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SF-1242PCT 1 DESCRI PTION VI SCOSI TY MODI FI ER FOR
LUBRI CATI NG A LS, ADD TI VE COWPCSI TION FOR

LUBRI CATI NG O LS, AND LUBRI CATI NG O L COWPCSI TI ONS 5
TECHNI CAL FI ELD [0001] The present invention rel ates
t 6§Fa1¢i42E8Si ty nodifier for lubricating oils, an
addi tive conposition for lubricating oils, and

"lubricating oil conpositions. Nore specifically, 10

the present invention relates to a viscosity nodifier

for lubricating oils or an additive conposition for

| ubricating oils which i BEsgeelRtapty i n oi | -t hi ckeni ng

properties and can provide |ubricating oi

CUBPOSST TYNSOBKERLR R LUBRE Ok RENGT B4 ¢ ADDRTGRA! EbfiBosITION
an

~~and handl eability at |ow 15 tenperatures;

| b | COBRNEASTINGCBFRAS hiypn xﬁkﬁ%gﬁy i
| owt enper at ur e charaéter?s?lcs an §%&ﬁ%a&QN%9f%£?°NS
| ow tenperatures. BACKGROUND ART 20 [0002] Petrol eum

products generally exhibit a large variation in
v'Eg&Hﬁ' | ariation in tenperature. For
ft rlcé#¥ﬁgk£%P¥s used for autonobiles or the like, it
Lf referable that such a tenperature dependence of

i ﬁty is small. In order SF-1242PCT 2

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

temperatures.

BACKGROUND ART
[0002]

Petroleum products generally exhibit a large variation
§n viscosity with variation in temperature. For lubricating
0ils used for automobiles or the like, it is preferable that

such a temperature dependence of viscosity is small. 1In order
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to decrease the tenperature dependence of viscosity,

an ethylene /a-olefin copolyner having an effect of
improving viscosity index is widely used as an

ingredi ent blended in lubricating oils. 5 Further,

| ubiTe2t45ef oils lose fluidity at | ow tenperatures

because wax conponents therein solidify to crystals.

In order to lower the solidifyinhg tenperature

| ubricating oils also contain a pour-point depressant.

The pour-point depressant prevents a

t feed@irAeASEortdle nbempekatOrst rdetendefcomofforvi $gosity, an
through crystallization of wax conponents in

| efhivdatieng-aillefin avgsé Ngné AehBOhgPAINte OfediCor improving
| ubricating oils. [0003] Anong | owtenperature

Chasaolariys line®:Of; J WAdER} i 126 Obh S 110101 €00 B1nged in
an et hyl ene/ a-ol efi n copolyner andsa pour - poi n

dggbggggggngtgglg[scosity at a high shear rate is
determ ned by conpatibility between a | ubricating oi

base an he et hyl ene/ a-ol efin copolyner, while the
viscosi?%r% "% o g§ﬁ8§FlP§teq%}%nr%ﬂﬁﬂ)/%#Q¥Qﬂ%w byt low
t{e $our-§oint depressant. 20 It is known that when an

et AP BhRFYrBF e RS AL Vitdr RawPAgenasspdviféin solidify to
conposition is used, the effect of a pour-point

depresahnt | &nr emdekaliiy 1oweredhehrseughiifjtierActé®ferature,
of the copolyner with the pour-point depressant

(Fefmicanikatents abeanemttdiand Pabhenbo 0REUABPEe3ant. The
SF-1242PCT 3
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 lubricating
oils 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 oil base and
the ethylene/c-olefin copolymer, while the viscosity at a low
shear rate is strongly affected by the pour-point depressant.
It is known that when an ethylene/a~olefin copoiymer having
a specific composition is used, the effect of a pour-point
depressant is remarkably lowered through interaction of the

copolymer with the pour-point depressant {(refer to Patent

document 1 and Patent document 2).
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[0004] For this reason, an ethyl ene/a-olefin copolyner
blended in lubricating oils, especially lubricating
oils which are requested to have excel |l ent

| Quk t ure properties, is 5 required not to
inpaﬂr Eﬁéﬁiunction of a pour-point depressant as

well as to possess excellent performance of i nproving
viscosity index. In order to awoid the interaction

bet ween a pour-point depressant and an et hyl

eg%hﬁ-glefin copolyner, it has been 10 proposed to

use, é a viscosity index inprover, an ethyl ene

/ a-ol efin copol ynmer having ununiform conposition

di st ri blie¥ dlisnkeeRois abtetimelerhy/ disd IgE in 3R r blended
pol ynmeri zation apparatus under specific polynerization
céndiuboasatinfenile, Paisicidoauments3)cHomey el 1 801 5eh are

| ubricating oils excellent in | owtenperature

chagaeseedistbChavatl <& 1SREAT TR i ned. : :
[0005] As a method for inproving ﬁ%%ﬁ%{;ﬁﬁgéﬁLﬁﬁfpertles’ 18

chadnatt & inst £8 ig{&%%%rﬂﬁea%hﬂgﬁgig%ﬁ% tgﬂé(})ﬁ;%ﬁg?@ﬁgiepressant

mentioned 20 a ( ere da _
cppol yier having a_high ethylene content is added as a

VI SCOSI ya%ng%§ ﬁﬁ?8g§r?% fiﬁﬂ% Pef hogmance of improving
kmegemqﬁgatu e characteristics were inproved wth

i NeT €451 Ry 9% -ene content, but in some cases the

et hyl ene seguence in the viscosity index inprover

cryst allRi 98deBFEQ 2a9P0T dhe interaction between a pour-point
depressant and an ethylene/o-olefin copolymer, 1t has been
proposed to use, as a viscosity index improver, an
ethylene/a-oclefin copolymer having ununiform composition
distribution, which is obtained by ﬁsing a specific
polymerization apparatﬁs under . specific polymeriZafidn
conditions (refer to Patent document 3). Howeﬁer, no
lubricating oils excellent in low-temperature characteristics
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

ethylenesequenceletheviscosityindeximprovercrystallized
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at low tenperatures, lubricating oil conpositions
thenselves jellified, |owering handleability.
Further, even in a case where a copol yner having a
h%ghl2g?g%5en¢ content was suitably used as a
viscosity nodifier for 5 lubricating oils, the
conposition sonetines jellified at |ow tenperatures
when the nol ecul ar wei ght was dver a given range or
the ethyl ene copol yner had a wi der conposition

even a little or the |like Thus, property

distyd bytdon . .
t 8 eFANCE BT H e IRT iHidinmer lcaampegifisbnbetsanselves
w, de, ., and the properties need to be strictly

C%ﬁf%bf}%@{ Lowgesinpnhendlabbié itir.cunst ances, the

present inventors have intensively investigated and

found tHatthespecidn drcapohysbihedd aMoghd 168 h89$n8 a high
structural unit derived from ethylene, a structural

Uity Kené vethtioramal Sot8hi P i 08 3 i i £
atons, and a structural unityderived fr«ﬁ%é?%lgggﬁggfﬁler tor

ey iga 14 1P A0 £anrken . t inpair.the. _.
functi on o#?a pour-poiﬁ?kgggﬁﬁggéa%?m'EggFg Fﬁgflfled at low
3R IR\ Interaction and that the 20 amount of
cop\éjl%yrrer fbﬁ%;ﬁ%ée tctg‘%%ﬁ%i‘?%‘aﬁ@éd’%%w@%omegha given range
ul ar i ght copol yner can be prepared. That is,
ﬁjﬁ%&%&ﬁﬁe wspwﬁya@rahw fcuifley oids Bridmdistribution
Iubricath% oils which is excellent in oil-thickening
SNER ey Litddensr, fhe sliksopol yner has suitably,
adj usted conpatibility with a SF-1242PCT 5
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 c~olefin having 3 to 19 carbon
atoms, and a structural unit derived from an o-olefin having
4 to 20 carbon atoms does not impair the functionof 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 brepared. That is, the
copolymer works as a viscosity modifier for lubricating oils
which is excellent in oil-thickening ability. Further, this

copolymer has suitably adjusted compatibility with a
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| ubricating oil base at | ow tenperatures, providing
| ubricating oil conpositions excellent in
| ow-tenperature characteristics in entire range of
sheart .r and excellent in handleability at |ow
tgﬁﬁigﬁgéggs. Based on this finding, 5 the present
i nvention has been acconplished. Patent docunment 1: US
Patent No. 3,697,429; Patent @ocunment 2: US Patent
No. 3,551, 336; Patent docunent 3: Japanese Patent
Eg&diégen,Publiqation No. 228600/ 1985. 10 DI SCLOSURE

BRECE RVENTI OYV1PREBLIEVS 9D BEoSOLMEDRafiiEes, providing
I NVENTION [0007] It is an object of the present
i Hileni cohire erdvictenso s/ tsiboss t yxcéblendi fiirerl §cemperature
| ubricating oils or an additive conposition for
|atmi zaténgsoits, inhéshits Lx60L! 6Ptshdh il HKENING 1] ent
ability and can provide |ubricating olil conpositions
ext elahente 13 1 3l {anst-e riad, characterd stics and. —
handleabiIitngﬁngM?B?é%% f%?ure§%§an Eﬁ%f?@a ihy finding,

i GOm0 L4 excel l.ent jin 20 | owt erature
gﬂr{{aer act er]&s% i %?%ﬁ%l%%nh BT FT t ?Cﬁ?mﬁs’gé\rfphed‘
Eﬁﬂg;{at res. Mgéﬂs FOR SOLVI NG THE PROBLEMS [ 0008]
LR PRt i 5 dESi B3R ¥P er 3£ 69 74 4891 cat i ng

Qi l's according to
Patent document 2: US Patent No. 3,551,336;

Patent document 3: Japanese Patent Laid-Open Publication

No.228600/1985.

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0007]

It is an object of the present invention to provide a viscosity

‘modifier for lubricating oils or an additive composition 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 compo_sitions excellent ‘in
low-temperature characteristics and handleability at low

temperatures.

- MEANS FOR SOLVING THE PROBLEMS

[0008]
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the present invention conprises an ethylene/a-olefin
copol ynmer (B) which conprises (i) a structural unit
derived fromethylene; 5 (ii) a structural unit
derived froman a-olefin having 3 to 19 carbon atons;
aﬁﬁuﬂaq%PQ?structural unit derived froma higher
a-olefin having 4 to 20 carbon atons whose carbon
nunber is by one or nore |largeré than that of the
structural wunit derived froman a-olefin having 10 3
to 19 carbon atons, and has the follow ng properties
of (1) RaRdsteyitymodiftent&bnsldr taedhgmli%ohddeeding to
structural unit (i) derived fromethylene, 15 to 55

6% ofprtdreerst r uthvemt ioni t conipriderd vesh fE8AV@Bne/a-olefin
a-olefin having 3 to 19 carbon atons, and 9 to 40 nol %

15opblyherstByctmiah vBidriisdy derived froma higher
a-olefin having 4 to 20 carbon atons, wherein the

t | t ; I It f (i),
R R G R R T

Vi Sit is in_ the range_of 0.5 to 5,0 dl/g,
agﬁﬁgaéuggégggé%%%a??hta?eﬁégﬁg 55°P0pDoF Phefha having 3 to
i nvention, it is preferable that the

p{isent r
et hyTeHRPA-FeFFh 8ol yner (B) has at |east one of

the follow ng properties of (3) to (5): (3) Mv M

1 et glEustarageunbt edet avedwiighta, hilghemugbelefin having
SF-1242PCT 7 average nol ecul ar weight) is 2.4 or

|{Je§g;20 carbon atoms whose carbon number is by one or more larger
than that of the structural unit derived froman a-olefin having
3 to 19 carbon atoms, and has the following properties of (1)
and (2):

(1) it contains 25 to 49 mol% of the structural unit (1) derived
from ethylene, 15 to 55mo0l% of the structural unit (ii) derived
from an o-olefin having 3 to 19 carbon atoms, and 9 to 40 mol$%
of the structural unit (iii) derived from a higher o—olefin
having 4 to 20 carbon atoms, wherein the total molar amount
Qf the structu:al units of (i), (ii}, and (iii) is lOO-mol%;
(2) the intrinsic viscosity ([n]) is in the range of 0.5 to
5.0 dl/g as measured in decalin at 135°C.

