (B-1a). For exanple, there can be nentioned

or ganoal um num conpounds wherein two or nore al umi num conpountfMay2002
conbi ned through a nitrogen 5 atom such as (C2H5) 2A1N (C2H5) Al (C2H5) 2
Exanpl es of the conpounds (B-1b) include LiAl (C2H5) 4 and Li Al (C7H15) ¢
O her conpounds, al so enpl oyabl e as thgzorganonetal lic conpounds (B-1)
include nmethyllithium 10 ethyl.lithiun propyllithium butyilithium

met hyl magnesi um br om de, net hyl magnesi um chl ori de, et hyl magnesi um brom de,
et hyl magnesi um chl ori de, propyl magnesi um brom de, propyl magnesi um chl ori de,
but yl magnesi um brom de, butyl magnesi um chl ori de, 15 di nmet hyl magnesi um

di et hyl magnesi um dibutylnagnesiun1and but yl et hyl magnesi um Conbi nati ons of

conpounds capabl e of produc the above ment i oned or ganoal um num conpounds
in the polynerlzat syste |nat| f 20 ha enat ed
al um num and aIkyI i um an CO”blu on of genateo m num and
al kyl magnesi um arejal so enp bIe he org netall|c qonmpounds (B-1),
or
e hpound The

n the i nvention

t he organoal um nu nd RN O
organonetal lic co (B— ‘ e
conbi nati on of t ,’ JF
or ganoal um num o onpoun -2) i

may be conventio al umAfoxahe or a e-nzene-i pal um num oxy

PhBu tBu ph tBu MeQ” > “tBu jPrO tBu



conpound such as exenplified in Japanese Patent Laid 10 Open Publication

No: 78687/1990. The conventi onal
exanpl e, the foll ow ng processes,
hydr ocar bon sol vent sol ution.

trial kylalum numis added to a hydrocar

al um noxane can be prepared @y for
and is generally obtained a Ma
(1) An org@noalunlnunlconpound such as 15

y 2002

on nmedi um suspensi on of a conpound

contai ning adsorption water or a salt containing water of crystallization,

magnesi um chl ori de hydrat e,
ni ckel

e.g.,
hydr at e,

copper sulfate hydrate,
sul fate hydrate or 20 cerous chloride hydrate,

al um num sul fate
to allow the

or ganoal um num conpound to react wth the adsorption water or the water of

crystallization. (2) Water,
on an organoal um nu S
a medi um such-as benj

medi um such as decang
smal | anpunt of an o
t he solvent or the
fromthe recovered

in a solvent or suspended in a poor soIvent for alunlnoxane

ice or water vapor

is allowed tojdirectly act

ky| al um num i n
an. (3) Ari
s allowed to
jn a
tain a
i bl e t hat
stilled off
Ny edi ssol ved
Exanpl es of

t he organoal um num conpounds used for preparing the alum noxane include the
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in conbination of two or nore kinds. Exanples of the solvents used for
preparing the alum noxane include aromatic hydrocarbons, such as benzene,

t ol uene, xylene, cunene and cynene; aliphatic 15 May 2002 57

hydr ocar bons, such as pentane, - hexane, heptane?7octane, decane, dodeﬂbmgyzoo
hexadecane and oct adecane; alicyclic hydrocarbons, such as cycl opent ane,
cycl ohexane, cycl ooctane and net hyl cycl opent ane; petroleumfractions, 5
such as gasol i ne, kerosine and gas oil; and hal ogenated products of these
aromatic, aliphatic and alicyclic hydrocarbons (e. g., chlorinated or

brom nated products therji;;tQAlso enpl oyabl e are ethers such as et hyl
d I

et her and tetrahydrofura t he Zf;?ﬁﬁ@&, 10cparticularly- preferable are
aromati ¢ hydrocarbons-an Rat i rocar bogs.

or ganoal um num oxy- conpoupd™for use Tn the irventi

or ganoal uni num oxy- conpofind §¥ft ai ninad,_an vifch 7S~ NgOR

in benzene at 60 C, in_aR_aDwunt of us y

not nore than 5 % par ; ol eDabl y
Al atom That is, the Derfzgpe-i
preferably insoluble or 20 s%arina 5
oxy-conpound for use in the invention Is,

oxy conpound cont ai ni ng boron and represent ‘
(reny: 15 May 2002 58 R~s \ | Al - O- B- O---

is a hydrocarbon grou 1 to 10 carbon
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5 atons; and each R18 may be the same or different and is a hydrogen atom
a hal ogen atom or a hydrocarbon group of 1 to 10 carbon atons. The

or ganoal um num oxy conpound cont ai ni ng boron and represented HyMay2008r mul a
(I'1'1) can be prepared by 10 allowi ng an al kyl boronic acid represented by
the followwng formula (1V): Rl~_g_ (OH) 2 (I1V) 15 wherein Rl~ is the sane
group as described above, to react wi tB8an organoal um num conpound in an
inert solvent at a tenperature of -80 Cto roomtenperature for 1 mnute to
29 hours under an inert gas atnosphere. Exanples of the al kyl boronic acids
represented by 20 the fornmula (1V) include nethyl boronic acid, ethylboronic
acid, isopropyl boronic acid, n 15 May 2002 59 propyl boronic acid,

n- but yl boroni ¢ aci d, isobutyl boronic acid, n-hexyl boronic acid,

cycl ohexyl boroni c _acid, phenyl horogic acid, 3,5 difluoroboronic acid,

pent af | uor ophen roni c aci o@‘ 513, 5- bi B« Bmet hyl ) phenyl bor oni c
acid. O these, erabl e are syl bor oni c idj n-butyl bor&sie acid,

i sobutyl boroni c agid, 3,5-difl fsrophenyl boronicyacid and

pent af | uor opheny/Donemnc aci ¢ ?%%?@ al kyl bor opineyggi ds are
in 10 conbinatign Awo or i nds. Exanpl gs he org
conpounds to b acted wt e

or ganoal um nu ounds as

e al kyl boroni ¢
vi ously descri
or ganoal um num conpound (B-la). 15 O these, '
trial kylalum nuns and tricycl oal kyl al um nuns. Particularly preferable are
trimethylal umnum triethylal um num and

S03H SOuH COOH OPO4H3
N
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triisobutylal um num These organoal um num conpounds are used singly or in
conbi nation of two or nore kinds. 20 The organoal um num oxy- conBIunds (B-2)
menti oned above are used singly or in conbination of two or

15 May 2002 60 (B-3) Conpound which reacts with the transition netal
conpound to formion pair Exanples of the conpound (B-3) which reacts with
a transition netal conmpound (A) to forman ion pair 5 (referred to as
"ionizing ionic conpound” hereinafter), 38hat is used in the invention,

i nclude Lewis acids, an ionic conpounds, borane conpounds and carborane
conpounds described in Japanese Patent Laid-tjpen Publications No.
501950/1989, No. 502036/1989, No. 10 179005/1991, No. 179006/ 1991, No.
207703/ 1991 and No. 207704/1991, and U.S. Patent No. 5,321,106. A
het er opol y conpound and an isopoly conpound nay al so be enpl oyed. The Lew s
acids are, for exa conpounds 15 represented by BR3 (Ris fluorine or a
phenyl group which have subsgﬁiuent such as fluorine, nethyl or

trifluoronethyl). | es r Gnpoun clude trifluoroboron,
quoro- I)boron (3, 5- d|fluonmphenyl)boron
Iphenyl)bor n, tri entlaf | uor ophenyl )
a\ Ip gﬂ@l)boron

triphenyl boron, tri
F ﬁgﬁ t ol xan and n5 di net

20 tris(4-fluoronet
tris(p-tolyl)boron,

ar for eika conpound epresen 2t he
Q72 15

The ionic conpound
foll owi ng formnul
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RRt Rt g~Rp- B8 R2R231In the above forrmula, R19 is H+, carbonium
cation, 5 oxonium cation, amonium cation, phosphoni um cati on,

cycl oheptyltrienyl cation, ferrocenium cation having a transi 15 8ay002|
or~the like. R2~ to R23 may be the sane or different and are each an
organi c group, preferably an aryl group or a 10 substituted aryl group.
Exanpl es of the carboniumcations include tri substituted carbonium
cations, such as triphenyl carboni um catidéh, tri (nethyl phenyl)carbonium
cation and tri (di met hyl phenyl)carboniumcation. 15 Exanples of the ammoni um
cations include trial kyl anmoni um cati ons, such as trinethyl anmoni um cati on,
triethyl amoni um cation, tripropylanmoni um cation, tributylammoni um cation
and tri(n butyl)ammonium cation; N, N-dialkylaniliniumcations, 20 such as
N,N—dinethylaniliniunlcation, N, N di ethylaniliniumcation and N,N-2,4,6

15 May 2002 62 penta | a-n §i um cati oR,_ and di yl anmoni um cat i ons,
such as di (i sopropyl) ni u ion and hicycloheﬁ‘iﬁ DNi UM i on.
Exanpl es of the phosphdai um catjons ingl triar osphon' cati ons,

such as triphenyl phosp Mxncu'L.gumtri( I yIpheny osp oni um cation
] [ [ RYs p e DYk M

-ferao ph enyl cgrboni um

cation or anmoni um , , [
Iini‘ tion or dleth |n|u n. Al so

cation, N, N-dinethy

enpl oyabl e as the i
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trial kyl-substituted ammonium salt, a N,N 15 dialkylaniliniumsalt, a

di al kyl ammonium salt or a triaryl phosphonium salt. Exanples of the

trial kyl -substituted ammoni um salts include 15 May 2002
triethyl amoni unt etra( phenyl ) boron, tripropyl ammoni untetra(phenyl)boron, 20
tri(n-butyl)ammoni untetra(phenyl)boron

trimet hyl ammoni untetra(p-tolyl)boron, trinmethylammoniunmetra(o-tolyl)boron
tri(n-butyl)anmoni untetra(pentaf | uor ophddyl ) bor on,

tri propyl anmoni unt et r a( o, p- di et hyl phenyl ) bor on, 15 May 2002 63 tri
(n-butyl) ammoniuntetra (m m di met hyl phenyl)boron, tri (n-butyl)

ammoni untetra (p trifluoronethyl phenyl)boron, tri(n 5

butyl ) anmoni untetra(3,5-ditrifluoronethyl phenyl)boron and
tri(n-butyl)ammniuntetra(o-tolyl)boron. Exanples of the

N, N-di al kyl ani I i nium salts include N, N-dingthylaniliniuntetra(phenyl)boron,
N, N 10 dlethylanlllnluntetra(phe | ) boron \and N, N-2 4, 6

pent anet hyl ani | i ni unm e ra(phenyl or on. nples of /t he dialk anmoni um
salts include di(1- pr ﬁ%ga(p | uoro )bor and

di cycl ohexyl ammoni u (phen T ron. her eﬁSL abl g"ayMxhe i onic
conpounds are triph ca beng %akl Atzaf | yorgehinyl ) blar

N, N- di et hyl ani | i ni akls flu enyl)u
ferrocenluntetra(pentafluorophenyl‘borate

tri phenyl car beni unpent aphenyl cycl opent adi enyl conplex, 20

N, N- di et hyl ani | i ni unpent aphenyl cycl opent adi enyl conpl ex and a boron
conpound represented by the formula (VI): 15 May 2002 64

?CwH:n
N_
/.\KM“" MXn MXn \XM*‘
N é( (SL
tBu tBu
?CGH", nCqtys nCgHia CgHyy
AN MXn /h*BMXn K}){wm ,ﬁum
o 2 2
=
By tBu Ph Ph Ph
nCGHlJ nC6H13 nCﬂH13 ﬂCﬂH];;

N..

N7 Mxn N Mxn AN Mxn AN Mxn
MeQ tBu iPro Bu O,N tBu NG t8u



CF3 H (0O Etz )Z g a Q-w(VI) CF3 a wherein Et is an ethyl group, or the
formula (VII): CF3 Na ~---~ -- . (VI 1) CF3 45 Exanples of the borane
conpounds include: decaborane(14); salts of anions, such as bi&Mayi208210
but yl ) anmoni unj nonaborate, bis[tri(n butyl)anmoni um decaborate, bis[tri(n
but yl ) anmoni um undecaborate, bis[tri(n butyl)amoni um dodecabor at e,
bis[tri(n butyl)amoni unj decachl or odecahgrate and bis[tri(n 15

but yl ) anmoni um dodecachl or ododecaborate; and salts of netallic borane

ani ons, such as tri(n butyl)ammoni unbi s(dodecahydri dododecabor at e) cobal tate
(1r1) and bis[tri(n-butyl)anmoniumn bis

(dodecahydri dododecabor at e) ni ckel ate(I11). 15 May 2002 65 Exanpl es of the
car borane conpounds include: salts of anions, such as

4- car banonabor ane( 1, 3- dlcarbano bor e

6.,9- dlcarbadecaboﬁﬁﬁé?fﬂ) %% §ﬁ8ﬁ§ﬁs mgtdydar Binonabor ane, 5
dodecahydrldo 1- et hyl - dlcarbanonaborane

undecahydr i dslenekss rﬁatc}HS/]i'- 1B feughissh drdioPyde, tPugdenotes tert-
dlcarbaundecaboranegégi 2, 7- di car baundecabor ane( 13),

undecahydr i dQWEBLdi ‘dennig T A8AYAdecabor ane,

dodecahydri do- 11- net hyl - 2 7-di car baundecaborane, tri(n 10

but yl ) ammoni um 1- c &GaRdes sHatte ansiitden, Mefr)la #RERCURAS- ¢B) baundecabor at e,
tri(n-butyl)anmmoni um 1 carbadodecaborate, tri(n-butyl)anmmoni um1

trimet hyl gl | ytepirasgritaitdabditza e oxmulan (I1) lnclude transition

but yl ) anmoni unbr ono- 1- car badodecaborate, tri(n
metal compounds represented by the following formula

(IT-a):

