; e3e990 6FT! OLEFI N BLOCK COPCLYMER, VI SCOSITY | NDEX | MP
LUBRI CATI NG O LS AND LUBRI CATI NG O L COWOSI TI ON FI ELD G:MNWMF 5
The present invention relates to a novel olefin block cop es
thereof. More particularly, the present ilnvention relates to ad'dfefin

bl ock copol yner having specific polyner blocks each obtained from ethyl ene
and an a-olefin, a viscosity index inprover for lubricati i
conprising the olefin block copolyner and a | ubricating jmmwmﬁmﬂ@mﬂkn
containing the viscosity index inprover for lubricating . ND OF
THE | NVENTI ON 15 The viscosity of petrol eum products general I"f°%#r i es
drastically with tenperature, that is, the viscosity has tenperature
dependency. V%@T‘Equ‘ﬁtﬁli% i%"%ﬁ@%r UEEREPRATY 1 %&a%?%,o Bt 80Bbi | es,
the viscosity of the lubricating oil ideally has snmall tenperature
dependency. Ther SfEBRECEYING, QTR AR He'R Qf%r@%e%%%ﬁ%?@?‘ t he
viscosity, lubricating oils contain a viscosity index inprover, which is a
specific polymer soluble in a lubricating oil base. Ethylene/a-olefin

copol ynmers have been widely used in recent years as the viscosity index

i mprover and nodified 25 in vAIERRE HbyRHE delmli"Ff’é?Ni nmprove the bal ance

bet ween 2 properties of the lubricating oils. The viscosity index

i mprover Ps gener al Tye pyegand presrhat ol Johvirsh§oot nove ll ebe f atherioi |
viscosity at high tenperatures. However in recent years, there has been a 5
demand for a sopebgney éndexseaptbesecthatMesdy Bapptessanlyi sehef the
l,ubricating oil viscosity at |ow tenperatures (which neans inparting

excel l ent | owrespetrainvenpiopereilesesotrhen| abeiféat bagcesdi Icppolymeat i ng
oi | conpositions are used for applications where a shear force 10 is
applied and theveiorpeamdd a pohave rab ek top @nsbtpagedxtedth ervth whese
stability. To inprove the shear stability, a |ow nolecul ar weight polyner
is general ly as@dn ¢HoakeELn, asviheosptecindex wepghtvelrofwer dubttiecati lsoosi ty

i ndex inprover has to be added in a,large anmount to reach a 15

viscosit§0t hatihs | cbnprasing bhée néedsnt blhakecoppimeheandsalt that the
econom cal efficiency is worsened. On the other hand, the shear stability

i s deterioratketowhent i he odilscospbyiindexcainmiovierg tbeaddedosht v imsthuced
anount with an increased nol ecular weight in an attenpt to inprove the 20
econoni cal efimpreney H6érthebrubatiagi agleil. The pol yners used for

| ubricating oils are known to be better when they have a narrower nol ecul ar
wei ght distribution. A representative advantage of such polyners is that
the shear stability is good in conparison with other 25 polynmers having a
br oader nol ecul ar wei ght di BACKEBOUNR. 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 example, automobiles, the viscosity of the lubricating
0il ideally has small temperature dependency. Therefore,

20  to reduce the temperature dependency of the viscosity,y
lubricating oils contain a viscosity index improver, which
is a specific polymer soluble in a lubricating oil base.
Ethylene/a-olefin copolymers have been widely used in
recent years as the viscosity index improver and modified

25 in various ways to further improve the balance between



3 As such, various catalysts are now studied to narrow the nol ecul ar wei ght
distribution of the polyners. Proposed catalysts include a catal yst
supported on a highly active nmagnesi um chloride, a netall ocene catal yst and
a vanadium b5 catal yst. JP-A-60(1985)/35009 discloses a polynmer having Mwv Vh
of 1.2, which is obtained using these catalysts. U S. Patent No. 3,697,429
di scl oses a blend of ethylene/a-olefin copolynmers having different ethyl ene
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 inprover for lubricating oils. However, such a |ubricating
oil isinsufficient jn the balance of properties. Manwhile, other

i nvent i ons h&RAHEEN SRadet t Bk nyUR 51 GAVARYagél8f characteristics of the
living pol ynerization. For exanple, JP-A-60(1985)/35009 discloses a random
copol yner and a bl dd¥¢ costSaverY ebtPrtoliposerebf 1 et a§neralanduaratel ef i n,
in which the nol ecular_weight distribution and the conposition distribution
are narrow aftFe¥RN2e EQvnpbsngicdhtaef i ehsicat ing aidl ¥éaresity 3% Mo
descri bed that these copolyners are suitable as a viscosity index inprover
for |ubricatitragrs tat Weaus dlawsie thave qfes s vear st diidde yhagndpeen a

Vi scosity-increasing properties and excellent | ow tenperature properties,
whi ch areSesstmdral 25 woviiReoappli tatesnsmpfovae tlhubkicat iswproidss dn
parti cul ar, 4 it is also nentioned that a bl ock copol ynmer havi ng segnents
of different wiepodi thensubnithtisgnelhoveeehelty atorlevwrefipeablteirethe use
of a tubular reactor is disclosed as a nethod for continuously obtaining a
pol ymer havi nigrrel & negarow inpecul ag eecghiedt siowbueinparienutrke presence of
a catal yst enabling living polynerization. Wien a copol yner is produced in
a tubul ar reatasrities nomonee topposating chahhgeslubridmet irace Dt because

t he nononers have different reactivity to yield a tapered copol yner in

whi ch the 10 wonpositiaors graduabbyf dr fafpgrls dat itdres pbkeyrea dtem fogios ng a
broad i ntranol ecul ar conposition distribution. Al though the polyners

di scl osedOi n itshepgliowead |artce rtdteured caree rsgid dlol days a vusdasivt gnsmdexyg

i nprover for lubricating oils, the polynmer described in detail in the sane
literature thatcellent shear stability. To improve the shear stability,

a low-molecular weight polymer is generally used. However,
as the molecular weight lowers, the viscosity index
improver has to be added in a. large amount to reach a

15 viscosity that a lubricating oil needs to have, with the
result that the economical efficiency is worsened. On the
other hand, the shear stability is deteriorated when the
viscosity index improver is added in a reduced amount 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. A representative advantage of such polymers
is that the shear stability is good in comparison with other

25 polymers having a broader molecular weight distribution.



15 has a nol ecul ar wei ght distribution (MvM M) of as narrow as 1.2 does not
have sufficient capabilities to inprove |ow tenperature properties and is

requested for further inprovenent.

of inproving | ow tenperature properties, i3t is known to allow 20 the

polymer to contain ethylene in an anobunt as |arge as possible within the

range not extrenely detrinmental to the | ow tenperature properties. This
nmet hod, however, has a problemthat the intranol ecul ar conposition
distribution in a tapered copolyner is so broadened that it is difficult 25

to avoid such a detrinental range. 5 Furthernore, W98/58978 (Nati onal

Publ i cation of_International Patent_ 2002-507225) disc|loses a viscosity
i ndex i nprover®§ otUtubridat Py o FRLEoRPrist mPrans ordiedh B Juad edpot Hrer .
One bl ock of the above-disclosed olefin 5 block copol yner conprises

et hyl ene of aBBRteO3larbyeiwhghilaheipnur 5oy aEdshe ypc?ﬁﬂé&rsr» nprevero $ o
| ubricating oils is still insufficient to inprove |ow tenperature

properties. OBFECLGF THRGNVUENE OFtEQ YRite spoeseired ateath byh hasa dlekve nade
for the purpose of solving the above problens related to the prior art,
has an obj ect refgpe vl gyl @nide efd melyladdlocemsolpitred visavang s peoiddium

pol ymer bl ocks, a viscosity index inprover for lubricating oils that can

give a | ubbi catatglyst. 157Rchposi 19N havihY decdldsas al pul yeapdrating
properties and wel | - bal anced vi scosity and shear stability, and a
| ubricating oiNMw@dmpoSitidn ebnthi hEngbthénedseesnyy thrdex dargarlowsrs f or

| ubricating oils.

As a method to inpart the capabilities

and

20 SUMMARY OF THE | NVENTI ON The ol efin bl ock copol yner of

the invention conprikes, Kajemt pddynr6bV péROt Ahscilosebt ai bédntr ofi et hyl ene
and an a-olefin of 3 to 20 carbon atons, and has a nolar 25 ratio

(et hyl ene/ a- olegfhin)end /@t byt £ne copdsyhera-bhefing dififemens eft hiR/B: to

65/ 35 and a wei ght-average nol ecul ar ,

10

15

20

25

contents. It is described that a lubricating oil having
suitable low temperature properties can be obtained when
this blend is used as a viscosity index improver for
lubricating oils. However, such a lubricating oil is
insufficient in the balance of properties.

Meanwhile, other inventions have been made taking
advantage of characteristics of the living polymerization.
For example, JP-A-60(1985)/35009 discloses a random
copolymer and a block copolymer each composed of ethylene
anden1a—olefin,jjlwhichthenmlecularweightdistribﬁtion
and the composition distribution are narrow and the
composition differs in the molecule. It is also described
that these copolymers are suitable as a viscosity index
improver for lubricating oils because they have good shear
stability and viscosity-increasing properties and

excellent low temperature properties, which are essential

to the applications of the lubricating oil. Inparticular,



wei ght of 50,000 to 2,000,000, and ( ii ) a polyner block that is obtained
fromethylene and an a-olefin of 3 to 20 carbon atons, and has a nolar 5
ratio (ethylene/a-olefin) of ethylene units to a-olefin units of 70/30 to
85/ 15 and a wei ght-average nol ecul ar wei ght of 10,000 to 400, 000, and has
Mv Mh (Mv. wei ght - aver age nol ecul ar wei ght, Mi: nunber-average nol ecul ar_
wei ght) of not nore than 1.5. 10 The viscosity index inprover for

| ubricating oils of the invention conprises the olefin block copolynmer. The
| ubricating oil conposition of the invention contains the viscosity

i ndexi nproverfor lubricating oils. 15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON

The ol efin bl ock. copolyner, .the viscosity index inprover for |ubricating
oils and the Fﬁb:’r?@gtsi%ﬂeﬁizlloeﬁﬁlp@%?’fiaoﬁ¥8FktCF%PCPWWih@ﬂlé}gesag@@ﬂfcﬁed in

detail hereinafter. 20 The term nology "polynerization” is used to refer
not only to h8§D§6ﬁ§ﬁ§FPiaﬁqm?Qﬁht%Rﬂﬁn%qﬁ%ﬁqcﬁ%@bdwyh%¢¢k%ti©anThe
term nol ogy "polyner"” is used to refer not only to honopol yner but

soneti mes to EBBOPYAREE-ThENS| &fe o hlddkvdFEd yractsfr tisediinvénsiednaiss an
25 ol efin bl ock cogolyner conpri si ng; (i) a polymer block obtained from

et hyl ene and anMg&r8Péf fRToF OB tigupesdat w1t sditroms endcloymear nargieg hyl ene in

arelatively small anount, and (ii) a polynmer block obtained from ethyl ene
and an 5 & ol BRrACBIM3leeularcee boht ad oher Hedt tomtiai rileg peklspinere cifnaa
relatively | arge anount.
catalyst enabling living polymerization. When a copolymer
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 viscosity 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
as 1.2 does not have sufficient capabilities to improve low
temperature properties and is requested for further
improvement. As a method to impart the capabilities of
improving low temperature properties, 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 the
low temperature properties. This method, however, has a
problem that the intramolecular composition distribution

in a tapered copolymer is so broadened that it is difficult

25 to avoid such a detrimental range.



Exanples of the a-olefin of 3 to 20 carbon atons include |inear 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-nethyl-1-pentene,

3-net hyl - 1- pent ene, 1-octene, 1-decene,51-dodecene, 1-tetradecene,

1- hexadecene, 1-octadecene and 1-eicosene; and cyclic olefins having 3 to
20 carbon atons, such as cycl opentene, cycl oheptene, norbornene,

al kyl nor bornene, 15 e.g., 5-nethyl-2-norbornene, tetracycl ododecene,

2-met hyl -1, 4,5, 8-di net hano-1, 2, 3, 4, 4a, 5, 8, 8a oct ahydr onapht hal ene. These
a-olefins my be used either individually or in conbination. 20 The pol yner
bl ocks (i) and (ii) are each conposed of a random copol yner of ethyl ene and
at | east one a- ol &uirgheggioget, e WG d | A heviag B biQat tanbefi at ons.
The polyner block (i) has a nolar ratio (ethylene/a-olefin) of ethylene
units to a- dngfeimadriicrs ofPRER0/BPIOCEEIBD), P of bpabb ya 401 80056 t§4/ 35

and a 8 wei ght - average nol ecul ar wei ght of 50,000 to 2,000, 000,
preferably 80de300rpeoler0@or 00D iwarte ngr efidsabbyp80 s i@@0anoc3@Fir000 .
The polyner block (ii) has a nolar ratio 5 (ethyl ene/a-olefin) of ethylene
units to a- dlefdkncopotlymefr .700838 hlod&8b/dlb ther ebervably s¢3b2éd 018F/118, and a
wei ght - aver age nol ecul ar wei ght of 10,000 to 400, 000, preferably 20,000 to
200, 000, 5 nota cprketepallyynel0c 6@Pr it se i 5 h Phéne T ¥hentt he etdylvengha- ol ef i n
nol ar ratios and the wei ght-average nol ecul ar wei ghts of the polymer bl ock
(i) and thedgpehyeeribtoskt i indexeimprdher atmya ubariges,impledinedd s a
viscosity index inprover that enables producing a |ubricating oil

conposi ti on spantli ¢ukarfky cexael + @nimprotoOWdld ceappenaiitecppoppettiegs and in
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 ust ment of a pol yneri zat ioBUESY tGREHEtINENTTOM pol yneri zation tine
during the polynerization. The polynmer block (ii) preferably has a

wei ght -myer age nolrgeupaesvrtghivenalibarhihasedhatadef rketpel piiepobkock (i).

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

15 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.

