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4

LUBRICATING OL COMPOSI TION 5 TECHNI CAL FI ELD The present invention rel ates

to a viscosity nodifier for a lubricating oil and a |ubricating oil
conposition. SMo4ee Ridrti cul arly, the invention relates to a Vi scosity

nodifier for a lubricating oil capable of producing a lu r?c QJQ%aﬁ@;
conposi tion having excellent |owtenperature properties and a ti

oi | conposition containing the viscosiyy nodifier. BACK The
viscosity of petrol eum products generally varies greatl w ature,
and for lubricating oils for autonobiles, the tenperatu

viscosity is desired to be snmall. In r&UdHiE years, theref or &l6616
et hyl ene/ a-ol efin copol ymer has been wi dely used as a viscosity 20 nodifier

of the

havi ng an ef VE@SCOSI TIYnNMONIFAGRY FOBOSUBRICATUENGT OLLt ARD pLUPRSEADINGeCIBASi Ng

t he tenperature dependence of the lubricating oils. Wen the surrounding
tenperature |l owers, a wax conponent GoMEOdIfIONating oil is crystallized
and solidified to make 25 the lubricating oil lose flowability, so that a
pour poi nt SF-646 PCT 2 7 AUG 2002 2 depressant is also contained in
the lubricating oil to depress the solidification tenperature. The pour
poi nt depgessant functions to i nhifdgN@amtige,ef a three-di nensional

network attributed to crystallizatton of The wax conponent in the 5
lubricating oil a@ﬂetBr@%@ﬁ%s§n§gﬁt@8HrrQQhEEsoéotgeviygééf@§'ﬁ@ﬁf&ler
the | owtenperature properties of | ubricating oil

for a lubricating oil and a lubricating oil composition. More
particularly, the invention relates to a viscosity modifier
for a lubricating oil capable of producing a lubricating oil

10 composition having excellent low-temperature properties and
a lubricating oil composition containing the viscosity

modifier.

BACKGROUND ART

15 The viscosity of petroleum products generally varies
greatly with temperature, and for lubricating oils for
automobiles, the temperature dependence of the viscosity is
desired to be small. In recent years, therefore, an
ethylene/a-olefin copolymer has beenwidelyusedas aviscosity

20 modifier having an effect of improving viscosity index for
the purpose of decreasing the temperature dependence of the
lubricating oils.

When the surrounding temperature lowers, a wax component
in a lubricating oil is crystallized and solidified to make

25 the lubrlcatlng 0il lose flowablllty, 50 that a pour p01nt
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containing a viscosity nodifier having an effect of inproving viscosity

i ndex and a pour point depressant, the viscosity |0 at a high shear rate is
determ ned bypg@ympdt bility of a lubricating oil base with the viscosity
nodi fier, but on the other hand, the viscosity at a | ow shear rate is
greatly influenced by the pour point depressant. It is knovvrﬁ t7h;AU@1QGDQn
et hyl ene/ a-ol efi n copol yner having specific 15 conposition is used as a
viscosity nodifier, the effect of the gour poi nt depressant is narkedly
reduced because of an interaction between the copolynmer and the pour point
depressant ( ' pcy ). Lngly,
t he vi scosi tﬁ%ﬁ%aﬁt&g%?dggg%g%ggémd:iﬁlgglggg%blr%ggﬁgng%gi © %?g%g%s
required to r:tg:cul anl:y e | l.Qw- t e r p i j
desired to egﬁ¥§f$ﬁ§%hg¥betﬁ§ﬁ%%% g%%&g an?ggi%gagiéggé?t§é%%§g§é§%d not

to inhibit t &q%risoeﬂqfnﬁmtp%iemgeigg0%69rtﬁhﬁ%&tdifgioﬁagﬁaﬁcggiﬁgmﬁr

nodi fi er satistying such requirenents, an et hylene

whi ch has an i SE- RCT 2.7 AU 02 .3 distribution of °

et hyl ene uni tE’lsch;lainr}LcFf ug{er(ﬁ etfol v r&ﬁé?taslﬁnz%tﬁgénﬁqe%&eeﬁ Rarr oértlc’r?ﬁeé’ﬁce ot of
30 to 80 % by i.ght,. a weight-average ecul ar_wei ght. of 20, 000 to 750,
000 and My MRS s 85t 94 B G 8RFe CEne P Hhpital v she fibrigrr idsi on s
No. 96624/1994. The present inventors have earnestly studi ed under such

ci rcumst ance€s nenti oned above, and as a result, they have found that an
et hyl ene/ propyl ene_copol ynmer having a density, a nol ecular vweight, a,

nol ecul ar wei ght &ﬁ%ﬁgﬁbiPW6ﬁeﬁﬁﬁrﬁtTGeh%¥?P?EF%ﬁﬁrﬂfi%1lpﬁél§é dngi eitanges
and having a specific relation between the density and the nelting point
dnd an et hyl SRYTRIGPIRAS POt e roRAfilRg v Brhpreptfeshicdhimpaowangcul ar
wei ght, a nolecular weight distribution and a nelting point in the specific
ranges and haisfP sl opddidax ans at penr1popatwderrereaethythrevisapeatyand
the nelting point have an excellent effect of inproving viscosity index and
do not i nlfi biat thérifahahienr grattehd polatgeviimed &y eanmpat ibiBddad ah & he
finding, the present invention has been acconplished. For reference,the

et hyl ene/ a- ol lefhmicadpicly werdl daselwssd t2@ vastheisbovedplibércdnibonsahesfi es
neither the relation between the ethylene content and the nelting point of
t he et hyl ene/qurtogry |heared c apjad wnisrcawairt ot heet reelladw crhdzat wedre tie gissssiliyy and
the nelting point of the ethylene/propyl ene copol yner specified by the
present inveninfiluerd®ed by the pour point depressant. It is known that

when an ethylene/a-olefin copolymer having specific
15 composition is used as a viscosity modifier, the effect of
the pour point depressant is markedly reduced because of an
{/) interactionbetweenthecopolymerandthepourpointdepressant
(see U.S. Patents No. 3,697,429 and No. 3,551,336).
Accordingly, the viscosity modifier to be blended with
20 a lubricating oil which is required to have particularly
excellent low-temperature properties is desired to exhibit
an excellent effect of improving viscosity index and not to
inhibit the function of the pour point depressant.

As a viscosity modifier satisfying such requirements,

25 an ethylene/o-olefin copolymer, which has an ununiform




SF-646 PCT 4 OBJECT OF THE INVENTION 2 7 A U G 2002 It is an object of the °
present invention to provide a viscosity nodifier for a lubricating oil,
whi ch conprises a specific ethyl ene/propyl ene copol yner and by which a 5
| ubri cati ng si-b46cdgosi ti on havi ng excell ent | owtenperature properties can

be obtained, and to provide a lubricating oil conposition g?n i k@ﬂgihe
viscosity nodifier and having ( ) excellent Iom#tenperatuz ﬁéggz . 10
DI SCLOSURE OF THE | NVENTI ON One enbodifrent of the viscosity nodifier for a
| ubricating oil according to the present invention conprises an

et hyl ene/ propyl ene copol yner (A) having the follow ng properties (a-1) to

(a-5): 15 (adiptihbudesai by eshiyhehBeunsvgeantl 8581£6i88dnkgsnBn ¢Re2) the
wei ght - aver age nol ecul ar wei ght as neasured by gel perneation

chr omat ogr aphglegul 8st hanr a6B¢lehe880A08nt 004000008 80 tepyBwelight, a
pol ystyrene, (a-3) MV Mh (Mv wei ght-average nol ecul ar wei ght, M: 20

nunber - aver age i Rt egubahguRidiidul avhiENght oEF20 NEOE &bl 30 A0 R aRBIMEAAS
wei ght distribution, is not nore than 2.3, (a-4) the nelting point as

measured by grdiébsremdh @, SGAARILRY0ERHONhNBASENESe i Paddier raNde Qfciloh to
60C, and SF-646 PCT 5 2 7 AU G 2002 (a-5) the density (D (kg/n8)) and the

mel ting poi nfo( Taseehy18840Easured by a differential scanning calorineter
satisfy the following relation (1) Tms 1.247xD-1037 (lI). 5 Another

enbodi ment of theqyiseasidit Tadehic®rs’ RAve ddtidfaly Beudiilbsagreedidigr 0 the

present invention conprises
circumstances as mentioned above, and as a result, they have

found that an ethylene/propylene copolymer having a density, “)
a molecular weight, a molecular weight distribution and a

10 melting point in the specific ranges and having a specific
relation between the density and the melting point and an
ethylene/propylene copolymer having an ethylene content, a
molecularweight, amolecularweightdistributionandamelting
point in the specific ranges and having a specific relation

15 Dbetween the ethylene content and the melting point have an
excellent effect of improvingviscosityindexanddonot inhibit
the functionof the pour point depressant. Basedonthe finding,
the present invention has been accomplished.

Forreference,theethjlene/a—olefincopolymerdisclosed

20 intheabovepublicationsatisfiesneithertherelationbetween
the ethylene content and the melting point of the
ethylene/propylene copolymer nor the relation between the
density and the melting point of the ethylene/propylene
copolymer specified by the present invention.

25




an et hyl ene/ propyl ene copol yner (B) having the follow ng properties (b-1)
to (b-5): (b-1) the content of recurring units derived fromethylene 10 is
in the rangesﬁgw7 (%o 79 o by weight, (b-2) the weight-average nol ecul ar
wei ght as nmeasured by gel perneation chromat ography is not lﬁm Bﬁ
000 and | ess than 250,000 in terns of polystyrene, (b-3) MV (A 2 2
wei ght - average nol ecul ar wei ght, Wh: 15 nunber-average nol ecul ar wei ght),

which is an indication of a nolecular feight distribution, is not nore than
2.3, (b-4) the nelting point as neasured by a differential scanning

calorinmeter is in the range ofyglg:d0 G vERm Ot he content (E (~ by
wei ght)) of recurring units 26~d§%rvé§9froﬂrethy#ene-and the nelting point
(Tm (C) ) as neasuted_by_a di rept | i N  meter satis t he
followi ng rel ati OEE(?F)X% ﬂgiggoggztgém §€$§&gg%r§?%rg{e#£%r§%cﬁrr%ﬁé%fa t he
viscosity nodifier.for 25.lubricati.ng il .according to the present
‘vent i on cofprroes ¥ ndafeigt el & Y URoacSgeb 0 ubRch crefnF E55t ehe
copol yner (C) having th ol l owi n roperties (c-1) to (c-5):.(c-1) the
Conent of \r BERELERE BhTweens) PrBRvEEDR EPRGLUNES BnfnbynERLaRGE of 70 Lo
79 % by weight, 5 gczz) t he meight-average,nnlecular wei ght as nmeasured by
gel perneati SHPERE FAPER L FOMPESLE 10RN 3 HRE eBF 256N Lok T PIRRE 3OS n
terns of polystyrene, (c-3) MM M (Mv weight-average nol ecul ar wei ght, Mh:
nunber - aver a§&OREIrEEBEaFA Y IPOE 2 1fidehane b RLRYick pohubFigat anarkkul ar
wei ght distribution, is not nore than 2.3, (c-4) the nelting point as
measur ed by &OHPPEatden gens@inandgthel gisgesétyi Bofafips padgbagings to

60C, and (c-5) the content (E (% by weight)) of recurring units
() excellent low-temperature properties.

-

10 DISCLOSURE OF THE INVENTION

One embodiment of the viscositymodifier foralubricating
0il according to the present invention comprises an
ethylene/propylene copolymer (A) having the following
properties (a-1) to (a-5):

15 (a—l)~the density is in the range of 857 to 882 kg/m3,

{(a-2) the weight-average molecular weight as measured
by gel permeation chromatography is in the range of 80,000
to 400,000 in terms of polystyrene,

(a-3) Mw/Mn (Mw: weight-average molecular weight, Mn:

20 number-average molecular weight), which is an indication of
a molecular weight distribution, ;s not more than 2.3,
(a-4) the melting point as measured by a differential

scanning calorimeter is in the range of 15 to 60°C, and



derived fromethylene and the nelting point (Tm(C ) as neasured 15 by a
differential scanning calorineter satisfy the followng relation (1I11)

3. 44xXE-209 z Tm

(I'11). When the viscosity nodifier for a lubricating oi

accordi ng toSE-p8 Fdsent invention is blended with a lubricating 20 oil, a

| ubricating oil
obt ai ned. Enbodi

havi ng excel l ent | owtenperature propertiggzc @ qu
ments of the lubricating oil conposition t he

present invention include: a lubricatifg oil conposition conprising

SF-646 PCT 2 7
above properties

the ethyl ene/ propyhebg th&xdemmﬁnﬁAXDS(E@ﬂmabneﬂuﬁtm@ malaﬁﬁgnpopﬁtlvhﬁ 20 ¢

AU G 2002 (A) the ethyl ene/ propyl ene copol yner having the
(a-1) to (a-5), and (D) a lubricating oil base, wherein

by weight; a lubricating oil conposition conprising (B) th
ethylene/promyt¢measomeb;needhbylagdﬁhfeabﬁveamrethhnﬁg 6@1&kih@té§-5),

and (D) a lubric

ating oil base, to wherein the ethyl ene/propyl ene

copol ynmer (B) satgsfityatnedfonlaniagoeslaeiod ()20 % by weight; and a

| ubricating oil

conposition conprising (C) an ethyl ene/ propyl ene copohyner

having the above ppogeftpggxpci1dpsto (c-5), and 15 (@) a lubricating oil
base, wherein the ethyl ene/ propyl ene copolyner(C)is contained in an anount

of 1 to 20 ~ by W@hghhercbhsbdgﬁbﬁéla?nﬁﬁeotléessheprmsa&f@erOEbr
conposi tion according to the present |nvent|on i ncl ude: ubrlcatlng

oi | conposi tnaareege&halagl(a@c Jaf}&%te /p&fe%@ﬁlteﬂﬁvs e%wz% Oﬁﬂ’ée@ the

above properties (a

- o (a-5) ricating ol ase

an ethylene/propylene copolymer (B) having the following

properties (b-1) to (b-5):

(b-1) the content of recurringunitsderived fromethylene

10 is in the range of 70 to 79 % by weight,

]

(b-2) the weight-average molecular weight as measured

by gel permeation chromatography is not less than 80,000 and

less than 250,000 in terms of polystyrene,

(b-3) Mw/Mn (Mw: weight-~average molecular weight, Mn:

15 number-average molecular weight), which is an indication of

a molecular weight distribution, is not more than 2.3,

(b-4) the melting point as measured by a differential

scanning calorimeter is in the range of 15 to 60°C, and

(b-5) the content (E (% by weight)) of recurring units

20 derivedfromethyleneandthemeltingpoint (Tm (°C)) asmeasured

by a

differential scanning calorimeter satisfy the following

relation (II)

3.44xE-206 2 Tm (TI).

A further embodiment of the viscosity modifier for a

25 lubricating oil according to the present invention comprises

?



(E) a pour point depressant, SF-646 PCT 2 7 AU G 2002 8 wherein the

. et hyl ene/ propyl ene copol yner(A)is contained in an anount of 0 .1 to 5 a by
wei ght and t Becpoyppoi nt depressant (E) is contained in an anount of 0.05

to 5 o by melgﬁt; a lubricating oil conposition conprisingé?7(§% t?@

et hyl ene/ propyl ene copol yner havi ng the above properties (b~1) U DQQ ,

(D) a lubricating oil base, and (E) a pour point depressant, wherein the

et hyl ene/ propyl ene copol yner(B)is cont@ined 10 in an anount of 0 .1 to 5 %

by wei ght and the pour point depressant (E) is contained in an anmount of

0.05 to 5 %y %h?@%he?ﬁgoﬁy%ﬁﬁéi ee@bmgm%k' (@?WQ@EB?OEh%g%;Eggﬁgg(C) an

et hyl ene/ propyl ene” copol yner “havi ng the  above propertres -5), 15

(D a Iubricg&%ggrgggsbqggig?g§_gngzfpour poi nt depressant, r wherein the
is co

et hyl ene/ propyl ene copol'yne fained in an anmobunt of 0. 1 to 5 $ by

i ght dth int d t (E) . t.ai ned., i t. of 0.05
Lo €5 by el ght . (6oL eHR ORIk § PG o = DO oY SR EES FaPRE S hehe
present invention has excelle?t bog#tggggr tureégéﬁpertles. BEST NCDE FOR
CARRYI NG QUTIPHED| RUENFRBRE ©f &P 836 Y7YREIBE Q002 9 The viscosity

rodiier §01 2, L UE SR LRg QLGN LD LUSILERLL TG oL SATROSILLON o
Vi scosity ”ngfggi éé@méé%qééigﬂgg éﬁggraphy is in the range of 250,000
to 400,000 in terms of polystyrene,
() (c~-3) Mw/Mn (Mw: weight-average molecular weight, Mn:
number-average molecular weight), which is an indication of
10 a molecular weight distribution, is not more than 2.3,
(c-4) the melting point as measured by a differential
scanning calorimeter is in the range of 15 to 60°C, and
(c-5) the content (E (% by weight)) of recurring units
derived fromethyleneandthemeltingpoint (Tm (°C)) asmeasured
15 by a differential scanning calorimeter satisfy the following
relation (III)
3.44xE-204 2 Tm (ITI).
When the viscosity modifier for a lubricating oil
accordingtothepresent inventionisblendedwitha lubricating
200 o0il, a lubricating oil having excellent low-temperature
properties can be obtained.
Embodiments of the lubricating oil composition according

to the present invention include:

a lubricating oil composition comprising



5_.An enbodi nent of the viscosity nodifier for a |ubricating oil
to the invention conprises the follow ng ethyl ene/ propyl ene copol yner

Et hyl ene/ propyl ene copol ymer (A) The et hyl ene/ propyl ene copol yrmer (A)
conpri ses regrlgdsi pgTlO units derived fromethylene and recurring units
derived from propyl ene. Al though the ethylene content in tQ?7‘A

et hyl ene/ propyl ene copol yner (A) is not specifically limted asl4§f2Qg2the

density is within such range as nentioped later, it is in the range of
usually 70 to 79 % by weight, preferably 15 71 to 78 % by wei ght, nore
preferably 72 to 78 % by weight, still nore preferably 73 to 77 o by

wei ght, particul afhy @n@f@tnpwnggpi@pﬁe% byop&l Ghd r H@@iﬁ&%@%}ﬁﬁ%

content of

recurring units derive

from propylene and the IT1ke.

present inveptrbpgertiBe ghhy)ens ggntent ;hg the 20 et hyl ene/ propyl ene
b :

copol ynmer is determ ned

in "thronnlecule(ﬁyagy§h§rt?gggﬁekgiiSgggg;y of Japan Anal yti cal

Chem stry,

from a-olﬁ
ol efins (

edited by Macrono

er el na
contai ned i n anmount

fo f | .
preferably not nn?eiFﬁé%ciQ@QEygagi§R?$8§}Fﬁ§ﬂ FPRPEESHhBE detrinental to

ecu

eriv no

er sonetinmes referred“to a

ex e than 5 % by weight,

the objects of th

density of

% 557PhBR3 ROFHEEn T SR RLRO ostPT LYRED heheg T btve o

preferably 10 860 to 88?§kgéngb still nmore preferably 864 to 875 kg/ nB,
68/t 6%8

parti cul ar | yPpPRREFABFy

857 kg/ nB,

15 oil conposition is partially jellied at | ow tenperatures owing to

crystal | #&ation oFhareénmpeaid Mo orepel YRer éBhyilseprritaopsd ene

copol yner.

15

20

The density is neasured in accordance with ASTM D1505- 85.
in an amount of 1 to 20 % by weight; and

a lubricating oil composition comprising

(C) an ethylene/propylene copolymer having the above
properties (c-1) to (c~5), and

(D) a lubricating oil base,

whereintheethylene/propylene copolymer (C) iscontained
in an amount of 1 to 20 % by weight.

Other embodiments of the lubricating oil composition
according to the present invention include:

a lubricating oil composition comprising

(A) the ethylene/propylene copolymer having the above
properties (a-1) to (a-5),

(D) a lubricating oil base, and

(E) a pour point depressant,

accordi ng

(A).

y 13C-NMR in accordance with the nmethod descri bed

€ Analytical Research Meeting, published by

copol yrer (A) . ¥ GBFFF RD S S SN/ FhnTs reakineh PR Er el oo

figﬁ gktémggngo %aﬁbgg ?bogsayc%gkgg&efins, pol yenes and aronmatic

6t her 5 nononers") nmay be

f@'ﬁblnﬁpdV%en the density is not |ess than
satisfactory_ | owtenperature properties can be obtained. Wen
the density is notPhoRelthBhcaginggPis, befBre is no fear that a |ubricating

-



The nol ecul ar wei ght of the ethyl ene/propyl ene copolynmer 20 (A) , as

. measured by gel perneation chromatography, is in the range of 80,000 to
400, 000, pre%grﬁﬁhyTloo,OOO to 380,000, particularly preferably 120,000 to
350, 000, in t&f of a wei ght - aver age nol ecul ar wei ght of pol ystyrene. Wen
the wei ght-average nol ecul ar weight is in the above 25 rarfyg, AUE 2002

et hyl ene/ propyl ene copol yner tends to have SF-646 PCT " 7 AUG 2002
excel l ent properties in inproving viscdsity index. Therefore, a small

anount of the ethyl ene/ propyl ene copol yner suffices to obtain a specific

Vi'scosi ty s hi gh RS o B e R B S ORGPt FBe BUR) e S e
copol ymer (A),, as neasured by GPC, is not |ess than 80,000 and |ess than
250, 000, pr eflé‘r%fbf“ﬂ?o‘fﬁg,ctfg%' ¥5°254§Ft¥dﬂ‘?l%‘f BNAtdYPARY POLA dRRRESIADYO,
000, in terns _of ,a mekght-avenage nol ecul ar_ wei_ght of Qolystynene, t he

et hyl ene/ propfledé FOESFELFER P@n&?OPSthﬁieergeFPeﬁt°pP5p€PﬂHé§iin

i nprovi ng viscosity _index. Therefore, a small anount of the \
et hyl ene/ propyl en@ d5PSEFREADA) Cddf FPROSES téBRaFAMREHEENEI ¢ | ubricating oil
viscosity, and the shear stability of the lubricating oil viscosity is

hi gh. 15 further, (Bhefhenethislensl/rrorEilghe epPehemer hyaehed ptlpyalkeere
copolymer (A), as nmeasured by GPC, is in the range of 250, 000 to 400, 000,
preferably 2exoredtites 3891)0¢®, (Poide.,preferably 270, 000 to 350, 000, in
terms of a weight-average nol ecul ar wei ght of polystyrene, the

et hyl ene/ pr opyl end D20 acdpbinirert ingndd 1t balsayeaexcel | ent properties in

i mprovi ng viscosity index. Therefore, a small anount of the
ét‘ylene/propylenQEoopobmmmrpbAhtsdbbkeesahm,obtain a specific lubricating
oil viscosity, and jellying hardly takes place at |ow tenperatures.

SF-645 PCT 2 | ~, Wher2@0Z hieletnyldee o eSeyilendidepdl pine r (BISIE et inédt he
wei ght - average nol ecul ar weight in ternms of polystyrene by GPC is carried
out underot hg rcAmenbualoOd . 8 tefpey el ¥i ghobntide podr poiRtV@bro$sant

ort hodi chl orobenzene. 5 The ¢&t hyl ene/ propyl ene copol yner (A) has Mv Mh ( Mv
wei ght - aver age)malseeshab iwetghh, M. MEBHEr - e age t@'Se%Ub?rwé\EdjﬂBF )andhi ch
is an indication of a nolecular weight ,) distribution, of not nore than
2.3, preferably 1t Qudrdcalthnlgh®inDl@apods twendbbm@irskihution is not nore
than 10 2.3, the shear stability of the lubricating oil viscosity becones
good when the CODQbMW%h'é%ﬂ%ﬂ@%$7§ﬂﬂﬂyle%el%%be@hb@ghgbhnga%ﬁe hpeviel ting
poi nt of the ethylenel/propylene copolyner (A) , as neasured by DSC, is in

t he range of Cfreferably &5 25 to 50C, nore preferably 25 to
45C. The nel ti'n %gﬁ%F ﬁépésngégﬁf%*%r an interaction between the

ethylene“gropylenq[ﬁoephxﬁﬁﬁchqn% Qﬁﬁrbgggqtag%pressant.

