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(57) Abstract

A lubricant composition characterized in that it comprises a [ubricating oil base (A) and an ethylene/Cs 3 a-olefin copolymer (B), that
the content of the copolymer (B} is 1 to 20 wt.%, and that the copolymer (B) has the following properties: (1) the ethylene content (E) is 40
to 77 wt.%, (2) the weight-average molecular weight (Mw) in terms of polystyrene as determined by GPC is 80,000 to 400,000, (3) Mw/Mn
is 2.4 or lower, (4) the melting point (Tm) as measured by DSC is 60°C or lower, (5} the ethylene content (E, wt.%} and the melting point
{Tm, °C) as measured by DSC satisfy the following relationship (I): 3.31 x E- 186 = Tm and (6) the proportion of o.- and B-carbon atoms
(V, %) in the carbon atoms of the backbone and of the long- cham branch({es) if present and the ethylene content (E, wt.%) satisfy the
following relationship ([[): V = 10-0.1 x E{If)




(V, %9 in the carbon atons of the backbone and of the |ong-chain branch(es)
if present and the ethylene content (E, wt.% satisfy thel S¢piembei 23
relationship (11): VS 10 - 0.1 x E (It) 1 Septenber 2003 | TITLE

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 relates to a viscosity nodifier for
lubricating oil and . a lubricating oil condosition. Mre particularly, the
_invention relates to a viscosity nodifier for lubricating oil, by.the use
of 10 -which a lubricating oil conposition having excellent | ow" tenperature
properties and lubricity at high tenperagygpes can be obtained, and a

| ubricating oil conposition containing the-vrscosity nodifier. IS

BACKGRCUND ART The Vi seostdyrof ST O FBUMPIN QAR r ries
"greatly with tenperature change, but the ten%%%%?&%gﬁé §6 égﬁce of the

viscosity of, for exanple, a LUEHECE@EN@QOPL|C§M§ b|Ie is desired to
In copo

be- small. 20 On this account, an ethylene/cc-o0 Iyner havi ng a
vi scosity index inproving effect has been wi dely used for.  the,lubricating
oi I- to make.the tenperature dependence . snaller. The lubricating oil loses -

fl owabi litys at | ow 25 t'enperatures fﬁ@ﬁw@@h§19@%ﬁiponponent in the
| ubricating

The present invention relates to a viscosity
qulfler for lubricating oil and a lubrlcatlng 011
, composrtlon. More partlcularly, the invention’ relates to
a v1sc051ty 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
depegdence of the viscosity of, for examtie, a
lubricating 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



1 Septenber 2003 2 oil is crystallized and solidified at' |ow tenperatures
In order to |ower the solidifying tenmperature, a pour pdiSuptetaiprre¥dant is.
contained in the lubricating oil, and the pour point depressant hinders
formation of three 5 dinensional network that is due to crystallization of
the wax conmponent in the lubricating oih, and thereby |owers the pour
point of the lubricating oil. O the |owtenperature properties of the

| ubricating oil containing an ethylene/(x-olefin copolynmer and a pour 10

poi nt depressant, the viscqsity under the.condift.. i
depends upon‘%kﬁnkﬂiQﬁﬂﬁqﬁﬁiﬂzgg Plbr P8 %?hgl%glE%SE%WSg?éF?{%éﬂké%near rate
et hyl ene/ a-ol efi n copol yner

| ow shear rak®e QEIqyr ddt I\PvisH %%L3839§§7¥¥§883{éﬂp8%ré he, gapgi tions of a

€” pour- poi nt_ depressant. 15 It

is known that when an ethyl ene/ (x-ol efin_ copolyie i peci f
conposi ti on iRCRfedeRIFS B fedf GPERETE oﬁ$ %%?n{ubepr%€§§%f§?§pkgyﬁedly

reduced by the interactjon between the,cqpol [ PO i
depressant (s PR wAEH .ref,sé‘ggf, Ei 8§ﬁ yﬁﬁgggg?%% . ZQOEP_.Iillo.nt

3,551, 336) Therefore, th t hyl / a- ol ef,i : ,
l’baogr ter}e(e}:m%rlﬂes:%ﬁgegsedbg ﬁ?gﬁ%%’é‘ﬁlf‘%&& of hehe

| ubricati Rg diimeHELC exce oWt enper at ur e

at' g gtined remperar
properties is desited not, onl 10 BV 20:n§X66) | oBha vERERNS NdRDEX

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 No. 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.



25 to hinder the function of the pour point depressant. 1 Septenber 2003 3
In order to prevent the interaction between the pour poi AtSedeniesAet 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-Cpgn Publ i cati on No. 228600/ 1985)
However, any lubricating oil having excellént |owtenperature properties
~independent 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 foudd@ °FASE by PHeVeRk Ufe anfpewidticretyivere/ ahel pbin
copol yner, decrease of the effect of the pour point depressant 15 caused
by the af or esaifP it EFREEFEAPT sahdt tig rightleiisowi-clafie coppayimbicl, i tgewi t h
t he Iubricatin%foil baﬁe at low tenperatures is adjusted, and thereby a.
lubricating oi PThdW fG ¥XERE{ ¥riel¢biR terpsdraian ehdredpect besai apevéfyc shear
rate region can He obt ai ned- -Based on the finding, 20 the present invention
has' been acconprgREg! 21 EBIERT2 CF- FHRNVEHIGN oS iagdahagbpecanof the
preesent invgntion t roovide a |ubricafing oil' conposition~that is
excel | ent i |8Wu“%gﬂg%r‘é?‘ﬁﬁ’%sb§wbm%§zl iigat pveasvabebsiyy imdekcity at

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 high tenperatures and saving of fuel. 1 Septenber 2003 4 DI SCLOSURE OF
THE | NVENTI ON The viscosity nodifier for |ubricating oil tdspberdberg00to 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) is in the range of 40 to 77 % by
wei ght, (2) the wei ght-average nol ecular wai ght (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 than 2.4, (4) the nelting point (Tm as neasured by DSC
is not higher than 60C, 15 (5) the ethylene content (E, % by wei ght) and
the nelting point (Tm C) as neasured by DSC satisfy the follow ng

relation (1): 3.31xE --18 6 >- Qﬂgﬁﬂ@SURE O@nEHEOI&@%Nfﬂggproportion (V, %
of aB carbon atons to all car n, and if present,
the |ong- chain brangfes,;and i tt(,/ensehmgpef&pnltmécﬁlﬁ é%xlws!:gmmg

satisfy the followng relation
to the invention comprises an ethylene/o-olefin copolymer

5 which is a copolymer of ethylene and an a—éle%ih of 3 to
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).



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

et hyl ene/ propyl ene copol yner. The lubricating oil conposiit$emembentdfiang 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 range 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 i of .8Q,000 to 4Q0,000, (3) MM M is not
nore than 2.4, 15 (4)@?%g&nkélﬁlt%%g/apgilﬁ?i?ﬁ?p%?%% e ¢ rpREYi 8nnot

hi gher than 60C, nt (E, %by weight) and the nelting
point (Tm O aseﬁ@%ﬁ%@%ﬁ@%%%%%?%ﬁ??%é f(:)I lowing relation (2): 20

3.3l XE-186 ~ Tm (T), ); r rtion (\\,., %9 of af3 carbon atons to
all carbon atons in P?\é;dlrr%qﬁctgﬁglnﬁ gggdé+r?pop5§l\e{sl§r?t ACPREAEBAGEC cHg n

branches, and t hen@idwina LANLeRbotFridh DYoMigt),. 25 satisfy the
followi ng rel ation: )

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
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,

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:



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. Fur3dptemberif03

| 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
copolyner (B) is contained in an anount o6 0.1 to 5 % by weight, and 10 the
pour point depressant (C) is contained in an anmount of 0.05 toe 5 %by
wei ght. The ethylene/a-ol efin copolynmer (B) is preferably an )

et hyl ene/ a-ol efin gopol yner -1) having the follow properties: 15 (1)
t he et hyl ene cont egt_(g”ﬁsb&ﬁ the range of 65 to 7&%)0’by wei ght, (2) the

wei ght - aver age nol ecul ar i ght,.( in terirs of polystyrene, as neasured
by GPC, is in the Fﬁ%ﬁ%l“\gfh%o%wwﬁ%a gn Qﬁlggf)éW%R/hl?s not rore
than 2.4, (4) the_npeltin oint (Tm asured by DSC is in the range of
15 to 60C, (Sfoflﬁglré?ﬁyjrlgn nc%%?"érhti O(%i %fob?%vxéi Eﬁ'%lj“eéﬂatt he nelting point
(Tm 'O as measureg, by, DSC S35k 1112 1135 2! LOWLNG; £ LA KO0 ()i g

;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 |
Id 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 7 3.31xE-186 > Tm (1), and (6) the proportion (V, % of
a43 carbon atoms to all carbon atons in the main chain, lapeptémberd®oent
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 properties: (1) the ethyl ene
content (E) is in the range of 40 to 55 %by weight, (2) the

wei ght - average nol ecul ar weight (Mv) in terns of polystyrene, -as neasured

by GPC, is in ther ) f. 80,000 to 400,000, (3) Mv M1 is not nore
than 2.4, (4) the n%r?fxr‘Fg]]%oG?nzt Tm) as measured by D&EC:is not higher than

-20C, (5) the ethyl ene content (E, %by weight) and. the 20 nelting point
(Tm C) as neasured by DSC satisfy the following relation (1): 3.3l xE-186

> Tm (T), and (6) t AN ortion SIV, O/Q/ of al3 carbon atons to all 25
carbon atoms in t he' Hai i chEiOROTEHaR £ Vpr ebent  of Heaykay atoms to all

carbon atoms in the main chain, and if present, the long-
5 chain branches, and the ethylene content (é, %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 8 chain branches, and the ethylene content (E, % by

wei ght) satisfy the following relation (11): V :- 10-0. 1x3® embgraoﬁ?tthe

| 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 goad.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 copol yrrer (B) .is preferably a copol yner
havi ng a ratio (110/12) of the nelt index (110) as neasured at 190C under
a load of 10 1551 PHANEhRSNt 2PAdERe (eltz‘)yla?élerr%?@&ﬁéla AE 190y Uit | oad
of 2.16 kg being not_less than 5 and |ess than 8. BEST MODE FOR CARRYI NG
QUT THE | NVENTI TR THeY \i'§c 68§ hbdi F5 6 F Bt (Idricating oil and the 20

| ubricating oil corrpos él on ac ording to the inventio nare described in
detail hereinafter. 85|t‘§l difier for Iubrlcatlng di'l The vi scosity

nodi fier for Iubric% n% o; bgccorldl nq} t%the | ventlg (ofo) resees a,
copol yner of ethyl edd &R§ AHP* S AR &n CLERSE-HEE 1i’ee el y as
an "ethylen%/a g1§¥1§(%g%%&y%993(B) is preferably an ethylene/propylene
copolymer.
The ethylene/a~olefin copolymer (B} is preferably a
copelymer having a ratio (I10/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-



