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TI TLE VI SCOSI TY MODI FI ER FOR LUBRI CATI NG O L AND LUBRI CATI NG O L
COWPCSI TI ON  gr.¢26 PCT TECHNI CAL FI ELD The present
i nvention relates to a viscosity nodifier

foral ubricatingoil andal ubri catingoil conposition. Mbore particul arly,
the invention relates to a viscosity nqdifier for a lubricating oi
capabl e of producing a lubricating oil = 10 conposition having excellent

| owt enperature properties and a lubricating oil composition containing
the viscosity nodi fier. TITLE BACKGROUND ART 15
The viscosity of petrol eum products generally varies greatly with

t enperat ure, wnscdorTY WODTPIERGOR |ISUSRICATING QIO ANY LGSR ICAT INGTRELAt Ur e
dependence of the viscosity is desired to be small. In recent years,
therefore, an et hyl ene/ a- ol ef i ngopebgMerbRasbeenw del yusedas avi scosity
20 nodifier having an effect of inproving viscosity index for t he

pur pose of decreasing the tenperature dependence of the | ubri cati ng

oi | s. When the surroundi ng tenperature |owers, a wax conmponent

in a lubrigating oil is crystallizedcaRdcagl Fdifbed to make

The present invention relates to a viscosity modifier
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—olefincopolymefhasbeenwidelyusedasaviscosity

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 lubricating oil lose flowability, so that a pour point



25 the lubricating oil lose flowability, so that a pour point

SF- 646 PCT 2 depressant is also
cont ai ned i nSE-b4 IR i cating oil to depress the solidification
tenperature. The pour point depressant functions to inhibit formation
of a three-dinensional network attributed to crystallization of the wax
component in the 5 lubricating oil apd to depress the pour point of the

| ubri cating oil. O the |lowtenperature properties of a

| ubricating oil containing a viscosity nodifier having an effect of

i nproving  depriessesttis nddexcanith ingmbin ot Atubdépressgmil thelapseosity
10 at a high shear rate is determ ned by conpatibility of a

| ubricating the badediifikathenvisnpsirayumedi fTlee ,pdut mrinthedepressdrer
hand, the viscosity at a |low shear rate is greatly i nfl uenced by the
pour point dépnessans.td tinhsbktafermdtaion of a vhereadimthylenel et vedi o
copol yner having specific 15 conposition is used as a viscosity nodifier,
the effect ofttributkd poucrrgseitalldeptesnant themaakedbypbadueednbesause of
an i nteraction between the copolymer and the pour point depressant

(see U. S. sPalleblrs chieing 9/add @ calsb s Bhé bdﬁ%ﬁlntofthelubfiééﬁfh%g|y,
the viscosity nodifier to be blended with O a lubricating oi

required to kave particularly excel l ent | owtenperature properties is
desired to exhibit an excellent effect of inproving viscosity index
and not to Of the low-temperature properties of a lubricating oil

containing. a viscosity modifier having an effect of improving
viscosity index and a pour point depressant, the viscosity
10 at a high shear rate is determined by compatibility of a
lubricating oil base with the viscosity modifier, but on the
other hand, the viscosity at a low shear rate is greatly
influenced 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/a-olefin copolymer, which has an ununiform



inhibit the function of the pour point depressant. As a viscosity
nodi fi er satisfying such requirenents, 25 an ethylene/a-olefin copolyner,
whi ch has an spgsiFgr m SF- 646 PCT

3 distribution of ethylene units and [err]-olefin units in the

nmol ecul es, an ethylene content of 30 to 80 % by weight, a

wei ght - aver age nol ecul ar wei ght of 20, ,000 to 750, 000 and Mw Mn of

| ess than 2, is disclosed in Japanese %atent Publication 5 No. 96624/ 1994.
The present inventors have earnestly studied under such ci rcunst ances

as nentioned dakevabudidnasfa tdilehe LR shanG a—ole&gﬂn@nﬁQ%tlﬁnthe
et hyl ene/ propyl ene copol yner having a density, a nol ecul ar welight, a

nol ecul ar wen@llectilels,,i bl ie@hyareed coh@enteblti B9 ROI BD %nbyh%eagﬁgl fizc
ranges and having a speC|f|c rel ati on between the denSity the

mel ting poi nheﬁ@%ta%verage%Mé&PPéPCJ@@)jh%Qﬁf S0PebY Y 756VH @aawm one

content, a nol ecul ar wei ght, a nol ecu ar wei ght dlstrl ution an

mel ting o0 BEsi PhhRe2 SPESidiid 1" pQPQﬁébegpé‘tﬁﬁfé%ﬁfléaeéf‘éﬁ 0”

15 between the ethyl ene content an the nme oi nt
excel | ent sef iy@Ct o@fe2lamio@vi Ng Vi scosity index and do not inhibit the
functi onof t hepour poi ntdepressant. Basedont he fi ndi ng, t he present

i nvention has beeq-h@clgpgyéﬁég. Hyentors hgye {é;f?%%{%é%’{%%l $Snd £ Such

et hyl ene/ a- ol ef i n copol yner c ose ove pu reca

satisfies nebﬁ&%ﬁm&%%nc%'a&kQﬂbﬁE&&ﬁ%ﬁ]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 between the ethylene content and the melting point have an
excellent effect of improvingviscosityindexanddonot inhibit
the function of the pour point depressant. Basedonthe finding,
the present invention has-been accomplished.

Forreference,theethjlene/a—olefincopolymerdisclosed

20 intheabovepublicationsatisfiesneither therelationbetween
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



the ethyl ene content and the nelting point of the et hyl ene/ propyl ene
copol ynmer nor the relation between the density and the nelting point
of the ethyl smeteprramyl ene copol yner specified by the present

i nvention. 25 SF- 646 PCT 4
OBJECT OF THE | NVENTI ON It is an object of the present invention
to provide a viscosity nodifier fof a lubricating oil, which conprises
a speci fic ethyl ene/ propyl ene copol yner and by which a 5 lubricating
oi | conposition having excellent |owtenperature properties can be
obt ai ned, and to provide a | UDBJEST ©F GHE INVENSAONsition containing the
vi scosity nodifier and having excel l ent | owtenperature properties.

10 It D SCGhOSIRFe€F dHERNENISEIN invention Qe prdwaiderent of
the viscosity nodifier for a lubricating oil according to the present
i nventi on conpscesdtgmmodifier hfderelubaiyaeiagcopdl ywkt ch AQormpwi s tdhe

fol |l ow ng properties (a-1) to (a-5): 15 (a-1) the density is in
the range ofs§5E1EQc882hygéﬁ8/propylene cbpo2ymtheanai pht wayenage nol ecul ar
wei ght as neasured by gel perneation chromatography is in the range of

80,000 5 1Qp#9a@Q9QAgidL 1L ébﬁogﬁwﬁﬁeh)&ﬁ\bﬂrﬁj‘éxcellent low-tBenpe M e (Mv.

wei ght - aver age nol ecul ar wei ght
properties can be obtained, and to provide a lubricating oil

composition containing the viscosity modifier and having

excellent low-temperature properties.

10 DISCLOSURE OF THE INVENTION

Onéembbdimentoftheviscositymodifierforalubricating
oil according to the present invention comprises an
ethylene/propylene copolymer (A) having the following
properties (a-1l) 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



20 nunber-average nol ecul ar weight), which is an indication of a

nol ecul ar wei ght distribution, is not nore than 2.3, (a-4) the
mel ti ng poi nsF-eu6 PeIsured by a differenti al scanning calorinmeter is in
the range of 15 to 60[err]C, and SF- 646 PCT

5 (a-5) the density (D (kg/nferr])) and the nelting point (Tm
([err]CQ)) as neasured by a differentiaj scanning cal orineter satisfy
the following relation (I) Tm([err] 1.247xD 1037

(ry. 5 Anot her enbodi nment of the viscosity nodifier for a
lubricating oi |l aggepfitige dendia (S EeRy/mBYEHidRheORBLtS$A§ point Afm
ethylene/propylene copol yner (B) having the foll ow ng properties (b-1)
to (b-5): (°C)) as(fhedpukba B9nheatfebreneclali Bgatnihg delbyemeteem
ethylene 10 is in the range of 70 to 79 % by wei ght, (b-2) the
weight-averagatmakgcuharfb@ngh&ngSramaﬁMbﬁd(I) by gel perneation

chromat ography is not |ess than 80,000 and | ess than 250,000 in terns
of polystyrene, on < 246QD3%0§@/NM (Muv wei ght - avgnyage nol ecul ar wei ght,
Wn: 15 nunber-average nol ecular weight), which is an indication of a
mol ecul ar s wei ght ﬂhé%ﬁé?uém%dﬂnén@%f”’@ﬁ@ §08808i8y modifier £bP-4) the
nmelting point as nmeasured by a differential scanning calorineter is in

the range of lﬁﬁrﬁeaﬁghﬁréiﬁa%dlng to the Presknt"entORE £8h ddmd 2 4Ws

wei ght)) of recurring dnit
an ethylene/propylene copolymer (B) having the following

properties (b-1) to (b-5):
(b-1) the content of recurringunitsderived fromethylene
10 1is 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 (IIf

3.44xE-206 2 Tm (IIj,

A further embodiment of the viscosity ﬁodifier for a

25 lubricating oil according to the present invention comprises



20 derivedfronet hyl eneandt henel ti ngpoint (Tm ([err]C)) asneasured by

a differential scanning calorineter satisfy the follow ng rel ation
(1) SF-636 4BGE- 206 [err] Tm (). A
further enbodi ment of the viscosity nodifier for a 25 lubricating oi
according to the present invention conprises SF-646 PCT

6 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 from et hyl ene isin the range of 70 to 79 % by weight, 5

(c-2) the weiaghtettwereapy proimecidrar aupahmers (Bataeichg theyfajelowiargreat i on
chromat ography is in the range of 250, 000 to 400,000 in terns of

pol ystyrene, properties (tc-3)) Md Mc{3Wre wei ght - aver age nol ecul ar wei ght,
Vh: nunber - aver age nol ecul ar weight), which is an indication of 10 a
nol ecul ar wei ght  d{siT) blié contens dtedreitidanisderived fromethydgnthe

melting point as neasured by a differenti al scanning calorineter is in
the range of {5 i M e¥ddde A0 to 79 % HE-WBightg content (E (% by

wei ght)) of recurring units deri vedfronet hyl eneandt henel ti ngpoi nt (Tm
([err]C))5asneasur@gL2ﬂ£iﬂg/@éﬁyﬂﬂugvgﬁggg mddRlRG GelghitnBkemnesduiretly the
fol |l ow ng relation (I111) 3.44xE-204 [err] Tm

(rer). 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
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 (IIT).
When the viscosity modifier for a lubricating oil
accordingtothepresent inventionisblendedwitha lubricating
20 oil, 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



When the viscosity nodifier for a lubricating oi

accordi ngt ot hepresent inventionisbl endedw thal ubricating 20 oil, a

| ubricating ojflgpapepg excellent |owtenperature properties can be
obt ai ned. Enbodi nents of the lubricating oil conposition

accordi ng to the present invention include: a lubricating
oil conposition conprising SE- 646 PCT

7 (A the ethylene/propylene7copolyner havi ng t he above
properties (a-1) to (a-5), and (D) a lubricating oil base,
wherein the ethyl epe/ HHRPWHEIRA HAPBEFR1LR) dopolQitied! Reding tRe2QnLFRUN
of 1 to 20 % by wei ght; a Iubrlcatlng oi'l conposi tion conprising
(B) the ethyﬁFgggégguxkge € y jhav; t he above properties (b-1)
to (b-5) ' gnﬁtbG?g%tlﬁgngll base, 10 wherein the
ethylene/propyleneugogphmﬂggl&gﬁldé;6¥¥ngy , in an anount of 1 to 20
% by wei ght; and | ubricating ol l" conposition conprising

to (c-5), and 15
wher ei nt hget hyl ene/ pr apyl enecopol VIl s (bg) VseSf ;ai ned

(C) an ethyl ene/ prmﬁeel%@eebgg@pggpyhgglg{qsggggﬁmer (aPLOBBRELER GO 1)
a lubricating oil composition comprising
(B) the ethylene/propylene copolymer having the above
properties (b-1) to (b-5), and
(D) a lubricating oil base,
10 whereintheethylene/propylene copolymer (B) is contained
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
15 (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:
20 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,



in an anmount of 1 to 20 % by wei ght. O her enbodi ments of the

| ubricating oil conposition according to the present invention
include: 20gpg46 p@r | Ubricating oil conposition conprising (A

t he et hyl ene/ propyl ene copol ynmer havi ng the above properties (a-1) to
(a-5), (D) a lubricating oil base, and (E) a pour point
depr essant, SF- 646 PCT 8

wher ei nt heet hyl ene/ pr opyl enecopol yner Eﬁo i scont ai ned in an anount of

0. 1to5 @6by wei ght and the pour point depressant (E) is contained in
an amount of 0. 05 yHere i% the ¥Ehghéhe /propylene @obulimeat (A)0i otbneaipegi tion
conprising 5 (B) the ethyl ene/propyl ene copol ynmer havi ng the above

properties (brpldntahdfit0£ 0.1 to 5 % by WPLgAtlaHy te@bond phintaspresBdnt
(E) a pour point depressant,

wher ei nt heet hyened Ricid e ofpl MRind Bt 1% WIURINed dby i Rhgmount of

0.1 to 5% by melght and the pour point depressant (E) is contained in
an amount of 0.05 f o 3% ity &ﬁﬁ) t compridgating oil
conposition conprising iﬁa (O %ﬁ%;?ghefbrodyleég copol ymer havi ng

the above g PrORSY WiRS difiyhene? drspyrenel Ropol ymetPhadihgPtheabbBgeO! |

base, and
properties (b-1) to (b-5),

(D) a lubricating oil base, and
(E) a bour point depressant,
whereintheethylene/propylene copolymer (B) is contained
10 inanamountofO.ltoES%byweightandthepourpointdepressant
(E) is contained in an amount of 0.05 to 5 % by weight; and
a lubricating o0il composition comprising
(C) an ethylene/propylene copolymer having the above
properties (c-1l) to (c-5),
15 (D) a lubricating oil base, and
(E) a pour point depressant,
whereinthe ethylene/propylene copolymer (C) is contained
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




(E) a pour point depressant,

wher ei nt heet hyl ene/ pr opyl enecopol yner (C) iscontained I n an anmount of
0.1 to 5% by Si646gMRCTand t he pour point depressant (E) is contained in
an amount of 0.05 to 5 % by weight. 20 The | ubricating oi
conposition according to the present I nvention has excel |l ent

| ow-t enperat ure properties. 9 BEST MODE FOR CARRYI NG QUT THE
| NVENTI ON SF- 646 PCT 9

The viscosity nodifier for a lubricating oil and the | ubri cating oi
conposi ti on accor @hRgViscorétynediféarafer a lubescatbed bmlnand datai
herei nafter. Viscosity nodifier for lubricating oil 5

An enbodi mentubkriché inigseddi compodition &ocoadingrteathaginventbh are
according to the invention conprises the follow ng et hyl ene/ propyl ene
copol yner (Afdescribed in more detktihyhemefipadpgirene copol yner (A)

The et hyl ene/ propyl ene copol yner (A) conprises recurring 10 units derived
fromethyl ene and recuvisogsitytsodefigedfds ohubricapiggybene. Al though the
et hyl ene content in the et hyl ene/ propyl ene copol'yner (A) is not
specificably |im Racmbodingntf 8F tae ¥HecdeNsy odiF i Wirt £é P aSU 1 S &S
nmentioned | ater, it is in the range of usually 70 to 79 % by weight,

preferably #317hccord8nt by wBkeghhveRRE BnPEBMBLABLY %i%et eo18oRYy veight,
still nmore preferably 73 to 77 % by weight, particularly

ethylene/propylene copolymer (A).

Ethylene/propylene copolymer (A)

Theethylene/propylenecopolymer(A)comprisesrecurring
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/prop?lene copolymer is determined by 13C-NMR in
accordance with the method described in "Macromolecule
Analysis Handbook™ (Society of Japan Analytical Chemistry,
editedbyMacromoleculeAnalytical ResearchMeeting, published

by Kinokuniya Shoten).



preferably 75 to 77 % by weight. The residue is a content of recurring
units derived from propyl ene and the |ike. In the present

i nvention, tRE6¢E KBGTene content in the 20 ethyl enel/ propyl ene copol yner is
determ ned by 13C-NWR in accordance with the nmethod described in
"Macronol ecul e Anal ysi s Handbook" (Society of Japan Anal yti cal

Chem stry, edi t edbyMacr onol ecul eApal yti cal ResearchMeeti ng, publi shed
by Ki nokuni ya Shoten). SF- 646 PCT

10 In the ethyl ene/ propyl ene copol yner (A), recurring units
derived from at | d&sthdRENNDRBREPTORYECPEFIRVHELBY i Fecarrring units 20
carbon atons, cycl ool efins, polyenes and aronmatic ol efins (hereinafter

soneti nes refdaniged Sram aotlesast SnenponomesJeImgtdit foont ai-nédfinsagbunt s
of , for exanple, not nmore than 5 % by weight, preferably not nore than
1 % by wei ght4 to 20 garhon |atemss eyiclestleifimst alpolyenies eijdeetroneft itche
I nventi on. ] The et hyl ene/ propyl ene copol yner (A) has a density of
857 to 882 k@lefamsg ,(hensfisaditler 85Metdnm@d0 Hedlenfred fto msr & ohefrer ably 10
860 to 880 kg/nferr], still nore preferably 864 to 875 kg/nferr],
parti cul asl y mpneimerrad)] )y md§8beoc8ba kgéd] 1 rdgmounts of, foWheraimptedenstty is
not |ess than 857 kg/ nB, satisfactory | ow-t enperature properties can
be obt ai ned. mdrenthae Sdehsi ¥gight, prefeatabIgreot hreBBRakd/ wisrwéighbpere is
no fear that a lubricating 15 oil conposition is partially jellied at | ow
t enper at ur es wahrigy 1imits not detrimental to the objects of the invention. '
The ethylene/propylene copolymer (A) has a density of
857 to 882 kg/m3, preferably 859 to 880 kg/m3, more preferably
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 oilcompositionispartially 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.
Themolecular 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



to crystallization of an ethyl ene sequence portion in the

et hyl ene/ propyl ene copol yner. The density is neasured in
accordance WSE-#6ASTN D1505- 85. The nol ecul ar wei ght of the

et hyl ene/ propyl ene copol yner 20 (A), as nmeasured by gel perneation
chromat ography, is in the range of 80,000 to 400, 000, preferably
100, 000 to 380, 000, particul arl yipreferably 120,000 to 350,000, in
terms of a wei ght - aver age nol ecul ar wei ght of pol ystyrene.

Wien the wei ght-average nol ecul ar weight is in the above 25 range, the
et hyl ene/ pr op§Fehtetbpaopesit iegnds impragiag viscositysmdepe. PCherefore,

11 excel | ent propertiesini nprovi ngvi scosityi ndex. Therefore, a
smal | anount actmahe andyitewd/ phepstenkenepot gyprlenefddmelsymer suf filttes n a
specific lubricating oil viscosity, and the shear stability of the

| ubri cating tolobtisignsi spe¢sfhe dubrifating oVherigds innt,eaudathevaihglzsir of

t he et hyl ene/ propyl ene copolynmer (A), as neasured by GPC, is not |ess
t han 80, 000 stabahityesf thanl@bfif8dingreikrabsgodDOy008 hbgR40, 000, nore
preferably 120,000 to 240,000, in ternms of a weight-average nmol ecul ar
wei ght of5 pol yst yWeer, théemel dyhiare/ pedylyt eof tHO evtipplymes/piepdseti® have
excel l ent properties in inproving viscosity index. Therefore, a snal

anmount of theopolymeby(Bng/ 8 opydeneed appl ore), (HncififdLTHan @Y,a00 a
specific | ubricating oil viscosity, and the shear stability of the
lubricating ghl Yéssoshiay 250 0@, preferably 100,000 to 240,000, more
preferably 120,000 to 240,000, in terms of a weight-average
molecular weight of polystyrene, the ethylene/propylene
10 copolymer tends to have excellent properties in improving
viscosity index. Therefore, a small amount of the
ethylene/propylene copolymer (A) suffices toobtaina specific
lubricating oil viscosity, and the shear stability of the
lubricating oil viscosity is high.
15 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,
morepreferably270,000t0350,000, intermsof aweight-average
molecular weight of polystyrene, the ethylene/propylene
20 copolymer tends to have excellent properties in improving
viscosity index. Therefore, a small amount of the
ethylene/propylenecopolymer(A)sufficestoobtaineaspecific'
lubricating oil viscosity, and jellying hardly takes place

at low temperatures.



