6 June 2006 OLEFI N BLOCK COPOLYMER, VI SCCOSITY | NDEX | MPROYBEn&SB06

'LUBRI CATI NG O LS AND LUBRI CATING O L COWPCSI TI ON FI ELD OF THE | NVENTI ON 5
The present invention relates to a novel olefin block copolyner and uses
‘thereof. Mre particularly, the present jnvention relates to an olefin
bl ock copol yner having specific polynmer bl ocks each obtained from ethyl ene
and an a-olefin, a viscosity index inprover for lubricating 10 oils
conprising the olefin block copolyner and a |ubricating oil conposition
containing the viscosity index inprover for |ubricating oils. BACKGROUND
OF THE I NVENTI ON 15 The viscosity of petrol eum products generally varies
drastically with tenperature, that is, the viscosity has tenperature
dependency. WhePLBEFINDBLOGK | GQPQLYMER, uv@schHsr Ty TNDERXAMPROVERUTQRDDbI | es,

the viscosity of the lubricating oil ideally has small tenperature
dependency. Ther FERRICRDING @ELISICAND hBUBREPRIANG! oIepomgontyTol t he
viscosity, lubricating oils contain a viscosity index inprover, which 1is

a specific pol'ymer soluble in a lubricating oil base. Ethylene/a-olefin

~copol yners-have been widely used in recent years as the viscosity index

i mprover and nodified 25:in v@IELS ORYySEEOrfrvkirhesyi nprove t he bal ance

between 6 June 2006 2 properties of the lubricating oils. The viscosity .

i ndex inpbover is geheraldspntsefvéftion relates to a novel olefin block
copolymer and uses thereof. More particularly, the
present invention relates to an olefin block copolymer
having specific polymer blocks each obtained from ethylene
and an a-olefin, a viscosity index improver for lubricating

10  oils comprising the olefin block copolymer and a

lubricating oil composition containing the viscosity index

improver for lubricating oils.

BACKGROUND OF THE INVENTION

15 The viscosity of petroleum products generally varies
drastically with temperature, that is, the viscosity has
temperature dependency. | When a lubricating oil is used for,
for exampie, automobiles, the viscosity of fhe lubricat‘:ing
©il ideally has small temperature dependency. Therefore,

20 to reducé the temperature dépendency of the viscosity,
lubricating oils contain a‘viscc.)sity index improver, which
is a specific polymer soluble in a lubricating oil base.
Ethylene/a-olefin copolymérs have been widely used in
recenf_ years as the viscosity iﬁdex improver and modified

25 in various ways to further improve the balance between




prevent a lowering of the lubricating oil viscosity at highyunéeoperatures.
However in recent years, there has been a 5 denmand for a viscosity index

i mprover that can suppress a rise of the lubricating oil viscosity at |ow.
tenperatures (which neans inparting excebl ent |ow tenperature propertles
to the lubricating oil). Lubricating oil conpositions are used for
appl i cations where a shear force 10 is applied and therefore need to have a
quality ensuring excellent shear stability. To inprove the shear

stability, a.low nolecular weight polynmer is generally used. However, as
t he nol ecul ar wei ght |owers, the viscosity index inprover has to be added
ina,. large anmount to reach a 15 viscosity that a lubricating oil needs to
have, - wi th t h@ropssiites et tthee ledonamtcalg effli<i ency is worsened. On the
ot her hand, the shear stability is deteriorated when the viscosity index

i nprover is added i fha wéduoed tgntmatexwitdproaer N ereedaThecidar wei ght
in an attenpt to inprove the 20 econom cal efficiency of the |ubricating
oi | . The pol yperesensea fcore diuty bﬁatth@gu@rh%a%rlﬁgk@i)mﬂééostl%ybgi:t}?{ phen
they have a narrower nol ecul ar weight distribution. representatlve

advant age of seapepakymess howehat 1Hersbeat pLabi) idNeis 19000 d
conparison with other 25 polyners having a broader ol ecul ar wel ght

di'stributi®n. démdnaer@006 3 Aso SUCH, 1 RS 9_H1§>r6%te§«| Mﬁéﬁ GEthg élg%{slséé' 'aed to

narrow t he nol ecul ar wei ght distribution of the polyners.

catal ysts incktge @fQﬂkﬂhiﬁﬁnﬁﬁﬁﬁgki%qloﬂlécgbQbyya@Q&hYQemperatures

(' (which ﬁeans imparting.excellent low temperature
properties to the lubricating oil). Lubricating oil
compeositions are used for applications where a shear force

.10 1is applied and therefore need to have a quality ensuring
excellent shear stability. To improve the shear stability,
a .low-molecular weight polymer'is generally used. Hdwever,
as the molecular weight lowers, the viscosity index
improver has to be added in a. large ambunt to reach a
15 wviscosity that a lubricating oil needs to have, with the

(’ : result that the economical efficiency is worsened. On the
other hand, the sheaf stability is deteriorated when the
viscosity index iﬁprover is added.in a reduced émount with
an increased molecular weight in an attempt to improve the

20 economical efficiency of the lubricating oil.
The polymers used for lubricating oils are known to

be better when they have a narrower moleculaf weight‘
distribution. Zarepfesentativeadvantagecxfsuchpblymers

is that the shear stability is good in comparison with other

25 polymers having-a broader molecular weight distribution.




magnesi um chl oride, a netallocene catalyst and a vanadi umgy,r&bade/st .

JP- A-60(1985) /35009 discl oses a polymer having Mwv Mh of 1.2, which is
obt ai ned using these catalysts. U S. Patent No. 3,697,429 discloses a

bl end of ethylene/a-ol efin copolynmers hayging different ethylene contents.
It is described that a lubricating oil having 10 suitable |ow tenperature
properties can be.obtained when this blend is used as a viscosity index

i mprover for lubricating oils. However, such a lubricating oil is
insufficient in the balance of properties. Meanwhile, other inventions have

been made taking 15 advantage of characteristics of the |iving
pol yneri zation. For exanple, JP-A-60(198.5)/35009 discloses a random

~copol yner andda shiadck wopiohysrera teslohs torgpes edwo ks teidiyldene namdoantaeol ef i n
in which the nol ecul ar weight distribution and the conposition
di stributi on rerlenaraowsainght hil 20 Gonposi tdfonhdi phamdrs .t hergpbeedl e. |t
is also described that these copolyners are suitable as.a viscosity index

i nprover for datbrliyeats ngqaidde becauseysbeyuhsye: g9ash sheaghist abiki-ky and
vi scosity-increasing properties and excellent |ow tenperature properties,

“which are esmne?dlunz?&hﬂ@)rtﬂ&% apphétal i 8sndfcddiel § OEHAL 8nQHE um! N
particular, 6 June 2006 4 it is also nentioned that a bl ock copol yner

havi ng segmeri=talgfstdi f ferantsoqameesit3isons @ﬂs&h@sééﬁ?p@Q§%%Hjﬁab§n§n
preferable. The use of a tubular reactor is disclosed as met hod
conti nuously Ml RIfNG @ POINFEY NAVdBWhihed using these catalysts.
(' _- " U.S.‘Patent No. 3,697,429 discloses a blend of
iethylene/a—olefin copolymers having_different ethylene
contents. It is described that a lubricating oil having
10 suitable low temperaturé properties can be obtained when
this blend ig used as a viscosity index improver for
lubricating oils. However, sﬁch a lubricating oil is
insqfficient in the balance of properties.
Meanwhile, other inventions have been made taking
15 advantage of characteristics of the living polymerization.
(7: For example, JP-A-60(1985)/35009 discloses a random
copolymer and a block copolymer each composed of ethylene
andaﬂla—olefin,jjlwhichthenwlecularweightdistribﬁtion
and the composition distribution are narrow and the
20 composition differs in the molecule. It is also described
that these copolymers are suitable as a viscosity index
improver for 1ubricating'oils because they have good shear
Stability and viscosity-increasing properties and

excellent low temperature properties, which are essential

25 totheapplications of the lubricating oil. In particular,




‘5 narrow nol ecul ar weight distribution in the presence of gayn&ad@d yst
enabling living polynerization. Wen a copolyner is produced in a tubular
reactor, the nonomer conposition changes in the reactor because the
nmononers have different reactivity to yigeld a tapered copolyner in which:
the 10 conposition gradually differs in the polynmer chain, giving a broad
i ntranol ecul ar conposition distribution. Although the polyners disclosed
in the above literature are suitable as a viscosity index inprover for

| ubricating oils, the polynmer described in detail in the sane literature
that 15 has a nol ecul ar weight distribution (Mv M) of as narrow as 1.2
does not have sufficient capabilities to inprove |ow tenperature
properties andtiis pégeestelirpedfifiatharblodprovetmner Asvangetcduptritos i npart
the capabilities of inproving |ow tenperature properties, it is known to
al | ow 20 t he pbl $hEferentopraresatipnenéni then sameuntolasullar ge a®repossi bl e
within the range not extrenely detrinental to the |ow tenperature
properties. Thieferahod, hDwewsss dfas hubplebl eenthat idetigdlrayad ecul ar
.conposition distribution in a tapered copolyner is so broadened that it is
difficult 25 aonevidd éqchcandénnbnemyabbtamgeng6aJpﬂ@yﬁ@QGhévEﬁgtBer”DYE,
-WD98/ 58978 (National Publication of International Patent 2002-507225)

di scl oses5a vizcosy tnoléaabxr iwprghtedikarr ibubiicaat hngheihse SOMY icH By an
olefin block copolymer. One block of the above-disclosed olefin block
copol ymer commtiaksseempbdriegol i abottocd3nforliyation. When a copolymer

(Pl _ is produced in a tubular reactor, the ‘monomer composition
changes in the reactor because the monomers have different
reactivity to yield a tapered copolymer in which the

10 composition gradually differs in the polymer chain, giving
a broad intramolecular composition distribution.
Although the polymers disclosed in the above literature are
suitable as a viseosity index improver for lubricating oils,
the polymer described in detail in the same literature that

15 has a molecular weight distribution {Mw/Mn) of as narrow

Paie ¥

as 1.2 does not have sufficient capabilities to improve low
temperature properties end is requested for further
improvement. As a method to impart the capabilities of
improving low temperature propertiee, it is known to allow
20  the polymer to contain ethylene in an amount as large as
possible within the range not extremely detrimental to ther
low temperature properties. This method, however, has a
problem that the intramolecular compesition distribution
in a tapered copolymer is so broadened that it.is difficult

25 to avoid such a detrimental range.




wei ght and this viscosity index inprover for lubricating goyhsobgsStill
insufficient to inprove |ow tenperature properties. OBJECT OF THE

| N\VENTI ON The present invention has been made for the purpose of solving
t he above problens related to the prior art, and has an object of
providing an ol efin block copol yner having specific polynmer blocks, a
viscosity index inprover for lubricating oils that can give a lubricating
oi | conposition having excellent |ow tenperature properties and

wel | - bal ancedryi-8695ht ¥e aNdy5B82E 5 o5lgabi N ys o0 apl, PE&%@%EHQ Q4

conposition containing the viscosity index 1nprover ri‘cating oils.
SUMVARY EEtéfEatmNENIIGNnﬁhe:pQGQeHBOmeEntIdmstebaéeseiOva@dmgﬂHy1 bl ock
copolymer having a Mv Mh (Mv. wej ght . average nol ecul ar wei ght, M: nunber
aver age HoPetulBPIREEFhtHOT ofuliet CabiRgt Ipdd S chnpww c@pop}@efrln

cormr's'@gocﬁ L oBoRYmLger otzieo%r&em fs'tr}% %@ g@f‘ 80q2 '%f' of 3

to 20 carbon ato aving a no ene & I]thylene

units tdaiae@kefctdspmlllymérOfcdmp):mé?@é 80eﬁ1@y1@:5é35:ﬁmbmam ngaaa vsael gisyt aver age
nmol ecul ar wei ght of 50,000 to 2,000,000 and an absol ute value of a sl ope
of an i¥Ri¥kbl erd érhl@oﬁﬁo%@%@?ﬁrdﬂasiexbmmwr ofart dubrigadi®eg 6 June

2006 (i %lf%pqﬁyng%lghoc %ﬁf?i sgﬂge?%hylene and an_a- gggfggat%f 3 to 20

car bon aving a no erné?cc-
properties.

OBJECT OF THE INVENTION

The present invention has been made for the purpose
of solving the above problems related to the prior art,
and has an object of providing an olefin block copolymer
having specific polymer ©blocks, a viscosity index
improver for lubricating oils that can give a lubricating
oil composition  having excellent low  temperature
properties and well-balanced Viscosity and .shear
stability, and a lubricating oil composition containing

the viscosity index improver for lubricating oils.

SUMMARY OF THE INVENTION
The present invention relates to
.an olefin block copolymer having a Mw/Mn (Mw: weight

average meclecular weidht, Mn: number average molecular weight)
of not more than 1.5, which copolymer comprising:

(i) a polymer block comprising ethylene and an a-olefin
of 3 to 20 carbon atoms, having a molar ratio (ethylene/o-
olefin) of ethylene ﬁnits to a~olefin units of from 20/80 to
65/35 and having a weight average molecular weight of 50,000

to 2,000,000 and an absolute value of a slope of an

intramolecular composition distribution of 0.1 to 0, and




olefin) of ethylene units to a-olefin units of from 70/ 30 gt Rne 80645 and
havi ng a wei ght average nol ecul ar weisght of 10,000 to 400,000 and an

absol ute value of a slope of an intranolecul ar conposition distribution of
0.1 to O, and,said ol efin bl ock copolynmer is prepared by copol ynmeri zi ng
ethyl ene and at*! edskolerab el igprpsiisine eihnydena- ah@fims-ollefdnt 0 20
carbon atens tighoph of ol efin ol yneri zation catal yst

conpri si ng: (Sot rzgng?ﬁ%ﬁ%ﬁgﬁa réag}r%ﬁlguﬁdm?ﬁlprré%rl@séﬁ?léﬂedﬂ?/f"ﬁr mula (1);

L,,, M. olefin) 6F)euingregienuMts td b-anskih athiimt 8k i gm-aehecigd from G oup
3 to Gaup, Ll of fhe PeriodiihTabl e, _mis an integer of 1 to5 nis a
nunber satisfying the V& ERtEorverage | Bokequlganuetdhl difndPel0®o t he
central tretab, Wanahd kavbbgoBut athe DOAG: Willhet B Gentral metal M and X

s an ox) a hydrogen atom . a,  hal ogen atom a hydrocarbon group,
an oxyge)r%gggrr??%?#lnagr 5%5‘83,1%0§’uldﬁﬁ?:¥“6‘6?ﬂt°é’l REn@- risud. and

ni trogen- conts@ildi pgeginupock bOFEAYmeGOREaAbRLFM&H BYP oS ymerizing

al um numgltp){?t ai nqi{gzg roup, a phosphorus containing group,” a

hal ogen-COXL & R otp2Sth It BretgEin cseleswpduficbr esiocdeding of

si | i con3ceat 2 nidigpodr QUbns & IPHEBPLMBL LORLALNT PO, group or a tin-containing
group, and when n.is 2 or. nore, plural groups indicated by X may be the

sane or POUYTHerdft oinbtHer 5t GrapPrifiows i ndi cated by X may be bonded to
forma ring antransition metal compound (A) represented by formula

(I}:

LaMX, ... (1)

wherein M is a transition metal atom selected from Group
3 to Group 11 of the Periodic Table,

m is an integer of 1 to 5,

n is a number satisfying the valence of M,

L is a ligand coordinated to the central metal M and-
having a direct bond with the central metal M, and

X is an oxygen atom, a hydrogen atom, a halogen atom, a
hydrocarbon group, an oxygen-containing group, a sulfur-
coptaining group, a nitrogen-containing §roup, a boron-~
containing group, an aluminum-containing group, a phosphorus-
containing group, a halogen-containing group, a heterocyclic

compound residue, a silicon-containing group, a germanium-
containing group or a tin-containing group, and when n is 2 or

more, plural groups indicated by X may be the same or
different and the plural groups indicated by X may be bonded
to form a ring

and

at least one compound (B) selected from;

~(B-1) an organometallic compound,

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

(B-3) a compound that reacts with the transition metal

compound (A) to form an ion pair.




at | east one conpound (B) selected from (B-1) an organogef,asbpes conpound,
(B-2) an organoal um num oxy-conpound, and (B-3) a conpound that reacts with
the transition netal conpound (A) to form an ion pair. 6 June 2006 6 The
viscosity index inprover for lubricating oils of the invention conprises
the ol efin block copolynmer. The lubricating oil conposition of the

i nvention contai Fbet hbswbstogi indd:ndapricViROyYSE ix%riéﬁliirﬁfﬁﬂ% B'fl S

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The ol efin bl ock co yner
viscosity i htiex invepitdwer dobfpdisddd aald nQ &t ids Bkt heobdmih&at i ng 0||
conposition of the invention are described in detall hereln ter. The

term nol ogy "pol yDeei 2abir@Batisgueed Rmpkat iR oPHne Y% vention
honopol yneri zati on but sonetines to copol ynerization. The ternlnology

"pol ymer" ieotiseiinkGhd ¢fetoB@t yOHdeit 9mporRRe!
copolymer. The ol efin bl ock copolyné? o?Bthegl#%gﬁgﬁggafgegﬁbhgf ?ln bl ock

copol ynmer conprising; 6 June 2006 (i) a polyner bl ock obtained from
ethyl ene and an a-olefin of 3 to 20 carbon atons and containing et hyl ene

in arelatively smalbrespynb. DﬁQéRbe&')roﬁ | B TRV rBRE @i ned from
ethyl ene and an 5 a-olefin of to 20 carbon atons -and cont ai ni ng et hyl ene

The olefin block copolymer, the viscosity index
improver for lubricating oils and the lubricating oil
composition of the invention-are described in detail
hereinafter.

