4 July 2005 1 DESCRIPTION VISCOSITY MODI FI ER FOR LUBRI CATING O L AND
LUBRI CATING O L COWCSI TIONS 5 FI ELD OF THE | NVENTI ON The present invention
relates to a viscosity nodifier for lubricating oil and | uybhilx2dd5ng oi
conpositions. Mdre particularly, the invention relates to a viscosity
nodifier for 10 lubricating oil with which a lubricating oil conposition
excellent in |lowtenperature properties and handling properties at |ow
tenperatures is obtained, and lubricating oil conpositions containing said
viscosity nodifier. BACKGROUND OF THE | NVENTI ON 15 The viscosity of
petrol eum products varies en neRSCHRIATON tenperature. The viscosity of

| ubricating oil for autonobiles, however, is desired to have snall
dependency on tenperature. In order to control the tenperature dependency
of the lubricating oils, an ethylene/a-olefin copolynmer which has a 20 |
viscosity index ingrevemenucefiiracr uas :hegmordely epl oyed as a
conpoundi ng agent. " ThHe TUbricating oils Tose fTowabiTity at a | ow |
t enperat ure because @b ¢iyRialaS®d @il caiMy G rdis wax conponent. For 3
the purpose of |owertng a sotidification 25 temnperature, the lubricating
- Oi ks contain a pour-point

FIELD OF THE INVENTION
The present invention relates to a viscosity modifier for
lvbricating oil and lubricating oil compositions. More

particularly, the invention relates to a viscositymodifier for

10 lubricating oil with which a lubricating cil composition
excellent in low-temperature properties and handling
properties at low temperatures is obtained, and lubricating oil
compositions containing said viscosity medifier.

BACKGRQUND OF THE INVENTION

15 Theviscosibyofpetrolemﬁproductsvarieseminentlyndth
temperature. The viscosity of Jubricatingoil for automobiles,
however, is desired to have small dependency on temperature.
In order to control the temperature dependency of the
lubricating oils, an ethylene/o-clefin copolymer which has a

20 viscosity index improvement effect, has been widely employed
as a qpmpounding agent. -

The lubricating oils lose fiowability at a low
temperature because of crystal-solidification of its wax
component. For the purpose of lowering a solidification

25 temperature, the lubricating oils contain a pour-point




2 4July 2005 depressant. The pour-point depressant bl ocks formation of

t hr ee-di nensional network owing to the crystallization of wax conponent in
-the lubricating oil, and lead a pourzpoint of the |ubricatdhdy 2005 to

| ower. 5 Anong the properties of the lubricating oils containing an

et hyl ene/ a-ol efin copol ynmer and a pour-poi nt depressant at

| ow-tenperature, a viscosity under a high shear rate is determ ned by
conpatibility between a lubricating oil base and the ethylene/a-olefin
copol yREPIeFT@ -vi $86s POy fukdem ta AepweEr A Hedr 1 ok e fermahbekapfy

i nfluenced by the pour-point depressant. It is known that in case using a
speci f t&aEey digsmsdsod leinfverrdl avonef t o dopolgimera 1 heat i ect wefx t he
pour - poi nt depressant is greatly deteriorated by the interaction between
t he pogrmpeinsntdépreksakitbahdat hes copol el 186 d sepolS 37697 o428 hand US
3,551, 336). Accordingly, the ethyl ene/a-olefin copolynmer blended in

| ubri catibmg ceitlisg sidxpectiethemparticularly in the case where excellent

| ow-t enperature properties are conditioned, not to hinder the function of

t hes pour - poi Amodgpt ks sanbp@st et |o A Heo 120 e atatis haalorynt Aikhagvi scosity
i ndex inprovenent effect. In order to prevent the interaction between the

pour - pahnétidgpesssanblamdnt bepel ik ened@-Dhefin oRAl YeBhcsaarRr gRosal has
been nade where an et hyl ene/a-ol efin copol ymer having ununiform

conposi biveBeflpsttithute,0n and QRtial nethdih then 25n UsE9F Aaspeeific
pol ynmeri zati on apparatus under specific

determined by compatibility between a lubricating oil base and

the ethylene/a-olefin copolymer, and a viscosity under a 1%@
10 shear rate is remarkably influenced by the pour-point

“depressant. It is known that in case using a specifically

composed ethylene/o-olefin copolymer, the.effect of the

pour-point depressant is greatiy deteriorated by the

interactionbetweenthepourmpointdepreésantandthecopolymer
15 (see US 3,697,429 and US 3,551,336).

Accordingly, the etbylene/a—olefin copolymer blended in
lubricating oils is expected, particularly in the case where
excellent low~temperature properties are conditioned, not to
hinder the function of the pour-point depressant as well as to

20 be satisfactory in the viscosity index improvement effect.

In order to prevent the interaction between the
pour-point depressant and the ethylene/a-olefin copolyﬁer,'a
proposal has been made where an ethylene/a-olefin copolymer

having ununiform composition distribution and obtained by the

25 use of a specific polymerization apparatus under specific




3 4 July 2005 polynerization conditions, is used as a viscosity index

i nprover (JP A 60(1985)-228600). However, the lubricating oil having
excel l ent | owtenperature properties”at any shear rate hast by 2@en
produced. 5 As the nethod of the inprovenent of |owtenperature properties
of lubricating oils, it can be considered that an ethyl ene/ propyl ene
copolynmer with a high ethylene content is added to the oils as a viscosity

i ndex i rowgghzgﬁihoqgh %he. hi gh, et hyl ene content |eads to inprovenent of
the 10 How 1emipst ot Ut & propet eies, 17t UPRdi s acMyseapityatneexof et hyl ene

sequences in the viscosity index inprover at a low tenperature to render a
| ubri cdtTHG G ?E&&é& i c?r?)j_eqa%ﬁqr@e stoxtese anthedsit scd mindie iHandl i ng
properties being occasionally deteriorated. 15 Wen the use of a copol yner
with a fi'gR%eerrdasentohPEnt empe ra tyirsc bsoby rivddisf & erarfprsHasy ireatd ng i |
is appropriate, even slight broadening in the conposition distribution of
the efRy &9d 661 arsrdusrd d cause gelling at a | ow tenperature. Thus,
property tol erance of the enployed copol yner can not be 20 so wi de, and the
prdgerties ndedthe betdod otf yheonitmmotdesthent noFi Baw-of e ha €1 FEUNBE ances,
the inventors of the present invention have worked earnestly to find out

that bpropertiss of dubpéciatiingopalsymir efneblykeneidarea- ehaki nof 3 or
nore carbon atons and an a-olefin of 4 or nore carbon atoms, 25 the
i nt er aethghedet/ eriopydtsneg cope 1gtifecisiefh thaipauetRghBhe content is
added to the cils as a viscosity index improver. Although the
high ethylene content le;ds to improvement of the
10 lcw—temperature properties, it invites crystallization of
-ethylene sequences in the viscosity index improver at a low
temperature to render a lubricating oil composition jellylike
state, and results iﬁ the handling properties being
occasionally deteriorated.
15 When the use of a copolymer with a high ethylene content
aseaviscositynmdifierforlubricatingcﬁj_isappropriate,even
 slight broadening in the composition distribution of the
ethylene copolymer could cause gelling at a low temperature.
Thus, property tolerance of the employed copolymer can not be
20 so wide, and the properties need to be strictly controlled.
In view of such clrcumstances, the inventors of the
present invention have worked earnestlly te £ind out that by the
use of a specific copolymer of ethylene, an a-olefin of 3 or

more carbon atoms and an a-olefin of 4 or more carbon atoms,

25 the interaction deteriorating the effect of the pour-point




4 4 July 2005 depressant is not caused and the conpatibility between the
copol ymer and the lubricating oil bage at a |ow tenperature may be
controll ed, whereby a lubricating oil conposition excell ent4Juyn2005

| ow-t enperature properties at any shear rate and in handling 5 properties
~at low tenperatures is obtained. Wth the finding, the inventors conpleted
the invention. This invention ains to provide lubricating oil conpositions

Il i, ts t ti , _oxidation _stability, lubricity at
ot O s P PR LR, oo PR PRI L ARk PRY bPBoer 1 b at
|l ow te r res d i.scosi.ty nodifier for bricating oil enployed in
o ¢ ePREEAHERS AN, 3 800N, ERAULL L SO LRl g Ol e oY

viscosity nodifier .for lubricating.oil .of the inventiaon conprises an
et hyl ehgl%g%?ﬁ?ligegbﬂf&?ﬁfg?y €B§u}88ﬁF3FﬁPﬁg‘?ll GOFPESh ISR =EFiLL €8k a- ol ef i n
of 3 or re carbon atons, and (iii) a higher a-olefin of 4 to 20 carbon

at ons Gxﬁgf%‘i’hte%e’f%uearww agf apyisheds rpaegend tiahapratnef (ii) by
one or nore, and ,the ethylene/a-olefin copolyner (B) has the follow ng
pr&berPF8§e€f}e§n@£@2¥?t@@PeéaééﬁFéhﬂSo@béﬁhy$@neVbﬂ¥1ﬁ@eiﬁinﬁéngange of 40
to 25 80 %by weight, a content of the a-olefin of 3 or nore carbon 5 4
July obhg inventors completed the invention.

This invention aims to provide lubricating oil
kcompositions excellent in low-temperature properties,
oxidation stability, lubricity at high temperatures and fuel
10 efficiency and also in handling properties at low temperatures,

and a viscosity modifier for lubricating oil employed in said

. Jubricating oil compositions.

DISCLOSURE OF THE INVENTION

15 A viscosity modifier for lubricating oil of the invention
comprises an ethylene/o—olefin copolymer (B) containing:
(1} ethylene,
(ii) an a-olefin of 3 or mofe carbon atoms, and
{iii) a higher a-olefin of 4 to 20 carbon atoms wherein
20 the carbon number of (iii) is larger than that of {ii) by one
Or more, and
‘the ethylene/a-olefin copolymer (B) has the follbwing
properties (1) and (2):
(1) a content.of éthylene (i) is in the range of 40 to

25 80 % by weight, a content of the a-olefin of 3 or more carbon




atons (ii) is in the range of 15 to 59 % by weight, and a content of the
higher a-olefin of 4 to 20 carbon atons (iii) is in the range of 0.1 to 25
% by weight"'with the proviso that theS5sum is 100 % by wei ghiuly 2006 5 (2) a
wei ght - aver age nol ecul ar weight (My) in ternms of polystyrene as neasured
by GPC is between 80,000 and 400, 000. The ethylene/a-olefin copolyner (B)
preferably has a ratio of Mv My being 2.4 or less (3). The

et hyl ene/ a-ol efi n copol ymer (B) preferably has a 10 nelting point (Tm
bei ng 6BECHF [ biert sadnridss weed ey fDSE oA} 9 4 byi sepgrferaht g thatfhe
a-olefin of 3 or nmore carbon atonms (ii) which is a constituent o? t he

et hyl enef atlor eti ghere opoiafem (F) 4 be po apyhene.- tief erally; sthe bj gher
a-olefin (iii) which is another constituent of the ethylene/a-olefin 15
copol yneenge) oThaisl 6to 02 20% cay besi g ong: th tt hs i n t he

ethyl ene/ (Y-ol efi n copol yner (B) %at et hyl ene]‘dg)%di%;]F %b%:}garll gtf%eeds?rﬁ an
anount b¥ B00t® BO Yebynhtwekght, |ikewi se, the a-olefin of 3 or nore carbon
atons (ii) in an anount of 18 to 34 % by wei ght, and the higher a-olefin
20 bf 4 to 20(zardbore s ddidde i ampunt. of. 0.5 to 20 % by weight.
One enbodi nent of thealj_lt ubri catig}n% H(I{:)]?llaél%:orrpogﬂlF THhs @?W)trfenﬁ t3%on

 Copolymer 1 o armant o o 30 T by et chir o 310 MY PG St et of
the lubricatimg QdhLQUMOsI1d Qns; 6 éop]éli%nezxoo?la) preferably has a
ratio of Mw/Mn being 2.4 or less (3).
The ethylene/a-olefin copolymer (B) preferably has a
10 melting point (Tm) being 60°C or lower as measured by DSC (4).
It is preferable that the x-olefin of 3 or more carbon
atoms (ii) which :Ls a constituent of the ethylene/a-olefin T
- copolymer (B), be propylene. Preferably, the higher a-olefin
(iii) which is another constituent of the ethylene/a-olefin

15 copolymer (B), has 6 to 20 carbon atoms.

It is preferable in the ethylene/a-olefin copolymer (B)

3

- that ethylene (i) be contained in an amount of 60 to 80 % by
weight, likewise, the o-elefin of 3 or more carbon atoms (ii)

in an amount of 18 to 34 & by weight, and the higher a-olefin

"o

'20 of 4 to 20 carbon atoms (iii) in an amount of 0.5 to 20 % by
weight.
One embodiment of the lubricating oil compositions of the
invention éomprises (A) a lubricating oil base and {(B) the
ethylene/a-olefin copolymer in an amount of 1 to 30 % by welight.

25 The other embodiment of the lubricating oil compositions




of the invention conprises (A) a lubricating oil base, (B) the

et hyl ene/ a-ol efin copolyner in an anount of 0. 1 to 5 o by weight, and (C

a pour - poi nt- depressant in an anount ®f 0.05 to 5 % by weiddly 2805BEST MODE

‘TO CARRY -OQUT THE | NVENTI ON The followi ng are detailed descriptions on the

- viscosity nodifier for lubricating oil and the lubricating oil
conpositions of the invention. In this specification, all the nunbers for

mat eri al amount, reaction conditions, nolecular 10 wei ght, carbon atons,

etc. shedl Bhpel meatk Vit eantper itersm (aabaut i r Wed 0 Ay tdhe Lo e('@ﬁu%hgg t he

good technical understanding except in the exanples or unl‘ess’otherw se

ment i onedhyVeESEZSItY el dd iR LHBRY i scosi t difier

for lubricating oil of the If?i nventi ong@-gkglr@i %Ig'-aihg%\éof%%‘?le%%?n?’ whi ch

wi || beadet &} ed pchat-/o i rRo Rk id t hyl epe. (i -gl efi f 3 or nore

carbon atoms (.ii), PR h:ég)'her g i%ﬂo?lgﬁ‘)‘%%oga&b%ﬁ Et%n@’(i i)

in whichet§rtcarbon nunber always exceeds that of said a-olefin of 3 or

nore carbon atons by a majority of 1 or nore (said 20 copolymer (B) wll

her ol nafter).  Exameu el Thero S R 18 IRBIREGHTCL Srhne (i1) are
5 ety - pent . -5/ 8LV - Bt Eh: Sk e pogoh argcosscy
4'”Ethxﬁdéifﬁgfnﬁlr4lébfgé§%{g%_éi-eéggethg fugg£¥a§233 oil
compositions of the invention. .In.this specification, all the
numbers for material amount, reactioﬁAconditions, molecular
10 weight, carbon atoms, etc. should be read with the term “about”
within the limit ensuring the good technical understanding

except in the examples or unless otherwise ﬁéntioned.

VISCOSITY MODIFIER FOR LUBRICATING OTL

The viscosity modifier for lubricating o0il of the
15 inventign comprises a copoljmer (B), which will be detailed
later, containing ethylene (i), an a-olefin of 3 or more carbon
atoms (‘ii)s, and a higher a~clefin of 4 to 20 carbon atoms (iii)
in which the carbon number always exceeds that of said a-olefin
of 3 or more carbon atoms by a majority of 1 or more (said
20 copolymer (B) will sometimes be referred to as an
ethylene/a-olefin copolymer (B) hereinafter).
Examples of the a-olefin of 3 or more carbon atoms (ii)
are propylene, l-butene, l-pentene, 1-hexene,
3-methyl-1-butene, 3-methyl-1-pentene, 3~ethyl—1—pentene,r

25 4-methyl—l—pentene,4—methyl~1—hexene,4,4—dimethyl—l~hexene




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

1- decene, 1-dodecene, 1-tetradecene, 1-hexadecene and 1-octadecene. Those
having 3 to 19 carbon atons are preférable anong these. Patduly2®ey|y,
propylene is 5 preferable. Exanples of higher a-olefins of 4 to 20 carbon
atons are 1-butene, 1-pentene, 1-hexene, 3-nethyl-I-butene,

3-nmet hyl -1 -pentene, 3-ethyl-I-pentene, 4-nethyl-I|-pentene,
-4-met hyl -1'-hexene, 4, 4-di net hyl -1 -hexene, 10 4, 4-di met hyl -1 - pent ene,

4- et hyl 4} 4neéxBREhy3d-drppintiensex dnet hylldetlenesnd, - deceniey L 11 dodeceneg,
1-tetradecene, 1-hexadecene, 1-octadecene and |-eicosene. Anobng these,

t hose havPageset ol-2@ceachod —alcorscrpr efleratinaBdeand0 Taibondatens, nore
preferably 12 to 20 carbon atons, even nore preferably 14 to 15 20 carbon
at ons amedudedciadehenienvenhosa. hhuhbniycat i8g10i ks rbe@MRrHdsisng @ hi gher

a-ol efin having carbon atons in the above range, show particularly

excel | entefevabeapeamahyr ehpseper bhesiciaal Ry 0adopanae«ofi £t hyl ene content.
Anot her nononer may be copol ynmerized within the limt not 20 mssing the
obj ect pftetBeabbe¥ention, but preferably polyene conpounds are not
contained as a copolynmer constituent. In this case,'a copolyner is

excel | ent in heatpresist anesand-Hneeihonr pxifal) eafggﬁyggg@%i@”’ and

| ubricating oil conprising said copolyner is particu actory in

| ubricifyou@dndherepbytene a10hekiRecoRoLYIRY 1(B. as the content of 8 4
July 2005
3-methyl¥1—pentepe, 3—eth¥l—1mpentene, 4-methyl-I1-pentene,
4-methyl-l-hexene, 4,4-dimethyl-l-hexene,
10 4,4-dimethyl-l1-pentene, 4-ethyl-1l-hexene, 3-ethyl-1-hexene,
~ l-octene, l-decene, l-dodecene, l-tetradecene, l-hexadecene,
20 carbon atoms, preferably 8 to 20 carbon atoms, more
prgferably 12 to 20 carboh atoms, even more preferably 14 to
15 20 carbon atoms are used in the invention. Lubricating oils
comprising a higher a-olefin having carbon atoms in the above
range, show]particularly'excellent’low—temperature_properties
in a broad range of ethylene content.
Another monomer may be copolymerized within the limit not
.20 missing the object of the invention, but preferably polyene
:compoundsarenotcontainedaseacopolymerconstifuent. Inthis
case,’a copolymer is excellent in heat.resistance and fr;é from
oxidation and coloration, and lubricating oil comprising said

copolymer is particularly satisfactory in lubricity.

