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1 DESCRI PTI ON COPOLYMER, LUBRI CATING O L VI SCOsSI TY
MODI FI ER, AND LUBRI CATING O L COWCSI TION S
BACKGROUND OF THE | NVENTION Fi el d of the Invention

[ 0001] The present invention relates to a novel

copol yner and use thereof. Mor e particularly, the
present invention relates 10 to a copol yner i ncl udi ng

a constituent unit der'd§ﬂ$% thyl ene and a
constituent unit deriJ% %fgﬁga-olefin and havi ng

specific properties, a lubricating oil viscosity

nmodi fi er including the copolyner, and a |ubricating

oi | conposition including the lubricating oi
COPQIi3HEsi LY BRIGAMIIES. O15 DESCOBPTiYoMOb FRER at &dD ALUBRICATING

[ 0002] Petrol eum products generally have so-called "a _

t enper at ure dependenze, efomparosidy”, i.e., the
Vi scosity increases as the tenperature decreases, and

decreases as the tenperature increases. For exanple,
it-is preferred that a 20 lubricating oil used for
aut onobi l es a | j ke mal |l tenperature
dependence of %é@%ﬁdp@ #ﬁﬁﬁoﬁgE@%ci fic
. __polymer soluble in a lubricating oil base stock is

Fielgsed fbe dnveprieating oil as a viscosity nodifier in
order to reduce the tenperature dependence of

[000v] scosTThy. presercentveysars, ralat2s b hyherelacobp&ijfer and
copol ymer has been wi dely used as such a viscosity

use GRArELEL. NMdrOrsert £ oM dec e | A GAL 1N Qid M tR 1 Jtes
a further inproved perfornmance bal ance, various
P n e . e VMl scosit
o 2 e e A e BBt Fr S o b a L PR v atErom g hytene
and 2Pbove if ge€erall used. to s%ggress a decrease in .
ATLEDET TYCOF SRR TER T AG OB1 31 §roAchiBrRncbhpetag specific
In_[ecentm%fars, a viscosity nodifier has been |
PToPgERaftied® whithi @i 51 % uphpk esbeeo sty norddaSier nncluding the
viscosity of a lubricating oil at a I ow tenperature
copolymer, exdei|lubrifatomgtenpecahpoei ptopeiftBding Ahe
| ubricating oil conposition is used in applications
lubridewhhgho ) shesdosit @Ssodisrapplied. Therefore, a
| ubricating oil conposition is required to exhibit

PescEXSEl Lend £ 5&@#@& ability. A polynmer having a | ow

nol ecul ar weight 1s generally used to inprove shear
her 15 hand,_ it is necessary to

tability. On the o
[Ooozls]ncr ea%eeélﬁ%ewé‘b‘?t%i ERORT YLD ¥8 70 2RiekP Al Bhg
Wi th a decrease in nolecular weight in order to
tempegtdi e \deRaiance exfui vetbesi v ubticat i e ofiscosity
wher eby econom c efficiency deteriorates. Mreover,
incragdrere ds thprebimmdthate radticd Aged heartmdtr&fses as the
viscosity nodifier added deteriorates shear

temperature increases. For example, it is preferred that a
lubricating 0il used for autémobiles and the like have a small
temperature dependence of viscosity. Therefore, a specific
polymer soluble in a lubricating oil base stock is used for a

lubricating oil as a viscosity modifier in order to reduce the

temperature dependence of viscosity. In recent years, an
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20 stability by using a viscosity nodifier having a
hi gh nol ecul ar wei ght to i nprove the economc
efficiency of a lubricating oil. [0004] Various
catal ysts have been studied in order to narrow the
nmol ecul ar wei ght di stributién of a polynmer, and a

cat al yst supported on highly active nmagnesi um
cen vanadj um

i,de, . a.met al | e .3 catalyst,
eth Bt Gro L e T Bn i b f Rt Mol V5 G spen
. _produced using such a catal yst having an Mv Mh of 1.2
VlS?%Skm\mctﬁsfé@er- ArSBP985009, PFOFL Ex anplLEFicpedos] pil with
is known that appropriate |owtenperature 5
a fugtbperinmardpebfarnedeatienl arsicngvarbbead mefrovement s have
et hyl ene/ a-ol efin copolyners differing in the anmount

bee®fme&dnsdd tiuenty iWHds def indi £ 10Mm et hyl ene as a
viscosity nodifier for a lubricating oil. However,

ood r esul tyi l.uby i cat.i oi_| i bi.ts.an ,
o0 e s B R A8, s SR EbR P bgye o geggnerally
fqr 1Q exanpl e). Anot her

u—se(f%tent No. 3,697,429, , , .

i MYoVaPPoRS R “Hfopled1GEPPLzY Nyt the Yprdpétiingscil at
of living polynerization. For exanple, a random '

a niBpdlypsraatidea blockeespbl yaersef aevhytenet anbdnfier has
a-ol efin, which have a narrow nol ecul ar wei ght

beendidetanbigtli ©hiahda Bs o af UMW €OPPOST ii01 réiasker i AUV 88osity of
and 't he conposition of which changes in 15 the

a lumlieeulieg have heen 1¢is¢lasrd.ar1hesq ;c@pol %&%@il@ﬁ\gﬁ d

excel l ent shear stability, . 'thickening properties,

- Low-HRHLAIRGLAL UL 8 RIORELL! eSaPRLLLEMLATLY SHT LA IO on 15

cating appric¢ati ons; _
suitablﬁ,as a lubricating oil viscosity index o
used in, GPRLiCRLIRRSt ABuNRACH @ iShedreFérsBre i20apPplisd - a

' bl ock copol yner having segnents with.different

Thergéppesi &1 basrierioheg mol lecyine qside IPiA:- 86Qud5009%o feothibit
exanpl e). Use of a tubular reactor has been discl osed

exceddeatmehbed stababtitpuous! yobbhal Nhagi g P! YeRmolecular
havi ng a narrow nol ecul ar wei ght distribution using a

weightVidgeROkY MRy d 08 £RbAbYSIsh e a: PIOJUCIHIO: Re ot her

copol ynmer using a tubular reactor, the nonomher
hangCor it | n 1 th the passage .. ..
ana g T P et dheloh B8 LfShatte R AR mit bk PP ey EP Mhai eier
wher eby a tapered copol yner_ is obtained which has a .
adde iyl E6F5ASEoHBAN 19 GH T HPABPFBRR PERSFIES obtain
. which the conposition changes stepwise in the
Viscopl yrereewared Theapblipneradisgl oséd whetbby economic
JP- A-60-35009 is suitable as a viscosity index
efficivaioyedef@ricratsi caldngpwit, tiweverls Abroblem that
i nprovenent in | owtenperature properties is
redud Ehicd gt B en, susi ng; ra ; €.
GRS RS 06 e ng Ea’h ﬁgpgg%@chgceﬁggégg}%g?ws shear
istribution with.an Mwu Mh of .about. 1.2, and further
stab :’f‘jlnjp‘%%vbé’nélﬁtmigsar ‘éaﬁFPE&FYAE‘OQl%é?Ho%BB}HSF rﬁpg’d«ﬂbnﬁlolecuiar
. _lowtenperature properties, a nethod is known_which
welighthde 8@ ovket RRvBAPNBNIcoRSE L EGEREY UM tas lddrilved ing oil.
~fromethylene in the polynmer while avoiding a range
[0004]n whidridhe bawatlenper abueebdSnpriaptidd €8 order to narrow
deteriorate to a large extent. However, since the
the nolldcAITRre GAelidih € NRASH it AN SH B 1 DWH 19891 QnﬁaQeEggalyst
copolymer iswde, it is difficult to avoid the

supporfr%%gr{o?ﬁ%?l& leaf%fx‘f:eatrﬁgégné)éiur\él (%%fosrlltcye ,madinfleitegllocene
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bl ock copol ynmer has been proposed (see

JP-T-2002- 507225, for 20 exanple). One of the bl ocks

of the olefin block copolymer disclosed in the

JP-T-2002- 507225 contai ns about 93 w % of constituent
units derived fron1ethy|ene? whereby the ol efin block
copolyner exhibits an insufficient inprovenent effect

f r r t 0 anaot he

Cat%%ygé) |oc§5§%gb §§3?9§§eénpo%hg 5%A§% e%PlprOPOSEd

iscosity nodifier, an ol efin block copolyner is
A PAyBRT RRPERCCONY ST b Rty R o heMiiAGpany el Mn of 1.2

bl ock containing a | arge anmount of constituent units

is kgqeminy el efer @’ﬁrérﬁ;ﬁloeﬁéoé)@d div15 estampllene/ a- ol ef i n
pol ymer bl ock containing a |arge amount of

~ [000cgnst i tiedt knbWe dekitvegpidophian caekekichpes8@ure.

JP- A- 2003- 48931, for exanple). [0008]Lubr|cat|ng oi |
propér$Ges hyeMmsiiigLs Jhavw N U bieng %f’ }g}ﬁ; Ald '/%8 vlefin

‘are al so known (see, Patent docunents

e 0009] Howey a lubricatin L .
coro g ARal Hibhetsh g b nb T ePAPBHCAPE TUBTY Categ ¢ derived
Vi scosity nDdlfler must be inproved in terns of

from ghbydrpEr a8 ureviPGPEity, modifier forpgt dnbriosufmat oil.
- 1: Japanese Patent Laid-open Publication No.
Howey5860t1985)s3530085 A uRatientt idor wiBnexRibUSs Pat eémfsufficient
3,697, 429 Pat ent docunent 3: Japanese Patent

perfBubbheatvorae (SR 4885103809024 pratent No. 3P@§ﬁn§29 for
docunent 4: Japanese Pat ent Publ i cation No.

el i B G T 400 SO T e

at ent
unment _6; I nternati onal Pat ent

ropgRh R 0o bisde

P P%ﬁ FF2abf oht Kb29 0BP 6HRBL 2ag 10N Fosn AR feftaTAom
Japanese Patent Publication No. 2003-48931-A o

COPObﬁ%L%ﬁtandﬂo% etk gorgapmasser paterenpund eatkoml dbin, which
H6(1994) -96624-B 5PROBLEMS TO BE SOLVED BY THE

have | NVENFT®ON molecular weight distribution and a narrow

cbmposition distribution and the composition of which éhanges in
the molecule, have been disclosed. These copolymers have
éxc‘ellent shear stability, thickening propefties, and
ldw—temperature properties_particularly suitable for lubricating
01l applicaticns, and are know.ﬁ to be suitable as a lubricating
0il wviscosity index improver. In particular, it is preferable
to use a block copolymer having segments with different

compositions in one molecule (see JP-A~S560-35009, for example) .

Use of a tubular reactor has been disclosed as a method of

continuously obtaining a polymer having a narrow molecular weight

distribution using a living polymerization cataiyst. When
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[ 0010] The present invention has been achieved in
order to solve the above-nentioned problens of the
related art. An object of the present invention is to
provide a lubricating oil conposition exhibiting

excel l ent | owtenperature pfoperties, a 10
| ubricating oil viscosity nodifier included in the

ubricatin il conposition, .and a specific copolymer
progiiid b e TN i st - (e Rohorier
et hyl ene. and a constituent unit derived from an
COMpRH} efqh iIRavid g e ohenghsiv bbb capdssage udedinp since
~the lubricating oil viscosity nodifier. 15 MEANS TO
the SQIVECHYE RREBLENE e@tt]Theyi nweetepy of tiberpd esel ymer
i nvention have conducted extensive studies in order
is dbxAGhiEvwW itde akove wakie Gt AR R J8S W oS sition
i nventors have found that a lubricating oil 20
: i L i el ydi ri.gating.,oi |l viscosit. .
it e M D e P Sy e elreed Sossryber in tne
1 exhi bits exceélent Iom#tenperature,prbgerties. Thi s o
POl qihghas Fe8 PBL¥BRpI 2t FPohC8Edt e breseRTA-60-35009 is
_invention. [0012] Specifically, a copol ynmer according
sultpplehéspreydscosityi dvdeki omphrayea fomstki flubmticahihg oil.
derived fromethyl ene and a constituent unit derived
Howefveam an dmpebetmeniavnngow-temde reankenpabessrand is
satisfies the follow ng requirenents (1? to (6):

. ) o ' i T S yreaq, |
ines 1SRRI 05 Qo TP 08 BT RE TIL IR -3500s
naviff SHAPEOLh L L 2T PLE (A ML SRS S0 T e
§4Thglf' of _a nmelting peak neasured by DSC of 90C or
aboufelges 1%&%)f%4?€1%|mqurmﬁaﬁ FrasAdethe Aela imgfFhod of

. point (Tm satisfy the relationship shown by the
1mprogEngwiag-esppessione (Bropf0018AThanttBod TaxFEnmdOlwhich
4(2)4 (5) the copolyner has a heat of nelting (M)

incrapassrigte ndiE off t0lsdiguent! a8stsaddlrIwd®)rAdde ethylene
heat of nmelting (AN), the crystallization tenperaturé

o EE UL Ok 96300 B8 cEEIE SN oy poeravue
prOpéf’Eiesé ydé{]gr{cg)ll:ggc\a{w f9 aﬁeia%é;gng:!(teeﬂ(g.r es{r?ciwoer%re(rg,) 'since the
intramole;:ular composition distribution of a tapered copolymer
isrwide, it is difficult to avoid the range. |

[0006]  Alubricating 0il viscosity modi fier formed of an olefin
block copolymer has been proposed (see JP-T-2002-507225, for
éxample) - One of the blocks of the olefin block copolymer
disclosed in the JP-T-2002-507225 contains about 93 wt%l of
constituent units derived from ethYlene, whereby the olefin block

copolymer exhibits an insufficient improvement effect of

low-temperature property.
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Tc-Tecrystaf 0. 028xAH+25. 3(3). 20l n the copolyner; it

is preferable that the a-ol efin be propyl ene.

[0014]1t is preferable that the copol yner has a

wei ght average nol ecul ar weight relative to :

pol ystyrene st andards neasur ed by GPC of 10,000 to

2,000,000. 8 [0015]The present invention includes a
di fier containin

ricatin il _vi.scosit the | .
004H P01 vkt pBbsz et blaft Sorrdirion ard 6ot acf tastoat ing
.. a lubricating oil conposition containing the
oil IV&EHO@d{tiYnEO%FIf 191 s csiotly g PLPEK. CBPO SOEnPME which
| NVENTI ON [ 0017] The lubricating oil conposition .
contggimsaian rg e nalr-cdatfiing poillymers bdsicky condief héng a large
cont ai ni ng the copol yner according to the present

amourtv et | h it s 8%ae] lrnti vy | ovnt A &nd an
properties. BEST MODE FOR CARRYlI NG OQUT | NVENTI ON

eth}lr%%gsl]é]?/?ocl—r@é:ﬁgpl%ﬂm%ﬁerﬁ%c}&pg&%giﬁrﬁ Ia \ﬁiasrcgosia%%unt | of

ubricating oil® corpo

ccording to the present 15 invention are described
con e aEalim BEE &I 15~ DOOA G COoRBI GEr Th SEbpef yhet0 0 -18331,
according to the present invention conprises a

for exwsrl@ient unit derived fromethylene and a-
- constituent unit derived froman a-ol efin having

[00081t 0 2Q.utariken iators land ssatdisfy e RF itdhe feliiow Bgher
requirenents (1) to (6): '
configurations are also known (see, Patent documents 6 to 8 for
example) .
[QOOQ] | However, é lubficating oii-composition using the
related-art lubficating oil.viscosityrmodifiez‘must berimproved
in terms of low-temperature fluidity.
"Paténtdocumentl; Japanese Patent Laid-Open Publication No.
860(1985)—35009—A
Patent document 2; US Patent 3,697,429
Patent document 3: Japanese Patent Publication No.
S560(1985)-35009-A .
Patent document 4: Japanese Patent Publication No.
2002-507225-A
Patent document 5: Japanese Patent Publication No.
2003-48931~-n

Patent document 6: pamphlet of International Patent

Publication No. 00/60032,
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(1) the copolyner has a nelting point (Tnm) neasured

by DSC of -20C to 100C, (2) the copolyner has a

nol ecul ar wei ght distribution (Mv M) neasured by GPC

of 1.6 to 5.0; 9 (3) the copolyner has a half-w dth

(AThal f) of a nelting peak freasured by DSC of 90C or

| ess; (4) the half-width (AThalf) and the nelting

point (T satlsfy the rel ati onship shown by the

f oF 2%t %%ﬁW@E%I nh {3panese Patent Publication No.

5[ 0020] AThal f-0. 71xTm+101. 4(2); (5) the copol yner
20Chas823hemt of nelting (M) neasured by DSC of 100 J/g

or less; and (6) the heat of nelting (M), the

Crystaht icsatien tt SRl £ o renastisti Hyr DSCNAN ris 1994)

the crystallization tenperature Tcrystaf 0 nmeasured
—968Y483 CRYSTAF nethod satisfy the follow ng relationa

expression (3), Tc-TerystafO0.028xAH+25.3(3) . The

copol ymer, rdin th resent invention is not

partrculgﬁgéig F§H%§p§@ a?gth@Ep5E8ﬁ§ﬁgp

conprises a 15 constituent unit derived from ethyl ene
[OCHNI a cOwstnasant univerddran dind rommiaisiwdgd nin order to

having 3 to 20 carbon atons and satisfies the
solvedhier oerd-Sndrit) i droed @rob[lCeR1bE  Hxamplleseafatthe An object

a-olefin having 3 to 20 carbon atons include |inear

of e RANChA 13nQIRfidls NAVIdNG 3 di2Q Gahon AL 20

such as propylene 1 butene 1- pent ene,

comé%é?ﬁ#?ﬁ ?fhpenteng'ef octene ﬁf“aé%éﬁsfa %géggﬁgﬁsrtles’ a

1- tetradecene 1- hexadecene, 1-octadecene
Lubaiing cedele s coyditve M@dsitdritnd RAvARg 3nt Bhoolubricating
~carbon atonms such as cycl opentene, cycl oheptene,
oil pemboshbhen, a&nky b rerdor eneopedymerOimsluding a constituent
5- met hyl - 2- nor bor nene, tetracycl ododecene and
unit2-deetilel- TrémSe8heilabkhana- 2, 203s4i4achrB8ularogtalyds from
onapht ha | ene. [0022] These a-ol efins may be used

an ofidiRet ﬁQbﬁEguélkb @@'d&f%dﬂ”g¥dﬁg'dﬁ@ qf, dTMﬁéH’ln the

nor e. [0023] t hese a- oleflns propyl ene, 1-butene,
LabrbBENLENS, Ly hexena.  I-neptane and 1- octshe are
prefe | t&rms ‘of 6 enperature viscosity, wth

propylene bei ng nost preferred

MEANS TO SOLVE'THE-PROBLEMS
[0011] The inventors of the present invention have conducted
extensive studies in order to achieve the above objeet. As a
result, the inventors have found that a lubricating oil
composition including a lubricating ¢il viscosity modifier
including the foilowing specific copolymer exhibits excellent
low—temperatupe properties. This finding has led to completion
of the present invention.