The terminology “polymerization” is used to refer not
only to homopolymerization but sometimes to
copolymerization. The terminology “polymef” is used to
refer not only to homopolymer but sometimes to copolymer.

'-The olefin block copoiymer of the invention is an

olefin block copolymer comprising}




inarelatively large anmount. Exanples of the a-olefin of 3,8 288 carbon

atons include linear or branched a-olefins having 3 to 20 carbon atons,

such as propyl ene, 1-butene, 1-pentene, -10 3-nethyl -1-butene, 1-hexene,
4-met hyl -1 -pentene, 3-nethyl-I-pentene, 41-octene, 1-decene, 1-dodecene,
1-tetradecene, 1-hexadecene, 1-octadecene and 1l-eicosene; and cyclic

ol efins having 3 to 20 carbon atons, such as cyclopentene cycl ohept ene,

nor bor nene, al kyl norbornene, 15 e.g., 5-nethyl-2-norbornene,

tetracycl ododecene, 2-nethyl-1,4,5,8- dlnethano 1,2,3,4,4a,5,8, 8a-

oct ahydr onapht hal ene. These a- oleflns may be used elther i ndi vidually or

in conbination. 20 The pol ynmer blocks (i) and (ii) are each conposed of a

random copol ynmer of (&) hyl @neolymeatblds obdrd nadoEebine tisel € eshd ram

ol efins having 3 to 20 carbon atonms. The pol yner block (i) has a nol ar

ratio (ethylenelesiof ph)3otoedhydarisonmtand arat eloeftiat ndmigt & tefy 12 20/ 80

to 65/35, preferably 40/60 to 64/36, and a 6 June 2006 8 wei ght-average

mol ecul ar wei ght aoke58£0081y0sRal00aM6ANt, paatier ably 60, 000 to 1, 000,

000, rnore. preferably 80, 000 to 500,000. The polymer block (ii) has a

molar ratio 5 (et hylebp/ & gaafymer oflcekhybesendfi £6oh & @rpléafd maipizs of

70/ 30 to 85/15, preferably 73/27 to 82/18, and a

5 o-olefin of 3 to 20 carbon atoms and containing ethylene
in a relatively large amount.

(“ _ - Examples of the a-olefin of 3 to 20 carbon atoms
include linear or branched a—olefins having 3 to 20 carbon
atoms, such as propylene, 1l-butene, l-pentene,

10 3-methyl-l-butene, l-hexene, 4-methyl-1-pentene,
3-methyl-i-pentene, l-octene, l-decene, l-dodecene,
l-tetradecene, l-hexadecene, l-octadecene and 1-eicosene;
and cyclic olefins having 3 to 20 carbon atoms, such as
cyclopentene, cycloheptene, norbornene, alkylnorbornene,

15 e.g., S-methyl-2- norbornene, tetracyclododecene,

(T 2—methyl 1,4,5,8- dlmethano 1,2,3,4,4a,5,8,8a-~
octahydronaphthalene, ‘

These a-olefins may be used either individually or
in combination.

20 The polymer blocks (i) and (ii) are each composed of
‘2 random copolymer of ethylene and at least one a-o6lefin
selected from oclefins having 3 to 20 carbon atoms.

The polymer block (i) has a molar ratio

(ethylene/a-olefin) of ethylene units to a-olefin units of

25 20/80 to 65/35, preferably 40/60 to 64/36, and a




wei ght - aver age nol ecul ar wei ght of 10,000 to 400, 000, pr &f fRinaBloge 20, 000 to-
200, 000, nore preferably 30,000 to 150,000. 10 Wien the ethylene/a-olefin
nolar ratios and the weight-average nol ecul ar wei ghts of the pol yner bl ock
(i) and the polyner block (ii) are in thg above ranges, obtained is a
viscosity index inprover that enables producing a |lubricating oil
conposition particularly excellent in low 15 tenperature properties and in
nmp p y nmp prop
shear stability. The nolar ratio of ethylene units to a-olefin units can
be set in the above ranges by adjustnent of a nononer. ratio, and the
wei ght - aver age nol ecul ar wei ght can be set in the above ranges by-
adj ustment of a pol ynerization 20 tenperature and a pol ynerization tine
during the pbEygBtr2geirese Tod epollymeweilgitk of i50, el eaty o dwso o,
- wei ght -average nol ecul ar weight smaller than that of the polynmer block W
25 The ol ef i nPBEGEkabdpobIn@H0 ey 1odriti (0 MNecee. ppéLeBadupes 800609 ol yner
bl ock(s) (iii) in addition to the polynmer block (i) and the pol yner bl ock
(ii) . In thi§08a880.the olefin block copolyner is represented by -
(i1)=(it)-(iii)nor (ii) - (i) - (iii) n, wherein n denotes an integer of 1
or nore, 5 preferabhy pobymdrtiol 8ckmptie) phakernalbyafregristo 3. Any
‘nei ghbori ng pol yner bl ocks are different fromeach other. The pol yner bl ock
(iii) mayShe Cehhp$edeﬁ&—al@ﬁiunﬁﬁf ethylene units to o-olefin units of
70/30 to 85/15, preferably 73/27 to 82/18, and a
(, weight~average molecular weight of 10,000 ﬁo 400,600,
préferably 20,000 to 200,000, more preferably 30,000 to
150, 000. |
10 .When the ethylene/a-olefin molar ratios and the
welght-average molecular weights of the polymer block (i}
andthepmlymerblock(ii)are:hltheaboveranges,obtained
is a viscosity index improver that enables producing a
lubricating oil composition particularly excellent in low
15 temperature properties and in shear stability.
(ﬁ ‘ The molar ratio of ethylene units to a-olefin units
can be set in the above ranges by adjustment of a monomer
ratio, and the weight-average molecular weilght can be set
in the above ranges by adjustment of a polymerization
20 temperature and a polymerization time during the
polymerization.
The polymer block (ii) preferably has a
weight-average molecular weight smaller than that of fhe

polymer block (i).

25 ~ The olefin block copolymer may contain one or more




of ethylene and one ol efin selected froma-ol efins havingg Rnb®ed§ carbon
atonms, or be conposed of a random copol yner 10 of ethylene and at | east two
ol efins selected froma-olefins having 3 to 20 carbon atons. The ol efin

bl ock copol yner nmay be bonded to other payt having a different structure
fromthe above as long as the aforesaid structure is nmaintained but within
the limt not 15 detrinental to the object of the present invention. The
copol ymer may have been nodified by, for exanple, graft copolynerization.
It is preferred that the ol efin block copolymer has a weight-average

nol ecul ar wei ght (Ms) of 10,000 or nore, 20 especially 20,000 to

2,000, 000, nore especially 30,000 to 1,000,000, even nore especially 40, 000

to 500, 000, amllywmc(dwts)wdugbt) Averdage inpl 6 WHaY pvelakl, b Mk (

nunber - aver age nol ecul ar wei ght) of not nore than 1.5, especually not nor e
t han 1.35. 25am&hdwihhymeatinl cak mﬁJSEtIhmﬂth§C@QQNEtﬁéﬂgﬁ§ﬂgyhH§ﬁﬂp June
2006 10 of such a catal yst as described |ater. For exanple, the Mw M

val ue can be comlphéediwi tépnesbrtabone rangesi by (isehgcbing a transition
met al conmpound. used. When t he wei ght - aver age nDIecuIar weight is inthe 5

above ranges, (1hje-vijscosiiynj niexdinQeioddd ahu{ &8t iR 9id:S as
excel | ent viscosity-increasing properties (properties to inpart an

i n]e][ eased5v:€ seosidygb 10 frme 1atos|8al Jno@@%f‘éf@fakgbf pL&hin & ack ggpol ymer
sufficient for,
neighboring polymer blocks are different from each other.

(“ - The polymer block {iii) may be composed of a polymer
of ethylene and one olefin selected from a-olefins having
3 to 20 carbon atoms, or be composed of a random copclymer
10 ofethyleneandeﬂ:leasttweolefinsselectedfroquolefins
having 3 tc 20 carbon atoms.
7Theoiefinblockempolymermaybebondaﬂtootherpert'
having a different structure from the above as long as the
aforesaid structure is maintained but within the limit not
15 detrimental to the object of the present inventien. The
(f‘ _ copolymer may have been modified by, for example, graft
copolymerization.
It is preferred that the olefin block copolymer has
a weight-average molecular weight (Mw) of 10,000 or more,
20 especially 20,000 to 2,000,000, more especially 30,000 to
1,000,000,-even more especially 40,000 to 500,000, and
Mw/Mn (Mw: weight-average molecular weight, Mn:
number—average molecular weight) of net more than 1.5,
especially not more than 1.35. |

25 The Mw/Mn ratio can be set in the above ranges by use




attaining a specific lubricating oil viscosity, and enabl gs),49 oB§®duci ng a
lubricating oil conposition that is hardly gelled at | ow tenperatures and
that is excellent in shear stability of the lubricating oil viscosity.
Wien the MV Mh value is in the above ranggs, obtained is a viscosity index
i mprover for lubricating oils that 15 enabl es producing a lubricating oi
conposition excellent in shear stability. The wei ght-average nol ecul ar

wei ght (Mnv) and the nunber-average nol ecul ar weight (M) are in terns of
pol ystyrene and are determ ned by a gel perneation 20 chronat ography (GPC) .
under the conditions of a tenperature of 140C and a sol vent of '
ort hodi chl orobenzene. The ol efin bl ock copolynmer of the present invention
i's preferabl yoa giBhogkcabpolypirensodeactibbliotiit eopol Boerexaniien tiyes ol efin
bl ock copolyner. is a diblock 25 copol yner conposed of two polyner bl.ocks,
the MV Mh ratHe/BnJuagu@008nilei sontesol b ywi issn tthed dbB3hs RARfEs ah) y not
nore than 1.3, nore preferably not nore than 1.25. In such a case,

obtai ned i s as¥lscoingyai hdexsinpoavaetthatogpabhes uspgoduci ng a

| ubricating oil conposition particularly 5 excellent in shear stability.
Wien the ol efin bl drﬁkemouﬁ)daywmigmﬁ—@sf&ﬂdlj@%lé&myrﬂ?éiqﬁﬂ"%sp‘llny%re bl ocks

are preferably selected from an ethyl ene/propyl ene copol yner, an
et hyl ene/ but emteove apoIEBTr hanveidys BNR/ RGXENEnSPBOLY BRI r 308r3Rating
oils has excellentrviscosity—increasing properties |
(z, (properties to impart an increased'viscosity) té‘méke a
small amount of the olefin block copolymer sufficient for
attainingeaSpecificlubricatingcﬁj_viscosity,énuienébles
1Q producing a lubricating oil composition that is hardly
gelled at low temperatures and that is excellent in shear .
stability of the lubricating oil viscosity.
When the Mw/Mn value is in'the above ranges, obtained
is a viscosity index improver for lubricating oils that
15 enables producing a lubricating oil composition excellent
(“ in shear stability. |
The weight-average molecular weight (Mw)} and the
number-average molecular weight (Mn} are in terms of
polystyrene and are determined by a gel permeation
20 chrématog:aphy'(GPC) under the conditions of a temperature
of 140°C and a solvent of orthodichlorobenzene.
The olefin block copolymer of the present invention
is preferably a diblock copolymer or a triblock copolymer.

When the olefin block copolymer is a diblock

25 copolymer composed of two polymer blocks, the Mw/Mn ratio




10 et hyl ene/ oct ene copol ymér. In such a case, obtained is gjungipoesity
i ndex inprover that enables producing a lubricating oil conposition
particularly excellent in low tenperature properties and in shear ,
stability. Pyrolysis of the ol efin bl ockjgopolyner of the 15 invention
reveal s that the intranol ecul ar conposition distribution with respect to
the high ethyl ene-content conponents (conponents derived fromthe pol yner
block (ii)) and the |ow ethylene-content conponents (conponents derived
fromthe polynmer block (i)) provides a slope (CD) 20 that has an absol ute
value of 0.1 'to O, preferably 0.07 to 0, nore preferably 0.05 to 0. To
detail the slope (CD) of the intramolecular conposition distribution, the
larger the valuélesheablvddss thhe 1 n3s anptetararl cooposbté arhath St.rj but i on,
and the 25 snmaller the value, the narrower the intranol ecular 6 June 2006
12 conposi ti oo sPrebarabhy The wbeéi hhbhotk26opolyneichayidgsspch a sl ope
(CD) of an intranol ecul ar conposition distribution can be produced, as is
descri ed | at e?htdinedpos yaevizcogieyhyhear Imppdvap snetebhapiasnultiple
. stages in the presence of a specific catalyst. The slope can be controlled
by altering pimluchngisibmbnbtaticenpoundorsedit (et peds obunBasyring the
‘intranol ecul ar conposition distribution) 10 The intranol ecul ar Conposition
di stributbon ecareent "in shear stability. '
When the olefin block copolymer is a diblock
( copolymer, the polymer blocks are preferably selected from
~an ethylene/propylene copolymer, an ethylene/butene
copolymer, an ethylene/hexene copolymer and an
10 ethylene/octene copolymer. In such a case, obtained is a
viscosity index improver that enables producing a
lubricating oil composition_particularly'eXCellent in low
temperature properties and in shear stability.
Pyrolysis of the olefin block copolymer of the
15 invention reveals that the intramolecular compesition
(ﬁ distribution with respect to the high ethylene-~content
components(componentsderivedfromtheg@lymerblock(ii))
and the low ethylene~content components (components
derived from the polymer block (i}) provides a slope (CD)
20  that has an absolute value of 0.1 to 0, preferably 0.07 to
0, more preferably 0.05 to 0.
To detail the slope (CD) of the intramolecular
compositiondistribution,thelargerthevalué,thebroader

- the intramolecular composition distribution, and the

25 smaller the value, the narrower the intramolecular




nmeasured by such a nmethod as disclosed in JP-B-6(1994)/ 96624, 5505 -
Specifically, the original polyner is pyrolyzed to be _fragmentzs, and the
fragnents are fractionated in solvents, a good solvent and a poor sol vent
15 according to the conposition. The conpgsition is statistically analyzed
to determ ne the intranol ecul ar conposition distribution. For exanple, the
pyrolysis is conducted under such conditions as an atnosphere of nitrogen, -
a tenperature of 20 330C and a duration of 60 mnutes. Ideally, the .
pyrolysis is conducted until the nolecul ar weight of the fragments is
reduced to account for about 5 % of the nol ecul ar weight of the original
pol ymer. The tenperature and the duration in the pyrolysis can be varied
dependi ng on thweppeliédohardi2bribughionof the fragments. The pyrolysis
tenperature is 6 June 2006 13 usually 300 to 370C. Technol ogi es useful for
measuring the conpoBhéimle s parsiiorogd 18 mReNBAk Ak PSh YIS él’l@!éJd(f%D%C" vent
fractionation in good and poor solvents based on tﬁerm)dynam s of 't'he
phase separatofnanThhsrieeheehogy cbs Qgi‘ﬁ%ﬁ'e@iisﬁrﬁgﬁ tBhesSLgnenptitled
"Pol ymer Fractionation” (Academ c (1967), from Page 45 onwara, edited by
M Cantow ) pnddtbed) hesis dwsddid i © i Ne! N '
Pol ynmer Char acteri'zatiIon vol . 3, No@q%%l(@f%%¥éolgoorl%l%gx\%rﬁﬁogﬁgglﬁ&eyrrer i's
di ssol vedsi n grrdiexane-alef POMn LRAPE{ BL UM 8 L0 BT £RAL K. 1,0L100 cc of a
hexane sol ution..

specific catalyst. Theslope<xn1becontrolledknraltering

(f. ) the transition metal compound used.
(Methqd of measuring the intramolecular Composition
distribution)

10 ‘ The intramolecular composition distribution &an be
measured by sgch a method as disclosed in
JP—B56(1994)/96624; Specifically, the original polymer
is pyrolyzed to be fragments, and the fragments are
fractionatedjjlsolvents,a_goodsolventandeapoor-solvent