‘ (E) a pour point depressant,
{') whereintheethylene/propylene copolymer (C) iscontained
inanamount of 0.1 to 5 % by weight and the pour point depressant
(E) is contained in an amount of 0.05 to 5 % by weight.

20 The lubricating oil composition according to the present

invention has excellent low-temperature properties.

BEST MODE FOR CARRYING OUT THE INVENTION




In order to prevent the interaction between the copol yner and the pour
poi nt depressant and not to inhibit the function of 20 the pour point
depressant, it is inportant that the quantity of the ethylene sequences
having a nel 8§-6d¢ F6Int in the vicinity of -5 to +10C contained in the
copolynmer is nmade as small as possible. The nelting pointzrf A@ﬂﬁﬁgug?d by
obt ai ning an 25 endotherm c curve by neans of a differentfal s i

SF-646 PCT 13 2 7 AU G 2002 calorineteg (DSC), and the tenperature at the
maxi mum peak position of the endotherm c curve is taken as the nelting
point . Mre specifically, a sanple is placed in an al um num pan, heated up
to 200C at a rateThe Yberashtynmpdifiaedfar aobaprératiBgnphlt esd tbel ed to
-150C at a rate of 20C/ mn and then heated at a rate of 10 C/mn to obtain
a 2nd run endobhécatingueid. composihionbatordingrve, theelmedntion pofert is
determ ned. The nunber of peak of the endotherm c curve of DSC, which 10

i ndi cat es a debtrkmbgepoint mofet Hetetihyhemeipedpglene copol yner (A), is
preferably one. The density (D (kg/ nB)) of the ethyl ene/propyl ene copol yner
(A) and the nelting povhicddit ¢ Godifher epbr abulbebsat flgbyia differenti al
scanning calorineter satisfy the folTowmng 15 relation (T) Tms

1. 247xD- 1937 (1), apreafiydbantt HE thel ¥ D¥EHGL € ¢hnadidn el F&) a ALY fle2diid- 1039
(lI-a). The formula (I ) and the fornula ( I-a ) are each a neasure 20 of a
conposi tion dist abbytiong YBednthendensiby abfipthgeBeLhingopebitingati sfy

t he above relation, the conposition distribution of the ethyl ene/propyl ene
copol yner i seRgiiewe/pPopbakbnBr eBheHmauchags | owering of |owtenperature
properties of a lubricating oil caused by relative increase of the ethyl ene
25 sequences having a nelﬁ{gglggégéréﬁ%1£§ev%§égi%%egf(Ap to +10C  SF-646
PCT 2 7 AU G 2002 14 and ng oil caused by

presence of a hi gh, gty 898 GAURY R E4,95 & 1RY RhYYMe AP rring

10 units derived from ethylene and recurring units derived from

propylene. Although the ethylene content in the
ethylene/propylene copolymer (A) is not specifically limited
as far as the density is within such range as mentioned later,
it is in the range of usually 70 to 79 % by weight, preferably’
15 71 to 78 % by weight, more preferably 72 to 78 % by weight,
still more preferably 73 to 77 % by weight, particularly
preferably 75 to 77 % by weight. The residue is a content
of recurring units derived from propylene and the like.
In the present invention, the ethylene content in the
20 ethylene/propylene copolymer is determined by 13c-NMR in
accordance with the method descriped in "Macromolecule
Analysis Handbook" (Society of Japan Analytical Chemistry,
editedbyMacromoleculeAnalytical ResearchMeeting, published

by Kinokuniya Shoten).



When t he et hyl ene/ propyl ene copol yner (A) has a wei ght-average nol ecul ar
« wei ght of not |ess than 80,000 and 5 | ess than 250, 000, the ratio (r)*0 ,
01/1*8 ) of $R-&6MPCT vi scosity (~1*0.01) at 0.01 rad/sec, as neasured at
190C, to its nelt viscosity (~*g) at 8 rad/sec, as neasured at 190C, is .)

preferably in the range of 1.0 to 2.0. Wen the ethylene o] ﬁ

copol ymer (A) has a weight-average 10,4yl ecul ar wei ght 0?%58 (%&%]020 400,
000, the ratio (r~*p.01/~1*8) is preferably in the range of 1.5 to 2.5. The
melt viscosity ratio nentioned above is a neasure of |ong-chain branches

contai ned in the Ehitylecnich ! apytensp goaod yopblymsd @) ,argearyahyandftd he
nmelt viscosity ratio means 15 a |arger amount of |ong-chain branches

cont ai ned i ndéheveapetomeit 1¥E8R sMe miAuMtr ab1beRaaChabA AEHESs iIdk t he
et hyl ene/ propyl ene copol yner is small, a l[ubricating oil conposition

contai ni ng thetgt byl eaebphopybass €98 pbeﬂ@flﬁgﬂ ;Ibbweﬁéghaﬁaeéfoﬁé@k_)b' ity
of the lubricating oil viscosity. 2 In the et ene/ propyl ene copol yner

(A) of the ipyerth8n(hbheiRakEePOsSREELALS Léﬁér:@éaO’@ooasthstHéonrtl on (V
(~) ) of a(3 carbon atons to all carbon atons form ng the copol yner and the

ana <" (~ by BEREREFSLL By 8 R B 7 st RPECO R AP g
15 V > 10-0. }xE. (4 5 P07 36’% gg?gé'ﬁaé‘iﬁn 8Cr,98£3 rt% i%d %hgf nis

carbon which I's secondary” ca arn ong ‘chai n)

of the ethy mﬁ?gﬁ?ﬁ%&ﬂlﬁnSQ%tﬂ?{e{ﬁ% 8 trltepsbi&gt %ré g ym%egq rbgn at oms

nearest to one 1S carbo € a- posl jacen car
ihb a posi 1 oned LA oehThTREPRERR Shei GO TSR AT X b Gon of
(3 carbon auon ) 683 ofnd pIgESkIbISh 2 tfge&as&n:gr}%sl,%%ar%feff;r“a%ly
10 860 to 880 kg/m3, still more preferably 864 to 875 kg/m3,
particularly preferably 868 to 875 kg/m3.

When the density is not less than 857 kg/m3, satisfactory
low-temperature properties can be obtained. When the density
is not more than 882 kg/m3, there is no fear that a lubricating

15 oil composition is partially jellied at low temperatures owing
to crystallization of an ethylene sequence portion in the
() ethylene/propylene copolymer.
The density is measured in accordance with ASTM D1505-85,
The molecular weight of the ethylene/propylene copolymer
20 (A), as measured by gel permeation chromatography, is in the
range of 80,000 to 400,000, preferably 100,000 to 380,000,
particularly preferably 120,000 to 350,000, in terms of a
weight-average molecular weight of polystyrene.

When the weight-average molecular weight is in the above

25 range, the ethylene/propylene copolymer tends to have



accordance with the nethod described in J.C. Randall "Macronol ecul es” (11,

33 (1978)). The et hyl ene/ propyl ene copol yner (A) having the above

properties (a-1 ) to (a-5 ) may have the later-described relation 15 (11)

or- (111) betSktdh PEE et hyl ene content and the nelting point. The

et hyl ene/ propyl ene copol yner(A) (viscosity nodifier for a lubricating oil)

exhibits a high effect of inproving viscosity index whe e d wth a
PNA S

| ubricating oil
depressant and hardly brings about a probl em of opaqueness of a |ubricating

base, hardly 20 hinder;s the function of

002

oi | . VWen the ethyl ene/ propyl ene copolymer (A) is blended with a

| ubri cati ng ¥%¢e t Praperesabtimiynp ooy i raviisgosiil yhiaxemxceMhemefore,
flowability at
the | ubricatad ragadill awosinds pfythefetrhyhene / Sropdlie RCTEO® 1yme rAduf ficed
et hyl ene/ propyl ene copol yner (A) is used as a viscosity nodifier, a

| ubri cati ng ©d lobdapabb esmpécistta dpirngakawgt @hberiatacrsd tyyr,0padt hs tsdwadar ds  of

| ow t enperatures and exhibits high ,) 25 shear stability of

the G- 3 standards, which are standards of North Anerica Lubricating 0Oi1l
St andar ds 5 stfabhhkitnexséf gemnerhiboicaichng bei bbt béeesli t Wiks hiet gh he

| ubricating oil

neasuring the | atghernlesss ilste&S e MME dhetied W&@Z&éﬁﬂ@b’dgfﬁ:@eﬁ@po' ymer
(A) can be obtained by copol yneri zing et hyl ene, propy and 1 f

satisfies the G- 3 standards or not can be judged by

ene,

necessary, Otded1vie FOWNEISs rdhdiednasenes afs adtol1efds thelny wey,iopat i on
catal yst . Exanples of the olefin polynerization catalysts enployable in

t he prepar ation dsd hent *’B’d(ﬁ"(ﬁf@,r %@%M@@Mfﬁod Ao iz!l‘li,m,c%wé/s'[ S
conprising a conmpound of a transition netal "such as vanadium zirconium or

ti tani um andh e eRaigr SANRRIGN RyTARTRENCIACESARDR L AUTGRLL-SRmRd)

and/ or an ionlzing 1Ionic conpound.

X?SZ?%SFL?L@%@%%%%%@%‘?Q2<8f R 52?%"%"%2?%’2?"’%%0 1$h%g a
The-peri i co0aBr dhen ot ooty AmbaY SRR FLerd SRR Bttt &b P uRh ng

i onic compoun

d

and”an or ganoal um

Iscosity index. Therefore, a small amount of the

these, preferably e Is:” (a) a

15

20

ethylene/propylene copolymer (A) suffices toobtaina specific
lubricating oil viscosity, and the shear stability of the
lubricating oil viscosity is high.

Further, when the molecular weight of the
ethylene/propylene copolymer (A), as measured by GPC, is in
the range of 250,000 to 400, 000, preferably 260,000 to 380,000,
more preferably270,000t0 350,000, intermsof aweight-average
molecular weight of polystyrene, the ethylene/propylene
copolymer tends to have excellent properties in improving
viscosity index. Therefore, a small amount of the
ethylene/propylene copolymer (A) suffices toobtainaspecific
lubricating oil viscosity, and jellying hardly takes place

at low temperatures.

. 1

}



' SF-646 PCT 17 O the above catal ysts, the vanadium catalyst (a) is
particularly preferably enployed. These catal ysts are described |ater.
Anot her enbqgdi nen ,pf the viscosity nodifier for a 5 lubricating oil
according to the invention conprises the follow ng ethyl ene/ propyl ene

copol ynmer (B). Ethyl ene/propyl ene copolynmer (B) The et hgnzn?h@wngzne

copol ynmer (B) conpri sesrecurring units derived from et hyl ring
units derived from 10 propyl ene. The Rontent of recurring units derived
fromethylene (ethylene content) is in the range of usually 70 to 79 % by

wei ght, preferably, 744 cbg%b%pwg%%%nqgeeasq APl e 43,40 78 % by

weight., still nore prefer by weight, par |cuﬁarly
preferably 7 7.9 | T esj,due 15 is a ntent .of recurring
uni ts deri ve‘ge#(ﬁbgn %‘f/%tg%?%\ﬁtl‘e&glcdﬂté{g v{%(dehfjc %e%etranes é’?‘ﬁ?l"gﬁfété&ﬁf‘ ngyi s not
| ess than 70.9% by weight, 1 satisfacitory | owtenperatur roperties can be
obt ai ned. W& 8tlhs'e C@t%é&gu%om‘éﬁf f:@en%?n%peg%) a‘# %%%RW%‘I&& ,0%20
there is no that a lupricating oil conposition is partially jellied at
| ow t enper atL‘f@{sc o%ligat%gﬁ‘f%"t a‘?’?i%‘i}?%qﬁ”gﬁ%??ké‘?r}ﬁﬁ%esequence portionin
Foourri g Uni Lo duie ey [OH R IR G ORRNGHET | 8] SEtod A el ef | s
of 25 4 to 20 carbon atons, cycl ool efins, polyenes and aromatic SF- 646
PCT 2 7 AU Yot eerige Rayepilaswediohdd Nk AWRRRE 33 6EragerodREHpRE, not

nore than 5 % by weight, preferably not nore than 1 ~ by weight, within
limts not de@igheht avhiehthe ybj Edicatiomet ravamiemulahevedgicul ar

we| ght of the ethyl ene/propylene copolyner 5 (B) , as nmeasured by GPC, is
r{o} | ess t hadi Sorilogoicmd ¢eswot Heer @5haD( . hr afeeEdrablwol 0o® 4 o2 240, 000,
particularly preferably 120,000 to 240,000, of a weight-average nol ecul ar
"(,~ weight in terfrsthd polegatharemeight distribution is not more than
10 2.3, the shear stability of the lubricating oil viscosity
becomes good when the copolymer is blended with a lubricating
oil base.
The melting point of the ethylene/propylene copolymer
(BA), asmeasuredby DSC, isinthe range of 15to 60°C, preferably
15 25 to 50°C, more preferably 25 to 45°C.
‘ The melting point is a measure of an interaction between
(") the ethylene/propylene copolymer and a pour point depressant.
In order to prevent the interaction between the copolymer and
the pour point depressant and not to inhibit the function of
20 the pour point depressant, it is important that the quantity
of the ethylene sequences havingameltingpoint inthevicinity
of -5 to +10°C contained in the copolymer is made as small
as possible.

The melting point is determined by obtaining an

25 endothermic curve by means of a differential scanning



When t he wei ght-average nol ecul ar weight is in the above 10 range, the
et hyl ene/ propyl ene copol yner tends to have excellent viscosity index
improvability. Therefore, a snmall amount of the ethyl ene/propyl ene

copol yner suff-p4éePClo obtain a specific lubricating oil viscosity, and the

shear stability of the lubricating oil viscosity is hi 9h2375AflU@2

et ' hyl ene/ propyl ene copol yner (B) has Mv Mh (Mv  wei ght - aver age nDPecuIar
wei ght , Mh: nunber - aver age nol ecul ar weijjght),
nol ecul ar wei ght distribution,

is blended with a lubricating oil base. The nelting point of the

et hyl ene/ pr opykéhéovayot yerendpBhermas graamui e d alhena it hé eledttingl psicanni ng
calorinmeter (DSC) , is in the range of 15 to 60C, preferably 25 to 50C,

25 prHbeeapecids dad 145G samp lER-6piba @& 1h%Pa Tuldlh@Gn pAG2 Hdeetaxel ti ng
is a neasure of an interaction between the ethyl ene/propyl ene
copol yner andpatpoR00poi at aepaessaftl0 To/minermdnt Bvedtat 00 Tt ef@ect i on
bet ween the copol yner and the pour point depressant and not to inhibit the
function »f 5 mhAupes; pobbeddepress5aft, attaisatepef t2MC it e tuantity
"of the ethyl ene sequences having a nelting point in the vicinity of -5 to

+10C cont ai nadatBdt &€ £aRAey 68T 10SCRIR €5 W@lin as2RassiRéhadtiite miber of
peak of the endotherm c curve of DSC, which 10 indicates a nelting point of

nore |
poi nt

the ethyl enecproRY! effork OpRS YoBEa{fBd &erdé 8f enabhyl Oy Joenetiyl ene

content (E (% by weight))

mel ting poi Nhet &M bbl,
15 following relation (I1) 3.44xE-206 Z Tn1(||)

relation (I1-2) SpAdthdlh: £:HR brthne THIHBLE fubyl Jr B3E. LA dipr mul a

| I-a ) are eac

(

ethylenel&

15

20

25

a neasure a conposl ation. \Wen

On&ﬁﬂ&cgggs amelting point of the ethylene/propylene copolymer

(A), is preferably one.

The density (D (kg/m3)) of the ethylene/propylene
copolymer (A) andthemeltingpoint (Tm (°C)) thereof asmeasured
by a differential scanning calorimeter satisfy the following
relation (I)

Tm S 1.247xD-1037 (I),
preferably the following relation (I-a)

Tm £ 1.247xD-1039 (I-a).

The formula (I) and the formula (I-a) are each a measure
of a composition distribution. When the density and the
melting point satisfy the above relation, the composition
distribution of the ethylene/propylene copolymer is narrow,
so that problems such as lowering of low-temperature properties
of alubricating 0il causedby relative increase of the ethylene

sequences having amelting point in the vicinity of -5 to +10°C

which is an indication of a

of not nore than 2.3, preferably 1 to 2.2.

| f the nol ecul ar wei ght distribution is in the above range, 20 the shear
stability of ceheriuprrtal PAG) oi andi thestepporeabnes afoothevrerx irmen quogt yer

in the ethylene/propylene copolymer (B) and the
of the copolyner (B) as neasured by DSC satisfy the -
preferably the foll ow ng

\



the nelting point satisfy the above relation (l11), the conposition
«distribution of the ethyl ene/ propyl ene copol yner is narrow, so that
probl ens suc 83 I &ering of |owtenperature properties of a lubricating
orl caused by relative increase ,) 25 of the ethyl ene sequences having a
melting point in the vicinity SF-646 PCT 2 7 AU G 2002 %pZoy%JG 2@9 10C
and opaqueness (haze) of a lubricating oil caused by preséence a h
et hyl ene content portion are not brou¢ht about. The ratio (r)*0,01/~1*8) of
a nelt viscosity (r)*0,01) of 5 the ethyl ene/ propyl ene copolynmer (B) at O.
Ol rad/sec t i i ~*g) 8..ra measured at
190C, is pre ggacgfiy&qe\#%sgﬁbéﬁgeé %? aligg{:ggéj.:gﬁgﬁlel %ﬁ? %\t/ji g@é’sﬁetsfr}czﬁi o]
menti oned abqye_is.a, neasure of |ong-chain, branches contained in th
ethyl enel proph 8nbidn EERYtener coBhERE PaFEhRSFE e bRRRREF FpLEosi «y
rati o neans a Iarﬂer appunt . of Iong-chaif branchef contzﬁged in_the
copol ymer. Waen t BB blifit ©bPY 1 oRGIRAIP AL BPAnCPRII YT héP bt RYP efe/ pr opyl ene
copolymer is snahg, a lubricating, oil conposition contajnin he
et hyl ene/ pr oB§ERE BEBEAYREPOISCREAT B SH: §f 2RLale8FabRrR (800100 hnd
lubricating oil viscosity. |In the ethyl ene/propyl ene copolyner (B) of the
i nvention® (1€86 thagy &0 08¢ §pediatio Kﬂﬁﬂtgl?ﬁ%Bbﬁfﬂﬁes Bﬁgﬁd’?%ﬁ%ﬁw (% )
of a(3 carbon atons to all carbon atonms form ng the cogolyner and the
et hyl ene contBA0.0E) (85 Akikpfthdec h@s meaguseer akr 8026: eb@okfiFsrrlt v (%)
and E (% by weight) satisfy the followng relation (1V) V> 10-OIxE (1V)
The et hyl enevpeopgiitiie (a&pdl gheB £8Y/haei ngstheaanved ptoplPfCesis (b-1 )
to (b-5 ) may have the aforesaid relation ( | 25 between the density and
flhé nelting poefierably &p- 646 Pamge FLAU.G 2002.021 Theerettdyd ene/ propyl ene
copol ynmer (B) (viscosity nodifier for a lubricating oil) exhibits a high
ef fect of inptbyilagevpgsopyilepei nderlwhnen Renbed ai whightubvecageng oi
base, hardly

10 molecular weight of 250,000 to 400,000, the ratio (n*p.01/n*8)

is preferably in the range of 1.5 to 2.5.
The melt viscosity ratio mentioned above is a measure
of long-chain branches contained in the ethylene/propylene
copolymer, and a larger value of themelt viscosity ratiomeans
15 a larger amount of long-chain branches contained in the

_ copolymer. When the amount of long-chain branches in the
() ethylene/propylene copolymer is small, a lubricating oil
composition containing the ethylene/propylene copolymer

exhibits high shearstabilityof the lubricatingoil viscosity.

20 Inthe ethylene/propylene copolymer (A) of the invention,

there is no specific limitation on the proportion (V (%)) of

off carbon atoms to all carbon atoms forming the copolymer and

the ethylene content (E (% by weight)), but in a preferred

embodiment, V (%) and E (% by weight) satisfy the following

25 relation (IV)



hinders the function of a pour point depressant and hardly 5 brings about a -
probl em of opaqueness of a lubricating oil. Wen the ethyl ene/propyl ene
copolymer (B) is blended with a lubricating oil base, the resulting

| ubri cati ng S§tH6 hBET excel | ent flowability at | ow tenperatures and exhibits

hi gh ~j shear stability of the lubricating oil viscosity. t
et hyl ene/ propyl ene copol yner (B) is used as a viscosity nngg$?;f§gg;2002

| ubricating oil capable of satisfyingpsl owtenperature property standards of
the GF-3 standards, which are standards of North Anmerica Lubricating 0il

St andards of the next generation, can be obtained. Wether the 15

| ubricating oil dSatx sfd-gk IxEe GF-3 standards or not (T¥h.be judged by
measuring the |ater-described CCS and MRV. The et hyl ene/ propyl ene copol yner

(B) can be obtai ride myff coptBormerd fd Mttty RN ipriopydantn antidd is
necessary, other nononers, in the presence of an olefin polynerization

catal yst . 2dedoadgptesadbdrhdokiti napal ynein zest Aompbalaysheeaphanabl e in
the preparation of the ethyl ene/ propyl ene copolynmer (B) include catalysts

conpri sing af£e@rRod8Hy0Ena/prapyilbhencesd Bymét GhdgS o¥ aadlityB tairitgamiyum or
titani um and an organoal um num conpound (organoal um num oxy-conpound

SF- 646 PGT 2ca7ﬁb%11] gtigggz?ggré@@/t%r wiRDch O 99 d QU dn SEWadgg%gﬁgﬁse,

pref erably enpl oye a) a vanadi um catal yst conprising a

vanadi um conpeufband ALIREHARRKUTHAYR ERFPRYShd ¥he dilerd iERLALBRENS

catal yst conprising a netall ocene conpound a transition netal selected

from Group 4. hep 0oL ey fericadiue ! 2Rl £and ane AL aA00l WY i exypegrpound

n,'
and/or . an 1oniZin I onl c conpound. ove cata yStiS, \Y ﬁadl um

catal yst (a); i i y preferably enployed. These catal ysts are
descri bed |é?%ﬁ#¥gqﬁﬁéréﬁg€§ odi nent of the viscosity nodifier for a

| ubricating oil cording to t invention conprjises . the follaqw n

et hyl ene/ pr opy! eﬁfg\%%a%}%er( g’f.(Pf%PQrE%ﬂih 8%29‘%%’3}?%@@6'5& ﬁ’?g‘r beEC) The
et hyl ene/ propyl ene, copal yner (C) conprises_recurring units derived from

et hyl enewano“E)%/*"ee‘c’EHWI?L k&Yﬂrﬂ%a%‘é’i”rr\%di?‘F“C}W%r%yﬂé%e‘m%%y‘?%el%ont ent

|5 in the range, oL tsbal ¥ Thd s P YEL A ATSF LAY A Lhto T8 - by
"Macromolecules™ (11, 33 (1978)).

The ethylene/propylene copolymer (A) having the above

properties (a-1l) to (a~-5) mayhave the later-describedrelation
15 (II) or (III) between the ethylene content and the melting
point.