[0009]

In the present invention, it is preferable that the

ethylene/a~-olefin copolymer (B} has at least one of the

following properties of (3) to (5):

(3) Mw/Mn (Mw: weight average molecular weight, Mn: number
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(4) heat of fusion as neasured by DSCis 5.0 J/g or

less; (5) intensity ratio Dis 0.5 or less, where D

is the ratio of Sa(3 to Saa (Sa(3/Sa(x) as neasured

by 13C-NMR 5 [0010] An additive conposition for
I%ﬁ%ﬂ%‘&’@?%@ oils according to the present invention
conprises (A oil, and (B) the above-nentioned

et hyl ene/ (x-ol efin copolyner, 10 containing 1 to 30%

by wei ght of the ethylene/a-olefin copolyner (B) ,
wherein the total weight of (A and (B) is 100 % by
vieTepge [ropdadulat ubeiglat) ngso2l 4conpbsision accordi ng

to the present 15 invention conprises (AA) a

| Lhor iteedtl ngf oids haseas (B asheeaboyepsenitoned g/g or less:
et hyl ene/ a-ol efin copolynmer, and (C) a pour-poilnt

denr e t§ORL2I Bl BY; 0. % ' f s |
€D GoRLaliRl BY; 0.4 5%§{%/s,gﬁg%?eog %%h@a/% ng/atlo of

ethyl ene/a-olefin 20 copol ymer (

wRlag it - POI depressant (:0) erein the

vveitht gao{ E@ﬂ%ﬁﬁq@at%%gm%? ur %?R)%si Ei st 100% by

&%bq t.. SF-1242PCT 8 EFFECT OF THE | NVENTION [0012] A
i'sco

gi.ty nodi fier for lubricating oils or an additive

An additive composition for lubricating oils according
to the present invention comprises
(A) oil, and
(B) the above-mentioned ethylene/o~oclefin copolymer,
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
invention comprises
(AA) a lubricating oil base,
(B) the above~mentioned ethylene/oa-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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conposition for lubricating oils according to the
present 5 invention is excellent in oil-thickening
properties and can provide lubricating oi
conpositions excellent in |owtenperature
charaefeftStics and handleability at |ow
tenperatures. Lubricating oil conpositions according
to the present 10 invention age excellent in

| ow-tenperature characteristics, and exhibit
excel l ent handl eability wthout jellifying thenselves
A FFEwf t @ApEr&t GREENTBEST MODE FOR CARRYI NG OUT THE
I NVENTI ON 15 [0013] The viscosity nodifier for

| Ub¢iZhting oils and lubricating oil conposit.ions
according to the present invention are specifically

descri bed; bebawt [ Vb scosit ﬁd@ghgyg_»g&ﬁfgghg' YPfd &AL %ﬁgadditive

oils] 20 The viscosity nodifier rircating

Q&ﬁtﬁfdﬁi"{ﬂoﬁ of#:?ﬁ lBB?i%%tti.h V?o'%li s?ﬂ%c?cg‘?gcg%ﬁg? :cgﬂ,g)l;lebévresent

et hyl ene/a-ol e copolyme _ _
s 63l l.ed " copol r. (B).") .which conprises (i) a
stnrrgl%c ul?)a lusnletxcdgeir%l%{s% 1 Ghl dARsE R h draRaltigs and can
may be called "structural unit (i)"), SF-1242PCT 9
POV IAest r bR TING  déilved dommasir iens ef iexdedieng in
3 to 19 carbon atons (hereinafter, may be call ed
Lopirrempeaia toarie  chabptieranticki iand &bnddabdll iwgi tat low
derived froma higher a-olefin having 4 to 20 carbon
devperefiosescar bon nunber is

Lubricating ¢il compositions according to the present
invention are excellent in low-temperature 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 présent
invention are specifically described below. |

[Viscosity modifier for lubricating oils]

The viscosity modifier for lubricating oils according
to the present invention comprises an ethylene/oc-olefin
copolymer (B) (hereinafter, may be simply called “copolymer
(B}”) which comprises (i) a structural unit derived from

ethylene (hereinafter, may be called “structural unit (1)),
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5 by one or nore larger than that of the
above-nentioned structural unit derived froman
a-olefin having 3 to 19 carbon atoms (hereinafter,

be called "structural unit (iii)"), wherein the
rﬁ%ﬁﬂ PCZB) has properties described bel ow. [0014]

10 As the structural unit (ii), specifically, there
may be nmentioned a structural aunit derived from
propyl ene, 1-butene, 1-pentene, 1-hexene,
3- nethyl-l-butene 3- et hyl -1 - pent ene,

3{ethyR- ﬁtﬁéﬁﬁéﬁél Angit Wyplrifvegefreme an o«-olefin having 3 to
4 net hyl -1 - hexene, 4, 4-di net hyl - | - hexene,
4;a'@anbohy$t¢m@eﬁﬁ§WEiﬂ§ftéfﬁﬁﬁ%%ik?Q%ﬁg%@;“structural unit
3-ethyl-1-hexene, 1l-octene, 1-decene, 1-dodecene,

1{1 ¢ f adeaene, (ikhexadeceneruls pehadec epe, .
or the Iike. CI fhese t he s?r%gtggg? 3%?1 ﬁﬁé%é&ﬁ 2 higher

D&Q5Eé§PﬁYh§v§h§u§tHéabOUBEEbQSrIVgﬁgirﬁg%gnc%;bonfnumber is

having 3 to carbon atons, nore

ru ra |ved 2 fron1 n a-olefin having 3
?%y7%%%rﬁgﬁ acg§% %FF?F @Feﬁ&%l§h§ sthereg yrentioned

it derived fron1propy|ene V%en the copol ymer (B)
c%ﬁ%‘?ﬂﬂlﬁ Y¥ifcfgravednfronian ogderiefde havimg 3 to 19 carbon
propyl ene is blended with lubricating oils,
| ath e 913 T t ey the s ard i ot rmrd-yu exc add ient ( (iii) "),
in | owtenperature SF-1242PCT 10 characteristics can

b sredipartdte avero bymé e (B arges ohr&payt 8 dégeirfﬁ&d below.
[0015] As the structural unit (1ii), there may be
dpedidf)i cal |y

As the structural unit (ii), specifically, there may be
mentioned a structural unit derived from propylene, l-butene,
l-pentene, l-hexene, 3-methyl-1-butene, 3-methyl-l-pentene,
3~ethyl~l-pentene, 4-methyl-l-pentene, 4-methyl-l-hexene,
4,4-dimethyl-1-hexene, 4,4-dimethyl-1l-pentene,
4-ethyl-l-hexene, 3-ethyl-1-hexene, l-octene, 1l-decene,
l-dodecene, l-tetradecene, l-hexadecene, l-octadecene,
l-eicocene or the like. Of these, the structural unit (ii)
is preferably a structural unit derived from an a-olefin having

3 to 9 carbon atoms, more preferably a structural unit derived

from an o-olefin 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

compqsitions particularly excellent in Jlow-temperature
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5 mentioned 1-butene, 1-pentene, 1-hexene,

3-net hyl -1 -butene, 3-nethyl-I|-pentene,

3-ethyl -1-pentene, 4-nethyl-1-pentene,

4- yl.-1 - hexene, 4, 4-dinethyl-I|-hexene,

4?g?g%ﬁggﬁgl-l-pentene, 4- et hyl - 1- hexene,

3-ethyl -1-hexene, 1l-octene, 1-decene, 1-dodecene,

1-tetradecene, 1-hexadecene, 110 1-oct adecene,

1l-eicocene or the like. O these, a structural unit

deﬁived froman a-olefin having 4 to 10 carbon atons

i SPepREFBFaBIFé CRnCand D rasERrdchedeti anyide stanget bfabthylene

unit derived froman a-olefin having 4 to 8 carbon

aFonsent.nore preferable, and a structural unit

derived from 1-butene, 1-hexene, or 15 1l-octene is

pae®igll arly preferable. Wth any of these carbon

atom nunbers, l|ubricating oil conpositions excellent

in |owd e r ristjcs b repared . ..

over a v o Taras aFoRt Aot EnLPELEY SRt BaleiE i ricarLy
[ L n e .t he abj ect f the present

i\ﬁlg1<I§/Ihe&r1jtﬂ:|)Ic?)ph['rl ala%gl ho é’i r%p&? %Igtaé,nea’nf)]t%éﬁ'x‘?ﬁﬁforﬁe?‘}eqw&t*]i“§?Utenef
o _pther, than_a-olefins having 2 to 20 carbon

Sﬁ @?&%nﬁ optS Rty 3TBbBYymerPEadens t ¢-alsdiy1rd ~pentene,

nol % wi th respect to 100 nol% as the total, of the

Srrrdiiirar L dmAenef (i), (ii), and (i id,)i-dSEetP4APATFhexene,

11 However, it is preferred that any pol yene conmpound

3 4etimeddntlai lngresre C dpeitter- Comenent 3-WieRithehexene,

copol yner (B) does not contain pol yene conpound as a

topoitymer, Tedposss) l-ddtte EORO| VMBI tiBlad X CeLheRt decene,
in heat resistance, particularly '

l-octadecene, l-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 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, l-hexene, or
l-octene ié particularly preferable. With any of these carbon
atom numbers, lubricating oil compositions excellent in
low-temperature characteristics can be brepared over a wide
range of ethylene content.
[601l6]

Within a range where the objects of the present invention
are not impaired, another monomer, that is, a monomer other

than o-olefins having 2_to 20 carbon atoms, is optionally

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

as Ithe total, of the structural units of (i), {ii), and (iii).
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5 it is hardly oxidized or colored, and further
particularly excellent in |ubrication property when
it is blended with lubricating oils. [0017] The
copol yner (B) has the follow ng properties of (1) 10
a®E-(232pP€1) The copolyner (B) conprises 25 to 49 nmol %
of the structural unit (i) (repeating unit derived
fromethylene), 15 to 55 nol 9o0f the structural unit
(ii) (repeating unit derived ?ron1an (x-ol efin having
3 to 19 carbon atons), and 9 15 to 40 nol % of the
stowietdrr Al 1HnkE Eiridfe eRP8ad o bo 88EhYedonbEARMA 15 not
hi gher a-olefin having 4 to 20 carbon atons whose

o r i 0 rg th t hat_af
tC%e repnee;;\}%lirgr)log aun(fcbtlpé( %@F%e%oﬁ%%lléﬁ‘ a-%%’leéqf %ﬁ“%é:vc?pﬁa‘@er (B)

wherein th total nolar anount

t %ﬁ car bon ,at.ons)

S HE Al I)lﬂﬁli%ﬁisczmrm L 3@ oppodiymar jcomponent,
0 wolW’w%001§% Structural unit (i) The copol ynmer (B)

‘F?E%i fe St b excal gt ipibeatnresisbatent pertisularly

to 49 nol % preferably 29 to 49 nol % nore SF-1242PCT

12 s dfaarcH yox83lized onptedosedl | andr uprtéker ablnt i4Qlarly

to 49 nol% Wthin this range of the content of the

stcedtlenal imiTulfr)catidhr peaben@yoidhegOMROSiti BI&nded with

particularly excellent in |owtenperature

chataeheingt bg3.s.Such as viscosity at |ow

[0017]

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 a-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 a-olefin having 3 to 19 carbon atoms), wherein
the total molar amount of the structural units (i}, (ii), and
(iii) is 100 mol%.

[0018]

Structural unit (i)

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

a content of 25 to 49 molsy, preferably 29 to. 49 mol%, more
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5 tenperatures, can be prepared when the copol ynmer (B)

is blended wth lubricating oils. [0019] Structura

unit (ii) The copol yner (B) conprises the structura

uni t %ii% in 10 a content of 15 to 55 nol %

prsgf'é b ¢T18 to 42 nol % nore preferably 20 %to 40

nmol % Wthin this range of the content of the

structural wunit (ii), lubricatiazng oil conpositions

particularly excellent in | owtenperature

characteristics can be prepared when the copol yner

(BYSFrabEHded W ¥R hob?i citiligmolrs pirkSerhBO2040 to 49 mols.

Structural unit (iii) The copolymer (B) conprises the

strtciurgiisinfangeio) the contemientt @he9stoudBuBl %nit (i),

preferably 10 to 38 nol % nore 20 preferably 10 to 35

i L Sletng heo COPObuBss { Blowsedod A L 081 PEECNxcel 1ent  in

i nvention, which conprises the structural unit ?l?,

they-std Al - yni o G : he ructural. unit

(i), W therabgvgj:glglg%’rrllgggcgéow%%%}?tia%ng,lsfiﬁélggn at low
' i cating oil conpositio SF-1242PCT 13 |

Etgévr@n%ésa |és ’ac(::tacl)lfr;’]g’/eng\ﬁL ?ﬁ&i‘%‘f%@%ﬁgpa&m??s&ﬁkés blended

an xcel lent. hand|leability at |ow tenperatures.

[‘H%flfl 3t PEa®thy: oi | conposition using copol ymer

B ‘
([0)019]

Structural unit (ii)

The copolymer (B) comprises the structural unit {(i1i) in
a content of 15 to 55 mol%,.preferably 18 to 42 mol%, more
preferably 20 % to 40 mol%. Within this range of the content
of the structural unit (ii), lubricating o0il compositions
particularly excellent in low-temperature characteristics can

be prepared when the copolymer (B) is blended with lubricating

cils.
f0020]

Structural unit (iii)

The copolymer (B) comprises the structural unit (1ii)
in a content of 9 to 40 molg, preferably 10 to 38 mol%, more
preferably 10 to 35 mol%.

When the copolymer_(B) used in the present invention,
which comprises the structural unit (i), the structural unit

(1i), and the structural unit.(iii), has the above-described

compositions, one can obtain lubricating o0il compositions
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5 provides good | ow tenperature characteristics. That
is, the copolyner (B) has a wi der range of ethylene
content than that of a binary copol ymer made from

et kyl-epesand an a-ol efin having three or nore carbon
atons. This can be confirned as follows: the

relati onshi p between the content of the structural

unit 10 derived from et hyl ene ahd the MR vi scosity and
the relationship between the content of a structura

unhivegki ved:§ | ene nd storage stability at
| ow \trerrger afgﬁggg%ﬁépgr a‘gﬂ‘f’ag?{“?er@@w@s efibegaeberihbics and

Copo Lch can be used in the present
invé%%?%%?éE%%ﬁ?#ﬁ@?ébeﬁpﬁ§,1PHetﬁm@gea¢umeeontent)
15 §¢?{£e structural unit derived fromethylene in
V\,hli o

cceptable MR viscosity and storage stability
at low tenperatures can be attained is deterni ned;

and t hi Sheankebybratimgt enll) deneamarsad ki fqyt ggppéigner (B)

acceptabl e range of the structural unit derive

e PPIvEITE D lgtoaidn @dwwhenp b Pe+ 20 C B).;i.s :
repl aced with a binar ypcopol yr?ereﬁrgrgég’é%rr%%lgfhyl%}h%t 15, the

andpai yvared! B Nhhavi re,carbon atons.
[0022] "The conposit | g%c%) t%%él%{“%%%l GHBRYLEB} CHRCet than that

detes wiped . Ayl3& I_.n, accordance with the nethod
descri bed iyn %é%%/gﬁ“agf %f@ﬁ‘ﬁﬁhihen%fanpbﬁymolefin having
é£ﬁ£¥§i§£n1§9ited by the Japan Society for Analytica

er st Ty PGSl GREPCRIMTSRSF s Hhidy cgnop, cquuibl fsdeds Y1 ows :
0gkun] Yo orpany, LLd. ) (2) The ntrinsic viscosity
e structural unit
derived from ethylene and the MR viscosity and the relationshipr
between the content of a structural unit derived from ethylene
and storage stability at low temperatures are graphically
represented for the copolymer (B) which can be used in the
presept 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 a 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

13+ ‘ .
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
0.5to 5.0 dl/g. Wen the intrinsic viscosity ( [ 77
is within this range, the oil-thickening