15 Further, when the nol ecul ar wei ght of the et hyl ene/ propyl ene

copolyner (A), as neasured by GPC, is in t her angeof 250, 000 t 0400, 000,
preferably 20G4€0p¢1©380, 000, nor epr ef er abl y270, 000t 0350, 000,

I nt er meof awei ght - aver age nol ecul ar wei ght of pol ystyrene, the

et hyl ene/ propyl ene 20 copol ynmer tends to have excellent properties in

| mprovi ng viscosity index. Therefore, a small anmount of the

et hyl ene/ propyl ene copol yner (A) suffices to obtain a specific

| ubricating oil viscosity, and jellying hardly takes place at | ow

t enper at ur es. In the $raaEmtPGhvention, measurement of the 12

In the present invention, neasurenent of the wei ght - aver age nol ecul ar
wei ght in tefaisgiof-ped nesdey mesleedilar we@idB Y dncaerimgd ofupolipeeyrehe by
conditions of a tenperature of 140[ err] C and a sol vent of

ort hodi chl orglenzererri®d out unberethy! ened D 0iyd &I aC epabyratuld) olias
Mnv Wn (M. wei ght - aver agenol ecul arwei ght, M nunber-averagenol ecul ar
vei ght), Whit{pie Y i DESREON Of @rﬂm&mﬂww&émne. di stribution, of
not nore than 2.3, preferably 1 to 2. I f the nol ecul ar meight
distributsion is ngfe r@c_rlr?ylté'l?é"/pr%ﬂe?ne bR StzAbIHdd Yo Nty
Iubrlcatlng oi | V|sc05|ty becones good when the copolyner is bl ‘ended

with a |ubrig é% K-aver &id mB286ular weight, Mitendmbe+ DYy OLANE meflekli®ar
et hyl ene/ propyl ene copol yner

weight), which is an indication of a molecular weight
distribution, of not more than 2.3, preferably 1 to 2.2.
If the molecular weight 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
(A), asmeasuredbyDSC, 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
oftheethylenesequenceshavingan@ltingpointinthevicinity
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



(A), asneasuredbyDSC, is intherangeof 15 to 60[err]C, preferably 15 25 to

50[err]C, nore preferably 25 to 45[err]C The nelting point is a
nmeasur e of alSF64ft RCACti on bet ween t he et hyl ene/ propyl ene copol ynmer and
a pour point depressant. In order to prevent the interaction between
t he copol yner and t he pour point depressant and not to inhibit the
function of 20 the pour point depresggnt, it is inportant that the
gquantity of the ethyl ene sequences having a nelting point in the
vicinity of -5 to +10C contained in the copolyner is made as snal

as possi bl e. calorimeterTH®SRR|t Bng pbentempedaterel abdthy mbtimuhnoeak 25
endot herm ¢ curve by neans of a differential scanning SF- 646 PCT
13 cal oposdtdon(@iSthe eanie thieg mienperes iis ¢ adtent aw t hexiehinhnueadd nt .
position of the endotherm c curve is taken as the nelting point. Mor e

speci fi cal | y Moxesspeptief 1icall wcedamplan siplatedipaarn ahent rdm pan, hyated
200[err]C at arate of 10[err]C/ mn, nmaintained at 200[err]C for 5 5
m nut es, coolugd tico 20050 atr hCrateaofal 8°0fm20] enal £ alnmednst t De0°C for
heated at a rate of 10[err]C/mn to obtain a 2nd run endot herm c

curve. Frem thaiehttaispedooledetot RE508Ct aBgappabé 65 20°C/MHEh eamd Neslen
The nunber of peak of the endothermc curve of DSC, which 10 indicates a

g?e ting poi nheeftedhates dne/PLopL/ene EORBYAEE a 2nd thh, endoBieiRiabl y
- curve. From the obtained curve, the melting point is
determined.

The numbér of peak of the endothermic curve of DSC, which

10 indicates 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

15 relation (I)

Tm < 1.247xD-1037 (1),
preferably the following relation (I-a)

Tm < 1.247xD~1039 (I-a).

The formula (I) and the formula (I-a) are each a measure

20 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 alubricatingoil causedbyrelative increase of the ethylene

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



The density (D (kg/nferr])) of the ethylenel/propyl ene copol ymer (A)
andt henel ti ngpoint (Tm ([err]C) ) thereof asneasured by a differenti al
scanni ng cal sr-¢seetrer satisfy the following 15 relation (1) m
[err] 1.247xD- 1037 (), preferably the foll ow ng
relation (1-a) Tm[err] 1.247xD- 1039 (1-a)

The fornula (1) and the fornula (l-a);are each a neasure 20 of a
conposition distribution. Wien the density and the mel ti ng point
satisfy the above relation, the conposition di stribution of the

et hyl ene/ pr opypfiers qugpme sadhaize ) naf rolmbricatingtdiak cpuskeldelny eseras

| onering of | owtenperature properties of a lubricating oil caused by
rel ati ve i nco€aaehdfht behglhpkenent@ht pegtitonesrbanohgbaoughti agopoint in
the vicinity of -5 to +10[err]C SF- 646 PCT

14 and opaquwhessthbazehydéna/pnbpytahe ngopol ymausén) byaprasence

of a high ethylene content portion are not brought about. When

t he et hyl enevpighytaneragpohylecul &y weisglt of neti §bbsaviksag®0 WdEEH@r

wei ght of not |ess than 80,000 and 5 |essthan250,000, theratio

([err]*0.91/ [esklthdn 250} 508) h;wasw@d Yn*0.01¢hes) blifdmeat WidHodiadf sec,

as neasured at 190[err]C, to its nel viscosity ([err]*8) at 8
rad/sec, as rma@uw at 491 efz{dﬁseds as mea%'iﬁ:fe%lr abl yobPct heo I prganefy 1. 0
to 2.0. Wen ethylene/propylene copol ymer (A) has a wei ght - aver age

viscosity (n*g) at 8 rad/sec, as measured at 190°C, is
preferably in the range of 1.0 to 2.0. When the
ethylene/propylene copolymer (A) has a weight-average

10 molecular weight of 250,000 to 400,000, the ratio (n*p.01/M*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
exhibitshigh shear stabilityof the lubricatingoil viscosity.

20 Inthe ethylene/propylene copolymer (A) of the invention,
there is no specific limitation on the proportion (V (%)) of
aff 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)



10 nol ecul arwei ght of 250, 000 to 400,000, the ratio ([err]*0.01/[err]*8)

Is preferably in the range of 1.5 to 2.5. The nelt viscosity
rati o nenti gpegds abore i s a neasure of |l ong-chain branches contained in
t he et hyl ene/ propyl ene copolynmer, and a |l arger value of the nelt
viscosity ratio means 15 a | arger amount of |ong-chain branches contained
in the copol yner. Wen the anounts of | ong-chain branches in the

et hyl ene/ propyl ene copol yner is small, a lubricating oil conposition
contai ning the ethyl ene/ propyl ene copol yner exhi bits high shear
stability of the yubrigadjmgE oil viscosity. 20 (IVhn the

et hyl ene/ propyl ene copol yner (A) of the invention, there is no

specific limtatimhe g tderiuropesfdOred \td Boreifn is cdmidn wardionatons to
all carbon atons form ng the copol ynmer and t he et hyl ene content (E (%

by wei ght)), sb&énddrp ¢4 ried the magAbeBaiENlor M dif§ barthdhePichyingi ght)
satisfy the followwng 25 relation (1V) SF- 646 PCT

15 o¥ thel@tByll¥Re /propylene copolymer and,! ¥E. the two terth@ryerr]
carbon referred to hefein is carbon which 1s secondary carbon in the

mai n chai Qg%ﬁ?ﬂ%é%%“ﬁ@g%% iMWhich, ¥nd 0§ ﬂMA:’?&E{@%@W%@%&%ﬂ ymer

and, of the ertiary carbon atons nearest to one i s carbon

carbon R T e D e AR e e R S
car bon at the Pp-position (carbon adjacent to the a-positioned carbon
in the main chain).

The parameter V (proportion of aff carbon atoms) can be

10 determined by measuring 13¢c-NMR of the copolymer and in
accordance with the method described in J.C. Randall
"Macromolecules"™ (11, 33 (1978)).

The ethylene/propylene copolymer (A) having the above

properties (a-1) to (a-5) mayhavethe 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



in the main chain). The paraneter V (proportion of [err] carbon
atons) can be 10 determ ned by neasuring 13C-NWVR of the copolyner and in

accordance wkj.byst peTret hod described in J.C. Randal | "Macr onol ecul es"
(11, 33 (1978)). The et hyl ene/ propyl ene copol yner (A) having the
above properties (a-1) to (a-5) mayhavet hel ater-descri bedrelation 15
() or (11l) between the ethyl ene cont ent and the nelting poi nt.
Theet hyl ene/ propyl enecopol ynmer (A) (viscositynodifier for a

| ubricating oil) exhibits a high effect of inproving
vi scosi tyi ndexwheehk¢pdegwilehal abpbtgmergQh) baseusbdr dbya 2@shorgdleys the

function of a pour point depressant and hardly brings about a problem
of opaquenesgodfifaekybai cabirAgadihg oil cwﬁaaléhefeébyhgmgiﬁEODV|ene
copolymer (A) is blended with a | ubricating oil base, the resulting

lubricating gbly-Ramperatue¥cerbpai-ti/ avahbirty af kAW terpesahHuasdand
exhibits high 25 shear stability of the lubricating oil viscosity. Wen

t he whi c®4ordStandards of North America Lubricatiﬁrﬁr’oil Standards
et hyl ene/ propyl ene copolyner (A) 1Is used as a viscosity nodifier, a

l.ubricatipng Qiel p [ in I r at y
standardsgofQthE%F?%kgtg%gg?gg?E%' aﬁﬁigﬁ gggggggﬁdaﬁggggﬁéﬁgﬁéﬁ Aneri ca

oot 1hg SbePLRRRIsLSoatiLbe QoK) tIpES S huardd DE ROLAIEe
judged by measuring the later-described CCS and MRV,
The ethylene/propylene copolymer (A) can be obtained by
copolymerizing ethylene, propylene, and if necessary, other
10 monomers, inthepresenceofanolefinpolymerizationcatalyst.
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 organcaluminum compound (organocaluminum 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 theperiodictable and an organoaluminumoxy-compound and/or

an ionizing ionic compound.



judged by neasuring the | ater-described CCS and MRV. The

et hyl ene/ propyl ene copol yner (A) can be obtai ned by copol yneri zi ng

et hyl ene, progydgnegcrand if necessary, other 10 nmononers, inthepresenceof
anol ef i npol yneri zati oncat al yst. Exanpl es of the olefin

pol ynmeri zation catal ysts enpl oyable in the preparation of the

et hyl ene/ pr opyl ene copol yner (A) include catal ysts conprising a
conmpound of a transition metal suth as vanadium zirconiumor titanium
and 15 an organoal um num conpound (organoal um num oxy-conpound)

and/or an ioni zi Ngof OFhE LRPO UKk 2 (5 418SEhe FFSALI AR Yeataly SEPlOYeLs | S
(a) a vanadium catal yst conprising a soluble vanadi um conpound and an

or ganoal um nug sEIPQUALN v 0f

29rab1 get qlﬂe%rﬁer}‘% t,.conprising
a netall ocene conpoundr%f %étr%n%§§l%ﬂenetal sel ecte %?#%ifi oup 4,
etc. of 4be-PerbQdigrLabl e and an organoal um num oxy- conpound and/ or

an ionizing ionic conpound. SF- 646 PCT

O | t j
é;rt icularly pr e1E ﬁﬁgﬁn%%#é%eége%ﬁggﬂﬁ@%%%gf#%pfrolsrbe?il | at er.
Al h dj . | LEY. Lfier for ubricatin |
agggrg{ngq$g %ﬁgf%%géh% §%¥%§%§§+%%%H$h%$'€he %QN%%E&?Q)%RW@%%%% pf%%ylene
copol ymer (B)following ethylene/propylene copolymer (B).

Ethylene/propylene copolymer (B)

The ethylene/propylene copolymer (B) comprises recurring

units derived from ethylene and recurring units derived from

10 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

15 1is 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,

20 thereisnofearthatalubricatingoil 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

25 4 to 20 carbon atoms, cycloolefins, polyenes and aromatic



Et hyl ene/ propyl ene copol yner (B) The et hyl ene/ propyl ene copol yner

(B) conprises recurring units derived fromethylene and recurring

units deri veﬁF_FkorpC(TlO propyl ene. The content of recurring units derived
y

from et ene (ethylene content) is in the range of usually 70 to

79% bywei ght, preferably 71 to 78% by wei ght, nore preferably 72 to
78% bywei ght, still norepreferably73 t? 77% bywei ght , particul arly
preferably 75 to 77 % by wei ght. The 8sidue” 15 is a content of recurri ng
units derived from propyl ene and the like. When t he et hyl ene
content is nelielfens mgmbe’ GolrBY n¥al fitamounts 8} | S REAMP1lOWnbETRSFAL Ur e
properties can be obtal ned. When the ethyl ene content is not nore than

79 % by wei ghtan 803t HErEei$htl0 d8¢ e AdiRly adtubibreathag @i 'W@ﬁé lon is
partially ajnel i edﬁat I%}\l/v teﬁrrpereatgt}?ie% ovt\#ng toEcr yst a%ll?gat | onﬁ%'f an

ethyl ene sequgRe&ROT {hPFs hdkNGe et %ﬁ@:{ RLOBY %Bﬁee;eg%ﬁ/@ﬁ@- invention. I'n

t he et hyl ene/ propyl ene copolyner (B), recurring dni erive rom at

| east one nmononer Tﬁ%‘zﬁ&lté;]‘cﬂifa{xo%i‘gglc@f E'ﬁe%Ehgé_%g%éb%&%?{l%%rébc%b@fmr

cycl ool efi ns, polyenes and aromat

b 5 ocbe! B0 TR AT TRUPL R ey 6 E10R e LR
L 1o o B G ARad A BB RO A" 2P, Blrescatarsy T
preferably 120, 000 to 240,000, of a weight-average molecular

weight in terms of polystyrene.
When the weight-average molecular weight is in the above

10 range, the ethylene/propylene copolymer tends to have
excellent viscosity index improvability. Therefore, a small
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), asmeasured by adifferential scanning calorimeter (DSC),
is in the range of 15 to 60°C, preferably 25 to 50°C, more

25 preferably 25 to 45°C.



5 (B), as neasured by GPC, is not |less than 80,000 and | ess than

250, 000, preferably 100,000 to 240,000, particularly preferably 120,
000 to 240, 08Bs460fPCT wei ght - aver age nol ecul ar wei ght in terms of

pol ystyrene. Wien t he wei ght - average nol ecul ar weight is in the
above 10 range, the ethyl ene/ propyl ene copol ynmer tends to have

excel l ent viscosity index inprovability. Therefore, a small anount of
t he et hyl ene/ propyl ene copol yner suffices to obtain a specific

| ubricating oil viscosity, and the shear stability of the lubricating
oil viscosity is Rhghmelgbng pointThe ameplseme/ pf @y lishersopobyteetyddn has
MV Wn (M wei ght - aver age nol ecul ar wei ght, WM. nunber - aver age

mol ecul ar theyet lyht 9ne v ey 1 snagoprdivoati ard efpeurpbéat| depres sort .

di stribution, of not nore than 2.3, preferably 1 to 2.2. If the
mol ecul ar weilghtrdésttra pueiventithe nntkeeaghdoe batween 2 cbpelghearand
stability of the lubricating oil viscosity becones good when the

copol yner i s thleepded moidt aldpdwdeatt agdonbtbesenhibit the fUhetiBhtdNG
poi nt of the ethyl ene/propyl ene copol yner (B), as neasured by a

differentsal theapsupPpetOdepiedysa®SCit is impdrtidht hBatange @iaﬂ@iﬁﬁ@
60[err]C, preferably 25 to 50[err]C, nore 25 preferably 25 to 45[err]C

SF-646 PCT of the ethylene sequences having ambdting point iAR® Pl &M poi Nt
is a measure of an interaction between t he ethyl ene/ propyl ene

copol yner angfa-gogb PO0ONt d6At8$AAALin the &HpOLPREXrtPs PRENEM stdiRa11
i nteraction between the copol yner and
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 (I1),
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
isnarrow, so that problems such as lowering of low-temperature

properties of a lubricating oil caused by relative increase

25 of theethylene sequences havingameltingpoint inthevicinity



t he pour point depressant and not to inhibit the function of 5 the pour
poi nt depressant, it is inportant that the quantity of the ethyl ene
sequences hadF#dp aPCel ting point in the vicinity of -5 to +10[err]C
contained in the copolyner is nmade as smal | as possi bl e. The
nunber of peak of the endothermc curve of DSC, which 10 indicates a

mel ting point of the ethyl ene/ propyl erg copol ynmer (B), is preferably
one. The ethyl ene content (E (% by weight)) in the

et hyl ene/ propyl ene copol yner (B) and the melting point (Tm ([err] Q)
of the copol Yfer> tB)* Grﬁaémp@dma}lelsscﬁsam)sb;f g hebribSatinglcdli cgusediati on
(rn) 3.44xE-206 [err] Tm (rry, preferably
the foll ow ndpyerasénne (dfl ad)igh ethyleneZohbent288rkebn]adémot brought
(rr-a). The formula (I1) and the fornula (11-a) are each a
measure 20 a@fouwd.conposition distribution. Wen the ethylene content and
the nelting point satisfy the above relation (11), the conposition

di stribution of tMaeerhylienéehpyopy/ang) copal wamr v1scob§tQaKﬁ®p/o§9 spat
probl ems such as [owering of |owtenperature properties o

| ubricating aibe etlvpbendypreppléne dopolgase (§)5at0cb Ml&a@t/@élce@@ aSREIPENCES

having a nelting point in the vicinity

20 | of - ¥ilszobli®ernkg) abHe PR8EULPES S Ad)a%R), ‘éfs ae!agtaﬁ_»baaAt NPo@¢d,
P is preferably in the range of 1.0 to 2.0.
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 ratiomeans
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 exhibitshighshearstabilityofthelubricatingoilviscosity.
Inthe ethylene/propylene copolymer (B) of the invention,
there is no specific limitation on the proportion (V (%)) of
aff 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.



by presence of a high ethylene content portion are not brought about .
The ratio ([err]*0.01/[err]*8) of a nelt viscosity ([err]*0.0l) of 5 the
et hyl ene/ pr of648ne@Ctopol yner (B) at 0.01 rad/sec to a nelt Vi scosity
([err]*8) thereof at 8 rad/sec, as neasured at 190[err]C, S
preferably in the range of 1.0 to 2.0. The nelt viscosity ratio
ment i oned above is a neasure of bLpng-chain branches contained in the
et hyl ene/ propyl ene 10 copolynmer, and a | arger value of the nmelt viscosity
rati o neans a |larger anount of |ong-chain branches contained in the
copol yner. Wen tHbeaﬁgwﬁﬁneﬂpropgiehmqonukwmmeSB1mvﬁbeositymodifier

et hyl ene/ propyl ene copolyner is small, a lubricating oil conposition
cont ai ni ng t Rereahyilent¢pt ony| ehk) caxlollyites a M gxiffidet RifHHnpeAring
stability of the lubricating oil viscosity. In the

et hyl ene/ pr opybeneityppadexerhdr)l efidédwithwenibmitat ing ol hpagel, hatily
specific limtation on the proportion (V (%) of [err] carbon atons to

al | carbon ahbndetsr thagfihet topodFr@rpauns point tduprridndne P M1 ( E
(% by weight)), but in a preferred 20 enbodinent, V (% and E (% by

wei ght) ssatibst¥ngbeabolt oai figoblem s£ldpdQierddsd of a lubricdtidd-d3il XE
(rvy. The et hyl ene/ propyl ene copol yner (B) having the ‘above

properties (Whdh tie (dt1h)1dmmy/drdyidiee dlopasaied ZB') al 5 0p éhded 3oL fiptveen
the density and the nelting point. SF- 646 PCT
21 lubricating oil base, the resulting lubricating oil has
excellent flowability at low temperatures and exhibits high
shear stability of the lubricating o0il 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 0il 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, propyléne, and if necessary, other
monomers, inthe presenceof 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 (organocaluminum oxy-compound)



The et hyl ene/ propyl ene copol ynmer (B) (viscositynodifier for a

| ubricating oil) exhibits a high effect of inproving vi scosity index
whenbl endedwif b lpghricating oil base, hardly hi nders the function of
a pour point depressant and hardly 5 brings about a problem of opaqueness
of a lubricating oil. When the et hyl ene/ propyl ene copol yner (B) is

bl ended with a | ubricating oil base, the resulting lubricating oil has
excellent flowability at Iow1tenperata?es and exhi bits high shear
stability of the lubricating oil viscosity. Wien the 10

et hyl ene/ propykgae 6APYLWARANGBY ohscUEBAPBENa.ViIGEOSdde, pref@iihigr. a

| ubricating oil capable of satisfying | ow-t enperat ure property

st andar ds of ghheoGEy3igtandards, whi ch are standards of North America
Lubricating O Sfandards of the next generation, can be obtai ned.