25 The ethylene/a-olefin copolymer (B) has the content of




(i) ethylene (E: content of recurring units derived from ethylene) in a
range of 40 to 80 % by weight, the content of (ii) the a-olefin of 3 or
nmore carbon atons (content of recurrithg units derived from fuke2005 ol efin
of .3 or nore carbon atons) in 5 a range of 15 to 59 % by weight, and the
content of (iii) the higher a-olefin (sonetines referred to as HAO
hereinafter) of 4 to 20 carbon atons (content of recurring units derived
from 'HAQ L a range of 0.1 to 25 %by weight, with the proviso that the
sumof fh ?EEMF@Pﬁg @an@qﬁﬁﬂﬂxPﬁ%QQﬁW%ﬁ%ﬂﬁ Uﬂlﬁiﬁ@gremedCBHDmnt (i) The
et hyl-ene (|£ content is in the range of 40 to 80 % by weight, preferably
60 to 8OTUYB§ R §At @ Speeef péaliPytot BB ®thyl emiglhi) tbhateattieatpoef erably
in the range of 65 to 80 % by weight, further preferably 68 to 77 % 15 by
wei ght , mgrﬂrye prefefablof 881t wors ¢4 Hyonmeicghts. (dhet enhbhylrenecqi)iggnt ent
preferably falls in the above ranges when the carbon nunber of the HAO
(iii) ienatsoddnivetetr ehetloardan aiibers of orthRokaQ:bibb) hsohetwegn 12 and
20, the ethylene (i) content is desirably in the range of 65 20 to 80 % by
wei ght ,a prediges abf Y1 Bhd 675 YWybyewghaht anaDERePLEHEEAD! MfG? 119) 70L& by
weight. "It is also desirable for the ethylene content to in the

range diidifet ax-6019610y Waingdd imdd efaratlan 4@ e BRo ’ﬁ@ﬁ’eif‘fr%gj@ ) 4{39 this

case, the ethylene (i) content is preferably in the range to 55 %

by wei ghteo Dur thebopr atemablkofdche §3 %o0Yr el ghtn:Os 4 Ye @005

HAO) in a range of 0.1 to 25 % by weight, with the proviso that
the sum of the recurring units is 100 % by weight.

10 Ethylene Content (i)

The ethylene (i) content is in the range of 40 to 80 %
by weight, preferably 60 to 80 % by weight.
Specifically, the ethylene {i} content ie preferably in
the range of 65 to 80 % by weight, further preferably 68 to 77 %
15 Dby weight, highly preferably 68 to 75 % by weight. The ethylene
(i)contentpreferablyfalhsintheabovexangeswhenthecmrbon
number of the HAO (iii) is 4 to 11.
When the carbon number of the HAOD (iii) is between 12 and
20, the ethylene (i) content is desirably in the range of 65
20 to 80 % by weight, preferably 60 to 75 % by weight, more
preferably 60 to 70 % by weight.
‘It is alsordesirable for the ethylene content to fell in
the range of 40 to 60 % by weight, preferably 40 to 59 % by weight.
hathiscase,theethylene(i)contentispmeferablyinijmarange

25 of 40 to 55 % by weight, furtherpreferably4311353 bywelght




The ethylene (i) content preferably falls in the above ranges when the
carbon nunber of the HAO (iii) is 4 to 11. Wen the carbon nunber of the
"HAO (iii) is-12 to 20, the ethylene9 i) content is preferablyyR®0g he range
of 40 to 55 % 5 by weight, nore preferably 40 to 50 % by wei ght. Content
of the a-Oefin of 3 or More Carbon Atons (ii) The content of the a-olefin
of 3 or nore carbon atons (ii) 1is in the range of 15 to 59 % by wei ght,
preferably 15 to 39 % by weight. 10 Specifically, it is preferably in the
range ofha&thy 3mey (igy opsitghtt, prefeleb iyr ébédabliy 20 tab3de Ydrygavei ght . |t
preferably falls in the above ranges when the carbon nunber of the HAO
(iii) ivhenttohelcarhonsnahiser desi tabl saborithe cenyemt afi .t he a-ol efin of
15 3 or nore carbon atons (ii) to fall in the range of 15 to 31 % by

wei ght, pref éitedl yhE8chebda fhayewed ghihe IHapr@afianabky1patd ;0 i nde above
ranges when the carbon nunber of the HAO (iii) is 12 to 20. It is stil

desi r akdtéfiemd he jcorir@rin tofi st Beede@kefivn iof th20r3nQk HB £ Gas bon At ons
(ii) to fall in the range of 39 to 59 % by weight, "preferably 40 to 59 %
by Swei ght wditgar efresablyrdadso1inabheor apge gf 44:50:59 % by weight, nore
preferably 40 to 50 % by wei ght when the carbon nunber of the HAO (iii) is

4 to ltonthacatt ae Af-dNer fh Aleld noofyd-or coprs, cALRRD gLoms (i) 25
preferably TalTs in € ra ; 4 July 2005

The content of the oc—o.lefin of 3 or more carbon atoms (ii)
is in the range of 15 to 59 % by weight, preferably 15 to 39 %
by weight.
10 Specifically, it is preferably in the range of 18 to 34 %
by weight, further preferably 20 to 31 % by weight. It
preferably f“alls in the above ranges when the carbon number.of ... o
the HAO (iii) is 4 to 11.

It is also desirable for the content of the g-clefin of

\

15 3 or more carbon atoms (ii) to fall in the range of 15 to 31 %
by weight, preferably 18 to 28 % by weight. It preferably falls
in the above ‘ranges when the carbon.number of the HAO (iii) is
12 to 20.

It is still desirable for the content of the a-olefin of

20 3 or more carbon atoms (ii) to fall in the range of 39 to 592 %
by weight, preferably 40 to 59 % by weight. It preferably falls
in the'range of 44 to 59 % by weight, mére preferably 40 .tc.-) 50 %
by weight when the carbon number of the HAO (iii) is 4 ﬁo 11.

The content of the a-olefin of 3 or more carbon atoms (ii)

25 preferably falls in the range of 40 to 53 % by weight, more




preferably 40 to 50 % by wei ght when the carbon nunber of the HAO (iii) is
12 to 20. HAO (iii) Content The HAO (iii) content is in the range of 0.1 to
25 % by 5 weight, preferably 0. 5 ti0 20 % by wei ght. Wen 4 thdy g8ddon
nunber of the HAO (iii) is 4 to 11, the HAO (iii) content preferably
~falls in the range of 0.5 to 15 % by weight, nore preferably 0.5 to 10 %
by weight, highly preferably 0.5 to 7 % by weight. Wen the carbon nunber
of the HAO (iii) is 12 to 20, the HAO 10 content is preferably between 7
and 20 pefe meh ght40 mor 60 priefesabbht betweernd Q- anth2Q My wei ghte. It is a
preferabl e enbodi ment, (B-1) that the ethylene/a-olefin copolymer (B)
corrprlsm(an)lje)thyslelr[e td 2m, anmount of 60 to 80 % by weight, (ii) an
a-olefin of 3 or nore 15 carbon atonms in an anount of 15 to 39 % by wei ght
and (iidpo HAQ) m@an-awunt of 0.5 to 20 % by weight. Mre preferably, it
conprises (1) ethyl'éne in an anmount of 65 to 80 %by wei ght, (ii) an
a-olefin of Gnar yier §168)beBALARS 1kN; R L g%%.]Eoco?"b 5/beby el ght,

and (iii) HAOin an am)unt of 0.51to0 Ven ‘ore

ref er ghl t thyd of 68 to 77, %

\F/)\BI Ef(j:]ht %(Jﬁ'hﬂ a%fgf%fé?fi ngS) %8 2@/0 %Srewé %ﬁﬁon he Caa‘ﬁ’%{hﬂﬁﬂpe& 20 to
31 %b h O.i t.of 0.5 % Th
et hyl. e%efy\ghgl}él Oangd% *%/rfger% 1’) ﬂaw n i ﬁg% 88}}%8‘3{2@5% efe Veferr:d

when the ;25 ¢athen, nunber cof BAQ (iEi) Js 4 to 12. 11 4 July 2005

0.5 to 10 % by welght highly preferably 0.5 to 7 % by weight.
When the carbon number of the HAO (iii) is 12 to 20, the HAO

10 content is preferably between 7 and 20 % by weight, more
preferably between 10 and 20 % by weight.

It is a preferable entbodimen’t"fr-.A(Bil) that the
ethylene/a-olefin copolymer (B) comprises (i) ethylene in an
amount of 60 to 80 % by weight, (ii) an a-olefin of 3 or more

iS carbon atoms in an amount ofA 15 to 39 % by wéight, and (i'ii)
 HRO in an amount of 0.5 to 20 % by weight. More preferably,

it comprises (i) ethylene in an amount of 65 to 80 % by weight,

(ii) an o-olefin of 3 or more carbon atoms in an amount of 18

to 34 % by weight, and {(iii) HAO in an amount of 0.5 to 7 % by

20 weight. Even more preferably, it comprises (i) ethylene in an
ambunt of 68 to 77 % by weight, (ii) an o-olefin of 3 or more
carbon atoms in an amount of 20 to. 31 % by wéight, and L(iii)

HAO in an amount of 0.5 to:7 % by weight. The ethylene/a-olefin
copolymer (B-1) having these compositions is preferred when the

25 carbon number of HAO (iii) is 4 to 12.




It is another preferable enbodinment (B-2) that the ethylene/a-olefin

‘copol ymer (B) conprises (i) ethylene in an anmount of 60 to 75 % by wei ght,
(ii) an a-olefin of 3 or nore carbohlatons in an anount of4 48y P01 % by
weight, and (iii) 5 HAOin an anount of 7 to 20 % by wei ght. Mre
preferably, it conprises (i) ethylene in an anount of 60 to 70 % by
weight, (ii) an a-olefin of 3 or nore carbon atons in an anount of 18 to
28 % by weight, and (iii) HAOin an anmount of 10 to 20 % by weight. The
et hyl ene/ a- ol £%i &S capotryaer pEBigyahaei rybrhésentO (Borpodittatonshd s preferred
when the carbon nunmber of HAO (iii) 1is 12 to 20. -1t -,is another

pr ef er abtey babedinehefLiB- GypohanetrhéB) ethybensta- of pféth ¢Dpot yeraf B)
conprises (i) ethylene in an amount of 40 to 59 % by weight, (ii) an

a- ol ef iamofin8 of Gre IH Gablyowedbbns i(Rianaanaudleoin39rt® &9 Wehby wei ght,
and (iii) HAOin an ampbunt of 0.5 to 20 % by weight. Mre preferably, it
conpri sesrifén etdwd ene dm amc@must DF 4D 3D #Qaﬁﬁv@iﬁrﬁi,g'Hnd }(iiij)} an
a-olefin of 3 or nore carbon atons in an anmount of 44 to 59 % by wei ght,
and5(i iHAO HAO drh aab Wit 70t 028 §0p35:%6 20t by weidhre xeéblg%’,rei
preferably, it conprises (i) ethylene in an amount of 43 to %tby

wei ght ,cdmhpi 88s at o) efd n r i) oA f 46 to
56 % by vve}ibght, at;l%ﬂ (i iki[%pé I—iC?,AOJ{?[:i négneg%on%?p%f@%??tjodqf &Eﬁ%ﬁhg t. The
et hyl engy fol GQROIYHTRN = hayi t co itions is:.preferred
when thgiﬁ)-zgrggr—b%gn nunmber o?g:ﬁnA%} |?%{ Bl&g %E@gsflgpaﬁ ai[\o urfty %3’:?6

to 28 % by weight, and (iii) HAO 'in an amount of 10 to 20 % by

e

weight. The ethylene/a-olefin copolyier (B-2) having these

10 compositions is preferred when the carbon number of HAO (iii)
- is 12 to 20.

wwIt.is another preferable embodiment {B—3) that the

ethylene/a-olefin copolymer (B) comprises (i) ethylene in an

amount of 40 to 59 % by weight, (il) an o-olefin of 3 or more

15 carbon atoms‘in an amount of 39 to 59 % by weight, and (iii)

HAOQ in an amount of 0.5 tol20 % by weight. More preferably,

it comprises (i) ethylene in an amount of 40 to 55 % by weight,

(ii) an o-olefin of 3 or more carbon atoms in an amount of 44

to 59 % by weight, and (iii) HAO in an amount of 0.5 to 15 %

20 by weight. Even more preferably, it comprises-(i) ethylene in

an amount of 43 to 53 % by weight, (ii) an a-olefin of 3 or more

‘carboh atoms in an amount of 46 to 56 % by weight, and((iii}

HAO in an amount of 0.5 to 7 % by weight. The ethylene/a-olefin

copolymer(8—3)havingthesecompositionsispmeferradwhenthe

25 carbon number of HAO (iii) is 4 to 11.




It is another preferable enbodinment (B-4) that the ethylene/a-olefin
copolyner (B) conprises (i) ethylene in an anount of 40 to 55 % by wei ght,
(ii) an a-olefin of 3 or nore carbam® atons in an anount of4 &fy @053 % by
wei ght, and (iii) 5 HAOin an anount of 7 to 20 % by wei ght. Mre
~preferably, it conprises (i) ethylene in an anount of 40 to 50 % by
‘weight, (ii) an a-olefin of 3 or nore carbon atons in an anount of 40 to
50 % by weight, and (iii) HAO in an armount of 10 to 20 % by weight. The

et hyl ene/ a- ollef iis  copahyre prEBod)etayiang ddiesen 10 gomposhit onsei s preferred
when the carbon nunber of HAO (iii) is 12 to 20. Anpong these enbodi nents,

pr ef er ahltey lies et fue-o letfiyl engloa-valeef | (B)CopaiptTRe o B1l) «cORRng AG G
ethylene in an anmount of 60 to 80 % by weight, (ii) an a-olefin of 3 or

mor e 15meainkon fakoNBol §5 o MG, 15 10 239 e M6] Gt 3 8RdpGiki )  HAO
in an anount of 10 to 20 % by mef%ht. Tﬁé ethfiene/a-olefin cogofyner (B)

- for usearpdnhecdmavent Lansganpki siend ol hyl ene,. (L)} an.a-oletin of 3 or
nor e cgrbgn afons, ang (?ii) a th%grk§-§Fe¥iﬁgo?e%b?ﬁ'Z nga?%g%}atons 20

- respectively gﬂ_gﬂoapg¥§gp§u§9;ﬂﬁqy% R %&%eswgrEUEEL sggggyégggllent

conposition having su nt | owtemnperature propéerfi es

ot PO oRek 125 BlnyQRnEeTRCLR! Uhehn e T07 SOPELYER! s P v loblen as

“invention-all ows Tt Nt range in-various _
ngﬁ;rg?ﬁiggﬁraaggeggggggI§Ié¥]ﬁ%fg'8§¥ggﬁjgtagg %n‘%ncggghggegf £8r
to 50 % by weight, and (iii) HAO in an amocunt of 10 to 20 % by
weight. The ethylene/a~clefin copolymer (B-4) having these
 10 comﬁositions is preferred when the carbon number of HAQO (iii)
is 12 to 20.

Among these embodiments, pFeferable is the
ethylene/a-olefin copolymer (B-1) comprising (i) ethylene in
an amount of 60 to 80 %,by'ﬁeight, {ii} an w—-olefin of 3 or more

15 carbon atoms in an amount of-15 to 39 % by weight, and {(iii)
HAO in an amount of 10 to 20 % by weight.