9 olefin copolynmer” sinply hereinafter in this specification) having the
foll owi ng properties. The ethyl ene/a-ol efin copol yner had Saptatbsri®ns
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 weight, or in the range of 40 to 55
% by weight, preferably 43 to 53 % by weight, 10 particularly preferably 45
to 51 % by weight. Wen the ethylene content is in the above range, a

| ubricating oil ,canposition haying satisfactory |ow tenperature properties
can be obt ai neg,leggg Sgnggger}/eﬂ g h@rretlﬁ‘éif?{iﬁﬁr i8athhy oil conposition
at low 15 tenperatures gue to crystallization of the ethylene sequence
portions of th8PEPAYIERETAbIT ML IHE Frertondes pPreperhkespl ace. The

ethyl ene content (E), in Ehe][ et h/yl %ge/ a-olefin copolynmer can be determ ned
by 13C-NMR i n accor danc® W 1 H'€/P0 Aré LRe CRBALYBEE PhR IR retekansol ecul e
Anal ysi s Handbogg"e{éog}%)eté of Jap%& Anal yti cal Chem stry, edited by

Macr orol ecul e ARal T c VL etPRYTTHOBI PEREE B5rivenhokanm ya

Shot en) . npl f the a-olefins of 3 to 20 carbon atons--25 include
pr opyl ene?g?- b%?%%e‘?nei)- peht EiRa L. ﬁgxéﬁe%—"S?-bi ehtlehbeThzoeghylene

content (E) is desired to be in the range of 65 to 77 %

3

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-



|0 met hyl -1 -butene, 3-nethyl-I-pentene, 3-ethyl-I|-pentene,

4-met hyl --1--pentene, 4-nethyl-I-hexene, 4,4-dinethyl-1- iHsptenaber 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
l-eicosene. O the a-olefins, propylene is particularly preferable. That
is, the ethylene/a--olefin copolynmer is 1preferably an ethyl ene/ propyl ene
copol ymer. The ethyl ene/a-olefin copolynmer for. use in the 10 invention
preferably substantially consists of only constituent units derived from
et hyl ene and t it ed fr a-,0

et hgl ene/ a- - Oﬁ@?ﬁ%h gg%% ?/Ilrtlr%r 3 ;Qeﬁ{]ﬂyl gior?seﬁgt &I ‘on |e%fhé/xcéll PSHFene'
particularly L -1e re ti,e Th thyl e -olefin
.copol ynmer has Hekﬁﬁ%u% é ﬁ%%ghf¢gm§ﬁﬁga%u§§§%ge’tgf%sgéﬁegg%zi ht - aver age

nmol ecul ar meigg%eggmw dg@{g@@gn t éﬁéé%g ReL g L nhechrona%ography

age norecurl a

(GPC), of 80 to 4 wel ght - ave wei ght (Mw)
is in the abo¥§h§9 { an éhelq; ¥a%peﬁad% %B §088dX L haf excel | ent

vi scosity index 1nprova |ty énlng abiTity) Rence a smal
amount _of sthetgwa(&g@&é@- Pl aae%%%%' YT ctaagﬁ gsahg poLeLbe@yspec) TS

| ubricating ol viscosit reover, I"'yi ng a TAce- at | ow

tenperatures, 25 agd ffie é-melaerfl%tsqbb'r'ogy,lgﬁe998dpaét§8m§£@y 2003

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.



11 When the wei ght-average nol ecul ar weight (Mv) of the ethylene/a-olefin
copolyner is in the range of 260,000 to 380,000, preferdisigptamger@d03t o
350, 000, the viscosity index of the lubricating oil can be-particularly

i mproved. 5 Wien the wei ght-average nol ecul ar weight (Mv) thereof is in the
range of 100,000 to 240,000, preferably 120,000 to 240,000, the shear
stability of the lubricating oil viscosity 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

ort hodi chl orobenzeng, T e et hyl ene/ a--ol efin copol yner desirably has Mwv Wh
(Mv. wei ght - aver age' o1 ecuf afS Vi gtV e oaee MAdseriaveradeht 15Mwbl @€ utlae

wei ght), that is,an_indication of a nolecylar weight distribution of the
_copol ymer, of %%PY%SPEQ?H%%EPE?45°%ﬁ%¥qﬁﬁéﬁﬁylHthﬁDFé“Bﬁaﬁfz?QQr@QOth@

nol ecul ar  wei Bb gbﬁtribuéioq?£;_%yg r% tgan %.4, the shear stability
of the lubricating orf RFStEsIRYY i%"YE5Y. 90 3vRe 08P hyFhRer hoepeity
copol ymer has a ltipng, point (Tm), as neasured by a differential scanning
calorimeter (DSC); 8? Eg? ﬂ?%ﬁ%ﬁ%?%ﬁﬂ] 3 Hrartardicar 2 i e 1RerovRg -
(B ot 65 5 7GR BYXWET G T raGe B Lebihari ROLRRE, Mgl ShEementer 2003
in the range of 100,000_to 240,000, preferably 120,000 to
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 weight, 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



12 of 15 to 60C, preferably 25 to 50C, nore preferably 25 to 45C. The
melting point (Tm of the ethylene /cc-olefin copol yner 1Heptergben2088hyl 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 obtainingi@an endothermc 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

Po 200C ai a PRt of C100/ 5 X o R 1 et Bt S906C MGF SPRAGEEGLY chbl ed (o
obtai n a ond Fon Endot AAFE Kar e ECRRom G CRELFG®  Sei P oiTie g

(T O) a5 moaghy oAty TRC ot <adiy <nst L BEE) Bhcof of Pk ne r &15%1 on
(1) 15 o meashrson Rbmtaleitsh B & FRSTEran: \aha  FROPRESr clat onshi p

gg;;"’:ﬁger 252 Oggglc?}ﬂ-)(é@é? foqtent; and the frel ting point is oyt of the l
' 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



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

et hyl ene/ (x-ol efin copolyner is w dened to thereby | owerl $¢ptember 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 copol yner is preferabl ylbne 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

conposi tion di stalidnitdnen. ekpeckslahi enpl ression (1), as the conposition
di stribution parameter is: Bp?eferab?yﬁ'15€}¥3 éﬁgé%%#%gn'ﬁ%sﬁﬁﬁﬁPF&GParly

preferably 3.QHXEmelgﬁh?ieﬁgv&LBieéﬂnVg?g?f&ﬂggr&%”%?d%naQﬂgbgggéggg%PtiOn

‘branches are present in the ethylene/a-ol'efin copol yrer," (
[ ong- &hai nbranchee ang The.erhol oo cont et TS fiiny aer 4Re “BF APEr abl y
satisfy the feliiowang bebadibsna (plap1dh oA hduthelly Jinak7eRECPREr 2003
5 lubricating oil is brought about by the préseﬂéé of a
high ethylene content portion. In the preseng 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 (L"),
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).



14 The a3 carbon referred to herein is carbon which is secondary carbon in
the main chain (or long-chain branch) of the ethyl ene/ a-ldhapt¢mberde8Byner
and, the nearest and the second nearest tertiary carbons fromwhich are
carbon 5 at the a-position (adjacent carbon in the main chain) and carbon
at the (3-position (carbon adjacent to the a- positioned carbon in the.
mai n chain), respectively. The "proportilgn (V, % of al3 carbon atons"
referred to herein neans a proportion of the a43 carbon atons to al

carbon 10 atons form ng the ethyl ene/a-olefin copolynmer. \Wen the
proportion of the AP caébon atons satisfies the above relation (I11),
flowability of the TubH CRTEAN diqfehraowe hefsdPattr §8TPaR BRiFhptdved.
Mor eover, the Iubricatiqg gro erties at high tenperatures can al so be
inproved. 15 FRECHIIPOr TP BI - Earkon &6 (19X dprgarhpén BEeREM ned by

measuri ng 13C-ywﬂlof t he cqg&%yner and in_ accordance with the nethod
described in 9% ENRAAHAY N NG i e QRReYmer) angly the7apRregspaedal |y
when filn1strength of $n engine oil is 20 required, the ratio (110/12) of
a nelt index bFStHECORE A Q- GEFIAT Yo SFRPREr TasmnhdGRe@T &t CaDRRR under
a load of, 10 kg to a nelt jndex of the copolyner as neasured at 190C
under a | cad ®f 24 IRPLT LI 1 AT THEFHPhe I kR§e™Bingchaing, and

preferably 8. c(:)algk())orimét "B]ree Bl—psoe itt%mer(c%?:%%nlgdjaCent to the a-