Whet her the 15 |yByi gayhngadhh EathPyheSchiior iy of ASANIS Vagills RN b

judged by neasuring the | ater-descri CCS "an

et hyl ene/ pr oyl eAenGoRALY IR oEBlnalhE AR BbABGURY, or COPOI yIEri zing
ana | n t her

et hyl ene, propyflene, ecessary, o mbnoiters, i nt hepr esenceof

anol ef | npgl yrer | 23} OBCRLRLY Bheen@OcaratyobX ARbER 01 o" Hon@LE i Bene

pol yneri zati on catalysts re-rn preparati on of "the
compound of _gonB3tng, gf B PERNIEIPRLEREL SELEEHR I S AR o 0o € v an um
and 2" QFA008L LI AU SRTRYNAL  8LGAR82: BTk AU SRR na o
an ionizing ionic compound.
Of the above catalysts, the vanadium catalyst (a) is
10 particularly preferably employed. These catalysts are
described later.
A further embodiment of the viscésity 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
units derived from ethylene and recurring units derived from
propylene. The ethylene content is.in the range of usually
70 to 79 % by weight, preférably 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.



22 and/or an ionizing ionic conmpound. O these, preferably enpl oyed
I'S: (a) a vanadium catal yst conprising a soluble vanadi um
conpound and spg4@rgaEmoal um num conmpound, or 5 (b) a netall ocene
catal yst conprising a netall ocene conpound of a transition netal
selected from G oup 4, etc. of the periodic table and an organoal um num
oxy- conpound and/ or an ionizing iggic conpound. O the above
catal ysts, the vanadiumcatalyst (a) is 10 particularly preferably

enpl oyed. These catal ysts are described | ater. A further

embodi ment of t he Whiesicdse ey hydenki esnfemnt ds not llesisrtlwan (70¢% biyl watglot di ng
to the invention conprises the fol |l ow ng et hyl ene/ propyl ene copol yner

(O. 15 satisfactdiyhylosnd/enpemdtere eappetdes( Gan be obtainbie :
et hyl ene/ propyl ene copol yner (C) conprises recurring units derived from

et hyl ene and wheguthengthyilehiedebintedtl E@Mot mprepyhene79 Thepetdyi ghe,
content is in the range of usually 70 to 79 % by weight, preferably 71

to 78 % by weingite ismbeEeadOtipsehanadivatd o 78 chmpysieightis @éftiaﬂp%e
preferably 73 to 77 % by weight, particularly preferably 75 to % by

wei ght . p ENEL feRP 18U oS t_mpRRbe i e@f o2l Ebnarygtéﬂﬂ%t}{@ﬁ b0
pr opyl ene an recurring units derived from ofher nononers descri bed
later. ethy¥ereditdnce portioninthe ethylene/propylene copolymer.
intheethylene/propylenecopolymer(C),recurringunits
derived frdm at least one monomer selected from a-olefins of
4 to 20 carbon atoms, cycloolefins, polyenes and aromatic
10 olefins may be contained in amounts of, for example, not more
than 5 % by weight, preferably not more than 1 % by weight,
within limifs 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, and jellyinghardlytakes
place at low temperatures.
The ethylene/propylene copolymer (C) has Mw/Mn (Mw:

25 weight-averagemolecularweight, Mn: number-averagemolecular



23 Wien the ethylene content is not |less than 70 % by wei ght,
satisfactory | owtenperature properties can be obtained. When t he

et hyl ene contggiie | pofrot nore than 79 % by wei ght, there is no fear
that a lubricating oil conmposition is partially 5 jellied at |ow
tenperatures ow ng to crystallization of an et hyl ene sequence portion
in the ethyl ene/ propyl ene copol yner. In the ethyl ene/ propyl ene
copolymer (C), recurring units derived fromat | east one nononer
selected from[err]-ol efins of 4 to 20 carbon atons, cycl ool efins,

pol yenes and waight)i,c whikth alsfamsingicdids arprifaianed lisvdmunissi gift, f or
exanpl e, not nore than 5 % by weight, preferably not nore than 1 % by

wei ght, dii St ibdti 6,5 oPtndtetnid readn t0 3, heradfeastsl wfl tde J.venti on.
The nol ecul ar wei ght of the ethyl ene/ propyl ene copol yner (O, as

measur edby GPC, i sTf théf61ealU8rale i4pR HOX: #iouib008in the Bb&Ferahby,
260,000 to 380,000, nore preferably 270,000 to 350, 000, of a

vei ght - aver agenhdna# QEaM!LQ{E‘? o thRr ﬂﬁb@icatln%F@i.‘b’Sﬂlﬂc@Eﬁty becomes
When t he wei ght -average nol ecul ar weight is in the above range, the

et hyl ene/ pr 09}’6&&‘%6999{& ESf)oi%Q:? it PEN&ed 49 £hexX 2 BbkeBh t YhgGPsI bYskndex
i nprovability. Therefore, a shal anount of the ethyl ene/propyl ene

copol ymer sufficespjd rr%qttai' go:mtao%p%‘ﬁ'ef b%hkﬂ@hb?ﬁ&bﬁ?l@h% Eb@%@%feiﬁ and

jellyinghardly takes | ow terrper tures
e et o gk oo MU oot oo, receranny
25 to 50°C, more 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 havingameltingpoint inthe 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 amelting 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)



SF- 646 PCT 24 wei ght), which is an

I ndi cation of a nolecul ar wei ght di stribution, of not nore than 2.3,
preferably 1sF@4@.BCT | f themol ecul arwei ghtdistribution is

i nt heabove range, the shear stability of the lubricating oil viscosity
becomes 5 good when the copolyner is blended with a lubricating oil base.
The nelting point of the ethylene/progglene copol yner (O,

asnmeasur edbyDSC, is intherangeof 15to 60[err]C, preferably 25 to
50[err]C, nore preferably 25 to 45 err]C The nelting point is a
measure of an intgr.aakeenolsetwean 10 the ethyl ene/ propyd ene copol yner and
a pour point depressant. In order to prevent the interaction between

t he copol ynmer and The foinhel 01T I pahdt heefureatant I Bidh natektachdmbasuide
function of t he pour point depressant, it is inportant that the
quantity of0h ddipaitilanai sequBieesnhavingh @heedth e MO icoh tichtt &ed
vicinity 15 of -5 to +10[err]C contained in the copolyner is nade as snal

as possible. the meltinglRiMnier idfrypede abokvize randetiker nirg gur vgeof DSC,

whi ch i ndicates a nelting point "of the ethyl ene/propyl ene copol yner
(O, is pgef i i ; I t 0 | )) in
e P R e O e o s, ree at:
C f st I i | L
19) o 1§E%f?@f1%W%héé%r@ﬁl@%@%ﬁ&fﬂa%%oFE???G%ﬂfidw Bémperature

F{gmﬁng relation ( ) . 44X E-

1), 25 prp?nfo%’&ti:li%st %% Loiﬁﬂﬂé‘gt{ﬁé aéji.f’%a(ulsleld' % relative increase
of the ethylene sequences havingameltingpoint inthevicinity
of -5 to +10°C and opaqueness (haze) of a lubricating oil caused

10 by presence of a high ethylene content portion are not brought
about.

The ratio (n*Q.01/m*g) of a melt viscosity (n*g.g1) of
the ethylene/propylene copolymer (C) at 0.01 rad/sec to amelt
viscosity (m*g) thereof at 8 rad/sec, as measured at 1920°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 themelt viscosity ratio means
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
exhibitshighshear stabilityof thelubricatingoil viscosity.

Intheethylene/propylenecopolymer(Cfoftheinvention,

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



SF- 646 PCT 25 3. 44xE- 206 [err]

Tm (rrr-a). Theformula (111) andt hefornul a
(I'11-a) areearhasepstr e of a conposition distribution. Wen the

et hyl ene content and the nelting point satisfy the above relation
(rrr), the 5 conposition distribution of the ethyl ene/propyl ene copol yner
Is narrow, so that problens such as | ring of |owtenperature
properties of a lubricating oil caused by relative increase of the

et hyl ene sequences having a nelting point in the vicinity of -51to

+10[ err] C andy@RaGRNCsEohdazs h10f carbslrdtoMd mgrmhgcm@%poh%@f Rh@sence
of a high ethylene content portion are not brought

The ratio ([efnd *:0l/dmd rddriertd @ M& by weaesithy , ( batr ]J.noaoﬂa):eQErred t he
ethylene/propylene copolymer (C) at 0.01 rad/sec to a nelt Vi scosity

(Lerr]*8) thesmebadtert | at/99CanaSEERLY b RIntOURNG. £n5ebs1Bieher ably
In the range of 1. . he nelt viscosity ratio nentioned
above is a neg@}g@aon (Iﬁﬁ | ong-chai n branches contained in the

et hyl ene/ propyl ene copol ymer, and a larger value of the melt viscosity
rati o means largerg nt of |ong-chain branch contained in the

20 copol%ner vﬁén t'he aﬁ%ﬁ%t of 1 ong-chain branchéf§?h t he

et hyl ene/ propyl ene copol yner is small, a lubricating oil conposi tion
contai ning the ethyl ene/ propyl ene copolyner exhi bits high shear

stability of the lfﬁgiéﬁﬂ§fgﬁévﬂréﬂj¥éﬁgt@épolymer (C) having the above
properties (c-1) to (c-5) may have the aforesaid relation (I)
between the density and the melting point.

10 The ethylene/propylene copolymer (C) (viscositymodifier
for a lubricating oil) exhibits a high effect of improving
viscosity indexwhenblendedwitha lubricatingoilbase, 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,
whicharestandardsofNorthAmericaLubricatingoilSténdards
of the next generation, can be obtained. Whether the
lubricating éil satisfies the GF-3 standards or not can be

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



In the ethyl ene/propyl ene copolyner (C) of the invention, 25 there is no

specific limtation on the proportion (V (%) of SF- 646 PCT

26 [errip &Rl pep atons to all carbon atons formi ng the copolyner and
the ethyl ene content (E (% by weight)), but in a preferred enbodi nment ,
V (% and E (% by weight) satisfy the foll ow ng relation (1V) 5

V > 10-0.1xE (5 The et hyl ene/ pr opyl ene
copolymer (C) having the above propertles (c-1) to (c-5) may have the
aforesaid relation (1) bet ween the density and the nelting point. 10

The et hyl ene/ pr opyhene: gt e/ Erofdlerd icdpel iyingrodC f icdn be obtainad by
lubricating oil) exhibits a high effect of inproving

Vi scosi tyi nd%ﬂe&%bemé&dgﬂ LR LBRé C P idtopidmsandhak dhycessar) nstdier t he
e

function of a pour point pressant and hardly bri ngs about a probl em

of opaquenes ﬁlo%mér%uqrd €1é PBgsehEe oflén ¥herih e 1§y oae i phit LNnest .
copolynmer (C) 1s bi ended | ubricating oil base, the resulting

lubricating oil hagy 1eseéﬁeEhEnBlEEQWaBbhyﬁ¥r§Ea£98ht6598l§éﬁées and
exhi bits high ﬁgar stablllty of the lubricating oil viscosity. Wen

the ?théhﬁ 5aey'ﬁn%h%0§ paEhs 6Gh b% Hﬁ@deaﬁygeﬁb7ﬁgabyxen%0

nodi fi er, atirng oil sati sf oWt enperature

property Sta@%@%%@m%& RE? gﬁc%uagaeg@5§§sts comprising a compound of a

transition metal such as vanadium, zirconium or titanium and
an organoaluminum compound (organoaluminum oxy-compound)
and/or an ionizing ionic compound. Of these, 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 andanorganoaluminumoxy-compoundand/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

(A), preferably used is:



whi ch are standards of North America Lubricating G| Standards of the
next generation, can be obtained. Wether the | ubricating oi

sati sfies thsF-636- BCst andards or not can be 25 judged by neasuring the

| at er - descri bed CCS and MRV. SF-646 PCT

27 The et hyl ene/ propyl ene copol yner (C) can be obtained by

copol yneri zi ng ethyl ene, propylene, agpd if necessary, other nonomners,
in the presence of anol efinpol ynerization catal yst. Exanpl es of
the olefin polynerization catalysts 5 enployable in the preparation of

t he et hyl ene/ propyakene vanadiopolgaterl @) daowpinice reataalspdiud leovamiasiimg a
conpound of a transition netal such as vanadium zirconiumor titanium
and an ocgapoahdnand nag oopoamaoa [ am avwo at ompouma pxgE conpound) and/ or
an ionizing ionic compound. O these, preferably 10 enployed is:

(a) a vanadi um catl) yatmevablocseny @atsal yit ecompaiisimy a mettahpockge and an

or ganoal um num conpound, or (b) a nmetal |l ocene catal yst conpri sing

a net al | oceneompoundogpoaingrois bt idransetd DrsaRict eds ef reed ek dupom,Gean 4,
etc. 15 of the periodic table and an organoal um nunoxy- conpound and/ or

an ionizing perhe gttt able and an offahdel @pDvien 68{akymbsuntigidyaradi um
catalyst (a) is particularly preferably enpl oyed.
A efin pol ynghi 2ghi @dng§at8hy&t compound;
more preferably used is:
(a-1) a vanadium catalyst comprising a soluble vanadium
compound (v-1) and an organocaluminum compound; and
10 particularly preferably used is:
(a-2) a vanadium catalyst comprising a soluble vanadium
compound (v-2) and an organocaluminum 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 organocaluminum compound, or
(b) a metallocene catalyst comprising a metallocene
compound of a transition metal selegted 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:



20 The ol efin polynerization catal yst used in the preparation of
t he et hyl ene/ propyl ene copol yner (A), (B) or (C is described bel ow.

I n the prepaskasd6orPCof the et hyl ene/ propyl ene copol yner (A), preferably
used is: SF- 646 PCT 28

(a) a vanadium catal yst conprising a soluble vanadi um conpound and an
or ganoal um num conpound, or ¢b) a nmetallocene catal yst conprising
a netall ocene conmpound of a transition netal selected from G oup 4,

etc. 5 of the periodic table and an organoal um num oxy- conpound and/ or

an ionizing ionic({sbnpovariadium catalywi ecqmefisiabd ya usddiblss vanadium

(a-1) a vanadi um catal yst conprising a soluble vanadi um conpound (v-1)
and an or gancemprundm({geirpoand; aandrgdficalumipamt compauhy, poef er abl y used

i s: (a-2) a vanadium catal yst conprising a sol uble vanadi um
compound (v-2) andbanaomgaabhboehausatabpstndomprising a hetébheopeg@arati on
of the ethyl ene/ propyl ene copol yner (B), preferably used is: 15

(a) a vanadi compatiablysf aotpansitfon metablseVemesd UMtom Gragmpurdand an
or ganoal um num conpound, or (b) a netall ocene catalyst conprising

ZtgetalIosenefthepémzﬂﬁimdabie@ddéﬁ@k@é@@aﬂ@mﬂhuﬁ@k9¢b@ﬂp&ﬁﬁ@éﬁa%ﬁk4v
' an ionizing ionic compound;
more preferably used is:
(a-1) a vanadium catalyst comprising a soluble vanadium
compound (v-1) and an organoaluminum compound; and
10 particularly preferably used is:
(a-2) a vanadium catalyst comprising a soluble vanadium

compound (v-2) and an organocaluminum compound.

Soluble wvanadium compound (v-1)

The soluble vanadium compound (v-1) for forming the
15 vanadium catalyst (a-1) that is preferably used in the
preparatioﬂ of the ethylene/propylene copolymer (A) or (C)
is represented by the following formula.
VO (OR) a¥Xp or V(OR) cXd
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, c and d are numbers satisfying the
conditions of 0£a<3, 05b<3, 25a+b<3, 0<c<4, 05d<4 and 3<c+d<4.
Examples of the soluble vanadium compounds (v-1)
represented by the above formulas include VOC13, VO (OCH3)Cl2,

25 VO(002H5)Ciz, VO (OC2H5)1.5C11,5, VO(OC2H5)2C1,



of the periodic table and an organoal um num oxy-conpound and/or 20 an

i oni zing ionic conpound; and particularly preferably used is:
(a-2) a vanesid4m earal yst conprising a sol uble vanadi um conmpound (v-2)
and an organoal um num conpound. In the preparation of the

et hyl ene/ propyl ene copol yner 25 (C), preferably used is: SF- 646
PCT 29 39 (a) a vanadi um cat al yst
conprising a sol uble vanadi um conmpound (v-1) and an organoal um num
conmpound, or (b) a netall ocene catalyst conprising a netall ocene
conpound of ¥O{@amst3iDhChei V0 @t beeeCRH T I3 AIP(Gned4H9) Gl of the
periodi c table and an organoal um nunoxy- conpound and/ or an ionizing

i oni ¢ conpouvid{O-iso-C4Hg ek, pVe{@+sdtyCaBeCls, VO (0-t-CqHa}td)2a vanadi um
catal yst conprising a sol uble vanadi um compound (v-1) and an

or ganoal um rvon eoppeund; Vakch , 1WC1y, VERIE,) O 60+ry-@fled e admy used i s:

(a-2) a vanadi um catal yst conprising a sol uble vanadi um conpound (v-2)
and an or garoat Lyt 2003 Kpp@dLUNnd. Sol ubl e vanadi um conpound
(v-1) The sol ubl e vanadi um conpound (v-1) for formng the 15

vanadi umgat al ystof a-hle sUl@blleSvﬁhQHQﬁﬁ\bJ:dmp'é@ﬁ’ds N(¢4.) , thePreRAbatingn of
t he et hyl ene/ propyl ene copol yner (A) or (O IS represented by the

follow ng foghhBle vanadium compound (v-2) is preferable.

