i : | TY REGULATOR FOR LUBRI CATI NG O L AND LUBR_I CATI !\IG aL )
T(II ]VPt l gSI ¥: ?JC\I:OSAbst ract A lubricant conposition characteri Zedeptember200st
conprises a lubricating oil base (A) and an ethyl ene/ C3-20 a-olefin o |
copol ymer (B), that the content of the copolyner (B) is | to 20 rﬁ. % an
that the copolymer (B) has the follow ng properties: (1) the ethy enﬁ
content (E) is 40 to 77 w.% (2) the weidht-average nol ecul ar, wei ght (MN)
~in ternms of polystyrene as det er mi ned by GPC is 80,000 to 400, 000 (3)
MV M- is 2.4 or lower, (4) the nelting point (Tn) as nmeasured by DSC is
60C or lower; (5) the ethylene content (Ereye%) and the nelt!ng p0|ntE (Tm
C) as neasured by DSC satisfy the followmng el ationship (1): 3.31 x -

186 ? Tmand (6) the propeesi®n WipAr1ENGdB TISARIPATRNE ™ 11 anp

LUBRICATING OIL COMPO&ITION

5 ' TECHNICAIL FIELD

The preeent invention relates to a viscosity
modlfler for lubricating oil and a lubrlcatlng 011
, coﬁpos;tlon. More partlcularly, the invention’ relates to
a v1sc051Ly modifier for lubricating 011; by_the use of
10 which a lubricating oil composition having excellent low-
temperature properties and lubricity at high temperatures

can be obtained, and a lubricating oil composition

containing the viscosity modifier.

15 BACKGROUND ART

The viscosity of petroleum products generally varies
. greatly with temperature change, but the temperature
dependence of the viscosity of,'for exampie, a
lubficating oil for autoﬁobile 1s desired to be small.

20 On this account, an ethylene/a-olefin copolymer having a
viscosity index improving effect has been widely used for
the,lpbricating oil to make the temperature dependence
smaller. B

The lubricating oil loses flowability at low

25 'temperatures because a wax component in the lubricating
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VI SCOSI TY MODI FI ER FOR LUBRI CATI NG O L AND LUBRI CATI NG O L COWPCSI Tl ON
TECHNI CAL FI ELD The present invention rehates to a viscosity nodifier for
l'ubricating oil and a lubricating oil conposition. Mre particularly, the
invention relates to a viscosity nodifier for |ubri cati ng oil, by.thé use

of 10 which a lubricatin Sit avij, ng,.ex
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| ubricating
wax component in the lubricating 0il, and thereby lowers
the pour point of the lubricating oil.

Of the low—temberature properties of the lubricating
o0il containing an ethylene/a-olefin copolymer and a pour

‘10  point depressant, tﬁe viscosity under the éonditions of a
high shear rate depends upon compatibility of a
lubricating oil base with the ethylene/a-olefin copolymer,
while the viscosity under the conditions of a low shear
rate is greatly influenced by the pour point depressant.

15 It is known that when an ethylene/a—olefin copolymer
having a specific composition is used, the effect of the
pour point depressant is markedly reduced by the
interaction between the copolymer and the pour point
depressant (see U.S. Patent No. 3,697,429 and J.5. Patent

20 MNo. 3,551,336).

Therefore, the ethylene/a-olefin copolymer added to
the lubricating oil that particularly needs excellent
low-temperature p;Pperties is desired not only to have an
excellent viscosity index improving effect but also not

75 to hinder the function of the pour point depressant.



1 Septenber 2003 2 oil is crystallized and solidified at' |ow tenperatures.
In order to lower the solidifying tenperature, a pour pdiSdptelepsreeant i s
contained in the lubricating oil, and the pour point depressant hinders
formation of three 5 dinmensional network that is due to crystallization of
the wax conponent in the lubricating oil, and thereby |lowers the pour
point of the lubricating oil. O the |owtgnperature properties of the
lubricating oil containing an ethylene/(x-olefin copolymer and a pour 10
. point - depressant, the viscosity under the conditions of a high shear rate

depends upon conpatibility of a lubricating oil base with the

et hyl ene/ a- ol ef i n cdPoPYAEF, towRr PR hel e sidsinactumdebettveccontit bons of a
| ow shear rate i,s greatly influenced by the pour point depressant. 15 It

is known that WP tafCRERYPENE/ 2% of kg i ¢kt tetlsslayisero Lafdvi wgpalspeci f ise
conposition is %§ed,_tge effzct of the pour point depressant is markedly
reduced by the °% AfleFaEY ! BRSHRTHERHL R HORDpBIgED taridedhbypeusppoi it c
depressant (see E.S, Patent No. 3,697,429 and U.S: Patent . 20 No.

3,551, 336) ThePErgrer 1 thed etPRiEtiera-Bikidondidgonpnaendatidedngoant he -

“l'ubricating,oil that Earticulaply needs ‘excel l'ent |owtenpérature
properties Ts GBEMF-EQTROEOBRPSL &P thalis tari bubiesl Bene viscosity imdex

but al so not

i nproving effect
improver has been proposed (see Japanese Patent Laid-Open

sgeblication No; 228600/1985) .- quever, any lubricating
oil having excéllent low—temperéture bropertiés “ -

| indepéﬁdent of the shear.rate ﬁas not Beén obtained so

i0 far.

Under such circumstances asrdescribed above, the-
present inventor hgs made earnest studies and has found
that by the use of a specific ethylene/a-olefin copolymer,
decrease of the effect of the pour point depressant
15 caused by thé aforesaid interaction is not brought about,

the compatibility with the‘lubricéting 0oll base at low

‘temperatures is adjusped, and thereby a lubricating oil

havipg excellent loW—temperatu%e properties in every i
shear rate région can bé obtained. Based on the finding,

20 the present invention has been accomplished.

OBJECT OF THE INVENTION

It is an object of the present invention to provide
a lubricating oil composition that is excellent in low-
temperature prdperties, oxidative stability, lubricity at

25 high temperatures and saving of fuel.



25 to hinder the function of the pour point depressant. 1 Septenber 2003 3
In order to prevent the interaction between the pour poi rftSaepéegnessant and
the ethyl ene/cc-ol efin copolynmer, use of an ethyl ene/ (x-ol efin copol yner
obtai ned by a specific polynerizing. apparatus and conditions and havi ng. an
5 ununi form conposition distribution as a viscosity index inprover has
been proposed (see Japanese Patent Laid-Opan Publication No. 228600/ 1985)
However, any lubricating oil having excellent |owtenperature properties

i ndependent of the shear rate has not been obtained so 10 far. Under such
ci rcunst ances as descri bed above, the present inventor has nade earnest
studi es and has found that by the use of a specific ethylene/a-olefin

copol ynmer, decrease of the effegt; MudehePOUE PRIAL ressant 15 caused
by the aforesaid interaction rs—noégirougﬁ%—agpuﬁg—f¥ﬂ§§conpatibiIity with
the lubricating oil .ﬂ@éafi@casg\rgfty heERes 8t UESS 1 A4Sl 018N LOSEERY 2

| ubricating oil having excell OoWwtenperature properties in every ~shear

rate regi on cangperebtai-ngd-i BASeHP5 ey fiodi | e ' ntion
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excellent in low tenperature properties, oxidative stability, lubricity at
20 carbon atoms and has the following properties:
(1} the ethylene content (E) is in the range of 40
to 77 % by weight,
(2) the weight-average molecular weight (Mw) in
10 terms of polystyrene, as measured by GPC, is in the range
of 80,000 to 400,000,
(3) Mw/Mn is not more than 2.4,
(4) the melting point (Tm) as measured by DSC is not
higher than 60°C,
i5 {5) the ethylene content (E, % by weight) and the

melting point (Tm, °C) as measured by DSC satisfy the

following relation {(I):

3.31xE-186 2 Tm (1),
and
20 {6} the proportion (V, %) of off carbon atoms to all

carbon atoms in the main chain, and if present, the long-
chain branches, and the ethylene content (E, % by weight)
satisfy the following relation (II):

V £ 10-0.1xE (1I1).



25 high tenperatures and saving of fuel. 1 Septenber 2003 4 DI SCLOSURE OF
THE | NVENTI ON The viscosity nodifier for lubricating oil 1aSememdba0080 t he
i nvention conprises an ethyl ene/a-ol efin copolyner 5 which is a copol yner
of ethylene and an a-olefin of 3 to 20 carbon atons and has the foll ow ng
properties: (1) the ethylene content (E) issin the range of 40 to 77 % by

wei ght, (2) the weight-average nol ecular weight (Myv) in 10 terns of :
pol ystyrene, as neasured by GPC, is in the range of 80,000 to 400, 000, (3)

Mv Mh is not nore th . the neltin ojnt. (Tm as nmeasured by DSC
is not higher than grg%g %@}%]%net/%eogeﬁwg%g%m%tlg Bredepgbhei ght) and

the nelting poipth{THy sur by DSC satisfy the follow ng
relation (1): 3.31x% --%é?%gﬁiﬂgﬁ% %ﬁgg}YMEEH 20 (6) the proportion (V, %

Che Tong. chain branchos, "Aed Cha gt AYT cHaiaant CE-osbgour ghied
satisfy the fol | owrage 1l atd QN cohbbeiisi A9 Gl !)-
5 {A) a lubricating oil base, and T e

{B) an ephylene/a—olefin copolymer which is a
copolymer of ethylene and an a-olefin of 3 to 20 carbon
atoms and has the following properties:

(1) the ethylene content (E) is in the range of 40

10 to 77 % by weight, |

{2) the weight-average molecular weight (Mw) in
térms of polystyrene, as measured by GPC, is in the range
of 80,000 to 400,000,

(3) Mw/Mn is not more than 2.4,

15 (4} the melting point (Tm) as measured by DSC is not
higher than 60°C,

{5) the ethylene content (E, % by weight) and fhe
melting point (Tm, °C) as measured by DSC satisfy the
following relation (I):

20 3.31xE-186 2 Tm (I),

and

{6) the proportion (V, %) of af carbon atoms to all
carbon atoms in the main chain, and if present, the long-
chain branches, and the ethylene content (E, % by weight)

25 satisfy the following relation:



| Septenber 2003 5 The ethyl ene/ a-ol efin copolymer is preferably an

et hyl ene/ propyl ene copol yner. The lubricating oil conposilt$enteraberad0d8ng to
the invention is a conposition conprising: 5 (A) a lubricating oil base,
and (B) an ethylene/a-olefin copolynmer which is a copolyner of ethylene
and an a-olefin of 3 to 20 carbon atons and has the follow ng properties:
(1) the ethylene content (E) is in the rafige of 40 10 to 77 % by wei ght,
(2) the weight-average nol ecular weight (Mvy in ternms of polystyrene, as
measured by GPC, is in the range of 80,000 to 400,000, (3) Mr+h is not

more than 2.4, 15 (4) e |ting point (Tm as neas d by DSC'is not
hi gher .than 60C, ( )_t%Q %Pﬁ@#ene content (E, % by w@ﬁéht) and the nelting

point (Tm C) as neasured qéﬁD atisfy the. fol L ow ng lation (Z2): 20
3. 31 xE-186 ~ Tm (TYRSI&HY (%5 § %ﬁ?ﬁﬁ8¥fﬁ8%va?O&Ym8f é%g t8rbon atoms to
all carbon atons_in_the nain chain, d.if _pregsent the |ong- chain

br anches, andc?ﬁgaé ﬁ%lé%ea%dNWQHF:fE?q%fﬁy i°g F)weigﬁgatisfy t he

fo'iow‘ng relatlonFurther, the' lubricating oil composition according

" - o

;1' . e
5 to the invention is a composition comprising the

lubricating oil base (A), the ethylene/a-olefin copolymer
(B) and a pour point depressant (C), wherein:
| the éethylene/a~olefin copolymer (B) is contaiged ig
an amount of 0.1 to 5 % by Qeight, and |
10 the pour point depressant (C) is contained in an
amount of 0.05 to 5 % by weight.

The ethylene/a-olefin copolymer (B) is preferably an
ethylene/a-olefin copolymer (B-1) having the following-
properties:

15 (1) the ethylene content (E} is in the range of 65
to 77 % by weight,

(2) the weight-average molecular weight (Mw) inr
tefms of polystyrene, as measured by GPC, is in the range
of 80,000 to 400,000, |

20 (3) Mw/Mn is not more than 2.4,
| (4) the melting point (Tm) as measured by DSC is iﬁ
the range of 15 to 60°C,

(5) the ethylene content (E, % by weighti ahdsfheJ-
melting point (Tm, °C) as measured by DSC satisfy the

25 following relation (I):



1 Septenber 2003 6 V < 10-0.1xE (I1); wherein the ethyl ene/a-ol efin polyner
(B) is contained in an anount of 1 to 20 % by wei ght. Fur®¢ntgmbeni®03

| ubricating oil conposition. according 5 to the invention is a conposition
conprising the lubricating oil base (A), the ethylene/(x-ol efin copolyner
(B) and a pour point depressant (C), wherein: the ethylene/a-olefin
copolynmer (B) is contained in an anount of70.1 to 5 % by weight, and 10 the
pour point depressant (C) is contained in an anount of 0.05 to 5 % by

wei ght. The ethylene/a-ol efin copolynmer (B) is preferably an '

ethyl ene/ a-ol efin qu?é¥g5%6§§- havi ng t he follomjn% properties: 15 (1)
the et hyl ene content” is9n tHe range of 65 to 7%l by weight, (2) the
wei ght - average nol ecul ar weight (Myv) in terns of polystyrene, as neasured
by GPC, is in the rdiige of 80,000 to 400,000, 20 (3) Mw M1 is not nore

than 2.4, (4) the ti point (T S asured by DSCis in the range of
15 to 60C, (5) theng#hﬁﬁghén§%ﬁF§ﬁg%(%Y'ggby°§m$%ﬂﬁ3rQﬂﬂj%qﬂ@S %8 eildg poi nt

(Tm 0) "as measyyred, by, BSC saislyhe 25, T ol lgw pa rel ation (1: 7

5 chain branches, and the ethylene content (E, %ng welght)
satisfy the following relation {II):
V £ 10-0.1xE (I1).
Further, the ethylene/a-olefin copolymer (B) ié
preferably an ethylene/a-olefin copolymér {B-2) having
10 the following properties:
{1} the ethylene content (E) is in the rahge of 40
to 55 % by weight,
(2) the weight-average molecular weight (Mw) in
terms of polystyrene, as measured by GPC, is in the range
15 of 80,000 to 400,000,
(3) Mw/Mn is not more than 2.4,
(4) the melting point (Tm) as measured by DSC is not
higher than -20°C, |
(5) the ethylene content (E, % by weight) and the
20 melting point (Tm, °C) as measured by DSC satisfy the
7 following relation (I):
3.31xE-186 2 Tm (1),
and -

(6) the proportion (V, %) of off carbon atoms to all

25 carbon atoms in the main chain, and if present, the long-



1 Septenber 2003 7 3.31xE-186 > Tm (1), and (6) the proportion (V, % of
a43 carbon atoms to all carbon atons in the main chain, la¥rPtembegs288ent
the long- 5 chain branches, and the ethylene content (E, %y wei ght)
satisfy the following relation (11): V5 10-0.1xE (Il). Further, the

et hyl ene/ a-ol efin copolynmer (B) is preferably an ethylene/a-olefin
copolyner (B-2) having 10 the follow ng pgoperties: (1) the ethyl ene
content (E) is in the range of 40 to 55 %by weight, (2) the

wei ght - aver age nol ecul ar weight (Mv) in terns of polystyrene, as neasured
by GPC, is in the range 15 of 80,000 tg 400,000, (3) MM Nh is not nore
than 2.4, (4) tHRHeHAGEESr nf e TH)® KEMESAF @ EFPESEET s® Y "HigHer t han
-20C, (5) the ethylene content (E, % by weight) and. the 20 nelting point
(Tm ©) as rreasiﬁ‘éo&fby HECLOAL PEFYI tHRLAF AN diidg rel ation (1): 3. 31 xE- 186

> Tm (T), and (6) thegﬁ%gﬁ;ﬁ%gn (V, %9 of al3 car bon(cﬁéc_)ms to all 25

carbon atoms in the ‘mai and if present, the |

In the lubricating oil composition, the ethylene/o-
5 olefin copolymer (B) is preferably an ethyiené}ﬁropylene
copolymer.
The ethylene/a~olefin copolymer (B} is preferably a
copolymer having a ratio (I1p/I2) of the melt index (I1g)
~ as measured. at 190°C under a load of 10 kg to the melt
10 index (I2) as measured at 190°C under a load of 2.16 kg
ranging from 8 to 16.
Further, the ethylene/a-clefin copolymer (B) is
preferably a copolymer having a ratio (I10/I2) of the
melt index (I10) as measured at 190°C under a load of 10

15 kg to the melt index (I2) as measured at 190°C under a

load of 2.16 kg being not less than 5 and less than 8.

BEST MODE FOR CARRYING OUT THE INVENTION

The viscosity modifier for lubricating oil and the
20  lubricating oil composition according to the invention
are described in detail hereinafter.

Viscosity modifier for lubricating oil

The viscosity modifier for lubricating oil according -
to the invention comprises a copolymer of ethylene and an

25 o-olefin (sometimes referred to simply as an "ethylene/o-



1 Septenber 2003 8 chain branches, and the ethylene content (E, % by
weight) satisfy the following relation (11): V :- 10-0. Ixdpterhibgr 2003t he

| ubricating oil conposition, the ethylene/a 5 olefin copolyner (B) is
preferably an ethyl ene/ propyl ene copolyner. The ethylene/a-olefin
copolynmer (B) is preferably a copolyner having a ratio (110/12) of the nelt
index (110) as neasured. at 190C under a 4oad.of 10 kg to the nelt 10

i ndex (12) as neasured at 190C under a load of 2.16 kg ranging from8 to
16. Further, the ethylene/a-olefin copolymer (B) is preferably a copol yner
having a ratio (I OIIZ% oi the, nelt index (110) as neasured at 190C under
a | oad of 10 15 Eélpoc R HBPE | HdWd Y Poreddafdsguiedthis190C under a | oad
of 2.16 kg bein no%.le s than 5 and | ess than 8. BEST MODE FOR CARRYI NG
OUT THE |NVENTF‘gﬁC’r é%?%%%%?&E?V%ﬂﬁjitﬂeerfoflépww}& PEPERBieFl and the 20

| ubricating oil conpositi,on according.to the_invention are described in
detai| hereinafter. Vs EE;Z%P e GPPPUBRPEab PR DI #tiTHkens scosi ty
nodi fier for Iubr'ca%i ojl accaordin to the invention conprises a,

copol yner of e?ﬁ?#%% gﬁh gﬁml thpglgFFHrE§BHEFPﬁE§ feFbyeddnam si nply as
an Ethy|EQ§/ae%h§f%%§¥ﬁg¥ égﬁgﬁly 40 to 77 % by weight. The'ethylene

3

content (E) is desired to be in the range of 65 to 77 %
by weight, preferably 68 to 74 % by welght, particularly
preferably 68 to 72 $ by weight, or in the range of.4d to
55 % by weight, preferably 43 to 53 % by weight,

10 particularly preferably 45 to 51 % by weight.