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




preferably 8.0 to 16.0, still nore preferably 8.0 to 13, particularly

preferably 8.0 to 13.0. Especially when shear stability dfSenterabeji2830i |

i It index of the 5 ethylene/a-olefin
ratio (110/12) of a ne jaolefin |

required, the

copol ymer as neasured at 190C under a |oad of 10 kg to a nelt

copol yner as

| ess than 5 and |l ess than 8, preferably nots | ess .
erably not less than 10 5.5 and less than 7.5, still nore

less .than 5.8 and less than 7.0.. The ethylene/(x-olefin

?g%ﬁeﬁaghghB.Mi§89§EE%,ingflH%B%%é%&%%ﬁ%%ﬁg}&ﬁgﬂtga&%gy

8.0, nore pref
preferably not
copol ynmer exhi
hi nder the ef
| ubricating oi
vi scosity nod

is

measured at 190C under a load of 2.16 kg is desired to be not

ct of a pour point depréssan

I aQ%i%ul¥@@9_EPQfS}Q%if“@!éféﬁ”fﬁidq copolynmer is used as a

e of * satisfying

capa _
whi ch are

ier, a lubricating ol

ki Rt R S L e

standards -of North America 2
generation, camehairehfathedraiWiet
GF-3 standards or not can be judge
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than 5.0 and | ess than
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ond T ke emnd ool i e L g B3l 0E EGTUPLLGRL 0 O

vi scosity nod

10

15

20

25

fier of the inventi n 1a§ep
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 not less than 5 and less than 8, preferably not less
than 5.0 and less than 8.0, more prefefably not less than
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
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
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

lubricating oil viscosity modifier of the invention can




be obtai ned by copol ynerizing ethylene, an a-olefin of 3 to 20 carbon
atons, and if necessary, other nononmers in the presence tdeptamindré008

pol ymeri zati on catal yst. Exanples of the olefin polynerization catalysts 5
enpl oyabl e herein include catal ysts conprising a conpound of a transition
metal .such as zirconium hafniumor titanium and an organoal um num
compound (organoal um num oxy--conpound) &gd/ or an ionizing 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 nu ox -co nd and/or an .ionizing ionic conmpound is
particularly g?@%%e%% Xr??éfﬁzﬁx?@nﬁtgﬁ eRExt 21t AeCheEan| 8€ede

catal yst is descgbbed 15 The netal ] ocene conmpound of a transition netal of
‘Group 4 of thECpé?ioarker a%fr%“?'or rrh ﬁ’&cteﬁéaﬁé’t'aPFBEEn’@OHE‘é‘F’éFyé? is
specifically {wgresented b%/thefoeoﬁovmn fornul a : (i) 20 In the
fornula (i), SPEEPFARRI¢F ot ik lnsé’lo 51213% G:Bﬁf)llis‘éf t he periodic
tabl e, specificall 2| coni m t| tary um O:L a val ence of
the transition met3d™P1%5 &L ¢GoPAi ﬁ%?%&lzf”&l? ‘??%41%??‘? on netal,

26 and of fhe |lgands. egeelaétmoc G SR, 29900, 1 SepL grber 2005

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




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

skel eton may have a substituent group. Exanples of the |ilggmdembendGog
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 opentadi enyl, n-, i-, sec--or7t-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,

ot byl pr opyl oy taear ot sy cABL% RO IAOR O B bt G4t having

ethyl butyl oyol saentaa bratoryk bR pi, SRsBon adpehylugne sxoup.
Z?E?%!gyfgﬁrgﬁggfg?%%en #Q%%%ﬂﬁ#ﬁ%ngg%%g%3§%¥g§8ug?ﬁﬁﬁPeﬁﬁ%%%ﬁﬁw%ups my be
oroups. akyl - SUESer TR o AR B bk e PaREY pand ety

groups, al kyl-substitute cyclop

ref erabl e. refelypelell I nt e the formula (i*) contains as
Phe IigandéSLV%ﬁgS%?@ﬁnre grgﬁﬁé%ﬁéggﬁésugﬁg¥55€%?aﬂY%%??eé#%ﬂ%ﬁQ%% two of

them may be bogds, 5 h lLkyl en 0 such as et hyl ene or
propyl ene, 1 égpfgﬁ%efagggggﬁ§%Qh§l%¥cgogeg£agfenyfr

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,




a substituted al kyl ene group such as isopropylidene or diphenyl nethyl ene,
a silylene group, or a substituted silylene group such dsSeptember 2003

di mret hyl si |l yl ene, di phenylsilylene or nethyl phenylsilylene. 5 The ligand L
ot her than the ligand having cyclopentadi enyl skeleton is, for exanple, a
hydrocarbon group of 1 to 12 carbon atons, an al koxy group, an aryl oxy
group, a sulfonic acid-containing group ((g§SOBRa wherein Ra is an al kyl
group, a hal ogen-substituted al kyl 10 group, an aryl group, a

hal ogen-substituted aryl group or an al kyl -substituted aryl group), a

Lo 13 Carbon SaPBRECE LT tae” SHTTOGrBURE. 870 41 AyPoGPOUbEI-BFyP 15 or oups
aroups. suen A RErKIREERTRGRS. 1 Trotinere o akPopgt: nsbur ot CoteBbut yi
cec UYL & B oLy 3 B8I0Le ML I55H) B SogRl L 2D Pl o
a0 OV, 2nfe ALehilo it RYEh o5 benay! and neonhyl, 1 septerer
| sopr opoxyy n_pth¥gé iﬁﬁgﬁ}q§¥ﬁjéﬁpihan the ligand having
| cyclopentadienyl skeleton is, for example, a hydrocarbon
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.




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 rfi Beptembend0g-
SO3Ra) i ncl ude net hanesul fonat o, p-tol uenesul fonato,
trifluoronethanesul fonato and p-chl or obenzenesul fonato. The-hal ogen atomis
fluorine, chlorine, bromne or iodine. 10 Exanples of the netall ocene
conpounds having zirconiumas M and contgikning at |east two |igands having
cycl opent adi enyl skel eton include: bis(nmethylcycl opentadi enyl)zirconium

di chl oride, bis(ethylcycl opentadienyl)zirconium.dichloride, 15

bi s(n- propyl cycl ope i | )zir.coni.ym di chl oride, _bis(indenyl)zirconium
dichl oride, and bi g%%{%,ﬁ%%{?‘%%eﬁt}eahvg?odiynﬁéﬁVszFPEBH?%W%‘FWXHi de.
Conmpounds wher gi e zi iumnetal is replaced with a titaniumnetal or
a Hgfniun1neta%kﬁﬁgyheﬁaégggéx%K)%ﬁﬁﬁﬁﬂﬁﬂf¥'aPébHFgﬁyenb$QR@&9%¥r/ﬁ%ﬁr

enpl oyabl e as {,ji¢ tall cQ und is a conpound represented by the

f ol | owi ng fornuPaO?§f?# %q %%e%@ﬁ¥' F§°§ynggglo%¥°%¥oup 4 of the
periodic table or 25 I L ant hani de series, 1 Septenber 2003 20 L1
is a derivative of a J%F%@g%?f%gt%?-85ﬁgpﬁé growp afkhsnfsarts a restraint
geometric Qhape to éi&hﬁ%&g\@% the sulfonic acid-containing gfoups {~

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,




site of the netal ML, and each X is independently hydrogen, halogen, a 5
hydr ocarbon group containing 20 or |ess carbon atons, a 1s»dpimigr@f3
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 formula, ML is titanium zircoiumor hafnium and X is the sane
as above. 15 Cp is a substituted cycl opentadi enyl group n-bonded to ML and
havi ng a substituent group Z. Z is oxygen, sulfur, boron or an el enent of
Goup 14 of the pegiodic table (e.qg.,_siljcon, germaniumor tin). Y is a
| i gand  cont ai ni ng iit?'%g%née]bﬂbas VSt ¢, azéfegﬁﬁé‘égZSEagﬁP?ﬁ??“‘i SEPHRMber
2003 21 Z and_Y ,nay together form a condensed ring. Exanples of the

net al | ocene cSHﬁob’ﬁB%rgﬁp? St gcer?é“eft&rlr‘?ulsgﬂa i ity irgﬁél 88B1Vedi net hyl

G chiort Be, SRR SRR T e, BB R E T St eyl bpent adi enyiy
i anet by 718! SRR B Wbt RO L
5 hydrocarbon group containing 20 or less carbon étoms, 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.



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

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

1, 2- et hanedi yl ) di benzyl ti tani um

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

di neopentyl titanium ((phenyl phosphi do)(tetranethyl-r15-

cycl opent adi enyl ) met hyl ene) di phenyltitanium 20 (di benzyl (t~

- but yl am do) (tetragege | <. o ent adi enyl ) si | ane) di benzyl titani um
(di methyl (benzyl anida &(?1é?y ygae er‘%%rm.% condenseg ring:

cycl opent adi enyl ) st.a LLtrj | sil.yl)titanium
-(dinethyl(phenylphospﬁ?%g§ t%%?§%£¥ﬁ§egﬁrC§982§°mp°unds represented by

cycl opent adi enyh):.sich,apg) di | 1] ﬂn!unl 1 Septenber 2003 22
(.(tetranethyl-15-cyc|open?gg%gn%¢%-- ,2- ethanediyl) dibenzyltitanium

roensyi 11t anim 5 (5 PR LB TR X SRR TS ) 1 ety -
oM T uor e, 8091 Syl Ghekanel BB FaABEH i (AR T and (2 ((4a, 4b
8a, 9, 9a-ri) f9F+fk¥%uﬁﬂE§f%mido)(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 yl)cycl ohexanol ate(2-))di benzyltitanium Conpounds wherein the titani um
nmetal is replaced with a zirconiumnetal or a hafni um ndtSdptembeari2®0above
conmpounds are al so enpl oyabl e. The netal | ocene conpounds nenti oned above
can be 15 used singly or in conbination of two or nore kinds. |In the
present invention, a zirconocene conpound having zirconiumas the central
metal atom and containing at |east two ligands having 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), a conpound havingctitaniumas the central netal atomis
preferable. O théqEﬁFﬁﬁwﬁEEH%_ oTipotRRe Hetti®hed dbde, a conpound
represented by the forpula (iii) and having titaniumas 25 the central
‘metal atomis Sy ngngﬁﬁb%Pé¥ FhbARIUM, Sept ember 2003 23 The

or ganoal um num oxy-conmpound for formng the nmetallocene catalyst may be

al um noxane hi t her {6 RnowhebF 2metiheliZafel aRaviaftdiea vdr ganssitiainum

oxy-conpound. The hitherto known al um noxane is represented by the 5
fol | owi ng fqrﬁﬁgépogﬁ 5"(

AP (27 091P2R3Y b HRIRT 10 (CO - A |
5 (2—n5-(tetramethyl~cyclopentadienyl)—1~methyl—

-

ethanolate (2-))dimethyltitanium,

(2-((4a,4b,8a,9,9%9a-n)-9H-fluorene-9-
yl)cyclohexanolate (2~} )dimethyltitanium, and

(2—((4a,4b,8a,9,éamn)~9H—fluorene—é—

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.




(v) 15 In the formulas (iv) and (v), Ris a hydrocarbon group, such as
met hyl, ethyl, propyl or butyl, preferably nmethyl or etHyBeptgrabpari2f0Barl|y
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
QA1(R1) and al kyl oxyal um numunits repreggnted by the fornula 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 iongzing.lonic conpounds for form t he metal | ocene
catal yst include LM% %If: %p%aﬁldménq&moﬁxg_cgmg8ﬁﬁg]uﬁgff TREiRdi khecid is,
for exanpl e, r ented by B R is a phenyl group which may
‘have a subst??gg%?j?gg%b% Cgétj{c&ﬁlsyéssnc ﬂaafoﬁengiu&épﬁﬁﬁmﬁrhl‘Ez%g‘ao’FWHg/lr, or

fluorine). Exagpl S conpounds i ncl ude trifl uoroboron,
tri phenyl bor on, t%?zs : #f%]oolr%%dheenryﬁg)aﬁ‘&%ﬁ?l?ﬂ“s?§¥59‘€i‘?‘5°?%ﬁ1ophenyl ) bor on,

tris(4-fl t hyl d b L t af | henyl )b
{11 5(p- ol y1 ) bor o, T PACCE Sl ke BHCGRbC IS, 5F BEeh ATy Bheny 5or on.