1)
properties are excellent, whereby the anount of the
&ﬁgﬁ%ﬂ§%Q%» required for obtaining a specific

viscosity of lubricating oils is reduced. As a result,

one 10 can obtain lubricating D4l conpositions which

hardly jellify at |ow tenperatures and are excell ent

in_shear stability. The oil-thickening properties are

eQdl uaPLWes dewchysie! | nledianpl by. That Japarwhendikey for

anount of the copolyner to be added to lubricating

ofnadyiposiltClosi § ory aficdiyriaiganagiyves d8idy group, published

predet erm ned dynam c viscosity of the |ubricating oi

coppEs$hbkonsyat cadRpeni;ssemhl er, the oil-thickening

property is evaluated to be better. [0023] Wen the

i ntrinsig) Miscosi [[=3). :i.s in the range of 20 0.5

to 4.0 glbgféhgé?%¥§%ﬁf %} C95i§y0?éW?Q,CHBFQe copolymer (B)

py ef .. 5 -5 dl/ the. copol yner (B) can

ﬁ%ﬂ%‘?‘i‘/]ﬁ%&%g\?él% RS 9P2chsi Tyin b repde of 0.5 to 5.0

| ubricatjng oils. The copolymer (B) preferably has at

|Cg]EéH' o?ﬁ‘yéle%f thed ntadinsod Hgspeepént [ s J0f 16 3)ithain Shis range,

55;1242PCT 15 [0024] (3) The copol yner (B) has an
%O%M\Fh%\%k%%n@vepageerm%cmm setghtenth: whereby the

nunber average nol ecul ar weight) of preferably 2.4 or

pEwntofet pe efarabine?. Bord@SsredlferMyMining a specific

viscosity 0f lubricating oils is réduced. As a result, one
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 in
examples. That is, when the amount of the copolymer to be added
to lubricating o0il 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 ([n]) is in the range of

0.5 to 4.0 dl/g, preferably 1.0 to 3.0 dl/g, more preferably

1.5 to 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 nol ecul ar wei ght

di stribution. The nolecular weight distributionis
preferred to be 2.4 or less, because viscosity of the
| upri.gakbpgroi | exhibits good shear stability. The
copol ymer ?B) having an MV Mh within the above range
10 can be produced by using a netall ocene-based

catal yst described later. [0025] (4) The copol ymer
(B) has a heat of fusion (4H) of preferably 5.0 J/g
orrd@ss; as neasured by a differential 15 scanning
ca{orineter (DSC), nore preferably fromO to 5.0 J/g

still nq@ &&gferably fromO to 4.0 J/g; particularly
preferabls GnfEPPEYBey JPY. hTheahotw/Mb {Msi areight average

preferred to be within this range, because
j dAlqqan orebehel yMoccunmbent dww ARIMES BEER8ST| Beight) of
this case. 20 The heat of fusion was determ ned from

t B efegabdly 2 ehdot hewssi, cnpealks <ok ram1enslo LEsCUrMe
recorded with a differenti al scanningncé%gﬁfgéggf M M /Mn

(DSCrn hdéx | 1Sap 1Be SEHP Imgﬁggﬁﬁ¥§ i.n.an al ym num.
heatéz tg)ZOOC a%ﬁg rate, o (ké%§ﬁ%l§a%$ﬁﬁbéglon‘ The

pan,
200CEQ1 a5 ] nus. 150C at SF-1242PCT 16
arate of ﬁg%y%?ﬁgﬂgﬁgr%Q% ed” dgaPicdfraerate be 2.4 or less,

19649, he endqtherm c curve in the second run
was used ¥%§E%%%Y%r%fﬁﬁF?&Npﬂﬁﬂﬁﬂﬂng 01l exhibits good shear
stability.

The copolymer (B) having an Mw/Mn within the above range
canbeproducadbyusinganﬁmallocene—basedcatalystdescribed
later.

[0025]

(4) The copolymer (B) has a heat of fusion (AH) of
preferably 5.0 J/g or less as measured by a differential
scanning calorimeter (Dsc), more preferably from 0 to 5.0 J/qg,
s5till more preferably from 0 to 4.0 J/g; particularly
preferably from 0 to 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 determine& 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. 5 min, cooled to minus 150°C at
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5 The copol yner (B) having a heat of fusion (4H) in
the above range can be produced using a netal
| ocene-based catal yst described |ater. The heat of

fusiLo can be changed within the above range by
cﬁi%ﬁﬂ%éﬁg%% content of the structural unit derived
fromethylene or the contents of the structural units

10 derived froma-ol efins. Theigopol yner (B) used in

the present invention is preferably a copol yner

obtai ned by copolynerizing, with a catalyst

cOntESH RS 2 dmél/airoc emel demiedhdgand an izomiazed olfORIOC C/min,
compound, which is described later, (i) ethylene, (ii)

afnts ol ehdothaving 3utreeld cafhonsabems, RRd vi?ff.{é | hsed for
a higher a-olefin having 4 to 20 carbon atons ose

cdelbermina®enn.s by one or nore larger than that of
the a-olefin (ii) having 3 to 19 carbon atons, in

vijewyzaeff | owtenperature characteristics of
| ubricating oil conpositions. 20 [0027] (5) The

copol y ( s an iptensity ratio D of preferab

0.5 ornf%%ség%gigm%Fefgia%??l%gsao?e?Esgf fhetenn{AB in the
i%?éye intensity ratio of Sap to Saa (Sa{3/Saa) as

obr Al NEFFT GATP L BEORVR S st REim NSEal242PCT-bAseWentalyst
tégkcopol mer (B) having an intensity ratio D

| ubricating oils at |ow tenperatures can be inproved

die Phbvecaengg by haraciierd $heCsomt et H¥ LBEPSEALNEES1 unit
can be al so i nproved.

derived from ethylene or the contents of the structural units
derived from o-olefins.

The copolymer (B) used in the present invention is
preferably a copolymer obtained by copolymerizing, with a
catalystcontaininganmtallocenecompoundandanionizedionic
compound, which is described later, (i) ethylene, (ii) an
o—olefin 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 a-olefin (ii} 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 Sof to Sca (Sop/Soc) as obtained

from a '*C-NMR spectrum.



5 Further, bal ancing between these two properties,

that is, between fluidity at |ow tenperatures and
lubricating characteristics at high tenperatures, is
particularly excellent. [0028) 10 The Sa(3 and Saa
wWBFchZ242&Cabt ai ned from a 13C NVR spectrum are the
peak intensities corresponding to CH2 groups in the
structural units derived fromgjhylene and an a-olefin
having 3 to 20 carbon atons respectively. They are
two types of CH2 groups in the positions represented

bel ow. WiSer[zO@BQ) Rpollyrer N(B) Nhawldg rdn €hBehBStyv ratio D
formul ae, R independently represents a hydrogen atom

0(8@@/9&&)"01‘900‘5%?@@@1% é&@a?ﬂ‘égo% 1%%3) L_‘oﬂi)bglcatlng

20 The nmeasured 13C- NVR spectrumis ana

d thod d bed by J..C. Randall
e A A . T
q¥ CS 201% 89)% and the Sap and Saa are
de aerr%ﬁ%%’a%s%%s eRiPby trRPES apure sc slegu st ed 5o gimproved.

the ratio of integrated values (areas) for each of
5 tFHEtd'é@a‘k brhencingnbetyeen these two properties, that is,

between fluidity at low temperatures and lubricating

c_haracteristics at high temperatures,. is particularly

excellent.

[0028]

10 The Saf and Sax 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 20 carbon atoms respectively. They are two types of CH,

groups in the positions represented below.

15 [0029]
R ® R R
| | ! |
~? sggmwgw?w o R T
i |
H H H H
Sef Sow

(In the formulae, R independently represents a hydrogen
atom or an alkyl group having 1 to 6 carbon atoms.)
f0030]
20 The measured *C-NMR spectrum is analyzed in accordance

with the method described by J.C. Randall (Review
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5 ratio D thus obtained is generally considered to be

a criterion representing the ratio at which

1,2-addition of an a-olefin is followed by

2, 1-addtion or the ratio at which 2,1-addtion of an
a>6réfilrPld fol lowed by 1,2-addition. Therefore, a

| arger value of this intensity ratio D shows nore

irregular 10 bonding orientatii of the cx-olefin. To

the contrary, a smaller value of D shows nore regul ar
bondi ng orientation of the a-olefin. [00311 The

c¥per 9Ret ecB) anidersiadhe pPbpertisesC2xhibilt(d 989))ar, gend the Sop
15 effect of inproving viscosity index when it is
béeddddocwatd datéubinedti ng oil base and does not

inmpair the function of a pour-point depressant. The

copol yrmte (Btdrasdi g A Aensi tyn 1AL o By W efderat o of
above range can be produced by using a

et PLeNS s st _descrjbed | ater. , )
rrod%é{/i ng tl‘ﬁfg%rrl%geg:u %%g}st%lro\lﬁ:c oF Odcﬁzjcl?ﬁé’eais' TR intensity

J -based catalyst, the intensity ratio D can
% c Aa%ge %\AO?) %iaﬁ nteﬁiel?ﬂ?grée ¥ cregld56¢e. take a criterion

intensit _rati?1D can be al so changed by changing the
FOIRATERS e fFdriat Wle WSk 24 2p@Rdg i qroG82jarBypi-olefin
usi ng the copolyner (B) as a viscosity nodifier, there

dén Thé Lpiedli @wd2 | Lbrildat bngobi tise copabd e tofwhsa Sf, wi-a@dtion
the standard for [owtenperature characteristics

opecirf ietbbyfin is followed by 1,2-addition. Therefore, a
larger value of this intensity ratio D shows more irregulaf
bonding orientation of the o-olefin. To the contrary, a
smaller value of D shows more regular bonding orientation of

the a-olefin.
[0031]

The copolymer (B) with such properties exhibits a large
effect of improving viscosity index when it is blended with
allubricating 0il base and does not impair the function of a
pour-point depressant.

The copolymer (B) having an intensity ratio D within the
above range can be prodﬁced by using a metallocene-based
catalyst described later.. By- modifying the molecular

structure of the metallocene-based catalyst, the intensity

-ratio D can be changed within the range described above. The

intensity ratio D can be also changed by changing the

' polymerization temperature.
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5 G4 standard, which is the next-generation North
American standard for lubricating oils. Wether
lubricating oils satisfy G--4 standard or not can be
judged by neasuring the CCS viscosity and the MR
vbETb2{2HCBAs described |l ater. The copol yner (B) used
as a viscosity nodifier for 10 lubricating oils in
the present invention can be qltai ned by

copol yneri zi ng ethylene, an a-olefin having 3 to 19
carbon atons, a higher a-olefin having 4 to 20 carbon
at@nk2 whose carbon nunber is by one or nore |arger
than that the a-olefin having 3 to 19 carbon atons

(herei teinad ‘#w gher 1 -ol.ef i n havi ng
4 to Zggiarbo% §?£E§P§§gﬁ%? p?f%%€%§§§F%§%t§&%?%hflgr, there
RRP ' r f_an olefin Lymerization
cata?&éﬁkﬂf%%gﬁ? ggggﬁg Q%P%fPﬁ BoF?REB#?aPﬁoﬁatleYlng the
%%%%EVSE1d£heri na¥ be used 20 a catalyst conposed of
a compound-f tPYNSPIPERANES Fiaip el b5 kkeni erpcified by
E%I tum titaniumand the |ike and an organoal um num
ﬁ"‘gomn@@rr@andﬁﬂﬁﬁ nusn B§ - eexpoaedyrandbor Namth American
ionized ionic conmpound. O these, a catalyst

partregdarfor sbivbablopt ingedils t hewpeesent igveiti®oihg oils
is a netal |l ocene-based catal yst SF-1242PCT 20 which

sehpesedGat4astrhdki-acerene®@mpaungdof yhLarshil RR,URL
sel ected from G oup 4 of the PeriogiguTgble gr tﬁgB thg the

tehevandos 2ByoRaaN eALUMRNYIsN%3GMRQURM ANd QN Ay o
i oni zed ionic conpound.

The copolymer (B} used as a viscosity modifier for
lubricatiﬁg 0ils 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 a-olefin
having 3 to 19 carbon atoms (hereinafter, simply called “higher
o-olefin having 4 to 20 carbon atoms”) and, if necessary,
another monomer in the presence of an olefin polymerization
catalyst.

[0033]

As such olefin pqumerization catalyst, theremay be used .
a catalyst composed of a compound of transition metal such as
zirconium, hafnium, titanium and the like and an orgénoaluminum
compound (organcaluminum oxXy-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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5 [0034] In the follow ng, the netall ocene-based
catalyst wll be described. As a netall ocene conpound
conposed of transition netal selected from G oup 4 of
the Periodic Table which fornms the 10
neFal 2 62RB8- based catal yst, there may be nentioned a
nmet al | ocene conpound descri bed fromline 5 at page 16
toline 4 at page 19 in the panphl et of W01/ 85880,
which is specifically represented by the foll ow ng
general fornula (a) [0035] 15 Mx . (a) In formnula
(e}ich Mdmpdsedsif izoneralabcesakesbagoliham & O4phs A An metal
the Periodic Table, specifically zirconium titanium

afeldfd UtoX dSovel £ney e tﬂ&fc{?ﬁél’fé Rt aly g{ﬁce and

20 L is aligand coordinating to the transition ne
Aty | t f esg. )l ds L is_a ligand havin o
c;é|gg§%t§%?§hyrn§£e%% oﬁ%ﬁgﬁgnbheapgéﬁﬁd ﬂﬁvi%ﬁf%ﬁgéi lonic

C opent adi enyl skel eton optionally has a
Cy%l‘?t“qi%éfént. [ 0036] SF-1242PCT 21 “As the |igand

ngyiqg a cycl opent adi enyl skeleton, there may be

e ned, for exanple, a cycl opentadienyl group, an

al kyl - or cycl oal kyl -substituted cycl opentadi enyl

group, Ianthendedybwgngupthe #Ac5ab ldcketr-abydoicadanylst will
group, and a

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, e (a)

In formula (a), M is transition metal selected from Group

4 of the Periodic Table, specifically zirconium, titanium, or

hafnium;

X 1s valency of the transition metal; and

L is a ligand coordinating to the transition metal. At

least one of these ligands L is a ligand having -.a

cyclopentadienyl skeleton, and the 1ligand having a

- cyclopentadienyl skeleton optionally has a substituent.