10 9
10 R R R e (II-2)

wherein M is a transition metal atom selected
from Group 3 to Group 11 of the periodic table;
R! to R! may be the same as or different from
15 each other, and is a hydrogen atom, a halogen atom, a
hydrocarbon group, a heterocyclic compound residual
group, an oxygen-containing group, a nitrogen-
containing group, a boron-containing group, a sulfur-
containing group, a phosphorus-containing group, a
20 silicon-containing group, a germanium-containing group

or a tin-containing group, and two or more of them may



15 butyl ) ammoni um 6- car badecaborate(14), tri(n

but yl ) anmoni um 6- car badecaborate(12), tri(n

but yl ) ammoni um 7- car baundecabor at e(13), tri(n 15 May 2002
but yl ) anmoni um 7, 8- di car baundecaborate(12), tri(n

but yl ) anmoni um 2, 9- di car baundecaborate(12), tri(n 20

but yl ) anmoni undodecahydri do- 8- net hyl -7, 9 di car baundecabor at e,

tri (n-butyl)anmoni unundecahydri do 8-et hy#B- 7, 9-di car baundecaborate, tri(n
but yl ) anmoni unmundecahydri do- 8- butyl -7, 9 di car baundecabor at e,
tri(n-butyl)ammoni unundecahydri do 15 May 2002 66

8-allyl-7,9-di carbaundecaborate, tri(n

but yl ) anmoni umundecahydri do-9-trinmet hyl silyl-7,8 di car baundecaborate and
tri(n butyl)ammni unundecahydri do-4, 6-di bronpb-7 5 car baundecabor ate; and
salts of net abdifg,5aER0FaNEa @i Mer SUSTEH a rin

tri(n- butyl)annnnlunbls(nonahydrldo 1,3 d|carbanoﬁ%borate)cobaltate(lII)

tri(n butyl)annnnlq?hf qg§@%¥§

di car baundecaborate) feerrate CIEH@i%ﬁ?”%lﬁ#gal)vaéﬁﬁgﬁﬁﬂ%ls(’undecahydrido-7,8
di car baundecabor at &) co t

but yl ) anmoni unbl s(ﬁ’%]dle‘%ggn @ c%:lefQ &4 dar éll?r%éjgcé’bgrté)tmé) ni ckelate(lll),

tri(n 15 buty
dicarbaundec

nnonlunbls undecahydri d

5?%‘3"&%%’? A& 2 t?’fy(%erbﬁ%ﬂt)ad‘rﬂmﬂ F ¥ ufdecahydri do- 7, 8

di car baundecabor at e) aurat g(/ |
butyl ) ammdn ﬁfﬁi@%éﬁé}h éﬂbq)ﬂrsolmwa  crpsgTasoncaining group: a

dlcarbaundecaborat

butyl)annnm

errate(ll
9? ﬁﬁuquym—contalnlng group, a

dicarbaundecaborate)chronate(JIJ) tr|(

but yl ) anmoni

10

15

20

LHHﬁ%RQ?W%ﬁTﬁﬁRﬁﬁ%ﬂﬁﬂﬂIQﬁ?uPE3a halogen-containing group,

a heterocyclic compound residual group, a silicon-
containing group, a germanium-containing group or a
tin-containing group, when n is 2 or greater, plural
groups represented by X may be the same as or different
from each other, and plural groups represented by X may
be bonded to each other to form a ring:

Y is a divalent bonding group containing at least
one atom selected from the group of oxygen, sulfur,
carbon, nitrogen, phosphorus, silicon, selenium, tin
and boron.

In the general formula (II-a), at least one of R®
and R!?, particularly both of them, is preferably a
halogen atom, a hydrocarbon group, a heterocyclic
compound residual group, an oxygen-containing group, a
nitrogen-containing group, a boron-containing group, a
sulfur-containing group, a phosphorus-containing group,

a silicon-containing group, a germanium-containing



di car baundecaborate)cobaltate(lll), tris[tri(n 15 May 2002 67

but yl ) anmoni uny bi s(undecahydri do-7 carbaundecaborate)chronateSIII),

bi s[tri(n butyl)amoni uni bi s(undecahydri do-7 5 May 2002

car baundecabor at e) manganate(1V), bis[tri(n 5

but yl ) anmoni un bi s(undecahydri do-7 car baundecaborate)cobaltate(lll) and

bi s(tri(n butyl)ammoni um bi s(undecahydri do-7

car baundecabor at ) ni ckel ate(1V). The hetdk opol y conpound conprises an atom
of 10 silicon, ~phosphorus, titanium germanium arsenic and tin and one or
nore atons sel ected from vanadi um ni obium nolybdenum and tungsten
Exanpl es of such conpounds i ncl ude phosphovanadi ¢ aci d, gernmanovanadi c
aci d, arsenovanadi c acid, phosphoniobic acid, 15 germanoni obic acid,

si |l i cononol ybdi ¢ aci d, phosphonol ybdic acid, titanonol ybdic acid,

ger manonol ybdie,861 dr & £EROADN YR £n&ChFoySt annonol ybdi ¢ aci d,
phosphot ungstic acid, gernmanotungstic acid, stannotungstic acid, 20

phosphonol ybdovanady ¢ ggi dg, f@hﬁ%ﬂﬂ?@%gﬁaquk§>¥9bda d X are the

ger manot aungst ovanadi ¢ aci d, phosphono tungst ovanadi ¢ aci d,

| ybd i i h | yb i i.d,
L N 3 SR A R A, e
specifically, salts o ese, aci ds [ ewith netals o ou or
OP t he perigdfﬁpfﬁﬁ?%{%%c yagh?i€%$%Mfa gﬁfﬂﬁ] pot assi um rubidiunlpcesiunl

beryllltuns nagnESquligégégkggably halogen atom, hydrocarbon group

of 1-20 carbon atoms or sulfonate group. When n is 2
or greater, ring formed by bonding two or more of X may
be aromatic ring or aliphatic ring.
Y is, as described above, a divalent bonding
10 group containing at least one atom selected from the
group of oxygen, sulfur, carbon, nitrogen, phosphorus,
silicon, selenium, tin and boron.
Each of these bonding group Y preferably has a
structure wherein the main chain is constituted of 3 or
15 more atoms, preferably 4 to 20 atoms, particularly
preferably 4 to 10 atoms.
The bonding group may have a substituent.
Examples of a divalent bonding group Y include
groups containing chalcogen atoms such as -0-, -S- and
20 -Se-; nitrogen- or phosphorus-containing groups, such
as -NH-, -N(CH3)-, —-PH- and -P(CH3)-; silicon atom-
containing groups, such as -SiH;- and ~Si(CHj),—~; tin
atom-containing groups, such as -SnH;- and -Sn{CHj3)2-;

and boron atom-containing groups, such as -BH-, -



5 strontium and barium and organic salts of the above acids such as
triphenylethyl salt, but not limted thereto. The ionizing ionic conpounds
(B-3) nentioned above may be used singly or in conbination of 1% ¥ay@0020
nore kinds. In the polynerization, any nmethod of using and feeding and any
order of feeding of the conponents can be sel ected, and, sone exanples are
given below. (1) The conponent (A) and at |east one 15 conponent sel ected
fromthe organonetal lic conpound (B 1), 48he organoal um num oxy- conpound
(B-2) and the ionizing ionic conpound (B-3) (sinply referred to as
"conponent (B)" hereinafter) are fed to the polynerization reactor in an
arbitrary order. 20 (2) A catal yst conponent obtained by previously
contacting the conponent (A) with the conponent (B-1), and the conponent

(B-3) are fed to the polynerization reactor in an arbitrary order. 15 May
2002 69 (3) |y alpenen [ b ' I agt.Lng the
conponent (AfB&?ﬁﬁ tEguﬁogggdén?y?%?%f?ggﬁexggggghgﬁg ?éﬁg?gaﬁ lethe

conmponent (B—% taifmi%?;ohé&‘%%é’ﬂ' y%‘%ér%;é?% o I tf{}od& an.arbitrary

order. In 5 this case, e conponen may be e sanme or different.
(A wiin ihe CORRORERT s CaRin e RURE LR A6 A anE Rfhent
thi s case, theS colbriant o (ML} ray B8 o el B TROPREH. (9 A
Component X 8- 2ySaect SBrE T R POy rF | 31T HCRCHAERY SRR o
conponent obt ai nedlobﬁ/e}[()rleé/rilé)usll:gu cpntﬁ% isngir'g hwehiccohnpaoneanrtt (oAf) tvgn;et h the
conponent (B-2)$¥¢ Y group; group p
above saturated hydrocarbon group is substituted by a
hydrocarbon of 1-10 carbon atoms, halogen such as
fluorine, chlorine and bromine and a hetero atom such
10 as oxygen, sulfur, nitrogen, phosphorus, silicon,
selenium, tin and boron; residual groups of cyclic
hydrocarbons of 6-20 carbon atoms, such as benzene,
naphthalene and anthracene; and residual groups of
cyclic compounds having 3 to 20 carbon atoms and
16 containing hetero atoms, such as pyridine, quinoline,
thiophene and furan.
Examples of the transition metal compounds
represented by the above formula (II-b) are given below,

but not limited thereto.

20



and the conponent (B-1) or the conponent (B-2) are fed to the

pol yneri zation reactor in an arbitrary order. 20 In this case, the
conponents (B-2) may be the sane or different. In the process1$ §ay 3002

et hyl ene/ a-ol efin copol yner according to the invention, ethylene and an
a-olefin are copolynerized in a solution in the 15 May 2002 70 presence
of the olefin polynerization catalyst described above to obtain an olefin
copol ymer. In the present invention, thé®olynerization can be carried out
as any of liquid phase polynerization, 5 such as solution polynerization or
suspensi on pol yneri zati on. Exanples of inert hydrocarbon nedia for use in
the liquid phase polynerization include aliphatic hydrocarbons, such as
propane, butane, pentane, hexane, 10 heptane, octane, decane, dodecane and
kerosine; alicyclic hydrocarbons, such as cycl opentane, cycl ohexane and

met hyl cycl opent ane; aro LC hydrocar bon such as benzengyw_tol uene and

xyl ene; hal ogenat ed hydr oihiN fene chPeyilde

chl or obenzene and di - , ¥ of t e ydr rbons. The
olefin itself can b . he) pol m'uz‘u:j f an

ol efin using the ole t heTo S@nt A) may 20
be used in an amount of usually 10-12 to 10-2 nol/literTpreferably 10-1 to
10-3 nmol /liter. The conponent (B-1) may used in such an unt that the

mol ar ratio of the conpghent (B-1) tog tY apgi ti on Amet(al Jatfom (M in the

conponent (A) ((B ones u ?p 0l to 100, 000,
preferably 7t~
Me Me

Ma Me

| ‘l Me | | Me Me Me
ol /T\

Gty il CafieD
= Ma Me



0.05 to 50,000. The component (B-2) may be used in such an anount that the
nolar ratio of the alumnumatomin the 5 conponent (B-2) to the transition
netal atom (M in the conponent (A ((B-2)/(M) becones USU3||W5%§3$9002
500, 000, preferably 20 to 100, 000. The conponent (B-3) may be use n such
an amount that the nolar ratio of the conponent (B-3) to the 10 transition
nmetal atom (M in the conponent (A ((B 3)/(M) becones usually 1 to 10,
preferably 1 to 5. In the olefin polymeri#&tion using the olefin
pol ymeri zation catal yst, the polynerization tenperature may be in the range
of usually -50 to 200 C, 15 preferably O to 170 C. The pol yneri zation
pressure may be in the range of usually atnospheric pressure to 100 kg/cng,
pref erably atnospheric pressure to 50 kg/cn2. The pol ynerization reaction
can be carried out by any of batchw se, sem -continuous and conti nuous 20
processes. The pol ynerizati on can al so be cgpﬁucted in two or nore stages
under different reactiag ditions. The nd étul ar wei ght of resul ting
ethyl ene/a ol efin coppl yggr ¢an be regul changi ng t he yneri zation
t enperature. The nol gtuw-g--wlight can AL Gy 002 72 als ul ated by
changi ng the type o € b%ppo ent (B) sgp”‘ﬁf further,

r oge

wei ght can be reg by owi ng h ﬁ\@o e present |
pol ynmeri zati on sy N i |
et hyl ene/ a- ol efi n copolB4ytdv” of "t he pr lg,k Byeniion, t

pol ynmer chain having, an unsaturated bond at the nolecu

oportfongof the
t@&t’H'h s 95%
or 10 nore, based on the total polyner chains, and this nakes the copol yner
€2
AN

easily be nodified by ft reaction. Theygfiore, a variety of,functional
groups can be easily oduced at the te nal unsaturated ( bl e) bond
by oxi dation, graft ctd gn or ene-sy siSNreaction.
Ph 2__N Ph Ph
N
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15 The nodified ethyl ene/a-ol efin copolyner of the present invention is
obt ai ned by nodi fying the term nal double bond of the ethylene/a-olefin
copol yner by carboxyl group, acid anhydride group, ester groulP Map@R02
group, hydroxyl group, diol group, am no group or 20 phenyl group, or a

nol ecul ar oxygen-cont ai ni ng gas and/ or ozone-contai ning gas. Specific
exanpl es of the nodified ethylenel/a oleﬂkp copolyner will be descri bed

bel ow. (1) Modified ethyl ene/ a-ol efin copol yner 15 May 2002 73 containing
car boxyl group The nodified ethylene/a-olefin copolynmer as the target
conpound can be obtained by the graft reaction on the ethylene/a-olefin
copol yner of the present 5 invention using a conpound havi ng carboxyl group
and carbon-carbon doubl e bond (e.g., malefic acid or nmethacrylic acid), in
the presence of a graft reaction initiator, e.g., an organic peroxide. (2)
Modi fied ethyl ene/ a-ol efin copol yner 10 containing acid anhydride group The
nodi fi ed ethyl ene/ a-ol efin copolyner as the target conpound can be obtai ned
by the graft reaction on the ethyl ene/a-olefin copolyner of the present

i nvention using a conpound having aci d anhydri de group 15 and car bon-carbon
doubl e bond (e. g.,Imutks abevthyeHinples, tNe rdanalrcspmeatdivlc aashydr i de), in
the presence of a graft reaction initiator, e.g., an organic peroxide. The
modi fi ed et hydemetas aplee¢mynl copol yner as the target conpound can be al so
obt ai ned by heating the 20 ethyl ene/a-ol efin copolyner of the present

i nventi on% oget her Adddravaieftic tEnhywire sk ati G ttie,00Cantsd tdldnow t he
ene-synthesis reaction to proceed and thereby to add the mal efi c anhydri de
to the doubl endiond @dmpdend®|doetein ed niiednium metal is replaced by

a metal other than titanium, such as zirconium or

hafnium, can be used instead of the above compounds.