The ethylene/a-olefin copolymer (B) for use in the
invention comprising (i) ethylene, (ii) an ca~olefin of 3 or more
carbon atoms, and (iii) a higher a~olefin of 4 to 20 carbon atoms

20 - respectively in an above-noted amount, promises a lubricating
oii composition having sufficient low-temperature properties
and excellent handling properties at low temperatures:

The copolymer used in the invention allows a wider

tolerant range in various properties such as intermolecular

25 composition distribution. This is confirmed, for example,




t hrough a work conprising the steps of meking graphs showi ng the

rel ati onshi ps between the ethylene content and MR viscosity (MV) and

- between the ethylene content and stdr3age stability at | ow4t g2t ures of
the ethylene/a-olefin copolyner (B); 5 studying the avail abl e ranges of

-ethyl ene content based on the allowable values of the MR viscosity and the

storage stability at |ow tenperatures; and conparing the ethyl ene content

ranges to those of bicopolynmer of ethylene and an a-olefin of 3 or nore

car bon tatremgh 0 wihié composistingn tofe shepet byl endiagbetbiphscepotimer (B) is

determ ned by 13C-NWR in accordance with the nethod described in

" Macr ombleecel @t Anabhsps Hdandbookhe(Sdey Bt ye efontapanaAdaly viealb sghem stry,

edited by Macronol ecul e Anal ytical Research Meeting, published by

Ki nokurivpa ) Shotebpt wkarAthel eetlyaeneebght enffobadpatbiredback¥piadity
wei ght - average nol ecular weight (Mv) in terns of polystyrene as neasured

by a gel 1per FRaldcan teimas o anaphy: K¥3RG) e Al - éi@f%h&éﬁaﬂfﬁee' ehiyn
copolymer (B), is in the range of 80,000 to 400,000. Wth

vei ght saveraae AREESH BT 2 MEL qung(é\éﬂfbfb@tﬂglbﬂet @Sneéﬂyeog@é@% %%et he

ethyl ene/a-ol efin copolymer (B) 1s excellent in viscosity in

lrmrovsm%a%qeamh%gsal @%bbah'ﬂ/s%?%?ﬁrsu e Lhe s Sgegbﬂﬁ SO that a

shal | usage amount o copol yner flces 6 dbt arn-a uBrlcatlng
S o CAR IR SR e B B PR AR i
excel | \e_gttl'?b se o‘%uﬂyxcgggﬁymer of ethylene and an a-olefin of 3 or more
carbon atoms.
10 The composition of the ethylene/ac—olefin copolymer (B)
is determined by 13C-»NMR in accordance with the method described
in “Ma;;omolecule Analysis Handbook” (Society of Japan ...
Analytical Chemistry, edited by Macromoleéule Analytical
Research Meeting, publishéd by Kinokuniya Shoten).
15 A molecular weight, méfe particularly, a weight-average
molecular weight (Mw) in terms of polystyrene as measured by
a gel.permeation.chromatography'(GPC) of the ethylene/a-olefin
copolymer (B), is in the range of 80,000 to 4_00,000. With the
weight-average molecular weight (Mw)} being in the above range,
: 20‘ the ethylene/a-olefin copolymer (B) is excellent in viscosity
- index improvement capability (capability of increasing the
viscosity), so that a small usage amount of said c0polym;r (B)
sufficesixDObtainialubricatingcﬁj_havingwaspecificviséosity.
A lubricating oil composition comprising said copolymer (B} is

25 unlikely to get jelled at a low temperature and is excellent




in shear stability of the viscosity of lubricating oil. Wen the

wei ght - aver age nol ecul ar wei ght (Mvy) of the ethylene/a-olefin copolyner
(B) falls it the range of 250,000 tig! 400, 000, preferably 26490003 o
380, 000, nore preferably 5 270, 000 to 350, 000, the viscosity index of the
lubricating oil is particularly inproved. Wen the wei ght-average

nol ecular weight (Md) is in the range of 80,000 to bel ow 250, 000,
preferably 100,000 to 240,000, nore preferably 120,000 to 240,000, the
shear dtralsitisiatty sgfaliihel W sebsihsy of stabitgabEngubifcaich nigs ogtceptional |y
good. The neasurenent by the gel perneation chromatography (GPC) is
conduct ed unééent hdec ordighitonsrcafage trempecal aif ev @i gh 14046) and the

o- di chl orobenzene solvent. An MM Mh ratio (Mv wei ght-average nol ecul ar

wei ght etMylenkd crwihegravepagemml eyl ak1wei ghtonahifhyd o eaes ol ecul ar
‘'wei ght distribution of the ethyl ene/ propyl ene/ (x-olefin copolyner, is 2.4

~or lesso poef,@nall Yprdiebilessso Wen thesgMbibh, rabie b§ege%53ﬁ ess,_éhe

.shear stability of the viscosity of lubricating oil Is satistactory an

thus peebgnabl eo 26 Aoa®) g vaaknk il nak.d be ﬁ%@ih%'}ﬁlf%%gnegf qfpgeopol ymer

(B), as neasured by a differential scanning cal orineter

pref er abl ﬁﬁa@@@c@lagquo‘ﬁ’mp%'ﬁgds.ucﬁhénﬁ%&h@?%?ﬁgﬂég?%gsf T%%?é?%? ﬁz_,t ability

at low tenperatures i's satisfactory.

Syt L ane Bl " SCORY YIRS - ZRLUAPTS 6 (d SLIYLERS, ] fogy amount of 60
preferably lO0,000‘ to 240,000, more preferably 120,000 to
240,000, the shear stability of the viscosity of lubricating

10 o©0il is exceptionally good.

The measurement by the gel permeation chromatography

{GPC) is conducted under the conditions of a terr_lperature of
140°C and o-dichlorobenzene solvent.

7 An Mw/Mn-ratio (Mw: weight-average molecular weight, Mn:

15 number-average molecular weight) which indicates molecular
weight distribution of the ethylene/propylene/g~olefin

- copolymer, is 2.4 or less, preferably 2.2 or less. When the
Mw/Mn ratio is 2.4 or less, the shear stability of the viscosity
of lubricating oil is satisfactory and thus preferable.

20 - A melting point (Tm) of the ethylene/oa~olefin copolymer
(B) » as measured by a differential scanning calorimeter (DSC),
is preferably 60°C or below. With su.ch a melting pointh, the
storage stability at low temperatures is satisfactory.

The melting point (Tm) of the ethylene/a~olefin copolymer

25 comprising (i} ethylene in an amount of 60 i‘_o 80 % by weight,




is preferably in the range of 15 to 60C, nore preferably 25 to 50C, still
further nore preferably 25 to 45C. The nelting point (Tm) of the

et hyl ene/ a-ol efin copol ynmer conprisgsimng (i) ethylene in an4aud@0%f 40 to
-bel'ow 60 % by weight, 5 is -20C or below, preferably -25C or bel ow, nore
preferably -30C or below. The highest tenperature on an endotherm c curve
obtained by the differential scanning calorinmeter (DSC) is taken as the
nelting point. The nmeasurenent is made through the steps of 10 putting a

sanpl e jigNtG e @i AwnpRN rahea! id1g itshe csaupke wpret prarlempanatw e of
200C at a rate of 10C mn, holding the sanple. at 200C for 5 m nutes,

cool i ngd e =sanplie 10 Airdparatdr sroferdfPe at aoratecof 20C¢ mn, and
heating the sanple at a rate of 100 mn to obtain a 2nd run endotherm c 15

curve. The rrqlhteiﬂ@wpwtpdﬁtd%ﬁ;rgﬂeqefé&gfé}fe,%n%félﬂn %_eggtl JH C curve.
I nor IS p

In the case where the a-olefin of 3 or carbon atons opyl ene, the
oL bl SOILECL S O BOCLL S, TELALDRG (LD
thep US SaponIuIDet ol ResPegl L1681 1 10,20, CRMD BLaIBLtL)L) 19 12
nor e pr_%foe,rcatgly b3él3o]w>$ E-171-Tm ... (AA-3); 16 4 July 2005
The highest temperature on an endothermic curve cbtained
by the differentiall scanning caiorimeter {(DSC) is taken as the
melting point. The measurement is made through the steps of
10 putting a sample into an aluminum pan, heating the sample up
- to a temperature of 200°C at Ia rate of 10°C/min, holding the
_ ‘.s'au:nplen_»= at 200°C for 5 minutes, cooling the sample to a
temperature of -150°C at a rate of 20°C/min, and heating the
sample at a rate of 10°C/fnin to obtain a 2nd run endothermic
15 curve. The melting point is. determined from the 2nd run
endothermic curve.
In the case where the w-olefin of 3 or more carbon atoms
is propylene, the ethylene (i} content (E: % by weight) and the
melting point (Tm: °C) determined by the DSC preferably satisfy
20 the following relations:
ARA: when the carbon number of the a-olefin of 4 to 20 carbon
atoms) (iii) is 12 or more: | | »
3.31XE-1652Tm ... (AA-1)
preferably 3.31XE-1702Tm ... (AA-2)

25 more preferably 3.31XE-1712Tm ... (RA-3);




BB: when the carbon nunber of the a-olefin of 4 to 20 carbon atons (iii)
is 6 to 11: 3.31 XE-179?Tm ... (BB-1) preferably 3.31X E-184?Tm ... (BB-2)
5 nore preferably 3.31X E-185?Tm .. .16(BB-3); and CC. when théulg20dfon nunber
of the a-olefin of 4 to 20 carbon atons (iii) is 4 or 5. 3. 31 XE-186?Tm
... (CC1) preferably 3.31X E-192-Tm...(CC2) 10 nore preferably 3.31X
E-193zTm ... (CC3) The above formulas are an indicator of the nolecul ar
conposition distribution. Wien the relation between the ethylene (i)
content and Bbe wralt thg @otdn sakbshyot hecabaye:rfoemy as AAA:tBoRC), the
nol ecul ar conposition distribution of 15 the ethyl ene/ a-ol efin copol yner
(B) isapemsunedito ke gnard om.: Accordingly, it is nore unlikely that the
cold resistance of lubricating oil are deteriorated, or lubricating oi
gets cloudy (HAZE) omﬁng_%9>4§@ip§§§ﬁnce ﬁBbigh et hylene (i) content
portions. 20 In light of the nolecular bbhgositlon distribution, it is

preferable t EQ@a 1 y5§g§/ E9£§£§? pgpgl geL (‘B) of the present
h@%? § g T on % (|3

i nvention be ai né y copol yneri za ethylene, (ii) an
a-qlefin of 3 or_nore. carbon, at d (ii] hi gher a-olefin of 4 to 20
ca?goon atons Fi’rrlef(?lléé%?’%se‘?tgl %on_gggSazafg%tm y@a'b npridf ng a netal | ocene
~conpound andcépdﬂgthQ%ﬁ%%éh%H%%e%qg§thea—olefinof411)20carbon

atoms (iii) is 4 or 5:

3.31XE-1862Tm ... (CC-1)
preferably 3.31XE-1922Tm ... (CC-2)
10 more preferably '3.31XE-1932Tm ... {Ccc-3).

The above formulas are an indicator of the molecular
composition distribution. Whgn-the relation between the
ethylene (i) content and the melting point satisfy the above
formulas (AA to CC), the molecular composition distribution of

15‘ the ethylene/a—olefin,copolyﬁer (B) is presumed to be narrow.
Accordingly, it is more unlikely that the cold resistance of

" lubricating bil are deteriorated, or lubricating oil gets
cloudy (HAZE) owing to the presence of high ethylene (i) content
portions.

20 In light of the molecular composition diétribution, it
is.preferable'that the ethylene/a-olefin copolymer (B) of the
present invention be obtained by copolymerization of (;)_
ethylene, {(ii) an ao—olefin of 3 or more carbon atdms, and (iii)
a higher o-olefin of 4 to 20 carbon atoms in the presence of

25 a catalyst comprising a metallocene compound and an ionizing




ioni c conpound which are detailed later. In the viscosity nodifier for
lubricating oil according to the invention, the ethylene/a-olefin
copolyner (B) has an intensity ratild D of Sap to Saa (Sap/4hdy 2@ er m ned
by 13C-NVR 5 spectrum being 0.5 or below. In lubricating oil conprising
‘the ethylene/a-olefin copolyner (B) with the intensity ratio D (Sap/ Saa)
being 0.5 or below, inprovenent nmay be achieved in flowability at |ow
tenperatures and in lubrication properties at high tenperatures, 10 and

t hei r Bandic & qtivelvart e/tiatlwaare tdwtd ohed ehpleeature flowability and the

hi gh tenperature |ubrication properties) is especially good. The Sap and
t he Saa det efm hkd bhistbei13GNME spediaumubarieatdspeotilvetyoadpagk
intensity of CHzin constitutional units 15 derived from ethyl ene or an
a- ol ef ite ahe3iavemoiencarheneahgirenti/nebudirng eneslgeri-ved)f rem Ghi) the
a-olefin of 3 or nore carbon atons and (iii) the higher a-olefin of 4 to
20 car Q@men@tlctrys}caSQQCmfdﬂ:ab(lﬁytotshﬁy efresclod abee&i@ntéuw 18f — (i
positioned as shown bel ow. 20 | C- CH2- CH2 C- CH2-- CCl12 C H

- Saps; Sagpt8t4udube 12009 . sThe JE%QCJ}U\{R spect rumis analyzed in accordance with
t he

In lubricating oil comprising the ethylene/o-olefin

copolymer (B) with the intensity ratio D (SaBf/Sawo) being 0.5

or below, improvement may be achieved in flowability at low

temperaturesandin]ubficationpropertiesathightemperatures,
10 and their balance (bazlance between the low temperature

- flowability and the high temperature lubrication properties)
ispespecially good. e
The Sap and the Saa determined by the *C~-NMR spectrum

are respectively a peak intensity of CH, in constitutional units
15 derived from ethylene or an a-olefin of 3 or more carbon atoms

{(including ones derived from {(ii) the ao-olefin of 3 or more

carbon atoms and (iii} the highef a-olefin of 4 to 20 carbon

atoms). Specifically, they refer to the two kinds of CH,

positioned as shown below.

20
R R T R
—C— y— G,—C — —CHy—cCc— cH,— C—-
H H H _ H

Safd Soo



met hod reported by J. C. Randall (Review Macronol ecular Chem stry Physics,
C29, 201 (1989) to neasure the Sap and the Spp 5 The intensity ratio Dis
calculated froma ratio of an integrl value (area) of eachJgedRlSI|t is
generally considered that the thus obtained value of the intensity ratio D
is a neasure indicating a probability of an occurrence of 1,2 addition
reaction of a-olefin followed by 2,1 addition reaction or a 10 probability
of an occurrence of 2,1 addition reaction of a-olefin followed by 1,2

addi tion readtieon: waﬁ%em%‘n‘ftlhw ivend arged imtensitdenat ivol D it cates
the nore irregular bonding direction of a-olefin. On the other hand, the
smal | emérit@hsieyorred iloy OV i ndi cRdéedal he (Rervgcweyakbabmbordiing rdi rection of
15 a-olefin. The ethyl ene/a-ol efin copolymer (B) exhibits a high effect of
i mpr oviGtgen et vy SEGSiitas i odex aben( bdended dirdh saird hEi S@p i aie base,
and never hinders the function of a pour-point depressant. 20 The

enpl oy . of the ethylene/a-olefin copolyner (B) as a viscosity nodifier
gives lubricating oil satisfying |low tenperature properties of the G- 3

st apdards, whingh iarerihe v Martih %ﬁ&%l%%ﬁdﬂﬂ%ﬂé&ﬂfﬂaﬁ_g l-a ?§PQQ¥Q§10f t he

next generation. Whether or not the lubricating oil satisfies the G~-3

st andargds alsvgmgmabjyem%%é@gﬁ 'atx%rhg%%%{%ﬁ%dl n%%e'\é%\é 19 4

July 2005 he et hyl ene/ a-ol efi n copol yner npl oyed as
that the thus obtained value of the intensity ratioDis a measure

indicating a probability of an occurrence of 1,2 addition
reaction of o-olefin foilowed by 2,1 addition reaction or a

10 probability of an occurrence of 2,1 addition reaction of
ag-olefin followed by 1,2 addition reaction. Consequently, the
larger intensity ratio D indicates the more irregular bonding
directionof a-olefin. Onthe other hand, the smaller intensity
ratio D indicates the more regular bonding direction of

15 o~olefin.

The ethylene/a-olefin copolymer (B) exhibits a high
effect Qf improving the viscosityrindexﬂwhen blended with a
lubricating oil base, and never hinders thée function of a
pour-point depressant.