[0012] Specifically, a copolymer according to the present
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[ 0024] The copol yner according to the present

i nvention has 10 an average nol ecul ar wei ght (Mn)

relative to polystyrene standards neasured by GPC

(gel perneation chromatography) of 10,000 or nore,

preferably 20,000 or nore, rore preferably 40,000 or

nore, and still nore preferably 60,000 or nore. It is

normal Iy 2,000, 000 orl ess, preferabl yl, 000, 000or | ess,
lnvﬁﬁﬁﬁﬁﬂt%%@l%r¢9@$§ﬁ@ﬂabtyuﬂ5tSG@rD®®dOfrbmssthyiene and a

—al'though the upper limt is not particularly limted.

conp0026¢Theurcidpeleiere dcR@mliahg ot-0 LERENPRESERY 3 to 20 carbon
invention satisfies the requirenents (1) to (6). The

atogggg??eg%ﬁai[%%%% <%§31(J ?%é%é‘ﬁ%g? g&&;@fﬁeﬁgﬁrﬁg" L WIWIAE

ac t.o th resent i.nvent i has a neltin
(1) Dot G P e T B0 Jmfoaéasure% by DSC of
20@ﬁ027]Thg mel ting p0|nt (Tm) used in the present
Li%nCiefers to the mel ting point of the
~copol yner nmeasured using a 11 differential scanning
caﬂiféﬁ | FRCEYTEDSG)a s Ehenoneichileg peiinht( @nktefibtbeon (Mw/Mn)
copol ymer according to the present invention is

meagred@raplgpd it he, ¢ anges of; - 10C to 80C, and
particularly preferably OCto 60C. If the nelting

DTS LB L S00S5BS 0B ey

0|I conp05|t|on

0 rt| (b bet ween the | owtenperature
mea%ﬁ%§%§S| 3) 8%Igﬂf?b &gﬁﬁre fluidity).
[0028 <Requi r emrent (2)> The copol yner according to

4) t hdPasénrinhekbTballasand lithemleddulnar pasinght Tm) satisfy
di stribution (Mv M) nmeasured by GPC of 1.6 to 5.0.

the peg2gliomshhe phesentoy mrentficdnowtite rpeeWsabvgizght
di stribution is neasured using nonodi spersed

[001pgl yst wreae ras oa Sbandard .subst ance. (Fhe copolyner
according to the present 15 |nvent|on preferably has

‘ I t t of 1.6t
(9) GEE% SEHOTmdP 00 R RYhERe A (0 Piee ety apsc ot
100 p@lght |str|but|on (NM/Nh) is wthin this range, the

Br PCat FRG of "°conposi ti on exhibits excel | ent
Iom#tenperature roperties (bal ance between the
(e) |BR@tEﬁ%%r%fd?%lgi§§oﬁﬁﬁy:ah@eZQEYQWﬂlkﬂqﬁﬁxﬂnnuemperature
fluidity). [0030] <Requirenent (3)> . The
Tc neggporedey BECorandg:o ciriyetplasent i bavestpoOhah@be &crystaf
hal f-width (AThalf) of a nelting peak neasured by DS

meas0fe806y 08 ¢RBSTAF method satisfy the following relational
expression'(B),

Tc-Terystaf20.028xAH+25.3 {3).

In the copolymer, it is prefeiable that the o-olefin be
propylene.
[0014] Itispreférablethatthecopolymerhasaaweightaverage

molecular weight relative to polystyrene standards measured by

GPC of 10,000 to 2,000,000.
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12 [0031] The half-width of a nelting peak used in the
present invention refers to the half-width of the
nel ti ng peak neasured using a differential scanning
calorinmeter (DSC). [0032] The AThalf of the copol yner
according to the present 58 nvention is preferably
80C or less, and particularly preferably 75C or |ess.
If the AThalf is within this range, the_lubricating
[001§i]] coRbesPrreRnEx ANEEns LeRc éNFdRECEoR LBhpeFatne oil
properties (bal ance between the | owtenperature
visceisitgsimbyidndrl evntedpenat whe tbpodiymyy. 10
<Requi renment (4)> The copol yner according to

[001%@8 Dr@§8 réﬁaﬁﬂtiﬁWbﬁ%Héﬁﬁdr%% Ehelﬁabatéqmﬁ&&fbatlng oil
shown by t'he follow ng expression (2) in terns of the

comfS S OPSLE) B L0 TELLLOD 9P LIS, W oo

according to the present invention satlsfles t he
relationship shown by the expression (2) in terns of
the AThalf and the Tm [0034]1f the expression (2) is
satisfied, the EJBECTatOFngGHy IINVENGAEYsi ti on exhibits
excel l ent | owtenperature properties 20 (bal ance

[001bet weenmhtheuboWw-beApar atlir eokbse08iby 8B8fltaining the
| ow-tenperature fluidity). <Requirenment (5)>

0 s @li,n Y i .
1ubrIBst993 %ymlggge%g\% aﬁggg%r@g deag%ngI&lgg gg% g%@g?mer

accoaﬁéPg A Y e G S s et SR

heat of neltlng is 1J/g, although the lower limt is
low-herrpart el BFPHerEifEed. I'f the 4H is within

~this range, the |owtenperature properties

(lowtenperature fluidity) are inproved. <RmMrmmm

>

©) BEST MODE FOR CARRYING OUT INVENTION
[0018] The copolymer, the lubricating oil viscosity modifier,-
and the lubricating oil composition according to the present
invegtion are described below in detail.

[0019] {Copolymer)

The copolymer according to the present invention comprises
a-constituent unit derived from ethylene and & constituent unit
derived from an a-olefin having 3 to 20 carbon.atomé and satisfies
the following requirements (1) to (6):

(1) the copolymer has a melting point (Tm) measured by DSC of
-20°C to 100°C;

{2) the copolymer has a molecular welght distribution (Mw/Mn)

measured by GPC of 1.6 to 5.0;
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mea 5{16‘

The copol yner according to the present invention
satisfies the follow ng rel ational expression (3) in
terms of the M, the crystallization tenperature, Tc,
meai ured by DSC, and-a 10 crystallization
tenperature, Tcrystaf, nmeasbred by a CRYSTAF net hod.

The copolyner nnre preferably satisfies the
3 [ nore preferably satisfies the

ressi on .
(3) ‘ﬁ}ees%mﬂ%ye@l) haa?na hﬁérft‘f“’éﬁltélrl 91’5%%&%@/ melting peak
satlsfles the expression (3'"). [0035]
mea sigFe Toyr \BRGfE CIBK4BE252863)
Tc- Tcryst af >0. 028x4H+26. 3(3")
(4) TeehEChpgtrat@itB28x#hti28) 3438 he melting point (Tm) satisfy
Tc- Tcrystaf 0. 028x4H+30. 3(3,,,) Wen using a copol yner

the Sl MM, %%@W% ehat 'i?:[)ﬁ]ow%%g be@%@%l g‘ﬁe B¢,

| ow-t enperature prop rtles anc ween

_['00 0 o B s Tomrou B HogBe) 11 1 s RPSFer able tha

t he copol yner accordlng to t he Eresent i nvention
fGPFhéPP@iVW@Fu%@Sﬁh@EﬁélPémmﬂé FeguiAtBnEResurgd( Ry PSC of
[ 0037] <Requi.renent (a)> It is preferable that

100 the copdlepmer amccordi ng to the present invention
satisfies the follow ng expression (3) in terns of

) tﬁ%e5hﬁﬁﬂto@fmgﬁkih$g (AAH) prasurest by DSG A ddierature
Tm™ [0038] Al - 10. 67xTm+38. 3(3) If the expression (3)

: . . |
Tc.mé§ﬁ§gE?§I g%grfgﬁ?'#QgQﬁgﬂpera%&ﬁ%&%?ﬁ%%@éefﬁture Tcrystaf

b
CBiper GROCEAF| DRGPER) 10050 CReqLPLLRBALY (T8)atsonal

It is preferable that the copol ymer according to the

exprggedent (3),

Tc—TbrystafZ0.028xAH+25;3 : (3) .

The copolymer according to the présent invegtion is not
partiéularly limited insofar as the copolymer comprises a
constituent unit derivedrfrom ethylene and a constiﬁuent unit
derived from an a-olefin having 3 to 20 carbon atoms and satisfies
the fequirements (1) to (6).

[0021] - Examples of the w-olefin having 3 to Zb carbon atoms
include linear or branched a-olefins having 3 tb-ZO carbon atoms
such as propylene, 1-butene, l-pentene, 3-methyl-l-butene,
l-hexene, 4umethyl—1—pentene, 3-methyl-l-pentene, 1l-octene,
l-decene, 1—dodecéne, l-tetradecene, l-hexadecene, l-octadecene
and l-eicosene; cyclic aw-olefins having 3 to 20 carbon,atémé such

as cyclopentene, cyclcheptene, norbornene, alkylnorbornene such
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i nvention satisfies the relationship shown by the
foll ow ng expression (1) in terns of the Tm and
the density D (g/cnB). 15[0040] T1111073xD- 893(1)

The copol yner accordi ng toy he present invention
preferably satisfies the relati onship shown by the
expression (1) in terns of the Tntand the density.

as 3-9R4Hihe densityRof (Lhe o MTRfeR cordisng to the

present 20 invention is not ar cu arly Ilntted The

_ n |ty D the poly cord| g.tq_the e

2 me%% or‘i | ﬁi&}n [ag}oo 0 /46#83 % %%ﬁcﬁpéﬁéronaphtha
If the expression (1) is satlsfled, the | ubri cati ng

lengi| conposition exhibits excellent |owtenperature
properties 15 (balance between the | owtenperature

[0022i]scosiThy sand-b bef { eapes pthe exdddiedithey. 1h0042J0411ly or in
suffices that the copol ynmer according to the present

combli RMERHINOB FCOWRr bsemoaeConst i tuent unit derived from
et hyl ene and a constituent unit derived from an

ol ef n i.sf
foméqu. O et e TR s rer BeEoRgy nyPoTEenes
s nventlon may conprise structural units

R Rl L R L g A8 S R
the present invention is not inpaired. 10 [0043] The

Low-fanRerastreopts yret tyatWidh ¢framd eoepbpynermest endifiey red.
to the present inventionis not particularly limted.

[0027he comakyaepchgmerdhdgotdihbetpresentrésentirorertion has
normal Iy a bl ock copolynmer. [0044] As a specific

an av&hQd fENLQfat %1@@1’%@1\%’3@&6@%‘%@\7@ Mpb?yé%y&@ﬁe standards
pr esent inventi on, COpO yner can be grven whi ch

I ch i bt ai,ned, £ om
measﬁ?%ﬁ}%agﬁgﬂgﬁﬁhggem Q#InIé%%gﬁ!%?qraéhfkaEQEHQEtO%Emore,
has_a nplar ratio of a constltuent unit derived
preft%h{i@t %9r%% AR BoTERT T URRE T TR L ¥t { AP fFomAtfe and.
- a-olefin (ethylene/a-olefin) of 20/80 to 65/35 and a
stilhangpe 20 famatage afolddduloar mesieght 1615, 0@0nalolyl 2,000,000
000, 000, and a pol ynmer block (ii) which is obtained
or lefssonped byt &ney andoan 080a ellemshamidigadtiou28rtaheferably
atons and has a nolar ratio of a constituent unit _
500, @@olaedléggm @thy&e@e and 8 ge@stlhwentslmbt g§£ti’§glarly'
fromthe a- olefin (et hyl ene?a ol efin) of 70/ to
11m1§§%15 and a wei ght average 16 nDIecuIar wei ght of
D0 to 800,000, wherein each end of the copol yner
%S the%gol mer_ bl ock (i). %0045]It is preferable
[0023hat ¢ RREYTeY 2KCPTYLBE b6t Al ReBT EPBRT et RYERHEOD
and an a- olefln having 3 to 20 carbon atons and has 5
satigihe dihe atdgyigfemerdonsitli)t dent(6Uni t Tderfemdi feammts (1) to
et hyl ene and a constituent unit derived fromthe

(6) @roledior{Lidpbenstaiol @ta)1of 20/80 to 65/35, and
preferably 40/60 to 64/ 36 and a wei ght average

0020l ecul@r ©f ($y 000 to 1,000,000, preferably
[ %% 000 t q%ﬁ%%%&boo nor e preferably 20,000 to

gg’gé %%5 fnderStaltééor J_neg 1tgop£ﬁf efrsggflsgntzolnventlon has a
melting point (Tm) of in the range of -20°C to 100°C.

[0027] The melting point (Tm) used in the present invention

refers to the melting point of the copolymer measured using a
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It is preferable that the polynmer block (ii) be
obtai ned from ethylene and an a-olefin having 3 to
20 carbon atons and has a nolar ratio of a
constituent unit derived fromethylene and a
constituent unit derived fidmthe a-olefin
(ethyl ene/a-olefin) 15 of 70/30 to 85/15, and-
eferably 73/ 27 to 82/18 and a wei ght average
diffpgieaddiadr Sowirhng cta BoURat e B00S000, Prefedabng point (Tm)
20, 000 to 800, 000, nore preferably 40,000 to 600, 000,
of thadatdlymemaecprdiagabd yheOp b8feri0 in0@nAOGN is preferably
[ 0046] The polyner block (i) is normally
in thewgrysta Ligecofo %b%nvaﬁaogs@rﬁ%ﬂaofl@ &Mf%tr%wz%n@c'c to
content, and the polymer block (ii) is norna l'y
Cry g thyI Gent 0047] |
60° Ct heﬁe?* gn%el/%gno# éfmnhé me) rat |w&;%halrr11d t r[angffhet tfh
1ub average npl ecul ar wei ghts of t he pol yner blocks (1)
UbrILG AP Oat CHUPRF AT LHB %%%iv%”f%r?d%%ﬂja?‘}tu&ﬂwcatﬁ%rature g
oil viscosity nodifier is 17 obtained which produces
propgritabsi ¢aalagcei betwrposthieonowxhebperaguescelbensity and
| owtenperature properties. The nolar ratio of a
low-cengbirhugnt ahihtdderived fromethylene and a
constituent unit derived fromthe a-olefin nay be

[002@?justgﬁeaglggﬁeﬂ@oyg ykange by 5 adjusting the ratio
he raw material nononers. The wei ght average

d t th b
byh%ﬁ??{sﬁﬁg EREOEaRAar Py EbFoRt PariE, SrTFEL . phafas a
yneri zation time and the |ike during
m_oleﬁaﬂ-§ﬁev¢3z%m GH: S PPt en Mrésm@ﬁsarsﬂeb@r%@ Fforlmé to

of the copolymer 10 according to the present

__S;O invention, (i)-(ii)-(i), (i)-(ii)-( )-(ii)-(i) and

the li ke can be given. The copol yner according to the

[002p] eseninifNenbieBener MavkNtsBaYWNtHY méidchiist)wéidha
(wherein n is an integer of 1 or nore, and preferably

dlst}J_EQtJ?%n J:]'§ rLfQQégl'%\geﬁs% SHQJ:IQIQEér?@&O# %&t}%zﬁeﬁg as a

present i nventi on St OVG spem

di t t t
.Stans% PEREP LA o ot 8, o iy ior htahéwetsh@t

| ymer bl ocks (i) and (ii).. The polynmer block (iii
m‘w%y%@r&f&r@&wohaé # RS VAPeT wmgla% B 75 i utel el U/Mn
fromethylene and 20 a-ol efins having 3 to 20 carbon
of 1 .4 dies 40b, aahd ovdkr ofpre farriohy dopolkyner 0 of tfwrher modeeular
ol efins selected froma-olefins having 3 to 20 carbon

weiglat ei®crhbusibhi ¢os/uhati 4 heraepalnierangepridididubk@cating
t he present i nvention conprise a consti tuent unlt

0il Q&ﬁof)cy;fic f&pf@;@&m @Qeegegjlgelgenﬂ y&gﬁ unit. d fegmes

m an ‘a- ol avi ng Bon ato
: satl t he requifenents to (6). The co ymer
a1 Gt NS G [ aeteto Fheite S saar Honaind
'structural units derived from other nonomers insofar

low~tampe@atojedil widihe) present invention is not
i mpaired. 5In the present invention, Tm the

[0030Jequi rermntirelyenimays e

’I‘h_e copolymer according to the ptesent invention has a
half-width (AThalf) of a melting peak measured by DSC of 90°C or

less.
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adj usted by increasing or decreasing the anmount of
.ethyl ene nononmer. Tm generally increases as the
anmount of ethyl ene nmononer increases, and Tm
decreases as the anount of ethyl ene nononer
decreases. 10[0050]In the agpol yner according to the
present invention, MV NMh, the requirenent (2), may be
adj usted by increasing or decreasing the '

fooiﬂeﬂ y merTheathiaoif -twsiper atfuremel@dsy] brakhesedpahytre present
according to the present invention, Athalf, the

invereqio:n efs@Rirs( 8p, tABYhHEL HALAERSEH t0e BRAREASLHDY dPasured
i ncreasing or decreasing the catal yst concerntration

usirdd 4 e A Adation Qf pol | ZAti Q. SPeRi i cal ly,
the Thal f nayjﬁE rné¥§§§%ﬂ%%§§?%€%§§§iA§ﬁ¥ﬁé cat al yst
ati pol¥nerization.

ncen at_the initiation of :
[0030" ATRA Sty 58" 50% hoPoisBatuARePYachE: Erorke present
.___Whereby a polynerization reaction rapidly 20 occurs.
INVENGES FhP I FoI3er BAcE ordl rgst rtcheapitésedurly preferably
invention satisfies the foll ow ng expression (2) in
75°Ctar iesef. t he tAEnAFhaandi 4 ke thin( tegsisenpnt thé) Jubricating
AThal f-0. 71xTm+101. 4(2) 19 According to the
0il ROPORLLIiBVEBKHhM.: tshexgenaloyren O%\ia-ttleﬁfp\élrgg uhe roperties
requi renent (4) may be produced by adjustlngrthg
ed net hods,

I h m, US| he _above- descrii,
(bal g?@eégﬁggg. FB%S%F&eS%P F%E%Pﬁg XﬁFCPﬁé?Veéﬁﬁrenent
1o ‘85% AH may gi 5 i.ncreased or decreased by increasing
OW-GPMRECRERSPNG PRSI &M unt of ethyl ene nononer during

t he production of either segnent of the copol yner
<Regyéeemginhg (80>t he present invention, for exanple.

[0054] I n the copol ymer according to the present

| Aentoponl yher sxasmpling Ter Torypkabe MDY DEch NLELESRd s5fies

or decreased by 10 increasing or decreasing the

the POl yPESAZRLE Ohdid A HWhHNG o RS RTAdUE g?%agépekﬁpgﬂlterms

segnent of the copol'yner (i.e., 1ncre
o L ' f th ts), wh b
LR b e ot R PITEAY e g e o

o0B] o erBlie LERER) ERErRRRl T °Sape the '
The copolymer aééording to the present invention satisfies
therelationshipshoﬁntnrtheexpression(2)jjltermscﬁftheAThalf
and the Tm.
[0034] - If the expression (2) is satisfied, the lubricating cil
composition exhibits excellent low-temperature properties
(balance between the low-temperature viscosity and
low-tempe?ature fluidity).
<Reguirement (5)>
The copolymer accordiné'to the present invention has a heat

of melting (AH) measured by DSC of 100 J/g or less, preferably
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15 may be produced, for exanple, by incorporating an
anor phous pol yner bl ock in the polyner chain. [0056] A
copol ynmer satisfying the preferred requirenment (p)
may be produced, for exanmple, by incorporating a
crystalline polyner block &3 the polynmer chain. 20
( Copol yner production nethod) The copol ymer
sed as the lubricating oil viscosity nodifier
900/ ebrifisiy EBAtHE pPESEREAP AV PéE Fa)epe- otthe Aedepylimit
copol yneri zi ng ethylene and at | east one olefin
of tdel betitdof momtairg efs AsThavi abtiBotgh 2Mhecdvben aAimis is not
as described below in the 20 presence of an olefin
partelyineliyzatigrecat al yst including the transition
metal conmpound (A), and preferably an olefin
p i:Qn N g e a |
oAl ot A e e ot L Shuo e rure
selected fromthe organonetal].ic 5 conmpound (B-1),
Pf%%l&sg A SA GRTRETOR) LEomoit (8. 2y¢ SRHTPHES-
: npound whi ch reacts with the transition netal
q@éﬁﬁﬁﬁﬁ@ (R >to forman ion pair (B-3).
[0057] (Transition netal conpound (A)) The transition
methal copoponad asedsrding e predpetkent ofntdrer ldh satisfies
copolyner is a transition netal conpound represented

the B¥11BQihe! LovspYoReNesabrd 95 1t a ) )in E@Emgxém1§e A the
. 'the P-agostic structure of the tranS|t|on nmet al

t rn1n Slt net t heory
erysfalid i sE Rt el TR eshetEt 559s Fﬂdtﬁe
r.al fornula ) isre Iaced with an n-p
crysgﬁggﬁzafﬁopttP@PEFéFéFﬁbI CFH&FaﬁhemEP§P§ﬁ@ebbeﬁmEBﬁSTAF
the nearest heteroatomwhich is not directly bonded
methpd .t hBhe ernprl ymsmmaviea pd etflee alndr ogbhsfites Hde expression
P-position be 3.0 angstronms or |ess and the :
(37 el ettﬂ@sﬁnaté G reegb e sata_si@ermlthereﬂqeﬁessi&%@j'T’h)e, and -
term"density functional theory" refers to 20
partéaLeHkal, %Bﬁf@)&aﬁl?l-ggt'i@gfagg 'ﬂﬁ'engx?rgéggfiﬁ‘m(?ﬂ v
ADF2000. 01 (devel oped by SCM ( Net herT ands obtalned
[003§g maki ng a |icense agreenment with SCM and
wnl oadi ng the programfromthe SCM website