Soluble vanadium compound (v-2)

The soluble vanadium compound (v-2) for forming the
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, ¢ and d are numbers satisfying the
conditions of 0<as<3, 0<b<3, 2<a+b<3, 0<c=L4, 0£d<4 and 3£c+d<4,.
a is preferably a number satisfying the condition of 1<as<3,
and ¢ 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)Clo,
VO (OC2H5)Cl2, VO(OC2Hs5)1,5Cl1,5, VO(OC2H5)2C1,
VO (0-n-C3H7)Clp, VO(O-iso-C3H7)Cl2, VO{O-n-C4Hg)Clpo,
VO (0O-iso-C4Hg)Cl2, VO(O-sec-C4H9)Cl2, VO(O-t-C4Hg)Clp2,
VO (OC2H5) 3 aed VO (0O-n-C4Hg) 3.

25 Organoaluminum compound




VO(OR)[err] Xb or V(OR)[err] In the above formulas, Ris a
hydr ocar bon group, such 20 as an al kyl group, a cycloal kyl group or an
aryl group; Xpi% pcT @ hal ogen atom and a, b, ¢ and d are nunbers

satisfying the conditions of [err] and [err] Exanpl es of the
sol ubl e vanadi um conpounds (v-1) represented by the above formnul as

i nclude VOO [err], VO (OCCH err]) Clferr], 25 VO O(err] SF- 646
PCT 30 VEXOn-Cerr] VO Oiso-Cerr]

VOO err]and VOCl[err] 5 O the sol ubl e vanadi um conpounds (v-1),
the follow ng THe! WilgRnvanaghi withC @ERSNAd( ¥o2) fosmBhgl ehabkBnadium

Sol ubl e vanadi um conpound (v-2) The sol ubl e vanadi um conpound (v-2)

for formng thaal stVf\‘Had?]UﬂhQ@tiaé Y re3ad) vt Hakdi tn ?%’ef ﬁ%%;ahzg?hﬁ%ﬂ J(% t Ihg

10 preparation of the ethyl ene/propyl ene copol yner

represented lpyd *&Hﬂér@’)’iﬁ%gﬁ@x‘& ?é’?ﬁ&ﬁ"“er MR 3 %rngs the VI( OR) cXd

In the above fornmulas, Ris hydr o group,” such an al ky
Droup, 3§ SR AR bR 0 it £nk® AnKRME LAYt 2
5 (a-2) that is preferably used in the preparation of the
ethylene/propylene copolymer (A), (B) or (C) are represented
by the following formula (i):
Rl a1x13-p (1)

wherein Rl is a hydrocarbon group of 1 to 15 carbon atoms,

10 preferablylto4carbonatoms, Xlisa halogen atomor a hydrogen

atom, and n is 1 to 3.

The hyarocérbon 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 organcaluminum compounds include:

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

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

trialkenylaluminums, such as triisopropenylaluminum;



conditions of [err] and [err] a is preferably a nunber satisfying the
condition of I<aferr]3, and c is preferably a nunber satisfying the
condi tion of glged e 3. Exanpl es of the sol ubl e vanadi um conpounds
(v-2) 20 represented by the above formul as include VO OCH3) C12,

VOO err] VO On-(err] VO Oiso-Cerr] VO OC[err] and [err]
25 CrganoaluninunlconpOEQd SF- 646 PCT

31 The or ganoal um num conpou for form ng the vanadi um
catalyst (a-1) that is preferably used in the preparation of t he

et hyl ene/ propyl engigoRQh¥Temintn Bh16&bsandubheas dife8RPANUME AU conmpound
for formng the vanadiumcatalyst 5 (a- 2) that is preferably used in the

preparation %ﬂofiqde, dl‘étt'ﬂ%(ﬂl‘é'l%ﬁﬂhﬁk”?ybﬁ'l%r(iggm W8 SobAbpylilBLuflinkfy are
repr esent ed he follTowng forrmula (i) E?err

(i) \Aher@hrioli{l%rer] d'ﬁsebnwngﬁaﬁ@ﬁum%ﬁyer%e 1248 &ﬁn&@t’iypﬁ M GhOE, 10

preferably 1 to 4 car bon at ons; X[err] 1s a hal ogen atonor ydr ogen
atom and n %&oﬁﬂd@,3 The hydrocarbon group of 1 to 15 carbon
atons is, for exanpl e, an al kyl group, a cycloal kyl group or an aryl

group. 5 Examplgg,qh15HGRuA QUBTLI AGh YA sTEL%h: a8t REkhyRaR AR

sesquichloride, ethylaluminum sesquichloride,
isopropylaluminum sesquichloride, butylaluminum
sesquichloride and ethylaluminum sesquibromide,
alkylaluminum dihalides, such as methylaluminum
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,



15 isopropyl, isobutyl, pentyl, hexyl, octyl, cyclopentyl, cycl ohexyl ,

phenyl and tolyl. Exanpl es of the organoal um num conpounds

i ncl ude: sr-646 pcirri al kyl al um nunms, such as trinethyl al um num
triethylalum numtriisopropylalum numtriisobutylalumnum 20
trioctylalum numand tri-2-ethyl hexyl al um num al kenyl al um nuns
represented by the formul a (i-Cerr] (wherein x, y and z are each a
positive nunber, and z[err]2x), Such as isoprenylal um num

trial kenyl al um nuns, such as triisopropenylal um num SF- 646 PCT.
32 diiakkybal onilmafathah) desd suehaasudbert Syt bsEyimgina valdrddeori de,
di et hyl al um num chl ori de, dii sopropyl al um num chl ori de,

di i sobut yl al giffi e ekbhagi de¢oangdedamet hyl al um num brom de; 5

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

et hyl al um num sesgui §hd aridithd coorldSAR@RY kal HALNtRASESELbE MhOrd de .and

but yl al um num sesqui chl ori de and et hyl al um num sesqui br om de,

al kyl al um nugrdihal 1 dganasyichtasenBthyha! uihaHE 1,19sdhchl ghhdenaving
et hyl al um num di chl ori'de, 1sopropyl al um num i chl ori dé and

d I

I USRIy gpele AL A b g v 2
cyclopentadienyl skeleton may have a substituent group.

Examples of the ligands having cyclopentadienyl skeleton

include a cyclopentadienyl group; and alkyl-substituted or
cycloalkyl-substituted cyclopentadienyl groups, such as

10 methylcyclopentadienyl, ethylcyclopentadienyl, n- or
i-propylcyclopentadienyl, n-, i-, sec- or
tert-butylcyclopentadienyl, hexylcyclopentadienyl,
octylcyclopentadienyl, dimethylcyclopentadienyl,
trimethylcyclopentadienyl, tetramethylcyclopentadienyl,

15 pentamethylcyclopentadienyl, methylethylcyclopentadienyl,
methylpropylcyclopentadienyl, methylbutylcyclopentadienyl,
methylhexylcyclopentadienyl, methylbenzylcyclopentadienyl,
ethylbutylcyclopentadienyl, ethylhexylcyclopentadienyl and
methylcyclohexylcyclopentadienyl; 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.



al kyl al um num di hydri des, such as ethylalum num 15 di hydride and

propyl al um num di hydri de. Met al | ocene conpound

The met al | ocepre4ecarqound of a transition nmetal of G oup 4 of the
periodic table for formng the netall ocene catal yst (b) that is
preferably used in the preparation of the 20 ethylene/propylene copolyner
(A), (B) or (C) is represented bysthe following formula (ii).

ML_X (1) In the formula (ii), Mis a
transition nmetal selected from Goup 4 of the periodic table,
specifically zirc@henhhe compound 8Ep846eRE€Ed by the formula (ii) contains

33 titaniumor hafnium and x is a nunber satisfying a val ence of
the transiti dworetralnore groups hawving tyghopenbadilengl eskébetbre asatiséti on
nmetal , and of the ligands, at least one ligand L is a ligand having 5
cycl opent adi ddyjansisel ettvo oFfhichém gagdoddomizd throyghapeal agilenyl gadeb et on
may have a substituent group. Exanpl es of the |igands having

cycl opent adi etish akkebehghene o Netdpfl ehey @ epestaduesyl alkoUgheadtoup
al kyl -substituted or cycl oal kyl -substituted cycl opent adi enyl groups,

such as 30 %W'a%}’@s@?@@b@dhd@hb ogt B!bﬁéﬁ&@ﬁéﬂh?ﬂéﬁé)ﬂ a 8ilPlene or
| - propyl cycl opent adi eny -, sec- tert-butyl cycl opent adi enyl,

gleglt %Icl:;&e%; gﬁltogg?zgﬁ;?? s1Méﬂébﬁcbﬂﬁe§uéﬁl'a%méﬂlmethy131ly1ene group,
diphenylsilylene or methylphenylsilylene.

The ligand L other than the ligand having cyclopentadienyl

skeleton is, for example, a hydrocarbon group of 1 to 12 carbon

10 atoms, an alkoxy group, an aryloxy group, a sulfonic
acid-containing group (-SO3R& wherein R& is an alkyl group,
a halogen-substituted alkyl group, an aryl group, a
halogen-substituted aryl group or an alkyl-substitutéd 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, such asmethyl, 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.



trimet hyl cycl opent adi enyl, tetranethyl cycl opentadi enyl, 15
pent anmet hyl cycl opent adi enyl , net hyl et hyl cycl opent adi enyl
met hyl pr opyl siy@sopent adi enyl , net hyl but yl cycl opent adi enyl ,
met hyl hexyl cycl opent adi enyl, net hyl benzyl cycl opent adi enyl ,
et hyl but yl cycl opent adi enyl, et hyl hexyl cycl opent adi enyl and
met hyl cycl ohexyl cycl opent adi enyl ; an jsndenyl group; a 20

4,5, 6, 7-tetrahydroi ndenyl group; and a fluorenyl group. These
groups may be substituted with hal ogen atons and trial kylsilyl groups.
O the above groupgampl&ylofsdihst alkosy gyctppeinaddidnyethoxy gedinoxyar e
particul arly preferable. SF- 646 PCT

34 MApndbexrphpbsioprepory £ eobyokef of soibat ¢xy,) seotlbibsxy, two or
nore groups having cycl opent adi enyl skeleton as the ligands L, two of

them may be bentledutbxrpugbeatoay kyherexygramngp octosych as et hyl ene or
propyl ene, a substituted al kylene group 5 such as isopropylidene or
di phenyl net hyl eneAn aegamylenef othe arplsoxpsgrdud ells sphatheng. group such as
di met hyl si l yl ene group, di phenyl silyl ene or nethyl phenyl silyl ene.

The ligand L ot hegrximgles bE thgaad rbaycntir-darentradiEgybups (-SPgRagt on
is, for exanple, a hydrocarbon group of 1 to 12 carbon 10 atons, an al koxy

group, an aryhexude'aePhanesUliORbEo, p-t3th&nesnlpbRafE, group (-Serr]

wherein Ra is an al kyl group, a hal ogen-substituted al kyl group, an

aryl group, @rjifluoromethanesulfonato and p-chlorobenzenesulfonato.
Thehalogenatomis fluorine, chlorine, bromine or iodine.
Examplés of the metallocene compounds having zirconium

10 as M and containing two ligands having éyclopentadienyl

skeleton include:
bis (methylcyclopentadienyl)zirconium dichloride,
bis(ethylcyclopentadienyl)zirconium dichloride,
bis(n-propylcyclopentadienyl)zirconium dichloridé,

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
zircqnium 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 LiM1ix2, (iii)



hal ogen-substituted aryl group or an al kyl -substituted aryl group), a
hal ogen atom or a hydrogen atom 15 Exanpl es of the hydrocarbon
groups of 1 gpRede? pgar bon at ons i ncl ude al kyl groups, cycl oal kyl
groups, aryl groups and aral kyl groups. More specifically, there can
be nenti oned: al kyl groups, such as nethyl, ethyl, n-propyl,

i sopropyl, n-butyl, isobutyl, seggbutyl, tert-butyl, pentyl, hexyl,
octyl, 20 decyl and dodecyl; cycIoaIkyI groups, such as

cycl opentyl and cycl ohexyl ; aryl groups, such as phenyl and

tolyl; and Tn tRbakkWhugEOYpS; ) Sugh §§ hengwh1 apfl CLORPYA .of the
SF- 646 PCT Exanpl es of the

al koxy groupgperieidyee taBlRO%Y, aChle@AY, of 1aﬁtnaﬁaaéysem&@rsr0poxy, n- but oxy,
i sobut oxy, sec- but oxy, tert-butoxy, pentoxy, hexoxy and octoxy.

An exanpl e of the}'al ng%ﬁglwlk%s%eg%@locﬁl ed n-B6AMRhESgPbupend

sul foni ¢ aci d-con I 'ng groups I ncl ude nethanesulfonato

p-tol uenesul f‘ﬂ-@% a re§Ef5ir¥p'§‘é‘$ﬁkt&%’1‘%sé'ﬁ&9@a$d)tﬁ@dactlve site of the
p- chl or obenzen onat o. The hal ogen atom s fluorine, chlorine,

brom ne or |od|n<=iM ) Exanpl es of the netal |l ocene conpounds havi ng
zi rconi un? 18 and contalnlng two |igands having cycl opent adi enyl

Skl oton, | nchude! et ot BETRLR AU SRoRLEELE0NL) MG CED MR ELEBAo ! 0o
halogen,ahydrocarbongroupcontaining20orlesscarbonatoms,
a silyl group containing 20 or less silicon atoms, or a germyl
group containing 20 or less germanium atoms.
10 Of the compounds represented by the formula (iii), a

compound represented by the following formula (iv) is

/\/
\/\

Intheaboveformula,Mlistitanium,zirconiumorhafnium,

and X2 is the same as above.
Cp is a cyclopentadienyl group m-bonded to M1,
7 is oxygen, sulfur, boron or an element of Group 14 of

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



bi s(n- propyl cycl opent adi enyl ) zi rconi um di chl ori de, 15

bi s(i ndenyl ) zi rconi um di chl ori de, and

bi s(4, 5, 6, 7- ses4eaperdr oi ndenyl ) zi rconi um di chl ori de. Conpounds
wherein the zirconiumnetal is replaced with a titaniumnetal or a

haf nium nmetal in the above-nentioned zi rconi um conpounds are al so

enpl oyable. 20 A conpound reprgsented by the following formula (iii)
is al so enpl oyabl e as the netal | ocene conpound for form ng t he

net al | ocene catalyst that is preferably used in the preparation of the

et hyl ene/ propyl en¥ depal yrgand Aront&)nimg nitrégdn, FAbosphoryerrdgxygen
(iii) SF- 646 PCT 36 In the
formula (iiipr Buafuk.is a netal of Goup 4 of the periodic table or a
metal of |anthani de series. L[err] is a derivative of a

del ocal i zed [err] zbandi Fgmgyotpgattler forfiPar tendehesHr @il .geonetri c shape
to the active site of the 5 netal Merr]. Each X[ err] nmay be the

same or different E@:@ﬁﬁpil%sf'b'ﬂﬁ:ﬂ@%tallo&éﬁ@_@@ﬂlfao@nﬁ%dfe%@éé&&éﬂﬁ he
containing 20 or |ess carbon atons, a silyl group containing 20 or |ess

silicon ajomgor@fnld 98KV linclug@i;oup containing 20 or |ess gernani um atons.
10 O the conmpounds represented by the formula (iii), a conpound

represented by thqdﬁ%@kﬂ@lQQ—Eﬁ%@E%ﬁiﬁ%Y%tg%ramethyl—n5—cyclopentadie
nyl)silane)titanium dichloride,
((t—butylamido)(tetramethyl—n5—cyclopentadienyl)—1,2
—ethanediyl)titanium dichloride,

10 (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
15 nyl)silane)dimethyltitanium,
((t—butylamido)(tetramethyl—n5—cyclopentadienyl)-1,2
—-ethanediyl)dibenzyltitanium,
_((methylamido)(tetramethyl-n5—cyclopentadienyl)—1,2—
ethanediyl)dineopentyltitanium,
20 ((phenylphosphido)(tetramethyl—n5-cyclopentadienyl)m
ethylene)diphenyltitanium,
(dibenzyl(t-butylamido)(tetramethyl—n5-cyclopentadie
nyl)silane)dibenzyltitanium,
(dimethyl(benzylamido)(n5—cyclopentadienyl)silane)di

25 (trimethylsilyl)titanium,



preferable. [err] 15 In the above formula, Mer
titani um zirconiunor hafnium and X[ err] is the sane as above.

Cp is a cycl gpe agtenyl group [err]-bonded to Merr]. . Zis
oxygen, sulfur, boron or an elenent of Goup 14 of 20 the periodic table
(e.g., silicon, germaniumor tin). SF- 646 PCT

37

sul fur.

Exanpl es of the netal |l ocene conpounds represented by the

i ncl ude:

nyl)silane)titani

Y is a ligand containing Bktrogen, phosphorus, oxygen
Z and Y may together®forma condensed ring.

((t-butylam ty, ; I I tadi enyl)-1, 2
(St hanei y1) el AT bl S e,

(dibenzyl(t-buty|qqk%%&gh%&k@ﬂ@%@lhyk B%Lh%%ﬁkggﬁﬁségh%—ethanediyl)di

10

15

20

25

benzyltitanium,

(2-m2- (tetramethyl-cyclopentadienyl)~1-methyl-ethano
late(2-))dibenzyltitanium,

(2—n5—(tetramethyl—cyclopentadienyl)—1—methyl-ethano
late(2-) )dimethyltitanium,

(2-({4a,4b,8a,9,%a-n) -9H-fluorene-9-yl1) cyclohexanola
te(2-))dimethyltitanium, and

(2-((4a,4b,8a,9,9a-n)-9H-fluorene-9-yl) cyclohexanola
te(2-))dibenzyltitanium.

Compounds wherein the titanium metal is replaced with
a zirconium metal or a hafnium metal in the above-mentioned
titanium compounds are also employable.

The metallocene compounds mentioned above can be used
singly or in combination of two or more kinds.