15 according to the composition. The composition is

statistically analyzed to determine the intramolecular

:ﬂ»‘ﬁ\i

composition distribution.
For example, the pyrolysis is conducted under such
conditions as an atmosphere of nitrogen, a temperature of
20 330°C and a duration of 60 minutes. Ideally, the pyrolysis
is conducted until the molecular weight of ﬁhe fragments
is reduced to account for about 5 % of the molecular weight
of the original polymer. The temperature and the duration
in the pyrolysis can be vafied depending on the molecular

25 = weight of the fragments. The pyrolysis temperature is




Di ssol ution of the polyner can be hel ped by heating in a ghgheWabgr bath.
Then i sopropyl al cohol is added dropwise to the solution until the

sol ution beconmes whitely turbid 15 and precipitation can be observed. After
renmoval of the supernatants, the precipjtate is dried under vacuum at
120C for 8 hours. The dried fraction is asured for the conposition by
NMR. Dropwi se addi-tion to recover and analysis of the fraction are

" conducted until 100 % of the 20 polyner is recovered. The dropw se addition
is preferably controlled to recover the polynmer in an anmobunt of 5 to 10 %
per one cycle. The percentages by weight of ethylene (% are plotted to
t he accunul at ed percentages of the polyner 25 recovered to determ ne the

conposi tion distaibut3on. toapdoeclune 2006 14 the slope (CD) is determined
fromthe plotted points that are in the range of 5045 % of the accunul ated

per cent ages of trmamg&ﬁﬁﬁqggiggiugéfulhgafqﬂggsmggﬁg_Egg @8&#§§£ti8ﬁCUpies
90 % 5 The ol efin block copolyner of the invention is a bloc copol yner

- comprising a @obyeesidhosk &hatnbs150mBOSOH.of 1nanuELNYLEPEhR- ol ef i n
y

copol yner having a relatively |ow ethylene content and a polymer bl ock

| }] ihat i s conposeskof on A § hyh e%@é@-@wf}:;&o)gogg YOBL s hayiog g,relatively
~high 10 ethylene content. Such an ol efin bl ock copol yner can be
di stingui sheck nd iR i AP LLROIHRIe degisha39d, N IR: 4 60-£4888),/ 35009
| isdescribedjjlthethesisentitled“PolymerETactionatioﬁ”.
(' : (Academic (1967), from Pagé 341 onwar;, edited by M.
Cantow ) and the thesis;byfi.Inagaki et al., in Development
in Polymer Characterization vol. 3, Nd. 1 (1882). For
10 example, a polymer is dissolved‘in n-heéxane at room
temperature to prepare 1 g/100 cc of a hexane solution.
Dissolution of the polymer can be helped by heating in a
hot water bath. Then isopropyl alcohol is added dropwise
to the solution until the solution becomés whitely turbid
15 and precipitation can be observed. After removal of the
(? ‘Supernatants, the precipitate is dried under vacuum at
120°C for 8 hours. The dried fraction is measured for the
composition by NMR. Dropwise addition to recover énd
analysis of the fraction are conducted until 100 % of the
_2Q polymer is recovered. The dfopwis-e addition is preferably
controlled to recover the polymer in an-amount af 5to 10 %
per one cycle.
The percentages by weight of ethylene (wt%) are

plotted to the accumulated percentages of the polymér

25 recovered to determine the composition distribution, and




by measuring the slope of the intranolecul ar . conposition djstbhksiti on by
the solvent fractionation, or sinply by 15 neasuring a DS& curve. Wen the
conposition of a polyner is such that the polyner has a nelting point, the
tapered‘ polymer tends to have a wider gﬁf hei ght width of the nelting
point in conmparison with a polyner of the same nelting point produced with
a continuous autoclave. 20 The ol efin block copolyner of the invention, as
is described later, is obtained by first copolynerizing ethylene and an’
a-olefin to prepare a polyner block, and copolynerizing ethylene and an
a-olefin in the presence of the polyner block to prepare a polyner bl ock
that is 25 different fromthe above pol yner block. 6 June 2006 15 The

pol ynmer, whi cthé s pmeluced by Geesdhiged rhbgheRd Il G E YGRS +h

; £ ..
et hyl ene/ a-ol efin copol ynmer and a | owethylene content ethylenefaaolefln

copol ymer by sy inmeaesrahberot han & RObLY NBYd ZARLd Y 182
di scontinuously fractionated into the high-ethyl ene conp %gﬁ%gegﬁg 5t he

| ow et hyl ene &OMENEN By Iﬁyrth@h§9lY§ntth$r§%%%§nﬁﬂé9€yﬁ% hggiyﬁgnductlng

pyrolysis. On the other’ hand, the ofefin b copo € i nvention
can not be<$égu§mé§qyysgy fractionated by the solvent 10 fractionation
W t hout conducting pyrolysis. (Process for. producing the olefin polyner),

The ol efbn bl ock a®Robyopt, oh ddiechpyephlene i dhvdit 145085 39, 8,2 eos! 1Y

|ndex i nprover for lubricating ol
copolymer comprising a polymer block that is composed of

(1 an ethylene/o-olefin copolymer having a relatively low
ethylene cohtent and a_polymer block that is compoéed of
an -ethylene/a-olefin copolymer having a relatively high

10 ethyiene content.

Such an ciefin block copolymer can be distinguished
from the tapered polymer disclosed in JP—A—éO(1985)/35009
by measuring the slope of the intramolecular compesition
distribution by the solvent fractionation, or simply by

15 measuring a DSC curve. When the composition of a polymer

_(7 ' is such that the polymer has a melting point, the tapered
polymer tends to have a wider half height width of the
melting point in comparison with a polymer of the same
melting point produced with a continuous autoclave.

20 The olefin block copolymer of the invention, as is
described later, is obtained by firsf copolymerizing
ethylene and an a-olefin to prepare a polymer block, and
copolymerizing ethylene and an a-olefin in the presence of
the polymer block to prepare a polymer biock that'is

- 25 different from the above polymer block.




can be obtained by copol ynerizing ethylene and at |east .oggyle20befin
selected fromolefins of 3 to 20 carbon atons in the follow ng manner in

the presence of an olefin -polynerization catalyst conprising a transition
nmetal conmpound (A), preferably in the presence of an olefin ' ,
pol yneri zation catal yst conprising the t#ansi ti on .met al 20 conpound (A) and
at | east one conpound selected from (B) (B-1) an organonetallic conpound,
(B-2) an organoal um num oxy-conpound, and (B-3) a conpound that reacts with
the transition netal conpound (A) to forman ion pair. 25 (Transition '
metal conmpound (A)) 6 June 2006 16 The transition metal conpound, which is
used in production of the olefin block copolyner, is a transition netal

conpound represent edhbypcl oheexaypken theniahl,euyn la (L). Referring
to the transition nmetal conpound, 5 it isppreferabﬁg FgggﬁéﬁgB?agostic

structure obt ﬁi@ﬁdebﬁyaeneeeé,hhénftu%%P%%'e/@%ﬁg‘}ii}ﬂ{; EoLasRe! (%ﬁjpgauﬁgt | on

conplex of a corresponding structure to the trans on e

comlex of a corresp: . fe transi AP Elibotind
Lhat Che i st anie o nermore Ehan 874 0 A berwseh PRECCHTROSER Gy
hyd d t. | .0 _the_hyd dis f f

0/ rect bond TR heeentral Aeral TPGRA-ERAT ERECBPECL FOBLHFI c energy. be

ot more bhanBobd thhoudl§ SERSEL ¥nlbOG 108! (Bt OY, L8 A, GGl ati on by

components and the low-ethylene components by the solvent
(T : fractionation.withoﬁt conducting pyrolysis. Oﬁ the other
hand, the olefin block copolymer of the invention can not
be discontinuously fractionated by the solvent
10 fractionation without conducting pyrolysis.
{(Process for producing the olefin polymer)
. The.olefin block copolymer of the invention, which
is used as a viscosity index improver for lubricating oils,
can be obtained by copolymerizing ethylene and at least one

15 olefin selected from olefins of 3 to 20 carbon atoms in the

o
\

following manner ip the presence of an olefin
polymerization catalyst comprising a transition metal
compound (A), preferably in the presence of an clefin
polymerization catalyst comprising the transition metal
20  compound (A) and at least one coﬁpound selected from

(B) (Bfl) an organometallic compound,

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

(B-3) a compound that reacts wifh the transition.metal
compound (A) to form an ion pair.

25 {Transition metal compound (A))




15 BLYP net hod using the program of ADF 2000. 01 (devel opgdiyRy¥ 20&-M ( The
Net her| ands), avail abl e by downl oading fromthe SCM website

(htm ://ww. scm con) after signing a licensing agreenent with SCM The
basis function is a Slater-type orbital,.To determne the structure, a
triple zeta 20 function is used for the-%%ntral metal and a doubl e zeta
function is used for other atons. To evaluate the electrostatic energy, a
pol ari zation function is added to the double zeta function of the other
atonms. The basis function is used also in the single-point calculation to
25 determ ne the optinmum structure anong the structures 6 June 2006 17
obtained fromthe above structure calculation. Apart from the structure

cal cul ation, the el®os riosiméi€ienengyal Scof@bhind) efnb¥nPayl jsaqrehativistic
potential. The electrostatic energy is an electrostatic energy occurring 5

bet veen the (grpostion dwdiegen <ant B1Bekessss PROEArest, A Lhe shydr ogen.

More specifically, the electrostatic energy is an el ectrostatic

interaction hesmEeR dp it rRrEe AV BY, afof'é%ﬁrﬁ%l%,c HAER 19858HY “ig by

allotting the electric charge obtained omthe c ex calculation.

The el ectric shange ysed heeekl 1i$ ARl 8e fa%ﬁ%g.%rfme%%lhgg)g%%%?@xt wo

.atons on each orbit of s,  p and d, "and i s obtal ne rom-t

T e R e e B e
' density functional method with respect to a cation complex
( | of a corresponding structure to the traﬁsition metal
compound of the formula (I} wherein one of Xs is substituted
with an n-propyl group, that the distance be not more than
10 3.0 A between the B-position h‘ydrogen and a heteroatom that
is nearest to the hydrogen and is free of direct bond with
the central metal M and that the electrostatic energy be
not more than 10 kJ/mol.
The density.functional method is a calculation by a
15 BLYP method using the program of ADF 2000.01 {developed by
( SCM {The Netherlands), available by downloading from the
SCM website (html://www.scm.com) after signing a licensing
agreement with SCM). The basis function is a Slater-type
R orbital. To determiné the structure, a triple zeta
20  function is used for the central metal and a double zeta
function is used for other atoms. To evaluate the
electrostatic eﬁergy, a polariéation function is added t_o.
the double zeta function of the other atoms. The basis

function is used also in the single-point calculation to

25 determine the optimum structure among the structures




LmXn ... (1) wherein, Mis a transition netal aton1se|ec%p g?ggécioup 3
~to Goup 11 of the Periodic Table, 20 mis an integer nis a
nunber satisfying the valence of M L is a |ligand coordinated to the
central metal Mand having a het eroat omyfree of direct bond with the
central nmetal M and 25 X is an oxygen atom a hydrogen atom a hal ogen
atom 6 June 2006 18 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 phosphorus-containing group, a
" hal ogen-containing group, 5 a heterocyclic conpound residue, a
silicon-containing group, a gernmaniumcontaining group or a tin- conta|n|ng
group,- and whehtaihsd2form rreeabplarsl rugroups chaducatednly AXapRYE ke, the
same or different and the plural groups indicated by X may be bonded to
forma ring. iBeTherotefira bbdc&l@&ﬁ@hynEheCéMeer@%%@%&%deh@rb@elspresence
of an olefin polynerization catalyst conprising a transition neta
conpound r epresentededybyheatolil ewiragatfiongulia phkeakian . (14trd);

.(lIl-a) 15 wherein, |

electrostatic energy is an electrostatlc energy occurring

5 between.the B-position hydrogen and a heteroatom nearest

to the hydrogen. More specifically, the electrostatic

(1 egergy is an electrostatic interaction between the two
atoms having an electronic state determined by allotting

the electric charge.obtained from the compléx calculaticon.
10 The electric charge used herein is an electric population
of these two atoms on each orbit of s, pandd, and is obtained
from the complex calculation (the single—point calculation

for the optimum B-agostic structure determined by the

structure calculation).

15
_:‘(” LaMXy .« .. (I)
| wherein,
M is.a transition metal atom selected from Group 3
to Group 11 of the Periodic Table,
20 m is an integer of 1 to 5,

n is a number satisfying the valence of M,

L is a ligand coordinated to the central metal M and
having a heterocatom free of direct bond with the central
metal M, and

25 | X is an oxygen atom, a hydrogen atom, a halogen atom,




ML is a transition metal atom selected from Group 3 to G5ouRe 3dodf the
Periodic Table, mis an integer of 1 to 5 Qis a nitrogen atom or

carbon atom having a 20 substituent group R2, A is an oxygen atonl‘a

sul fur atomor a seleniumatom or a n| %ogen atom havi ng a substituent
group R5, 6 June 2006 19 R is a hydrocarbon group having at |east one

het eroatom or a hydrocarbon group having at | east one

het er oat om contai ni ng group, R2 to R5, which may be the sane or different,
are each 5 a hydrogen atom -a hal ogen atom a hydrocarbon group, a

hydr ocar bon-substituted silyl group, an oxygen-containing group, a

ni trogen-containing group, a sulfur-containing group, a boron-containing
group, an alualhydroammmOMI@gougnoun,o&y@@@ﬂ@@ﬂﬂ#&ﬂgﬂ@é@ﬁ@u@g @roup, a

hal ogen-contai ning 10 group, a heterocyclic conpound residue, a

silicon-cont abnlfigrgconpaiaiger GRBLGNT 6ORE &h-BigReh -HoRAHR 10 nd begugpnéglning
group, and two or nore of R2 to R5 may be bonged to formaring, when m

is 2 or nore, bRsonResntaRasngR4goanyd BASaMBMiRentBensanBiQ rent, and
one. group 15 of R2 to' R5 contalnedﬁln one Iléang ang onelgﬁog&EE%’R% to RS

contai ned in phbephbi-gandsnEBY nbayhoRses d1Héi6§é§£H§Ht §f§E?Q¢%P$
(0] e r

valence of M and X is as defined wth respect
5 a heterocyclic compound residue, a silicon-containing

group, a germanium—containipg group or a tin-containing
(’_ group, and when n is 2 or more, plural groups indicated by
X may be the same or different and the plural groups
indicated by X may be bonded to form a ring.
10 The olefin block copolymer can be prepared in the
presence of an olefin polymerization catalyst comprising
a transition metal compound represented by the following

formula (II-a) or (II-b);

. (I1-a)

._15 wherein,
| Mt ie a transition metal atom selected from Group 3
to Group 11 of the Periodic Table,
m is an integer of 1 to 5,
Q@ is a nitrogen atom, or a carbon atom having a
20 substituent group R%
A is'an oxygen atom, a sulfur atom or a selenium atom,

or a nitrogen atom having a substituent. group R®,




and, when nis 2 or nore, plural groups indicated by X may .30 obgsthe sane .
or different, and the plural groups indicated by X may be bonded to forma -
ring; 6 June 2006 20 ... (Il-b) wherein, M is a transition netal atom
selected from Goup 3 to Goup 11 of théd%Periodic Table, 5 mis an integer
~of 1to 5, Yis anitrogen atomor a phosphorus atom U is a carbon atom

" having a substituent group R6, a nitrogen atomor a phosphorous atom Qis
a carbon atom having a substituent group R7, a 10 nitrogen atomor a
phosphorous atom S is a carbon atom having a substituent group Re, a
nitrogen atomor a phosphorous atom T is a carbon atom having a

cubstiLuent oroup 59,18 ThiKEGED-BLAM. o8 BIOSEROLpUSBLOMERS R i 2

hydr ocar bon group havihg one rocar bon group

havi ng at | east one hetergatonmn.containin roup,. R6 to R9,, whi.ch may be the
same or di fleleé"r?tr,oaécroén’asor c‘?e]tﬂl}yﬁ%c? Cvﬁli%m? e%poeﬁ R "R 1o &ﬁvg;%,gt%%rgf ormul a
(frr-a) , and,_ 20 tw% or nore .of. R6 to R9 may be bonded to forma ring, and-
when mis 2 SETRRPETREORSE MR 958 and R9s may be the 6 June 2006 21