5 following formula:

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




15 The ionic conmpound is, for exanple, a trialkyl- substituted anmoni um
salt, an N,N-dialkylaniliniumsalt, a dialkylamobni um sdl3eptember 2003
triaryl phosphonium salt. Exanples of the trial kyl-substituted anmoni um
salts include: 20 triethylamoniuntetra(phenyl)boron,

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

ammoni unt et ra( phenyl ) boron, trimethyl anmoiy untetra(p-tolyl)boron
trimethyl anmoniuntetra (o--tolyl) boron, 25

tributyl ammoni unt etra( pent af | uor ophenyl ) boron, 1 .Septenber 2003 25
tripropyl ammoni unt etra(o, p-di net hy phenyl%boron,

tributyl ammonitBAteaEadnPin Bi net@yR phary | Bborion, groups different from
tributyl anmmoni untetra(p-trifluoronet hyl phenyl)boron, and 5
tri(n-butyl)afibhi GEREEL ra(o-tol yl ) boron_ Exanpl es of the

N, N--di al kylaniliniumsalts include: o

N, N- di et hyl ani | i nF¥#tRtea(Phelg )isgtigring ionic compounds for forming
N, N-di et hyl ani | i ni unt etra(phenyl)boron, and

N, N - 2, 4, 6- pehbanBehyl harenai ety phivridendrentis BeiBxanpl es bbnihe
di al kyl ammoni um sal ts i ncl ude: T
di(1-propf§)aﬁﬁﬁﬁ?ﬁﬁ?etra(pentafluorophenyl)boron, and

di cycl ohexyl anmoni unt et r a( phenyl ) boron. Al so _enpl oyabl e as the ionic
compound i s 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
triflﬁoromethyl, cor fluorine). Exampleé 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 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

met al | ocene catal yst, an organoal um num ggnpound nmay be used together wth
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 %ollomnngafornula Vi) : R1InAl X3-n (vi) wherein Rl is a

hydr ocar bon group of ~IPTSPA 5 WRPhGH Gt f@‘ﬁﬂ@?éhﬁ%F?emY@bbqr@@fbon
atons, Xis a halogfn gLo a h dro en aton1 and nis 1to 3. The
hydrocarbon group of “1°to’ e s dimeshy brBAPY E) bawemd kyl  gr oup,
a cycl oal kyl group r npl.es of such groups include

met hyl , 10 ethyl nQ%%%%y¥fg%émﬁ%Hﬁ£%tr%(Eoﬁﬁﬂ§ﬂu°6@ﬁ?9h¥£%hﬁﬂﬂl)bQﬂﬁQﬁ

cycl opentyl, g yohexyl, phenyl and tolyl. Exanples of the organoalunlnum
conpounds |nclu e: trlalkylaluninuns such as trlnethylalunlnun1

- -

trIEthy|a|Qﬁ]nun] t{ffﬁl quH%%%ghgunEetra (o~tolyl)boron.

Examples of the N,N-dialkylanilinium salts include:
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
organoaluminum oxyibompound and/or the ionizing ionic

compound.




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

al kenyl al unm nuns represented by the fornmula (i- C4HI) xAl y(Sepkame2 200Ber 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 umgnum 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 net hyl al um num sesqui chl oride, ethylalum num

sesqui chl ori de, RgrgFé%%ymrpﬂmfecso |Ocur}mor |Sq§, glbllit)??{‘lﬁ?“lﬁ m num

sesqui chl ori de and et hy um num sesqui rom dé Auth di hal i des,

such as net hyl.al uai,A4 I m.num di chl oride, .
~isopropy|a|un%nu§1 5 gk?%%%%%%%%gq@fhfF%H%ﬁﬁﬁﬁ%ﬁ&i P&WPE@ qﬁ?élkylaluninum
hydrides, such as digifytal um num hydride and dibutylal yg;pum hydride; and
10 al kyl al um num di hydrides, such as ethylal um num dlhy ride and

brropyl & ul numhdibyqr hdes ! 0 L08-QLESSOL JIMENIIOM &L NGy AN ARl !

of 3- to 20 carbon atons, and necessar er ‘hoho

oy . g e, o a5 S 8P LY 1
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;



hydr ocarbon solvent is generally used as a polynerization solvent, but an
ay-olefin such as propy?ene may be used as the sol vent. 1Baptehies 2003t he
hydr ocarbon sol vents used in the 20 polynerization include aliphatic
hydrocarbons, such as pentane, hexane, heptane, octane, decane, dodecane
and kerosine, and hal ogen derivatives thereof; alicyclic hydrocarbons,
such-as cycl ohexane,' nethyl cycl opentane and met 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

Conbi nati on of two. B Cib? LRI RS, S50 FRgR Sot RyFner antbylalwtimmof 3 Lo
any"of " bat chui SESRACEONE FhoUR. M hoREages, SEREUSSPAPYRBE I 2t on 18
Carriod vt~ 10° EBRFPHUBBLTYLHET rif oA gevoBaEy e ype nomct o - When t he
ioed Tn for eXaABRACRITELS bty ICORBaNIRaEP RN IThGREBRCon rat | On of

the nmetal | ocene co und in the 15 polymerization systemis in the range
of usualIy'%.OOOOSan%§%ﬁ%PWﬁﬂHWIqlpégléﬁéryﬁﬁ?hz@ﬁl@ﬁﬁﬂMﬂﬂhnﬂknumreferably

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




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 1tSeptehioan2008 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 /nmetal |ocene 3§ conpound) of the ionizing ionic
conpound to the netall ocene conpound in the polynmerization system becones
0.5 to 30, preferably 1 to 25. 1 Septenber 2003 29 Wien the organoal unm num
conpound i s used, the o] und is fed i.n an anount of usually about 0 to 5
mol /i ter (péV@ﬁQ?izﬁPgoﬂg£%$ er N eab L € 2680t SBR0S2 mol /liter. 5
In the copolygﬁgiza ion of ethylene, .an a-olefin of 3 to 20 carbon at.ons,

and i f necess&fyCrBPRBFEADNoMERSS FOLYRBBr 63Re WFed HEl HEAI0déhe

catal yst, the _copol rization reaction i.s carried out under the
condi ti ons ofcgmgéﬂ%EEQ?u?t O Y XB@9%0 150C, 10 preferably 0 to
120C, nore preferably 0 to 100C, and a pressure of nore than 0 kg/cn2 and

not nore tfan 80 kol Ksignh i@l AraRl Y PheciBain0oKa5caR apd.Natopore than

50 kg/cn2. In a continuous polynerization process, these polynerization
condi ti ons aratpref era®| f B igt-amther monomers can be

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.




15 Al'though the reaction tinme (average residence tine when the

copol ynerization is carried out continuously) varies depgd&uptergber@8i3 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 nononers are fed to the polynerizatgon systemin such anounts that
the ethylene/a-olefin copolymer having specific conmposition | Septenber
2003 30 can be obtained. In the copol ynerization, a nolecular weight

nmodi fi er such as hydrogen may be further used. \Wen ethylene, an a-olefin
of 3 to 20 carbon a@%%%,{EQNQ%Q?n?éiﬂ¥%§§FyFOBPHéPdnéﬁo%@¢@ra#ﬁﬁ

copol yneri zed as 509§ C{ib d,above, the ethylene/a-olefin copolyner is
_.usual I'y obt ai iéd"8s p%l§ rt s AU B o ffaitfiitag Ly habovbpdl Yoy . The

pol ynmer sol uti is,treated jn a . conventional manner, whereby the
et hyl ene/ a- ol e |ﬁi7%% %Tyﬁ%?i¥Qﬁrﬁﬁﬁ§ﬁoﬁ R UMBY enPFoheFabbntaiawd .0 1@

Lubri cati ng oib ﬁ%@f? iéégn The lubricating oil conposition according to
the invention Ts a Tubricating oil conposition conprising a |ubricating

oi | base and t ove- nenti oned t hyl ene/ a-ol efin copel yner (B), or a
L ubricati g'g) oi | hlen attf'le copor].ymer?zat?onyof ethylene, an ocp—oléfin S}f)

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

et hyl ene/ a- ol efin copol yner (B) and a pour point depresddsapténdher 2DRa
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 poly-a-olefins, gplyol esters, diesters (e.qg.,

di octyl phthal ate, dioctyl sebacate) and pol yal kyl ene 25 glycols. A mneral

oil or a blend of a mneral oil and a 1 Septenber 2003 31 synthetic oil is
preferably e oyed. .The mperal oil is ener al enpl o after subjected
to refining s ba b&ﬁ%ﬁ(ﬂg %AI o ugiP er]%ﬂtza(ﬁlﬁ‘ﬁ"atae%@q\‘?cﬁéérl nt o

several classes accor to the re met ho a_mneral oil 5 having a
wax content ofS'® tﬂ?éﬁf] |§u§gn8Fa£V§ aﬁPoﬁﬁﬁdbeF%?r{hﬁﬁnﬂﬁ§ ‘a highly
refined oil produced drocrackin fini hav, oW pour poi nt
and a hi gh v?scosﬁ@?q ﬁ&@%Xgﬁa cﬁﬂtﬁlﬁ}%gl?s% a %@ cﬁhl% m@oﬁponent

i s enpl oyabl e. neral oi g a |nenat|c VI 03| of 10 to 200
c% b abe i b 3 %?SS&%ogﬁbe (B ERRET chEF o Afrer s the

ethylenelgr_(ﬁéggflﬂgguﬂﬁ%ve, %E& gﬁyfene/a -olefin copolymer is

.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




t he present invention, the aforesaid ethylene/a-olefin 15 copolyner is
enpl oyed. In the lubricating oil conposition of the inveritSepgmber2003
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 ecul ar wei ght ( in ternms of polystyrene, as
measured by GPC, is in the range of 80,000 to 400,000, 25 (3) MV M is not
nore than 2.4, 1 Septenber 2003 32 (4) the nelting point (Tnm) as neasured
by DSCis in the range of 15 to 60C, (5) the ethylene content (E, % by
wei ght) and t h8Y " HettFagPbbitit RrRfereplasenpisyedd WheD8Cnsatilsbylt he 5
follow ng relation (]132: 3.3 XxE-186 Z Tm (l), and (6) the proportion (V, %
of of carbon afoNE" 3 0aI9™P s faesnsubheehed ned nrehiaiimg andh faspr esent
the long- 10 chain branches, and the ethylene content (E, % by weight)
satisfy the folTEHHEP r ePAEPBHILI MIneRAL oilE @rex@iplikpd Eotbheeyeaal

ethylene/(X_Oléqgggééugggg?ﬂkngB%%)tEgVnginin i i

g method, a mineral oil

5 having a wax content of 0.5 to 10 % is genéraii? employed.
For example, a highly refined oil produced by
hydrocracking refining, having a low pour point and a
high viscosity 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,