In the present invention, a zirconocene compound having
zirconium as the central metal atom and containing two ligands
having 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

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

r]

or

5 formula (iv)

(OSBRI QYR AEhIbS (Ebt 29REEKY1LRELL;EXBLaRRD! 20 @

i's



nyl )silane)titani umdichloride,

(di met hyl (t-butyl am do) (tetranethyl-[err]-cycl opentadi e

nyl ) si | ane) dsbe4sz \HQTI t ani um

(di met hyl (t-butyl am do)(tetranethyl-[err]-cyclopentadie 15

nyl ) silane)di nmethyl titani um

((t-butylam do)(tetranethyl-[err]-cychgpentadi enyl)-1,?2

- et hanedi yl ) di benzyl titani um

((methyl am do) (tetranet hyl -[err]-cycl opent adi enyl ) -1, 2-

et hanedi yl ) dendolpawiyg thiittaémism asZthe central metal atom is particularly
((phenyl phosphi do) (tetramet hyl -[err]-cycl opent adi enyl ) m

et hyl ene) di ppeefletrabari.um

(di benzyl (t-butyl am do) (tetranethyl-[err]-cycl opent adi e

nyl ) si |l ane) di benzyl titani umOrganocaluminum oxy-compound

(di met hyl (benzyl am do) ([err]-cycl opentadi enyl )silane)di 25
(trimethylsilyl)tThanbrgenoaluminumSbxg46otdund for forming the

38 (di met hyl (phenyl phosphi do) (tetranmethyl -[err]-cycl openta
di enyl ) si § anepgahenzehel tanhlst (b) may be aluminoxane hitherto known
((tetranethyl -[err]-cycl opentadi enyl)-1, 2- et hanedi yl ) di benzyl titani um
5 (2-[ okl - bledzea@et Rk aytkopeghadhe ik huk BRYLXbnebhARQ

| at e(2-)) di benzyl titani um

(2-Terr]-(tetrametrRyl ne¥akerenkadankhhininBRhRY! 18t B@8BPesented by the
late(2-))dinmethyltitani um

following formula:

R,Al= O - Al )~ OAIR,
I

R

—X0-Aymm—

10
wherein R is a hydrocarbon group, such as methyl, ethyl, propyl
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 alkyloxyaluminum units represented by the
formula OAl (R1) and alkyloxyaluminum units represented by the

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



(2-((4a,4b,8a,9,9a-[err])-9Hfl uorene-9-yl)cycl ohexanola 10
te(2-))dinmethyltitani um and

(2-((4a, 4b, 8FFs®arterr])-9H-fl uorene-9-yl ) cycl ohexanol a
te(2-))dibenzyltitanium Conmpounds wherein the titaniummnetal is
replaced with a zirconiumnetal or a hafniumnetal in the
above-nentioned 15 titanium conpounds,,are al so enpl oyabl e. The
net al | ocene conpounds nenti oned above can be used singly or in
conmbi nation of two or nore Kkinds. In the present invention, a
zi rconocene COIROSBE] BN WiEh respekit COR| WML éﬁéRQ%EIef o éékf@é?é“ngnd
containing two ligands 20 having cycl opentadi enyl skeletom 1s prererably
used as the from reddt laxirie conpound represented by the formula (ii). As
t he met al | ocene conpound represented by the formula (iii) or (iv),

a titanocene conpound having tidgy aoh e Sdlg et al atomis
preferably used. O the netalrﬁtéﬁégg%npnundégﬁg%—nentioned above, a

conmpound repr esent@&n@iéé“@ff@{ﬂbﬂiQiiﬁglionic com §Eh§é6f£)§-£orrqi§1rgl g:/he

39 and having titaniumas the centr nmetal atom’s particu

preferabl 8. metallocene catal é% oal T, M QM- C Qrmound ionic Ne

or ganoal um num oxy- corrpoundtaf gr or m né’%@é %’ et al rgécdér‘?éldca?tnallfg‘[lc( b) may
be al um noxangiddig{t o known or a benzene-insol ubl e organoal um num

oxy- conmpound.
The Lewis acid is, for example, a compound represented

by BR3 (R is fluorine or a phenyl group which may have a
substituent group selected from fluorine, methyl,

10 trifluoromethyl and the like). Examples of such compounds
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,



The hitherto known al um noxane is represented by the follow ng formul a:

[err] 10 wherein R is a hydrocarbon group, such as methyl,
et hyl, propylISF-646 B€T putyl, preferably nmethyl or ethyl, particularly
preferably methyl; and mis an integer of 2 or nore, preferably an

I nt eger of 5to 40. 15 The al um noxane maybe conposed of m xed

al kyl oxyal um num units consisting 4f al kyl oxyal um num units represented
by the formula OAl (R[err]) and al kyl oxyal um num units represented by

err err] and err] are each the sane
hydr ocar bon droLRFOPYLaTOn et efats (- dimisthyLpneny ) bozon, 40
as describedwith respect toR, andRerr] and R err] are groups different
from each ot H'eli;%k?UtY ammoniumtetra (m, m-dimeshyzdipierydnite mowpound
Exanpl es of the ionizing ionic conpounds for formng the 5 netallocene
catal yst (b) #hidrufeel araigrsiuet et zand it d Phiaromethylphenyl) boron and

tri(n-butyl)ammoniumtetra(o-tolyl)boron.

5 Examples of the N,N-dialkylanilinium salts include
N,N-dimethylaniliniumtetra (phenyl)boron,
N,N-diethylaniliniumtetra (phenyl)boron and
N,N-2,4, 6-pentamethylaniliniumtetra (phenyl)boron.

Examples of the dialkylammonium salts include

10 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

15 ferroceniumtetra(pentafluorophenyl)borate.

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

20 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-1l) (more preferably the vanadium catalyst (a-2)) or the

25 metallocene catalyst generally in a liquid phase. Iﬁ the



conpound. The Lewis acid is, for exanple, a compound represented

by BR3 (Ris fluorine or a phenyl group which nmay have a substi t uent
group sel ect seleder porf | uorine, nmethyl, 10 trifluoromethyl and the like).
Exanpl es of such conpounds i nclude trifluoroboron, triphenyl boron,
tris(4-fluorophenyl)boron, tris(3,5-difluorophenyl)boron,
tris(4-fluoronethyl phenyl)boron, ri s( pent af | uorophenyl ) boron,
tris(p-tolyl)boron, 15 tris(o-tolyl)boron and _
tris(3,5-dinmethyl phenyl)boron. The ionic conmpound is, for

exanpl e, a copofymnekiygbtiohsta hydedcammon so18eht 15 gindrdiakkysaaidd ni um
salt, a dial kylammoniumsalt or a triaryl phosphonium salt.

Exanpl es of &hpolginakhkyhtsonssblveae, apaRNaHMS8LEEin20ubAChEd®iquiq
tri et hyl ammoni unt et ra( phenyl ) bor on,

tripropyl amppbpyieheafhpirebygl hbeaon,
tri(n-butyl)amoni untetra(phenyl)boron

tri met hyl anmoni untgamplest € YthEOKPArocarbon solvents used in the
trimet hyl anmoni untetra(o-tolyl)boron, 25

tributy|aﬁﬁDﬂbmyhétiQé?ﬁah&Bbqgﬁgmﬁﬂﬁﬂﬁﬂﬁgﬁiyrocarbons/sé%hgé%é%ggne,
41 tripropyl ammoni unt et ra( o, p- di net hyl phenyl ) bor on,

tributyl anmopkuahet rieép sngli r@éﬁ%é)hﬁ%@aﬁgorﬁ?gecane aréd kerosine, and

tributyl armoni untetra(p-trifluoromet hyl phedyl’yboron an
tri(n-butyl) gHTBLHES PO Fd YhiRBEP a11icyclic hydrocarbons, such as

cyclohexane, methylcyclopentane and methylcyclohexane, and
halogen derivatives thereof; and aromatic hydrocarbons, such

10 asbenzene, tolueneandxylene, andhalogenderivatives thereof
sudhaschloroﬁenzene. Thesehyarocarbonsolventscanbeuwed
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
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-1) 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
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



5 Exanpl es of the N, N-dial kylaniliniumsalts include
N, N- di net hyl ani | i ni unt etra(phenyl ) boron,
N, N- di et hyl &8rR-d46 npomt et r a( phenyl ) boron and

N, N- 2, 4, 6- pent anet hyl ani | i ni unt et ra( phenyl ) bor on. Exanpl es of the
di al kyl ammoni um salts include 10 di(l-propyl) :

ammoni unt et r a( pent af | uor ophenyl ) bor ongand

di cycl ohexyl ammoni unt et r a( phenyl ) bor on. Al so enpl oyabl e as the

i onic compound is tri phenyl car beni unt et r aki s( pent af | uor ophenyl ) bor at e,
N, N- di met hy| Bhitiimeisygss fetdaksl(yp @il [timeapheoyé phrerfatrabdly 115 5 times,
ferroceni unt etra(pent af | uor ophenyl ) bor at e. For formng the

met al | ocene tia¢ adgrs¢ent et Bdrorebailte solulslearred dininn Wenssnadngdy-rmey be
used together with the or ganoal um num oxy- conpound and/or the ionizing

i oni c corgoerntd. in 26he polyn¥epedBidons wit&d hy ITeRe bRigeRwWae gieRRC! yMer
(A The et hyl ene/ propyl ene copol yner (A) is prepared by

copol yneri zi edgmedlyd €re fefl DPWIRIME anddifobht RGASSAEYMoPARYatio (ATDPRYMErS
in the presence of preferably the vanadi um catal yst (a-1) (nore

pref erablsy thetnanadinin aebabdto {He zr)a}lanluhh@torgEinn@{@cilqb@&ﬁtﬁglgﬁﬁﬁb}ﬁst

generally in a liquid phase. In the

42 COPOby it 2 b GANGCABRONeSS! VR 35 pﬂf‘élf‘éz?éﬂ% used ap, a
pol yneri zation sclvent, but an [érr]-oiefin such as |
more preferably 3 to 20.
The soluble vanadium compound (v-1) and the
organcaluminum compound are generally fed after diluted with
10 the aforesaid hydrocarbon solvent and/or liquid propylene.
The soluble vanadium compound (v-1) is desirably diluted to
the above-mentioned concentration. On the other hand, the
organoaluminumcompound is desirably adjusted to, for example,
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/cm?Z,

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

In a continuous polymerization process, these polymerization

25 conditions are preferably held constant.



propy1ene may be used. Exanpl es of the hydrocarbon sol vents used
in the ﬁglgnerlzatlonlncludealiphatichydrocarbons, suchaspent ane,
hexane, hept Tane, decane, dodecane and kerosine, and hal ogen
derivatives thereof; alicyclic hydrocarbons, such as cycl ohexane,

met hyl cycl opent ane and met hyl cycl ohexane, and hal ogen derivatives
thereof; and aromati c hydrocarbons, s#4ch 10 asbenzene, tol ueneandxyl ene,
andhal ogenderi vati vest her eof such as chl orobenzene. These hydrocarbon
sol vents can be Qnbi n two_or re kinds.

d . singly or in ti
At hough et hyl el 57 4ByT R EOPRhReF iHBELT Y & tﬁwﬁspe Brol s §Panbe
copol yneri zedpy any_ of batgg se and contin ous d%g es, the,
copol ymer i zatt PGS St e PEBEY PARPPRES it the prggﬁp f srﬁlﬁ vaR@diym
particularly referabb% arried out contlnuousl¥ using a stlrrlng
vessel type FRERtYFT Vhieh) ¢ hEhe SamQoiRTFHERT ZeRD P HEREeR i @A out
continuously, the catalyst is used in, for exanple, the follow ng
concent r at | oRPObYmerizatipr SNkl tiansiiegnieackihed %Q@Wﬁ e gsloptad.a
cat al yst, t he concentration of the sol uble vanadi um conmpound (v-1) in
the pol yrferi zat i ofheydhemptal hoepae reatgel ¥t Ublal s psedasta catalyst,
mol /1iter (polynerization volume), preferably 0.05 to 3 mmol /liter.
It is desirabhe con¢ertirahionodfibtlee vaeizal logens conpourd {wv-thein a
concentration of usually not nore than SF- 646 PCT
43 10 tpokymepizéeianl sydtemnm is tinntbe nmengepeffugwblly D AO@T itwes,
0.1 mmol/liter (polymerization volume), preferably 0.0001 to
0.05 mmol/liter. The organoaluminum oxy-compound is fed in
10 such an amount that the molar ratio (Al/transition 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
in the polymerization system becomes 0.5 to 30, preferably
1 to 25.
When the organocaluminum compound is used, the compound
20 is fed in an amount of usually about 0 to 5 mmol/liter
(polymerization volume), preferably about O 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,



t he concentration of the sol ubl e vanadi um conpound (v-1) present in
the polynerization system The organoal um num conpound is fed in such
an amount t hgtedshecmrol ar ratio (Al/V) 5 of the alum numatomto the
vanadi um atomin the polynerization system becones usually not | ess
than 2, preferably 2 to 50, nore preferably 3 to 20. The
sol ubl e vanadi um conpound (v-1) and t or ganoal um num conpound are
generally fed after diluted with 10 'the aforesaid hydrocarbon sol vent
and/or liquid propyl ene. The sol ubl e vanadi um conpound (v-1) is
desirably di pue€drably 0 to 12e°apmeoeenmrdficrsdd cdbodtr’at,i aund a Preddamret her
hand, the or ganoal um nunctonpoundi sdesi r abl yadj ust edt o, forexanpl e,

an arbitraryoganseatthdin 0Nk@f ci®an®Phet théFe hald BBSkd /2 1D rFUIELY ati on
thereof in the polynerization system followed by f eedi ng to the

pol ymeri zat | ﬁBr%ﬁ{a‘%ﬂb kg/cm? and nbR d¥e& ERRAISOREYERR | NPl RIftilRiMhs
propyl ene, and if necessary, other nononers”in the presence of the

vanadi um potahakyshtfanlprodd®s CaPRISETBEL FAkkORat EaRt d&MAi 5169 ldred out
20 under the conditions of a tenperature of usually -50 to 100C,

preferably -3@cFar88h¢r hk¥a BBAStRREIerably -20 to 60[err]C and a
pressure of nmore than 0 kg/cn2 and not nore than 50 kg/cng, preferably

more than 0 kg/ C”Kl%ﬂguﬁﬁttﬂ@&%afc:fﬁ'&nzgn\ﬂgl @¥%rage resideneentimsQn
pol ymeri zati on process, "these polynerization 25 conditions are preferably
hel d constangye copolyme?EzQ%@oﬁCIs carried out contlnuously) varies
depending upon the catalyst concentration, polymerization
temperature, etc., it is in the range of usually 5 minutes
10 to 5 hours, preferably 10 minutes to 3 hours.

Ethylene, propylene, and if necessary, other monomers
are fed to the polymerization system in such amounts that the
ethylene/propylene copolymer (A) having specific composition
can be obtained. In the copolymerization, amolecular weight

15 modifier such as hydrogen may be further used, and by the use
ofthemolecularweightmodifier,theweigthaveragemolecular
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 golution 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)




44 Also in the copol ynerization of ethylene, propylene, and

I f necessary, other nononers in the presence of the vanadium  catal yst
(a-2), the saprsgcap@t yst concentration and copol yneri zation conditions
as descri bed above are adopted. 5 When the netall ocene catal yst (b)
I's used as a catal yst, the concentration of the nmetall ocene conpound in
t he pol yneri zation systemis int range of usually 0.00005 to 0.1
nmol /liter (polynerization volune), preferably 0.0001 to 0. 05

mol /liter. The organoal um num oxy-conpound is fed in 10 such an anpunt

that the nol ar ratlihe (Alhytlrearesidriopy lesetealcopofllymer (Be i@l priepamest iy t 0 t he
transition netal in the netall ocene conpound in the polynerization

syst em becomesopisluatd i ZliriP ethyleh@Q0Propytérepdnd i heck8688ry, other
The ionizing ionic conpound is fed in such an anount that 15

thenol arr ati andricidZd @i DRé GRemaitElbfepat Focebtg amovadhdium catalpst
ioni zing ionic conpound to the netal | ocene conmpound in the

pol ymeri zat i opp-systgmebecnaes1fobehe S8taPyst e(blgeneral é’ tiey 351iquid
When t he organoal um num conpound is used, the conmpound 20 is fed in an

amount  of susysldye abauf et ‘?;o?o’l%'e/r jizb@fon, a tReyeRrbaat senviakuns) ,
preferably about Oto 2 mol/Titeéer In"the copol ynerization of

cLhyl ene. P ORYIENS 1 FUbI] a5 o pOEGRSPRLY:IGH AN EOMBIS. L bhe1BEERCNCe

of the netall cene copolyrerizdtion reaction’is

carried out  Jfen Weeri iy C&mw{@ ly Bd IRELALUre of usually -20 to

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 copolymerizedbyanyof batchwise 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
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,



SF- 646 PCT 45 preferably 0 to
120[err] C, norepreferably O to 100[err]C, andapressure of nore than O
kg/ cn2 and nsk-64s01P€Tt han 80 kg/cnR, preferably nore than 0 kg/cn2 and
not nore than 50 kg/cnferr]. In a continuous pol ymeri zati on process,

t hese pol ynerization conditions are 5 preferably held constant.

Al t hough the reaction tinme (average rggi dence time when t he

copol ynmeri zation is carried out continuously) varies dependi ng upon
the catal yst concentration, polynerization tenperature, etc., it is in
t he range of theugbhyestmahivasofi1dhet sobuhbar vanaditlr abhpouddninues to 3
hour s. Et hyl ene, propylene, and if necessary, other nononers

are fed to t beepehynéni thei polgypsrimathosusistemunt®he atgarnmaluminum

et hyl ene/ propyl ene copol yner (A) having specific conposition can be
obt ai ned. | ncbhwpooodol yrerd zat swch s ambent| @naweihghinolas naidid i @l AUch as
hydr ogen nmay be further used, and by the use of the nol ecul ar wei ght
nodi f ier, tbé€ thd ghtimanenageomod etiel winadium atbghin ths ded vadjnisdzad dro

80, 000 to 400, 000. When et hyl ene, propylene, and if necessary,

ot her 5 NMeReRemSbatemesPesYAE] { z6sk dsesiestianbed pbe¥erabbg 2 2b 50,
et hyl ene/ propyl ene copol yner (A) 1s generally obtained as a pol ymer

sol ution coniaiBi paelrBeas@polyBr 20The pol ymer solution is treated in
a conventional manner, whereby the et hyl ene/ propyl ene copol yner (A) is
obt ai ned. ThePE8RALAL! 98N8 BLN¥LRPELREORYL ENEak@PEhYMEr (B)
organoaluminum compound are generally fed after diluted 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/cm2 and not more than 50 kg/cmz,
preferably more than 0 kg/cm? and not more than 20 kg/cm2.

In a continuous polymerization process, these polymerization

conditions are preferably held constant.



SF- 646 PCT 46 The

et hyl ene/ propyl ene copol yner (B) is prepared by copol yneri zi ng

et hyl ene, prepgsemnmT and if necessary, other nononers in the presence
of preferably the vanadi um cat al yst (a-2) or the netall ocene catal yst
(b) generally in aliquid 5 phase. |In the copolynerization, a

hydr ocar bon solvent is general ly yged as a pol ynerization solvent, but
an a-olefin such as liquid propyl ene nay be used. ' Exanpl es of
t he hydrocarbon solvents used in the pol ynmeri zation include the sane
hydr ocar bon sol veihenashe i@ talledenestytdigsti (igdis Thedassal vt Bysan be
used singly or in conbination of two or nore kinds. Al t hough

et hyl ene, prahe enmceandaiti oneofs shey me@bl@bcene FOAPERAE ¢aNthe
copol yneri zed by any of batchw se and conti nuous processes, the

copol yner i zatgoQiymex ipiaefionablgtenr i § eth e rhageC ot LBUAUSYY0 . @OG0% Sto
particularly preferably carried out continuously using a stirring

vessel type medcimsl/WesrtiRlymeriGRRAlonPeléntl PHieradied. 0ub1 to
conti nuously, the catalyst is used in, for exanple, thé follow ng

concent aki on. 05 mmol/1itében BHE SRRATAA Yey-Rngbubd ysedeasg

catalyst, 20 the concentration of the sol ubl e vanadi um conpoun

the pol ymeri za{dnOBnSyedeht it%aa'tnthlaeméf@gg&;{ﬁdﬁgaggxtagsghbﬁ m?n%%}fl?g or

mol /liter (polynerization volune), pre

It is desiraRig EQufn‘fﬁﬁmté‘@orﬁcﬂd“%;éhﬁéﬁQﬁgiymn metLOTROLAL e 148k

concentration of usually not nore
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 becomés 0.5 to 30, preferably
1 to 25.

15 When the organcaluminum 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/cm? and not more than 80 kg/cm2, preferably

more than 0 kg/cm? and not more than 50 kg/cm?2. Ina continuous



25 10 tinmes, preferably 1 to 7 tinmes, nore preferably 1 to 5 tines,

SF- 646 PCT 47 t he concentration of the
sol ubl e vanaffi-é46 @€fpound (v-2) present in the polynerization system
The organoal um num compound is fed in such an anmount that the nolar
ratio (A /V) of the alum numatomto the vanadiumatomin the

pol ynmeri zation 5 system becones usuakdy not less than 2, preferably 2 to
50, nore preferably 3 to 20. The sol ubl e vanadi um conpound
(v-2) and the or ganoal um num conpound are generally fed after diluted
with t hEodvBrEd 2r AN dPREE HON Wsisgenplanarbeakiqni copibplornare 10
The sol ubl e vanadi um conpound (v-2) is desirably diluted to t he
above- nent i opgéfesabént haldononehanhe ot her hand, the

or ganoal um nunconpoundi sdesi r abl yadj ust edt o, forexanpl e, an arbitrary
concentration of Abdthoogk thmmwebhCtiiomesimdelaveragomesntieateonimderheof in
the polynerization system followed 15 by feeding to the polynerization
system the copplyherdapblipneiszatirphedf oethgbehénupuspy) emeriand if
necessary, other nononers in the presence of the vanadi um cat al yst
(a-2), the cdppkydengzapoantheackialyss canceatration, polpslerikheion
conditions of a tenperature of usually -50 to 100[err]C, 20 preferably -30

to 80[err]C temperptaferabky.;20tt 0s60hetli¢ Gardiel Gf usua B wlihtfegror e
than 0 kg/cn2 and not nore than 50 kg/cn®, preferably nore than 0O
kg/ cn2 and neb ®wOheutkaNp2@rkeaBN®. 10 minutes to 3 hours.