(htm ://www,_sc ). .The basis function is a
SESFEF;Y§E@f$9gbggg%ﬂ+§§tﬁipIe-zeta féhction is used
for the center netal 21 and a doubl e-zeta function
i Scutedysbriob her8atBmeowlen deterni-hBhh the

structure. \Wen evaluating -the el ectrostatic energy,
arpetrariyzakfpn. bpgenHonsi 3 added to {He’ doubl e-zeta
function for other atons. This basis function is also
usedripy ROk Abg Sogak kKL abI gns for an eptinpym structure

obt ai ned by the structural calculations. The Pauli' s
t t t t ed I | at
ThEH YRR Tno%efT befor b= ESPEREAF) bhe <Thes  Srltonal

"electrostatic energy" refers to the electrostatic
SXPIreFit ey Hetsnaon (8 PRFEddEn PAPPERE LRS- Jost an@m bafdreen the
the nearest heteroatom WMre 10 specifically, the
low-tanpe et ect rostabs ct enengylowef emsetotare i fitwei@i oy Care
el ectrostatic interaction based on the electronic

impr&tad e determned by assigning the charge obtained by

conplex cal culations to these two atons The term

h

095t o o SRR VS G UGB, Bcoryigg <o e
t wo atonB obtalned by conpl ex calculatlons (poi nt

Presei cUFHEToH ot tHRT opt hiit P2 agi ti el sting yreuirement

obt ai ned by the structural cal cul ations )
[ 0059] LmwXn( 1)
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wherein Mrepresents a transition netal atom sel ected
fromthe 20 groups 3 to 11 of the periodic table. The
term"nf represents an integer from1l to 5. The term
"n" represents a nunber satisfying the valence of M
L represents a |ligand coordihated to the center netal
M and having a heteroatomwhich is not directly
. bonded to the center netal M 22 [0060] X represents
%) an oxygen atom a hydrogen atom a hal ogen atom a
hﬂdrocarbon group, an oxygen-contai ning group, a
[OOZUl f ur -Rewwinsmentgr@d, a nitrogen-contai ni ng group,
a boron-containing group, an alum num containing
grIps o PHISPNOnES- €08t il NEnddl QdPorading to the present
hal ogen- cont ai ni ng group, a heterocyclic conmpound
invedBSi HU&a 1358k LECOR: Cant@l SR 13 é3%.in terms of the
ger mani um contai ni ng -.group or a tin-contal hing group,
and- th roup epresented . b sane or
heatgih SR DA SRR 4 oy A6 Boied each
other to forma ring when nis two or nore. 10
[0038d061] THECe oM ‘Fay be produced in the presence
of an ol efin polynerization catalyst including a
t ldndifts expresaliononBoudd ofattinef ifeal,| @hieng u@erie=aling oil
formula, (Il1-a) or (Il-b). [0062] -- 15[0063]
compWEQ&Qb%,M&hﬁ%@&%s%&E%l@eh%a@%ﬂJﬂﬁﬁﬁﬁ%ﬁkw%;%@Qperties
sel ected fromthe groups 3 to 11 of the periodic
l.es e o n_i.nt r.fromlto
(e pe e e o PR B R B8 o 2o
hayi n substituent R2. The term"A" represents an
low_giéﬁg%agﬁrﬁt%hFlélggﬂfur atom a seleniumatom or a
, nitrogen atom haying a substituent R5. 23 [0064] R
[003P¢pr es€Reguarpparscdfbon group having one or nore
het er oat on(s) or a hydrocarbon group having one or .
nbtei hgrerfeatibhecbhbai i g ogrdume rR2c¢ Or Bbng Wi €ReM®esent ..
be same or different fromeach other, individually
inveﬁﬁﬁbﬁS@EEiafB¥grQH@”r@EQH&O%S%i@aERQ§H.%§OQheafollowing
hydrocarbon group; a hydrocarbon-substituted silyl
85948 OXyOeR;-Gant gl ggr Qup, . 3
expr Et n 3?) f% €059 E? RHA Tgl%#ﬁuF%e d?gFﬁFHng#gdﬁg).

nitrogen-contalning group, a su -con

-a. borop- i ni gr oup, al um num cont ai ni ng
[004@}oup;@§23ﬁggﬁﬁﬁgg§-contaigﬁﬁg group, a

hal ogen-cont ai ni ng group, a heterocyclic conmpound

r'ERf iR By sicicoedingone dilre My egeatipinwention preferably

ger mani um cont ai ning group or a tin-containing group,
satisfteswherraite @fsHie sgroupdyraphebexppadedoto(f prim aerms

ring. Wien mis two or nore, R,. R2, R3, R4, and

of ti®itTAYandersang=p5idi,fferent fromeach other, and one
group anong groups of R2 to R5 included in one |igand

y b nded .to ane Qup anong 15 groups o to
1004 LY, e S B YR BRRCT e S R P Lo Tl Bresene
invention is not particularly limited. The density D of the

copolymer according to the present invention is normally 0.850

g/cm® to 0.930 g/cm’.

If the expression (1) is satisfied, the lubricating oil

- composition exhibits excellent low-temperature properties



10

15

20

[0065] The term"n" is a nunber satisfying the val ence
of M X represents the sane atomor group as X in
the formula (1), and the groups represented by X may
be sane or different from.gach other and may be
bonded to forma ring whenn is two or nore. 20[ 0066]
(11-b) 24 [0067] wherein 1vl2 represents. a
balgﬁeESbw@eHEf;e!e %chéﬁgeggegrérm&@ele{zogm 3 to
of the perlodlc table. The term™in" represents an
Low- gte er frontg g Y represents a nitrogen atom or
5 %p H%EBE% UREbHY ) U represents a carbon atom
ving_a substituent RG6, a nitrogen atom or a
[0046hosphé*ﬁ F GRS ErrBpTeseRPe L ME AP g haviligpaesent
- substituent R7, a nitrogen atom or a phosphorus
inveatoom cﬁc@itﬁ&]e&sr epceseni suantariion daau:amehlaﬂrag ethylene and
substituent R8, a 10 nitrogen atom or .a phosphorus
a codtOMuehi QRLeS8aE Svad G0 B nak OB BAYVH Nhw riBst b tWeBk rbon
RO, a nitrogen atom or a phosphorus atom Rl
epr.8s r p Daving gne
S et SR T giﬁu%gha€anq%ﬁ£?%%olymer
erwteOMOchMalmn roup.
accogg

A 5RCIPF T RFRht T Oth EHE Rast ‘ﬁ%lflprji%el%fo‘ilkﬂtdﬁa?‘l% ants

represent the sane atom or group as R2 to RO in the
deriyednifan cthey) monandrewonsriapras sherebl BC RO frayreppresent
- bonded each other to forma ring. Wen mis two or
invenmoien B snoR6Enp&RIBedR8s, and ROs each may be sane or
different fromeach other, and one group anobng groups

[0049f R6 #19- R AN L@fdcéﬁopﬁeeﬂg@@ﬁomf ben dondedh $rie r

one group 20 anong groups of to RO included in
|k ga 6 "n" er.sati.s
mﬁ%%%@%&%&h%ﬁ%&@%%%w
in the fornula4%% and the groups represented b X
The GRRPHELREWGT Qe*f%rﬁhef PoR=EAth lé‘t"ﬁ’&tlgﬁdlﬁailoﬁléally a
bonded each other to forma ring when nis tw 25 or
blockpeepoifeetopol yner nmay be produced in the presence
~of an olefin polynerization catal yst including a-
[0044T ansiAs enspetalf i conmosinatt tdfethel toyd gn@enrecalrding to
formula (lIl-a") or (Il-b" ) . [00]0] (33 (1l1-a')
the present invention, a copolymer can be given which comprises

a polymer block (i) which is obtained from ethylene and an a-olefin
having 3 to 20 carbon atoms and has a molar ratio of 2 constituent
unit derived from ethylene and a cons_ti_tizen{: unit derived from

the o-olefin (ethylene/a-olefin) of 20/80 to 65/35 and a weight

averagemolecular weight of 5,000 £to0 1,000,000, and a polymer block

(ii) which is obtained from ethylene and an a~olefin having 3 to
20 carbon atoms and has a molar ratio of a constituent unit derived
from ethylene and a constituent unit derived from the o-olefin

(ethylene/oc—olefin) of 70/30 to 85/15 and a weight average
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10071] wherein NI represents a transition netal atom
sel ected fromthe groups 3 to 11 of the periodic
table. Term"ni' represents an integer froml to 5. Q
represents a nitrogen atomor a carbon 10 atom havi ng
a substituent R2. A represéamts an oxygen atom a
sul fur atom a seleniumatom or a nitrogen atom
havi ng a substituent R5. [0072]RI- represents a

mol el widalhy velvi v Heddi0,dHE atdmrerins westh tnentf the
sel ected from heteroatons and 15

copdigter 0 at=o rereo il ymarg Mgrakps;ijan aromati c hydrocar bon
group, other than a phenyl group, having at |east one

‘[ooggom 0rItSEQSLHéf@Pébfgt%%tteghégﬁﬁ LeLPBERME 2B obtained

het er oat om cont ai ni ng gr oups, 't phatic
. rbon_ group havi t lea ong.at om or
fron{s]égéglg den mge ne&"ggeftﬁg’nﬁﬁgf%gzgattg Oa?%rrgon atoms and has
het er oat om cont ai ni ng 20 groups, or an alicyclic
& mOLody GRELBORT gf gt Halt wptatin idasierévedatspmopthylene and a
~Substituent selected fromheteroatons and 26
condiditerenat omicodeaiiriedg fgroupbe ¢OOTSTim tdichwhse herle=fin)
Rl represents a phenyl group having at |east one atom
of 2078subst isbyuent, Sele et S helwoatensand and a weight
het er oat om cont ai ni ng groups, and the position of the

v ﬂ§%?§ﬂ§?2§E%§“?ﬁ- q??%?”&ﬁﬁ%FFS%?ﬂ?ﬂéﬂ%ﬁZh%?Zngaﬁy20r000
to 1 DRTRAD oo Ena Rt B Akt boH bitel AQDoPBlpaend S11 more

"l east one of the second and sixth positions, or has

prefgrapdys£VeR8Ositips BiuéR0 -sel ected from 1) a

het eroatom ot her than a fluorine atom 2) a 10

f [bors peefentbilei Nga grouppbayhay bkAre ke at bpaabbon 8nEd from

two or less fluorine atons; 3) a fluorine-containing
ethyJensPaRavhRdut Y0e@i nMRE®in§aBbod 26 WBibH Mo and has a

| east one substituent selected from

e t 0 (P oups.hayi.e r 0
mole e ol & PP eTy et o RS At IO, PELAL STh P ng e
074]. Rt o .R5,. whi ch may

Lfth positjions. B 15 0 ) be ,
Cpnséﬁﬁ%e%f %?%#é?%ﬁ%v??ok¥%%c Dther e G iR \Atduaiang/a-olefin)
represent the sanme atom or roug as R2 to RS in the
of 7@2?%?% $9/18) aBAIPERGSERPAYr 3687 RROt B2REBhagdea weight
‘bonded each other to forma ring. Wen mis two-or
averape epo Reul&Rsye Bt &E S50 @M ot R0 (e dldt ,mayr e rs@i1sy @0, 000
different fromeach other, and one group anong 20
to 8@QU0UPS, hofR peeRErkBelLudedobd eBecbbgand, MBY4be i11 more
bonded to one group anong groups of R2 to RS |ncluded1n -

| prefddh tgﬁyoé?g@gd 0b084gg] Term "n" is a nunber

satisfying the valrenté of M X represents the sane
, and the groups

{004€L0n10 roup as X jin the fornmula (1) g )

pres ébotﬁb\?“% P Shnel DYl dOvgmséaéh ine or
27 '

amorphous due to a low ethylene content, and the polymer block

(i) is normally crystalline due to a high ethylene content.

[0047] If the ethylene'/oc—olefin molar ratics and the weight

average molecular weights of the polymer blocks (i)} and (ii) are

- within the above ranges, a lubricating cil viscosity modifier is
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ot her and may be bonded each other to forma ring

when n is two or nore. [0076] (11-6') 5[0077]

wherein 1,41 represents a transition netal atom

selected fromthe groups 3.to 11 of the periodic

table. Term"ni representsTan _integer froml to 5. Y

represents a nitrogen atomor a phosphorus atom U -
obtarl%%roeﬁﬁféﬁ ngﬁ‘o(a%ré%%naaf@ th %i‘iu@&h %‘QEOIBGGX}}%_blt}_ng‘

O nitrogen atom or a osp orus aton1 represents

' rbgn atom hav a_substituent R7, a nitrogen
exce?%&ﬁﬁt JPa B 6P as BEBRET [ 607] TS Ml es G el of

carbon atom having a substituent R8, a nitrogen atom
consgi tyepRoupRér dsTaVer fTomepEbydans andarboanatatuent unit

" having a substituent RO, a nitrogen atom or a

derlphdsEhomusheuaﬂnléﬂiﬂQMaysb@hedﬁ&BEedstdZﬂherhﬁdﬁ% range by

formula (I1-a'). R6 to R9, which nmay be sane or

adjudtfiher ent FhemeaehtQEheLy hadivi duakbyoheps eseﬂ{e tv\réelght

sanme atomor group as R to R5 in the formula (

r nd h other
avertgggf {g}rg’?negﬁ%?}% v?e%en mf gg i@%ug et?ot %ql a;_}i)é) ﬁgaglge by
and._ R9s each may be sane or 20 dlfferent from

Contgaiﬂlashte?e R ite’ Gt oty arfSTRE TGOSy dheRpoamezd zation

RO included in one ligand nay be bonded to one group

timeapbAgtheoupke ofurbng ocp®oynaciadedonn anot her |i gand.

[0079] Term "n" is a nunber satisfying the val ence of
[0048M. X Reperseplsstbe Sapbe 8éOPeEr fGHAUPE ashX EdpdNemer
formula (1), and 5 the groups represented by X may be

accoB@BgOFo Oih 65 Rt £ ¢ 0o £4CH: Ok her; png; PRy pe, bonded

each ot her to forma r|ng when' n'Ts two or nore. The

_ e nr .1 the presence of
(1) ?PF KEE F Hatd ochjucgl ASt SPRCPUHI NG tng‘n’?sFPF’Bhymer
ound of the follow ng general formula ,
aCCOﬁW? tao o goyesqosi]veiket ef nnaxmal b prlerenty a -
transition netal atom selected fromthe groups 4 and
—Bb(ot) t he) perlivwbgireirabl 6.5 Rh iigtdgersafe lagrRinome,15nd
the formula (I1-a'). R11 to R14, which nay be sane or
prefatdlbey enttd rom each other, individually represent a
hydrogen atom a hal ogen atom a hal ogen-cont ai ni ng

[0049 OUp, WI?erhWeOE@bBQQmQF:OHQCO§dEMgrl_o&acrhg)?)r%légﬁtt' EHEggtlon

silyl group, an oxygen-containing group,

s LS ER0L 1 BTG TN A USRI e e

hal ogen- cant ai ni ng
:anentlon may further comprlse a polymer block (iii) other than

the polymer blocks- (i) and (ii). The polymer block {iii) -may be -
a block of a hcmopolymer of an olefin selected from ethylene and

a-olefins having 3 to 20 carbon atoms or a block of a random

copolymer of two or more olefins selected from a-olefins having

3 to 20 carbon atoms. It suffices that the copolymer according
to the present invention comprise a constituent unit derived from

ethylene and a constituent unit derived from am a-olefin having
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29 group, a hydrocarbon group or a
hydr ocar bon-substituted silyl group. Term"n" is a
nunber satisfying the valence of X represents the
same atomor group as X in the fornula (1), and the
groups represented by X mayL#e bonded each other to
forma 5 ring and the plurality of groups represented
X may be sanme or different fromeach other when n
3 tq éotwh&n pbels JroD83t(iefyahbretedu ixreormpohy {(B-(E)). The
As the organonetal lic conpound (B-1) used as needed
copdhydie gradutiticon oft Hde wopohty Miverttie ! Q{alyO\Md?:@amse
organonetal | ic 10 conpounds of the groups 1, 2,

strddc@fal Bei PEHeedived
[0084éi(B ::LLa) Oreganoa g?nbﬁlffn&g%ﬁggﬁ er?é&rsé’sféﬁtae%tﬁye cbject

ner for Ia Rar " Al ( HpXqg, (wherein Ra and
of \%%e PR lnveﬂ?e $ae ot (ﬁ flf’%ﬁ q% ‘rom each ot her,
|nd|V|duaIIy represent 15 hydrocarbon groups haV|ng 1
t o5 RgeFrBE L ABEYRtEONe FMpathenrageateyenX (1), may be
represents a hal ogen atom mrepresents a nunber |n

adjusied dnygdnofe@siBy i ejEesERina thenbeount bife otajgdene
of 0...n<3, and q represents a nunber in the range of

monc(rrﬂe)rq<3'l‘m@e®1\élr@&‘1yt ik r84BEBHEBhe amount of ethylﬁne monomer

20[ 0085] (B-1b) Al kyl at ed conplex of a netal of~t
incr@=d 1.0k %E qBeLLadi G %I tehe O%K}EAf%aitPMSP& ponomer

represented y the gener formu
represents Li, Na, or K and Ra represents a

_ decre ydFGcarbon group having 1 to 15, and preferably 1 to

4 carbon aton(s) 30 [0086]. (B-1c) Conpounds
[0050dpr eséht Ble byobpevgeneprarotdingl ko FedRVB(antterigivent ion,
Ra and Rb, which nmay be sane or different form each
Mw/Mnoet ke, reqgdivedenat| | 2) gpresente hyduecatsbey gheYESsing or
having 1 to 15, and preferably 1 to 4 carbon aton(s),

decrangilg tg@r@@Ethr@ggtgbgogzhgngguggs simlar to the.
conmpounds (B-1a) may al so be used. As exanpl es of

005§ ch c a nds in
[ ? nnrg a unﬁ%j(9%%§qu%g§bg§gkgond§: Ef%féghlaﬁfgﬁ ion,
an_be give pecific exanples of such
Athafs&mﬂ%ﬁﬁdﬁe%%ﬁ% MAiﬁfczﬁe)Y RE (eoFEsedanE dpererged by
can_be given. As further 10 exanples, nethyl!lithium
increpp{Ryi o hi RFrerobyY | thAi oAtabysYl Epohtubration at the
met hyl magnesi um broni de,. et hyl magnesi um chl ori de,

, 1n1te¢hy®m3@h@mlymémxzatmpnetrs@eﬁmﬁMEalﬂp(ﬂﬂh@erﬁalf may be

propyl magnesi um brom de, propyl magnesi um chl ori de,

incréadyd MBENas A DIoE d8e Bat¥h pBENESL UG CRL O ides th’e :
initiation ef poiyrnerization. The AThalf may also be increased
under conditions whereby a polymerization reaction rapidly
occurs. |

00527 The copolymer according to the present invention
satisfies the following expression (2) in terms of the AThalf and
the Tm (requirement (4)). |

AThalfs-0.71xTm+101.4 (2)
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15 di net hyl magnesi um di et hyl nagnesi um
di but yl magnesi um and butyl et hyl nagnesi um may al so be
used. [0088] A conbi nati on of conpounds whi ch produce
t he above organoal um num conpound in the
pol ynmeri zati on system such®as a conbi nation of
al um num hal i de and al kyllithium a conbi nati on 20 of
alunlnun1hallde and al kyl magnesi um and the |ike may
aPSC e ingde the presgrt dpyERGAPTN MmTFeprpolsdsairieying
preferred among the organonetal |ic conpounds (B-1).

the Thaweremgaholhik} ahdy ke grpomdsi p3- dYjaseingetheisTeslf and
i ndividually or in conbination of two or 31 nore.

the [1@088LnQr gaBOabUFERURBXY i BOAPALRACHE; 2Fo) examplelhe
or ganoal um nunoxy conpound (B-2) used as needed in

t-he pr 0 he . copqly no |
Oosﬁumn%)%ggHj A s%h%aﬁﬁédgge F%ﬁgxan@%ﬁt é% " may be
soluble %rganoalunlnunoxy conpound as

0GRS EROGB T TR V758875 PODB0TH ESgOTd LBy azount of

which reacts with the transition netal conpound (A)

ethyl gneonpeBar il FANEXEHp e Bic v ednpobbhdr(Be@pent of the
whi ch reacts with the 10 transition netal conpound

copo( fnetroatoomiaingi 6o pakr paadehs anbehtadhlyfusedxhfple.
t he production of the copol ynmer include Lewi s acids,