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 fapfemkeri2§0Bhe
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 thegn -20C, 1 Septenber 2003 33 (5)
the ethyl ene content (E, % by weight) and the nelting point (Tm C) as
nmeasured by DSC satisfy the following relation (I1): 3.3lxE-186 > Tm (1),

5 and (6) the pr opar. ‘Bﬂe(h{el{i §f%§+§t CAtDON atonssﬁltcfoégbyar?%%[ Rgné?‘wlrrznien

the mai n chain, i'f presen ong- chath B

content (E, 9% t tisfy,tpe following relation: 10 V < 10-0. 1xE
(I'1) The ethylgﬁéﬁ%hgg Fn§§OE§I§%€$ (B) is preferably a copolynmer having

a ratio (110/12) ofsshgthEE?&g%g égﬁé@nta ngﬁ%hé 90C ugger a | oad

of 10 kg to the nel't as neasure FokdSof 2. 16
kg 15 rang'”%eﬁ%ﬁEBSPEQnEG(Tm, °C) as measured 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 {(I1}.
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, ~




Further, the ethylene/a-olefin copolymer (B) is preferably a copol yner
having a ratio (110/12) of the nelt index (110) as neasdr3gptabbedPDT3 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 depressants for use in the invention
i ncl ude al kyl ated napht hal ene, (co) poly s of alkyl nethacryl ates,
(co)polynmers of al kyl acrylates, 25 copol yirers of al kyl funmarates and vinyl
acetate, a-olefin 1 Septenber 2003 34 polymers, and copol yners of a-ol efins
and styrene. O thege, ﬁco)golfners of al kyl methacryl ates and

(co)pol ymers of al kyP’akh§| atk¥lene gandeatadEy énployedghtubandathag oi |
conposition 5 The first enbodinenf of the lubricating oil conposition of
the invention E&MHr8eBotRe (TiBri &t iafy megismrgasby( BfCandtihby the

et hyl ene/ (x-ol efin copolyner (B). In this lubricating oil conposition, the
et hyl ene/ a- ol efPh1o¥3 8I§ﬁ%§t{%§ %9 ‘contained in an anbunt-of 1 to 20 % by
10 weight, preferably. 5 to 10 % by weight (residue: |lubricating oil base
(A) and additives d s%%?QE&PQeﬁeﬁﬁ. Such a lubricati{dg,-oil conposition
exhibits sq?II tenper&ture dependence and has excel |l ent - | ow~t enperat ure
properties.” The | ubfi@ating oil conposition can be used 15 as it is as a

| ubricating oil, or gan be used as a
(6) the proportion (V, %) of aff 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




| ubricating oil after further blended with a lubricating oil base, a pour
depressant, etc. The second enbodi nent of the |ubricating Ssptemtey@03iti on
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 etfayl ene/a-olefin copolynmer (B) is
contained in an anount of 0.1 to 5 %by weight, preferably 0.2 to 1.5 % by
wei ght, 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
depr essant (CPQLym@éﬁbaﬁﬁédCOPﬁlEWﬁﬁﬁmﬁﬁnarﬁ1Q£&H§t&ﬁdSS%M@¢DWBigﬁf,
preferably 0.1 to 3 %by weight, nore preferably 0.1 to 2 % by wei ght,
nost pref er aliihgse., 2 (€e) posyRs by kightyl (vaddiadurylatigsr iaggting S oil base
(A) and additives described Iateri. When the amount of the

et hyl ene/ ( x- ol{ePi}podapergnef Byl rreriel ataf Ersatingg esiab lyospesdrtiedn of t he
invention is not less than 0.1 % by weight, a viscosity inproving effect
can be obtained, and when thEbai6ak e POMROSYRLGibre than 10 5 % by
wei ght, the effect of the pour point depressant (C) is not hindered, so
that the above rangbei §irpt eerbpebientnnd thise lawrdsaténat pel
ethyl ene/ a-olefin copolymer (B) is in the above range, a lubricating oi
conposi ti on h&PPRGSEAproved Viecosiant o caraliisest t%@ fthbwabiFiing at | ow

t enperatures can be obtai ned.
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 %



Such a | ubricating
and small rise of

i nteracti on betwee
depressant, 20 and
-shear rate region

oi | conposition exhibits small tenperature dependence
t he pour point, said rise being attri b Septenttert20e3
n the ethylene/a-olefin copolyner and the pour point
has excellent |owtenperature properties in every

. Moreover, the lubricating oil conposition has

excel l ent high-tenperature properties and 35shows good lubricity, so that it

i s advant ageous in
oi | conposition of

saving of fuel. 1 Septenber 2003 36 In the |ubricating
the invention, additives exhibiting viscosity index

i nproving ef f e®y, wedgbly, asnfcohpopynersoioft aldpe sifaqiey! abeSontained

hydrogenated SBR or SEBS; and other additives, such as detergent, rust

preventive agedf, agdi spersancf exts eme pressune iz@ent pre@Bichni 90api pgggent,

anti oxi dant and netal deactivator, nay be contained in addition to the

| ubricating oi P Bad¥ weAyhti heoxt hytedira/aar1gl @tnntgopogyggrwéﬁ%h@pdmggg_pour
t

poi nt depressant éca. 10 The lubricating oil conposition of

can be prepargdge

e I nvention
Arehéyf @l 2 ove rig Smenimer wetibetet hybenahéX- 1@bef ba gopol ymer

(B), and if_necessary, additives are mxed with or dissolved in the
| ubri cati ng® oi P1baB@s¢AJA) iandicobtiddves wetkhrabkaonatae) hodimgyr e

et hyl ene/a 15 ol ef

in copolyner (B), the pour point depressant (C), and if

necessary, addffPyet af ethm eddhwlicne /or-odefsnl ¥edol fmer (B) in the

lubricating oil composition of the invention is not less

than
obta
10 5 %
{C)
pref

copo

0.1_% by weight, a viscosity improving effect can be
ined.r and when the amount thereof is not more than
by weight, the effect of the pour point depressant
is not hindered, so that the above range 1is
erable. When the amount of the ethylene/a-olefin

lymer (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,

said

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.



the lubricating oil base (A) in accordance with a known nethod. In the
present specification, all nunerical values 20 for the dfnpkrsbef2003
materials, reaction conditions, nolecular weights, carbon atom nunbers,
etc. are desirably understood to be supplenented with a term "about"™ so
| ong as-their nmeanings do not become tecfpically indefinite, with the
exception of the 25 follow ng exanples or unless otherw 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 t@mbEfatBPESCaELRXARPE ECOmPRs Priedbrft! ithreAtiveR GieME ur t her
descri bed with eference to.the follomﬁng exanpl es, but it should be
construed t hatdHe Ve RERGRIFSNENTHICARYLY | YRl IPTRY b sd f8ednpl es. I n
-t he exanpl es, various pr? ehties were neasured in the follow ng manner.

Et hyl ene cont M B thE EP yIeRe 2bntehy L vt hrssUrad® S n ydHogedassry ent

15 of orthodi chl.orobenzene agd benzene-d6, (orthodi chl or obenzene/ benzene- d6
= 3/1 - 4/1 E@RV6FU§§?S’ and other additives, such as detergent, rust

5 preventive agent, dispersant, extreme pressuré “agent,
ahti—foaming agent, antioxidant and metal 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.




usi ng a nucl ear magnetic resonance apparatus of Japan Electron Optics
Laborat ory LA500 Model under-the conditions of a tenperatiBaptahberZ003 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 exanples, adjustnent was made so as to obtain K V. of about
10 mm2/sec. 25 Cold Cranking Sinul ator (Cég) 1 Septenber 2003 38 CCS was
measured in accordance with ASTM D 2602. The CCS is used to eval uate
sliding properties (starting properties) at |ow.tenperatures at the crank
shaft. A smaller value of CCS ERBECRI@S THR tmvvEHNIVEdNENpPEr ature 5
properties of a lubricating oil. Mni-Rotary Visconeter (MRV) MRV was
measured in accor dafibe Wilehi ASTMdDc382¢candsiDi4684r The MVehsidiseds to
-eval uat e punping performance of an oil punp at |ow tenperatures. A smaller
val ue of 10 MROXFRAdLeat esn bdhe erow-dwiipenpenatupeopeopeeli 85d Of hal

| ubricating oil. Shear Stability Index (SSI) SSI was neasured in accordance
with ASTM D 3948briqhey S8t higha tesesuréuctski nematic viscosity loss that is
15 caused by break of nolecular chain of a copolyner conmponent in a

| ubri cati ngyoi | when the copol yner T

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)




component suffers a shear force under the sliding notion. A larger value
of SSI indicates larger loss of kinematic viscosity. 20 1Hbeptereeni®0at 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 te atures at a high shear rate. A

| arger val ue of 1 Septenber 2003 39 HTHS 1 ndi 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) of thECFuBRAPCRERAYLRF | 1N RECOEIGR & 14hd A6TH| DaléB2as fol | ows.
AA: The lubricating oil flows. BB:.The lubricating oil does not flow (in
gel state). 10PPoffrRefszHErant Exarpleate Syhitdiey Propesitdpisn (ebpotymer In a
-2-liter autoclave (nmade of SOS) equipped with a stirring blade, said

aut ocl ave havPREPEEEASEhofBudRY yEepre fael if R thittheogernkoedafit - ofA hept ane
was placed at 15 23C. To the autoclave, 5 N of propylene and 90 m of

hydr ogen ver eSPEdLGKi Falret af i ¢S t Heditqdtres hetifleadd ogndiempesatavti ng. Then,

t he autocl ave was heated up to 70C and pressurized with ethylene so that
t he total %reggapgrtles of a lubricating oil. T