10 (B-1) Organometallic compound

Examples of the organometallic compounds (B-1)
which gre used in the invention include organometallic
compounds containing metals of Group 1, Group 2, Group
12 and Group 13 of the periodic table, such as those

16 described below.
(B-la) Organoaluminum compound represented by the

following formula:

R3,AL (ORP) nHpXg
20
wherein R® and RP may be the same or different and are
each a hydrocarbon group of 1 to 15 carbon atoms,

preferably 1 to 4 carbon atoms; X is a halogen atom;



15 May 2002 74 (3) Modified ethyl ene/a-olefin copolymer containing ester
group The nodified ethylene/a-olefin copolynmer as the target conpound can
be obtained by the graft reaction 5 on the ethyl ene/a-olefin t%&gVﬂﬁﬁ? of
the present invention using a conpound having ester group and carbon-carbon
doubl e bond (e. g., nmethacrylate, acrylate or naleate ester), in the
presence of a graft reaction initiator, g., an organic peroxide. 10 ~ The
nodi fi ed et hyl ene/ a-ol efin copol yner as e target conmpound can be al so
obt ai ned by heating the ethyl ene/a-olefin copolyner of the present
invention together with mal efic anhydride at 100 to 200C, to add the

mal efi ¢ anhydride to the double bond at the nolecule 15 termnal, and

foll owed by reacting an al cohol thereon. (4) Mdified ethyl ene/a-olefin
copol ymer contai ning epoxy group The nodified ethylenel/a-ol efin copolyner
as the targetangnpeund pagndeqobrai hewbeyst hat §saying ebloe i opn@DE bons he

et hyl ene/ a-ol efin copol yner of the present invention using a conpound

havi ng an epor¥ OKnE3 arspaBphod=paByhol HpUdblandanth{@tq ¢=,3 gl yci dyl

nmet hacrylate), in the presence of a graft reaction initiator, e.g., an
organi ¢ peroxide. (B51MayAPRYP Jémghex noohbowdd etdyh eneireg @ afdtta topol ynmer
as the target conpound can be al so obtained by reacting the

et hyl ene/ a- ol efi Greapollyser thé poei pdLsepdbl OV | HNumd fidim aard Xt ur e
conposed of an organic acid (e. g., 5 formc acid or acetic acid) and
hydrogen peroxeégec¥eheéd by thepPrefeéswbhg tOrmisead buffer (e. g., sodium
hydr ogen phosphate, sodi um carbonate or sodi um hydrogen carbonate) for this
reaction. The nodified ethylene/a-olefin copolymer as the 10 target
conpound can be al so obtained by reacting the ethylene/a-olefin copolyner

of the present invegiigp,

wherein M2 is Li, Na or K; and R2 is a hydrocarbon
10 group of 1 to 15 carbon atoms, preferably-1 to 4 carbon
atoms.
(B-1c) Dialkyl compound containing a metal of
Group 2 or Group 12 of the periodic table and

represented by the following formula:
RaRbM3

wherein R? and RP may be the same or different and are
each a hydrocarbon group of 1 to 15 carbon atoms,
20 preferably 1 to 4 carbon atoms; and M3 is Mg, Zn or Cd.
Examéles of the organoaluminum compounds (B-1a)
include:
an organoaluminum compound represented by the

following formula:



wi th an organic peroxide (e.g., acetic peracid or m chl oroperbenzoic acid).
(5) Modified ethylene/a-olefin copolyner 15 contai ni ng hydroxilwg&oup The
nodi fi ed ethyl ene/ a-ol efin copol yner as the target conpound cihMsay 2082ai ned
by the graft reaction on the ethyl ene/a-olefin copolyner of the present

i nvention using a conpound having a hydroxyl group and 20 carbon-carpon
doubl e bond (e. g., 2-hydroxyethyl nethﬁﬁ%ylate), in the presence of a
graft reaction initiator, e.g., an orga per oxi de. The nodified

et hyl ene/ a-ol efin copol yner as the target conpound can be al so obtai ned by
reacting the 15 May 2002 76 et hyl ene/ a-ol efin copolyner of the present
invention with a boron conpound (e.g., diborane or 9

bor abi cycl o[ 3, 3, 1] nonane) for the hydroboration reaction, and oxidi zing the
reaction product with 5 hydrogen peroxide. (6) Mdified ethylene/a-olefin
copol ynmer containing diol group The nodified ethyl ene/a-olefin copol yner as
the target conmpound can be obtained by hydrol yzing, e.g., 10 the nodified
et hyl ene/ a- ol ef i n cRfp@IY@RP) ggnt ai ni ng an epoxy group synthesized by such a
met hod as descri bed above. The nodified ethyl ene/a-olefin copolynmer as the
target conpound can be al so obtained by reacting the 15 nodified

et hyl ene/ a-ol efin copol yner containing a mal efi c anhydri de group

synt hesi zed bynhguehnaraeih@Ramage s ithed sakeve rMidilF rédirehhagabagirae. (7)
Modi fied ethyl ene/ a-ol efin copol yner containing am no group 20 The nodified

et hylt_erle/ta&h ol 8htR SORPHYBBErBSn t Lol 88t 1 COHPDSINGL A3dh ber 0 obt ai ned by
reacti ng e

preferably 1 to 4 carbon atoms, and m is preferably a
number satisfying the condition of 1.5=m=3;

an organoaluminum compound represented by the
following formula:

10

RamAlX3 -m

wherein R? is a hydrocarbon group of 1 to 15 carbon
atoms, preferably 1 to 4 carbon atoms, X is a halogen
16 atom, and m is preferably a number satisfying the
condition of 0<m<3;
an organoaluminum compound represented by the

following formula:
20 Ra AlH3
wherein R2 is a hydrocarbon group of 1 to 15 carbon

atoms, preferably 1 to 4 carbon atoms, and m is

preferably a number satisfying the condition of 2=m<3;



nodi fi ed ethyl ene/ a-ol efin copol yner containing an epoxy or malefic
anhydri de group synthesized by such a nethod as descri bed above with an
anmine. 15 May 2002 77 (8)- Modified ethyl ene/a-ol efin copol {$May 2002
cont ai ni ng phenyl group The nodified ethylene/a-olefin copolyner as the
target conpound can be obtained by the graft reaction 5 on the

et hyl ene/ a-ol efin copol yner of the present invention using a conpound
havi ng phenyl group and carbon-carbon dotbl e bond (e.g., styrene), in the
presence of a graft reaction initiator, e.g., an organic peroxide. 10 ~(9)
Oxi dati on-nodi fi ed ethyl ene/a-ol efin copolyner The nodified

et hyl ene/ a-ol efin copol yner as the target conpound can be obtai ned by
oxi di zing the ethyl ene/a-ol efin copolynmer of the present invention 15 with
nol ecul ar oxygen-cont ai ni ng gas and/ or ozone contai ning gas. Lubricant oi
conposition The | ubshgant oil conposition of the present 20 invention
contains a base oil and various additives, and contains 1 to 99 o by wei ght

of the above descri §gdoeghNbeN@hanGhetbp6ORQ! YEBFedntedase hd Or
viscosity index inprover. Exanples of base oil include the above descri bed

15 May 2002 78,¢4ByhgReksrRlL€ELn copo-lynmer-having viscosity at 100 C of

| ess than 300 mmR/s and preferably not nore than 100 mme/s, generally
refined mneral oil, highly refined mneral oil, and synthetic oil such as
hydr ocarbon type S and ester type. These base oils are used singly or in

conbi nati gy of two QI YOI«

wherein R2 and RP may be the same or different and are
each a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms, X is a halogen atom,

10 and m, n and g.are numbers satisfying the conditions of
0<m=3, 0=£n<3, 0=g<3 and m+n+g = 3.

— Particular examples of the organoaluminum
compounds (B-la) include:
tri-n-alkylaluminums, such as trimethylaluminum,

16 triethylaluminum, tri-n-butylaluminum,
tripropylaluminum, tripentylaluminum, trihexylaluminum,
trioctylaluminum and tridecylaluminum;

branched-chain trialkylaluminums, such as
triisopropylaluminum, triisobutylaluminum, tri-sec-

20 butylaluminum, tri-tert-butylaluminum, tri-2-
methylbutylaluminum, tri-3-methylbutylaluminum, tri-2-
methylpentylaluminum, tri-3-methylpentylaluminum, tri-
4-methylpentylaluminum, tri-2-methylhexylaluminum, tri-

3-methylhexylaluminum and tri-2-ethylhexylaluminum;



Exanpl es of viscosity index inprover include the above descri bed

et hyl ene/ a-ol efi n copol yner having viscosity at 100 C of not |ess than 300
me/s and 10 preferably not |ess than 600 nmmiZ/s, pol ynmet hacry4b May=2092

ol efin type polyners such as ethyl ene/ a-ol efin copol ymer havi ng hi gher

nol ecul ar wei ght than that of the present invention, polybutadi ene/styrene
copol yner and pol yi sobutyl ene. The viscosity index inprover is 15 generally
used in the range of 0 to 20 o by wei ghtd2 This lubricant oil conposition is
excellent in shear stability and | owtenperature property. And further, the
| ubricant oil conposition of the present invention optionally contains
various additives 20 such as detergent-di spersant, pour point depressant,
extrene pressure agent, antioxidant, anti-wear additive, preservative,
anti-corrosive and anti-foam ng agent. Exanpl es of the detergent-di spersant

i ncl ude the above d@?fé%@fgafﬁiﬁii&%%ﬁﬁ$§df§ﬁ%ﬁ*£46fi” copol ymer 15 May
n, netal su

2002 79 of the present 1nventi onate, netal phenate, neta

phosphanat e apd. i id i mde he_d - di rsant is optionally

Gsed in the ranbe eFoBe sttt BhR and B LERELESR T A SRRINREL o7 Pt

nmodi fi ed ethylene/a-olefif gsﬁolgner is.preferred in view.of obtajning the
Havithy

| ubricant oil conposttibh B3 T Eht % He PR 4 T DY @M% nper at ur e

property and abi] i of detergent-di spe~rsant to suspend and di sperse

car bon sl udge rb£0i%£ai?wé9qu - Exanpl es of the pour point depressant

i nclude pql] ynmet hacry| ate and condensate, of paraffin wax w th napht hal ene or
phenol . The pour pothiliehs beaimimhydidetal T4 in the range of 0 to 3
o by weight. Exanples of_ extreme pressure agent include sulfur, 15
phosphor ous af#lpapptekalaynengRihydeldfessure agent is

trialkenylaluminums, e.g., those represented by
the formula (i-C4Hg)xAly(CsHig), (wherein X, y and z are
each a positive number, and z=22x), such as
10 triisoprenylaluminum;
alkylaluminum alkoxides, such as isobutylaluminum
nethoxide, isobutylaluminum ethoxide and
isobutylaluminum isopropoxide;
dialkylaluminum alkoxides, such as
15 dimethylaluminum methoxide, diethylaluminum ethoxide
and dibutylaluminum butoxide;
alkylaluminum sesquialkoxides, such as
ethylaluminum sesquiethoxide and butylaluminum
sesquibutoxide;
20 partially alkoxylated alkylaluminums, such as
those having an average composition represented by
Ra; sALl (ORP) g 57 -
dialkylaluminum aryloxides, such as

diethylaluminum phenoxide, diethylaluminum(2,6-di-t-



optionally used in the range of 0 to 15 o by weight. Exanples of
anti oxi dant include phenols, am nes, dithio-zinc-phosphate and organic

sul fur compounds. The antioxidant is optionally used in the r3»}ayY#008 to
20 3 % by wei ght. Exanples of anti-wear additive include conmpounds such as
nol ybdenum di sul fi de, organi c nol ybdenum graphite, aliphatic am ne, am de
and imde. The anti wear additive is optionally used in the range of 0 to
15 May 2002 80 -3 ~ by weight. Exanplesﬁﬁ preservative and anti-corrosive
i ncl ude various kinds of am ne conmpounds, netal carbonates, esters of

pol yhydri c al cohol, phosphorous 5 conpounds and sul fonate. The preservative
and/or anti corrosive is optionally used in the range of 0 to 3 by weight.
Exanpl es of anti-foam ng agent include conmpound of silicone type, alcohol
type, phosphate type, ester 10 type and pol yacrylate type. The anti-foam ng

agent is OptiBaaynwuﬁedhynﬂh@ﬁoﬁﬂa@ﬁ, 0ét Ryl 91 Eh2ndabys vej @ di-¢-n addition
to the above, additives such as denulsifier, colorant, oiliness agent

(oi liness i ”DBQi:’gl)ulDﬁ&tH?lbﬁéﬂéi?Q&@} £dgi DESphHE 4 ki GR(Y, fidi Lo
conposition of the present invention, if necessary. Resin conposition The

resin conposi E%Q?lgﬁ—&Qi:ﬁ%P%ﬁéﬁé‘ﬁi&é‘}’%‘ﬂéﬁfﬂs?&%@%ﬁmﬂ% Ir%éz by_ wei ght ~ of

base materi al to 10 2 arts by weight of above no i'ed ethyl ene/a
O e YA BB el dopi B er 2L - ncluge n epoy fesin
These r eSi§ conposi igfﬁyfgf\?mler)l(&gltllgf%dessl,l dsaubét’ln i&é”diqneectrhey Sae.Lq,lminum
chloride, diethylaluminum chloride, dibutylaluminum
chloride, diethyléluminum bromide and
diisobutylaluminum chloride;
alkylaluminum sesquihalides, such as
10 ethylaluminum sesquichloride, butylaluminum
sesquichloride and ethylaluminum sesquibromide,
partially halogenated alkylaluminums, e.g.,
alkylaluminum dihalides such as ethylaluminum
dichloride, propylaluminum dichloride and butylaluminum
15 dibromide;
dialkylaluminum hydrides, such as diethylaluminum
hydride and dibutylaluminum hydride;
partially hydrogenated alkylaluminums, e.qg.,
alkylaluminum dihydrides, such as ethylaluminum
20 dihydride and propylaluminum dihydride; and
partially alkoxylated and halogenated
alkylaluminums, such as ethylaluminum ethoxychloride,
butylaluminum butoxychloride and ethylaluminum

ethoxybromide.