®? to R®, which may be the same or different, are each
5 a hydrogen atom, a halogen atom, a hydrocarbon group, a
.hydrocarbon—substituted:iilyl,group,eu1oiygen~containing
group,.a nitrogen-containing group, a sulfur-containing
group, a béroh—containing group, an aluminum-containing
group,aaphosphorus—gontaininggroup,eahalogen—containing
10 group, a heterocyclic compound residue,la
silicon-containing group, a germanium-containing group or
a tin—containing group, and two or more of R? to R’ may be
bonded to form a ring, and when m is 2 or more, R's, R%s,
R¥s, R%s and R®°s may be the same or different, and one group _
15 of R® to R® contained in one ligand and one group of R? to
C | R® contained in other ligands may be bonded,
| n is a number satisfying the valence of M, and
X is as defined with respect to X of the formula (1)
and, when n is 2 or more, plural groups indicated by X may
20 be the same or different, and the plﬁral groups indicated

by X may be bonded to form a ring;




same or different, and one group of. R6 to R9 contained ing RAE2boHand and
one group of R6 to RO contained in other [|igands may be bonded, nis a
nunbér satisfying the valence of ML, and 5 X is as defined with respect to
X of the formula (1) and, when nis 2 g{ nore, plural groups indicated by
X may be the sane or different, and th | ural groups indicated by X may
.be bonded to forma ring. Further, the olefin block copolyner can be
prepared 10 in the presence of an ol efin polynerization catalyst
conprising a transition netal conpound represented by the follow ng
formula (1l1-a") or (I1-b"); (R3 .. (Il-a") wherein, 15 ML is a transition
metal atom selected fromGoup 3 to Goup 11 of the Periodic Table, mis
~an-integer of 1 to 5, Q is anitrogen atom or a carbon atom having a
substituent grpup R® .20 A is an oxygen atom a sulfur atomor a sel enium
atom or a niftroger, ayom having a substituent group R5, Rl is selected
fromthe gro copsi stii\ng of ; 6 June 2006 22, a phenyl group having at
| east one at n1gnyubst Tmmgnt group sel ected from het eroatons and

3

het er oat om cant in roups,
Q@ Ty
Vo
S=71 - '
¥ ... (TI-b)
wherein,
(u ' M' is a transition metal atom selected from.Group 3

to Group 11 of the Periodic Table,
5 ‘m is an integér of 1 to 5,
Y is a nitrogen atom or a phosphorus atom,
U is a carbon atom having a substi£uent group R%, a
nitrogen atom or a phosphorous atom, |
Q is a carbon atom having a substituent group RT, a
10 nitrogeﬁ atom or a phosphorous atom,
S is a carbon atom having a substituent group R%®, a

(“ nitrogen atom or a phosphorous atom,
T is a carbon atom_having a substituent group R°?, a

nitrogen atom or a phosphorous atom,

15 R is a hydrocarbon group having at least one
hetercatom, or a hydrocarbon group having at least one
heteroatom—containihg group,

Rsto R% which may be the same or different, are as
defined with respect to R? to R® of the formula {II-a), and

20 two or more of R® to R’ may be bonded to form a ring, and

when m is 2 or more, R's, R°s, R’s, R%s and R%s may be the




an aromatic hydrocarbon group other than the phenyl 5 gr@upnevbbgh has at
| east one atom or substituent group selected from heteroatons and
- het eroat om contai ni ng groups, an aliphatic hydrocarbon group having at
| east one atom or substituent group selgcted fromheteroatons and 10
‘het eroat om cont ai ni ng groups, and an ali %clic hydr ocar bon group havi ng at
| east one atom or substituent group selected from heteroatons: and
het er oat om cont ai ni ng groups, when Rl is a phenyl group having at |east one
atom 15 or substituent group selected from heteroatons and
het er oat om cont ai ni ng groups and when the position of the carbon atom
bonded to a nitrogen atomis defined as the 1-position, the phenyl group

has al |east omgeabomiofre sube] IdNetn I, SelLeed, IkomAgtaroa) gas and

20 heteroatom containing groups in at |east ‘one position o the 2-position

and the 6-posbaton; gahaNafabol asbugner RUNSY I HUCHL, QLoD ﬁgl' %?ttgf?gr LQS.mnS

heteroatom other than a fluorinég atom a fluorine-contain

one carbon atpmand Rt BHOrE.LHa9 two fluorine atoms, a 25
quorine-conta?%%ng gro%p hav?ng tvo or nore carbon atons, 6 June 2006 23

Fluorine atom Re o 1o e o AP A PP &gt rdoh

_ defi ned WiSt h respegt itsoagzdéj_gil%d Q«Iiélperefs%ré-rg{l %o(g(ldf’ﬂ)ﬁhea?grmula (I)
o and, when.n-is 2 or more, plural groups indicated by X may‘
(i be the same or different, and the plural groups indicatedl

- by X may be bonded to form a ring.
Further, the olefin Qlock copolymer can be prepared
10 in the presence of an olefin polymerization catalyst

comprising a transition metal compound represented by the

following formula (II-a’) or (II-b’);

- 4 )
( R (II-a’)
wherein,
15 M' is a transition metal atom selected from Group 3

to Group 11 of the Periodic Table,
m is an integer of 1 to 5,
Q is a nitrogen atom, or a carbon atom having a
substituent gréup RZ,
20 A i1s an oxygen atom, a sulfur atom or a selenium atom,
or a nitrogen atom having a substituent group R?,

R' is selected from the group consisting of;




5 two or nore of R2 to' RS .may be bonded to forma ring, agd ybepognis 2 or
nore, Rs, Res, Ras, R4s and R5s nay be the sane or different, and one

- group of R2 to R5 contained in one ligand and one group of R2 to R5
contained in other I|igands may be bonded, 10 n is a nunber satisfying the
val ence of M and X is as defined with r%%pect to X of the fornmula (1)

and, when n is 2 or nore, plural groups indicated by X may be the sanme or
different, and the plural groups indicated by X may be bonded to forma
.ring;.7,"P' U Qv ST 15 wherein, ML is a transition netal atom sel ected
~fromGoup 3 to Goup 11 of the Periodic Table, mis an integer of- 1 to 5,
20 Y is a nitrogen atomor a phosphorus atom U is a carbon atom having a

substituent group %ﬁph_@n?l%&%@iﬁétaﬂé § EQQEN, A QPR A RROFRRALAYS atom

Qis a carbon atom having a substitue group R7, a nitrogen atomora

phosphorous a§,Qf}, S1$ & LAFPOR Rlam faving a%dngﬁéi'ct)é'@&ﬁ—g&gygiﬁhga
groups, |
an aromatic hydreocarbon group other than the phenyl
5 group, which has at least one atém or substituent group
selected from heterdatoms and heterocatom-containing
(7' : ~ groups,
. an aliphatic hydrocarbon group having at least one
atom or substituent group selected from heteroatoms and
10 heterocatom~containing groups, and
an alicyplic hydrocarbon group having at least one
atom or substituent group selected from heteroatomé and
heterocatom-containing groups,
when R! is é phenyl group having atrleast one atom
15 or substituent group selected from hetercatoms and

heteroatom-containing groups and when the position of the

e

carbon atom bonded.tc a nitrogen atom is defined as the

l-position, the phenyl group has at least one atom or
substituent group selected from hetercatoms and

20 hetercatom-containing groups in at least one position of
the 2-position and the 6—position, or has at least one

.substituent group selected from a hetercatom other than a
fluorine atom, a fluorine-containing group having one

carbon atom and not more than two fluorine atoms, a |

25 fluorine-containing group having two or more carbon atoms,




5 nitrogen atomor a phosphorous atom T is a carbon atomshj@).gg%?()@
substituent group RO, a nitrogen atomor a phosphorous atom I's as
defined with respect to R of the formula (ll-a'), 10 R6 to R9, which may
- be the sane or different, are as definegawith respect to R2 to R5 of the
formula (l11-a) , and two or nore of R6 tO°"RO may be bonded to forma r.ing,
and when mis 2 or nore, Rls, Rs, Rs, Rs and R9s, may be the sane or
different, and one group of R6 to RO contained in 15 one |ligand and one
group of R6 to RO contained in other [|igands may be bonded, n is a nunber
satisfying the valence of M, and X is as defined with respect to X of the
formula (1) and, when nis 2 or nore, plural groups indicated by X may 20
be the same oandidf hetenbatandctNeaphiinglg @RSy i AL € DY SN Pe
bonded to forma ring. Further, the ol efin block copolyner can be. prepared
in the presencieanfaaplebeih® pobyierization catalyst conprising a
transition metal conpound represented by the 25 following formula (I111); 6

June 2006 25 ... (IHA toWRer @itLciVindySpa Ehansihd Abgm sel ected from
Goup 4 and Goup 5 of the Periodi é,sTabI e, .5 éR(%% @Eﬁg%éfén W R

respect to Raofidd@ idhmk8pect to R? to R® of the formula (II-a), and
5 two or more of R? to R® may be bonded to form a ring, and
when m is 2 or more, R's, R%s, R%s, R%s and R°s may be the
(, same or different, and one group of.R2 to R® contained in
one ligand and one group of R® to R® contained in other
ligands may be bonded,
10 n is a number satisfying the valence of M, and
X is as defined with respect to X of the formula {I)
and, when nAis 2 or more, pluralrgroups indicated by X may
‘be the same or different, and the plural groups indicated

by X may be bonded to form a ring;

15 (II-b")
wherein,
M' is a transition metal atom selectgd from Group 3
to Group 11 of the Periodic Table,
m 1s an integer of 1 to 5,
20 © Y is a nitrogen atom or a phosphorus atom,

U is a carbon atom having a substituent group R, a




(I'1-a"), RL1 to R19, whi ch may be the same or different, & gn.Sa68 a
hydr ogen at.om a hal ogen atom a hal ogen-containing group, a hydrocarbon
group, a hydrocarbon-substituted 10 silyl group, an oxygen-contai ni ng

group, a nitrogen-containing group or a2 ul fur-containing group, R15 is a°
hal ogen atom a hal ogen-contai ni ng group::a hydrocarbon .group or a

hydr ocar bon-substituted silyl group, 15 n is a nunber satisfying the

val ence of M, and X is as defined with respect to X of the fornula (1)
and plural groups indicated by X may be bonded to forma ring and, when n
is 2 or nore, the plural groups indicated by X nay be the sane or
different. 20 (Organonetallic conpound (B-1)) Exanples of the

organonet al I'i aicesgeundrbB- by, avinel B odune 2006 26 is optional Iy used in
production of the olefin block copoF&ner, i ncl ude organonetal | i c conpounds

containing netals ®fiGDWHx b orTAUR, %a%g;g%oggbgéieﬁekleg%g%&i ogi ¢ JTable,

such as those described below. (B-la) Oga | um num conp §Py Uré%ented

by the foll oMt pgodok mian Ramil (ORR), ein Ra and Rb, which may be
t he.sane or differ%nt, are each g %g@rgggggoﬁﬁgﬁbup of 1 to 15 carbon

Z;gms, preferably 4G4zt %al}:l?%qf %%%mahg%ngxaigug‘s@f Q8P 5‘%8&% Igsn,dam n. P
' 5 nitrogen atom or a phosphoi:ous atomn,
T is a carbon atom having a substituent group R?, a

. (7 nitrogen atom or a phosphorous atom, |

R' is as defined with respect to R! of the formula
(II-a’),

10 R® to R®?, which may be the same or different, are as
defined with respect to R® to R’ of the formula (IT-a), and
two or more of R® to R’ may be bonded to form a ring, and
when m is 2 or more, R's, R®s, R’s, R®s and R’s may be the
same or different, and one group of R® to R® contained in

15 one ligand and one group of R® to R® contained in other

(" ligands may be bonded,

n is a number satisfying the valence of M!, and

X is as defined with respect to X of the formula (I)

and, when n is 2 or more, plural groups indicéted by X may
20 be the same or different, and the piural groups indicated
by X may be bonded to form a ring. |
Further, the olefin block copolymer can be prepared
in the presence of an olefin polymerization catalyst
comprising a transition metal compound represented by the

25 following formula (III);




g are nunbers satisfying the conditions of 0O<m-53, 0cn<3, fnelPsds O-q<3
and mtn+p+q = 3. (B-1b) Al kyl conpl ex conpounds conprising a Goup-1 netal
of the Periodic Table and al um num and represented 15 by the foll ow ng
formul a: MZAL Rag wherein M2 is Li, Na 05 K, and Ra is a hydrocarbon group -
of 1 to 15 carbon atons, preferably 1 to A carbon at ons. (B-ic) Conpounds
represented by the followng 20 fornmula:  RaRbM3 wherein Ra and Rb, which
maybe the sanme or different, are each a hydrocarbon group of 1 to 15
carbon atons, preferably 1 to 4 carbon atons, and M3 is My. 25 Also

enpl oyabl e are conpounds anal ogous to the 6 June 2006 27 organoal um num
conpounds (B-1a). For exanple, there can be nentioned organoal uni num
conpounds wherefn two greyore al um num.conpounds are bonded via a nitrogen
atom such as /(C2H5) 2A1IN (C2H5) Al (C2H5) 2 . 5 Exanples of the
organonetal | i« RPQUDH - By 1)y further include nmethyllithium ethyllithium
propyllithiu but yI TA t hi net hyl magnesi um brom de, net hyl magnesi um

‘chl oride, ethylpgeg i om de, et hyl magnesi um chl ori de, propyl magnesi um
brom de, 10 m chl ori de, butyl magnesi um broni de,

butyl magnesi uly

(IIT1)
wherein,
(, M' is a transition metal atom selected from Group 4
and Group 5 of the Periodic Table,
5 RY is as defend with reépect to R' of the formula
{II-a’), |
R" to R, which may be the same or different, are
each a hydrogen atom, a halogen atonu a halogen—containing
group, a hydrocarbon group, a hydrocarbon-substituted
10  silyl group, an oxygen—containing group, a
nitrogen-containing group or a sulfur-containing group,
( R is a halogen atom, a halogen—-containing group,
a hydrocarbon group or a hydrocarbon-substituted silyl
group,
15 n is a number satisfying the valence of M*, and
X is as defined with respect to X of the formula (I)
and plural groups indicated by X may be bonded to form a
ring aﬁd, when n is 2 or more, the plural groups indicated
by X may be the same or different.
20- (Organometallic compound (B-1))

Examples of the organometallic compound (B-1), which




di et hyl magnesi um dlbutylnagne5|un1and butylethylnagne5|%qmnegogg

enpl oyabl e are conbi nati ons of conpounds 15 capable of formng t

above- nenti oned organoal um num conpounds in the polynerization systen]
e.g., a conbination of halogenated alum_num and al kyllithiumand a
conmbi nati on of hal ogenated al uni num and 28! kyl magnesium O the
organonetal | i ¢ conpounds (B-1), the 20 organoal um num conpounds are
pref erable. The organonetal lic conmpounds (B-i) are used either

i ndi vidually or 'in conbination. (O ganoal um num oxy-conpound (B-2)) The
or ganoal um num oxy- conpound (B-2), which is 25 optionally used in
production of the olefin block copolyner, 6 June 2006 28 may be

conventional alsusiptaxard 1(O0LRMise HYdRY 1 G WOX3NE), ll%f]'ffl%ug)lloack

benzene-i nsol ubl e organoal um num oxy conpound as exenpli

JP- A-2(1990) / ¢8681 ymelConRRU e et es gﬁ’ah S|t|§ tm

conpound 5 (A to formion pair (B- 6 “cdi

which is optigeabkh¥ otigedupn PEER gg R&G‘% u%,hgg %gecflienP?%?ﬁéaﬁqlpﬁ%b{?'pai r

that 4 reacts with the transition )

|nclude the Lewks 86l apsbhgcipn 0 ds the 10 borane conpounds and
‘t he carborane conp oundsogs ggscrhgeg EQQ% P—A—1(1989)/501950

JP- A-1( 19%9) ! 502036 (B-P&) Atjl%alr?c?&iéxﬂgg\?rg%omjppééi 1r9e%1 e/sle7n9t0e0d6 by the
fOllOWlng formula:
( | R%AL (OR®) nHpXq
wherein R® énd R®, which may be the same or different, are
each a hydrocarbon group of 1 to 15 carbon atomnms, prefefably
10 1 to 4 carbon atoms, X is a halogen atom, and m, n, p and
g are numbers satlsfylng the conditions of 0<m=3, 0=n«<3,
N 0=p<3, O<q<3 and m+n+p+g = 3.
(B-1b) Alkyl complex compounds comprisiﬁg a Group-1
metal of the Periodic Table and aluminum and represenfed

15 by the féllowing formula:
C _' M?A1R?, |
whergin M?* is Li, Na or K, and R* is a hydrocarbon group
of 1 to 15 carbon atoms, preferably 1 to 4 carbon atonms.
{B~1c) Coﬁpounds represented by therfolldwing
20 formula:
| R*R"M?

wherein R® and Rb, which May.be the same or different, are
each a hy_droc:arwbon g’roup of 1 to 15 carbon atoms, preférably

1 to 4 carbon atoms, and M3 is Mg.