When the ethylene content is in the above range, a
lubricating oil composition having satisfactory low-
temperature properties can be obtained, and besides
jellying of the lubricating oil composition at low

15 temperatures due to crystallization of the ethylene
sequence portions of the ethylene/a-olefin copolymer does
not take place.

The ethylene content (E) in the ethylene/a—olefin
copolymer can be determined by 13¢c-NMR in accordance with

20  the method described in "Macromolecule Analysis Handbook™
(Society of Japan Analytical Chemistry, edited by
Macromolecule Analytical Research Meeting, published by
Kinokuniya Shoten) -

Examples of the a-olefins of 3 to 20 carbon atoms

25 include propylene, l-butene, l-pentene, l-hexene, 3-



9 olefin copolynmer” sinply hereinafter in this specification) having the
foll owi ng properties. The ethyl ene/ a-ol efin copol ynmer had Saptenbs126Qé
content (E) (content of recurring units derived from5 ethylene) of usually
40 to 77 % by weight. The ethylene content (E) is desired to be in the
range of 65 to 77 % by weight, preferably 68 to 74 % by wei ght,
particularly preferably 68 to 72 % by wabght, or in the range of 40 to 55
% by weight, preferably 43 to 53 % by weight, 10 particularly preferably 45
to 51 % by weight. Wien the ethylene content is i.n the above range, a

| ubricating of, tﬁgﬂPQSE£t8 a?| ﬁvﬂls %§%2£¥hbr|ca%lng Lg%uggﬁgroperties

can be obtaine nd besi es el Tyr'ng of Osition
at low 15 tenpe S ry | Li zati t he et sequence
portions of Pﬁe&g%ﬁg?e%e |ﬁéggﬁgpéhér% o%&e ngf% gé gﬁ&% r The

et hyl ene cont ) hngt n | ef i IRL,8an b deternlned
by 13C NWR |nﬁ§%gé§da%c% %f@{?m%beLﬁ%éﬁ%tgédng%gggbed Fh VA ?onnlecule

Anal ysi s andgggg%ytsp@%gﬁg'cg oﬁ?ﬁﬁ% Aqab£ggg%rlShggﬁéggxﬁreglted by

Macr onol ecul e An ical Researc étin nokunlya

Shot en) . ﬁ%angéﬁfagécé£§ %ﬁ%éﬁd&§%?¢ 31t8§%Qd gg?%n% ibﬁ segg|Ude

propylene ut ene pent ene, exéné
Of the a-olefins, propylene is particularly

preferable. That is, the ethylene/a~clefin copolymer is
preferably'an ethylene/propylene copolyﬁer.
The ethylene/a-olefin copolymer fofAuse in the

10 invention preferably-substantially consists of only
constituent units derived from ethylene and constituent
units derived from an a-olefin. The ethylene/a-olefin
copolymer of this constitution is excellent particularly
in low-temperature properties.

15 The ethylene/a-olefin copolymer has a molecular
weight, as measured in terms of a weight-average
molecular weight (Mw} of polystyrene by gel permeation
chromatography (GPC), of 80,000 to 400,000. When the
weight-average molecular weight (Mw) is in the above

20 range, the ethylene/a;olefin copolymer has excellent
viscosity index improvability (thickening ability), and
hence a small amount of the ethylene/a-~olefin copolymer
suffices to obtain a specific lubricating oil viscosity.
Moreover, Jjellying hardly takes place at low temperatures,

25 and the shear stability is good.



|0 met hyl -1 -butene, 3-nethyl-I-pentene, 3-ethyl-I|-pentene,
4-nethy¥--|--pentene, 4- et hyl -1 - hexene, 4, 4-di net hyl - 1- 1HEsptenaber 2003

4, 4-di net hyl -1 -pentene, 4-ethyl-I--hexene, 3- ethyl-I|-hexene, 1-octene,

1- decene, 1-dodecene, 1 5 tetradecene, 1-hexadecene, 1-octadecene and
1-eicosene. O the a-olefins, propylene is particularly preferable. That
i's, the ethylene/a--olefin copolyner is pgreferably an ethylene/propylene
copol yner. The ethyl ene/a-olefin copolymer for. use in the 10 invention
preferably substantially consists of only constituent units derived from
et hyl ene and consti&Hent units derived froman a-olefin. The

ethyl ene/a--ol efin "¢opol§Fete bin Tﬁ%?ﬁﬁ@ﬁsFP@ﬁFPéﬁri§eéQBFIK%?i Of ??e
i Cl [ - ties.. 15 The ethylene/a-olefin
Bapol yer has SURTERE! Gre T Bl ol rad 48 Fhot SRRESOPEaZt: GHD- Ber age
I I i of | ystyr el perneation chromatography
(@0 of 80, 608% P00 Bee T L Yol tgnp SavEPhgeths BLaFariiei oht (1w
is in the above_20 rang t et hyl ene/ a-ol efin copol yner has excel | ent
Vi scosity i nde%“.g*%i%r 8§a§%“?i ?@b‘ﬁﬁ/@t{%i%& &0 ks Parii¢uiRedae impseaed -

bt cati ng of [0Hs C0g 151 SF T BOVER TPAFFYIRg Hafary (4KbSCRIERe B | ow

temperatures. 25 gAg HARENSAY o Al 1LY 24D, B88T ke PEPLSIDL, 2% e
240,000, the shear stability of the lubricating oil
viscosity can be particularly improved.

Th; measuremént by geispermeatioﬂ Ehromatoéraphy

10 (GPC) is carried out under the conditions of a
temperature of 140°C and a solvent of
orthodichlorobenzene.

The ethylene/a-olefin copolymer desirably has Mw/Mn
(Mw: weight-average molecular welght, Mn: number-average

15 molecular weight), that is an indication of a molecular
weight distribution of the copolymer, of not more than
2.4, preferably not more than 2.2. If the molecular
weight distribution is not more than 2.4,7the shear
stability of the lubricating oil viscosity is good.

20 The ethylene/a-olefin copolymer has a melting point
(Tm), as measured by a differential scanning calorimeter
{DSC}, of not higher than 60°C.

In particular; the méltiﬁg point (Tm) of the
ethylene/a~olefin cqpolymef having an ethylene content

25 (E) of 65 to 77 % by weight is desired to be in the range



11 When the wei ght-average nol ecul ar weight (Mv) of the ethylene/a-olefin
copolynmer is in the range of 260,000 to 380,000, preferddbgpt@niGzr@DO3t o
350, 000, the viscosity index of the lubricating oil can be particularly

i nproved. 5 Wien the weight-average nol ecul ar weight (Myx) thereof is in the
range of 100,000 to 240,000, preferably 120,000 to 240,000, the shear
stability of the lubricating oil viscosigy can be particularly inproved.
The neasurenent by gel perneation chromatography 10 (GPC) is carried out
under the conditions of a tenperature of 140C and a sol vent of

oLATodLehorobpgene, o4 ShIVLBRLA Al U ngseRolter CeRLLably B e
Ot ehy %] ARG BTRLEGHL o LT Lt o e
L LR L A o S
copolyer ecy B g5k 109 BeLlzed 1) o o8 cTeasHisd, Dycs dhfherenti al scanning
pos it (T of ke IV el f) heanaly el iavpo il e spptent 2
' preferably not higher than -25°C, more preferably not
higher than -30°C.
The melting point is determined by obtaining an
endothermic curve by means of a differeﬁtial scanning
10 calorimeter (DSC), and the temperature at the maximum
peak position of the endothermic curve is taken as the
- melting point. More specifically, a sample is placed in
an aluminum pan, heated up to 200°C at a rate of 10°C/min,
maintained at 200°C for 5 minutes, cooled to -150°C at a
15 rate of 20°C/min and then heated at a rate of 10°C/min to
obtain a 2nd run endothermic curve, from which the
melting point is determined.
‘The ethylene content (E, % by weight) and the
melting point (Tm, °C) as measured by DSC preferably
20 satisfy the following relation (relational expression)
(I).
3.31xE-186 2 Tm (1)
The relational expression {I) is a measure of

composition distribution, and if the relationship between

25 the ethylene content and the melting point is out of the



12 of 15 to 60C, preferably 25 to 50C, nore preferably 25 to 45C. The
melting point (Tm of the ethylene /cc-olefin copolyner Iaptergbar?088hyl ene
content (E) of 40 to 55 % by weight, as neasured by a differenti al
scanning 5 calorinmeter (DSC), is desired to be not higher than -20C,
preferably not higher than -25C, nore preferably not higher than -30C. The
nmelting point is determned by obtaining at3 endotherm c curve by neans of
a differential scanning 10 calorineter (DSC), and the tenperature at the
maxi num peak position of the endothermc curve is taken as the nelting

int. M i fd tGdrlaM, i 8nl I i al um , heated
(o 200C 2t a rate of 100 M mua s heat ot SOBE e 4 I aee g8 ed Lo

to 200C at a rate of 10C mn, naintained at

-150C at a 15 rot ehef <2001 BhAa/and1Lthen rate of, 10C/mn to
obtain a 2nd run endothernic curve, froﬁ?%l c ea%h% wr%ecfetnleﬁ{g oitg]?rﬁgy

det ermi ned. Thaidyhaee 1600t 8Rbe fEru e bYy: Vel he Lt oi nt
(Tm © as neasured by DSC pref%?abllf/ 208%%’:?%‘%8 ﬁ]r}gt ol Ilbl%ﬁfjaggf’gti on

(relational expi@ssken)bebhded. 31XEHBE, -oF 'Ogrpa(qlél)r?&'gf;% [(ﬁlg%%iéfg?- i_jﬁxpr essi on
: i i

(I') is a neasure of conposition distributi Ship
between 255t hauetkchyhenagcont epd whdie SRS BY RN L8t of Lhe 1
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high ethylene content portion. In the present invention,
the ethylene/a-olefin copolymer is preferably one
obtained by copalymerizing ethylene and an a-olefin using
a catalyst comprising the later~described metallocene
10 compound and ionizing ionic compound from the viewpoint
of composition distribution.
The relational expression (I) as the composition
distribution paraﬁeter is:
preferably
15 3.31xE-192 2 Tm ('),
particularly preferably
3.31xE~193 2 Tm kI"}.
When a main chain and long-chain branches afe
preéent in the éthylene/a—olefin copolymer, the |
20 proportion (V, %) of off carbon atoms to all carbon atoms
in the main chain and the long~chain branches and the
gthylene content (E, % by weight) preferably satisfy the
following relation-(II):

V £ 10-0.1xE (TT).



13 rel ational expression (1), the conposition distribution of the

et hyl ene/ (x-ol efin copolymer is w dened to thereby | owert Sgptember 2003

| ow-t enperature resistance of the lubricating oil, and besides a problem
of opaqueness (haze) of the 5 lubricating oil is brought about by the
presence of a high ethylene content portion. In the present invention, the
et hyl ene/ (X-ol efin copolyner is preferablig one obtained by copol yneri zi ng
et hyl ene and an a-olefin using a catalyst conprising the | ater-described
met al | ocene 10 conpound and ionizing ionic conpound fromthe viewoint of
conposition distripution. The relational expression (1) as the conposition
di stribution paraneter® CarepeiGiafinpd $o3bgregnids sarkbpp paiehcifarly
preferably 3.3l xE--193 > Tm (It) 11 Wen _a main. chain and | ong-chain
branches are PFESRITLY P HRCRtHY | Eife/Meid) shaincdpsl yRBE chR&N2BEARSRbI t i on
(V, %9 of ap carbon atons to,all_ carbon atons in the main chain and the

| ong- chai n br%ﬁcﬁ%% Y 1 e/ BT ik SRnleme BRdy, biewBPERES Tt pRRfer abl v
satisfy the follomﬁqgjrelation-(ll : V< 10-0.1xE (I11). | Septenber 2003

the seco nearest tertiary carbons from which are carbon

5 at the a-position (adjacent carbon in the main chain) and
carbon at the P-position (carbon adjacent to the o-
positioned carbon.in the. main chain), respectively. The
"pfoportibn (V, %) of af carbon atoms"™ referred to Herein
means a proportion of the off carbon‘atoﬁs to all carbon

10 atoms forming the ethylene/a-olefin copolymer. When the
proporticn of the off carbon atoms satisfies the above
;elation (IT), flowability of the lubricating oil at low
temperatures can be improved. Moreover, the lubricating
properties at high temperatures can also be improved.

15 The proportion of aff carbon atoms (V, %) can be
determined by measuring 13C-NMR of the copolymer and in
accordance with the method described in J.C. Randall
"Macromolecules™ (11, 33 (1978)).

Especially when film strength of an engine oil is

20  required, the ratio ({I10/I2) of a melt index of the

| ethylene/o-olefin copolymer as measured at 190°C under a
load of 10 kg to a melt index of the copolymer as

measured at 190°C under a load of 2.16 kg is desired to

be in the range of 8 to 16, preferably 8.0 to 16, more




he a3 carbon referred to herein is carbon which is secondary carbon in
SﬁeTngin chain (or long-chain branch) of the ethyl ene/ a-ld3aptembardiioBy mer
and, the nearest and the second nearest tertiary carbons from which are
carbon 5 at the a-position (adjacent carbon in the nain chain) and carbon
at the (3-position (carbon adjacent to the a- p05|t]oned carbon in the;
mai n chain), respectively. The "proportiors (V, %9 of al3 carbon atons
referred to herein neans a proportion of the a43 carbon atoms to al
carbon 10 atons form ng the ethyl ene/a-olefin copolynmer. \Wen the

i f bgnpa satisfi t he abov relation (11),
Pl ovabi 11Ty of Tha Toberoat (ngoot - ot T ou . thiseraitega ian oba. hphdved.

[ i j ' | so be
Moreover, the ljibtiieatbRgy BLOPELLLES @y Nigh 4§ gperatures can also |
i nproved. 15 The p#oportignﬁog ap céfbon giog%iﬁv, % can be determ ned by

i 13C-NWR 0 ] I i cgordance with the nmethod
gggir{bgg-in J.C. Rgﬁ%gfngP %@%ﬁn ecd%ggm%%%ffy3§%(T@?gyf?nﬁsﬁéélh?ly

| ] o . . . 12) of
when film stremgyhioédantRagiaei®i t1{5/1,30 Jequied, s1A8, "8kl o, {110/
a nelt index ofg?he ethylene/aﬁolef%ﬁ é%polynereas measur 8d g? 190C under

, i paslped at 190C

nder a Load of 3 38 ko | & ta rea 1o e 2o RS F ERgalor o8 fouger a

preferably 8.0168418f 1T®g koeptenber; 2203 19 1o copolymer as
measured at 190°C under a load of 2.16 kg is desired to
be not less than 5 and less than 8, preferably not less
than 5.0 and less than 8.0, more prefefably not less than

10 5.5 and less than 7.5, still more preferably not less

‘than 5.8 and less than 7.0.

The ethylene/a-olefin copolymer exhibits a high
viscosity index improving effect and hardly hinder the
effect of a pour point depressant when blended with a

15 lubricating oil base.

When the ethylene/a-olefin copolymer is used as a
viscosity modifier, a lubricating oil capable of
satisfying low-temperature property standafds of the GF-3
standards, which are standards of North America

20 Lubricating 0il Standards of the next generation, can be
obtained. Whether the lubricating o0il satisfies the GF-3
standards or not can be judged by measuring the later-
described CCS and MRV.

The ethylene/a-olefin copolymer for use as the

25 lubricating oil viscosity modifier of the invention can




preferably 8.0 to 16.0, still nore preferably 8.0 to 13, particularly
preferably 8.0 to 13.0. Especially when shear stability dfSemteralmeyi20830il is
required, the ratio (110/12) of a nelt index of the 5 ethylene/a-olefin
copol ymer as neasured at 190C under a load of 10 kg to a nelt index of the
copolymer as neasured at 190C under a load of 2.16 kg is desired to be not
|l ess than 5 and |l ess than 8, preferably net less than 5.0 and | ess than
8.0, nore preferably not less than 10 5.5 and less than 7.5, still nore
preferably not less .than 5.8 and less than 7.0. The ethylene/(x-olefin
copol yner exhjbits a Vi scosi t |ndex nprovi ng effect and hardly

hi nder the %?ee?t%f“ B%ﬁ C?Rﬁ%ﬁm sﬁﬁpyﬁﬁéﬁ bPBnBelLGELR af 45

| ubricating ojl gssg When the eth ene/a--olefln co is used as a

viscosity modF?i %r?%%r?Eﬁﬂﬁwuf L AF56583%Y - §5BF§fVPﬂ@mers in
ot andar ds. of RGP AEATEN TR ”da{p%%a .pﬁéyeaewge?é.%‘ﬁ?%‘égéay%‘ﬁ'ecEei‘I ’
generation, can be obt i ned et her_.the lubricating oil satisfies the
GF-3 standards orE¥ﬁﬁp ¥%H§ &8y RRAYUPFhGERER | GREFLYSeScri bed CCS
opd e e ehb B il o O KU D T
of a transition metal such as zirconium, hafnium or
titanium, and an organoaluminum compound (organcaluminum
. oxy-compound) and/or an ionizing ionic compound. of
these, a metallocene catalyst-comprisiné a metallocene
10 compound of a transition metal selected from Group 4, etc.
of ﬁhe periodic table and an organcaluminum oxy-compound
and/or an ionizing ionic compound is particularly
preferably used in the invention.
Next, the metallocene catalyst is described.
15 The metallocene compound of a transition metal of
Group 4 of the periodic table for forming the metallocene
catalyst is specifically represented by the following
formula (i). ’
MLx (i)
20 In the formula (i), M is a transition metal selected
| from Group 4 of the periodic table, specifically
zirconium, titanium or hafnium, and x is a valence of the
transifion metal.