The ethylene/propylene copolymer (A) (viscositymodifier
for a lubricating oil) exhibits a high effect of improving
viscosityindexwhenblendedwithalubricatingoilbase, hardly

20 hinders the function of a pour point depressant and hardly
brings about a problem of opaqueness of a lubricating oil.
When the ethylene/propylene copolymer (A) is blended with a
lubricating oil base, the resulting lubricating oil has

excellent flowability at low temperatures and exhibits high

25 shear stability of the lubricating oil viscosity. When the



20 preferably 72 to 78 % by weight, still nore preferably 73 to 77 % by
. weight, particularly preferably 75 to 77 %by weight. The residue is a
cont ent of rgggﬁrhgg units derived from propyl ene and recurring units

derived fromo nmononers described later. ' SF- 646 G
2002 When the ethylene content is not |ess than 70 ~ by Z/ec?dﬁﬂé Zhﬁgu
satisfactory |owtenperature properties can be obtained. \Wen the ethylene

content is not nmore than 79 % by wei gt , there is no fear that a
lubricating oil conpositionis partially 5 jellied at |ow tenperatures

i t t' t] th
cthylener prSEaRE8LBS P?ieﬁg Sﬁﬁxﬁﬁﬁgrsﬁﬂriﬂé?p$§%y §Ea'§ass$§aay (0,
recurring unjt gerlved n1at | east g fsel gd from a- oIef!ns
of 1 4 to 2008 BERT At BriUDEYEREENG! PhE. 068P§ RoRTARACAPEARPC 10 ol of i n
b t d t f, f t th 5 by ht ,
T at or ably noPTRbPBPERAROESopOPREFYnE! TpheaDobeoLe K020 2.0,y et ot

t he objects of tEe i nvention. The nol ecul ar wei . ] )

et hyl ene/ pr oBPLER@TSPERYARFIE OF Noxrgh ﬁﬁ‘§§&f3éd-"~g§/”€§?@”i%oilﬂa Standatife of
250, 000 to 400, 000, 15 preferably 260,000 to 380,000, nore preferably
270,000 td 398, 5bS, nS?‘tagﬁ,éﬁﬁﬁFlaver‘&@@ B8l ebtirdRedei JietieE cibr of

pol ystyrene. Wien the wei ght-average nol ecul ar weight is in the above
range, the elHprémarpnrep9lénsatbpbloaethe cplis3 tdtandard®d excwdt amn be
viscosity index inprovability. Therefore, a small anmount of the
et hyl ene/ pr opytead bwpmﬁ§ﬁﬁr199ftheeéatgrodﬁapﬁléeépﬁﬁﬁfﬂodlMBVlcatlng oi
yi.scosity, and jellying hardly takes place at |ow tenperatures. The
chyl ene/ pr opyl en®he ogtoh whasre (3 ophalse dniciop oLivie r2 A Wetaghbeavket ageedddsecul ar
wei ght , Mh: nunber - aver age nol ecul ar SF-646 PCT 2 7 AU G 2002
copolymerizing ethylene, propylene, and if necessary, other
10 monomers, inthepresenceof anolefinpolymerizationcatalyst.
Examples of the olefin polymerization catalysts
employable in the preparation of the ethylene/propylene
copolymer (A) include catalysts comprising a compound of a
transition metal such as vanadium, zirconium or titanium and
15 an organoaluminum compound (organoaluminum oxy-compound)
and/or an ionizing ionic compound. Of these, preferably
( ) employed is:
(a) a vanadium catalyst comprising a soluble vanadium
compound and an organoaluminum compound, or
20 (b) a metallocene catalyst comprising a metallocene
compound of a transition metal selected from Group 4, etc.

of the periodic table and an organoaluminumoxy-compound and/or

an ionizing ionic compound.



24 wei ght),

which is an indication of a nolecular weight distribution,

not nore than 2.3, preferably 1 to 2.2. |If the nol ecul ar wei ght

distribution is in the above range,

ot |l viscositgr.édgcoags 5 good when the copol yner is bl ende y t ;
| ubricating oil base. The nelting point of the ethyl ene/ pﬁz\gyl'gu@ 299&

(© , as neasured by DSC,

isinthe range of 15 to 60 C, preferably ~r_

to 50C, nore preferably 25 to 45C. The, nelting point is a neasure of an

of

the shear stability of the lubricating

yner
) 25

interaction between 10 the ethyl ene/ propyl ene copol ynmer and a pour point
In order to prevent the interaction between the copol ynmer and

the pour point depfess@nibeid Oftal@Psto)i bhé vASad LRkt EQHa Dfst heapoyg poi nt

depressant.

depressant,

it is inportant that the quantity of the ethyl ene sequences

having a mslgaaﬂgi@ewklyn?k@seymsipi 'é%pig%@a.-&ﬁé%eﬂ&ﬂemg@é in the

copolynmer is nmade as snal

as possib e nunber of peak of the

endot herm ¢ guENE;1REqQDESWhich indicates a nelting point of the
et hyl ene/ propyl ene copolyner (C), is preferably one. 20 The ethyl ene

content (E (% by éé%ﬂé})e. o&ﬂﬁeﬁﬁ%hé’f%?@;&?@&%&%&&%i%é@ gnd the

melting point (Tm

1B 28abdhyaPhe Al 5o st inE o bhe ohnaes B R ab e T HE,) "' 7hd

foll owingr
relation (I
formula ( |
conposition

satisfy the above relatiaq

e

of the copolyner as ne red satisfy

tipkor B SREV LR bRebut e caBoebbEn: TRy e ol 11 ng po

0 the 5 corposi ti on di

[ J‘ a ]

) such as | oweri

et hyl ene/ propyl ene copol yA FHTON—5G >
of | owtenperatur roperties of a_lubricating oil caused by relatiyve
i ncrease of the efﬂgFgﬁgl§8368588¥1ﬁ8ﬁqﬂf%%%ﬁ%%‘%bCBBPﬁﬂSFﬁqﬁﬁyqﬁ%HQﬂ

ri bution of the

t he

nt
ng
ty

1lj of -5 to +10C and ppaquenesspéhaze) of a lubricating oil caused 10 by

presence of WPAF§HLEHEL I FoA

10

15

20

25

HLCPBrandF e oY BRoGEHIe Bhted from

propylene. The content of recurring units derived from
ethylene (ethylene content) is in the range of usually 70 to
79 % by weight, preferably 71 to 78 % by weight, more preferably
72 to 78 % by weight, still more preferably 73 to 77 % by weight,
particularly preferably 75 to 77 % by weight. The residue
is a content of recurring units derived from propylene and
the like.

When the ethylene content is not less than 70 % by weight,
satisfactory low—temperaturé properties can be obtained.
When the ethylene content is not more than 79 % by weight,
there isno fear that a lubricatingoil compositionispartially
jellied at low temperatures owing to crystallization of an
ethylene sequenceportionintheethylene/propylene copolymer.

In the ethylene/propylene copolymer (B), recurringunits
derived from at least one monomer selected from a-olefins of

4 to 20 carbon atoms, cycloolefins, polyenes and aromatic



The ratio (r~*0.01/~1*8) of a nelt viscosity (r~*Q pl) of the

. et hyl ene/ propyl ene copolyner (C) at 0. Ol rad/sec to a nelt viscosity
(r~*g) thereof at 8 rad/sec, as neasured at 190C, 15 is preferably in the
range of 1.55%%62P6T The nmelt viscosity ratio nentioned %E v$§% ?Oﬂgasure
v of long-chain branches contained in the ethyl ene/propylene §o ynmer, and
a larger value of the nelt viscosity ratio neans a | arger anount of

| ong-chai n branches contained in the 20 copol yner. Wen the anmount of

| ong-chai n branches in the ethyl ene/ propyl ene copolynmer is small, a

| ubricating oil _conposition containing the ethylene/propyl ene copol yner

exhi bi ts. h gRLEREEF TGk bl PoGERtnefat aBePEEs: oy A GREUBLEyyiot Mt
ethylene/proEXIene caopolymer (C) of the invention, 25 there is no specific
limtati on ohM®Re?pt dpoMigiahtvrreferably nat. pasepeiranel 28 PWed P02 a( 3
carbon atons to all carbon atons formng the copol yner and the ethylene
content (E (wibRindiighHits nopgetisinendadf betde ehbeat awdt the inverdrdpre (a by
wei ght) satisfy the following relation (I 5V >10-O1IxE (1V). The

et hyl ene/ pr opyl en€he swdiepvda r( W ighiyodthanethybeneppoppyleas qapalynear (c- 5)
may have the aforesaid relation (1) between the density and the nelting

poi nt. |05 ThéBet rad awespregyber@Gopel yoerleSs thasdiyid00 andi 1eéss than a

| ubricating oil) exhibits a high effect of inproving viscosity index when
bl ended wit h2a0} 0BP| catehgrablybi8e, 00ar dby2h0ndeds paetiantardp of a pour
poi nt depressant and hardly brings about a probl em of opaqueness of a

| ubricati ng prefefabby\V¥En, Q0 tet Y0 0@l prafpyl wabgltopatynrege (9ldculdrended
wi.th a lubricating oil base, the resulting lubricating oil has excellent

fil bwabi l ity @kibhw ianperakusespabgseyhehet s high shear stability of the

| ubricating oil viscosity. Wen the ethyl ene/ propyl ene copolyner (C) is
used as a Vi scosi ferGHOGei Rt ragekibeinsld AgL 0t WeGapabl ¢ iof tRatdsdwd ng

| ow-t enperature property standards of the G- 3 standards, which are

st andar dgo of rRlagkh ORBr beRyLEREVpRbLPUekE! cSpangRbdstehakheonNBEe
generation, can be obtained. Wether the lubricating oil satisfies the G-3

mndards Or eREE1EBALRR L4 MdgeddRY IREsevAr {he, | alRirR3,| heth{3GS and

amount of the ethylene/propylene copolymer suffices to obtain
a specific lubricating oil viscosity, and the shear stability
of the lubricating oil viscosity is high.
15 The ethylene/propylene copolymer (B) has Mw/Mn (Mw:
) weight-averagemolecularweight, Mn: number-averagemolecular
() weight), which is an indication of a molecular weight
distribution, of not more than 2.3, preferably 1 to 2.2.
Ifthemolecularweighfdistributionisintheaboverange,
20 the shear stability of the lubricating oil viscosity becomes
good when the copolymer is blended with a lubricating oil base.
The melting point of the ethylene/propylene copolymer
(B), as measured by a differential scanning calorimeter (DSC),

is in the range of 15 to 60°C, preferably 25 to 50°C, more

25 preferably 25 to 45°C.



SE-646 PCT 27 2 7 AU G 2002 The et hyl ene/ propyl ene copol yner (C) can be
obt ai ned by copol yneri zing ethyl ene, propylene, and if necessary, other
nmononers, in the presence of an ol efin polynerization catalyst . Exanples
of the ol ef i¥-496] ¥&Eri zati on catal ysts 5 enployable in the preparation of
t he et hyl ene/ propyl ene copol ymer (C) include catalysts co@_‘p?i AIU‘@ Zﬂﬂf
conpound of a transition netal such as vanadi um zirconiumor titanium and
an organoal um num conmpound (or ganoal ugg num oxy-conpound) ~ | and/or an
ionizing ionic conpound. O these, preferably 10 enployed is: (a) a
vanadi um cat al yst _conprising a sol ubl e vanadi um conpound and an

or ganoal umi num cofRHEd titg Peink eeaneatere afatll steranipion begwaen

nmet al | ocene conmpound of a transition netal selected from Goup 4, etc. 15
of the peri odie ethiylengd® rapydegencad ohynemangdya Pomsopetn b dépae seanitani zi ng
ionic conmpound. O the above catal ysts, the vanadium catalyst (a) is

parti cul ar | yIprgfdarabbypeenptnly éthe Oheéracpbdy etivesn bhecadpd hwte 2@nthe

ol efin polymerization catalyst used in the preparation of the

et hyl ene/ pr oplyé¢ grerc ppdngndeptAsahB) awd r{dd) tiosidkrsbitbiete Rirovt i dm ofthe
preparation of the ethyl ene/propyl ene copolymer (A), preferably used is:
SF- 646 PGT 26h@ powtipoistodepagsaanspaiit us capakyahtconPpt itdaguantdlybl e
vanadi um conpound and an or ganoal um num conpound, or (b) a netall ocene

catal yst conpf itheng: iy stk égaenee s BaRABAt 9é1 81 kg poSnti ANt RBkalciggltget ed
fromGoup 4, etc. 5 of the periodic table and an organoal um num
OXy- conpoundofndg Ofo +10°C contained in the copolymer is made as small
as possible.
The number of peak of the endothermic curve of DSC, which
10 indicates amelting point of the ethylene/propylene copolymer
(B), is preferably one.
The ethylene content (E (% by weight)) in the
ethylene/propylene copolymer (B) and the melting point (Tm
(°C)) of the copolymer (B) as measured by DSC satisfy the
15 following relation (II)
3.44xE-206 2 Tm (IT),
preferably the following relation (II-a)
3.44xE-208 2 Tm (II-a).
The formula (II) and the formula (II-a) are each a measure
20 of a composition distribution. When the ethylene content and
the melting point satisfy the above relation (II), the
composition distribution of the ethylene/propylene copolymer
is narrow, so that problems such as lowering of low-temperature
properties of a lubricating oil caused by relative increase

25 of the ethylene sequences havingameltingpoint inthevicinity



an'ionizing ionic conpound nore preferably used is: (a-1) a vanadi um

. catal yst conprising a soluble vanadi um conpound (v-1) and an organoal um num
conmpound; angk.d@ mafticularly preferably used is: (a-2) a vanadi um cat al yst
conprising a sol uble vanadi um conpound (v-2) and an orga u

compound. In the preparation of the ethylene/propyl ene cggilfmgﬁfQBQZ
preferably used is: IS (a) a vanadi um catal yst conprising a soluble
vanadi um conpound and an organoal unm n conmpound, or (b) a netall ocene
catal yst conprising a netallocene conpound of a transition netal selected
from Group 4gfetsteo ¢floPlaIReshadiiEnt 38! @aaR] & a0rEHRa i JHMN ELLyPound
and/ or 20 an ionizing ionic conpound; and particularly preferably used is:
(a-2) a vanagiypdadile/sk £ATRAI & aqé%weteﬁtvg@?ﬂim G ) and
an organoalun?#ﬁalconpound. Int éﬂ%%eparation of the eﬁhyleﬁg?%¥%%§ ene
copol yner 25_(0) preferably used is: - SF-646 PCT 2 ? AU G 2002 29 (a) a
vanadi um cat al yst conpri sing a sol ubl e vanadi um conpound (v-1) and an

et al | ocene compotng Byt St btk AR fec Soip SE B R R BLS M Bet s of
o oo RO LT I P B T B
compounds andSTBOBLE YT LRl o 15 Erer ool FABAAS e: 2F 495 G R e Gt al yst
conprising a,sol uble vgiadlu coEEound é¥-$)8agglgnporganoaLuninum

conpound. Sof-8bPESE§haR YN BohPSunBnEs- bfe vanadi um conpound
(v-1) for formng the ) . , , ,
L ) The melt viscosity ratio mentioned above is a measure

of long-chain branches contained in the ethylene/propylene
10 copolymer, and a larger value of themelt viscosity ratio means
a larger amount of long-chain branches contained in the
copolymer. When the amount of long-chain branches in the
ethylene/propylene copolymer is small, a lubricating oil
composition containing the ethylene/propylene copolymer
15 exhibitshighshearstabilityof thelubricatingoil viscosity.
Inthe ethylene/propylene copolymer (B) of the invention,
there is no specific limitation on the proportion (V (%)) of
off carbon atoms to all carbon atoms forming the copolymer and
the ethylene content (E (% by weight)), but in a preferred
20 embodiment, V (%) and E (% by weight) satisfy the following
relation (IV)
V > 10-0.1xE (IV).
The ethylene/propylene copolymer (B) having the above
properties (b-1) to (b-5) may have the aforesaid relation (I)

25 between the density and the melting point.



15 vanadi um catal yst (a-1) that is preferably used in the preparation of

t he et hyl ene/ propyl ene copolyner (A) or (C is represented by the follow ng
formula. VOO OR)aXb or V(OR)cXd In the above formulas, R is a hydrocarbon
group, such Skb4asP@h al kyl group, a cycloal kyl group or an aryl group; X is
a halogen atom and a, b, ¢ and d are nunbers satisfying thzcgﬂggggﬁﬂg of
(saS3, (OSbb3, 2Sa+bhS3, 0OScS4, OSdS4 and 3sc+d54 . Exanpl es®o I
vanadi um conmpounds (v-1) represented §y the above formul as include VOC13,
VQ(OCH3) C12, 25 VQ(OC2H5) C12, VO OC2H5) 1.5C11. 5~ VQ( OC2H5) 2C1, SF- 646 PCT
30 VO 0- n- C3H~)C12 VO O-i so- C3H~) C12, VO(0-n-CAHg) Gl z, VO(O0-iso- CAHg) 2C1,
VO( 0- sec- CqHg) C12The/et byl e gy ony lenecoppis e (OB 2isyosgtyvodiZier
VO(0-n- C4Hg) 3 and VOC1320CgH1~OH. 5 O the sol ubl e vanadi um conpounds
(v-1), the fHbroani hgbsbtathirg vankbdiaxh idointpoundilgh 2)f fiectpredf dmpirlosringol ubl e
vanadi um conmpound (v-2) The sol ubl e vanadi um conpound (v-2) for formng the
vanadi um catai ystsity 2hdekathernsb reded abt Iy ausdd: iiaa ttiey 401 paepahairddlry of

t he et hyl ene/ propyl ene copol yner (A), (B) or (C) is represented by the

fol | owi ng fonfmdarsVEhé GRine@Xbowrod { @u Xbint depralidend anulhasdly is a
~hydrocarbon group, such as an al kyl group, a cycloal kyl group or an aryl
group; X3§s BbiAgHahegern at@rdbrstl ¢ dbadueukbd o & nuiEcatSald Ffini.ng the

condi ti ons of 0<ab3, 05b<3, 25a f- b53 O<cs4, 05d<4 and 35c+d54 i. ais
preferably aypanbeie st wifet L:Hgé)fl ferl4893is e sdis »raf er abl'y
a nunber satisfying the condltlon of 1<c5 anples of the soluble

\Y; d d
Vg%g?cig@%%%ﬁ@O,EQVM%SH%?&GP%%%M aPQB&éQE{'HJ;aéli nghyde

o 1 ) e, Y G e B e A SR g
Crganoalun‘”EHéﬁ?”?ﬂH@ﬁllty 5¥:€%% lﬁg¥1cat1ng oil viscosity. When the
10 ethylene/propylene copolymer (B) is used as a viscosity
modifier, a lubricating oil capable of satisfying
low-temperature property standards of the GF-3 standards,
which are standards of North America Lubricating Oil Standards
of the next generation, can be obtained. Whether the
15 lubricating oil satisfies the GF-3 standards or not can be
judged by measuring the later-described CCS and MRV,

The ethylene/propylene copolymer (B) can be obtained by
copolymerizing ethylene, propylene, and if necessary, other
monomers, inthe presence of anolefinpolymerizationcatalyst.

20 Examples of the olefin polymerization catalysts
employable in the preparation of the ethylene/propylene
copolymer (B) include catalysts comprising a compound of a
transition metal such as vanadium, zirconium or titanium and

an organoaluminum compound (organoaluminum oxy-compound)

Al



31 Z 7 AU G ~pp~ The organoal um num conpound for form ng the vanadi um
. catalyst (a-1) that is preferably used in the preparation of the
ethylene/progélene copolymer (A) or (O and the organoal um num conmpound for
formng the vaf¥diRh catalyst 5 (a-2) that is preferably used i AlBe2002
preparation of the - ethyl ene/propyl ene copolynmer (A, (B) or (C are
represented by the followng formula (i): R nAlX13-n (i) wherein RL is a
hydr ocarbon group of 1 to 15 carbon atadns, 10 preferably 1 to 4 carbon
atons, X1 is a halogen atomor a hydrogen atom and nis 1 to 3. The
hydr ocar bon gr of 1.to.15 carbon atons is, for_exanple, an_al kyl group,
a cycloalkylgﬁgzgﬁ 8P &RMaAH Sy 8usC E?Qﬁﬁpgg'oféguE%e ?ouﬁgef?ﬁﬁgﬁﬂe
met hyl , ethyl, n-propyl, 15 isopropyl, isobutyl, pentyl, hexyl, octyl,
cyclopentyl,e@F&P§ﬁ€x§Ff phenyl and tolyl. Exanples of the organoal um num
compounds include: trial kylalum nuns, such as trinethylal unmi num _
triethyl al uni num )i 8oBRBAGLEPUARRRHYEE | FBREL§1RY @i sRAP D vanadium
trioctylal um num and tri-2-ethy|heX{IaLuninunj al kenyl al um nuns represented
by the fornucamppouggHgdx ARy CCSRNOR Lamdikar soRpRUnd, apd z are each a
positive nunber, and z22x), such as isoprenylal um num trial kenyl al um nuns,
such as t§iisoprogbnykamgtipddeceneSEagadyPCTceRrp2zizingUaGn062locene
di al kyl al um num hal i des, such as di et hyl al um num chl ori de, diethyl al um num
chl oride, di coopoopd alfum huanehktdpndeetdli sebetcyedl findomuGrotp o4 detand
di met hyl al um num brom de 5 al kyl al um num sesqui hal i des, such as
met hyl al um nohtdesger cddbe tdbleatrtd/dmbugbnoml amd gumchdyerdaigpound and/or
“sopropylaluninun1sesquich|oride, but yl al umi num .1 sesqui chl ori de and
Qphylaluninugms&&@d&bmqnﬁd&ic compound.

Of the above catalysts, the vanadium catalyst (a) is
10 particularly preferably employed. These catalysts are
described later.
A further embodiment of the viscosity modifier for a
lubricating oil according to the invention comprises the
following ethylene/propylene copolymer (C).

15 ' Ethylene/propylene copolymer (C)

The ethylene/propylene copolymer (C) comprises recurring

-
, N
S

units derived from ethylene and recurring units derived from
propylene. The ethylene content is in the range of usually
70 to 79 % by weight, preferably 71 to 78 % by weight, more
20 preferably 72 to 78 % by weight, still more preferably 73 to
77 % by weight, particularly preferably 75 to 77 % by weight.
The residue is a content of recurring units derived from
propylene and recurring units derived from other monomers

described later.



al kyl al um num di hal i des, such as net hyl al um num 10 di chl ori de,

et hyl al um num di chl ori de, isopropylal um num di chl ori de and et hyl al um num
di brom de: di al kyl al um num hydri des, such as diethyl al um num hydri de and
di‘but yl al umsewas hpar i des and al kyl al um num di hydri des, such as

et hyl al um num 15 di hydri de and propyl al um num di hydri de. Me a?“gﬁgygpqz1
conpound The netal | ocene conpound of a transition netal of oup e
periodic table for form ng the netallgcene catalyst (b) that is preferably
used in the preparation of the 20 ethyl ene/ propyl ene copol ymer (A), (B) or
(C is represented by the followng formula (ii). MX (ii) Tn the formul a
(ii), Mis a tran#&idr bherathgtless eohedntriemEt digssitbanttes per wedghtt abl e,
specifically zirconium SF-646 PCT 33 2 ? AU G 2002 titanium or hafnium
and x is a rembiesfsatasf yiow-teened imatnerfpidpe ttriansiddmmaeiaideds a

| i gand coordinated to the transition netal, and of the |igands, at |east

one |igand lwHen aHd gt lemd neprit aitcliepenitagioery khakel7et enpbyTheibhaand
havi ng cycl opent adi enyl skel eton nay have a substituent group. Exanples of

thel i gandshawidie ¥ @loopent aHh Ryl uisked £t Dy bACIdp o ieenorephadignyl,
group; and al kyl -substituted or cycloal kyl-substituted cycl opentadi enyl

groups, suchas {1y Rt EE HRREIRA N Ywin?f BY %)f?%@@?n@.ti%git_eﬁg: oan\nor

i -propyl cyclopentadi enyl, n-, 'i-, sec- or tert-butylcyclopentadienyl,

hexyl cycl op O@gj&{yéeﬂgg% @59&9Bﬁ%qq{ee{gwug&%%ﬁ%@%ﬁbﬁ%sw' :

trimethylcyc nt adi er tramet hyl cycl opent adi el
pentaret iy <ycl ODEDL 60\ e ML BHBHCACAORGRE PYES M gcurriag unies
e AT T RPN Pl g cneriva o
45 5, 7t et AT AT GHOUN SNE LT ottty FETis™ AN EXARIHS may be
substi tultoed o} .etpirt]salm%?/egeaéoonrrcsaiannedd in amounts of, for example, not more
than 5 % by weight, preferably not more than 1 % by weight,
within limits not detrimental to the objects of the invention.
The molecular weight of the ethylene/propylene copolymer
(C), as measured by GPC, is in the range of 250,000 to 400,000,

15 preferably 260,000 to 380,000, more preferably 270,000 to
350,000, of a weight-average molecular weight in terms of
polystyrene.

