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SF-1242PCT 1 DESCRIPTION VISCOSITY MODIFIER FOR
LUBRICATING OILS, ADDITIVE COMPOSITION FOR LUBRICATING
OILS, AND LUBRICATING OIL COMPOSITIONS 5 TECHNICAL FIELD
[0001] The present invention relates to a viscosity modifier for lubricating
Gils; &r BddiEive composition for lubricating oils, and lubricating oil
compositions. More specifically, 10 the present invention relates to a
viscosity modifier for lubricating oils or ain additive composition for
lubricating oils which is excellent in oil-thickening properties and can
provide lubricating oil compositions excellent in__low-temperature
properties and handleability at Iov%El%q%ﬁ%qéFeﬁ’ﬁres; and lubricating oll

jti I ' - t h teristi d
R S e e BB AP oA e oveos T oN
I i ation in vi it with
B A A TR e o b s
like, it is preferable that such a temperature dependence of viscosity is

small. In order SF-1242PCT 2
TECHNICAL FIELD

f0001)

The present invention relates to a viscoslty modifier
for lubricating oils, an additive composition for lubricating
oils, and lubricating oil compositions. More. specifically,
the present invention relates to a viscosity modifier for
lubricating oils or an additive composition for lubricating
oils which is excellent in oll-thickening properties and can
provide lubricating 0il compositions excellent in
low-temperature properties and handleability at low
temperatures; and lubricating oil compositions excellent in
low-temperature characteristics and nandleability at low

Temperatures.

BACKGROUND ART
[0002]

Petroleum products generally exhibit a large variatiocon
in viscosity with variation in temperature. For lubricating
oils used for automobiles or the like, it is preferable that

such a temperature dependence of visceosity is small. In order
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to decrease the temperature dependence of viscosity, an o
ethylene/a-olefin copolymer having an effect of improving viscosity index
is widely used as an ingredient blended in lubricating oils. 5 Further,
lubricating oils lose fluidity at low temperatures because wax components
thereir’ %ﬁ? to crystals. In order to lower the solidifying temperature,
lubricating oils also contain a pour-point depressant. The pour-point
depressant prevents a three-dimensionaFnetwork 1Q strugturg from
forming through crystallization of wax components in lubricating oils,

loweringthe pour paint 0&%&@95@@@ ollg, Oé)g%]né%lo %%Conx(aiiﬁca%sity, an

low-temperature characteristics of lubricating olls whic

ethylone/0lsfin eepralymer,and gye%ur}?ﬂf}?ﬁ%%egs%’!}fthetVisc .Siay%%trmng

a high shear rate is determined by compatibi . betwgen aélﬁbric%mg

nasect the eltulanelasolefig copolymes, witle the MSeosIy L3 I o pea in
shear rate is strongly affected by the pour-point depres ant. is known
thatwhen anethyeng/a-olefin copolymer having a specific composition is

used, the effect of a pour-point depressant is remarkably lowered through

interaction: ot ther copalymes with the, poysspaint depressapt (referto .
Patent document 1 and Patent document 2). SF-1242PCT 3

temperatures because wax components therein soclidify to
crystals. 1In order to lower the solidifying temperature,
lubricating oils alsoc contain a pour-point depressant. The
pour-point depressant prevents a three-dimensional network
structure from forming through crystallization of wax
components.in lubricating oils, lowering the pour point of the
lubricating oils.
[0003]

Among low-temperature characteristics of iubricating
olls which contain an ethylene/a-olefin copolymer and a
pour~point depressant, the viscosity at a high shear rate is
determined by compatibility between a lubricating cil base and
the ethylene/o~0lefin copolymer, while the viscosity at a low
shear rate is strongly affected by the pour-point depressant.
It is known that when an ethylene/w~clefin copoiymer having
a specific composition is used, the effect of a pour-point
depressant 1s remarkably lowered through interaction of the
copolymer with the pour-point depressant (refer fto Patent

document 1 and Patent document 2).
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[0004] For this reason, an ethylene/a-olefin copolymer blended in
lubricating oils, especially lubricating oils which are requested to have
excellent low-temperature properties, is 5 required not to impair the

f I _ti?5| ﬁ:;}our-point depressant as well as to possess excellent
performance of improving viscosity index. In order to avoid the interaction
between a pour-point depressant and an ethylene/a-olefin copolymer, it
has been 10 proposed to use, as a viscoj’sity index improver, an
ethylene/a-olefin copolymer having ununiform composition distribution,
which isj obtained by using a specific polymerization apparatus under
specific polymerization conditions (refer to Patent document 3) However,

no 15 lubricating eils excellent in,lQu-tempgrature characteristics at an
shear rate were obtained. [0005] As a%nq:athod for?mprO\(/%llng(;:Op(ﬁym@r%l@nded

low-temperature reharacterjsties gt Wwbsicating qjls, there is, alsg mentjoned,

20 a method where an ethylene/propylene copolymer having a hlg% '

ethylenetcontent isagdedsas-a visegsity ipgex EﬁB@i’E"cd@eﬁhﬁr@ﬁg‘P&es, is
ylene

low-temperature characteristics were improved with increasing et
centent; attip some ages e pihylenesequence in e viscasity index .\

improver crystallized SF-1242PCT 4
as well as to possess excellent performance of improving
viscosity index.

In order to avoid the interaction between a pour-point
depressant and an ethylene/c-olefin copolymer, it has been
proposed to use, as a viscosity index improver, an
ethylene/o-olefin copolymer having ununiform composition
distribution, which is obtained by wusing a specific
polymerization apparatus under specific polymerization
conditions {refer +o Patent document 3). However, no
lubricating oils excell@nt:ﬂ1low—temperaturecharacteristics
at any shear rate were obtained.

[0005]

As a method for improving low-temperature
characteristics of lubricating oils, there is also mentioned
a method where an ethylene/propylene copolymer having a high
ethylene content is added as a viscosity index improver. In
this method, low-temperature characteristics were improved

with increasing ethylene content, but in some cases the

ethylenesequencejjztheviscosityindeximprovercrystallized
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at low temperatures, lubricating oil compositions themselves jellified,
lowering handleability. Further, even in a case where a copolymer having
a high ethylene content was suitably used as a viscosity modifier for 5

" lubrigatingoils, the composition sometimes jellified at low temperatures

when the molecular weight was over a given range or the ethylene
copolymer had a wider composition distrébution even a little or the like
Thus, property tolerance of the employed copolymer can 10 not be so
wide, and the properties need to be strictly controlled. [0006) In the above

eiicumstaneescthe present inventorskhavey infensivelynvestigated andy < o 1 ves
found that a specific copolymer 15 which comprises a structural unit

derMetfitem ethylere; nstruciveal et detived from an a-olefin having 3
to 19 carbon atoms, and a structural unit derived from an a-olefin having

4 to 20 carboih atoms dees notimpaitheHuretion eba ®oWPeINtaving a nigh
depressant due to the above-mentioned interaction and that the 20

afrfanheotcopolymet blerded tantb redisad-heeause adugh maleculale r £or
weight copolymer can be prepared. That is, the copolymer works as a
viseosigpmbdiier drdubticating nite sihtidhvis exnelentdn oikthickeningy 2t 10w
ability. Further, this copolymer has suitably adjusted compatibility with a
SHEP2AZECT Ss when the molecular welght was over a given range
or the ethylene copolymer had a wider composition distribution
even a little or the like

Thus, property tolerance of the employed copolymer can
not be so wide, and the properties need to be strictly
controlled.

[0006]

In the above circumstances, the present inventors have
intensively investigated and found that a specific copolymer
which comprises a structural unit derived from ethylene, a
structural unit derived from an a-oclefin having 3 to 19 carbon
atoms, and a structural unit derived from an c-olefin having
4 to 20 carbon atoms does not impair the function of a pour-point
depressant due to the above-mentioned interaction and that the
amount of copolymer blended can be reduced because a high
molecular weight copolymer can be prepared. That 1is, the
copolymer works as a viscosity modifier for lubricating oils

which is excellent in oil-thickening ability. Further, this

copolymer has suitably adijusted compatibility with a
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lubricating oil base at low temperatures, providing lubricating oil
compositions excellent in low-temperature characteristics in entire range
of shear rate and excellent in handleability at low temperatures. Based on
this finding, 5 the present invention has been accomplished. Patent
dbcarménrt £TUS Patent No. 3,697,429; Patent document 2: US Patent
No. 3,551,336; Patent document 3: Japanese Patent Laid-Open
Publication N0.228600/1985. 10 DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION [0007] It is an object
f.ihe. invention tQ provide_g viscosity 15 modifier for lubricating
gﬁgﬁ%rf %%%t#ive%%gpo%iﬁgﬁ for aIaﬁbri((::‘l';ﬁ)l?l"g oIt RER ISR llent i ©viding
Jethi ing ability, a rqvide lubricating 0il compositions excellent
o e on S AB B S nSrHESy ot o (Speataresa cure

g dRRCAliNg o COMmRO IS X LI D I € el Tent

characteristics and handleability at i%%vn?eempera u

SORYING Sl PROPLEMS, (000818, A viscoslty modifiey for lupreating ),

oils according to the present invention comprises arn ethy a-

the present invention has been accomplished.
Patent document 1:; US Patent No. 3,697,429;
Patent document 2: US Patent No. 3,5581,336;
Patent document 3: Japanese Patent Laid~-Open Publication

No.228600/1985,

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

(06073

It is an object of the present invention to provide a viscosity
modifier for lubricating oils or an additive compesition for
lubricating oils, which is excellent in oil-thickening ability
and can provide lubricating oil compositions excellent in
low-temperature characteristics and handleability at low
temperatures; and lubricating oil compeositions excellent in

low-temperature characteristics and handleability at low

temperatures.

MEANS FOR SOLVING THE PROBLEMS

[0008]



copolymer (B) which comprises (i) a structural unit derived from ethylene;

(i) a structural unit derived from an a-olefin having 3 to 19 carbon atoms;

and (iii) a structural unit derived from a higher a-olefin having 4 to 20

carbon atoms whose carbon number is by one or more larger than that of

the structural unit derived from an a-olefin having 3 to 19 carbon atoms,

and has the following properties of (1), (2) and (4) : (1) it contains 25 to

49 moIO/ of the structural Lénrt%&) der%ved fr eth Iene 15£t9L 0 55 Crrclz%l%dgfn o
the structuralsum? (L g%lenveél rom an a-o e avrngmogto ¢

atoms, a and 91040, mol% of the strur%tugal unlt (iii derlvgg fr emng/herg fin
a- oleflﬁ havrng 4 toIEf) car%on atoms ,p Rérein the total molar amount ‘?

the sljructural its qh(lg,h(uzj and (i ( Ii |s 100 mol%,; (2) the intrinsic
Vidcosity' y % in the range 5.0 dl/g as measured in decalin at

(4 the heat of, fusion ( as mea red C|350J/g or less.
%(?09? Q gurafl UnifL Lg?sla)rlvec? f_s%i @E I)]/SJ_ ﬁ

Int e present invention, itis preferable that the ethylene/a-olefin

{Aoi?f'y?eé@&'c‘ééhﬁéie%%%e8%1:*1 dollowing propetties of:(3) t%é@ir@r 3 to
Mw: weight average molecular weight, Mn: number SF-1242P

1/q agg%mglce&ldloa{ weight) is 2.4 or less;

(iii) a structural unit derived from a higher a-olefin having
4 to 20 carbon atoms whose carbon munber is by one or more largexr
than that of the structural unit derived from an a-olefin having
3 to 19 carbon atoms, and has the following properties of (1),
(2} and (4):

(1) it contains 25 to 49 mol% of the structural unit (i) derived
from ethylene, 15 to 55 mol% of the structural unit (ii) derived
rom an a~clefin havtng 3 to 19 carbon atoms, and 9 fo 40 mel%
of the structural unit (iii) derived from a higher a-olefin
naving 4 to 20 carbon atoms, wherein the total molar amcount
of the structural units of (i), (ii), and {iii) is 100 mol%
(2) the intrinsic visceosity ([??]) is in the range of 0.5 to
5.0 dl/g as measured in decalin at 135°C; (4) the heat of

fusion (AH) as measured by DSC is 5.0 J/g or less.

[0009]

In the present invention, it i1s preferable that the
ethylene/a~olefin copolymer (B} has at least one of the
following properties cof (3) te {D):

(3) Mw/Mn (Mw: weight average molecular weight, Mn: number
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(4) heat of fusion as measured by DSC is 5.0 J/g or less; (5) intensity
ratio D is 0.5 or less, where D is the ratio of Sap to Saa (Sa(3/Saa) as
measured by 13C-NMR. 5 [0010] An additive composition for lubricating
oils according to the present invention comprises (A) oil, and (B) the
Hhove sréiftioned ethylene/a-olefin copolymer, 10 containing 1 to 30% by
weight of the ethylene/a-olefin copolymer (B) , wherein the total weight of
(A) and (B) is 100 % by weight. [0011] A lubricating oil composition
according to the present 15 invention comprises (AA) a lubricating oll

the bov -mentione thylen Iefln mer, and (C) a
a%ra% J ot tegsé) gﬁr%f the

pour-p mt%epressanf confLa?nl
B meé%%%ﬁé’%%ﬁ? e cuting G o Lese
BTN 0121 5 ety mibiicr o fbealivg b b ah s =10 °F
Saf to So (Sop/Sowt) as measured by PC-NMR.
[0010]

An additive composition for lubricating oils according
to the present invention comprises
(&) oil, and
{B) the above~mentioned ethylens/o-olefin copolymer,
containing 1 to 30% by weight of the ethylene/a-olefin
copolymer (B), wherein the total weight of (A} and (B) is 100 2
by weight.
[0011]

A lubricating oil composition according to the present

invention comprises

(AA) & lubricating oil base,

(B} the above-mentioned ethylene/o-olefin copolymer, and
(C) a pour-point depressant,

containing 0.1 to 5% by weight of the ethylene/o-olefin
copolymer {B) and 0.05 to 5% by weight of the pour-point
depressant (C), wherein the weight of the lubricating oil

composition is 100% by weight.
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composition for lubricating oils according to the present 5 invention is
excellent in oil-thickening properties and can provide lubricating oll
compositions excellent in low-temperature characteristics and
handleability at low temperatures. Lubricating oil compositions according
fFtheqféB&m 10 invention are excellent in low-temperature
characteristics, and exhibit excellent handleability without jellifying
themselves at low temperatures. BEST BIODE FOR CARRYING OUT
THE INVENTION 15 [0013] The viscosity modifier for lubricating oils and

il e ording to the present invention are
spem? 9de@(?‘f%]b (ﬁ%‘ﬁ iscosity modifier for lubricating oils] 20 The

Y@&?%Ip/ modifier for Iubrlcatlng oils according to the present invention
comprises an ethylene /a-olefin copolymer (B) (hereinafter, may be

simply d"co olymer B)" whi co |Ses a structural unit
derived r(u)fn &t Ileng fﬁeéeln)z% erggr]nay é)téﬂf’cfﬁ}(}rl%ﬁlf (9,additive

I|d|vf -Qlefin having 3
SFRECL? e e e e st

19 ¢arbon atoms (hereinafter,”may
Ayl ual detvad roma highey A-0lelia having A 203000 ang can
provide lubricating oil compositions excellent in
low-temperature characteristics and handleability at low
temperatures.