L. is a ligand coordinated to the transition metal,

25 and of the ligands, at least one ligand L is a ligand




be obtai ned by copol ynerizing ethylene, an a-olefin of 3 to 20 carbon
atons, and if necessary, other nononers in the presence fobepdembersddog

pol ymeri zati on catal yst. Exanples of the olefin polynerization catalysts 5
enpl oyabl e herein include catal ysts conprising a conmpound of a transition
metal such as zirconium hafniumor titanium and an organoal um num
conpound (organoal um num oxy--conpound) an@/ or an ioni zing ionic conpound.
of these, a netallocene catalyst conprising a netall ocene 10 conpound of a
transition netal selected fromGoup 4, etc. of .the periodic table and an

or ganoal um nump@xY &0 r.an.ianizing jonic conmpound is
A EP?H%%%@%{%I iVertiooh. k@?t%l‘ﬁ%d NG N%cene

particularly prefera
catal yst is desCkhBgd,+15; | l.ocene compound of a transition nmetal of
‘Group 4 of the geri gd?c ?ﬁ%‘fﬁl ?%%e T g Y E‘geﬁeFaFPBEEHEueE‘ét‘M?‘é@- is

specifically repres f ol,l.owi formula (]). Mx (i 20 In the
b Y DL SER Y d Gl lgggﬁgcpsamgrSﬁﬁgg%%'bt@idigﬁglhe periodi c

forrrula(i)., !\/Iisatrfansm!on mejtz%l . . ]
the transition merar LMl ShkACESBran ERen PEorhe Tham trbm notal
25 and of the biggnsucal d.2aye1008 kh9R08:k: L5edy! L9RNY, 4 Sept ember 2003
groups, such as methylcyclopentadienyl,
ethylcyclopentadienyl, n- or i—propylcyclopentadienyl, n-,
i-, sec- or t-butylcyclopentadienyl,
hexylcyclopentadienyi, octylcyclopentadienyl,

10 dimethylcyclopentadienyl, trimethylcyclopentadienyl,
tetramethylcyclopentadienyl, pentamethylcyclopentadienyl,
methylethylcyclopentadienyl, hethylpropylcyclopentadienyl,
methylbutylcyclopentadienyl, methylhexylcyclopentadienyl,
methy%benzylcyclopentadienyl, ethylbutylecyclopentadienyl,

15 ethylhexylcyclopentadienyl and -
methylcyclohexylcyclopentadienyl; an indenyl group; a
4,5,6,7-tetrahydroindenyl group; and a fluorenyl group.

| These groups may be substituted-with halogen-atoms
and trialkylsilyl groups.

20 Of the above groups, alkyl-substituted
cyclopentadienyl groups are particularly preferable.

When the compound represented by the formula (i)
contains as the lidands L two or more groups having

cyclopentadienyl skeleton, two of them may be bonded

25 through an alkylene group such as ethylene or propylene,




havi ng cycl opent adi enyl skeleton. The Iigand having cycl opentadi enyl

skel eton may have a substituent group. Exanpl es of the | ilgfepdsmbend00g
cycl opent adi enyl skel eton include a cycl opentadi enyl group; and al kyl- 5
substituted or cycl oal kyl -substituted cycl opentadi enyl groups, such as
met hyl cycl opent adi enyl , ethyl cycl opentadi enyl, n- or

i -propyl cycl opentadienyl, n-, i-, sec--qg t-butylcycl opentadienyl,
hexyl cycl opent adi enyl , octyl cycl opent adi enyl, 10 di net hyl cycl opent adi enyl ,
trimethyl cycl opentadi enyl, tetranethyl cycl opentadi enyl,

pent amet <yl onEnt FELELN! 11 PELIY L0 el oBenLadentl v oo

ety eyt o OReRl B eyl o el ol opentad ehil e

el el ohes SYChonenLl o SIS QOB Susonautoutne oy be
substitut od L ek OB ASEIR AL 12yl 1 grols. 20 of (e above
pref eranl o ” vien the eommonnd sspreseatedy Lhe Lot g,(1) containe as

th be bonded 25 th h lLkyl th
prgg;rg%e,el gg% Q %Ea rou igﬁ%f%td% %g? %B%ugx§H8 e?saehyakégg}égn

group of 1 to 12 carbon atoms, an alkoxy group, an
aryloxy group, a sulfonic acid-containing group (-SO3R&
wherein R& is an alkyl group, a halogen;substituted alkyl
10 group, an aryl group, a halogen-substituted aryl group or
an alkyl—substituted aryl group), a halogen atom or a
hydrogen atom.
Examples of the hydrocarbon groups of 1 to 12 carbon
atoms include alkyl groups, cycloalkyl groups, aryl
15 groups and aralkyl groups. More specifically, there can
be mentioned:
alkyl groups, such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobﬁtyl, sec—butyi, t-butyl, pentyl,
hexyl, octyl, decyl and dodecyl;
20 cycloalkyl groups, such és cycleopentyl and
| cyclohexyl;
aryl groups, such as phenyl and tolyl; and

aralkyl groups, such as benzyl and neophyl.




stituted al kyl ene group such as isopropylidene or diphenyl nethyl ene,
: :?Fylene group,yor a gubs?ituted silylene group such dsSeptember 2003
di met hyl silyl ene, diphenylsilylene or methylphenylsilylene. 5 The ligand L
ot her than the ligand having cyclopentadi enyl skeleton is, for exanple, a
hydrocarbon group of 1 to 12 carbon atoms, an al koxy group, an aryl oxy
group, a sulfonic acid-containing group (-198Ra wherein Ra is an al kyl
group, a hal ogen-substituted alkyl 10 group, an aryl group, a
hal ogen- substituted aryl group or an al kyl -substituted aryl group), a

| es of the hydrocarbon groups of 1
Pgligegaﬁggg]ogtgnsﬁ¥%c§9§ gt 959895aFR9¥u6?dﬂ%%h0ny1|&5|groups
h n be nentione al ky
aroups.  such”as et M’ﬁe%?ﬁei"“ i C%'cl ABORY, B POBYEY - s BRRYIORY s Gty
gec-guiyl t- byt ¥hx pegt octy%ﬁ decyl and dodecyl ; 20 cycloalkyl
groups, such as cycl open Wﬁﬂxghe FoxﬁrﬁP gPBEDEY - such as phenyl

and tolyl; and aral Sy ch _as.benz and neophyl 1 Sept enber
2003 19yExaanes of the aigbxyjbﬁﬁhpgry%8ﬁﬁd rﬂ%@hﬁ%%’eﬁﬁ&kmy, n- pr opoxy,

i sopropoxy,s n- bUtOxﬁkaﬂmﬁ%gy%gxxhes%%lfonlc acid-containing groups (-

S03R2) include methanesul fonato, p-toluenesulfonato,

trifluoromethanesulfonato and p-chlorobenzenesulfonato.
The halogen atom is fluorine, chlorine, brominé or
iodine.

10 Examples of the metallocene compounds having
zirconium as M and containing at least two ligands having
cyclopentadienyl skeéleton include:

bis(methylcyclopentadienyl)zirconium dichloride,
bis(ethylcyclopentadienyl)zirconium dichloride,

15 bis(n-propylcyclopentadienyl) zirconium dichloride,
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

20 compounds are also employable.

Also employable as the metallocene compound is a
compound represented by the following formula (ii):
LImMlxo - (ii)
wherein M is a metal of Group 4 of the periodic table or

25 a metal of lanthanide series,




but oxy, t-butoxy, pentoxy, hexoxy and octoxy_ An exanple of the aryl oxy
group i s phenoxy. 5 Exanples of the sulfonic acid-contai di3aptgmioar)08-
SO3Ra) i ncl ude net hanesul fonat o, p-tol uenesul fonato,
trifluoromethanesul fonato and p-chl orobenzenesul fonato. The-hal ogen atomis
fluorine, chlorine, bromne or iodine. 10 Exanples of the netall ocene
conpounds having zirconiumas M and cont@i ning at |east two |igands having
cycl opent adi enyl skel eton include: bis(nmethylcycl opentadi enyl)zirconium

di chl oride, bis(ethylcyclopentadienyl)zirconium.dichloride, 15
bis(n-propylcyclop t adi en zlrconlu di chl ori bi s(i nden I)zirconium
di chl ori de, and bg(hs ts‘y‘%2 Yeriatsy |an61§&;?F)agﬁF88nFu’§>rPaﬁit% oF T

Conmpounds wher ei,n, thegglrconlun1netal i's re Iacgd with a titanium netal or

a haf ni um met 81'% A™PR 3b%v%985ﬁ?%ﬂﬁnﬂﬁﬂﬂﬁ5 PE§ ERplB§aBFBLIVAl so

enpl oyabl e as t tall ocen npound is a conpound represented by the
fal | owi ng forﬁﬁpg %F'?h ETﬂﬁiﬁ%@Hefgi Mis a nmetal of C?oup 4 of the

e & der vat i ve. of 3 hef ou FBPIHCBoI0 RGGPBND: ARUPRBAITe o restrai nt
geometric fhaggdggcgrebéugroup containing 20 or less carbon atoms, a
silyl group containing 20 or less silicon atoms, or a
germyl group containing 20.or less germanium atoms.
Of the compounds represented by the formula (ii), a

compound represented by the following formula (iii) is

10 preferable.

v
AN

X,

(i1ii)

- In the above formula, ML is titanium, zirconium or
hafnium, and X is the same as above.
15 Cp is a substituted cyclopentadienyl group n-bonded
to Ml and having a substituent group Z. J
Z is oxygen, sulfur, boron or an element of Group 14
of the pericdic taﬁie (e.g., silicon, germanium or tin).
Y is a ligand containing nitrogen, phosphorus,

20  oxygen or sulfur.



site of the netal ML, and each X is independently hydrogen, halogen, a 5
hydr ocar bon group containing 20 or |ess carbon atons, a 1s3dpjembaréip3
containing 20 or less silicon atons, or a gernyl group containing 20 or

| ess germani um atons. O the conpounds represented by the formula (ii), a
conpound represented by the followng formula (iii) is 10 preferable. In
the above fornmula, ML is titanium zirconigmor hafnium and X is the sane
as above. 15 Cp is a substituted cycl opentadi enyl group n-bonded to ML and
having a substituent group Z. Z is oxygen, sulfur, boron or an element of

G oup 14 of the pegi Cyt S caon, rmaniumor tin). Y is a
| i gand cont ai ni ng nltgggeﬁ lrlE}gl)#]osp %ﬁﬁﬁf %ﬁf fy&gﬂSSPsgﬂlFb?g 1 Sept enber

2003 21 Z and Y nmay r. to ensed rin | es of the
met al | ocene conpounggggg%ggs%%t% I“ g°§§PﬁuF8mgPF$? Si hePterente st hyl

(t-butylanido)tggeggg §hyls opent adi enyl ) si | ane) titani um
dichloride, ((t--buty anldo?% efﬁ%%%e%yl-r)S cyclopentadlenyl)

1, 2- ethanedlyl)tltan I t - but yl am do)
(tetramet hyl - 15- cyc?opent dﬂgﬁ§ aney?? ¥5ﬂ%ﬁﬁ?%i orlde

5 cyclopentadlenyl)51lane)tltanlum dlchlorlde,
((tHbutylamido)(tetramethyl—n5—cyclopentadienyl)—
1,2—ethénediyl)titanium dichloride,
(dibenzyl (t-butylamido) (tetramethyl-n5-
cyclopentadienyl)silane)titanium dichloﬁide,
10 (dimethyl (t-butylamido) (tetramethyl-n5-
cyclopentadienyl)silane)dibenzyltitanium,
(dimethyl (t-butylamido) (tetramethyl-n5-
cyclopentadienyl)silane)dimethyltitanium,
((t—butylamido)(tetramethyl—n5—cyclopentadienyl)—
15 1,2-ethanediyl)dibenzyltitanium,
((methylamido)(tetramethyl—ns—cyclopentadienyl)~1,2—
ethanediyl)dineopentyltitanium,
((phenylphosphido)(tetramethyl—qS—
cyclopentadienyl)methylene)diphenyltitanium,
20 (dibenzyl (t-butylamido) {tetramethyl-n5-
cyclopentadienyl)silane)dibenzyltitanium,
(dimethyl {benzylamido) (13-
cyclopentadienyl)stlane)di(trimethylsilyl)titanium,
(dimethyl(phenylphosphido)(tetramethyl—nS—

25 cyclopentadienyl)silane)dibenzyltitanium,




10 (dimethyl (t-butylam do) (tetranethyl-r,5- cycl opentadienyl)silane)
di benzyltitanium (dinmethyl (t--butylam do) (tetranethyli-Sepember 2003
cycl opent adi enyl )si |l ane) dinmethyltitanium

((t-butylam do) (tetranethyl-r, 5-cycl opent adi enyl )- 15

1, 2- et hanedi yl ) di benzyl titani um

((rnet hyl am do) (tetranet hyl -rl 5-cycl opent axp enyl ) -1, 2- et hanedi yl)

di neopentyl-titanium ((phenyl phosphi do)(tetranethy]-r15-
cyclopentadienyl)nethylene) di phenyl titanium 20 (di benzyl (t~
-butylam do) (tetr th b cyc opentadlenyl)5|Iane)dlbenzyltltanlum
(din%thyl (ﬁeﬁzy|aﬂﬂ§ ewﬁghyl é*Cyclopentadlewl)" -

cycl opent adi enyl ) stl an trimeth IS|IyI)t|tan|un1
-(dlnethyl(pheﬁ%1 W@gﬁﬁﬁé %F@FY%F% #Mytule)5- 25

cycl opent adi enyl ) si | ane) di benz Itltanlun1 1 Septenber 2003 22
(. (tetramethyl - 15- é?cﬂo E?Eﬂ?%%9¢¥--%Y%ﬂoﬂﬁqﬁﬂﬂ%ﬁQM) “dimERPYIti t ani um

(2-TI5-(tetra -cycl gpent adi enyl ) - 1- net hyl - et hanolate (2--))
dlbenzyltltanlﬁ'ﬁ?la¥l lege#25 ld%?%ﬁ?%&ﬁﬁqﬁﬂlQ§Vclopentadienyl) -1--nethy|-
et hanol at ef 2- ))d| hﬁ Etitani um (4a, 4b, 8a, 9, 9a-1

-9H f | uor ene W)

8a, 9, 9a- r|) uor

etgano ate??—))dimethyltitanium,
(2-((4a,4b,8a,9,9%9a-n)-9H-fluorene-9-

yl)cyclohexanolate (2~ ))dlmethyltltanlum, and
{(2-((4a,4b,8a, 9, 9a -1y} ~9H- fluorene 9—

10 yl)cyclohexanolate(2-))dibenzyltitanium.

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

The metallocene compounds mentioned above can be

15 used singly or in combinatibn of two or more kinds.

In the present invention, a zirconocene compound
having zirconium as the central metal atom and containing
at least two ligands having cyclopentadienyl skeletén is
prefefably used as the metallocene compound represented

20 by the formula (i). As the metallocene compound
represented by the formula (ii) or (iii),va compound
having titanium as the central metal atom is preferable.
Of the metalloceneﬁcompounds mentioned above, a compound
represented by the formula (iii) and having titanium as

25 the central metal atom is particularly preferable.

ReR@ ot j%%ﬁ%ﬂﬂﬁﬂﬂ%ﬁhﬁ%¥l&nﬂ"&ﬁahYéz ((4a, 4b,




10 yl)cycl ohexanol ate(2-))di benzyltitanium Conpounds wherein the titani um
metal is replaced with a zirconiumnetal or a hafni um ndtSdptémberi2803bove
conmpounds are al so enpl oyabl e. The netal | ocene conpounds nenti oned above
can be 15 used singly or in conmbination of two or nore kinds. 1In the
present invention, a zirconocene conpound having zirconiumas the central
netal atom and containing at |east two |iagands havi ng cycl opent adi enyl
skeleton is preferably used as the netall ocene conpound represented 20 by
the formula (i). As the netall ocene conmpound represented by the fornula

(ii) or (iii), ac V. titaniumas th entral metal atomis
preferable. O thO@RQ @ﬁ?dggﬁ%ﬂ%%npoﬁﬁaéCﬁ@ﬁ?PBﬁe ORhbYEMIRG chipound
represent ed by and h V|n ti.tanium as 25 the central
metal atomis %%?%}%fﬁ%%%ib%#% erabid. gﬂpéHBé?HQOBBtégrﬁﬁeknown or

or ganoal um nu 0 al | ocene catal yst may be
Y néo%théﬁg)iﬂg%ldg%fl%ﬁ??@%@auW%BPHbPéyo?ﬁﬁﬂ%%W%n1%un1 g

al um noxane hitherto known or

oxy-conpound. The hjt wn_al um oxane S represented by the 5
fol I owi ng fornul a: Fé%ﬁﬁugkéﬂg> Y OATRSP*30B° (D teprgsented by the

5 following formula: o

RAL 7 (O - A1)~ OAlR,
R {iv)
10
(0 - Al
(v)

15

In the formulas (iv) and (v}, R is a hydrocarbon group,

such as methyl, ethyl, propyl or butyl, preferably methyl

or ethyl, particularly preferably methyl; and m is an

integer of 2 or more, preferably anrinteger of 5 to 40.
20 The aluminoxane may be composed of mixed

alkyloxyaluminum units consisting of alkyloxyaluminum
units represented by the formula 0al (Rl) and
alkyloxyaluminum units represented by the formula OAR1l (R2) -

(each of Rl and R? is the same hydrocarbon group as




(v) 15 In the fornmulas (iv) and (v), R is a hydrocarbon group, such as
met hyl, ethyl, propyl or butyl, preferably nethyl or etHySeptgaberi20dBarly
preferably nmethyl; and mis an integer of 2 or nore, preferably an integer
of 5 to 40. 20 The al um noxane may be conposed of m xed al kyl oxyal um num
units consisting of al kyloxyal um num units represented by the formula
OAL(R1) and al kyl oxyal um num units repregented by the formul a QA (R2)
(each of R1 and R2 is the same hydrocarbon group as 1 Septenber 2003 24
indicated by R, and R1 and R2 are groups different from each other).
Exanpl es of the [onizing ionic cquounds Jor formng the netall ocene
catal yst incl é881Ea8krd B¥i B- add af” | o R Rrorgrowmre  dilfd elrewits faoind | s,
for exanple, a conpound represented by BR3 (R is a phenyl group which may
have a subst FRGBNPtEEBUP such as fluorine, nethyl or trifluoronethyl, or
fluorine). Exanples of such 10 conpounds include trifluoroboron,
tri phenyl boron, trb3guples yof optenyanissiren iondics @@rpogintisudeophenyiidor on,
tris(4-f|uoronethyIEhenyI)boron, tris(pentafl uorophenyl)boron,
tris(p-tolyl)BEBeoRetatiacene terial e omange dies(iz, Bcdidmanby kphénghiybor on.
5 compound. |
The Lewis acid is, for example, a compound
represented by BR3 (R is a phenyl group which may have a
substituent group such as fluorine, methyl or
trifluoromethyl, or fluorine). Examples of such
10 compounds include trifluoroboron, triphenylboron, tris{(4-
tluorophenyl)boron, tris(3,5-difluorophenyl)boron,
tris(4-fluoromethylphenyl)boron,
tris(pentafluorophenyl)boron, tris{p-tolyl)boron, tris(o-
tolyl)boron and tris(3,5-dimethylphenyl)boron.