25 Also émployable are compounds analdgoﬁs to the




JP- A-3(1991)/207703 and JP-A-3(1991)/207704, and U.S. Pakephe POos

5,321, 106. Heteropoly conpounds and isopoly 15 conpounds may al so be .

enpl oyed. The ol efin polynerization catalyst used in the invention can
contain, according to necessity, the following carrier (C and/or the

| at er-nmentioned organic conpound (D) inZdddition to the transition netal
conpound 20 (A) and at |east one conpound (B) (sonetinmes referred to as
"conponent (B)" hereinafter) selected fromthe organonetallic conpound
(B-1), the organoal umi num oxy-conmpound (B-2) and the ionizing. ionic
conpound (B-3). (Carrier(C) 25 . The carrier (C) optionally used in the
present 6 June 2006 29 invention is an inorganic or organic conpound and a

granul ar or brgenpaltheh@nsSebkfoutis (BOIGANI CreoMRANG | S B %‘;fe‘erc%%'% a

porous oxide, inorganic halide, clay, clay mneral or ‘i'onf exchang

| ayer ed conpo S & rRIRAUNGL GRTP he present invention

thg orgénigpc%ﬁggﬁﬁgi con%%nent (Egnis o%%ﬁ%%&ﬁ%% EQE%EEEp?%%ﬁBQQkF%e
ol ymerizatio rggﬁg%ﬁygg ' . properties of 10 resultin
Bolggers. Exaﬂ%@ﬁgﬁgﬁ theaorgan%@ﬁ%gﬁ%gﬁﬁgéﬁ%fi8%55?388 %F%%hd?%ﬁlﬁﬁe%olic |

_conpounds, caf® Aty ACidS. h@sphrus conpounds and sul fonates. In
polynerizatiog,§%%% ne %%§§#(8§$%§'each of the

5 . Examples-of the organometallic compound {B-1)-
further include methyllithium, ethyllithium,

( | | propyllithium,ibUtyllithium, methylmagnesium bromide,
metﬁylmdgnesium chloride, ethylmagnesium bromide,
ethylmagnesium chloride, propylmagnesium bromide,

10 propylmagnesium chloride, butylmagnesium bromide,
butylmagnesium chloride, dimethylmagnesium,
" diethylmagnesium, dibutylmagnesium and
butylethylmégnesium.
Also employable are combinations of compounds
15 capable 5f forming the above-mentioned organoaluminum

(~ compoundsjjlthepolymerizationsystem,e.g.,aacombination

ofhalogenatedaluminumenuialkyllithiwnand(acombinatioﬁ

of halogenated:éluminum'and alkylmagnesium.
Of the organometallic-compounds {B-1), the

20 organocaluminum compounds are preferable.

The organoﬁetallic compounds (B-1) are used either
individually of in combination.
(Organoalumindﬁ ox¥~compound {(B-2))

The organoaluminum.oxy—compound_(B—2), which is

25 optionally used in production of the olefin bldck copolymer,




conponents and the order of adding the conponents are 15gsghesbes
arbitrarily. For exanple, the foll owi ng nethods are exenpllfled (1 A

met hod of ‘adding the transition netal conmpound (A) singly to a

pol ymeri zation reactor. (2) A nethod of ggding the transition netal
conmpound (A) 20 and the conponent (B) t®”a polynerization reactor in an
arbitrary order. (3) A nethod of adding a catal yst conponent supporting the
transition nmetal conpound (A) on the carrier (C, and the conponent (B) to
a polynerization reactor in an arbitrary 25 order. 6 June 2006 30 (4) A

met hod of adding a catal yst conponent supporting the conponent (B) on the
~carrier (€, and the transition netal conpound (A) to a polymerization

reactor in anmaybbér@bhve@kd%hal5a@@hlﬁo&%EQDQdﬂhé?W¥§¥3 qatgal yst
conponent supporting the transition netal conpound (A) an& t he conponent

(B) on the caithekab€) be ulel WBehzahkodnkeackate Jryahhg mRlhods (2) fo
(5) , at least two of the catalyst conponents may be ontacted previously.

10 1n the net hegschpoand 69) e\;v@%qlﬂsdceﬁp%e?l{ A(Boogh 7 7pdRRorLed, Lhe

conponent (B) unsupported may be added optiona arbrtrary order.

I'n the methodseohPsun@OrReRert st By idy it té}%éﬁ&&? Qi gL rom

each other.
5 (&) tq form ion pair (B-3))

Examples of the compound (B-3), which is optionally
used in-preparation of the olefin block copolymer, that
reacts with the transition metal compound (A) to form an
ion pair, include the Lewis acids, the ionic compounds, tHe

10 borane compounds and the carborane compounds as described
in JP-A-1(1989)/501950, JP-A-1(1989)/502036,
3P-A-3(1991) /179005, JP-A-3(1991)/179006,

JP-A-3(1981) /207703 and JP-A-3(1991)/207704, and U.S.
Patent No. 5,321,106. Heteropoly compounds and iscpoly
15 compounds may also be employed.

- The olefin polymerization catalyst used in the

PN

invention can contain, according to neceSsity, the
fqllowing carrier (C) and/or the iater—mentioned organic
compound (D) in addition to the transition metal cbmpound

20 (A) and at least one compound (B) (sometimes referred to
as “component (B}” hereinafter) selected from the
organometallic éompound (B~1), the organocaluminum
oxy—-compound (B-2) and the ionizing ionic compound (B-3).
(Carrier{C))

25 . The carrier (C) optionally used in the present




15 The solid catal yst conponent supporting the transitiog jRtabosonpound
(A) on the conmponent (C) , and the solid catalyst conponent supporting the
transition nmetal conpound (A) and the conponent (B) on the conponent (C)
may - be prepolynerized with an olefin, and further, a catalyst 20 conponent
may be supported on the prepolynmerized sol'id catal yst conmponent. The

ol efin bl ock copol yner can be prepared by synthesizing plural polyner

bl ocks in the presence of the olefin polynerization catalyst as described.
above through 25 the followng step (1) the step (2) and optionally the
step 6 June 2006 31 (3) in arbitrary tinmes. In the step (1), ethylene and
at least one olefin selected froma-olefins of 3 to 20 carbon atons are
pol yrmeri zed i Anveatpoesenee nfotdwen ot efi ﬁg&iﬂ@&bﬁ%@bh@@mﬁa@a}a&ﬂmrt o
prepare a pol yner block. Exanples of the olefins of 3 to 20 carbon atons
may include bhefdarepastdederisbeddabove, and these may be used
individually or in conbination. In the step (1), the polynerization
temperature is 10 mryaldyrddrom %ﬁp&nﬂ@@%xﬁ@ﬁé}{ﬁ})gyp&g@s 1206 The
.pol yneri zation pressure is usually from atnospheric “pressure to 1 kg/ cn?
(9.8 Mpa), prehergbhycatimsRher i 61ap! eSSME 19,80 Kgfow%ér%- 2:Mpa) Jn the

step (2), ethylene and at |east one olefin 15 selected fromolefi of 3
to 20 carlgon p&PEBedl Bompound.

(Organic compound component (D))

In the present invention, the organic compound

o

component (D} 1is opticnally wused to improve the

polymerization performance and the physical properties of

10 resulting polymers. Examples of the organic compound may

include alcohols, phenolic compounds, carboxylic acids,
phosphrus compounds and sulfonates.

In polymerization, the method of using each of the

components and the order of adding the components are

15 selected arbitrarily. For example, the following methods

are exemplified.

e

(1} A method of adding the transition metal compound {A)

singly to a polymerization reactor.

{2) A method of adding the'transition metal compound (A)
20 and the component (B) to a polymerization reactor in an

arbitrary order.

(3) A method of adding a catalyst component supporting the

transition metal compound (A) on the carrier (C), and the

component (B) to a polymerization reactor in an arbitrary

25 order.




polynerized in the. presence of the polyner block preparedg jRebbs St ep (1)
to prepare a polyner block different from the above pol yner bl ock.

Exanpl es of the olefins of 3 to 20 carbon atonB may 20 include the sane as
above, ‘and these may be used individualuﬁ i n conbi nation. Further,
exanpl es of the polyner block prepared:% the step (2) may include the
sane as above. In the step (2), the polynerization tenperature is 25
usually from-40 to +200C, preferably 0 to +150C. The 6 June 2006 32

. polynmerization pressure is usually from at nospheric pressure to 100 kg/cn®
(9.8 Ma), preferably atnospheric pressure to 50 kg/cn2 (4.9 Ma). In t he
step (3), at least one olefin selected from5 olefins of 2 to 20 carbon

atoms is pol yner)i Agebinbd BE aBEES§NER 0L 195R! O Sono g the
pol yrmer blockmpgrepared in t%e stgp (f agg t he polyne%%gﬁbck preggged in

the step (2) denfianal amd BRI LG qbhf ergate d egkhgﬁtlf%' WEELy Ol ocks
(0] e

prepared in the previous steps. 10 Exanples the olefins o

ol T bode e cone B8TEnAS 1300 oy 30G OB PO TRY DFoteedy

individually or “in conblnatlon rther, éxa
prepared in theystep (3) may include the same as above. 15 In the step
(3), the polynerization tenperature is wusually from-40 to +200C,

:preferably 0 %ﬂ i%%&ghoéjg% adding a catalyst component supporting the
transition metal compound (A) and the component (B) on the
(, carrier (C) to & polymerization reactor.
In the methods (2) to (5), at least two of the catalyst
components may be contacted previously.
10 In the methods (4} and (5) where the component (B)
is supported, the component (B) unsupported may be added
" optionally in an arbitrary order. In the methods;‘the
components (B) may be the same as or different from each -
other.
15 The solid catalyst component supporting the
{f: transition metal compound (A) on the component (C), and the
solid catalyst component supporting the transition metal
compound (A) and the component (B} on the component (C) may
be prepblymerized withran olefin, and further, a catalyst
.20  component may be supported on the prepolymerized solid
catalyst component.
The olefin block copolymer. can be prepared by
synthesizing plural polymer blocks in the presence of the
olefin polymerizatiéﬁ catalyst as described above through

25 the following step (1), the step (2) and opticnally the step




pol ymerization pressure is usually from atnospheric pres%qmﬁebgoéoo kg/ cn?
(9.8 Mpa), preferably atnmospheric pressure to 50 kg/cn2 (4.9 Ma). 20 The
step (3) may be carried out in arbltrary times by varying the kind of

ol efins, the conbination. thereof or polynerization conditions. In the
present invention, polynerization can b carried out by any of liquid phase
‘pol yneri zations such as 25 solution polynerization, solvent slurry

pol yneri zation or 6 June 2006 33 the |ike, or gas phase pol ynerizati ons.
Exanpl es of an inert hydrocarbon nmediuns used in the |I|iquid phase

pol ymeri zation may include aliphatic hydrocarbons such as propane, butane,
pent ane, hexane, 5 heptane, octane, decane, dodecane, kerosene, etc;

alicyclic hydocanmbensisucdry@s: Gy€d opent ane, cycl ohexane, _
met hyl cycl opentane, etc; aromatic hydrocarbons such as benzene, tol uene,

xyl ene, etc; hal ogenatad Rytdiocanbonst hypghe %&taha'lfé@s@héﬁé' fefin

chlorobenzene di chl oronmet hane, 10 etc;” and m xtures thereof urther, the

olefin itself Ay be Pfgﬂto-f%jﬁg'%?ngf It 2Qp|g ﬁat%gﬁlof ethylene

and. an a-ol efin . havi ng car bon atons y u5|n e aHove ofefin

pol ymeri zat i oR1Gaedivsly i iNEnE! BB8LEh grggt@ﬂ]e 1%1@%%3{;&1@)% %gt fisgd 1n an

anount. of usually 10-12 to 1 nol, pre

of the resct@Ra¥9s¢Me, Jradhe %a%%l%e%sm%éme component (B-1) the

Examples of the olefins of 3 to 20 carbon atoms may
include the same as described above, and these may be used
individually or in combination.

In the step (1), the polymerization temperature ie

10  usually from -40 to +200°C, preferably 0 to +150°C. The
polymerization pressure is usually from atmospheric
pressure to 100 kg/em2 (5.8 Mba), preferably atmospheric

pressure to 50 kg/cm? (4.9 Mpa).
In the étep (2}, ethylene and at least one olefin
15 selected from olefins of 3 to 20 carbon atoms are
'(” _ polymerized ;n the.presence of the polymer block prepared
in the step (1) to prepare a polymer block different from
the above polymer block.
Examples of the olefins of 3 to 20 carben atoms may
20 include the same as above, and ﬁhese may be used
individually or in combination. Further, examples of the
polymer block prepared in the step (2} may include the same
as ebove.

In the step (2), the polymerization temperature is

25  usually from —-40 to +200°C, preferably 0 to +150°C. The




corrponent (B-1) is used in such an anount that the nolar grghioobdB-1)/M
of the conmponent (B-1) to transition netal 20 atom (M in the transition
nmetal compound (A) is usually fromO0.01 to 100,000, preferably 0.05 to
50,000. In the case of using the corrponeg% (B-2) the conponent (B-2) is
used in such an anmount that the nolar io[(B-2)/M of alumnumatomin
the conponent (B-2) to 25 transition nmetal atom (M in the transition netal
conmpound 6 June 2006 34 (A) is usually from 10 to s00, 000, preferably 20 to
100, 000. In the case of using the conponent (B-3) the conponent (B-3) is
used in such an anount that the nmolar ratio [(B-3)/M of the conponent .
(B-3) to transition netal 5 atom (M in the transition netal conpound (A)

is usually fpohyhet0z3d@iopr epeeabliyel 18 Sisddnipe Gase of
conponent (D), when the conponent (B) is thSe corr%onent mlé%m%rtl@

' t (D a t B-1
"o 0 usual 1y e oo 05 T 0 AR es er bl ?@%é’é‘%w %‘t‘ BEbisaront (8)
th t d h t that
the mol ar Tati o (D (802)] Fe7eRaualr %%ﬁéin 0/001 1o 2 preferably 0.005
to 1. Wen the comppne{d s(tE’é |(s3thea%:qrg%%r£e%tne[ ?E)%)t(lﬁt g%ﬂggg‘ggnggtgﬂ(g))flrzm

15 used in such an anount that the rati o

KRS = il R E P N R
presence Qf’a block copolymer comprising the polymer block‘
prepared in the step (1) and the polymer block prepared in
the step (2) to prepare a polymer block different from the
polymer blocks prepared in the previous steps.

10 Examples of the olefins of 2 to 20-carbon atoms may

include the same as above, and these may be used

individually or in combination. Further, examples of the

polymer block prepared in the step (3) may include the same -

as above.
15 In the step (3}, the polymerization temperature is
(“. usually from =40 to +200°C,'preferably 0 to +150°C. The

polymerization pressuré is wusually from atmospheric
_ pressure to 100 kg/cm? (9.8 Mpa), preferably atmospheric

pressure to 50 kg/cm2 {4.9 Mpa).

20 The step (3) may be carried out in arbitrary times
by varying the kind of olefins, the combination.thereof or
polymerization.conditions.

In the present invention, polymerization.cah be
carried out by any of liquid phase polymerizations such as

25 solution polymerization, solvent slurry polymerization ox




monomer to catalyst or polynerization time. 20 The ol efi nghl,gekogppol yners
as descri bed above are suitably used as a viscosity index inprover for
| ubricating oils. (Lubricating oil conposition) The |ubricating oil
conposi tion of the present 25 inventionggonprises the viscosity index
i nprover of the 6 June 2006 35 above ole?ln bl ock copol yners and a
| ubricating oil base material and optionally a pour point depressing
agent. Firstly, each of the conponents formng the |ubricating oi
conposition of the present invention will 5 be described. 10 (Lubricating
oil base material) Exanples of the lubricating oil base material used in
the present invention may include mneral oils; poly-a-olefins; di-esters
such as pol yothesieks, drogayl phphehabayesrdzact phssebacate, etc; and
synthetic oils such as polyal kyl ene glycol, etc. It is.preferred to use
mneral oil or a bEeablbdstdfeani heeat lidrarukisynmbatumsonsed The thener al
oils are generally used by way of purification steps such as dewaxing, etc
and cl assi fi etliqlbdi npbasevepall yeleasises: iyn puidf i cabéDAdaet BedShakh ¢
general; mineral oils containing 0. 5 to 10 % wax conponents are used. For
exanple, it ilsygossabbens osusk bisghnomud,f it ad, paishe] snpkgRared by a
~hydrocracki ng purification nethod, '

5 heptane, octane, decane, dodecane, kerosene, ete;

alicyclic hydrocarbons such as cyclopentane, cyclohexane,

'methylcyclopentane, etc; aromatic hydrocarbons such as

ey

beniene, toluene, xylene, etc; halogenated hydrocarbdns
sumﬁlasethylenechloride,chlorobenzene,dichloromethane,

10 etc; and mixtures thereof. Further, the olefin itself may
be used as a solvent.