[0054PNi C EQAMPRANSEHc DPREN e, CONPE A6 oo
oo e 5o o e o P S e B S gye ronr

for GEbAE, a0 - Uit ool o Ga 14-PATBA: SRt 873314 0B

and,the like. Further exanpl es incl ude. hetero pol y
increafhBengs %%%I?éﬁngth%nBB&HE§rlF@é@@?Tﬁémﬁléﬁrhng the
pol ymeri zation catal yst used in the present invention
produgyieureheritieg seenEeot afcahei eppahgfior (iD)eanincreasing
organi ¢ conpound gi ven below in addition to the

or décaassingntietahtLonpoutie 20e(fgnasl, abhkeasy @N€opolymer
conpound (B) (hereinafter may be call ed "conponent

satié? c_), sl eﬁé@gﬁéz@gh&h@epfﬂépOH@tlai&aﬁc&&”pound

t he organoal um nunoxy npoun (B-2) and the

oostgnte sermatEaly o0, [otclen (000 e e (o
may be produced for example, by incorporating an amorphous
polymer block in the polymer chain.
[OQ56] A copolymer satisfying the preferred requirement {B)
may be produced, for example, by incorporating a crystalline
polymer block in the polymer chain. |
(Copolymer productionrmethod) \

The copolymer used as the lubricating oil viscosity modifier
according to the present invention_may be obtained by
copolymerizing ethylene and at least one olefin selected from

a-olefins having 3 to 20 carbon atoms as described below in the
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32 an inorgani c or organic conpound in the form of
granul ar or particulate solids. As the inorganic
conmpound, a porous oxide, an inorganic halide, clay,
clay mineral, or ion-exchan aeable | ayered conpound is
preferred. [0093](Ckgan|c npound conponent (D) )

In the present invention, the organic conpound

compon nt ( s_use
PresBirine APt R LR T
ol ymer produced as needed. As exanples of such an
tfanéﬂ*@éﬁncm%ﬁéoaﬁ@poanéoﬁ%l s, 2PAeRBFfer dohporindsl e Qi
car boxylic acids, phosphorus compounds, sul f onat es,
pOlyaﬁdiZIaEibhkceatalysbte igiodenaiinfg0084] Thenappl o ateit@l compound
met hod and the order of addition of each conponent

(A) @iRadrbiddabhkyesbastiedaed oot ydkbal 110 bRGanometallic
conponents For exanpl e, the fO||0MAng nmet hods can be

comehH&nv(Blg’ %&’b%PSQn%l@H 11115'19029 a%( oﬁ@uﬁcﬁ a£$ é',g;énd the

conpoun to a polyneri Vess

conolBH19 1 299,08, g, oL Lon, petsl, corpound (),

an arbitrary order (3) Method of adding a
formcar al 9atPebipoPedl; in which the 20 transition netal

conpound (A) is supported on the carrier (C and the
[005tbnponéntatB) t 1 on anpoh y neshZa@tihdn{Aessel in an

arbitrary order (4) Method of adding a catal yst

OPHED Q&M 1 t i rivie@ A 1 t E@mﬁ@ﬁﬁ@r@é@d GB ths p%zﬁpfﬂl% B8R the

the carrier (C) , and the transition metal conpound

cono ot 8 L O B A P

whi ch the transition netal conpound (ﬁo and th '
follubifbrigrie(®) e stpportedon TR 1i P (cé)e foagostic
pol yrmeri zation vessel - [0095]In the netheds (2) to
struqg)re gf Ylensranwe téanalgtsil somprpodalfis munegeby a density
contacted in advance. In the nethods (4) and (5), in
functhircdl ttheqonmenreat céBloh$csupppl éedi ©nviiieg @kl bErMthe Xs
(C, the component (B), which is not supported on the

in tkféa drlr 1050 diM Do 13dded -as1Reeded ich ap ﬁns%fag;[ygroup,
er. In this case t he conponents (B) added nay

1tr J.S??I[?fé)]?a}gié ft%ra%n£ rcplrg tea%lcé']e telﬂ%reen dlg) W[nt%%%%%tﬁg%tﬁ%oatom

Fmnary yner Ze

st co onent in mhlch the transition netal
b ot S el FAYOY TS Lo 0 RS 2 g e i e hrhydrogen

wth the_solid catal yst conponent in which the

- at therfneesi bhomeral3 -doapgaeahdofa) canteshencohpenehtctB)static

are supported on the conponent (C), and a catal yst

energGORORAITt KBS drurtdwey. be supported on the
prepol yneri zed solid catal yst conponent. The

oosaqopol HHRS tr%?fnog%e%sq %@ﬁ%f@&ﬂﬂﬁ Rlaealsi &Y,

of pol yner erformng t ol F'ow ng steps

) he presence of the fin.
Calcugs)%%ﬁﬁ D Pod Lo HEES SUTOUD A B et P0g 207 - Stne
yner bl ock &‘ i's produced by . copol ynmeri zi ng
deveé?ﬁ’?ldeﬁéf S diVtdestl ages ol stRigsicedeaakiom 2 license
a-olefins having 3 to 20 carbon atons in the presence
agreenpénthel @b6¢E oletibanPokyieyitzet pongeahdryst thASCM website
exanpl es of the olefins having 3 to 20 carbon atons,

(htmlt: hewsanBchl bl .asthBepasis function is a Slater-type

function. A triple-zeta function is used for the center metal
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34 above-nentioned ol efins can be given. These

ol efins maybe used either individually or in

conmbi nation of two or nore. [0098] The pol ynerization
tenperature in the step (1);is normally in the range
of -40 to +200C, and preferably 0 to +150C. 5 The

pol yneri zati.on pressure is normally from nornal

and PESTSUEC2 410 FAAKALENE: (198 Madrnhand Lol f bl bramhing
normal pressure to 50 kg/cn2 (4.9 MPa). [0099]In the .

e lene _.an | egst e..ol efin .sel ected
the FLERCLEN PHREE g S0 e e B R
' copolyrmerjized in the presence of the polymer bl ock .
Polagy ¥a bl BRUCHIF T PR HES SIEPq 190 (0 pREIE #5501 yiveetion for
bl ock in which the polyner block (ii) is bonded to
other hat gt yn@hilsl delei(s )Lurfcdign] Ass exampluesdofin peint
ol efins having 3 to 20 carbon atons, the sane ol efins
calc@bat henalforeanentt Dned salrefdcnsreabrhengbvien. thkb sTheseural
ol efins may be used either individually or in
calc&Pb| Hat i onpaf pMA ;0T HRAe.: {Ehg e %Eﬁs%h,%ﬁta'logs corrected

tenperature in the step (2) I's norna in the range

. f.-40.to +200C .and preferably 0.to +150C , The

10 oGl R DR biroeBu P RS P Ty S SR RG R - The texm

“ pressure to 100 kg/cn? (9.8 MPa), and preferably from

eletioromta i pressyr era e 5o tRg ke legtgoppay i c[orrgy hetween
the step (3), ethylene and at |east one olefin -

the hyelregteedat ridm $-glcefimiormhavidighd tea s hdiercattam  More
are copolynerized in the presence of the polyner

spec 06K BF 0duEed d#in Uhel SdtefodZat1d MUyt hee ROLY MBS an
block (ii) is bonded to the 35 polyner block (i) to

nce PSS 8 PUMTEL, B 0k L0 IR0 61

ctad il PO B R e 2 e PO L0

above-nmentioned ol efins can be given. 5 These ol efins
caloy@t inn s dedtBpeRet WPnaF oM 8ual THE dretimh “eoigesdt regdoherein
~two or nore. The polynerization tenperature in the
referst ¢p By ebeaoromlpgpiietien rahdgéeos, -d) dmod 20@861itals of
and preferably 0 to +150C. The pol ymeri zation
thesc HRES W@ MsS odamlddy dy ABmer &l cqrassid o (%Qﬂnt
kg/cn2 (9.8 MPa), and preferably from normal 10
r ' C; . .
calcRRSYHL LD 2 %ﬁ%&éﬁl %g%os%lc EQE‘%E%JP@ cfk?&alﬂqeocj by the

the constituent from et ene

~structural calcuiations). :

[0059] LMXn ' (1)

wherein ‘M represents a transition metal atom selected from the

groups 3 to 11 of the pericdic table. The term “m” represents
an integer from1l to 5. The term “n” represents a n.umber satisfying
the valence ofl M. L represents a ligand coordinated to the center
metal M and having a heteroatom which is .not directly bonded to

the center metal M.
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to the constituent unit derived fromthe a-olefin
having 3 to 20 carbon atons included in each pol yner
bl ock varies depending on the ratio of ethylene to
the a-olefin having 3 to 20 carbon atons 15 used as
the raw materials during prZdduction, the production
scal e, and the pol ynerization pressure and
tenperature. For exanple, when enploying the

L0087 bduct ¥ d¥Iegra tamn (e IGev pEemofa hiErPegRp eRnaidhalogen
usi ng propylene as the a-olefin, the constituent unit

atOMErévbﬂdmeHmbnﬂnGEnupx(ﬁnrmkygﬂnﬁddnnaﬂnﬂngtgnﬁmpNeﬁ
fromthe a-olefin 20 having 3 to 20 carbon atons

sulFel ssieeh i i achr A Y e rn Al esde i e sadinistadbdy, a

adj usting the anounts of the raw materials as
I W@%ﬂ.
bor%ﬁ éﬁ%??%%§%£§L5%#H tions 5? ara |veq%&éﬂ%?ghla
nerlz ti.on Exanpl e 6), a pol ynmer contai ni ng
pho G T G e ‘?R'uéanth%rﬂqerb‘é'ﬂ RFét Frgnsroup, o

_ et hyl ene may be obtained by adjusting the gas flow :

hetgrpeyeblie mamphecmag she propyl ldmemradnd dieing group, a
6.5/93.5. [0105] The ratio of the constituent unit '

germeriweddrtemrstrhy l@nread do 4 hel rcansitadivents ylidup, and the
derived from propyl ene can be changed by changing the o

grofiNHeene/sRNeRY BYex naly & et Qand/ 3P cﬁsff&&pmf%ﬁ{f leg@h other
amﬂeB(PMymnzM|m15mm)e8)\maey

t t n uent n|t derlve fronnet
and B30 BRnaladd BBt b STl &l Tt G erhg Lo bE oz
ries depending on the eId for 10 exanpl e.
[00@3106] AdS Sogodarerty dif #LadureEignpihe presence of an
(Pol ynerization Exanple 7) and Conparative Exanple 4
olefipo|pmismiczatdesn o ampled Y, _indleidmiyy leee agerittenn cemal
- be changed by changi ng the propyl ene/nitrogen ratio
compefural prfopee FRNIEGe yatiered Fasmld asuppl-iaed dhefarren) .
suppl ying a m xed gas having the same
rooeetihyl ene/ propyl ene ratio to the pol ynerization
system The ratio of the constituent unit
deri ved fron1ethy|enen¢o the constituent -unit
derived fromythe a-ol'gf\n having 3 to 20 carbon atons

‘included in fthe s ts (|) (ii), and (iii) can 20
- be changed by 22PP opri arel. ;,changi ng the production
conditions. A rdance "¥nt he above tendenci es.

[0107]In the pres dA U¢ntion, the conponents may be
pol ymeri zed \by Ii dui d- phase polynerization, e.g. '
sol-ution pol Xner Bzati on/ar suspension (@gqlLyyeri zation
or gas-phase 37 polynerization. Specific exanples of
[00e8R inert hydrocarbon medi umused for. |iquid-phase
polynerlzatlon i ncl ude aliphatic hydrocarbons such as

wher B e s B Rl M ﬁ??%?%%ﬁ%t A o the

grogps 3 to 11 of the perlodlc_table. The term “m” represents
an integer from 1l to 5. Q repreSenfs arnitrogen étom.or é carbon
atom having a substituent R?’. The term “A&” représents an oxygen
atom, a édlfur étom, a selenium atom, or a nitrogen atom having

a substituent R°.
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5 such as cycl opentane, cycl ohexane and

nmet hyl cycl opent ane; aromati ¢ hydrocarbons such as
benzene, tol uene and xyl ene; hal ogenat ed hydrocar bons
such as ethyl ene chloride, chl orobenzene and

di chl oronet hane; a ni xture?df these conmpounds. An
olefin itself my be used as the solvent. 10

108] Whe ner i zi t hyl ene _and an ol efi
(00 ng 3 1904 c%?%o%ngfcgfn%g?ﬁb?rﬁe%%%m‘é“& Fife 0r more
het above aql efin polynerization catal the transition
e er?é)@&Pmdahpaana PERISCAGPAEI O Clide avﬁnﬁnoﬁﬁoeﬁt mehat
woul d becone 10-12 to 1 nol, and preferably 10-10 to
hetergagpemt-cprtalnieg gtotihe r%%dnldﬁ capacht yayVhensthe or
component 15 (b-1) is used, the conponent (B-1) is

diffesedtiftcane &8 dihesQ iﬂi}:@ivi@@am}& %(epﬁ:@%'e@it(a( B?éioéé@l atom,
~of the conmponent (B-1) to the transition netal atom

ha( f t uI d
2 R T30 LS I60T000: L of evanty e epE Ruces
When t'he conponent. (B-2) is used, the
Slly?o%po%htaft B I '{]@an%f}%f;% %‘%P%%P%O@ﬁ&rqoﬁéammg

wolar ratio ((B-2)/M of the alum numatomof the
grouRonpofieht B taninte grami ta dprmtatordtasmi(ly gafoup, an
the transition netal conpound (A) would becone

-alumpguratbyt 4001wy 5000000, a anidopphbetabbyn®i 1ond 0§rOBY, a

When the component (B-3) is used, the conponent (2-3)

halogSnUsesk d 1h By agBsinG, S® hdeLrbhe-1D
%BHS) /I\/p oj;m% he corrponent (rB 3 © o&%%&ﬁ%ﬁglﬁg%%due’ 2

Slll%&ﬁf%? econe d$£°¢$y % @QE%%hgand or ?%?% oun 4Q)%¥ a
o B PO T s

is used in an anmpunt so that the nDIar ratio

- to fO(r(frD)a/ CBOg)) Wiri dv Becdive per maicky B,0R*t oRL0R anthd R may ..

preferably 0.1 to 5. When the conponent (D) is used
be sagwdorhéi toepamentrgiBledch théiecgnpadesie (Bd)p atbeg groups
conmponent- (D) is used in an anount so that the nolar

£ R? it RO i(dDldeBr 20) oMo ulidiaHy hegone
O 2, andl pref gr abl yOO OO? to 1. V\her?ﬂtﬂwdegaclgﬁ'p%%%%% 2"% among

r d 2-3
grouris HB B B0k i TTRARCTY SRbehar ) I tRaRonel (e

lar ratio ((R)/,(B-3)) mould becone normally 0.01 to
OO65§8 andSpFEfBr aBi'y6. & THURST 1% oI thé Hfoveédghge of M.

ight of the resulting copolyner may be adjusted by
X repéaﬁﬁiﬂém the 3aree movoneY gaalpy s Xatn drendotvela (I), and
pol ymeri zation tinme. The above-described copol yner is
the gsoupablkypusednasdablyublr magt beg sahk ¥irS@98Fb¥ent from each
nmodi fier. [0111] (Lubricating oil conposition) 20The

‘other! HBH ®8Yi B8 BbhJeATRESIAJAN AGCAS C‘Jﬁ% it G GNe RILSeNto e

. invention conprises a |ubricating Vi SCOSI t
[0066H difier, which is the above-descri bed copolyner a
ubricating oi | base stock, and pour-point depressant

as needed.

S=T o (11-b)
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[0112] Each conponent of the |ubricating oi
conposition 39 according to the present invention is
descri bed bel ow. [0113](Lubri-cating oil base stock)
Exanpl es of the Iubricating oi | base stock used in
the present invention incl fle mineral oil
pol y-a-ol efins; diesters such as 5 polyol ester,
[Ooéy]OCtyl pht hal ate and di octyl sebacate; and synthetic
: oi'l s such as polyal kyl ene glycol. O these, mnera
oil or a blend of mineral oil and synthetic oil is-
whengeder ¥y AfRrefett s [DIr4PMindral nerps atemgenbretdy from the
used after purification processes such as-dewaxi ng
grougtsc 3, tanlilané thaspetieditntabseverile 121Gt a¥eS represents
depending on the purification nethod. A mneral oi
an iRavgee &-waxicen!ent of L, 5ei0,dD% 5 genalaldyoksed.
For exanple, a highly purified oil, which 1s produce
r cki h I ur, point .and_a hi gh
phos e o e BRd= AT Y, S ERPT i Ll B even
RE nag be used.. A mineral oil having kinematic 15
r {PLELEPEY atCROCHR RBCFBROBES &StO% s fehePRFFRES e carbon
[0115] (Pour - poi nt depressant) Exanples of the
atompbavipei at sdeprétsant Bied as tmeemed dtont,her pr edesphorus
i nvention include al kyl at ed napht hal ene, an al kyl

:atomnethacrylate (co) pol yrmer, an al kyl acrylate

(co)polymer, a 20 copolyner of alkyl fumarate and -
[oos¥inyl 3celatsoRPsas B RYHTRE ARG g &?BQH’{@én@fRB, a
an a-olefin and styrene. OO these, an-al ky _

| at e mer or, an a

e, oBPRRAPE e S KBSty cprbomoaton

. The lubricating oil conposition according to the
having & ¢S thivet ok cont Bi RECIRR &Mk Gt in@heisbhieass atom.
, stock, the copol yner, and an optional pour-point
R regepsestamt hyWhegatrben| gibrire Atvnggaitle oompese hetBroatom (s)
contains the lubricating oil base stock and the 5 _
or a ¢gpElopEbon Hriowpphelenghdge tdatdrienbubrbaabhngofthining
conposition contains the copolymer in an anmount, for
grouXamsl €, Of thg_ghsxgay'tt%? sand BJ[:ecgf%f'%té(ntl fl%nﬁ%ac\gft g/%her,
u ase stock an

(the balance 1s the Tubricating ol

s i 14 d [ d .l . _[0117] The | ubri [ <0i, | ‘
snas SO KPS SO R ) o 10 T Sl LG L, o

roperties and shear stability. E?e | ubri cating oi
form 84 B orP PR OhIRT R8T R 1R K draY BisrPendedgasi other
_applications. The lubricating oil_ _conposition may
to fogm asednd ox Whdrubr ieatvmgmitdorappkicaRiPensr’af,t 8fs, and R%s
addi ng a pour-point depressant and the |ike. 15
each hBJ18 Wher bheid £ i et ifemobhcE QMRS ,t bAA &%‘b@‘ioﬁﬁ among
the lubricationg oil base stock, the copol yner "and '

ricating oil conposition contal e copoly
.1 to 5 w%_preferably

an anmpount of . for _gxa e
amongy 3 s of W o Os & |+$L?%e<gr3el? A2PIRED. b5IarA 1. 5
0,

w %
[0069] Term “n” is a number satisfying the valence of M!. X

- grousIBE AL o RO M ASALEIIABhe iodity 29I ABLEGALC LI croup

represents the same atom or group as X in the formula (I), and
the groups represented by X may be same or different from each

other and may be bonded each other to form a ring when n is two



3

10

15

20

othepgn @p

20 and particularly preferably 0.30 to 1.5 wt% and
contains the pour-point depressant in an anount of
0.05to 3 W% preferably 0.1 to 3 W% still nore
preferably 0.1 to 2 ww% and particularly preferably
0.2 to 1.5 wt% (the balance&%s the lubricating oi
base stock and additives described later). 41
[0119]1f the anmpbunt of the copolyner in the
or mpgkr-i chh¢ KgPreilymesusPeirmrrdsced thithet heeapoveof anolefin
range, a lubricating oil conposition exhibiting an
polexeel tantovicatadivisy inpleding £ftfrecisiaddn metal compound of
| ow-tenperature fluidity can be obtained. The
the | DI 1SRLA NG OHd1 CAIRASI4 | pRragcordi ngr 9,4 )he
present invention may conprise additives such as a
[OOfETergent di spersant, an alkyl nmethacrylate
(co) pol ymer, additives having a viscosity index
i mproving effect suc%1as hydr ogenat ed SBR and SEBS, a
rust prevenyive ageny, @n extrenme pressure additive,
an anti-fogm ng agent, an antioxi dant, 10 a netal
deacti vatof, _andysan antidwear, agent in addition to the
| ubricatin ' ase sto Nﬂﬁhe ol efin pol ymer and
t he pour-pdint d re; . (Detergent additive)
Exanpl es ofg\ the detefgerft additive optionally used in
~the-15 presgnt igtventi i ncl ude net al iylfo ates
- such as cal ci um sul fonat'e, nagnesiuﬁ?s&l oflal e, and
[007q§riun1sulfonate, t hi ophosphnat e, phenat e,
salicylate, succininido, benzylanine, succinate, and
the like. [0120] Exanpl es of the extreme pressure
whergdant!'| AePireeDs sul Frandidsben adaadme tpressieetagefrem the
such as sul fides, sulfoxides, sulfones,