15 The ionic compound is, for example, a trialkyl-

substituted ammonium salt, an N,N-dialkylanilinium salt,
a dialkylammonium salt or a triarylphosphonium salt.

. Examples of the trialkyl-substituted ammonium salts
include:

20 triethylammoniumtetra (phenyl)boron,
tripropylammoniumtetra (phenyl)boron,
tri(n-butyl})ammonivmtetra (phenyl)boron,
trimethylammonlumtetra(p—tolyl)boron,

trimethylammoniumtetra{o-tolyl)boron,

25 - tributylammoniumtetra (pentafluorophenyl)boron,



15 The ionic conpound is, for exanple, a trialkyl- substituted anmoni um
salt, an N,N-dialkylaniliniumsalt, a dialkyl anmoni um sdl$epember 2003
triaryl phosphonium salt. Exanples of the trial kyl-substituted anmoni um
salts include: 20 triethyl amoniuntetra(phenyl)boron,

tripropyl anmoni unt et ra( phenyl ) boron, tri(n-butyl)

ammoni unt et r a( phenyl ) boron, trinethyl ammonigunt et ra(p-tol yl)boron
trimethyl anmoniuntetra (o--tolyl) boron, 25

tributyl ammoni unt etra( pent af | uor ophenyl ) boron, 1 Septenber 2003 25

tripropyl anmoni unt et ra( o, p-di met hyl phenyl ) bor on,
triButsrannnniuntet%%%é{%@%ﬁﬂ@?ﬂ?%ﬁﬁﬁﬁ?%ﬂﬁbEﬁﬁ}mEthylphenyl)bOronr
tributylannoniuntet£9¥g-%r'fluoroneth | phenyl ) boron, and 5
tri(n-butyl)amoni uznte r%&%ﬂ@?ﬂﬁHWQﬁﬁ%i{T'E%§&BF§§YéPh€ﬁél)boron,

N, N--di al kyl ani | i ni | ts_include: _

N, N- di met h§| ani | i ni ﬂg}t%‘%atr%f%%‘ﬁ%%t&ﬁ,fp‘tﬂfluoromet_hylphenyl)boron,
N, N-di et hyl ani Lj gi unt etra(phenyl)boron, and

N, N-- 2, 4, 6- pentanet hyl ani | i ni unt et ra(phenyl )boron. 10 Exanpl es of the

i (1 pr opyT) amon; uri eV T AU BORY APFGBBtERGR ok ey L bhron
ggﬁ%gtggefglannonlq@%§&ﬁ&&?@%ﬁ%&£b%t8DdiafL§fa§{T4£?Eg”;;f¥;tgyifdygzc
N,N—dimethylaniliniumtetra(phenyl)boron,
N,N;diethylaniliniumtetra(phenyl)boron, and
N,N~2,4,6~pentamethylaniliniumtetré{phenyl)boron.
10 Examples of the dialkylammonium salts include:
di(l—propyl)ammoniumtetra(pentafluorophenyl)boron,
and
dicyclohexylammoniumtetra(phenyl)boron.
Also employable as the ionic cempound is
15 triphenylcarbeniumtetrakis(pentafluorophenyl)borate, N, N—-
dimethylaniliniumtetrakis(pentafluorophenyl)borate or
ferroceniumtetra (pentafluorophenyl)borate. 1In particular,
therionizing ionic compound is preferably used because it
controls composition distribution of the ethylene/a—
20 olefin copolymer.
For forming the metallocene catalyst, an
organoaluminum compound may be used together with the
organocaluminum oxyibompound and/or the ionizing ionic

compound.




15 triphenyl car beni unt etraki s(pent af | uor ophenyl ) borate, N, N

di met hyl ani | i ni unt et r aki s( pent af | uor ophenyl ) borate or 1 September 2003
ferroceni unt etra(pentafl uorophenyl)borate. In particular, the ionizing
ionic conpound is preferably used because it controls conposition

di stribution of the ethylene/a 20 olefin copolynmer. For formng the

net al | ocene catal yst, an organoal um numagonpound nmay be used together with
t he organoal um num oxy- - conpound and/ or the ionizing ionic conpound. 1

Sept enber 2003 26 The organoal um num conpound is, for exanple, a conpound

represented by the I i ) nAl X3-n (vi wherein R1 is a
hygrocarbon group ggglggﬁéﬁga%éﬁ{ﬁﬁy?acbﬁ%?wgﬁﬁﬁéf Pﬁb%ﬁa%p%8’4acarbon
atons, X is a en at and n is.1 to.3. The

‘hydr ocar bon g;:(B)ﬁEngalﬁt&gP%gé%%%gbﬁl} g%oerrs]‘é})llglfgmfngr fg)fg‘%fae,(vé “al kyl group,
a cycloal kyl grouprdradrs_aryl group., Exanples of such q,AYyps i ncl ude

met hyl, 10 ethyl, n-propyl, isopropyl, isobutyl, pentyl, 'hexyl, octyl,

Chohobent ! FABEONEIAL, | BhEnNL BB SOLY. o TR o8 o S Srgan o o
triethylalgm gugyebLbi $0P 0PV AlUAMN Deoms, X is a halégen' atom or a
hydrogen atom, and n is 1 to 3.

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

10 ethyl, n-propyl, isopropyl, isobutyl, pentyl, hexyl,
octyl, qyclopentyl, cyclohexyl, phenyl and tolyl.

Examples of the organocaluminum compounds include:

trialkylaluminums, such as trimethylaluminum,
triethylaluminum, triisopropylaluminum,

15 triisobutylaluminum, trioctylaluminum and tri-2-
ethylhexylaluminum;

alkenylaluminums represented by the formula (i-
CQHg)xAly(CsHlo)z (wherein-x, y and z are each a positive
number, and z22x), such as isoprenylaluminum;

20 trialkenylaluminums, such as triisopropenylaluminum;
dialkylaluminum halides, such as dimethylaluminum
chloride, diethylaluminum chloride, diisopropylaluminum
chloride, diisobutylaluminum chloride and

dimethylaluminum bromide;



15 triisobutylalum num trioctylalumnumand tri-2- ethyl hexylal um num

al kenyl al um nuns represented by the fornmula (i- CAHI) xAl y(Iepkohed 2008er ei n
X, Yy and z are each a positive nunber, and z>:2x), such as

i soprenyl alum nunmy 20 trial kenyl al um nuns, such as triisopropenyl al urni num
di al kyl al um num hal i des, such as di nmet hyl al um num chl ori de,

di et hyl al um num chl ori de, diisopropyl al um,aum chl oride, diisobutylalum num
chl ori de and di et hyl al um num brom de; 1 Septenber 2003 27 al kyl al um num
sesqui hal i des, such as nethyl al um num sesqui chl oride, ethylalum num

sesqui chl ori de, isogkoEékaluninun1sesquiqh|oride, but yl al um num

sesqui chl oride and 8t Kyt atuht Pl SEiErldnede, s9chl Ryl methy buburdithat i des,
such as nethyl al um nu dichl oride, ethylal um num dichl oride, ,

i sopropyl al uni ﬁﬁﬁlquﬂif:glrﬁ?’éf?‘ae S @ Wriavgnisesaudcbi omide; di al kyl al uni num
hydri des, such.as diet?ghaluninun1 hydride and di butyl al um num hydri de; and
10 al kyl al uni nafrHFRY¥r FOE8- Y 3 SRS PrAPem Rufvldlipdrime and
propylaluninun1dihxdr%ﬂg;,In t he present invention, ethylene, an a-olefin
of 3° to 20 caPGBA"ArBNBIISPTY Gidydsdarynust Reparbhoaride ar e
copolyneri%gd in the presence of the netall ocene catal yst, -5 usually in a
liquid phase. In t e o YYHENT gihghidgs, such as methylaluminum

dichloride, ethylaluminum dichloride, isopropylaluminum
dichloride and ethylaluminum dibromide;

dialkylaluminum hydrides, such as diethylalumiﬁum
hydride and dibutylaluminum hydride; ana

10 - alkylaluminum dihydrides, such as ethylaluminum
dihydride and propylaluminum dihydride.

In the present invention; ethylene, an o-olefin of 3
to 20 carbon atoms, and if necessary, other monomers are
copolymerized in the presence of the metallocene catalyst,

I5 uswally in a liquid phase. In the copolymerization, a
hydrocarbon solvent is generally used as a polymerization
solvent, but an a-olefin such as propylene may be uéed as
the-solvent.

Examples of the hydrocarbon solvents used in the

20 polymerization include aliphatic hydrocarbons, such as
pentane, hexane, heptane, octane, decane, dodecane and
kerosine, and halogen derivatives thereof; alicyclic
hydrocarbons, such as cyclohexane, methylcyclopentane and
methylcyclohexane, and halogen derivatives thereof; and

25 aromatic hydrocarbons, such as benzene, toluene and




hydr ocarbon solvent is generally used as a polynerization solvent, but an
a--olefin such as propylene nay be used as the sol vent. 1Eeptghizs 2003t he
hydr ocarbon sol vents used in the 20 polynerization include aliphatic
hydr ocar bons, such as pentane, hexane, heptane, octane, decane, dodecane
and kerosine, and hal ogen derivatives thereof; alicyclic hydrocarbons,
such-as cycl ohexane,' nethyl cycl opent ane,gnd net hyl cycl ohexane, and hal ogen
derivatives thereof; and 25 aromatic hydrocarbons, such as benzene,
toluene and 1 Septenber 2003 28 xyl ene, and hal ogen derivatives thereof
such as chl orobenzene, Tgeie sohyenis can be used singly or in

AKRPH Bna

combi nati on ofYt&B€or 2ABr AL O A HI T Gh LEERFPEnEY gc-olefin of 3 to

20 carbon atops, and if necessary, other nonomers can be copolynerized by
any of bat chwiBeERHCBERRT nudie “epFBAESEES, CTRePE oot Jribh i 156n s

preferably carried out coptjnuously, and is particularly preferably
carried out 18°@§ﬁP?ﬁﬁgﬂs? UL Y &S G vessel type reactor. When the

copol ynmeri zation is carried out continuously, the netallocene catalyst is

used in, for exanpheghdign aly)QMT 60RCBALERLI 8. 3The s@nceniLation of
t he nmetal |l ocene conpound in the 15 pol ynmeri zation systemi's in the range
of usually 0.8b00s. 2»d0ll BERAIIEIVEr é@ﬁyﬁﬁﬁpﬁarﬁoﬁaWOb@ne), preferably

copolymerized by any of batchwise and continuous
processes, the copolymerization is preferably carried out
continuously, and is particularly preferably carried out
10 continuously using a stirring vessel type reactor. When
the copeolymerization is carried out conﬁinuously, the
metallocene catalyst is used in, for example, the
following concentration.
The concentration of the metallocene compound in the
15 polymerization system is in the range of usually 0.00005
to 0.1 mmol/liter (polymerization volume), preferably
0.0001 to 0.05 mmol/liter. The organocaluminum oxy-
compound is fed 'in such an amount that the molar ratio
(Al/transition metal) of the aluminum atom to the
20 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 the molar ratio (ionizing ionic compound/metallocene
25 compound} of the ionizing ionic compound to the -

metallocene compound in the polymerization system becomes

0.5 to 30, preferably 1 to 25.




0.0001 to 0.05 mml /liter. The organoal um num oxy- conpound is fed in such
an anount that the nolar ratio (Al/transition netal) of 1tSepteahhen2008& at om
to the 20 transition netal in the netall ocene conpound in the

pol yneri zati on system beconmes usually | to 10000, preferably 10 to 5000.
The ionizing ionic conpound is fed in such an ambunt that the nolar ratio
(ionizing ionic conpound /netal |ocene 23gconpound) of the ionizing ionic
conpound to the netall ocene conpound in the polynerization system becones
0.5 to 30, preferably 1 to 25. 1 Septenber 2003 29 Wien t he organoal um num

conpound i s used, tQ o cqﬁné)ound is fed in an anount of usually about 0 to 5
mmol /1iter (polymeri28%i oA voi (RS2 Yramsy S6rpoRBguis oused, 2theml /liter. 5

In the copol yr’rgg)]ingti(gniof e(%nkgl ene, an a-olefin of 3 to 20 carbon atons,
and if necessary CorRer frohthers 4t ety PésyfEaley aheured at¢ drene

catal yst, the I rization reaction is_carried out under the
condi ti ons of ‘g‘%g{%@ At uf%OJO‘fmeLi%H@tll)?n- yoltgeisoereferphly exity © tto

120C, nore preferab 0 to 100C, and a pressure of nore than 0 kg/cnR2 and
not nore than %Omm i%l%ﬁfr'pref erably nore than 0 kg/cn2 and not nore than

50 kg/cn2. dn a contjnyous pol.ynerization process, these pelynerization
condi ti ons 5Iare pre?%r} %]ey é’lo&)g’g‘t?ﬁé'lzé‘ﬁffm f ethylene, an a-olefin of

3 to 20 carbon atoms, and if necéssary, other monomers in
the presence of the metallocene catalyst, the
copolymerization reaction is carried out under the
conditions of a temperature of usually ;20 to 150°C,

10 preferably 0 to 120°C, more preferably 0 to 100°C, and a
pressure 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?. In a continuous polymerization process, these
polymerization conditions are preferably held constant.

15 Although the reaction time {(average residence time
when the copolymerization is carried out continuously)
varies depending upon. the catalyst concentration,
polymerization temperature, etc., it is in the range of
usually 5 minutes to 5 hours, preferably 10 minutes to 3

20  hours.

Ethylene, an a-olefin of 3 to 20 carbon atoms, and
if necessary, other monomers are fed to the
polymerization system in such amounts that the

ethylene/a-olefin copolymer having specific composition




15 Al'though the reaction tinme (average residence tine when the
copolynerization is carried out continuously) varies defesafitergber9@3 t he
catal yst concentration, polynerization tenperature, etc., it is in the
range of usually 5 mnutes to 5 hours, preferably 10 mnutes to 3 20
hours. Ethylene, an a-olefin of 3 to 20 carbon atons, and if necessary,
ot her nmononers are fed to the polynerizggion systemin such anmounts that
the ethylene/a-olefin copolymer having specific conmposition | Septenber
2003 30 can be obtained. In the copol ynerization, a nolecular weight

nodi fier such_as Q%dro en npy ?e further used., When ethyl ene, an a-olefin
of 3 to 20 carBbratGHE "Sehd F HEe SR YHRAT IBhore M Ll ar

copol yneri zed as described above, the ethyl ene/a-olefin copolyner is
Clonal 1y obt a1 T g R maReBorit PERECBAY FAY g (HEF SR a itk - The
pol ymer solutioniw% tre %ﬁg in a CODVﬁﬂ%iona nney wher eby t he

et hyl ene/ a-ol efi n 5%b5%y Ffor *UsE Pt hd Phvent? on’ i g 10
Lubricating oi

| . C iti Th bricati il itio di t
he | nvent Lo T TISSCA g OB ECBRRORY 7 e Grry Oy APed G | cat | ng

of | base (A) and the phove renrioned, SLEYLEDPLA 0 11A R0l yer (B), or a
| ubricating o _

.usually obtained as a polymer solution containing the

Copélymer. The polymer solution is treated in a

conventional manner, whereby the ethylene/o-olefin

copolymer for use in the invention is obtained.

10 Lubricating oil composition

The lubricating oil composition according to the
invention is a lubricating oil-composition comprising a
lubricating oil base (A} and the above-mentioned
ethylene/a~olefin copolymer (B), or a lubricating oil

15 composition comprising a lubricating oil base (A), the
specific ethylene/a-olefin copolymer (B) and a pour point
depressant (C).

The comp;nents for formiﬁg the lubricating oil

composition of the invention are described below.

20 (A) Lubricating o¢il base

Examples of the lubricating oil bases (A) for use in
the invention include mineral oils and synthetic oils
such as poly-o-olefins, polyol esters, diesters (e.qg.,
dioctyl phthalate, dioctyl sebacate) and polyalkylene

25 glycols. A mineral oil or a blend of a mineral oil and a




15 conposition conprising a lubricating oil base (A), the specific

et hyl ene/ a- ol efin copol yner (B) and a pour point depresddaptéraher 2008
conponents for formng the lubricating oil conposition of the invention
are described below. 20 (A) Lubricating oil base Exanples of the

| ubricating oil bases (A) for use in the invention include mneral oils and
synthetic oils such as pol y-a-ol efins, P9 yol esters, diesters (e.g.,

di octyl phthal ate, dioctyl sebacate) and pol yal kyl ene 25 glycols. A mneral
oil or a blend of a m-neral oil and a 1 Septenber. 2003 31 synthetic oil is
preferably enpl or\’/ed. The mineral oil is generally enployed after subjected
to refining suthiERetifevend g pmefiesali ynemelayedi | Sher elidieviaded iilnt.e
several classes according to the refining method, a mneral oil 5 having a
wax content of PSr3bly FRRlyeserdiar] yubiprbgddto Fofimxamduesh ashi ghly
refined oil produced by h¥dr ocracking refining, having a | ow pour point
and a hi gh vi sTO% 149 nd&L thAHIR oRt e ¥ hop i sopareafdiividgsl anfmi sevepaponent

i s enpl oyabl e. m neral oi] havi n% a 10 kinematic viscosity of 10 to 200
cSt at 40Cis i 1I3FCEIngy 9. The) ref hyinmatethad efd micepallymet As t he
et hyl ene/a-s-olhegéir}lgccgool mer (B) for use in B

wdx content of 0.5 to 10 % is generaliy employed.
For example, a highly refined oil produced by
hydrocracking refining, having a low pour point and a
high vis¢osity index and containing isoparaffin as é main
component~i§ employable. A mineral oil.having a
10 kinematic viscosity of 10 to 200 cSt at 40°C is generally

emnployed.