Lubricating oil compositions according to the present
invention are excellent in low-tenmperature characteristics,

and exhibit excellent handleability without jellifying

themselves at low temperatures.

BEST MODE FOR CARRYING OUT THE INVENTION
[0013)

The viscosity modifier for lubricating oils and
lubricating oil compositions according to the present
invention are specifically described below.

[Viscesity modifier for lubricating oils]

The viscesity modifier for lubricating oils according
to the present invention comprises an ethylene/c~olefin
copolymer (B} (hereinafter, may be simply called “copolymer
(B)k) whgch comprises (i) a structural unit derived from

ethylene (hereinafter, may be called “structural unit (i)y™y,
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5 by one or more larger than that of the above-mentioned structural unit
derived from an a-olefin having 3 to 19 carbon atoms (hereinafter, may be
called "structural unit (iii)"), wherein the copolymer (B) has properties
%gscn%ed below. [0014] 10 As the structural unit (ii), specifically, there
“frienfioned a structural unit derived from propylene, 1-butene,
1-pentene, 1-hexene, 3-methyl-I-butene, 3-methyl-I-pentene,
3-ethyl-l-pentene, 4-methyl-l-pentene, 4- ?hethyl I-hexene,
4,4-dimethyl-I-hexene, 4,4-dimethyl-I-pentene, 15 4-ethyl-I-hexene,

3-ethylk hE%%ﬁheotll?%tﬁnﬁn?t‘geﬁggﬁvécgqf{ei rl %e ftreldef: err%f having 3 to

1-hexadecene, 1-octadecene, 1-eicocene or t these

steuetaral it isspreferably.a sirugturgl 'b%e@:V%fé%m\%Q g.0lefin a1 unit

having 3 to 9 carbon atoms, more preferab y a structural unit derived

from an a-olsfin having)3 to 7¢arbopatams, ﬁ{q{nq—v{grer‘%%{at;lyo% a higher

structural unit derived from propylene. When the copolymer (B

sortaimc stiucturak unit {i) derived.from %@B%'&”%ﬂ%??”&'&g%ﬁ‘ number is

lubricating oils, lubricating oil compositions particularly excellent in

Iow-temperaturedSr<l 242RGE 10 gharacteristics can be prepared.oyera » .4
wide range of ethylene content. [0015] As the structural unit (iii) , there

mayule apedificallyt derived from an a-clefin having 3 to 19 carbon
atoms (hereinafter, may be called “structural unit (iiiy ™y,
wherein the copolymer (B} has properties described below.
[6014]

As the structural unit (ii), specifically, there may be
mentioned a structural unit derived from propylene, i1-butene,
l-pentene, 1-hexene, 3-methyl-1l~butene, 3-methyl-l~pentene,
3-ethyl-l-pentene, 4-methyl-l-pentene, 4-methyl-l-hexene,
4, 4-dimethyl-I-hexene, 4,4-dimethyl~1l-pentene,
d-ethyl~i-hexene, 3-ethyl~l-hexene, il-octene, l-decene,
l1-dodecene, l-tetradecene, l-hexadecene, I1~octadecene,
l-eicocene or the like. Of these, the structural unit {ii)
is preferably a structural unit derived from an o~clefin having
3 to 9 carbon atoms, more preferably a structural unit derived
from an a—blefin having 3 to 7 carbon atoms, still more
preferably a structural unit derived from propylene. When the
copolymer (B} containing structural unit (ii) derived from

propylene is blended with lubricating oils, lubricating oil

compositions particularly excellent in low-temperature
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5 mentioned 1-butene, 1-pentene, 1-hexene, 3-methyl-i-butene,
3-methyl-l-pentene, 3-ethyl-l-pentene, 4-methyl-l-pentene,
4-methyl-I-hexene, 4,4-dimethyl-I-hexene, 4,4-dimethyl-lI-pentene,
%—gt_hﬁ-&é%e ne, 3-ethyl-I-hexene, 1-octene, 1-decene, 1-dodecene,

-tetradecene, 1-hexadecene, 10 1-octadecene, 1-eicocene or the like. Of
these, a structural unit derived from an a-olefin having 4 to 10 carbon
atoms is preferable in the present inverjltPon, a structural unit derived from
an a-olefin having 4 to 8 carbon atoms is more preferable, and a

siractarat bpit derived ér&mﬁébgkﬁ@ﬁa%é@@@@r%%%@c%egjé of ethylene

particularly preferable. With any of these carbon atom numbers,
kbricating. oil compositions excellent in low-temperature characteristics
can be prepared over a wide range of ethylene content. [0016] 20 Within
arange where the objects of the present invention are not impaired,
another monomer, that is, a monomer other than a-olefins having 2 to 20

carbon atems,ds optioaaly- sopelymerizediyp to aRoWt O MEIO Wit 1 £ <411y
respect to 100 mol%, as the total, of the structural units of (i), (ii), and (iii).

BERT242RGT TibHowever, itisdietaned thatanspalyene compoung is, « o q |
not contained as a copolymer component. When the copolymer (B) does

ﬁehemngm—mmmpow}de&&gmmgbw@Q@‘POQEE}F@EH§1 -1l-pentene,
copolymer (B) is excellent in heat resistance, particularly
d-methyl-l-hexene, 4,4-dimethyl-1-hexene,
4, 4-dimethyl-l-pentene, 4-ethyl-1l~hexene, 3-ethyl-1-hexene,
l-octene, l-decene, 1-dodecene, l-tetradecene, l-hexadecene,
l-octadecene, l-eicocene or the like. Of these, a structural
unit derived from an o-olefin having 4 to 10 carbon atoms is
preferable in the present invention, a structural unit derived
from an a-olefin having 4 to 8 carbon atoms is more preferable,
and a structural unit derived from l1-butene, 1l-hexene, or
l~octene is particularly preferable. With any of these carbon
atom numbers, lubricating oil compositions excellent in
low-temperature characteristics can be prepared over a wide
range of ethylene content.
0016}

Within a range where the objects of the present invention
are not impaired, another monomer, that is, a monomer other
than o-clefins having 2_ to 20 carbon atoms, is opticnally

copolymerized up to about 10 mol% with respect to 100 mols,

as the total, of the structurzl units of (1}, (ii), and (iii).
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5 it is hardly oxidized or colored, and further particularly excellent in
lubrication property when it is blended with lubricating oils. [0017] The
copolymer (B) has the following properties of (1) 10 and (2): (1) The
copolymer (B) comprises 25 to 49 mol% of the structural unit (i)
frépéadtiig Giit derived from ethylene), 15 to 55 mol% of the structural unit
(i) (repeating unit derived from an a-olefin having 3 to 19 carbon atoms),
and 9 15 to 40 mol% of the structural uhit (iii) (repeating unit derived from
a higher a-olefin having 4 to 20 carbon atoms whose carbon number is by

ne or more Jarger than that of the repeating unit derived from an .
%?-‘t’)?e‘?%rnavﬁg chiekich 8%?%66%%,%? NP HOAGEE et Bt mot

%ki}zlen%tructugl units (ién@éfnd 20 iii&is 100 mold.pg 018] Structural unit (i)

& copolymér(BY comprised te SEGROFT UM () T cdiEntoPss 54 (B)
m%lg, rg{tergb}ytZQ. to 49 mol%, more SF-1242PCT 12 preferably 35 to

%3 moﬁl, still r%ore‘.’lﬁ"rrelfé)rglg]ﬁjeéifbetoci?g1 mos™ WWthifi tﬁ@ggﬂlé@%F feponent,

it is hardly oxidized or colored, and further particulariy
excellent in lubrication property when it is blended with
lubricating cils.

10017]

The copolymer (B} has the following properties of (1)
and {2):

(1} The copolymer (B} comprises 25 to 49 mol% of the
structural unit (i) {(repeating unit derived from ethylene},
15 to 55 mol% of the structural unit (ii) (repeating unit
derived from an o-olefin having 3 to 19 carbon atoms), and 9
to 40 mol% of the structural unit (iii) (repeating unit derived
from a higher ao-olefin having 4 to 20 carbon atoms whose carbon
number is by one or more larger than that of the repeating unit
derived from an o~clefin having 3 to 19 carbon atoms), wherein
the total molar amount of the structural units (i), (ii}, and
(1i1) 1is 100 mol%.

[0018)

Structural unit (i)

The copolymer (B} comprises the structural unit (i) in

a content of 25 to 49 mol%, preferably 29 to 49 mol%, more
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5 temperatures, can be prepared when the copolymer (B) is blended with
lubricating oils. [0019] Structural unit (ii) The copolymer (B) comprises the
structural unit (ii) in 10 a content of 15 to 55 mol%, preferably 18 to 42

1% o referably 20 % to 40 mol%. Within this range of the content
of the structural unit (ii) , lubricating oil compositions particularly excellent
in low-temperature characteristics can be prepared when the copolymer
(B) is blended with lubricating 15 oils. [0620] Structural unit (iii) The
copolymer (B) comprises the structural unit (iii) in a content of 9 to 40
moibepeaferabiy 1040:38 m0l%, raere 2preferably-10.10.35 Mm%, 49 no1s .
When the copolymer (B) used in the present invention, which comprises
thetstiuctural snit4idhe strusiwabunit i) and the structurabuit @i,y (5
has the above-described compositions, one can obtain lubricating oll
tompositions SF-E242PChigc Baving satistaatory lowrtemperalie . 11 ent in
characteristics and excellent handleability at low temperatures. [0021]
Theulericating toil :coMpRsiien tSHIEEoRoyMes (B 25 viscosity at low

temperatures,can&xaprepar@dwben'thecopolymer(B):Msblended
with lubricating oils.
fo019]

Structural unit {(1i)

The copolymer (B) comprises the structural unit (i1i) in
a content of 15 to 55 mol%,lpreferably 18 to 42 mol%, more
preferably 20 % to 40 mol%. Within this range of the content
of the structural unit (ii}, lubricating oil compositicns
particularly excellent in low-temperature characteristics can
be prepared when the copolymer (B} is blended with lubricating
oils.
[0020]

Structural unit (iii)

The copeolymer (B) comprises the structural unit (iii)
in a content of 9 to 40 mol%, preferably 10 to 38 mol%, more
preferably 10 to 35 mol%.

When the copolymer (B) used in the present invention,
which comprises the structurai unit (i}, the structural unit
(i1}, and the structural unit {(1ii), has the above-described

compositions, one can obtain lubricating oil compositions
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5 provides good low temperature characteristics. That is, the copolymer
(B) has a wider range of ethylene content than that of a binary copolymer
made from ethylene and an a-olefin having three or more carbon atoms.
THig ean bereonfirmed as follows: the relationship between the content of
the structural unit 10 derived from ethylene and the MR viscosity and the
relationship between the content of a stryctural unit derived from ethylene
and storage stability at low temperatures are graphically represented for
th}i copolymer (B) which can be used in the present invention; from these
graphisthe rafige trcdmant) 15of tirestrectaral uait deAYed HORY- 5 sti s ang
ethylene in which acceptable MR viscosity and storage stability at low

tePRPETatF e chi Be ktraltetis vietdrmined; aadghissange LOr content) is

cghrgﬁe%rjeed with the acceptable range of the structural unit derived from
ethy Jobtained when the 20 copolymer (B) is replaced with a binary

copolymer made from ethylene and an a-olefin having three or more

carbon atonfs. %Wﬂ%@é&n@%&io@@ﬁﬂmsddpb@me&(%gam@go lymer (B)
determined by 13C-NMR in accordance with the method described in
"HandBSoKe SEOLSA 2T HIBEPEIyHTee Almysis'(edited by the Japar is, the
SCoOcieC;[X for Analytical Chemistry, Polymer analysis study group, published

by KinoKUniya Compary 143 9@¥ Thetiaeirsi wistosisn@nhatthet than that

C&P%!yk%%e@b copolymer made from ethylene a ' j

nd an oe-olefin having
three or more carbon atoms. This can be confirmed as follows:
the relationship between the content of the structural unit
derived from ethylene and the MR viscosity and the relationship
between the content of a structural unit derived from ethylens
and storage stability at low temperatures are graphically
represented for the copolymer (B) which can be used in the
Present invention; from these graphs, the range (or content)
of the structural unit derived from ethylene in which
acceptable MR viscosity and storage stability at low
temperatures can be attained is determined; and this range (or
content) is compared with the acceptable range of the
structural unit derived from ethylene obtained when the
copolymer (B) is replaced with & binary copolymer made from
ethylene and an o-olefin having three or more carbon atoms.
[0022]

The composition of the copolymer (B} can be determined

I3 . .
by "*C-NMR in accordance with the method described in “"Handbook
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5 as measured in decalin at 135C is in the range of 0.5 to 5.0 dl/g. When
the intrinsic viscosity ([ n ]) is within this range, the oil-thickening
properties are excellent, whereby the amount of the copolymer (B)

rgg@i& 4lfé)ﬁ;((d)ftaining a specific viscosity of lubricating oils is reduced. As
a result, one 10 can obtain lubricating oil compositions which hardly jellify
at low temperatures and are excellent in shear stability. The oil-thickening
properties are evaluated as described int %xamples. That is, when the
amount of the copolymer to be added to lubricating oil compositions for

afaining ia/given b&g@@i@minqggy@@@icg§90§%of%§)§gric§gg 8&'}, for

compositions at 100C is smaller, the oil-thickening property is evaluated

tarhelheiter 2[002Vben the intrinsic viscosity (L) is | nge of 20 .
0.5t04.0 dl?g, preferably %J.ﬂo to 3.%%/9, r%%%%%gréfgér%%g\’f.é%[ﬁ% d?/ngfDllShed

the copalymeri(B) capmpagticplarlydmprove the viscosity index of
lubricating oils. The copolymer (B) preferably has at least one of the

followingproperties of (3)11Q {2).>Fs1243RGT 15, [0024LR) The .o 15,
gie, KA

copolymer (B) has an Mw/Mn (Mw: weight average” molecular wei
asMbes averageimotratdar weight) of spieferably, 2.4,ar lessmote o 5 o 5. ¢
preferably 2.2 or less. The Mw/Mn
dl/g. When the intrinsic viscosity ([7n1) is within this range,
the oil-thickening properties are excellent, whereby the
amount of the copolymer (B) required for obtaining a specific
viscosity of lubricating oils is réduced. As a result, one
can obtain lubricating cil compositions which hardly jellify
at low temperatures and are excellent in shear stability. The
oil-thickening properties are evaluated as described in
examples, Thatis,whentheamountofthecopolymertobeadded
to lubricating oil compositions for attaining a given
predetermined dynamic viscosity of the lubricating oil
compositions at 100°C is smaller, the oil-thickening property
is evaluated to be better.
[0023]
When the intrinsic viscosity {[7n]) is in the range of

0.5 to 4.0 dl/g, preferably 1.0 to 3.0 dl/g, more preferably
1.5 te 2.5 dl/g, the copolymer (B} can particularly improve
the viscosity index of lubricating oils.