‘groups Gphosphi met ee trhirdeatrimonatlelss. stkefur *nédrepkssands an

fats and vul cani zed ol efins; phosphoric acids such as
inte@&&sﬁfl@irﬁi, t_@hgsphat esprobesphatenapt-fgesabismadd a carbon
phosphi te am nes; hal ogenated conpounds such as

at omf I?xlaeriinrc}_latae dohydrecarhons. A2, %Pé'gérlt s & Stg%}}%esn ot om ,a

he ant’i wear agent include inorganic or or

Sulfnol§ %pnun1coqpounds 3uch as noh§3%$$un1disul%jde;
SFgani ¢ bdr G- COMPBURGS s udH &5 9FEr Gy faving a
‘ borate, graphite, antinony sulfide, boron conpound
SUbSEﬁ&uﬁ@Wy%etrafluoroethylene. [ 0122] Exanpl es of the
- antioxidant include am ne conmpounds such as
[0072)6- di Rf er¢pirggrt«-araittydphenodyp $abvfing et least one atom
phosphorus conpounds such as zinc dithiophosphate.

or shxampkesnef skheckust rRoaV et AR ahac! ude _
car boxylic acids such as oxalic acid and carboxylic

i al.t.s; .fan . .esters;. al oks:.., ph hori.c
he e R R 8 Bt oL S B g b BT R o
be zotriaﬁole derivatjves; thiazole conmpounds; and

T%ﬁ%@]%béé’ 186 the Satth OrpaH Wy hgettstituent
i nclude silicone conpounds such as dinethyl sil oxane
seleghgdafsphj ket ¢edatiprpersi onetareahon— compolmisy aynbups, an
ester conpounds. These additives may be 15 normal ly
aliphaddéed hpdascampunt gebup. ivtiecb@tpaeckstbynwekgbh, cand
preferably 0.05 to 30 parts by wei ght based on 100
subs PRELEnPYs el Gty ofr P Bk BBY ‘%%txdsngn@'ﬂet‘%%?é it aining

al t hough the anount varies depending on the desire
| ubri cati roperties. [0124] The | ubri,cating oi

o b e H G P 6o e RE o8- BB LB Pt bt g ator
be prepared b nixing or dissolving the copolyner, a

Or SRy ibeERE a%%vﬁfé*é,@@n rg® heeg&EqaaABSoRREr additives

in the lubricating oil base stock using a known
met hod. :
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[ 0125] The copol yner according to the present
i nvention may be applied as a lubricating oi
viscosity nodifier, which produces 43 a |ubricating
oi | conposition exhibiting excellent |owtenperature
properties. A lubricating 69 conposition exhibiting
excel l ent | owtenperature properties is obtained
' he lubri.cating il viscosity nodifier
hEtéﬁﬁéﬁéﬁ:§§QQéﬁﬁ%§ﬁs%ﬁéﬁﬁﬁﬁ i nvention. [0126] The
Ooiﬁﬁricatin oi | congositipn according to the present
[ ent i gh FERhFBPESWEREE| RerfteRtneardfper ehapwl group having
properties. EXAMPLES 10 [0127] The present invention
at Jeagtyraneentdsseri beldsbéltownty sedygcobdekanpl este Nod€oms and
that the present invention is not limted to the
hetémdw%n%aﬂ@h%s?rwﬁgﬁ]am cReoRes i @ 8F ¢H€ carbon atom
copol ymer and the lubricating oil composi tion
bo dj ; pr. ol j re asured and. . .
S e by S S o S E b e PEC R F g e rom,
the o%ép%ﬂol¥ger)h The chem cal conposition of the
Eoporyner CHBs AEadtir £8285i RECaRtPR50D Tkt lehuent selected
' magneti c resonance (NVR) devi ce manufactured by JECL
from pgteTprtons Anehae hehee hoTeAenpeakiQUrrBnFpI aadeast one
used as 20 the chem cal shift reference. A
of themmraidabhy sdwaiH pbké thvRsyeas tzenBhtl Ul bAe B @SSt i tuent
tube with a dianeter of 10 mm was charged with 250 to
seled@@dgroh; al)5@m&&r@a@bﬂoﬂ{e@gﬂaﬁe%\atiﬂ%%?régfatom; 2) a

Vorthpdichlorobenzene nanufacturg by f 0 c
CLacfRRFLERh ntnb! o B0 REEENGEURONT AELLTE DY o s

at 120C and_unifaornly di spersed. The measurenent was
F1U0 §PB P TBif Sht7 & TS SHORTH. DA 45 GAAUR AN e two or more
repetition tinme of 5.5 seconds. [0130](DSC

. carbpBadtiPBfener of) cepol ¢AEE) OBTheubSCitreantr embatteofl fhem

copolynmer was carried out using a differentia
hetegcahnmngootd D1ingt @ro(PSCharmanyf achutedobyodebkBer than a
calibrated with indium The copol yner was pressed at

£1uo200E hOohPr M akhdi enfhm rAbeut, 19n 8 0f+ 1 hfio%%é%mﬁ%?

wei ghed and placed on an al um num DSC pan.
oo7RUt ongd a i 0,t90-be hernetically
E croseds ?ﬁéﬁégﬁgfghggﬁ’&%éﬂ%ﬁgé%&F%ék%f LEgM sagihgther,
._..an.e al um num pan was placed as a reference. The
mdl‘éﬂa%?ﬁ%a%e%‘?aﬁeébt 0O STERE O™ BRpeF A RIrEs iPncF@a%%; in the
rate of about 50C/ m n under a nitrggen at nosphere,
formatrl (ids 2hel AL WISOC o¥e afolt thi Wemay inet benddHesach other

sanpl e was then cooled to -100C at a
to form a ring. When m is two.or more, R's, R%s, R®s, R's, and Rs

each may be same or different from each other, and one group among
groups of R* to R® included in one ligand may be bonded to one group
among groups of R®> to R® included in another ligand.

[GBT75] ' Term “n” 1s a number satisfying the valence of M X

'represents the same atom or group as X in the formula {I), and

the groups représented by X may be same or different from each
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15 tenperature decrease rate of about 10C/w n and was
hel d at -100C for about five mnutes. The sanple was
then heated at a tenperature increase rate of about
10C¢ mn until the sanple m2§ conpletely nelted. The
peak-top tenperature of the enthal py curve obtained
when decreasing the tenperature was defined as the 20
a zat i ah e
o e A b Ted . e aalrap o ks tuo
or mgperature that is at the | ongest distance fromthe
T5asel i ne was defined as the crystallization
tenperature Tc. The peak-top tenperature and the peak
(007&lea of the enthal py curve obtained during the second
45 tenperature increase process were respectively was
defined as the neltipg point (Tm and the heat of
fusion (Li), and th alf-width (AThal f) of the
mel ting peak/was ca},cwy ated. When two or nore _ peaks
were observed, t eaR-top tenperaturé that at the
| ongest 5 dijstange fro basel i ne was defined as
the neltinglpoi (T 31] When two or nore peaks
whi ch are ndt elfy separated were observed
(i.e., the eypthal py cufve connecting the peaks does
not return td $feThas m ne), the sunugﬁ bhf peak
areas of two or nore peaks was defin he heat of
fusion (AH), and 10 the half-width (AThal f) was
[0078&l cul ated wth respect to the height of the peak
corresponding to the nelting point (Tn) for the whole

wherBeaks! Waish ans NGt t%%@ll%&%ymé%wé%&q séﬂeéthalcﬁ from the

‘case _the half-wdth (4Thalf) mas cal cul at ed
he t@nperature

I he. di ff
grou&%" ?L%Ega%vgh |gC%re %?rs a#?BRS Bf THEEEEH S an

ght of the peak correspondlng to the nmelting.point

integerliom o angerabTT SRt vinPLh DAEN U b O GAERESPROTUS -

| ast to half of the height of the peak correspondln%

-atomt o § heemrs 34migs poi grramater tivevD8C @ntad Pt oty &, a

[0132] When two or nore peaks, which were conpletely
nitrseparated, 20awehesphseuvedidm. e.q rebeeceahial Pycaiiore atom
connecting the peaks returns to the baseline), the

hav:u@c?af!ﬁ ﬁik?@cﬂfuéﬁ‘@ peak ﬁQt%EEH Eﬁgm”%f'ap%ﬁ'ﬁ)@ toﬁ;lgnlatom

bel ongs was defined as eat of fusion
e ha f | Thal f S cul for h 8
[007%2 J5 Iep]td% er(it tiaanggr&\g@lntacc lfla%té.l% l% F{_ﬁuent R%, a
resent |nvent|on is 46 one enbodlnent that the
nltr% AL e Rt cBHﬁFEP@FységﬁﬁPatéﬂrﬁﬁéﬁsﬁﬂésd?QQ&QQH atom
peaks are observed in the DSC curve. [0133](GPO
havimgasundrenittwint 6ol yneiyrFuennahber ewer agesphorus atom.
- mol ecul ar weight (M) and the weight 5 average
R ismpheckhae yeightin My wereuleasured: ysi g ac0e?, which may
pernmeati on chromat ogr aphy (GPO) systenlnanufactured

be sa*?rbé lé\ét §8:LaLLDY f?f@rﬁi éé%hngtﬁe%t aﬂ‘?ﬁ{%é%’ﬂg'}“ﬁ%resent the

rmno I sperse polystyrene) vvlth a known no
< ht TSKge 1GNH§ q¥hggd _§W+B-IWL re used, as
ame 5 G nhet Qi aREterda t"’He' PEAgtHo °F
of tQp 9 _ .
more of R” to R may be bonded each other to form a ring. When

m is two or more, R's, R®s, R’s, R®s, and R°s each may be same or

different from each other, and one group amcng groups of R® to
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10 columms were each 7.5 nmmand 600 mm The col um
tenperature was 140C. Ot hodi chl orobenzene

manuf act ured by Wako Pure Chem cal Industries, Ltd.
and 0. 025 wt % of BHT_mannfactured by Takeda Cheni cal
I ndustries, Ltd. were used2&s the nobile phase, and
was transferred at 1.0 m/mn. The sanple
concentration was 0.1 w% 15 The anpunt of. the

R izgApred; 1) sereed igasdsnay e boinidest 50 andidfcerrertibaly groups

refractometer was used as the detector.- An analyzer
of BC801GfamE hodedetn byndoseh Togpndwas used for peak
separation. The | ocal m nimum point .between the
00 ks was-deter nished a LN 1
Ot e nimum pa B D st 0ot R badel Taee SgTHhe™ ¥ X
d _Mv M .at each_peak_and the_peak intensit
rep ke S M e BT GE 8RR rEacur Brehe orrmefa ot and
%%ystallization tenmperature Tcrystaf of gogolyner
SUPS FEPAFSPEEAs Do Xt ReYcP§sEalei 2at #dRferént from each
tenperature 47 nmeasures by a CRYSTAF net hod.
othegpaeidf mesl by, bohdedrgatlal dtilzat iton fcemper attugewhen n 'is two
Tcrystaf was nmeasured using a CRYSTAF 200+
or moraUf aticut et bymEpiRBre ShARuCAdISTPhE e H2SOF %eh1efin
i n orthodichl orobenzene to adjust the concentration
PO -86 g/ Af 1. QW : [ t .160C :
P e P Shay ot Gl b, B TR B8 B pRERena or
cooled to -20C.at a.te rature decrease rate of
the gggépﬁﬁﬁg FHE<EE cgﬁFP&%Fogggﬁ?rhe pol ymer, which
- precipitated during the measurenent, was detected
[OQBQéing an infrared detector. The continually
preci pitating conponents 10 were detected online, and
the anmount of sjsanple ipitated was plotted with
e to nmeasure the anount of

conponents gepag® _.35¢ t’gl -20C and t he anount of
conmponent s r | ess. The peak-top

t enper at uregi. d ‘ure range form95C to -20C
of the poly 3 ' 5 anount curve obtai ned was
enpl oyed asit he al | ijzati on tenperature
(Tcrystaf). y of - copol yner) A

51 measurenent at a -
| a load of 2..16{(kflhas heated.
~“at 120C for one hour and 20 allowed to gradually cool
[008ib roomtenperature over one hour, and the density
was neasured using a density gradi ent tube nethod. .
wheré0136] rekiraebhesVhSeoshtyt abnlR9E1 atom sd&ted from the
ki nematic viscosity of the lubricating oil
iti t - i nnaccordance with _; .
IO a5 e e T Rat T ol | Rorpost 1T Geifsetr R in
in the l,es was, prepased so that the kinematic
the f’tﬁ%‘a’gﬁ tEf;iaIF% 3.-) rs %&égqsﬂwgw o £3me el different
Cranking Sinulator (CCS) viscosity) The CCS viscosity
from gpchipchatbr Lpdivagueill yoomposi¢nbn wadrdgereasomed: Ablogen
- - -25C in accordance with AsTm 02602. The CCS vi scosity
atom, s Useltbdem-exaltialei idieysdisl Ng PFOPeEd Hesn (AL - up
performance) of a crankshaft at a | ow tenperature. The

hydrcBHBI- e tial e ot 1 i he QoY %Qﬁ@'ﬁﬁrﬁ%

strand obtai R

et t.er
the | ow tenperature properties o a |nnlg1g group,

Q] L : :
a nlt(:)cjogen-contalnlng group or a sulfur-containing group.

[0082] R' represents a halogen atom, a halogen-containing
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10[ 0138] (M ni Rotary (MR) viscosity) The MR
viscosity of the lubricating oil conposition was
nmeasur edat -30C in accordance with ASTm D4.684_ The
MR viscosity is used to eval.,uate punpi ng properties
of an oil punp at a Iom1te%3erature. The smal |l er the
val ue MR viscosity, the better the 15 | owtenperature
rody OREMH f e ry [ i, s - :
S T e Pear SCOrE frud ey P msepstipated silvl
torage _stability) ter cooling the lubricating_oilj
grov dnpggfproﬂ afs-¥8%9$%?r Saglgﬁggﬂ%n?%? Yﬁie?F%i%¥t¥' X
of the lubricating oil conposition 20 (appearance)
TePLEEETSs v §2RA agvﬁu g&at 88088 £8| ¥ols. the18mGspdiI) , and
exhibited fluidity Bad: gelation occurred
the gRolypseriepacsentExdahpl B &y B8 bonded Aegtlassther to form a
~autoclave (internal capacity: 1000 m) sufficiently

ringr epbaced pudds iy egearwas sChapgesemi & B8O Bl yOhe dééfne or

‘toluene. After propyl ene was passed through the
difreystem 1 / I put.es, 15 L in terns
e o%%a?ué?%ﬂhggfﬁnggﬁgﬁaﬁgﬁgh%XgﬁetWésog ggggd whi |l e
intaining the t erature of the stem at 35C
100831 0 qUARBRYONSF LT LENEORREPERor Eot) B, 15 Mol of
[bis%N—(S-t-butyIsaIicyIidene)-2,3,4,5,6-pentaf|uoroa
nfFi hAet e Teanaretad 13y dimgwrd dé-landsedangi mgeded dn the
- m xed. gas of ethyl ene/propylene=6. 5/93. 5 1/h (i.e.,
prodethybene£6tbel tbpolPmpippyhengsdBohing) orffhgofkXs Ul ec
was stirred for 30 mnutes. Then, after term nating
compblAdsUBR! ¥hofgebhyLene, o a s xeds gas 19fe i odi e
o propylene/nit%oggﬁz60/40 |/ h was supm% gﬁlfﬁgféégag%g are
usegWas stirred for .10 minutes. Then after changing to ‘

' m xed gas of ethyl ene/ propylene-85/15 |/h and being
irred_for six mnutes, 15 term nated the supply. of
fOOBa hyl e g-—gﬁb theOﬁgﬁgaa&Hngapm compounds represented by the-
| prOpgéene/nitrogenﬁ§O/40 1/h was supplied instead and _
genegpas SpFmykal Fehl {ORNITHIRY%S . (WheerginaRt ema Ringivigidtomay be

~the mixed gas of ethyl ene/ propyl ene=6.5/93.5 |/h and
same was Befhgremt rfednfescB0ouheyl esnd20: dhadf vy nBéPaEOint

and 5 m of 1.0N hydrochloric acid were 20 then added
hydrd®@af86M dvdd & d M Fi8RF T @ 141t §haShidfd PG, 106 MXYUEE6n

for 30 mnutes under” a nitrogen stream the ,
£ rj ' | ut,i on eashed wi th using .
. an?L¥P$I% ﬁ%%%?igﬁﬁ2&%§3w%ﬁf%ﬁﬁﬁnﬁbrngefengngtHgﬂ%?r n
h tog$rec'§itgée the pol yner. The obtai ned pol yner was
© @0 9%ted “Bnid- df i € R SIBOT F SRS ThdlrshefdEige of 0sn<3,

reduced 50 ‘ ,
and ¢ represents a number in the range of 0=£g<3, provided that

m+n+p+g=3)

{0085] {(B-1b) Alkylated c’omplex of a metal of the group 1

- of the periodic table and aluminum represented by the general

formula M2A1R%, (wherein M represents Li, Na, or K, and R®
represents a hydrocarbon group having 1 to 15, and preferably 1

to 4 carbon atom(s))
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pressure to obtain 9.07 g of an ethyl ene/ propyl ene
copol ynmer. The properties of the resulting polyner
are shown in Table 1. <Pol ynerization Exanple 2> A
copol ynmeri zati on reaction was carried out in the sane
5 manner as in PolynerizatBan Exanple 1 except for
changi ng the pol ynerization tenperature to 50C. The
opertles of the resulting polyner are shown in
£00£€a]b| e. 1{B<Pg| yme Corariusn EX appEeesbed byl Bss gauteawllafermula
(i nternal capaC|ty 1000 m) sufficiently 10 repl aced
R*R°MI t(wheirtt ogenanak®c hahged ma v h8Qame o 0fdidrae teltueRem cach
After propyl ene was passed through the systemat 100

"oi‘__heln{ hlﬁ@ﬁvléuﬁlﬂ&'tfe% el Ok rddb AR -8 @l'ﬁgmﬁnlof:o 15,

met hyl al um noxane mas added while.mal fainh Ing the
and %rg{% Hilr gno%fb g tem ng (SSCJZ, %%%Sﬁgugglta!c ’seg’fctse{dg)r
ﬁﬁ[bls (3-t- butylsallc lidene)-2,3,4 6- pent af | uor
[0084dni I i Ourfiﬁtéﬁ%ﬁfr OdF}é%I%?T@F&éJjnde?ndBcﬂ@dgmﬁg gbso be
a m xed gas of ethylene/propylene=6.5/93.5 I./h, the
usedy xBar examsles | oF etiflorcAROMINGS psor Jivers L ad.teim compounds
term nating the supply of ethylene, a m xed gas of

in wpi opytweneknhd £ & GERFEGHAO cbidp MBsisSHPRIH &thd Nstiead fidogen
- was 20 stirred for 10 mnutes. Then, after changing

atont 28 'E‘gxﬁ_dlvgﬂs of s el bl enelp QQ%EEQ§'§§’ éﬁ"ﬁ% gorﬁ%o

i nst ea Next, termmati ng t pply of

I G R L s T L o AT 5 grpenes

was stirred for 10 mi nutes. Then, after changing to
examphgsyi ReghyhsitEiunf ethyldashduopy PeapyslsEb3us, |/ h
" and was being stirred for 25 mnutes, 20 m of
butygétibhnoh, a1y Imagfe s iNdryadrieeh| m@tl@ymé@h&\@i@ntdhﬂl&)ride, :
-added to termnate the reaction. After stirring the ,

" ethyMinGHEe i har b0 Iaayt eshinfleynad sk’ egeB-shkeam the

pol ymeri zation 5 solution was deashed wth u3|ng

prop?%ﬁébhlﬂggufﬂ%fémﬁ@&l V\?f‘ng?kt'ﬁ;g neggﬁml cR1.& po ygtr h\?vggl

pfecipitate t alne
nd dri ed at 0OC for ,10 hgfrs under

ol | ected
oty RauEEaT P dReur LT o %%Fgfﬁa%egiu@ grigpide,
., ethyl enel/ propyl ene copol yner. The propertles of the
dlmeF%&im@@%%Sb@Fyﬂ%¥e%? BAGWASILHNTaBleutylnggnesium and
<Pol yneri zati on Exanpl e 4> A gl ass autocl ave
butyléntelmadneapacinygy 4080 be)usafificiently repl aced
wWith nitrogen was chargéd with 800 ml of dry tol uene.