20 SUMMARY OF THE INVENTION
The olefin block copolymer of the invention
comprises;
(i) a polymer block that is obtained from ethylene
and an oa-olefin of 3 to 20 carbon atoms, and has a molar

25 ratio (ethylene/a-olefin) of ethylene units to o-olefin



25 The ol efin bl ock copolynmer nmay contain one or nore 9 polyner block ( s

) (iii ) in addition to the polynmer block ( i ) and the polynmer block (ii)
. In this case, the olefin block copolyner is represented by
(ir)-(it)-(iii)nor (ii ) - (i) - (16l ) n, wherein n denotes an integer

of 1 or nore, 5 preferably from1l to 8, nore preferably from1 to 3. Any
nei ghbori ng pol yner bl ocks are different fromeach other. The pol yner bl ock
(tii) may be conposed of a polyner of ethylene and one olefin selected from
a-olefins having 3 to 20 carbon atons, or be conposed of a random copol yner
10 of ethylene and at | east two olefins selected froma-olefins having 3 to
20 carbon atons. The ol efin bl ock copol ynmer nag be bonded to other part
havi ng a di frertentoBt+Qct Urieo f 203 heandbavie 48N oAyeE89EhBOAREHASE d
structure is maintained but within the limt not 15 detrinental to the
obj ect of theigrlesent »0wved ion. 2 1H@0copdt yaed may have been nodified by,
for exanple, graft copolynerization. It is preferred that the ol efin block
copol yner has a welight capedagernbleckl tihawel gib(aNe dff ro0y 600 vdensore, 20
especially 20, 000 to 2, 000r 000, nore especially 30, 000 to 1,000, 000,
even nore espetial loy- G000 afo HA® AU0 caamdnMatims(, Mandnvbiaght- awdrage
nmol ecul ar wei ght, WM. nunber-average nol ecul ar weight) of not nore than
1.5, espkci aldbimotetoreendamdl86inPooThetMil dherativscan deodetfinn t he
above ranges by use 10
units of 70/30 to 85/15 and a weight-average molecular
weight of 10,000 to 400,000,
and has Mw/Mn (Mw: weight-average molecular weight,
Mn: number-average molecular weight) of not more than 1.5.
10 The viscosity index improver for lubricating oils of
the invention comprises the olefin block copolymer.
The lubricating oil composition of the invention

contains the viscosity index improver for lubricating oils.

15 DETAILED DESCRIPTION OF THBE INVENTION
The olefin block copolymer, the viscosity index
improver for lubricating oils and the lubricating oil
composition of the invention are described in detail
hereinafter.

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

The olefin block copolymer of the invention is an

25 olefin block copolymer comprising;



of such a catal yst as described | ater. For exanple, the Mwv M val ue can be
controlled within the above ranges by selecting a transition nmetal conpound
used. When the wei ght-average nol ecular weight is in the 5 above ranges,
the viscosity index inprover for lubricating oils has excellent
vi scosity-increasing properties (properties to inpart an increased
viscosity) to nake a small anmount of the olefin block copolynmer sufficient
for attaining a specific lubricating oil viscosity, and enables 10
producing a lubricating oil conposition that is hardly gelled at |ow
tenperatures and that is excellent in shear stability of the lubricating
oil viscosity. Wen the MM Mh value is in the above ranges, obtained is a
vi scosity index i nptbvera RS- YRR id@G i gosirigechironseehrbpas prédaki ng a
| ubricating oil conposition excellent in shear stability. The
wei ght - aver agyeo hef eeud &ir 3 e ghl qavorarat atke anshisem taderiaye atdleenar
wei ght (M) are in terns of polystyrene and are determ ned by a gel
per meat i on 20N car veddbgvaphky spelC) anmpdet .t kedcondi ti ons of a tenperature of
140C and a sol vent of orthodichl orobenzene. The ol efin bl ock copol yner of
the present inventibh) i 2 preefyereablbl cakdiobltadkedopobynethptenet andl ack
copol yner. Wen the olefin block copolyner is a diblock 25 copol yner
conposedSof awolebiynef bltockd) ddwbdivaMpratdral cohltdisidesia@dbledess t han
1.35, preferably not nore than 1.3, nore preferably not nore than 1.25. In
such a case,imbs arekdtisedyvisaegsi byoundex i nprover that enabl es producing
a lubricating oil conposition particularly 5 excellent in shear stability.
Wien the ol efi n blExcdnebpel yfrerthé soaotlebinc&fcapabyaer catrbenpakymer bl ocks
are preferably selected from

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

atoms, such as propylene, l-butene, l-pentene,

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

15 e.g., b-methyl-2-norbornene, tetracyclododecene,
2-methyl-1,4,5,8-dimethano-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
a random copolymer of ethylene and at least one o-olefin

'selected from olefins having 3 to 20 carbon atoms.
The polymer block (i) has a molar ratio
(ethylene/o-olefin) of ethylene units to a-olefin units of

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



an et hyl ene/ propyl ene copol yner, an et hyl ene/ but ene copol yner, an
et hyl ene/ hexene copol yner and an 10 et hyl ene/ octene copol yner. In such a
case, obtained is a viscosity index inprover that enables producing a
| ubricating oil conposition particularly gxcellent in |ow tenperature
properties and in shear stability. Pyrolysis of the olefin block copol yner
of the 15 invention reveals that the intranol ecular conposition
distribution with respect to the high ethyl ene-content conponents
(conponents derived fromthe polymer block (ii) ) and the | ow
et hyl ene-content conponents (conponents derived fron1the polyner bl ock (i)
) provides a slope (CD) 20 that has_an absolute value o
preferably 0. 0RURT2MoRIHrIed e abl §* 0vobshke of T8, GQPaFP ?h@OQI@Q@ /( CD)
of the intranol ecular conposition distribution, the |arger the value, the
broader the i Presesiaddul &0, 00fssi Li BA0APEDr i hute arretawkl ke 805 GHRltier t he
val ue, the narrower the intranol ecul ar 12 conposition distribution. The
ol efin bl ock &8%l%er having such a slope (CD) of an intranol ecul ar
conposition distribution can be produced, as is descried |later, by
copol ynmeri zi ng et hyTéwre PP lamerak 1ot efii) iresna tiplar stageés in the
presence of a specific catalyst. The slope can be controlled by altering
the transi%i orefmbtydlercoirpoulf usedf ¢heyhedeofninemaderingleheniumttaswifecul ar
conposition distribution) 10 The intranol ecul ar conposition distribution
can be neasur 80/BY suects X et hode asrab 5el 03627 i no JP2BLE( | 89d) £96624.
Specifically, the original polyner is pyrolyzed to be fragnents, and the
fragments ar ewkdattt-enatredd malodmeld s, wal goodoSol ¥eddOand a0pe600sol vent
15 according to the conposition. The conposition is statistically anal yzed
to determ ne plre fiemtadnpl|HcUlEr tto@S 100N b se rpbafeoablFoBOgRadpke, the
pyrolysis is conducted under such conditions as an atnosphere of nitrogen,
a tenperaturelsf,200330C and a duration of 60 mnutes. ldeally, the
pyrolysis is conducted until the nolecular weight of the fragnments is
reduced tI0 account Whenalibwet eFplemhetve-alcd fEioulreslaveightiod 4dheé ohegi na
polymer . The tenperature and the duration in the pyrolysis can be varied
dependi ng on tikee gimtl-eoid rarg 2 holeioghita roveti i thr afneind a0 Thhves pylalaksi(9)
tenperature is 13

and the polymer block (ii) are in the above ranges, obtained

is a viscosity index improver that enables producing a
lubricating o0il composition particularly excellent in low
15 temperature properties and in shear stability.

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 weight 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 the
polymer block (i).

25 The olefin block copolymer may contain one or more



usual Iy 300 to 370C. Technol ogi es useful for measuring the conposition

di spersion in a nonpolar polyner include solvent fractionation in good and
poor solvents based on 5 thernodynam cs of the phase separation. This
technology is described in the thesisentigled"Pol yner Fractionation”
(Academ c (1967), from Page 341 onward, edited by M Cantow ) and the
thesis by H Inageki et al., in Developnent in Polynmer Characterization
vol. 3, No. 1 (1982). For 10O exanple, a polynmer is dissolved in n-hexane at
roomtenperature to prepare 1 g/100 cc of a hexane solution. Dissolution of
t he pol yner can be hel ped by heating in a hot water bath. Then i sopropyl

al cohol is added dropwi se to the solution until the solution becones

whi t el y turbi golsmardo peeki i t 6itliion ieaaddbt bpydrvetie pelwrey vl (69 t he
supernatants, the precipitate is dried under vacuum at 120C for 8 hours.
The dried fraetidonhée paieasir bdofcdr (Lhe. coltpésiitsi oasby tNMRO 1Brfgmwodeck
addition to recover and analysis of the fraction are conducted until 100 %
of the 20 pol goepliysieredeyvered.e sEne edr dpwi Sie) -adidi t+ oii i sn peef erabl y
controlled to recover the polynmer in an anount of 5 to 10 O per one cycle.
The percent agdsiby (wei-ghtiiohm,evhygkene r{ dedp taseapliotttearkt o ft heramouryl at ed
percentages of the polynmer 25 recovered to determ ne the conposition

di stributi%n, papderabd yt ieosl dpeo (LD)mase detef en alely ffomm theopl3at t @dypoi nt s
that are in the range of 5045 0 of the accunul ated percentages of the

pol ynmer, that nesghbbeihangelwhereblbekpad yareti fioigites rWh Bach dheaeal.efin
bl ock copol ynmer of the invention is a block copolynmer conprising a polyner
bl ock that is conposkd bl anie etdiyd Gng/id-igl akiynbe opahyd®Esd kavangodymer
relatively | ow ethylene content and a pol yner block that is conposed of an
et hyl ene/ a- ol efi atsppehyn@fid e g of irelsatlievtled Hirgh dO0ocekhiyhenea¢anyent .
Such an ol efin bl ock copol ynmer can be distingui shed fromthe tapered

pol yner di scl gsed 200 cHP-bA68¢LR85) 63500 X dnypdeas wi agrhhaosl opgoofmehe

i ntramol ecul ar conposition distribution by the solvent fractionation, or
sinply byLdl5 BEasiHyIhaaRSGluevetr Wheblelie neosPdstt @ f roh @ PokyHiBRE i S
such that the polyner has a nelting point, the tapered polyner tends to
have a w der RakfingeBghb wiodidar@lont k& ofe.ting point in conparison with a
pol ymer of the sanme nelting point produced with a continuous autoclave. 20
The ol efin bl ock copRkWIRIfiaf bl Beki duesltyrist; may b bdesied bed thatreparis
obt ai ned by first copolynerizing ethylene and an a-olefin to prepare a

pol ymer bl ockhagndgcopdi yierémzt g ididene rardtas sbovefds liohd Be phesence
of the polymer block to prepare a polyner block that is 25 different from
the above pol yekebhoekstrudbufbe pakymeninsd phtiwi pidduced1by ikl fedi ng a
hi gh- et hyl ene content ethyl ene/a-olefin copolynmer and a | ow et hyl ene
content etshyl asetamehekilnteopakysbreby afytheapseether ihkiaAtdon. The

pol yneri zation reactor, can be 5 discontinuously fractionated into the

hi gh- et hyl enecepoponent magntatviee be@w aidaMifdrel conpam@ntsxdnplde §gohgent
fractionati on wthout conducting pyrolysis. On the other hand, the olefin
bl ock copol ynespel yihbeikzaveshi.on can not be discontinuously fractionated by
the solvent 10 fractionation w thout conducting pyrolysis. (Process for
produci ng the ol efi ntppé y@Iferred 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 not more than 1.5,
especially not more than 1.35.

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



The ol efin bl ock copolynmer of the invention, which is used as a viscosity

i ndex inprover for lubricating oils, can be obtained by copol yneri zi ng

et hyl ene and at | east one 15 olefin selected fromolefins of 3 to 20 carbon
atons in the follow ng manner in the pragence of an olefin polynerization
catal yst conprising a transition netal conpound (A), preferably in the
presence of an olefin polynerization catalyst conprising the transition
metal 20 conpound (A) and at | east one conmpound selected from(B) (B-1) an
organonetal i ¢ conmpound, (B-2) an organoal umi num oxy-conpound, and (B-3) a
compound that reacts with the transition netal conmpound (A) to forman ion
pair. 25 (Transition nmetal conpound (A)) 16 The transition netal

conpound, whicdh sushugedatp lgrgd e idss Bl hgse laiterin Bogckxedpdleyméhe i s a
transition nmetal conpound represented by, for exanple, the follow ng
formula (1 Muw/MRefmlviengaro beheomvtaedilisidom ifbtial toenpbong, roniges »y
preferable in the ~-agostic structure obtained by a density functional

met hod wit h reslpatting a tenoht tonphexa bf cemponn@sposadi ng structure to the
transition metal conpound of the fornula ( I ) wherein one of Xs is
substituted w th aWwhempropywegodipavehatget e ldicstlanct @ cbehtoti snome thlran 10
3. 0 A between the ~i-position hydrogen and a heteroatomthat is nearest to
t he hydr ogen aamdrd sahgee, ot hdiviestohdndindehk imerceat rfalr ebal chitdamdy t hat
the electrostatic energy be not nore than 10 kJ/nol. The density functi onal
met hod i s a edlleultadd erkdiyl berdtS H X et yroth arse angitidnep popgratesf ADF
2000. 0l (devel oped by SCM (The Net herl ands), avail abl e by downl oadi ng from
t he SCM websi (toa- et idd Wav. isepa cogn afi@re s @i Ngs @ 1 censtagmageeanment
with SCM. The basis function is a Slater-type orbital. To determ ne the
structure, ashEli emceind 2@ thacdlenin olussd doplo e rcentfirdlc ikettalf cand a
doubl e zeta function is used for other atons. To evaluate the electrostatic
ener gy, a polaardazatiirenafapeeti e Labaddedihe dilevieubketzetand snebiler of the
ot her atonms. The basis function is used also in the single-point