. In the polymerization of ethylene and an a—élefin
having 3 to 20 éarbon atoms by using the above olefin
polymerizationcatalyst,thetransitionn@talcompound(A)

15 is used in an amount of usually 10712 to 1 mol, preferably
10710 to 1072 mol per 1 liter of the reacﬁion volume.
In the case of using the component (B-1}), the
component (B-1} is used in such an amount that the molar
ratio [{B~-1)/M] of the component {B-1) to transition metal
20 atom (M) in the transition metal compound (A) is usually
from 0.01 to 100,000, preferably 0.05 to 50,000.
In the éase of using the component (B-2), the
component (B-2) is used in such an amount that the molar
ratio [{(B-2}/M] oanluminuHLaton{in,the component (B-2) to

25 transitionlnetal atom (M) in the transition metal compound




having a | ow pour point, a high viscosity index and a 20 gogRoshdsd on mainly
conprising isoparaffin. Further, it is general to use mneral oll having a
ki nematic viscosity at 40C of from10 to 200 cSt. (Pour point depressing
agent) The pour point depressing agents tionally used in 25 the present
invention are al kyl at ed napht hal ene, 6 June 2006 36 (co) polyners of alkyl
nmet hacryl ate, (co) polyners of alkyl acrylate, a copolynmer of alkyl :
fumarate and vinyl acetate, a-olefin polynmers and copolyners of a-olefin
and styrene, etc. Among them it is suitable to use (co)polyners of 5

al kyl methacrylate and (co)polynmers of al kyl acrylate. (Conposition) The

| ubricating oil conposition of the present invention conprises the above

| ubricating oi(h)hasesmateri ftom 10heo @I@@V@o@l,eﬁélf@}%&&%p%%% isles
The

optionally the pour 10 point depressing agent. . ubricatifdg ol
conposi tion which comprirseschhe dabpkeati ng,oi | teriak, and the
ol efin block copolyner, desirably conta?ns fﬁeESP§§?%g§o|§%§$’1n gﬁ

amount of 1 teomkPofely yeight;s pﬁ%@rﬁmé’ucﬁl Lo, ]aQno(?gltb:y t%'tggc:?& %{‘gr}égﬁndi ng

residual conponents are the lubricating oil base er
?gﬁptfeﬁ;e?Sfﬁf%ﬂgﬁégif??gngﬁdégggé| éﬁ?ggOE%FSZﬁ%ﬁﬁh%%ggiﬂiﬁb%é%gh:ggting
~oil conposi tié)lfbrﬁ_a{M)bE?Lr§lttHg thed i 5 on metal compound- (A) is usually

from 1 to 10, preferably lth 5.

In the case of usihg the component (D}, wheﬁ the
component (B) is the component (B-1), the component (D) is
.used in such an amount that the molar ratio [(D)/(B-1)] is

10 usually'from Q.Ol to 10, preferably 0.1 to 5. When the
éomponent (B) is the component (B-2), thé component (D) is
used in such an émount fhat‘the molar ratio [(D)/{B—Z)] is
usuall? from 0.00i to 2, preferably 0.005 to 1. When the
component (B) is the component (B-3), tﬁe component (D) is

‘15 used in such an amount that the molar ratio [ (D} /{(B-3)] is

— usually from 0.01 to 190, preferably 0.1 to 5.

The molecular weight of the resulting olefin block
copolymer can be regulated-by controlliﬁg the ratio of
monomer to catalyst or polymerization time.

20 The olefin block copolymers as described above are
suitablyusedas(aviscoéityindeximproverfbrJimmicating
oils.

(Lubricating oil composition)
The lubricating oil composition of the present

25 invention comprises the viscosity index improver of the




20 use for lubricating oils as it is, or it is blended w tghyuntBgogour point
depressing agent, etc and can be submtted to the use. The lubricating oi
conposition, which conprises the |lubricating oil base material, the olefin
bl ock copolymer 25 and the pour point d;ﬁ;essing agent, desirably contains
the 6 June 2006 37 olefin polyner in an unt of 0.1 to 5 % by weight,-
preferably 0.2 to 1.5 % by weight, nore preferably 0.25 to 1.5 % by

wei ght, furthernore preferably 0.30 to 1..5 %by weight, and optionally

t he pour point depressing agent in 5 an anount of 0.05 to 3 % by wei ght,
preferably 0.1 to 3 % by weight, nore preferably 0.1 to 2 % by wei ght,

nost preferably 0.2 to 1.5 % by weight. The residual conponents are the

| ubricating okbobasels®tar babcandopelprendi A9y 0B S: As: dessibed Jater.
10 When the lubricating oil composition contains the anoun 5T the olefin

pol yrer in_t heagbeyelr angeoptifaangat pslabildink eledesGaapagition can be
I nproved. The lubricating oil conpoSition of "'the present "i1nvention my '
contai n conpoundi ngraggpt §, havspg Vi$coshLy [ [ I; properties
such as (co) polyners of kayr nethacrylate,C%@ﬁ?@%@ﬁgtgg%%éﬁQ%SEg = etc

and conpoundi Nghg8AE y t tive additives,
di spersants, extrene pP§g§£%3§% eﬁ%ggﬁg%?Ff%§%1%gégéﬁﬁfgweé%ﬁ?%ﬁ?génts,

met al deacti vigl ofss-Pardgwearing agents etc 20 in addition to the
lubricating oil base material, the olefin

(Lubricating oil base material)
(ﬁ\ Examples of the lubricating oil base material used
o in the present invention may include mineral oils;
poly-a-olefins; di-esters such as polyol esters, dioctyl
10 phtﬁalate, dioctyl sebacate, etc; and synthetic oils such
aspolyalkyleneglycoi,etc. It ispreferred tousemineral
cil or a blend of the mineral oil and synthetic oil.
The ndnerél oils are generally used by way of
purification stepé such as dewaxing, etc and classified
15 into several classes by purification methods. In general,
o mineral oils containing 0.5 to 10 $ wax components are used.
For example, it is possible to use highly purified oil,
which is prepared by a hydrocracking purification method,
-having a low pour peint, a high viscosity index and a
| 20‘_cpmpositionnminlycomprisingisoparaffin. Further, it is
general to use mineral oil having a kinematic viscosity at
40°C of from 10-to 200 cSt.
(Pour point depressing agent)
The pour point depressing agents optionally used in

25 the present invention are alkylated naphthalene,




pol ymer and the pour point depressing agent. Exanples of the exhpeme
pressure agents may include sulfur extene pressure agents such as sulfide

groups, .sul foxide groups, sul-fone groups, thiophosphinate groups, 25

t hi ocar bonate groups, fat sulfides and 3&% silfides, olefin 6 June 2006 38
-sul fides, etc; phosphoric acid groups such as phosphate, phosphite, am ne
phosphat e, am ne phosphite; and hal ogen conpounds such as chlori nated
~hydrocarbons etc. Exanples of the hard wearing agents may include 5

i norgani ¢ and organi ¢ nol ybdenum conmpounds such as nol ybdenum di sul fi de,
etc, organic boron conpounds such as al kyl nercaptyl borate, graphite,
anti nony sul fide, boron conpounds, polytetrafluoro ethylene etc. Exanples

of the deterg(eﬁi)Wﬁ:ﬂ@fﬁamkﬁfﬁé’tﬂﬁ@f%ﬂ@te}O(d&tpﬁilyﬁﬂdrfé%%t gsxguch as
cal cium sul fonate, magnesium sul fonate, barium sul fonate, etc,

thi 0phosphon@tﬁ%law,e@%@éol?ﬁékwﬁ Ales 1 BURSLREBILRS ~viReRZYLaHLBE,
succi nates, etc. Exanples of the antioxidants may include amne 15

conpounds Suﬂloﬁ%@d‘z@g&h&r@ﬁ‘ QHH%@?@[‘%&. ¥h p{]&?’a&?—'ol%tf“m E;H'éfgré}ﬁ?,

phosphorus conpounds such as zinc dithiophosphate "etc. anple€s of 't he

S B et ke SoRRGRRie 0% UG 500 s saLide e gl st

salts  thereqfiyAenralil AZ0I A% A IG5 MRS s d NF 80y AL ry 1 ate |
(Composition)

The lubricating oil composition of the present
invention comprises the above lubricating oil basematerial,
the above olefin block copolymer and opﬁionally the pour

10 point depressing agent.

The lubriéating oil composition which comprises the
lubricating oil base material and thé .olefin ‘block
copolymer, desirably contains the olefin polymer in an
amount of 1 to 20 % by weight, preferably 5 to 10 % by weight.

15 The residual components are the lubricating oil base
(ﬁ material and compounding agents as described later. |
The lubricating oil composition has excellent low

temperature properties and excellent shear stability.
The lubricating oil composition can be submitted to
_ 20 use for ldb;icating cils as it is, or it is blended with
-the pour point depressing agent, etc and can be submitted

-to the use.

The lubricatingtoil composition, which comprises the

lubricating oil base material, the olefin block copolymer

25 and the pour point depressing agent, desirably contains the




t hi azol e compounds. Exanpl es of the antifoam ng agents mayg juAsboge
silicone conpounds such as dinethyl siloxane, silica gel 25 dispersion,
etc, and al cohol or ester conpounds. 6 June 2006 39 The anmpunt of these
additives added varies in accordance w gh desired lubricating properties.
These additives may be contained in an anount of usually 0.01 to 50 parts
by weight, preferably 0.05 to 30 parts by weight 5 in 100 parts by wei ght
of the above lubricating oil . conposition. The lubricating oil conposition
of the present invention can be prepared by m xing or dissolving, in the
| ubricating oil base material, the olefin polymer and 10 optionally the
pour point depressing agent and further optionally other conpoundi ng
agents with ceheénni erelymer khowannetdrods. &FFECT €6 THE: | NVENHIQW L5 The
ol efin bl ock copolynmer of the present invention can prepare a viscosity

i ndex i nprovepréberbbbyiCat ity loidl 8 byapsaiie ,ohopeepasfagapi yubr2satd ng oil
conposition having excellent |ow tenperature properties, excellent balance

bet ween vi scosi bys angl wdegint st fubi théymo 2 {sé Ngrdnme, W SIS W Jndex.,
inprover for lubricating oils according to the invention, t he Iubrlcatlng

oi | conposi twehghayiag Io@wﬁcﬁmﬂpttmlreep@ﬁQpﬁéiﬁ@%eE}jEES@MIalgPéHt hal ance
.betmeen viscosity and shear stability can
5 an amount of 0.05 to 3 % by weight, preferably 0.1 to 3 %
by weight, more preferably 0.1 to 2 % by weight, moét
preferably 0.2 to 1.5 ¢ by weight. The residual components
are the lubricating oil base material and compounding
agents as described later.

10 When the lubricating oil composition contains the
amount of the olefin polymer in the above ranges, the shear
'stability‘of the composition can be impro#ed;

The lubricéting 0il composition of the present
invéntionAmay contain compounding agents having viscosity

15 index improving propefties such as (co)polymers of alkyl

methacrylate, hydrogenated SBR, SEBS, etc and compounding

agent. such as detergents, rust preventive additives,

dispersants, extreme pressure agents, antifoaming agents,

antioxidants, metal deactivators, hard wearing agents etc

20  inaddition tothe lubricating oil basematerial, the olefin
polymer and the pour point depressing agent.

Examples.of the extreme pressure agents may include

sulfur exteme pressure .agents such as sulfide dgroups,

sulfoxide groups, sulfone groups, thiophosphinate groups,

25 _thiocarbonategroups,_fatsulfidesandcﬁj_silfides,olefin




be prepared. 25 The lubricating oil conposition of the pregsght ofgsune 2006

40 invention has excellent |low tenperature properties and excellent

bal ance between viscosity and shear stability. EXAMPLE 5 The present

~invention is further described in nore degail with reference to the
foll ow ng exanpl es. The exanples should not be not construed as limting
the scope of the invention. In the exanples, the various physi cal
properties were 10 neasured in the follow ng manner. (Conposition of Bl ock
copol yner) The conposition of a block copolynmer was neasured in a m xed

-sol vent of ortho-dichl orobenzene and benzene-d6 (the volune ratio of

ort ho-di chl orobenzene to benzene-d6 15 is from3/1 to 4/1) at 120C, at a

pul se w dth ofubigesseetcatphopphseiepesd i qugbipsmesiaih %éfﬁ%wﬁiﬁm a LA
500 nucl ear. nmagnetic resonance apparatus manufactured by JEOL Ltd.
(Viscosity atpHO8hifbe smsnesphiys@iiadd)Giase Mmasspat based oR1ASEY D 20
445. I n the exanples, the kinematic viscosity (K V.) was regulated to be
about 10 m2/seampolfas ds@eanksngh Soruhates LEESH-aFREnEEASHI eMENt Was

conduct ed based on ASTM D 2602. The CCS was used for evaluation of sliding
properties at 25 lmwaden@er atturee (18424t LBARREPYJdRY Alyaitkankaxis.
5 inorganic and organic mol?bdenum compounds such as
molybdenum disulfide, etc, organic boron compounds such as
~alkyl mercaptyl borate, graphite, antimony sulfide, boron
compounds, polytetrafluoro ethylehe etc.
Examples of the detergent and dispersants may include
10 metal sulfonates such as éalcium sulfonate, magnesium
sulfonate, barium sulfonate, etc, thiophosphonates,
phenates, salicylates, succinimides, benzyl amine,
Succinateé, etc. |
Examples of the antioxidants may include amine
15 compounds such as 2,6-di-tert-butyl-4-methylphenol etc,
sulfurcn:phosphoruscompoundssuchekszincdithiophosphate
etc.
Examples of the rust preventive agents May include
carboxylic acids and salts thereof such as oxalic acid etc;
20 sulfonates; esters; alcohols; phosphoric acids and salts
thereof; benzotriaioles and derivatives thereof; and
thiazole compounds.
Examples‘ of the antifoaming agents may include
silicone compouﬁds such as'dimethyl siloxane, silica gel

25 dispersion, etc, and alcohol or ester Cbmpounds.




6 June 2006 41 The CCS indicates the fact that the snalle@‘mngzy@@ue i's,
the better the |ow tenperature properties of the |lubricating oil are.
(Mni-Rotary. Viscometer (MRV)) 5 The measurenent was conducted based on

ASTM D 3829 and D4684. The MRWas used £gr evaluation of punping of an
oi | punp at low tenperatures. The MRV indicates the fact that the snallgr
the value is, the better the low tenperature properties of the lubricating
oil are. 10 (Shear Stability Index (SSI)) The neasurenent was conducted

based on ASTM D 3945. The SSI is a measure of |oss of a kinematic
viscosity caused by breakage of nol ecul ar chains when the copol yner
conponents in the lubricating oil has undergone a shear 15 force under
sliding. The SSI in@heatamwurie bdctthést tdulidiarger athedvaldei és, itthe
‘larger the loss of the kinematic viscosity is. (Low tenperature fIU|d|ty‘
(I ow t enper ataceostianagewishabiddingd PAbAftetisgobirBgeat 1238C fos2 Weeks,
the fluidity (appearance) was observed and eval uated as fol |l ows. AA:
fluidity BB ageiaives @by Rel yorthiatboinBvamplcRink 6£June: 20PG 42 to
50 parts by weight preferably 0. 05 to 30 parts by weight
5 in 100 parts by weight of the above Tubricating oil
composition.

The lubricating oil composition of the present
invention can be prepared by mixing or dissolving, in the
lubricating oil base material, the olefin polymer and

10 optionally the pour point depressing agent and further

optlonally other compoundlng agents with conventlonally

known methods.

EFFECT OF THE INVENTION
15 The olefin block copolymer of the present invention

can prepare a viscosity index improver for lubricating oils

PN

capable of preparing a lubricating oil composition having
excellent low'temperature properties, excellent balance
between viscosity and shear stability.

20 Using the viscosity index improver for lubricating
0ils according to the invention, the lubricating oil
composition héving loﬁ temperature properties and
excellentbalancebetweenviscosityandshearétabilitycan
be prepared.