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




woul d beconme 6 KG Wen the internal pressure of the 20 autocl ave becane 6
KG 1.0 m of a hexane solution of triisobutylalum num ( Bepfemifet 2003 nl )
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 uorophenyl)borate and 1 Septenber
2003 40 0.0004 nM of (dinethyl (t-butylam &) (tetranethyl-ri5

cycl opent adi enyl )sil ane)titaniumdichloride was forced into the autoclave
with nitrogen to initiate polynerization. Thereafter, for a period of 5
mnutes, 5 tenP&H4t indicanes dbetied %wtﬁ'i@\éeomspgﬁggrﬁgnéga%tt e
internal tenperature would becone 70C, and ethylene was directly e‘zﬂ_l SO

t hat the pressteeprapatdrbecone 6 KG  After 5 minutes fromthe initiation
-of polynerization, to the autoclave was fed 5 m of nethanol by neans of a
punp 10 to terhPratempetymerd zatd e andptihecrpressure of the autoclave was
rel eased to atnospheric pressure. Then, 3 Titers of nethanol was poured
into the reaction sbftey an lukitticastiingr big. wIbecs&pad ting- ROy MY, Wi th the
solvent was dried at 130C and 600 Torr for 13 hours to obtain 32 15 g of
an et hyl ené¥ prepgkene bopdiiinery. (Rppparthes) 0brtfige 1@SM NG P yTer are
set forth in Table 1. Polynerization Exanple 2 35 Grans of a pol yner was
obtained in theasaserved 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




20 manner as in Exanple 1, except that the charge of propyl ene was changed
to 4.5 NI. Properties of the resulting polynmer are set fi@dptembberPbBe 1.
Pol yneri zati on Exanple 3 1 Septenber 2003 41 38 Grans of a pol ynmer was
obtained in the sane manner as in Exanple 1, except that the charge of
hydr ogen was changed to 150 ml and the pol%nerization time was changed to
4 mnutes. Properties of the 5 resultlng | ymer are set forth in Table 1.
Pol yneri zation Exanple 4 In a 2-liter autoclave (mde of SUS) equi pped with
a stirring blade, said autoclave having been thoroughly 10 purged with

ni trogen, 900 @l o@fa hapPiaNg Mas thhaqednat 18§§d%f?5£99a@&£&i%ﬁ 38 N_ of

propyl ene was fed while rotating'the sti rlng e an ling. Then,

the. autocl avgy&pépmagoq@nw La 1896, @@@amaésa !:Ef&'r%éh,r 2 Sty ane so that

the total pressure woul becone 8 KG e I nternal priessure of the

aut ocl ave becapg: 8 #G au%&l%eonl%hhﬁas@% éR' H&'PH; addiisobutylal um num
(TrBA) (1.0 MM M) was forced into the au?oc | ave MAt nltrogen

Subsequent |y, fi A8 ol eV Resd ¥r i epaFad 4 lsu nt ai ni ng
0.1 MM (in teﬁﬁgn%? &i) of 20 nethylalunlnoxane%g Snbﬁﬁpt%g §(1, 3-

di met hyl cysl opestgchiAmnHe) ZoheeBiUBYALEB! 9 i de1 Y&s J@g %%dde 98 Qe the

autoclave with nitrogen to initiate
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
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




rization. Thereafter, for a period of 60 mnutes, tenperature
(F:)gln%/?gl of the autoclave was made so that the 25 internali Septameret2002 woul d
become 80C, and ethylene 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 the%ressure of the 5 autoclave was
rel eased to atnospheric pressure. Then, 3 liters of nethanol was poured
into the reaction solution wth stirring. The resulting polyner with the
solvent was dried.3atGA230€ @nd §RA R har o%%a'i%[isifmotﬁgtgénﬁ‘? 34 g of an
et hyl ene/ propyl ene copol yner. Properties of the 10 resulting polymer are
set forth in Tabheet. as Tabl ExdmfOner ix@e pef tﬁg_tayltggeéggggglgpe Copol yrer
15 Polym Polym Polym Polym eriza- eriza- eriza- eriza® tion

hydrogen was changed to 150 ml and the polymerization

time was changed to 4 minutes. Properties of the

5 resulting polymer are set forth in Table 1.

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




tion Ex. tion Ex. tion Ex. Ex. 1234 Pol ynmer properties Ethylene

content69. 773.071.371.5 (W% Mw (in terns of 29. 131. 820. 332epter@Syr 20080000
Mv WMn2. 01.92.12. 0 DSC-Tm ( C) 36. 846. 941. 645. 8 3. 31xE- 18644. 755. 450. 050.5 V
(%91.51.41.51.8 10-0.1xE3.02.73.02.9 110/129.49.88.26.3 1 Septenber 2003 43
Pol ymeri zation Exanple 5 In a 2-liter continuous polynerization reactor

equi pped with a stirring bl ade, said r eactbor havi ng been thoroughly purged
with nitrogen, 1 liter of dehydrated 5 and purified hexane was placed. To
the reactor, a hexane solution of ethylal um num.sesquichloride

(Al (C2H5) 1. 5CldiL.¥ctddj dstdedot ohatcoheept ¢ adion wiu il bedvirl /d ReAS
continuously fed for I hour at a rate of'500 m/hr. Then, to the reactor

were further ddieim@dusliyutesf édoa hexanei sl titdror OHMYEE2HELELA, (as a
-cat al yst)

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. Propertieé of the

10 resulting polymer are set forth in Table 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 (%) 1.5 1.5 1.8
10-0.1xE 3.0 3.0 2.9
I10/12 .4 8.2 6.3




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 pdlSepiemisai200Bon 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,
propylene at a rate of 70 1/hr and hydrogth 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 ymeri zat i on FedautearizaThpoufghaijpeer ®act i on under the above conditions, a
pol ymer sol ution containing an ethyl ene/ propyl ene copol yner was obt ai ned.
The pol yner sol uti odnwas2deéashede@st hyudihe pisigefribydreshl-erie,aci d and
then introduced into 9 Septenber 2003 44 a | arge anount of nethanol to
preci pitate t hequdpglderétbrapyt enei cppol adeer ,sashi Gl awas rt R§Hi NgcHLULp dried
at 130C for 24 hours. Properties of the resulting polynmer are Set forth in
Tabl e 2. 5 Tabit&oZoRghywepizeed oni Conditdidays,and 1RkeRebE 88hphir LOPQ! ymer
Pol ynmeri zation Ex. 5 Polymerization conditions

5 and purified hexane was placed. To the reactéf} 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




Et hyl ene (1/hr)230 Propylene (1/hr)70 Hydrogen (1/hr)4 Pol ymer properties
Et hyl ene content (W% 70.5 Mv (in terns of PS) x 1000030.1Z5dyiérmed. 200BSC- Tm
(0 26.7 3.3 xE-18647.4 V (O )7.3 10-0.1xE2.9 110/126.1 10 Exanmple 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 €0/ 20 as a l'ubricating oil base,
0.46 % by weight of the polynmer obtained in Polynerization Exanple 1 as a
viscosity index inprover (viscosity nodifier), 0.5 % by wei ght of Aclube
133 (avai |l abl & fra0geSampankasei mbtknd1 as HRAULRGHL gepressant and 10 %
by wei ght of a detergent dispersant (avail able fprom Lubri zole Co.), The
| ubricating oidthyasnevakuglednencdhel Yy, Gadiidig wQis th@%rkgﬁﬂﬁmcer%eg
flowability at Iowterrperatures The results are set forth in Table 3.

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

polymer are set forth in Table 2.

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




10 Exanples 2 - 4-, Conparative Exanple 1 A lubricating oil was prepared in
t he sax manner as inrrpExarrpI e 1, except for using a m xddaptémisdr 26D8er al
oil 100 Neutral/mneral oil 150 Neutral (available fromESSO 15 Co.) in a
mxing ratio of 80/20 as a lubricating oil base and any one of the

pol ymers obtained in Polynmerization Exanples 2 to 5 as a viscosity index

i mprover in amounts -shown in Table 3. Thé3| ubricating oil was evaluated on
the lubricating oil performance and flowability at |ow 20 tenperatures. The
results are set forth in Table 3. 1 Septenber 2003 46 Table 3 Conposition
and Propertiesratioubf i ®®tingOd 1brikhxindEyi136Xse AN 4, 1 Type

of Pol y- Pol y- Pol y- Pol y- Pol y- nmer - mer - ner - nmer - er - .

et hyl ene/ pr opykenghizatf ortie aid igmiczabb®dihaat i ANk BYhOP; %fgryr@ga@q%eda.
‘1Ex. 2Ex. 3Ex. 4Ex. 5 Conmposition (w ) lubricating oil

base89. 0489. 04B&88%i0AR: G4 deldengenprdi-spersaatdd: 010, Qk0:;Q1q. 010. 0 pour
poi nt depressant 0. 50. 50. 50. 50. 5 copol yner 0. 460. 460. 720. 460. 46 Lubri cati ng

oi | 0.5 % by weight of Aclube 133 (available Ffrom 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.



performance K V. at 100C(mm®R/s) 10. 0810. 1610. 1510. 1010. 05

SSI1 49. 048. 032. 047. 046. 0 CCS28802780296028202820

VRV2850023200460002420044500 | ow t enper at ur eAAAAAAAAAA st orage stability

1 September 2003

HTHS3. 253. 243. 283. 203. 06 1 Septenber 2003 47 Pol yneri zati on Exanple 6

In a 2-liter autoclave (made of SUS) equi pped

of

red

Synt hesis of ol efin copol yner
with a stirring blade, said autocl ave ha#fi ng been thoroughly 5 purged wth
nitrogen, 900 m of heptane was placed at 23C. To the autoclave, 13 N
propyl ene and 100 ml of hydrogen were fed while.rotating the stirring
bl ade and ice cooling. Then, the autoglgve was heated up to 70C and
pressurized wth et t&yl ene.%o thatdte ttalgre sur.e 10 vvould becone 6 KG
Wien t he internal YA 2R GI8 Je Betanel 5% of a
-hexane sol ution of triisobutylalumnum (TI BA) (1.0 M) was forced into
the autocfave with nitrogen. SubseBuentl|ly Ex3 A joEx.h& |pE&vi ousl goppep
tol uene splution containing 0.02{mMM 15 (in terns of B) jof Ex. 1
triphenyl ¢ IE }f;lr’r(tet r aki spent af | aekwphengdiyboriatkeland | ®o0005] nivboy-
(di met hyl {t-Dbutyl am do) (t etranet hylmerrj 5 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 10.0 10.0 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
551 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



ienyl)silane)titaniumdichloride was forced into the autoclave
\(/:\Ayflhogiem gg;ﬁ %lo)i niti a% e 20- polynerization. Thereafter 1 Septerabgre008d of 5
mnutes, tenperature control of the autoclave was made so that thfe |
internal tenperature would becone 70C, and ethylene was directly fed so f
that the pressure would becone 6 KG After 5 mnutes fromthe |n|t|at|onfo
polymeri zation, to 25 the autoclave was f4d 5 m of nmethanol by means of a
punp 1 Septenber 2003 48 to term nate pol ynerization, and the p_ressurefo
the autoclave was released to atnospheric pressure. Then, 3 liters o