cal cul ati®n tpec2madeierar ne & hea topid M Sdemed $H 1 Giotiga t hes Shaual yr es 17
obt ai ned fromthe above structure calculation. Apart fromthe structure

cal cul ati on, dteha el act 1ot Béhpeeacn@¥si SngarHectied elky-ePawnit’ snr ehakixvi stic
potential. The electrostatic energy is an electrostatic energy occurring 5
bet ween the (3apagiittdyorhyteoogarbaith e ietervatsaaentest to the hydrogen.
More specifically, the electrostatic energy is an electrostatic interaction
between the two at amenheNéngy Afh ehetlkr DHiie shatedled emigred bytalhetti ng
the electric charge obtained fromthe conplex calculation. 10 The electric
charge used her ei Friistcwi 8} eigidd:€ pdwdd ofbr 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 chromatography (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



of these two atons on each orbit of s, p and d, and is obtained fromthe
conpl ex cal culation (the single-point calculation for the optinum
(3-agostic structure determ ned by the structure calculation). 15 Lmwn
...(1) wherein, Mis a transition nmetaljatom selected fromGoup 3 to G oup
11 of the Periodic Table, 20 mis an integer of 1 to 5 n is a nunber
satisfying the valence of M L is a ligand coordinated to the central netal
M and having a heteroatom free of direct bond with the central nmetal M and
25 X is an oxygen atom a hydrogen atom a hal ogen atom 18 a hydrocarbon
group, an oxygen-contai ning group, a sulfur-containing group, a

ni t rogen-contai ni ng group, a boron-containing group, an al um nun cont ai ni ng
group, a pholsfafﬂﬁ'%]srgbw disfisnghgrolip3oa g Epritadi Aok §haopl- 3, a

het er ocycl i ¢ conpound residue, a silicon-containing group, a

ger mani um coneagnPhgfgrabpyonoa mogecdmeadi di-@$ .gr dupsuaghdawkesen is 2 or
nore, plural groups indicated by X may be the sane or different and the
plural groupsbtatnedt&d byvXsmapliby bBodéed inproorem dhathgnatilefhe ol ef i n

bl ock copol yner can be prepared in the presence of an ol efin polynerization
cat al yst conproduagng &r anbirticetingt ali lc ovpewsd triepr eseritied: lar the
followng formula (I1-a) or (Il-b); Rt | QN R3 ~. MXn AR4 ...(ll-a) 15
wherei n, 5SML eéscalleahsihi ehepet akadtidamtyel ected from G oup 3 to Goup 11 of
the Periodic Table, mis an integer of 1 to 5 Qis a nitrogen atom or a
carbon at om havi ngilee 20t sebsiefilenblgriaupoR2lyAeirs ianaoxiypdwcat om a sul fur
atomor a seleniumatom or a nitrogen atom having a substituent group R5,
19 Rl is a hyoporanbopn gropp liyaeirngl atkkeast pee€ erabaroatbarted Brom

hydr ocarbon group having at | east one heteroatomcontaining group, R2 to
R5, whi ch nmeynbethheesanpropyldehterepb,l yake , eath & hy llaydr/agererad om a

hal ogen atom a hydrocarbon group, a hydrocarbon-substituted silyl group,
an oxygen- cotdpd himgr gr aupetAyhehedgeretentcapdil ghedr Qud, a

sul fur-containing group, a boron-containing group, an alum num contai ni ng
group, aphosetioy usnepotaenengogsd Dupera hat cgeir eonhakni agtaddngaoup, a a

het erocycl i ¢ conpound residue, a silicon-containing group, a

ger mani um coni &tds NPy gi pdpx Ot mprbivBrcahbai rhaglesowrodand igva or nmore of RZ
to R5 may be bonded to forma ring, and when mis 2 or nore, R2s, RZS, R3s,
R4s and RSS hmyr beat heg saite compdisiftereenparandudse 1gr edpeldeat B2 1w RS
contained in one |ligand and one group of R2 to RS contained in other

| i gands may tbemponstedre properties and in shear stability.

Pyrolysis of the olefin block copolymer cf the
15 invention reveals that the intramolecular composition
distribution with respect to the high ethylene-content
components (components derived from the polymer block (ii))
and the low ethylene-content components (components
derived from the polymer block (i)) provides a slope (CD)
20 that has an absclute value of 0.1 to 0, preferably 0.07 to
0, more preferably 0.05 to O.
To detail the slope (CD) of the intramolecular
compositiondistribution, the larger the value, the broader
the intramolecular composition distribution, and the

25 smaller the value, the narrower the intramolecular



nis a nunber satisfying the valence of M and X is as defined with respect
to X of the formula ( I ) and, when nis 2 or nore, plural groups indicated
by X may 20 be the sanme or different, and the plural groups indicated by X
may be bonded to forma ring; 20 R | 1N, d~MXn Q 1 ESTm... (lI-b)
wherein, ML is a transition netal atom selected from Goup 3 to Goup 11 of
the Periodic Table, 5 mis an integer of 1 to 5 Y is a nitrogen 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 atom or a phosphorous atom S is a
carbon atom havi ng a substi tuent %poup Re, a nitrogen atom or a phosphorous
atom T is a earboflhiem BavitagPatd@hstituent group R9, a nitrogen atom or
a phosphorous atom 15 Rl is a hydrocarbon group having at |east one

het eroat om or a hylrecak®bhn dgricupk mprngmar heydingrpach a slope (CD)
het er oat om contai ni ng group, R6 to RO, which nmay be the sane or different,
are as definedf werhinespmotlerglR2 tcomR® seft iche digrtmiltart(idn Ican )be and 20
two or nore of R6 to RO may be bonded to forma ring, and when mis 2 or
nmore, Rls, Resro@®isedR8ss drsdd®9sriay beteheby copolymerizing ethylene
5 and an a-olefin in multiple stages in the presence of a
specific catalyst. The slope canbe controlled by altering
the transition metal compound used.
(Method of measuring the intramolecular composition
distribution)
10 The intramolecular composition distribution can be
measured by sgch a method as disclosed in
JP-B-6(1994) /96624. Specifically, the original polymer
is pyrolyzed to be fragments, and the fragments are
fractionated in solvents, a good solvent and a poor solvent
15 according to the composition. The composition is
statistically analyzed to determine the intramolecular
composition distribution.
For example, the pyrolysis 1s 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 the 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 varied depending on the molecular

25 weight of the fragments. The pyrolysis temperature 1is



21 sane or different, and one group of R6 to R9 contained in one |ligand and
one group of R6 to RO contained in other |igands nmay be bonded, n is a
nunber satisfying the valence of ML, and 5 X is as defined with respect to
X of the fornmula (1) and, when nis 2 grz nore, plural groups indicated by X
may be the sane or different, and the plural groups indicated by X may be
bonded to forma ring. Further, the olefin block copolyner can be prepared
10 in the presence of an olefin polynerization catalyst conprising a
transition nmetal conpound represented by the following formula (I1-a') or
(Ir-b"); R~ CE3- ~1. . EII~1?En A4 ... (ll-a') wherein, 15 ML is a
transition netal atom selected from Goup 3 to Goup 11 of the Periodic
Tabl e, mi s wualityegdO dfo 31@°G, Qis a nitrogen atom or a carbon atom
having a substituent group R2, 20 Ais an oxygen atom a sulfur atomor a
sel eni um at om or Tedhirntolegere satuora havi figr ansadost ingeblhe gcompoRSE iR 1S
sel ected fromthe group consisting of; 22 a phenyl group having at | east
one atom or siisdrdiuantin a nonpolar polymer include solvent
fractionation in good and poor solvents based on
5 thermodynamics of the phase separation. This technology
is described in the thesis entitled “Polymer Fractionation”
(Academic (1967), from Page 341 onward, edited by M.
Cantow ) and the thesis by H. Inagaki et al., in Development
in Polymer Characterization vol. 3, No. 1 (1982). For
10 example, a polymer is dissolved in n-hexane 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 becomes 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 and
analysis of the fraction are conducted until 100 % of the
20 polymer is recovered. The dropwise addition is preferably
controlled to recover the polymer in an amount of 5 to 10 %
per one cycle.
The percentages by weight of ethylene (wt%) are
plotted to the accumulated percentages of the polymer

25 recovered to determine the composition distribution, and



group sel ected from heteroatons and heteroatom containing groups, a.n
aromati ¢ hydrocarbon group other than the phenyl 5 group, which has at

| east one atom or substituent group selected from heteroatons and

het er oat om cont ai ni ng groups, an ali phatig hydrocarbon group havi ng at

| east one atom or substituent group selected from heteroatons and 20

het er oat om cont ai ni ng groups, and an alicyclic hydrocarbon group having 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 rilte sdepeat(&m)i §sdeetasdiasdt hron-posinlar; ed e ipHenydhagy oup
has at | east one atom or substituent group selected from heteroatons and 20
het er oat om c@naiim hjegraups ¢ SAtt4e&sof onee posiumudratafd tlee c2rgesid€s on and
the 6-position, or has at | east one substituent group selected froma

het er oat om otderthehgro yrie norimet at om thef Faongenehepat ahri pglgmeup havi ng
one carbon atom and not nore than two fluorine atons, a 25

fl uori ne- conteadcipigegroup: havi ng two or nore carbon atons, 23 and a

het er oat om cont ai ni ng group having a heteroatom other than a fluorine atom
R2 to R5,5whi ch mayrHeeol beisaimeak clpbllgmentof ahe asveletfimned swh 1 agspect
to R to R5 of the formula ( Il-a) , and 5 two or nore of R2 to R5 may be
bonded to fordBppIyniy Mbrising a polymer block that is composed of

an ethylene/a-olefin copolymer having a relatively low
ethylene content and a polymer block that is composed of
an ethylene/a-olefin copolymer having a relatively high

10 ethylene content.

Such an olefin block copolymer can be distinguished
from the tapered polymer disclosed in JP~A-60(1985) /35009
by measuring the slope of the intramolecular composition
distribution by the solvent fractionation, or simply by

15 measuring a DSC curve. When the composition of a polymer
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 first 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 block that is

25 different from the above polymer block.



when mis 2 or nore, R's, R2s, R3s, R9s and R5s nmay be the sane or
different, and one group of RZto R5 contained in one |ligand and one group
of RZ to RS contained in other |igands may be bonded, 10 n is a nunber
satisfying the valence of M and X is asidef fined with respect to X of the
formula (I ) and, when nis 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 formaring; R~ f U~ . MiXn QY 1 [/ 15S~"'r" . . . (1 I-b" )
wherein, ML is a transition netal atomselected from Goup 3 to Goup 11 of
the Periodic Table, mis an integer of 1 to 5 20 Yis a nitrogen atomor a
phosphorus atom U is a carbon atom having a substituent group R6, a 24
nitrogen atom or a phesphdryaus atwdimcHiss prairdrah @ am deyimg &
substituent group R, a nitrogen atomor a phosphorous atom S is a carbon

at om havi ng ahsypsteithyarinegraiit 28 &by i ¢ ogesl &t DM 66pal PRes PhAHOUS
atom T is a carbon atom having a substituent group RO, a nitrogen atom or

a phosphor ous 1ake@t il drie asorttefrinest W idhe asperério Rdpofyhbe H9r guha
(I'r-a"), 10 R6 to R9, which may be the sane or different, are as defined

with respect teaRs @R afhdhe: fitler {Ad - Pon , réd@ s 0 @innpee of R6 to
RO nmay be bonded to forma ring, and when mis 2 or nore, R's, R6s, R s,

Res and R9s Ny sb@nkchesane ors i dd ®3iifed andk ONen griotpn oft 51 £Qe RO
contained in 15 one ligand and one group of R6 to R9 contained in other
ligands may becherdedits and the low-ethylene components by the solvent
fractionation without conducting pyrolysis. On 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
following manner in the presence of an olefin
polymerization catalyst comprising a transition metal
compound (A), preferably in the presence of an olefin
polymerization catalyst comprising the transition metal

20 compound (A) and at least one compound selected from
(B) (B-1l) an organometallic compound,

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

compound (A) to form an ion pair.

25 (Transition metal compound (A))



nis a nunber satisfying the valence of ML, and X is as defined with
respect to X of the formula ( I ) and, when n is 2 or nore, plural groups
i ndicated by X may 20 be the sane or different, and the plural groups
i ndi cated by X may be bonded to forma ripgg. Further, the olefin block
copol ymer can be prepared in the presence of an olefin polynerization
catal yst conprising a transition netal conpound represented by the 25
following formula (I111); 25 R10 R11 / ~. -MXn R12 ~ O R13 ~ ~ R15 Rla
... (I'l'l') wherein, ML is a transition netal atom selected from G oup 4 and
Goup 5 of the Periodic Table, 5 Rl is as defend with respect to Rl of the
formula (I1-a'), R11 to R19, which may be the sanme or different, are each a
hydrogen atom a haTgehransat ianhaksgencesrang ngyhgicdupg,s asg/iristar bon
group, a hydrocarbon-substituted 10 silyl group, an oxygen-containing
group, a nitroygeducbhvai ¢f ngheralgy ior bd ok fopodoneai, niagagroups iRIGNI s a
hal ogen atom a hal ogen-contai ni ng group, a hydrocarbon group or a
hydr ocar bon- sobséi taprggosndl yiegrosgntdd by ,i Soa awabed esat hsf§ohigovheg
val ence of ML, and X is as defined with respect to X of the formula (1) and
pl ural groupsfondutat €t) by Refmyr rey handed toafietimianrmaga anchmpdendp is 2
or nore, the plural groups indicated
5 it is preferable in the f-agostic structure obtained by a
density functional method with respect to a cation complex
of a corresponding structure to the transition 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 hydrogen and a hetercatom that
is nearest to the hydrogen and is free of direct bond with
the central metal M and that the electrostatic enexrgy 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
orbital. To determine 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 energy, a polarization function is added to
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



by X may be the sane or different. 20 (Organonetallic conmpound (B-1))
Exanpl es of the organonetallic conpound (B-1), which 26 is optionally
used in production of the olefin block copolynmer, include organonetallic
conpounds containing netals of Goup 1,17Group 2 and G oup 13 of the
Periodic Table, such as those described below. 5 , (B-la) O ganoal um num
conpounds represented by the followng fornmula: RamAl ( ORb ) nHFXg wherein
Ra and Rb, which may be the sanme or different, are each a hydrocarbon group
of 1 to 15 carbon atons, preferably 10 1 to 4 carbon atons, X is a hal ogen
atom and m n, p and g are nunbers satisfying the conditions of 0<nt3,
Ccn<3, Ccp<3, 0-g<3 and mtn+p+gq = 3. (B-1b) Al kyl conpl ex conpounds
conpri si ng ®bGeduied fremat hefalidiee PErLSHVE cTab] euhallan um Ay arfd om
represented 15 by the followi ng formula: MZAI Raqg w wherein MZ is Li, Na or
K, and Ra i ¢$he mdrotartrcafoupadion, t bhabetachonsaebis, epeefigrdbly 1 to 4
carbon atons. (B-1c) Conpounds represented by the follow ng 20 fornmul a:
RaRbMB wher eior rRactatd tRb, Pashl ths nagbat i hessamepotedififérentheare each a
hydr ocarbon group of 1 to 15 carbon atons, preferably 1 to 4 carbon atons,
and M3 i s Mglez3 vl s teinplemeaty e iar @n colnpoundst atingd Ggeusyt octhe ring7
or ganoal um num conpounds (B-la). For exanple, there can be nentioned
or ganoal um ineroweep ated $ -pheried irort Wy droger enal amhetisroanpounds rase bonded
via a nitrogen atom such as

to the hydrogen. More specifically, the electrostatic

energy is an electrostatic interaction between the two
atoms having an electronic state determined by allotting
the electric charge obtained from the complex calculation.
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 f-agostic structure determined by the

structure calculation).