25 The lubricating oil composition of the present




To a 500 M glass autoclave thoroughly purged with nitrogeg,e 266 M of
dried toluene was fed and propyl ene was passed through at a rate of 100
1/h for 40 min. Thereafter while the tenperature of the autoclave was kept
at 25C, 5 5.00 mmol in terms of alum numpef nethyl alum noxane was added
to the autocl ave. Successively, 0.05 mmol "of bis[N(3-t-butyl ‘
salicylidene)-2,3,4,5,6-penta-fluoroanilinatojtitanium 1V) di‘chloride was -
added as a catal yst, and sinultaneously 10 a m xed gas of ethyl ene and
propylene at a rate of 3 1/80 1 per hour was passed through and the
stirring was conducted for 60 mn. Then the reaction was stopped by adding-
20 m of isobutyl alcohol. To.the reaction mxture, 10 M of 1 N
hydrochl ori ¢ anvdntasnadded exag 1Sidmt elow Of eidfe FA turtdSF o BSr a1 8L @@ Of
nitrogen. Thereafter, the polynerization solution was poured into a 1.5 1

of methanol texpeetépttisdBande podtwi@En Thechl symBndSkUERY WRSLINiREEd Wi th
a magnetic stirrer over night and the polynmer was collected with a
fritted glass filter. The polyner was dried at 130C for 20 10 hr "under
reduced pressure to obtain 2.52 g of an ethyl ene /propyl ene copolyner. As

the result of GPC analysis, the pol ygpamBag a Mv of 106000 and Mwv Mh in
terms of polystyrene of 1.14. It had an ethylene content as determ ned by

'R anal ysks of 49. Spp@lfee st 1Hnh 2006 43 flymer h2aL9BF*anPhs 2

detail with reference to the following examples. The
_ (f examples should not be not construed as limiting the scope
- of the invention. |
Intheexamples,thevariousphysicalpropertieswere
10 measured in the following manner.
(Composition of Block copolymer)
The composition of a block copoiymer was measured in
a mixed solvent of ortho-dichlorobenzene and benzene-dé
| (the volume ratio of ortho-dichlorobenzene to benzene-dé .
15 is from 3/1 to 4/1) at 120°C, at a pulse width of 45° pulse,

(ﬂ‘ - at a pulse repeating time of 5.5'sec using a L& 500 nuclear

magnetic resonance apparatus manufactured by JEOL Ltd.
{Viscosity at 100°C)
The viscosity at 100°C was measured based on ASTM D
20 445.7 In the examples, the kinematic viscosity (K.V.) was
~regulated to be about 10 mmZ/sec.
(Celd Cranking Simulator (CCS))
The measuremenf was conducted based on ASTM D 2602.

The CCS was used for evaluation of sliding properties at

25 low temperatures (starting properties) at a crank axis.




To a 500 m gl ass autoclave thoroughly purged with nitrogepnespggn of
dried toluene was fed and propyl ene was passed through at a rate of 100
1/h for 40 min. Thereafter 5 while the tenperature of the autoclave was
kept at 25C, 5.00 nmmol in terns; of aluggnun1of met hyl al um noxane was
added to the autoclave. Successively, 0. mmol of  bi s[N-(3-t-butyl
salicylidene)-2,3,4,5, 6-penta-fluoroanilinatojtitaniun( 10 IV) dichloride
was added as a catalyst, and sinultaneously a m xed gas of ethylene and
propylene at a rate of 3 1/80 -1 per hour was passed through and the
stirring was conducted for 50 mn. The procedure to this point was carried
out in the sane manner as in Polynerization Exanple 1 and then 15 the

m xed gas conPbsiCtonindicabangete t A0 tha30thePsha NOUE RO 4 NG Std rring
was further conducted for 3.5 mn without stopping of the reaction.” After

the stirring, thbe beatkirontheas 1skopRedply 12ading 120, a,+qf. 4 sout yl
al cohol. To the reaction mxture, 10 nFQof 1N h?%rgcﬁloﬁfc gkidxﬁﬁé added

20 and stirretubpic3Pingnoundgrea stream of nitrogen. Thereafter, the
pol ymeri zation, solution was poured into a 1.5 1 of nmethanol to

precipitate a(pohyrestatPevpobymBterslMiryyWas stirred with a magnetic
stirrer over night and the polyner mas‘co?lected wth a fritted gl ass

filter. The 25 pol yigd y@Bsserd g @at ror d ssure 6
June 2006 44 to obtain 4.33 g of a‘%%%géh%g%ﬁﬁg%&ﬁf§Q€%€'ﬁggﬁfﬁ 8$§%PC
anal ysi s, theselpumis hadrna Mayof21820080 And My VL4 %rfl%umping of

( an oil pump at low temperatures. The MRV indicates the fact
that the smailer the wvalue is, the better the low
temperature properties of the lubricating oil are.

10 (Shear Stability Index (SSI})
The measurement was conducted based on ASTM D 3945,
The 38T is a measure of loss of a kinematic viscosity causéd
by breakage of molecular chains when the cepolymer
components in the lubricating oil has undergone a shear
15 force under sliding. The SSI indicates the fact that the

(~ : larger the value is, the larger the loss of the kinematic
viscosity ‘is.

ILow temperature fluidity (low temperature storage
stability))
20 | ‘After cooling at -18°C for 2 weeks, the fluidity
(appearance) was observed and. evaluated as follows. |
An: fluidity

BB: gelation

25 Polymerization Example 1




of polystyrene of 1.15. It had an ethylene content as detsey,aLReggby | R
anaFys?s gf 63.6 nol % The results are 5 shown in Table 1. 6 June 2006 45
Table 1 Polynerization Examle 2 Total Et hyl ene content (nold)63.6 Mv (in
terns of PS)18.2x104 Mv Mhl.2 CD gradien Conmponent | Et hyl ene cont ent
(ml %9 49.5 Mv (in terns of PS)10.6x104 gradi ent0. 05 Cbnponen; 2Et hyl ene
content (ol %80.8 Mv (in ternms of PS)7.6x104 CD gradient0.05 Exanple 1 5 A
lubricating oil was prepared using 87.62 % by weight of mneral oil 150
neutral (nanufactured by ESSO Co.). as base oil, 0.88 % by weight of a

pol ymer prepared in Polynerization Exanple 2 as a viscosity index
inprover, 0. 5 %by weight of ACLUB 133 (manufactured by Sanyo Chem cal 10

Industries) as a pome PObOO MERFERSSS %mﬂmv@%&%x%oﬁ@)bburg%icﬂ%ﬁ{] a
detergent and dispersant (manufactured by Lubri zol .), "and then the
properties ofnibeobuhyiZzsd iMldordidndot Nenk! Whdiden ghal QS SNMEL aLures
t hereof were
passed through at a rate of 100 1/h for 40 min. Thereafter
whiie the temperature of the autoclave was kept at 25°C,

5 5.00 mmol in terms of aluminum of methyl aluminoxane was
édded to the autociave. Successively, 0.05 mmol of
bis[N-(3-t-butyl |
salicylidene)-2,3,4,5,6—penta~fluoroanilinato]titaﬁium(
IV) dichloride was added as a catalyst} and simultaneously

10 & mixed gas of ethylene and propylene at a rate of 3 1/80
1 per hour was passed through and the stirring was conducted
for760-min. Then the reactibn-was stopped by adding_ZO
ml of iscbutyl alébhol. To the reaction mixture, 10 ml of
1N hydrochloric acid was added and stirred for 30 min under

15 a stream of nitrogen. Thereafter, the polymerization

-~ solution was poured intoa 1.5 1 of methanol fo precipitate

a polymer. The polymer slurry was Stirred‘with51magnetic
stirrer over night and the polymer was collected with a
fritted glass filter. The polymer was dried at 130°C for
20 10 hr under reduced pressure to obtain 2.52 g of an
ethylene/propylene copolymer. As. the result of GPC
analysis, the polymer had a Mw of 106000 and Mw/Mn in terms
of polystyrene of 1.14. It had an ethylene content as

determined by IR analysis of 49.5 mol%.

25




eval uated. 15 The results are shown in Table 2. 6 June 20@@u4§25@p|e 2
Exanpl e 1 Polymer for bl endi ngPol ymerization Examle 2 _Blending (Ww% -
---- - ---87.62 - Base oil Detergent and dispersant1l.0 Pour point

depressing agent0.5 Pol yner0. 88 Lubricat% g oil properties __ 14.88
Ki nematic viscosity at 100C (mz/s) SSI 28 CCS viscosity at -20C o

(nPa. s) 3,350 MR viscosity at -30C (nPa.s) 35,500 Low tenperature fluidityAA
Pol ynmeri zation Exanples 3 and 4 5 Polynmers were prepared by pol ymerization
in such manners as described in Exanples 3B and 3A in JP-B-6(1994)/96624.

The resulting polyners had the
| Polymerization Example 2
To a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of dried toluene was fed and 'p'ropylene was
passed through at a rate of 100 1/h for 40 min. Thereafter
5 while the temperature of the autoclave was kept at 25°C,
5.00 mmel in termsiof aluminum of methyl aluminoxane was
addedrto the autoclave. Successively, 0.05 mmol of
bis [N~ (3-t-butyl
salicylidene)-2,3,4,5, 6-penta-fluoroanilinato] titanium/(
10 IV) dichloride was added as a catalyst, and simultaneously
‘a mixed gas of ethylene and propylene at a rate of 3 1/80
1 per hour was passed through and the stiﬁ:ring was conducted
for 50 min. The procedure to this ﬁnoint was carried out
in the same manner as in Polymerization Example 1 and‘ then
15 the mixed gas composition was changed to 70 1/30 1 per'hour
- | . and the stirring was further conducted for 3.5 min withoﬁt
stopping of the reaction. After the stirring, the reaction
was stopped by adding 20 ml of isobutyl alcohol. To the
reaction mixture, 10 ml of 1 N hydrochloric acid was added
20 and stirred for 30 min under a stream of nitrogen.
Thereafter, the polymerization solution was poured into a
1.5 1 of methan.ol to precipitate a polymer. The polymer
slurry was stirred with a magnetic stirrer over night and

the polymer was collected with a fritted glass filter. The

25 . polymer was dried at 130°C for 10 hr under reduced pressure




properties as shown in Table 3. 10 Conparative Exanples 2 @apge3ohs €ach
exanpl e, lubricating oil conprising polyner prepared in Pol yneri zat i on
Exanple 3 or 4 prepared in the sanme manner as in Exanple 1. The properties
of the lubricating oil are shown in TabI 4. 15 6 June 2006 47 Table 3 Pol
erization Exanple 34 Total Et hyl ene conten’%55 559.0-41.3 (mol %9 Mwv (in terns
-of PS) 130, 00010, 000 M~ Mh1.21.2 CD gradi ent-0.17 Conponent 1Ethyl ene
content59.0-52.6- (nmol%9 Mwv (in ternms of PS)60,000- CD radientO.17 .
Conponent 2Et hyl ene content 60. 0-50.57- (nmol% Mwv (in terns of PS)70, 000 CD
radi ent0. 17- Table 4 5 ConparativeConparative

to obtain 4.33 g of a block polymer. As the result of GpPC .
analysis, the polymer had a Mw of 182000 and Mw/Mn in terms
of polystyrene of 1.15. 1t had an ethylene content as-
determined by iR analysis of 63.6 mol%. The results are

5 shown in Table 1.




Exam | e 2Exanple 3 Polyner fo Pol ymeri zati onPol yneri zati o f,a8 28bndi ng
Exanpl e 3Examle 4 Blending (W% - - ae 87.25 --- 8-7.-i--- Bs oil.1 ----
Det ergent andl1l.011.0 dispersant Pour point depressing0.50.5 agent
~Polynmer1.251.4 Lubricatln oil properties ggnenatlc viscosity at14.8214 90

100C (m®2/s). ST1916 CCS viscosity at -26 , 4503, 510 (nPa.s) MR viscosity
at -30C41, 20042, 400 (nPa.s) Low tenperatureAAAA fluidity 6 June 2006

Table 1
Polymerization
Example 2
Teotal Ethylene content (mol%) 63.6
Mw (in terms of PS) 18.2x104
Mw /Mn 1.2
CD gradient -
Component 1 { Ethylene content (mol%) 49.5
Mw (in terms of PS) 10, 6x104
: CD gradient 0.05
: Component 2 { Ethylene content {(mol$%) 80.8
(' ' Mw {in terms of PS) 7.6x104
CD gradient 0.05
Example 1
5 A lubricating oil was prepared using 87.62 % by weight

of mineral oil 150 neutral (manufactured by ESSO Co.) as
base-oil, 0.88 % by weight of a polymer prepared in
Polymerization Example 2 as a viscosity index improver,
0.5 % by weight of ACLUB 133 (manufactured by Sanyo Chemical

i0 Industries) as a pour point.dep:essing agent and 11.0 % by
ﬁeight of a detergent and dispersant (manufactured by
_Lubrizol Co.), and then the properties of the lubricating
0il and the fluidity at low temperatures thefeof were
evaluated.

15 . .The results are shown in Table 2. -




48 Pol yneri zation Exanples 5 to 9 Pol ynmers were prepared %muggggb@ting

pol ynerization tinme and a gas conposition in the sanme manner as in

Pol yneri zati on Exanple 1. The resulting polyners had the 5 properties as
shown in Table 5. Conparative Exanples 4,0 8 In each exanple, |ubricating
oil conprising the polynmer prepared in each of Polynerization Exanple 5 to
9 10. was prepared in the sane manner as in Exanple 1. The properties of
the lubricating oil are shown in Table 6. Table 5 Pol ynerization Examle
56789 Et hyl ene content 49. 549. 580. 880. 863. 4 (ol %9 :

Mv182, 000106, 000164, 00076, 000182, 000 (in terms of PS) Mw Mhl.21.21.21.21.2
CD gradi ent. 0. 040. 040. 040. 040. 04 15 6 June 2006 49 Table 6 Conparative
Example 4 5 6 7 8 Pol ymer forPolyneri rabilenzExanple blending5 6 7 8 9

' Exémple 1
Polymer for blending Polymerization
' _ Example 2
Blending (wt%)
Base oil 87.62
Detergent and dispersant 11.0
Pour point depressing agent 0.5
Polymer 0.88
. Lubricating oil properties
(: Kinematic viscosity at 100°C (mm</s) 14.88
< ' 551 28
CCS viscosity at -20°C (mPa.s) 3,350
MR viscosity at -30°C (mPa.s) 35,500
Low temperature fluidity AA
Polymerization Examples 3 and 4
5 g _Polymers were prepared by polymerization in such

manners as described in Examples 3B and 34 in

JP-B-6(1994}/96624. The resulting polymers had the

properties as shown in Table 3.

10 Comparative Examples 2 and 3
In each example, lubricating oil comprising the
polymer prepared in Polymerization Example 3 or 4 was
prepared in the same manner as in Example 1. The properties’

of the lubricating oil are shown in Table 4.

15




Bl ending wt-.) Base oil 87.5087.1087. 5186. 9587. 52 Det er genfg gRddddd 111111

di spersant T Pour point0.50.50.50.50.5 depressi ng agent Poi

mer11. 40. 991. 550. 98 Lubricating oil _pro erties Kinematicl4.91
14.8819.7214.9014. 95 viscosity at 100C ( /s) SSI30 21261729 CCS

vi scosi ty3, 450 3,5003, 0803, 1803, 380 at -20C (nPa.s) MR viscosity40, 500

41, 80023, 80024, 10047, 500 at -30C (nPa.s) Low tenperatureAA AABBBBBB
fluidity Conparative Exanples 9 to 11 5 I n each exanple, the polyners
prepared in Polynerization Exanples 5'to 8 were bl ended as shown in Table

7 to prepare lubricating oil. The properties of the lubricating oil are
shown in Table 7. 6 June 2006 50 Table 7 Conparative 9 10
Table 3

Polymerization Example
3 4
Total Ethylene content 55.5 59.0-41.3
(mol%)
Mw (in terms of PS) 139,000 10,000
Mw /Mn 1.2 1.2
CD gradient - 0.17
Component 1| Ethylene content 59.0~-52.6 -
(mol%) '
(: Mw (in terms of PS} 60,000 -
_ _ CD_gradient 0-17 -
Component 2 Ethylene content 60.0-50.57 -
o " (mol%)
Mw (in terms of PS) 70,000 -
CD gradient 0.17 B
Table 4
5
Comparative Comparative
Example 2 Example 3
Polymer for blending Polymerization | Polymerization
. Example 3 Example 4
Blending {(wt$%)
Base oil ' 87.25 87.1
- _ Detergent and 11.0 11.0
( : dispersant
Pour point depressing 0.5 0.5
agent '
Polvmer 1.25 1.4
Lubricating oil properties
Klnematlc viscosity at 14.82 14.90
100°C (mm2 /5)
- 881 19 16
CCS viscosity at -20°C 3,450 3,510
(mPa.s)
MR viscosity at -30°C 41,200 42,400
{mPa.s) . ’
Low temperature BA AR
fluidity




Pol ymer for bl ending (weight

rati o) Polymerization Exanpl

Rm8 %006

Pol yneri zati on Exanpl e 650 Polynerization Exanple 750 Pol ynerization
Det er gent and

di spersant 111111 Pour poi nt depressi ng aggntO.SO.SO.S Pol ymer 11. 51. 3

Exanpl e 8505 )

Lubricating oil

(nmR/s ) SSI 281927 CCS viscosity at

Vviscosity at

87.5- 8-7----8 -7.

properties Kinematic vis

-2 Base oil

‘prepared based on the description in Exanple 4 of National

| nt ernati ona

in Table 8 andlyherprapenhi exaablihke sl whriocating oil

sanme with Exanple 1 are shown in Table 9,

sity at 100C15.0114.9514. 90
-20C (nPa. s) 3, 2603, 3603, 320 MR
-30C (nPa. s) 36, 00036, 60036, 100 Low tenperature fl uidityBBAAAA
Conparative Exanples 12 to 13 5 NDGL2 and 701204095 of the polyner ID were
Publ i cati on of
Pat ent 2002-507225. The properties of the polynmer are shown
as determ ned. t he
respectively. 6 June 2006 51

Polymers were prepared by regulating polymerlzatlon

tlme and a gas comp051t10n in the same manner as in

Polymerlzatlon Example 1.