. . - . ! , A The
net hanol was pdulsgheimitzatibg ERagbi&ngsol ution with stirring.
resul ti ng pol f/)mer with the solveni™ 5 was dried at 130C and 600 Torr for 13

hours to obtain 31 g of an ethyhesespsepyl &pg, G DAL PrEgper]tleei % me
resulting polynmer are set forth Tn Tal 1 atton b?md)e o

a 2-liter autoclaverfnade-oftSUSuestli AREA M & S%ts'rzlr[a'gggpﬁglag WIER 3o
aut ocl ave having been thoroughly purged wth nitrogen, ! 3 I Ipe

was placed at s23€rifhg bbedautoed dvdit RO Ne (gfavgglgp%%gge&gg%?%&}évg e
rotating the stirring blade and ice cooling. Then the au jave vas
heated up td 60Crgad piessnd gy tdpo %Ilh)blfeﬂgp§gnghggét€f 10t a%%p 8
woul d beconme 8 KG  Wien the internal pressure of the autoclave cane

KG 1.0 nl of2a°0exane el wiicea1atel r 1bsebuby! @ apinum GHPAY m1 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




(1.0 MM M) was forced into the autoclave with nitrogen. 20 Subsequently, 3
m of the previously prepared toluene solution containi AGeptembavi200d 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 m nutes, 1 Septenber 2003 4948%/errperature control of.the

aut ocl ave was made so that the internal tenperature would become 60C, and
ethylene was directly fed so that the pressure woul d becone 8 KG After 60
m nutes from the tierininateopodfimpol yaerdzatdn, thd greddecauiroehave was fed
5 m of nethanol by neans of a punp to term nate polynerization, and the
pressure of thetoaltoel ade watehSbease tatint GHMSPNQ e RRSSUTRen Then, 3
liters of methanol was poured into the reaction solution wth stirring.
The resul tinglpakysepfwinthhahel swhy epduddt was drihed ralact30e aBdué9OnTorr
for 13 hours to obtain 34 g of an ethyl ene/ propyl ene copol yner. Properties
of the resul wiing peliymengar ertsetrds@rithnighpbabherdwiPal yRerigpédon Exanpl e
8 15 1n a 2-liter continuous polynerization reactor equipped with a
stirring bfadeassdirdedeact DB0havamg dEeTodth@ughyl yopesg€d whithini 1 ogen,
1 liter of dehydrated and purified hexane was placed. To the reactor, a
hexane sol ut gonfohnethyl aénay pop eoatilicIdolyinde . Properties 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,




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,Sdptenier 2083ct 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 conti nuousd9 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

ethylene at a tatePErdB8d déhwrand, ProRYLERE 3L 8 [AL emé’%e slzckq%/tg%e‘é;;r‘g a

bubbl i ng tube. The copol yneri zation reaction was carried out a
circulating a ceebingl t@ebaidlvouRn 3 Lackat B8YEPPSd, outside the
.pol ymerization reactor. 10 Through tﬁ% reactﬁon un%br t éggﬁgﬁgm%gﬁﬁitions,

a polyner solaties: CONtad NG AR ety benesgrop MRl Was
obt ai ned. The pol yner sol uti on was dea?hed by ?ﬁgfﬁggggﬁﬁ%ydrgkhloric aci d

and then intraggieed 600t0iniad ArGSAPRUNG n9f ; HBL Hangt &é@[e%iz%if%te the 15
ri at

et hyl ene/ propyl ene copol yner, which was then vacuum Cfor 24

hours. Properttescif ddiediesi b0 reROBY BN o AT orth in Tahle 4. 1
Sept enber 2003 51. asdte ofMfie 32ind 0y elnk2Ble

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
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




Table 4 Proper ties of-Ethylene/Propyl ene Copol ymer Polyneri- zation Ex. 6
Pol ymeri- zation Ex. 7 Polymeri- zation Ex. 8 Polyner pr3upesrhber2088hyl ene
content47.246.849.6 (wt% 19.620.119.2 Mv (in terns of PS) x 10000
Mv Mh2.12.01.8 DSC-Tm (C) - 38. 5- 36. 2-40. 8 3.3|XE-186-29.8-31.1-21.8_V
($)2.33.215.9 10-0.1ixE5.35.25.0 110/127.26.06.2 5 Exanple 5 A lubricating
oil was prepared using 88.78 % by weight30f a nixed oil of mneral oil 100
Neutral /m neral oil 150 Neutral (available fromESSO Co.) in a m xing
other hand, the polymer solution was.continuously drawn
out from the top of the polymerization reactor so that
the amount of the polymer solution in the reactor would
be invariably 1 liter. To the reactor were then fed
5 ethylene at a rate of 180 l/hr and propylene at a rate of
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.




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

pol yner obtained in Polynerization Exanple 6 as a vi scodiSgptémicke2003

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 fromLubrizole Co.). The 15 lubricating oil was evaluated on the
| ubricating oil 1 Septenber 2003 52 perfofance and flowability at | ow

tenperatures. The results are set forth in Table 5. Exanple 6, Conparative
in

Example 2 5 A lubricating oil
except for using a m xed oil
(avai |l abl e from ESSO

Exanpl e 5,
oil 150 Neutral

Qy

m ner al

was prepared in the' sane .manner as
100 Neutral /m neral
Sr a nixi ng ratio of 80/20 as a

oi |

| ubricating oil base BiPeHdesolfnEthgbeaeiBdopnl Hod yomse Zaidon Exanpl e 7

or 8 10 as a viscosity index inprover in amunts shovvn in Table 5.

The

| ubricating ofl was eval uated on the [fubricating oit—petrfprrance—and
flowability al | ow tenperatures. The | §dstherd —gr 8odemerdrt h Hod vRedslie 5. 1
Sept enber 2008 53 Tabl e 5 Conposition ang:Psel 261&1111@3%1 ofx LUbLi £atigg, pil
Ex. 5Ex. 6Conp. Ex. 2 Ex. 6 7 g
Polymer properties i
Ethylene content 47.2 46.8 4%.6
(wt3)
Mw (in terms of PS) x 19.6 20.1 1.2
100600 '
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
V (%) 2.3 3.2 15.9
10-0. 1xE 5.3 5.2 5.0
110/1I2 7.2 6.0 6.2
5 Example 5
A lubricating oil was prepared using 88.78 % by

weight of a mixed oil of mineral oil iOO Neutral/mineral
0il 150 Neutral (available from ESSO Co.) in a mixing

"ratio of BO/éO as a lubricating oil base, 0.72 % by
10 weight of the polymer obtained in Polymerization Example
6 as a viscosity index improver, 0.5 % by weight of

Aclube 133 (available from Sanyo Kasei Co.) as a pour
point depressant and 10 % by weight of a detergent
dispersant (available from Lubrizole Co.}. The

15 1lubricating oil was evaluated on the lubricating oil




Type of Pol ymeri - Pol yneri - Pol yneri - ethyl ene/ propyl enezati onzati on E. "nation
Ex. copol yner addedEx. 678 Conposition (wt% | ubricatingi@dptember 2003
base88. 7888. 7788. 78 det er gent di spersant 10. 010. 010. 0 pour poi nt
depressant 0. 50. 50. 5 copol yner 0. 720. 730. 72 Lubricating oil performance 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 yneri zati on Exanple 9 Synthesis of olefin copolyner In a 2-liter

aut ocl ave (made of SUS) equipped with a stirring blade, said autoclave
havi ng been t bperdoghbyucpuagedt Wwbtdb i ttrogen, 1 BOG ampeatathepisanerhas pl aced
at 10 23C. To the autoclave, 5 N of propylene and 90 ml of hydrogen were
fed while rot aeengteherst seti hgrit ade Tnd e iSce cool i ng. Then, the autocl ave
was heated up to 70C and pressurized with ethylene so that the total
pressure 1 Septenber 2003

Example 6, Comparative Example 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.




54 woul d becone 6 KG When the internal
KG 1.0 m of a hexane solution of
was forced into the autoclave with nitrogen.
met hyl al um noxane and 0. 0004 nM of
cycl opent adi enyl )sil ane)titaniumdichlorid® was forced
with nitrogen to initiate 10 pol ynerization.
tenperature contro
|nternal tenperature woul d become 70C, al
woul d becone 6 k

m nut es,

that the pressure

pol yneri zati on,
to term nate pol ynerization,
rel eased to af
into the reacg

punp

to

8 After
TE

pressure of the

Ther eafter,
of the autoclave was nade so that the
Lthyl ene was

Subsequent |y,

aut ocl ave becane 6
triisobutylal um num G BddfSmiiet.2008M )

3 m of the 5
previ ously prepared toluene solution containing 0.01 mM (in ternms of Al) of

(di nmet hyl (t-butyl am do) (tetranet hyl
into the autocl ave
for a period of 5

sol vent 20 waby

an et hyl ene/ pf
set forth in

2-liter

aut oc

10

Polymerization Example 9

synthesis of olefin copolymer

In a 2-liter autoclave

(made of 5U03)

equipped with a

stirring blade, said autoclave having been thoroughly

purged with nitrogen, 900 ml of heptane was placed at

23°C.