(B} Ethylene/a~olefin copolymer

As the ethylene/a-olefin copolymer (B} for use in

the present invention, the aforesaid ethylene/a-olefin
15 copolymer is employed.

In the lubricating o0il composition of the invention,
particularly an ethylene/a-olefin copolymer (B-1} having
the following properties is preferably employed as the
ethylene/o~olefin copolymer (B);

20 (1) the ethylene content (E) is in the range of 65
| to 77 % by weight, |

{2} the weight-average molecular weight (Mw) in
terms of polystyrene, as measured by GPC, is in the range
of 80,000 to 400,000,

25 {3) Mw/Mn is not more than 2.4,



t he present invention, the aforesaid ethylene/a-olefin 15 copolyner is
enployed. In the lubricating oil conposition of the invert$antember 2003
particularly an ethyl ene/a-ol efin copolyner (B-1) having the follow ng
properties is preferably enployed as the ethylene/a--olefin copolyner (B);
20 (1) the ethylene content (E) is in the range of 65 to 77 % by wei ght,
(2) the weight-average nol ecular weight (3V) in terns of polystyrene, as
measured by GPC, is in the range of 80,000 to 400,000, 25 (3) MM M is not
nore than 2.4, 1 Septenber 2003 32 (4) the nelting point (Tnm) as neasured

by DSC is i th f 60C, (5)..the ethyl t E, .%Db

V\gi ght ),I andnt he englq??gagprg%ngL??rﬁoaé aLTmﬂe:assﬁrr%%sgﬂr}%ﬂg%@sggl}:sgﬁ tRe y5

foll owi ng rel atj.o l): 3. 3kxE-1868.Z Tm (1), and (6) the proportion (V, %
Ok o3 F5XER 18P

of of carbon atons t ZarBon atons in the main chai n, and if present,
(e, Lona: 10, a1 SBR0SEe 00 RN S PR B Rl
ethylene/(X_OHQHEQHBOB8HXQEQT&?_2%)hggjégésured by DSC satisfy the
"5  following relation (I}: | o
3.31xE-186 2 Tm (1),
and
(6) the propo;tiqn (V, %) of af} carbon atoms to all
carbon atoms in the main chain, and if bresent, the long-
10 chain branches, and the ethylene content (E, % by weight)
satisfy the following relatioﬁ (II):
V £ 10-0.1xE (IT}.
Further, an ethylene/a-olefin copolyﬁer {(B~2) having
the following properties can be also preferably employed
15 as the ethylene/a-olefin copelymer (B);
(1) the ethylene content (E) is in the range of 40
to 55 % by weight,
(é) the weight-average molecular weight (Mw)} in
terms of pclystyrene, as measured by GPC, is in the range
20 of 80,000 to 400,000,
| (3) Mw/Mn is not more than 2.4,

{4) the melting point (Tm) as measured by DSC is not

higher than -20°C, ~




the follow ng properties can be also preferably enployed 15 as the

et hyl ene/ a-ol efin copolyner (B); (1) the ethyl ene contentl Sdptemiseri2@08 he
range of 40 to 55 % by weight, (2) the weight-average nol ecul ar wei ght
(Mv) in ternms of polystyrene, as neasured by GPC, is in the range 20 of
80, 000 to 400,000, (3) MM M is not nore than 2.4, (4) the nelting point
(Tm as neasured by DSC is not higher th ? -20C, 1 September 2003 33 (5)
the ethyl ene content (E, % by weight) and the nelting point (Tm C) as
measured by DSC satisfy the followng relation (1): 3.3IxE-186 > Tm (1),
5 and (6) the propory on (V, %9 _ of aj3 carbon atons to all carbon atons in
the main chain, and(Pf BP%S%WEYl"Erh% JBHG te HEi n Shbanehéght Angnd hehet hyl ene
content (E, % . satisfy the followng relation: 10 V < 10-0..1xE
(11) The et hyl E%é/té“& BPERL cOPBI yrfer aBesuseef byaBFy satisppl ymer havi ng
aratio (110/1 ) f the nelt |ndex (110) as neasured at 190C under a | oad
of 10 kg to th PEIOPnBRe%aE49Y 69 'neasured at 190C under a |oad of 2.16

kg 15 ranging fror’r583£oE 11686 > T (1)

5 and

(6) the proportion (V, %) of of carbon atoms to all
carbon atoms in the main chain, and if present, the long-
chain branches, and the ethylene content (E, % by wéight)
satisfy the following relation: |

16 V £ 10-0.1xE (II).

The ethylene/a-olefin copolymer (B) is preferably a
copolymer having a ratio (I1g/I2) of the melt index {(Ii0)
as measured at 190°C under a load of 10 kg to the melt
index (I2) as measured at 190°C under a load of 2.16 kg

15 ranging from 8 to 16.

Further, the ethylene/a-olefin copolymer (B) is

preferably a copolymer having a ratio (I10/I2) of the

melt index (I1g) as measured at 190°C under a load of 10

kg to the melt index (Ip) as measured at 190°C under a
20 load of 2.16 kg being not less than 5 and less than 8.

{(C) Pour point depressant

Examples of the pour point depressants for use in
the invention include alkylated naphthalene, {colpolymers
of alkyl methacrylates, (co)polymers of alkyl acrylates,

25 copolymers of alkyl fumarates and vinyl acetate, a-olefin




Further, the ethylene/a-olefin copolymer (B) is preferably a copol yner
having a ratio (110/12) of the nelt index (110) as neas(rSegtanber 20E3 under
a load of 10 kg to the nelt index (12) as neasured at 190C under a 20 | oad
of 2.16 kg being not less than 5 and less than 8. (C) Pour point
depressant Exanpl es of the pour point depggessants for use in the invention
i ncl ude al kyl ated napht hal ene, (co) polyners of alkyl nethacryl ates,
(co)polynmers of al kyl acrylates, 25 copolyners of al kyl fumarates and vinyl
acetate, a-olefin 1 Septenber 2003 34 polymers, and copol yners of a-ol efins
and styrene. Gelvigase, apdoyppPyvesss off dF kgl e ffgthadd sdtvaengnd Of
(co)polyners of alkyl acrylates are preferably enployed. Lubricating oi
conposi tion 5thgseli lse) pabpie renet oflihle naitydeatliatgsoidnd conposi tion of
‘the invention conprises the lubricating oil base (A) and the

et hyl ene/ ( x- ol{ePilpodapergnef €Bfyl |acrilitey Wre dasisgadilly emmposietion, the
et hyl ene/ a-olefin copolymer (B) is contained in an anmpunt-of 1 to 20 % by
10 weight, preferably 5 to 18ubrhgatengheil reemppattidnbricating oil base
(A) and additives described later). Such a lubricating oil conposition
exhibits svmal | tenpbeafiFret deperdierd ofd thes ladoadichéAngl ewlt enperat ure

properties. The Iub(igating oi | conposition can be used 15 as it is as a
| ubricating oicempepigannpel usksl HWyvention comprises the lubricating

oil base (A) and the ethylene/a-olefin copolymer (B). In
this lubricating oil composition, the ethylene/a-olefin
copolymer (B} 1s contained in an amount-of 1 to 20 % by
10 weight, preferably 5 to 10 % by weight (residue:
lubricating oil base (A) and additives described later).
Such a lubricating oil composition exhibits small
temperature dependence and has excellent low-temperature
properties. The lubricating oil composition can be used
15 as it is as a lubricating oil, or can be used as a
lubricating oil after further blended with a lubricating
0il base, a pour depressant, etc.
The second embodiment of the lubricating oil
composition of the invention comprises the lubricating
20 o0il base (A), the ethylene/a-olefin copolymer (B) and the
pour point depressant (C). In this lubricating oil
composition, the ethylené/a—olefin copolymer (B) is
contained in an amcount of 0.1 to 5 % by weight, -
preferably 0.2 to 1.5 % by weight, more preferably 0.25

[+)

25 to 1.5 % by weight, particularly preferably 0.30 to 1.5 %



| ubricating oil after further blended with a lubricating oil base, a pour
depressant, etc. The second enbodi nent of the | ubricatind SzEptemimo@p03ition
of the invention conprises the lubricating 20 oil base (A), the

et hyl ene/ (x-ol efin copolyner (B) and the pour point depressant (C). In
this lubricating oil conposition, the e\tléyl ene/ a-ol efin copolynmer (B) is
contained in an anount of 0.1 to 5 % by ght preferably 0.2 to 1.5 % by
weight, nore preferably 0.25 25 to 1.5 %by weight, particularly
preferably 0.30 to 1.5 % 1 Septenber 2003 35 by wei ght, and the pour point
depressant (C) bivs W@Gﬂb&u nedd tie apoarmyptiitn tofdeb @ daoitS () bY sWebdbh i neq
preferably 0.1 to 3 % by weight, nore preferably 0.1 to 2 %by weight,
nost  pref erabiy @n2amgunt5o% By weiglht 5 (resicdyet | @Q@f@%bmg &.9i L base
(A) and additives described |ater). When the anount of the

et hyl ene/ (x- ol éf fnbyopelgher nd@)e iprdfeeradlyboi.qatbng @i byceapgst!ighsef the
invention is not less than 0.1 % by weight, a viscosity inproving effect
can be obtai negefanabined- 2 heo antiurkt Hyherdahti, s (rebigmee 1 {8P; A9 B g6 by
wei ght, the_ effect of the pour point depressant (C) is not hindered,

t hat the ab%veOFéHQQSQES(A)f)l’@"fcérml&l‘i‘éheﬂleEHEJ_Bé’EUm&t@f)th@ﬂhen the

et hyl ene/a-olefin copolyner (B). is in the above range, a lubricating oil
conposi ti on ha¥fAgrt npF overl atilgdesiet/y-andfexcebbebimdb fhpwabididy at |ow
t enperatures can be obtai ned.

lubricating oil composition of the invention is not less
than 0. 1_% by weight, a viscosity improving effect can be
obtained, and when the amount thereof is not more than

10 5 % by weight, the effect of the pour point depressant
{C) is not hindered, so that the above range 1is
preferable. When the amount of the ethylene/a-olefin
copolymer (B) is in the above range, a lubricating oil
composition having improved viscosity and excellent

15 flowability at low temperatures can be obtained.

Such a lubricating oil composition exhibits small
temperature dependence and small rise of the pour point,
sald rise being attributed to the interaction between the
ethylene/o-olefin copolymer and the pour point depressant,

20 . and has excellent low-temperature properties in every
‘shear rate region. Moreover, the lubricating oil
gomposition has excellent high-temperature properties and
shows good lubricity, so that it is advantageous in

saving of fuel.



Such a lubricating oil conposition exhibits small tenperature dependence
and small rise of the pour point, said rise being attri dfepderioertd®63
interaction between the ethylene/a-olefin copolyner and the pour point
depressant, 20 and has excellent |owtenperature properties in every

-shear rate region. Mreover, the lubricaggng oil conposition has
excel l ent high-tenperature properties and shows good lubricity, so that it
i s advantageous in saving of fuel. 1 Septenber 2003 36 In the lubricating
oi | conposition of the inveption, additives exhibiting viscosity index

i nproving effect, ZutheadvPEdypbiyaers! ofompass tifn iplcricatigyention,

hydr ogenat ed éﬁF' or SEBS, .and other additives, such as deteﬁggnt, rust 5
preventive ag ,lQﬁW?ﬁeF§BﬁP}té99rEhﬁcﬁ?éggu¥ Hyetfterovadity Sd&%ng agent,
-anti oxi dant and netal deactivator, _nmay be contained in addition to the

| ubricating oil"%ade (R PohﬁgeéﬁhQFeﬁg¥¥ﬁcﬁ%ﬁW%F%Xﬁﬁﬂ?ﬁneﬁ“@BPgﬁﬁét@ﬁe pour
poi nt depressant gﬁ?. 10 The lubricating oil conpasition of the invention
can be prepardf °F tFEST of PEWPhECFadfet E1TER etUiyt éive/BLer8Iedti n T88 ol yer
(B), and if necessary, additives ,are mxed with or dissolved in the

| ubricatin OFF68§§§lFﬁDag?ﬂtacéb?ﬂ%ﬁ%%95wt?ﬁ%F%ﬁﬁmﬂ¥eﬁ€%H€H?gGPtthe
ethylene/a 15 ol efin co ohgner (E%, t he, pour poi nt depressant gca, and if
necessary, ad@ltivé§aBrBInPREATwi #AELPxaoIant Mefal deactivator,

may be contained in addition to the lubricating oil base
(A), the‘ethylene/a-olefin copolymer (B} and the pour
peint depressant (C).

10 The lubricating oil composition of the invention can
be prepared in the following manner: the ethylene/a—
olefin copolymer (B), and if necessary, additives are
mixed with or dissolved in the lubricating o0il base (A)
in accordance with a known method; or the ethylene/o-

15 olefin copolymer (B}, the pour pcint depressant (C), and
if necessary, additives are mixed with or dissolved in
the lubricating cil base (A) in accordance with a known
method.

In the present specification, all numerical values

20 for the amounts of materials, reaction conditions,
molecular weights, carbon atom numbers, etc. are
desirably understood to be supplemented with a term
"about" so long as_their meanings do not become -
technically indefinite, with the exception of the

25 following examples or unless otherwise stated.




the lubricating oil base (A) in accordance with a known nethod. In the
present specification, all nunerical values 20 for the driaphrsbef2003
materials, reaction conditions, nolecular weights, carbon atom nunbers,
etc. are desirably understood to be supplenented with a term "about" so

| ong as-their neani ngs do not becone technically indefinite, wth the
exception of the 25 foll ow ng exanpl es or 3dnl ess otherwi se stated. 1

Sept enber 2003 37 EFFECT OF THE | NVENTI ON The lubricating oil conposition
of the invention is excellent in the |owtenperature properties and the
lubricity at high tenperatures. EBFEXANA EHE hRvyEngse i nvention is further
described with .reference to the foll owi ng exanples, but it should be
construed that the FTheehthohcatsing oid waypbisittied b6 €Aet hsEnEXawPILs. In
the exanpl es, various properties were nmeasured in the follow ng nmanner.

Et hyl ene cont efKCEE}eThelrt byt diver-denperhtwas peagakedesnaad iped sol vent
15 of orthodi chl orobenzene and benzene-d6 (orthodi chl orobenzene/ benzene-d6
=3/1- 4/1, b&upéighﬁy at high temperatures.,

5 . -

EXAMPLE
The present invention is further described with
.reference to the following examples,rbut it shouid be
construed that the invention is in no way limited to
10 those examples. |
In the examples, various properties were measured in
the following manner.

Ethylene content (E)

The ethylene content was measured in a mixed solvent
I35  of orthodichlorobenzene and benzene~dé6
(orthodichlorobenzene/benzene-dé6 = 3/1 - 4/1, by volume)
using a nuclear magnetic resonance apparatus of Japan
Electron Optics Labofatory LAS00 Model under the
conditions of a temperature of 120°C, a pulse width of
20 45° pulse and a‘'pulse repetition time of 5.5 seconds.

Viscosity at 100°C (K.V.)

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 mmZ/sec.

25 Cold Cranking Simulator (CCS)




usi ng a nucl ear magnetic resonance apparatus of Japan Electron Optics
Laboratory LA500 Mbdel under-the conditions of a tenperatiBeptehbdrZ003 a
pul se width of 20 45 pul se and apul se repetition tinme of 5.5 seconds.
Viscosity at 100C (K V.) The viscosity was neasured in accordance with ASTM
D 445. In the exanpl es, adjustnent was e so as to obtain K V. of about
10 mm2/sec. 25 Cold Cranking Sinmulator ( ) 1 Septenber 2003 38 CCS was
measured in accordance with ASTM D 2602. The CCS is used to eval uate
sliding properties gstarting properties) at |ow.tenperatures at the crank
shaft. A smaller ¢Pu¥asfmeesuredi bataecyedansie [whiht &SPYr Bt 46825
properties of a lubricating oil. Mni-Rotary Visconeter (MRV) MRV was
measured in adE8r §&fcéSwhERIABTMVE TR B8Pioe o d imotGBoPETé eWRYsEsrtsed to
-eval uat e punping performance. of an oil punp at |ow tenperatures. A snaller
val ue of 10 MRYCPRALESFésabet Pertemue fatpetatalr &hsr spenki ebadt.a A

| ubricating oil. _ Shear Stabilitg I ndex (SSI) SSI was neasured in accordance
with ASTM D 35B5lle¥ngaber 5 GChHehrdieaists IHatdmat lewvtsepskayuress that is
15 caused py break of nol ecul ar. chain of a copol ynmer conponent in-a '
| ubricatimy oPFORABRIEReCEopol yifcating oil. ST

Mini-Rotary Viscometer (MRV)

MRV was measured in accordance with ASTM D 3829 ana
D 40684. The MRV is used to evaluate pumping performance
of an oil pump at low temperatures. A smaller value of
100 MRV indicates better low-temperature properties of a
lubricating oil.

Shear Stability Index (SSTI)

SS1 wés measured in accordance with ASTM D 3945.
The SSI is a measure of kinematic viscosity loss that is
15 caused by break of molecular chain of a copolymer
component in a lubricating oil when the copolymer
component suffers a shear force under the sliding motion.
A larger value of SSI indicates larger loss of kinematic
viscbsity.