The copolymer (B) preferably has at least one of the

following properties of (3) to (5).
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5 is an index representing molecular weight distribution. The molecular
weight distribution is preferred to be 2.4 or less, because viscosity of the
lubricating oil exhibits good shear stability. The copolymer (B) having an
MM naithiathe above range 10 can be producedby using a
metallocene-based catalyst described later. [0025] (4) The copolymer (B)
has a heat of fusion (&H) of preferably 5 OSJ/g or less as measured by a
differential 15 scanning calorimeter (DS&), more preferably from O to 5.0
J/g, still more preferably from 0 to 4.0 J/g, particularly preferably from O to
3.%Oﬁé.4'ﬁ“he heat of fusion is preferred to be within this range, because
jellification hardly occurs at low temperatures in this case. 20 The heat of

fusion was-Hetéfminedfrory teraresl oh endeemoPEAs.0f A ght average
endothermic curve recorded with a differential scanning calorimeter

(BSEFCThatisya sample Was packétkin amaluminumpandieated (i ghe ) of
200C at a rate of 10C/min, kept at 200C for 5 min, cooled to minus 1508

R BELEIAIPQTAE 8 Fale 65200min panctheated again al @ 1A 0f  The My /M
10C/min, and the endothermic curve in the second run was used for
(ﬁﬁbﬁmnéﬂ@@qogggTesenting molecular weight distribution. The

molecular weight distribution is preferred to be 2.4 or less
because viscosity of the lubricating oil exhibits good shear
stability.

The copolymer (B) having an Mw/Mn within the above range

canknaproducequrusingeametallocenewbasedcataiystdescribed

later,

(00257

(4) The copolymer (B) has a heat of fusion (AH) of
preferably 5.0 J/g or less as neasured by a differential
scanning‘calorimeter‘(DSC), more preferably from 0 to 5.0 J/g,
still more preferably from 0 +to 4.0 J/q, particularly
preferably from 0 o 3.0 J/g. The heat of fusion is preferred
to be within this range, because jellification hardly occurs
at low temperatures in this case,

The heat of fusion was determined from the area of
endothermic peaks of an endothermic curve recorded with a
differential scanning calorimeter (DSC). That is, a sample
was packed in an aluminum pan, heated to 200°C at a rate of

10°C/min, kept at 200°C for § min, cooled to minus 150°C at
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S The copolymer (B) having a heat of fusion (OH) in the above range can
be produced using a metallocene-based catalyst described later. The
heat of fusion (AH) can be changed within the above range by changing

t@gg(irggﬁtp(&the structural unit derived from ethylene or the contents of
the structurarl units 10 derived from a-olefins. The copolymer (B) used in

the present invention is preferably a copolymer obtained by
copolymerizing, with a catalyst containing’a metallocene compound and
an ionized ionic compound, which is described later, (i) ethylene, (ii) an

15 aralefindaving'3 1o 19 cagbon atomss and i) a highey %aqé%ﬁ%?a‘itiﬁgc:/mm
an !

4 to 20 carbon atoms whose carbon number is by one or morelarger

that-0f theea-eledip (filchaving 34049 carbanatoms, g view of sfed for

low-temperature characteristics of lubricating oil compositions. 2‘68[80
(BxThexopalymer (B) has an intensity ratio D of preferably 0.5 or less,
more preferably 0.3 or less, wherein D is the intensity ratio of Sap to Saa
(Ba{/Baa) as obtained from a 13C-NMR spectrum. SF-1242PCT 17
When the copolymer (B) having an intensity ratio D (Sa(3/Saa) of 0.5 or

less is cantainedpfiuiditeof lubricating ifs at t@%@%@@%%ﬁ%ﬁ’ﬁ ) in the
improved and lubricating characteristics at high temperatures can be also
ipiproeedange canlxeproduced.usingaametallocene—based,cataiyst
described later. The heat of fusion {86H) can be changed within
the above range by changing the content Qf the structural unit
derived from ethylene or the contents of the structural units
derived from a-olefins.

The copolymer (B) used in the present inventicon is
preferably a copolymer obtained by copolymerizing, with a
catalystcontainingan&tallocen@compoundandanionizedionic
compound, which is described later, (i) ethylene, (ii) an
o-clefin having 3 to 19 carbon atoms, and (iii) a higher
o-olefin having 4 to 20 carbon atoms whose carbon number is
by one or more larger than that of the o-olefin (i1} having
3 to 19 carbon atoms, in view of low-temperature
characteristics of lubricating oil compositions.

[0027]

{5) The copolymer (B} has an intensity ratio D of
preferably 0.5 or less, more preferably 0.3 or less, wherein
D is the intensity ratio of Saf to Soo (SaB/Sox) as obtained

from a ’C-NMR spectrum.
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5 Further, balancing between these two properties, that is, between
fluidity at low temperatures and lubricating characteristics at high
temperatures, is particularly excellent. [0028] 10 The Sa(3 and Sao(
which are obtained from a 13C-NMR spectrum are the peak intensities
correspdRBing to CH2 groups in the structural units derived from ethylene
and an a-olefin having 3 to 20 carbon atoms respectively. They are two
types of CH2 groups in the positions represented below. 15 [0029] I P | |
HHHSa$S a, (In the formulae, R independently represents a hydrogen

mensural A0 NUR SOOI S an A rod i Ackirhod WETeLy ratio D
rol e e d . RO BRI IR s
eatad valios (aTSBSyor Doa o (2 poae LI BRI Gratg ' o= tins
Ui abiabed 3 generaly fanAlOdTelia Pe AR AR Mo rovea.
Further, balancing between these two properties, that is,
between fluidity at low temperatures and lubricating
characteristics at high temperatures, is particularly
excellent.
(0028}

The Sup and Sox which are obtained from a **C-NMR spectrum
are the peak intensities corresponding to CH; groups in the
structural units derived from ethylene and an a-olefin having

3 to 206 carbon atoms respectively. They are two types of CH,

groups in the positions represented below.

[0029]
B R’ R R
Lo ’ !
~C My~ CHy= 6= Ty C G Hy G
i J ]
2 H H M

Bwh Sow

(In the formulae, R independently represents a hydrogen
atom or an alkyl group having 1 to 6 carbon atoms.)
(00307

The measured C-NMR spectrum is analyzed in accordance

with the method described by J.C. Randall {Review
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is followed by 2,1-addtion or the ratio at which 2,1-addtion of an a-olefin is
followed by 1,2-addition. Therefore, a larger value of this intensity ratio D
shows more irregular 10 bonding orientation of the a-olefin. To the
cﬁﬁtrﬁ% 3, aller value of D shows more regular bonding orientation of
the a—ole%in. 031] The copolymer (B) with such properties exhibits a
large 15 effect of improving viscosity index when it is blended with a
lubricating oil base and does not |mpa|r‘tﬁe function of a pour-point
depressant. The copolymer (B) having an intensity ratio D within the

sheverangesanhe preducedy wising: & metaacene-based 20 catalyst | . 5.0

described later. By modifying the molecular structure of the

mefallogenehasad catalyst<the intensity ratio D can be changed within
the range described above. The intensity ratio D can be also changed by

changingitke ipolymerizationtemperatute. SFr1242RCT 19, [00321 By, o+ 5o o ¢

using the copolymer (B) as a viscosity modifier, there can be provided
lubricating edswcapable of satisfyintthe standard fQr Jovwtemperaiure nrens ity

characteristics specified by 5 GF-4 standard, which is the next-generation
NorttoAnelicanostandakekfardupgsating oils AWhethes bicaling 0l i terion
representing the ratio at which 1, 2-addition of an o-olefin
is followed by 2, l-addtion or the ratio at which 2, l-addtion
of an «-olefin is followed by 1,2-addition. Therefore, a
larger value of this intensity ratic D shows more irregular
bonding orientation of the o-olefin. To the contrary, a
smaller value of D shows more regular boending orientation of
the o-olefin.

[0031]

The copolymer (B) with such properties exhibits a large
effect of improving viscosity index when it is bilended with
a lubricating oil base and does not impair the function of a
pour-point depressant.

The copolymer (B) having an intensity ratioc D within the
above range can be produced by using a netallocene-based
catalyst described later. By modifying the molecular
structure of the metallocene-based catalyst, the intensity
ratic D can be éhanged within the range described above. The

intensity ratio D can be also changed by changing the

polymerization temperature.
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satisfy GF-4 standard or not can be judged by measuring the CCS
viscosity and the MR viscosity as described later. The copolymer (B) used
as a viscosity modifier for 10 lubricating oils in the present invention can
be obtained by copolymerizing ethylene, an a-olefin having 3 to 19
carboratdnis, a higher a-olefin having 4 to 20 carbon atoms whose
carbon number is by one or more larger than that the a-olefin having 3 to
19 carbon atoms (hereinafter, simply calfed "higher 15 a-olefin having 4 to
20 carbon atoms") and, if necessary, another monomer in the presence of
2p #lefin polymerization catalyst. [0033] As such olefin polymerization
catalyst, there maybe used 20 a catalyst composed of a compound of

PRI e DT R

organoaldminum®compou gano

ignized. ioni u f.these, a catalyst particularly suitably used in
T prazort yanton & & mbtalbehre Bs) bRl SHaba2PE 30 By the

the present invention Is a metalloce S Yy

whichisempased %Jﬂ%@&%%%%%@ poérﬁk‘adr%f Jransition inrggs;?&,ﬁ%ﬁc & s by

from Group 4 of the Periodic Table or the like'and ™ an‘orga

B R B SR N s con
standard for lubricating oils. Whether lubricating oils
satisfy GF-4 standard or not can be judged by measuring the
CCS viscosity and the MR viscosity as described later.

The copolymer (B} used as a viscosity modifier for
lubricating oils in the present invention can be obtained by
copolymerizing ethylene, an o-olefin having 3 to 19 carbon
atoms, a higher o-~olefin having 4 to 20 carbon atoms whose
carbon number is by one or more larger than that the o—clefin
havingBix>19carbonatoms(hereinafter,simplycalled“higher
o~clefin having 4 to 20 carbon atoms”) and, 1f necessary,
another monomer in the presence of an olefin polymerization
catalyst.

[0033]

Assucholefin;mlymerizationcatalyst,theremaybeused
a catalyst composed of a compound of transition metal such as
zirconium,hafnium,titaniumandthelikeandanorganoaluminmn
compound (organoaluminum oxy-compound) and/or an ionized

ionic compound. Of these, a catalyst particularly suitably

used in the present invention is a metallocene-based catalyst
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be described. As a metallocene compound composed of transition metal
selected from Group 4 of the Periodic Table which forms the 10
metallocene-based catalyst, there may be mentioned a metallocene
compound described from line 5 at page 16 to line 4 at page 19 in the
ﬁgmgﬁl%%%ne\WOOl/SS%O which is specifically represented by the
following general formula (a): [0035] 15 MLx (a) In formula (a) , M is
transition metal selected from Group 44 the Periodic Table, specifically
zirconium, titanium, or hafnium; x is valency of the transition metal; and

[ gordipating_t transition metal. A st one of these
ﬁga#wccliﬁs% is a |g%r(1%%£vmé9§ cyc ?open?adlenyrﬁ ke r??arjfdfﬁﬁesl ey metal

[ y n kel top, opt naIIy as a substituent. [0036]
%%%J?éQEEP&C?gglﬁAtsé%ﬁ%ngggn %av?kﬁaoakpcycjrop%n?adfea gi%kgllét ‘Ghergte and

ey e gaenonetl: . anie Agycionsredem o an BKYESE ¢ tonic

cycloalkyl-substituted cyclopent group, an eny groulp
gotﬁgggﬁgirpmdenyl group, and a 5 fluorenyl group. These groups are
optionally substituted with a halogen atom, a trialkylsilyl group or the like.

[0034]

In the following, the metallocene-based catalyst will
be described.

As a metallocene compound composed of transition metal
selected from Group 4 of the Periodic Table which forms the
metallocene-based catalyst, there may be mentioned a
metallocene compound described from line 5 at page 16 to line
4 at page 19 in 'the pamphlet of WO01/85880, which is
specifically represented by the following general formula (a);
[0035]

ML, -+ (&)

In formula {a), Mis transition metal selected from Group
4 of the Periodic Table, specifically zirconium, titanium, or
hafnium;

X ls valency of the transition metal; and

L. is a ligand coordinating to the transition metal. At
least one of these ligands 1L is a ligand having -a
cyclopentadienyl  skeleton, and the ligand having a
cyclopentadienyl skeleton optionally has a substituent.

[C036]
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When the compound represented by general formula (a) has two or more
groups having a cyclopentadienyl skeleton as ligand L, among these
groups, two groups having a cyclopentadienyl 10 skeleton may be bonded

tgfﬁf% 402t er through a (substituted) alkylene group, a (substituted)
ylene gr ES or the like. [0037] As a ligand L other than the ligand

having a cyclopentadienyl skeleton, there may be mentioned a 15
hydrocarbon group having 1 to 12 carbératoms, an alkoxy group, an
aryloxy group, a sulfonic acid containing group (-SO3Ra, wherein Ra is

an alkyl geoup,ca halogenated alkyl group, @i, apv grqun, oF an ayLeroup .y ...

substituted with a halogen atom or an alkyl group), a halogen atom, a

hydrogenmatem andthe %gyk%ﬂggﬁngXQﬂE@éf%ﬁgﬂ%%§§@§yl group, an

compounds which contain zirconium as M and have at least two'liga

bawing a eyclepentagienyl skelefop are fisted belaw; SE:1242PCT22. (. o))

bis(methylcyclopentadienyl)zirconium dichloride,

bistethyleyclopentadienyl)zireoraum-Gichledds, droindenyl group, and a
bis(n-propylcyclopentadienyl)zirconium dichloride, bis(indenyl)zirconium

ﬁirglnwi@heyﬁ bist4:p.6, 7etatakydioinganyhizrepnium dichigride, and the ¢ 4 i th
a ﬂalogen atom, a trialkylsilyl group or the like.

When the compound represented by general formula {a) has
twocn:moregroupshavingeacyclopentadienylskelemmlasligand
L, among these groups, twe groups having a cyclopentadienyl
skeleton may be bonded to each other through a {(substituted)
alkylene group, a (substituted) silylene group or the like.
[0037]

As a ligand L other than the ligand having a
cyciopentadienyl skeleton, there may be mentioned a
hydrocarbon group having 1 to 12 carbon atoms, an alkoxy group,
an aryloxy group, a sulfonic acid containing group (—S0:R%,
wherein R* is an alkyl group, a halogenated alkyl group, an
aryl group, or an aryl group substituted with a halcgen atom
or an alkyl group), a halogen atom, a hydrcgen atom and the
like.