15 May 2002 81 water absorption and inproved vibration-danpi ng properties,
conpared to conventional ones. In addition to the above, additives such as
anti oxi dant, heat-resistance agent, ultraviolet ray 5 absorbeht May28f2
retarder, antistatic agent, colorant, foam ng agent, filler and reinforcing
agent may be incorporated into the resin conposition of the present
invention, as far as not marring the objective of the present invention. 10
Ef fect of the Invention The ethylene/aqﬁQﬁin copol ymer produced by the

met hod of the present invention exhibits excellent 15 shear stability and

| ow-tenperature characteristics as a |ubricant base oil or viscosity index
i nprover. The nethod of the present invention gives a liquid

et hyl ene/ a-ol ef i n copol yner excellent in polynerization activity and
uniformty. It is also 20 characterized by its ability of giving a liquid

et hyl ene/ a-ol efi n cAPOb Y&mH16Fab Dy aBé eCorhBoun®s Hria Bygsud ntd henaabsence of
hydrogen, with the result that it has unsaturated bond at the pol yner

nol ecul ar ter BrgahodluRihdhi Sobodhd! €8S1aPS0.Foh@dpild, attherel 2aMey 2002
82 high reactivity allows the copolyner to easily be nodified with varying

functional grgupgént foRedNo FRShbL £ahi RBNT Bbih uéd@aamé%ﬂ%cprcgéent
invention wll be described nore concretely by Exanples, which by no neans
limts the prgseotah MMk O%ompounds are combined through a nitrogen

5 atom, such as (CyHsg),A1N{CoHg)Al (CyHs) 5.

Examples of the compounds (B-1b) include
LiAl (CyHs)4 and LiAl(CqHis)q.

Other compounds, also employable as the
organometallic compounds (B-1) include methyllithium,

10 ethyllithium, propyllithium, butyllithium,
methylmagnesium bromide, methylmagnesium chloride,
ethylmagnesium bromide, ethylmagnesium chloride,
propylmagnesium bromide, propylmagnesium chloride,
butylmagnesium bromide, butylmagnesium chloride,

15 dimethylmagnesium, diethylmagnesium, dibutylmagnesium
and butylethylmagnesium.

Combinations of compounds capable of producing
the above-mentioned organocaluminum compounds in the
polymerization system, e.g., a combination of

20 halogenated aluminum and alkyllithium and a combination
of halogenated aluminum and alkylmagnesium, are also
employable. i

Of the organometallic compounds (B-1), the

organoaluminum compounds are preferable.



10 The contents of ethylene, a-olefin and pol yner chain having unsaturated
bond at the nolecular termnal in the ethyl ene/a-olefin copolyner were
deternined by the IR nethod, and the B Value by the '3C NMWR rriﬁMﬂ.zooz
Nunber - aver age nol ecul ar wei ght (Wnh) and 15 nol ecul ar wei ght distribution
(Mv M) were determined by a GPC (Shi madzu' s Chronmat opack C-R9A) under the
condi tions of separation colum: TSK G5000H XL, G4000H XL, G3000H XL or
&000H XL, colum tenperature: 90C, nobPPe phase: tetrahydrofuran (Wako
Jun-yaku), 20 devel opnent speed: 0.7 nL/mn, sanple concentration: 0.2 o by
wei ght, and quantity of the sanple injected: 200 ~tL. A differenti al
refractonmeter was used as the detector, and pol ystyrene (Tosoh) was used as
t he reference. 15 May 2002 83 Kinetic viscosity was neasured at 100 and
40C in accordance with JI'S K2283, and these val ues were used to determ ne
viscosity index. Pale RYidHnoes: ATBATU(REhpoundeC qBAaANCaewttiBndhS K2269.
Lowtenperature 5 viscosity was neasured as Brookfield viscosity at -20C in

accordance Wb ASEMOZAEY SIS (i !il,ic;nmtn%lti_@%lfu't%oswf hiid 601) was

used as the lubricant conposition base oil. Its viscosity index and KRL
shear stabil ig%d/%re measured at a conposition of given 10 viscosity. For
the KRL shear stability test, the oil conposition was subjected to shear
conditions at 60C for 20 hours in the tester, and rate of kinetic viscosity
| oss, measured at | 00C before and after the test was determ ned. 15 Exanple
1 Et hyl eng and propyl eneé/_\@jed‘re%nat lI 5(21_n ndoé}l{ Q—clo/ o rngspecti veI_ y, into 1
L of toluéne held in anla&%8e+aé%—é£L§¥% t volune: 2 L),

whi ch 20 had b fficientl d with nit b hapd, to saturat
e 11 aui 0 and vapdl pirrsenenefiidE’ gl holebhBaTReR) *KERERI Lol n torme of

| um n f hy|
atd um o agﬁiaaally used in the invention may be conventional

aluminoxane or a benzene-insoluble organcaluminum oxy-
compound such as exemplified in Japanese Patent Laid-
10 Open Publication No. 78687/1990.

The conventional aluminoxane can be prepared by,
for example, the following processes, and is generally
obtained as a hydrocarbon solvent solution.

(1) An organoaluminum compound such as

15 trialkylaluminum is added to a hydrocarbon medium
suspension of a compound containing adsorption water or
a salt containing water of crystallization, e.qg.,
magnesium chloride hydrate, copper sulfate hydrate,
aluminum sulfate hydrate, nickel sulfate hydrate or

20 cerous chloride hydrate, to allow the organocaluminum
compound to react with the adsorption water or the
water of crystallization. )

(2) Water, ice or water vapor is allowed to

directly act on an organocaluminum compound such as



al um noxane and 0.02 mmol of the conmpound 1 shown by the follow ng formul a
were added to the autoclave, to 15 May 2002 84 initiate the

copol ymeri zation. The copol ynerization was conducted at 25C fdp Mayri92 and
then, small quantity of isobutanol was added to term nate the

pol yneri zation. 5 The resultant polynmer solution was treated with dil uted
hydrochloric acid for ash renoval, and then extracted with toluene. The
organi ¢ phase was concentrated under a V@8 uum and dried at 130C for 10
hours al so under a vacuum As the result, 202 g of 10 ethyl ene/ propyl ene
copol yner was obtained. Analysis results of the ethylene/propyl ene
copolyner are given in Table 1. N ZrC, I~ 2 15 Conpound 1 Exanple 2 The sane
copol ynmeri zation procedure as used for Exanple 1 was repeated, except that
feeding rate of 15 May 2002 85 et hyl ene and propyl ene were varied to 60

and 540 L/h, E?igﬁﬁﬁgéghﬁ%gﬁésﬁnearﬁépkhm ?ﬂ% ng? ﬁﬁgﬁé%gngéf?83¥lene

copol yner was obt ai is results o ropyl ene

copol yrer areegk&ﬁneQng z?bk%t}ahgﬁ?gEhﬁaﬁ.The same copol yneri zation
procedure as I'n anpl € 1 was repeated, excépt that propylene was repl aced
nd 1-b

by 10 1-butene, and(%ShylEHeo?ggno_lgtggfag%gﬁ%ﬁE%%Eiiﬁé%kfi%&n
oxide or dibutyltin oxide is allowed to react with an
$ organoaluminum compound such as trialkylaluminum in a
medium such as decane, benzene or toluene.

The aluminoxane may contain a small amount of an
organometallic component. Further, it is possible that
the solvent or the unreacted organocaluminum compound is

10 distilled off from the recovered solution of
aluminoxane and the remainder is redissolved in a
solvent or suspended in a poor solvent for aluminoxane.

Examples of the organoaluminum compounds used for
preparing the aluminoxane include the same

16 organocaluminum compounds as previously described with
respect to the organoaluminum compound (B-1la).

Of these, preferable are trialkylaluminums and
tricycloalkylaluminums. Particularly preferable is
trimethylaluminum.

20 The organcaluminum compounds are used singly or
in combination of two or more kinds.

Examples of the solvents used for preparing the

aluminoxane include aromatic hydrocarbons, such as

benzene, toluene, xylene, cumene and cymene; aliphatic



480 L/ h, respectively. As the result, 45.6 g of ethyl ene/butene copol yner
was obtained. Analysis results of the ethyl ene/ butene copol yner are given
in Table 1. 15 Conparative Exanple 1 The sanme copol yneri zatio @re as
in Exanple 1 was repeated, except that Conpound 1 was replaced by

bi s(cycl opent adi enyl ) zirconiumdichloride and the 20 copol yneri zati on was
conducted at 50C. As the result, 18.2 g of ethyl ene/ propyl ene copol yner was
obt ai ned. Analysis results of the ethyl e/ propyl ene copol ynmer are given in
Tabl e 1. 15 May 2002 86 Conparative Exanple 2 To a 4-liter glass reactor
equi pped with a stirrer, hexane, a hexane solution of vanadyl trichloride
(16 nmmol /L) and hexane sol ution of ethyl 5 alum num sesqui-chloride (96
mol /L) were continuously charged fromthe top of the reactor at 2, 1 (L/h)
and 11 L/ h, respectively, and the reaction |liquid was continuously

wi thdrawn frofytilecheBshsP~5ubRt A9NbEAL SHEN-Be¥@iNe | Oh&SEME heodeRcd | ON
liquid in the reactor be 2 10 liter. A gas-m xture of ethyl ene, propyl ene

and hydrogen gaghnat 20del8n@NdndRLqbllne " §8RCSLEYGLYaNRS &Ffé@@ﬂiéromthe
reactor top, to initiate the copol ynerization while controlTing reaction

tenperature aj ﬁ§géa;ggnypgghﬁg? %zg%épgpgﬁé%ggndggéfﬁhé§gné hour, 15 and

thereafter sm quantit n was added to the reaction liquid

w thdrann 1 omEgBPLLOMAY hOEnY PEPLELLLOLRLIT DEl fot fgy T £AELLOD, The

resul tant pol ynmer solfutron was _ uted oric acid for
soh rerovel. Mgseds ALatENer Felb i Mok St ED AP IALBE e
products of these aromatic, aliphatic and alicyclic
hydrocarbons (e.g., chlorinated or brominated products
thereof). Also employable are ethers such as ethyl
ether and tetrahydrofuran. Of the solvents,
10 particularly preferable are aromatic hydrocarbons. and
aliphatic hydrocarbons.
The benzene-insoluble organocaluminum oxy-compound
for use in the invention is preferably an
organoaluminum oxy-compound containing an Al component
15 which is soluble in benzene at 60 °C, in an amount of
usually not more than 10 %, preferably not more than
5 %, particularly preferably not more than 2 %, in
terms of Al atom. That is, the benzene-insoluble
organoaluminum oxy-compound is preferably insoluble or
20 sparingly soluble in benzene.
The organoaluminum oxy-compound for use in the
invention is, for example, an organocaluminum oxy-

compound containing boron and represented by the

following formula (III):



hours al so under a vacuum As the result 68.5 g of ethylene/propyl ene

copol yner was obtained. Analysis results of the ethylene/propylene

copol yner are given 15 May 2002 87 in Table 1. Table 1: PA&Man2002 of
synt hetic oils Conmononer sCont ent Cont ent
ofPonneri-BNhNM/NhKineticViscosityPourg'scosityofpolynerzationvalueviscosi
t yi ndexpoi ntat -20Cet hyl enechai nsacti vi éat 100C( C) (nmPa~s) ( o byhavi ng(

kg/ mrol (nrm®2/ s ) nol ) unsat ur at edcat ~h) bond at t henol ecul arterm nal , based

ont he total pol ynerchai ns (~) Ex.

1propyl ene70. 895. 810. 11. 11, 3701. 4920. 2160- 5011, 500Ex.

2propyl ene50. 198. 13. 21. 11, 1001. 4715. 0155- 558, 000EX.

31- but ene62. 599. 22. 31. 11, 1501. 5320. 0l 60-5511, 000Conp. pr opyl ene5050. 50. 91. 21
, 4001. 6123. 0155-97. 516, 000EX.

1Conp. propyl ene47Q0. 1c0. 011. 21, 3401. 6019. 8150-4~. 515, 000Ex. 2 oui 01 NOO
N 15 May 2002 89 Exanple 4 The sape copol ymeri zation procedure as in
Exanpl e 2 was repeateﬂt except thdt the copol yr¥i zati on was 5 conducted at
40C. As the result, 88.8 g of ethylene/propykene copol yner having kinetic
viscosity at 100C of 612 /Zama 2@ Anal ysis results of the

et hyl ene/ propyl ene copol y 3$ of the lubricant oi

conposition with the co ol yner 10 |ncorporat d E@ the base oil are given in
Table 2. Exanple 5 ThR~ anme copol yneri zati on pR edur in Exanple 2 was
repeat ed, except that the copolynerization was 15 conducted at SOC. As the
result, 76.8 g of ethyl ene/propyl ene copol yner having kinetic viscosity at
100 C of 2,130 mmR2/s was obtained. Analysis results of the

et hyl ene/ propyl ene copol yner and properties of the |ubricant oi

conposition with the copol i ncorporated i e oil are given in
Table 2 Bxadbier HIHG s haes CERBFoRRrPY t%%u%r%ﬁ hute B Satasdim & o5's
nas repea%ed €2%§¥nag Egaéﬁlgﬁgaggyagg Pﬁ éggeogwﬁf%ferent and is

a hydrogen atom, a halogen atom or a hydrocarbon group
of 1 to 10 carbon atoms.
The organoaluminum-oxy compound containing boron
and represented by the formula (III) can be prepared by
10 allowing an alkylboronic acid represented by the

following formula (IV):
R17-B- (OH) , (IV)

15 wherein R17 is the same group as described above,
to react with an organoaluminum compound in an inert
solvent at a temperature of -80 °C to room temperature
for 1 minute to 24 hours under an inert gas atmosphere.
Examples of the alkylboronic acids represented by
20 the formula (IV) include methylboronic acid,

ethylboronic acid, isopropylboronic acid, n-



15 May 2002 90 fed at 120 and 480 L/h, respectively. As the result, 103 g
of et hyl ene/ propyl ene copol yner having kinetic viscosity at 100 C of 3,824
m2/s was obtained. Analysis results of the ethyl ene/propyl ents MayR002er 5
and properties of the lubricant oil conposition with the copol yner
incorporated in the base oil are given in Table 2. Exanple 7 10 The sane
copol yneri zation procedure as in Exanple 3 was repeated, except that the
copol ynmeri zati on was conducted at 50C. R the result, 38.4 g of

et hyl ene/ but ene copol yner having kinetic viscosity at 100 C of 1,992 mm®/s
was obtained. Analysis results 15 of the ethyl ene/butene copol yner and
properties of the lubricant oil conposition with the copol yner incorporated
in the base oil are given in Table 2. Conparative Exanple 3 20 The sane
copol yneri zation procedure as in Conparative Exanple 1 was repeated, except

that the copopyspylBétoRiicVasi€ongusied vdrdfic Ascide result, 26.0 g of
et hyl ene/ propyl ene copol yner having kinetic viscosity at 100 C of 2,010

M/ s was obt aso8dty 2o ABR] ¥ S Sid el iex Pibd Fsh £ had gne/ propyl ene copol yner
15 May 2002 91 and properties of the lubricant oil conposition with the

copol yner i ncgyppsRERG1bArdRec DASE) Oi bh A \PLISH MG d ad@bl & %5 Conparative
Exanpl e 4 The sane copol yneri zati on procedure as in Conparative Exanple 2

was repeat ed, . f ; ; ene (88
L/ h) and hydr%ggﬁg?%%ﬁﬁﬁ fo S 4y Pl ?hue%%%ﬂﬁitu,i%% Af%%aCf%[ U (

my‘se\r"\gé @‘{)glto% il ﬁgtgﬁ%’% gg‘[:}‘ésrélﬁé’érﬂgl YO DS 4 At b0 cfre@l, 2. 436
preferable are methylboronic acid, n-butylboronic acid,
isobutylboronic acid, 3,5-difluorophenylboronic acid
and pentafluorophenylboronic acid.