20 High Temperature High Shear Viscosity (HTHS)

HTHS was measured under the conditions of
150°C/108s5"1 in accordance with ASTM D 4624. The HTHS is
used to evaluate lubricating oil performance at high -

temperatures at a high shear rate. A larger value of




conmponent suffers a shear force under the sliding notion. A larger value
of SSI indicates |larger |loss of kinematic viscosity. 201K3eaplenTmmn2003dt ure
Hi gh Shear Viscosity (HTHS) HTHS was neasured under the conditions of
150C/ 106s-1 in accordance with ASTM D 4624. The HTHS is wused to evaluate

| ubricating oil performance at high tenperatures at a high shear rate. A

| arger val ue of 1 Septenber 2003 39 HTHS i34di cates better |ubricating oi
performance at high tenperatures. Lowtenperature storage stability After
a lubricating oil was cooled at -18C for 2 5 weeks, flowability

(appear ance) oHTHHEeihdbcatas il odd ldMﬁidﬂ%i%@V%qlaBgr?MEﬁyﬁégqa?Sh%ﬁ{lOMB'
AA: The lubricating oil flows. BB:.The lubricating oil does not flo in
gel state). l1lO0tPobgneturzati on Exanple 1 Synthesis of olefin copolynmer In a
2-liter autoclave (nade of SOS) equipped with a stirring blade, said

aut ocl ave havi hgwbeenpe horwoug Mo raper gedpwitihyni trogen, 900 m of heptane
was placed at 15 23C. To the autoclave, 5 NI of propylene and 90 m of
hydrogen were fed whiter rotlatimgathegsbinrivag dbades and —ige 6Qgl isng. Then,
the autoclave was heated up to 70C and pressurized with ethylene so that
the total preswesls, flowability (appearance) of the lubricating oil

was observed and evaluated as follows.
AA: The lubricating oil flows.

BB: The lubricating oil does not flow (in gel state).

10 Polymerization Example 1

Synthesis of olefin copolymer

In a 2-liter autoclave {(made of SUS) equipped with a
stirring blade, said autoclave having been thoroughly
purged with nitrogen, 900 ml of heptane was placed at

15 23°C. To the autoclave, 5 N1 of propylene and 90 ml of
hydrogen were fed while rotating the stirring blade and
ice cooling. Then, the autoclave was heated up to 70°C
and pressurized with ethylene so that the total preésure
would become 6 KG. When the internal pressure of the

20 autoclave became 6 KG, 1.0 ml of a hexane solution of
triisobutylaluminum (TIBA) (1.0 mM/ml) was forced into
the autoclave with nitrogen. Subsequently, 3 ml of the
previously prepared toluene solution containing 0.016 mM
(in terms of B) of

25 triphenylcarbenium(tetrakispentafluorophenyl)borate and




woul d beconme 6 KG Wen the internal pressure of the 20 autocl ave becane 6
KG 1.0 ml of a hexane solution of triisobutylalum num (1Bepmifer 2008M m )
was forced into the autoclave with nitrogen. Subsequently, 3 m of the
previ ously prepared-toluene solution containing 0.016 MM (in ternms of B)
of 25 triphenyl carbeni un{tetraki spentafl ugrophenyl)borate and 1 Septenber
2003 40 0. 0004 mM of (dinethyl (t-butylanmi 8®) (tetramet hyl -r15

cycl opent adi enyl )silane)titaniumdichloride was forced into the autoclave
with nitrogen to initiate polymsrization Thereafter, for a period of 5

mnutes, 5 tenpesedHnRs Cant (Ahe®hyhi 8% BHE?EE&%%Y‘@&HF&%%@GC t he

internal tenperature would becorre 7 C, and ene was Iy fed so

that the press&w@lmﬁﬂ%@@smgﬁe;tﬁgﬁ&aé alngﬂ &8s asamd f&eqby Jugiation

-of polynerization, to the autoclave was met hanol nmeans of a

punp 10 to termnatedAnRniazat i,98n ﬁa‘ér&a@npw%‘?ﬁ' i ol the autocl ave was
rel eased to atnospheric pressure. Then, 3 “liters o et hanol was pour ed

into the react SO iWt=tQRn (W f,l;bﬁ;éfgélng £JN& rRsul td 0 th the
sol vent was r(igle%l atJL 1300nand 600 Torr for 13 hours t%qro%t gllxﬁﬁgfw of

an ethyl eng/ propifens . cepeliebl BEOPEE! LeEoolatdeyad %%Hé '&9 @.I%Jtyfz%r are
set forth in Table 1. Polynerization Exanple 35 Grans ymer was
obtained in tha sl temperature would become 70°C, and ethylene was
directly fed so that the pressure would become 6 KG.
After 5 minutes from the initiation of polymerization, to
the autoclave was fed 5 ml of methanol by means of a pump
10 to terminate polymerization, and the pressure of the
autoclave was released to atmospheric pressure. Then, 3
liters of methanol was poured into the reaction sclution
with stirring. The resulting polymer with the solvent
was dried at 130°C and 600 Torr for 13 hours to obtain 32

15 g of an ethylene/propylene copolymer. Properties of the

resulting polymer are set forth in Table 1.

Polymerization Example 2

35 Grams of a polymer was obtained in the same
20 wmanner as in Example 1, except that the charge of
propylene was changed to 4.5 Nl. Properties of the
resulting polymer are set forth in Table 1.

Polymerization Example 3




nner as in Exanple 1, except that the charge of propylene was changed
Eg 2?5 NI . Propertigg of the resulting polyner are set fi&eplemberEabie 1.
Pol yneri zati on Exanple 3 1 Septenber 2003 41 38 Grans of a pol ynmer was
obtained in the same manner as in Exanple 1, except that the charge of
hydrogen was changed to 150 m and the polynmerization tine was changed to
4 minutes. Properties of the 5 resulting pdl yner are set forth in Table 1.
Pol yneri zation Exanple 4 In a 2-liter autoclave (made of SUS) equi pped with
a stirring blade, said autoclave having been thoroughly 10 purged with f
nitrogen, 900 m of 3Beptane MﬁgaQkﬁg@@IaMaSZ%gtaIgghhgnayﬂgcgggg,_38 hﬁho
propyl ene was fed while rotating the stirring blade and 1ce cooling. en,

the. autocl aveanmerheat 6l Bini SAC andepressukii 2ad WLLD . eLpy!l ene so tEat
the total pressure would becone 8 KG 15 Wen the I nternaf pressure of the

toclave becahpdBoi& wds &:HEngefa achexanai1sahut kAR 951 LhilsoRUL Y] al umi num
??Igi) v(1.0 ng?n1)gﬁzswforCeém?itoothe aut ocl ave mn?% %&trogen. o

Subsequent |y, Bimt wis tdrearpyevitusl wipLepar edpt Y ane ytion contai ni ng
0.1 M (in Verns of Al) of 50 ot hyl al umi noxane&%nd 0_503% Cof bis(1,3-

di met hyl cyd opeesalii any | paiyneeniawe dieehkaride;nasfprced fnto the
autoclave with nitrogen to initiate

Polymerization Example 4

In a 2-liter autoclave (made of SUS) equipped with a
stirring blade, said autoclave having been thoroughly

10  purged with nitrogen, 900 ml of heptane was placed at
23°C. To the autoclave, 38 N1 of propylene was fed while
rotating the stirring blade and ice cooling. Then, the
autoclave was heated up to 80°C and pressurized with
ethylene so that the total pressure would become 8 KG.

15 When the internal pressure of the autoclave became 8 KG,
1.0 ml of a hexane solution of triisobutylaluminum (TIB&})
(1.0 mM/ml) was forced into the autoclave with nitrogen.
Subsequently, 3 ml of the previously prepared-toluene
solﬁtion containing 0.1 mM (in terms of Al) of

20 methylaluminoxane and 0.001 mM of bis {1, 3~
dimethylcyclopentadienyl)zirconium dichloride was forced

into the autoclave with nitrogen to initiate
polymerization. Thereafter, for a period of 60 minutes,
temperature control of the autoclave was made so that the

25 .internal temperature would become 80°C, and ethylene was




pol ymeri zation. Thereafter, for a period of 60 mnutes, tenperature
control of the autoclave was nade so that the 25 internall $apigrebatanoé woul d
beconme 80C, and ethyl ene was 1 Septenber 2003 42 directly fed so that the
pressure woul d becone 8 KG After 60 minutes fromthe initiation of
pol yneri zation, to the autoclave was fed 5 nl of nethanol by neans of a
punp to term nate polynerization, and the42pressure of the 5 autocl ave was
rel eased to atnospheric pressure. Then, 3 liters of methanol was poured
into the reaction solution wth stirring. The resulting polynmer with the
solvent was diimd:tigt ££8060anta600hdFopred olird IO HdcprePigaig 34 g of an
et hyl ene/ propyl-ene copol ymer. Properties of the 10 resulting polymer are
set forth in TPdtlegr 0 nmTabkeslfPompenéi gsiofatbidiyleme/Anapwiene iGapol ymer
15 Polym Polym Polym Polym eriza- eriza- eriza- eriza- tion

to the autoclave was fed 5 ml of methanol by means of a

pump to terminate polymerization, and the pressure of the
5 autoclave was released to atmospheric preséuré?s Then, 3

liters of methanol was poured into the reaction solution

with stirring. The resulting polymer with the solvent
was dried at 130°C and 600 Torr for 13 hours to obtain 34

g of an ethylene/propylene copolymer. Properties of the

100 resulting polymer are set forth in Taﬁle 1.

Table 1

Properties of Ethylene/Propylene Copolymer

15
Polym- Polym- Polym- Polym—
eriza- eriza- eriza- eriza-
tion tion Ex. | tion Ex. | tion Ex.
Ex. 1 2 3 4
Polymer properties
Ethylene content 69.7 73.0 71.3 71.5
(wt%}
Mw (in terms of 29.1 31.8 20.5 32.1
PS}) x 10000
Mw/Mn 2.0 1.9 2.1 2.0
DSC~Tm {°C) 36.8 46.9 41.6 45.8
3.31xE-186 44 .7 55.4 50.0 50.5
vV (%) 1. 1.5 1.8
10-0.1xE 3.0 2.9
I10/12 .4 8.2 6.3




[ . tion Ex. tion Ex. Ex. 1234 Polyner properties Ethylene
Egg?eﬁﬁ69.773.071.371.5 (M% Mw (in terns of 29. 131. 820. 33=plerfs)r 26030000
Mv WMn2. 01.92.12. 0 DSC-Tm ( C) 36. 846. 941. 645. 8 3. 31xE- 18644. 755. 450. 050.5 V
(991.51.41.51.8 10-0.1xE3.02.73.02.9 110/129.49.88.?6.3 1 gf?;ﬁnrggc$8?3 43

i zation Exanple 5 In a 2-liter continuous polyneriz
ggt?ggéd wth a stFPring bl ade, said react® havi ng been thoroughly purged
with nitrogen, 1 liter of dehydrated 5 and purified hexane was placed. To
the reactor, a hexane solution of ethylalum num sesquichloride

(Al (C2H5) 1. 50 ER)ymedjizsteédnt Bxampbacentration of 8.0 nmmol/| was
continuously fed for I hour at a rate of'500 m/hr. Then, to the reactor

were further contindousl 9-10téedeantinenes S 1iiean Al YR GEERIL12 (as a
cat al yst)

equipped with a stirring blade, said reactor having been
thoroughly purged with nitrogen, 1 liter of dehydrated
5 and purified hexane was placed. To the reéctéf; a hexane
solution of ethylaluminum sesquichloride
(AL{C2H5)1.5-Cl1.5) adjusted to a concentration of 8.0
mnol/1l was continuously fed for 1 hour at a rate of 500
_ml/hr. Then, to the reactor were further continuously
10 fed a hexane solution of VO(OC2H5)Cl2 (as a catalyst)
adjusted to a concentration of 0.8 mmol/l at a rate of
300 ml/hr and hexane at a rate of 500 ml/hr. On the
other hand, the polymer solution was continuously drawn
out from the top of the polymerization reactor s0 that
15 the amount of the polymer solution in the reactor would
be invariably 1 liter. To the reactor were then fed
ethylene at a rate of 230 1l/hr, propylene at a rate of 70
1/hr and hydrogen at a rate of 4 1/hr uéing a bubbling
tube. The copolymerization reaction was carried out at
20 35°C by circulating a cooling medium through a jacket
equipped outside the polymerization reactor.
Through the reaction under the above conditions, a
polymer solution containing an ethylene/propylene
copolymer was obtained. The polymer solution was deashed

25 by the use of hydrochloric acid and then introduced into




adjusted to a concentration of 0.8 mmvl/I at a rate of 500 m/hr and
hexane at a rate of 500 mi/hr. On the other hand, the pdlSapembai200Bon was
continuously drawn out fromthe top of the polynerization reactor so that
15 the amount of the polynmer solution in the reactor would be invariably 1
liter. To the reactor were then fed ethylene at a rate of 230 1/ hr,
propyl ene at a rate of 70 1/hr and hydrdfen at a rate of 4 1/hr using a
bubbling tube. The copol yneri zation reaction was carried out at 20 35C by
circulating a cooling nmediumthrough a jacket equipped outside the
pol yneri zat i om neagfoamoliieoyghnt bigaf€RCEd QrdH1gar: Hthe tagove conditions, a
pol ymer sol ution containing an ethyl ene/ propyl ene copol yner was obt ai ned.
The pol yner sdltiityleneWpsogdeashedcdso byndhe wsermfvaky dheehhattgmaghdeand
then introduced into 9 Septenber 2003 44 a | arge anount of methanol to
precipitate the 1s0fyl €ne/ propyhesne CopRkyRBEs WA £heWBSshEmyacuum dri ed
at 130C for 24 hours. Properties of the resulting polynmer are set forth in
Table 2. 5 TallogyfePobyseEbzatdorh Gandidyiens .and Properties of Copol yner
Polynerizagion Ex. 5 Polymerization conditions L

Table 2

Polymerization Conditions and Properties of Copolymer

Polymerizationv
Ex. 5
Polymerization conditions
Ethylene (1/hr) 230
Propylene (l/hr) 70
Hydrogen (1l/hr) 4
Polymer properties
Ethylene content (wt%) 70.5
Mw (in terms of PS) x 10000 30.2
Mw/Mn 2.0
DSC-Tm (°C) 26.7
3.31xE-186 47 .4
VJ(%) 7.3
10-0.1xE ' 2.9
I10/12 | 6.1

10 Example 1

A lubricating oil was prepared using 89.04 % by
weight of a mixed oil of mineral oil 100 Neutral/mineral

01l 150 Neutral ({(available from ESS0 Co.) in a mixing




Et hyl ene (1/hr)230 Propylene (1/hr)70 Hydrogen (1/hr)4 Pol ymer properties
Et hgl ene ((:ontent (W% 70.5 Mv (in terns of PS) x 100003015t 200DSC- Tm

(C)26.7 3.3 xE-18647.4 V (O)7.3 10-0. 1xE2.9 110/126.1 10 Exanple 1 A
lubricating oil was prepared using 89.04 %by weight of a mxed oil of
mneral oil 100 Neutral/mneral oil 150 Neutral (available from ESSO Co.)
ina mxing 1 Septenber 2003 45 ratio of 8@/ 20 as a lubricating oil base,
0.46 % by weight of the polyner obtained in Polynerization Exanple 1 as a
viscosity index inprover (viscosity nodifier), 0.5 %by weight of Aclube .
133 (avai | abl erétion Sange/ Kased 5 10»icasiagheyl PLEN! geps essant and 10 %
by wei ght of a detergent dispersant (available from Lubrizole .), The

| ubricating oiv¥eiglst evialttred geb igmerh@blcubhiegat h No Pihe r PEI QI TBNCSE AR

flowability at |low tenperatures. The results are set forth in Table 3.

1 as a viscosity index improver (viscosity modifier),

0.5 % by weight of Aclube 133 (available from Sanyo Kasei

5 Co.) as a pour point depressant and 10 % by wéféht of a

detergent dispersant (available from Lubrizole Co.). The
lubricating oil was evaluated on the lubricating oil
performance-and flowability at low temperatures. The
results are set forth in Table 3.

10

Examples 2 - 4, Comparative Example 1

A lubricating oil was prepared in the same manner as
in Example 1, except for using a mixed oil of mineral oil
100 Neutral/mineral oil 150 Neutral (available from ESSO
15 Co.}) in a mixing ratio of 80/20 as a lubricating o0il base
and any one of the polymers obtained in Polymerization
Examples 2 to 5 as a viscosity index improver in amouqts
shown in Table 3. The lubricatiﬁg oil was evaluated on
the-lubricating 0il performance and flowability at low

20 temperatures. The results are set forth in Table 3.