Ethylene, propylene, and if necessary, other monomers
are fed to the polymerization system in such amounts that the

10 ethylene/ﬁropylenecopolymer(B)havingspecificcomposition
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
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



In a continuous polynerization process, these polynerization

conditions are preferably held constant. SF- 646 PCT

48 SHeé RATe netal | ocene catalyst (b) is used as a catal yst,

t he concentration of the metall ocene conmpound in the pol yneri zati on
systemis in the range of usually 0.00005 to 0.1 mmol/liter

(pol ymerization volune), preferably 05001 to 5 0.05 mml/liter. The
or ganoal um num oxy-conpound is fed in such an ampunt that the nolar
ratio (Al/transition netal) of the alum numatomto the transition
metal in the (#etldl |(essepreferabiyotihe vanatidupotyhelyght {@an2kystemlmecones
usually 1 to 10000, preferably 10 to 5000. 10 The ionizing

i oni ¢ conpoumtiad Hosgniencatishyah @mogeherhaly in a 1bheubd phaste.0 In the

(1 oni zi ngi oni cconpound/ net al | oceneconpound) of the ionizing ionic

conpound to tdepalpreEinigedrien;oapydubcarbor sofltenpol § mEmiezaililgnus gt @3
becones 0.5 to 30, preferably 1to 25. 15 When t he

or ganoal um nMpeARRItidats ons el viehe , C eound a-olefiis kedhi Asanigweynt of
usually about O to 5 mml/liter (polynerization volune), preferably
about 0 te 2 propyldreemay be used. I n the copol ynerization of ethylene,
propyl ene, and if necessary, other nononers in the presence of the

netal | ocene 20 caxahypiles( ), thlehgapelrFBohZ @bleenteagkkaninstharried out
under the conditions of a tenperature of usually -20 to 150[err]C,
preferably 0 gd yhdHiefatlion TicariRf @hablsuné h9qdkeRhebbhCsoardarseasur
previously described. These solvents can be used singly or
in combination of two or more kinds.

10 Although ethylene, propylene, and if necessary, other
monomers canbe copolymerizedbyanyof batchwise and continuous
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-1) 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-1) 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 organocaluminum



of nore than O kg/cn2 and not nore than 80 kg/cnR, preferably nor e

than 0 kg/cnR2 and not nore than 50 kg/cn2. In a continuous SF- 646
PCT SF-646 PCT 49 pol yneri zati on process, these
pol yneri zation conditions are preferably held constant.

Al though the reaction time (average residence time when t he

copol ymeri zation is carried out contigyously) varies 5 depending upon the
catal yst concentration, polynerization tenperature, etc., it is in the
range of usually 5 mnutes to 5 hours, preferably 10 mnutes to 3
hours. compoppfyi efed propytled amauntftinet ddwamylaot het i orofddysns

are fed to the polynerization systemin such.annun;s that the 10
et hyl ene/ pr op§ltdireatuponymart orByo lrhei ranagpiam Btomcorpbsigdlgymerizatdan be

obtained. In the copol ynerization, a nol ecul ar wei ght nodi fier such as
hydrogen nmayspeteurbéeemesedsuably hott Hesssehan 2, opréherapl gcailes 51 ght
nodi fier, the wei ght-average nol ecul ar wei ght can be adjusted to not

| ess than 80m00e mmnefkesblyhantol130250, 000. When et hyl ene,

propyl ene, and if necessary, other nononers are copol ynerized as
descri beds above, The solukléaylenadpumnpybepeut®poyyerakd)ths generally
obt ai ned as a pol ymer sol ution containing the copolynmer. The pol yner

20 sol ution bgghhealamihtmacaPeid aeealeNBAAEly fLEERY rtdEluted with
et hyl ene/ propyl ene copol yner (B) is obtained.
the aforesaid hydrocarbon solvent and/or liquid propylene.
The soluble vanadium compound (v-1) is desirably diluted to
the above-mentioned concentration. On the other hand, the
10 organoaluminumcompound is desirably adjustedto, for example,
an arbitrary concentration of not more than 50 times the
concentration thereof in the polymerization system, followed
by feeding to the polymerization system.
In 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/cmZ? and not more than 50 kg/cm2,
20 preferably more than 0 kg/cm2 and not more than 20 kg/cmz.
In a continuous polymerization process, these polymerization
conditions are preferably held constant.
Alsb in the copolymerization of ethylene, propylene, and

if necessary, other monomers in the presence of the vanadium



Preparati on of ethyl ene/ propyl ene copol yner (C) The

et hyl ene/ propyl ene copolyner (C) is prepared by copol yneri zi ng

et hyl ene, prepgiengT and if necessary, other 25 nononers in the presence
of preferably the vanadi um cat al yst SF- 646 PCT

50 (a-1) (nore preferably the vanadium catalyst (a-2)) or the

net al | ocene catalyst (b) generally in ? l'iquid phase. In the

copol ynmeri zation, a hydrocarbon solvenl is generally used as a

pol ymeri zati on solvent, but an [err]-olefin such as liquid 5 propylene may

be used. catalysExauaiplzes ehet bambydataarBanceakbeanirattiisadang t he
pol yneri zation i nclude the sanme hydrocarbon sol vents as previ ously

descri bed. Thepelymlerdniasioancbadisednsidyldesdribed bBoteNRr&Hdsrad. t wo
or nore kinds. 10 Al t hough et hyl ene, propylene, and if necessary,

ot her NDNONEr Fheabige Mmrwén@asyam¥§£ @At eBVhSEd rRds W
processes, the copolymerization is preferably carried out contlnuously

and is parti @HeAldonhdRnerarahny o(farthbeehe%tuoceneoebmaeaﬁal ¥nUghag a
stirring vessel type reactor. Wen the 15 copo ynmerization is carried out

conti nuousl Y;?otl%eﬁaﬂz%"cﬁ% systefnslls'sfrﬁj ik A eeé"lm?gﬁa}ipeof@ébﬁ’ww

concentratio Wheh the vanadi um cat yst s used as a

PRy et Sl Ao EPREEEE! AId It 2 APLURRe | AN ANTPBYBB0g e d) 1 1

t he polynerlzatlon systemi range of usual

mol /1iter (%Qb%”ﬁ&bi?&i?@rYO|Tﬁ@ﬁordyﬁgéfﬁﬂiﬁﬁﬂ)J%@-E%m%ound is fed in

such an amount that the molar ratio (Al/transition metal) of
the aluminum atom to the transition metal in the metallocene

10 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
themolarratio (ionizingioniccompound/metallocene compound)
of the ionizing ionic compound to the metallocene compound

15 in the polymerization system becomes 0.5 to 30, preferably
1 to 25.

When the organocaluminum compound is used, the compound
is fed in an amount of usually about 0 to 5 mmol/liter
(polymerization volume), pi:eferably about 0 to 2 mmol/liter.

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

preferably 0to120°C, more preferably 0 to100°C, and apressure

25 of more than 0 kg/cm? and not more than 80 kg/cm?, preferably



mmol /liter. It is desirable to feed the sol ubl e vanadi um compound (v-1)
in a concentration of usually not nore than 10 times, preferably 1 to 7
times, nore SFederrdily 1 to 5 tines, the concentration of the soluble
vanadi um conpound (v-1) 25 present in the polynerization system The

or ganoal um num SF- 646 PCT 51
conpound is fed in such an anobunt thatsz3the nolar ratio (Al/V) of the
al um num atomto the vanadiumatomin the polynerization system
becomes usually not |ess than 2, preferably 2 to 50, nore preferably 3

to 20. 5 more Then 9okditdre? wanach i g6 PRS0 g7/ EnZandIh hecont inuous
or ganoal um num conpound are generally fed after diluted with t he

af or esai d hygaodgardrdrzatdloreproaedsprthé spliptd Iynmemilzand on condIheonsl abd e
vanadi um conmpound (v-1) is desirably diluted to t he above-nenti oned
concentr at i opre@ertdid yothedrd kndtante 10

or ganoal um nunctonpoundi sdesi r abl yadj ust edt o, forexanpl e, an arbitrary

concentration of matheRigh then&dbtides ke (averagoneildetideofimBefeen in
t he pol ynerization system followed by feeding to the polynerization

system 5 the cdgblliyiRrGoRAIIWIENIZ 3liran ¢f cRithWoRRte nulu@nyl)erRdridd if
15 necessary, othér nononers in the presence of the vanadi um cat al yst

(a-1), the coRYHEMZHJA HHRATHHAN yst e¥dedE QWi on, poiRARritAR ion
conditions of a tenperature of usually -50 to 100[err]C preferably

-30 to 80[ er rddmpd Wi tqi R efeicabl v - 4Q 49 fHEeLbhGe 8RduBually 5 minutes

to 5 hours, preferably 10 minutes to 3 hoﬁrs.
Ethylene, propylene, and if necessary, other monomers
10 are fed to the polymerization system in such amounts that the
ethylene/propylenecopolymer(C)havingspecificcomposition
can be obtained. In the copolymerization, a molecular weight
modifier such as hydrogen may be further uséd, 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:



pressure of nore than 0 kg/cnferr] and not nore than 50 kg/cn®2, 20

preferably nore than 0 kg/cn2 and not nore than 20 kg/cn®. In a
cont i nuous p8F-§4erfiCTati on process, these pol ynerization conditions are
preferably held constant. Al'so in the copolymerization of

et hyl ene, propyl ene, and i f necessary, other nononmers in the presence
of the vanadi um SF-646 PCT s4 52
catal yst (a-2), the same catal yst concentration and copol ynmeri zati on
conditions as descri bed above are adopted. When the netal | ocene

catal yst (b) is u3BY aBeacathe\ethylene{propvlieriteeredmers e, (B)

net al | ocene conpound in the 5 polynerization systemis in the range of
usual |y 0.00e08 t(€), andp.1 mol/liter (polynerization volunme), preferably
0.0001 to 0.05 mmol /liter. The organoal um num oxy-conpound is fed in
such an anount that lvhsigskangratilobésk/ {Pansiti on netal) of t he
alum numatomto the transition netal in the netallocene 10 conpound in

t he pol yneri zati oprsgstpmibesones usually 1 to 10000, preferably 10 to
5000. The ionizing ionic conpound is fed in such an anount t hat
t henol arrati o (i oangi ogeoof cthapetingl emé Abt osehete gapsithmers (Zf, t {8
ionizing ionic conmpound to the netall ocene conpound 15 in the

pol yneri zati andsyghem becomes 0.5 to 30, preferably 1 to 25.

When t he organoal um num conpound is used, the conpound is fed in an
anount of usual | yaababtri@ateng 6wl bhkkenn), 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-oa-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, generallyused isamineral oil having

20 a wax content of 0.5 to 10 %. Further, a mineral oil having
a kinematic viscosity of 10 to 200 cSt 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,



(pol ynerization volune), preferably about 0 to 2 mmol/liter. 20 In
the copol yneri zati on of ethyl ene, propylene, and if necessary, other
mononers i n $hetépPeEence of the netal l ocene catal yst (b), the

copol ynmeri zation reaction is carried out under the conditions of a
tenperature of usually -20 to 150[err]C, preferably 0 to 120[err]C,
norepreferably 0 to 100[err] C, andapressure 25 of nore than 0 kg/cn2 and
not nore than 80 kg/cnR, preferably SF- 646 PCT

53 nore than 0 kg/cn2 and not nore than 50 kg/cn2. In a continuous

pol yneri zat i oapplyness, ofhesdkypofymeratesi andceohoyli anstate, o-opefimrably
hel d const ant. Al t hough the reaction tinme (average residence tine
when 5 thepodpoeyaerarrhtopolysmecarai adodef icsmndsaysene .vadf ehese,
dependi ng upon the catal yst concentration, polynerization t enper at ur e,
etc., it is i(rodhelymaye af alkyiingtaaryiates and (op)Ppdigumes;s pf eflerydbl y 10
m nutes to 3 hours. Et hyl ene, propylene, and if necessary, other
nononers l1lOacayéated apet heepokybiyi emplopedystem in such anounts that the
et hyl ene/ propyl ene copol yner (C) having specific conposition can be

obtained.51n the onpokybedimahtosf shevlebuiestiwgobil compogifien such as
hydr ogen nay be further used, and by the use of the nol ecul ar wei ght

nmodi fier, thaceerdhhgaversge imRleatiloar comprieeghthe anha el s liche
250, 000 to 400, 000. When et hyl ene, propylene, and if necessary,
ot her 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 oilbase (D) and later~described additives). The lubricating
0il composition preferably contains the lubricating oil base
(D) inanamount of 80 to 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



nmononers are copol yneri zed as descri bed above, the et hyl ene/ propyl ene
copol yner
t he copol yneBF-64hePGJol yner 20 solution is treated in a conventional

manner,

(© is generally obtained as a pol ymer sol ution contai ni ng

wher eby t he et hyl ene/ propyl ene copol yner (C) is obtained.
Lubricating oil conposition

The lubricating oil conposition

according to the I nventi on conprisses: SF- 646 PCT

54
(9,

and

any one of the ethylene/propylene copolyners (A), (B)
| ubricating oil base (D); or conpri ses:

any one of t ﬁ@ee?WY%%?éPBWY%%e &%’tﬂlﬁﬁ‘f’@rrs (@)A)ln gp)amount gyl (t) 20 %

a lubricatin
The conponen

oi |l base (D) pour point depressant (E).

¥okghier ﬁrﬁéeﬂfﬁélmﬁatpé& 3 ﬂvg/ wrghqar@mﬁyg. tiuhrigtating

and
5

i nvention are described bel ow. Lubricating oil base

(D

oigveagt d®) ind heterybarearihgdaiddidstas )(-D) Therlulsel dat e

I nvention include mneral oils and synthetic oils such as
pol y-[err] - olodfli aemppsi {opn axtadieradny pohyalikgl tre lgbypdslaging olb baser al
or a blend of a mneral oil and a synthetic oi

oi |

5

10

15

20

(D) inanamount o£ 80 to 99 $byweight andtheethylene/propylene
copolymer (B) in an amount of 1 to 20 % by weight, based on
100 % by weight of the total of the lubricating oil base (D)
and the ethylene/propylene copolymer (B).
| The lubricating oil composition comprising the

ethylene/propylene copolymer (B) and the lubricating oil base
(D) shows small dependence on temperature and has excellent
low-temperature properties. The lubricatingoil 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,
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 %
by weight, preferably 5 to 10 $ by weight (residue: lubricating
oil base (D) and later-described additives). The lubricating
oil composition preferably contains the lubricating oil base
(D)} inanamount o£80to 99 $byweight andtheethylene/propylene

copolymer (C) in an amount of 1 to 20 % by weight, based on



Is preferably enpl oyed. The mineral oil is generally used after
subjected to purification such as dewaxi ng. Although mneral oils are
di vi ded i nto SReér CTcl asses according to the purification nethod,
generally used is a mneral oil having 20 a wax content of 0.5 to 10 %
Further, a mneral oil having a kinematic viscosity of 10 to 200 cSt
I's general ly used. s7 Pour point depressant

Exanpl es of the pour point depressants (E) for use in the invention

i ncl ude al kyl at ed napht hal ene, (co)polynmers of 25 alkyl nethacrylates,
(co) pol yners &P0a% K3y wedgfitapésthe total ofsghe4bulpcicating oil base (D)

55 copol yners of al kyl fumarates and vinyl acetate, [err]-olefin

pol yners, andagdpbhgnetkybén¢épropylefei ospahymstryt@ne. O these,
(co)polyners of al kyl methacrylates and (co)pol yners of al kyl acryl ates
are preferably enpThyetubricating ¢hk coriyooseitdn ofompuel $irg itced i ng oi |
conposition according to the invention conprises the

et hyl ene/ pr opgtkpiene/proppbéyeropAymend (€ handubié dabirigatiingbesE bk, and
cont ai ns t he et hyl ene/ propyl ene copolynmer (A) in an amount of 1 to 20
% by srei gbi , sipswed esredllly dependbdc® by vehedtati£si Aue hddilkiceatieng 10
oil base (D) and | ater-described additives). The lubricating oi

conposi tion ple&etehbdraﬂﬁf@b&©pbﬁﬁib%bri@Béum%ﬁﬂdaﬂﬁﬁfbilcom?@kition _

I nananmount of 80t 099%bywei ght andt heet hyl ene/ pr opyl ene copolymer (A) in

an amount of dahb@hLedPusWetahs adPasSedp@icating oil, or can be further
blended with a lubricating oil base, a pour point depressant,
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 by 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



100 % by weight of the total of the lubricating oil base (D) 15 and the

et hyl ene/ propyl ene copol yner (A). The lubricating oil composition
conpri sing thers46 pogt hyl ene/ propyl ene copol yner (A) and the lubricating
oi | base (D) shows snmal| dependence on tenperature and has excel |l ent

| ow-t enperature properties. The lubricating oil conposition 20 can be
used as it is as a lubricating oil, or_gan be further bl ended with a

| ubricating oil base, a pour point depfessant, etc. prior to use as a
| ubricating oil. Anot her enbodi nent of the lubricating oi

conposi tion sheaaccateliregion .t hPurbthen itit CoBRicaesnbh®il composition
et hyl ene/ propyl ene 25 copolyner (B) and the lubricating oil base (E» and

cont ai ns can sabEs6¢61&Itemperature property standards of Xhe gr-3 he
et hyl ene/ propyl ene copol yner (B) in an anbunt of 1 to 20 % by wei ght,

preferably 5 s@ahQa¥%iby wei ght (residue: lubricating oi | base (D) and
| at er-descri bed additives). The |ubricating oil conposition

preferably containg gh@1hUBﬁkEHétnngbalﬁéﬁ€ oP t§£»1ﬁﬂ€£§£Pfﬁgoél
80t 099%ywei ght andt heet hyl ene/ pr opyl ene copol ymer n anount of

1to 20 %by we gbélthéﬁegceardlng £80 & %ene#gbén %oﬁ §1§8§a£h8f t he

| ubricating oil base andt he et propyl ene copol yner (B)

opol yrer () agﬂgi%ﬂés’%eﬁ?%%ﬁ?né&gmfﬁé?g (817 ey SR ENG M Pitence
fzbﬁ?ggfrﬁ;“LﬁP?ggﬁgg§P§Xg8hkeﬁglnt depPUSEEHPCTR] Ur §0 8" OBSLLL §S - A 0e
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/propylenecopolymer(B)andthepourpointdepressant
(E), and haé excellent low;temperature 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



can be used as it is as a lubricating oil, or can be further bl ended

with a lubricating oil base, a pour point depressant, 15 etc. prior to use
as a | ubri cat $féf60iPCT A further enbodi nent of the |ubricating .oi

- conposition according to the invention conprises the

et hyl ene/ propyl ene copolynmer (C) and the lubricating oil base (D), and

contai ns t he et hyl ene/ propyl ene cepolyner (C) in an anobunt of 1 to 20

% 20 by weight, preferably 5 to 10 % by wei ght (residue: |ubricating

oil base (D) and | ater-described additives) . The |ubricating, oi

conposi ti on prB}erBBl {heoRPRFNBOLAE feBreesdnhg(Bil dadecontaipy)the

i nananount of 80t 099%bywei ght andt heet hyl ene/ pr opyl ene copolyner (C) in

an amount of &thylepe?pboPwieghtcopatyaenn(C) in an amgpng4efpETl to 5 %

57 100 % by weight of the total of the lubricating oil base (D)

and the et hyl bwervpiopyl encetopabied.200 1.5 % by wellght ,umnd dthengosid

conposition conprising the et hyl ene/ propyl ene copol yner (C) and the

| ubri cating obbib&sdepBesédntshbwsirsreal lambepenadénbe0bnto ebperkat wed gtd has

excel | ent | ow-t enperature properties. The lubricating oil conposition

can be usefl aprefeirabay & 1 tbr2 ¢aby mgighit, (0estdme ba uburitdedring oil aseded

with a lubricating oil base, a pour point depressant, etc. prior to

use as a | ubri(pat ang deker-diB@scribed atlditifest bher enbodi ment of the

| ubricating oil conposition according to the invention conprises the

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 attribgted 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 cil 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, rust preventiveagent, dispersant, extremepressure
agent, anti-foaming agent, antioxidant andmetal deactivator,
may be added in addition to the above-mentioned components.