When the weight-average molecular weight is in the above
range, the ethylene/propylene copolymer tends to have

20 excellent viscosity index improvability. Therefore, a small
amount of the ethylene/propylene copolymer suffices to obtain
aspecificlubricatingoil viscosity, andjellyinghardlytakes
place at low temperatures.

The ethylene/propylene copolymer (C) has Mw/Mn (Mw:

25 weight-averagemolecularweight, Mn: number-averagemolecular



trial kylsilyl groups. O the above groups, alkyl-substituted

- cycl opent adi enyl groups are particularly preferable. SF-646 PCT 2 7 AU G
2002 34 \Whe &gg 8§pound represented by the fornmula ( ii ) contains two or
nore groups ha |ng ycl opent adi enyl skeleton as the ligands L, two of them

may be bonded through an al kyl ene group such as ethyl ene orfgppo
substituted al kyl ene group 5 such as isopropylidene or diphgﬁKI%§UEgﬁgp§, a

silylene or a substituted silylene.gr¥up such as dinethylsilylene group,
di phenyl silyl ene or nethyl phenyl silylene. The ligand L other than the

| i gand havi ng_cvcl opentadi enyl L., skeleton is. far £x | e, a hydrocarbon
group of 1 t‘gell%b%)a’r b l%&) Ja%o%,l {l%ﬁ'%% %#o%d?o";%&é?% o&?/lqg%bup, a
sul foni c aci d; cont.ai nj ng grou -S03Ra wherein Ra is a | kyl group, a
hal ogen- subs Jr‘f%’fjekEP%Jr‘P@gd %‘Edﬁ‘b‘g %?F%Ff?‘ifra r%ug' %re?%?%%%ﬁl gb%‘?i%lé)'ed aryl
group or an al kyl-supstituted aryl, gro , hal ogen .atgm or a hydr ogen
atom 15 Exanple %FR?WQ fyd SEd&Héﬁ“ﬂag%ﬁgf%?tﬁogbsf?éhﬁi%ﬂvﬁféﬁﬁevncIude
al kyl groups,. cycloal kyl groups, aryl groups and aral kyl group's. Mre
speci fi cal | ythe W%éﬁaﬁél%ﬁt?%rﬁtﬁ 1§PP€9¢Fa§RBGp }f AL G b PREP™ESt hy | |
n- propyl, isopropyl, _ . . , .
n- but yl , i%sob@e9e )@Q@&w grrpeymep s Plaaded witduy lubcdyat ipg ok PRSEnd
dodecyl; cycloal kyl groups, such as cyclopentyl and cycl ohexyl; aryl
groups, such as pHemyteHnng qigiint ofd thealabply lenedps orydeneasopeazerand
neophyl . - SF-646 PCT 2 7 AU G 2002 35 Exanpl es of the al koxy groups
i ncl ude met h6Ry, astmengurad by 896x\is i speopmnge oflbto&); Ci polofewmaply
sec- but oxy, tert-butoxy, pentoxy, hexoxy and octoxy. An exanple of the
aryl oxy groupsitsophehoxymore preferably 25 to 45°C.
The melting point is a measure of an interaction between
10 the ethylene/propylene copolymer and a pour point depressant.
In order to prevent the interaction between the copolymer and
the pour point depressant and not to inhibit the function of
the pour point depressant, it is important that the quantity
of the ethylene sequences havingamelting point in the vicinity
15 of -5 to +10°C contained in the copolymer is made as small
as possible.
The number of peak of the endothermic curve of DSC, which
indicates a melting point of the ethylene/propylene copolymer
(C), is preferably one.
20 The ethylene content (E (% by weight)) in the
ethylene/propylene copolymer (C) and the melting point (Tm
(°C)) of the copolymer (C) as measured by DSC satisfy the
following relation (III)
3.44xE-204 2 Tm (II1),

25 preferably the following relation (III-a)



5_Exanpl esof thesul fonic acid-containing groups (-S03Ra) include

nmet hanesul f onat o, p-toluenesul fonato, trifl uoronethanesul fonato and

p- chl or obenzenesul fonat 0. The hal ogen atomis fluorine, chlorine, brom ne
or iodine . $&6plP€T of the netall ocene conpounds having zirconium 10 as M
and containing two |igands having cycl opent adi enyl skel eton incl ude:

bi s(met hyl cycl opent adi enyl ) zi r coni um di chl ori de, 5 7 AdJG 2002

bi s( et hyl cycl opent adi enyl ) zi r coni um dygchl ori de,

bi s(n- propyl cycl opent adi enyl ) zi r coni um di chl ori de, 15 bi s(indenyl)zirconium
di chloride, and bis(4,5,6,7-tetrahydroindenyl)zirconium dichlori de.
Conmpounds wher ei n3t hgxg+zeenk urm et al is repl aced witih taghit ani um nmetal or
a hafniumnetal in the above-nentioned zirconi um conpounds are al so

enpl oyabl e. 20 A tiespeundlbgEIgseiieehd¥othalbqiliawat fsath a rdadurd S
al so enpl oyabl e as the netall ocene conpound for form ng the netall ocene

catal yst thabfiscemgbslabbi disad-igudiih pr apehat @Rty 1R content and
et hyl ene/ propyl ene copol yner (A), (B) or (C . 25 LIMLX22 (ii1) SF- 646

PCT 36 2 ~ Ath& ﬁQQ@ih?a%Bg?f:OEgHi@ffrifﬁQe’a%V.ésrL%lg?i@ﬁ pir§y oupg of the

periodic table or a ne | ant hani de seri es. Is a derivaftive of a

act v Site SPTPRET b para i DA Eh o T LA Fhr BBRTEAL YRR G | o
hydrogen. hal gaen: b N gGRANAN, KD, E0RLY AU ADof SR FALART Al O

r
a silyl group contaidin ess silicon atons, OfF gernyl~ grou

Can AL 10,28 ShokeR8 L L MPISLTR L1CLal Rea oUW Eagad by

the forrmula {Ti conmpound repre 8 _ _ _
e o o Br b T bbb YGRS b ey
oF 20 the pePFad R0 raRrE 1! SHRAEnPRE AR AR TaA MR CR T Hyd oLl caused P ¢
10 by presence of a high ethylene content portion are not brought
about.
The ratio (n*g,01/m*8) of a melt viscosity (n*g.o1) of
the ethylene/propylene copolymer (C) at 0.01 rad/sec to amelt
viscosity (n*g) thereof at 8 rad/sec, as measured at 190°C,
15 1is preferably in the range of 1.5 to 2.5.
The melt viscosity ratio mentioned above is a measure
of long-chain branches contained in the ethylene/propylene
copolymer, and a larger value of the melt viscosity ratiomeans
a larger amount of long-chain branches contained in the
20 copolymer. When the amount of long-chain branches in the
ethylene/propylene copolymer is small, a lubricating oil
composition containing the ethylene/propylene copolymer
exhibitshigh shear stabilityof the lubricatingoil viscosity.

Inthe ethylene/propylene copolymer (C) of the invention,

25 there is no specific limitation on the proportion (V (%)) of



SE-646 PCT 2 7 AU G 2002 37 Y is a ligand containing nitrogen, phosphorus,
roxygen or sulfur. Z and Y may together forma condensed ring. exanples of
t he netalloqﬁgﬁ6cggpounds represented by the 5 fornmula (iv) include:
(di nmet hyl (t-butyl am do) (tetranet hyl -r~5-cycl opentadi e nyl)silane)titanp um
di chl ori de, ((t-butylanido)(tetranethyl-r~5-cyc|opentadieng!?-ﬁ&?ﬁ 20
-ethanediyl)titaniumdichloride, 10
(di benzyl (t-butyl ani do) (tetranet hyl -r265-cycl opentadi e nyl)silane)titani um
di chl oride, (dinmethyl (t-butylam do)(tetranethyl-r~5-cyclopentadie
nyl )silane)dibenzyl titaniu .
(di net hyl (t- t%ﬂ%’r%“dS)%?{“éﬁ%r?&lh'g??I‘PQ—%-ac%ﬁ‘%Egﬁf“&&ﬂet‘i% copolymer and
nyl)silane)di,net hyltjtaniu . .
((t-butyl ani 45 (‘?%Wja‘?{é‘? h‘%ﬁrﬂ"ﬁ%t- Vel Codint dfitghf)y s byt in a preferred
- et hanedi yl ) di.benzyl titani , , .
( (et hyl am a‘?}}‘z?@’f et ﬁ&‘%ﬂé‘-“&& SPERY A IRL) sptisty the following
et hanedi yl ) di neo enty%titaniunl 20
( ( pheny! phosht oyt et 1 het hyl - r ~5- cycl opent adi enyl ) m
et hyl ene) di phenyl ti tani um
(di benzyl5(t - but yI'armt dd @ eb#Eanet hyl - r ~5- cycl opent adi(&V) -
nyl)sil ane) di benzyl titanium
(di net hyl (benzyl am do) (~5-cycl opent adi enyl )si | ane)di 25
(trinmethylsilyl)titanium - SF-646 PCT 2 ~ AU G 2002 38
(di net hyl ( phenyl pHus pHildo)gnefpzomy kgie reapaymieapeifahaving the above
gzsnyl)silane)dibenzyltitaniun1

Yetranet hyprop&rties dperitlatpelyty) ha¥-kahariddi gEfpdesbidzydltattian yd) 5
(2-~5-(tetranet hyl -cycl opent adi enyl ) - 1- net hyl - et hano
| at e( 2-)) di beetegén i theidepsity and the melting point.
(2-r~5-(tetramet hyl - cycl opent adi enyl ) - 1- net hyl - et hano
| at e( 2-) jodi met hylThé aphydene/propylene copolymer (C) (viscositymodifier

for a lubricating oil) exhibits a high effect of improving
viscosityindexwhenblendedwithalubricatingoilbase, hardly
hinders the function of a pour point depressant and hardly
brings about a problem of opaqueness of a lubricating oil.

15 When the ethylene/propylene copolymer (C) is blended with a
lubricating oil base, the resulting lubricating oil has
excellent flowability at low temperatures and exhibits high
shear stability of the lubricating oil viscosity. When the
ethylene/propylene copolymer (C) is used as a viscosity

20 modifier, a lubricating oil capable of satisfying
low-temperature property standards of the GF-3 standards,
which are standards of North America Lubricating Oil Standards
of the next generation, can be obtained. Whether the
lubricating oil satisfies the GF-3 standards or not can be

25 Jjudged by measuring the later-described CCS and MRV.



(2-((4a, 4b, 8a,9,9a-r~)-9Hfl uorene-9-yl ) cycl ohexanol a 10
te(2-))dinmethyltitani um and

(2-((4a, 4b, 8a, 9,9a-r~)-9Hfl uorene-9-yl ) cycl ohexanol a

te(2-))di bersgykd i pami um Conpounds wherein the titaniumnetal is replaced
with a zirconiumnetal or a hafniumnetal in the above-rrenti@ﬁ]aga\g@ Z[U[]Zn
titani um conpounds are al so enpl oyabl e. The netal |l ocene conpbunds nti oned
above can be used a ,. singly or in cgnbination of two or nore kinds. In
the present invention, a zirconocene conpound having zirconiumas the
central netal atom and containing two |igands 20 havi ng cycl opent adi enyl

skel eton is pref @mbkyhyiededpropglencatdpsbnrecamonad beprsamRibby the
formula (ii). As the netall ocene conpound represented by the forrmula (iii)

or (iv) , addganeeane iermeeundehayi pgobitanbymeg iheecceRlshal,, NBtakrat om
is preferably used. O the netall ocene conpounds ZS nentioned above, a

conpound 1 epfcismed mtha%rfecyern&eaofbﬁ)ole_é%ﬁél@fgizaﬁcﬁpc&g@glgt39 and
e.

having titaniumas the central netal atomis particularly prefera

Or ganoal um num oXyrGRNREAURE T wlwqglﬁanwiw-im%\%f&rs formng the
5 netal | ocene~catal yst (b) nmay be al um noxane hitherto kno or a

benzene- ikns I ATy - C: T Jat

al um noxgne%nﬁ@pﬁlg%qgﬁ‘?y%&% %oﬁﬁ?ﬁ%%oﬁew%ﬁ%ﬁ@%fl jm
QAlIRz | R R f A\Q,s i i r r h _as

met hyl , et h%%goplryé\lpe% ()cgjr) b&%%q{a%p%gggr@lﬁ%fmré\%ﬁ%ﬁSg?’%egh?/ﬁ?‘pﬁgk@i 8gl arl y
preferably thyl.. .and mis an_integer of. 2 or.pore referably an_integer
o 5 to 40. 15 SRS Recledr BEnagisBkedt brom Wl aaAPady R aRtnum
units consistirlél%of al.kyl.oxyal um num unj t s reéarese.nted by the formul a

OAL(R1) and H KAGHRA TR EDr eSS ER

and R2 are ea"in(:tj1/c;[rr](aar1S airI)En:'Lh idnrgociacgnbiocn r%n?pucpund.SFb%Ll%hzcs:g, preferably

10 employed is:
(a) a vanadium catalyst comprising a soluble vanadium
compound and an organoaluminum compound, or
(b) a metallocene catalyst comprising a metallocene
compound of a transition metal selected from Group 4, etc.
15 oftheperiodictable and anorganoaluminumoxy~-compound and/or
an ionizing ionic compound.
Of the above catalysts, the vanadium catalyst (a) is
particularly preferably employed.

Olefin polymerization catalyst

20 The olefin polymerization catalyst used in the
preparation of the ethylene/propylene copolymer (A), (B) or
(C) is described below.
In the preparation of the ethylene/propylene copolymer

(3), preferably used is:

B BRI YR2) (RL

Y

)

/



2 7 AU G 2002 40 as described with respect to R, andRI and R2 are groups
+different fromeach other). lonizing ionic conpound Exanpl es of the

ioni zing i onigeaugopppunds for formng the 5 metall ocene catal yst (b) include
Lew s acid and an 1onic conpound. The Lewis acid is, for ex W
conpound represented by BR3 (Ris fluorine or a phenyl groug r3ﬂ021ave
a substituent group selected fromfluorine, nethyl, 10 trifluoronmethyl and
the like). Exanples of such conpoundéminclude trifluoroboron,

tri phenyl boron, tris(4-fluorophenyl)boron, tris(3,5-difluorophenyl)boron,
trls(4-fluoroneth%bp@pmﬂdﬁayuch%ﬁg Qe%bﬂ%gﬂ%ﬁ%%hQnﬁbﬁggﬁ@nvanadium

tris(p-tolyl)boron, 15 tris(o-tolyl)boron a

tris(3,5-di Bolyl o) The +i.ani qggﬁ%ﬂﬂ.'s, or exanple, av
trialkyl -sug%%rlhgéjt edn%%mbér)ﬁ{ ugn%%%l{lfa,i a N @ I al'ky adrﬁ I?]'Ini umsalt, a

di al kyl ammoni um sglt or rd ho Qni.um sal f.._ . | e f, the
trial kyl -substi tuﬁ%a)d aanllrlr%n%luin?a%%lﬁ)scaé%qiynnéc ucdazﬂntlSl%garH) meétallocene

oo AP TR, ORI IR KRR Leeton

trimet hyl anmopi unt et r.a(p-t.0l.yl ) boron, trinmethyl.ammoniuntetra(o-tolyl)boron,

25 (11 buiyl ShbHPRREF B RO PO IA o or oy S phal S s Ray obal) &

2002 4t tripropyl apmpni unt ef ra( o, p- di ret hyl phenyl ) bor on,

tributyl ammoif uif?’é’t?la?‘?n Jn?’&i’r‘?re"%‘?{ﬁ? 1) bor on,

tributylammoniuntetra(p-trifl uoronethyl phenyl)boron and

tri(n-butyl)amordikk é??ea?%‘?aftblﬂyll)ﬂﬁﬁo‘rﬁ‘ 5 Exanpl es of the

Eﬁm:dialkylaniliniunlsalts i nclude N, N-di met hyl ani | i ni unt et ra(phenyl ) boron,
, N-di et hyl ani | i nfamd le@er 5apAShYI)GRdrady Hhgomprising a soluble vanadium

N, N- 2, 4, 6- pent anet hyl ani | i ni unt etra( phenyl ) boron. Exanpl es of the

di al kyl ammontempeand s(¥nk) vaked 1@n organoaluminum compound; and

di (1- propyl ) amoni unt et r a( pent af | uor ophenyl ) bor on and

di cycl ohHxyl anmorpanmit e b phe gt e borainly Alsad el oyabl e as the ionic

conpound is triphenyl carbeni unt etraki s(pent af |l uorophenyl ) borate,
(a=-2) a vanadium catalyst comprising a soluble vanadium

compound (v-2) and an organoaluminum compound.
In the preparation of the ethylene/propylene copolymer
(B), preferably used is:
15 (a) a vanadium catalyst comprising a soluble vanadium

compound and an organoaluminum compound, or

pu—
‘ v
~——

(b) a metallocene catalyst comprising a metallocene
compound of a transition metal selected from Group 4, etc.
of theperiodictable and an organocaluminumoxy-compound and/or

20 an ionizing ionic compound; and

particularly preferably used is:

(a-2) a vanadium catalyst comprising a soluble vanadium
compound (v-2) and an organoaluminum compound.

In the preparation of the ethylene/propylene copolymer

25 (C), preferably used is:



N,.N-di met hyl ani | i ni unt et r aki s( pent af | uor ophenyl ) borate or 15

ferroceni unt etra(pent af | uor ophenyl )borate. For form ng the netall ocene
catal yst, the aforesaid organoal um num conpound rmay be used together with
t he or ganoal SF4AURCDXY- conpound and/ or the ionizing ionic conmpound. 20
Preparati on of ethyl ene/ propyl ene copol yner (A) The ethyl ene/ E;?DMGZOUZ
copolynmer (A) is prepared by copol ynerizing ethyl ene, propyle i
necessary, other nononers in the presgnce of preferably the vanadi um
catalyst (a-1) (nore preferably the vanadium catalyst (a-2)) or the 25

nmet al | ocene catal yst generally in a liquid phase. In the SF- 646 PCT 42 2
7 AU G 2002 copol {averd zstriash,uma datdrlosdr hompsdlsient ai sojabdealklapaddecth as a
pol ymeri zati on solvent, but an a-olefin such as liquid propyl ene may be
used. Exanpl esmpdundie(yty oo boom codaresd burisesn | combeurdsd pobymeri zat i on

i nclude aliphatic hydrocarbons, such aspentane, hexane, heptane, octane,
decane, dodecane @nd Kenesd Neocems dret Dgest desnipsitd Mep & heseof 1o@nsycl ic
hydr ocar bons, such as cycl ohexane, nethyl cycl opentane and

net hyl cycl ohexmpeun@nsit hal ogais deirdry atd tegs dIRIARd At T 46 etc.

hydr ocar bons, such to as benzene, toluene and xyl ene, and halogen

deri vati wes éf‘Ehé?fexs.wéi’ica§é>$1ié’éﬁ@%’ﬂ?&f@an%‘!ﬁﬁ@lm&ﬁ?a&%ﬁéﬁhd%@x@w be

used singly or in conbination of two or nore kinds. Although ethylene,

propyl ene, apgd {&nNLLRSSBEY:c LHRboERAPTErIS can be copol ynerized by any of
bat chwi se and continuols 15 processes, the copolynerization is preferably

carried out contipug £ arl referably carried out
£ &0 1 y p y
continuously using a Sé%lefrl ng v% Js)% type reactor. V\hen t he

CopOLYITer 22t On, 8 PR LEAtbn et YOS e S PL A Y 2 ROy 1O

exanple, the foll g concen 1on the ana um-cat al l)

|5 used as H.GRLALNE (y LI SRRCEN'SALLO0. Al ] gy LBl Sy anggh um compound

(v-1) in t he® yheri atlon sys en i ustalTy 0.01 to 5

mml/litFor (pO'ymr‘g@éafg'rfy'gggéérgbffe&ggéy 0 05 to 3

(a=2) a vanadium catalyst comprising a soluble vanadium
compound (v-2) and an organoaluminum compound.

Soluble vanadium compound (v-1)

The soluble vanadium compound (v-1) for forming the
15 vanadium catalyst (a-1l) that is preferably used in the
preparation of the ethylene/propylene copolymer (A) or (C)
is represented by the following formula.
VO (OR) 3Xp or V (OR) «Xd
In the above formulas, R is a hydrocarbon group, such
20 as an alkyl group, a cycloalkyl group or an aryl group; X is
a halogen atom; and a, b, ¢ and d are numbers satisfying the
conditions of 0£a<3, 0<b<3, 2<La+b<3, 0£c<4, 0£ds4 and 3sc+dsd.
Examples of the soluble vanadium compounds (v-1)
represented by the above formulas include VOC13, VO(OCH3)Cl2,

25 VO(OC2Hs)Cl2, VO(OC2Hs5)1,5Cli,5, VO(OC2H5)2CL,

hT Y



mmol /liter. It is desirable to feed the sol ubl e vanadi um 25 conmpound (v-1)
-in a concentration of usually not nore than ' SF-646 PCT 2 7 ABC 2002 43
10 tines, prs§1‘6§§a % 1 to 7 times, nore preferably 1 to 5 tines, the

concentration o e sol ubl e vanadi um conmpound (v-1) present ig‘;@gufg
pol yneri zati on system The organoal um num conpound is fed in such &g@%

that the nmolar ratio (AL/V) 5 of the alum numatomto the vanadiumatomin
t he pol ynerizati on system becones usd@lly not less than 2, preferably 2 to
50, nore preferably 3 to 20. The sol ubl e vanadi um conpound (v-1) and the

or ganoal um RgMEIROUNA @& £ GRNRS-Aldord-ad, )?f i \R”durﬁ%ﬂ\hﬁét)gtol]l 0 the

af oresai d hydrocarbon sol vent and/or |iTquid propyl ene. %kﬂe vanadi um
& The ot her thithar AR B R RS B B i ea o0 o
géﬁgkf}a??aﬁg&é@:}g@%’?n %’Lgfé}qrﬁgr icvzoa p%n%@_té{%@‘lf%qlél T b;hfeégi ng to
and |1 necedthr AR Bilomer o i n the presence of the vanadi um catal yot
Of a & emper at ur e O theyBPLYPLE0T FBEGbYR, COMRA G| 100 LHopBRILRGRES

preferably -20 to 60C, and a pressure of nore than 0 kg/cn2 and not nore
than 50 kg/ ¢ ulpkerenad iR ol ke o e itialikre than 20 kg/ cn®.