15
LaMXp . .- (1)
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 heteroatom free of direct bond with the central
metal M, and

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



( CzHs ) zZAIN( CZHS ) Al ( CZHS ) 2 . 5 . Exanples of the organonetallic
conpound (B-1) further include nmethyllithium ethyllithium propyllithium
butyl lithium nethyl magnesi um brom de, net hyl magnesi um chl ori de,
et hyl magnesi um brom de, et hyl magnesi umighl ori de, propyl magnesi um br om de,
10 propyl magnesi um chl ori de, butyl magnesi um brom de, butyl magnesi um
chl ori de, dinethyl magnesi um ' diethyl magnesi um di butyl nagnesi um and
but yl et hyl magnesi um Al so enpl oyabl e are conbi nati ons of conpounds 15
capabl e of form ng the above-nenti oned organoal um num conpounds in the
pol ymeri zati on system e.g., a conbination of hal ogenated. al um num and
al kyl'l'ithiumand a conbi nati on of hal ogena~ed al um num and al kyl magnesi um
O the orgarforetdlddarconpoues, (82 19xYyde- Q0N be jahoal anPupm eonpounds are
preferable. The organonetal |ic conpounds (B-1) are used either individually
or in conbi ratl - (@ igainoat qing newp 0xy - Tbnpoget- ¢ Br Ry jnPnFhgronganeal um num
oxy-conpound (B-2), which is 25 optionally used in production of the olefin
bl ock copol ywrergn-c@& arayie gonvent aonal ual numhoxabeifohbegwose,cal | ed
al unoxane) or such a benzene-insol ubl e organoal um num oxy- conpound as
exenpl i fi ed pho sk 4 G940 d 48687 .g {dCanpau hd 1bhah -reacts niiridh gtraeip,
transition netal conmpound 5 (A) to formion pair (B-3) ) Exanples of the
conpound5 ( B-a3)hetwradydlsi O pdorpprabny tseidnde, ps epat aconncohtihaialgefi n bl ock
copolynmer, that reacts with the transition netal conpound (A) to form an
ion pair, ingldigse theydevdrsi@stdsntd hein@ngcowpnpoundsintbent@ibamnhane
conpounds and the carborane conpounds as described in JP-A-1 (1989)
/501950, JP-cArcud,1989) wh202036 2JBrAndté U da/Om upkP-A3(CEYH 179006,
JP- A-3(1991)/ 207703 and JP- A-3(1991)/207704, and U.S. Patent No. 5,321, 106.
Het er opol y conpoumis @i 45000y Jdbf Eorgoungsd meye ap 59rbe gpplipyed. The
ol efin polynerization catalyst used in the invention can contaln, according
to necessit \ndihestfed oW ghLasd eSoddad ansl/ esrhhe tahgl - menti oned organic
conpound (D) in addition to the transition netal compound 20 (A) and at
| east opg conpoundheBl IeFAMRL IR RISkt &b Beaspanendd (B the
hereinafter) selected fromthe organonetallic conpound (B-1), the
or ganoal um HHBPN-LIPaUNE16Bid poapilekheaikt@BhnzZbAgal 9BICcEAPROWAGy( B-3 )
(Carrier(C) 25 The carrier (C) optionally used in the present
a transition metal compound represented by the following

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

... (II-a)
15 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,

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>,



29 invention is an inorganic or organic conpound and a granular or fine
particle solid. The inorganic conpound is preferably a porous oxide,

i norgani c halide, clay, clay mneral or jon exchange 5 | ayered conpound.
(Organi ¢ conmpound conponent (D)) In the]ﬁ%esent i nvention, the organic
conpound conponent (D) is optionally used to inprove the polynerization
performance and the physical properties of 10 resulting polyners. Exanples
of the organic conpound may include al cohols, phenolic conmpounds,
carboxylic acids, phosphrus conpounds and sul fonates. In polynerization,

t he nethod of using each of the conponents and the order of adding the
conponents are 15 8eligcted anbi-Lrao Y + t I i ng et hods
are oxenplifiod. (1) A Nl G ﬁ&ofu%;h{%@% %itonl%%es{tgldr%mnpound (A)

singly to ar{égé%/;gaé&@tigt%%&%caﬁ@gnf%gr&w%g{?@dgk_n;geggff bhansition

met al conpoun 20 ‘an e ‘conponent fo a polymerization reactor in

an arbitrary grder .. ( 3 ) A eihod uf}dding a catal yst conponent support
ing the transition nptéf compount %§§ on the carrier (C), and the conponent
(B) Lo, 2, Pol yrer| 2atd onr <a6l ok B8 SLOILLA Y25 PrEEL 30 (LOip et hod
(O , ang t@;lgriﬂ§itig§ netqé €0 ougdaég% to a gglgn;gizat%og reactor in
an ar biftraryhori er.ge_‘sl?[_( %OIF’:[A lma? od of A1 ng gyfﬁ?a‘?ys? %ntBOREDr]ta .
supportin e, transition e conpayn an e.co ent .(H) on e
carrier (O Ba RSB Tt o Tedear . TAOHRe et Reae T a0t e a
ot hods. (4) SATIES)E vHE e THE COpOTRHEY (8078 stppor fol. COREshiplnent (B)
unsupport ed may be added qptionally in_an arbitra Y orde}. IQ t he net hods,
the conponet’s”{B) T T HE ST A %’Foﬂﬁ)ff%?e‘?‘u{ TrioMfeach-dtRer? 15 The

lid t al t t ti the t iti t al d (A
he componert: Q) =PI R GOl { ek 5P BORpGnEAL S aPp6r PG AR
transition nmetal conmgound éAQ ﬁnd t he cqggonent éB) on the component (C
may be %&epé??ﬁg?li% N G RHC ot ef TATPRARAT F LFTHEPS” a? cat al yst 20 conponent
b ted th I i zed |id catalyst t. Th | efi
bl 0ck_copol yiier AT 5 1 Hpur e 5 ey AT F g 10T o ot g e B Bkcs in

t he presence of the qlefin polynerization catalyst descridped above
hr ongh. 5. he OB SIBPTELE . Ahe (PRt (ATAAE Sot POl Ty % BE ot ep

31 (3) i bi t ti . In.the st 1), eth d at_i 2
of of i n 6l G i ongl &1 ot 5501 5720 BatBoR GF GHe: &r 0t Jiedri zed i n

the presencesof fhe ol efin pol yierjzation & satalyst, to, prepare,a pol ymer

n

c
on
§o

15 of R? to R® contained in 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 indicated by X may
20 be the same or different, and the plural groups indicated

by X may be bonded to form a ring;



Exanples of the olefins of 3 to 20 carbon atons may include the sane as
descri bed above, and these may be used individually or in conbination. In
the step (1), the polynerization tenperature is 10 usually from-40 to
+200C, preferably 0 to +150C. The pol ymejd zation pressure is usually from
at nospheric pressure to 100 kg/cn2 (9.8 Moa), preferably atnospheric
pressure to 50 kg/cn2 (4.9 Ma). In the step (2), ethylene and at | east one
olefin 15 selected fromolefins of 3 to 20 carbon atons are polynerized in
the presence of the polynmer block prepared in the step (1) to prepare a
pol ymer bl ock different fromthe above pol yner bl ock. Exanples of the
olefins of 3 to 20 carbon atons may 20 include the sane as above, and these
may be used individually or in conbination. Further, exanples of the

pol ymer bl ock preparfedyin the step (2) may include the same as above. In
the step (2), fthe pojymerization tenperature is 25 usually from-40 to
+200C, preferabl yy® to--¥150C. The 32 polymerization pressure is usually
from at nosphefic pressurémix, 100 kg/cn2 (9.8 Ma), preferably atnospheric
pressure to 5 n2 .9 Ma). In the step (3), at least one olefin
selected fro \olgﬁins of 2 to 20 carbon atonms is polynerized in the
presence of a Vlseek co %Iyner conprising the polyner block prepared in the
step ( 1) and'the polyner bLockn8¥%ﬂ§red in the step (2) to prepare a

pol ymer bl ock different fromthe polynmer blocks prepared in the previous
steps. 10 Exayplesi@f the olefins of 2 to 20 carbon atons may include the
sane as above, and these nmay be used individually or in conbination.

Further, exanples qft tBespplYABEtPbACKePEEPRESH s dbEgtOPork BrdufBy
i nclude the sane as above. 15 In the step (3), the polynerization

tenperature igbL@%@ﬁéyiir@ﬁ1tﬂQ p9,12Q90C Tarpeterably 0 to +150C. The
pol yneri zation pressure is usually from atnospheric pressure to 100 kg/cn®

(9.8 Mua)g preferably atqysphesds, psessurg £0 50 kg/cn2 (4.9 Ma). 20 The
step (3) may be carried out in arbitrary tines by varying the kind of

ol efins, the conbination ther &fe0raPGhYIBr b 2ahbopn6eNdi kkops. I n the
present invention, polynerization can be carried out by any of |iquid phase

pol ymeri zati ons sSugh jas 228.3@lut heRnPRLYIBY 2aki98¢ i 8QLXENE8LETRY, a
pol yneri zati on or 33 the like, or gas phase pol ynerizations.

nitrogen atom or a phosphorous atom,

Q is a carbon atom having a substituent group R’, a

10 nitrogen 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
heteroatom, or a hydrocarbon group having at least one
heteroatom—-containing group,

R® to 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, Rls, Rﬁs, R7s, R®s and R%s may be the



Exanpl es of an inert hydrocarbon nediunms used in the |liquid phase

pol yneri zati on may include aliphatic hydrocarbons such as propane, butane,
pent ane, hexane, 5 heptane, octane, decane, dodecane, kerosene, etc;
alicyclic hydrocarbons such as cycl opent ane, cycl ohexane,

met hyl cycl opent ane, etc; aromatic hydrocarbons such as benzene, tol uene,

xyl ene, etc; hal ogenated hydrocarbons suchaset hyl ene chl ori de,

chl orobenzene, dichl oronethane, 10 etc; and mi xtures thereof. Further, the
olefin itself nmay be used as a solvent. In the polynerization of ethylene
and an a,-olefin having 3 to 20 carbon atons by using the above olefin

pol yneri zation catal yst, the transition netal conmpound (A) 15 is used in an
amount of usuadme 0@ i fiferkmml amt efher girloppl 0F16° tioo 10*- 2omila iperd Lid it er
of the reaction volune. In the case of using the conmponent (B-1), the
conponent (B- Dnd Sliugatd i anduste agranpuat Rhato tite copltari neat iim [oftBd) /M
of the conponent (B-1) to transition nmetal 20 atom (M in the transition
met al conpound i(¢¥Ynds$s mspabd Yodi@ea 0. 01 to 100, 000, preferably 0.05 to
50,000. In the case of using the conponent (B-2), the conponent (B-2) is
used in such an amouynt; ¢ hatnd i ari SBfimg [t KB-2d1éMe 0b £ aliim dwdn at om i n
the conponent (B-2) to 25 transition nmetal atom (M in the transition netal
compound 534 (A) i % usugklyef 1008 3010 120Qe Q080 RI&f erdIns il t0 (HA0,

Q0. In the case of using the conponent (B-3), the conponent (B-3) is used

in such an amyyy, thath hhesmlar mbétei,ophu&a_i%ré%soin&b@a@@augyl@mma_(ﬁ- 3)
to transition netal 5 atom (M in the transition netal conpound (A) is

usual Iy from hd @hlOgaRkeber@blyeleh®, Sand tHH@ 1688 Ofr PN nbie sq@@ponent
(D) , when the conponent (B) is the conponent (B-1) , 'the conponent (D) is

used in such qg&,q@%}; ddaloddies b afofptior{ngD) / (B-1) ] is 10 usually
from0.0l to 10, preferably 0.1 to 5. Wen the conponent ( B ) is the

conponent ( B-2) , 8 1eonPeRent 6Pl b1§ck &&ﬁé‘f%a@{‘ bRttt the
molar ratio [ ( D) / (B-2) ] is usually from0.0 to 2, preferably 0.005
to 1. Whepgthg components{Be isr tdie SOIPANEnt: (iR 3) »at hencoppaneat (D) is
15 used in such an amount that the nolar ratio [ (D) / (B-3) ] is usually

fromo0.01 to %Q)mpqgiegiq{cf@ ¥rQnlitQon: mgbgln@d)r@;g&'&ﬁcﬁ f@ﬂi‘gerﬁeé 'I?y fgsul ting

ol efin bl ock
following formula (II-a’") or (II-b’);