[0038]
Examples of metallocene compounds which contain

zirconium as M and have at least two ligands having a

cyclopentadienyl skeleton are listed below:
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[0039] Further, there may be also mentioned compounds wherein
zirconium metal in the above compounds is replaced with 10 titanium
metal or hafnium metal. In the present invention, as the metallocene
compound, there may be used a compound represented by the following
&é"ne}éﬁr%ﬁﬁﬁla (b): LIM'X2 .. (b) 15 (In the formula, M1 is a metal of
Group 4 or of the lanthanide series of the Periodic Table; L' is a derivative
of a delocalized 7,-bonding group, providing the active metal site of M1
with a constraint geometry; and 20 X each independently is a hydrogen

atom, a Bﬁ'QQ{ﬁ@ E’}ISH‘ - g)& fo %caég%% I or germ}() {%r%up g(intaln g

20 or less carbon, silicon or &rmaniim mong e compounas

Ley"{ﬁii?ﬁ%gw.%%%"fé%ﬁ%é%%é%%ﬁegﬂoﬁ312‘%9% ot 5 o0m1

5'ntheBﬁEWﬁiﬂ%dﬁ§%%v@?oﬁgﬁ¥ﬁﬁﬁe%y f@%?&onlum dichloride,
bis({indenyl)zirconium dichloride,
bis(4,5,6,7—tetrahydroindenyl)zirconium dichloride

and the like.

[0039]

Further, there may be also mentioned compounds wherein
zirconium metal in the above compounds is replaced with
titanium metal or hafnium metal.

In the present invention, as the metallocene compound,
there may be used a compound represented by the following
general formula {(b):

LW o (b)

(In the formula, M' is a metal of Group 4 or of the
lanthanide series of the Periodic Table;

L' is a derivative of a delocalized = -bonding group,
providing the active metal site of M' with a constraint
geometry; and

X each independently is a hydrogen atom, a halogen atom,
or & hydrocarbon, silyl, or germyl group containing 20 or less
carbon, silicon or germanium atoms.)

Among the compounds represented by general formula (b),

& preferred compound is represented by the following general
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X is the same as described above; Cp is a substituted cyclopentadienyl
group having a substituent Z which bonds to M1 through it-bond; Z is
oxygen, sulfur, boron, or an element of Group 14 10 of the Periodic Table
(for example, silicon, germanium, or tin); Y is a ligand containing nitrogen,
pHosph®#dE; Bxygen, or sulfur; and Z and Y may form a condensed ring.
15 [0042] As the compound represented by general formula (c) , there
may be mentioned, specifically, 23
[dimethyl(t-butylamido)(tetramethyl-r5-cyclopentadienyl)si lane]titanium
g §p rlge OL(t butylamido)(tetramethyl-r5-cyclopentadienyl)-1,2-ethan
tnanuun ichloride, 5F-1242PCT 24
éjé%rg [(t-butylamido)(tetramethyl-r5-cyclopentadienyl)si lane]titanium
ichloride, [dimethyl (t-butylamido) (tetramethyl-n5-cyclopentadienyl) si
lane] dibenzyltitanium, 5 [dimethyl (t-butylamido)
(tetrafiethytnS=cyclopentadienyl) si lane] dimethyltitanium, [
(t- bq,lﬁllamldo) ﬁétramethyl iI5-cyclopentadienyl) -1, 2-ethan

e@gHMyWnlum

{\}k}'& e { &l

s

[00411

In the formula, M' is titanium, zirconium, or hafnium;

X is the same as described above;

Cp is a substituted cyclopentadienyl group having a
substituent Z which bonds to M' throughx-bond;

Z is oxygen, sulfur, boron, or an element of Group 14
of the Periodic Table (for example, silicon, germanium, or
tin};

Y is a ligand containing nitrogen, phosphorus, oxygen,
or sulfur; and

Z and Y may form a condensed ring.
r00427

As the compound represented by general formula {¢), there
may be mentioned, specifically,
[dimethyi(t—butylamido){tetramethylmn5-cyclopentadienyl)sz
laneltitanium dichloride,
[(twbutylamido)(tetramethyl~nsfcyclopentadienyi)—1,2—ethan

ediylititanium dichloride,
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[(methylamido)(tetramethyl-p5-cyclopen tadienyl) -1, 2-ethane 10
diyl]ldineopentyltitanium, [(phenylphosphido)(tetramethyl-i~
5-cyclopentadienyl) methylene] dibhenyltitanium,
[dibenzyl(t-butylamido)(tetramethyl-n5-cyclopentadienyl)si lane]
dibenzyittaiiim, 15
[dimethyl(benzylamido)(n5-cyclopentadienyl)silane]di(trime
thylsilyl)titanium, 24
[dimethyl(phenylphosphido)(tetramethyl-n5-cyclopentadienyl
ilaneldibenzyltitaniy . . '
f‘tﬁe]??aenl%ér@f#’si%%&”?éﬁ%&%Mﬁ-ﬁ‘fz‘-%ﬁ]%%%aﬂyuai%e?&g#%ﬁtﬁ&ﬁﬁﬁﬁﬁnyl )i
gﬂ-gl%-ftg{trg@ﬂ%cy&o&eftadignyl)-1-methylethanolato(2-)
j[| enzyltitanium, Orl_ &
E%g@%%%ggﬁ%%%%ﬁg’%?m:gﬁgégﬁgaﬁg?%ﬁg§?g@g¥g?opentadienyl)si
9a-1)-9H-flugren-9-yl)cyclohexanolato(2-)] dimethyltitanium, [2- (
%%1, t?i%%%%}%? -Lﬁﬁ%%(fen@-yl) cyclohexanolato (2-)
' itanium ike. 043] Further, there may be also . )
R b G et s 9 ABB I hedduet) o-

mentioned compoun erein the titanium me e

Wﬂg&@pﬁ%gnwmrzirconium metal or hafnium metal.

[(t—butylamido)(tetramethyl~Q5~cyclopentadienyl}—1,2—ethan

edivli]ldibenzyltitanium,
[(methylamido)(tetramethyl~n5—cyclopentadi@nyl)—l,Z—ethane
diylldineopentyltitanium,
[(phenylphosphido)(tetramethyl—nS—cyclopentadienyl}
methylene]diphenyltitanium,
[dibenzyl(t—butylamido)(tetramethyl~35~cyclopentadienyl)si
lane]dibenzyltitanium,
{dimethyl{benzylamido)(ns—cyclopentadienyl)silane]di{trime
thylsilyl)titanium,
{dimethyl(phenylphosphido)(tetramethyl—nS—cyclopentadienyl
)silane]dibenzyltitanium,
[(tetramethyl—n5~cyclopentadienyl)—1,2~ethanediyl}dibenzyl
titanium,
{2—n5w(tetramethylcyclopentadienyl)—lwmethylethanolato(2—)
ldibenzyltitanium,
[2~n5—(tetramethylcyclopentadienyl)wl—methylethanoiato(2~)

ldimethyltitanium,
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These metallocene compounds may be used solely or in 10 combination
of two or more kinds thereof. In the present invention, as the metallocene
compound represented by the general formula (a) , a zirconocene
compound which contains zirconium as a central metal atom and at least
thioligahds Baving a cyclopentadienyl skeleton is preferably 15 used. The
metallocene compound represented by the general formula (b) or (c)
preferably contains titanium as the centiadtb metal atom. Among the
above-described metallocene compounds, a particularly preferred one is

0 und represented by, general formula (c) containing titanium as
{h6 coniAr %éfa azgga%%%baﬁﬁﬁ& BfafBaltmirurm exyCoigstngs o (2 ]
\él(gllgg tf%rmsttn{lg metallocene-based catalyst may be a publicly known
alummoxane ™ as désttbed from line 24 at page 21 to line 6 from the

ttom SF-1242PCT 26 at page. 22 jn the pamphlet of WO01/85880, It
?n%y gg—:%‘rf ]%)%?gz%o’a Urﬁﬁiﬁﬁ 6%?/{-5 BSE%W#C%%W%}@@?WHOL“O (2=) ]
comch_)JL}r}ld which forms the

zene, As an_ignized ignic
?ﬁ%%ﬁ og r?é% ggél& %gta?y%% tﬁ%ree may e mentioned a Lewis acid, 5 an
iP@&% pound and the like. [0045] As the Lewis acid, there may be

mentioned a compound represented by BR3, wherein R is a phenyl group

Opﬂomﬂyurther, there may be also mentioned compounds wherein
the titaniummetal in the above-described compounds is replaced
with zirconium metal or hafnium metal.

These metallocene compounds may be used solely or in
combination of two or more kinds thereof.

In the present invention, as the metallocene compound
represented by the general formula (&), a zirconccene compound
which contains zirconium as & central metal atom and at least
two ligands having a cyclopentadienyl skeleton is preferably
used. The metallocene compound represented by the general
formula (b) or (c) preferably contains titanium as the central
metal atom. Amcng the above-described metallocene compounds,
a particularly preferred one is a compound represented by
general formula (¢} containing titanium as the central metal
atom.

[0044)]

An  organoaluminum oxy-compound which forms the

metallocene-based catalyst may be a publicly known aluminoxane

as described from line 24 at page 21 to line 6 from the bottom
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substituted with a fluorine atom, a methyl group, a 10 trifluoromethyl group
or the like; or a fluorine atom. As the ionic compound, there may be
mentioned trialkylated ammonium salt, N,N-dialkylanilinium salt,
dialkylammonium salt, triarylphosphonium salt and the like. [0046] 15
Fhese léwis acids and ionic compounds are publicly known as
exemplified, for example, from line 1 to line 6 at page 23, and from line 10
at page 23 to line 7 at page 24, respecti/ely, in the pamphlet of
WQOO01/85880. Further, as the ionic compound, there may be also 20

mentioned tﬁ@hepﬁlc%ﬁpgniﬂ %@Haélﬁfj’ls(%%nt%\fllg8%%%&;§€¥|¢p0rat& may be an

N,N-dimethylanilinium tetrakis(pentafluoropheny e, ferrocenium

tetadpentafivarophenylborate and the like I pgéltggj'ﬁag%@%?gizfg 90IC e

compound is suitably used, for regulating the S

composion dsybulion o e etyenela-cle copglymer, (B),[0047LEr

forming the metallocene-based catalyst, an 5 érganoaluminum compound

may:he ysed i gombinatiop.with.an mmgg@g'ﬂ&%mmg%m acid,

/or an ionized ionic compound.™ As the organoaluminum compound, there
may; be mentigped an,compaund, kepresented by the following general

formula (f):
{0045]

As the Lewis acid, there may be mentioned a compound
represented by BRs;, wherein R is a phenyl greoup optionally
substituted with & fluorine atom, a methyl group, a
trifluoromethyl group or the like; or a fluorine atom.

As the idonic compound, there may be mentioned
trialkylated ammonium salt, N,N-dialkylanilinium salt,
dialkylammonium salt, triaryiphosphonium salt and the like.
[00486]

These Lewls acids and ionic compounds are publicly known
as exemplified, for example, from line 1 to line 6 at page 23,
and from line 10 at page 23 to line 7 at page 24, respectively,

in the pamphlet of WO01/85880.

Farther, as the ionic compound, there may be also

menticned triphenylcarbenium
tetrakis (pentafiuorophenyl)borate, N, N-dimethylanilinium
tetrakis {(pentafluorophenvyl)borate, ferrocenium

tetra (pentafluorophenyl)borate and the like. . In particular,

an ionized ionic compound is suitably used, for regulating the
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RIiNAIX3_n (f) 10 In the formula, Rl represents a hydrocarbon group
having 1 to 15 carbon atoms, preferably 1 to 4 carbon atoms; X
represents a halogen atom or a hydrogen atom; and n is a number of 1 to
%éorg 8].. 15 Such organoaluminum compound is publicly known as

r élﬂ‘i%%??{)r example, from line 23 at page 24 to line 5 at page 26 in
the pamphlet of WO01/85880. In the presence of the above-mentioned
metallocene-based catalyst, ethylene, an a-olefin having 3 to 19 carbon
atoms, 20 a higher a-olefin having 4 to 20 carbon atoms, and, if

RRGERSANY: t - erized generally in.a liguid

phase. §£y§ g%%l%%%%%ﬁ{iﬁp aq%%ro%:%esno \?éynT?éL Sé%é}ra(ﬁ?/pow mer
used but an a-olefin such as propylene may be used. [0049] SF-1242PCT

28 As the hydrocarbon solvent used in polymerization, there may be

used aliphatic hydrocarbons such as pentane, hexane, heptane, octane,
decane, dodecane, and kerosene and halogenated derivatives thereof;

alicycliciygrocarhens,sych 5:as CV‘&!QE%&'@CQ}?é*l%%yscé%e”@é‘@a?%‘s’t, an

methylcyclohexane and halogenated derivatives thereot; and aromat

bydrocarans: sueh ashenzene, jolyens.andoxlens, and:halodenated oy .
derivatives thereof such as chlorobenzene. These solvents may
_organoa'luminum oxy-compound and /or an ionized ionic compound.
As the organoaluminum compound, there may be mentioned a
compound represented by the following general formula (f):

R'WALKaen v 0 (£)

In the formula, R’ represents a hydrocarbon group having
1 to 15 carbon atoms, preferably 1 to 4 carbon atoms; X
represents a halogen atom or a hydrogen atom; and n is & number
of 1 to 3.

0048}

Such organocaluminum compound is publicly known as
exenplified, for example, from line 23 at page 24 to line 5
at page 26 in the pamphlet of WO01/85880.

In the presence of the above~-mentioned metallocene-based
catalyst, ethylene, an o-olefin having 3 to 19 carbon atoms,
a higher e~olefin having 4 to 20 carbon atoms, and, if necessary,
another monomer are copolymerized generally in a liquid phase.
As apolymerization solvent, a hydrocarbon solvent is generally
used but an o-olefin such as propylene nay be used.

[00489]
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be used solely or in combination of two or more kinds thereof. 10 [0050]
Ethylene, an a-olefin having 3 to 19 carbon atoms, a higher a-olefin
having 4 to 20 carbon atoms, and, if necessary, another monomer may
be copolymerized either by batch method or by continuous process, but
¢ontin 8%? (Egpolymerization is 15 preferred. Continuous copolymerization
using a stirred tank reactor is particularly preferred. In continuous
copolymerization, the metallocene-basetfcatalyst is used, for example, at
the following concentration. [0051] 20 The concentration of metallocene

compound i g rizati femLis rally 0.00005 to 0.1 moI/!_
(o meratiog valme) Srekraby 00001 13 b 0% DI Fhg L ns thers

REgANealumIBYMaxy=comppeund is,suppligd jpssuchgﬁrj ]_%%%g%tlltt g%temehexane ,

molar ratio of aluminum atom to transit.ion.metal 8%1 2 e
meallocene compouad in the pojymerization sxsiem (Alignsifonmeta) -,
becomes 1 to 10000, preferably 10 to 5000. [0052] 5 The lonized ionic
Eampgund tsssupRliedsin such an-amount ,th%tltg%y%cil .Erﬁggd%fc}g%rbons such

ionized ionic compound to the metallocene compound in
pelymernizationssystemdianzed, janjs compoundimeatallacepe compound) o 4
becomes 0.5 to 30,

halogenated derivatives thereof; and aromatic hydrocarbons
such as Dbenzene, toluene and xylene, and halogenated
derivatives thereof such as chlorobenzene. These solvents may
be used solely or in combination of two or more kinds thereof.
[0050]

Ethylene, an c-olefin having 3 to 19 carbon atoms, a
higher o-olefin having 4 to 20 carbon atoms, and, 1f necessary,
another monomer may be copolymerized either by batch method
or by continuocus process, but continuocus copclymerization is
preferred. Continuous copolymerization using a stirred tank
reactor is particularly preferred. In continuous
copolymerization, the metallocene~based catalyst is used, for
example, at the following concentration.