{0036]
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5 fluorenyl group. These groups are optionally
substituted with a halogen atom a trialkylsilyl
group or the like. When the conpound represented by
general formula (a) has two or nore groups having a
cyErdpértadi enyl skeleton as ligand L, anmong these
groups, two groups having a cycl opentadi enyl 10

skel eton may be bonded to eackleiot her through a
(substituted) alkylene group, a (substituted)
silylene group or the like. [0037] As a ligand L

ot her tharthehé ipagdnidahang rg cy clopeintperitadileBytleton, there
skeleton, there may be nentioned a 15 hydrocarbon

graupbhavenyidnéd, 120€ oo BE ONB, ¢ R b KOXYA BEOWD. g Aup, an
aryl oxy group, a sulfonic acid containing group

(aB9¥Ra, or WhF B 1IRA L S8k A iylg gé‘\gér‘g?p&%f)&%@tgexdoup, an

al kyl group, an aryl group, or an gr oup

Siuhed & ut it h I atom _.or an. al kyl group), a
halogé% a?%ﬁ%kg h%d?@é@%sg%g%%%ﬁﬁp¥?lOl%éﬁ%#%e?”T@%ﬁS]and- a
nmet al | pcene conpounds which caontain

EX f

& . .

Zi ?Ic%}eﬁ?ﬁrf §°WPand Rave P URSET S QRS Horgdddss Wast hgufed with
%%%Lgfentadienyl skel eton are |isted bel ow. SF-1242PCT

WGty & dijelit By eni/l ki g cowd upr diled| bikele,
bis(ethﬁgcyclopentadienyl)zirconiun1dich|oride,
bi s( n- PRepytly cloopentralirepykzntednb ymedicfd 0Fb@Ru1a (a) has
bi s(i ndenyl ) zirconi um di chl ori de,
two or more groups having a cyclopentadienyl skeleton as ligand
L, among these'groups, two groups having a cyclopentadienyl
skeleton may be bonded to each other through a (substituted)
alkylene group, a (substituted) sllylene group or the like.
[0037]

As a 1ligand L other than the ligand having a
cyclopentadienyl 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 (-SO0sR?,
wherein R® is an alkyl group, a halogenated alkyl group, an
aryl group, or an aryl group substituted with a halogen atom
or an alkyl group), a hélogen atom, a hydrogen atom and the
like.

[0038]

Examples of metallocene compounds which contain

zirconium as p@ and have at least two ligands having a

cyclopentadienyl skeleton are listed below:
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5 bis (4, 5, 6, 7-tetrahydroindenyl) zirconium
dichloride and the like. [0039] Further, there may be
al so nenti oned conmpounds wherein zirconiumnmnetal in

t he above conmpounds is replaced with 10 titani um
nefalzéeP@af nium nmetal. In the present invention, as
the netal |l ocene conpound, there may be used a
conpound represented by the fald owing general fornula
(b): LIMX2 ... (b) 15 (In the formula, ML is a netal
of Goup 4 or of the |I|anthanide series of the

Per i odilei et ey 1dyd Sopettesd vah VB2 OF c@n d@hogakhz8d1 Ae,
-bondi ng group, providing the active netal site of M

With a NS My c 93wt L ¥i c ARd) ZPr%&gl‘?ﬁ&{? dichloride

i ndependently is a hydrogen atom a ogen atom ~or’

L O3 B0 ) 0 OS] 0PI, SO0 P01 98200 e,

| ess car con or gernan

o of or Pog CERsSIY T FUpT o Sl B5L9he f ol | ow ng

general SF-1242PCT 23 formula (c): [0040] Z-Y C, M
bis(4,5,6,7-tetrahydroin enyl) 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):

L'M'X; ¢+ (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 a hydrocarbon, silyl, or germyl group containing 20 or less
carbon, silicon or germanium atoms.) |

Among the compounds represented by general formula (b),

a preferred compound is represented by the following general



10 [0041] 5 In the formula, M is titanium

zirconium or hafnium X is the sanme as descri bed
above; Cp is a substituted cycl opentadi enyl group
having a substituent Z which bonds to ML through
TEEFbbRE2PZTi s oxygen, sul fur, boron, or an el enent of
Goup 14 10 of the Periodic Table (for exanple,
silicon, germanium or tin); % is a ligand containing
ni trogen, phosphorus, oxygen, or sulfur; and Z and Y
may forma condensed ring. 15 [0042] As the conpound
rBpresent ed) by general fornmula (c), there may be
nmenti oned, specifically,

[ digmdhyl (t-butyl am do) (tetramet hyl -fly-cycl opentadien
yl)si lane]titaniumdichloride, 20

[ (t-butylam do) (tetranethyl -g5-cycl opent adi enyl)-1, 2-e
t han Zedi-3+¥t ani um di chl ori de, SF-1242PCT 24

[ di bgnzyl (t-Hutyl am do) (tetranet hyl - n5-cycl opent adi eny

l),s¥ |ane Litaniumdichloride, [dinethyl
(t=<IHut'yram¥lo) (tetranethyl-rl5-cycl opentadi enyl) si

| ane] di benzy|titanium 5

[ di met hyl (t x4t yl ami-df)(t et ramet hyl -rl 5-cycl opent adi en
yl) si
[0041]

5 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 Ml.throughjt~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, phosphorus, oxygen,
or sulfur; and

Z and Y may form a condensed ring.

15 [0042]

As the compound represented by general formula (¢), there
may be mentioned, specifically,
[dimethyl(t—butylamido)(tetramethyl—n5—cyclopentadienyl)si
lane]titanium dichloride,

20 . [(t—butylamido)(tetramethyl~n5—cyclopentadienyl)—l,z—ethan :

ediyl]titanium dichloride,
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| ane] dinmethyltitanium [ (t-butylam do)
(tetranmethyl -rl 5-cycl opentadi enyl) -1, 2-ethan
edi yl ] di benzyl titani um

met hyl am do) (t etranet hyl -rl 5-cycl opent adi enyl ) -1, 2-e
t AENe244BCHi yl ] di neopentyl titani um
[ (phenyl phosphi do) (tetranet hyl -r) 5-cycl opent adi enyl )
met hyl ene] di phenyltitanium 24
[ di benzyl (t- butylan1do)(tetranethy|-r 5- cycl opent adi en
yl)si lane dibenzyltitanium 15
[ b etrie | benzyt aibmod 67 || beeyahopRp agb-enyl) shaned dikyl) s
trime thylsilyl)titani um
[ et il {rphenyd PBRSHPL §9) (tet ramet hyl -rl 5- cycl opent ad
ienyl )silane]dibenzyltitanium

[ (diataanpt il 0f, £6] QBPEREL SN 3 - o SRS 1 88,1 o1

nzyl

[%%ﬁ%fé%§§aﬁﬁi%§{l%%%%LgfeF;a?:S?yl) 1- nethylethanolat

hyIcycIopentadlenyI) -1- et hyl et hanol ato (2-)

HE&H; (4 U ars o UppaRps: h y D=1 (4w cliopeBaadienyl ) s
9a rj) -9F+fluoren 9-yl) cycl ohexanolato (2-) ]
deret Bymeithaditirharfizum,( (4a, 4b, 8a, 9, 9a-rj)
-9H fluoren-9-yl) cycl ohexanol ato (2-) ]
di(behzy ki atmddic)mtastd dnfkaHyilkey -5yEA8A3htadienyl) -1, 2—~ethan
ediyl]dibenzyltitanium,
[ (methylamido) (tetramethyl-n®~cyclopentadienyl)-1,2-ethane
diyl]dineopentyltitanium,
[(phenylphosphido)(tetramethyl—nS—cyclopentadienyl)
methyleneldiphenyltitanium,
Idibenzyl(t—butylamido)(tetramethyl—ns—cyclopentadienyl)51
laneldibenzyltitanium,
[dimethyl(benzylamido)(nswcyclopentadienyl)silane}di(trime
thylsilyl)titanium,

[dimethyl(phenylphosphido)(tetramethyl—n5~cyclopentadienyl

)silaneldibenzyltitanium,

[(tetramethyl—n5—cyclopentadienyl)~l,2—ethanediyl]dibenzyl

titanium,

‘[2—n5—(tetramethylcyclopentadienyl)—l—methylethanolato(2—)

ldibenzyltitanium,
[2—n5—(tetramethylcyclopentadienyl)~1—methylethanolato(2—)

ldimethyltitanium,
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Further, there may be al so nentioned conpounds wherein
the titaniumnetal in the above-descri bed conpounds is
replaced wi th zirconiumnmetal or hafniumnetal. These
net al | ocene conpounds nay be used solely or in 10
cOMbilPatdrmY of two or nore kinds thereof. In the
present invention, as the netall ocene conpound
represented by the general forgyla (a), a zirconocene
conmpound which contains zirconiumas a central netal
atom and at least two |igands having a

cyekapaat, s, ey lo, skehgtom s yeherahly and¥ato (2-) ]
net al | ocene conpound represented by the nera

f@gﬁg%ﬁYQth%5lQ&Q preferably contains titaniumas the
central - netal atom Anong the above-descri bed

aI e QIO nds rtlcul preferred one
rTFéa cg%bgghg ?gpggsgﬁtgg %3u%ﬁﬁ%ré1 6ﬁﬁﬁQQ%§$HOIatO (2-)]
qggaalnkﬂg ilt&ﬂlUﬁ]&S the central netal 20 atom

A2 XA I-§RAGRI aRFnERPoXyK€onpound which forns the
netallocene based catal yst nay be a publicly known
al U Abxane as described fromline 24 at page 21 to
line 6 fromthe bottom SF-1242PCT 26 at page 22 in

the panpitighenf tNEDE 85880e hisoBiMeheidAed compounds wherein
or ganoal um num oxy- conpound whi ch is insoluble in

eny ede anAsimafe t KNk 26t d 98bGCORRRYAE,
met al | ocene- based catal yst, ?here way%§y§é¥%€%%€&%§&¥ﬂaced

LWL ACHSoniwn 3 £ 2D & CRUPRYRY ARd.the 1ike.

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), a zirconocene compound
which contains zirconium as a central metal atom and at least
two ligands having a cyclopentadienyl skeleton is preferably
used. The metalloc_ene compound rebresented by the general
formula (b) or (c) preferably contains titanium as the centrall
metal atom. Among 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  organocaluminum 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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[0045] As the Lewis acid, there may be nentioned a

conpound represented by BR3, wherein Ris a phenyl

group optionally substituted with a fluorine atom a

nmet hyl group, a 10 trifluoromethyl group or the I|ike;
ofFalEldBErne atom As the ionic conpound, there may

be nentioned trialkylated amoni um salt,

N, N-di al kyl ani liniumsalt, diza kyl ammoni um sal t,

triaryl phosphoniumsalt and the |ike. [0046] 15 These
Lewi s ‘aci ds and ionic conpounds are publicly known as
exenpeigki 618 for texanplgphfstonoFi Mool tesddne Gi@tmay be an
page 23, and fromline 10 at page 23 to line 7 at

poggaZda 1 LESREET byt YompbinkhQnparpPhket nQb 1 W91/ 83880 sene .
Further, as the ionic conpound, there may be also 20

mentiongd tgiphegylcagbeni .
tetrakis(pentafFuoro% enyc#g%}at%Smpound which forms the

' [ ani | i nium _ _ _
t'}‘é%agjk@ﬁ%%%%?%@ FEPRENTILY i el @ Mepdht BEBLiLQRE & Lewis acid,
tetra(pentafl uorophenyl )borate and the like. In
gat i Tt QrS TR O e d-kont k@ onpound is suitably
used, for regulating the SF-1242P CT 27 conposition
di%4Slbuti on of the ethylene/a-ol efin copol ymer (B)
[0047] For form ng the netall ocene-based catal yst, an
‘ As the Lewis acid, there may be mentioned a compound

represented by BRi, wherein R is a phenyl group optionally
substituted with a fluorine atom, a methyl group, a
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]
| These Lewls acids and ionic compounds are publicly known
as exémplified, 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 W0O01/85880.

Further, as the ionic compound, there may be also

mentioned tri'phenylcarbenium
tetrakis {pentafluorophenyl)borate, N, N-dimethylanilinium
tetrakis (pentafluorophenyl)borate, ' ferrocenium

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

an ionized ionic compound is suitably used, for regulating the
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5 organoal um num conpound may be used in conbination
Wi th an .organoal um num oxy-conpound and /or an
i oni zed ionic conpound. As the organoal um num

und, there nay be nentioned a conpound

réEri%éﬁPEE by the follow ng general fornmula (f): R

" ... (f) 10 In the formula, R represents a
hydrocarbon group having 1 t@75 carbon atons,
preferably 1 to 4 carbon atons; X represents a
hal ogen_atom or a hydrogen atom and n is a nunber of
1C‘P16p‘3.511_3@91218§1l5§-51éuth00r géantiaé e Inphece/@edhdfis copolymer
publicly known as exenplified, for exanple, fromline
28Bht page 24 to line 5 at page 26 in the panphlet of
W01/ 85880. In the presence of the above-nenti oned
ned@d ¥ pcene- based catalyst, ethylene, an a-olefin
having 3 to 19 carbon atonms, 20 a higher a olefin

havi ng ght 0 f’-&rﬁ@ﬁgo” 3 OrTEm Oovg%lﬁ%ekg ’cgtalyst, an

another nononmer ar copo ynerlze
mer i z tion. solvent a

y océﬂbon sﬁ“ﬁﬁﬁp$ eﬂ%?a ?yusﬁge&nbﬁpmaiﬂﬁﬁﬂqg|With an

such as - propyl ene may be used. [0049] SF-1242PCT 28
AL 9&%@%%@} BEH - SePPeRnd AR /of poliprerziedal poh¢ compound.

there may be used aliphatic hydrocarbons such as
péntidire, cherane l urhapramsmmatahe, tlecaneayddsecABALtioned a
and kerosene and hal ogenated derivatives thereof;
gbmppendc rieypdrecearteanoudte following general formula (f):
RYWALKs, v o (£)
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 a number

of 1 to 3.
[0048]

Such organoaluminum compound is publicly known as
exemplified, 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 metallocena-based
catalyst, ethylene, an w-olefin having 3 to 19 carbon atoms,

a higher a-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 bpropylene may be used.