20 The employment of the ethylene/oa—-olefin copolymer (B) as
a viscosity modifier gives lubricating oil satisfying low
temperature properties of the GF-3 sfandards, which ar; the
North American Lubricating 0il Standards of the next generation.
Whether or not the lubricating oil satisfies the GF-3 standards

25 is known by measuring the later-described CCS and MRV.




viscosity nodifier for lubricating oil nay be obtained by copolynerization
of (i) ethylene, (ii) an a-olefin of 3 or nore carbon atonms, (iii) a

hi gher a-olefin of 4 to 20 carbon atldhs, 5 and an opti onal4 Jun2ds in the
_presence of an olefin polynerization catalyst. Exanples of olefin

pol ymeri zation catalysts are catalysts conprising a conmpound of transition
nmetal's, such as zirconium hafniumand titanium and an organoal um num
conpound 10 (organoal um num oxy-conpound) and/or an ionizing ionic
conpound. AndOig teHdne e /af-erlablien i cophbypeeséent empeébiicdnaare netal |l ocene
catal ysts conprising a netall ocene conpound of transition netals selected
from Grogrek idfy trived Peré odi or Thitbej caaingr ganoakymBuBkL@XY neenpund and/ or
an ionizing ionic 15 conpound. Next, descriptions will be nade on the

et al | ecgrel yneatiad aisiton e ( ipteadH yoceme- qanpodnt{ o & 1y 4he detaldocene
catalyst has a transition netal selected fromGoup 4 of the 20 Periodic

Tabl e. cSpewid aeaklsy, (it1ihSanepfeseni-ed 44 be of oblapingdor mlg(a): Mx

...(a). In the above fornmula (a), Mdenotes a transition netal sélected

from Gaowp o ofpttimAleriadite Tabl euhégﬁﬁéééﬁéé'% 2R ghLgopium titanium or
haf nium and x is a valence of the 2 4 July 2 65 transition netal .
polymerization catalyst.
Examples of olefin polymerization catalysts are
-‘catalysts co¢prising a compound of transition metals, such as
zirconium,hafniumandtitanium,andanémganoaluminumcompound
10 (organcaluminum oxy-compound) and/or an ionizing ionic
- compound. Among these, preferable in the present invention are
metallocene catalysts comprising a metallocene compound of
transition metals selected from Group 4 of the Periodic Table,
an organocaluminum oxy-compound and/or an ionizing ionic
15 compound.
Next, descriptions will be made on the_metallocene
catalyst.
The metallocene compound forming the metallocene
catalyst has a transition metal selected from Groub 4 of the
20 Periodic Table. Specifically, it is represented by the
following formula (a):
g MLx ...{a).
In the above formula (a), M denotes é transition metal
selected from Group 4 of the Periodic Table, specifically

25 zirconium, titanium or hafnium, and x is a valence of the




"The L's denote ligands coordinated to the transition netal. At |east one
of theligands (L's) has a cycl opentadi enyl skeleton. Said |ligand having a
cycl opent adi enyl skeleton may 5 beZdubstituted by a subst i4dubn2005Exanpl es
.of the ligand having a cycl opentadi enyl skeleton include: a

cycl opent adi enyl group; al kyl- or cycloal kyl -substituted cycl opentadi enyl
10 groups, such as nethylcycl opentadi enyl, ethyl cyclopentadienyl, n- or

i - propyl cycl opentadi enyl, n-, i-, sec- or t-butylcyclopentadienyl,

hexy! cydleorertta éﬁyﬁiloctylcyclopentadlenyl dlnethylcyclopentadlenyl,
trinethylcyclopentadlenyl 15 tetranethylcyclopentadienyl,
pentanethylc?@Eo@éﬁt@@nﬂﬂﬂ,liqﬁndﬁnqndndinaﬂemmwmaﬂhenytansition

met hyl propyl cycl opent adi enyl, net hyl butyl cycl opent adi enyl

met hyl exoplicy choperatsadberydf theet hydbenzyl eychapentadiepyhtadienyl

et hyl butyl cycl opent adi enyl, et hyl hexyl cycl opent adi enyl and 20

met hyl eyelletexy! cyakdpﬁﬂ@adderw\#ngg mJ@@cl@@)fén&&dl@iﬁfly's K@U hay
4,5, 6, 7-t et rahydr oi ndenyl group; and a fluorenyl group. These groups may

be subski tsubed ithitkda hal:0gaibAtiamat . a trial kylsilyl group. 25 Anbng

these, particularly preferable are 21 4 July 2005 al kyl -substituted

_CyC|OpentadiEﬁﬁhpgéguﬂﬁtheligandhavingeacyclopentadienylskeleton
include:

a cyclopentadienyl group:;
alkyl~ or cyclealkyl-substituted cyclopentadienyl
10 groups,SuchEﬂsmethylcycloPentadienyl,ethylcyclopentadienyl,
- n- or i-propylcyclopentadienyl,
n-, i-, sec- or t~butylcyplopentadienyl,
hexylcyclopentadienyl, octylcyclopentadienyl,
dimethylcyclopentadienyl, trimethylcyclopentadienyl,

15 tetramethylcyclopentadienyl, pentamethylcyclopentadienyl,
methylethylcyclopentadienyl, methylpropylcyclopentadienyl,
methylbutylcYclopentadienyl, methylhexylcyclopentadienyl,
methylbenzylcyclopentadienyl, ethylbutylcyclopentadienyl,
ethylhéxylcyclopentadienyl and

20 methylcyclohexylcyclopentadienyl groups; and

an indenyl group; a 4,5, 6, 7T-tetrahydroindenyl group; and

‘a fluorenyl group. | b

These groups'may be substituted with a halogen atom or
a trialkylsilyl group.

25 Among these, particularly preferable are




When a conpound represented by the formula (a) contains 2 or nore groups
havi ng. a cycl opent adi enyl skeleton as the ligand L, 2 of said groups may
be bonded t hrough an al kyl ene 5 groupl such as ethyl ene andt pulppgd®ne; a
substituted al kyl ene group, such as isopropylidene and di phenyl net hyl ene;
a silylene group; or a substituted silylene group, such as

~di net hyl silyl ene, diphenylsilylene and net hyl phenyl silylene groups. 10
Exanpl es of ligands L other than those having a cycl opentadi enyl skel'eton
are hydebkat bonbgkbupsedf cycloreRtadarben atrongss.al koxy groups; aryl oxy
groups; :sul fonic acid-containing groups (-SO3R wherein Radenotesan al kyl
group, an alkyn gr cwppsulrst ireptred ewitielhl ayvhahegearat e (an adnda gfoup, 15
or an aryl group substituted with a hal ogen atomor an al kyl group); a

hal ogen2 abonmane hydupgehavExgnpl egcobpthe slydhoaarshen HHURSs afnd to 12
carbon atons include al kyl groups, cycloal kyl groups, aryl groups and

ar al kyl 1 ggoupst., Spest fdcial lghoeremly Heedaidtsa 20 @ldot o1 & 1%’&&“ as
met hyl , ethyl, n-propyl, isopropyl, n-butyl, isobuﬁ%%i secﬁﬁéiy , t-butyl,

penyl g hexy) =109 Yo ot HOTEh-a8G ie%?%%u%@%é@lalg{ﬁ@fe such’ as
uch as pheny

cycl opentyl and cycl ohexyl groups; aryl groups, s and

tolyl gfeups,; saBf 2 2s4pJ8bY 12005 aﬁ{@ljgﬁheg&%ﬁ%%hﬁ%%% B8 sqelrgleyelneand

neophyl™ groups. :
group; or a substituted silylene group, such as
dimethylsilylene, diphenylsilylene and methylphenylsilylene
groups. _

10 Examples of ligands L other than those haviﬁg a

- cyclopentadienyl skeleton are hydrocarbon groups of 1 to 12
{carbon atoms; alkoxy groups; aryloxy groups;xsulﬁoﬁié
acid-containing groups (-SO3R® wherein R* denotes an alkyl group,
an élkyl group substituted with a halogen atom, an aryl group,

15 or an aryl group substituted with a halogen atom or an alkyl

- group); & halogen atom and hydrogen.

Examplés of the hydrocarbon groups of 1 to 12 carbon atoms
include alkyl groups, cycloalkyl groups, aryl groups and
aralkyl groups. Specifically, exemplified are:

20 ' | alkylgroups,suchasn&thyl,ethyl,n—propyl,isopropyl,
n-butyl, isobutyl, sec-butyl, t-butyl, pentyl, hexyl, octyl,
decyl’and dodecyl groups; | ”

cycioalkyl groups, such as cyclopentyl and cyclohexyl
groups;

25 . aryl groups, such as phenyl and tolyl groups; and

;




‘Exanpl es of al koxy group are nethoxy, ethoxy, n-propoxy, iSopropoxy,

n- but oxy, 1 sobutoxy, sec-butoxy, t-butoxy, pentoxy, hexoxy and octoxy

groups. 5 An exanple of aryloxy groug?is a phenoxy group. <Ehiyp0es of the
sul f-oni ¢ aci d-contai ni ng groups (-SO3Ra) are nethanesul fonat o,

p-tol uenesul fonato, trifluoronethanesul fonato and p-chl or obenzenesul f onat o
groups. 10 Exanples of the halogen atomare fluorine, chlorine, bromne

‘and i odine. The followi ng are exenplary netal |l ocene conpounds contai ni ng
zi rconi um as Maiey 2 Dot e $ugands having andcyebppght gdibemyl. skel et on

15 bi s(net hyl cycl opent adi enyl ) zi r coni undi chl ori de,

bi s( et hyl cycltoppent'adi edyd} kdxgamammiackl netdexy, ethoxy, n-propoxy,

bi s(n- propyl cycl opent adi enyl ) zi r coni undi chl ori de,

bi s(i nderp)@a:goninridiioht oy | decbandxy, sec-butoxy, t-butoxy,

- bis(4,5,6,7-tetrahydroi ndenyl ) zirconiundi chloride. 20 Al so nentioned are
conpoungknvdier eilteddrey zan€ ont Lk Ngtbepsabove conpounds is substituted with

titaniumor hafnium In the present invention, conmpounds represented by the

LS (8 oo b e Siompns commaty IR (D6

or a netal ofptheil-anthaphde, s6d 8, acid-containing groups (—S03R?)

.are methanesulfonato,*p—toiuenesulfonato,
_trifluoromethanesqlfonato and p-chlorobenzenesulfonato
groups.

10 Examples of the halogen atom are fluorine, chlorine,

bromine and iodine. |
The following are exemplary-metgllocene compounds
" containing zirconium as M and 2 or more ligands having a
cyélopentadienyl skeleton:

15 bis(methylcyclopentadiényl)zirconiumdichloride,
bis(ethylcyclopentadienyl)zirconiumdichloride,
bis(n—propylcyclopentadienyl)zirconiumdichloride,
bis(indenyl)zirconiumdichloride, and
bis{4,5,6,7-tetrahydroindenyl)zirconiumdichloride.

20 Alsomentioned are compounds wherein the zirconium in the

abbve compounds is substituted with titanium or hafnium.
"In the present inventicn, compéunds represented gy the
formula (b) may be used as the metallocene compound:

LM%, ... (b)

25 (whereinbﬂdenoteseametalcﬁf@rouptioftjuaPeriodic'Table




L' denotes a derivative of a delocalized 7t bonding group, and gives a
restrai-nt geonetric shape to an active site of the netal M, 5 respective
X may be the sane or different and i%3 hydrogen, a hal ogen 4dwypoes
hydr ocar bon group having 20 or | ess carbon atons, a silyl group having 20
or less silicon atons, or a gernyl group having 20 or |ess gernmani um
atons). Anong the conpounds of the fornmula (b), preferred ones 10 are
represented by the following formula (¢c). ZY Co M (X2 (C 15 In the
fornul £ A N2 Henbtdse t laaphamidei geoheam or  hafnium and X is of the
sane definition as in the formula (b) . The Cp is n bonded to M, and
denotes a subistd¢ntieds cydkoliSentiadi enyl dglodp lhavidng borsdiiss igérnt, Z. The Z
denot es oxygen, sulfur, boron or an elenent of Goup 20 14 of the Periodic
Tabl e (eEndygisielsi eonesges imniguomd: ¢ Mhapd he ¥ndepoies &itégandheont ai ni ng
nitrogen, phosphorus, 2 4 4 July 2005 oxygen or sulfur, and Z and Y may
f or m aneondensed ring. Exanpl es of conpounds represented by the fornmula (c)
are: [dimethyl (t-butylam do)(tetranethyl-g5-cyclopentadienyl) 5 -
i i Izane] ti t anivenpieeitlion denaf be-dn whari doHGtretranet Byh-NSnoueherent adi enyl)
a halogen atom, a hydrocarbon group having 20 or less carbon

atoms, a silyl group having 20 or less silicon atoms, or a germyl
group having 20 or less germanium atoms) .
Among the compounds of the formula (b), preferred ones

10 are represented by the following formula (c¢).

' z Y
Cp : M

(X)Z ... {c)

15 In the formula (c), M! denotes titanium, z.jirconium or
haf_nium, and X is of the same definition as in the formula (b).
The Cp is = bonded to M!, and denotes a substituted
cyclopentadilenyl group having a substituent Z. L
The Z denotes Qxygen, sulfur, boron or an element of Group
20 14 of the Periodic Table (e.g. silicon, germanium and tin),

the ¥ denotes a ligand containing nitrogen, phosphorus,




et hanedi yl ] ti tani undi chl ori de,

[ di benzyl (t-butylam do) (tetramethyl -qg5-cycl opent adi enyl )
silane]titaniundi chloride, 10 24

[ di met hyl (t-butyl am do) (tetranethyl-qg5-cycl opent adi enyl)
si | ane] di benzyl titani um '
[ di met hyl (t-butylam do) (tetramethyl,-g5=cycl opent adi enyl)
si l'ane] di met hyl ti tani um

[ (t - bueplvareindo)( tsetirfauvet lyld q5- cycl opent adi enyl ) -1, 2- 15
et hanedi yl ] di benzyl titani um

[ (et hyl am d@) éhdt Fameyhylbrgbac yonajeerteadirdmy .) - 1, 2-

et hanedi yl ] di neopentyl titani um

[ (phenyl phosphio) ékeif aoridhyldgbr eyet opatadieiyk) formula (¢) are:
met hyl enel di phenyl titanium 20

[ di benZyli ety Y -apud9) b8l neidh e oyc! PreRt-adietddieny 1)

si | ane] di benzyl titani um

[ digret Byh Ghenzyl-api deht ah1eyal@pent adi enyl ) si | ane] di
(trimethylsilyl)titanium

a LRBOSPR} hyl. 0% ienyl) 25
ot oo e ot s s ot e

[(tetrggggggh%g?%§¥?gggﬁﬂg§gh§ )=l 2-ethanediyl ] dibenzyltitani um

[2-rI5-(tetra cycl opent adi-ényl’) - 1- met hyl - et hanol at e
. 2-)]di it ani 9. . .
: (t e Lﬁg?é}y{ﬁ’%ﬁ?%ggﬁ%§&£§ﬁ’3ﬁ)t?f-‘—’ﬁé“teﬁ;ﬁﬂe“@haﬁgF&PEEf}tadwnﬂ>

silane]titaniumdichloride,

4 July 2005

10 [dimethyl(t—butylamido)(tetramethyl~n5—cyclopentadienyl)
" silane]ldibenzyltitanium,
{dimethyl(t~butylamido§(tetramethyl@nsiéyclopentadienyl)
.silahe]dimethyltitanium,
[(t—butylamido){tetramethYl—n5~cyclopentadienyl)—1,2—

15. ethanediyl]dibenzyltitanium,
[(methylamido)(tetramethyl"ns—cyclopentadienyl)—1,2—
ethanediylidineopentyititanium,
[(phenylphoéphido)(tetramethyl~n5—cyclopentadienyl)
methylene]diphenyltitanium,

20 '{dibenzyl(t—butylamido}(tetramethyl~n5—cyclopentadienyl)
éilane]dibenzyltitanium,
[dimefhyl(benzylamido)(ns—cyclopentaéienyl)silane]di
(trimethylsilyl)titanium,
{dimethyl(phenylphosphido)(tetramethyl—ns—cyclopentadienyl)

25 silane]dibenzyltitanium,




)] dimethyltitani um

((4a,4b, 8a,9,9a-rl)=9H-f | uor ene- 9 yI)cycIohexanoI ate(2-)]

met hyl titani um and 4 July 2005

[ 2-((4a, 4b, 8a,9,9a-rl) - 9H—f|uorene-9-y|)cyc|ohexano| ate(2-)] 10

di benzyl titanium Al so nmentioned are conpounds wherein the titani um netal
in the above conpounds is substituted with a zirconiumnetal or a hafnium
nmetal. These netall ocene conpounds may be used singly or in 15 conbination
of 2 orl {rrsrteame tpnelfer ablye Lepealtleodeme loonpoumat fefnadieyEbrnul a (a) for - use
in the invention is a zirconocene conpound having a zirconium atom at the
cent er damtraty Uteidstnizin,i gands with a cycl opent adi enyl skel et on.

Preferably, the central netallic 20 atom of netall ocene conpounds of the

f or mul 4 2(-b)’ -0t e e hmies hyli-tanil vmwe nArorig riyie -axengtii e meiel 4 eene
conpounds, preferable are those of the formula (c) having titaniumas the
cent r al( 2ratjalildet zat1amt aHiegr ganoal um num oxy- conpound forming the

nmet al | ocene 25 catal yst may be usual al um noxane or a benzene-insoluble 4

Julsy 2QQ5n52f§t@t9aﬂ@ahym-By&ll@é}én%gﬁﬁ%@q —'Eh%étf’dﬁ Al R oxane is
represented as follows. Al EO0 A fr~- OA1R2

{2- )]dlmethyltltanlum,

(2-
[ 2-
di

[2-((4a,4b,8a,9,%a-10) -%H-fluorene-9-yl}cyclohexanolate {2~)]

dimethyltitanium, ang

[2—((4a,4b,8a,9,9a—n)—9H—fluorene—9—y1)cyclohexanolate(2—)]
10 dibenzyltitanium.

Also mentioned are compounds wherein the titanium metal
in thé above compounds is substituted with a zirconium metal
or a hafnium metal.

These metallccene cdmpounds may be used singly or in

15 combination of 2 or more.r |

A preferable metallocene compound of the formula (a) for
use in the ihvention is a zirconocene compound having a
zirconium atom at the center and at least 2 ligands with a
cyclopentadienyl skeleton. Preferably, the central metallic

20 atom of metallocene compcounds of the forﬁula {b) or (c) is
‘titanium. Among the exemplifiéd metallocene dompounds,
prefeiable are those of the formula (é) having titaniun;és the
central metallic atom.

The organoaluminum oxy-compound forming the metallocene

25 catalyst may be usual aluminoxane or a benzene-insoluble




R5...(d) L40 OA m2 R (e) 10 In the formulas (d) and (e) , R denotes
a hydrocarbon group, such as nethyl, ethyl, propyl or butyl group.