R1
|

Q=N.__
R® \ M,
A
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 group R?,
20 A is 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;



copol ynmer can be regul ated by controlling the ratio of nononer to catal yst
or polynerization tine. 20 The olefin bl ock copol yners as descri bed above
are suitably used as a viscosity index inprover for lubricating oils.
(Lubricating oil conposition) The lubrbeating oil conposition of the
present 25 invention conprises the viscosity index inprover of the 35
above ol efin block copolyners and a lubricating oil base material and
optionally a pour point depressing agent. Firstly, each of the conponents
formng the lubricating oil conposition of the present invention will 5 be
described. (Lubricating oil base material) Exanples of the lubricating oil
base material used in the present invention may include mneral oils;

pol y-a-ol efi ns; de-mEsireyksgsooh lasv ol yal lesserse dtoctop sdBsphthahat e,

di octyl sebacate, etc; and synthetic oils such as polyal kyl ene glycol, etc.
It is prefegredpt ocUsetsiinerah heitleraratanty end 1odt ¢ hea tdmecahtatihiand
synthetic oil. The mneral oils are generally used by way of purification
steps such gsodewaxing, etc and classified 15 into several classes by
purification nmethods. In general, mneral oils containing 0.5 to 10 o wax
conponents are usgd. aFéhaeXam @ otarbsn RPSSiPIA He ws@nhigBl yhpuyilfied
oil, which is prepared by a hydrocracking purification nethod, having a | ow
pour poimt, g@olbghwhiieFo%ialsy aithdes ANt 20 &eNIROS i O 18k i Yo 8RBT i si ng

i soparaffin. Further, it is general to use mneral oil having a kinematic
viscosity ate4@etal frirom HR tle@ 2QQnfStand PR e RO tm-dei eSS Nggagent ) The
pour point depressing agents optionally used in 25 the present i nvention
are al kyl at gdnpgrht hal ene, 36 (co)polynmers of al kyl nethacryl ate,
(co)polyners of alkyl acrylate, a copolyner of al kyl fumarate and vinyl

acetate, a,-olefip,pghyprES:iand,Q0BLLYBBRSgPbup- ALEELY aPdiskykepge etc.
Among them it is suitable to use (co)pol yners of

atom or substituent group selected from heterocatoms and
10 heteroatom~-containing groups, and
an alicyclic hydrocarbon group having at least one
atom or substituent group selected from heterocatoms and
heteroatom-containing groups,
when R! is a phenyl group having at least one atom
15 or substituent group selected from hetercatoms and
heteroatom-containing groups and when the position of the
carbon atom bonded to 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 heteroatom-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 heterocatom 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 al kyl nethacrylate and (co)pol ynmers of al kyl acrylate. (Conposition) The
| ubricating oil conposition of the present invention conprises the above

| ubricating oil base material, the above ol efin bl ock copol yner and
optionally the pour 10 point depressingoggent. The |ubricating oi
conposition which conprises the lubricating oil base material and the

ol efin block copolyner, desirably contains the olefin polyner in an anount
of 1 to 20 o by weight, preferably 5 to 10 o by weight . 15 The resi dual
conponents are the lubricating oil base material and conmpoundi ng agents as
described |l ater. The lubricating oil conposition has excellent |ow
tenperature properties and excellent shear stability. The lubricating oi
conposi ti on ean dbesebwiatiosd qont20 nigy doeup blavilegtd hgteirogtay dthies, or it
is blended with the pour point depressing agent, etc and can be submtted
to the use. Thenl abrfileatriimg @Gitlengonposi ti on, which conprises the

| ubricating oil base nmaterial, the olefin block copolyner 25 and the pour
poi nt depressing agénto Rlgsiwhabhymeprtaitts tshee o37ddfékranpel ymerasn an
anount of 0.1 to 5 o by weight, preferably 0.2 to 1.5 o by weight, nore
preferably 0d25ihedlwbth byspetghto rRf urd merodreheprretawall y10-30,t end. 5 % by
wei ght, and optionally the pour point depressing agent in 5 an anount of
0.D05 to ¥ o hyowerghbrepbef f ahd YR0Omh yt Be3bOnbydwed ghdrmn®rei pgef @nably 0.1
to 2 o by weight, nost preferably 0.2 to 1.5 o by weight. The residual
component s aw@ehhg lLwbpi 6atinbgepi R*basespaRés; at’santhac @ponadi ng agents as
described later. 10 When the lubricating oil conposition contains the
amount of theapkebirndplfgrenti,NnahfiecaboyeotigNgLsR* e rSheatt $1abtl ihy of

t he conposition can be inproved. The lubricating oil conposition of the
present i nveghkon igBY:AC AMARICHC YRAUNBMNR?agONRS bawvt Hon¥d SCRSbtHe:5 i ndex
i nproving properties such as (co)polyners of al kyl nethacryl ate,

hydr ogenat ed1$BRndSERSy @feC kdieepnpoundi ng agent such as detergents, rust
preventive additives, dispersants, extrene pressure agents, antifoam ng
agents, janti oxi danks; smat abmgeackiavateisnghahd weaenre agem,s eic 20 in
addition to the lubricating oil base material, the olefin polyner and the
pour point depressikngs agenier iReTRICS Qésﬁéét% NERE PhessdFRudgents may

i ncl ude sul fur extenme pressure agents such as sulfide groups, sulfoxide

groups, sul fgre,gwRYRSH thizophosphe Nad BuBE DURSHUps indicated by X may

be the same or different, and the plural groups indicated

by X may be bonded to form a ring:

R
]
U//N\
Q%ky
\ /
15 S=T (II-b’)
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,
20 Y is a nitrogen atom or a phosphorus atom,

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



25 thiocarbonate groups, fat sulfidesand oil silfides, olefin 38

sul fides, etc; phosphoric acid groups such as phosphate, phosphate, am ne
phosphat e, am ne phosphate; and hal ogen conpounds such as chl orinated
hydrocarbons etc. Exanples of the hard wearing agents may include 5

i norgani ¢ and organi ¢ nol ybdenum conpounds such as nol ybdenum di sul fi de,
etc, organic boron conpounds such as al kyl nmercaptyl borate, graphite,
antinony sul fide, boron conpounds, polytetrafluoro ethylene etc. Exanples
of the detergent and dispersants may include 10 netal sulfonates such as
cal cium sul fonate, magnesi um sul fonate, barium sul fonate, etc,

t hi ophosphonat es, phenates, salicylates, succinimdes, benzyl am ne,

succi nates, eficrd@nplesn dr thepladsploxtdast stemy i nclude amine 15
conpounds such as 2,6-di-tert-butyl -4-nethyl phenol etc, sulfur or

phosphorus conpounds isuehcasbahngtéint HkOpPhgsphaties €1 euelXagpbes ®f, the rust
preventive agents may include carboxylic acids and salts thereof such as

oxalic acid etigrZrsHianaless ©sépisorahgokobs;, phosphoric acids and
salts thereof; benzotriazoles and derivatives thereof; and thiazole

conpounds. Exanpl eg afs theaaBbhf Q8BNHa2988t 8 S®yst Dehae $idhgatre 5
conpounds such as dinethyl siloxane, silica gel 25 dispersion, etc, and

al cohol of esfiq LRAUPUWNIS or SPHHERIPYIE fEohhese additives added varies
in accordance wth desired |ubricating properties. These additives my be

contained in an amunt 9f cUSHBh! ¥t OmOtal 9ng0a PALL St PY, M8l Aoy prief erabl y
Q05 to 30 parts by weight 5 in 100 parts by weight of the above

| nvent o Gan B8 raparCa by Mo hg Br AT SeaT T Rg. Th the |Ubricating orl
base material, theRol ?Ei Qspale¥%(eda@‘ith respect to R! of the formula
(IT-a’},

10 R® to R9, which may be the same or different, are as
defined with respect to R? to R® of the formula (II-a), and
two or more of R® to R® may be bonded to form a ring, and
when m is 2 or more, Rls, Rss, R7s, 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 indicated by X may

20 be the same or different, and the plural 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);



10 optionally the pour point depressing agent and further optionally other
conpoundi ng agents with conventionally known nethods. EFFECT OF THE
~N~FENTI QN 15 The ol efi n bl ock copol ynmer of the present invention can
prepare a viscosity index inprover for bﬁbricating oi | s capabl e of
preparing a lubricating oil conposition having excellent |ow tenperature
properties, excellent bal ance between viscosity and shear stability. 20
Using the viscosity index inprover for lubricating oils according to the
invention, the lubricating oil conposition having | ow tenperature
properties and excel |l ent bal ance between viscosity and shearstabilitycan be
prepared. 25 The lubricating oil conposition of the present 40 invention
has excellent fow tenp®ature properties and excel |l ent bal ance between
viscosity and/shear sfabi\ity. ~3~A~P~E 5 The present invention is further
described in /nore! Wi-ffixreference to the foll owing exanpl es. The
exanpl es shouyl d not ['b construed as limting the scope of the

i nvention. | ORE , the various physical properties were 10
measured in i manner. (Conposition of Block copolynmer) The
conposition ol ymer was neasured in a m xed sol vent of

ort ho-di chl or benzene-d6 (the volune ratio of

ort ho-di chl or wenzene- d6 Aprjs from3/1 to 4/1) at 120C, at a
pul se width of 45 pulse, at a pulse repeating time of 5.5 sec using a LA
500 nucl ear prgpeth¢ resonance apparatus nmanufactured by JECL Ltd.
(Viscosity at 100C)

M' is a transition metal atom selected from Group 4

and Group 5 of the Periodic Table,
5 R'® is as defend with respect to R!' of the formula
(II-a’),

R to RM, which may be the same or different, are
each a hydrogen atom, a halogen atom, 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 and, 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



The viscosity at 100C was neasured based on ASTM D 20 445. In the exanpl es,
the kinematic viscosity (K V.) was regulated to be about 10 nmm®/sec. (Cold
Cranki ng Sinmulator (CCS)) The neasurenment was conducted based on ASTM D
2602. The CCS was used for evaluation of2gliding properties at 25 | ow
tenperatures (starting properties) at a crank axis. 41 The CCS indicates
the fact that the smaller the value is, the better the | ow tenperature
properties of the lubricating oil are. (Mni-Rotary Visconeter (MRV)) 5 The
measur enent was conducted based on ASTM D 3829 and D4684. The MRV was used
for evaluation of punping of an oil punp at |ow tenperatures. The MRV
indicates the fact that the smaller the value is, the better the | ow
t enper at ure ptopeptiesadtyt heekbubni eaoidugtdion arfe the) ISHdar Stabklity
I ndex (SSI)) The neasurenent was conducted based on ASTM D 3945. The SSI is
a nmeasure of ¢togslphea, kii nedatliec ovigeoogicty 1ddies etripoe irdsa kage: of nimd ecul ar
chai ns when the copol yner conponents in the lubricating oil has undergone a
shear 15 forceeuatierosGrdiipnd., TheuSSl anddircates3 et fafe rtibat. cthablay ger
the galue is, the larger the |loss of the kinematic viscosity is. (Low
tenperature fsucdi &y thowet deperdbede betlawage stability)) 20 After cooling
‘at -18C for 2 weeks, the fluidity (appearance) was observed and eval uat ed
as follows. AA fluisttiy) BBrggebaluahnah Pohyoendzatépne Exaopieb} thd2 To a
500 m gl ass autoclave thoroughly purged with

following formula: -

R%pA1 (ORP) nHpXq
wherein R® and Rb, which may be the same or different, are
eacﬂakw@rocarbongroupof]_tolScmrbonatoms,preferably
10 1 to 4 carbon atoms, X is a halogen atom, and m, n, p and
g are numbers satisfying the conditions of 0<m=3, 0=n<3,
* 0=p<¢3, 0=g<3 and m+n+p+g = 3.
(B-1b) Alkyl complex compounds comprising a Group-1
metal of the Periodic Table and aluminum and represented
15 by the fdllowing formula:
M?A1R?,
wherein M? is Li, Na or K, and R® is a hydrocarbon group
of 1 to 15 carbon atoms, preferably 1 to 4 carbon atoms.
(B-1c) Compounds represented by the following
20 formula:
R2R"M?
wherein R? and R®, which may.be the same or different, are

each a hydrocarbon group of 1 to 15 carbon atoms, preferably

&,

1 to 4 carbon atoms, and M’ is Mg.

25 Also employable are compounds analogous to the



nitrogen, 250 m of dried toluene was fed and propyl ene was passed through
at a rate of 100 1/h for 40 mn. Thereafter while the tenperature of the
aut ocl ave was kept at 25C, 5 5.00 nmol in terns of alum num of nethyl

al um noxane was added to the autocl ave. Successively, 0.05 mol of

bi sS[N-(3-t-butyl salicylidene)-2,3,4,5,6-penta-fluoroanilinato]titanium
V) dichloride was added as a catal yst, and sinultaneously 10 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 60 mn. Then the reaction was stopped by
adding 20 m of isobutyl alcohol. To the reaction mxture, 10 mM of 1 N
hydrochl oric acid was added and stirred for 30 m n under 15 a stream of

ni trogen. Therceafarerslunhienypolgomrduwrats oB-sla )ut | G rwesappikedthetre @ah 5 1
of methanol to precipitate a polymer. The polyner slurry was stirred with a
magneti c sti rer mevier ohieght rgadokhampabipnesmpasnds| bieet €th Wwd o fbirtet ed
glass filter. The polynmer was dried at 130C for 20 10 hr under reduced
pressure to obtlainindinbZogpolindl &tbydenedPrapy kenet cogeh yaesm, Auidthe st esul t
of GRC analysis, the polyner had a Mv of 106000 and MV Mh in terns of

pol ystyrene ofch;ﬂguhi(nag Aan(ejthybene content as determned by IR

anal ysis of 49.5 nol o. 43 Pol yneri zation Exanple 2 To a 500 m gl ass

aut ocl ave ghoroughl y:xpw gﬂ%@ Wit R h treEeibmedR e dobd ek t phuene was fed
and propyl ene was passed through at a rate of 100 1/h for 40 mn.