[0049]



5 as cycl ohexane, nethyl cycl opentane, and
nmet hyl cycl ohexane and hal ogenated derivatives
thereof; and aromatic hydrocarbons such as benzene,
t ol uene and xyl ene, and hal ogenated derivatives
t REré6f28G&h as chl or obenzene. These sol vents may be
used solely or in conbination of two or nore kinds
thereof. 10 [0050] Ethylene, @ a-olefin having 3 to
19 carbon atons, a higher a-olefin having 4 to 20
carbon atons, and, if necessary, another nononer may
be copolyie kEdrecahbrriyo Iatcth usedhbd podiyretrization, there
conti nuous process, but continuous copolynerization is
15aprieé eused. 2 Chpha DUOUBYEOPOLYBBAEZ3LERNa 8ShEFt fne, hexane,
stirred tank reactor is particularly preferred. In
Clogh t MIQUS o@Q@@ﬂe){merdeZ@éﬂé)rn, &Q&egﬁﬁél ! O%Flﬁe._ q?e%eo%ene and
catalyst is used, for exanple, at the follow ng

j The ncentrati.on of
a8 e e ve b BT TR0 1 Sy Zienppsbons suck

al Tocene conpoun a poly

|
L1y _Q.00005 .1 mol /L | i zat i
5 B EWBrOheRar e j 6L 60BIOT SR 6205, i REChy FRgCLohexane and
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r ganoal um pnum oxy- conmpound i s supplied in such an
gfﬁglﬁﬂenaﬁﬁﬂ tpeitdlaresatperepfal amdn@moaedha hydrocarbons

transition nmetal of SF-1242PCT 29 the netall ocene

EHFourRS | Panrerpol yrisriumatd ormmsy stamerdl / taransiHd 1yenated
netal ) becones 1 to 10000, preferably 10 to 5000.
[@@S2atives thereof such as chlorobenzene. These solvents may
be used solely or in combination of two or more kinds thereof.
[0050]

Ethylene, an o-olefin having 3 to 19 carbon atoms, a
higher o—-olefin having 4 to 20 carbon atoms, and, if necessary,
another monomer may be copolymerized either by batch method
or by continuous process, but continuous copolymerization 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.

[0051]

The concentration of metallocene compound 1in a
polymerization system is generally 0.00005 to 0.1 H;Jnol/L
(polymerization volume), preferably 0.0001 to 0.05 mmol/L.

The organoaluminum oxy-compound is supplied in such an amount

that the molar ratio of aluminum atom to transition metal of
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5 The ionized ionic conmpound is supplied in such an
anount that the nolar ratio of the ionized ionic
conmpound to the netall ocene conpound in the

peky Bl ion system (ionized ionic
conpouﬁgfﬁgtallocene conmpound) becones 0.5 to 30,
preferably 1 to 25. 10 When an or ganoal um num conpound
is used, the concentration th&?eof is generally about

Oto5 mol/L (polynerization volune), preferably
a@ggt Q %o ? mol / L. 0053] In the case of . ‘
copol yHEr 2T RGEREhyFIMOURGA 2iB| efPf NGl¥meThtpBien system
1Z%c?rbon atons, a hi?her a-olefin having 4 to 8
cHrbbhrapshEionnaetai) nbecsmasy,l drotE0ononeferably 10 to
the presence of the above-nentioned netall ocene-based

@ yst, copolynerization is carried out under
conditions wherein the tenperature is generally from
nidus2 POC t o 150C, preferably 20 fromOC to 120C, nore
preferably fromOC to 100C, and the pressure is over

0 and 8GhkgbernBear; hel \f‘.‘orr&{oqrﬁf ghl %u%%]ﬂeg inag{qlcho n aﬁount

kg/ cn2 or bel ow. The above-nenti one yheriz n%

cond 0L PEELFLABLY hSPL COSL AN L0 SOOI .

pol ymeri zation.

&E@%ﬁﬁﬁﬁgﬁye rﬁ%ﬁgﬁiqn Fine in thergase. of S
cont | copot Zdt i by, PRAVERrd8pEhes SWstem (ionized
condi tions such as catalyst concentration, and
bgpy}ﬁ;erpglg@pgﬁd/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/L.
(polymerization volume), preferably about 0 to 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 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 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 0
and 50 kg/cm® or below. The above-mentioned polymerization
conditions are preferab_ly kept constant in continuous

polymerization. -
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5 tenperature, is generally 5 mn to 5 hr, preferably
10 mMmn to 3 hr. Ethylene, an a-olefin having 3 to 19
carbon atons, a higher a-olefin having 4 to 20 carbon

atQs, i f necessary, another nononer are
suppl?ég&?g'the pol ymeri zation systemin 10 such

anounts that the copol yner (B) having the
above-described specific conpd8ition can be obtained.
In addition, a nolecular weight nodifier such as
Cﬁgﬁggﬁn may be used in copol ynerization. [0055] 15
hyl ene, an a-olefin having 3 to 19 carbon
atonms, _a higher a-olefin having 4 to 20 carbon atons,
and, ifThecessaijon aboehéavepagrereaerttonotyrerizethe case
as descri bed above, the copolyner (B) is obtained as

aoﬁohym@imQQM$(qmpﬁﬁyﬂéﬁizaﬁpmﬁﬂjWHﬁQﬁIH%p@%@%'Mﬂeéonditions
The pol ynerization solution is 20 treated in a usua

nencier , g ovicditad vishe cepalbymeh 1(Bhused, jin t . ,
present invention. [Additive cgﬁposffiona?%r P81 ymerization

| i €85 4 98 O3 $ i} ive.copposition f .
Iubﬁ?cating ofisbgﬁgggggRQS %%tgg %gggeﬁfeﬁkﬁéﬁéﬁbﬁo min to
h§é§:conposition whi ch contains oil SF-1242PCT 31 (A)
and the copol yner (B). [0056] At first, each conponent

conposi the additive conposition for lubricating
oi | s aldoWdioRG t &1t R pkeSBrthaving 3 to 19 carbon atoms, a

higher c~olefin having 4 to 20 carbon atons, 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-clefin having 3 to 19 carbon atoms,
a higher c-olefin having 4 to 20 carbon atoms, and, if necessary,
another monomer are copolymerized as described above, the
copolymer (B) is obtained as a poiymerization solution
containing the copolymer. The polymerization solﬁtion 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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5 invention is explained. <(A) GI> Gl (A used in
the present invention includes mneral oils and
synthetic oils such as poly-a-olefin, polyol ester,
di.ester ch as dioctyl phthalate and dioctyl
sgggggég?égnd 10 pol yal kyl ene glycol. Mneral oils or
bl ends of mneral oils and synthetic oils are
preferably used. Mneral oils 3lsubjected to a
purification step such as dewaxing or the |like are
ggggrally used, and have several grades designated in
altor ¥R cERRi ERPR&GFMETCdBlon procedures. General ly a
m neral 15 oil having a wax content of 0.5 to 10%is
us8@>6lne may also use a highly purified oil which is
produced, for exanple, by hydrocracking purification
and hadita |Giwpour @oiit, canfbmdht ViSaRsssyng ndee alitive

a conposition mainly conposed of isopraffin:

Gengd 1 tyiont heoel 11 avidag ia im@t%ei\gkgﬁe@g; ittée c}%% Yresent

40C of 10 to 200 cSt is used. [0057
aﬁw&til'srpef@le%igigﬁg.used generally after a

purification step such as dewaxi ng and are cl assified
into ral. .grades which are defined by API
( ArTer | ST RSS! eum SF- 1242PCT 32 I'nstitut e)

classification. The properties of |ubricating oi
bases Whi-ch®ar BSEFadsi Fredisrentedavesit idre igrdupeamdneral

shown in Table 1. [0058]
0ils and synthetic oils such as poly-ec-olefin, polyol ester,

diesters such as dioctyl phthalate and dioctyl sebacate, and
polyalkylene glycol. Mineral oils or blends of nineral oils
and synthetic oils are preferably used. Mineral oils
subjected to a purification sﬁep such as dewaxing or the like
are generally used, and have several grades designated in
accordance with purification procedures. Generally a mineral
oil having a wax content of 0.5 to 10% is used. One may also
use & highly purified oil which is produced, for example, by
hydrocracking 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 cSt is used.
[0057]

As described above, mineral oils are used generally after
2 purification step such as dewaxing and are classified into

several grades which are defined by API (American Petroleum
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hydr ocarbon i ndex *1 content *2 content 3 (o0 by

vol une) (% by weight) (i)*4 mneral oil 80 to 120 <

90 > 0.03 (ii) mneral oil 80 to 120 a 90 < 0.03
(PET}2ARRETal oil > 120 ? 90 < 0.03 (iv)

poly-c(-olefin (v) lubricating oil base other than

t he above *1: Measured in accaoymlance with ASTM D445

(JI'S K2283) *2: Measured in accordance with ASTM

D3238 *3: Measured in accordance wth ASTM D4294 (JIS
kPBat}tuke) *at asyblpcqtyon nclidesrobaetaksoht SubaMicAE ing 0il
a saturated hydrocarbon content of |ess than 90% by

vibhsee winilch stk fallas Comt et rifo 1038 haRnd. §3%:BY are shown
wei ght; mneral oils having a saturated hydfocarbon
comtesmief 1not | ess than 90% by volunme and a sul fur

content of nore than 0.03% by vol une; and mneral 15°
ojd@sdrpving a saturated hydrocarbon content of |ess

than 90% by volune and a sulfur content of nore than
0.03% by weight. [0059] Poly-a-olefinin Table 1 is a

hydr ocar bon pol yner which is obtained by polynerizing

at | east an a-olefin having 10 or SF-1242PCT 33

Table 1
. ' Saturated sulfur
Group Kind Viscosity | hydrocarbon content *3
index *1 content *2 Ny .
(% by volume) (% by weight)
(i}*4 | mineral oil | 80 to 120 < 90 > 0.03
(ii) |mineral oil | 80 to 120 2 90 < 0.03
(iii) [mineral oil 2 120 2 90 < 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 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 volumé
and a sulfur content of more than 0.03% by volume; and mineral
olls having a saturated hydrocarbon content of less than 90%
by volume and a sulfur content of more than 0.03% by weight.

[0059]

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

is obtained by polymerizing at least an a-olefin having 10 or
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nore carbon atons as a raw material nononer, and

pol ydecene obtai ned by polynerizing 1-decene is

exenplified. The oil (A) used in the present invention

i%Fg& Qﬁf y the oil belonging to any of groups (i)

to (iv rticularly 5 preferable oil is a mnera

oil having a kinematic viscosity at 100C of 1 to 50

m®2/s and a viscosity index of380 or nore, or

pol y-a-olefin. Further, mneral oils belonging to

g&gug éi') or group (iii) or poly-a-olefin belonging

t 0°grofi r%’P%?) atgps gﬁe?eF@.HdIﬂa§etfhélomPn(>m¢r,O‘ahd polydecene

bel onging to group (ii) 10 or group (iii) tend to have

CPbeRefakycBalaReragiognpadedtens tis aidemphdlfingi.ng

to group (i). Particularly, the nost preferable oi

is a mHeealibi(R)whsed hel g prids QrOUR Ve onOk s 95 PdiPerably

(ii1) and has a kinematic viscosity at 100C of 1 to

Sthemd 5 bRy \HE easkhy ¢ 80, )0 fey or ;

pol y-a-ol efi rfﬁj 15gsbel ongi%g %‘“gé%u%’( irt\?wiﬁb%()ﬁaﬁﬁularly

Gopof : Ly d.in.the_present, . , )

inveH%?%%?e?%%quggvg?ggggpiégg %88%P9n%?k%%ﬁm%&ﬁ%wy%%FOSltY
ISP ifier ,20 for lubricating oils is used.

%ﬂgﬁ'is, %ﬁ%?gg?§hﬁ§¥H;Fhﬁnﬁdﬁ6Fyﬁ%?5¥%%AﬂﬂeéhOf 80 or more,

conprises (i)_a structural unit derived from

éDFh;HOé%‘,O‘TH%fJaPst Fyctiedr migiaraderdied Helomaimg to group

a-qlefin having 3 to 19 carbon atons, and (iii) a

dtidcOodr groumi (1dét i veddrwmraohegherbel ohefaq tamgp (iv)

SF-1242PCT 34

are preferred as the oil (A). 0ils belonging to group (ii)

or group (iii} 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—a¥olefin
belongiﬁg to group (iv).
[0060]

< (B) Copélymer>

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
(1) 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 o—olefin having
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4 to 20 carbon atons whose carbon nunber is by one or
nore larger than that of the structural unit derived
froman a-olefin having 3 to 19 carbon atons, and has

gﬁ i? omnng properties of (1) and (2): 5 (1) it

Tarhéfes to 49 nol$ of the structural unit (i), 15

to 55 nol % of the structural unit (ii), and 9 to 40

nol % of the structural unit (34i). (the total nolar

amount is 100 nol% ; (2) the intrinsic viscosity

(%773 is 0.5 to 5.0 as neasured in decalin at 135C

1 tPO%) B rprhre atenetiicee garbopinynponpesingneher more larger
copolymer (B) is preferably propylene. The structura

uriran thit)o T ohposting-tiveal capal et véBY ros £t eF-enabiv having
1- butene, 1-hexene, or 1l-octene. A copolyner that is

partd 1 ard ybgt edeshied agdthe 15 copol yner (B)
conprising 29 to 49 nol % of the structural unit (i),

Ahd oD mf@vplfsa{ h_@réﬁéf‘ ggagfunhg &hoﬁ %g“d 10 to

35 nol % of the ructura uni t (i scri bed

qqgvﬁt Cbggg%hSI%SZS #Siﬁéi ?%o@#%égg?co %éuQ#t) , 15

has at | east one

L (3., MV N is 2.4 or Iess (4) heat of
Q:Lfél%n“%i ;F )tr?@aﬁﬁré’d: %S(‘i‘qlst 50110 /J/apchr? [tes40 mol% of
&5) intensity ratio Dis O 5 or less, where Dis the

bi LBRCtwapl (i idad 11 $a( BtiSadp tad measurembint is 100 mols) ;
13C-NVR. SF- 1242PCT 35 ™~
{2) the intrinsic viscosity ([n]) is 0.5 to 5.0 as measured

in decalin at 135°C.
[0061]

The structural unit (ii) composing the copolymer (B) is
preferably propylene. The structural unit (1iii) composing the
copolymer (B) is prefe;rably l-butene, l-hexene, or l-octene.