These alkylboronic acids are used singly or in

10 combination of two or more kinds.

Examples of the organoaluminum compounds to be
reacted with the alkylboronic acid include the same
organocaluminum compounds as previously described with
respect to the organcaluminum compound (B-1la).

15 Of these, preferable are trialkylaluminums and
tricycloalkylaluminums. Particularly preferable are
trimethylaluminum, triethylaluminum and
triisobutylaluminum. These organoaluminum compounds
are used singly or in combination of two or more kinds.

20 The organoaluminum oxy-compounds (B-2) mentioned

above are used singly or in combination of two or more

kinds.



results of the ethyl ene/propyl ene copol yner and properties of the |ubricant
oil conposition with the copol yner incorporated in the base oil are given
in 15 Table 2. Table 2: Properties of copolynmers and | ubri chMayi2002
conposi ti ons Conmononer sCont ent Cont ent of Pol yneri - BMhMM MhProperti es of

| ubri cant of pol yner zati onval ueoi | conpositions' let hyl enechai nsactivity
Content Kinetic vis. KRL($ byhavi ng(kg/ | of

t hevi scosi t yi ndext est nol ) unsat ur at edcat copol yrer at
100Cresul ts' 2a(~) (mmR/s)(Visno ecularo | oss ~)term nal, based on

t het ot al pol ynerchai ns (~) Ex. 4propy ene....1,..13:80165-5Ex.

5pr opyl ene53. 699. 03. 81. 18, 1001. 7210. 213. 791708~SEx.

6pr opyl ene57. 899. 55. 11. 111, 5001 . 759. 31 3. 871761 0. 2Ex. utene. .. .|, ....4Conp. pr
opyl ene52. 056. 21. 3~1. 1~I, -1 OU1. 8310. 71 3. 87168| 4. 2Ex. 3Conp. propy ene.~ . _
.1.,...17415~ExB-3) *domBased ovhi-EACG€aéls Watle viie kinetsitiosanstdl | oss,
nmeasured at 100C before and after the KRL shear stability test cn 3 NO O N
15 May 2002 93 Exanpl e 8 TencémPoulid ofot heret hyh epei pr opyl ene copol ymer
prepared in Exanple 5 and 20 ni of o-di chl orobenzene were 5 m xed and
stirred in a glass reagiDés (LS dsmpodd (8.)3) apidieatad-dd LA in an
oil bath. Then, a solution of 0.9 g of 2-nethyl-3-buten-2-of and 0.18 g of
di -tert-butylapefa)efw@iwrﬁ&@@l%amﬁ&%&amﬁ Forponlab) i gl §g0ived in 10

of o-dichl orobenzene was charged dropwi se to the reactor 10 fromthe top

over a perg Od(()g%%%r?%’g”éo (.;ang s B ti&pgéfé Sy Tﬁ@réﬁ@ac#ﬂé)ﬂs wer e

allowed to pr 1 hour ter the droppi ng step was conpl eted, and

then the sol vepl, apd ynigagt ethd CARI G Folter &l AIY b Tl fyyacyym  The

resulting reactant was en separated by col um omat ogr aphy

(stationary p e Kk C bi Bn8§§: X$Eﬁ nd then THF). It
was fond that Pﬁ;ﬂ? O%T&gr?%%sb’ \Aargcgrabﬁ;%d&eéﬁ% 0 faa o‘f e ogﬁé}ﬂﬁ ene/ propyl ene
copol yner Chacl:onm;?oagr? S Oglestchgigé)é ain pj)éll anr?ersec@altne'nt Laid-Open

Publications No. 501950/1989, No. 502036/1989, No.

10 179005/1991, No. 179006/1991, No. 20770371991 and No.
207704/1991, and U.S. Patent No. 5,321,106. A
heteropoly compound and an isopoly compound may also be
employed.

The Lewis acids are, for example, compounds

16 represented by BR3 (R is fluorine or a phenyl group
which may have a substituent such as fluorine, methyl
or trifluoromethyl). Examples of such compounds
include trifluoroboron, triphenylboron, tris(4-
fluorophenyl)boron, tris(3,5-difluorophenyl)boron,

20 tris(4-fluoromethylphenyl)boron,
tris(pentafluorophenyl)boron, tris(p-tolyl)boron,
tris(o-tolyl)boron and tris(3,5-dimethylphenyl)boron.

The ionic compounds are, for example, compounds

represented by the following formula (V):



20 Conparative Exanple 5 The sane nodification procedure as in Exanple 8
was repeated, except that the ethyl ene/ propyl ene copol yner was repl aced by
the one prepared in Conparative Exanple 3. The nodified react AhMay2002
separated by colum chromatography. 25 It was fond that hydroxyl group was
bonded to 71 0 of the ethyl ene/ propyl ene copol yner chain based on the total
15 May 2002 94 pol yner chai n. 15 May £002 95 What is claimed is; 1. An
et hyl ene/ a-ol ef i n copol ymer obtai ned by copol ynmeri zi ng et hyl ene and an
a-olefin having 3 to 10 carbon atons in the presence of an
ol ef i n-pol ynmeri zing catal yst conprising: (A) a transition netal conpound,
represented by the followwing formula (11); (B) at |east one conpound
selected fromthe groups consisting of (B-1) an organonetal lic conpound:
(B-2) an organoal um num oxy conpound; and (B-3) a conpound reacting with
the transition netal conpound (A) to forman ion pair which is represented
by the following formula, R~ ... { wherein Mis a transition neta
atom selected from Goup 3 to 11 of tﬁé“perlodlc table; mis an integer of
1-6; |
©
|

R23 (V)

R|9

In the above formula, R!® is Ht, carbonium cation,
5 oxonium cation, ammonium cation, phosphonium cation,
cycloheptyltrienyl cation, ferrocenium cation having a
transition metal, or the like.

R20 to R23 may be the same or different and are’
each an organic group, preferably an aryl group or a

10 substituted aryl group.

Examples of the carbonium cations include tri-
substituted carbonium cations, such as
triphenylcarbonium cation, tri(methylphenyl)carbonium
cation and tri(dimethylphenyl)carbonium cation.

15 Examples of the ammonium cations include
trialkylammonium cations, such as trimethylammonium
cation, triethylammonium cation, tripropylammonium
cation, tributylammonium cation and tri (n-
butyl)ammonium cation; N,N-dialkylanilinium cations,

20 such as N,N-dimethylanilinium cation, N,N-

diethylanilinium cation and N,N-2,4,6-



15 May 2002 96 R1 to R6 may be the sane as or different from each other,
and is a hydrogen atom a hal ogen atom a hydrocarbon group, a heterocyclic
conpound residual group, an oxygen-containing group, a nitrogthMayA082ni ng
group, a boron-containing group, a sulfur-containing group, a

phosphor us-cont ai ni ng group, a silicon-containing group, a

ger mani um contai ning group or a tin containing group, wth the proviso that
two or nore of these nmay be bonded to efeh other to forma ring, and when m
is 2 or nore, any two of groups represented by RL to R6 may be bonded; n is
a nunber satisfying a valence of M X is a hydrogen atom a hal ogen atom a
hydr ocar bon group, an oxygen-containi ng group, a sulfur-containing group, a
nitrogen containing group, a boron-containing group, an al um num cont ai ni ng
group, a phosphorus-containing group, a hal ogen containing group, a

het erocycli ¢ garngametch y e il 1 9% QHL 1 ch ;Sidrid QLI 1iniMotd W@t oup, a
ger mani um contai ning group or a tin containing group, wth the proviso that

when n is 2 Qfatidifs, MRl aDrouEss SERas b i um L JRE dle same as or
different fromeach other, and plural groups represented by X nay be bonded

to each othergiQ,dx¥HRA rdmhn ARl Saiidropol yner is characterized by: (1)
conprising ethyl'ene unit of 30 to 80 % by nol and a-olefin having 3 to 10

o T oy LG, 5 VA RO AR s s TR
per eat 95 IV AT PRPAI TR IS 8 0L oty TbutLon (e )
() 0ot o Lo Ml g S et o have ol loast one
given by the tfrc.;LI Jm%\,ghnygigh%rnn}il )aph(ols)p’ho%fiu]ﬁf Ocattcio%' %:nd
tri(dimethylphenyl)phosphonium cation.
R1% is preferably carbonium cation or ammonium
10 cation, particularly preferably triphenylcarbonium
cation, N,N-dimethylanilinium cation or N,N-
diethylanilinium cation.
Also employable as the ionic compound is a
trialkyl-substituted ammonium salt, a N,N-
16 dialkylanilinium salt, a dialkylammonium salt or a
triarylphosphonium salt.
Examples of the trialkyl-substituted ammonium
salts include triethylammoniumtetra (phenyl)boron,
tripropylammoniumtetra (phenyl)boron,
20 tri(n-butyl)ammoniumtetra (phenyl)boron,
trimethylammoniumtetra (p-tolyl)boron,
trimethylammoniumtetra(o-tolyl)boron,

tri(n-butyl)ammoniumtetra (pentafluorophenyl)boron,

tripropylammoniumtetra (o, p-dimethylphenyl)boron,



Pos/ (2Po' Pe) (I) wherein PE is nolar fraction of the ethylene unit in the
copolyner, Po is nolar fraction of the a-olefin unit in the copolyner, and
PoE is proportion of nunber of a-olefin/ethylene sequences to1hMAYR003f a1l
t he dyad sequences. 2. The ethylene/a-ol efin copolynmer according to claim
|, characterized by that at |east 95 ~ of the whol e polynmer chain have at

| east one unsaturated bond at nnlecularéierninal t hereof over the entire
nol ecul ar wei ght range. 15 May 2002 9 i, The et hyl ene/ a-ol ef i n copol yner
according to any one of clainms 1 and 2 wherein said a-olefin is propyl ene.
4. A nethod of copol ynerizing ethylene and an a-olefin having 3 to 10
carbon atons to produce ethylene/a-ol efin copolynmer characterized by: (1)
conprising ethylene unit of 30 to 80 % by nol and a-olefin having 3 to 10
carbon atons of 20 to 70 by nol; (2) having a nunber-average nol ecul ar

wei ght (M) of 500 topi2+1000y]1 detresii wmete bya ge)mper meat i on chr onmat ogr aphy
(GPC) and nol ecul ar wei ght distribution (MM M) of 3 or less; (3) having a
ki netic viscogimgthy1pREyDfbdPokp 5, 000 MmB/s; (4) that at |east 95 ~ of
whol e pol yner chains have at | east one unsaturated bond at nol ecul ar

term nal thereof; apgi ($b 1 Vo Wit di€ra gh-ven by the fol lowing formla
(), of 1.0 to 2.0: = Poe/(2Po' Pe) (1) wherein PE is nolar fraction of the

et hyl ene uni ttieiler&GROGHYIBHeny?) bSrd®! af{ [@ction of the a-olefin unit
in the 15 May 2002 99 copol ymer, and PoE i's proportion of nunber of

a-ol ef | 0/ g Nybeney PAHNEREGS 4 Cr IS Of r 2y S o dAR SRANPIIGRS orfiher el n

the copol ynerization 1s conducted 1 n the presence o
pol yneri zati of, gatal yst conprising: (A) a transition metal conpound,
represented by the following formula (I1); (B) at |east one conpound

sel ected fromthe %PPH?—&&% )satnimpoqliq;mt(eBc-rlg(OqQoqryglq%%rE%nql |l i c conmpound;

Examples of the N,N-dialkylanilinium salts
include N,N~dimethylaniliniumtetra (phenyl)boron, N,N-

10 diethylaniliniumtetra(phenyl)boron and N,N-2,4, 6-
pentamethylaniliniumtetra (phenyl)boron.

Examples of the dialkylammonium salts include
di(l-propyl)ammoniumtetra (pentafluorophenyl)boron and
dicyclohexylammoniumtetra (phenyl)boron.