{00511

The concentration of metallocene compound in a
polymerization system is generally 0.00005 to 0.1 mmol/L
(poiymerization volume), preferably 0.0001 to 0.05 mmol/L.

The organcaluminum oxy-compound is supplied in such an amount

that the molar ratio of aluminum atom to transition metal of
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preferably 1 to 25. 10 When an organoaluminum compound is used, the
concentration thereof is generally about 0 to 5 mmol/L (polymerization
volume), preferably about 0 to 2 mmol/L, [0053] In the case of
copolymerizing ethylene, an a-olefin 15 having 3 to 19 carbon atoms, a
higher a-olefin having 4 to 8 carbon atoms, and, if necessary, another
monomer in the presence of the above:mentioned metallocene-based
catalyst, copolymerization is carried out Under conditions wherein the
temperature is generally from minus 20C to 150C, preferably 20 from 0C

tohE20@ernerel preferably-framdghto 100C, andithe, pressure iSQVe50  systen
and 80 kg/cm2 or below, preferably over 0 and 50 kg/cm2 or below. The

4Bavesmentionde polymesization: condiions ate preferablykept consiant 1o +o
in continuous polymerization. SF-1242PCT 30 [0054] The reaction time
fdliebage retention time in the case of continuous copolymerization) ,

which depends on conditions such as catalyst concentration, and
pBRyhierization 5 temperature, is generally 5 min to 5 hr, preferably 10 min

to 3 hr. Ethylene, an a-olefin having 3 to 19 carbon atoms, a higher

a-olefin haeirng4 ia.20 darhor atomspand] if BesessaYed in such an amount
that the molar ratio of the ionized ionic compound to the
metallocene compound in the polymerization system (ionized
ionic compound/metallocene compound) becomes 0.5 to 30,
preferably 1 to 25.

When an organoaluminum compound is  used, the
concentration thereof is generally about 0 to 5 mmol/IL
(poiymerization volume), preferably about 0 tc 2 mmol/L.
[0053]

In the case of copolymerizing ethylene, an o-olefin
having 3 to 19 carbon atoms, a higher a-olefin having 4 to 8
carbon atoms, and, if hecessary, another monomer in the
presence of the above-mentioned metallocene-based catalyst,
copolymerization is carried out under conditions wherein the
temperature is generally from minus 20°C to 150°C, preferably
from 0°C to 120°C, more preferably from 0°C to 100°C, and the
pressure is over 0 and 80 kg/cm® or below, preferably over ©
and 50 kg/cm® or below. The above-mentioned polymerization

conditions are preferably kept constant in continuous

polymerization.
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another monomer are supplied to the polymerization system in 10 such
amounts that the copolymer (B) having the above-described specific
composition can be obtained. In addition, a molecular weight modifier
sygh @@g&gen may be used in copolymerization. [0055] 15 When
ethylene, an a-olefin having 3 to 19 carbon atoms, a higher a-olefin
having 4 to 20 carbon atoms, and, if necessary, another monomer are
copolymerized as described above, the “copolymer (B) is obtained as a
polymerization solution containing the copolymer. The polymerization
solutiphlis 20 treated in a usual manner, providing the copolymer (B) used
in the present invention. [Additive composition for lubricating oils] An

additive Composition forlubrigating=oils:acgarding: 40 the-presept.invention. ..
is a composition which contains oil SF-1242PCT 31 (A) and the

copolymer (B)o {COGGIAL fiyste eacheqrmpoNent:comPesing the,additive, 4. + 1 one

composition for lubricating oils according to the present 5 invention is
explainedas(A) Qilz0il/&Y) usetbindhe presentinyentigrdncludes mineral 1+ 1 oy,

oils and synthetic oils such as poly-c(-olefin, polyol ester,
temperature, is generally 5 min to & hr, preferably 1C min to
3 hr.

Ethyvlene, an o-clefin having 3 to 19 carbon atoms, =z
higher a—olefin having 4 to 20 carbon atoms, and, if necessary,
another monomer are supplied to the polymerization system in
such amounts that the copolymer (B) having the above-described
specific composition can be obtained. In addition, a
molecular weight modifier such as hydrogen may be used in
copolymerization.

[0055]

When ethylene, an o-olefin having 3 to 19 carbon atons,
ahigheru*olefM1having4tx>20carbonatoms,and,ifnecessary,
another monomer are copolymerized as described above, the
copolymer (B} is obtained as a polymerization solution
containing the copolymer. The polymerization solutiocn is
treated in a usual manner, providing the copolymer (B) used
in the present invention.

[Additive composition for lubricating oils]

An additive composition for lubricating oils according

to the present invention is a composition which contains oil
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diesters such as dioctyl phthalate and dioctyl sebacate, and 10
polyalkylene glycol. Mineral oils or blends of mineral oils and synthetic
oils are preferably used. Mineral oils subjected to a purification step such

?Q%\/g@i)gg%rpr the like are generally used, and have several grades
esignatéed in accordance with purification procedures. Generally a

mineral 15 oil having a wax content of 0.5 to 10% is used. One may also
use a highly purified oil which is producg’&, for example, by hydrocracking
purification and has a low pour point, a high viscosity index, and a

campesiton mainiy sempased of jsopraffin. Generally, the oil having a
kinematic viscosity 20 at 40C of 10 to 200 cSt is used. [0057] As

descsibed above, mineral oils are used generally after a purification step
such as dewaxing and are classified into several grades which are

defined by APt {Americar Petroleunn $hn1242PCL.32 Jnstitute) additive

classification. The properties of lubricating oil bases which are classifie

intenpach of the greupsiare shewn; kyTable 1. [9058],-3 Table-] S@Hgatﬁge sent
Sulfur Group Kind fi scosity hydrocarbon
invention is explained.

<(A) 0il>

0il (A) used in the present invention includes mineral
oils and synthetic oils such as poly-o=~olefin, polyol ester,
diesters such as dioctyl phthalate and dioctyl sebacate, and
polyalkylene glycol. Mineral oils or blends of mineral oils
and synthetic oils are preferably used. Mineral oils
subjected to a purification step such as dewaxing or the like
are generally used, and have several grades designated in
accordance with purification procedures. Generally a mineral
©il having a wax content of 0.5 to 10% is used. One may also
use a highly purified o0il which is produced, for example, by
hydrecracking purification and has a low pour point, a high
viscosity index, and a composition mainly composed of
isopraffin. Generally, the oil having a kinematic viscosity
at 40°C of 10 to 200 ¢St is used.
rcos57]

Asdescribedabove,ndneraloilsanmsusedgenerallyafter

a purification step such as dewaxing and are classified into

several grades which are defined by API (American Petroleum
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p de x *1 content *2 content 3 by volume) ( bby weight) (i)*4 mineral oil
80 to 120 < 90 > 0.03 (ii) mineral oil 80 to 120 >_ 90 < 0.03 (iii) mineral
oil 120 >_ 90 S 0.03 (iv) poly-a-olefin (v) lubricating oil base other than
the above *1: Measured in accordance with ASTM D445 (JIS K2283) *2:
MEasured i Accordance with ASTM D3238 *3: Measured in accordance
with ASTM D4294 (JIS K2541) 10 *4: Group (i) includes mineral oils
having a saturated hydrocarbon content éf less than 90% by volume and
a sulfur content of less than 0.03% by weight; mineral oils having a

r - of not less than 90% hy volu nda _. .
S Contont of ore Lhan 6.032% by SolEmmG al mivbal 18 OIS g o1
a saturated:hydr b tent of | than 90% lume and a sulfur
con%gﬁt (t)@fj(ii r%hc?/r}g 1%1% ggﬁ%%g%%ﬁc?ofgﬁ %holé)g/-(\)él%ﬁn T Tabr £ FseaShown
hydregarbon polymer which is obtained by polymerizing at least an
a-olefin having 10 or SF-1242PCT 33 more carbon atoms as a raw
madersd monomer, and polydecene obtained by polymerizing 1-decene is
exemplified. The oil (A) used in the present invention is preferably the oil
belonging to any of groups (i) to (iv) . Particularly

Table 1
Saturated Sulfur
. Viscosity | hydrocarbon
Grou Kind .
P +h index *1 content *2 fi?tent "3
| (% by volume) (% by weight)
{1)*4 {mineral oil | 80 to 120 < 90 > G.03
(11) |mineral oil ! 80 to 120 2 90 £ 0.03
(iii) ! mineral oil = 120 2 90 < 0.03
tiv) poly=-o—clefin
(v} lubricating oil base other than fthe above

*1: Measured in accordance with ASTM D445 (JIS K2283)

*2: Measured in accordance with ASTM D3238

*3: Measured in accordance with ASTM D4294 (JIS K2541)

*4: Group (i} includes mineral oils having a saturated
hydrocarbon content of less than 90% by volume and a sulfur
content of less than 0.03% by weight; mineral oils having a
saturated hydrocarbon content of not less than 90% by volune
and a sulfur content of more than 0.03% by volume; and mineral
0ils having a saturated hydrocarbon content of less than 90%
by velume and a sulfur content of more than 0.03% by weight.
[00597]

Poly-~x-olefin in Table 1 is a hydrocarbon polymer which

1s obtained by polymerizing at least an o-oclefin having 10 or
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5 preferable oil is a mineral oil having a kinematic viscosity at 100C of 1 to
50 mm2/s and a viscosity index of 80 or more, or poly-a-olefin. Further,
mineral oils belonging to group (ii) or group (iii) or poly-a-olefin belonging
ta grq Q\chre preferred as the oil (A). Oils belonging to group (ii) 10 or
group%i%l) tend to have a lower wax content as compared with oils
belonging to group (i). Particularly, the %fft preferable oil is a mineral oil
which belongs to group (ii) or group (iii)and has a kinematic viscosity at
100C of 1 to 50 mm2/s and a viscosity index of 80 or more, or

paly-a-alefib drd belongingdogreup: (mk Q601 <(B) Mgﬂm%%dAﬁo lydecene

copolymer (B) used in the present invention, the above-described

capolymerdB) whieh s viseasity modifiet 20 forJubricating; gils.ig used.

That is, there is used the copolymer (B) which comprises (i) a structural

unit deriz@defrotn etiryjene, (i) a-steuciutst dunit:derivedfram an a-0lefin o - 11,1

having 3 to 19 carbon atoms, and (iii) a structural unit derived froma

higher alolbfii baving SEA242PCF 3 4iip 20 Garben a{tQW)s.Wh?§?ticularly
carbon number is by one or more larger than that of the structural unit

Herhetifagrh arma-blefin havinge 340 19:icarheratoms, andhbasthe: viscosity
following properties of (1) and (2):
at 100°C of 1 to 50 mm’/s and a viscosity index of 80 or more,
or poly~o—olefin. Further, mineral oils belonging to group
(1i) or group (iii) or poly-o~olefin belonging to group {iv)
are preferred as the oil (A). Oils belonging to group (ii)
Oor group (iil} tend to have a lower wax content as compared
with oils belonging to group (i). Particularly, the most
preferable o0il is a mineral oil which belongs to group (ii)
or group (iii) and has a kinematic viscosity at 100°C of 1 to
50 mm’/s and a viscosity index of 80 or more, or poly-o=olefin
belongihg to group (iv).
0060}

<(B) Copolymer>

As copolymer (B} used in the present invention, the
above~described copolymer (B) which is a viscosity modifier
for lubricating oils is used.

That is, there is used the copolymer (B) which comprises
(i) a structural unit derived from ethylene, (ii) a structural

unit derived from an o-olefin having 3 to 19 carbon atoms, and

(1il) a structural unit derived from a higher o-olefin having
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5 (1) it contains 25 to 49 mol% of the structural unit (i), 15 to 55 mold of
the structural unit (i), and 9 to 40 mol% of the structural unit (iii) (the total
molar amount is 100 mol%) ; (2) the intrinsic viscosity ([7]) is 0.5 to 5.0 as
'%ﬁéﬂr,g?pm decalin at 135C. 10 [0061] The structural unit (i) composing
the cop y”nggr (B) is preferably propylene. The structural unit (iii)
composing the copolymer (B) is preferably 1-butene, 1-hexene, or
1-octene. A copolymer that is particular@/‘lpreferred as the 15 copolymer
(B) comprising 29 to 49 mol% of the structural unit (i), 20 to 40 mol% of

the steuctusal it §i) cand.h0-1035 M9l ﬂfﬁﬁ%éy%%%@ Uit @Q’I@gre larger

described above. [0062] It is preferred that the copolymér (B) has at least

ene20:0f thedallowing.properties of (3} tad3) LMWMNIS 2.4 OrJeSS| 1oy ing
(4) heat of fusion (4H) as measured by DSC is 5.0 J/g or less; (5)

mtersitygatig Bis:0.3 oriess, where D is the ratio of Sa(3 to Saa
(Sa(3/Saa) as measured by 7'3C-NMR. SF-1242PCT 35 [0063] An

additiva somppsition-der lubrgating; eils aceording Ap the present invention
comprises the copolymer (B) and oil (A). The content of (B) is from 1 to

80% by weightantsth@é to 49 mol% of the structural unit (i), 15
to 35 mol% of the structural unit (ii}, and 9 to 40 mol% of
the structural unit {iii) {(the total molar amount is 100 mol%);
{2Z) the intrinsic viscosity ([n]) is 0.5 to 5.0 as measufed
in decalin at 135°C.

[0061]

The structural unit (ii} composing the copolymer (B} is
preferably propylene. The structural unit {iii) composing the
copolymer (B) is preferably l-butene, l-hexene, or l-octene.

A copolymer that 1is particularly preferred as the
copolymer (B) comprising 29 to 49 mol% of the structural unit
(1}, 20 to 40 mol% of the structural unit {ii), and 10 to 35
mol® of the structural unit (iii), as described above.
[0062}

It ig preferred that the copolymer (B) has at least one
of the following properties of (3) to (5):

(3) Mw/Mn is 2.4 or less;
(4) heat of fusion (AH)as measured by DSC is 5.0 J/g or less;

{5} intensity ratio D is 0.5 or less, where D is the ratio of

SoB to Sao (Sof/Soc) as measured by *PC-NMR.
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5 of oil (A) is from 99% by weight to 70% by weight., wherein the total
amount of (A) and (B) is 100% by weight. Preferably the content of (B) is
from 1 to 20% by weight and that of oil (A) is from 99% by weight to 80%
by wejghts More preferably the content of (B) is from 5 to 10% by weight
and that of oil (A) 10 is from 95% by weight to 90% by weight. In the
present invention, in addition to the co nents (A) and (B), other
components such as a thermal stabilizer may be contained in a small
amount within the range where the objects of the present invention are
notidpdired. 15 [0064) The additive composition for lubricating oils
according to the present invention is a composition which contains the

componeéhit (AYi theebovergesctibed anfeunt; sg that-for .example, £’¥cording
mixing this composition with other components for 20 lubricating oil
cotpasitivasireprodicing tie ubrisating D ccorapasitions BSRECINI& ) ang o1
viscosity suitable for lubricating oils can be attained with a reduced

arflount &Fthecsomiponent (B) adlded. Thatis1this,compositionds gxeellent +1n .«
in_oil-thickening property. Further, by using said additive SF-1242PCT 36
Compésitioh fot fuliticating DHsh lubricaging aib conpesitions exeellent - in the
low-temperature characteristics and handleability at low temperatures can

b€ bBtainBa Sikce théRadditive Gompesitiongon jubricating oilsracsoeding 1y +he
to the

content of (B) is from 1 to 20% by weight and that of oil (A)
is from 99% by weight to 80% by weight. More preferably the
content of (B) is from 5 toy"flO% by weight and that of oil (A)
is from 95% by weight to 90% byweight. Inthepresent invention,
in addition to the components (A) and (B), other components
such as a thermal stabilizer may be contained in a small amount
within the range where the objects of the present invention
are not impaired.