[0088f ter Gassihsichr apy| @flec&ﬁpgaﬁast hﬁ?&&g%w&uéé(%ﬁé“ Move
100 I/ h for 15 mnutes, 15.0 mmol| in terns of

th I dded I
orgarﬁ*@a#ﬁxg#ﬂngg ! &Hgnﬁglplg DY BBE AR 188 E00O UL such as
Subsequen after t ddltlon of O 15 mmol of

-Combl[fiﬁ‘ SFRE ( 1a w1 edefwé% Bllyl4izhg e nearPubisation

nilidato Jtitanium(1V) dichloride] and changing to a

of alymieymyss léflectngl ehbyprepykesnem6. 8193 1e | Vike nayealso be

_ m xture was stirred for 42 20 m nutes. Then, after
usedtermnating-the supply of ethylene, a m xed gas of
propylene/nitrogen:60/40 |/ h was supplied I nstead and

wWake g dred @l ntl MO Jhgf]%sz?lt%&[[ %ﬁcﬁ% 49,8

m xed gas of ethylene/prop ene=
for f our m nat ed t he ly of
organy %‘h ene aﬁgm{;ﬁg Qﬁxg%_éés o he%% organome‘s’c%&alc compounds
propylene/nltrogen 60/ 40 1/h was supplied instead and
(B-Dngg ssiisefe 8 1L BET1O NRLVICeR L Ithe, iaf Fembéhatigpngofotwo or
m xed gas of ethyl ene/ propyl ene-6.5/93.5 1/ h and was
being stirred for 45 mnutes, 20 m of nethanol and 5
m of 1.0N hydrochloric acid were 5 then added to
term nate the reaction. After stirring the m xture

for 30 m nutes under a nitrogen stream the
polynerlzatlon solutlon was deashed Wi th u3|ng
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A gl ass autocl ave (internal capacity: 1000 nl)
sufficiently replaced with nitrogen was charged with
800 m of dry toluene. 15 After causing propylene to
pass through the systemat 100 |/h for 15 m nutes,
15.0 mmol in terns of alunmB3aum of nethyl al um noxane
~was added while maintaining the tenperature of the
system at 35C. Subsequently, after the addition of
mor®. 15 nmol. of
[bi S[N-(3-1- butylsallcylldene) 2,3, 4,5, 6-pent af | uor oa
[0088]l | nat @ r22r|daitadinisidxy) dﬁmﬁ@umd da}zand changing to
a m xed gas of ethyl ene/propyl ene=6.5/93.5 |/h, the
m@HéJB%g\A@%a%}n 'h%%o&%f céﬁp%ﬂ&!t B5-2)Thekq gf st fibeded in the

tern1nat|ng t he supp ethyl'ene, 'a m xed gas

pylen itro 0/40 l./ h i ed instead and

b0 R O S e ST DTR hlied S R o TP LR g ieg Gplled

m xed gas of 53 ethyl ene/ propyl ene=85/15 1/ h and
alumﬁﬁﬁﬁ?sn?FF%Eeﬁéﬁn?ﬁﬂééoﬁPgé?é#g%Qﬂﬁ%W%ﬁ%%W$ﬁécompOundaS

supply of ethylene and the m xed gas of
disqdoged émeOR-R-@gaB-680/.40 1/ h was supplied instead and

was stirred for 10 m nutes. Then, after changing to a
[coam)xed gasmpbubdelBybenaliRiropykene=kitd 9Be tPahbhe 808 metal

was stirred for 24 mnutes. Then, term nated the

'rcomp%ldﬁpil A‘?f s E%'r%”%o@ogzggi /m xed gas of

propylene ni trogen h was supplled i nstead and

' s.stirred f 10 m nut er changing to a
TEFEUPRS GE oPfy COMBFI Gy Borsekat ¢ FPRCAAGALS Che
~_being stirred for 3 mnutes. 10 After terminating the
trangdfppPp BetathgPEpeurd Pxe§ogdsrsf an ion pair and is
propyl ene/ ni trogen=60/40 1/ h was supplied instead and

arbiwasrsfliyrussd fior th8 produasi orTbénthatbenlghargl mgl ide dewis
m xed gas of ethyl ene/ propyl ene=6.5/93 . 5 |/h and

acid¥as dei Ngombbthed, fosr A0 FbRELESds2AHd c8Fp8BERARnpounds
and 5 mM of 1. ON hydrochloric acid were 15 then

dlscﬁgggg iRk ErHLTagﬁl@gﬁ rggchjgnsogHggequngbyA §fi?§005
st t or

irring the mxture 0 minutes uhdef a nitfog

se-s3 P bpnE R YIRS on. okl o yes ogenl T L
nethanol to precipitate the polyner. The pol yner
Pateght NP nedl: %as, 66 aBfelhandile edF BEtNIESD B IS Hrlgide

20 under reduced pressure to obtain 8.91 g of an
heterthyl enedpropydienendopebyoiy. cPhpopndperti es of the

resul ting polymer are shown in Table 1. [0141] 54
[009TABLE fhe zalfioN pbXaimRire zhtadhi 88t PP R e in the present
iﬁvention.may further include (C} a carrier and/or (D) an organic
compound_given,beloﬁ in addition to the transition metal -compound
(A) and at least one compound (B) (hereinafter may be called
“component {B)”) selected from the organometallic compound (B-1},
the organocaluminumoxy compound {B-2) and the ionic compound (B-3).

f0092] (Carrier (C))

The carrier {C) used in the present invention as needed is
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Pol ymeri Pol ymeri Pol ymeri Pol yneri Pol yneri zation
Exanpl e 3 zation Exanple 4 zation Exanple 5 Ethyl ene
content nol % 66.6 66.3 70.1 60.1 66.2 Mv (relative to
PS standards)xl 04 g/nmol 20,1 17.8 20.1

an inorganic or organic compound in the form of granular or

particulate solids. As the inorganic compound, a porous oxide,

‘an inorganic halide, clay, clay mineral, or ion-exchangeable

layered compound is preferred.
[0093] (Organic compound component (D))

In the present invention, the organic compound componen.t {D)
is used in order to improve the polymerization performance aﬁd
the properties of the polymer produced as neededl As exaﬁples
oféuch an orgahic.cbmpound, alcohols, phenolic compounds,
carbokylié—acidé, phosphorus compdunds; éulfonates, aﬁd,the like
can be givén.

[0094] The applicationmethod and the oﬁder of addition of eacﬁ
component are arbitrarily selected when polymerizing the
components.rkFor example, the following methods can be given.
{1) Method of adding only the transition metal compound (A) to
a polymerization vessel

{2) Method of adding the transition metai compound (A) and the
component (B} to a polymerization vessel in an arbitrary order
{(3) Method of adding a catalyst component, in which the
transition metal compound (A) is subported,on the carrier (C) and

the component (B) to a polymerization vessel in an arbitrary order

(4) Method of adding a catalyst component, in which the component

(B) is supported on the carrier (C}, and the transition metal

compound (A) to a polymerization vessel in an arbitrary order
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.19.9 1729 MW M 1.7 1.8 1.7 1.7 1.8 Density (D)
g/cnB8 0.860 0.859 0.863 0.857 0.860 Melting point(Tm

DSC) C 44.9 40.5 43.0 40.9
33
{(3) 'Methodmxfaddingeacatalyst.componentj11which.the'transition
metal compound {A) and the component (B) are supported on the

carrier (C) to a polymerization vessel

- [0095] In the methods (2) to (5), at least two catalyst

. components may be contacted in advaq@e. In the methods (4) and

(5), in which the component (B} is supported on the carrier (C),
the component (B), whichtis not supported on the carrier (C}, may

be added as needed in an arbitrary order. In this case, the

tcomponents (B)'added-may be same or different from each other.

[0096] " Anolefin may be preliminary polymerized with the solid

catalyst component in which the transition.metal_compound (A} is

supported on the component (C) orrwith the_s-olid catdlyst componént
in which the transition metal'cdmpOUHd (&) and the component (B)
are supported on the component (C), and a catalyst component'may
further be supported on the prepolymeriz?d solid catalyst
component. The copolymer may be produced by synthesizing

pluralitywxfpolymarblocksknrperformingthefblloWingsteps{1),

(2), and (3) in the presence of the above olefin polymerization

catalyst.

[G087] In the step (1), the polymer block (i) is produced by
copolymerizing ethylene and at least one olefin selected from
a-olefins having 3 to 20 carbon atoms ih,the‘presence of’the.ébove
olefin polymerization catalyst. As examplesrof the olefins

having 3 to 20 carbon atoms, the same olefins as the
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42.8 1073xdensity +893 - 29.8 28.7 33.0 26.6 29.8
Heat of fusion(AH, DSC) J/g 20.7 25.6 25.6 18.2 23.7
aThalf 45.0 49.5 46.2 48.2 50.3

34

above-mentioned olefins can be given. These olefins may be used
either individually or in combination of two or more.

[00298] The polymerization temperature in the step (1) is
noi:mally in the range of -40 to +200°C;: and preferably 0 to +150°C.l
The polymerization.pressure is normally from normal pressure to
100 kg/cm® (9.8 MPa), and preferably from normal pressure to 50
kg /cm? (4.9 MPa} .

(0099] - In the step (2), ethylene and at least one olefin

selected from a-olefins having 3 to 20 carbon atoms are

copoi&merized in the presence_of the polymer SlOCk (i)-producéd
iﬁ-the step (1) to produce a polymer block ih which the polymer
block (ii} is bonded té the polymer block (i).

[0100] As examples of the olefins having 3 to 20 carbon atoms,
the same olefiné as the above-mentioned olefins can be given.
These olefins may be used.eithér individually or in combination
of two or more. The polymerization temperature in the step (2)
is normally in the range of -40 to +200°C, and preferably 0 to
+150°C. The polymerization pressure is normally‘from normal
Ppressure to 100 kg/cm2 (9.8 MPa}, and preferébly from normal
pressure to 50 kg/cm2 (4.9 MPa) .

[0101] In the step (3), ethylene and at least one olefin
sélected from a-clefins having 3 to 20 carboﬁ atoms are
copolymerized iﬁkthe presence_of the polymer block produced in

the step (2) in which the polymer block (ii) is bonded to the



i0

15

20

-0.71xneltin g point +101.4 69.5 72.6 70.9 72.4°71.0

CrystalliZat ion tenperature (Tc,DSC) C 25.5 21.9

25.1 21.8 23.7 Crystallizat ion tenperature

(Tcrystaf) -9.8 -11.3 -1Q3§ -11.4 -12.6_
polymer block (i) to produce a polymer block in which the pelymer
blocks (i) are formed on both sides of the polymer block (ii).
[0102] As examples of the olefins having 3 to 20 carbon atoms,
the same olefins as the above-mentioned olefins can be given.
These olefins may be used either individually or in combination
of two orrmofe. The polymerizationltemperature in the step (3)
is norm#lly in the range of -40 to,+200°C, and preferably 0 to
'+150°C. The polymerization pressure is normally ffom normal
pressure to 100 kg/cm? (9.87MPaj, and preferabl& from normal
pressure to 50 ké/cmz'(4;9 MPa) .
f0103] The ratio of the cénstituent .unit derived from ethylene
to the constituent unit derived from the a-oclefin having 3 to 20
carbon atoms included in each polYmer blo;k varies depending on
the ratio of ethylene to the a-olefin having 3 to 20 carbon atoms
used as the rawmaterials during production, the production scale,
and the polyﬁerization pressure and temperature. For example,
when employing the production scale and the device of the Examples
and using propylene as the a-olefin, the constituent unit derived
from ethylene to the constituent unit derived from the u¥olefin
having 3 to 20 carbon atomé inclgded in each polymeé block may
be adjusted by adjustiﬁé the amounts of the raw materials as
follows.
[0104] For example, when employing ﬁhe polymerization

conditions of Comparative Example 1 {Polymerization Example 6),
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Tc-Terystaf C 35.3 33.2 35.2 33.2 36.3 0. 028x4H+25. 3
25.9 26.0 26.0 25.8 26.0 [0142] <Polynerization
Exanpl e 6> A gl ass autocl ave (i nternal

capacity: 1000 m) sufficiently 5 replaced with

nitrogen was charged with 80 ml of dry tol uene.

Al ter causing propylene to pass through the system at

100 I'/h for 15 minutes, 15.0 mml (in terns of
a pogiugirngaptefnipghyPal umd hdxahet hascansetit whit einit derived

mai ntai ning the tenperature of the systemat 25C. 55
from ethylene may be obtained by adjusting the gas flow rate so
that the ethylene/propylene ratic is 6.5/93.5..
[0105] The ratio of the constituent unit derived:fronléthflene
to the constituent unit derived from propylene caﬁ be changed by
changing the ethylene/propylene ratio to 50/50 as in Comparative
Example 3 (Polymerization Example 8), whereby the content of the

constituent unit derived from ethylene can be increased to 80.9

mol%, although the content varies depending on the vield, for

,éxample.

[0106] As is clear from Comparative Example 2 (Polymerization

. Example 7) and Comparative Example 4,{Polymerization.EXampléd9),ﬁ

the ethylene content can be changed by'ghanging the
propylene/nitrogen ratio of a propylene/nitrogen mixed gas
supplied before supplying a mixed gas having the same
ethylene/propylene ratio.to the polymerization system.

The ratio of the constituent unit derived from ethylene to
the constituent unit derived from the o-olefin having 3 to 20
carbon atoms included in the segments (i),_(ii), and (iii) ecan
be changed by appropriately changing the production conditions
in accordance with the above tendencies.

ro107] In the present invention, the components may be

polymerized by liquid-phase polymerization, e.g. soclution

- polymerization or suspension pelymerization, or gas-phase
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After the addition of 0.15 mmol of
[bi sS[N-(3-t-butylsalicylidene)-2,3,4,5, 6-pentafl uoroa
nilinato Jtitanium1V) dichloride] while supplying. a
m xed gas of ethyl ene/ propyl ene-6.5/93.5 |/h and was
being stirred for 55 5 m ngyes, 20 m of nmethanol and
5 mM of 1.0N hydrochloric acid were added to
term nate the reaction. Continuously, after stirring
polyme iatiigne f%@e@@fntﬁuampmmMQfaaIndrmggdrstaeadnnedlum
the pol ynerization solution was deashed wi th using
usedliftd [liedivebaesangolgmncpoutedohniaciugd afiipetkapol
to precipitate the polynmer. 10 The pol yner was
hydreelslreehed I 30Gh
! reduced pfgggjgé£§%mﬁbf%|%g} 3% ;8 Qggﬂé Lﬁgﬁgne’ heptane,
hyl ro Iene cop y r. The properties of the
OCtaﬁééuF%EngepoﬁgﬁSF Q?e rPﬁe%ﬁbI%?gCYC£lc hydrocarbons
0142&<Po| ymeri zation Exanple 7> 15A gl ass autocl ave
suchg g E¥FAPPERpALRFY yCYTbODEHR esanti epEhYIgycteppatede; |
with nitrogen was charged with 800 m of dry toluene.
aromaffer hydusiagbanai gedhgas bénpenpy| eobbent r agenzp0648;
|/h to pass through the systemfor 15 m nutes, 15.0

halogenbtétnhiye@r8Ba Bhoak USLBH N s Ok + BT byl %H%PP&@”E‘ was
added while nmaintaining the temperature 20 of th e

it f O 1
chIotYSLRIRAL ARfuy ot ProhBs At o3l 3 (HBMe Yompounds.
entafluproanilinato Jtitani um(TV) dichloride] and
An Ocﬁgnglﬁ S?g£ém%¥x%% ﬁ%§£o?se?%?lﬁ%%V%ﬁ%pylene 85/ 15
1/h and then being stirred for five 56 minutes, 20
(01084 of Weemarwdivuerd Bnd eshyleoR #ydreachholefinchaving 3 to .
were then added to term nate the reaction. After
20 caydon atousliy shé mrasgrdeeorittiaiabotore 134 im pUQ?ﬁlerlzation
under a nitrogen stream the pol ynerization solution

catalpst deashedwisti i s pacdi stbhbedndat ey ;L% i%‘}n%qliryegﬁed in

into 1.51 of nmethanol to precipitate the polyner
an aRQhYier, Was, g0 t oried,af dried.at 1 10
*10 hours un ggii%%ﬁggﬁggggssﬁgé t%ogbtaFﬁ Bry eﬁa%$Y 1o
an Ie e/ pro ne co The properties of
to 16 he ﬁg pcg’iy VAET SR t%‘%‘bﬁﬁpﬁﬁl’fé{m g¥en the component
10[0144]<Po|yner|zat|on Exanple 8> A gl ass '
(b-lhdtodssfe thRt ePRRPNERPaEBLY! 1D0Tad Yinoknwhinchntheo that
at nosphere was sufficiently replaced with nitrogen
the mpdsrotetriged (#i-1h /BO0 fithef canpyoriaitigBel ) Afd €heCatSh 0 ion
propyl ene to pass through the systemat 100 |I/h for

metall A tBNUMESS £ L@eotﬁﬁﬁhlﬁlﬁntﬁéﬁl Rorfo Rl MUl 98 become
nethylalun1noxane was added whi | e nalntalnlng the

normdil g)flgftgn‘ifgp gb%fsy%% M3 5Cbl ﬁfﬁguggtgﬁ 085" ®nen
t - butyl sali cyl i dene) -2

the C%‘mé’é’ﬁ‘teé’ﬂ U5 6antFi HE?S ]FP?aﬁPlﬂlﬁ%mwt diBhi brige}sethdin an -
changing to a m xed gas of 20

amoungt 9| kel grispyiodre=56£50 [ [(B-anMbeihghst ainrdnf@ratom of

- nine mnutes, 20 m of nmethanol and 5 mM of 1.0N '

the cbmgbb@ehftor{lBGZaCIté \ﬁ@éetﬁrﬁﬁ@:l@ddﬁdmbﬁaﬂ_eéﬂbﬂat(ﬂ tBe the

reaction. After continuously stirring the n1xture for

t 30 1 B &S NAY
ranspoﬁynerlzgiggﬂsgg StV%n9%§2d§5 as ednmfgﬁlﬁgﬂi)tOSOG 000,
1 of

i1 d red into 1.5
and pELPL LR Py AP LELiol o8P (oD SmerrtonenbolFrer imssed,
coIIected and dried at 13000 for 10 hours under
the comppRert piissSure teebinian AEeg 6p ahat the molar ratio
et hyl ene/ propyl ene copol yner. The properties of the
resulting polyner are shown in 5 Table 2.
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[ 0145] <Pol yneri zati on Exanpl e 9> A gl ass
autocl ave (internal capacity: 1000 m) sufficiently
repl aced with nitrogen was charged with 800 ml of dry

toluene. After causing a mixed gas of
propyl ene/ ni trogen=20/ 80 188 to pass 10 through the
systemfor 15 mnutes, 15.0 mmol (in terns, of
~alum num of et hyl al um noxane was added while
({B-vai/ M aPhithie eREPPBAPEr HBUF b tof thieet sys$Eian M2BEG] atom (M)
Subsequently, after the addition of 0.15 mml of [bis
of thi t¢3nsibidyneadd cyddnieng)d -@) ol Pbecome normally 1 to
6-pentafluoroanilinato 15 ] -titanium(1V) - '
10, dh@hFQ@Edebbapdlcﬁanglng to a mxed gas of
et hyl ene/ propyl ene=85/15 1/h and then being stirred
r 5m e 20 of nol and. 5 f 1.0N
[Ologgdrogﬁﬁ%bigh%cg%m%%?%ngﬁtﬁ?aﬁﬁeﬂs?% ?égrﬁhﬁuQQWHR?ent (B)
is t%eaction. After continuously stirring the mxture for
b HPREPRS untéTlhy e ceIAPeRreRAN{ DY Wes used in an amount
ol yneri zation 20 sol ution was deashed wi th using _
SO tg@%tth@ e iat erataing el HGrEd) iwdwold Heconef meidang! 0,01
to precipitate the polyner. The polyner was collected
to l@ndarit ipetk Rirak3QCof.ar t305houRBeHNERE & SRMGE, Pr 8FHSUIE Lsed
to obtain 5.93 g of an ethyl ene/ propyl ene copol yner.

on e GRS LOSRESSGL bRl i DA (o
o B SR AL BT ASEIRL0 Z 2% 9058 e woute
becoégié%rmally 0.001 to 2, and preferably 0.005 to 1. When the
component (D) is used and the component (B) istheéomponent(B—B),
the component (b) 1s used in an amount so that the molar ratio
k(D)/{B—S)) would become normally 0.01 to 10, and.preférabiy 0.1
to 5. -‘ |

[0110] _fhe molecular weight of the resulting,éopolymer'may’be

adjusted by contrelling the monomer/catalyst ratio and the

polymerization time. The above-described copolymer is suitably:

used as a.lubricating oilrviSCOéity modifier.
[0111] (Lubricating oil compositioﬁ)

The lubricating oil'compositionraccording to the present
invention comprises a lubricating oil viscosity modifier, which
is the above~described copoiymer, a lubricating cil bése stock,

and pour-point depressant as needed.