15 Further employable as the ionic compounds are
triphenylcarbeniumtetrakis (pentafluorophenyl)borate,
N,N-dimethylaniliniumtetrakis (pentafluorophenyl)borate,
ferroceniumtetra (pentafluorophenyl)borate,
triphenylcarbeniumpentaphenylcyclopentadienyl complex,

20 N,N-diethylaniliniumpentaphenylcyclopentadienyl complex

and a boron compound represented by the formula (VI):



(B-2) an organoal um nunoxy conpound; and (B-3) a conpound reacting with the
transition netal conmpound (A) to forman ion pair, R ' MX" R-"' ( Z~)
wherein Mis a transition nmetal atom selected from Goup 3 to18May2Q02e
periodic table; mis an integer of 1-6; RlL to R6 nay be the sane as or
different,fromeach other, and is a hydrogen atom a hal ogen atom a

hydr ocar bon group, a 15 May 2002 1006H#et erocyclic conpound residual
group, an oxygen-contai ning group, a nitrogen-containing group, a

bor on- cont ai ni ng group, a sulfur-containing group, a phosphorus-containing
group, a silicon-containing group, a germani umcontaining group or a tin
containing group, with the proviso that two or nore of these nmay be bonded
to each other to forma ring, and when mis 2 or nore, any two of groups
represented by RlL to R6 may be bonded; n is a nunber satisfying a val ence
of M X is a hydrogen atom a hal ogen at om G&shydrocarbon group, an
oxygen-cont ai ni ng group, sul fur-com gi pr8g gr pup, a nitrogen contai ni ng
group, a boron-cont ai ni nfi” gf® WLz JanBaryg(n¥pn copt ai ni ng group, a
phosphor us- cont ai ni ng group, a hal ogen {cdaKai ni hg group, a(N&derocyclic
conpound residual group, a silicon-containi f#sgrdup, a ger mani um cont ai ni ng
group or a tin containing group, with the proviso that when nis 2 or nore,
plural groups represented by X nay be the sanme as or different from each

ot her, and plural groups represented by X may be bonded to each other to
forma ring. 5. The nethod of producing ethylene/a-olefin copolyner

accor di ng t o wHegieh4 Etwher @imn ephgrlogmouas lre timel douhmarl andVght : nodi fier is
not used.

CF;

Na
(VIT)
CF3 _4

Examples of the borane compounds include:
decaborane (14) ;
salts of anions, such as bis([tri{(n-

10 butyl)ammonium]nonaborate, bis[tri(n-
butyl)ammonium]decaborate, bis[tri(n-
butyl)ammonium]undecaborate, bis[tri(n-
butyl)ammonium]dodecaborate, bis[tri(n-
butyl)ammonium]decachlorodecaborate and bis[tri(n-

16 butyl)ammonium]dodecachlorododecaborate; and

salts of metallic borane anions, such as tri(n-
butyl)ammoniumbis (dodecahydridododecaborate)cobaltate
({IIT) and bis[tri{n-butyl)ammonium]bis-

(dodecahydridododecaborate)nickelate(fII).



15 May 2002 101 6. A lubricant oil conposition, characterized by conprising
the ethyl ene/a-ol efin copol yner according to any one of clains 1 to 3 as
base oil or viscosity index inprover. 7. A nodified ethyl ene/ % Mayi2082
copol ynmer wherein the ethylene/a-olefin copolyner according to any one of
claims 1 to 3 is nodified by any one group selected froma carboxyl group,
an acid anhydri de group, an ester group, an epoxy group, a hydroxyl group,
a diol group, an anmino group and a pheny®dgroup, or nol ecul ar
oxygen-cont ai ni ng gas and/ or ozone-containing gas. S. A |ubricant oi
conposition, characterized by conprising the nodified ethylene/a-olefin
copol yner according to claim7 as detergent-dispersant. 9. Aresin
conposition, characterized by conprising the nodified ethyl ene/a-olefin
copol ymer according to claim7 as a nodifier which nodifies a resin

sel ected fromthe gEQHRPEEBSHSt tAE EhrBOr8REXY¥ohSShAds alndighdrane resin, a
pol yacetal resin, a polyester resin and urea resin.
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butyl)ammonium-7, 8-dicarbaundecaborate(12), tri(n-

butyl)ammonium-2, 9-dicarbaundecaborate(12), tri(n-

20 butyl)ammoniumdodecahydrido-8-methyl-7,9-
dicarbaundecaborate, tri(n-butyl)ammoniumundecahydrido-
8-ethyl~7,9~dicarbaundecaborate, tri(n- )

butyl)ammoniumundecahydrido-8-butyl-7,9-

dicarbaundecaborate, tri(n-butyl)ammoniumundecahydrido-
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metallic salts of these acids, specifically, salts of

these acids, for example with metals of Group 1 or 2 of

the periodic table such as lithium, sodium, potassium,

rubidium, cesium, beryllium, magnesium, calcium,

§ strontium and barium, and organic salts of the above

acids such as triphenylethyl salt, but not limited

thereto..

The ionizing ionic compounds (B-3) mentioned

above may be used singly or in combination of two or

10 more kinds.

In the polymerization, any method of using and

feeding and any order of feeding of the components can

be selected, and, some examples are given below.

(1) The component (A) and at least one

16 component selected from the organometallic compound (B-

1), the organoaluminum oxy-compound (B-2) and the

ionizing ionic compound (B-3) (simply referred to as

"component (B)" hereinafter) are fed to the

polymerization reactor in an arbitrary order.

20 (2) A catalyst component obtained by previously

contacting the component (A) with the component

(B—l) ’

and the component (B-3) are fed to Eﬁe polymerization

reactor in an arbitrary order.
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(4) A catalyst component obtained by previously

contacting the component (A) with the component (B-1)
and the component (B-3), and the component (B-1) are

10 fed to the polymerization reactor in an arbitrary order.
In this case, the components (B-1) may be the same or
different.

(5) A catalyst obtained by previously
contacting the component (A) with the component (B-2)

15 is fed to the polymerization reactor.

(6) A catalyst component obtained by previously
contacting the component (A) with the component (B-2),
and the component (B-1) or the component (B-2) are fed
to the polymerization reactor in an arbitrary order.

20 In this case, the components (B-2) may be the same or
different.

In the process for the ethjieﬁe/a—olefin
copolymer according to the invention, ethylene and an

a-olefin are copolymerized in a solution in the
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In the present invention, the polymerization can

be carried out as any of liquid phase polymerization,
5 such as solution polymerization or suspension
polymerization.

Examples of inert hydrocarbon media for use in
the liquid phase polymerization include aliphatic
hydrocarbons, such as propane, butane, pentane, hexane,

10 heptane, octanse, decane, dodecane and kerosine;
alicyclic hydrocarbons, such as cyclopentane,
cyclohexane and methylcyclopentane; aromatic
hydrocarbons, such as benzene, toluene and xylene;
halogenated hydrocarbons, such as ethylene chloride,

15 chlorobenzene and dichloromethane; and mixtures of
these hydrocarbons. The olefin itself can be used as
the solvent.

In the polymerization of an olefin using the
olefin polymerization catalyst, the component (A) may

20 be used in an amount of usually 10712 to 10-2 mol/liter,
preferably 10710 to 1073 mol/liter.

The component (B-1) ma& used-in such an amount

that the molar ratio of the component (B-1) to the

transition metal atom (M) in the component (A) ((B-
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The component (B-2) may be used in such an amount

that the molar ratio of the aluminum atom in the

5 component (B-2) to the transition metal atom (M) in the
component (A) ((B-2)/(M)) becomes usually 10 to 500,000,
preferably 20 to 100,000.

The component (B-3) may be used in such an amount
that the molar ratio of the component (B-3) to the

10 transition metal atom (M) in the component (A) ({(B-
3)/(M)) becomes usually 1 to 10, preferably 1 to 5.

In the olefin polymerization using the olefin
polymerization catalyst, the polymerization temperature
may be in the range of usually -50 to 200 °C,

16 preferably 0 to 170 °C. The polymerization pressure
may be in the range of usually atmospheric pressure to
100 kg/cm?, preferably atmospheric pressure to 50
kg/cm?2. The polymerization reaction can be carried out
by any of batchwise, semi-continuous and continuous

20 processes. The polymerization can also be conducted in
two or more stages under different reaction conditions.

The molecular weigﬁt of thé resulting ethylene/a-
olefin copolymer can be regulated by changing the

polymerization temperature. The molecular weight can
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polymerization system.

Modified ethylene/o-olefin copolymer

In the ethylene/a-olefin copolymer of the present
invention, the proportion of the polymer chain having,
an unsaturated bond at the molecular terminal is 95% or

10 more, based on the total polymer chains, and this makes
the copolymer easily be modified by graft reaction.
Therefore, a variety of functional groups can be easily
introduced at the terminal unsaturated (double) bond by
oxidation, graft reaction or ene-synthesis reaction.

15 The modified ethylene/oa-olefin copolymer of the
present invention is obtained by modifying the terminal
double bond of the ethylene/a-olefin copolymer by
carboxyl group, acid anhydride group, ester group,
epoxy group, hydroxyl group, diol group, amino group or

20 phenyl group, or a molecular oxygen-containing gas
and/or ozone-containing gas.

Specific examplés of thé modified ethylene/o-

olefin copolymer will be described below:

(1) Modified ethylene/a-olefin copolymer
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target compound can be obtained by the graft reaction

on the ethylene/a-olefin copolymer of the present
§ invention using a compound having carboxyl group and
) carbon~carbon double bond (e.g., maleic acid or
methacrylic acid), in the presence of a graft reaction
initiator, e.g., an organic peroxide.
(2) Modified ethylene/a-olefin copolymer
10 containing acid anhydride group
The modified ethylene/a-olefin copolymer as the
target compound can be obtained by the graft reaction
on the ethylene/o-olefin copolymer of the present
invention using a compound having acid anhydride group
‘ 15 and carbon-carbon double bond (e.g., maleic anhydride
or tetrahydrophthalic anhydride), in the presence of a
graft reaction initiator, e.g., an organic peroxide.
The modified ethylene/a-oclefin copolymer as the
target compound can be also obtained by heating the
20 ethylene/a-olefin copolymer of the present invention
together with maleic anhydride at 100 to 200°C, to
allow the ene—synéhesis reéﬁtion to proceed and thereby

to add the maleic anhydride to the double bond at the

molecule terminal.
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5 on the ethylene/a-olefin copolymer of the present
invention using a compound having ester group and
carbon-carbon double bond (e.g., methacrylate, acrylate
or maleate ester), in the presence of a graft reaction
initiator, e.g., an organic peroxide.

10 ) The modified ethylene/a-olefin copolymer as the
target compound can be also obtained by heating the
ethylene/a~olefin copolymer of the present invention
together with maleic anhydride at 100 to 200°C, to add
the maleic anhydride to the double bond at the molecule

16 terminal, and followed by reacting an alcohol thereon.

(4) Modified ethylene/a-olefin copolymer
containing epoxy group

The modified ethylene/a-olefin copolymer as the
target compound can be obtained by the graft reaction

20 on the ethylene/a-olefin copolymer of the present
invention using a compound having an epoxy group and
carbon-carbon double bond—(e.g., glycidyl methacrylate),

in the presence of a graft reaction initiator, e.g., an

organic peroxide.
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The modified ethylene/a-olefin copolymer as the
10 target compound can be also obtained by reacting the
ethylene/a-olefin copolymer of the present invention_
with an organic peroxide (e.g., acetic peracid or m-
chloroperbenzoic acid).
(5) Modified ethylene/a-olefin copolymer
16 containing hydroxyl group
The modified ethylene/oa-olefin copolymer as the
target compound can be obtained by the graft reaction
on the ethylene/a-olefin copolymer of the present
invention using a compound having a hydroxyl group and
20 carbon-carbon double bond (e.g., 2-hydroxyethyl
methacrylate), in the presence of a graft reaction
initiator,_e.g., an org&nic peroxide.
The modified ethylene/a-olefin copolymer as the

target compound can be also obtained by reacting the
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10 the modified ethylene/a-olefin copolymer containing an
epoxy group synthesized by such a method as described
above.

The modified ethylene/a-olefin copolymer as the
target compound can be also obtained by reacting the

15 modified ethylene/a-olefin copolymer containing a
maleic anhydride group synthesized by such a method as
described above with diethanolamine.

(7) Modified ethylene/a-olefin copolymer
containing amino group

20 The modified ethylene/a-olefin copolymer as the
target compound can be also obtained by reacting the
modi fied ethylene/a—élefin copolymer containing an

epoxy or maleic anhydride group synthesized by such a

method as described above with an amine.
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S on the ethylene/a-olefin copolymer of the present
invention using a compound having phenyl group and
carbon-carbon double bond (e.g., styrene), in the
presence of a graft reaction initiator, e.g., an
organic peroxide.

10 "(9) Oxidation-modified ethylene/a-olefin
copolymer
The modified ethylene/a-olefin copolymer as the
target compound can be obtained by oxidizing the
ethylene/a-olefin copolymer of the present invention

15 with molecular oxygen-containing gas and/or ozone-

containing gas.

Lubricant oil composition

The lubricant oil composition of the present
20 invention contains a base oil and various additives,
and contains 1 to 99 % by weight of the above described
eth&lene/a—olefin cbpolymer as a base oil or viscosity
index improver.

Examples of base o0il include the above described
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of less than 300 mm?’/s and preferably not more than 100

mm’/s, generally refined mineral oil, highly refined

mineral oil, and synthetic oil such as hydrocarbon type

5 and ester type. These base oils are used singly or in

combination of two or more.

Examples of viscosity index improver include the
above described ethylene/a-olefin copolymer having
viscosity at 100 °C of not less than 300 mm?’/s and

10 preferably not less than 600 mm’/s, polymethacryalte
and olefin type polymers such as ethylene/a-olefin
copolymer having higher molecular weight than that of
the present invention, polybutadiene/styrene copolymer
and polyisobutylene. The viscosity index improver is

15 generally used in the range of 0 to 20 % by weight.
This lubricant oil composition is excellent in shear
stability and low-temperature property.

And further, the lubricant oil composition of the
present invention optionally contains various additives

20 such as detergent-dispersant, pour point depressant,
extreme pressure agent, antioxidant, anti-wear additive,
preservative, anti-corrosive and anti-foaming agent.

Examples of the detergent-dispersant include the

above described modified ethylene/a-olefin copolymer
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The detergent-dispersant is optionally used in the

range of 0 to 15 % by weight. Especially, the use of

5 the modified ethylene/a-olefin copolymer is preferred

in view of obtaining the lubricant oil composition

having excellent shear stability, low-temperature

property and ability of detergent-dispersant to suspend

and disperse carbon sludges or the like.

10 : Examples of the pour point depressant include
polymethacrylate and condensate of paraffin wax with
naphthalene or phenol. The pour point dépressant is
optionally used in the range of 0 to 3 % by weight.

Examples of extreme pressure agent include sulfur,

16 phosphorous and halides. The extreme pressure agent is

optionally used in the range of 0 to 15 % by weight.
Examples of antioxidant include phenols, amines,

dithio-zinc~-phosphate and organic sulfur compounds.