Thereafter 5 vwhirtg dhe dcanner atdtrg, 0f i dihirautosh @ve; wesukept at 25C, 5. 00
nmmol in ternms of alum num of nethyl alum noxane was added to the autoclave.

Successively, 4@ ﬂﬂﬂﬂhﬁﬁm}“ﬁﬂﬂyﬂﬁ&ﬁhﬁ&ﬁyhnethylmagnes1um bromide
salicylidene)- 2 4,5, 6-penta-fluoroanilinato]titant un{ 10 IV) dichloride

was added as %@Qﬂ@@ﬁéﬂheéﬂﬂ% SIHME A RReous] 1Yy Bodbresh GRSy Pbmehbyl ene and
propylene at a rate of 3 1/80 1 per hour was passed t hrough and the

stirring was %%@qqfta%efsqrué%ﬁmahd@e PHQGEE $hd 5 4RI S PRI HL, Was carri ed
out in the sane manner as in Polynerization Exanple 1 and then 15 the ni xed

gas composhti @i n@%&%r& A RO Jorsf1rie & tiheoRI & 1 N Was

further conducte .5 mn wthout stopplng of the reaction. After the
stirring, theb%%@qwa%e\é%nst&mﬁqcty b A nof 1 dgobut yl - al cohol . To
the react.~on m xture, 10 of 1 N hydrochlorlc acid was added 20 and

stirred for 3@1@6&j¥%@@hé%ﬁ&ﬁe%mbﬁtjldddﬁﬁﬂhuﬂTEH&after the

pol yneri zati on sol uti on was poured into a l.5 of nmethanol to precipitate

a pol ymer. The Rk, 182k Was, stirred mnth a magnetic stirrer over
ni ght and the polymer "was collected with a fritted glass filter. The

Also employable are combinations of compounds
15 capable of forming the above-mentioned organocaluminum
compounds in the polymerization system, e.qg., a combination
of halogenated.aluminum and alkyllithium and a combination
of halogenated aluminum and alkylmagnesium.
Of the organometallic compounds (B-1), the
20 organoaluminum compounds are preferable.
The organometallic compounds (B-1) are used either
individually or in combination.
(Organoalumindm oxy—compound (B-2))

The organocaluminum oxy-compound (B-2), which is

25 optionally used in production of the olefin block copolymer,



25 polyner was dried at 130C for 10 hr under reduced pressure 44 to
obtain 9.33 g of a block polyner. As the result of GPC analysis, the
pol ymer had a Mwv of 82000 and MW Mh in ternms of polystyrene of 2.15. It
had an ethyl ene content as determ ned Ipg I R anal ysis of 63.6 nol % The
results are 5 shown in Table 1. 45 Table 1 Pol yneri zati onExam | e
2Tot al Et hyl ene content (nolo)63.6Mv (in terns of PS)18.2x104Mv Mhl. 2CD
radi ent Conponent 1Et hyl ene content (nolo)49.5Mv (in terns of PS)10.6x104CD
radi ent 0- 05Conponent 2Et hyl ene content (nol 0)80.8Mwv (in terns of
PS) 7. 6x104CD radi ent 0. 05 Exanple 1 5 A lubricating oil was prepared using
87 . 62 o by weight of mneral oil 150 neutral (manufactured by ESSO Co.)
as base oi | ,may g8 occhyvert yhradf adupengreneplepheedise Pallyseri zation
Exanple 2 as a viscosity index inprover, O . 5 o by weight of ACLUB 133
(manuf act ur exll byossamyb Chesiichl albenndustihesl)lbés arpenpapoianugdepr essi ng
agent and 11. 0 % by weight of a detergent and di spersant (nmanufactured by
Lubri zol Co.o3y-camgotheénas hexpnppefiedsiof JPha-RubPPOari’ag8a6i.1 and t he
fluidity at low tenperatures thereof were evaluated. 15 The results are
shown in Tabl®mZpound 6 Hab| =2 tExamtle theoltymers iftdron metal compound
bl endi ngPol yneri zati oneExamle 2Bl ending (W o) _ .
5 (ABase PbiB7i62Detergent3and dispersantl 1. OPour poi nt
depr essi ng agent 0. 5Pol yner0. 88bricating oil _ properties _ _ L u
Examples of the compound (B 3), which is optlonally

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,
JP-A-3(1991) /179005, JP-A-3(1991)/179006,
JP-A-3(1991) /207703 and JP-A-3(1991)/207704, and U.S.
Patent No. 5,321,106. Heteropoly compounds and isopoly
15 compounds may also be employed.

The olefin polymerization catalyst used in the
invention can contain, according to necessity, the
following carrier (C) and/or the later-mentioned organic
compound (D) in addition to the transition metal compound

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

25 The carrier (C) optionally used in the present



_____ T. ~ Ki nematic viscosity at ~ 100C (nm-/s )14 .
8888I28CCS V|sc05|ty at -20C (nPa. s) 3, 350MR vi scosity at -30C
(mPa. s) 35, 500Low tem erature fluiditAA Polynerization Exanples 3 and 4 5
Pol ymers were prepared by polynerization2én such manners as described in
Exanples 3B and 3A in JP-B-6(1994)/96624. The resulting polyners had the
properties as shown in Table 3. 10 Conparative Exanples 2 and 3 In each
exanple, lubricating oil conprising the polynmer prepared in Polynerization
Exanple 3 or 4 was prepared in the sane manner as in Exanple | . The
properties of the lubricating oil are shown in Table 4. 15 47 Table 3 Pol
erization Exam | e34Tot al Et hyl ene cont ent 55. 559. 0- 41. 3( nol )Mv (in terns
of PS)| 30, 00010VEODIMAR NF12 2 1.1 6 @ﬁtomamwwﬁeﬁﬁdm%9|%ular
cont ent 59. 0-52. 6- (nol o) Mv (in ternms of PS)60,000-CD radient0.17- Conponent
2Et hyl ene con®enf&0c0r80t57zlendPléd)y My (in terms of PS)70, 000-CD
radient0.17- Table 4 ConparativeConparativeExam | e 2Exam | e 3Pol yner for
bl endi ngPol yner i zatT}mup@iqzr@mzcappmemm le BE&GEnd el YBl padbng OXYd®, a ) _
. Base oil 8?. 2587. 1 Det er gent
and11. 011. 0d|s¢@wg@mi@o@@hmﬁqn dépyessilig0. BOnsagéntdol ion exchange
merl.251. 4Lubricating_oil _propertie ~~s ~ ~Kinematic viscosity at
14. 8214 . 90100y ¢ ne®/ syBShEOEGCCs Vi scosity at -20C3 4503, 510( mPa. s) MR
V|sc05|ty at -30C41, 20042, 900(nPa . s )Low t enperat ur eAAAAS | ui di t

(Organic compound component (D))

In the present invention, the organic compound
component (D) is optionally used 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.
(1) A method of adding the transition metal compound (A)
singly to a polymerization reactor.
(2) A method of adding the transition metal compound (&)
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.



48 Pol yneri zation Exanples 5 to 9 Polynmers were prepared by regul ating

pol yneri zation 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 4330 8 In each exanple, lubricating
oi |l conprising the polyner prepared in each of Polynerization Exanple 5 to
9 10 was prepared in the sanme manner as in Exanple 1. The properties of the
| ubricating oil are shown in Table 6. Table 5 Pol merization Exam

| e56789Et hyl ene cont ent 49. 549. 580. 880. 863. 4(nol o

) Mv182, 000106, 000164, 00076, 000182, 000(in terns of PS)Mw Mhl.21.21.21.21.2CD
radi ent 0. 040. 040. 040. 040. 04 15 49 Tabl e 6 Conparative Exanpl e45678Pol yner

Base

oi | 87. 5087, 1087mbbBENnDB587). 52Deher gantiandiCUL1 EDkl 1 hdi spensani Pounetal
poi nt 0. 50. 50. 50. 50. 5depr essi ng agent Pol ner11. 40. 991. 550. 98L_ ubricati ng
o_il proertomsound~(A) o a polymerization reactor in an arbitrary

order.

5 (5) A method of 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
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 prepolymerized with an olefin, and further, a catalyst

20 component may be supported on the prepolymerized solid
catalyst component.

The olefin Dblock copolymer can be prepared by
synthesizing plural polymer blocks in the presence of the
olefin polymerization catalyst as described above through

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



~~ ~ ~Kinematicl4 . 9114 . 8819 . 7214 . 9019 . 95V1SCCSItyat 100C
(m"rQ/s)SSI 3021261729CCS vi scosi ty3, 4503, 5003, 0803, 1803, 380at -2 0C (nPa . s
) MR vi scosi t y40, 50041, 80023, 80024, 10047, 500at -30C (nPa . s )Low

t enper at ur eAAAABHBBBBf | uidit Conparatige Exanples 9 to I1 5 In each

exanpl e, the polynmers 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. 50 Table 7 Conparative
Exanpl 91011 Pol ymer for ble_nding (we_i_ght_ ra_ t_ i_0) _ __ ~ ~~~

~ ' ~Polynerization Exanple 5 50 SOPol yneri zati on Exanple 6

50Pol yneri zati on Exanple 7 50Pol nerization Examle 8 50 50BI endi ng.
(W% ) . (3) in arbitrary times.-, . Base o0il87.58787. 2Det ergent and
di spersant 111111Pour poi nt depressi ng agentO 50. 50. 5Pol

er11.51. 3Lubri cati fig_toel steropdnti etérylene and at ~least-~or pnéefitine
viscosity at 100C1l5. O114 . 951 4 . 90(mm®/s) SSI 281927CCS viscosity at -20C
(mPa. s) 3, 260323603 320Mom i scadidfyinat oB80CG (vPa.20s) 36rb6A036,0n0036¢ 100Low
temerature fluiditBBAAAA Conparative Exanples 12 to 13 5 NDGl2 and
701204095 of pbhempaliyrer ihDtwer prpsepacedfbaksedobafihepdiegnet pthohonn

Exanpl e 4 of National Publication of International Patent 2002-507225. The
properti es otathe ypal yreprapa rshewpd Inymkabllel &k

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 is

10 usually from -40 to +200°C, preferably 0 to +150°C. The
polymerization pressure 1is usually from atmaspheric
pressure to 100 kg/cm2 (9.8 Mpa), preferably atmospheric

pressure to 50 kg/cm? (4.9 Mpa).
In the step (2), ethylene and at least one olefin
15 selected from olefins of 3 to 20 carbon atoms are
polymerized in 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 carbon atoms may
20 include the same as above, and these may be used
individually or in combination. Further, examples of the
polymer block prepared in the step (2) may include the same
as above.

In the step (2), the polymerization temperature is

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



and the properties of the lubricating oil as determned the 10 sanme with
Exanple 1 are shown in Table 9, respectively. 51 Table 8

Conpar at i veConpar at i veExanpl e 12Exanpl e 13(1~DGL2) (701204095) Tot al Et hyl ene
content7778.6(nmol o )Mv ( in terns of PSp9. 8 X 1039. 8 X

103MM Mnl. 421. 6Conponent | Et hyl ene content 71. 382. 1(nmol o )Mwv ( in terns of
PS )1. 9 X 1031 . 5 X | 03Conponent 2Et hyl ene content97.598. 3(nolo)Mwv ( in
terms of PS )7 . g X 1038 . 3 X 103 Table 9 Conparati veConparati veExam | e
12Exam | e 13Pol ner for bIendin~IDG&27012040958 lendi ng (W %)

. _ _Base 0|I87 487 3Detergent andlllldlspersantPour p0|nt
depre55|ngo 5pobagent Pl iper 1pr2ssRicgbr ieatumgably pfopertdtgeospheric
Kinematic viscosity atl14. 8814.92100C (mm®/s) SSI 1723CCS
VISCOSIty at 2@€3u380894®00nﬁg/cm§ J YR8 Wisgpsigyeddrably atmospheric
- 30C39, 20037, 100(nPa s) Low t enper at ur eBBBBf | ui di t 52 What is clained is:

1. An ol efin pkeskueepebymer gnam?g @ .MuMda )(Mv. wei ght average nol ecul ar
wei ght, M. nunber average nol ecul ar weight) of not nore than 1.5, which

copol yner 5 conpri Ses: tliié) saepol §nerabl beksicommps | sl ey ret dryl @pee Anfir an
a-olefin of 3 to 20 carbon atons, having a nolar ratio (ethyl ene/a-olefin)
of ethyleme upitgsihe afolefta aoi tchrtforf romed/ BO polohe3dizand iavilg a
wei ght average nol ecul ar 10 wei ght of 50,000 to 2,000,000, and (ii) a

pol ymer bl ockpeesphtsidg £bhykeneopstyadr adiefidinf tBet po2fnearbbscat ons,
having a nolar ratio (ethylene/a-olefin) of ethylene units to a-olefin

units of fronp7BH30ek0i B HS sang hayi agd aveipghtyrevepageknpt esslad 15
wei ght of 10,000 to 400,000. 2. A viscosity index inprover for |ubricating

oi I's which i nprevVerel o itgeprapaekes i g Dok HaeRe ¥AEFeasne! aiorRdtha claim
1. 20 3. Alubricating oil conposition conprising a viscosity index
i nprover for pybyheat bNgchisl prapasledi MBd the @raivilicds 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 pressure 1is wusually from atmospheric

pressure to 100 kg/cm2 (9.8 Mpa), preferably atmospheric

pressure to 50 kg/cmé (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 can be
carried out by any of liquid phase polymerizations such as