[0112]  Each component of the lubricating o0il compesition
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Et hyl ene content nol % Mv (relative to PS
" standards)x104 g/nol 10.8 8.6 10.9 8.2 MM WVnh 1.2 1.2
1.2 1.2 Density(D) g/cnB 0.853 0.871 0.860 :

39

'according to the present invention is described below.

[01133 (Lubricating oil base stock)

Examples of the lubricating oil base stock used in the ﬁ)résent
invention include mineral oil; poly-oa-olefins; diesters such as
polyol ester, dioctyl phthalate and dioctyl sebaéate; and
'synthetic‘oils such as polyalkylene glycol. Of these, mineral
oil or a blend of mineral oil and synthetic oil is preferably used.
[0114] Mineral oils are generally used after pﬁrification
processes such as dewaxing eté., and are classified into several
grades depending on the purification method. Amineral oil having
a wax content of 9.5 to 10% is generally used. For example, a
highly purified 0il, which is produced by hydrocracking and“has

a low pour point and a high viscosity index, and mainly contains

~isoparaffin, may be used. A mineral oil having kinematic

viscosity at 40°C of 10 to 200 ¢St is generally used.
t0115] (Pour-point depressant)

Examples of the pour-point depressant used as needed in the .

- present invention include alkylated naphthalene, an alkyl

methacrylaté (co)polymer, an alkyl acrylate (co)poiymer, a
cbpolymerofalkylfumarateandvinylacetate,ancrolefinpolymer

and a cépolymer of an a-olefin and styrene. Of these, an alkyl

‘methacrylate {co)polymer or an alkyl acrylate (co)polymer is

suitably used.

[Clle] (Compositioeon)
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0.889 Melting point(Tm DSC) oc - 42.7 30.9 60.4
1073xdensity-893 - 22.3 41.6 29.8 60.-9 Heat of
fusion (AH DSC) J/g - 68.4 60.6 79.8 AaThalf C -

40

The lubricating oil composition according to the pfesent
invention contains therlubricating'oil,base stock, the copolymer,
and an opticnal pourupoint-depressant. When the lubricating oil
composition contains the lubricating oil base stock and the
copolymer, it is preferaole that the lubricating oil composition

contains the copolymer in an amount, for example, of 1 to 30 wt$%,

and preferably 1 to 20 wt% (the balance is the lubricating oil

base stock and odditifes déscribed later).

EOll?] The lubricating oil composition exhibits excellent
low-temperature properties and shear stability. The lubricating
0il composition may be used as it is for lubricating oil
applicationé.' The lubricatingoillcomposition may be used for .
lubricatingcﬁj_applicationsaftex‘addingeapour—pointdepressant
and the like. | |

[0118] - When the lubricating 0il composition contains the

lubricationg o0il base stock, the copolymer and the pour—point_m

depressant, it is desirable that the lubricating 0il composition
contains the oopolymerjjzan amount of, for examp}o,,oﬁl to 5 wt%,
prefeﬁ:abl_y 0.2 to 1.5 wt%, still more preferabls} 0.25 to 1.5 wt$%,
and particularly preferably 0.30 to 1.5 wt%, and contains the
pour-point depressant in an amount of 0.05 to 3 wt%, preferably

0.1 to 3 wt%, still more preferably 0.1 to 2 wt%, and particularly

‘preferably 0.2 to 1.5 wts {(the balance is the lubricating oil base

stock and additives described later).
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47.1 47.4 45.9 -0.71xmelting point+101.4 - - 71.1
79.5 58.5 Crystallization tenperature (Td, DSC)  C -
28.0 16.9 48.1 Crystallization tenperature (Tcrystaf)

t - 1.5 -9.1 20.9 Tc-Tcrystaf C
' 41

[C119)] If the amount of the copolymer in the lubricating oil
composition is within the above range, a lubricaﬁing cil

composition exhibiting an excéllent viscosity improving_effeqt:
and 1qw—temperature fluidity can be obtained. The lubricating
0il composition according to the present invention may comprise
a@ditives such as a detergent dispersant, an alkyl methacrylate

(co)polymer, additives having a viscosity index improving effect

such as hydrogenated SBR and SEBS, a rust preventive agent, an

*extreme;messuréadditive,ananti—foamingagent,anantioxidant,

a metal deactivator( and an antiwear agent in addition to the
lubricating'oil,base stock, the olefin polymer and.the‘pour—point
depressant.

(Detergent additive)

Examples of the detergent additive~op£ionally'used in the
preseht invention include metal sulfonates such as calcium
sulfonate; magnesium sulfonate, and barium sulfonate,
thiophosphnate, phenate, salicylate, succinimido, benzylamine,
sﬁccinate, and the like.

[0120] Examples of the extreme pressure agent inciude
sulfur—basedextreme;messureagentssudnassulfides,sulfoxides,
sulfones, thiophosphinates, thiocarbonates, sulfurized oils and
fatsanxivuicanizedc&efins;phosphoricacids:muﬂlasphosphates,
phosphites, phosphate amine salts and phosphite émines;

halogenated compounds such as chlorinated hydrocarbons.
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26.5 26.0 27.2 0.028xAH+25.3 - - 27.2 27.0 27.5
[[0147] <Pol yneri zati on Exanple 10> A pol yner
indicated by 3B in Exanple 3 of JP-B-H6-96624 was
pol ymeri zed according to the nethod disclosed in
Exanpl e 3 of JP-B-H6-9662442The properties of the
resulting polynmer are sho n in Table 3. h
0148] <Pol yneri zati on Exanples 11 and 12> 10Po|yners.
[Olilﬁldi cat&arBy et hef pshgneptipeanDegentapdci nde20408§4anic or
di scl osed in Exanple 4 of JP-T-2002-507225 were
orgassioy med ykednancordpngntie shehmeshodlgbdehosedibnlfide;
. Exanpl e 4 of JP-T-2002-507225. The properties of the
organdsubbi &g cpRbY Bt sakecE o iy 1TRkkapdy)1 B9rifd4Yhaphite,
TABLE 3 on Exanple | Gon '

antimony sulfide, boron compound and polytetrafluoroethylene. -
[0122] . Examples of the antioxidant include amine compounds
such as 2,é—di—tert-buty1—4—methylphenol, sulfur or phosphorus

compounds such as zinc dithiophosphate. Examples of the rust

preventive agent include carboxylic acids such as oxalic acid and

carboxylic acid salts; sulfonates; esters; alcohols; phosphaoric

acid and phosphoric acid salts; benzotriazole and benzotriazole
derivatives; thiazole compounds; and the like.

101237 Examplés of the antiffoaming'agent include silicone
compound§ such as dimethylsiloxane and a silica gel diépersio&,
aicohol compounds and ester compounds.. These additives may be
normally added in an amount of 0.01 to 50 parts by weighﬁr and

preferably 0.05 to 30 parts by weight baéed on 100 parts by weight

‘of the lubricating oil composition, although the amount varies

depending on the desired lubricating properties.

[0124] The lubricating oil compeosition according to the
present invention may be prepared by mixing_ormdissélving—the
copblymé;, a2 peur—-point depressant as needed and other additives
in the lubricating oil base stock using a known method.'
f0125] The copolymer according fo the preSent invention may

be appliedas a lubricating oil vis'cosity modifier, which produces
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Pol yneri zati Pol ynmeri zati Pol ymeri zati Exanple |ion
Exanpl e 12 Et hyl ene content nol % 77.0 78.6 55.5 Mwv
(relative to PS standards) x104 g/rmol 0.98 0.98 13.0
MV WMn 1.42 1.6 1.2 Density(D) g/cnB8 0.862 0.864

43

a lubficating oll Composition exhibiting excellent
low-temperature properties. A lubricating oil composition
exhibiting excellent low-temperature éropertiea is obtained
using the lubricatingroil viscosity modifier according to the
present iﬁventiop.'

[0126] The lubricating oil composition according to the

presentinventionexhibitséxcellentlow—temperatureproperties;

EXAMPLES
[0127] The préseni: invention is further described below by way
of examplés. Note that the present inveﬁtion is not limited to
the following examples.
[0128] ' Thepropertiesofijm:copolfmérandthelubricatingoil
cémposition.aCCOrdingtto the'present invention were measured'and
evalﬁated as follows. |
[0129] (Chemical composition of copolymer)

The chemicalcémpoéitioneof'the{:opolymex'waSJneasuredlgsing
an LA500 nucleai magnetic resonance (ﬁMR) device manufactured by
JEOi Ltd. The main chainNmethylene peak (29.73 ppm) was use& as
thé chemical shift reference. A commercially-available NMR
measurement quartz glass tube with a diameter of 10 mm was charged
with 250 to 400 mg of a sample and 3 ml of a mixed liquid of
orthodichlorobenzenen@nufacturedknrWakoPureChemicalCo.;Ltd.

and benzene-dé manufactured by ISOTEC (volume ratic=4:1). The
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0.853 Melting point (Tm DSC) 120 115 -22.1 _

1073xdensity-89 3 - 31.9 34.1 22.3 Heat of fusion

(Ni,DSC) Vg 39 28 _ AThal f CC _ _ _ -0.71xnelting

poi nt +101. 4 - _ 44
mixture was heated-at 120°C and uniformly dispersed.' The
measurement was carried out at a pulse width of 45° ana a pulse
repetition time of 5.5 seconds.
[0130] ~ {DSC measurement of copolymer)

The DSC measurement of the copolfmer was cérried out using

a differential scanning calorimeter (DSC) manufactured by,Seiko
calibrated with indium. ThecopolymerwaspressedatZOO%Itoférm
a thin film. About 10 mg of the film‘ﬁas weighed and placed on
an aluminum DSC pan. A lid was put on the ran and was crimped
to be hermetically closed. The sample pan was placed in a DSC
cell, and an empty aluminum pan was placed as a reference. The
sample was heated to 150°C at a temperature.increase rate of about
50°C/min under a nitrogen atmosphére, and was held a£ 150°C for

about five minutes. The sample was then cooled to ~-100°C at a

temperature decrease rate of about 10°C/min and was held.at-—lOO°C'

for about five minutes. The sample was then heatéd,at,a

temperature increase rate of about 10°C/min until the sample was
completely melted. The peak—top temperature of the enthalpy
curve obtained‘ﬂhen.decreasing'the temperature was defined as the

crystallization temperature Tc measured by DSC.. When two ordnofe

- peaks were observed, the peak-top temperature that is at the

longest distance from the baseline was defined as the
crystallizationtemperatureTc. Thepeakutoptemperatureandthe

peak area of the enthalpy curve obtained during the second
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- - [ 0150] <Pol yneri zati on Exanples 11 and 12> 5A
gl ass autoclave (internal capacity: 1000 m)
sufficiently replaced with nitrogen was charged with
800 m of dry toluene. After causing propylene to
pass through the system atd300 1/h for 15 minutes'’
15.0 mml in terns of al um num of nethylalun1noxane
was added while naintaining the tenperature of the
tempgyatere amczsezsemrfs%%%q@éﬁﬁ resraftevet eramddrfinpdefs the
0. 15 nmol of
melt g FfdNnE34{ Tmbutyl sheicadi d»énét)lsfaors A, 6apenttsf hatfeaidth
nilinato Jtitaniumlv) dichloride] and changing to a

(AThéﬂfﬁdoﬁaﬁd@fm@.tﬂMge@éq{ QRYd ener 191931 5 Whbni Rgthead more .
of propyl ene, the n1xture was stirred for 60 m nutes.

peakéAfv}e El%gly(?céne < EaRYPR 36‘?%%:%; Pé“t%'?—ﬁ: ?I é%ﬂexfgngest

of pT Op rogen= vias supp
nstead and was stirred f 10 m nutes. Next, after

dlst%rec%ﬁgﬁ& F@e tb@s‘flrﬁ%aaaa g%ned as the melting point (Tm).
et hyl ene/ propyl ene=85/15 1/-h and being stirred for
[013%) x nihereswR@Eninafe madlahorhbell Sreinef domgNetely
hydrochloric acid were then added to terminate the
separ®asd Ware dbierveanti raousihe ehkthelpg chhﬁvénodnulre@tfmrg the
.+ 30 mnutes under a 5 nitrogen stream -the

peakPUMERLZ A Q15 QUL AN, ¥&s1 fgas hed, Wil é}f'ﬂ}ge eak areas
dlstllled wat er and mas poured into 1.5 1 of hano

to precipitate the TR Th col

of vl R LR %%akl%d“ésf&e IO b e CIRGSTAT s &lﬁ%?@h?e and

o obtain 9.37 g an et hyl ene/ propyl ene copoly
the hefdd-pigpbr iti\Tésan’Ef ) tie Fatghirhglrolidbresee chree Mezgh?

in Table 4. [0151] TABLE 4 Pol ynmeri zati on Exanpl e
of the3p et hyd e spomtcentg ol ¥he melting point (Tm) for the w_hole

peaks which are not completely separated. In .this.cas‘e the -

half—width (AThalf) was calculated by calculating the difference
betweaen fhe temperature at which thé curve reaches first té half
of the height of the peak corresponding to the méltin_g poiﬁt {Tm)
;md the temperature at which the curve reaches last to half of
the height of the peak cor_r_es_ponding to the melting point (Tm)
in the DSC enthalpy curve.

[0132] When two or more peaks, whi;:h were completely separated,
were observed (i.e., the enthalpy curve connecting the peaks

returns to the baseline), the peak area of the peak to which the

melting point (Tm) belongs was defined as the heat of fusion (AH),

and the halfwwidthr(AThalf) was calculated for the peak to which

the melting point (Tm) belongs. In the present invention, it is
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63.7 Mv (relative to PS standards) x104 g/ nol 18.2
MV Mn 1.3 Density(D) g/cnB 0.855 Melting point(Tm
DSC) C 42.3 1073xdensity-893 - 24.4 Heat of
fusion(AH, DSC) J/g 20.8 AThalf C

: 46

one embodiment that the peaks‘aré not cdmpletely separated when
two or more peaks are observed in the DSC curve.
[0133] (GPC measurement of copolymer)

The number averagé molecular weight (Mn) and the weight
averagenmlecﬁlarweight(Mw)weren@asuredusingeagelpermeation
chrométography (GPC) system manufactured by Waters calibrated
usingaastandardsubstanée(Hmnpdispersepolystyrene)withiaknown
molecular weight. TSnglGMHG;HT and TSKgelGMH6-HTL were used as
separation columns. The inner diameter and the length of the
columns were each 7.5 mm and 600 mm. The column temperature was
140°C. Orthodichlorobenzene manufactured by Wako Pure Chemical
Industries, Ltd. and 0.025 wt% of BHTMmanufacturéd by Takeda
Qhémical Indﬁstries, Ltd. were used as the mobile phase, and was

transferredgﬁ:l.Diﬁl/minJ - The sample concentration was 0.1 wt%.

. The amount of the sample injécted Was 506 microliters. A

differential.refractometer;was usedemsthe detector.- An analyzer
SCB8010manufactured by'Tosoh.Corp. was uséd,for peak separation.
The local minimum poiﬁt:betwéen,tge ?gaks‘was determined, énd a
normal linezwas drawn froﬁrthéIﬁinimunxpoiﬁtrtoward the,baééliner
The Mn, Mw, and MQ/Mn at gach peak and the peak intensity ratio
were éalculated. |

[0134]- (Measurement of crystalliization temperature Térystaf
of copoiymer)

The Tcrystaf refers to the crystallization temperature
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48.4 -0.71xnelting point+101.4 - 71.4 [0152] Exanpl e
1 15A lubricating oil conposition was prepared using
87.72 wt % of 120 Neutral mneral oil (trade nane,
manuf actured by Esso) having a kinetic viscosity at
100C of 4.6 mmR2/s as a badé oil, 61 0.78 w % of the
copol ymer obtained in polynerization Exanple 1 as a
Iubrlcatlng oil viscosity nodifier, O. 5mﬁ@6of Acl ube
MeasuELs oY Patie T AafE, M ac Ty addiyotlReniestallization
Industries, Ltd. ) as a pour-point depressant, and
temperptQrgt @&@VSEEZO@@SOneaﬁM@dn aveNngs anBRYSIAFURO8 by
Lubrizol) as a detergent dispersant. The perfornmance

- manufefctitedr esubbilpgelrubhprgat i Ags@inblE0NPOSEL EO81WAS in

eval uated. The results are shown in Table 5. Exanple

ortholifnldRbLeatkRe Pbla Sdﬁé O RS tRagRANCH ! . éﬁ%ng/ml
sane nanner 10 as in anple 1 except for using t
c bta| e n Pol £ t|on l e h
nceex QRPPHIRS (0 MOt rey RBer i SR PREE AL o€ for

shown in_ Table 5. The performance of the resulting

45 mipysePeatPRgSelitésnpyart FER1kEs tevarlat edt qheemperature

: results are shown in Table 5. 15 Exanple 3 A
decrelaglr retti nf 0i. R°COmposi tlten awascgrtepdriet iaf tthe gaigmer,
manner as in Exanple 1 except for using the copolyner

whichOpt@tNerk d e PRWHBIJ Z2aki 08a EXa8RELL B Wit Beected using an

lubricating oil viscosity nodifier in the anmount

_mfra%EElWBe’chtTéP' € Phe T@@n@f&ﬁé’i%“ﬁe@ﬂ; l@&tdir‘?g_ UL L4062 5

[lubricating oil conmposition s" eval uaf e

ults ar shown i abl e 4 A lubricatin
were JEFETRAdUT) T VB By ATEU N Of nESORIE ARG e 4th vas
Exanpl e 1 except for using the copol ynmer obtained in:
plotted with respect to the temperature to measure the amount of

components separated at 95°C to —20°C,and.the amount of components -

separated at -20°C or less. The peak-top temperature in a
temperature range form 95°C to —20°C of the polymer component
amount curve obtainéd was employed as the cry%tallizatién
temperature (Tcrystaf).r

[0135] jDensity of copolymer)

A strand obtained after‘MER.measurement at a tempg:aﬁure of
190°C aﬁd a load of 2.16 kg was heated at 120°C for oﬁe hoﬁr éﬁd 
allowed to gradually cool to room temperature over one hour, and
the density was measured using a density gradient tube method.
[0136] (Kinetic wviscosity at 100°C)
| The kinematic viscosity of the lubrica?ing 0il composition

at 100°C was measured in accordance with ASTM D445. The
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62 Pol ynmeri zation Exanple 4 as the lubricating oil
viscosity nodifier in the anount shown in Table 5. -
The perfornmance of the resulting |ubricating oil
conposition was eval uated., The results are shown in
Table 5. 5 Exanple 5 A | ubf cating oil conposition
was prepared in the same manner as in Exanple 1

g t

lubrfg%gpﬁ C%ﬁf#%ﬁB%xEQEqu%Q @?Lt%% %kgﬁg%es waslprepared so

A scoslt modi fier in the anpunt shown-in Tabl £ 5.
that ﬁfée ]éjrrf‘%?%%% VICeHE o et i )nglsioalP%tPljc%t“im?‘lg’sé‘lcl

03|t| on was evaluated. The results are shown in

0137'r1ab| e §0}d1G3NREARL B inul Fenpl €C Bk anid @i thanpl e 3

Exanpl e 4 Exanple 5 Polyner Polyner Exanple

The CCS viscosity of the lubricating oil comp051tlon was

méaéured at -25°C in accéidance with ASTM D2602. The CCSviscosity
ié used to evaluate the slidingjproperties (startnupyperformance)
.of a crankshaft af a low temperature. The smaller the valué of
the CCS viscosity, the better’therloW—temperature,properfies §f
the lubricating oil. |
f0138] ~ (Mini Rotary (MR} viscosity)

The MR viscﬁsity of the lubricating 0il composition was
measured at -30°C in accordance with Z&STM..D4.684..Q The MR viscosity
is used to eva;uate pumping properties of an oil pump at a low
temperature. The smaller the value ﬁR viscosity} the bettér‘the
low—temperafure properties of the lubricating oil.