[0064]

The additive composition for lubricating oils according
to the present invention is a composition which contains the
component (A) in the above-described amount, so that, for
example, by mixing this composition with other components for
lubricating ¢il compositions in producing the lubricating oil
compositions, a specific viscosity suitable for lubricating
0ils can be attained with a reduced amount of the component

(B} added. ~ That 1is, this composition is excellent in

oil-thickening property. Further, by using said additive
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5 present invention is a composition containing the oil (A) , as described

above, it has good workability at the time of addition and can be readily

mixed with the other components. [0065] [Lubricating oil compositions] 10
g%lkgri%ﬁg&ll compositions according to the present invention are
compositions which comprise a lubricating oil base (AA) , the

above-mentioned copolymer (B) , and a pour-point depressant (C). At

first, each component composing the lubricating oil 15 compositions

according to the present invention is explained. <(AA) Lubricating oll

basex Jhe lubricating il base(Arg aseddn thejpresent inveptiondncludes 11
mineral oils and synthetic oils such as poly-a-olefin, polyol ester, diesters

sucipas dictyl 2@ pbthialase and diectyksehasate; ard polyalkene gveok = and
Mineral oils or blends of mineral oils and synthetic oils are preferably

wsed 1Minetalidits subjected:-tora putfication step suchias dem@xing or thee the
like are generally used, and have several grades designated in

agdordanee withymueification $6:1242PET-3% precesiures. Lenerallhg to the
mineral oils having a wax content of 0.5 to 10% are used. One may also
rsesehighly:panifietcoil vehichdsmsoduaeth forexample ibyyhyewasacking) , as
purification and has a low pour point, a high viscosity index, and a

described above, it has goodworkability at the time of addition
and can be readily mixed with the other components.

[0065]

[Lubricating oil compositions]

Lubricating oil compositions according to the present
invention are compositions which comprise a lubricating oil
base (AA}, the sbove-mentioned copolymer (B}, and a pour-point
depressant (C}.

At first, each component composing the lubricating oil
composgitions éccording‘to the present invention is explained.

< (AR} Lubricating cil base>

The lubricating oil base (AA) used in the present
invention includes mineral oils and synthetic oils such as
poly-o-olefin, polyol ester, diesters such as dioctyl
phthalate and dioctyl sebacate, and polyalkylene glycol.
Mineral oils or blends of mineral oils and synthetic oils are
preferably used. Mineral oils subjected to a purification

step such as dewaxing or the like are generally used, and have

several grades designated in accordance with purification
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S composition mainly composed of isopraffin. The oils having a kinematic
viscosity at 40C of 10 to 200 cSt are generally used. [0066] Mineral oils
are generally used after a purification step 10 such as dewaxing or the
like as described above, and are classified into several grades which are
Egﬁr?e?dqg)?ﬁ“ﬁl (American Petroleum Institute) classification. The
properties of lubricating oil bases classified into each of the groups were
shown in above-described Table 1. 15 §3Iy-a-olefin in Table lisa
hydrocarbon polymer obtained by polymerizing at least an a-olefin having

B0 OF mQrecarbon-afoms;as,araw materialmenqmer as exemplified Byent o
polydecene obtained by polymerizing 1-decene. [0067] 20 The lubricating

9il bagg (Afy uged in theypresgnt inventionds preferably the ol which rieq 011

belongs to any of groups (i) to (iv) . Particularly, a mineral oil having a

kinematic yiseosityal 100G of 140 50mmiks anchaviscosity index:ef 80cation
or more, or poly-a-olefin is preferred. Further, as the SF-1242PCT 38

aubyicating all base (Ad).ra mineral ol whichpelopgs to,graup (H®Ex, and =a

group (iii), or poly-a-olefin which belongs to group (iv) is preferred. Oils of
arakid) and ils of gIoHp-tiptend 4o have loweravax gonteMt 8scils having

compared with oils of group

a kinematic viscesity at 40°C of 10 to 200 ¢St are generally
used.

[0066]

Mineral oils are generailly used after apurification step
such as dewaxing or the like as described above, and are
classified into éeveral grades which are defined by API
(American Petroleun Institute) classification. The
properties of lubricating o0il bases classified into each of
the groups were shown in above-described Takle 1.

Poly-o~olefin in Table 1 is a hydrocarbon polymer
obtained by polymerizing at least an o—olefin having 10 or more
carbon atoms as a raw material monomer, as exemplified by
polydecene obtained by polymerizing l-decene.

[0067]

The lubricating oil base (AR) used in the present
invention is preferably the oil which belongs to any of groups
(1) to (iv). Particularly, a mineral oil having a kinematic
viscosity at 100°C of 1 to 30 mm®/s and a viscosity index of

80 or more, or poly-o—olefin 1s preferred. Further, as the
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5 (i). Particularly, the most preferable one is a mineral oil which belongs
to group (ii) or group (iii) and has a kinematic viscosity at 100C of 1 to 50
mm2/s and a viscosity index of 80 or more, or poly-c(-olefin which
bglgn% G group (iv). [0068] 10 <(B) Copolymer> As the copolymer (B)
used In the lubricating oil composition of the present invention, the
copolymer (B) which is the above-descrgu d viscosity modifier for
lubricating oils is used. 15 <(C) Pour-point depressant> The pour-point
depressant used in the lubricating oil composition of the present invention

inchideiscart atiylated wepbthalane, a feojpolymes of alkylinethaciylatea group
(co) polymer of alkyl acrylate, a copolymer of alkyl fumarate 20 and vinyl

acetate can g=olefin polyimer, a:copelymeref aar arolefin andisiirengare, yroup
the like. Of these, a (co)polymer of alkyl methacrylate and a (co) polymer
of atky| asrylatefarer peeferahly used. {0QA%) SF-1242RET39:THe group (iii)
lubrication oil compositions according to the present invention comprise
the pout-pdintdepressant (&) asowelas the lubrigatingoilbase (AAkaRE ¢roup
the copolymer (B) which are described above. In this lubricating oll
(i} . Particularly, the most preferable one is a mineral oil
which belongs to group (iil) or group (iii} and has a kinematic
viscosity at 100°C of 1 to 50 mm?/s and a viscosity index of
80 or more, or pely-o—olefin which belongs to group (iv}.
f00e68]

<(B) Copolymer>

As the copolymer (B) used in the lubricating oil
compositicn of the present invention, the copolymer {(B) which
istheabove~describedviscositynmdifierforlubricatingoils
is used.

<{C} Pour-point depressant>

The pour-point depressant used in the lubricating oil
composition of the present invention includes an alkylated
naphthalene, a (co)polymer of alkyl methacrylate, a
(colpolymer of alkyl acrylate, a copolymer of alkyl fumarate
and vinyl acetate, an w-olefin polymer, a copolymer of an
x-olefin and styrene, and the like. Of these, a (co)polymer
of alkyl methacrylate and a (co)polymer of alkyl acrylate are

preferably used.

[0069]
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5 compositions, the copolymer (B) is contained in an amount of 0.1 to 5%
by weight, preferably 0.2 to 1.5% by weight, more preferably 0.25 to 1.5%
byweight, particularly preferably 0. 30 to 1.5% by weight; the pour-point

g%grfﬁ?rgégf) is contained in an amount of 0.05 to 5% by weight,
preferably 0.1 to 3% by 10 weight, more preferably 0.1 to 2% by weight,

most preferably 0.2 to 1.5% by weight; and the remainders are lubricating
oil base (AA) and blending componentg Which are described later. Here,
there are no particular limitations on the amounts of the blending

components othep HarB)and (3)1 butdhe warer: L limitofthe satinof v tye
(AA) / (blending components other than (B) and (C) ) is 100/0, preferably

8945 mrare preferably, 8763 st imere-preferably- 945 whergin-thedtotal () as

amount of lubricating oil base (AA) and the blending components other

theinl (B) aanigh éC)LisH0096 by weight: The dawenlimit of the-iatio f 201 ymer (1)
(AA)/(blending components other than (B) and (C)), although it is not
patticularlydimitetk iscpreferably-60/4Q, more preferably 70{30, pariqularly o131
preferably 85/15. The specific numerical range is, for example, 100/0 to

G604, spreferably 9HE te F0B0ymare weferably @3 10.80/20: still amount of
SF-1242PCT 40 more preferably 95/5 to 85/15. [0070] In the lubricating

il compasiticms of dhiepresent difeentionythe. effect of incteasing isgaSitY more
can be obtained

preferably0.25toi.5%byweight,particularlypreferably0.30
to 1.5% by welght; the pour-point depressant (C) is contained
in an amount of 0.05 to 5% by weight, preferably 0.1 to 3% by
weight, more preferably 0.1 to 2% by weight, most preferably
0.2 to 1.5% by weight; and the remainders are lubricating oil
base (AA) and blending components which are described later.
Here, there are no particular limitations on the amoﬁnts of
the blending components other than (B} and (C), but the upper
limit of the ratio of (AA) / (blending components other than (B)
and (C)) is 100/0, preferably 29/1, more preferably 97/3, still
more preferably 95/5, wherein the total amount of Jubricating
0ll base (BA) and the blending components other than (B} and
(C) 1s 100% by weight. The lower limit of the ratic of
(AR) /(blending components other than (B) and (C)}, although
it is not particularly limited, is preferably 60/40, more
preferably 70/30, particularly preferably 85/15. The

specific numerical range is, for example, 100/0 to 60/40,

preferably 29/1 to 70/30, more preferably $7/3 to 80/20, still
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5 when the content of the copolymer (B) is 0.1% by weight or more. When
the copolymer (B) has composition distribution, a component which
impairs the effect of the pour-point depressant (C) may be contained.

}%(%w_ n the content of the copolymer (B) is 5% by weight or less,
the e?f\gegtzge(;re 10 pour-point depressant (C) is not impaired, and thus

such a content of the copolymer (B) is favorable. Therefore, when the
content of the copolymer (B) is within thé Above-described range, the
excellent effect of increasing viscosity is exerted, and lubricating olil

campositionsdeming, e fuidily atlows 15 temperatures can be
obtained. [0071] For such lubricating oil compositions, the temperature

depEndence of viscosity is small, and elevation of pour point caused by
the interaction between the copolymer (B) and the 20 pour-point

depressant (Chis redusedcdhese;lubrcating,Qib LOMPOSIONS et he present
excellent in low-temperature characteristics in entire range of shear rate,

harcieatiility attow tehiperatures, erddulricatingiperformance: Thes cptained
lubricating oil compositions according to the SF-1242PCT 41 present

imventibh enay woataine besides the-lubticatings ilhase 1(%\/%)ym§ight or more,
copolymer (B), and the pour-point depressant (C), blending components

Waeing dmeffectgfampreing iscosity sindexngueh asia(Co)palyperdkion, a
alkyl methacrylate, hydrogenated

component which impairs the effect of the pour-point depressant
(C) may be contained. However, when the content of the
copolymer (B) is 5% by weight or less, the effect of the
pour-~point depressant (C) is not impaired, and thus such a
content of the copolymer (B) is favorable. Therefore, when
the content of the copolymer (B) is within the above-described
range, the excellent effect of increasing viscosity is exerted,
and lubricating oil compositions having good fluidity at low
temperatures can be obtained.

[0071]

For such lubricating oil compositions, the temperature
dependence of viscosity is small, and elevation of pour point
caused by the interaction between the copolymer (B} and the
pour-point depressant (C) is reduced. These lubricating oil
compositions are excellent in low-temperature characteristics
in entire range of shear rate, handleability at low

temperatures, and lubricating performance.

The Ilubricating cil compositions according toc the
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5 SBR, and SEBS, or blending components such as detergents, rust
preventives, dispersants, extreme-pressure additives, antifoaming
agents, antioxidants, and metal deactivators. [0072] The lubricating oil

%%m;z%sd% according to the 10 present invention can be prepared,
using publicty known conventional methods, by mixing or dissolving the
copolymer (B), the pour-point depressant (C), and, if necessary, the
other blending components in the Iubric%ﬁing oil base (AA). EXAMPLES
15 The present invention will be further described in detail with reference

torthe delfowing-exarmples: putihshauld be copstiueddhatthe PLasent 011 base

invention is in no way limited to those examples. [0073] 2_0 In the
exampleshihecpliysicatroperties areimeasursduas gdeseribedhbelow. - nr (¢,

<<Compositions of copolymers>> The composition was determined, using

BInsiclean Magneticnasopanee spectrameter LABOR manyfaciiteby i scosity
JEOL Ltd., in a SF-1242PCT 42 mixed solvent of ortho-dichlorobenzene

anddenzere-86 {ortho-gichlarebenzeneibenzenerdh= 3AtoA/ b (olBe e g
ratio) ) at 120C in a pulse width of 45 for a pulse repetition time of 5.5
SBEondsid SEBS, or blending components such as detergents, rust
preventives, dispersants, extreme-pressure additives,
antifoaming agents, antioxidants, and metal deactivators.
[0072]

The lubricating oil compositions according to the
present invention can be prepared, using publicly known
conventional methods, by mixing or dissolving the copolymer
(B), the pcur-~point depressant (C}, and, if necessary, the
other blending components in the lubricating oil base (AA3).
EXAMPILES

The present invention will be further described in detail
with reference to the following examples, but it should be
construed that the present invention is in no way limited to
those examples.

[0073]

In the examples, the physical properties are measured
as described below.

<<Compositions of copolymers>>

The composition was determined, using a nuclear magnetic

resonance spectrometer LAS00 manufactured by JEOL Ltd., in a
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5 [0074] <<Mw/Mn>> The Mw/Mn was measured using GPC (gel
permeation chromatography) in an ortho-dichlorobenzene solvent at
140C. <<Intrinsic viscosity>> 10 The intrinsic viscosity was measured in
decalin at 135C. [0075] <<Heat of fusion>> The heat of fusion was
dbtained4fom the area of endothermic peak of an endothermic curve
which was measured 15 byadifferential scanning calorimeter (DSC); that
is, asample was packed in an aluminum4§an, heated to 200C at a rate of
10C/min, kept at 200C for 5 min, cooled to minus 150C at a rate of

20G/min, and heated again at arate af 10G/min, %%‘1 é%eeendf’éﬁe[g‘%‘;g]zene-d@

curve recorded at the second run was used 20 for etermlnaﬁon.