Preparation of lubricating oil composition




et hyl ene/ propyl ene copol yner (A), the lubricating oil base (D) and the
pour point depressant (E), and contains the et hyl ene/ pr opyl ene

copol ymer ( ApPF646 di€Tanount of 0.1 to 5 % 15 by weight, preferably 0.3 to
2 % by weight, and the pour point depressant (E) in an anount of 0.05
to 5% by weight, preferably 0.1 to 2 %by weight (residue: lubricating
oil base (D) and | at er - descri bedggddi ti ves). The | ubricating
oi | conposition conprising the 20 ethylene/propylene copolyner (A), the

| ubricating oil base (D) ,and the pour point depressant (E) shows snal.
dependence ofheedpbracaténgneidnapmpppsbion aRECEEERIpbPnthesaid ri se
being attributed to the interaction between the

et hyl ene/ pr ogyivenédepolcpme be( Rrepadede pyurpsiingdepr déssalving the), and has

excellent | owtenperature properties in every SF- 646 PCT

58 shearethatlened giropy 1emetdrayol yrtese (Aby |(Béltqmg3bu Enddrfposdessary,

can satisfy lowtenperature property standards of the G- 3 st andar ds.
A still furtlkedidnived weébh of irmdéheubobecatahgngi ¢il MmsonPdsbli ankmmeaor di ng
to the invention conprises the et hyl ene/ propyl ene copol yner (B), the

| ubri cati ag mdthoake or by @ixiard orhelipeold viagnthdeptagiane /pkEppyiede
contains the et hyl ene/ propyl ene copolyner (B) in an anount of 0.1 to 5
% by weigghiol yareaf ¢ARbl B0 oxr3(CP, 2Hé byunepgit ceptddsamoyE)poamd 10

depressant (E) in an anmount of 0.05 to 5% by weight, preferably
if necessary, additives with or in the lubricating oil base

(D) by a known method.
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 technicallyindefinite, with theexceptionof the following

‘examples or unless otherwise stated.

15
EFFECT OF THE INVENTION
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 o0il uses.

EXAMPLE



0.1 to 2 %by weight (residue: lubricating oil base (D) and

| at er-descri bed additives). The lubricating oil conposition
conpri si ng t h8F-646 PG hyl ene/ propyl ene copol yner (B), the lubricating oi
base 15 (D) and the pour point depressant (E) shows snmall dependence

on tenperature and small rise of the pour point, said rise bei ng
attributed to the interaction between fthe et hyl ene/ propyl ene copol yner
(B) and the pour point depressant (E), and has excell ent

| ow-t enperature properties in ever shear rate region. Further, the
| ubricating oil Wg‘@ﬁ?qwt m"e%gh(’%&tsl @#%ﬁh@\ﬂeéﬂpbbadm@hpr@mmyce

st andar ds of the G- 3 st andar ds. A still further enbodi nent
of the |ubricdd ﬁ@eoﬁP11°Wln60ﬁﬁé§PﬂB§n hutoidi sigoubd tihe cowvettued that
conprises the 25 ethylene/propyl ene copolymer (C), the lubricating oi

base the. dogeption is in no way limited to those5@xamplegD) and the
pour point depressant (E), and contains the et hyl ene/ pr opyl ene

copol ymer (Q) in adnatibR exa0ples] varfous propelt iwai ghte nRfiafeabby the to
1.5 % by weight, and the pour poi nt depressant (E) in an anount of
0.05to 5 M)bweWQDQHtde85ripedfbeabe 0.1 to 2 %by weight (residue:

| ubricating oil base - (D) and later-described additives). The
| ubri cati ng oEthydepesicontentonpri sing the et hyl ene/ propyl ene copol yner

(C©, the lubricating oil base
The ethylene content was measured in a mixed solvent of

orthodichlorobenzene and benzene-dé6
(orthdichlorobenzene/benzene-d6 = 3/1 - 4/1, by volume) using

10 anuclearmagneticresonanceapparatusofJapanElectronOptics
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)




(D) and the pour point depressant (E) shows small| dependence 10 on

tenperature and snmall rise of the pour point, said rise bei ng
attributed t eF&48e HOTt er act i on bet ween t he et hyl ene/ propyl ene copol yner
(C© and the pour point depressant (E), and has excell ent

| ow-t enperature properties in every shear rate region. Further, the
lubricating oil conposition 15 can sgjisfy lowtenperature property
standards of the G- 3 st andar ds. To the lubricating oi
conposition according to the invention, additives having effects of

i nprovi ng vi scosi MRV was madsedreduth ascérdapoe ywktls ASTMIKY3829 and D
net hacryl ates, 20 hydrogenated SBR and SEBS, and ot her additives, such as
det ergent, r 4$iBdr.evEnéi NRUAgeas , uskd pes Sevd ] ustd reumgRimes PErforman &gt |

anti-foam ng agent, antioxidant and netal deactivator, may be added in
addition to theocddopampeati 0oedtenppeaentreés. A smaller vdIepasAtMRN of

| ubricating oil conposition SF-646 PCT . _
60 1Tk dattleisi 56t t & 10— teafRASitlireNp 2SSOt €189 dPatitbricat fiugnt i on
can be prepared by m xi ng or dissolving the et hyl ene/ propyl ene

copol ynmers(Api1(B) or (C), and if necessary, additives with or in the

| ubricating oil base (D) by a known 5 nethod, or by m xing or dissolving

the ethyl ene/spigRYlseR®ility ¢eRekyM®EI(A) . (B) or (Q, the pour point
depressant (E;, and if-necessary, additives with or in the lubricating

oi | base 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 whena shear force isappliedtothe 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
purged with nitrogen, 1 liter of dehydrated and purified hexane
was placed. Tothereactor, ahexane solutionofethylaluminum

25 sesquichloride (Al1(C2H5)1.5°Cl1.5) adjusted to have a



(D) by a known net hod. In the present specification, al
nunerical values for 10 the anmounts of materials, reaction conditions,
nmol ecul ar SF-645eipghtt , car bon at om nunber, etc. are desirably understood
with suppl enent of a term "about” so long as their neanings are

not technically indefinite, with the exception of the follow ng

exanpl es or unless otherw se stated. 435 EFFECT OF
THE | NVENTI ON The viscosity nodifier for a lubricating oi
accordi ng to the invention can produce a viscosity nodifier having
excel | ent | owoneppératdrs pfopel tnimesl /1l M@s contiTheuklhr fedt foy biHour
conposition according to the I nvention has excellent | owtenperature
properties aatt Bsrate ofabbPablyhapplThesht cco dtheouedatin catrengfuxithaises.
EXAMPLE SF- 646 PCT 61

The present conénhuonsily fedt behedeser sbédwioh off B0éOCeHS5) Clat dakhe
foll ow ng exanples, but it should be construed that the invention is
in no way |i mattadyis@)t Adgasesdnpb dsave a concentlrattibe ofalp$ atmoVAY i41S

properties were neasured by the 5 met hods descri bed bel ow. Et hyl ene
content s a ratelde O MILERE SRATIRSHaNES aFRASHE Bné i fa s bEiarai)t of
at arate of 500ml/hr. On the other hand, the polymer solution
was continuously drawn out from the top of the polymerization
reactorsothattheamountofthepolymersolutionihthereaCtor
would be invariably 1 liter. To the reactor were furthermore

10 fed ethylene at a rate of 250 1/hr, propylene at a rate of
50 1/hr and hydrogen at a rate of 5 1/hxr using a bubbling tube.
The copolymerization reaction was carried out at 50°C by
circulating a cooling medium 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




ort hodi chl or obenzene and benzene-d6 (orthdi chl or obenzene/ benzene-d6 =
3/1 - 4/1, by volune) using 10 a nucl ear magnetic resonance apparatus of

Japan El ect r 8f648ptACE's Laboratory LA500 Model under the conditions of a
tenperature of 120[err]C pulse width of 45[err] pulse and a pul se
repetition time of 5.5 seconds. Viscosity at 100[err]C (K V.) 15
The viscosity was neasured in accordagge with ASTM D 445, In the
exanpl es, adjustnent was nade so as to obtain K V. of about 10
m/ sec. Cold Cranking Simulator (CCS) CCS was neasured in
accordance with ASFMBEY 1IreTipd Pobymexszabbon Fehmpd et afaattepsiatdichg
properties (startiﬂg _ 8roperties) at the crank shaft at |ow
t enper at ur es @XCAPEMRhREr VOC13 yapubsed tusteadi eht ¥Q (Beets) Claw- tBmper at ure
properties of a lubricating oil. M ni -Rotary Vi sconeter (MRV)
SF-646 PCT results are shown in Table 1. 62 VRV was neasur ed
i n accordance with ASTM D 3829 and D 4684. The MRV was used to
eval uat e punpi ng perfornmance of an oil punp at |ow tenperatures. A
smal | er val ue of MRV i ndi cates better |lowtenperature properties of a
lubricating 5 oil. Shear St abi | mMapllendex (SSI)
Polymeriza- Polymeriza-
tion Ex. 1 tion Ex. 2
Polymerization conditions
Ethylene {1/hr) 240 240
Propylene (l/hr) 60 ' 60
Hydrogen (1l/hr) 12 12
Polymer properties
Ethylene content (wt%) - 75.17 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 o0il 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



SSI was neasured in accordance with ASTM D 3945. The SSI is a neasure
of kinematic viscosity |oss that occurs by sci ssion of nol ecular chain
of a copol yndéif-donpehent in a 10 Ilubricating oil when a shear force is
applied to the lubricating oil during the sliding notion. A |arger
val ue of SSI indicates | arger | oss of kinematic viscosity.
Lowtenperature flowability After cooling at -18[err]C for 2
weeks, flowability 15 (appearance) of a lubricating oil was observed and
eval uat ed as foll ows AA: The lubricating oil flows.

BB: The | ubri&smRE bi |0 R bygte ¥ghmo fiAe lgile 13 at(srade nameropyabiabaei on
Exanple 1 20 nt hesi s of ethyl ene/ propyl ene copol yner

In a 2-liter %mmsmm SR\NEPE ¥ ad$ ¢ PoddcPoinbq@eppesisant amd tIY & by
stirring blade, said reactor having been thoroughly purged with
nitrogen, 1 i weskglo fel?y dledeageatd ddspiefrisesthdrand lable faomplabedzoTe the
reactor, a hexane solution of ethylalumnum 25 sesquichloride

(Al (Cerr])1.&A,) .¥s aljaistaded orhdhe dubricatingSEig4pePEdrmance and

63 concentration of 8 0 mml /| was continuously fed for 1 hour at a
rate of 5060 ntHdirflokedsilittty tltelpwatémpereterést Mre resuda’t breosRbynf ed a
hexane solution of VO(OJerr])(err] (as a catal yst) adjusted to have a
concentrati oniofTdbBe @l /| at

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.



5 a rate of 500 mM/hr and hexane (as a pol ynerization sol vent) at a

rate of 500 m/hr. On the other hand, the polyner solution was
cont i nuous! yselsgwpcgut fromthe top of the polynerization reactor so
that the anpunt of the polynmer solution in the reactor woul d be
invariably 1 liter. To the reactor were furthernore 10 fed ethylene at a
rate of 250 1/hr, propylene at a rategpf 50 1/ hr and hydrogen at a
rate of 5 1/hr using a bubbling tube. The copol yneri zation reaction
was carried out at 50[err] C by circulating a cooling nmediumthrough a
j acket equi pped outside t he pol yfeblzafi on reactor. 15 Thr ough
the reaction under the above conditions, a polyner sol ution contai ni ng
an et hyl ene/ propyl ene copol yner was obt ai ned. The pol ynmer sol ution was
deaShed by thc USC*"F hygmnhlJ\rnn a'\n d_and +hgn4|ﬂtrwngucerl inta a
| ar ge anount] of nethanoltopre0|p|tatnaneﬂhyldne/proﬁphgne@qooﬂyaer.
The 20 resultlng ¢o s drired under, vacuum at 13 r ar 24
hour s. Properypgs §f8?h§ rﬁgyigpg show? i Tafi%e | %Liyﬁgr tza=
Pol yneri zat i{cepBtampire 2 SF- 646 PC¥ion Ex. 1 tion Ex. 2
64 Rrosedure 9t ,P r|za I on Exanple 1 was repeated,
except that 2 t34nP Tl of fvO O err])Clerr]. The
resul ts are {shbwprigatimyeoil 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 AA BB

flowability '
Lubricating oil appearance colorless opaque white
and
transparent

Polymerization Example 3

5 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 andpurified hexane

was placed. Tothe reactor, ahexane solutionof ethylaluminum

10 sesqguichloride (Al1{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



5 Table 1

Pol yneri za- Pol yneri za- tion Ex. 1
tion Ex. 2 I rization conditions Et hyl ene (1/hr)

240 SF- 84% Yep Propyl ene (I/hr) 60 :

60 Hydrogen (1'/hr) 12 12 Pol ymer
properties Et hyl ene content (w9 75.7 75. 6 Mv
(in terms of PS) x 10[err] 18. ¢ 17. 8 Mw/ Mh

1.9 2.4 Tm ([err] O 47. 2

56. 2 3. 44%6n8PRuously fed a hexane solu@ﬂoﬂr of Vo (0CoHBYecly (asMelt
viscosity ratio 1.17 (Eerr]*o

0l/[err]*8) t ] 3 te}
1 247% D 1037 cataPgBe) tyaf kS ad &4 h)ave a concentratlgﬁ of 0.8 ménxol/ Za?t

of a mxed Qifc’*%t%‘g?%i"{‘}i *r“%?hf%%?%?ecm"é %ﬁ”? C R - ?QFn
ESSO Co. 0 ESSO
Go.) in & mixrhc FArree p00 HJHE,. on sHEBnG) RERR, (A pPtPhe B |

weight of fheyas coft IS PLeRYh eSStcf%‘ﬁbgHSrtoopbég'%?go&lﬁ%xé%e%@%: gﬂt

SF- 646 P
f Aclube 133 (Lrad bl & Kas
poi nt . depr ecoBRPCARE o1 rﬁﬁ%gﬁgam% o the PR TVBREBIER %&Fﬁsrﬁeact%r

(avail able from &ébglzole was eval yated on the lubricating oil

per f or mance aWg“ & S VAEIRRLY) jrtly?'tﬁr | onPt e ERACEPES TS M Sr e
shown fed ethylene at a rate of 250 1/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, a polymer
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 to precipitate an ethylene/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.



in Tabl e 2.

1 was repeated,
t he et hyl ene/gptgapypere

Conpar ati ve Exanple 1

except that the

The procedure of Exanple
10 types of the lubricating oi
copol ymer were changed. The results are shown

base and

in Table 2. SF- 646 PCT 66
Table 2 Ex. 1 Comp. Ex. 1
Type of ethyl ene/ propyl ene Polyng{iza- Pol yneri za- copol yner
tion Ex. 1 tion Ex. 2 Bl endi ng p?oportion (Wt % Lubricating oi
base 88. 88 88. 88 Det er gent di sper sant
10. 00 10. 00 Et hyl ene/ pr opyl ene 0. 50
0. 50 copol yner Pour point depressant 0.62
0.62 Lubricating oil performance TapkKe\WB (at 100[err]C) (mierr]/s)
10. 02 10. 01 SSl 23.0
23.0 CCs 2,790 2,820 VRV
25, 500 32,100 Low-tenperature : AA
BB _ f1owability Lubs1 gRb DY Ky1lyrmRRRepbaNGRer— [CPOOFHESS
opaque whit ¢ , . ) , and ) .
t ranspar ent Pol yreri zat i op 1B8HSite |312ation | lzatigmthdgadien
et hyl ene/ propyl ene copol ymer Ex. 3 nja Exliger}|caomt) rao
pol ymeri zatijon reactor eqylpped WtTh @ stirringfblade, S
havi ng been pFRhBigfZAtIOoN
conditions
Ethylene (1l/hr) 250 240 230 220
Propylene (l/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
™m (°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 Qf 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



purged with nitrogen, 1 liter of dehydrated and purified hexane was
pl aced. To the reactor, ahexane solution of ethylalumnum 10

sesqui chl ori de-64Al¥AT err]H err])1.5.Cl[err].5) adjusted to have a
concentration of 8 0 mml /| was continuously fed for 1 hour at arate
of 500 m/hr. Then, to the reactor were further SF-646 PCT

67 continuously fed a hexane sol yyi on of VO OCferr] (as a

catal yst) adjusted to have a concentration of 0.8 mml /I at a rate of
500 m/hr and hexane (as a polymerization sol vent) at a rate of 500
m/hr. On t hetdwdene/propyilisacpciopedymes gbitedned was Podymemdaasipndr awn
out fromthe top of the pol ynerization reactor so that the anount of
t he pol yner d$odamplend; ©.5he byveeeight of Acivdot d 3Be(tirade naley dvdilasle To
the reactor were furthernore fed ethylene at a rate of 250 |/hr,
propyl ene at fxamaSengb KaseiSlo )Y s angohydpobet ddpregsadrer @indd 10/ 8rbysi ng
a bubbling tube. 10 The copol yneri zation reaction was carried out at
35[err] C by weighti cdulhatiengraea@obiisgeBdhtm itsdugbla focketuseisped
out si de t he pol ynerization reactor. Through the reaction
under thesab@r )Gondist ie@8dnate@obyimMehe lubr$6hbih@noLdnb&r ibAGavBe and

et hyl ene/ propyl ene copol yner was 15 obtained. The polyner sol ution was
deashed by théaiF2ofbbilityh¥€r Ded! e Bl trand trip@NrbBLledUsEd dRMdwn @

| ar ge anount of met hanol t opr eci pi't at eanet hyl ene/ pr opyl enecopol yner.
The resuld ifyhieorol yner was dried under vacuum at 130[err]C for 24

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 o0il base and the
ethylene/propylene copolymer were changed. The results are

shown in Table 4.



hour s.