- Preferably, R denotes a nmethyl group or an ethyl group, highlly2@%ferably
a nethyl group. The letter min thes fornmulas is an integer of 2 or nore,
preferably 5 to 40. 15 The al um noxane may be conposed of m xed

al kyl oxyal um num wunits consisting of al kyloxyalum numunits of the fornula
(CA1(R1)) and al kyl oxyal um numunits of the formula (OQAl (R2)) (wherein Rl
and R2 denote the sane hydrocarbon groups as for R and R and R2 are

di ff ergpgdnc2PukxanRh! 88y ofokbeuh@ni zi ng ionic conpound forning the

net al | ocene catal yst are Lew s acids and ionic conpounds. 2 7 4 July 2005
As the Lew spaci ds,, £xenphiddethar s cooppusdst £8pagsept edwby BR3 (wherein R
denotes a phenyl group optionally having a substituent such as fluorine, a
met hyl group and a trifluoronethyl group; or fluorine). 5 Specific
exanpl es of the Lewis acids are: trifluoroboron, triphenylboron,
tris(4-fluorophenyl)boron, :

R, Al Fo— } OAIR,
m
R
5 (d)
| \
\ © Al Im+2
R
. (e)
10 In the formulas {(d) and (e), R denotes a hydrocarbon group,

such as methyl, ethyl, propyl or butyl group. Preferably, R
denotes a methyl group or an ethyl group, highly preferably a
methyl group. The letter m in the formulas is an integer of
2 or more, preferably 5 to 40.

15 The aluminoxane may be composed of mixed alkyloxyaluminum
'units consisting of alkyloxyaluminum units of the formula
(OAl(Bl)) and alkyloxyaluminum units of the formula (OAl(Rz)y
(wherein R' and R? denote the samé hydrocarbon groups as for
R, and R* and R® are different).

20 . Examples of the ionizing ionic compound forming the

metallocene catalyst are Lewis acids and lonic compounds.




tris(3,5-difluorophenyl)boron, tris(4-fluoronethylphenyl)boron, 10
tris(pentafl uorophenyl)boron, tris(p-tolyl)boron, tris(o-tolyl)boron and
tris(3,5-dimethyl phenyl)boron. Exapples of ionic conpoundst &iy2005
trialkyl-substituted ammoni um salts, N, Ndialkyl aniliniumsalts, 15

di al kyl ammoni um salts and triaryl phosphonium salts. Specific exanples of
the trial kyl-substituted anmonium salts are:

tri et hyl ammoni unt et ra( phenyl ) boron, tripropyl ammoni unt etra(phenyl)boron,

20 tri(n-but %E)t@ﬁ@ﬂ&@rﬂ&td@( BheRyh)iBeka@hre compounds represented
trimet hyl anmoni untetra(p-tolyl)boron

trimet Byl aRgop,YOTe1f ag 014 Qbyd 3 bor 1 ionally havi
tribut%&anﬁgﬁpﬁntetra(pentafluoroﬁﬂgﬁ}Y)ﬁ%ﬁ%ﬁf optionally having a

tripro i ra(q,p--di : phe r n
Er! Bu: 5%%?3&%? ﬁ“ac? m%tr%_ } Irlrle%frthly ‘5[‘%”%%?%502@% % ‘?Jju?%/ _2?05b o

ri bu a iU ra(p-trifluar | pheny oron an ri (n-buty
annoni%ﬁ%ggﬁafgpfgkgﬁ)ggpgﬁf §ﬁé0|1¥%%é§£ﬁples of the N, N-dial kyl anilinium
salts are: N-diiet hyl ani [ i ni tr henyl ).bor on 5 '
“’ ﬁgl éelt gyl aﬁf??ﬁfﬁﬁ} 8?‘???%825#?%%‘(?05’%%&?) bC)l X ar,Se: ifi I f th

, , 4, 6-pent a ni | i ni untetra(pheny oron. pecific exanples o e
di al kyl ammont it SHPESPRFEN-

triphenylboron, tris(4-fluorophenyl)boron,
tris(3,5-difluorophenyl)}boron,
tris(4—flﬁoromethylphenyl)boron,
10 tris{pentafluorophenyl)boron, tris(p;tolyl)boron,
' tris{o-tolyl)boron and tris(3, 5-dimethylphenyl)boron.
| E;amples of ionic compounds are:
trialkylnsubstituted ammonium salts,
N,N-dialkyl anilinium salts,
15 dialkylammonium salts and tiiarylphOSphonium salts.
Specific examples of the trialkyl-substituted ammonium
éalts are:
triethylammoniumtetra (phenyl)boron,
tripropylammoniumtetra (phenyl)boron,
| 20 tri{n-butyl)ammoniumtetra {phenyl)borcn,
trimethylammoniumtetra (p-tolyl}boron,
trime%hylammoniumtetra(o—tolyl)boron,
tributylammoniumtetra(pehtafluorophenyl)boron,
tripropylammoniumtetra(o,p—dimethylphenyl)bofon,

25 tributylammoniumtetra{m,m-dimethylphenyl)boron,




di (I - propyl)amoni unt etra( pent af | uor ophenyl ) boron and

di cycl ohexyl ammoni unt et r a( phenyl ) boron. 10 Exanpl es of the ionic conpounds
al so include: triphenyl carbeni untetBaki s(pent afl uor ophenyl4 hdy 2065

N, N- di met hyl ani | i ni unt et raki s( pent af | uor ophenyl ) borate and

ferroceni untetra(pentafl uorophenyl)borate. Specific reason for the

~enpl oynent of the ionizing ionic conpound resides in 15 its capability of
controlling the conmposition distribution of the ethylene/a-olefin '

copol yneri buB)y.l sfmcorigariaa i g iciolnpotonte eyl @theoy bebosed andf ormation  of
the netall ocene catalyst in addition to the organoal um num oxy-conpound

and/ or tt-he n-@mitZi1N G @M iGirtreuns- £ 20, BXadmdes of the organoal um num
conpound are those represented by the following formula (f): RLnAl X3_"

(f) wherein Blcdemotesxanbyds omarhem  3-Qum 10fy dad 01 151 GRkAR AL 08S,
preferably 1 to 4 carbon atons; X denotes a hal ogen atomor 25 hydrogen;

and n S naAwERer, 1:3191:RG uhiddd 13 (pheh i ) B 62005  Exanpl es of the
~hydrocarbon group of 1 to 15 carbon atons are al kyl groups, cycl oal kyl

r alps,;apd ar I .S jfi.c j £ as the hydrocarbon group
gf 03]J-p %Qéﬂlgﬁe%lh QYRS n { tﬂé‘;\ @&eﬁwlﬁ%ﬂ a!rﬁg 7

carbon atons are: , h-propyl, isopropyl,
oot M, ncB M pegh Bt ASH USRS o oLty reny! and toly
Specific examples of the dialkylammonium‘salts are:
di(1—propyl)ammoniumtetra(pentafluorophenyl)borqn and
dicyclohexylammoniumtetra (phenyl)boron.
i0 Examples of the ionic compounds also include:

" triphenylcarbeniumtetrakis(pentafluorophenyl)borate,
N,N-dimethylaniliniumtetrakis{pentafluorephenyl)borate and
ferroceniumtetra (pentafluorophenyl)borate. Specific reason
for the employment of the ionizing ionic compound resides in

15 its capability of controlling the composition distribution of
the ethylene/a-olefin copolymer (B).
An orgénoaluminunlcompoundlnay also be used in formation
of the metallocene catalyst in addition to the organocaluminum
oxy-compound and/or the ionizing ionic compound.
20 _ Examples of the organocaluminum compound are those
.represented by the following formula (f):
’ RLAIX; . . (£)
wherein R! denotes a hydrocarbon group of 1 to 15 carbon atoms,

preferably 1 to 4 carbon atoms; X denotes a halogen atom or

25 hydrogen; and n is a number ranging 1 to 3.




trial kyl al um nuns, such as trinethylalumnum triethylal um num
triisopropylalumnum triisobutylalumnum 10 trioctylalum num and
tri-2-ethyl hexyl alum num al kenyl al 2pi nuns, such as i sopr enjuha2a0sd num
represented by the formula (i-09H9)AIy(C5H0)z wherein x, y, z each are a
positive nunber, and zZ2x; 15 tri al kenyl al um nuns, such as
triisopropenylal um num dial kyl al um nunhal i des, such as

di met hyl al um nuncthl ori de, diethyl al um nunthl ori de,

di'i sopropy! al Emdmpheslaf ide, h o+ sobubyhad Auip %&@N&ﬁ%d@af‘@ﬁn atoms
di et hyl al um nunbrom de; 20 al kyl al um nunsesqui hal i des, such as

met hy| ad i aimmiesgﬂbﬁbbprtgéloglhyhablﬂ% unsesaul,chl aride,
i sopropyl al um nunsesqui chl oride, ~bufylal unm nunsesqui ER6Fide and

t hyl al o F 25
TEt byl a1 U num ot orae o Al ki GhorY GeceaTBSh 5995 A0

i sopropyd al und ek CE On & dgr%nd et hyl al um nundi br om de;
‘diral kyl al um nunmhydri des, suc di et hyl al um nunhydri de and

~ di bgtyl al um | . a] um nundi hydri des, such as '
et hyl al uni nundi hyggrl ?t d prgi 2 umi hﬁ%ﬂ@%fi deSOPHEY he E?@*s’éfﬁree of the

above ib t ene at aI i et hyl ene, an a-olefin of 3
nnrg%%y Sgtgﬁ %JC opent he& phenylandtofylgroups.

Specific examples of the organocaluminum compound are:
trialkylaluminums, such as trimethylaluminum,

triethylaluminum,triisopropylaluminuﬁ,triisobutylaluminum,

10 trioctylaluminum, and tri-Z-ethylhexyialuminum;
alkenylaluminums, such as isoprenylaluminum,
represented by the formula
{i-C4Hs) A1, (CsHig) .
wherein x, vy, z each are é positive number, and z22x;
15 trialkenylaluminums, sﬁch as triisopropenylalumiﬁum;
dialkylaluminumhalides, such as
dimethylaluminumchloride, diethylaluminumchioride,
diisopropylalﬁminumchloride, diisobutylaluminumchloride and
dimethylaluminumbromide;
| 20 alkylaluminumsesquihalides, such as
methylaluminumsesquichloride, ethylaluminumsesquichlioride,
isopropylaluminumsesquichléride, G
butylaluminumsesquighloride and ethylaluminumsesquibromide:
alkylaluminumdihalides, such as

25 methylaluminumdichloride, ethylaluminumdichloride,



atons, (iii) a higher a-olefin of 4 to 20 carbon atons, and anot her

opti onal nononer are copolynerized usually in aliquid 10 phase. In the
copol yner.i zation, comonly used as agpol yneri zati on sol vent4 gy 2005
hydrocarbon sol vent, but an a-olefin such as propylene may be used as the
sol vent. Exanples of the hydrocarbon solvent used in the polynerization
are: 15 aliphatic hydrocarbon atons, such as pentane, hexane, heptane,

oct ane,. decane, dodecane and kerosene, and hal ogen derivatives thereof;

al i cyclﬂ%%m@m&ﬁ@feméyﬁe a§n&y&£99@§§£&ﬁlnuﬂemybﬁzale0pent ane and
met hyl cycl ohexane, and hal ogen erlvatlves t hereof; aromatic

hydr ocar bon g@% fgfﬁ& I@ﬁgﬁﬁ nd xylene, and hal ogen
\ as c oré%enzene 2

derivatives t ere suc These solvents are used solely

Th t f (i
ot nyl end oy a‘lﬁﬁﬂlﬁimﬁ%@?&m% S fSPunte o SIRRAETRL £ 2N Btome (i111)
hi gh - ol f 4t t d opt I th
be ;Ehieévid" i il i e OF T Sbnt | nuous. pr ocess. A cont i nuous

pro ess IS nnre referaple. Particularl a continuous 5 process using
yel‘e't't}?'ﬁw?l ¥ Drifg PrERetd e “FW“d%}P’Pé EbpBt yreri zation by a
contlnuous process the netall ocene catal is used in a concentration

descri bed beﬂ&wthe presence of the above- escribed metallocene
”catalyst, (1) ethylene} (ii} an w-olefin of 3 or more carbon
atoms, {(iii) a higher a-olefin of 4 to 20 carbon atoms, and
ancther Optional.menomer are copolymerized usually in a liquid

10 phase. In the copelymerization, commonly used as a

' polymerization solvent is a hydrocarbon solvent, but an
o~olefin such as propylene may,@e used as the solvent.
Examples_of the hydrocarbon solvent used in the
polymerization are:

15 . aliphatic hydrocarbon etoms, such as pentane, hexane,
heptane, octane, decane, dodecane and kerosene, and halogen
derivatives thereof;

alicyclic hydrocarbon atoms, such as cyclohexane,
methylcyclopentane and methylcyclohexane, and halogen
.‘20 derivatives thereof;
aromatic hydrocarbon atoms, such as benzene, toluene and
xylene,andhalogenderivativesthereof,suchascmlorobenzene.
These solvents are used solely or in combination of 2 or
more kinds.

25 The copolymerization of (i) ethylene, (ii) an o-olefin




The concentration of the nmetall ocene conmpound in the polynerization system
isin the range of 0.00005 to 0.1 10 nmmol/Litter, preferably 0.0001 to
0.05 mmol / Litter (polynerization volune) The organoal um nur ty2@EBnpound i s
used in an anmount naking the nolar ratio of alum numatons to a transition
metal of the netallocene conpound in the polynerization system
(Al/transition nmetal) to fall in the 15 range of 1 to 10000, preferably 10
to 5000. The ionizing ionic conpound is fed in an anmount nmaking its nolar

rati o tgr thernebakl egepenceapaund (inifhe npghyresigati on syt em Qiconi zi ng
i oni ¢ conpound/ netal | ocene conpound) to fall in the range of 0.5 to 30,

pref er abl yhdn (0 o0 2R o8 RN HHE NWHGaEowE: Hef semplexedpis fed in
a concentration of about 0 to about 5 mml/Litter, preferably about 0 to

about Z, ;v f L L1, (RPLMMRY Izat QR QI TR)s pLYe e%%oo' M”EEh%ﬁ%h%’ihsOf (i)

ethylene I1) an a-olefin 25 of 3 or nore on atoms (t11) a higher

a-ol efi ooéess 0, ﬁ%e’”%nore]%{%@@&?bl&ar bé’a[%ﬁcﬁ[‘f anté&@@inﬁgﬁé her

nonone I S carrile € presence 11 ocene ca yst, under

the_conditions of a te ture of 0150 prefer ly O,to 1200 nor e
pre?er&bﬁyeosst 65166 4 S Ger p\’rpees recagcmgbf)\%cgbtr 86 I?at% ﬁdS pref erably

shovo § 40 S0 YIRS, Eueterghly.. (e fond i ons, v opt sieagr In the
the Ca%%(glyst is used in a concentration described below.

The concentration of the metallocene compound in the
polymerization system is 1in the range of 0.00005 to 0.1

10 mmol/Litter, preferably 0.0001 to 0.05 mmol/Litter
(polymerization volume). The organoaluminum oxy-compound 1is
used_%n an amount making the molar ratio of aluminum:atoms‘tO'
a transition metal of the metallocene compound in the
polymerization system (Al/transition metal) to fall in the

15 range of 1 to 10000, preferebly 10 to 5000.

The ionizing ionic compound is fed in an amount making.
its molar retio to the metallocene compound in the
polymerization system (ionizing ionic compound/metallocene
compound) to fall in the range of 0.5 to 30, preferably 1 to

20 25.

| The erganoaluminum compound, if emplcyed, is fed in a
concentration of about 0 to about 5 mmol /Litter, preferably
about 0 to about 2 mmol/Litter (polymerization volume) .

The copolymerization of (i) ethylene, (ii) an a-olefin

25 of 3 or more carbon atoms, (iii) a higher a«-olefin of 4 to 20




a continuous process) of the copolynerization varies depending on, for
exanpl e, the catal yst concentration and the 10 pol ynerization tenperature.
Usually, it is in the range of 5 m3wtes to 5 hours, prefefdaly Q0ED m nut es
to 3 hours. Ethylene (i), an a-olefin of 3 or nore carbon atons (ii), a
hi gher a-olefin of 4 to 20 carbon atons (iii) and optional another nononer
are fed into the polynerization system 15 respectively in an appropriate
anount to-obtain the ethylene/a-olefin copolyner of specific conposition.

A nol eciddn weight amdiddiaronsuc ks Hard regemaray sbe semmbayedti,nint he
copolynerlzatlon Conduct ed under the above-noted conditions, the 20

copol yrmeyd zatkencef of iDhehbY¥henecehid 2881 3:0! aldde Pfrd QhnAREEnGAr bon
atons, (iii) a higher a-olefin of 4 to 20 carbon atons and optional

anot her, smanogp erg't\é&% efpobw@é'lz@éd@n O;er%pabﬁpfbt ik Bgotne e

et hyl ene/ a-ol e |n copo yner l'ymeri zati on | |qU|d s treat ed by a

fﬁgvfﬂ%énﬁ%%ﬁ' té } 2 8?5@?3%&105§$ﬁ%3 %e/%b%Lgéi ion %ﬁéﬂeﬁbEFéa?Tng
S PIRN,BRE B SFF SR T PR, LB o
'Sﬁ”ﬁéh%%%eﬂaep‘%}” A ithe r%i?aasé‘%téﬁgaoqu"rE%’ffaﬁ)%@?fé'ﬁéé%%‘stwe'lnSZnI?Sﬁsed
The reaction time (average retention time in the case of
a continuous process) of the copolymerizat}on‘varies depending
on, for example, the catalyst concentration and the
"10 polymerization temperature. Usually, it is in the range of 5
" minutes to 5 hours, preferably 10 minutes to 3 hours.
Ethylene {i), an a—olefin.of 3 or more carbon atoms (ii),
a higher o-clefin of 4 to 20 carbon atoms (1iii) and optional
another monomer are fed ihto the polymerization system
15 respectively in an appropriéte amount to obtain the
ethylene/o-olefin copolymer of specific combosition- A
molecular weight modifier such as hydrogen may be employed in
the copeolymerization.
Conductéd under the above-noted conditions, the
20 copolymerization of (i) ethylené, (ii) an a—-olefin of 3 or more
_carbon atoms, (iii) a higher w-olefin of 4 to 20 carbon atoms
and oétional another monomer, gives a polymerization.liquid
containing the ethylene/o-olefin copolymer (B). The
polymerization liquid is treated by a conventional method to

25. obtain the ethylene/o-olefin copolymer (B) of the invention.