In a continuous polynerization process, these polynerization 25 conditions
are preferably held const%@lu.bleSEBg@iEEIEQ!!EQEliHZEE}B 44 Al'so in the
To?olynerization of ethylene, propylene, and if necessary, other nmononers
iln/t he presence &fhea o dnslivanaditu eomyaug) | (w120 Fare foatmiingstthe
concentration and copol yneri zati on conditions as descri bed above are
adopt ed. vanadium catalyst (a-2) that is preferably used in the
10 preparation of the ethylene/propylene copolymer (A), (B) or
(C) is represented by the following formula.
VO (OR) gXp or V (OR) cXd
In the above formulas, R is a hydrocarbon group, such
as an alkyl group, a cycloalkyl group or an aryl group; X is
15 a halogen atom; and a, b, c¢c and d are numbers satisfying the
conditions of 0<a<3, 05b<3, 2<a+b<3, 0<c<4, 0£d<4 and 3Lc+d<4.
a is preferably a number satisfying the condition of 1<as<3,
and c is preferably a number satisfying the condition of 1<c<3.
Examples of the soluble vanadium compounds (v-2)
20 represented by the above formulas include VO(OCH3)Cl2,
VO(OC2H5)Cl2, VO(OC2H5)1,5Cl1.5, VO(OC2H5)2C1,
VO (0-n-C3H7)Clp, VO(0O-iso-C3H7)Cl2, VO(0O-n-C4Hg)Cl2,
VO (0-iso-C4Hg)Clp, VO(O-sec-C4Hg)Cl2, VO(0O-t-C4Hg)Cl2,

VO (OC2H5) 3 and VO (0-n-C4H9) 3.

25 Organcaluminum compound




5 When the netall ocene catalyst (b) is used as a catalyst, the
concentration of the netall ocene conpound in the polynerization systemis
in the range of usually 0.00005 to 0.1 mmol/liter (polynerization volune),
preferably Osf§@lptp 0.05 mmol/liter. The organoal um num oxy-conpound is

fed in 10 such an anount that the nolar rat~.o (Al/transit9 f the
alum numatomto the transition netal in the netall ocene é%ﬂgéﬂﬁgﬁquZhe
pol ymeri zati on system becones usually3# to 10000, preferably 10 to 5000.

The ionizing ionic conmpound is fed in"such an anobunt that 15 the nol ar
rati o(ionizingionic conmpound/ netall ocene conpound) of the ionizing ionic

conpound to the nEi&lbogenca DORNDOUN debriipdied PP ¥ "B Bk d Ofh & Y4 844 P&k ONMeS
0.5 to 30, preferably 1 to 25. Wen the organoal um nnm conpound i s used,

the conpoundc2Paigst et ahaamyNsr&f e Hsy Ldé%b@ﬁttgef[pf’respém:(c#to@
(0] e

(pol ynerization volune), preferably about mmol /liter. Int

copol yneri zagy,Qn Y iy Nnege r o r nmononers

in the prese%%g %€ﬁ¥ﬁ%9%£§gf?%£%ﬁg %§§§}¥§€g(%§{ ?ﬁe%égp%?§n%$§zation

120 10 1500, SPoah & o HRGOuRICBETELERERS Phe MppGRBERE dof ety Y
preferably 0,f£0,10 d e e a { nore

t han 80 f%/c ,Ziﬁg?%%aggypﬁ%?ég$ﬁg% Bgéaygéﬂtggggﬁ%?gﬁéggg?hgﬁ Eﬁekg/cnﬂ.

In a continu j j o these I \zatiaqn conditions are
5 preferablygﬁ§¥ggé%2§%gé?ié§§t<%ﬁ%§%%ﬁ%(?§éc{$gﬁ%€?§% ? %é?%ﬁ@ﬁﬁ&ﬁe nce
time when the cppol izatiop is carried out continuously) varies

dependi ng up A ?ﬁ% ggf%?V%?gcgﬂﬁﬂﬂi?aéfﬁn, pol ymeri zati on tenperature,

etc., it isin thelran £ of usually 5 minutes 10 to 5 hours, preferably 10: )
mnutes to 3 hour® nil yPeme, propylene, and if necessarﬁ})other mononers
are fed to the polynerization systemin such anpounts that the

et hyl ene/ pr opeeaén cBpol §rerhydgoerbor spewr okt kdmpdd Kagbagamtisms,
obtained. In the copol ynerization, a nolecular weight 15 nodifier such as
hydr ogenltraypbeféunabhiil i édarhot onheXuss ahal hgenaitesud ap hysinggen

nodi fier, the weight-average nol ecul ar
atom, and n is 1 to 3.

The hydrocarbon group of 1 to 15 carbon atoms is, for
example, an alkyl group, a cycloalkyl group or an aryl group.
Examples of such groups include methyl, ethyl, n-propyl,

15 isopropyl, isobutyl, pentyl, hexyl, octyl, cyclopentyl,
cyclohexyl, phenyl and tolyl.

Examples of the organocaluminum compounds include:

trialkylaluminums, such as trimethylaluminum,
triethylaluminum,triisoprépylaluminum,triisobutylaluminum,

20 trioctylaluminum and tri-2-ethylhexylaluminum;
alkenylaluminums represented by the formula
(i—C4H9)xAly(C5H10)z (wherein x, y and z are each a positive
number, and z22x), such as isoprenylaluminum;

trialkenylaluminums, such as triisopropenylaluminum;



meight can be adjusted to 80,000 to 400, 000. When ethyl ene, propylene, and
. 1 f necessary, other nononers are copol ynerized as descri bed above, the 20

ethylene/progék%?ﬁ) polymer (A) is generally obtained as a pol ynmer

sol ution contal éﬁfhe copolynmer. The polyner solution i s tfreat 'n a
conventional manner, whereby the ethyl ene/propyl ene copo|§%3r79Af929 2
obt ai ned. Preparation of ethyl ene/propyl ene copol yner (B) SF-646 PCT 2 7

~U G 2002 46 The et hyl ene/ propyl ene cépol ynmer (B) is prepared by
copol yneri zi ng et hyl ene, propylene, and if necessary, other nonomers in the
presence of preferahl he vanadi catal yst (a-2) .or e tal |l ocene
catal yst (b) geneP&Pﬂéyﬁﬁﬁamﬁpaﬁigggl§ﬁ§$e§u?ﬁ ?ﬁedégﬁgpyﬁgEPTépPﬁn, a
hydr ocar bon sol.vent, is generally ysed as_.a pol yner~.zation_sol vent, but an
a-ol efin sucFHOTGui & ﬁFgﬁaﬁéﬁ@lHHV Sglﬁ§é&?'EQéﬁﬁPB§°8WlFH€mH9&Wocarbon
sol vents used_in the polynmerization include the same hydrocarbon sol vents
as 10 previ oGP rdEeer Abagorithyda lupipEn: shtaripge RA A eyl pFuminum
conbi nation of two or nore kinds. Although ethylene, propylene, and if
necessary, ot¥ePidSrioners can be copol yneri zedby any of batchw se and
conti nuous processes, the copolynerization is preferably carried out 15
conti nuou8l y, ' and alkydadumdnlay sgsanéhatapeyg, caprhedsouetbyhrilnmdnsimy usi ng
a stirring vessel type reactor. \Wen the copol ynerization is carried out
cont i nuous| y sesgicitlarise,i sthyddlumintor sesguplchlotridef ol | owi ng
concentration. When the vanadiumcatal yst (a-2) is used as a catal yst, 20
t he concent r dtsiogrropfy sl end olunb Ise sganatilomidespbung Latud)inum t he

pol ynmeri zation systemis in the range of usually 0.01 to 5 mol/liter

pol ymeri zat isesqudlaiie)r,ider ehelr @tihy1610mihom3 sesguibirberidel,t i s desirabl e
to feed the sol ubl e vanadi um conpound (v-2) in a concentration of usually
not nmore than 25 HAkyileRsmipuel eiablydést 0sdchi aBSmetby@apuafianably 1 to 5
times,

10 dichloride, ethylaluminum dichloride, isopropylaluminum

dichloride and ethylaluminum dibromide;
dialkylaluminum hydrides, such as diethylaluminum
hydride and dibutylaluminum hydride; and
alkylaluminum dihydrides, such as ethylaluminum
15 dihydride and propylaluminum dihydride.

Metallocene compound

The metallocene compound of a transition metal of Group
4 of the periodic table for forming the metallocene catalyst
(b) that is preferably used in the preparation of the
20 ethylene/propylene copolymer (A), (B) or (C) is represented
by the following formula (ii).
MLy (ii)
In the formula (ii), M is a transition metal selected

from Group 4 of the periodic table, specifically zirconium,



".SF-646 PCT 2 7 AU G 2002 47 the concentration of the soluble vanadi um
conpound (v-2) present in the polynerization system The organoal um num
conmpound is fed in such an anount that the nolar ratio (Al/V) of the

at um num at ogr-43 teog vanadi um atomin the polynerization 5 system becones
usually not less than 2, preferably 2 to 50, nore pref erabl?ﬁﬁg@?o@he
sol ubl e vanadi um conpound (v-2) and the organoal um num conpoun re
generally fed after diluted with ~ Il .t he aforesai d hydrocarbon sol vent
and/or liquid propylene. 10 The squbFe vanadi um conpound (v-2) is
desirably diluted to the above-nenti oned concentration. On the other hand,
t he organoal yitauumospoldthi smAesid abliy adhusbed $8tisoyieyadnlEleide
arbitrary concentration of not nore than 50 tinmes the concentration thereof

in the pol yngki 2aki eprag¥steph fekbhowed 15 by feeding to the pol ynerization
system In the copol ynerization of ethylene, propylene, and if necessary,

ot her monomers inpt g Prespife Jorddhearadicupheat 2hxsit{dnNetd e and
copol ynmeri zation reaction 1s carried out under the conditions of a

d
temperatire gk vAEALiYanad, ! 9t1984st28nBr 2LBLAN ¥ 1%“@5 188 MBGGng

preferably -20 to 60C~ and a pressure o e than

th 50 kg/ 0 . th 20 kg/ cn?.
an 8 C%%c18@§B€5@9E¥yﬂ0%§eEE@Bn. k?ﬁ&”?lééﬁéiénggée an 9/ ¢

In a continuods polymerization process, these ion conditions are

preferably h%§?5ﬁ§§§%?§§epglsgkgigtgnggszégngng%séﬁtueﬁﬁe”rEGEOf t he

met al | ocene C uSed as "a ca e concentratrion

net al | ocene conpoynd in the | yeri zation, systemis in the ra of
Usual 1y 0. 00005 ¢ BR6TRL Rty F it drt OB, Y1 38 £V S opBRlAg) huilr ar Lg o
0.0001 to 5 Q.0 | /7,iter. The,organoal um num oxy- co und, is fed in
such an amourTCEHAE EhEVFbPRENFARHSRT AITEPERS TR WY o 50 4 HRt e (A% num
atomto the tra sih'on netal .in tge neiallocege cogpound in the

pol yneri zat i G¥cdpet&nlpELBREd tHS64) Fyc1oPENE86B6PYpr EFQHREY y SBENt §55000. 10
The ionizing ioni¢c congpound is fed in such an anmount  that thenol ar

ratio(i of? zi RGEONLEYESRPEINAAAENALY 0EERY LEYRPORRAT2GESPNE i Bi £i'ng i oni ¢
compound to the netal |l ocene conpound in the pol ynerization system becones
0.5 to 30, prePEPRELyFYEPRentadisnyhennrne iorg8R6al @%i num conpound i s used,
the conmpound is fed in an_anount of usually about O to 5 mmol/liter

(pol yneri zat textvbngyd FycgeeratragignaBouhedyleyelopsptpiienylin t he

copol yneri zation of ethylene, propylene, and if
octylcyclopentadienyl, dimethylcyclopentadienyl,

trimethylcyclopentadienyl, tetramethylcyclopentadienyl,

15 pentamethylcyclopentadienyl, methylethylcyclopentadienyl,
methylpropylcyclopentadienyl, methylbutylcyclopentadienyl,
methylhexylcyclopentadienyl, methylbenzylcyclopentadienyl,
ethylbutylcyclopentadienyl, ethylhexylcyclopentadienyl and
methylcyclohexylcyclopentédienyl; an indenyl group; a

20 4,5,6,7-tetrahydroindenyl group; and a fluorenyl group.

These groups may be substituted with halogen atoms and
trialkylsilyl groups.
Of the above groups, alkyl-substituted cyclopentadienyl

groups are particularly preferable.



nécessary, ot her nmononers in the presence of the netall ocene 20 catal yst

. (b), the copolynerization reaction is carried out under the conditions of a

t enperature g%_#§qq! y -20 to 150C, preferably O to 120C, nore preferably O
t-o 100C, and 6 essre of nore than 0 kg/cn2 and not nore than 80 kg/cn®,
preferably nore than 0 kg/cn2 and not nore than 50 kg/cn® Z-?gé 4§§EE§?UOUS
- SF-646 PCT 2 | Al ~G 2002 49 pol yneri zation process, these P @ i i on
conditions are preferably held constadt¢. Although the reaction tine
(average residence tinme when the copol ynerization is carried out

conti nuously) varj e I n n_th al yist -concent r.ati on ,

pol yneri zati on tebﬁgépg-lh%r e(,%%é%&,i %ggrﬁéeﬁﬁ%?tﬁé’ ‘?/k?fﬁ ér%lP?ﬁs(&&)lf/o%t%%t es
to 5 hours, %referabl 10 mnutes to 3 ho rs.ﬂ£?$¥leng, Erggélene, nd if
necessary, ot M€ “Fofi8fer - 8HRt aV%BQtﬁ%°g8P9 PRZGRY ONSEGSE AR | 35 sted
amounts that .the 10 et hyl ene/ gropyl ene copoly B), having specific
conposi tion dddaB&Sobt %ﬁeag ﬁ&ﬁrfﬁ‘éygb%gwgé{:é%} h ap ﬁégé!&ﬁpﬁrg]@%ﬁ%ht
nodi fi er such as hydrogen may be further used, and by the use of the

nol ecul ar weiS§ED ABdPEREEENE HR REQLRor a?géuhﬁFéEHzﬁﬁ abkyhene o adj
usted to not less than 80, 000 and less than 15 250, 000. Wen_ et hyl ene,
propyl enes afdchf agedeopappyladrae masndiphsniluctbpbepaer & zetl nkedeseri bed
above, the ethyl ene/propyl ene copolyner (B) is generally obtained as a

pol yrmer sol ut swbebhtatad iyl krens gooppesucigs gonghbyl2d lydeoei orous,
treated in a conventional manner, whereby the ethyl ene/ propyl ene copol yner
(B) is obtai déghepydpsddatliene o oeityydmpbepydsiladensopol yner (C) The

et hyl ene/ propyl ene copol yner (C) is prepared by copol ynerizing ethyl ene,
frvpyl ene, and if Theddsgardl: oshkert2h thedigasdihating pyebepertadienyl
preferably the vanadi um cat al yst SF-646 PCT 2 7 AU G 2002 So (a-1) (nore
preferably th&elatad L catradyshple; 2) hydrotheborigablpcena catlal ystbdb)
generally in a liquid phase. In the copolynerization, a hydrocarbon sol vent

i s generably atsa,annd alXokye hirdaid, 0ans elrydrixy toupy a- ehaffoniguch as
liquid 5 propyl ene may be used.

acid-containing group (-SO3R2 wherein R2 is an alkyl group,
a halogen-substituted alkyl group, an aryl group, a
halogen-substituted aryl group or an alkyl-substituted aryl
group), a halogen atom or a hydrogen atom.

15 Examples of the hydrocarbon groups of 1 to 12 carbon atoms
include alkyl groups, cycloalkyl groups, aryl groups and
aralkyl groups. More specifically, there can be mentioned:

alkyl groups, suchasmethyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl, octyl,

20 decyl and dodecyl;

cycloalkyi groups, such as cyclopentyl and cyclohexyl;
aryl groups, such as phenyl and tolyl; and

aralkyl groups, such as benzyl and neophyl.



Exanpl es of the hydrocarbon sol vents used in the pol ynerization include the -

sane hydrocarbon sol vents as previously described. These sol vents can be
used singly or in conbination of two or nore kinds. 10 Al though ethyl ene,
propyl ene, difep4bf PABcessary, other nonomers can be copol ynerized by any of
bat chwi se and continuous processes, the copolynerization is preferably
carried out continuously, and is particularly preferably c 5 ¢ﬂj@u2002
continuously using a stirring vessel 4sype reactor. \Wen t

copol ynmeri zation is carried out continuously, the catalyst |s used in, for
exanple, the follow ng concentrati on. Wien the vanadiumcatalyst (a-1) is
used as a cat al ysixanihees @fcsher al kony of rovies siglalbide weavddixym etimpaynd
(v-1) in the polynerization systemis in the range of usually 0.01 to 20 5
mol /1iter (pasorexyatisrprapaesse) nyreifarpblisdoWoxyw, Sewrbdtoter. It is
desirable to feed the sol uble vanadi um conpound (v-1) in a concentration of
usual | y not tert-bintaoxy0 pemesky priedses:apland dacdkyi nes, nore preferably 1
to 5 times, the concentration of the sol uble vanadi um conpound (v-1) 25
present in the pdrynetdamsle af shisd ey Idwy ayganoal uiphendxy SF- 646 PCT |~~~
~ U02 51 conpound is fed in such an anount that the nolar ratio (Al/V) of

the al umshum at orgstgnd es YaRHE 81 AR ok 1R e oRelay MR higZat b @Fs JY-Sogmalecomes
usually not less than 2, preferably 2 to 50, nore preferably 3 to 20. 5 The

sol ubl e vanagh &M g0 ROtEh d y1ld o rfdih | e- 105 Dadiaed Wik s ¢ onpound ar e
generally fed after diluted with t he af oresaid hydrocarbon sol vent and/ or

l'i qui d propyd £ ydFisinSOh 410 S VEGKAEH &1M 6@ POMILL £ Mol 2 éﬁegﬁﬁfégﬂa diluted

to the above-nenti oned concentration. On the other hand, the

or ganoal um num COfH)é)HQﬂogén‘é%%&nrl@HuégiHﬁt 88 1624 nkOh L3R Br 1 3A3AL0I trary

concentration of not noré than 50 tines the concentratlon ereof 1 n the

pol ymer zati on s¥aisi1 doldouRd Rl e80koe {Sorinunel ¥iRyS Crgrz'i%om em I

t he copolynerlzatlon ylene, propy ene ssary, ot

nononers, i n presence of i Y at (
copol yreld 7t it R Gt WL R B vl ‘Sedlent dacisny
t enperat ure gé%f%gggll%cﬁudég) 100C, preferably -30 to 80C, nore preferably

-20 to 60C,

bis (methylcyclopentadienyl)zirconium dichloride,
bis(ethylcyclopentadienyl)zirconium dichloride,
bis (n-propylcyclopentadienyl)zirconium dichloride,

15 bis{indenyl)zirconium dichloride, and
bis(4,5,6,7-tetrahydroindenyl)zirconium dichloride.
Compounds wherein the zirconium metal is replaced with

a titanium metal or a hafnium metal in the above-mentioned
zirconium compounds are also employable.

20 A compound represented by the following formula (iii)
is also employable as the metallocene compound for forming
the metallocene catalyst that is preferably used in the
preparation of the ethylene/propylene copolymer (A), (B) or
(C).

25 LIM1x2o (iii)

™



pressure of nmore than 0 kg/cn2 and not nore than 50 kg/cn2, 20 preferably
nore than 0 kg/cn2 and not nore than 20 kg/cnR2. In a continuous
polynerizatiﬁﬂﬂgrge ss, these polynerization conditions are preferably held
constant. Also 1n the copolymnerization of ethylene, propylene, and if
necessary, other nononmers in the presence of the vanadium SF-646 PCT 2 7
A U G 2002 52 catalyst (a-2), the sane catal yst concentrati a

copol ynmeri zati on conditions as descri¥ed above are adopted.qazezggﬁgzooz
nmet al | ocene catal yst (b) is used as a catal yst, the concentration of the

met al | ocene conpound in the 5 polynerization systemis in the range of
usual |y 0.00005 t&?0che rr‘%r%’f’?‘l‘]r%) Lj}/ Ho )}ﬁlerliszaﬁ i“%q%lwou@ & afakhg

0.0001 to 0.05 l/I&tei. The or%an algninu ox¥-coqgound is fed in such
an ampunt t HBETLRSLFoFaPLe aPT o (RAFRT oS 17D FRELF FBtEhe al uni num at om
to the transition petal in the metallocene 10 _conpound in the
pol yneri zati on syt eifi Be€r¥atisvial ¢f a1 dedoceddacdpidhendbiy qMPUm a5G00.
The ionizing, ionic compound is fed in such an anobunt that the nolar
ratio(ioni zi HGPBRFE X ERFSUALN e PTPRERHE FERSoLADNNDRAHY S BAESi ¢l théni ¢
conmpound to the netal |l ocene conmpound 15 in the polynerization system
becones ® 5 met3D, Mpreferably 1 to 25. Wien the organoal um num conpound is
used, the conpound is fed in an amobunt of usually about O to 5 mml/liter
(pol yneri zati on vBache}? may dferaie ysalmpwr @itfiferenpland tier hy2@olgent, he
copol yneri zation of ethylene, propylene, and if necessary, other nononers
in the presehatogéni b yrbtcadd deener ea abysainbhg 20he bepsbgmrbohadtiomsn
reaction is carried out under the conditions of a tenperature of usually
20 to 150C, apidfyer glsbypOcdmot 42011y 20002 Jersel st Abbyn Gatam=,00rG gaxchyd
pressure 2S of nore than 0 kg/cnR2 and not nore than 80 kg/cnR, preferably
SF- 646 PCT 2g¥oéd €oR082nddgnd0eothbasd grmaRiandatohsnore than 50 kg/ cn
In a continuous polynerization process, these polynerization conditions

are 10 Of the compounds represented by the formula (iii), a

compound represented by the following formula (iv) is

preferable.

X x?
Z M!
0) N 7N\
Cp X2
(iv)
15
Intheaboveformula,Mlistitanium,zirconiumorhafnium,
and X2 is the same as above.