A copolymer that is particularly preferred as the
copolymer (B) comprising 29 to 49 mol% of the structural unit
(i), 20 to 40 mol% of the structural unit {(ii), and 10 to 35
mql% of the structural unit (iii), as described above,

[0062]

It is preferred that the copolymer (B) has at least one
éf 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

Sof to Sox (Saf/Sact} as measured by 'C-NMR.
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[0063] An additive conposition for lubricating oils
according to the present invention conprises the

copolymer (B) and oil (A) . The content of (B) is
frgpn.j_[z,g@lgg.ﬁ% by weight and that 5 of oil (A) is from

99% by wei ght to 70% by wei ght., wherein the total

anmount of (A and (B) is 100% by weight. Preferably

the content of (B) is from1 #& 20% by wei ght and

that of oil (A is from99% by wei ght to 80% by

wej gHys1 More preferably the content of (B) is from5

to 10% by wei ght and that of oil (A 10 is from 95% by

wei ght %‘%98% by weight. In the present invention, in

addi ti oft™t 89¢h&E1¥EnEEREASETIAR Bl YB)ricdtity oils according
conponents such as a thermal stabilizer may be

c ot EpﬁeﬁrﬁﬁeatsﬁavmaﬁmnndzgmptiQ@a@ the ¢SBer &) ang oil
tggéobj ects of the present invention are not :

i i-r €the 160) 06h4] o Ther pdd t4 M, COMROSI el I

| ubricating oils according to the present %&n%ﬁ Pgnand that
| sfaoLONEOSIitsl §Rowhbel DAl e, camponent (A) in |

t he above-descri bed arm]l%lﬁt, ggﬁ:t tﬁgt?of%y we%eeﬁ‘}r]d:l"e%"hﬁﬁem the
MtEtAY A S C YRSt ] jth o L .conponents for 20

| ubricating oil g%r%pélglgt %lgo)ngsi Lgﬁr&a&agfe&gz%e Preferably the
I i i | . c ositions, a specific viscosity
sﬂ%gﬁ% ‘{]%r&%)ub‘ﬁ %‘hé o4 &% duih wed ittt ainvedhaitt hfaoil ()
resd ed unt of the conmponent (B) added. That is,

thi 7% 6‘&} S YoM eighdxdel Bt bynweoghtt hilekeaimee ferably the
property. Further, by using.said additive SF-1242PCT
Fwntent of (B) is from 5 to 10% by weight and that of oil (A)

1s from 95% by weight to 90% byweight. Inthepresent invention,
in addition %o 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 compesition with other components for
lubricating oil compositions in pProducing the lubricating oil
compositions, a specific Viscosity suitable for lubricating
0ils can be attained with a reduced amount of the component
(B) added. That is, this composition is excellent in -

oil-thickening broperty. Further, by using said additive
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" (AA) used in'the present 1nvention

conposition for lubricating oils, |ubricating oi
conpositions excellent in |owtenperature
characteristics and handleability at | ow tenperatures

can bt ai ned. Since the additive conposition for
Igg?fggf?ﬁa oils according to the 5 present invention

is a conposition containing the oil (A), as described
above, it has good workability6éat the tine of addition

and can be readily m xed with the other conponents.

[0065] [Lubricating oil conpositions] 10 Lubricating
FTIROGHPOSPR | onSCaccordimigatolnhe prissent Jiubmimtdtomg  oil
are conpositions which conprise a lubricating oi

e (HA) 1 on hexakdentein ilowed copralayee ¢ raa@bdristics and
pour - poi nt depressant (C). At first, each conponent

donpisdalgi They latblbeatémige Phturdd CRPRSLEEONSed. Since the
according to the present invention is explained.

%@@@tﬂ#&”édﬁﬁééﬁkf&ﬂ f@§efﬁﬁ??céﬁ?ﬁ?ﬁ?ﬁEggaekhrgﬁiﬁ te the

€S m nera

gsrlte% eqﬂ‘.d ;Lﬁ}(z%h%%hc 1 % i Aa zcoznlupgogsti%si %B%é%it%&%gl%g gﬁa pg Jl. i/ OJ A), as

ster, diesters suc
SRE b PiRsat ey RS RO UL e BLycel i MR o
preferably used. Mneral oils subjected to a
BiFi FRBabicoreastidy Sictedayidendstingitdren eonpdrenire.
eneral ly used, and have several grades designated in
g@6bdance with purification SF-1242PCT 37

[Lubricating o0il compositions]

Lubricating oil 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
compositions éccording‘to the present invention is explained.

<{AA) Lubricating o0il base>

The lubricating oil base (AA) used in the present
invention includes mineral oils and synthetic oils such as
poly-a-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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procedures. Cenerally mneral oils having a wax

content of 0.5 to 10% are used. One nay al so use a

highly purified oil which is produced, for exanple,
h{drocracklng purification and has a | ow pour

ﬁ%E 242P@T gh viscosity index, and a 5 conposition

mai nly conposed of isopraffin. The oils having a

ki nematic viscosity at 40C of 370 to 200 cSt are

generally wused. [0066] Mneral oils are generally

used after a purification step 10 such as dewaxi ng or

ttHeod g dier . désteirbdd vabovesraind iare hactiagsid ived iqurgcent of

several grades which are defined by APl (Anerican

Ret¥ dewod nstel tgkd). cbasswiical sonusdhe hipfraperdueisftied oil

of lubricating oil bases classified into-each of the

HOURS iWep Bo§hoxe, | ﬂbﬁ@%‘éﬁp@%s chibedi dabt £oidind Purification
Pol y-a-olefin in Table 1is a hydr ocar bon pol yner

% tcf"'ﬂgg Qy 193% %}%&ﬂ:zgggn@ la?afi‘igﬁn v%.s%l %fllt eﬁ/éié‘;g, Sand a

or nore car ms as a raw-nateri a

exe I|f|ed b | ydecene I hed on Z|n .
e o Qe B RPN Lt TR 26 lrbagg"[h(e 1s having

used in the present |nvent|on is preferably the oi

\ﬁhﬂ‘éﬁeﬁé‘ltéﬁg§’lﬁ6°§ﬁ§yoﬁtgﬂBuEsOf(15 1) %@Q/)cst are generally

Particularly, a mneral oil having a kinematic

Wisecdosity at 100C of 1 to 50 mm®2/s and a viscosity

index of 80 or nore, or poly-a-olefin is preferred.

Foowledr, as the SF-1242PCT 38

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

Poly-a-olefin in Table 1 is a hydrocarbon polymer
obfained 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 (AA) used in the present
invention is preferably the 0il which belongs to any of groups
(i) to (iv) . Particularly, a mineral oil having a kinematic

viscosity at 100°C of 1 to 50 mm?/s and a viscosity index of

80 or more, or poly-o—olefin is preferred. Further, as the
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| ubricating oil base (AA) , a mneral oil which

bel ongs to group (ii) or group (iii), or

pol y-a-ol efin which belongs to group (iv) is

pr§%e{ 52% Is of group (ii) and oils of group (iii)

t end ave | oner wax content as conpared with oils

of group 5 (i) . Particularly, the nost preferable one
is a mneral oil mhich.belong§8to group (ii) or group
(iii) and has a kinematic viscosity at 100C of 1 to
qﬂgyﬁlstend a.yiscosity index of 80 or nore, or

pol Y- efihe H%ans%é gs? TG RgrGdpo ¢ L which bedenysoto group
<(B), Copol ynmer>-As the copol yner (B) used in the

| JB@ICQFI%QOBPI iébhpo@ItPQ#Ntd ¢ et jm egeinth ibnelemdgsono group

the copolynmer (B) which is the above-described
vi(d@dsi s yommith fied . f @i lsubifi gadipg(0i) Snd §iUsess doup (iii)
<(C) Pour-point depressant> The pour-point depressant

useddi tiotiterd UCALIERY Rl entOBROSb A AP v
present i nvention includes an alkylat%d enaﬁﬂnﬁ?lls of group

(669) p@éﬁ'f@éu?&rﬂfkyﬁ f{yﬁff{(eﬁ‘akﬁu ocnoe% RY gmﬁaeral oil

aIkyI acrylate, a copo ynmer o nara

V%H%E}fna&eefc?r{oges t%n %gglpgf(lé:[ﬂ{ ﬁ%%&%@lp 111 el gehggsog Pematic

i nan
(PRI oL TR e s (oo
SF 1242PCT 39

Oor more, or poly-a-olefin which belongs to group (iv).
[0068]

<(B) Copolymer>

As the copolymer (B) used in the lubricating oil
composition of the present invention, the copolymer (B) which
istheabove—describedviscositynwdifierforlubricatingoils
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
(co)polymer of alkyl acrylate, a copolymer of alkyl fumarate
and vinyl acetéte, an o-olefin polymer, a copolymer of an

c~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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The lubrication oil conpositions according to the

present invention conprise the pour-point depressant

(C as well as the lubricating oil base (AA) and the

cgg,gl ﬁmér B) which are described above. In this

| Gbr te4FFRg oil 5 conpositions, the copolynmer (B) is
contained in an anount of 0.1 to 5% by wei ght,

preferably 0.2 to 1.5% by weigit, nore preferably

0.25 to 1.5%y weight, particularly preferably 0. 30

to 1.5% by wei ght; the pour-point depressant (C) is
cont ai NeRE ik Gateia of10. oBmpos 584 bysweigitzding to the
preferably 0.1 to 3% by 10 weight, nore preferably 0.1 _
tBresehy iwevghtionostmpreferaheypolr2pbont. 8% by¥ssant (C) as
wei ght; and the remminders are |ubricating oi base

(W1 el dHentiiingi eQeDRGest 5 whish Rip describednelymer (B)
|ater. Here, there are no particular limtations o

thei o eng conp nt.s. ot her .t han (B .
and (C) ,%b%t %%%éﬁ%%% 1%5{’1?%“ of L he A igl%l%“(%&)(“;g oil
( ﬁggg- . ents ot.her t .B) and (O IS

f%% o,Jg%%%g?ggﬁvgéﬁﬁfﬁiﬁ%?éqggegér58P§39%F§;lgt?m|am0unt of
pre preferably 95/5, wherein the total ampunt of _

1t iTCatindY HeiBusve RradeTand ¥ He Ditendi rap dompsriaits more
ot her than B% and (C) is 100% by weight. The | ower
Prfiie el lohe - 2atiol b3 2y ey it bicendiing leoripopeaf srably 0. 30
other than (B) and (C)), although it is not

per Li bbllay lweld t ethe pouprebehablyp68L48ntNMEE is contained
preferably 70/30, particularly preferably 85/15. The
speanfamomites £ c@l 05 anges sy #81 gBxa 0 %
60/ 40, preferably 99/1 to 70/ 30?5%:%&%?3%2%% ?}‘]975033" by
WQi§Q£20m0§E'bke§5r$3ﬂ§P§ql 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 (AR)/(blending components other than {B)
and (C)) is 100/0, preferably 99/1, more preferably 97/3, still
more preferably 95/5, wherein the total amount of lubricating
oil base (A7) and-the blending components other than (B) and
(C) is 100% by weight. The lower limit of the ratio of
(AA) / (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‘examplé, 100/0 to 60/40,

preferably 99/1 to 70/30, more preferably 97/3 to 80/20, still



10

15

20

40 nore preferably 95/5 to 85/15. [0070] In the
| ubricating oil conpositions of the present
i nvention, the effect of increasing viscosity can be
0 %al 5 when the content of the copolynmer (B) is
%)%f ht or nore. Wen the copolynmer (B) has
conp03|t|on distribution, a conponent which inpairs
the effect of the pour-point dépressant (C) nay be
cont ai ned. However, when the content of the copolyner
(B) is 5% by MEIght or less, the effect of the 10
pBBFepBFﬁﬁe&éﬁﬁésgédﬁ tO) 85 Lot i npai red, and thus
such a content of the copolynmer (B) ks favorable.
ThePéPdre, when the content of the copolyner (B) is
Wi thin the above-described range, the excellent
effect Df ither eAM N SCOSLLY | {€hns 808 the present
| ubricating oil conpositions having good f}U|d|ty a

| oMtre AB1 6B IMPES RIH R CAR Pﬁc?@gﬁiﬂg%lgg %%%rn e &)talned

Iubrlcatlng oi | conpositions,
c SCOS|LY 1S nd el evation of
S@E‘%‘?%Eﬁ%n?oﬂésﬁ%e?bb 5% FPRT B oh Bltuidei HeH@hE or more.
y r (Bé aEd the 20 pour-point depressant (C) is
uce SThESBOFEBFFcatfhg 'l cemppsditipansdhseribution, a

excellent in lowtenperature characteristics in
SRMRAGHhYB16h YHemir ¢ fhe e et odliHd pyuatpbomt depressant
tenperatures and lubricating performance. The

| (fBr imayi kg otdniaimpesiti tlsieacagr ditign t @hkhecontent of the
SF 1242PCT

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

Cemperatures, and lubricating performance.

The lubricating oil compositions according to the
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41 present invention may contain, besides the
| ubricating oil base (AA), the copolyner (B), and the
pour - poi nt depressant (C), blending conmponents having
an_effect of inproving viscosity index such as a
(eBY péryRER of -al kyl nethacryl ate, hydrogenated 5 SBR
and SEBS, or bl endi ng conponents such as detergents,
rust preventives, dispersantsil extrene-pressure
additives, antifoam ng agents, antioxidants, and
metal deactivators. [0072] The l|ubricating oi
coRpeshtiligverddesrmingond aime besigessdnt Lulbweosting oil base
can be prepared, using publicly knowmn conventiona
nEAhbdstheycopod yige or (Bl s sohd i Tige t e £0pol yfedepkBsant (C),
t he pour-point depressant (C), and, if necessary, the
@ hexti d bh @ NEbiygo 1EHHPO QNS S d | oAty ' ;
(AA) . EXAMPLES 15 The or e%:e]ﬁhﬁ%ﬁ%ﬁ u &%ien&)a‘?fscosuy
f4 L bed i ' ' rence_to the
o e g amred P be il BELRRERETpb R, Hifiposenatea
t pr.ese Lnvention . .s in no way limted to those
SRR B BY 5T P30 A e e BRANET £, S 1HHE 2prJereRpente, rust
properties are neasured as described bel ow
EFPTE I GHY of LSHETFRYS> TIRKeeRsoRteingms additives,
determ ned, using a nuclear nagnetic resonance

Tosmsiner 498800 memifiact idedt by Jt@inétal , déamchivators.

SF71242PCT
[00672]

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 pour-point depressant (C), and, if necessary, the
other blending components in the lubricating oil base (AA).
EXAMPLES

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

those examples.