The antioxidant is optionally used in tﬁe range of 0 to

20 3 % by weight.

Examples of anti-wear additive include compounds
such as molybdénum disulfide, organic molybdenum,

graphite, aliphatic amine, amide and imide. The anti-

wear additive is optionally used in the range of 0 to
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Examples of preservative and anti-corrosive
include various kinds of amine compounds, metal
carbonates, esters of polyhydric alcohol, phosphorous

5 compounds and sulfonate. The preservative and/or anti-
corrosive is optionally used in the range of 0 to 3 %
by weight.

Examples of anti-foaming agent include compound
of silicone type, alcohol type, phosphate type, ester

10 type and polyacrylate type. The anti-foaming agent is
optionally used in the range of 0 to 0.2 % by weight.

In addition to the above, addi&ives such as
demulsifier, colorant, oiliness agent (oiliness

improver) may be incorporated into the lubricant oil

15 composition of the present invention, if necessary.

esin composition
The resin composition of this present invention
contains 100 parts by weight of base material 0.1 to 10
20 parts by weight of the above modified ethylene/a-
olefin copolymer. Examples of the base material
include an époxy resin, an urethane resin, a polyacetal
resin, a polyester resin and urea resin. These resin

compositions have excellent slidability, decreased
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incorporated into the resin composition of the present

invention, as far as not marring the objective of the

present invention.

10

Effect of the Invention

The ethylene/a-olefin copolymer produced by the

method of the present invention exhibits excellent
15 shear stability and low-temperature characteristics as
a lubricant base 0il or viscosity index improver.

The method of the present invention gives a
liquid ethylene/a-olefin copolymer excellent in
polymerization activity and uniformity. It is also

20 characterized by its ability of giving a liquid
ethylene/a-olefin copolymer of low molecular weight
even in the absence of hydrogen, with the result that
it has unsaturated bond at the polymer molecular

terminal at a ratio of at least 95%. The resultant
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0% () - R-$1 dEb&Ial 086 dOVE €y - 91 dWIEL K - SOPOAd n -t d W85 {) v e
1098 () - L#109%& ()-1v1 dEmbC@0¥010%&' () - 7g10%& () - 95109%& (X- S 3y109%&' ()-1-10
9 () -9/ NﬂO%&h&aifp@@lrwpﬁ@@ﬁ/wﬁf&kﬁoé@%%ﬁaup dOV8 { )n P& ()- 10 10
10<109%&' () - TAEbC@L0% 10%&' ()-110%&' ()- fF10%& () -

L10% () - FLOY®S &) £ fBOYE (s {d) UUEDC@L0% - 109&' () -+3 109&' ()-)

1098 ()-!109%&R' ()-10%& ()-yS10%& ()- AvdEbC@L0Y09S10%&’ () - 710%&' ()-510%&' ()-s
31109 ()-1 10%& ()-/F10%& ()-LbC@L0%®: 109%& ()-93 10%& ()-

109&' ()-9%$10%& ()- 10 10 10<

109%&' () - LeWHIEbC@ 0% 109%& () - 109%& () -L0%& () - & 10%& () - 10%& ()-S 10%& ()-H
| '\ dEbC@.0%.) 109%&' ()-L' 10%& () - %d0%& {5~ & ()-& z109%& ()-", 10%& ()-\.fdE
'/ 10 10<10%&' ()-L910%&' ()-710%& ()-510%& ()-L310%&' ()-+109%& ()-!$[{xY:/
10810% & () -y910% & ()-9s10% & ()-9Y 10%& ()-& 10%& ()-9%$10%& () -

10@dE: /

10810%& () - &10%& THe e HVErdoRd (ildi B £99°3h55k 8- Bz 2dE: /
T d )+ PSS 10 TR R OO, P WO IRERTS) i [the

10% & ()-'f109
10& 8, 109z & (35 610%2 3 10%& ()-110%& ()-/310% & ()- -10%& ()-<obC 10

esent &ilrg‘)e_ntlon .

10 The contents of ethylene, oa-olefin and polymer
chain having unsaturated bond at the molecular terminal
in the ethylene/a-olefin copolymer were determined by
the IR method, and the B value by the *’C-NMR method.

Number-average molecular weight (Mn) and

16 molecular weight distribution (Mw/Mn) were determined
by a GPC (Shimadzu’s Chromatopack C-R4A) under the
conditions of separation column: TSK G6000H XL, G4000H
XL, G3000H XL or G2000H XL, column temperature: 40°C,
mobile phase: tetrahydrofuran (Wako Jun-yaku),

20 development speed: 0.7 mL/min, sample concentration:
0.2 % by weight, and quantity of the sample injected:
200 puL. A differential refractometer was used as the
detector, and polystyrene (Tosoh) was used as the

reference.



109%&' ()- 109 ()-&$10%& ()- 10z 10z 10z&<&10% & ()- :10%& ()-' XdEbC 10
109 ()-y&10%&' ()- =~ 10%&k ()-Y 109 ()-S109& ()-L910%&' ()-D{dEbC
10+10%& ()-s) 109& ()-' 109%& ()-%d09%&' ()-L# 10%& ()-!109&' () - MfcMey 2002
1079109%&' ()-9510%& ()-s3s10%& ()-1"10%& ()-/10% ()--10% ()- 7PQRS_bj b@
10!, ff109%& ()- 109%&' ()-9%10%& ()- 10 10 10< 10%& ()-910% ()-j.G"?b@ 103
109 ()-109%& ()-sS 109 ()-1109% ()-! ~ ffl109%&k ()-!'6 ffl0% ()-Cx dEb@ 10
+109& ()-9+109%& ()-'109%& ()- % 109%& ()-89 ()-& 10%& ()-DyJdEL@
10" 9109%& ()-97: 10%& ()-5 10%& ()-310%& ()-110%&k ()- / @O%& ()-JwxyzbC
10& 10%&' ()- 310% ()- 109& ()-&$10%& ()- 10 10 10< 10%&' () - F~dEbC
10s109%& ()-1109%& ()-fl1l0%& ()-910%& ()-F1l0%& ()- @O0%&' ()-=b*dEbC
10" mlO%&' () - 9d0%&' () - #nll0%& ()-L! 109 ()- | 109%& ()-9y109%& ()-*\ $XdEbC 10L3
109 ()-1109& ()-/109& ()--109%& ()-+10%& ()- )10% ()-XbC 10 "10%& ()-Z
10%& () - &$10%& () - RPnd@: A0719%Es {9y S0V nddsdIdEDGE 100 and 40°C in
accordance with JIS K2283, and these values were used
to determine viscosity index. Pour point was measured
in accordance with JIS K2269. Low-temperature
5 viscosity was measured as Brookfield viscosity at -20°C
in accordance with ASTM D2983. PAO-6 (Shin-Nittetsu
Kagaku’s Synfluid 601) was used as the lubricant
composition base oil. Its viscosity index and KRL
shear stability were measured at a composition of given
10 viscosity. For the KRL shear stability test, the oil
composition was subjected to shear conditions at 60°C
for 20 hours in the tester, and rate of kinetic
viscosity loss, measured at 100°C before and after the
test was determined.
15
Example 1
Ethylene and propylene were fed at 150 and 450
L/h, respectively, into 1 L of toluene held in an
autoclave of stainless steel (net volume: 2 L), which
20 had been sufficiently purged with nitrogen beforehand,
to saturate the liquid and vapor phases with the gas
mixtufe. Then, 5 mmol (in terms of aluminum) of methyl

aluminoxane and 0.02 mmol of the compound 1 shown by

the following formula were added to the autoclave, to



10Y@LO%& () - @L0% ()- 9 109 ()-3109% ()- , 109 ()-y1l0% ()- OcdEbC
1094.09& () - y#109& ()-s! 109& ()-1109& ()-f109%& ()- 10%& () - 808dELC

101109& ()-7, 109& ()--109& ()-+109& ()-sy)109%& ()-9' 109%& () - 815 MayN0020 10
10 10; 109& () - &9S109%& () - 7z109%& ()-5: 109& ()-s3109%& ()-!- 050 ~?YNC
10109 & ()-109% & ()-! NF10965& ()-1F10% & ()-109%& ()-9$10% & () - ?t dEYNC
10L' 1092 & ()- YOL0%2 & ()-#10% & ()-L! 10984 ()-10%& ()-109%2& () - KWdEYNC
1041092 & ()-1Y10% & ()-/ 10%& ()--10%& ()-+y10%& ()-)10%& ()- >l xnmbC
10$10% & ()- 10z 10z 10z9<&10%& () -

1 10% & ()-810%& () - 6f 10%& () - &RXdEMbC

10L10% & ()- &Y10% & ()- @10% & ()-9s10% & ()- 10% & ()- 10% & () - xJWdEmbC
101109 & ()- 91 10% & () - & mlO% & ()-s10% & ()-110% & ()-f 10% & () - wscdEMDC

18% élf)% &;gé&éﬁﬁgj% & (t?e Vs obo ({rbmgérlzatfl%%% &rhd- c{g%g{y 2 {28 on

10910@6&T() 10% & 5y10% & (o) Sl /6 110@6 ) /91 é 6 & ()-dbC
10109 () - Oé‘ “fé%%%%l %6’0/& @er Ofé) &' 65“82 dEbC
109 z109%&' ()-LF 10%&'( @10%&' ) &10%&'() 10‘%&'&‘ﬁ L109%& () - Ft dEBC
10s' 109&’ () - IPEHE I wigo@dded EPoIETIMIN3E60&NE) - CDEFRxNHC
109%10%' ()- 10 10 105y10%&f() 93 F109&' ()-+109&' ()-Lf)10%& ()-RU z}[9nbC
10! 310%&'()P@ﬂY@ﬁW%EaﬁyiﬁFlo%&'()-'&NﬂO%&'()-'&NﬂO%&'() 10%' () - OYdEMbC
10! I+10%&'() 9S) 109%&' ()-L' mO%& () - Y@@lOW&TQ) S#109& ()-109%&' () - 2bdEnbC
The resultant polymer solution was treated with

diluted hydrochloric acid for ash removal, and then

extracted with toluene. The organic phase was

concentrated under a vacuum, and dried at 130°C for 10

hours also under a vacuum. As the result, 202 g of

10 ethylene/propylene copolymer was obtained. Analysis

results of the ethylene/propylene copolymer are given

in Table 1.

15 Compound 1

Examéle 2

The same copolymerization procedure as used for

Example 1 was repeated, except that feeding rate of



10! 7y109%&' ()-5109%&' ()-9s310%&' ()-1110%& ()-f/10%& ()-s-10%& ()-*bC 10! F
109 () - 10% ()-$10% ()- 10 10 10; 109%& ()- 9t 10%& ()-*Z& dEbC

10! y109%&' ()-910%&' ()- s10%& ()-110%&' ()-9f S10%&' ()- 10%& () -\ b3 May2002
10! %F109%& () - #f 10%&' ()-!s10%&' ()-:!109%& ()-10%& ()- F10%& ()- @dEbC

10! 110%&' () -/ 10%& () - - 109%& () - +10%& ()-s) 10%& ()-' @O0%& ()-3\dYNC 10! 10 10
10<10%& () - 9Z109%&' () - 710%& ()-510%& ()-" 31 10%& () - JAEYNC 10!

| 109& ()-f109%& ()-&Ls10%&' ()-9F 10%&' ()-8510%&' ()-9$10%&' ()-Jc2dEYNC 10!
109%& ()-109&' ()-Y109%&' ()- Y109%&' ()-syl0% ()- @O%& ()-2WtdEYNC 10!
+Y10%& ()-)10%& ()-'y109%&' ()-%0%& ()-#y10%& ()-! 109%&' () - 3#Hp&JEYNC 10!
710% & () - 35T10%& ()-s310%&' ()-1T10%& ()-/10%& ()-- 10%&' ()-&HC 10!Y
10% & ()- 10% & ()-$10% & ()- 10 10 10<T10%&' ()-9z10%& () - 3YdEbC

101 10% & ()- @0% & ()-10% & ()-10% & ()-y1l0% & () s109% & () - 4f dEbC

1 L PUBA oA T8 U S e
10,0 10 SIS 50 e smety. oot

VR YR
10A& 0)- 10A&'é%h%9ene§gropylene copolymer was obtained. Analysis

results of the ethylene/propylene copolymer are given

5 in Table 1.

Example 3

The same copolymerization procedure as in Example
1 was repeated, except that propylene was replaced by
10 1-butene, and ethylene and l-butene were fed at 120 and
480 L/h, respectively. As the result, 45.6 g of
ethylene/butene copolymer was obtained. Analysis
results of the ethylene/butene copolymer are given in
Table 1.
15

Comparative Example 1

The same copolymerization procedure as in Example
1 was repeated, except that Compound 1 was replaced by
bis(cyclopentadienyl) zirconium dichloride and the
20 copolymerization was conducted at 50°C. As the result,
18.2 g of ethylene/propylene copolymer was obtained.
Anélysis results of the ethylene/propylene copolymer

are given in Table 1.



109 ()- 109 ()-&$10% () - 5j ydEYNC 10!
sy109&' ()-10%&' ()-910%&' ()-Z10%& ()-10%& ()- 10%& ()-y7r 3dEYNC 10!