ﬂ%‘f@ﬁ@gﬁ’i@kﬁﬁ%g‘e}{%ﬁJ}‘Séﬂ'%%'ﬁéti%\g’@c??gyﬁ%a\% CASUEd e ratio))
e K.V.

based on ASTM D 445. In the present examples, t inematic

wscosity) of each $Kr1242RCEA4A3 sample \A@érreeg%%%eteo Pgéigbglf%%:gn time

mm'/sec. <<Cold Cranking Simulator (CCS) viscosity>> The C

viscasity was-Aigasured based on ASTM D 2602. The CCS viscosity was
used for evaluation of sliding properties

[0074]

<<Mw /Mn>>

The Mw/Mn was measured using GPC {gel permeation
chromatography) in an ortho-dichlorobenzene solvent at 140°C.

<<Intrinsic viscosity>>

The intrinsic viscosity was measured indecalin at 135°C.
[0075]

<<Heat of fusiocn>>

The heat of fusion was obtained from the area of
endothermic peak of an endothermic curve which was measured
byeadifferentialscanningcaiorimeter(DSC);that:hL a sample
was packed in an aluminum pan, heated to 200°C at a rate of
10°C/min, kept at 200°C for 5 nin, cooled to minus 150°C at
a rate of 20°C/mip,_and heated again at a rate of 10°C/min,
and the endothermic curve recorded at the second run was used
for determination.
[0076])

<<Viscosity at 100°C (K.V.)>>

The kinematic viscosity was measured based on ASTM D 445.

Inthepresentexamples,theK.V.{kinematicviscosity}ofeach
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5 (starting properties) at low temperatures at a crank shaft. When the
value of the CCS viscosity is smaller, the low-temperature characteristics
of lubricating oil are better. [0077] 10 <<Mini-Rotary Viscometer (MR)
\é&:ﬂ?g» The MR viscosity was measured based on ASTM D 4684. The
[ &s?t%mas used for evaluation of pumping by an oil pump at low
temperatures. When the value of the MR viscosity is smaller, the
low-temperature characteristics of Iubrié‘a&ing 15 oil are better.
[Polymerization Example 1] [Synthesis of olefin copolymers] Toa 1 L

velpte-nressurized coptinuoys, pelymerzation, geggtor eguipped with a
stirring blade and thoroughly purged 20 with nitrogen, 1 L of purified and

dEhydra&%@@‘éﬁ@%ﬁ%%@%%@h&'@&%e{Vﬁ“i%ssfedv‘i%éié‘g?'d?t¥>@t a
a

rate of 600 mL/h, and the pressure was increased so that the total

pressureneashed;3. 8 MBacAfter that adecane sQuion Ofh st b 2602, The

triisobutylaluminum (0.2 mmol/L) was fed continuously at a rate

SE31242RGE #4030 mid, and-thepa decans SAUian os o nroperties
triphenylcarbenium (tetrakispentafluorophenyl)borate (0.006 mmoI:/DL) was

ted contingousty, pka tate of 200 mbih. Fatrtber a8 acatalyst, ;2 0,0985 s a et
mmol/L decane solution of

When the wvalue of the CCS viscosity is smaller, the
low-temperature characteristics of lubricating oil are
better.

[0077]

<<Mini—Rotary.Viscometer (MR) viscosity>>

The MR viscosity was measured based on ASTM D 4684 . The
MR viscosity was used for evaluation of pumping by an ¢il pump
at low temperatures. When the value of the MR viscosity is
smaller, the low-temperature characteristics of lubricating
0ll are better.

[Polymerization Example 1]

[Synthesis of olefin copolymers]

To a 1 L volume pressurized continucus polymerization
reactor equipped with a stirring blade and thoroughly purged
with nitrogen, 1 L of purified and dehydrated decane was
introduced. Decane was fed continuously at a rate of 600 mL/h,
and the pressure was increased so that the total pressure

reached 3.8 MPa. After that, a decane solution of

triisobutylaluminum(O.2nmol/L)wasfedcontinuouslyatearate
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5 [dimethyl(t-butylamido)(tetramethyl-n5-cyclopentadienyl)si Ia_ne]
titanium dichloride was fed continuously at a rate of 100 mL/h in such a
manner that no vapor phase existed in the polymerization reactor. o
Meamwhile, from the top of the polymerization reactor, the p_olyr_nerlzatlon
solution was drawn 10 out so that the volume of the polymerization
solution in the polymerization reactor was constantly 1 L. Then, ethylene
at a rate of 27 NL/h, propylene a rate of 0.4 L/h, octene a rate of 0.42
L/h, and hydrogen a rate of 0.3 NL/h were continuously fed to the

pofyefizaticin reactor. iGepolymerizatiensyas 15 sanductediahBOC bY. . 1 o 3
circulating coolant and steam through jackets equipped outside of the

poheherzationeneactoL ul0EFBh By Periogning.copalymerzation under the, . o4
above-described conditions, a polymerization solution 20 containing an

ethylene/propyleneloctene:copohymenwasobtainee The ggsultant catalyst,
polymerization solution was poured into a large amount of methanol so as

t® deposit@hé Cethylene/prapydendaloctane copelymer, WhiChé@aﬁj% of
dried under reduced pressure at 130C for 24 hr. The properties of

SEUPARPCT(45 the yesuttingppalyrer afe: sShavin- {F Table12pentadienyl) s
[Polymerization Example 2] Copolymerization was conducted in a similar
aReéifot Polymmerzativhobxaiplet exeepidhat thefawirate ©fa rate of 100
propylene

nl/h in such a manner that no vapor phase existed in the
polymerization reactor. Meanwhile, from the top of the
poelymerization reactor, the polymerization solution was drawn
out so that the volume of the polymerization solution in the
polymerization reactor was constantly 1 L. Then, ethylene at
a rate of 27 NL/h, propylene a rate of 0.4 L/h, octene a rate
of 0.42 L/h, and hydrogen a rate of 0.3 NL/h were continucusly
fed to the polymerization reactor. Copolymerization was
conducted at 80°C by circulating coclant and steam through
Jackets equipped ocutside of the polymerization reactor.
[0078]

By performing copolymerization under the
above-described conditions, a polymerization solution
containing an ethylene/propylene/octene copolymer was
obtained. The resultant polymerization solution was poured
into a large amount of methanol so as to deposit the

ethylene/propylene/octane copolymer, which was then dried

under reduced pressure at 130°C for 24 hr. The properties of
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5 was changed to 0.23 L/h, that the flow rate of octene was changed to
0.78 L/h, and that the flow rate of hydrogen was changed to 1. 0 NL/h.
The properties of the resulting polymer are shown in Table 2. [0079] 10
[gle{g%r' '&'}n Example 3] Copolymerization was conducted in a similar
mannér to~ Polymerization Example 1 except that the flow rate of
propylene was changed to 0.35 L/h and that 1-butene was fed in place of
octene at a flow rate of 0.4 L/h. The proﬁérties of the 15 resulting polymer
are shown in Table 2. [Polymerization Example 4] Copolymerization was

eonelustacina similss manoer 1o- Pobymerizatign £xample 1 except that
the flow rate of propylene was changed to 0.38 L/h and that 1-hexene

was fed ireplaga of 20:0etene at:aflgw Latgiof 0.4 L/h. The properties of
the resulting polymer are shown in Table 2. [0080] [Polymerization

Example-6bta ar E volume stajnless-stegl auteclave equipped With 1. nner o
SF-1242PCT 46 a stirring blade and thoroughly purged with nitrogen, 900

mi! phbeptane was intkediced ak 236 T a-Hus-autoclaye, S0 0ff propyiene
propylene was introduced with rotating the stirring blade and ice-cooﬂng.
When;ihmautodave wasthaaiedie 60G.and ow rate of octene was changed
to 0.78 L/h, and that the flow rate of hydrogen was changed
to 1.0NL/h. The properties of the resulting polymer are shown
in Table 2.

[0079)

[Polymerization Example 3]

Copolymerization was conducted in a similar manner to
Polymerization Example 1 except that the flow rate of propylene
was changed to 0.35 L/h and that l1-butene was fed in rlace of
octene at a flow rate of 0.4 L/h. The properties of the
resulting polymer are shown in Table 2.

[Polymerization Example 4)

Copolymerization was conducted in a similar manner to
Polymerization Example 1 except that the flow rate of propylene
was changed to 0.38 L/h and that l-hexene was fed in place of
octene at a flow rate of 0.4 L/h. The properties of the
resulting polymer are shown in Table 2.

[0080]

[Polymerization Example 5]

To a 2 L volume stainless steel autoclave equipped with
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5 pressurized with ethylene so that the total pressure became 0.8 MPa.
When the inner pressure of the autoclave reached 0.8 MPa, 1.0 mL of a
1.0 mmol/mL hexane solution of triisobutylaluminum was fed by nitrogen
S After that, 3 mL of a toluene solution containing 0.2 mmol (in
%r%ﬁé%?%géﬁ) of methylaluminoxane, 0.002 mmol of
bis(1,3-dimethylcyclopentadienyl)zirconium dichloride, which was
pre-prepared, was fed into the autoclavé By nitrogen pressure to start
polymerization. Then, the inside temperature of the autoclave was

@g@@@q@hgor;ﬂ@a@m@,éé%ﬂﬂz'gnﬁwﬁge%r%ﬂgﬁ%%f?éggten, 900 mL

pressure became 0.8 MPa. After 60 min from the start of polymerization,

% miraimethanok wasrpumped-totherautgelave taferminate. . o .1 1ve , 50 NL

polymerization, and then the autoclave was depressurized to atmospheric

pressuegs 110082] 20 I henresulting Helymerizatiop solytion-was poyred into, 1, ;o

a large amount of methanol so as to deposit an ethylene /propylene

eopblymer awhich mas thendiied-under, reduged pressurg at 130CHor 2do~ . 4

hr. The properties of the resulting polymer are shown in Table 2.
BEEMZPE4T w0082k Table 2-Rolymerin Polymeri--Ralymer; BOYMEli-1 e« ame

Polymeri- zation zation zation zation zation
0.8 MPa. When the inner pressure of the autoclave reached 0.8
MPa, 1.0 mL of a 1.0 mmol/mL hexane sclution of
triiscbutylaluminumwas fed by nitrogen pressure. After that,
3 mL of a toluene solution containing 0.2 mmol {(in terms of
Al of methylaluminoxane, 6.002 mmo 1 of
bis (1, 3-dimethylcyclopentadienyl) zirconium dichloride,
which was pre-prepared, was fed into the autoclave by nitrogen
pressure to start polymerization. Then, the inside
temperature of the autoclave was regulated at 60°C for 60 min,
and ethylene was directly fed so that pressure became 0.8 MPa.
After 60 min from the start of polymerization, 5ml of methanol
was pumped to the autoclave to ferminate pol;\gmefization, and
then the autoclave was depressurized to atmospheric pressure.
10681]

The resulting polymerization sclution was poured into
a large amount of methancl so  as to depcosit an
ethylene/propylene copolymer, which was then dried under
reduced pressure at 130°C for 24 hr. The properties of the

resulting polymer are shown in Table 2.



Example 1 Example 2 Example 3 Example 4 Example 5 Polymer
properties Ethylene content (molo) 46.1 46.2 48.1 46.8 47.8 Propylene
content (mol%) 39.5 22.2 38.4 38.9 52.2 Octene content (mol%) 14.4
%}56 - - - Butene content (mol%) - - 13.5 - - Hexene content (mol%) - - -
3197 (&1fy) 1.68 1.58 1.76 1.59 1.56 sa(3/saa (0) 0.16 0.16 0.16 0.16
0.16 Mw/Mn 1.9 2.0 1.8 2.0 2.1 Heat of fusion (J/g) 2.42.63.12.83.1 5
[0083] [Polymerization Example 6] [Syﬁj‘tﬂesis of olefin copolymers] Toa 1
L volume pressurized continuous polymerization reactor equipped with a
stirring plade and thoroughly purged 10 with nitrogen, 1 L of purified and
dehydrated decane was introduced. Decane was fed continuously at a
rate of 600 mL/h, and the pressure was increased so that the total
pressure reached 3.8 MPa. After that, a decane solution of
triisobutylaluminum (TIBA) (0.2 mmelk);was:;fed continuously 15 at a rate

of-300-mL/h,.then a decane solution of triphenylcarbenium
(tetrakispentafluoroptelffBrete (9.00B; Tifrol/L) Was/ e tonrfiidystyrar | Polymeri-
] X ion zation

a rate of 200 mL/h. Further, as a catglysh A.0.0018T0NIQUL deedi€ O, |, | raomene

Polymer oideRieESF-124Z2PCT

Ethylene content (mol?) 46.1 46.2 48.1 4¢.8

Propylene content {(mol%) 38.5 22.2 38.4 38.5

Octene content {mol%) 14.4 31.6 - -

Butene content {(mol%) - - 13.5 -

Hexene content {(mol%) - - - 14.3

[n}] (dl/¢) 1.68 1.58 1.756 1.59

Sof/Sac (3) 0.16 0.16 0.1% 0.16

Mw/Mn 1.9 2.0 i.8 2.0

Heat of fusiecn (J/g) 2.4 2.6 3.1 2.8

5

10

15

[0083]

[Polymerization Example 6]

[Synthesis of olefin copolymers]

To a 1 L volume pressurized continuous polymerization
reactor equipped with a stirring blade and thoroughly purged
with nitrogen, 1 L of purified and dehydrated decane was
introduced. Decanevwm;f@dcontinuoﬁslyatearatecﬁf6GOmL/h,
and the pressure was increased so that the total pressure
reached 3.8 MPa. After that, a decane solution of
triisobutylaluminum {TIBA} (0.2 mmol/L} was fed continuously
at a rate of 300 mL/h, then a decane solution of
triphenylcarbenium.(tetrakispentafiuorophenyl)borate (0.006
mmol /L) was fed continuously at a rate of 200 mL/h. Further,

as a catalyst, a 0.0015 mmol/L decane solution of
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48 [dimethyl(t-butylamido)(tetramethyl-n5-cyclopentadienyl)si lane]
titanium dichloride was fed continuously at a rate of 100 mL/h so that no
vapor phaseexisted in the polymerization reactor. Meanwhile, from the
top of the polymerization 5 reactor, the resulting polymerization solution
W §1@oﬁiﬁﬁ usly drawn out so that the volume of the polymerization
solution in the polymerization reactor was constantly 1 L. Then, ethylene
at a rate of 27 NL/h, propylene at a rate’sf 0.6 L/h, octene at a rate of
0.42 L/h, and hydrogen at a rate 10 of 0.3 NL/h were continuously fed to

B P A e ¥y ) 5

circulating coolant and steam through jackets equi eo

palymerization reactor.{0084] 415 By, p%QBr%QQtS‘%HPMQ?%ZnQ@OQ WG o f 100

the above conditions, a polymerization solution containing

ethylens/prepyle ”%@C{%‘?@EO&QME%V- was abtgiped, The, r%?clil N9 i zats on
f methanol to

polymerization solution was poured into a large amount o

depesitthe e&@é{@:@ﬁf@@Byleﬁﬁ&ﬁte@ﬁezct%gi)%@%w%%‘é}'ﬁé é'g%% tion

dried under reduced pressure at 130C for 24 hr. The properties o

resulting-polymer akasshawn JnJablg-3.[Polymerization Example 71,
Copolymerization was conducted in a similar manner to SF-1242PCT
continuouslydrawnoutso1jﬁﬁzthevolumecﬂfthepolymerization
solution in the polymerization reactor was constantly 1 L.
Then, ethylene at a rate of 27 NL/h, propylene at a rate of
0.6 L/h, octene at a fat@ of 0.42 L/h, and hydrogen at a rate
of 0.3 NL/h were continuously fed to the polymerization reactor.
Copolymerization was conducted at 80°C by circulating coolant
and steam through jackets equipped outside of the
polymerization reactor.