Exanpl e 3 wasr-sspeatred,
propyl ene and hydrogen

6

Properties of the copolyner are shown in Table 3.
Pol yneri zati on Exanples 4 -

20

The procedure of Polynerization
except that the feed rates of ethyl ene,
wer e changed as shown in Table 3. The results

are shown in 25 Table 3. SF- 646 PCT
68 Jgble 3
Pol yner - Pol yner- Pol yner- Pol yner - i zation
I zation I zation I zation Ex. 3 Ex. 4
Ex. 5 Ex. 6 Pol yneri zati on Tabdendi ti ons Et hyl ene (1/hr)
250 240 230 220 Propyl ene (I/hr) 50 60
70 80 Hydrogen (1/hr) 5 5 4 4
Pol ymer pro 802 ) £5-4 70.-5
66. 2 (Wt % . Mvj(iExt.ezms |of ERS) 3 $Qomp. Ex2PC@mp. Ex. |30. 2
28.5 x |10[ err] Mn/ Vh 1.9 21.9 32.0
2.0 TmH-er+-S 428 5% 302 141
3. 44xXE- 204 |Type of 71.9 5Bollymer- |3Bobymer- | P limer- | Fellymer-
vi scosity 71 . O3] ~L1 ip ;
([err]*0.0llfgpyﬂ%§%§pr°pybéﬁgity]fﬁﬁ%ﬁ%%rrffatio% 8§3at£8£ Sﬁéétlon 859
unnea- copolymer Ex. 4 Ex. 5 Ex. 3 Bxir el
1.247xD- 103 Blending ngﬁortion 50. 4 34. 2 dnmea-
(Wwt%)
Lubricating oil 89.04 89.04 89.05 89.00
base )
Detergent . 10.00 10.00 10.00 10.00
Dispersant
Ethylene/propyleng 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)
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




5 Exanmple 2 A lubricating oil conposition, which was conposed of
89.04 % by weight of a mxed oil of 100 Neutral (trade nane, m ner a

oi | avai | abl SFis®@nPESSO Co.) and 150 Neutral (trade name, mneral oil
avai lable fromESSO Co.) in a mxing ratio 10 of 80:20 as a lubricating

gi9| basgt hSI gge(/%plr)gp\)ll\ﬂaggt cg];)olt Cﬁer objyai negFl g4l§>ol Hm" um Im ”I,l ” ,"ixarrpl €
4, 0.5% by wei ght of Aclube 133 (trade nane, availablfe ¢ ! frMomsSanyo Kasei

Co.) as a pour point depressant and 10 % by wei ght of a detergent
di spersant (dWhEt dlf eXaigad st zole 5 Co.), was eval uated on the
| ubricating oil performance and the flowability at | ow tenperatures.
The results are sHown A vijscoRdltlyempdifier fBramplleb3ic8bripar atilye Exanpl es
2 and 3 10 The procedure of Exanple 2 was repeated, except that the
types and thecammuirgingfarnt hetHyilmrie/atniapy laire wagpelymert &) having the
et hyl ene/ propyl ene copol yner were changed. The results are shown in
Tabl e 4. foldfevwtidty REoperties (a-1) to (a-5): 70
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 £ 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,



Tabl e 4 Ex. 2 Ex. 3 Comp. Ex. Conp. EX.

2 3 Type of Pol ynmer- Pol yner- Polyner- Pol yner -
ethylene/propwb%eP leatlon i zation i zation i zation copol ymer~

Ex. 6 Bl ending proport”ﬂﬂ‘ﬁ niggaat i ng
0|I 89.04 89.04 89. 05 89. 00 "ﬂ’ Eﬂ
10. 00 10. 00 10. 00 10. 00 D sper sant Ethflehe/propyl
0.50 0.50 0.50 0.50 cdﬁblyner Pour poi nt 0.46
0. 46 0. 45 0.50 depressant Lubricating oil per for mance

ESIV (@ 100C) (b-l.@) Ol?he weijej}ltO%veragJé)-nQﬁecula]rOMght as os@rel/ s)

%6380 (2)| 813d9 gel p%rﬁ@%tlon 8h§éﬂatoy&’phy is not less th&’rl §0doo a% 500
, sol i di

Low-tenperat uf gss than”850, 000 it £ BB 1ystyredd f1 owabi "ty
SF- 646 PCT S 1 erms o 3%33’ %ﬁ I's clalned i S:

LSO LYy TOCKELES ) i theérag% qd%EHHT gﬁiles (a- 1)

ethylene/propylene copol yner ({ havi | 'owm ng proper

to (a-5): numeri%vé%?&g%cgfé@d r'w%l'g'h %ﬂelgfar?ﬂhctl%aﬁ%n of

kg/n{err] he melg averag ecular as measured

by gel permeali a8, £BY OBt 991 §REVal Stk Ind Ploﬂa“EE 25t 8 28%nan 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 (I1).

15 3. A viscbsity modifier for a lubriCating oil,
comprising an ethylene/propylene copolymer (C) having the
following properties (c-1) to {(c-b):

(c-1) the content of recurringunits derived 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,



to 400,000 in terns of polystyrene, (a-3) MM Mh (M _
wei ght - aver age nol ecul ar wei ght, M: 10 nunber-average nol ecul ar weight),

which is an i rsgisgat pon of a nol ecul ar mel is not nore
than 2.3, (a-4) the nelting point as IHF yl ‘Ii m ferentlal
scanning calorineter is in the range of 15 to 60[err]|n (a-5) the

density (D (kg/nferr]and the nelting pgbnt (Tm 15 ([err]Ca) as neasured by

a differential scanning cal orineter satisfy the following relation (I)
Tm[err] 1.247xD 1037 (r). 2. A viscosity nodifier
for a lubricating did-4) mecmmmgngoanteabyin@agﬁgé@pwe@edfpp@fmg{ai B)
havi ng t he follow ng properties (b-1) to (b-5): 1) the
content of reayanmiggiRidlvrdeldtead ifs am ehly lreRge of 1655 tioh G‘Oh@ r%%e of 70
to 79 % by wei ght, SF- E46 PCT ; b . 73
b-2) the weight - aver&gethel esHtant Wk g weBaPN§0of relYrf I on
ghro%atographg i's xo{@?ess t han 80, Sg% giéﬂﬁ %éssqthan 250, Ooogpﬁﬁ?ggns

of polystyren@erivedfrom ef%ﬁén%%h@%lﬁ’ﬂ%lﬁ&’%ﬁqgl ﬁ{%%uf@a ght,

Vn: 5 nunber-average nol ecul ar wei ght , s an in

nol ecul ar wei gt adi St £ UM O slclin frr\ n@éf?fﬂﬂ@tgr %atlsfy the £6P1 4&11:11

nmelting point as neasured by a dif ntla
relation (III)

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
inanamount of1to20%byweight andhasthe followingproperties
{a=-1) to (a-b5):
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



scanning calorineter is in the range of 15 to 60[err]C and (b-5)
the content (E (% by weight)) of recurring units

deri vedf r onetdryygnpendt henel tingpoint (Tm ([er " by a
differential scanning cal orineter SatISfy the'{ , uﬁigmﬂﬂr klatlon (rr)

3.44xE-206 [err] Tm . *VISCOSIt
nodi fier for a lubricating oil, npr|S|ng an ethylene/propylene
copolymer (C) having the foll owi ng properties (c-1) to (c-5):
(c-1) the content of recurring units derived from ethyl ene is in the
range of 70 to 79 fhhy) %'eggén31g$ (D (kg /af3)3) aBHetH@'Mtl%ge%%Qﬁtm?‘rﬁC“' ar
wei ght as neasured by gel neatléh chromat ography 1s 7 e range of
250, 000 qbﬂ)oché)%ééhﬁé‘drﬁyoi dl%ﬁ’e?.téﬂﬁrlﬁ scanning cdiorimdWd M (Mw
wei ght - aver age nol ecul ar wei ght, unber - aver age nol ecul ar wei ght),
which is an Igg%fg%yCEhéﬁfofﬁbﬁ&ﬂgﬂfg}ﬁ@yoﬁWEﬁﬂﬂ distribution, is not nore
than 2.3, 73 (c-4) the
mel ting point as 4 erenti al scapp ng calorimeter is in
the range of 15 torﬁgﬁjer%@& ang13f7f (c-5) thé content (E (% by
weight)) qf recurring units deri vedfronet hyl eneandt henel ti ngpoi nt (Tm
g g y ap

([err] ©)) "asneasured 5 by a differential scanning calorineter satisfy

the fol |l ow ng 5. A lubricating oil composition comprising:

(B) an ethylene/propylene copolymer, and
(D) a lubricating oil base,
whereintheethylene/propylene copolymer (B) iscontained
10 inanamountoflto20%byweightandhasthefollowingproperties
(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 Dby 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 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
derivedfromethyleneandthemeltingpoint(Tm(°C))asmeasured
by a differential scanning calorimeter satisfy the following

25 relation (II)



relation (I11) 3.44xE-204 [err] Tm (rrry.
4, A lubricating oil conposition conprising: 10 (A an
et hyl ene/ pr ogyksghecgopol yner, and (D) a lubricating oil base,

wherein the ethyl ene/ propyl ene copol yner (A) is cont
|nanannuntofltoZO@bbymelghtandhasthefolIomnngpropertTHﬂﬂﬂ”"”l 'H "!u
(a-5): 15 (a-1) the density is,kn the range of «B5% to err
(a-2) the weight-average nol ecul ar weight as neasured by gel
perneati on chromatography is in the range of 80,000 to 400,000 in
terms of polystyren@4axg-206 2 tTm(a-3) Mv M (Mv  wei )-.average nol ecul ar
wei ght, M. 20 nunber-average nol ecul ar wei ght), ich is an indication
of a nol ecul ar weight distribution, is not nore than 2.3,

(a-4) the nelting point as neasured by a differential scanning

calorimeter is inghe ranggppicdbihg 691 ctbdfosfPfon comprising
74 (a-5) the density (D (kg/nferr])) and the neltlng p0|nt (Tm

(Lo g o dET o s VB QLofEcapb g LD L er  satisty
(r)y. s 5 (D) a lubricating oil base,
whereintheethylene/propylenecdpolymer(C)iscontained
inanamountoflto20%$byweight andhasthe followingproperties
(c-1) to (c-5):
(c-1) the content of recurringunitsderived fromethylene
10 1is 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 460,000 in terms of polystyrene,
(c-3) Mw/Mn (Mw: weight-average molecular weight, Mn:
15 number—avefage 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 k% by weight)) of recurring units
20 derivedfromethyleneandthemeltingpoint(Tm(°C))asmeasuréd
by a differential scanning calorimeter satisfy the following

relation (III)

3.44xE-204 2 Tm (I1I1).

25 7. A lubricating oil composition comprising:



5. A lubricating oil conposition conprising: (B) an
et hyl ene/ propyl ene copol yner, and (D) a lubricating._oil .base,
wher ei nt heet Spl6eme#qrr opyl enecopol ymer (B) iscontained 10 in ananount of |

to 20 Y%ywei ght andhas the fol |l ow ngproperties "H nlﬂyﬂ

(b-1) the content of recurring units derived from lm “1“\ n the
range of 70 to 79 % by wei ght, 76 (b-2) the welghtLavéra e ol ecul ar
wei ght as neasured 15 ‘by gel perneation chromatography is not |ess than
80, 000 and | ess than 250,000 in terns of polystyrene, (b-3)
MV Mh (Mr wei ght &V eragetiylecel/ aropyilght, chpolymer, nunber - aver age

nol ecul ar wei ght), which is an indication of a nol ecul ar wei ght :
distribution, is o) eolebtrhanting, 0ci20base, afii-4) the nelting point as
measured by a differential scanning calorinmeter is in the range of 15
to 60[err]C, and (E) a pour(bointt Hepeessent,(E (% by weight)) of recurring
units deri vedfronet hyl eneandt henel ti ngpoint (Tm ([err]C)) asneasured

by a differential whearinrttheet oyl enmd S5r Sl sie/codPelimet Qw) 1G caAdbd Bhadd i on
(1) SF- 646 PCT |

1111111 1311%%h éﬁjalﬂoulfﬂtléi L1315 ¢ by weight,3tAéXJod0Boli Bk ded@ssant
(rry. . A lubricating oil conposition conprising:
(E) is contalned in an amount of 0.05 to 5 % by weight, and
the ethylene/propylene copolymer (A) has the following
properties (a-1) to (a-5): |
(a-1) the density is in the range of 857 to 882 kg/m3,
10 (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:
number-average molecular weight), which is an indication of
15 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 mélting point (Tm
(°C)) as measured by a differential scanning calorimeter

20 satisfy the following relation (I)

Tm < 1.247xD-1037 (I).

8. A lubricating o0il composition comprising:
(B) an ethylene/propylene copolymer,

25 (D) a lubricating oil base, and



(© an ethyl enel/ propyl ene copolyner, and 5 (D) a lubricating oi

base, wherei n the ethyl ene/ propyl ene copolyner (C) is contained
i nananount of Ist.g¢0 Pdaywei ght andhast hef ol | owi ngproperti es (c-1) to
(c-5): (c-1) the content of recurring units derived fromethyl ene

chromat ography is in the range of 250 erqrs *of

pol ystyrene, (c-3) MWV WMn (Mv wei ght - average nDIecuIar wei ght,

M. 15 nunber - av@nageponlrepuliat debgbksanwhi ch is an indication of a
nol ecul ar wei ght distribution, is not more than 2.3, (c-4) the

mel ting point as m&m&a&t@eﬂzyﬂléﬁ@/ ene copSTHNEE Ng) G ntBLeLqi S in
the range of 15 to 60[err]C, and Prép el (c-5) pthgﬁcontent (E (% by

weight)) of HeCHAlHmMeintNbESD. PRo Slarby edfr tbuéwébhsﬁépm% (Tm
([err]C)) asneasured by a differential scanning calorineter satisfy

the f0||0“4nQEU is E@h%ﬁhﬁ@d(ihlén amount of &. 45X Eo284s[KydeiPht, and
(rrry. A lubricating oil conposition conpri sing:

SF- 646 PC? the ethyl 1 1ymef® (B) h (
ethylene/propyﬁeﬁé 3653?%%§°py ene copo me F&brfgaFPﬁgé%}?Bgégg

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

10 is in the range of 70 to 79 % by wei ght,
wei ght - aver age nol ecul ar wei ght as mquured by&mﬁ ﬁwm\u\l“

and

(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
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 (IT).

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

25 (D) a lubricating oil base, and



(E) a pour point depressant, wherein the ethyl ene/ propyl ene
copolynmer (A) is contained 5 in an anount of 0.1 to 5 % by weight, the
pour point depkfs Fant (E) is contained in an amobunt of 0.05 to 5 % by
wei ght, and t he et hyl ene/ propyl ene copolyner (A) has the follow ng

properties (a-1) to (a-5): (a-1) the density is in the ra

857 to 882 kg/nferr], 10 (a-2) ¢ he vei ght averaHﬂlmmﬂﬂu‘& lwgu

as neasured by gel perneation ch?onatography is i 000
to 400,000 in terns of polystyrene, (a-3) Mw/ Wh (MN

wei ght - aver age nol(ggubapouei gbintMiepressantpber - aver age nol ecul ar wei ght),
which is an indication of 15 a nolecular weight distribution, is not nore

than 2.3, whe(rélﬁ)th@'@:HW.érlé@mﬂerﬁﬁc :B}Hﬁ@ﬂ(b)’l% i erant i al

scanning calorineter is in the range of 15 to 60[err]C, and (a-5)

the density (R &k@mdherr b¥)o andotde Wk@mmw%n& f(() olif point (de¥rddaantas

neasured by a differential scanning cal orineter satisfy the foll ow ng

relation (1) (g) is contd®hé&M{A dn o tlQ®F 0.05 to 5 & b ﬁéﬂght, and
8. A lubricating oil conposition conprising: % B)

g;h%hg”g/ r OR¥CRE h$2RALY BRbpy1€Re cop019ﬁéra<bvbﬁh§a£hegfenhoaﬁﬁa and
properties (c-1) to (c-5): |
{(c-1) the content of recurringunitsderived fromethylene
is in the range of 70 to 79 % by weight,
{c-2) the weight-average molecular weight as measured
10 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,
15 (c-4) the melting point as measured by a differential
scanning célorimeter 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

20 relation (III)

3.44xE-204 2 Tm (III).



(E) a pour point depressant, wherein the ethylene/prbpylene

copolyner (B) is contained in an amount of 0.1 to 5 % by weight, the
pour point depgssFant (E) is contained in an amobunt of 0.05 to 5 % by
wei ght, and 5 the ethyl ene/propyl ene copol yner (B) has the follow ng
properties (b-1) to (b-5): (b-1) the content of recurring units
derived fronethyl ene Is in the rapge of 70 to 79 % by wei ght,

(b-2) the weight-average nol ecul ar weight as neasured 10 by gel
perneation chromatography is not |ess than 80,000 and | ess than
250,000 in terns of polystyrene, ABSTRACD-3) MV Mh (Mm. wei ght - aver age
nol ecul ar wei ght, Mnh: nunber - aver age nol ecul ar wei ght), which is an

i ndi cati on of The poéeent amvaritdlvn dissifténdédrto bbtadh &BrisddEity?. 3,
15 (b-4) the nmelting point as neasured by a differential

scanni ng cal godigtier fc¢r & Nubkechangg odfl, 15y t Be Glad F §¥icRAd ubricating ( b- 5)
the content (E (% by weight)) of recurring units

deri vedf r omehyl eaﬁgasihﬁaﬁléf WFITen(tTlib(v[-%éﬂ\b@)c)ata%EEﬁ‘:? @f"tles cdly a
“differential scanning calorineter satisfy the following 20 relation (I1)

3. 44XE- 206 [ ¢fcf bptHined, and to obtaild l) lubrlcatlng oid- comﬁ?béi‘@féﬁatff ng
oil conposition conprising: (© an ethyl éne/ propyl ene copol yner,

25 (D) exdeiientaldla Qe RASfre fPGerties conBhiRRgRAL viscosity

modifier. The viscosity modifier for a lubricating 0il
comprises an ethylene/propylene copolymer (A) having the
properties: the density is in the range of 857 to 882 kg/m3;
10 Mw is in the range of 80,000 to 400,000, Mw/Mn is not moré
than 2.3, and the density (D (kg/m3)) and the melting point
{Tm (°C)) satisfy the relation Tm<1.247xD-1037; or comprises
an ethylene/propylene copolymer (B) having the properties:
the ethylene content is in the range of 70 to 79 wt%, Mw is
15 not less than 80,000 and less than 250,000, Mw/Mn is not more
than 2.3, Tm is in the rangé of 15 to 60°C, and the ethylene
content (E (wt%)) and the melting point (Tm (°C)) satisfy the
relation 3.44xE-2062Tm; or comprises an ethylene/propylene
copolymer (C) having the properties: the ethylene content is
20 in the range of 70 to 79 wt%, Mw is in the range of 250,000
to 400,000, Mw/Mn is not more than 2.3, Tm is in the range
of 15to 60°C, and the ethylene content (E (wt%)) and themelting
point (Tm (°C)) satisfy the relation 3.44xE-2042Tm. The

lubricating oil composition comprises the ethylene/propylene



78 (E) a pour point depressant, wherein the

et hyl ene/ propyl ene copol yner (C) is contained in an anount of 0.1 to 5
% by wei ght, &Rgsatr poi nt depressant (E) is contained in an anmount of
0.05to 5 %by weight, and 5 the ethyl ene/propyl ene copolyner (C has the
fol |l ow ng properties (c-1) to (c-5): (c-1) the content of
recurring units derived from ethyl ene is in the range of 70 to 79 % by
wei ght , (c-2) the weight- ave?‘hge nol ecul ar wei ght as neasured 10
by gel permeation chromatography is in the range of 250,000 to 400, 000

in terms of pebpstymere(a) (B c ) ht - ayer age
nol ecul ar wei ght, yﬁl ( )n(un)bgrr zg\c/:efaag ldrrwi)y]l ecuﬁ( 19 Rei gﬂf"f chrﬁri% i

i ndi cation ofnecesga | egu is not nore than 2.3,
15 (c-4) the ne tlﬁgbggf\é\?bgg£ng% %%éeg %y a differential

scanning calorineter is in the range of 15 to 60[err]C, and (c-5)
the content (E (% by weight)) of recurring units

deri vedfronet hyl eneandt henel ti ngpoint (Tm ([err]C)) asneasured by a
differential scanning calorinmeter satisfy the followwng 20 relation (111)
3.44xE-204 [err] Tm (rrry.