10 Exanmples 2 - 4-,
t he sane nmanner as
oi | 100 Neutral / m neral

in Exanmple 1,
oi | 150

m xing ratio of 80/20 as a Iubricating oi |

Conparative Exanple 1 A lubricating oi

was prepared in

except for using a m xddaptemidr 2803er al

Neut r a

pol ymers obtained in Polynerization

i nprover in anounts
the lubricating oi

shown in Table 3. T
performance and flowability at

mg

(avai l able from ESSO 15 Co.)

base

and any one of the

in a

es 2 to 5 as a viscosity index
| ubricating oil
| ow 20 tenperatures.

was eval uated on

The

results are set forth in Table 3. 1 Septenber 2003 46 Table 3 Conposition
Ex. tgglezgx 3Ex. 4Can Ex.

and Properties of Lubricating Ol
of Pol y- Pol y- Pol y- PolynPoI% e -

1 Type

et hyl ene/ propyl enei 6 of e addedEx.
1Ex. - 2Ex. 3Ex. 4Ex. 5 Conp05|t|on (mﬁ ) Iubrlcatlng o]
base89. 0489. 0488. 7889. 0489. 04 delekgent dispersgniERQ. 310. @%0. 810. Od0p 0 pour
poi nt deptessant 0. 50. 50. 50. 50. 5 ¢opol yney 0. 460. 460. 720. 460. 46 LubEkcalihg
oi | Tvpe of Poly- Poly-~ Poly- Poly- Poly-
yp mer-— mer— mer- mer- mer-
ethylene/propylene ization | ization | ization']| ization | ization
Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 -
copolymer added
Composition (wt%)
lubricating cil base 85.04 89.04 88.78 89.04 89.04
detergent dispersant 10.0 106.0 1¢.0 10.0 10.0
pour point depressant 0.5 0.5 0.5 0.5 0.5
copolymer 0.46 0.46 0.72 0.46 0.46
Lubricating o0il
performance
K.V. at 100°C (mm2/s) | 10.08 | 10.16 | 10.15 | 10.10 | 10.05
SS81 49.0 48.0 32.0 47.0 46.0
CCS 2880 2780 2960 2820 | 2820
MRV 28500 23200 46000 24200 44500
low-temperature AR AR AA AA AR
storage stability
HTHS 3.25 3.24 3.28 3.20 3.06




performance K V. at 100C(mm®R/s) 10. 0810. 1610. 1510. 1010. 05 .
SSI 49. 048. 032. 047. 046. 0 CCS28802780296028202820 1 September 2003
VRV2850023200460002420044500 | ow t enper at ur eAAAAAAAAAA st orage stability
HTHS3. 253. 243. 283. 203. 06 1 Septenber 2003 47 Pol yneri zati on Exanple 6
Synthesis of olefin copolynmer In a 2-liter autoclave (made of SUS) equi pped
with a stirring blade, said autoclave hawhg been thoroughly 5 purged wth
nitrogen, 900 m of heptane was placed at 23C. To the autoclave, 13 N of
propyl ene and 100 ml of hydrogen were fed while rotating the stirring

bl ade and i ce Rdgimendzathen, Ekhgpast ocl ave was heated up to 70C and
pressurized with ethylene so that The total pressure 10 woul d becone 6 KG

When the innternal pressure otyhBges@yt 8¢l gverhec 1.0 mM of a.
‘hexane sol ution of trii sobuﬁzlﬁlmmﬁ‘w% was flor ced int Od
t he autoclave w th mht&aogeni hseqitel evi ous repare
t ol uene sol uti on cont ai nigng %(%132 nivi rlhIS‘}e%ll rq%tde@rr?g gPEE § “Pbe S %uieR &P
tri phenyl car besicintt et bkhspensafd wwﬂl%fw Ralers ﬁtgeb@@g Ro999 5th of
(di nmet hyl (t-butylam do)(tetranethyl--rj5

5 purged with nitrogen, 900 ml of heptane was placed at

23°C. To the autoclave, 13 N1 of propylene and 100 ml of
hydrogen were fed while rotating the stirring blade and
ice cooling. Then, the autoclave was heated up to 70°C
~and pressurized with gthylene so that the total pressure
10 would become 6 KG. When the internal pressure of the
autoclave became 6 KG, 1.0 ml of a hexane solution of
triisobutylaluminum (TIBA) (1.0 mM/ml) was forced into
the autoclave with nitrogen. Subsequently, 3 ml of the
previously prepared toluene solution containing 0.02 mM
15 (in terms of B) of
triphenylcarbenium(tetrakispentafluorophenyl)borate and
0.0005 mM of (dimethyl (t-butylamido) (tetramethyl~n5-
cyclopentadienyl)silane)titanium dichloride was forced
into the autoclave with nitrogen to initiate
20 - polymerization. Thereafter, for a period of 5 minutes,
temperature control of the autoclave was made so that the
internal temperature would become 70°C, and ethylene was
directly fed so that the pressure would become 6 KG.
After 5 minutes from the initiation of polymerization, to

25 the_autoclave was fed 5 ml of methanol by means of a pump




cycl opent adi enyl )silane)titaniumdichloride was forced into the autoclave
with nitrogen to initiate 20- polynerization. Thereafter ;| JeptenabgnefDdd of 5
m nutes, tenperature control of the autoclave was nade so that the
internal tenperature would becone 70C, and ethylene was directly fed so
that the pressure would becone 6 KG After 5 mnutes fromthe initiation of
pol yneri zation, to 25 the autoclave was 4%d 5 nl of nethanol by nmeans of a
punp .1 Septenber 2003 48 to term nate pol ynerization, and the pressure of
the autoclave was rel eased to atnospheric pressure. Then, 3 liters of

met hanol was peutedmintoet pelyraect 80 G®) WndnchaMgde sshuder ig¥d £hEhe
resulting polymer with the solvent 5 was dried at 130C and 600 Torr for 13
hours to obt aiamt3tlageoivaanrel bykenet prony Gne: €ePYde®irePr opessj es of the
resulting polyner are set forth in Table 4. Polynerization Exanple 7 10 In
a 2-liter autadkteve cfadethinSUSyaeqpippet Mdd the Sldactiing Bbadeiosai d

aut ocl ave havi ng been thoroughly purged with nitrogen, 900 m of heptane
was pl aced at wi2BCstTerthe. autioc|mesltidgNpodmpiopyteneh&dascfwchwmhi | e
rotating the stirring blade and ice cooling. Then, the 15 autoclave was
heated up o 6AE andepr essuBD2edand té00 atdnd ele 9@ hbat st e bptaknpsessure
woul d beconme 8 KG  Wien the internal pressure of the autoclave becane 8
KG 1.0 m ofy afhexaaehgbenéfpromfldrd icoplaliwdeal . unb powpe (J1EA)of the

resulting polymer are set forth in Table 4.

Polymerization Example 7

10 In a 2-liter autoclave (made of SUS} equipped with a
stirring blade, said autoclave having been thoroughly
purged with nitrogen, %00 ml of heptane was placed at
23°C. To the autoclave, 50 N1 of propylene was fed while
rotating the stirring blade and iée cooling. Then, the

15 autoclave was heated up to 60°C and pressurized with
ethylene so that the total pressure would become 8 KG.
When the internal pressure of the autoclave became 8 KG,
1.0 ml of a hexane solution of triisobutylaluminum {TIBA)
(1.0 mM/ml) was forced into the autoclave with nitrogen.

20 Subsequently, 3 ml of the previously prepared toluene
solution containing 0.2 mM {in terms of Al) of
methylaluminoxane and 0.002 mM of bis(1,3—
dimethyicyclopentadienyl)zirconium dichloride was forced -

into the autoclave with nitrogen tec initiate

25 polymerization. Thereafter, for a period of 60 minutes,




(1.0 MM M) was forced into the autoclave with nitrogen. 20 Subsequently, 3
m of the previously prepared toluene solution contai ni ngeptentmdvi2008 t er ns
of Al) of nmethylal um noxane and 0.002 mM of bis(1,3-

di met hyl cycl opent adi enyl ) zi rconi um di chl ori de was forced into the
autoclave with nitrogen to initiate 25 polynerization. Thereafter, for a
period of 60 mnutes, 1 Septenber 2003 494fenperature control of.the

aut ocl ave was nade so that the internal tenperature would becone 60C, and
ethylene was directly fed so that the pressure would becone 8 KG After 60
m nutes from t 8empéiii @t 0ol r0! HMRIHZ ALk BRI avd 495 RS QW 04 ave yas fed
5 m of nethanol by neans of a punp to termnate pofymerlza i o, and t he

pressure of thentawhor! emgaas (@l §R38% Lec-BLEDERPE! | & Prassue,. Then, 3
liters of nethanol was poured into the reagt%non so?bt%%cﬁ eetv%\H TSt ng.

The resul ting aphysery widdh daeinal vent psuase dibedy aledAAC AR 600 Torr

for 13 hours to obtain 34 g of an ethylene/propylene copolyner.” Properties

of the resul tAfige pody Mm@l Slorf @hkhihneTaplen 4or %l{}ﬂ&rﬂi al;on Exanple

8 15 In a 2-liter continuous polynerization reactor ‘equipped wth’a.

stirring blsadeso sgid figadivdanisngheeny,1t Here rYodlpLHFgﬁ%?Wst henitrogen,
ed. Tot

1 liter. of dehydrated and purified hexane was pl ac e reactaor, a
hexane sol ut ignoft etdypndl iy $RaGUESPL O | d&hd the pressure of the
autoclave was released to atmospheric pressure. Then, 3
liters of methanol was poured into the reaction solution
with st;rring. The resulting polymer with the solvent
10 was dried at 130°C and 600 Torr for 13 hours to obtain 34

g of an ethylene/propylene copolymer. Properties of the

resulting polymer are set férth in Table 4.

Polymerization Example 8

15 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. To the reactor, a hexane
solution of ethylaluminum sesquichloride

20 (Al(C2H5)1,5-C11_5) adjusted to 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 continuously
fed a hexane solution of VO(OC2H5)Cly (as a catalyst)
adjusted to a concentration of 0.8 mmol/l at a rate of

25 500 ml/hr and hexane at a rate of 500 ml/hr. On the




20 (AI(C2HS)1.5A1.5) adjusted to a concentration of 8.0 nmmol/1 was
continuously fed for 1 hour at a rate of 500 m/hr. Then,Sdpterhite 200act or
were further continuously fed a hexane solution of VO OC2H5)Cl2 (as a
catalyst) adjusted to a concentration of 0.8 mvl/1 at a rate of 25 500
m /hr and hexane at a rate of 500 m/hr. On the 1 Septenber 2003 50 ot her
hand, the pol ymer solution was continuoustdy drawn out fromthe top of the
pol ymeri zation reactor so that the amount of the polynmer solution in the
reactor would be invariably 1 liter. To the reactor were then fed 5

et hyl ene at aotalee ahn#80théhpobpte propyleieh afasd date foust?04kahf uUsing a
bubbl i ng tube. The copol yneri zation reaction was carried out at 35C by
circul ati ng aonaolfirng thedtdm &hrowghpe yrackieta te@H pred Rt shdenkhe
polynerization reactor. 10 Through the reaction under the above conditions,

a pol ymer solthei ancaont afnthg wdl @idwy | IIHIQAPYIERR e GRRGYFELWAS
obt ai ned. The pol yner sol ution was deashed by the use of hydrochloric acid

and then introbdudedarhbblyal | Biger anwenthef reethanokete presi pidate the 15
et hyl ene/ propyl ene copol yner, which was then vacuumdried at 130C for 24
hours. Propertikbglehet e sesatd i 1q0lymRr s psobpyilenthainaTagte 4 1
Sept enber 2003 51.
120 1/hr using a bubbling tube. The copolymerization
reaction was carried out at 35°C by circulating a cooling
medium through a jacket equipped outside the
polymerization reactor.
10 Through the reaction under the above conditions, a
polymexr 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 to precipitate the
I5 ethylene/propylene copolymer, which was then vacuum dried

at 130°C for 24 hours. Properties of the resulting

polymer are set forth in Table 4.




Tabl e 4 Proper ties of-Ethyl ene/ Propyl ene Copol yner
zation Ex.

Pol ynmeri- zation Ex. 7 Polyneri -

Pol ymeri - zation
8 Pol ynmer par&yperhbas2088hyl ene

content47.246.849.6 (wt% 19.620.119.2 Mv (in terns of PS) x 10000
Mv WMn2.12.01.8 DSC-Tm (C)-38. 5-36.2-40.8 3. 3l xE-186-29.8-31.1-21.8 V

($)2.33.215.9 10-0.ixE5.35.25.0 110/127.26.06.2 5 Exanple 5 A lubricating

was prepared using 88.78 % by weight 50f a mxed oil . al
Neutral /m neral oil 150 Neutral (available fromESSO Co.) in a m xing

oi |

Table 4

of m neral

oi |

Properties of Ethylene/Propylene Copolymer

Polymeri-; Polymeri- | Polymeri-
zation zation Ex. | zation Ex.
Ex. 6 7 8
Polymer properties
Ethylene content 47.2 46.8 49.6
(wt$)
Mw (in terms of PS) x 19.6 20.1 1.2
10000 '
Mw /Mn 2.1 2.0 1.8
DSC-Tm (°C) -38.5 -36.2 -40.8
3.31xE-186 -29.8 -31.1 -21.8
vV (%) 2.3 3.2 15.9
10-0. 1xE 5.3 5.2 5.0
I10/I2 7.2 6.0 6.2
5 Example 5
A lubricating oil was prepared using 88.78 % by

welight of a mixed o0il of mineral oil 100 Neutral/mineral

0il 150 Neutral (available from ESSO Co.) in a mixing

‘ratio of 80/20 as a lubricating oil base, 0.72

% by

by weight of

by weight of a detergent

The

10 weight of the polymer obtained in Polymerization Example
6 as a viscosity index improver, 0.5 %
Aclube 133 (available from Sanyo Kasei Co.) as a pour
point depressant and 10 ¢
dispersant (available from Lubrizole Co.}).

15

lubricating oil was evaluated on the lubricating oil




ratio of 80/20 as a lubricating oil base, 0.72 s by 10 weight of the

pol ymer obtained in Polynerization Exanple 6 as a vi scodiSegptemise2003

i mprover, 0.5 % by weight of Aclube 133 (available from Sanyo Kasei Co.)
as a pour point depressant and 10 % by wei ght of a detergent dispersant
(avail able from Lubrizole Co.). The 15 luypricating oil was eval uated on the
| ubricating oil 1 Septenber 2003 52 perfornmance and flowability at | ow
tenperatures. The results are set forth in Table 5. Exanple 6, Conparative
Exanple 2 5 A lubricating oil was prepared in the sanme nanner as in

Exanpl e 5, expeptofoanagi agdaf hbwash ity aft Mowenangeidatul@6 . Netti« al / m ner al
oil 150 Neutral (available fromESSO Co.) in a mxing ratio of 80/20 as a
| ubricati ng orksbase aaads¢hefqotlynier THitla ed in Pol ynmeri zati on Exanple 7
or 8 10 as a viscosity index inprover in anmounts shown in Table 5. The

| ubricating oil was evaluated on the lubricating oil performance and
flowability at low tenperatures. The results are set forth in Table 5. 1
Sept enber 200Bx88pYabbe GorGuampotsite dhxampd eProl 2erties of Lubricating oil

Ex. 5Ex. 6Comp. Ex. 2
5 A lubricating oil was prepared in the same”manner as

in Example 5, except for using a mixed o0il of mineral oil
100 Negtral/mineral 0oil 150 Neutral (available from ESSO
Co.} in a mixing ratio of 80/20 as a lubricating oil base
and the polymer obtained in Polymerization Example 7 or 8
10 as a viscosity index improver in amounts shown in Table 5.
The lubricating oil was evaluated on the lubricating oil
performance and flowability at low temperatures. The

results are set forth in Table 5.




Type of Pol ymeri - Pol yeri - Pol ynmeri - et hyl ene/ propyl enezati onzation E. "nation
Ex. copol yner addedEx. 678 Conposition (W% Iubrlcatlngﬂﬁémembermxm
base88. 7888. 7788. 78 det ergent di spersant10.010.010.0 pour poi nt
depressant 0. 50. 50. 5 copol yner 0. 720. 730. 72 Lubricating oil performnce K. V.
at 100C (mm®/s) 10. 2010. 2410. 22 SST34_. 034. 033. 0 CCS324032003300
MRV410004000048000 | owt enper at ur eAAAAAl % owabi | ity HTHS3. 283.243.08 5
Pol ynmeri zation Exanple 9 Synthesis of olefin copolymer In a 2-liter
aut ocl ave (made of SUS) equipped with a stirring blade, said autoclave
having been thoroughly purged with nitrogen, ;900 m of heptane was placed
at 10 23C. To the autoclave 5N of propyleneéand 90 nl_of hydrogen were
e (¢ Y 0

fed while rotating thetk ,0ilhe aut ocl ave
was heated up to 70C and pressurized with ethyl ene so t hat the t ot al

pressure 1 Septenber 2003 Ex. 5 Ex. 6 Comp. Ex.
2
Type of ~ Polymeri- | Polymeri~ | Polymeri-
ethylene/propylene zation zation Ex. |*zation Ex.
copolymer added Ex. 6 7 8
Composition (wt%) ‘
lubricating oil base 88.78 88.77 88.78
detergent dispersant 10.0 10.0 10.0
pour point depressant 0.5 0.5 0.5
copolymer 0.72 0.73 0.72
Lubricating oil
performance
K.V. at 100°C (mm2/s) 10.20 10.24 10.22
58T : 34.0 34.0 33.0
CCs 3240 3200 3300
MRV 41000 40000 48000
low-temperature AA AR AR
flowability
HTHS 3.28 . 3.24 3.08

5 Polymerization Example 9

synthesis of olefin copolymer

In a Z-liter autoclave (made of SUS) equipped with a
stirring blade, said autoclave having been thoroughly
purged with nitrogen, 900 ml of heptane was placed at

10 23°C. To the autoclave, 5 N1 of propylene and 90 ml of
hydrogen were fed while rotating the stirring blade and
ice cooling. Then, the autoclave was heated up to 70°C

and pressurized with ethylene so that the total pressure




54 woul d becone 6 KG Wen the internal pressure of the autoclave becane 6
KG 1.0 ml of a hexane solution of triisobutylalum num ¢ Bepfdmtet 2008 M )
was forced into the autoclave with nitrogen. Subsequently, 3 m of the 5
previ ously prepared toluene solution containing 0.01 mM (in ternms of Al) of
met hyl al um noxane and 0. 0004 nmM of (dinethyl (t-butylam do)(tetranethyl-15-
cycl opent adi enyl )si |l ane)titani um di chl oridde was forced 1into the autoclave
with nitrogen to initiate 10 pol ynerization. Thereafter, for a period of 5
m nutes, tenperature control of the autoclave was nade so that the

internal tenpeoaldrBedomd de bes omynédCenandnetbyhensryvgsurdigecidy fed so
that the pressure would becone 6 kg. After 5 mnutes fromthe initiation of

pol yneri zati ogutbeladd béeamditow@ve Waslf oF 5 WexaheMgbhapobn byrmeans of a
punp to termnate polynerization, and the pressure of the autoclave was

rel eased to atpbspbient¢l Pressuie. (The), Q.o wens)olaBekbansh was pour ed
into the reaction solution wth stirring. The resulting polyner with the

sol vent 20 washériedodlads30G BNhiGOdgker.r §ebsdgudoury, t9 pbta 35 g of
an et hyl ene/ propyl ene copol ynmer. Properties of the resulting polyner are

set forth3n gableo®slPobiemidabticamhemeanphatibnlcSARLEADSY @B b In a
2-liter autoclave (nmade of SUS) equipped with a
(in terms of Al) of methylaluminoxane and 0.0004 mM of
(dimethyl(t—butylamido)kfetramethyl—n5~
cyclopentadienyl)silané)titanium dichloride was forced
into the autoclave with nitrogen to initiate
.10 polymerization. Thereafter, for a period of 5 minutes,
temperature control of the autociave was made so that the
internal temperature would become 70°C, and ethylene was
directly fed so that the pressure would become 6 kg.
After 5 minutes from the initiation of polymerization, to
15 the autoclave was fed 5 ml of methanol by means of a pump
to terminate polymerization, and the pressure of the
autoclave was released to atmospheric pressure. Then, 3
liters of methanol was poured into the reaction solution
withrstirring. The resulting polymer with the scolvent
20 was dried at 130°C and 600 Torr for 13 hours to obtain 35
g of an ethylene/propylene copoelymer. Properties of the
resulting polymer are set forth in Table 6.