Cp is a cyclopentadienyl group m-bonded to ML,

7 is oxygen, sulfur, boron or an element of Group 14 of

20 the periodic table (e.g., silicon, germanium or tin).



preferably held constant.

time when 5

the copol ynerization is carried out continuously) varies

dependi ng upon the catal yst concentration, polynerization tenperature,
BR6ashe@Crange of usually 5 minutes to 5 hours, preferably 10
mnutes to 3 hours. Ethylene, propylene,~and if necessary, other nononers

etc., it is

10 are fed t

th | i ti t i h ts t
o the polynerization systemin such anounts ggz ?ngb%UUZ

et hyl ene/ propyl ene copol yner (C) havipg specific conposit
obtained. In the copol ynerization, a nolecular weight nodifier such as
hydrogen may be further used, and by the use ofthe nol ecul ar wei ght

modi fier, the wei Yhisawelbgmdntectdbmind weighdercaphues @ mst ediyyerb0, 000
When et hyl ene, propylene, and if necessary, other nononers are
copol yneri zedrasutifacrti bed above, the " -~ ethyl ene/propyl ene copol yner (C

to 400, 000.

is generally obtained as a pol yner solution containing the copol yner.

pol yner 20 sol utipnahd YreayetdogsthRegofyemt H088hd8RSBEATr riger eby the
et hyl ene/ propyl ene copol yner (C) is obtained. Lubricating oil conposit

The | ubri cat

SF-646 PCT z ~ Au ~ 2

ing OEkaﬁgnegsj‘ﬂ t B8 RRGONA dithd BoinPBuhfY HHE L GREY b§8he

Al t hough the reaction tine (average residence

The

i on

02 54 any one of the ethyl ene/propyl ene copol yners

(A, (B) andebriula, (20§ @nkihgkeating oil base (D); or conprises: 5 any
one of the ethylenel/propyl ene copolyners (A), (B) and (C) , a lubricat

oi | base (D)
formng the
bel ow. Lubri
for use int
pol y- a-ol efi

m neral oi

10

15

20

25

ubrs (T EnBR 1 BRL DL AHERE P R 8B ki ny TS EURPAERREGEE,
g&?gglghg,ggﬁgnﬁg% gigﬂggg?dgf the lubricating oil bases

nvention inc e mneral ofls and synthetic oils such

i ng
bed
(D)

as

"o not AL 2beE AR Bl BRed Ry TR G E P anfo Eay BTk 2he )

a blend of a mne

| 2 HEREHALLY t¥2&Hium dichloride,

(dibenzyl(t—butylamido)(tetramethyl-n5-cyclopentadie
nyl)silane)titanium dichloride,
(dimethyl(t—butylamido)(tetramethyl—n5—cyclopentadie
nyl)silane)dibenzyltitanium,
(dimethyl(t-butylamido)(tetramethyl—n5—cyclopentadie
nyl)silane)dimethyltitanium,
((t-butylamido)(tetramethyl-n5-cyclopentadienyl)—1,2
—-ethanediyl)dibenzyltitanium,
((methylamido)(tetramethyl—n5—cyclopentadienyl)—1,2—
ethanediyl)dineopentyltitanium,
((phenylphosphido)(tetramethyl-n5—cyclopentadienyl)m
ethylene)diphenyltitanium,
(dibenzyl(t—butylamido)(tetramethyl—n5—cyclopentadie
nyl)silane)dibenzyltitanium,
(dimethyl(benzylamido)(n5—cyclopentadienyl)silane)di

(trimethylsilyl) titanium,



after subjected to purification such as dewaxi ng. Al though mneral oils are
‘divided into several classes according to the purification nethod,

general ly uiﬁg‘&sp% m neral oil having 20 a wax content of O . 5 to 10 ~
Further, a A&BarCyi | havi ng a kinematic viscosity of 10 to 200 cSt is
general ly used. Pour point depressant Exanples of the pour i

depressants (E) for use in the invention include alkylatedzﬁgdﬁpﬁi@gg;
(co)polynmers of 25 al kyl nethacryl ate3§ (co)polynmers of al kyl acryl ates,
SF-646 PCT ~ ~ A |~ G 2002 55 copol yners of al kyl fumarates and vinyl
acetate, a-olefin polynmers, and copolyners of a-olefins and styrene. O
these, (co)pol yneféimethyk{phenyhplkesphide) tpelt {and Poylmer scytlapayta
acrylates are preferably enployed. 5 One enbodinent of the |ubricating oi
conposi ti on GéepyYdi ayledel debenzehtibaAnEWhpri ses the et hyl ene/ propyl ene
copolynmer (A) and the Iubricating oil base (D) , and contains the

et hyl ene/ pr opyl ené(tepoaneehylA)°+oyahopemuadiefiyll) +b, 20ethdxyeddky Phdii
preferably 5 to 10 $ by weight (residue: lubricating 10 oil base (D) and

| at er - descri bedzaltitanewn, . The lubricating oil conposition preferably
contains the lubricating oil base ( D) in an anount of 80 to 99 % by wei ght
and the et hyl ene/ p2og¥+ eﬂ@tﬁ&ﬂ)@tlyjﬂB-Fcfé\loﬂ)éh@@dﬁéﬁDﬁm—D-f-mét}'ﬁ@lQ@tlTaﬂW

wei ght, based on 100 % by weight of the total of the lubricating oil base
(D) 15 and thetetby) patbenopyt tbentappl ynmer (A). The lubricating oi
conposition conprising the ethyl ene/ propyl ene copol yner (A) and the
lubricating oil basen$D)tsrpie SR Lo feDERERRSS1 Oy 1 PIDERSLIY B- S0 A15S

excel lent | owtenperature properties.” The lubricating oil conposition 20
dg_ be used astéf2+p)asmaéthybti€ahing, oil, or can be further blended with a
| ubricating oil base, a pour point depressant, etc. prior to use as a

| ubricating oil. 0 goedi —0f - i ¢ .| ition
according to the ?%vggfébn bo%b??giéﬁihgﬁgf£§?%%£§%?€%§ﬁ%ﬁgfgg 6%%%+§ner

(B) and jfie tubsicayingtRiltPessitl®) angnd contains  SF-646 PCT 2 '~ AU G
2002 the et hyl ene/ propyl ene Copolyner (B) in an anount of 1 to 20 g by

i ght, f bl y,5 1 ' i , [ [ il D
and | ater - descr 1 bA- bt Thess’ S Thenl Loh TELE Bt T SR P B e b
t ai th ' j § L4 D i t of 80 to 99 ~ b
32Pgﬁln2nd Sﬁévg%Lg?gggﬁﬁg%%§ﬁgﬁgu§béo?yhgra?B?n?gnanoanDuntOof 1 toy20 ~
b i ght, based T i ght ; I t I i_catj il
y welg asea @ c?vgnd? Et%’%%%(%:grp tl'?g E{%ﬁ%ﬁ"ﬁﬁeq“f%geﬁ 55 SPEverse! qu,t%:

base (D) and the e ene ene copo I'cating o

composition gonpeLshiigh W8 0 &t WY epgl RRORYLene: anal K, CREAnd A

| ubricating Oi a OWs “sna ependénce on tenperature a

excellent |l owfenperature properties.,. The lubricating oil conposition can
be used gs i?ﬁﬁggggmap?ﬂ%?ﬁgggiﬁﬁeo?}?oo?mggﬂy%%f?Urther bl ended with a

| ubricating oil base, a r _point depressant, 15 etc. prior to use as a

| upr i cating of |. A3 JPEHEL GRBEE FERROBAT Hie e AR Didet Sifpesied on
ag%ording to the_invention conprises the eth Iene/gro |.ene copol yner (C
and t he Iubr?éagﬁﬁgoﬁiFnbﬁggbggﬁFlaﬂdo oht3i A% PRE e?ﬁé@%ne/propylene
copolymer (C) in an anount of 1 to 20,~ 20 by weight, preferably 5 to 10 s
by wei ght (residut® YhfPresentglaysnbheR- (ao)'ﬁaﬁan &FEP-%@%‘?‘F%&%’M% ves)

The |ubricating oil coggosition pref-erably contains the lubricating oi

base (D) in &hFEABEHR a6F tBE qaptyp L mplaha iy 2aRA FAte iaring bre/ S%ne

copolyne;o(cz in an anount of 1 to 20 ~ by weight, based on

aving cyclopentadienyl skeleton is preferably used as the
metallocene compound represented by the formula (ii). As the
metallocene compound represented by the formula (iii) or (iv),
a titanocene compound having titanium as the central metal

atom is preferably used. Of the metallocene compounds

25 mentioned above, a compound represented by the formula (iv)



- .SF-646 PCT 2 7 AU C 2002 100 ~ by weight of the total of the l|ubricating
oil base (D) and the ethyl ene/propyl ene copolyner (C). The lubricating oil
conposition conprising the ethyl ene/ propyl ene copolyner (C) and the

| ubricati ng $H-646b&S® 5 (D) shows smal |l dependence on tenperature and has

excellent | owtenperature properties. The lubricating oil b@gﬂﬁiﬁﬂﬁ: ﬁﬂﬂzan

be used as it is as a lubricating oil, or can be further
| ubricating oil base, a pour point degpyessant, etc. prior to use as a
| ubricating oil. 10 A still further enbodi nent of the lubricating oil

conposi tion according to the invention conprises the ethyl ene/ propyl ene
copol yner (Apdthevingtiitaning as$ Itheasent Dhl aretalhe tpouis painti cdardssant
(E), and contains the ethyl ene/ propyl ene copol yner (A) in an anount of 0.1
to 5 ~ 15 bypnefghablereferably 0.3 to 2 s by weight, and the pour point
depressant (E) in an ampunt of 0. 05 to 5 ~ by weight, preferably 0.1 to 2
~ by wei ght (residue: |ubrioayahgaduhibaseokb)cangolater-descri bed
additives). The lubricating oll conposition conprising the 20

et hyl ene/ propyl enehe opod ¥fi®s 1 Gy nurh hexy 4bsihsabhdof 6t | £basend Bihand the pour
poi nt depressant (E) shows snmall dependence on tenperature and small rise
of the poyr petallogahd c46£1Pet N Athdy K edl ndi di&dtarad N hemeen

t he et hyl ene/ propyl ene copol yner (A) and the pour point depressant 25 (E),

and has excebkegtbéﬁx\éﬁéﬂpﬁéawﬁ@epwgsﬁ&sgémmuﬁvsw_-cox%a@éé, PCT ~ ~4 UG
2002 5g shear rate region. Further, the lubricating oil conposition can

sati sty | ow tenpepal Ui £ REPEST kiowh 2883 o Rlnd NEs %ﬁréééﬁg%?% thell !

further enbodi ment of t ricating conposi tion acc

i nvention co i h ene/ propyl ene copolymer (B), the lubricating -
oi | base (D) gg%gﬁﬁré&pgaﬁ‘g%%ht depressant (E), and contains the ~)
et hyl ene/ propyl ene copol yner (B) in an amount of 0.1 to 5 ~ by wei ght,
preferably 0. 3 to 2 ~ by weight, and the pour point 10 depressant (E) in

an anount of 0. 05 to 5 % by weight, preferably 0.1 to 2 o by wei ght

(residue: lubricating oi Rz,bag@ .(,Q))ﬁammkﬁt er-descri bed additives). The
lubricating oil conposition conpyising the

R

—O0-Aygm—

10
wherein R is a hydrocarbon group, such asmethyl, ethyl, propyl o)
or butyl, preferably methyl or ethyl, particularly preferably
methyl; andm is an integer of 2 or more, preferably an integer
of 5 to 40.

15 The aluminoxane may be composed of mixed alkyloxyaluminum
units consisting of alkyloxyaluminumunits represented by the
formula OAl (Rl) and alkyloxyaluminum units represented by the

formula OAl (R2) (Rl and R2 are each the same hydrocarbon group



et hyl ene/ propyl ene copol yner (B), the lubricating oil base 15 (D) and the
. pour point depressant (E) shows snall dependence on tenperature and snal
rise of the ggﬁ @ﬁ%nt, said rise being attributed to the interaction

bet ween t he {ﬁ / propyl ene copol yner (B) and t he pour point depressant
(E), and has excellent |lowtenperature properties in everg;?OAﬂTSaQUG?te
region. Further, the lubricating oil conposition can sati

| ow-t enperature property standards of 4he GF-3 standards. A still further
enbodi ment of the lubricating oil conposition according to the invention

conprises the 25 ethyl ene/ propyl ene copolyner, (C),,the lubricating oil base
- SF-646 PCcT2sde léeéb‘ﬂlzg%geélaj?carw hénéﬁﬁﬁ%ﬁra%mfiﬂemand
contains the ethylen%/pr pyl ene copolymer (C) in an anmount of 0.1 to 5 ~ by
wei ght , preféF&Hlfaﬁ.ZoFgef)B o by wei ght, and the pour point depressant
(E) in an amount of 0.05 to 5 ~ by weight, 5 preferably 0. 1 to 2 ~ by
wei ght (residue: lubricating a9 escribed additives).
The lubricating oil conposition conprising the ethylene/propyl ene copol yner
(C), the | ubricat Exgnpiltesat &hepionhyglngd opdw cpopoundefrass §anmipg)tihows
smal | dependence 10 on tenperature and snmall rise of the pour point, said
ri se bein§ ametieldoegneo cefialiysterbdt ioslbdewkbewisheceétihghdnehpiopykene
copol ymer (C)and t he pour pointdepressant (E), and has excell ent
| owt enper at gogppuoglerties in every shear rate region. Further, the
| ubricating oil conposition 15 can satisfy |owtenperature property
standards of the @GRe3Lswandacid.isl,o fidreekapileat angompdund st dsaited
cording to the invention, additives having effects of inproving viscosity
ilndlex, such by B8g) pd ymerfduofriakkplr aephaayyl gresp 2AibydmagenatvedaSBR and
SEBS, and ot her additives, such as detergent, rust preventive

agent, di sper sabistaxiue@ite gporps et cagedt front ifihoawrney agenll,anti oxi dant
and net al deactivator, may be added in addition to the above-nenti oned

%oggggentm . tPignacabmet hgfl bubr keat 1gedl| ERIMOBEE I Oh sud-EdfpRidasd ? AU
include trifluoroboron, triphenylboron,
tris(4-fluorophenyl)boron, tris(3,5-difluorophenyl)boron,
tris(4~fluoromethylphenyl)boron,
tris(pentafluorophenyl)boron, tris(p-tolyl)boron,

15 tris(o-tolyl)boron and tris(3,5-dimethylphenyl)boron.

The ionic compound is, for example, a
trialkyl-substituted ammonium salt, a N,N-dialkylanilinium
salt, a dialkylammonium salt or a triarylphosphonium salt.

Examples of the triaikyl—substituted ammonium salts

20 include triethylammoniumtetra (phenyl)boron,
tripropylammoniumtetra (phenyl)boron,
tri(n-butyl)ammoniumtetra (phenyl)boron,
trimethylammoniumtetra (p-tolyl)boron,

trimethylammoniumtetra (o-tolyl)boron,

25 tributylammoniumtetra (pentafluorophenyl)boron,



60 The [ ubri
prepared by

or (C , and if necessary, additives with or in the lubricating oil base
or by m xing or dissolving the ethyl ene/ propyl ene

copolymer (A , (B) or (C) , the pour point depressant (E? - E@H@j%@p%w]
necessary, additives with or in the lubricating oil base [X 0

(D) by a knoWné% F&fhod,

method. In t

cating oil conposition according to the invention can be
m xi ng or dissolving the ethyl ene/propyl ene copol yner (A ,

he present specification,4rll nunerical values for 10 the

(B)

amounts of materials, reaction conditions, nolecular weight, carbon atom

nunber, etc.
| ong as thei

are desirably, understood with sup glenent of a term "about™
EriRaAPK e BPRIHBEeE BR kA Badipethy

invention can produce a viscosity nodifier having excellent

| owt enper at tirebptpharmpasunbet Taéptubi Ftuokagebhylpbeppd) bboanagndr ding to
| ow-t enperature properties and is favorably
applied to variéosbhtpi)smnponjuntetugée-t&XpAMPbEronSF- 646 PCT 2 7 AU G 2002

the invention has excell ent

61 The present invention is further described with reference to the
fol | owi ng exanpl eBxabplest ofhbhé dN pe-dbatkylenil hatuthheaitwebhecdodés in no

way |imted

content was

benzene- d6 fN)ntaitbHythhoLohenReaerBepEEngl fboréhland4/ 1, by vol une) using

10 a nucl ear

Laboratory Lﬁ5902NbdeLpéﬁegﬁeth?lsﬁmﬂhhheﬂﬁeeEa@pheﬂp@;s&yaﬁ of 120C, a

pul se w dth

to those exanples. In the exanples, various properties were
measur ed by Khr-Gimethollsndesntuhedtbel phenizi hgbeos, content The et hyl ene

measured in a m xed sol vent of orthodichl orobenzene and
magneti c resonance apparatus of Japan El ectron Optics

of 45 pulse and a pul se repetition tine of 5.5 seconds.

SO

PRANYE) bAKOR, t he exception
of the follow ng exanples or unless otherw se stated. 15 EFFECT OF Tl DE
| NVENTI ON Theripsepspmponpantebraformadingthgiphegydl bonesprding to the

Viscosity at 100Cz{KmpVes15¢ ThRe Vi S50RY 1 ¥mMER1HRASHILE {Ac648r dance with

ASTM D 445.
10

15

20

25

di(l-propyl)ammoniumtetra (pentafluorophenyl)boron and
dicyclohexylammoniumtetra (phenyl)boron.

Also employable as the ionic compound is
triphenylcarbeniumtetrakis (pentafluorophenyl)borate,
N,N-dimethylaniliniumtetrakis (pentafluorophenyl)borate or
ferroceniumtetra (pentafluorophenyl)borate.

For forming the metallocene catalyst, the aforesaid
organoaluminum compound may be used together with the
organoaluminum oxy-compound and/or the ionizing ionic
compound.

Preparation of ethylene/propylene copolymer (A)

The ethylene/propylene copolymer (A) is prepared by
copolymerizing ethylene, propylene, and if necessary, other
monomers in the presence of preferably the vanadium catalyst
(a-1) (more preferably the vanadium catalyst (a-2)) or the

metallocene catalyst generally in a liquid phase. 1In the

‘)



In the exanpl es, adjustment was nmade so as to obtain K V. of about 10
. mR/sec. Cold Cranking Simulator (CCS) CCS was neasured in accordance with

ASTM D 2602. T CCS was used to evaluate sliding properties (starting
properties) g%g§h§8€

rank shaft at |ow tenperatures. A snal he? m@QZUﬁZCCS
indicates better |lowtenperature properties of a |ubricatidglo
M ni - Rotary Vi sconeter (MRV) SF-646 PCT 2 | AU G 2002 62 MRV was neasured
in accordance with ASTM D 3829 and D #584. The MRV was used to eval uate
punpi ng performance of an oil punp at |ow tenperatures. A smaller val ue of

MRV i ndi cate rii a lubri ing S,aqil.
shear St abi | (2h0} Piiek PRk ST AYEBBEBRRLAS Fredt 43 HHRELER R
3945. The SSI is.a neasure of kjinenmtic viscositi %oss t hat occurs by
sci ssi on of AOPRLUPEF1EALT AN oFOLVEBpol YHEr 2R oHpohehEN| fuGh 185 | LbRAREA: i ng
oil when a shear force is égplieg to the lubricating oil during the sliding
notion. A | aPHBPYvERGeTdY 3 UFRAdi cates | arger | oss of kinematic viscosity.
Lowtenperature flowabjlity After cooling at -18C for 2 weeks, flowability
15 (appear ance) o$x%mpt%?i%5t?%% %Y@r%%%gB%%e§9EWe%ﬁﬂ weed uk eth@s fol | ows.
AA: The lubricating oil flows. BB: The lubricating oil does not flow (in
gel state). POLYMBFizationipcdifealirietdahydeasarkansyt syrhasnsndicene
copolymer In a 2-liter continuous polynerization reactor equipped with a
stirring bl aBexasg; dierbdier apAnty Besanenofedgrppepingdiexadina @nsgen, 1
liter of dehydrated and purified hexane was placed. To the reactor, a
hexane sol ut hahogen alaryivdtiMaruheseofs cal ity ©kiclbydRocezEens., 551G 25)
?d%usted to have a

cyclohexane, methylcyclopentane and methylcyclohexane, and

halogen derivatives thereof; and aromatic hydrocarbons, such
10 asbenzene, tolueneandxylene, andhalogenderivatives thereof
such as chlorobenzene. These hydrocarbon solvents canbe used
singly or in combination of two or more kinds.
Although ethylene, propylene, and if necessary, other
monomers canbe copolymerizedbyanyof batchwise and continuous
15 processes, the copolymerization is preferably carried out
‘ continuously, and is particularly preferably carried out

i‘) continuously using a stirring vessel type reactor. When the
copolymerization is carried out continuously, the catalyst
is used in, for example, the following concentration.

20 When the vanadium catalyst (a-1l) is used as a catalyst,
the concentration of the soluble vanadium compound (v-1) in
the polymerization system is in the range of usually 0.0l to
5 mmol/liter (polymerization volume), preferably 0.05 to 3

mmol/liter. It is desirable to feed the soluble vanadium

25 compound (v-1) in a concentration of usually not more than



- SF-646 PCT 2 7 A U G 2002 63 concentration of 8.0 mml/1 was continuously -
fed for 1 hour at a rate of 500 m/hr. Then, to the reactor were further
continuously fed a hexane sol ution of VO OC2H5)Cl2 (as a catal yst) adjusted
to have a caredat parion of 0.8 mvol/1 at 5 a rate of 500 m/hr and hexane

(as a polynerization solvent) at a rate of 500 m/hr. On the O?ﬁﬁhﬁ??ﬁﬁ
t he pol yner solution was continuously drawn out fromthe top20 2

pol yneri zation reactor so that the anmgunt of the polymer solution in the
reactor would be invariably 1 liter. To the reactor were furthernore 10 fed
ethylene at a rate of 250 1/hr, propylene at a rate of 50 1/hr and hydrogen
at a rate oflGtinks,ysieferbiubbliond ttines, dbee popderabliyzhttiooh tiaast i on
was carried out at 50C by circulating a cooling nediumthrough a j acket
equi pped outshelecdreempotynesn zaf | die reabidle ddndddwm ghopeun€ace+on under
t he above conditions, a polynmer solution containing an ethyl ene/ propyl ene

copol yrmer wasreddmst nad. £ Hd o DRl z S0 ot | OPs v@s. daashed g dahamis@mnof
hydrochl oric acid and then introduced into a | arge anmount of nethanolto

preci pitate @smedlyd QREFBHODY IR BAPSKYERE thHIC tR@ HMEBAH it SQRA)/Yer Was
dried under vacuum at 130C for 24 hours. Properties of the copolyner are

shown insTablethe DA 28bMAG X8RI um SEoR46 I pB4 yhe £ 184+ F5n2002

The procedure of Polynerization Exanple 1 was repeated, excCept that VOC13

was used i“%f@@exﬁ’fbe\éqng?:d@u%ﬁ Hoe fnesyl tRadr fa{bl}?@ Rols0? Table

1 Polyneriza-"tion Ex. 1PolymeriZa- tion Ex. 2Polyrmerizatio

condi ti onsEtW}grﬁré%H%%(s)%ﬁﬁgré)@yl ene (1/hr)6060Hydr ogen

(1/ hr)1212Pol yner™ proper yl ene content (wto)75.775.6Mv (in terns of

PS 10418. 117. . 4T 2 4 - 2065 IMel t vi ity .
ra%i)c()l. 171. 17(~1%@%ﬁ%%ﬁr§%ﬁ{’ﬁg‘?°%@§@§if 4?%1 51,651 6 )
Ex le 1 A lubri [ il iti whi .of 10 88,88 ~

by wei ght_ of® oS B e oTETRE 2R st hEne 2 RPRE i 9B a

f ESSQ Co, 150 tral (trad ' | qi.l ilable f ESSO
e i e ER ST bR SR, SRy o el 53y Teng) "

S 646 PCT % R4 D OATEE BRh ABMBCENC (VB0 b BYETET gty G AL EL33
(trade nane, available from Sanyo Kasei Co, ) as a pour point depressant

and 10 o by Wef ROV TReRiet RYRAMEORFAPRFIEIT ( aPH IHAIS ethegmPEnsri Fhee

Co.), was evaluated on the lubricating oil perfornmnce and 5 the
flowabi | ity @¥9300ft@hbeiBacareeuUnttes desiralklyralsRsrA th fapesagple,

an arbitrary concentration of not more than 50 times the
15 concentration thereof in the polymerization system, followed
by feeding to the polymerization system.

In the copolymerization of ethylene, propylene, and if
necessary, other monomers in the presence of the vanadium
catalyst (a-1), the copolymerization reaction is carried out

20 under the conditions of a temperature of usually -50 to 100°C,

preferably -30 to 80°C, more preferably -20 to 60°C, and a

pressure of more than 0 kg/cm2 and not more than 50 kg/cm2,

preferably more than 0 kg/cm2 and not more than 20 kg/cmz.

In a continuous polymerization process, these polymerization

25 conditions are preferably held constant.