The resulting polymers had the

5 properties as shown in Table 5.

Comparative Examples 4 to §

In each example, lubricating oil comprising the

polymer prepared in each of Polymerization Example 5 to 9

10

was prepared in the same manner as in Example 1.

The

properties of the lubricating oil are shown in Table 6.

Table 5

Polymerization Example

5 6 7 8 9
i Ethylene content 49.5 49.5 80.8 80.8 63.4
( , (mol%) |. ~
Mw 182,000 |106,000)164,000/|76,000|182,000
(in terms of P3S)
Mw/Mn 1.2 1.2 1.2 1.2 1.2
CD gradient 0.04 0.04 0.04 0.04 0.04

15




Tabl e 8 Conpar ati veConpar ative Exanpl e 12Exanpl e 13 ( NDGL2)s(,4/93386£4095)
Tot al Et hyl gﬁe content7778.6 (nol % Mwv (in ternms of PS)9.8X1039. §X103

MV Mh1. 421. 6 Conponent 1Et hyl ene content71.3.82.1 (nmol% Mw (in terns of
-PS) 1. 9X1031. 5X103 Conponent 2Et hyl ene copgent .97.598.3 (nol.%9 Mwv (in terns
of PS)7.9X1038.3X103 Table 9 5 Conpar atlveCorrpar ative Exanple 12Examle 13 .
Pol ymer for bl endi ng2701204095 Bl endi ng (wt % Base.oi | 87.487. 3 Det er gent
and1111 di spersant Pour point depressing0.50.5 “agent Pol neril.121.2

Lubricating oil iDroperties _

Table 6

Comparative Example
4 f -5 } 6 | 7 | 8
Polymer ° for Polymerization Example
blending 5 | 6 T 7 T 8 | 9
Blending (wt%) - '
Base oil _ 87.50 § 87.10 | 87.51 | 86.95 | 87.55
Detergent and _ 11 11 11 11 11
dispersant
Pour point 0.5 0.5 0.5 0.5 0.5
<  depressing agent
Polymer 1 1.4 0.99 1.55 0.98
Lubricating o0il properties )
Kinematic 14.91 | 14.88 | 14.72 | 14.90 | 14.9%§
viscosity
at 100°C {mm2/s)
SSI 30 21 26 17 29
CCS viscosity 3,450 | 3,500 | 3,080 | 3,180 | 3,380
at -20°C (mPa.s)
MR viscosity 40,500 |41,800,23,800(24,100(47,500
at -30°C (mPa.s)
Low temperature AN AR BB BB BB
fluidity ;

Comparative Examples 9 to 11

5 In each example, the polymers prepared in
Pglymerization Examﬁles 5 to B8 were blended as shown in
Table 7 to prepare lubricating o0il. The properties of the

lubricating oil are shown in Table 7.




- 14.8814.92 Kinematic viscosity at 100C (mm®/s) SSI 1723 CCg xhsepssty at

- 20C3, 3803,400 (nPa.s) MR viscosity at -30C39, 20037,100 (nPa.s) Low
tenperatureBBBB fluidity 6 June 2006 52 Clainms 1. An ol efin block copol yner
having a MM vn (Mv. wei ght average nnleg§kar wei ght, M nunber average

nol ecul ar weight) of not nore than 1.5, i ch copolynmer conprises: (i) a
pol ymer bl ock conprising ethylene and an a-olefin of 3 to 20 carbon atons,
having a nolar ratio (ethylene/a- olefin) of ethylene units to a-olefin
units.- of from20/80 to 65/35 and having a wei ght average nol ecul ar wei ght
of 50,000 to 2,000,000 and an absol ute value of a slope of an

i ntranol ecul ar conposition distribution of 0.1 to O, and (ii) a polyner

bl ock conprising ethylene and an a-ol gfjijjc 6f 3 to 20 carbon atons, having
a nolar ratio (ethylene/cc- olefin) of ethylene units to a-olefin units of
from70/30 to 85/15 and having a wei ght average nol ecul ar wei ght of 10, 000
to 400,000 apnd an ahsolute valuye of a slope of an intranolecul ar

conposition dgistribution of 0.1 to 0, and Comparative Example
‘ _ 9 [ 10 | 11
Polymer for blending (weight ratio)
Polymerization Example 5 50 50
Polymerization Example 6 50
Polymerization Example 7 50
Polymerization Example 8 50 50
Blending {wt%)
. -Base oil 87.5 87 87.2
( Detergent and dispersant 11 11 11
: ‘Pour point depressing agent 0.5 0.5 6.5
Polymer 1 1.5 1.3
Lubricating oil properties
Kinematic viscosity at 100°C 15.01 | 14.95 | 14.90
(mmZ/s)
SSI 28 19 27
CCS viscosity at -20°C (mPa.s) 3,260 | 3,360 | 3,320
MR viscosity at -30°C (mPa.s) 36,000[36,60036,100
Low temperature fluidity BB AA - AA
Comparative Examples 12 to 13
5 NDG1Z and 701204095 of the polymer ID were prepared

based on the

description

in Example

4

of Naticnal

" Publication of International Patent 2002-507225.

The properties of the polymer are shown in Table 8

and the properties of the lubricating oil as determined the

10

same with Example 1 are shown in Table G, respectively.




said ol efin block copolyner is prepared by copol ynerizingg ghhybgee and at
| east one a-olefin selected froma-olefins of 3 to 20 carbon atons in the
presence of an olefin polynerization catalyst conprising: a transition
met al conmpound (A) represented by fornul (r); Lmw* ...... (I') wherein M
i's a transition nmetal atom sel ected fron1&?oup 3 to Goup 11 of the
Periodic Table, mis an integer of 1 to 5 n is a nunber satisfying the
valence:of M L is a ligand coordinated to the central nmetal Mand having
"a direct bond with the central netal M and X is an oxygen atom a hydrogen
atom a halogen atom a hydrocarbon group, an oxygen-containing group, a
sul fur- containing group, a nitrogen-containing group, a boron- containing
group, an alum num contai ni ng group, aaphesphorus containing group, a

hal ogen- cont ai ni ng group, a heterocyclic conpound residue, a

silicon-containing group, a gernani.um6 June 2006 53 contai ni ng group or a
tin-containihg group, apd when n ts 2 or no ?b $Iurgl % Qups 1 ndicated by
X may be thel sane or di{fferent and the plurat“gr3tps T Rgi-CIPEd 3y Ve hay be
bonded to forma ring and at |east one conpawatho(lB) el ectapfsons | (B-i)
an organongtalllc conpound, (NDG12) (701204095)
Total Ethylene content - 77 78.6
(mol%)
Mw (in terms of PS) 9.8%x10° 9.8x10°
- . Mw/Mn 1.42 1.6
(- - Component 1 | Ethylene content 71,3 82.1
(mol%)
Mw (in terms of PS) 1.9X10° 1.5%10°
.| Component 2 | Ethylene content . 97.5 98.3
{mol%)
Mw {in terms of PS) 7.9x10° 8.3x10°
Table 9
5
Comparative Comparative
Example 12 Example 13
) Polymer for blending NDG12 701204095
( : Blending (wt$)
: Base o0il 87.4 87.3
Detergent and _ 11 11
dispersant
Pour point depressing 0.5 0.5
agent .
Polymer 1.12 1.2
Lubricating oil properties
Klnematlc viscosity at 14.88 14.92
100°C (mm2/s) ,
S51 17 ; 23
CCS wviscosity at -20°C 3,380 3,400
{rmPa.s)
MR viscosity at -30°C 39,200 37,100
{mPa.s)
Low temperature BB BB
fluidity




(B-2) an organoal um num oxy-conpound, and (B-3) a conpound fhaboogacts with
the transition metal compound (A) tgoforman ion pair. 2. A viscosity

i ndex inprover for lubricating oils ich inprover conprises an olefin

bl ock copolynmer as claimed in claim1. 3. A lubricating oil conposition
conprising a viscosity index inprover for lubricating oils as claimed in
claim 2. claimbe ol efin bl ock copolymer as claimed in claim1l, wherein the
ol efin bl ock copol ymer conprises: (i) a polyner block conprising ethylene
and an a-lol ef iam ofeBin tha 2@ eagbcknqmeat pABindayvigMa (B} akel ght O

et hyl ene/ Ief f ne units to a-olefin units of from20/80 to
535/ 3% an%vgﬁa § moqecugaéh‘fe%ﬁ&ra B FORed AVeTRIG e LEFUERE 03906 2, 000, 000

and an alegohat emqrcel wdaof 1 85,5 lwbpehotomit yrient t-amptia@sl:ar conposition
di stribution of 0.07 to O, and (ii) a polynmer block conprising ethylene and
an a-olefin of i3 CoP9HYRSH PRkt SHP T IFAPPNEERY dfdleapnd atf @-olefin

et hyl engfas ol efikar8hn SHHENBA NI S 181870 Qf f rom 70/ 30 to
6(35/ 15 and having )é:aﬁ/elght avsergae r%t)sdecullg? %/\%lg (%H"ﬁ 8LO to 400, 000

and- an absefinle ofaletibybéna LBilld,lpet@fa—aﬂelfﬁhr anbt ecid &If:omCZJJ’VFB@Sfth on .
distribu o] 0. an said olefin block cq r_ i repared by
copol ynetﬁlbg?n o Qoh%z[l %e IRt T arsafgeoﬁlggﬁc‘élrael? it gg %‘?é&)'ngm a-ol efins
of 3 totQOZCQaﬁQ)@@Oaauﬁsan rathhéupqz esdnee o6f a anl aleebifnan pol yneri zati on
CatalyStiﬁgplﬁdf%cagérGCa%HH%i%QQQ 5¥%tribution of 0.1 to 0, and

(ii) a polymer block comprising ethylene and an. a-olefin
of 3 to 20 carbon atoms, having a molar ratio (ethylene/o-

olefin) of ethylene units to a-olefin units of from 70/30 to
85/15 and having a weight average molecular weight of 10,000
to 400,000 and an absolute value of a slope of an
intramclecular composition distribution of 0.1 to 0, and

said olefin block copolymer is prepared by copolymerizing
ethylene and at least one o-olefin selected from a-olefins of
3 to 20 cérbon atoms in the presence of an olefin
polymerization catalyst comprising:

a transition metal compound (A) represented by formula
(I):

LMX, . (I

wherein M is a transition metal atom selected from Group
3 to Group 11 of the Periodic Table,

m is an integer of 1 to 5,

n is a number satisfying the valence of M,

L is a ligand coordinated to the central metal M and
having a direct bond with the central metal M, and

X is an oxygen atom, 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 residue, a silicon-containing group, a germanium-




a transition nmetal conpound (A) represented by formula Lm@§une 2006 - (1)
wherein Mis a transition netal atoméel ected fromGoup 3 to Goup 11 of
the Periodic Table, mis an integer 1to 5 nis a nunber satisfying the
valence of M L is a ligand coordinated to the central netal Mand having

a direct BandimiAh gtrhﬁpc&mar %llnngéﬂalm:l,n%ngr&r# S a@za OXYgeD ;atgm, . a hydrogen

atom a hal ogen atom a hydrocarbon group gen-cont ai ni ng group, a
sul fur- &GAfai PtHG lgPBoWPS dWFﬁb@‘érﬁk@nﬂ@V@%g‘-f@r éape @ boron- cont ai ni ng

group, amridlFypdiumneonhalgiiig 19508 A RRGSRPOL YR xCRYY %@'Md@ﬁOUp’ a

hal ogen- cont ai ni n roup, a heterocyclic conpound residue,

si licon- (’58nF‘81PP1|5hg g‘goup a germani um contai ning group or a t| n- cont ai ni ng
group, and whandn is 2 or nore, plural groups indicated by X nay be the
sanme or dlfferei]t and the plural groups indicated by X may be bonded to

forma ring aff *&15Y% &35t CORPEShPEUnEctatedefseted from ~(B-1) an
or ganonet al | i qseonmumgaﬁ&n&)alaric%@wﬁwm num oxy- conpound, and (B-3) a
compound t hat cts with the transition nmetal conmpound (A) to forman ion
palr ABSTRA n organoaluminum oxy-compound, and

(B-3} a compound that reacts with the transition metal

compound (A) to form an ion pair.

2. A viscosity index improver for lubricating oils which
improver comprises an olefin block copolymer as claimed in

claim 1.

3. A lubricating oil composition comprising a viscosity

index improver for lubricating oils as claimed in claim 2.

4. The olefin block copolymer as claimed in claim 1, wherein
the olefin block copolymer comprises:
(i) a polymer block comprising ethylene and an a-olefin of 3
to 20 carbon atoms, having a meolar ratio (ethylene/a-olefin)
df ethylene units to a-clefin units of from 20/80 toc 65/35 and
having a weight average molecular weight of 50,000 to
2,000,000 and an absolute value of a slope of an
intramolecular composition distribution of 0.07 to 0, and
(ii) a polymer block comprising ethylene and an a-olefin of 3
to 20 carbon atoms, having a molar ratio (ethylene/a-olefin)
of ethylene units to a-olefin units of from 70/30 to 85/15 and
having a weight average molecular weight of 10,000 to 400,000
and an absolute value of a slope of an intramolecular
composition distribution of 0.07 to 0, and

said olefin block copolymer is prepared by copolymerizing
ethylene and at least one a-olefin selected from a-olefins of
3 to 20 éarbon atoms in the presence of an olefin

polymerization catalyst comprising:




OLEFI N BLOCK COPOLYMER, VI SCOSI TY | NDEX | MPROVER FOR LUBRIGAdbDEs O LS AND,
LUBRI CATING O L COMPCSI TION  The preggnt invention provides an ol efin bl ock
copolymer for a viscosity index inprover capable of preparing a

| ubricating oil conposition having excellent |ow tenperature properties and

excel | ent bal angeanei iReN me¥h s COSigoinaNda SR reSbabLd I8y fodmyiSCOSi ty index
| mprover $nd a lubricating oil conposition conprising the viscosity index

i nprover. (I'the ol efin bl ock copolymer has a MM Wh of not nore than 1.5, and
conprises: (i) a polymer block conprising ethylene and an [err]-olefin of
3 to 20 carbo ons, ving a nolar ratio (ethylene/[err]-olefin) of

et hyl ene unitsmtd‘[éTngolefin units of from 20/80 to 65/35 and having a

Mv of 50, 000 to 2 000, 000, and (ii) a polyner bl ock conpri si ng
et hyl ene and carbon nf aV|ng a nolar ratio
[ &F m

fi f 3t
(et hyl ene/ ([ ef rf oJr egl ﬁ)sl gf %é?lh telr?g ﬂ?ﬁat]s att(S’m TR AR of  from
70/ 30 t 0385 1Gr@upd lhawt ngha HHNiOﬁldOI,‘EQﬁ@ to 400, 000.

m is an integer of 1 to 5,

n is a number satisfying the valence of M,

L is a ligand coordinated to the central metal M and
having a direct bond with the central metal M, and

X is an oxygen atom, 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 residue, a silicon-containing group, a germanium-
containing group or a tin-containing group, and when n is 2 or
more, plural groups indicated by X may be the same or
different and the plural groups indicated by X may be bonded
to form a ring

~ and

at least one compound (B) selected from;

(B-1) an organometallic compound,

(B-2) an organcaluminum oxy-compound, and
(B-3) a compound that reacts with the transition metal

compound (A} to form an ion pair.
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ABSTRACT

OLEFIN BLOCK COPOLYMER, VISCOSITY INDEX IMPROVER FOR
LUBRICATING OILS AND LUBRICATING OIL COMPOSITION

10

15

The present invention provides an olefin block
copolymer for a‘viscosity'iﬁdex improver capable of
preparing:a lubricating oil chposition having exceiient
low temperature properties and eXcellent:Balance-between
viscosity and shear stability, a viscosity index improver
and a lubricating oil composition comprising the'viscoéity
index improﬁer.

The olefin bleck copolymer has a Mw/Mn of nat more

than 1.5, and comprises:

(1) a polymer block comprising ethylene and an
a-olefin of 3 to 20 carbon atoms, haﬁing a moiér ratio
(ethylene/a—olefi.n) .of ethylene units to e-olefin units of
from 20/80 to 65/35 and having a Mw of 50, 000 to 2, 000, 000,
and '

{ii) a polymer block comprising ethylene and an-
a-olefin of 3 to 20 carbon atoms, having a molar ratio
(ethylene/a-olefin) of ethylene units to a-olefin units of

from 70/30 to 85/15 and having a Mw of 10,000 to 400, 000.