Polymerization Example 10




stirring blade, said autoclave having been thoroughly purged with
nitrogen, 900 m of heptane was placed at 23C. To the adtSsptaniesr 20081 of
propyl ene and 120 ml of 5 hydrogen were fed while rotating the stirring
bl ade and ice cooling. Then, the autoclave was heated up to 40C and
pressurized with ethylene so that the total pressure would becone 6 KG
When the internal pressure of the autocl¥ve becane 6 KG 1.0 ml of a
hexane solution of 10 triisobutylalum num (TIBA) (1.0 mMm) was forced
into the autoclave with nitrogen. Subsequently, 3 nml of the previously
repared tol uene sqluti en ak i 1 i r of
prep i en16eBtahplog KDLl g Jd Bys§ gau%pg%%ah 21 o

tri phenyl car beni un{tetraki spent af | uor ophenyl ) borate an

(di et hyl (¢- Dierl-aflrdoli bebl aget Avhafdora vy Gl Ansn dlegnvhbshlape)t i tani um

-di chl ori de was force into the autoclave with nitrogen toIn te
pol yneri zat i opurhRer @athenittbogea, PSHd agh ofr Jdiraukes re control
of the autoclave was nmade so tgat the 20 intef%%l ten%8r§?5?§53%ﬁ|d becone

40C, and et hybarte waso €hs esidoclRd, SG iak st BEoB?féﬁé”f‘% t # pecgre 6 KG

After 5 minutes fromthe initiation of polynerization, e autocl ave
was fed 5 sl efyareyBAnQkrby re@ams: Af HRWIRG Ll %E%E‘i‘h@ ?ﬁiaé{émér'l&at' on,
sp

and the pressure of the 25 autoclave was released to at eric pressure.

Then, 3 1 Septieabebo20Rg. Seridr,eihohulBLRA0e! WBSHPAUL Y W 4 T eact i on
and pressurized with ethylene so that the total pressure
would become 6 KG. When the internal pressure of the
autoclave became 6 KG, 1.0 ml of a hexane solution of

10 triisobutylaluminum (TIBA) (1.0 mM/ml) was forced into
the autoclave with nitrogen. Subsequently, 3 ml of the
previously prepared toluene solution containing 0.016 mM
(in terms of B) of
triphenylcarbenium(tetrakispentafluorophenyl)borate and

15 0.0004 M of (dimethyl{t—butylamido)(tetramethyl—ns—
cyclopentadienyl)silane)titanium dichloride was forced
into the autoclave with nitrogen to initiate

- polymerization. Thereafter, for a period of 5 minutes,
temperature control of the autoclave was made so that the

20 internal temperature would become 40°C, and ethylene was
directly fed so that the pressure would become 6 KG.
After 5 minutes from the initiation of polymerization, to
the autoclave was fed 5 ml of methanol by means of a pump

to terminate polymerization, and the pressure of the

25 autoclave was released to atmospheric pressure. Then, 3



with stirring. The resulting polynmer wwth the solvent was dried at 130C
and 600 Torr for 13 hours to obtain 18 g of an ethyl ene/iSayhBee003
copolymer. Properties of the resulting polyner are set forth in Table 6.
Tabl e 6 Properties of Ethylene/Propyl ene Copol ymer Pol yneriza- Pol yneri za-
tion Ex. 9tion Ex. 10 Pol ynmer properties hyl ene content (wt % 70.570.8 Mw
(in ternms of PS) x 1000029.531.9 Mwv Mh2.0I. 8 DSC-Tm (C)44.539.0
3.3 XxE-18647.458.3 V (% 1.51.4 10-0.1xE3.02.7 110/129.46.8 10 Exam pl ej,
Exanple 8 A lubricating oil was prepared using a mxed oil of mneral oil
100 Neutral / middeals oifl mé50aNelt wvab pawveed ablte frlemeSS@ico. koilntdomn Xi Ng
ratio of 60/20 as a 15 lubricating oil base, 0.46 % by wei ght of the
pol ymer | Septwéfrbest2003n57 dbitairesdilitnineolppiwnezatioh Eranpbevénior 10 as a
Vi scosit :
Y ‘was dried at 130°C and 600 Torr for 13 hours to obtain 18

g of an ethylene/propylene copolymer. Properties of the

- e

5 resulting polYmer are set forth in Table 6.

Table 6
Propertiegs of Ethylene/Propylene Copolymer

Polymeriza- Polymeriza-
tion Ex. 9 tion Ex. 10
Polymer properties
Ethylene content (wt%) 70.5 70.8
Mw (in terms of PS8} x 10000 29.5 31.9
Mw/Mn 2.0 1.8
DSC-Tm (°C} 44.5 39.0
3.31xE~186 47 .4 58.3
vV (%) 1.5 1.4
10-0.1xE _ 3.0 2.7
I10/12 9.4 6.8

10

Example 7, Example 8

A lubricating cil was prepared using a mixed oil of
mineral oil 100 Neutral/mineral oil 150 Neutral
{available from Eséb Co.) in a mixing ratio of 80/20 as a
0.46 %

15 lubricating oil base, by weight of the polymer



i ndex inprover, 0.5 % by weight of Aclube 133 (available from Sanyo Kasei
Co.) as a pour point depressant and 10 % by weight of a tdidpeergieatt2003
di spersant (available from5 Lubrizole Co..). The lubricating oil was
evaluated on the lubricating oil perfornmance and flowability at low
tenperatures. The results are set forth in Table 7. Table 7 10 Conposition
and Properties of Lubricating Ol Ex. 7ExS78 Type of . .
et hyl ene/ propyl enePol yneri za- Pol yneri za- copol yner addedtion Ex. 9tion Ex.
10 O Conposition (W% lubricating oil base89.0489. 04 Detergent
di sper sant 10. 0:8+Q iRedr i ROPAL yiEePT ASSIH Qﬁ-;%%g@ec@pBEYTgr %842()??1%%5156“6
Lubricating oil performance K V. at 100C ( /'s)10.1010. S : .
CCS29102720 MRYB&EAO2AEHOvLW- 6 SIDENAL Wiel ghltOWRDRLh Ly &AM HTESS,; 253 20 1
Sept enber 2003 58 What is claimed is:

from Sanyo Kasei Co.) as a pour point depressant and 10

o\

by weight of a detergent dispersant (available from
) Lubrizole Co.). The lubricating oil was evaluated on the
lubricating oil performance and flowability at low

temperatures. The results are set forth in Table 7.

Table 7 _
10 Composition and Properties of Lubricating Oil
Ex. 7 Ex. 8
{Type of ethylene/propylene Polymeriza- Polymeriza-
copolymer added tion Ex. 9 tion Ex. 10
Composition (wt%) |
lubricating oil base 89.04 89.04
Detergent dispersant 10.0 10.0
Pour point'depressant 0.5 0.5
Copolymer 4 0.46 0.4¢6
Lubricating o0il performance
K.V. at 100°C (mmZ/s) 10.10 10.16
SS8I1 49.0 46.0
ccs 2910 2720
MRV 31500 22500
Low-temperature flowability AR AR
HTHS 3.25 3.20




1. Aviscosity nodifier for lubricating oil, conpris
et hyl ene/ a-ol efin copol yner which is a 5 copol yner of
a-olefin of 3 to 20 carbon atonms and has the fol |l ow

ing an
et HySeptamizar®088
ng properties: (1) the

et hyl ene content (E) is in the range of 40 to 77 % by weight, (2) the
wei ght - aver age nol ecul ar weight (Md) in 10 terns of polystyrene, as
neasured by GPC, is in the range of 80,000 to 400,000, (3) M~V M1 is not
nore than 2.4, (4) the nelting point (Tm, as neasured by DSC, is not

hi gher than 60C, and 15 (5) the ethylene &ntent (E,

% by wei ght) and the

melting point (Tm C), as neasured by DSC, satisfy the followng relation

(I): 3.31xE-186 ? TmM 20 2. The viscosity nodifier

for lubricating oil as

claimed in claim1l1, wherein the ethylene/a-olefin copolynmer is an

et hyl ene/ propyl ene copol yner. | Septenber 2003 59 3.
for lubricating wdt as cCéakdedsi:n claim1l or 2, wher
ethyl ene/a--olefin copolyner is produced by using a

The viscosity nodifier
ein the
net al | ocene cat al yst.

5 4. Alubricating oill copdsicbsbny carfirfiierngor Yudriaakibyical, ng oil base,

and (B) an ethyl ene/a-olefin copolynmer which is a

comprising an ethylene/a-olefin copolymer which is a

5 copolymer of ethylene and an a-olefin of

atoms and has the following properties:

3 to 20 carbon

(1) the ethylene content (E) is in the range of740

to 77 % by weight,

{2} the weight-average molecular weight (Mw) in

10 terms of polystyrene, as measured by GPC,
of 80,000 to 400,000,

{3) Mw/Mn is not more than 2.4,

is in the range

(4) the melting point {(Tm), as measured by DSC, 1is

not higher than 60°C, and

I5 (3) the ethylene content (E, % by weight) and the

melting point (Tm, °C), as measured by DSC, satisfy the

following relation (I):

3.31xE-186 2 Tm {(I).

20 ’ 2. The viscosity modifier for lubricating oil as

claimed in claim 1, wherein the ethylene/o-olefin

copolymer is an ethylene/propylene copolymer.



copol ymer of ethylene and an a-olefin of 3 to 20 carbon atons and has the
foll owing properties: 10 (1) the ethylene content (E) is1iSeptdmebar2608 of 40
to.77 % by weight, (2) the weight-average nol ecular weight (Mvy) in terns
of .pol ystyrene, as neasured by GPC, is in the range of 80,000 to 400, 000,
15 (3) MM M is not nore than 2.4, (4) the nelting point (Tn), as neasured
by DSC, is not higher than 60C, and (5) the ethylene content (E, % by

wei ght) and the nelting point (Tm C) as neasured by DSC satisfy the 20
following relation (1): 3.3IxE-186 ~ Tm (49), wherein the

et hyl ene/ (x-olefin polyner (B) is contained in an amount of | to 20 % by
wei ght. 1 Septenber 2003 60 5. A lubricating oil conposition conprising the

l'ubricating oil base; (A) rpLhe; &Ik eNRLE XLkl coPOldmng 6B)L a8d a pour
poi nt depressant (C;%,' whgr ein: the gt hyl enle/ a-olefin copoln?rrer (B) is

contained in 5.an; Amunt c0hif- i 31025 ¥nbye Weitgbt e t@PThidyRpaeripoi nt
depressant (C) is contained in an anount of 0.05 to 5 % by weight. 6. The

| ubricating oi | c69PAGt i@Npasdeded Medubing 1) relkal boders Gtanlyetei n the
et hyl ene/ a- ol efi n copol yner (B)
5 4. A lubricating oil composition comprising:
(A} a lubricating oil base, and
(B) an ethylene/a—oclefin copolymer which is a
copolymer of ethylene and an a-olefin of 3 to 20 carbon
atoms and has the following properties:
10 {1) the ethylene content (E) is in the range of 40
to 77 % by weight,
(2) the weight-average molecular weight (Mw)} in
terms of polystyrene, as measured by GPC, is in the range
of 80,000 to 400,000,
15 (3} Mw/Mn is not more than 2.4,
(4) the melting point (Tm}, as measured by D3C, is
not higher than 60°C, and
(5} the ethylene content (E, % by weight) and the
melting point (Tm, °C} as measured by DSC satisfy the
20 following relation (I}:
3.31xE-186 2 Tm - (1),
wherein the ethylene/a-olefin polymer (B) is

contained in an amount of 1 to 20 % by weight.



is an ethylene/(x-olefin copolynmer (B-1) having the follow ng properties:
(1) the ethylene content (E) is in the range of 65 to 77 S¢pbgmieri2pfs, 15
(2) the weight-average nol ecular weight (Mvy) in ternms of polystyrene, as
measured by GPC, is in the range of 80,000 to 400,000, (3) MV M is not
nore than-2.4, (4) the nelting point (Tnm), as neasured by DSC, is 20 in
the range of 15 to 60C, and (5) the ethylene content (E, % by weight) and
the nmelting point (Tm C), as neasured by DSC, satisfy the follow ng
relation (l1): 3.3IxE-186 ? Tm M 1 Septenber 2003 bt 7_ The |ubricating oil
conposition as clainmed in claim4 or 5 wherein the ethylene/(x-olefin
copolymer (B) is an ethylene/a-olefin copolyner (B-2) having the follow ng
properties: 5 (1) thé-ethfl baericaiteat o E)cauposatine eumpgdsehgdoheto 55 %

by weight, (2) the weight-average nol ecul ar wei ght in terns of
pol ystyrene, as ﬁ‘é%?tﬁagdnﬁyoﬁa@asies Pht Hee y g“S?“B@WfG@‘ £8rP2H0Tv00, 10

E%é NTQNM I's not éﬂﬂ%&& a pour p01ﬁ@ a%gﬁeggiéé W%;?Ohﬂeréfxﬁ as measured by

the ethylene/a-olefin copolymer (B) is contained in
5 an amount of 0.1 to 5 % by weight, and
the pcur point depressant (C}) is contained in an

amount of 0.05 to 5 % by weight.

6. The lubricating oil composition as claimed in
10 claim 4 or 3, wherein the ethylene/a—olefin copolymer (B)
is an ethylene/a-olefin copolymer {B-1) having the
following properties:
(1) the ethylene content (E) is in the range of 65
to 77 % by weight,
15 {2} the weight-average molecular weight (Mw) in
terms of polystyrene, as measured by GPC, is in the range
of 80,000 to 400,000,
(3) Mw/Mn is not more than 2.4,
{4) the melting point (Tm), as measured by DSC, is
20 in the range of 15 to 60°C, and
{(5) the ethylene content (E, % by keight) and the
melting peint (Tm, °C), as measured by DSC, satisfy the
following relation (I): -

3.31xE-186 2 Tm ‘ (I}.



not higher than -20C, and (5) the ethylene content (E, % by weight) and the
melting point (Tm C), as neasured by DSC, satisfy the 15dptdrhioati20§3
relation (1): 3.31xE-185 > Tm M 8. The lubricating oil conposition as
clainmed in any one of clains 4 to 7, wherein the ethylene/(x-olefin 20
copolynmer (B) is an ethyl ene/ propyl ene copol yner. 9. The lubricating oil
conposition as clained in any one of clains -4 to 8, wherein the

et hyl ene/ a-olefin copolyner (B) is a copolynmer having a ratio (110/12) of
25 the nelt index (110) as neasured at 190/ under. a | oad of 1 Sept enber
2003 62 10 kg to the nelt index (12) as neasured at 190C under a | oad of
2.16 kg ranging from8 to 16. 10- The lubricating oil conposition as
claimed in 5 any on€-of EhqilbrdcesiBy eherasmposheiet ad edeimedliafin -
copol ynmer (B) is a copolynmer having a ratio (110/12) of the nelt index
(110) as neasur etl&™ F90E€ dnddtereiNodlicofthieiRdoralefien morelymeex(§)12) as
nmeasured at 190C under a Iogfj of 2.16 kg being not less than 5 and | ess
than 8. 10 11. Th® FUGHTELER d""&HEf&BnﬁBg‘?Jﬂ‘?ﬁ? a8-¢| di3Ed9 hheany one of
claims 4 to 9, \A@oelrleoiwri thereteh]_ytlieerée_ /[a-olefin copolyner (B) is produced by
usi ng a netal | ocehe Cat'dl yst :

5 (1) the ethylene content (E) is in the range of 40
to 55 % by weight,
(2} the weight-average molecular weight (Mw) in
terms éf polystyrene, as measured by GPC, is in the range
of 80,000 to 400,000,
10 {3) Mw/Mn is not more than 2.4,
(4) the melting point (Tm), as measured by DSC, is
not higher than -20°C, and
{5) the ethylene content (E, % by weight) and the
melting point (Tm, °C); as measured by DSC, satisfy the
15 following relation (I):

3.31xE-186 2 Tm (I).

8. The lubricating oil composition as claimed in
any one of claims 4 to 7, wherein the ethylene/uo-olefin

20 copolymer (B} is an ethylene/propylene copolymer.

9. The lubricating oil composition as claimed in
any one of claims 4 to 8, wherein the ethylene/a-olefin -
copolymer (B} is a copolymer having a ratio (I1g/I2) of

25 the melt index (I1g) as measured at 190°C under a load of



VI SCOSI TY MODI FI ER FOR LUBRI CATING O L AND LUBRI CATI NG O L COWPCSI Tl ON
ABSTRACT The lubricating oil conposition of the inventi drSeperpbersi@83a
| ubricating oil base (A and a copolyner (B) of ethylene and an a-olefin
of 3 to 20 carbon atons. The copolyner (B) of ethylene and an (x-ol efin of
3 to 20 carbon atons is contained in the conposition in an anmount of | to
20 % by wei ght and has the followi ng properties: (1) the ethylene content
(E) is in the range of 40 to 77 % by weight, (2) the weight-average o
nol ecul ar weight (My) in terns of polystyt%ene, as neasured by GPC, is in
the range of 80,000 to 400, 000, (3) MMM is not nore than 2.4, (4) the
mel ting point (T{r%, as measured by DSC, is not higher than 60C, and (5)
the ethyl ene cont®nftd (€ thrbyebieiighieyx &) tdve mempbtédgpaiontc( THieC)a -as
.measured by DSC, satisfy the followng relation (1): 3.3IxE-186 >= Tm M
load of 2.16 kg ranging from 8 to 16.

10. The lubricating oil composition as claimed in

any one of claims 4 to 8, wherein the ethylene/a-olefin
copolymer (B) is a copolymer having a ratio {(I10/12) of
the melt index (I10) as measured at 190°C under a load of

10 kg to the melt index (Ip) as measured at 190°C under a

load of 2.16 kg being not less than 5 and less than 8.
10

11. The lubricating oil composition as claimed in

any one of claims 4 to 9, wherein the ethylene/a-olefin

copolymer (B) is produced by using a metallocene catalyst.