To the autoclave, 5 Nl 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

-15-

directly fed so
“5 minutes fromthe initiation of
rta@ssoff LobripthamplObly nmeans of a
and the pressure of the autoclave was

o 561 uti on w th sti]ring. The | esiiiag HoTyPEs WM the
| ed. at 130C and 600 Torr for }3_hours to obtain-35 of
ehe copol yner. PropePLyBerdr |t helvpesin tli Rglyeeyier| are

Tl el e Roiopydeingat | on| Exarmplan 10 zhtSept exbas»a20Q3, 55 .IIn a

o yirde LheaUS) equi pped, W Eh 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 O.S

copolymer 0.72 0.73 0.72

Lubricating oil

performance

K.V. at 100°C (mmZ2/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




stirring blade, said autoclave having been thoroughly purged with
nitrogen, 900 m of heptane was placed at 23C. To the autSpteamssr 26080 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
Wien the internal pressure of the autocl®ve became 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

prepared tol uppe180betbes €ort ai Whae @nBleneMnhiNptes 58 Of o B)r e
tri phenyl car beni un(tetraki spent af | uorophenyl yborate and 15 0.0004 M of

(di met hyl (t - batybarkde)hécidanethy, -1 )bmicyg apertkadieenyhhgibangtitani um
.dichloride was forced into the autoclave with nitrogen to initiate

pol yneri zati ooriThebeedt £rumfin a 187 0d 1000 iyt @ss rhepperatyg e control
of the autoclave was nmade so that the 20 internal tenperature would becone

40C, and et hytgaeawesclaid eeidy diad-cyent.hasubbeqheessyr & woulstF hegome 6 KG
After 5 minutes fromthe initiation of polynerization, to the autoclave

was fed 531 piedbbbangl plypdmans QfuchePedRuttont 8ALARL Eng0b Ve g at i on,
and the pressure of the 25 autoclave was rel eased to atnospheric pressure.

Then, 3 1 SeptambesrR90sr 56 ) iderf tofy 1aRURARSkaWaSaRQUD edod Nt tdye reaction

sol ution .
(dimethyl(t—butylamido)(tetramethyl—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




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 eneASepyrhiesne003

copol ynmer. Properties of the resulting polynmer 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 yner properties Ethylene content (wt% 70.570.8 Mv
(in terms of PS) x 1000029.531.9 Mwv Mn2. 85 8 DSC- Tm (C) 44.539.0 .

3. 31 xE-18647.458.3 V (% 1.51.4 10-0.1xE3.02.7 110/129.46.8 10 Exam plej,
Exanple 8 A lubricating oil was prepared using a m xed oil of mneral oi

100 hbutral/n1nerahnObl21§th@u55@$C1§M@J{ﬁggéag (§@S§S§agggﬁ dinig%ngxing

ratio of 60/20 as a 15 lubricating oil base, %D

pol ymer | Septsanberind083a58, ogaganggtwlf@éw 7AHQD EX3UBLgnPyOr 10 as a
VI scoslity
‘ purged with nitrogen, 900 ml of heptane was placed at

23°C. To the autoclave, 6 N1 of propylene and 120 ml of
5 hydrogen were fed while rotating the stirring blade and
ice cooling. Thén, the autoclave was heated up to 40°C
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
p?eviously 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



i ndex inprover, 0.5 % by weight of Aclube 133 (available from Sanyo Kasei
Co.) as a pour point depressant and 10 % by wei ght of a 1dsdmemgeat2003

di spersant (available from5 Lubrizole Co..). The lubricating oil was

eval uated on the |lubricating oil performance and flowability at |ow
tenperatures. The results are set forthE%% Table 7. Table 7 10 Conposition
and Properties of Lubricating Ol 8 Type of

et hyl ene/ propyl enePol yneri za- Pol ynmeri za- copol yner addedti on Ex. 9tion Ex.
10 O Conposition (W% lubricating oil base89.0489. 04 Detergent

di sper sant 10. G1Ge0sPodr mpohrhodeps espaunt @d 5ihto GdpolnenertQ.oh6@odGtion
Lubricating oil performance K V. at 100C (mm2/s)10. 1010. 16 SSI 49. 046.0
CCS29102720 MR¥3h560225009L oV e npsnaLtumne pbdwmbmlwtyAAﬁﬁeFH&E@aQSS 20 1

Sept ember 2003 58 What is clained is:
‘'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 coil 100 Neutral/mineral oil 150 Neutral

(available from ESSO Co.) in a mixing ratio of 80/20 as a

15 lubricating oil base, 0.46 % by weight of the polymer



1. Aviscosity nodifier for lubricating oil, conprising an
et hyl ene/ a-ol efin copol ynmer which is a 5 copol yner of et Hydeptamberd0aa
a-olefin of 3 to 20 carbon atonms and has the follow ng properties: (1) the
et hylene 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
measured by GPC, is in the range of 80,0060 to 400,000, (3) MM M 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 content (E, % by weight) and the
mel ting point Ebthibkd a5 PEBSHE L0, Y tisfyy ~t-h | L ows relation
(1): 3.931XE- 186 2 Tm M 20 2.” The vﬁlcdgg%x;?ﬁ%& igtif ﬁgrggu%rﬂg THe-il as
claimed in claiimddx whereiar} he ethyl engliane! eff 0 Fad Sy
et hyl ene/ pr opyl ene cop%l ymer. | Sept e}ﬁberl%ggog%Sgcéggghgggféac%i}?{/blnebdi fier
for lubricatingreil sasyo Ckasded:d N %Ba%”g%uQrpgin%hﬂé k@s% t and 1Q %
et hyl ene/ a--ol efin copolynmer is produced by using a tall ocene cat al yst.
5 4. A | ubri cabyngeoijht COMROSIdI QSRR BERGant ( ALy | WBIL cALing oi | base,
and (B) an ethyl ene/a-olefin copolymer which is a

) 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




copol ymer of ethylene and an a-olefin of 3 to 20 carbon atons and has the
follow ng properties: 10 (1) the ethylene content (E) is 1iSeptdmbar008 of 40
to 77 % by weight, (2) the weight-average nol ecular weight (Mvy) in terns
of polystyrene, as neasured by GPC, is in the range of 80,000 to 400, 000,
15 (3) MM Mh 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 (B3, 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
| ubricating oil base (A), the ethylene/(x-olefin copolyner (B) and a pour
poi nt depressant (C), wherein: the ethylene/a-olefin copolynmer (B) is
contained in 5 wataneubtianded.ik:to0 5 % by wei ght, and the pour point
depressant (C) is contained in an anount of 0.05 to 5 % by weight. 6. The
| ubricating oil conpasitiiasoshay mediiifierlfoc| aitmi4aoind,oitherei n the
et hyl ene/ a- ol efin copol yner (B)
comprising an ethylene/a-olefin copolymer which is a
5 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 of740
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, 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.



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 Sgpgmhesi2§ds, 15
(2) the weight-average nol ecular weight (Mvy) in ternms of polystyrene, as
nmeasured 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 nmeasured by DSC, satisfy the follow ng
relation (l1): 3.3IxE-186 ? TmM 1 Septemrdger 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 copolymer (B-2) having the follow ng

properties: 5 (1) t et e NhodB)ideS rb? 1 e f1d8q05140ast0 55 %
by weight, (2) the i gh?M%vg%a%%mrtrg st ant T Car e of

pol ystyrene, as.iRas ath BY2GRG diS 2, Nwhbeeiange oohy BhARD-c1e £4A0, 000, 10
(3) MM Wnh is not nore than 2.4, (4) the nelting point (Tm, as neasured by

DSC, is copolymer is produced by using a metallocene catalyst.

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

Q.

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



not higher than -20C, and (5) the ethylene content (E, % by weight) and the
melting point (Tm C), as neasured by DSC, satisfy the 15dpbdrioat2663
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-ol efin copolyner (B) is a copoJynmer having a ratio (110/12) of
25 the nelt index (110) as neasured at 19 under a |load of 1 Septenber
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
clained in 5 any oné-of &l &ihslcetisggoiwrameesithen etdfrénéha-ohefin
-copol ynmer (B) is_a copolyner having a ratio (110/12) of the nmelt index
(110) as nmeasur ed* 2t PSGEIURYEIPEFT d&d of e B ers/ ErelafE™t CPREEXT12) as
measured at 190C gnder a |oad of 2 not less than 5 and | ess

.16 kg bei
than 8. 10 11. THe 145 FcBPFhPDHINT 88%%%?‘?%02%& UPSFFEY in  any one of

claims 4 to 9. whereif.lnen oty ane Les ol &fJdlymEePohy R fkalSedrgiiuced by
using a netal |l ocene catalyst.

5 an amount of 0.1 to 5 % by weight, and
the pour 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}.



VI SCOSI TY MODI FI ER FOR LUBRI CATING O L AND LUBRI CATING O L COVPCSI Tl ON

ABSTRACT The | ubricating oil

| ubricating oil

of 3 to 20 carbon atons. The

conposition of the inventi drbaptembér@93a

base (A) and a copolynmer (B) of ethylene and an a-ol efin

3 to 20 carbon atons is contained in the conmposition in an anount

20 % by wei ght and has the foll ow ng properties:
(E) is inthe range of 40 to 77 % by weight, (2) the weight-average

nol ecul ar weight (Mv) in ternms of polyst ne, as neasured by GPC,
the range of 80,000 to 400, 000, (3) MMM is not nore than 2.4, (4) the

melting point (Tm,

of |

(1) the ethyl ene content

is in

as neasured by DSC, is not higher than 60C, and (5)

the ethyl ene content /(-E, Thdylukgiight)naneil lvempaeltion gpoichaipdinirC), as
nmeasured by DSC, satisfy the followng relation (I?L: 3.3 xE-186 >= Tm M

10

15

20

25

claim 4 or 5, wherein the ethylene/o-o
is an ethylene/a-olefin copolymer (B-2) having the
following properties:

(1) the ethylene content (E) is in the range of 40
to 55 % by weight,

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

efin copolymer (B)

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 -20°C, and

{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 (I).

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

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

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

copolynmer (B) of ethylene and an (x-olefin of

to



10

1 September 2003
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10 kg to the melt index (I2) as measured at 190°C under a

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 {I2) as measured at 190°C under a

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

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.
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VISCOSITY MODIFIER FOR LUBRICATING OIL
AND LUBRICATING OIL COMPOSITION

ABSTRACT

The lubricating oil composition of the invention
comprises a lubricating oil base (A) and a copolymerxr (B)
of ethylene and an a-olefin of 3 to 20 carbon atoms. The
copolymer (B) of ethylene and an a-olefin of 3 to 20
carbon atoms is contained in the composition in an amount
of 1 to 20 % by weight and has the folloﬁing properties:

(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,

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

{4) the melting point (Tm}, as measured by DSC, 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
following relation (I):

3.31xE-186 2 Tm (I}).