(A) Lubricating G| Base 10 Exenplary lubricating oil bases for use in the
invention include mneral oils; and synthetic oils, such as poly
a-olefins, polyol ester, diesters ge.g. dioctyl phthal ate,4 dilp2egd
sebacate) and pol yal kyl ene glycol. Preferred are mneral oils and a blend
of mneral oil and synthetic oil. The mneral oils 15 go through a
purification process, such as dewaxing, before use and are classified into
several ranks according to the purification. Generally used are ni neral
oil's containing.-wax conponent in an amount of 0.5 to 10% Hi ghly refined
oils with a low pour point and a high viscosity index, which are produced

20 by a hydrocracking phjdiiceatingn orat keghauk swi,ch contains isoparaffin
as a nmmin conponent, are also enployable. Arso useable are mneral oils

having a ki n'?H@tIL%fié&‘?ﬁlcﬁ)blqtC&QIS:OSQE1339 4 € 2Q0 §§Een€5ﬁnventlo
Et hyl ene/ a-d efin Copol yner 25 The et hyl ene/ a-ol efi n copolymer (B) has

al r eady. .y ‘EEs%#u% ﬂiﬂrh@?&%q degard bed A n Fn'éietﬁﬁcéﬂ %%{ene%‘ +§¥85' ty

nDdlfler ricating ol Repetltlous

arborCarateneznd By O & trebier SR e e B B 4 RS sg R bre. i1 whi ch
the carbggegggger %Imays exceeds that of said a- oIefln of 3 or

First, descriptions will be focused on components forming
the lubricating oil compositions of the invention.

(A} - Lubricating 0il Base

10 Exemplary lubricating oil bases for use in the invention
~include mineral oils; and synthetic oils, such as poly a-olefins,
“polyol ester, diesters (e.g. dioctyl phthalate, dioctyl
sebacate) and poiyalkylene glycol. Preferred are mineral oils
and a blend of mineral oil en'd synthetic oil. The mineral oils
15 go through a purification proeess, such as dewaxing, before use
and are classified into several ranks according to the
purific_ation-. Generally used are mineral olls containing wax
component in an amount of 0.5 to 10%. Highly refined cils with
a low pour point and a high viscosity index, which are produced
20 by & hydrocracking purification method and which contains
.isoparaffin as a main component, are also employable. Also
‘useable are mineral oils having a kinematic viscosity at 40°C

of 10 to 200 cSt.

(B) Ethylene/a-Olefin Copolymer

25 The ethylene/a-olefin copolymer (B) has already been




nore carbon atons by a majority of 1 or nore; 10 and said copol yner (B) has
the follow ng properties (1) and (2): (1) a content of ethylene (i) is in
the range of 40 to 80 % by wei ght, 3@ content of the a-ol efd julp20d5 or nore
carbon atonms (ii) is in the range of 15 to 59 % by wei ght, and a content
15 of the higher a-olefin of 4 to 20 carbon atons (iii) is in the range of
0.1 to 25 %by weight with the proviso that the sum is 100 % by wei ght;
and (2) a weight-average nol ecular weight (Myv) in terns of polystyrene as

measur ge sy iGRG i hetavesit t8h000F ae 400 O00; + v 2bdhei et hybene/ a- ol ef i n
copolymer (B) preferably has a ratio of MM Mh being 2.4 or less (3). The

et hyl eneha-@efiify ¢apal ynmer (B) preferably has a nelting point (Tnm) being
60C or | ower as neasured by DSC (4) It is preferable that the a-olefin of

3 or nore carheR+3%:alens (it i | i e
ethylene/a-ole?in 35 4q?hl;hgog?HQ;ﬁﬁﬁfhégy%ﬁi% b (%géﬁi eﬁ%{ Preferably,
t he higgﬁgrﬁbglefin (tii1) which is another constituent of the

‘et hyl ene/ a-olefin copolyner (B), has 6 to 20 carbon atons. It is
preferable in.th ' hyl ene/ a-ol efin copolymer (B) 5 that the content of
etﬁilene (i)qﬁg ?ﬁg&%én%énge of 60 to 80 % by weight, the content of the
a-ol efin of nore ¢ e in the range of 18 to 34 % by

. 3195 Ipre_cachon atoms (i) be in the
wei ght, and (A&’ cfit EnPLeF ™ RE Hi GerFoIEH R o # Z8:Farbon at oms
(iii) be in Rggi) a higher o-clefin of 4 to 20 carbon atoms in which
the carbon number always exceeds that of said a-olefin of 3 or
more carbon atoms by a méjority'of 1 or more;
10 and said'copolymer {B) has the followling properties (1)
~and (2):
(1) a content of etﬁylene (1} is in the range of 40 to
80 % by weight, a content of the o-olefin of 3 or more carbon
atoms (ii) is in the range of 15 to 59 % by weight, and a content
15 of the higher o-olefin of 4 té 20 carbon atoms (iii) is in the
range of 0.1 to 25 % by weight with the proviso that the sum
is 100 % by weight; and
(2} a welght—average molecular weight {(Mw} in terms of
polystyrene as measured by GPC is between 80,000 and 400, 000.
20 . The ethylene/a-olefin copolymer (B) preferably has a
ratio of Mw/Mn being 2.4 or less (3).
“The ethylene/a~olefin copolyme£ {B) preferably hés a
melting point (Tm) being 60°C or lower as measured by DSC (4).

It is preferable that the a~oclefin of 3 or more carbon

25 atoms (ii) which is a constituent of the ethylene/a-olefin




range of 0.5 to 20 % by weight. 10 In the case where the a-olefin of 3 or
nore carbon atons (ii) is propylene, the ethylene (i) content (E %y

wei ght) ~and the nelting point (Tm 3¢ determi ned by the D3Ciyw e abl y :
satisfy the followi ng relations: AA: when the carbon nunber of the a-olefin
of 4 to 20 carbon 15 atons (iii) is 12 or nore: 3.31XE-165?Tm ... (AA-1)
preferably 3.31X E-170?Tm ... (AA-2) nore preferably 3.31X E-171>Tm ...
(AA-3); BB: when the carbon nunber of the a-olefin of 4 to 20 carbon 20

t 1 r 17 era L X -
aE— igfl??rgﬁ&lw%ﬁ (tB? n%?eép§%¥§$ggl ygﬁﬂ%%x Ehgﬁg lr)he gﬁ%ﬂ]%rxag )5;13;5%31 CC. when

the carfan, ”Wm%h of s @Ot eéézﬁlsx?{tue(xﬂe 3? EﬁébQE'h %énngf@(lgf I's 4 or

5: 3 6 4 JuI 2005 3 31X E-1867Tm prefera 2’7Tm
et hyI er?%zp -gmef LSL an 3%%%56&2%0 Tgl nIPEI(’lgICt 3) rz ?LeE)ag:‘y’Sa;hteo Saa
 bour-Poi %Eéfégsé‘lﬁ%’f%%%ﬁeﬂs oS RETNAP g h- ey GeeaT e ‘Fr use in
_theS that the content of ethylene (i) be in the range of 60 to B0 %
by weight, the content of the a—oclefin of 3 or more carbon atoms
{ii) be in the range of 18 to 34 $ by weight, and the content
of the higher a—-olefin of 4 to 20 carbon atoms (iii) be in the
‘range of 0.5 to 20 % by weight.
10 In the case where the a-olefin of 3 or more carbon atoms
(ii) is propylene, the ethylene (i) content (E: % by weight)
_and the melting point (Tm: °C) determined by the DSC preferably
satisfy the following relations:

AL : when the carbon number of the a-oclefinof 4 to 20 carbon

15 atoms (iii) is 12 or more:

3.31XE-1652Tm ... {(AA-1)
preferably 3.31XE-1702Tm ...{(AA-2)
more préferably 3.31XE-1712Tm ... (RA-3);

BBE: when the carbon number of the g-olefinof 4 to 20 carbon

20 atoms (iii) is 6 to 11:

3.31XE-1792Tm ... (BB-1)
" preferably 3.31XE-1842Tm ... (BB-2)
more preferably 3.31XE-1852Tm ... (BB-3}; and

CC: when the carbon number of the a-olefin of 4 to 20 carbon

25 atoms (iii) is 4 or 5:




i nvention include al kyl ated napht hal ene, (co) polyners of alkyl 10

nmet hacryl ates, (co) polyners of al kyl acrylates, copolyners of alkyl

fumarates and vinyl acetate, a-ol efgpg polynmers, and copol yhanig2ed5

a-ol efins and styrene. Anpong these, (co) polynmers of al kyl nethacryl ates

and (co) polyners of alkyl acrylates are preferably enployed. 15

Lubricating Q| Conposition The lubricating oil conposition of the first

. enbodi nent  of the invention conprises the lubricating oil base (A) and the
et hyl ene/ a-ol efi n copol yyegq (B)_jidy 2R, ambupt~o0f, 1 to 30 % by weight,
preferably ‘1 to 20 % by w'e:tht, nmor e pr'eT'e(rEa%l y) 5to 20 10 % by wei ght

(residues ar i cati )il (A \d,, i ngredi ents nentioned

| ater). Sai dsf-%gglr%g?&ng?ﬁ?QcEgnlpgosT I on h%(g@gzn)al | dependency on
tenmperature_and i s, excelle in | enper at ure properties. COccasionally,
the | uBPfEaPin e&apﬁé’orrp%’sﬁ |xc?ﬂ ]i%%llﬁ?)l'o’y'e (‘uasf)ZS it is for applications as
a lubricating_oil. herwise,, it.is 37 4 July 2005, furt bl ended with a
Pubr i cat i ng BFFTBERE Andt S pobPY BT R(% bBr el s SRR bEEF o (Fhe FETT cat | ng

~oil_applications. The lulricating oil _c osition of the seg¢ond. enbodi ment
Corort SR RA T BT Lo g BT Tmes T APCPrRESe ot SrEIae SISt L BT opol yror

(B) and the pour-point depressant (C). The content of the ethylene/a-olefin

copol yRRFCEBY™ 8eiAdt Heor 8AgES3PY0. 1 to 5 % by weight, preferably 0.2 to

1.5 %bé wei ght, nore preferably 0.25 to 1.5 % by wei ght, highly

preferﬁ }yPguanpént Depressant

Examples of the pour pcint dgpressant (C)} for use in the
inventioninéludealkylatednaphthalené,(co)polymerscﬁfalkyl
10 methacrylates, {co)polymers of alkyl acrylates, copolymers of
'alkyl fumarates and . vinyl acetate, o-~oclefin polymers, and
copolymers of a-olefins and styrene. Among these,
{co)polymers of alkyl methacrylétes and (co)polymers of alkyl
acrylates are preferably émployed.

15 Lubricating 0il Composition

The lubricating oil composition of the first embodiment
of the invention,comprises the lubricating oil base (A} and the
éthylene/a~olefin copolymer (B) in an amount of 1 to 30 % by

_weight, preferably 1 to 20 % by weight, more preferably 5 to
20 iG % by weight (residues are the lubricating oil base (A) and
ingredients mentioned later).

/Said lubricating oil composition has small dependency on
temperature and is excellent in low-temperature properties.

Occasionally, the lubricating oil composition is employed as

25 it is for applications as a lubricating 0il. Otherwise, it is




1.5 % by weight. The content of the pour-point depressant (C) 10 is in the
range of 0.05 to 5 % by weight, preferably 0.1 to 3 % by weight,, nore
preferably 0.1 to 2 % by weight, highly preferably 0.2 to 4y %608 wei ght.
Residues are the lubricating oil base (A and ingredients nentioned |ater.
Wth respect to the lubricating oil conposition of the second enbodi nent,
15 i nprovenent nay be achieved in viscosity when the content. of the

et hyl ene/ a-ol efin copolynmer (B) is 0.1 % by weight or nore. The copolyner
(B) cophgirgentvldndbecausie of1ubsiconposi bidnbade sdmd butdcam-moimponent s

whi ch hinder the effect of the pour-point depressant (C):. However, that

hi ndr angsr-eanahe BOravei dad bypkrerderingg dine fenalagmonsB) content .5 % by
wei ght  or less. Accordingly, with the ethyl ene/a-olefin copolynmer (B)

content bei ng,in 18 2ROYE; HANYESpas L HDELCHL it 9kton MRS ik i S
excellent in viscosity inprovenment effect and in flowability at a | ow

te”pefg%gis@ Sl 4 Jubrdgatingsai LLacampasi tien &ﬁ@mﬂé/awMy on 38

4 July enperature 1n viscosity and is excellent in | owtenperature

b geg(]t;éﬁ%%p%ﬁpé’afhﬁ}% i g)%%lrl—%)oﬁln%odQ?$:e%Fstarr&CE.te:¥? fuel c&{dd,gl ency. The

point” ow n 0 thé interaction ween the
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| ubri cBti on Ts I gh-t'enperature properties
and shouse gl s[actery Lubcioalion PLoRe oy TP JRHSAR o'
preferably 0.25 to 1.5 % by weight, highly preferably 0.30 to
1.5 % by weight. The content of the pour-point depressant (C)
10 'is in the range of 0.05 to 5 % by weight, preferably 0.1 to 3 %
| by weight, more preferably 0.1 to 2 % by weight, highly
" preferably 0.2 to 1.5 % by weight. Residues are the lubricating
0il base (A) and ingredients mentioned later. With respect to
the lubricating oil composition of the second embodiment,
15 . improvement méy be achieved in.viscosity when the content of
the ethylene/a—olefin copolymer (B) is 0.1 % by weight or more.
The copolymef (B) could contain, because of its composition
distribution, components which hinder the effect of the
pour—point depressant (C). However, that hindrance can be
20 avoided by rendering the copolymer (B) content 5 % by weight
or less. Accordingly, with the ethylene/oa-~olefin copolymer
(B) content being in the above rangés, a lubricating éil
composition is excellent in viscosity improvement effect and
in floWability at a low temperature.

25 Said lubricating oil compoesition has small dependerncy on




contain ingredients, such as (co)polyners of alkyl 10 nethacryl ates,

i ngredi ents having viscosity-index inprovenent effect (e.g. hydrogenated
SBR, hydrogenated SEBS), cleaning agent, rust inhibitor, diapersimng agent,
extrene-pressure agent, antiform ng agent, antioxidant, and netal
deactivator in addition to the lubricating oil base (A), the 15

~ethyl ene/ a-ol efin copol yner (B) and the pour-point depressant - (C). The

| ubricating oil conposition of the invention may be produced by m xing or

di ssol ¥Eﬂgeka%u%tepxheogée@9h%i ?nd@eoéxg@mém and; optionad -Lpgredients

with (in) the 20 lubricating oil base (A) through a conventional nethod.

G hor 8okl 118Y e Lo I X! G (0 Aol NG ENG 1ve Sl

et hyl n copolyner our-poil nt depressant (

~opti onal. .i ngr edi i t.h (in). the |ubricating ol . h
conventr Gt Revhod 35 6t E T Pobbos SRt pndore RS kR FERE e °

enpl oy t of e viscaosity nodifier for |ubricati oi |l according to the
o bsenPEPHGBM: thF Fabdd o Rt € (PRI ] T RGO T
conposition excellent in 3 | ow-t enperature properties, oxidation stability,
| ubt i cPEFTEES3RiEgh 1 FPEr- tur@geanng&EPtépﬂiSP n&PTPSFIE tbritat i ng oi
conposition itself does not get jelled at a | ow tenperature, which adds
excell@ﬁ?eﬁéﬁaﬁiﬁﬁ high-temperature properties and shows

satisfactory lubrication properties.
The lubricating oil compositions of the invention may
contain ingredients, such as (co)polyﬁers of alkyl
10 methacrylates, ingredients having viscosity-index improvement
'effect (e.g. hydrogenated SBR, hydrogenated SEBS), cleaning
agent, rust inhibitor, dispersing agent, extreme-pressure G
agent, antiforming agent, antioxidant, and metal deactivator
in addition te the lubricéting 0oil base (&), the
| 15 ethylene/o-olefin copolymer (B) and the pour-peint depressént
(C).

The lubricating oil composition of the invention may be
produced by mixing or dissolving the ethylene/a-olefin
copolymer (B) and optional ingredients with (in) the

20 lubricating o0il base (A) through a conventional method.
btherwise, it may be produCed by mixing or diésolving the
ethyléne/a—olefincopolymer (B), the pour-point depressant (C)
and optional ingredients with (in) the lubricating oil base (A)
through a conventional method.