Conparative Exanple Z The procedure of Exanple 1 was repeated, except that
. the 10 types of the lubricating oil base and the ethyl ene/ propyl ene

copol ymer wesr646h@aged. The results are shown in Table 2. SF- 646 PCT 2
AU G 2002 66 Table 2 ,i) Ex. 1Conp. Ex. 1Type of

et hyl ene/ propyl enePol yneri za- Pol yneri za- copol ynerti on Ex. gio HE¥2

2Bl endi ng proportion (ws)Lubricatinggpil base88.8888.88De rdg 002

di sper sant 10. 0010. OOEtherne/properneO 500. 50copol yner Pour poi nt
depressant 0. 620. 62Lubri cating oil performanceK V. (at 1000

(mm2/s) 10. 0210. 01556@ I n0RBe @CES yhed2 2820 MRZE 503 2nt) Oh-oop § Bepe| alnd e AABB
flowabilityLubricating oil appearancecol orl essopague whit eandtransparent
Pol yreri zat i Dfi reesgd®ryd, Dthent hesomeos £t RiHeepebtpeapyl enec KORAINGEu N a
2-liter continuous polynerization reactor equipped with a stirring bl ade,

sai d react or cAgyl9gt begn2| Not RETbANe POE BLTy ¥t t oMt R 088 iod Ander of
dehydrated and purified hexane was placed.” To the reactor, a hexane

sol ution of @ébal%ema&méﬂ @&mafdﬂé)ralsdeeééﬁgaﬁme&e% st ed to

have a concentration of 8.0 mml/1 was continuously fed for 1 hour at a
rate of 500 m/hryndhehe ﬁn@thﬂ?o&@ﬁ@téﬁté’ﬁ@cfﬂgtf§ used a asha %‘ia'i%tfi? 27

A U G 2002 continuously f a hexane sol ution o )C12 (as
catal yst) adiystednhte ggg 8nCQRC r te of 500
m / hr and heggne gs g po §n%r?za?$%nﬁé%€€%§% at a aé%do% a6%3n1/h

top of “?Lghﬁﬁﬁlxé??%gtg#%ﬁﬁiei@%&ﬁ & B 87% ARGk oeE S {1 @’dog”’m e
{0y thermor e Pef B, J‘lé‘l%t&“%#@l?ﬁf%a?v% 88 e b?‘sa#sﬁsgity @a@ﬁ 50
copol yer i 2a0t on PRALTY b ae Tk Frdangar i Py SRy~ EPPRERER 7 S0 i ng
Through the. PRSRTRTCIIG CRAE. SBO M G Artion AL/ EE gy hopn Metal) of
the aluminum atom to the transition metal in the metallocene
compound in the polymerization system becomes usually 1 to
10000, preferably 10 to 5000.
The ionizing ionic compound is fed in such an amount that
15 themolarratio (ionizingioniccompound/metallocene compound)
of the ionizing ionic compound to the metallocene compound
L) in the polymerization system becomes 0.5 to 30, preferably
1 to 25.
When the organoaluminum compound is used, the compound
20 is fed in an amount of usually about 0 to 5 mmol/liter
(polymerization volume), preferably about 0 to 2 mmol/liter.
In the copolymerization of ethylene, propylene, and if
necessary, other monomers in the presence of the metallocene
catalyst (b), the copolymerization reaction is carried out

25 under the conditions of a temperature of usually -20 to 150°C,



sol ution containing an ethyl ene/ propyl ene copol yner was 15 obtai ned. The
pol ymer sol ution was deashed by the use of hydrochloric acid and then
introduced into a | arge anount of nethanolto precipitatean

et hyl ene/ pr o3fé4én@®Ctopol yner. The resulting copol yner was dried under
vacuum at 130C for 24 hours. Properties of the copolynmer are shown in Table
3. 20 Polynerization Exanples 4 - 6 The procedure of Pol yrigrf 4@U£b@0§2anple
3 was repeated, except that the feed jates of ethylene, propylene an

hydr ogen were changed as shown in Table 3. The results are shown in 25
Tabl e 3. SF-646 PCT 6s 2 7 AU G 2002 Table 3 i ‘

Pol yrer - Pol ypree £ @pal g 0-tRol 90R€E , mpareipore featabdnyi @ abilddi°Lata rdhEp.redEured EX.
5Ex. 6Pol yneri zationconditionskt hyl ene (1/ hr)250240230220Pr opyl ene

(1/ hr) 50607080 hiyskredg@an( ¢/ g ) b2 ARel HEEMPFORMain 86 BLdWAENE preferably
cont ent 80. 275. 470. 566. 2(W %9 Mv (i n terms of PS)30.729. 230. 258 B

104Mv M1l. 91n82e @Rl 0 'k‘?(/@)na?arﬁﬁlﬁo%?r&r?eléh&%ﬁ‘b‘l%gl &R27 11902 bt 1prdudVel t
vi scosity2.051.871.931. 7lratio (r~*0,01/~1*8)Density

(kg/ nB) 88787285918 ERa B USE B ZAad) L02E6pd DOmdB#z 2UNIR A orfdi ©thps BYml e 2
A lubricating oil conposition, which was conposed of 89.04 % by weight of a

m xed oils of p2@PeNeWlyahe(lir a88sPane, Mneral oil available fromESSO Co. )
and 150 Neutral (trade nane, mneral oil available fromESSO Co. ) in a

mxing ratio 10 oAl 8Rodéh ahearkHBLii6alt e AdveIaR rBs$#8er®BY: Mrd Wherof the
SF-646 PCT 69 2 ~ AU G 2002 et hyl ene/ propyl ene copol yner obtained in

Pol yneri zat i pRe Eé@am%érﬁat%oﬁ@ by &@Lgbédoéuécé%i&ééuéiwd@aggé% by

avai |l abl e from Sanyo sel Co. as a pour pol nt ressant” and

Caht of . . . ‘ |

ovaluat od on"PhehPEfb, BhORTERENLaERYPLL PufACETAN, Mo buierPrnidfe, ()
t t t in Table 4. Ex I : [

Eanpl o5 2 2R BST0ETRE! prEERauTe B Exal d D IGSY ey R Fhat

the t t t the. | i ti il dth

etﬁylgﬁgﬁhfg 9Igﬁgggg%gléﬁé&eﬁﬂgéygﬁghﬁgﬂﬁggﬂg{?eg Fggggre sﬁomn in Table

4. SF- 646 PCT 7. U G 2002 Table 4 Ex. 2Ex. 3Conp. . Comp. Ex. 23T

of Pol yner - Pol ynerzg%ﬁ/%?’- Pt Yt @%‘%hﬁr&%&%ﬁt?ﬁﬂ%yxﬁt%rzﬁn&mef%i oﬁ)g
ti I Ex. 4Ex. 5Ex. 3Ex. 6Bl endi ti wt ~) Lubri cati

o1 185 0489, 0RBS. TRBS OoBRE SIS AR L0 T8 L8815 G0, BoPPEher St £yl enel
pr opyl ene0. 500. 500. 500. 50copol yner Pour ) L o

poi nt 0. 460. 48BNYEB1S szggﬁﬁﬂ%mq W) Giaviesr sreehtR opmpegition

100C) 10. 0210. 0510. 0210, 04( nm®/ s) SSI 45. 046. 045. 043. 5CCS2, 6202, 8202, 6002, 850M
RV21, 00044, 5682 P©6BEBLNAF f | BHLSR CRPQLYER b 22 BRAARY Lo@bl 2T tpight

15 modifier such as hydrogen may be further used, and by the use
of themolecularweightmodifier, theweight-averagemolecular
weight can be adjusted to 80,000 to 400,000.

When ethylene, propylene, and if necessary, other
monomers are copolymerized as described above, the

20 ethylene/propylene copolymer (A) is generally obtained as a
polymer solution containing the copolymer. The polymer
solution is treated in a conventional manner, whereby the
ethylene/propylene copolymer (A) is obtained.

Preparation of ethylene/propylene copolymer (B)




SF-646 PCT 2 7 AU G 2002 71 What is clained is: 1. A viscosity nodifier for
. alubricating oil, conprising an ethyl ene/ propyl ene copol yner (A) having

t he follomﬁngag%ogg%ties (a-1) to (a-5): 5 (a-1) the density is in the
range of 857 to 8 kg/ n8, (a-2) the weight-average nol ecul ar wei ght as
nmeasured by gel perneation chromatography is in the range of 80,000 to

400,000 in terns of polystyrene, (a-3) Mv Mh (Mv wei ght - aye | ar
wei ght, Mi: 10 nunber-average nol ecul #® weight), which is %n7 ﬂglqm of
a nol ecul ar wei ght distribution, is not nore than 2.3, (a-4) the nelting

poi nt as neasure [ 1.al Nl rigeter 1s. jn t range of
15 to 60C, and (gm%/ ‘?%}gyi eﬁ%@é%%ﬁ%%‘%%f t L%Frrﬁr télrsl%éapro(?%?bx Tm 15
(C) as neas .diffe i S i cal ori,neter satisfy th
fol | owi ng re?é??%ﬁﬁ(?%gir;’né étﬁmzlﬁ‘!xe[& %%%?’Y% €odnR It AKSISP dloitg&r for a
| ubricating o0il, 20 co i sing an ethyl enelpr | ene copol ynmer (B) having
the forl ow MiCBYBEE? beneressfhet Pl pFegsR Bl FRE FRTAA CaratyP ng
units derived fromethylene i, in the range of 70 to 79 % by wei_ght
SF- 66 PCT 21730 16 Heoge trs lasesy CatandssnibLarSeia by it Siidht as
measur ed by gel ger meati on chraomat ography is not | ess than 80, 000 and | ess
than 250,000PR&Seer i dhe ARG Zq -0, MvhviRade b gilvend: ddée
nol ecul ar wei ght, Mh: 5 nunber-average nol ecul ar weight), which is an
i ndi cati on oficaenal dyuized wesi ghpodiymeriibatiion, sotkvent, rorte arhamro2eZin( b- 4)
the nelting point as neasured by a differential scanning calorineter is in
t he range ofsushtasebtyub@doropylene may be used.
() Examples of the hydrocarbon solvents used in the
polymerization include the same hydrocarbon solvents as
10 previously described. These solvents can be used singly or
in combination of two or more kinds.
Although ethylene, propylene, and if necessary, other
monomers canbe copolymerizedbyanyofbatchwise and continuous
processes, the copolymerization is preferably carried out

15 continuously, and is particularly preferably carried out

continuously using a stirring vessel type reactor. When the

-~
p—

copolymerization is carried out continuously, the catalyst

is used in, for example, the following concentration.
When the vanadium catalyst (a-2) is used as a catalyst,
20 the concentration of the soluble vanadium compound (v-2) in
the polymerization system is in the range of usually 0.01 to
5 mmol/liter (polymerization volume), preferably 0.05 to 3
mmol/liter. It is desirable to feed the soluble vanadium
compound (v-2) in a concentration of usually not more than

25 10 times, preferably 1l to 7 times, more preferably 1 to 5 times,



(h-5) the content (E (~ by weight)) of recurring units 10 derived from
ethyl ene and the neltingpoint (Tm(C) ) as neasured by a differenti al
scanning calorinmeter satisfy the following relation (11) 3.44xE-206 Z Tm
(FI'). 15 3. gF-646se0sity nodifier for a lubricating oil, conprising an

et hyl ene/ propyl ene copol yner (C) having the follow ng properties (c-1) to

(c-5): ( c-1) the content of recurring units derived fronZéHﬁ(U@QUO?in
the range of 70 to 79 ~ by weight, 204{c-2) the weight-average nol ecul-ar

wei ght as nmeasured by gel perneation chromatography is in the range of 250,
000 to 400,000 in terns of polystyrene, (c-3) MV Mn (Mv wei ght-average

nol ecul ar wetlght colbentoabion averdlye sol wold avanesd Qi ) conowtd | sv-am)

i ndi cation of 25 a nol ecul ar weight distribution, is not nore than 2.3,

SF- 646 PCT Zpre#¢h© 2008hd 3pdTyderifet 1eh t $ Mgt a0 NITHRS oTRASWAGmIY 1%
differential scanning calorineter is in the range of 15 to 60C, and (c-5)

the content ¢&mpdahy weifeldt Jn fch aauakbigt WHAS téermyesr framet(Ryl/eye and
the nelting point (Tm(C ) as neasured 5 by a differential scanning

cal ori meter gathefy dhendwbkew t0thelainRM ud At dn InHEP3e¢mérivhihiblh) - 4.
A lubricating oil conposition conprising: 10 (A an ethyl ene/ propyl ene

copol yners aggs£ &) Beddud Q?édalqwinlotbfgégs vhghe2 N dher Stdyl enehly %%'eene

copol yner (A)iscontained in an amount of 1 to 20 9% bywei ght and hast

followi ng propestiesséasd)vt® £&-H): 15 (a-1) the density is in the range
of 857 to 882 ﬁg/gr)rﬁ, (a?Z)yt%e wei ght - aver age nol ecul ar wei ght as neasured

P)e/r?rgl O]E)er neat i O%ﬁ@rg‘%ﬂkg% W&Mnc%o%@]g&q) 80,#09,4 0 400, 000 in _
pol ystyrene, (a . g average nol ecul ar wei ght, Mh:
20 nunber - avgfggﬁog?&ﬁfh'&rﬁrco\ﬁ%%c? are@éﬁ&gflf%eidngkgg}:iooiritfged with { :\
the aforesaid hydrocarbon solvent and/or liquid propylene.
10 The soluble vanadium compound (v-2) is desirably diluted to
the above-mentioned concentration. On the other hand, the
organoaluminum compound is desirably adjusted to, for example,
an arbitrary concentration of not more than 50 times the
concentration thereof in the polymerization system, followed
15 by feeding to the polymerization system.

In the copolymerization of ethylene, propylene, and if
necessary, other monomers in the presence of the vanadium
catalyst (a-2), the copolymerization reaction is carried out
under the conditions of a temperature of usually -50 to 100°C,

20 preferably -30 to 80°C, more preferably -20 to 60°C, and a

pressure of more than 0 kg/cm? and not more than 50 kg/cm?,

preferably more than 0 kg/cm2 and not more than 20 kg/cm?,

In a continuous polymerization process, these polymerization

conditions are preferably held constant.



a.nol ecul ar wei ght distribution, is not nore than 2.3, (a-4) the nelting
.point as neasured by a differential scanning calorineter is in the range of
15 to 60C, agg 3]3 646 PCT 2 7 AU G 2002 74 (a-5 ) the density ( D ( kg/n8
)-) and the P46 é:p0|nt (Tm (C)) as neasured by a differential scanning
calorineter satisfy the following relation (1) TmS 1.247xD- 1037 (1). 5 5.

A lubricating oil conposition conprising: (B) an ethyl ene/
copolyner, and L ~ (D) a lubricating 48] base, wherein the2)|7)l%(U®1?[]02

et hyl ene/ propyl ene copolyner(B)iscontained |0 in an ambunt of 1 to 20 ~ by
wei ght and has theg,f Ilomnn ertles 1 b-5 b-1 th cont ent
of recurring uni t@hﬁg W‘/%(IP gteﬁ?l gﬁiééhs% (cha 5—5 %%(a(?f ) Y&F 10 by
wei ght, (b-2)_.the wei vera | ecul a ht as rreasured 15 by gel
permeation c Pﬁnﬁ?S&Fgﬁﬁﬁ%FQn %& nﬁ?smFﬁailgﬁe B06°%RaUNEsdnt fAR 2509000 in

terns of polé ght - aver age noj ecul ar wei ht Vh:

tlrene, h-3) Mv Mh (Mn \M?ge
nunber - aver a§@ EdFRALORePYREST Whi th GRE ZATORIPEarFBRLbY G- PRI
wei ght distribution, is not npre than 2.3, 20 (b-4) the nelting 80| nt as
measured by &-dimeléhiter (mﬁfmeﬁ@@éal@ﬂ m%@netsnr@fter@brlamge Pl1® t o
60C, and (b-5) the content by weight)) of recurring units derived
from et hypend -88dmmpd / ﬂréF@i—‘ng T JanAYlominugs oxgasampaupgl asdfed dirent i al
scanning calorinmeter satisfy the following 25 relation (I1) SF- 646 PCT 2
7 AU G 2002 3uehxEn2@eountTrih@t fheenokar uatiicat(RPdgtornsdbaposnetah) of
conpri si ng:
the aluminum atom to the transition metal in the metallocene
() compound in the polymerization system becomes usually 1 to
10000, preferably 10 to 5000.
10 The ionizing ionic compound is fed in such an amount that
themolarratio (ionizingioniccompound/metallocene compound)
of the ionizing ionic compound to the metallocene compound
in the polymerization system becomes 0.5 to 30, preferably
1 to 25.
15 When the organoaluminum compound is used, the compound
is fed in an amount of usually about 0 to 5 mmol/liter
() (polymerization volume), preferably about 0 to 2 mmol/liter.
In the copolymerization of ethylene, propylene, and if
necessary, other monomers in the presence of the metallocene
20 catalyst (b), the copolymerization reaction is carried out

under the conditions of a temperature of usually -20 to 150°C,

preferably0to120°C, morepreferably0to100°C, andapressure
of more than 0 kg/c:m2 and not more than 80 kg/cm2, preferably

more than 0 kg/cm2 and not more than 50 kg/cm2 . Inacontinuous



(© an ethyl enel/ propyl ene copolyner, and 5 (D) a lubricating oil base,
wherei n the ethyl ene/ propyl ene copol yner(C)iscontained in an anount of 1 to
20 ~ by weight and has the follow ng properties (c-1) to (c-5): ( c-1) the
content of r@EG# iR units derived fromethylene 10 is in the range of 70
to 79 o by weight, (c-2) the weight-average nol ecul ar wei ghﬂt ?a l_[hé @d by
gel perneation chromatography is in the range of 250, 000 to 400,000 iIn
terms of polystyrene, (c-3) Mwv M (Mmvggowei ght - average nol ecul ar wei ght, Mh:
15 nunber-average nol ecul ar weight), which is an indication of a nolecul ar
wei ght distribution, is not nore than 2.3, (c-4) the nelting point as
measur ed by axdﬂmﬁéﬂémmkﬂn-ﬁﬁaﬁﬁﬁﬁg tﬁ@%ﬂ|9ﬂiymenhzahlomheondmgeoob dbeto
60C, and (c-5) the content (E (~ by weight)) of recurring units 20 derived
f rom et hyl enerafednadhd yndlelichgarsitent((Tm (C) ) as neasured by a differenti al
scanning calorineter satisfy the following relation (111) 3.44xE-204 Z Tm
(rrr). 25 7. A | ubditdaivighgtbe | resoripiosi tiioe Cavprage nEsideffeeb46mBGIhén7 AU
G 2002 (A) an ethyl ene/ propyl ene copolyner, (D) a lubricating oil base, and
(E) a pour pahd cigprlssesariizatier disn dahe ieldhyheneoptdpyloendy) varies
copol ymer (A)i scontained 5 in an amount of 0.1 to 5 % by weight, the pour
poi nt depsessiperding ipantdicnettal ywt avdentehtiQody polymiériy arioght
and the ethyl ene/propyl ene copol ymer (A) has the follow ng properties (a-1)
to (a-5): (atbmddiatdanrsi tetd.s it tikeihagge Phn§87ot0us821Kg/ §8nidQcés- 2)

the wei ght - average nol ecul ar wei ght as nmeasured by gel perneation

chr omat ogr aphy, iss H £d1e Jraea-1,80. 0/ it A0Q.080 Ho s M5 _of

pol ystyrene, (a-3) Mw Mh (Mv weight-average nol ecul ar weight, M
nunber - aver age nolggg) 3 e 1eWai chnlys s @nnkpdikgak{on 4 ular (4
wei ght distribution, |snr?otlpg:|6 e tehan 2n3 ?aEl ﬁ #re (t)?lfrl\% g’%ﬁ?ﬁ‘gg .
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10 ethylene/propylene copolymer (B) having specific composition
can be obtained. In the copolymerization, a molecular weight
modifier such as hydrogen may be further used, and by the use
of themolecular weight modifier, theweight-averagemolecular
weight can be adjusted to not less than 80,000 and less than
15 250,000.

When ethylene, propylene, and if necessary, other
monomers are copolymerized as described above, the
ethylene/propylene copolymer (B) is generally obtained as a
polymer solution containing the copolymer. The polymer

20 solution is treated in a conventional manner, whereby the

ethylene/propylene copolymer (B) is obtained.

Preparation of ethylene/propylene copolymer (C)

The ethylene/propylene copolymer (C) is prepared by
copolymerizing ethylene, propylene, and if necessary, other

25 monomers in the presence of preferably the vanadium catalyst



(©) as neasured by a differential scanning calorinmeter 20 satisfy the
.followng relation (1) TmS 1.247xD-1037 (l1). 8. A lubricating oi

conposi tion gogdar ipgirng: (B) an et hyl ene/ propyl ene copol yner, 25 (D) a
| ubricating oil base, and SF-646 PCT 2 ~| AU G 2002 (E) a pour point

depressant, wherein the ethyl ene/ propyl ene copolynmer(B)is t A M an
anmount of 0. 1 to 5 % by weight, the pour poi nt depressan%q?é$um§%ng

in an anount of 0.05 to 5 % by meight,oand 5 the et hyl ene/ propyl ene
copolynmer (B) has the followi ng properties (b-1) to (b-5): (b-1) the

content of reguLyi (Gordipsederayed tHOM A4 BR&dtalystt @ -r23n9¢,0% L0 to
79 % by wei ght, (b-2) tﬁ% meight?gverage nol ecul ar mé?bhp%%éggeasu%g 10 by

gel permeatiQatsNi 9BBAEHARN IS (BPlqd RS 1 NAA 18D .1 1 SS
250,000 in terns of polystyrene,((gfﬁ) NM/NEﬁ(ﬁhgldblgc??gsggégéﬁggﬁgcular

wei ght, Mh: EHEtBﬂrméi‘ﬁéé‘EfoHP'aeii:xgb%c%b%t%%ﬂ%ﬁ%é %ﬁgggggygﬁéwa of a

nol ecul ar wei g di stribution, not nore t e neFting

it . al . | o Y he. ¢
15 1o ooc  anabpsvEyrFadtioht St vEae tPR) G GRelS R Shghrer ptaid s e ©
derived fgorbgégﬁhggg ﬁg? ggeu 5§|ngp0|nt (Tm (C) ) as neasured by a

differentia nrng caforrneter satisfy the followng 20 relation (I1)

3.44xE-206 z Tm (L1). 9. A Lupbricating oil co sition comprising: (C an

ethylene/propylen%x%%%g?ﬁn%#,gﬁ%c?fﬂr C?fﬁﬁ?c%?f%%n%ﬁIuiﬁéiéna. SF- 646

PCT Z ~I| AU G 2002 iEg a_pour Point depr essant ,
polymerizatio

include the same hydrocarbon solvents as

() previously described. These solvents can bg used singly or
in combination of two or more kinds.

10 Although ethylene, propylene, and if necessary, other
monomers canbe copolymerizedbyanyof batchwise andcontinuous
processes, the copolymerization is preferably carried out
continuously, and is particularly preferably carried out
continuously using a stirring vessel type reactor. When the

15 copolymerization is carried out continuously, the catalyst
is used in, for example, the following concentration.

(-) When the vanadium catalyst (a-1l) is used as a catalyst,
the concentration of the soluble vanadium compound (v-1) in
the polymerization system is in the range of usually 0.01 to

20 5 mmol/liter (polymerization volume), preferably 0.05 to 3
mmol/liter. It is desirable to feed the soluble vanadium
compound (v-1l) in a concentration of usually not more than
10 times, preferably 1l to 7 times, more preferably 1 to 5 times,

the concentration of the soluble vanadium compound (v-1)

25 present in the polymerization system. The organoaluminum

ai ned



wherein the ethyl ene/ propyl ene copol yner(C)i scontained in an anmount of 0. 1
to 5 % by weight, the pour point depressant (E) is contained in an anpunt
of 0.05 to 5 %by weight, and 5 the ethyl ene/ propyl ene copol yner (C) has
the foll ow ngF-pA6oREMt i es (c-1) to (c-5): (c-1 ) the content of recurring
units derived fromethylene is in the range of 70 to 79 % by weight, (c-2)
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n the copolymerization of ethylene, propylene, and if

15 necessary, other monomers in the presence of the vanadium
catalyst (a-1), the copolymerization reaction is carried out
under the conditions of a temperature of usually -50 to 100°C,
preferably -30 to 80°C, more preferably -20 to 60°C, and a
pressure of more than 0 kg/cm? and not more than 50 kg/cmZ,

20 preferably more than 0 kg/cm? and not more than 20 kg/cmZ.
In a continuous polymerization process, these polymerization
conditions are preferably held constant.