{0084}

By performing copolymerization under the above
conditions, a polymerization solution containing an
ethylene/propylene/octane copolymer was obtained. The
resulting polymerization solution was poured into a large
amount of methanol to deposit the ethylene/propylene/octene
copolymer, which was then dried under reduced pressure at 130°C
for 24 hr. The properties of the resulting polymer are shown
in Table 3.

[Polymerization Example 7]

Copolymerization was conducted in a2 similar manner to
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49 Polymerization Example 1 except that the flow rate of propylene was
changed to 0.21 L/h. The properties of the resulting polymer are shown in
Table 3. [0085] 5 Table 3 Polymeri- Polymeri- zation zation Example 6

E)éair??l&?}?&olymer properties Ethylene content (mol%) 35.6 60.2
ropylene content (molo) 64.0 25.5 Octene content (mol%) 14.8 14.3

Butene content (mol%) Hexene content (mol%) - - [n] (dl/g) 1.56 1.78
sa(3/5aa (%) 0.16 0.16 Mw/Mn 2.0 1.9“Heat of fusion (J/g) 1.28.2
[0086] [Example 1] 10 Using 87.18% by weight of a mineral oil "120

Neutrak (Trade pame; ARanufactired By ESSQ Q. Ltd ), which was
classified in the group (ii) in Table 1, hgving a kinerﬁatic viscosity at %688371%@
ab4.60mmaisdas a lubricating gil basee properties of the resulting

polymer are shown in Table 3.

[0085]

Table 3
Polymeri- Polymeri-
zation zation

Example & Example 7

Polymer properties

Ethylene content (mol$%) 35.6 60.2
Propylene content (mol%) 64.0 25.5
Octene content (mol$%) 14.8 14.3

Butene content (mol%) - -
Hexene content {mol%)

[n] (d1/g)} 1.56 1.78
Saﬁ/Su& (%) C.1% 0.16
Mw/Mn 2.0 1.9
Heat of fusion (J/g} 1.2 8.2

[0086]

[Example 1]

Using 87.18% by weight of a mineral oil “120 Neutrral”
{Trade name, manufactured by ES30 Co.,Ltd.), which was
classified in the group {(ii) in Table 1, having a kinematic
viscosity at 100°C of 4.60 mw®/s, as a lubricating oil base,
O.82%kufweightcﬁfapolymexprepared:uzPolymerizationExample
1 as a viscosity index improver, 0.6% by weight of “ACLUBE
146" (Trade name, manufactured by Sanyo Chemical Industries
Ltd.) as a pour-point depressant, and 11.4% by weight of

“LZ20003C” (Trade name, manufactured by The Lubrizol



0.82%by weight of a polymer prepared in Polymerization Example 15 1 as
a viscosity index improver, 0.6% by weight of "ACLUBE 146"(Trade
name, manufactured by Sanyo Chemical Industries Ltd.) as a pour-point
%?_rg%s% and 11.4% by weight of "LZ20003C" (Trade name,
nufactured by The Lubrizol SF-1242PCT 50 Corporation) as a
detergent-dispersant, a lubricating oil composition was prepared and its
properties were evaluated. The results #Pe shown in Table 4. [0087] 5
[Examples 2 to 4 and Comparative Example 1] The procedure of Example

tuasIepealodiexgeptihat the, polymers;egch prepared in Rolymerization .

I

Examples 2 to 5 were used respéctively as a viscosity index improver to
evaldate: thelubyigati | ositian i %4.The10

resu%[s arghseﬁ&ogwﬁgi% T@fg%&)ﬁq{g&%ﬁgaggﬁ%ggg%%@f ?(avr\hep'?g ZEva}“uated'
Examples3 Bxample 4 Gomparative frxample 1 Polymeri- Polymeri-

Polymeri- Polymeri- Polymeri Polymer blended zatior. zation zation zation
zatimy Example 1 Example 2 Example 3 Exampl 4 Example 5

Composition (% by weight) Lubricating oil base 87.18 87.28 87.31 87.22

5 88.77 [Examples 2 to 4 and Comparative Example 1]
The procedure of Example 1 was repeated except that the
polymers each prepared in Polymerization Examples 2 to 5 were
used respectively as a viscosity index improver to evaluate
the lubricating oil composition as shown in Table 4. The
10 results are shown in Table 4.
[oo8g]
Table 4
Example 1 Example 2 Example 3 Example 4 Comparative
. Example 1
Polymeri- Polymeri- Polymeri- | Polymeri- Polymeri-
Polymer blended zation zation zation zation zation
Example 1 Example 2 Example 3 Exampl 4 Example 5
Composition (% by weight)
Lubricating oil base B7.18 87.28 87.31 87.22 88.77
Detergent-dispersant 11.4 11.4 11.4 11.4 i0.0
Pour-point depressant 0.6 0.6 G.6 0.6 6.5
Pclymer 0.82 0,72 0.69% 0.77 0.73
Properties of
lubricating oil
Kinematic wviscosity at 10.94 10,89 11.02 10.98 10.24
100°C (mm®/s)
CC8 wviscesity at -30°C 5904 5764 5gz2 5822 6140
(mPa-s)
MR wviscosity at ~35°C 28274 27763 28811 289140 40000
(mPa-s)
[C089]
15 As 1s clearly shown in Table 4, the composition in which

a specific copolymer of ethylene,

propylene and a higher
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Detergent-dispersant 11.4 11.4 11.4 11.4 10.0 Pour-point depressa_nt 0_.6
0.6 0.6 0.6 0.5 Polymer 0.82 0.72 0.69 0.77 0.73 Properties of lubricating
oil Kinematic viscosity at 10.94 10.89 11.02 10.98 10.24 100c (mm2/s)
CCS viscosity at -30C 5904 5764 5922 5822 6140 (mPas) MR viscosity
AT-35E°78574 27765 29811 28910 40000 (mPas) [0089] 15 As is clearly
shown in Table 4, the composition in which a specific copolymer of
ethylene, propylene and a higher SF-1242PCT 51 a-olefin having 4 to ZQ
carbon atoms is used as a viscosity modifier for lubricating oils is better in

lovstemneratiie s chargacteristics %%%%%Cﬁ o\zlriécosnyua.lsnefdd'\:l%l\g % Z%S{igco sity

- S
as compared with the composition in which a copoﬁ/mer ofe

ARd prapyleng;is used as a.visgasity.madifier for lupricating o ic';%—@%meaga ture

lubricating oil compositions, low-temperature characteristics suchas

wisgosity-and MR vigcasity. qre, desired (Pi@%%rgyeda%sct%h Hscosity as
possible. For example, by 10 increasing the degree of purification of
ﬁﬁﬁ@@ﬂ@&@%ﬁﬁ§%ﬁn§compositionjjlwhicheacopolymercﬁfethylene
and propylene is used as a viscosity modifier for lubricating
cils.

For lubricating oil compositions, low-temperature
characteristics such as €CS viscosity and MR viscosity are
desired to be improved as much as possible. For example, by
increasingijadegree<mfpurification<xflubricatingcﬂj.base,
CCS viscosity can be lowered, for example, by arcund 10 in the
above measurement value, or MR viscosity can be lowered, for
example, by around 100 in the above measurement value (that
is, the low-temperature properties are improved)}, but it fakes
cost.

[0090]

As opposed to the above case, according to the present
invention, the CCS viscosity and MR viscosity can be improved
without wusing any expensive methods. This 1is of great
significance.

[Comparative Examples 2 and 3]

The procedure of Example 1 was repeated except that the

polymers each.preparedjjlPolymerization”Examples 6 and 7 were

used respectively as a viscosity index improver to evaluate



CCS viscosity can be lowered, for example, by around 10 in the above
measurement value, or MR viscosity can be lowered, for example, by
around 100 in the above measurement value (that is, the low-temperature
properties are improved), but it takes 15 cost. [0090] As opposed to the
above<aseCaccording to the present invention, the CCS viscosity and
MR viscosity can be improved without using any expensive methods. This
is of great 20 significance. [Comparatived=xamples 2 and 3] The
procedure of Example 1 was repeated except that the polymers each

Rigparadkin Fametzalion EXamples & and 7 ere e rewﬁ‘;%é{% 5. The

a viscosity index improver to evatuate the'fib
eQupesition as shown,in Table S, The, results are shown in Table S.
[0091] 5 Table 5 Comparative Comparative Example 2 Example 3
fPelygier blended Polymerization Polymerization Example 6 Example 7
Composition (% by weight) Lubricating oil base 87.12 87.31

Table 5
Comparative Comparative
Example 2 Example 3
Polymer blended Polymerization Polymerization
Example 6 Example 7
Composition (% by weight)
Lubricating oil base B7.12 87.31
Detergent-dispersant 11.4 11.4
Pour-point depressant G.6 ¢.6
Polymer 0.88 0.69
Properties of lubricating
oils
Kinematic wviscesity at 10.94 10.89
106°C {(mm®/s) -
CC3  wiscosity at -30°¢C 64190 5654
{mPa-s)
MR  viscosity at -3%°C 29831 48869
(mPa-s)




Detergent-dispersant 11.4 11.4 Pour-point depressant 0.6 0.6 Polymer
0.88 0.69 Properties of lubricating oils Kinematic viscosity at 10.94 10.89
100C (mmz/s) CCS viscosity at -3038410 5654 (mPas) MR viscosity at
-35C 29931 48869 (mPas) 53 CLAIMS 1. A viscosity modifier for
lubricating oils comprising an ethgleh&fs-olefin copolymer (B) which
comprises: (i) a structural unit derived from ethylene; (ii) a structural unit
derived from an a-olefin having 3 to 19 carbon atoms; and (iii) a structural
unit derived, from a higher a-olefin having 4 to 20 carbon atoms whose
carbon fuFiar & By ofig bt idre iI531rrgglg'}]lzﬁﬁlﬁﬁﬁg’li‘85tr?el Sfuchiaf offee an
erny19grived from an a-oolgfn havir?g 3 {9 19 carbon afoms, and has the
yjT'(e)ﬂowmg properﬁeg 0 Hf?Z) a%d J): &) iCContains 25 to 49 mol% of the

sttueturg! ot (. detiyed fram iylens. 1549 Smalghof the structural

unit (ii) derived from an a-olefin having 3 to 19 carbon atoms,

{ii) a structural unit derived from an a-olefin having 3 to 19
carbon atoms; and
(1ii) a structural unit derived from a higher a-oclefin having 4
to 20 carbon atoms whose carbon number is by one or more
larger than that of the structural unit derived from an o~
olefin having 3 to 1% carbon atoms, and has the following
properties of (1), (2y and (4}):
(1} it contains 25 to 49 mol% of the structural unit (i}
derived from ethylene, 15 to 55 mol% of the structural unit
{ii} derived from an o-clefin having 3 to 19 carbon atoms,
and 9 to 40 mol% of the structural unit (iii) derived from a
higher a-olefin having 4 to 20 carbon atoms, wherein the
total molar amount of the structural units (i), (ii}, and
{(1ii) is 100 mol%;
(2} the intrinsic viscesity ( [ # ] ) is in the range of 0.5

to 5.0 di/g as measured in decalin at 135°C;

{4) the heat of fusion (AH) as measured by DSC is 5.0 J/g or
less.
2. The viscosity modifier for lubricating oils according to claim
1, wherein the ethylene/a-olefin copolymer (B) has the following

property of (3);

{(3) Mw/Mn is 2.4 or less, where Mw 1s weight average



and 9 to 40 mol% of the structural unit (iii) derived from a higher a-olefin
having 4 to 20 carbon atoms, wherein the total molar amount of the
structural units (i), (i), and (iii) is 1084molo; (2) the intrinsic viscosity ([ 77
]) is in the range of 0.5 to 5.0 dl/g as measured in decalin at 135C; (4)
the heat of fusion (AH) as measured by DSC is 5.0 J/g or less. 2. The
viscosihe modifier for iubricatimoilracterdingrtb chaimv & nalereimcthe cular
ethylene/a-clefin copolymer (B) has the following property of (3); (3)

e MitNn is 2.4 or less, where Mw is weight average 54 molecular weight

3 an I\gn i;irlsurg%e{ averag ir?OIS%u%E; ¥ve'igu1 t.r3, c':l'gle yiscosity modifier fo{rj i
" |ubticating ois according 16 claims 1DF 27 whérefittha Bthytereia-diefin = 4179

copalymer, (B) has the following property of (5): (5),the intensity ratio D, is

to 0: (%rx\gssl:l, w 2:ergslb is "the ratio g#é%pet)ébgaja%(geaéféa%? Ss? %n%a%ﬁ%%ﬂmer

By BSNMR 4.An additive campasition fotlubgcating oils-which comprises
(A) oil and (B) the ethylene/a-0lefin Copolymer according to any one of
clairms 14p<3, and eantains said-ethylene/a-alefimn copolymes (Bl inaratie 1 s
of

the ratio of Saf to Saw (Saf/Saa) as measured by *°C-NMR.

W

4, An additive composition for lubricating oils .which
comprises

(R) cil and

(B) the ethylene/oa-olefin copolymer according to any
one ¢ claims 1 to 3, and
centains said ethylene/a-olefin copolymer (B) in a ratio of
1 to 30% by weight, wherein the total amount of (A} and (B)
is 100% by weight.
5. A lubricating o¢il composition comprises

(AA) a lubricating oil base,

(B} the ethylene/a-olefin copolymer according to any

one of c¢laims 1 to 3, and

{C) & pour-point depressant and



1 to 30% by weight, wherein the total amount of (A) and (B) is 100% by
weight. 5. A lubricating oil composition comprises (AA) a lubricating oil
base, (B) the ethylene/a-olefin copolymer according to any one of claims
1to 3, and (C) a pour-point depressant and 55 contains said
ethylene/a-olefin copolymer (B) in a ratio of 0. 1 to 5% by weight and the
pour-point depressant (C) in a ratio of 0.05 to 5% by weight, wherein the
weight of said lubricating oil compositioh9is 100% by weight.

contains said ethylene/c-olefin copolymer (B) in a ratio of
0.1 to 5% by weight and the pour~point depressant (C) in a ratio
of 0.05 to 5% by weight, wherein the weight of said lubricating

oll composition is 100% by weight.