25 solution polymerization, solvent slurry polymerization or



A A& . A3. AL . AfF. AfF. A3. As . AsF. A
F. AF. AsF. Al . A9( F. A" . A&Y. AF. AY. A. ALl . A@ Af . AaY. A& . A A
Y. A+. AY. ALF% A’ Y. A&aY. AsY. As . Ay. AY. Asl . A3. AF. A93. AsY. Af ! F. A&
FO% A'F. A(32. . AL@. As . A A A .A&3. A#3. Aa 337h!\
&Bzcpqzupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] cal] caU] ca] ca] ca] ca] cRa] cRa! 131
S(d+i Gt xsni d_Z] c]ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]calc
aJca]ca]ca]calcalca]ca]lcalcalcalca]calcalc (9;
| S2i } wgl gb] X] ] ca] ca] ca] ca] caU] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal |l TO FGad{vql gb] WJ] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] €af ca} ka] ca]fcaFéaPééFéaPea]YE‘&]ré&]aéa]O@ﬂ ca] ca] ca] cal] cal] ca] ca]
cajcajcal % 2 k Polelhd PEESY """ " HLH#H#HAHS
$$$$) xsni d_ZU| | ca] caiaep e < éa) éapeh] vujeateahentas ikaic 4pes] £8]%%8 ca] ca]
ca] ca] ca] ca] ca) ca] ca] ca] ca] ca] ca] ca] ca! $
$+SVEVG_ $$S$SHSIMNE0PREELRE PO YMgL g bion) xBaY d_ ZUIfleidc alada]”tsd ekg ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
cal +V+++, A v, hydrekarbonh. pushz as )propdme/ / pude@po0®etemied Z¥axd ca) ca) c
aJ cal ca]l ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalca]calcalcalcalcalcalcalcalcalcalc
a] ca] ca] ca] cah@itiaid1112nR22233! 31e3rBB344 dodecane, kerosene, etc;
41 4k4l 4y444555J5K5} xsni d_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] caj ratgal ta|loa] vatxd) erd caladapead val cpd b K6 UsXEE5EEF08R6)Y 626} 66
66666677* 7+7Wnmvyn777777! 8E8} xsni d_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] car]le‘aﬂlyaq‘.xza]c,_a]ana]aoa] c&tcal cajaed ttad chydapcalkbahealsE8F8Z8=9{ 9999
9 hiiriu::$,%m

<<D<<<u vzb:dsr?;wsa; dtZUh¢ne} caydehea] edlsahedlcgaredlech]almaladiaad ca] cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! / ?V?WPk?n???R@@ @G0k A
oB such as ethylene chloride, chlorobenzene, dichloromethane,
CCC(C CCDDEEE* F+FEFFFFGG xsni d_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] capca] elad c archind akcakcat bakeafca) taftlad caltdad cdpcahCGoGs &Sy 1111 JJ
#IJFIA[ JIJIKKKKK, LhLLLMAVF MMWN} xsni d_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca]lca] ca¢dapsakcaptapoal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! NNNVANENINZN
=Nt NNNNOPQQQQQORR? RARGRHRWRXRRRRRRR} xsni d_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] va] ced c;a(] tahea} eal ¢ahcafcalbglleakc ahenlealca]lcaiaa! RSSSS
8T; TTTFUGUSU4VqV; WWNAAB X
XNXXXYZ\ [ r [ [ [1BA4i&y )\ Bxsni dZ(ZU]:s]xcla]ma]acta]nsa]bqa]wsaJ]m:@] th¢capoakcallediica] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal \\\W\$]%AQ]1]1]11~"g_h_
s t ‘< aagpolymerization catalyst, the transition metal compound (A)
af#ta+al a5a@l a} aaaaf vqgl gb] XU] ca] ca] ca] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca]
ca] ca] calca] cad aa«nlicahaajeahna] ealwalad]cajcdficabcalmol, preferably
bbbAbcbdbubbbbbbcc*cOccccceccedl ddddeee9e<e} xsni d_ZU] ] ca] ca] ca] ca] ca]ca] ca]c
a] ca] ca] ca)] cajcal¢atsalcalcabtapea] callcakeaptakbha] cabealioal valluajecal cal cal ¢
a! <e=ePeeee, fOfffg
05979CgLggggggghhhAhbhchehhbds ¢ wathc ¥ thpealoa] calpahealtca]Bal ta] ddlea] cal ¢

1ZjjjjkLkkkk$tompbment (B-1) is used in such an amount that the molar
m nmmmmEnnEowooo} xsni d_ZU] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] caj ta] [cid-ca] 4] od] thd cadraagrea) € &bed])caboqerpddr pappE(ad qbgqqq
r or rrrsshoFt vatdfa b i jodsniwr A4 11 tad ovd teal] cadngadweed ciel )calscalsaadlda] cal cal

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]calcalcalcalu v
vVVV" v+v0v=v @Ry v v wawwWE#B X ag 8 XY py e¥ ey b2 zupkDa\ Whcapgapoal ca] ca] cal ca] c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] caU] ca] caU]ca]c
ajcal zzz"{{{{& _| | |1d | k&L2}9d$e~G1} ~us*hg the component (B-2), the
9bw} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]calca]calcalcalcalc
a] ca] ca] ca] cajsabsadsal calzal £alead & ad MAIEX XY ARl whindd aalcalgialca] cal ¢
a]J ca] ca] ca]ca] ca ca] ca] ca] caj] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca]cal]c
a] ca] ca] ca] cajg@aj gap bEkxgnifi 4l sedkalc 2heateppeataa] oal gpliea] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca! Es*- | KI SI$P
SV, <} xsnbd_Z]{ &Ry L8 Gl aclala%lr\C%ﬂa?aﬂ&%%alfalqgak&ahqal@ﬂ calgalga] ca] cd]
ca] ca] caJca] ca cal ca] ca] ca] ca] ca] cal <nN@Bg#>r T$ W xsnid_Z]]] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cal WZ=yb) Y2Cr] J#] ?} xsnid_Z]]] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]calc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ?yP8gz1gSX vq
| gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] calU] ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca! : x{ QJ~&b"k7' b} xsni d_Z]]] ca] ca] ca] ca] ca] ca]



z[ PEE 10" 10" 10" &2!I'10% & ()-!'[&2!'10%"u" & ()- 9Z2"10%& ()-!
9Z"10%"p" & ()-192"10%"~"& ()-1 3 | SdEPE

10"Y!'10%9& ()-L10%& ()- 10%& ()-L10%& ()-L 10%& ()-3 10%& () - S(ddEPE:
10"L10%& ()-"10%& ()- 10%& ()- 10%&4()- @0%& ()-L10%& () - +i GAEPE:
10"0 "10%& ()-9(10%& ()-& 10%& ()-$ 10%g& ()- "10%& ()-  10%& ()-cxnbC
10" "10%&' ()- 10g 10g 10g:!'10%& ()-96Z10%0& ()-94nl0%& ()-92mM0%g& () -
}H <nmbC Y109 ()-'y Y'10%-& ()- C"10%R ()-! "10%J& ()- 109 ()-!
F109%&' ()- (6789;}rg\= Ft10%& ()- 10W10W 10W L2! 109%\&' () -! ~L2! 10922& () -
L( "109%& ()-'L( "109%0C% ()-; | SdEg\ =

MLO%&' ()-s!10%& ()-10%& ()-nlO%&' ()-nmlO%&' ()-y ~10%&' () - 2i dEg\ =

(109%&' () - y & (POY&S (WsudlYR S ¢pm! 1D¥&' §90,000, preferably 20 to 100, 000.

In the case of using the component (B-3), the
component (B-3) is used in such an amount that the molar
ratio [(B-3)/M] of the component (B-3) to transition metal

5 atom (M) in the transition metal compound (A) is usually
from 1 to 10, preferably 1 to 5.

In the case of using the component (D), when the
component {(B) is the component (B-1), the component (D) is
used 1n such an amount that the molar ratio [(D)/(B-1)] is

10 usually from 0.01 to 10, preferably 0.1 to 5. When the
component (B) is the component (B-2), the component (D) is
used in such an amount that the molar ratio [(D)/(B-2)] is
usually from 0.001 to 2, preferably 0.005 to 1. When the
component (B) is the component (B-3), the component (D} is

15 used 1in such an amount that the molar ratio [(D)/(B-3)] is
usually from 0.01 to 10, preferably 0.1 to 5.

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

20 The olefin block copolymers as described above are
suitably used as a viscosity index improver for lubricating
oils.

(Lubricating o0il composition)

The lubricating oil composition of the present

25 invention comprises the viscosity index improver of the
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lubricating oil composition of the present invention will

5 be described.

(Lubricating oil base material)

Examples of the lubricating oil base material used
in the present invention may include mineral oils;
poly-a-olefins; di-esters such as polyol esters, dioctyl

10 phthalate, dioctyl sebacate, etc; and synthetic oils such
as polyalkylene glycol, etc. It ispreferredtousemineral
0il or a blend of the mineral oil and synthetic oil.

The mineral oils are generally used by way of
purification steps such as dewaxing, etc and classified

15 into several classes by purification methods. 1In general,
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 point, a high viscosity index and a
20 compositionmainly comprising isoparaffin. 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,
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(Composition)

The 1lubricating oil composition of the present
invention comprises the above lubricating oil basematerial,
the above olefin block copolymer and optionally the pour

10 point depressing agent.

The lubricating oil composition which comprises the
lubricating oil base material and the 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
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 lubricating oils as it is, or it is blended with
the pour point depressing agent, etc and can be submitted
to the use.

The lubricating oil composition, which comprises the
lubricating oil base material, the olefin block copolymer

25 and the pour point depressing agent, desirably contains the
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1.5 % by weight, furthermore preferably 0.30 to 1.5 % by
weight, and optionally the pour point depressing agent in

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, most
preferably 0.2 to 1.5 % by weight. The residual components
are the lubricating o0il 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 improved.

The lubricating oil composition of the present
invention may contain compounding agents having viscosity

15 index improving properties 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 to the 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 groups,

sulfoxide groups, sulfone groups, thiophosphinate groups,

25 thiocarbonate groups, fat sulfides andoil silfides, olefin
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compounds such as chlorinated hydrocarbons etc.
Examples of the hard wearing agents may include
5 inorganic and organic molybdenum compounds such as
molybdenum disulfide, etc, organic boron compounds such as
alkyl mercaptyl borate, graphite, antimony sulfide, boron
compounds, polytetrafluoro ethylene etc.
Examples of the detergent and dispersants may include
10 metal sulfonates such as calcium sulfonate, magnesium
sulfonate, barium sulfonate, etc, thiophosphonates,
phenates, salicylates, succinimides, benzyl amine,
succinates, etc.
Examples of the antioxidants may include amine
15 compcounds such as 2,6-di-tert-butyl-4-methylphenol etc,
sulfur or phosphorus compounds such as zinc dithiophosphate
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; benzotriazoles and derivatives thereof; and
thiazole compounds.
Examples of the antifoaming agents may include

silicone compounds such as dimethyl siloxane, silica gel

25 dispersion, etc, and alcohol or ester compounds.
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accordance with desired lubricating properties. These

additives may be contained in an amount of usually 0.01 to
50 parts by weight, preferably 0.05 to 30 parts by weight

5 in 100 parts by weight of the above lubricating 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
optionally other compounding agents with conventionally

known methods.

EFFECT OF THE INVENTION

15 The olefin block copolymer of the present invention
can prepare a viscosity index improver for lubricating oils
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
oils according to the invention, the lubricating oil
composition having low temperature properties and
excellent balance between viscosity and shear stability can
be prepared.

25 The lubricating o1l composition of the present
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EXAMPLE
5 The present invention is further described in more
detail with reference to the following examples. The
examples should not be not construed as limiting the scope
of the invention.
In the examples, the various physical properties were
10 measured in the following manner.
(Composition of Block copolymer)
The composition of a block copolymer 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,
at a pulse repeating time of 5.5 sec using a LA 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, 1In the examples, the kinematic viscosity (K.V.) was
regulated to be about 10 mmZ /sec.
(Cold Cranking Simulator (CCS))
The measurement 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.
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lubricating oil are.
(Mini~Rotary Viscometer (MRV))

5 The measurement was conducted based on ASTM D 3829
and D4684. The MRV was used for evaluation of pumping of
an oil pump at low temperatures. The MRV indicates the fact
that the smaller the value 1s, 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 SSI is a measure of loss of a kinematic viscosity caused
by breakage of molecular chains when the copolymer
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.
(Low temperature fluidity (low temperature storage
stability))
20 After cooling at -18°C for 2 weeks, the fluidity
(appearance) was observed and evaluated as follows.
AA: fluidity

BB: gelation

25 Polymerization Example 1
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passed through atearate of 100 1/h for 4Onuj1 Thereafter

while the temperature of the autoclave was kept at 25°C,
5 5.00 mmol in terms of aluminum of methyl aluminoxane was
added to the autoclave. Successively, 0.05 mmol of
bis[N-({3-t-butyl
salicylidene)-2,3,4,5,6~penta-fluorocanilinato]ltitanium(
IV) dichloride was added as a catalyst, and simultaneously
10 a mixed gas of ethylene and propylene at a rate of 3 1/80
1 per hour was passed through and the stirring was conducted
for 60 min. Then the reaction was stopped by adding 20
ml of isobutyl alcohol. To the reaction mixture, 10 ml of
1 N hydrochloric acid was added and stirred for 30 min under
15 a stream of nitrogen. Thereafter, the polymerization
solution was poured into a 1.5 1 of methanol 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 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
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Polymerization Example 2

To a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of dried toluene was fed and propylene was
passed through at a rate of 100 1/h for 40 min. Thereafter
while the temperature of the autoclave was kept at 25°C,
5.00 mmol in terms of aluminum of methyl aluminoxane was
added to the autoclave. Successively, 0.05 mmol of
bis[N-(3-t-butyl
salicylidene)-2,3,4,5, é-penta-fluorocanilinato]titanium/(
IV) dichloride was added as a catalyst, and simultanecusly
a mixed 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 min. The procedure to this point was carried out
in the same manner as in Polymerization Example 1 and then
the mixed gas composition was changed to 70 1/30 1 per hour
and the stirring was further conducted for 3.5 min without
stopping of the reaction. After the stirring, the reaction
was stopped by adding 20 ml of isobutyl alcohol. To the
reaction mixture, 10 ml1 of 1 N hydrochloric acid was added
and stirred for 30 min under a stream of nitrogen.
Thereafter, the polymerization solution was poured into a
1.5 1 of methanol 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

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

10
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I, &m &Z10%&' () -, 3Z10%&' () -, 10%& ()- @®10%' ()-93 ! 10%& () -, Z10%' () - SJdEuV7
&M 1109 () - %109 () - #Z109%& () -!Z109%& ()-, GLO%& ()-,!10%&' () - $PdEUV7Y
',&nBZlO%&'()-yl!lO%&'()-/NHO%&'()--ZlO%&'()-y* 109 ()-) Z109%&' () - PQRSVxnbC
, & Y10% & ()- 10 10 10y;!10%&f() f910%& () - @?10%&f()-510%&f() V, <\ *<nbC

"'10%&T()-| T3109%& ()- 310%& ()-3 &10%& ()-!'x 10%z& 3
109% & () - 1nz[tenbEtrE 109z &3 (9 -2F FOMRQck) POl vy & p§-the result of GPC
"'10%&f()-'VV'10%&'()- %'10%&'() KLMNQbC !'s 10%&f%? T 109%& (

analysis, the polymer had a Mw of 18200 and]ﬂw/Mn in terms

of polystyrene of 1.15. It had an ethylene content as
determined by IR analysis of 63.6 mol%. The results are

5 shown in Table 1.