+109& ()-")9! 109& ()-s' 100& ()- YL0U& ()-# 109%& ()- Ll 109& () - 3rHorMay 2002
10! &$10% & ()

$aBnmbC

10! 1y10% & ()-s!10% & ()-10% & ()-T10% &88§)-s10% & () -! VI0%& () - $/ UJEnbC
10!-10% & ()-s+10% & ()- )10% & ()-' T10% & ()-sY%10% & () - #g10% & () - R*

- 10 10 10F: 10%&' ()- 710%&' ()- G&6109%& ()-L4' ! 10%& () -4k dETHC
10! 109% & ()-S10% & ()-f&10% & ()- 10% & ()-F 10% & ()- 10% & ()- G}

dEnmbC 10!:10% & ()-L7410% & ()-F6910% & ()- 3

10% & ()-110% & ()-/'10% & ()-* Z[ \ ] i |  bC 10'&L0%& ()-& 109%& () -

10

15

20

Comparative Example 2

To a 4-liter glass reactor equipped with a
stirrer, hexane, a hexane solution of vanadyl
trichloride (16 mmol/L) and hexane solution of ethyl
aluminum sesqui-chloride (96 mmol/L) were continuously
charged from the top of the reactor at 2, 1 (L/h) and
11 L/h, respectively, and the reaction liquid was
continuously withdrawn from the reactor bottom in such
a way to keep the reaction liquid in the reactor be 2
liter. A gas-mixture of ethylene, propylene and
hydrogen each at 50, 48 and 202 L/h, respectively was
charged from the reactor top, to initiate the
copolymerization while controlling reaction temperature
at 35°C. The copolymerization was conducted for 1 hour,
and thereafter small quantity of methanol was added to
the reaction liquid withdrawn from the bottom of the
reactor to terminate the reaction. The resultant
polymer solution was treated with diluted hydrochloric
acid for ash removal, washed with water 3 times and
then extracted with hexane. The organic phase was
concentrated under a vacuum, and dried at 130°C for 10
hours also under a vacuum. As the result 68.5 g of
ethylene/propylene copolymer was obtained. Analysis

results of the ethylene/propylene copolymer are given

&3
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10, - 109%& ()-s) MLO%& ()-' 109%& () - Y40%& () - 9#@0%& ()-!10%& ()-///00hOOOdE: /
10Y: - 109&' ()-07' 10%&' () - F9610%& () -
4Y109%&' () - &210%& () - @10%& ()-000000012bC 10L10%& ()-3 10%& (§5 May 2002
10%& ()-9%$10%&' ()- 10 10 10& <10%& () - 2#2T22229%3dEbC 10! 10%& ()-| 310%&' () -
y  10%&' ()-10%&' ()-L10%& ()-f10%&' () - ¥%B[ 333334[ 4dEbC
10- 1098 ()-+109%&' ()-)10%&' ()-' T10%& () -84 10%&' () - #10%& () - [ 444465k55dEbC
108910%& ()-710%&' ()-5 109%& () - 3F10%&'{%§ 3110%& ()-&  10%& ()-55555556H6bC
1091 10% & ()-3 10% & ()-10% & ()-&$10% & ()- 10 10
10<109%&' () - H6{6667M/ 7aBbC
10s10% & ()-1°10% & ()-!fm 10%& ()- 10% & ()-Yy1l0% & ()- @L0% & ()-7778K888d
EbC
10' 10% & () 1 %G1098 & ,() - #10% & ()-! 10% & ()-s10% & ()-410% & () - 88! 9RI999dED
C 10L34 109 4
/10% & () - /10%0&'f1 -10% & ( %‘HO%&I&%) 2)!10%&' U@
10$10% ()- 10t 180e182BE0SPROLYNSTB%RE: - PEEIHYE (?S &816%‘8?%? -----
;dEj_@10 "y 100& %)-I 10%& ) f@O% ()5 109%& ()-F 109 ()- 10%& () -
,,,1<j<<aBj @Wfél Q@&t xcept that’ the copo erization was

109%&' ()-10%&' ()-LT109%& () flO%&' ()= 1y $109& () - <<<l=h=z==dEj _@
108/ S10% ( Fonduoged) a)tld&&c() Aaoﬁ}ex?(ljesxsh%w/«g?f()ﬂ 1% 1909% () - ==>G>>>>>aB7@
10 10<109%&' ()-: gl0%&' (
6! 109& ()-! %hyg%e(pmem%e( ropedyger) haxing+himetin 3ioopaity- L10% & () -
T10% & ()-T10% & ()-10% & () - 210% & ()- 10 10??" @@ag@@BniN 310%.F
10% & () - S10% &00)CLOGYFE2( ' 4 WA ghtaingt! 10%&alys iB0%e&ulrs @ER
AZAAADENMN 310% 10% & () - +: 10% & () - Lf)
10% & () -s' 00% Be( ptBYYEh6Yp&opylehe0epROL ynAABABBBBIENdY B1€8030% & () - 710%
t& ()-510% & ()-9310% & ()-1Y10% & ()-/ @.0% & () - BOOCC+C. C CChC3109910%&' ()
- s10% () thelODe@BrirafitOe®]( rompOsition with the copolymer

10 incorporated in the base o0il are given in Table 2.

Example 5

Tﬁe same copolymerization procedure as in Example

2 was repeated, except that the copolymerization was

15 conducted at 50°C. As the result, 76.8 g of
ethylene/propylene copolymer having kinetic viscosity
at 100 °C of 2,130 mm?’/s was obtained. Analysis
results of the ethylene/propylene copolymer and
properties of the lubricant o0il composition with the

20 copolymer incorporated in the base oil are given in

Table 2.

Example 6
The same copolymerization procedure as in Example

25 5 was repeated, except that ethylene and propylene were



10t 10t;

F10% & () - COCCCD$DVDIEDC310% | 109&' () - y109%&' () - s10%& () - 91 109& é%vl LZ109%& () -
@ 109%&' () - VDDD#E\ EEEdEbC310% &10%&' () - +10%&' () - Ly) - 15 May 2002

1098 ()-' mLO%& ()-1 %d0%& ()-! 109& () - EE+FcFFFGIEbC31090s10%&' () - 7f L0%&' () -
5f 10%& () - 93mMLO%& () - 110%& ()-/y1l0%& ()- GG GEEEGEPGGHC310% 10%&' ()- " F
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L<LLL~LLLMJIEbC3109% : 109%&' () - 10%&' () - 10%& () - 109%& (zl- @ 0% ()-s10%& ()- MIMW
MWaBbC310993030%&0f) ethgiene/pyopyleoercopolymer having kinetic
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10<109&' () - &9iBOOBiLY- At 100&' (F- of 3,824 mm®/s was obtained.

Y3z10%&' () - YN\ NNNN#OLOJdEnmbC31094. 0% () - 109& () - 10%&' () -s10%& () -1 y10%&' ()-
10%&' ()-10, Analysis results of the ethylene/propylene copolymer
OTO00?PUPAENDC310984.0%& () -!"' 109%&' ()-sM 109%&' ()-109%& ()-L 109%&' ()-109%& ()-u
P~PPPP(B&IENHA3 19233081 €3 - 6 10HE& (hbDicaRVRO{) - ¢dMBBSs{Rion 1028h () - Z109%&' (
) - 3QTMORQAAXXNHC310% $109& ()- 10 10 103: 109%&' ()- 710%&' () - 4610%& ()- L3
18% 8 - QRAMERPIFO DA P Y8Bn cd PPBr bt e &YIAYENE ) baSe 1098 4 e SEWIOVEI K ) - &3
10%&' () - RSDSSSRTdENDC310% y10%& () - Z10%&' () - 109%&' () - &109%&' () - & 109%&' ()-&f 1
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10 10 10<y108€dd1e WIN W WAEV@N J+8 7100G& () - nt

10 The same copolymerization procedure as in Example
3 was repeated, except that the copolymerization was
conducted at 50°C. As the result, 38.4 g of
ethylene/butene copolymef having kiﬁetic viscosity at
100 °C of 1,992 mm®’/s was obtained. Analysis results

15 of the ethylene/butene copolymer and properties of the
lubricant o0il composition with the copolymer

incorporated in the base o0il are given in Table 2.

Comparative Example 3

20 The same copolymerization procedure as in
Comparative Example 1 was repeated, except that the
copolymerization was conducted at 5°C. As the result,
26.0 g of ethylene/propylene copolymer having kinetic
viscosity at 100 °C of 2,010 mm’/s was obtained.

25 Analysis results of the ethylene/propylene copolymer
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and properties of the lubricant oil composition with
the copolymer incorporated in the base o0il are given in

Table 2.

5§ Comparative Example 4

The same copolymerization procedure as in
Comparative Example 2 was repeated, except that a gas
mixture of ethylene (78 L/h), propylene (88 L/h) and
hydrogen (35 L/h) was used. As the result, 153 g of

10 ethylene/propylene copolymer having kinetic viscosity
at 100 °C of 2,436 mm’/s was obtained. Analysis
results of the ethylene/propylene copolymer and
p;operties of the lubricant 0il éomposition with the
copolymer incorporated in the base o0il are given in

16 Table 2.
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#)c. 17" 71097& () - 7109%7& ()-m 7109%& () - mXpXyXzX{ X| X} X~Xx" D

Example 8
Ten (10) g of the ethylene/propylene copolymer

prepared in Example 5 and 20 mL of o-dichlorobenzene were

§ mixed and stirred in a glass reactor (net volume: 100 mL),
and heated to 175°C in an oil bath. Then, a solution of 0.9
g of 2-methyl-3-buten-2-0l and 0.18 g of di-tert-butyl
peroxide (Nippon 0Oil and Fat’s Perbutyl D) dissolved in 10
mL of o-dichlorobenzene was charged dropwise to the reactor

10 from the top over a period of 5 hours, for the graft
modification. The reactions were allowed to proceed for 1
hour after the dropping step was completed, and then the
solvent and unreacted reactants were removed under a vacuum.
The resulting reactant was then separated by column

16 chromatography (stationary phase: Wakogel C-300, mobile
phase: hexane and then THF). It was fond that hydroxyl
group was bonded to 97 & of the ethylene/propylene

copolymer chain based on the total polymer chain.

20 Comparative Example 5

The same modification procedure as in Example 8 was
repeated, except that the ethylene/propylene copolymer was
replaced by the one prepared in Comparative Example 3. The
modified reactant was separated by column chromatography.
25 It was fond that hydroxyl group was bonded to 71 % of the

ethylene/propylene copolymer chain based on the total
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polymer chain.
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What is claimed is;
1. An ethylene/a-olefin copolymer obtained by copolymerizing
ethylene and an a-olefin having 3 to 10 carbon atoms in the
presence of an olefin-polymerizing catalyst comprising:
(A) a transition metal compound, represented by the following
formula (II):;
(B) at least one compound selected from the groups consisting
of

{B-1) an organometallic compound;

(B-2) an organocaluminum oxy compound; and

{B~3) a compound reacting with the transition metal
compound (A) to form an ion pair which is represented by the

following formula,

_ Flv _
R N |
R o
" 6
| R® _ln

o (1)

wherein M is a transition metal atom selected from Group 3
to 11 of the periodic table;

m is an integer of 1-6;
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R' to R® may be the same as or different from each other,
and is a hydrogen atom, a halogen atom, a hydrocarbon group, a
heterocyclic compound residual group, an oxygen-containing
group, a nitrogen-containing group, a boron-containing group, a
sulfur-containing group, a phosphorus-containing group, a
silicon-containing group, a germanium-containing group or a tin-
containing group, with the proviso that two or more of these may
be bonded to each other to form a ring, and when m is 2 or more,
any two of groups represented by R! to R® may be bonded;

n is a number satisfying a valence of M;
X is a hydrogen atom, a halogen atom, a hydrocarbon group, an
oxygen—-containing group, a sulfur-containing group, a nitrogen-
containing group, a boron-containing group, an aluminum-
containing group, a phosphorus-containing group, a halogen-
containing group, a heterocyclic compound residual group, a
silicon-containing group, a germanium-containing group or a tin-
containing group, with the proviso that when n is 2 or more,
plural groups represented by X may be the same as or different
from each other, and plural groups represented by X may be
bonded to each other to form a ring, and

said copolymer is characterized by:

(1) comprising ethylene unit of 30 to 80 % by mol and

a-olefin having 3 to 10 carbon atoms of 20 to 70
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% by mol;

(2) having a number-average molecular weight (Mn) of
500 to 12,000, determined by gel permeation
chromatography (GPC) and molecular weight
distribution (Mw/Mn) of 3 or less;

(3) having a kinetic viscosity at 100°C of 10 to
5,000 mm?/s;

(4) that at least 95 % of whole polymer chains have at
least one unsaturated bond at molecular terminal
thereof; and

(5) having a B value, given by the following formula
(I), of 1.0 to 2.0:

B = Pog/ (2Py" Pg) (I)

wherein Py is molar fraction of the ethylene unit in the

copolymer, Py, is molar fraction of the a-olefin unit in the

copolymer, and Pg is proportion of number of a-olefin/ethylene

sequences to number of all the dyad sequences.

2. The ethylene/a-clefin copolymer according to claim 1,
characterized by that at least 95 % of the whole polymer chain
have at least one unsaturated bond at molecular terminal thereof

over the entire molecular weight range.
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wherein M is a transition metal atom selected from Group 3
to 11 of the periodic table;
m is an integer of 1-6;
R! to R® may be the same as or different.from each other,

and is a hydrogen atom, a halogen atom, a hydrocarbon group, a
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silicon-containing grolip, & germanlum-containing group or in-
containing group, with the proviso that two or more of these may
be bonded to each other to form a ring, and when m is 2 or more,

any two of groups represented by R! to R® may be bonded;

n is a number satisfying a valence of M;

X is a hydrogen atom, a halogen atom, a hydrocarbon group, an
oxygen—containing group, a sulfur-containing group, a nitrogen-
containing group, a boron-containing group, an aluminum-
containing group, a phosphorus-containing group, a halogen-
containing group, a heterocyclic compound residual group, a
silicon-containing group, a germanium-containing group or a tin-
containing group, with the proviso that when n is 2 or more,
plural groups represented by X may be the same as or different
from each other, and plural groups represented by X may be

bonded to each other to form a ring.

5. The method of producing ethylene/oa~olefin copolymer
according to claim 4, wherein hydrogen as the molecular weight

modifier is not used.
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6. A lubricant oil composition, characterized by comprising
the ethylene/a-olefin copolymer according to any one of claims 1

to 3 as base o0il or viscosity index improver.

7. A modified ethylene/a-olefin copolymer wherein the
ethylene/a-olefin copolymer according to any one of claims 1 to
3 is modified by any one group selected from a carboxyl group,
an acid anhydride group, an ester group, an epoxy dgroup, a
hydroxyl group, a diol group, an amino group and a phenyl group,

or molecular oxygen-containing gas and/or ozone-containing gas.

8. A lubricant o0il composition, characterized by comprising
the modified ethylene/a-olefin copolymer according to claim 7 as

detergent-dispersant.

9. A resin composition, characterized by comprising the
modified ethylene/o~-olefin copolymer according to claim 7 as a
modifier which modifies a resin selected from the group
consisting of an epoxy resin, an urethane resin, a polyacetal

resin, a polyester resin and urea resin.