Also in the copolymerization of ethylene, propylene, and

if necessary, other monomers in the presence of the vanadium
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temperature, etc., it is in the range of usually 5 minutes

to 5 hours, preferably 10 minutes to 3 hours. { )

Ethylene, propylene,’and if necessary, other monomers
10 are fed to the polymerization system in such amounts that the
ethylene/propylene copolymer (C) having specific composition
can be obtained. In the copolymerization, a molecular weight
modifier such as hydrogen may be further used, and by the use
of themolecularweight modifier, theweight-averagemolecular

15 weight can be adjusted to 250,000 to 400,000.

When ethylene, propylene, and if necessary, other
monomers are copolymerized as described above, the
ethylene/propylene copolymer (C) is generally obtained as a
polymer solution containing the copolymer. The polymer

20 solution is treated in a conventional manner, whereby the
ethylene/propylene copolymer (C) is obtained.

Lubricating oil composition

The lubricating oil composition according to the

invention comprises:
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U& () -910% a lubricating oil base (D), and
() a pour point depressant (E).
The components for forming the lubricating oil
10 composition of the invention are described below.

Lubricating oil base (D)

Examples of the lubricating oil bases (D) for use in the
invention include mineral oils and synthetic oils such as

poly-a-olefins, polyol esters and polyalkylene glycols. A

15 mineral oil or a blend of a mineral oil and a synthetic oil

is preferably employed. The mineral oil is generally used

() after subjected to purification such as dewaxing. Although
mineral oils are divided into several classes according to
thepurificationmethod, generallyusedisamineral oil having

20 a wax content of 0.5 to 10 %. Further, a mineral oil having

a kinematic viscosity of 10 to 200 ¢St is generally used.

Pour point depressant

Examples of the pour point depressants (E) for use in
the invention include alkylated naphthalene, (co)polymers of

25 alkyl methacrylates, (co)polymers of alkyl acrylates,
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copolymers of alkyl fumarates and vinyl acetate, a-olefin
polymers, and copolymers of a~olefins and styrene. Of these,
(co)polymers of alkyl methacrylates and (co)polymers of alkyl
acrylates are preferably employed.

5 One embodiment of the lubricating oil composition
according to the invention comprises the ethylene/propylene
copolymer (A) and the lubricating oil base (D), and contains
the ethylene/propylene copolymer (A) in an amount of 1 to 20 % .
by weight, preferably 5 to 10 % by weight (residue: lubricating

10 o0il base (D) and later-described additives). The lubricating
0il composition preferably contains the lubricating oil base
(D) inanamount o 80to 99 $byweight andtheethylene/propylene
copolymer (A) in an amount of 1 to 20 % by weight, based on
100 % by weight of the total of the lubricating oil base (D)

15 and the ethylene/propylene copolymer (A).

The lubricating oil composition comprising the
ethylene/propylene copolymer (A) and the lubricating oil base
(D) shows small dependence on temperature and has excellent
low-temperature properties. The lubricating oil composition
20 can be used as it is as a lubricating oil, or can be further
blended with a lubricating oil base, a pour point depressant,
etc. prior to use as a lubricating oil.
Another embodiment of the lubricating oil composition
according to the invention comprises the ethylene/propylene

25 copolymer (B) and the lubricating oil base (D), and contains
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() and the ethylene/propylene copolymer (B).
The lubricating o0il composition comprising the
10 ethylene/propylene copolymer (B) and the lubricating oil base
(D) shows small dependence on temperature and has excellent
low-temperature properties. The lubricating oil composition
can be used as it is as a lubricating oil, or can be further
blended with a lubricating oil base, a pour point depressant,
15 etc. prior to use as a lubricating oil.
A further embodiment of the lubricating oil composition
() according to the invention comprises the ethylene/propylene
copolymer (C) and the lubricating oil base (D), and contains
the ethylene/propylene copolymer (C) in an amount of 1 to 20 %
20 byweight, preferably 5to 10 % by weight (residue: lubricating
0il base (D) and later-described additives). The lubricating
0il composition preferably contains the lubricating oil base

(D) inanamount of 80to 99 $byweight andtheethylene/propylene

copolymer (C) in an amount of 1 to 20 % by weight, based on
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etc. prior to use as a lubricating oil.

10 A still further embodiment of the lubricating oil
composition according to the invention comprises the
ethylene/propylene copolymer (A), the lubricating oil base
(D} and the pour point depressant (E), and contains the
ethylene/propylene copolymer (A) in an amount of 0.1 to 5 &

15 Dby weight, preferably 0.3 to 2 % by weight, and the pour point
depressant (E) in an amount of 0.05 to 5 % by weight, preferably
0.1 to 2 % by weight (residue: lubricating oil base (D) and
later-described additives).

The lubricating oil composition comprising the

20 ethylene/propylene copolymer (A), the lubricating oil base
(D) and the pour point depressant (E) shows small dependence
on temperature and small rise of the pour point, said rise
being attributed to the interaction between the
ethylene/propylene copolymer (A) and the pour point depressant

25 (E), and has excellent low-temperature properties in every

)
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& ()-'!10%)(D) and the pour point depressant (E), and contains the
() ethylene/propylene copolymer (B) in an amount of 0.1 to 5 %
by weight, preferably 0.3 to 2 % by weight, and the pour point
10 depressant (E) in an amount of 0.05 to 5 % by weight, preferably
0.1 to 2 % by weight (residue: lubricating oil base (D) and
later-described additives).
The_lubricating oil composition comprising the
ethylene/propylene copolymer (B), the lubricating oil base
15 (D) and the pour point depressant (E) shows small dependence
on temperature and small rise of the pour point, said rise
() being attributed to the interaction between the
ethylene/propylene copolymer (B) and the pour point depressant
(E), and has excellent loWFtemperature properties in every
20 shear rate region. Further, the lubricating oil composition
can satisfy low-temperature property standards of the GF-3
standards.
A still further embodiment of the lubricating oil

composition according to the invention comprises the

25 ethylene/propylene copolymer (C), the lubricating oil base
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by weight, preferably 0.2 to 1.5 % by weight, and the pour
point depressant (E) in an amount of 0.05 to 5 % by weight,
5 preferably 0.1 to 2 % by weight (residue: lubricating oil base
(D) and later-described additives).

The lubricating oil composition comprising the
ethylene/propylene copolymer (C), the lubricating oil base
(D) and the pour point depressant (E) shows small dependence

10 on temperature and small rise of the pour point, said rise
being attributed to the interaction between the
ethylene/propylene copolymer (C) and the pour point depressant
(E), and has excellent low-temperature properties in every
shear rate region. Further, the lubricating oil composition

15 can satisfy low-temperature property standards of the GF-3
standards.

To the lubricating oil composition according to the
invention, additives having effects of improving viscosity
index, such as (co)polymers of alkyl methacrylates,

20 hydrogenated SBR and SEBS, and other additives, such as
detergent, rustpreventiveagent, dispersant, extremepressure
agent, anti-foaming agent, antioxidant and metal deactivator,
may be added in addition to the above-mentioned components.

Preparation of lubricating oil composition
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In the present specification, all numerical values for
10 the amounts of materials, reaction conditions, molecular
weight, carbon atom number, etc. are desirably understood with
supplement of a term "about" so long as their meanings are
not technically indefinite, with the exception of the following
examples or unless otherwise stated.

15

EFFECT OF THE INVENTION

(m) The viscosity modifier for a lubricating oil according
to the invention can produce a viscosity modifier having
excellent low-temperature properties.

20 The lubricating oil composition according to the
invention has excellent low-temperature properties and is

favorably applied to various lubricating oil uses.

EXAMPLE
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Ethylene content

The ethylene content was measured iﬁ élnixed solvent of
orthodichlorobenzene and benzene-dé
(orthdichlorobenzene/benzene-d6 = 3/1 - 4/1, by volume) using

10 anuclearmagneticresonance apparatusof JapanElectronOptics
Laboratory LA500 Model under the conditions of a temperature
of 120°C, a pulse width of 45° pulse and a pulse repetition
time of 5.5 seconds.

Viscosity at 100°C (K.V.)

15 The viscosity was measured in accordance with ASTM D 445.
In the examples, adjustment was made so as to obtain K.V. of

about 10 mm2/sec.

Cold Cranking Simulator (CCS)

CCS was measured in accordance with ASTM D 2602. The
20 CCS was used to evaluate sliding properties (starting
properties) at the crank shaft at low temperatures. A smaller
value of CCS indicates better low-temperature properties of
a lubricating oil.

Mini-Rotary Viscometer (MRV)

i,
. ’
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5 oil.

Shear Stability Index (SSI)

SSI was measured in accordance with ASTM D 3945. The
( ) SSI is a measure of kinematic viscosity loss that occurs by
scission of molecular chain of a copolymer component in a
10 lubricatingoil whenashear forceisappliedtothe lubricating
0il during the slidingmotion. A larger value of SSI indicates
larger loss of kinematic viscosity.

Low~temperature flowability

After cooling at -18°C for 2 weeks, flowability
15 (appearance) of a lubricating oil was observed and evaluated
as follows.
() AA: The lubricating oil flows.
BB: The lubricating oil does not flow (in gel state).

Polymerization Example 1

20 Synthesis of ethylene/propylene copolymer

In a 2-liter continuous polymerization reactor equipped
with a stirring blade, said reactor having been thoroughly
purgedwithnitrogen, 1 liter of dehydrated and purifiedhexane
was placed. Tothereactor, ahexane solutionof ethylaluminum

25 sesquichloride (Al(C2H5)1.5°Cl1,5) adjusted to have a
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at a rate of 500 ml/hr. Then, to the reactor were further

& &

continuously fed a hexane solution of VO(OC2Hs5)Cls (as a
catalyst) adjusted to have a concentration of 0.8 mmol/l at

5 a rate of 500 ml/hr and hexane (as a polymerization solvent)
at arate of 500ml/hr. On the other hand, the polymer solution
was continuously drawn out from the top of the polymerization
reactor so that the amount of the polymer solution inthe reactor
would be invariably 1 liter. To the reactor were furthermore

10 fed ethylene at a rate of 250 1l/hr, propylene at a rate of
50 1/hr and hydrogen at a rate of 5 1/hr using a bubbling tube.
The copolymerization reaction was carried out at 50°C by
circulating a coolingmedium through a jacket equipped outside
the polymerization reactor.

15 Through the reactionunder the above conditions, apolymer
solution containing an ethylene/propylene copolymer was
obtained. The polymer solution was deashed by the use of
hydrochloric acid and then introduced into a large amount of
methanol toprecipitate anethylene/propylene copolymer. The

20 resulting copolymer was dried under vacuum at 130°C for 24

hours. Properties of the copolymer are shown in Table 1.

Polymerization Example 2
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The procedure of Polymerization Example 1 was repeated,
except that VOCl3 was used instead of VO(OCpH5)Clo. The

results are shown in Table 1.

5 Table 1
Polymeriza- Polymeriza-
tion Ex. 1 tion Ex. 2
() Polymerization conditions
Ethylene (1/hr) 240 240
Propylene (1l/hr) 60 60
Hydrogen (1/hr) 12 12
Polymer properties
Ethylene content (wt%) 75.77 75.6
Mw (in terms of PS) x 104 18.1 17.8
Mw/Mn 1.9 2.4
Tm (°C) 47.2 56.2
3.44xE~-206 54.4 54,1
Melt viscosity ratio 1.17 1.17
(n*0.01/n*8)
) Density (kg/m3) 873 873
1.247xD-1037 51.6 51.6
Example 1

A lubricating oil‘composition, which was composed of

10 88.88 % by weight of a mixed oil of 100 Neutral (trade name,
mineral oil available from ESSO Co.) and 150 Neutral (trade
name, mineral oil available from ESSO Co.) in a mixing ratio

of 80:20 as a lubricating oil base, 0.62 % by weight of the

ethylene/propylene copolymer obtained in Polymerization
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Co.), was evaluated on the lubricating oil performance and
5 the flowability at low temperatures. The results are shown

in Table 2.

Comparative Example 1

The pfocedure of Example 1 was repeated, except that the
10 types of the lubricating oil base and the ethylene/propylene

copolymer were changed. The results are shown in Table 2.
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Table 2
Ex. 1 Comp. Ex. 1

Type of ethylene/propylene Polymeriza- Polymeriza-~
copolymer tion Ex. 1 tion Ex. 2
Blending proportion (wt%)

Lubricating oil base 88.88 88.88

Detergent dispersant 10.00 10.00

Ethylene/propylene 0.50 0.50

copolymer

Pour point depressant 0.62 0.62
Lubricating oil performance

K.V. (at 100°C) (mm2/s) 10.02 10.01

SSI 23.0 23.0

CCs 2,790 2,820

MRV 25,500 32,100

Low-temperature AR BB

flowability
Lubricating oil appearance colorless opaque white
and
transparent

Polymerization Example 3

Synthesis of ethylene/propylene copolymer

In a 2-1liter continuous polymerization reactor equipped
with a stirring blade, said reactor having been thoroughly
purgedwithnitrogen, 1 liter of dehydrated and purifiedhexane
was placed. Tothereactor, ahexane solutionofethylaluminum
sesquichloride (Al(C2H5)1.5:Cl1.5) adjusted to have a
concentration of 8.0 mmol/l was continuously fed for 1 hour

at a rate of 500 ml/hr. Then, to the reactor were further

\
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reactor so that the amount of the polymer solution inthe reactor
would be invariably 1 liter. To the reactor were furthermore
fed ethylene at a rate of 250 l/hr, propylene at a rate of
50 1/hr and hydrogen at a rate of 5 1/hr using a bubbling tube.

10 The copolymerization reaction was carried out at 35°C by
circulating a cooling medium through a jacket equipped outside
the polymerization reactor.

Through the reactionunder the above conditions, apolymer

solution containing an ethylene/propylene copolymer was

15 obtained. The polymer solution was deashed by the use of
hydrochloric acid and then introduced into a large amount of
methanol toprecipitate anethylene/propylene copolymer. The
resulting copolymer was dried under vacuum at 130°C for 24
hours. Properties of the -copolymer are shown in Table 3.

20

Polymerization Examples 4 - 6

The procedure of Polymerization Example 3 was repeated,
except that the feed rates of ethylene, propylene and hydrogen

were changed as shown in Table 3. The results are shown in

25 Table 3.
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Ex. 3 Ex. 4 Ex. 5 Ex. 6
Polymerization
conditions
p Ethylene (1/hr) 250 240 230 220
) Propylene (1/hr) 50 60 70 80
Hydrogen (l/hr) 5 5 4 4
Polymer properties
Ethylene content 80.2 75.4 70.5 66.2
(wt%)
Mw (in terms of PS) 30.7 29.2 30.2 28.5
x 104
Mw/Mn 1.9 1.9 2.0 2.0
Tm (°C) 62.8 45.1 30.2 14.1
3.44xE-204 71.9 55.4 38.5 23.7
Melt viscosity 2.05 1.87 1.93 1.71
ratio (N*0.01/M*8)
() Density (kg/m3) 887 872 859 unmea-
sured
1.247xD-1037 69.1 50.4 34.2 unmea-
sured
5 Example 2

A lubricating oil composition, which was composed of
89.04 % by weight of a mixed oil of 100 Neutral (trade name,
mineral oil available from ESSO Co.) and 150 Neutral (trade
name, mineral oil available from ESSO Co.) in a mixing ratio

10 of 80:20 as a lubricating oil base, 0.46 % by weight of the
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the flowability at low temperatures. The results are shown

in Table 4.

Example 3, Comparative Examples 2 and 3

10 The procedure of Example 2 was repeated, except that the
types and the amounts of the lubricating oil base and the
ethylene/propylene copolymer were changed. The results are

shown in Table 4.
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10 Type of Polymer- | Polymer- | Polymer- | Polymer-
ethylene/propylene ization ization | ization | ization
copolymer Ex. 4 Ex. 5 Ex. 3 Ex. 6
Blending proportion
(Wwt%)
() Lubricating oil 89.04 89.04 89.05 89.00
base
Detergent 10.00 10.00 10.00 10.00
Dispersant
Ethylene/propylene 0.50 0.50 0.50 0.50
copolymer .
Pour point 0.46 0.46 0.45 0.50
depressant
Lubricating oil
performance
K.V. (@ 100°C) 10.02 10.05 10.02 10.04
(mm2/s)
N SSI 45.0 46.0 45.0 43.5
) ccs 2,620 2,820 2,600 2,850
MRV 21,000 44,500 21,200 solidi-
fied
Low~-temperature AA AA BB AA
flowability
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following properties (a-1l) to (a-5):

5 (a=1) the density is in the range of 857 to 882 kg/m3,
(a-2) the weight-average molecular weight as measured
by gel permeation chromatography is in the range of 80,000
to 400,000 in terms of polystyrene,
(a=3) Mw/Mn (Mw: weight-average molecular weight, Mn:
10 number-average molecular weight), which is an indication of
a molecular weight distribution, is not more than 2.3,
(a=4) the melting point as measured by a differential
scanning calorimeter is in the range of 15 to 60°C, and
(a=5) the density (D (kg/m3)) and the melting point (Tm
15 (°C)) as measured by a differential scanning calorimeter
satisfy the following relation (I)

Tm S 1.247xD-1037 (I).

2. A viscosity modifier for a lubricating oil,
20 comprising an ethylene/propylene copolymer (B) having the
following properties (b-1) to (b-5):
(b-1) the content of recurringunitsderived fromethylene

is in the range of 70 to 79 % by weight,
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(b-3) Mw/Mn (Mw: weight-average molecular weight, Mn:

5 number-average molecular weight), which is an indication of
a molecular weight distribution, is not more than 2.3,
(b-4) the melting point as measured by a differential
{) scanning calorimeter is in the range of 15 to 60°C, and
(b-5) the content (E (% by weight)) of recurring units
10 derivedfromethyleneandthemeltingpoint (Tm (°C)) asmeasured
by a differential scanning calorimeter satisfy the following

relation (II)

3.44xE-206 2 Tm (1I1).

15 3. A viscosity modifier for a lubricating oil,
comprising an ethylene/propylene copolymer (C) having the
following properties (c-1) to (c-5):

(c-1) the content of recurringunitsderived fromethylene
is in the range of 70 to 79 % by weight,

20 (c-2) the weight-average molecular weight as measured
by gel permeation chromatography is in the range of 250,000
to 400,000 in terms of polystyrene,

(c-3) Mw/Mn (Mw: weight-average molecular weight, Mn:
number-average molecular weight), which is an indication of

25 a molecular weight distribution, is not more than 2.3,
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3.44xE-204 2 Tm (III).

4. A lubricating oil composition comprising:
10 (A) an ethylene/propylene copolymer, and
(D) a lubricating oil base,
whereintheethylene/propylene copolymer (A) iscontained
inanamountoflto20%byweightandhasthe followingproperties
(a-1) to (a=5):
15 (a-1) the density is in the range of 857 to 882 kg/m3,
(a-2) the weight-average molecular weight as measured
by gel permeation chromatography is in the range of 80,000
to 400,000 in terms of polystyrene,
(a-3) Mw/Mn (Mw: weight—average molecular weight, Mn:
20 number-average molecular weight), which is an indication of
a molecular weight distribution, is not more than 2.3,
(a~-4) the melting point as measured by a differential

scanning calorimeter is in the range of 15 to 60°C, and
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(a-5) the density (D (kg/m°)) and the melting point (Tm

(°C)) as measured by a differential scanning calorimeter

satisfy the following relation (I)

Tm £ 1.247xD-1037 (I).

5. A lubricating oil composition comprising:
(B) an ethylene/propylene copolymer, and
(ﬁ) (D) a lubricating o0il base,
whereintheethylene/propylene copolymer (B) iscontained
10 inanamountoflto20%byweightandhasthe followingproperties
(b-1) to (b-5):
(b-1) the content of recurringunitsderived fromethylene
is in the range of 70 to 79 % by weight,
(b-2) the weight-average molecular weight as measured
15 by gel permeation/chromatography is not less than 80,000 and

less than 250,000 in terms of polystyrene,

N
S

(b-3) Mw/Mn (Mw: weight-average molecular weight, Mn:
number-average molecular weight), which is an indication of
a molecular weight distriﬁution, is not more than 2.3,
20 (b-4) the melting point as measured by a differential
scanning calorimeter is in the range of 15 to 60°C, and
(b-5) the content (E (% by weight)) of recurring units
derived fromethyleneandthemeltingpoint (Tm (°C)) asmeasured
by a differential scanning calorimeter satisfy the following

25 relation (II)
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to 400,000 in terms of polystyrene,
(c-3) Mw/Mn (Mw: weight-average molecular weight, Mn:
15 number-average molecular weight), which is an indication of
a molecular weight distribution, is not more than 2.3,
(c-4) the melting point as measured by a differential
scanning calorimeter is in the range of 15 to 60°C, and
(c=5) the content (E (% by weight)) of recurring units
20 derivedfromethyleneandthemeltingpoint (Tm (°C)) asmeasured
by a differential scanning calorimeter satisfy the following
relation (III)

3.44xE~-204 2 Tm (II1).

25 7. A lubricating oil composition comprising:
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5 the ethylene/propylene copolymer (B) has the following
properties (b~1) to (b-5):
(b-1) thecontent of recurringunitsderived fromethylene
is in the range of 70 to 79 % by weight,
(b-2) the weight-average molecular weight as measured
10 by gel permeation chromatography is not less than 80,000 and
less than 250,000 in terms of polystyrene,
(b-3) Mw/Mn (Mw: weight-average molecular weight, Mn:
number-average molecular weight), which is an indication of
a molecular weight distribution, is not more than 2.3,
15 (b-4) the melting point as measured by a differential
scanning calorimeter is in the range of 15 to 60°C, and
(b~5) the content (E (% by weight)) of recurring units
derived fromethyleneandthemeltingpoint (Tm (°C)) asmeasured
by a differential scanning calorimeter satisfy the following

20 relation (II)

3.44xE-206 2 Tm (I1).

9. A lubricating oil composition comprising:
(C) an ethylene/propylene copolymer,

25 (D) a lubricating oil base, and
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(E) a pour point depressant,

whereintheethylene/propylene copolymer (C) iscontained
in an amount of 0.1 to 5 % by weight, the pour point depressant
(E) is contained in an amount of 0.05 to 5 % by weight, and
the ethylene/propylene copolymer (C) has the following
properties (c-1) to (c-5):

(c-1) thecontent of recurringunitsderived fromethylene
is in the range of 70 to 79 % by weight,

(c-2) the weight-average molecular weight as measured
by gel permeation chromatography is in the range of 250,000
to 400,000 in terms of polystyrene,

(c-3) Mw/Mn (Mw: weight-average molecular weight, Mn:
number-average molecular weight), which is an indication of
a molecular weight distribution, is not more than 2.3,

(c-4) the melting point as measured by a differential
scanning calorimeter is in the range of 15 to 60°C, and

(c-5) the content (E (% by weight)) of recurring units
derived fromethyleneandthemeltingpoint (Tm (°C)) asmeasured
by a differential scanning calorimeter satisfy the following

relation (III)

3.44xE-204 2 Tm (III).