25




properties to its characteristics. 10 Exanple This invention wll be
described in detail with the reference to the follow ng exanples. These
are not, however, to limt the scope® of the invention in aduywa805 15 In

t he exanpl es, physical properties were neasured as follows. _

Et hyl ene/ a-d efi n Copol yner Conposition The neasurenent was perforned by
the use of LA 500 Mbdel nuclear magneti smresonance device (JEOL Ltd.) in
-a mi xed 20 solvent of orthodichl orobenzene and benzene-d6 (vol une rati o:

- orthodi chl or obenzene/ benzene=adb of 3fHe tndérd)iemder the conditions of a
tenperature of 120C, a pulse width of 45 pulse, and a pulse repetition
time of 5.5 FeeoatsloMussbIift Yhatv1006s(Ky Vaddi2Si el Vupwasagehgr m ned
according to ASTM D-445. The K V. 4 0 4 July 2005 was adjusted to be about
10 mMm 2hseeddd ridieiexMles prEal«h Or aikd Mg 53 r i was

det erm ned accordiég to AST@ D-2602. The Céglq%?éﬁgéﬁ£ﬁ§§%%é$ggfgﬁg t he

slidi ngppagpenk! 189 (3EaftNGia RIARSIdH &%), alx 1 QWL { epperature at a crank
shaft. The snmaller value shows the better |owtenperature properties of

the | ybll-¢akbld Qe M BLzROt ALY %&f&é)@?ér?rst(a%@{)ity, lubricity at

high temperatures and fuel efficiency.
Said lubricating oil composition itself does not get
jelled at a low temperature, which adds excellent khandling

properties to its characteristics.

10
Example
This invention will be described in detail with the
reference to the following examples. These are not, héwéver,
to limit the scope of the invention in any way.
15 . In the examples, physiéal properties were measuredras

follows.

Ethylene/a-0lefin Copolymer Composition

The measurement was performed by the use of LA 500 Model
' nuclear magnetism resonance device (JEOL Ltd.) in a mixed
20 solvent of orthodichlorobenzene and benzene-dé (volume ratio:
brthodichlorobenzene/benzene4d6 = 3/1 to 4/1) under the
condiﬁionsofa1xmperatureof120°c,apulsewidﬂnof45°pulse,
and a pulse repetition time of 5.5 seconds.

Vigcosity at 100°C (K.V.)

25 _ The K.V. was determined according to ASTM D-445.  The K. V.




The MRV was determ ned according to ASTM D- 3829 and D-4684. 10 The MRV is
~used- in evaluating punping properties of an oil punp at a |ow tenperature.
The smal | er val ue shows the better 4w tenperature-propert4dsy 2805 he

| ubricating oil. Shear Stability Index (SSI) The SSI was determ ned
according to ASTM D-3945. The SSI 15 is a scale of |loss of the kinematic
viscosity owng to breakage of nolecul ar chains which is caused when the
copol ymer conponents in the lubricating oil suffer shearing force in

sl i di nguasThed jwargal 3SIby adwenshowsmbhesOF eat ernd ossaRbidhe  kinematic
viscosity. 20 H gh Tenperature H gh Shear Viscosity (HTHS) The HTHS was

nmeasur eg1at drmiq@giﬁpﬁastgrap@@ggi ng to ASTM D-4624. The HTHS is used
in evaluation of 'the Tubricating ofl properties at a high tenperature

under a hi ghsheasrai€detr Ehaihanoe ?g%@%ﬁgé&ﬁs%ﬁ%‘@ﬁb‘% ?3%66%55

| ubricating oil 25 properties at a erature.

Fl bi;l : bri ' il. kept at

Temper Aturs ot 1 18C 161 S heaks, *1 120 QREth PHH S abRear AhES) wac obser ved
I .as..f gl| . 1:- The |ubr.i ' il fl dis.f f

Fol T y) PRSP i R B et G P et G o T DI bt WS BARLAAFy in

_jeIIedv8§tate

ue shows the better low-temperature properties of the

lubricating oil.

Mini-Rotary Viscometer (MRV)

The MRV was determined according to ASTM D-3829 and D-4684.
10 The MRV is used in evaluating pumping properties of an oil pump
at a low temperature. The smaller value shows the better
low-temperature properties of the lubricating oil.

Shear Stability Index (SSI)

The SSI was determinéd according to ASTM D~3945. The S$SSI
15 is a scale of loss of the kineﬁatic viscosity owing to breakage
of molecular chains which is caused when the copolymer
components in the lubricating oil suffer shearing force in
sliding. The larger SSI vélue shows the greater loss of the

kinematic viscosity.

20 High Temperature High Shear Viscosity (HTHS)
- The HTHS was measured at 150°C under 17063"1 according to
ASTM D-4624. The HTHS is used in evaluation of the lubricating
oil préperties at a high temperature under a high shear rate.
The larger HTHS value éhows the.better lubricating oil

25 properties at a high temperature.



3: The lubricating oil is wholly in jelled state. 10 In view of cl ogging,
absence of jelled conponents is highly preferable when the |ubricating oil
is used at a low tenperature. Polymerization Exanple 1 [Syuhhe¥ids of an
A efin Copolynmer] 15 Into a 2-liter autoclave with an agitating inpeller
(by SUS) which had been sufficiently purged with nitrogen, heptane 900mil
was charged at a tenperature of 23C. While rotating the agitating inpeller
and ice-cooling the autoclave, propylene 4.5 N and hydrogen 90 m were

introdm@djaibqthttjh%talg athavesmdde: A@-aut ocl ave was then heated to a
tenperature of 70C, and was pressurized with ethylene to nmake a total

pressure 6 Kgrc\Wherpet hapinsiade npf 833ULa sOkebleaauboclayerhecaBecé KG a

hexane solution 1.0 m containing triisobutylalumnum (TIBA) 1.0 mol/m,

was pressed i-nto-t toclLav i Rk tr,0 5 t olution 3

M whi cﬁ%hgdfgtefe% E?%g%ug‘:ﬁ g%%g?gg?kgzgﬁggﬁ%éggegcgﬁf a?%?ﬁg%a

tri phenyl car i traki-sp af | uorophenyl) borate 0.016 mmol in terns
" By B aE TR

of B an utyl'am do) (t etranet hyl -q 5-cycl opent adi enyl)

silane]titaniungich|oride 0.0004. was pr.essed into the ut ocl ave
Wi ti ni trogehi‘?gh?mi‘??léf%agﬁ%gp%?y ?"’%Sataﬁnon.lSFc%n;eet 5%%9(?&?’3&% nut es,
the inside tenperature of the autoclave was kept steady at 70C and

et hyl eff@REECGTti nuously supplied directly into the autocl ave to keep the

pressure at 6 KG After, ) _ . . N
: - 2: The lubricating oil flows but is partially in jelled

stat:e.
3: The lubricating oll is wholl&r in jelled state.
10 In view of clcgging, absence of jelled compeonents is
| highly preferable when the lubricating oil is used at a low
temperature.

Polymerization Example 1

[Synthesis of an Olefin Copolymer]

| 15 into a 2-liter autocla{:fe with an agitating impeller (by
SUS)} which had been sufficiently purged with nitrogen, heptane
900ml was charged at a temperature of 23°C. While rotating the
agitating impeller and ice-cooling the autoclave, propylene 4.5
Nl and hydrogen 90 ml were introduced into the autoclave. The

20 autoclave was then heated to a temperature of 70°C, and was

pressurized with ethylene to make a total pressure 6 KG. When
the inside pressure of the autoclave became 6 KG, a hexane
solution 1.0 ml Contaiﬁing triiscobutylaluminum (TIBA) 1.0
mmol/ml, was pressed into the autoclave with nitrogen. Next,

25 a toluene sclution 3 ml which had been previously prepared,




5 mnutes fromthe initiation, the polynerization was stopped 10 by pouring
methanol 5 m into the autoclave with a punp. The pressure in the

aut ocl ave was rel eased to atnospherje pressure. Methanol 3'44l¥ 25 was
poured into the reaction solution with stirring. The resultant polyner
contai ning solvent was dried wunder the conditions of a tenperature of 130C
~and an 15 at nospheric pressure of 600 Torr for 13 hours to obtain an

et hyl ene/ propyl ene copol yner 32 g. The properties of the polyner are shown

in Tabb@n%aiﬁ@hﬁ”%&&éﬁ%h&@d@?ﬂ@%ﬂ%ﬁ%H%ﬂ%ﬁB@Qﬂé&%%ﬁhdﬁﬁbﬁﬁgf%fﬁd in the

same manner as in 20 Polynerization Exanple 1 except that e propyl ene

was us L n of: .3 ]%%, -putene 5 g was new y added. The

proper??géggfefﬁg%ggﬁ§%eﬁnaF% S oﬁﬂﬂg% able 1. Polynerization Exanple 3 A |

pol yner ,38 obt ai 0t sane ner_as, _in__25_Pol ri zation |
édimeghg@§ttEg?y?%%ldggéggtrameﬂgyl ?Hc&ogea%fgle

Exanpl e except e pr ene was -“use Y 65 an anount

of 4.0 N, and.1l-octene e added. The roperties of the polyner
e ShODKETR TABRB IR RGRY R TEat o 0 QB 1R BBISHRE D370 VLS obt ai ned
in the sane_manner _as in 5 Polynerization Exanple 1 except that the

pr opy| @HECGAS Vst nnlﬁﬁoﬁﬁﬁuﬁ¥ b?lé%étﬂlFh%nﬁgﬁY%%féﬁ%tgﬁng WasT newl y

. added. The properties of the polyner are shown in Table 1. Polynerization
EX&np'Eh%IKﬂd: ive minutes, the inside temperature of the autoclave

was kept steady at 70°C and ethylene was continuocusly supplied
directly into the autoclave to keep the pressure at 6 KG. After

5 minutes from the initiation, the polymerization was stopped

10 by pouring methanol 5 ml into the autoclave with a pump. The
:pressurejjltheautoclavewaszeleased1x)atmosphericpressure,
Methanol 3 Litter was poured into the reaction solution with
stirring. - The resultant polymer containing solvent was dried
under the conditioné of a temperature of 130°C and an

15 atmospheric pressure of GOO'Torr for 13 hours to obtain an

ethylene/propylene copolymer 32 g. The properties of the
polymer are shown in Table 1.

Polymerization Example 2

A polymer 26 g was obtained in the same manner as in
20  Polymerization Example 1 except that the propylene was used in
an amcunt of 3.5 N1, and l-butene 5 g was newly added. The

properties of the polymer are shown in Table 1.

Polymerization Example 3
A polymer 38 g was obtained in the same manner as in

25 Polymerization Example 1 except that the propylene was used in



A polymer 21 g was obtained in the same manner as in 10 Polynerization
Exanpl e 1 except that the propylene was used in an anmount of 3.5 N, and
oct adecene 12 g was new y added. Thegs properties of the poldJdui2@5 shown
in Table 1.715 20 25 4 4 4 July 2005 Table 1 Properties of the

Et hyl ene/ Propyl ene Copol yners Pol yner Properties P-Ex.| P-Ex.2 P-Ex.3
P-Ex. 4 P-Ex.5 Ethylene Content (wt% 73.0 73.5 72.3 70.7 66.3 Propyl ene
‘Content (wt% 27.0 21.2 24.6 20.0 21.2 Butene Content (t% - 5.3 - - -

Cetent Qoptentc(We%s v F1l &nd 10d@decens Lopt entedW %dded.- Thd2.5 Mv
X10000 31.8 30.9 30.2 29.6 29.3 (in terns of PS) Mw 1.9 2.01.9 2.0 2.0

Tm (0 -48:8:47:8 45 ndT Lidhad S Uisam (9 lf 0 15 0.15 0,15 0. 15

int exanpl es re treated to have nearly the same 5 nelting
B?LS&%&%&M&“ %% by wei ght . whi h was. conposed of M neral
A polymer 22 g was obtained in the same manner as in
.5 Polymerization Example 1 except that the propylene was used in
an amount of 3.5 N1, and l-octene 10 g was newly added. The

properties of the polymer are shown in Table 1.

Polymerization Example 5

A.polymer 21 g was obtained in the same manner as in
10 Polymerization Example 1 except that the propylene was used in
an amount of 3.5 N1, and octadecene 12 g was newly added. The

.properties of the polymer are shown in Table 1.

15

20

25




10 G 100 Neutral and M neral O'I 150 Neutral (by ESSO (Mneral G 100
Neutral /M neral G| 150 Neutral 80/20), as a lubricating oil base, the
pol yner 0.46 % by wei ght obt ai ned i ns Pol ymeri zation Exanpléedp2qQsy
~respectively as a viscosity index inprover (viscosity nodifier), Aclube
133 (by Sanyo Kasei) 0.5 %4 5 4 July 2005 by weight as a pour-point
depressant, and a cl eaning dispersant (by The Lubrizol Corporation) 10
parts by weight. The properties and the flowability at a | ow tenperature of
the Ilubricating oil obtained in the exanples were evaluated. The 5
results are shown in Table 2. Conparative Exanple 1 Lubricating oil was
prepared in the sane manner as i Rar@anple 1 except that the m xed oil of
Mneral O1 100 Neutral and Mneral Gl 150 Neutral (by ESSO (Mneral Q|
100 10 NeutrghiM.nesals Qé t%\i_omyf@eﬁﬁ%@n@%%améf@tl ng oil base

and the pol vrrer obt ai ned in Pol vrrerl zat i on Exanpl e a_viscosity index

i rrprOJeE701 Fﬁgg?]ggag%ctl vgl N |3 Apount, i \ée ?xTQHE@— Jhe

propetles il a|low tenperaturpe theg lu I’ICcitIng oi |
were g ted. . The resul.t; 1 S i M be 45 4(July
2005 ¥'§bp’ze§e&%%%lifl%t zn E’?bé)ert ih%\;%of Ld gr :30a —"n%‘ab' lls 2 b5

Propylene Content (wt%) 27.0 21.2 24.6 20.0 21.2

Butene Content (wt%) - 5.3 - - -
Octent Content (wi%) - - 3.1 8.3 -
Octadecene Content {(wt%) - - | - = 12.5

Mw X 10000 31.8 30.9 30-2 29.6 29.3

(in terms of PS)

Mw/Mn o 1.9 2.0 1.9 2.0 2.0
Tm (°C) 46.9 47.8 46.0 47.1 47.5
SaB/Sac (%) 0.15 0.15 0.15 0.15 0.15

Copolymers in the examples were treated to have nearly the same

5 melting point.

Eiamples 1 to 4

Ineachcﬂftheexampleé,lubricatimgoilwasproducadfrom

a mixed oil 89.04 % by weight, which was composed of Mineral

10. 0il 100 Neutral and Mineral Oil 150 Neutral (by ESS50) (Mineral
0il 100 Neutral/Mineral 0il 150 Neutral = 80/20), as a

| lubricating cil base, the polymer 0.46 % by weight obtained in

PolymerizationExamplesZTK)Srespectivelyaseaviscosityindex

improver {(viscositymodifier), Aclube 133 (by Sanyo Kasei) 0.5 %




.C-EX.| Ex.1 Ex.2 Ex.3 Ex.4 Used Polynmer Type P-Ex.| P-Ex.2 P-Ex.3 P-Ex.4

P-Ex.5 Anmpunt (w% Lubricating oil Base 89.04 89.04 89.04 89.04 89.04

Det er gent - Di spersant 10.0 10.0 10.04%0.0 10.0 Pour- Poi nt Bepthead¥nt 0.5

0.5 0.5 0.5 0.5 Copolyner 0.46 0.46 0.46 0.46 0.46 Lubricating Ol

Properties K V. at 100C (mm2/s) 10.16 10.14 10.13 10.11 10.11 SSI 48.0

47.0 47.0 46.0 46.0 CCS 2780 2770 2790 2760 2750 MRV 23200 23100 23200

. 22900 22800 Low Tenperature 2 1 1 1 1 Flowability 5 Table 2 shows that
~the lubyigathng i b SOAPOSHEHONR o LURAL S| BY R SPECI 1 6, aoRaLY TR, (Of

ethylengi prgpylene %nd aé higheg)a-olefin of i to f%jg%rgog aggﬁg as a

Vi scosi odi i 8fni -0 N9t td t turg and are free

.fron1cﬁ%ébing an&ugacelleéfﬂﬁi r%ﬁtgf?ﬂ%a%F%B%Qtﬁggsﬁﬁ'céﬁﬁ%rison with a 4

7 4 Ju . j i il_.c ition conprisin n_et hyl ene/ propyl ene

%o%%%lééjgﬂfaéﬂggf%b%abﬂ% at % fowl%%lpﬁ)%g?ﬁﬁﬁeof)f¥ Eg

copol yfrer "as a vi scosity no 1er. sirably, frposi ti ons

are inproved ta_the.greatest .extent possible in | owtenperature properties

such ugjé:l RVESAN P%ggﬁaewvﬁq%%oes%a?‘ip.t)lel%é“qrr‘?pte&?éﬁ@ﬁ@dnaﬂﬁ@ |
5 results are shown in Table 2.