[0073]

‘In the examples, the physical properties are measured
as described below.
<<Compositions of copolymers>>

Thecomposithn1wasdetermined,using51nuclearnmgnetic

' resonance spectrometer LA500 manufactured by JEOL Ltd., in a
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42 m xed sol vent of ortho-dichl orobenzene and
benzene-d6 (ortho-dichl orobenzene/ benzene-d6= 3/1 to
4/1 (volume ratio) at 120C in a pulse width of 45 for
a pulse repetition tinme of 5.5 seconds. 5 [0074]
<MvlRM2Z2PCTThe MV Mh was neasured using GPC (ge
perneation chromatography) in an

ort ho-di chl orobenzene solvent g 140C. <<Intrinsic

vi scosity>> 10 The intrinsic viscosity was neasured in
decalin at 135C. [0075] <<Heat of fusion>> The heat

ofikedi osodarendbt ai hedottloe*dheh abeabehzeRBAOLRBr Menzene-d,
peak of an endotherm c curve which was nmeasured 15 by '

a (dirtherenthabrsbankien@ SRR LI @Pﬁ@o I hat (8’103%6‘% ratio)}

sanpl e was packed in an al um num pan eated t

agta;sqte pf 4 1, kapt, At for 5.mn,_ coopled

to mnus 150C &t i\gﬁﬂajt e ofogéaz?n%%,r AnBUhESt Eapﬁgﬁhon time
agfa5r§t§ ?3 %Ocvnin, and the endot herm c curve

récor ded” ar°Ph2  second run was used 20 for

dfﬁ@ﬂ%'nation. [00763 Viscosity at 100C (K. V.)>> The
k ic viscosity was neasured based on ASTM D 445.

In the present exanples, the K V. (kinematic
vi scositPw/dn>each SF- 1242PCT

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 in decalin at 135°C.
[0075]

<<Heat of fusion>>

The heat of fusion was obtained from the area of
endothermic peak _of an endothermic curve which was measured
by adifferential 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 5 min, cooled to minus 150°C at
a rate oi‘ 2O°C/mi.3:;.¢. 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,

In the present examples, the K.V. (kinematic viscosity) of each
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43 sanple was regul ated to be about 10 mm/ sec.
<<Col d Cranking Sinulator (CCS) viscosity>> The CCS
vi scosity was measured based on ASTM D 2602. The CCS
viscosity was used for evaluation of sliding
p?gﬁé?ﬁ?é§T 5 (starting properties) at |ow
tenperatures at a crank shaft. Wen the value of the
CCS viscosity is smaller, the 43 owtenperature
characteristics of lubricating oil are better. [0077]
10 <<M ni - Rotary Vi sconeter (MR) viscosity>> The MR
VFRRDEE t Yanasegpisirddtbabed aboLASTN Brdp84c. The MR
vi scosity was used for eval uation of punping by an oi

punp at<dovd tErgek bi¢r esmulbesrt hecyal vesebstPe>MR
viscosity is. smaller, the | owtenperature

char act@{d stkGCs; i - : .
[ Pol ymeri zat i onl%%%pyig%h%?hF%/Sﬁt}%ggéésS% %objgﬁbﬁ'b 2602. The

iR A e T

pol ymeri zat | or "equi ppe
t_-hor oughl ur ge OwWth nitrogen, 1 L of
g{% | eldi%gjdra@ée%‘afea%eoa etUh et SRS T FE HoRITIcHle .2 DecaHe shaft.
s fed continuously at a rate of 600 mi/h, and the

urESna¥alNer egdedths tREE twescesatypriesswameller, the

reached 3.8 MPa. After that, a decane sol ution .of

tHoM-SEmperadium nurhaE amicd ¥ 19s wast f edieadativayslofil  are

at a rate SF-1242PCT '

better.

[0077]

<<Mini*Rotartuiscometer (MR) viscosity>>

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

[Polymerization Example 1]

[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. 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

triisobutylaluminwn(O.2mmol/L)wasfechntinuouslyate&rate
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44 of 300 nL/h, and then a decane sol ution of

tri phenyl carbeni um (tetraki spentafl uorophenyl)borate
(0.006 mml /L) was fed continuously at a rate of 200
rﬂ% ;lfﬂﬂﬁ r, as a catalyst, a 0.0015 mmol /L decane
sol ut

onof 5
[di met hyl (t-butyl am do) (tetramethyl-fly-cycl opent adi en
yl)si lane] titaniumdichloriéé was fed continuously

at a rate of 100 nli/h in such a manner that no vapor

ph xist.ed in the polymnerization reactor. '
N@%ﬁ&ﬂﬁl‘@hﬂ G hetop dCamR Sqd iasr iofatirénhenylcarbenium
reactor, the polynerization solution was drawn 10 out
sdtehapkigpensp sl cgfopthiea yio Iborertiez at(D0N 0$0 | mkd DAL J Nwas fed
the polynerization reactor was constantly 1 L. Then,
efApféneoaslyaakaterate 25f Nl mIpiopy IreRe ha i, ake gf catalyst,
0.4 L/h, octene a rate of 0.42 L/h, and hydrogen a

rate of 0.80Ne/h wergmeonti nuousky.,fed to tg§ ution of
pol yneri zation reactor. Copol ynerization was %

coadueted; at -8, Py G ' l,ant _and. st ea , ,
t hr ough gjgcketg&eqﬂ?ggzgkgkkggﬁgggg tnhecycj‘Opem%dlenyl)Sl
p ' ' eact or.. 0Q7 By perform ng

c%:lo% yniet?%%‘tgﬁo@ﬁlCﬁhﬁla%l?“é%@asa’g%%y%mwy-at & rate of 100
C éﬁtions pol yneri zation solution 20 contai ning

a hﬁ?eﬁBFgrdbjT%%%?%cFEﬁE Sopolanar Massebeaistdd in the
The resul tant pol ynmerization solution was poured into

£ IeafduiAn of eettivanol Meamwhidedephsin the top of the
et hyl ene/ propyl ene/ oct ane copol ymer, which was then
dhoilemne nirderi are deced opr, esh e 1ameh30G f n 26101 oFN8as drawn
properties of SF-1242PCT

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

0f 0.42 L/h, and hydrogen 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.

- [0078]

By performing copolymerization under the
above-described conditions, a Vpolymerization solution
éontaining an ethylene/proleene/octene copolymer was
obtained. The resultant polymerization solution was poured
into a large amount of methanol 80 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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45 the resulting polynmer are shown in Table 2.

[ Pol ynmeri zati on Exanple 2] Copol ynerizati on was
conducted in a simlar manner to Polynerization

Ex e 1 except that the flowrate of propylene 5
mﬁgggﬁgﬁggg 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 N/ h. The properties of
the resulting polymer are shown in Table 2. [0079]
10 [ Pol yneri zation Exanple 3] Copol ynerizati on was
cbheuEegaltang Bphvmar AERnehown iRoMyphdei 2ati on
Exanple 1 except that the flow rate of propylene was
changedi kol gnd5i tdthi amdEkdap14- but ene was fed in place
of octene at a flowrate of 0.4 L/h. The properties

of the CdoTgaantidNgi POl YARI cAEQSHONN: A Ny TAY 1 2 manner to
[ Pol yneri zati on Exanple 4] Copol yneri zati on was

0:230) ¢ 39 i il ar izati.on

Exanpl eﬁ;Zéé%:%E)f% th tqet Ee H gv’&t ?1611 goégengiggyﬁaetneeofv%J%Opylene
3 nd_t hat _.1-hexene was fed in place

SPORdnb RSB - 2o AT Fhes e sTANALS Phe Prdpppredanged

%% t ﬁ% resul tin ol ymer are shown in Table 2. [0080]

[ o|0|;/ § il @p e Few rate v dinsiraggmiwss changed

steel autocl ave equi pped with SF-1242PCT

~ to 1.0 NL/h. Thepropertiasoftheresultingpolymerareshown

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 l-butene was fed in place of
octehe 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 flo'w“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 O.é L/h. The properties of the
fesulting polymer are shown in Table 2.
[00680]

[Polymerization Example 5]

To a 2 L volume stainless steel autoclave equipped with
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46 a stirring blade and thoroughly purged with
nitrogen, 900 nL of heptane was introduced at 23C. To
this autoclave, 50 NL of propylene was introduced
.L.th [.ng the stirring blade and ice-cooling.
#%Eﬁ}Egthgutoclave was heated to 60C and 5
pressurized with ethylene so that the total pressure
became 0.8 MPa. Wien the innetdpressure of the
autocl ave reached 0.8 MPa, 1.0 nL of a 1.0 nmol /L
hexane solution of triisobutylalumnumwas fed by
nf t 5 oeht Y d3kine ang ttdonanatily pungest wi thobdémegen, 900 mL
sol ution contalnlng 0.2 mol (|n terms of 10 Al) of
nef g Rt ane ne@niat 1 d0Xdmadl 2¥°C.  To this autoclave, 50 NL
bi s(1, 3-di met hyl cycl opent adi enyl ) zi rconi um di chl ori de,

whi ghr apasl e Ware fateddueasl edH roe atthegauhackayerbYg blade
nitrogen pressure to start polynerization. Then, the

| d¥5d diece t@SWEIAE Ur & t e
60C fofEGO n1A@§15 5%%1e?ﬁ§f§%§£%é3§?ﬁ regtﬁgg%gg €a%0°C ana

t ter m ron1the
sr{kgérst%fﬁ% ymer i %Bgleé%l\é:ﬁa ol?‘lélAC %ﬁean%?t ?ﬁﬁTthe% became
ﬁ? autﬁ Iav tQ term nate %nerlzatlon
R allEell e RS TIBPFESYGFi Eotf%eoaéhtﬁe%ew@ﬁeached 0.8

essure [0081] 20 The resultlng pol yneri zati on

ut i oh' has™pourdd i%t ol-8 | ampel AMounkesineet Bedotion of
so as to deposit an ethylene / propyl ene copol yner,
VWi ts ol wlisdnimdiriwsdwa s drd by ediucecyeat esesserat. 180€r that,
for 24 hr. The properties of the resulting polyner
&r alsbdwa itnlleahbke s21u8fioh242P€Eining 0.2 mmol (in terms of

Al) of methylaluminoxane, 0.002 mmol of
bis(1;3—dimethylcyclopentadienyl)zirconium dichioride,
which was pre-prepared, was fed into the autoclave by nitrogen
pressure to start polymerization. Then, the inside -
temperature of the autoclave wae regulated at 60°C for 60 min,
and ethylene was directly fed so that pressure became 0.8 MPa.
After 60 min from the startcﬁfpblymerization, 5ml of methanol
was pumped to the autoclave to terminate polymeeization, and
then the autoclave was depressurized.to atmospheric pressure.
[0081]

-The resulting polymerization-selution was poured into
a large amount of methanol so as to deposit an
ethylene/propylene copolymer, which was then dried under
;educed pressure at 130°C for 24 hrf The properties of the

resulting polymer are shown in Table 2.



47 [0082] Table 2 Polyneri- Polyneri- Polyneri-

Pol ynmeri- Polymeri- zation zation zation zation zation
Exanpl e 1 Exanple 2 Exanple 3 Exanple 4 Exanple 5

Pol yner géoperti es Ethylene content (nol% 46.1 46.2

48¥112828C07. 8 Propyl ene content (nol% 39.5 22.2
38.4 38.9 52.2 Cctene content (nmol% 14.4 31.6 - - -
Butene content (mol% - - 13.37- - Hexene content
(ml% - - - 14.3 - [n] (dl/g) 1.68 1.58 1.76 1.59

1.56 ba(3/Saa (% 0.16 0.16 0.16 0.16 0.16 Mwm W 1.9
290828 2.0 2.1 Heat of fusion (J/g) 2.4 2.6 3.1 2.8
3.1 5 [0083] [Polynerization Exanple 6] |[Synthesis
of olefin copolyners] To a 1 L volune pressurized
conti nuous pol ynerization reactor equipped with a.

stirring bl ade and thoroughtgrjpurged 10 with
nitrogen 1.1 of purified and dehydrated decane was

i ntroduced. Decah&h@eried cohtiTdougiPglanerd-r attelpferi- | Polymeri-

600 nL/h, and tﬁip‘r" spre? ' é§é’o°nso3théﬁt’f?i’e ) gzt-‘-oil ;
FoTymer bObAlrepLpssure —Ehchedo. 8 Atk o daEg 2 el
Ethylen%o[:&gﬂegg 9&‘01%; ri sob&g.xl al um nygpz( TI BA) 4@_.12 mpol /Jrg.a 478
PropylewaScdn@dn€opbi fUolisl yzg 5 22,2 38.4 38.9 52.2
Octene content {mol$%} 14.4 31.6 - - -
Butene content (mol%) - - 13.5 - -
Hexene content (mol%) - - - 14.3 -
fnl (dl/qg) 1,68 © 1.58 1.76 1.59 1.56
Sap/Soor (3) 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) 2.4 2.6 3.1 2.8 3.1

5 [G083]

[Polymerization Example 6]

[Synthesis of olefin copolymers]

To a 1 L volume pressurized continuous polymerization
reactor eqpipped with a stirring blade aﬁd thoroughly purged

10  with nitrogen, 1 L 6f purified and dehydrated decane was
introduced. De_c_:alne was fed continuoﬁsly at a rateof .600 mL/h,
and the pressure waé incréased so that the total pressure
reached 3.8 MPa. After that, a decane solution of
triisobutylaluminum (TIBAJ (0.2 mmol/L) was fed continuously
15 at a rate of 300 mL/h, then a decane solution of

triphenylcarbenium.(tetrakispentafluorbphenyl)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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15 at a rate of 300 nL/h, then a decane sol ution of
tri phenyl carbeni um (tetraki spent afl uor ophenyl ) borat e
(0.006 mol /L) was fed continuously at a rate of 200
m./h, Further, as a catalyst, a 0.0015 nmol/L decane

sefutfeéRPel ... ... ... SF- 1242PCT 48
[di met hyl (t-butyl am do) (tetranethyl-ri5-cycl opent adi en
yl)si lane] titaniumdichlorige was fed continuously

at arate of 100 nlL/h so that no vapor phase existed

in the polynerlzatlon reactor. Meanwhile, fromthe

t opile thne (pobyhel pradobhitetreastary ! hﬁecyeS@bémﬁ@dlenyl)
pol ymeri zation solution was continuously drawn out so

tlmteIhetmimmﬁimfhldmd@kmﬁeféafﬁdﬁﬁnlﬁﬁiéﬂirﬁ‘& & dtheor 100
pol ymeri zation reactor was constantly 1

il este Blaf At aPbr 1{3%5%%hex@%@%{hﬁﬂetgghéarﬁ%grgfzfatlon

0.6 L/h, octene at a ra en-a

Fd Al 10 e Qv N/ hrfNenbo oefn;ﬁ mr'llo %llb%e;g% ymerlzatlon

polynerlzatlon react’o

0 cted 800 by circ ting, coolant and steam
q:F‘Jirr‘l’lé)qzulijcg etrs Eé‘ﬁ%t_rjdb%d:’%ﬁ\”g? 2ZoFippesolution was

polynerlzatlon reactor. [0084] 15 By perform ng
COPFSITYSAat FBRVBIRIEr sPHe @b dhe vebrmk vifoblse p@lymerization

polynerlzatlon sol ution containing an

SPHATREY o pylee ipey louteaniez atoipmd yredc s e abmeshadbey 1 L.
resulting polynerization solution was poured into a