10z 10z 10z;!10%& ()-  910%& ()-L610%& ()-8qdEBC !9 109%& () -
109& ()- 109& ()-3 109& ()- &&L0%& ()-9 3109%& () - #>r dEbC
| 8331098 () - &#Z10%& () - & mlO%& () - 10%& () - S10%& () - &TLO% () - T$ dEbC

10! 109 ()-s. 10%& ()-, 10%& ()-s* 10%& ()4% 10% ()-& 10% ()- TUVWMYNC !

10 10s; ! 109 ()- 9YL09%& () - s6109%& () - 4109%& () - 2YL09%& () - WZ=y; C [ 9YNC
LTW 1 109%H#& ()-1} 1109 ()-!!110% ()- 3 “110%& ()-!3

“110%m& ()-" 310%& ()- CbszodY: !!F10%g& ()- 10z 10z 10z
4110%8& ()-!ed! 109 ()-!| "!10%& ()-! "110% ()-)W\2~2dY: !!&z10%g& ()-!
110%gg& ()- 't!1109%& ()- 10%gé& ()- LlO%g&' ()-9 10%gé& ()-2Cr]~2dY:

10110998’ ()-1[9, Z10%g& () - 9* 10%& () -1 s& 10%& ()-$
(

109g& ()-9"10%g& ()-J~uj @' 93109%&

abi@ 109

10g: 109%g& ()-!i &6nL0%g& () - &4 10%g& () - &2rrfL0%g&' ()-#]dE _@

10

15

Polymerization

Example 2

Total 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

Compeonent 2 | Ethylene content (mol%) 80.8
Mw (in terms of PS) 7.6x104

CD gradient 0.05

Example 1

A lubricating oil was preparedusing 87.62 % by weight
of mineral oil 150 neutral (manufactured by ESSO Co.) as
base o0il, 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
Industries) as a pour point depressing agent and 11.0 % by
weight of a detergent and dispersant (manufactured by
Lubrizol Co.), and then the properties of the lubricating
0il and the fluidity at low temperatures thereof were
evaluated.

The results are shown in Table 2.

10



11109 ()- ! 10%& ()- mLlO% ()- mlO% ()-mlO% ()-L 10% ()-?ydE _@!!
109& () - mMLOY%& () - L! 109& ()- mLOY%& ()- Z109%& ()-9 109%& ()-PdE @

11 AmLO%, () - 2mLlO% () - 90! 109%& () - (mLO% () - L& 10%& ()-$4 10% ()-8bC !!9
MLOY%& () - Y109& ()- 10 10 109:!109& ()- 8269%& ()- 6Z10%& () - 8qz1dEbC

11 &S10%& () - &Z10%& () - &TLOY%E ()-3 ! 10%& () - 10% ()- 9310% ()- 1gSAELC !!L$
109& ()- & F109& ()-s 109& ()- 109%& ()-109%& ()- 10%& () - SOUEbC

1101 109 ()- . 10% ()-L, 109%& ()-*10% ()-(Y10% ()-& 10% ()-: uvwxdYNC !!
10 10 10s;!109%& ()- 8F109%& ()- 6109%& ()-L4109%& ()-2109% ()- x{QJEYNC !!

M 109& () - @O% ()--109%& ()- GLOY ()- 3109% ()- @L0% () - QJ~&"?YNC !!

y" 11098 ()-!y"! 10%+& ()- Z10%&' ()- S10%&' ()-)y10%&' ()-Z10%&' ()- bQ*kbCYNC
|l @10%& () - fO!lO%&'()-fO!lO%&'()-,§ﬁ%%é - *F109%& () - (F10%&' () - k7bC
11710% & ()-Z10% & ()-9 10% & ()-F10% & ()- 10 10 10f: 10% ()-7' baBbC
119110% & ()-Z10% & ()- 10% & ()-&10% & ()-Z10% & ()-!M 10% " & () - 8pdELC

Example 1
Polymer for blending Polymerization
Example 2
Blending (wt%) . e
Base o0il 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
SST 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 Polymers were prepared by polymerization in such

manners as described in Examples 3B and 3A 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.
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1. F10% & ()-, F10% & ()-*Z10% & ()- (F10% & ()-9& 10% & ()-10% & () - QdE: /

10" 10" &

109% & ()-810% & ()-6F10% & ()- 4F10% & ()-2Y10% & ()-&0!'10% & ()-y1pN, /!s
"10%, & ()-!s "109%& ()-! s "10%#& ()47 s "10% (& ()- s "10%;& ()-9F
109 ()- 10"}~SHes "10 10 10 10 " 2! 109& ()- & 2! 10941& ()- &

T("10%& ()-17("10%,& ()- s "10%&' ()-"bCs "10 10 109 ()-&F 10% ()- 10b
10b 10bz10%& ()- 10%& ()-310%& ()-"#$3456@ Z; Cs

" 1DF10%& () - zDF10%& () - zDF10%& () -z' gEDF10%& () - zDF10%& () - zDF10%&' () - z@\G._
def zI R3CDF10%& () - z&DF10%&' () - z' gEDF10%&' () - zDF10%&' () - zDF10%& () - z' gEzkMBC
DF10%&' () -z' gEzDF10%&' () - zDF109%& () - zDF109%&. ()-z' gEzDF109%& () - zkL. C gEzDF10
%&()-zzDFlO%&()-zDFlO%&()-z'gEDFUﬁ@P??-%DFlO%&()-zoP1CDF10%&()-zDF1@%
& ()-zDF10%& ()-z' gE- DF10%& () - zDF10%& () - zDF10%& () - z" #$8| R3CDF10%& () - zDF
109& () -z' gEDF109%& () - zDF10% () - zDF10% () - z' gES@BVRSTKMICDF10%&. () - z' gEz

DF10% () - z PFTOY& () - ZDAT0Y& () -2 GEZDFI0Y& (pdivma i 12400k, BEIRgi & () -
L9% 108 & ()-% LF'Z10%8 & ()- L@GLOY & ()- LUMIO%=T)- 4
LY10% & () - [T epirbi 26107 O #il, 2 A8 &5k U en £ &OZ 0% &5E) 5% LT ZHB &)
L,,Z10% & ()- L& Z10% & |()- L 3(!10% &mch2ehP410(10% & ()-|!v(10% & ()-
(10% & () - Mw (in terms of PS) 130,000 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 -
(mol%)
Mw (in terms of PS) 70,000 -
CD gradient 0.17 -

Table 4
5
Comparative Comparative
Example 2 Example 3
Polymer for blending Polymerization | Polymerization
Example 3 Example 4
| Blending (wt%) = __ _ .. .. _.. _ o
Base o0il 87.25 87.1
Detergent and 11.0 11.0
dispersant
Pour point depressing 0.5 0.5
agent
Polymer 1.25 1.4
Lubricating oil properties = = S
Kinematic viscosity at 14.82 14.90
100°C (mm?/s)
SSI 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 AR AA
fluidity




L 109% & ()- L9 109 & ()-10! 10! sW410(10% & ()- (10% & ()- v(10% & () -
(109 & ()- V(109 & ()- #)*CHsW410(10% & ()- (10% & ()- v(10% & ()-
(109 & ()- v(10% & ()- HieijrwkxX@10v(10% & ()- (10% & ()- v(10% & ()-
(109 & ()- vxdD@10(10% & ()- (109 & ()48 (10% & ()- (109 & ()- (10% & ()-
(109 & ()- kK+4(10% & ()- (10% & ()- (10% & ()- (10% & ()- (10% & ()-
V(10% & ()- KS74((10% & ()- v(10% & ()- (10% & ()- v& 10% & ()-

Polymerization Examples 5 to 9

Polymers were prepared by regulating polymerization
time and a gas composition in the same manner as in
The resulting polymers had the

Polymerization Example 1.

5 properties as shown in Table 5.

Comparative Examples 4 to 8
In each example, lubricating oil comprising the
polymer prepared in each of Polymerization Example 5 to 9

The

10 was prepared in the same manner as in Example 1.

properties of the lubricating o0il are shown in Table 6.

Table 5

Polymerization Example
5 6 7 8 9

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 PS)
Mw/Mn 1.2 1.2 1.2 1.2 1.2
CD gradient 0.04 0.04 0.04 0.04 0.04
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(10% & ()- >EF*asW4((10% & ()- (10% & ()- v(10% & ()- (10% & ()-
v(10% & ()- abcj|74((10% ss$10% & ()- sl "10% & ()- sy 10% & ()-

sy10% & ()- (109 & ()- VIW|[:74( sf210% & ()- s 0Z10% & ()- sY.' 10% & ()-
$°S, 104 & ()- ss * 10% & ()- sf&10% & @P-* *+, -089: vZ>( , O 10%Z# Z& ()-J, O
109# Z& ()-J s 109%# z& ()- s10%# z& ()-10!10! 10!

ssl 410% & () -: PQRSTVgGvZ>( , O , O 10%z# Z& ()-J, O 10%zZ# Z& ()-J, O 109%&z#
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109&# Z& ()-J, O 109%&# Z& ()-J, O 109%&# Z& ()-J#3N , O 109&# Z& ()-JhDvZ>( #3N
O 109%Z# & ()-J,0 10%z# Z& ()-J, 0 10%z# Z& ()-J, O 10%Z# Z& ()-J#3N * DvZ>(
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b 109 & ()-n6 b 109€ & ()-n#3V&a 6 b 109& & ()-n"#$-./OhDvU9( S6#6#3V&) a 6
b 109 & ()-n6 b 109E & ()-n6 b 109€ & ()-n6 b 109E & ()-n#3V&)a

01FQ ]~ DvU9(S6#66 b 10%E & ()-n#3V&a 6 b 10% & ()-n6 b 10% & ()-n6 b
109 & ()-n6 b 109 & ()-n~di my{_?vU9(S8#66 b 109 & ()-n6 b 10%

& ()-n#3V&a 6 b 10% & ()-n6 b 10% & ()-n6 b 10%E & ()-n_CvUI( S6#66 b
109€ & ()-n6 b 109% & ()-n6 b 109 & ()-n#3V& a 6 b 109E & ()-n6 b 10%E

& ()-ndDvU9(S6#66 b 10%E & ()-n6 b 10% & ()-n6 b 10% & ()-n6 b 10%E

& ()-n#3V&)a 6 b 10%E & ()-n <vU9(S6##3V&) a 6 b 10%E & ()-n6 b 10%E & ()-n6
b 109 & ()-n6 b 109& & ()-n#3V&a hL, 96 b 10%& & ()-n6

Table 7

Comparative Example
9o | 10 | 11
Polymer for blending (weight ratio)
Polymerization Exaﬁple 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 0.5
Polymer 1 1.5 1.3
| Lubricating oil properties _ _ __ e e
Kinematic viscosity at 100°C 15.01 | 14.95 | 14.90
(mm?/s)
SSIT 28 19 27
CCS viscosity at ~20°C (mPa.s) 3,260 | 3,360 | 3,320
MR viscosity at -30°C (mPa.s) 36,0001 36,600) 306,100
Low temperature fluidity BB RA AA
Comparative Examples 12 to 13
5 NDG12 and 701204095 of the polymer ID were prepared

based on the description in Example 4 of National
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 9, respectively.



b 10%E & ()-n#3V&a 6 b 109 & ()-n6 b 10% & ()-n6 b 10%E & ()-n6 b 10%E
& ()-n&234<=_C,96 b 10%E #YN 10% & ()- #Y"10% & ()-6 b 109E & ()-n#3V&) a
(6 b 10%E & ()-n6 b 109%E & ()-n=I UWbNEE, 96 b 10%E #9N 10% & ()-#9N 10%
& ()-#UN 10% & ()-'RM (#9N 10% & ()-#% 10% & ()-rmhL, 949 10% & () - #9%
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10% & ()-#9N 10% & ()-E[ cdjklel -9#9 10% & ()-#% 10% & ()-#9N 10%
&' ()-' RM -#98 10% & () - #9N 10% &' () - #%N 10% &' () -1 muz~dH 9#9 10%
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#10%tP" #& (* -10-" 10- 1 f%tﬁ%%e%% oé?t(e)%é RM #0N 10% & ()<l x§7|8[ ]623#%\1 10%
"109%" & () - & #1096P" #&|(() - & #910%P" #BOLP) #MLO%P" #& ()} & #10%P" #& () -
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Comparative Comparative
Example 12 Example 13
Polymer for blending NDG12 701204095
| Blending (WEB) o e e e e -
Base oil 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)
SSI 17 23
CCS viscosity at -20°C 3,380 3,400
(mPa.s)
MR wviscosity at -30°C 39,200 37,100
(mPa.s)
Low temperature BB BB
fluidity
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What is claimed is:

1. An olefin block copolymer having a Mw/Mn (Mw:
weight average molecular weight, Mn: number average
molecular weight) of not more than 1.5, which copolymer
comprises:

(i) 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 20/80 to 65/35 and having a weight average molecular
weight 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 ratioc
(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.

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.