Comparative Example 1

Lubricating oil was prepared in the same manner as in
Example 1 except that the mixed o0il of Mineral 0il 100 Neutral

and Mineral 0il 150 Neutral (by ESSO) (Mineral Oil 100
10 Neutral/Mineral 0il 150 Neutral = 80/20) as a lubricating oil
base and the polymer obtained in Polymerization Example 1 as
a viscosity index improver, were used respecfively in an amount
:'given in Table 2. The properties and the flowability at a low

temperature of the lubricating ¢il were evaluated. The results

15 .are shown in Table 2.
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achieved with respect to the CCS viscosity by about 10 in

val ue,
val ue by raising the purity of the Rhase
10 Taking the above description into
invention is of great significance in the
the CCS viscosity and the MRV viscosity maybe i nproved
15 20 25 48 4 July 2005 What
| ubricating oil

costs

consi derati on,
respect that

wi-t hout
1. Aviscosity nodifier for
et hyl ene/ a-ol efin copol yner (B) conprising (1) ethylene,

and with respect to the MRV viscosity by

a great dea
t he

t hough.
present

costly processes.

oi

nmeasur ement
about 100 i n nmeasurenent

for |ubricati rgluy 2005ni ch

conprising an
(iit) an a-olefin

is clained is

of 3 or nore carbon atons, and %B% fii gher a-olefin of 6 to 20 carbon
atons wherein the carbon nunber o |||) is larger than that of (ii) by
one or nore, and the ethyle e%g ogg n.col Exgp %%nha ;he follow ng
properties (b- TTP Rd %B 3? 7 cont ent et e is in the range

Table 2 shows that the lubricating ocil compositions

atoms|(1i) is in the range of %sﬂﬁrﬁf 565 by f'ﬁt °2ﬁa§3§r:”ﬁr2ﬁfaé¥’°{‘he
‘highe aﬁsed Polymer Type P-Ex.1 | P-Ex.2|P-Ex.3|P-Ex.4 | P-Ex.5
Amount (wt%)
Lubricating oil Base | 89.04 89.04 89.04 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 0.46 0.46 0.46
Lubricating 0il
.Properties =
K.V. at 100°C (mm®/s) | 10.16 | 10.14 | 10.13 | 10.11 | 10.11
SSI 48.0 47.0 47,0 46.0 46.0
CCsS 2780 2770 2790 2760 2750
MRV ;23200 23100 | 23200 | 22900 -22800
Low Temperature 2 1 1 1 1
Flowability

comprising a specific copolymer of ethylene, propylene and a
higher o-olefin of 4 to 20 carbon atoms as a viscosity modifier,
do not get jelled at' a low temperature and are free from clogging

and excellent in refueling properties in comparison with a



olefin of 6 to 20 carbon atons (iii) is in the range of 0.1 to 25 % by
wei ght with the proviso that the sumis 100 % by weight; (b-2) a

wei ght - aver age nol ecul ar weight (MMain terns of polystyrentihn200ieasur ed
by GPCis between 80,000 and 400, 000; and (b-3) the ethylene/a-olefin
copolyner (B) has an intensity ratio D of Sap to Saa (Sa(3/Saa)
determ ned by 13C-NMR spectrum being 0.5 or below. 2. The viscosity
nodi fier for lubricating oil as <clainmed in claim1, wherein the

et hyl eng{s-taf iy cﬁlqp@oyffﬁ%fsﬁt@orh%%n{ﬂﬁﬁrr@%&thét(‘lpig}le(/gr%b ern%t' o of

Mv Mh (Mh: nunber-average nol ecular weight) is 2.4 or |ess. 4 July

2005 3op meyre{éls%léyvi@gééj_@%; F94: kvbricating oil as clainmed | nclaiml
or 2, wherei'n the ethylene/a-olefin copol yner (B) has the property (b-4):

5 (b-4) ane (55 | N9 R0 tl(mlc%%ﬁ? eéoﬂagéog &b s 860G Oy aney -+ A The
V|5005|tyrm|f|er T l'ubri cati alrre in any one clalms 1
to 3, erein ef.in_of r,TRLe carbon at oms Qs c%ropyl ene.

. 5. The\%\h Sdost te(f(locfeinetr SSlFJ‘r%rJincg f‘rn SOPFTAS T8I R T h any one of
clamsltﬁgj4 wherelnthe on.nurrbe{; of ..t he, hllgher a0|eflnélll) is
Iity.

he &4 of* %3?%11'230 ViSCOS The improvement ma

achieved with respect to the CCS viscosity by about 10 in
measurement value, and with respect to the MRV wviscosity by
about 100 in measurement value by raising the purity_o—f the base
0il for lubricating cil, which costs a great deal though.
10 ‘Taking the above description into consideration, the
present invention is of great significance in the reépect that
the CCS viscosity and the MRV v‘iscos,ity.mayﬂ"be improved without

costly processes.
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15 6. The viscosity nodifier for lubricating oil as clained in any one of
~clains 1 to 5, wherein the ethylene/g-olefin copolyner (B) ,contains (i)
~ethylene in an anount of 60 to 80 %%)5 wei ght, (ii) an a-oﬂéﬁ'&?ﬁogg 3 or
nore 20 carbon atons in an anount of 18 to 34 % by weight, and (iii) a
hi-gher a- dlhefti i sofcl4imed2@ scarbon atons in an amount of 0.5 to 20 % by
weight. 7. A lubricating oil conposition conprising: 25 (A a lubricating
oil base, and 50 4 July 2005 (B) an ethylene/a-olefin copolynmer in an

amount of 11 tQ 30 a4y i 8B4 £ 18I CRGOPQIIRIad % £ OFPL | _%bmgr&islnﬁt hyl ene,
(ii) an a-olefin of 3 or nore carbon atons, and (i11i)a highér a-olefin of

6 to 20 carbnhghien® /cwakalih theQamnkan mymMemuafi fidd ): is larger than
that of (ii) by one or nore, and the ethyl ene/a-ol efin copolyner (B) has
the - foll ow ng (properchivéenEh- 1) and (b-3); (b-1) a content of ethylene (i)
isin the range of 60 to 80 % by weight, a content of the a-olefin of 3
or nore carbon @tddman Ki-pliefim athel angersf cEgbanp eB8Pmg,hyangei ght, and a
content of the higher a- olefin of 6 to 20 carbon atons (iii) is in the
range of 0.1 t(3123a% byaherght-#eRinheohr Vi 6 t &t Chebon atoms

wherein the carbon number of (iil) is larger than
that of {ii) by one or more, and

the ethylene/c-olefin copolymer ({B) has the
following properties (b-1) and (b-3);

(b—1) a content of ethylene (i) is in the range
of 60 to 80 % by weight, a content of the w@-olefin
of 3 or more carbon atoms {ii) is in the range of 15
to 59 % by weight, and a content of the higher o-
olefin of 6 to 20 carbon atoms (iii) is in the range
of 0.1 to 25 % by weight with the proviso that the
sum is 100 % by welght;

(b-2) a weight=-average molecular weight (Mw) in
terms of polystyrene as measured by GPC is between
80,000 and 400,000; and

(b-3) the ethylene/a-olefin copolymer (B) has
an intensity ratio D of Soaf to Sao (Sof/Soaa)

determined by P*C-NMR spectrum being 0.5 or below.

2. The viscosity meodifier for lubricating oil as
claimed in c¢laim 1, wherein the ethylene/a-olefin
copolymer {B) has the property (b-3)

(b-3) a ratio of Mw/Mn (Mn: number-average molecular

welght) is 2.4 or less.




sumis 100 % by weight; (b-2) a weight-average nol ecul ar weight (My) in
terms of polystyrene as nmeasured by GPC is between 80,000 and 400, 000; and
(b-3) the ethylene/a-ol efin copol ynefq (B) has an intensity*f8?¥PD of Sao
to Saa (Sa(3/Saa) determ ned by 13C-NWMR spectrum being 0.5 or below. 8. A
| ubricating oil conposition conprising: (A a lubricating oil base, (B) an
~ethylene/a-olefin copolyner in an anmount of 0.1 to 5 % by wei ght, which
copolymer is conprising: (i) ethylene, 51 4 July 2005 (ii) an a-olefin of
3 or nore carbon atons, and (iii)a higher a-olefin of 6 to 20 carbon atons
wherein the carbon nunber of (iii) is larger than that of (ii) by one or
nore, .and (Cp.a poys-pQi;nt. t-in a nt.of 0.05 to 5 % by

wei ght ; vvher?i n thg%eefﬁlﬁlryecr?%ﬁg{}gﬁg i nflceorpgﬁ%enflﬂfl%c%%%n? hetLfdf I owi ng
proper td - (b:3).:~(bs1) a content of ethylene (i) is_in the range
of 60 idc}%gg(e‘% %/é&%lérﬂ%,%)raztgn e)gn o H‘ﬂ? hay?ltﬁpeefl%""]cﬁf@ 6PPRBFESEar bon

ﬁjtom; ((IBI)) H=% it d rgjerorp%n ey o{b_ll‘é) : to 59 % by_ wei ght, and a content of the
i gher ‘a- :
5 (b-4) a melting point (Tm) as measured by DSC is 60°C or
lower.
4. The viscosity modifier for lubricating oil as

claimed in any one of claims 1 to 3, wherein the a-olefin of

10 3 or more carbon atoms (ii) is propylene.

5. The viscosity modifier.ﬁor lubricating oil as
claimed in any one of claims 1 to 4, wherein the carbon number
of the higher «o-olefin (iii) is in the range of 6 to 20. |

15 |

6. The viscosity modifier for lubricating oil as
claimed in any one of claims 1 to 5, wherein the
ethylene/a~-olefin copolymér (B} contains (i) ethylene in an
amount of 60 to 80 % by weight, (ii) an a-olefin of 3 or more

20 ca:bon atoms ih an amount of 18 to 34 % by weight, and {(iii)
‘a higher o-olefin of 4 to 20 carbon atoms in an amount of 0.5

to 20 % by weight.

7. A lubricating oil composition comprising:

25 (A) a lubricating oil base, and




olefin of 6 to 20 carbon atons (iii) is in the range of 0 1 to 25 % by

weight with the proviso that the sumJjs 100 % by wei ght; QFL%\VEQPE’
wei ght - aver age nol ecul ar wei ght (Mn) i ternms of polystyren S asur ed

by GPC i s bet vveen 80, 000 and 400, 000; and (b-3) the ethylene/a-olefin
copol yner (B) h an inte D of Sa(3 to,Saa (Sa(3/Saa)
det er mi ned by 1 M@Qﬁz%eﬁ%gﬁq 559F° ’6\/ 1’9 aﬁ*h@mé’HBFl €4t itng oi

~conpositi cl {’rqg I ene/ a-ol efin
copol yrrerocrbBaﬁ% EH he pihtg’eﬂk{/nc(}b %po%.(gé(%')e a ratl on V Mh ( Mh:

nunber - aver age 3ﬂjD| et A@lensgi ght) is 2.4 or less. 52 4 JuI y 2005 10. The

| ubricating oil conposition as clainmed in any one of clains 7 to 9, wherein
t he et hyl ene / aridl)efam ccagad fimerof (B)ohaso tdhecgutoperdtyor{dy- Hnd (b-4) a

nel ting point (Trr) as neasured by DSCis 60C or lower. 11. The l|ubricating
oi | conposition(idst)d aihnedheimn anpledne obfcl @i nso 7 2 IR rbamer eitemshe
a-olefin of 3 or nore carbon atons (ii) |stpropyl ene. 12. The lubricating
oi | conpositi oEEedmi k8 iGRIR %‘ﬁ@f’%]F Gfai i1 ¥ t ¢511125FRF eithafhe

hi gher a-ol efi r]ch(altl 'o)f h(aisl yloon2e0 aQn ataq,lrg

the ethylene/a-olefin copolymer (B) has the
following properties (b-1}) and (b-3)f

(b-1} a content of ethylene (i) is in the range
of 60 to 80 % by weight, a content of the a-olefin
of 3 or more carbon atoms (ii}) is in the range of 15
to 59 % by weight, and a content of the higher o-
olefin of 6 to 20 carbeon atoms (i1iii) is in the range
cf 0.1 to 25 % by weight with the proviso that the
sum is 100 % by weight;

(b-2) a weight-average molecular weight (Mw) in
terms of polystyrene as measured by GPC is between
80,000 and 400,000; and

{b-3) the ethylene/a-olefin copolymer (B) has
an intensity ratio D of Saf to Soa (Saf/Saa)

determined by B3C-NMR spectrum being 0.5 or below.

8. A lubricating cil composition comprising:
(A) a lubricating cil base,
(B) an ethylene/a-olefin copolymer in an amount of
6.1 to 5 % by weight, which copolymer is
comprising:

{1) ethylene,



13. The lubricating oil conposition as clainmed in any one of clains 7 to
.12, wherein the ethylene /a-olefin CO%9|ynEF (B) contains Qh% gﬁ | ene in
an amount of 60 to 80 % by weight, (i) an a-olefin of 3or I rbon
atons in an anount of 18 to 34 %by weight, and (iii) a higher a-olefin of
4 to 20 carbon {idtlors: iorcdrefamwdt 3ofor0 e neo @Orbrbyetwaisghtandl4. The
viscosity nodifier for lubricating oil as clained in any one of claiml to
6, wherein the Hiigher aighefi nohasef8nt 000 carton 24t owerbds. Fhems

| ubricating oil, conposition as clained in any. one of claim7 to 13

wherei n t KESHiSGRer e S1aIaP % @0l Lkl bbh hpbwer thaBsthatt OFhi s
i nvention @Liirps bryo O?lreOY)iLd%lOlIlébriaglgiti ng oil conpositions excellent in

| ow-t enperat ure “properties, ‘oxidation stability, lubricity at high

t enper atures ana)f uel pefdigiiencyHantalsn i1h handihagnprepect 08stat | ow
tenperatures, and a viscosity nodifier for lubricating oil enployable in
said | ubfi Gativngedightéonpositions. The viscosity nodifier for |ubricating
oi I conprises an ethylenel/[er ri)-ol ?fi n. copol ynmer _( B) cor‘erosed of ; (i)
~ethylene, (ii) WélﬁrFéPr]t-llﬂ ef PRy bIn®/ GOt &0 c 5PBSR YAES NS, JamP%i £PF a

hi gher [ers]- in_of 0 20 carhon atons,.wherein the carbon nunber of
(iii) is |f§]rlglg’$&§‘ﬁaﬁ’%toﬁ’§trt%fe S(il lgy tendd ™

' (b~1) a content of ethylene (i) is in the range

of 60 to 80 % by weight, a content of the a-olefin
of 3 or meore carbon atoms (ii) is in the range of 15
to 59 % by weight, and a content of the higher a-
olefin of 6 to 20 carbon atoms (iii) is in the range
of 0.1 to 25 % by weight with the provisc that the
sum is 100 % by weight;

(b2} a weight-average molecular weight (Mw) in
terms of polystyrene as measured by GPC is between
80,000 and 400,000; and

{(b-3) the ethylene/a-olefin copoclymer (B) has
an intensity ratio D of Soff to Soo (Saf/Soo)

determined by '’C-NMR spectrum being 0.5 or below.

9. The lubricating o0il composition as claimed in claim
7 or 8, wherein the ethylene/a-olefin copolymer (B) has
the property (b-3):

{(b-3) a ration of Mw /Mn (Mn: number-average

molecular weight) is 2.4 or less.




or nore, and the ethylene/[err]-olefin copolynmer (B) has the follow ng
properties (b-1) and (b-2): (b-1) a content of ethylene (|)4|s I n the range
of 40 to 80 % by weight, a content of,the a-olefin of 3 of 5t P%ar bon
atonms (ii) is in the range of 15 to 59 % by weight, and a content of the |
higher a-olefin of 4 to 20 carbon atoms (iii) is in the range of 0.1 to 25
% by weight with the proviso that the sum is 100 % by weight; and (b-2) a
wei ght - aver age nol ecul ar weight (Md) in terns of polystyrene as neasured
by GPC i s between 80,000 and 400, 000.

10. The lubricating oil composition as claimed in any
one of claims 7 to 9, wherein the ethylene/a-olefin copolymer
{B) has the property (b-4}:

(b-4) a melting point (Tm) as measured by DSC is 60°C or

lower.

11. The lubricating oil composition as claimed in any
one of claims 7 to 10, wherein the w-olefin of 3 or more carbon

atoms (ii} is propylene.

12. The lubricating oil composition as claimed in aﬁy

one of claims 7 to 11, wherein the higher a-olefin (iii) has

6 to 20 carbon atoms.

13. The lubricating oil composition as claimed in any
one of claims‘711>12, wherein the ethylene/a-oclefin copolymer
("B) contaipns (i) ethy_lene in an amount of 60 to 80 % by »weight; '
{ii} an a-olefin of 3“pr mofe Caibén afoms in an amount of lé

 to 34 % by weight, and (iii) a higﬂer'a—olefin of 4 to 20 carbon

“atoms in an amount of 0.5 to 20 % by weight.
14. The viscosity modifier for lubricating oil as claimed in
any one of claim 1 to 6, wherein the higher a-olefin has

8 to 20 carbon atoms.

18. The lubricating cil composition as claimed in any one of

claim 7 to 13, wherein the higher a-olefin has 8 to 20

carbon atoms.
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Abstract

This invention aims to provide lubricating oil
compositions excellent in low-temperature properties,
oxidation stability, ;ubricity at high temperatures and fuel
efficiency and also in handling properties at low temperatures,
and a viscosity modifier for lubricating oil employable in said
lubricating oil compositions. |

The viscosity modifier for lubriéating 0il comprises an
ethylene/a-olefin copolymér (B) composed of:

{1} ethylene,

(ii) an a-olefin of 3 or mq#e carbon atoms, and

{(iii) a higher o-olefin of 4 to 20 carbon atoms wherein
the carbon number of (iii) is larger than that of (ii)} by one
or more, and | |

the ethylene/a~olefin copolymer (B) has the following
properties (b-1) and (b-2}:

(b~-1) a content of eﬁhylene (i) is in the range of 40 to
80 % by weight, a content of the o-olefin of 3 or more carbon
atoms (ii) is in the range of 15 to 59 % by weight, and a content
of the higher o-olefin of 4 to 20 carbon atoms (iii) Iis in the
range of 0.1 to 25 % by weight with the proviso that the sum
is 100 % by weight; and

(b-2} a weight-average molecular weight (Mw) in terms of

polystyrene as measured by GPC is between 80,000‘ahd 400,0060.