Taege eamyleheoktmat Ramel offo 20epRsit, LR@pylene at a rate of
et hyl ene/ pr opyl ene/ oct ene

0.6 L/h, octene at a rate 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 copolﬁer 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 a similar manner to
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20 copol ynmer, which was then dried under
pressure at 130C for 24 hr.

resul ting polyner are shown

reduced
The properties of the
in Table 3.

i'n a simlar manner to SF-1242PCT 49

[ Bal ynmerization Exanple 7] Copol ynerizati on was
Cc %Jdég?gé’ e

Pol ynmeri zati on Exanple 1 except that the flow rate of
was changed to 0.214%/h. The properties of
[ 0085]

propyl ene

the resulting polyner are shown in Table 3.
Table 3 Pol yneri- Polyneri- zation zation
Egahrg{ngrai za%&lo?n%%alﬁﬁ%%ér ¢X e Ettipatehbe domwena t €nafl Bopylene
| ene content (nol% 64.0 25.5 Cctene

i) the -resulting

35.6 60.2 Propy

cHRf efhapgeidytol L 8214180 . BuTkae
Hexene content (mol% - - [ a] (dl/g) 1.56 1.78

/| Babyiiéy 8ré6shBodfi iMMrhB12.8.1.9

(,7/9) 1.2 8.2
[0085]

Exanpl e 6

Heat of fusion

Table 3
Polymeri- Polymeri-
zation zation
Example 6 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]l (dl/g) 1.56 1.78
Saﬁ/Sua {%) 0.16 0.16
Mw/Mn 2.0 i.9
Heat of fusion (J/g) 1.2 8.2

[G086]
-,[Example 1]

Using 87.18% by weight of a mineral cil “120 Neutral”
(Trade name, manufactﬁred by ESS0O Co.,Ltd.), which was
classified in the group (ii) in Table l, having a kinematic
viscosity at 100°C of 4.60 mm?/s, as a iub:icating cil base,
0.82%kurweightofaipolymerpreparediJlPolymerizationExample
1l 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



[0086] [Exanple 1] 10 Using 87.18% by wei ght of a

mneral oil "120 Neutral" (Trade nane, manufactured

by ESSO Co.,Ltd.), which was classified in the group

(L) .iin_Table 1, having a kinematic viscosity at 100C

of '21662kf8/ s, as a lubricating oil base, 0.82%y

wei ght of a polynmer prepared in Polynerizati on Exanple

15 1 as a viscosity index inpreover, 0.6% by weight of
"ACLUBE 146" (Trade name, manufactured by Sanyo

Chem cal Industries Ltd.) as a pour-point depressant,
dndTR2TAL4BY) waisglt dEteruPpoods6perFaade mammbricating oil
manuf actured by The Lubrizol SF-1242PCT 50 '

Corppral tbo) ess apdeperganindi spersadberai bybhbsatéP8luated.
oil conposition was prepared and its properties were

ebted upkedlts Thee r 86NASiAr €a8h@Wy in Table 4. [0087]

5 [Exanples 2 to 4 and Conparative Exanple 1] The

prosegure of Exanple 1 was repeated except that the

pol yners each prepared in Polynerization Exanples 2 to

5 5 were Eﬂ%&11&?sgﬁ tiyfl%p$s a viscosity i ndex .
i nprove o%%vﬁ ua&é’ HEF UBPTRAT 7 v i FXaBRp®siii on
as sho 2\ in Tab&e 4. The 10 results are shown in
Tabl e 479 BE8EFIUFELPE X ERRAp| & vEEXSRBREcE EXaapletBat the
Exanpl e 4 Conparative
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
i0 results are shown in Table 4.
[0088]
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
o Example 1 Example 2 Example 3 Exampl 4 Example 5
Composition (% by weight)
Lubricating oil base 87.18 87.28 87.31 87.22 88.77
Detergent-dispersant 11.4 11.4 11.4 11.4 10.0
Pour-point depressant 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 wviscosity at 10.94 10.89 11.02 10.98
100°C (mm®/s) Ho-24
CCS wiscosity at -30°C 5304 5764 5822 5822 6140
(mPa-s)
MR viscosity at -35°C 28274 27765 29811 28910 40000
(mPa-s)
[0089]
15 As is clearly shown in Table 4, the composition in which

a specific copolymer of ethylene, propylene and a higher
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Exanple 1 Polymeri- Polyneri- Polynmeri-_ Polyneri-

Pol ynmeri Pol ymer bl ended zation zation zation zation

zation Exanple 1 Exanple 2 Exanple 3 Exanpl 4 Exanple

5 _Conposition (% by weight) Lubricating oil base
87F18287P98 87.31 87.22 88.77 Detergent - di spersant

11.4 11.4 11.4 11.4 10.0 Pour-point depressant 0.6

0.6 0.6 0.6 0.5 Polymer 0.82Hx72 0.69 0.77 0.73

Properties of lubricating oil Kinematic viscosity at

10.94 10.89 11.02 10.98 10.24 100C (mR/s) CCs

vitsebsfiy haviggCis5n0426764ri58222 6622 H440sed nbas) MRcosity
viscosity at -35C 28274 27765 29811 28910 40000

(nPAET 10088} 1UbrAsaitsingl eallsy ishowt ddy Tiabl BowbtdiiSerature
conposition in which a specific copolyner of

EﬁﬂaﬁéﬁﬁbrpéﬂﬁdéeBﬁcﬁn%sadﬁ§ﬁ¥§sé%§§?§2g§5 RR viscosity as

a-olefin having 4 to 20 carbon atons IS used as a
(SRR RO Ko L) SR RIA 2L Lt one
&ﬂ%%gggﬁggégﬁiaérgg?dggggfgﬁgcggggy;digggggséé}(T&gglcating
oils.

For lubricating oil compositions, low-temperature
characteristics such as ccsg viscosity and MR viscosity are
desired to be improved as much as possible. For example, by
increasing the degree of purification of lubricating 0il base,

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,thelow—temperaturepropertiesareimproved),but:ﬁ:takes
cost.
[0090]

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

[Comparative Examples 2 and 3]

The procedure of Example 1 was repeated except that the

polymers each prepared in Polymerization Examples 6 and 7 were

used respectively as a viscosity index improver to evaluate



5 and propylene is used as a viscosity nodifier for
lubricating oils. For lubricating oil conpositions,

| ow-tenperature characteristics such as CCS viscosity
and MR viscosity are desired to be inproved as much
aSF¥pd3S8EBL&. For exanple, by 10 increasing the degree
of purification of lubricating oil base, CCS

vi scosity can be | owered, for mxanple, by around 10 in
the above neasurenent val ue, or MR viscosity can be

| owered, for exanple, by around 100 in the above
nméhsuleheacatdinge (itlhatompssithen | aw teaper atrireable 5. The
properties are inproved), but it takes 15 cost.

[ 0890] t AsapppeEednt @nt lrgbaboge case, according to the
present invention, the CCS viscosity and MR viscosity
camode] i nproved w thout using any expensive nethods.
This is of great 20 significance. [Conparative
Exanpl es 2 and 3] The procedure of Exanple 1 was
repeated except that the polynmers each prepared in
Pol ynmeri zati on Exanples 6 and 7 were used
respectively as a viscositj“#hh%x5inprover to eval uate

pr- 1242PCT 527 The TUbT Trat T B8P fac s PIPOSITt T OR s v
shown in Table 5. The resultszaiReShown iin Taklg 5. 3
OOQllPol@m-ergk‘gl%nged Polymerization Polymerization
: - Example 6 Example 7
Composition (% by weight)
Lubricating oil base 87.12 87.31
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
100°C (mm®/s) -
CC3  wiscosity at -30°C 6410 5654
{mPa-s) _ .
MR  viscosity at -35°C 29931 48869
{mPa-s) )
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Conparative Conparative Exanple 2 Exanple 3 Polyner
bl ended Pol yneri zati on Pol yneri zati on Exanple 6
Exanple 7 Conposition (% by wei ght) Lubricating oil
base 87.12 87.31 Detergent-dispersant 11.4 11.4

P&dr--lgdi2itCTdepressant 0.6 0.6 Pol yner 0.88 0. 69
Properties of lubricating oils Kinematic viscosity at
10.94 10.89 100C (. 2/s) CCS ygscosity at -30C 6410
5654 (nmPas) MR viscosity at -35C 29931 48869 (nPas)
............... S=F- 1242PCT 53 CLAIM5S 1. A
viscosity nodifier for |ubrigmatiyg oils conprising an
et hyl ene/ a-ol efi n copol ynmer (B) which conprises: (i) a

LU S O MBSl Begogns o

1@tﬁ§iQﬂ@/@Lgﬂgfiﬁngopolymer (B) which comprises:
(1) a structural unit derived from ethylene;
(1i) a structural unit derived from an a-olefin having 3
to 19 carbon atoms; and
(iii) a structural unit derived from a higher o-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 o-olefin having 3 to 19 carbon atoms, and

‘has the following properties of (1) and (2):
(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 a~oclefin having 3 to 19 carbon atoms,
and 8 to 40 mol% of the structural unit (iii) derived from
a higher a-olefin having 4 to 26 carbon atoms, wherein the
total molar amount of the structural units (1), {ii), and
(iii) is 100 mol%;
{2} the intrinsic viscosity ([n]) is in the range.of 0.5

to 5.0 dl/g as measured in decalin at 135°C.

2., The viscpsity modifier for lubricating oils according

to claim 1, wherein the ethylene/o-olefin copolymer (B} has

the following property of (3):

(3)lMW/Mn is 2.4 or less, where Mw is weight average
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(iii) a structural unit derived froma higher a-olefin
having 4 to 20 carbon atons whose carbon nunber is by
one or nore larger than that of the structural unit
derived from 10 an a-olefin having 3 to 19 carbon
atdms 248K€Thas the fol |l owi ng properties of (1) and
(2): (1) it contains 25 to 49 nol % of the structura
unit (i) derived fromethylengg 15 to 55 nol % of the
structural unit (ii) derived froman a-ol efin having
3 to 19 carbon atons, 15 and 9 to 40 nol % of the
struseleahlanive{(ght andenh viednbmbey @& She mca=Rh@lHMwei ght .
having 4 to 20 carbon atons, wherein the total nolar

aBount Tﬁet*&s@ééﬂ@?tmé@iﬁﬂéfsf&f)luﬁf%%a??ﬁg]?g%%i%ﬁcording

Is 100 nol % (2) the intrinsic viscosi

the ¢ RgR 0025 ARrkq 5B dLLg, /g Mpasuted.in

decalin at 135C g..r% & GggcééﬁyyeﬁgzgfPQF%FGrCOPOlymer (B)
I [ [ Lls accordin toq claiml1, wherein the
eﬁélglﬁ%/ %—9% %‘f’lic‘rﬁ&c%ﬁ%]??ﬁg?’ ‘(3%) (ﬁgé the fol | owi ng

propﬁz{)ty Ofé'{f?: 3, MV M is 2.4 or |ess, where Mvis

wei ght! avi &5 tsef1 Susper d4H) nasergbatraei Bt DEAdivN5.0 J/g
i s nunber average nol ecul ar weight. 3. The viscosity

nodiF4 erS¥%r lubricating oils according to claim1 or

2, wherein the ethylene/a-olefin copolyner (B) has

the f offhewivigcpisdfter mpdiff i(ed) for (Abrtitatiesd Bfls according
fusion (LH) as neasured by DSCis 5.0 J/g or |ess.

to any one of claims 1 to 3, wherein the ethylene/o-olefin
copolymer (B) has the following property of (5):

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

ratio of Sap to So (SaB/Scc) as measured by **C-NMR.

5. An additive composition for lubricating cils which
comprises
(A) 0il and

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

of claims 1 to 4, and
contains 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.
6. A lubricating oil composition comprises

(A7) a lubricating oil base,

'{B) the ethylene/o-olefin copolymer according to any one

of claims 1 to 4, and

(C) a pour-point depressant and



4. The viscosity nodifier for lubricating oils

according to any one of clains 1 to 3, wherein the

et hyl ene/ a-ol efin copol yner (B) has the foll ow ng

pL.ap of (5): 10 (5) the intensity ratio Dis 0.5
o%gl'iéé;gp%ere Dis the ratio of Sa(3 to Saa

(Sa(3/ Saa) as neasured by 13C-NVR. 5. An additive
conmposition for lubricating oid%s which conprises (A

oil and 15 (B) the ethyl ene/a-olefin copolyner

according to any one of clains 1 to 4, and contains

SRR B RY | TeY Lor el enebepol gFkr ¢Bpolymarr 4B) oinfa dAatio of
to 30% by wei ght, wherein the total anount of (A) and -

(B)1 tes5A B byghkiagit th20pdurAod b ide@tdedG @it (C) in a ratio
conposition conprises (AA) a lubricating oil base,

(&) oLhé et 1D Bpaie ghef WheaeRe ¥ABNALH0f AifNgalq AWricating

one of clains 1 to 4, and (C) a pour-polnt depressant
. ForkAAZRGLD5: s oMb Py 5@l gyt hyl ene/ a-ol efin
copolymer (B) in asrati 0 o? %i.gllgfo 5% by wei ght and
t he pour-point depressant (C) in aratio of 0.05to
5% by wei ght, wherein the weight of said |lubricating
oi | conposition is 100% by weight. 5