[0139] fLow-temperature fluidity (low—temperafurerstorage
stability))

After COoiing'the lubricating oil Composition at -18°C for
one month, thé fluidity of the lubricating oii composition-
(appearance)&was'observed and evaluated as follows.
f0140] |
Goéd: exhibited fluidity

Bad: gelation-occurred

‘<Polymerization Example 1>



10

15

20

1 Pol ymer Exanple 2 o _ .
i zationi zationi zationi zati oni zati on Pol yner Exanple 3

Pol ymer Exanple 4 Polynmer Exanple 5- Conposition
Lubricating oil base stock Detergent dispersant
"Pour - poi nt depressant Pol yher oWAo,tho 4-)4-) 87.72
11 0.5 0.78 87.66 11

A glass autoclave (internal capacity: 1000 ml) sufficiently
replaced with nitrogen was charged with 800 ml of dry toluene.
After propylene was passed through the system at 100 1/h for 15

minutes, 15:0 mmol in terms of aluminum of methylaluminoxane was

added while maintaining the temperature of the system at 35°C.

Subsequently, after the addition of 0.15 ﬁmol of

[bis[N- (3—t-butylsalicylidéne) -2,3,4,5, é—pentafluoroanilinato
Jtitanium(IV) dichloride} an_kd changing to a mi};;ed gas of |
ethylene/propylene=6.5/93.5 1/h (.i-e.', ethylene=6.5 1/h,

propylene=93.51/h), Vth-e mixture was stirred for 30 minutes. Then,

after terminating the supply of ethylene, a mixed gas of

propylene/nitrogen=60/40 1/h was supplied instead and was stirred.-

~for 10 minutes. Then after changing to mixed gas of

ethylene/propylené:SS/iS 1/h and being stirred for six minu.tes,
terminéted_ the supply of efhylene and the mixed gas c->f)
propylene/nitrogen=60/40 1/h was supplied instead aﬁd ‘was stirred
for 10 minutes. Then, after changing to the mixed gas: of
ethylene/propylene=6.5/93.5 1/h and was being stirred for 30
minute-s, 20 ml of mé‘thanol and 5 ml of 1.0N hydrochlorié acidwerer ‘
then added to terminate the reaction. After stirring the mixture
for 30 minutes under a nitrogen stream, the polymerization
solution was deashed with using distilled water and was poured
into 1.5 1 of methanol to precipitate the polymer. The obtained

polymer was collected and dried at 130°C for 10 hours under reduced
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0.5 0.84 87.72 11 0.5 0.78 87.70 11 0.5 0.80 87.64
0.5 0.86 Lubricating oil performance Kinenmatic

vi scosity 0100C CCS viscosity @25C MR viscosity
@30C Lowtenperature fluidity mmRis nmPa- s nPa. s
14.89 7040 25500 Good 50

pressuretoobtain9.07g;ofanethylene/ﬁropylenecopoiymer. The
properties of the resulting polymer are shown in Table 1.
<Polymerization Example 2>

A copolymerization reaction was carried out in the same
manner as in Polyﬁériiatioanxampie'l except for éhanging the
polymerization temperature to 50°C. The proberties of the
resulting polymer are shown in Table 17
<Polymerization Example 3>

A glass autoclave (internai.capacity: 1000 ml) sufficigntly
replaced with pitrogen was charged with 800 ml of dry.toluene.
After propylene was passed through the system at 100 l/h for 15
minuteé, 15.0 mmol in terms of aluminum of meihylaluminokane was
added while maintaining the temperatufe-of the system at 3$°C.'
Subsequently, after the addition of 0415 mmol of
{bis[N—(3—t~butylsalicylidene)-2,3,4,5,6—pentafonroanilinat0
Jtitanium (IV) dichloride] and changing to a mixed gas of
ethylene/propylene=6.5/93.5 1/h, the mixture was stirred for 22
xninutes. Then, after terminating the supply of ethyléne, alpixed
gas of propylene/nitrogen=60/40‘l/h.was supplied instead and was
stirred for 10 minuteé. Tﬁen, éfter changiﬁg‘to g mixed gas of
ethylene/propylene=85/15 1/h instead. Néxf, términating the
supply’of ethylene and being stirred for eight minutes, thelnixed
gas of propylene/nitrogen=60/40 1/h was supplied instead and was

stirred for 10 minutes. Then, after changing to the mixed gas
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14.88 7060 27800 Good 14.90 6940 24800 Good 14. 88
7270 28100 Good 14.89 7050 26200 Good 63 .
[ 0154] Conparative Exanples 1 to 4 Lubri cati ng
oi | conpositions were prepared in the same manner as
in Exanple 1 except for using the copol ymers obt ai ned
in Polynerization Exanples 6 to 9 as the lubricating
oil viscosity 5 nodifier in the amounts shown in
of efaplens/p My perdor nafite Dfl Athendevebt bagny ubricatd rMfpr 25
oi | conpositions was evaluated. The results are shown
minutestTdd @l6of @3GhnoTABLE Hml &onpanahiydyechXaipbadid were
Conparati ve Exanple 2 Conparati ve Exanple 3

thenRIRRS 8biterminate the reaction. After stirring the mixture
for 30 minﬁtes under a'nit:ogen stream, - the polymerization
solution was deashed with using distilled water and was poured

into 1.5 1 of methanol to precipitate the polymer. The obtained

polymer was collected and dried at 130°C for 10 hours under reduced

pressure to obtain 10.81 g of an ethylene/propylene copolymer-
The prop_erties of the resulting polymer are shown in Table 1.
<Poly1ﬁerization Example 47>

A_glass autoclave (internal capaci‘_r_y: 1_000 ml) sufficiently
replaced with nit‘rogen was cha:’cg?ad with 800 ml of dry toluene.
After causing propylene to pass through the system at 100 lr/h for
15 minutes, 15.0 mmol in terms ch aluminum of methylaluminoxane
was added while maintaining the temperature of the system at 35°C.
Subsequently, after the addition of 0.15 mmol of
[bis [N-(3-t-butylsalicylidene)-2,3, 4,5, 6—pentafluoroéﬁiiiﬁato
]tiﬁanium(IV) _di_chloride], anc changing to a mi}ied gas of
ethylene/propylene=6.5/93.5 1/h , the mixture was stirred for 42
minutes. Thén, after terminating the supply of ethylene, a miéecﬁ

gas of propylene/nitrogen=60/40 1/h was supplied instead and was

.stirred for 10 minutes. 'Then, after changing to a mixed gas of

ethylene/propylene=85/15 1/h and being stirred for four minutes,

terminated the supply of ethylene and the mixed gas of



10

15

20

ve Exanple 4 Polyner Polyneriz ation Exanple 6
Pol ynmeriz ation Exanple 7 Polyneriz ation Exanple 8
87.14 11 0.5 1.36 Polyrrerlz ation- Exanple 9 87.01 11

0.5 1.49 5o
propjlene/nitrogen=60/ﬂ]lﬂlwassuppliedinsteadandwasstirred
for 10 minutes. Then, after changing to a mixed gas of
ethylene/propylene=6.5/93.5 l/hand was being stirred for 43
minutes, 20 ml of methanol and 5 ml of 1.0N hydrochloric acid were
then added to terminate the reaction. After'stirfing‘the;nixfure
for 30 minutes under a nitrogen stream, the polymerizafion
solution.was deashed-with using disfilled water and was poured
into 1.5 1 of hethaﬁol to precipitate the polymer. The obtained
polymerwascollectedanddriajét130°Cfor10Immrsunderreduced
pressure tTo obtain 11.39 g of an ethylene/propylene QOpolymerl'
The brOperties of the resulting polymer are shown in Table i.
<Polymerization Example 5>

A glass autoclave (internal capacity:_IOOO ml) sﬁfficientiy
replaced with nitrogen was-charged with 800 ml of dry ﬁoluene
After cau51ng'propylene to pass through.the system at 100 1/h foru
15 mlnutes, 15.0 mmol in terms of alumlnum of methylaluminoxane-
was added while maintaining the temperature of the system at 35°C.
Subsequently, after the addition of 0.15 mmol of |
[bisEN—(3~t¥butylsalicylidene)—2{3;4,5,6~pen£afluoroénilinato
Jtitanium(IV) dichloride] and changing fd a mixed gas of
ethylene/propylene=6.5/93.5 1/h, the mixﬁure-was stirred fof 18
minutes. Then, afﬁer té:minating'the-supply‘of ethylene, a mixed
gas of propylene/nitrogen=60/40 l/h.ﬁas supplied instead and was

stirred for 10 minutes. Next, after changing to a mixed gas of
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Conposition Lubricating oil base stock Detergent

di spersant Pour-poi nt depressant Pol yner OMWW oW
-04-)4-) -P 3 3 3 387.10 11 0.5 1.40 87.00 11 0.5
1.50 Lubricating oil performance Kinematic

Vi scosity@00C CCS viscosisy @25C M viscosity

@ 30C Lowtenperature fluidity 14. 88 7600 40200

Good 14. 90
ethylene/propylene=85/15 1/h and being stirred for three minutes,

terminated the supply of ethylene and the mixed gas of
propylene/nitrogen:60/4014%1wassuppliedinsteadanxiwasstirred

for 10 minutes. Then, after changlng to a mixed gas of

- ethylene/propylene 6.5/93.5 1/h and was stirred for 24 minutes.

Then, terminated the supply of ethylene and the mixed gas of
propylene/nitrogen=60/40 1/h was supplied instead and wes stirred
for 10 minutes. Next, affer changing to a.mixed gas of
ethylene/propylene 85/15 1/h and was being stirred for 3 minutes.
After terminating the supply of ethylene, a mlxed gas of
propyiene/n1trogen=60/40iLﬂlwassupplledlnsteadenmiwasstirred ‘
for 10 minutes. Then, after changing to e mixed gas of

ethylene/propylene=6.5/93.5 1/h and was being stirred for 20

- minutes, 20 ml of methanol and 5 ml of 1.0N hydrochloric acid were

then added to terminate the reaction. Subseque.ntly,' after

stirring the mixture for 30 minutes under a nitrogen stream, the
polymerization solution was deeelcified in distilled wat_er and
was poured into 1.5 1 of methanol to precipitate the polymer. The.
polymer obtained was collected and dried at 130°C for 10 hours
under reduced pressure to obtain 8.91 g of an ethyleﬁe/prepy};ene
copolymer. The pfoperties of tﬁe resulting polymer are shown in
Tagle 1. | |

[Qlél]



6820 22100 Bad 14.95 7190 Coul d not be neasured Good

14.92 6780 Could not be neasured Bad mR/s nPa . s
mPa . s ’
54
TABLE 1
PolymerilPolymeriPolymerilPolymerilPolymeri
zation | zation | zation | zation | zation
Example |Example |Example Example | Example
_ I 2 3 4 5.
Erhylene mol% | 66.6 | 66.3 | 70.1 | 60.1 | 66.2
|Mw (relative
Stangards)eq 9/mL | 2001 | 17.8 | 20.1 | 19.9 | 17.9
04
Mw/Mn _1.7 1.8 1.7 1.7 1.8
Density (D) | g/cm® | 0.860 | 0.B59 0.863 0.857 0.860
Melting
|point. (Tm, C 44.9 40.5 43.0 40.9 42.8
DSC) ‘
1ogyrdensity 29.8 | 28.7 | 33.0 | 26.6 | 29.8
Heat of
fusion (AH, J/g 20.7 25.06 25.6 18.2 23.7
DSC} :
ATpas °c 45.0 49.5 46.2 48.2 50.3
-0.71xmeltin
g point - 69.5 72.6 70.9 2.4 71.0.
+101.4 ' - )
Crystallizat
ion o '
temperature C 25.5 21.9 25.1 21.8 23.7
(Tc, DS8C)
Crystallizat
temperature (@ -9.8 —11.3 -10.1 ~-11.4 ~12Z.6
(Tcrystaf) _
Te-Tcrystaf °c 35.3 33.2 35.2 33.2 36.3
§-028xARIZE 25.9 | 26.0 | 26.0 | 25.8 | 26.0
(01427

<Polymerization Example 6>

A.glass_autoclave (internal capacity: 1000 ml) Sufficiently

replaced with nitrogen was charged with 800 ml of dry toluene.

After causing propylene to pass through the system at 100 1/h for

15 minutes, 15.0 mmol (in terms of aluminum) of methylaluminoxane

was added while maintaining the temperature of the system at 25°C.
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[ 0156] Conpar ati ve Exanples 5 to 7 Tabl e 7 shows
the properties of a polyner -obtained by bl ending the
pol ymers obtained in Polynerization Exanples 6 and 7
at a 64 specific ratio. A lubricating oil
conmposition was prepared iggthe sane manner as in
Exanpl e 1 except for using the resulting polyner as
the lubricating oil viscosity nodifier in the anmount
Afteghbhm addTabbe 8f UTheSpenddbrotnce of the resulting
lubricating 5 oil conposition was eval uated. The

[bisnRsSybLs-BhieyshOMIcyNidaht e-8, 3[ B)15/-JéBtEr Tuord&nilinato
Exanpl e 5Exanpl e Conpar ati Conpar at i Conparati ve

]titggFﬁﬂP&§ y&lghf ¥H§ g?igngﬁ% ?%Eg eE‘ﬁfPé& as of

Pol ymeri zat1 on rght patt b
ethngng?propylenemG.5/93.5 1/h and was being stirred for 55
minutes, 20 ml of methanol and 5 m1 of 1.0N hydrochloric acid were

added to terminate the reactiqn.: Continuously, after stirring

-the mixture for 30 minutes under a nitrogen stream, the

polymerization solution was deashed with using distilled water

~and was poured into 1.5 1 of methanol to precipitate the polymer.

The polymer was collected anddr#gd at 130°C for 10 hours under
reduced pressure to obtain 4.59 é of an ethylene/propylene
copolymer. The properties of the resulting po;ymer are shown in
Table 2.
[Ol43}k <Polymerization,Exampi§l7>

- A glass autoclave (internél éapacity: IOOOnﬂjrsufficiently
replaced with pitrogen was charged with 800 ml of dry toluene.
Afte-:r- caﬁsing a mixed gas of propylene/nitrogen=60/40 1/h to pass
thr_ough the system for 15 minﬁté’s, 15 .0mmol (in terms of aluminum)
of’methylaluminbxane was:added'while.maintaining the température
of the system at 25°C.

After the addition of 0.15 amol of

{bis[N-{3—t—butylsalicylidene)~2{3,4,5}6fpentafluoroanilinato
ltitanium(IV) dichloride] and:ch;nging to a mixed gas of

ethylene/propylene=85/15 1/h and then being stirred for five
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50 50 70 30 30 70 Ethyl ene content nol % 67.2 58.4
71.6 Mv (relative to PS)x104 g/nol 9.4 9.9 9.3 M~ M
1.4 1.4 1.4 Density(D) g/cnB
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minutes, 20 ml of methanol and 5 ml of 1.0N hydrochldric acid
were then added to terminate the reaction. After continuously
stirring the mixture for 30 minutés under a nitrogen stream, the
polymerization sclution was deashed with u;ing distilied water
and poured into 1.5 1 of methanol to precipitéte the polymer. The
polymér‘was collected and,dried at dried at 130°C for 10 hours
qnder reduced pressure to obtain_S.il g of an ethylene/propylene
éopolymer. The éroperties of the resulting polyﬁer aré shown in
Table 2. |
[0144] <Polymerization E§ample 8>

A glass autoclave (internél capacity: 1000 ml) of which the
afmospheré was sufficiéntly replaced with nitrogen wés'gharged
with 800 ml of dry toluene. After causing propyiene to pass_

through the system at 100°1/h for 15 minutes, 15.0 mmcl (in terms

of aluminum) of methylaluminoxane was added while maintaining the

temperature of the system at 25°C. - 'Subsequently, after the
addition of 0.15 mmol of
[bis[N—(3—t—butylsalicylidene)-2,3,4,5,6—pentafluoroanilinato
]titaniﬁm(IV) dichléride} and changing to a mixed gas of
ethylene/propylene=50/50 1/h and being stirred for nine
minutes,- 20 m1 of methanol and 5-ml of 1.0N hydrochloric acid
were then added to terminate the reaction. After continuously
stirring the mixture for 30 minutes under a nitrogen stream, the

polymerization solution was deashed with using distilled water
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0.861 0.857 0.865 Melting point (Tm DSC) C 40.9 40.5
42.5 1073xdensity-893 30.8 26.6 35.1 Heat of fusion
(AN, DSC) J/g 31.5 22.7 49.9 AThalf C 51.7 52.9 50.1
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and was poured into 1.5 1 of methanol to precipitate the polymer.
The polymer was collected and dried at 130°C for 10 hogrs under
réduced pressure to obtain 4.76 g of an ethyl:éne/propylrene
copolymer. The properties of the resulting polymer are shown in
Table 2.
[0145] <Polymerization Examplé‘9>

A glass autoclave (internal capacity: 1600 m1) sufficiently
replaced with nitrqgen'was charged with 800 ml of dri téiﬁene,
After causing a mixed gas of prgpylene/nitrogen=20/80 1/h to pass
through the system for 15 minutes, 15.0 mmol (in terms of‘aluminum)
of methylaluminoxane was added-while maintaining the temperature
of the system at 25°C.

-‘Subsequently, after the addition of 0.15 mmol of
(bis[N-(3-t-butylsalicylidene)~2,3, 4,5, 6-pentafluoroanilinato
Jtitanium(IV) dichloride] and changing to é mixed gas of

ethylene/propylene=85/15 -l/h and then being stirred for 5minutes,

- 20 ml of methanol and 5 ml of 1.0N hydrochloric acid were then

added to terminate the reaction. After continuously stirring the
mixture-for 30 minutes under a ﬁitrogen strream, the polymerization
solution was deashed with using distilled water and was pouied
into 1.5 1 of methanol to pfecipitate the polymer. The polymer
was collected and dried at /130°C for 16 hours under reduced

pressure to obtain 5. 93 g of an ethylene/propylene copolymer. The

properties of the resulting polymer are shown in Table 2.
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Crystalli zat i on tenperature(TC DSC) C 24.5 24.9 25.1
Tcrystaf C-0.7 -0.7 -0.2 Tc-Tcrystaf C 25.2 25.6
"25.3 0.028xAH+25.3 26.2 25.9 26.7 10[0158]

58

[0146]

TABLE 2

Polymeri Polymeri:Polymeri Polymeri
zation | zation | zation ! zation
: Example6Example7£xample8Example9

Ethylene content mols 49.7 80.9 75.8 86.9
Mw (relative to PS
standards) x10° g/mol 10.8 | 8.6. 10.9 8.2
Mw /Mn , 1.2 1.2 1.2 1.2
Density (D) g/cm®| 0.853 0.871 0.860 0.889
Melting point (Tm,| o~ _ ' . .
DSC) - C 42i7 30.9 60.4
1073xdensity-893 - 22,3 41.6 . |. 29.8 60.%9
Heat of fusion (AR, _ ' :
DSC) J/g | 68.4 60.6 79.8
AThare °c - 47.1 47.4 45.9
-0.71xmelting - _
point+101.4 | 71.1 79.5 58.5
Crystallization 7 :
temperature (Tc, °C - 28.0 16.9 48,1
DSC) ' . '
Crystallization T :
temperature - C - 1.5 -9.1 { 20.9
(Tcrystaf) _ _ -
Tc-Tcrystaf °c - 26.5 26.0 | 27.2
0.028xAH+25.3 - - 27.2 27.0 27.5
[0147] <Polymerization Exémpie 10>

A polymer indicated by 33 in Example 3 of’JP—B—H6—9§624 was
polymerized according to'the.method disclosed in Example 3 of
JP-B-~-H6-96624. The;mopertiescﬁfthezesﬁlﬁing?olymeraresden
in Table 3. | | | |
[Q148] <Polymerization Examples 11 and 12>

Polymersindicatédknrthepolymerjﬂ)fNDGl2”and“701204095”
disclosed in Example 4 of JP-T-2002-507225 were polymerized
accordingix)thexﬁethodciisclosedj11Example:4of’JP—T—2OO2m5O7225.

The properties of the resulting polymer are shown in Table 3.
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65 TABLE 8 Conparativ e Exanple 5e-Conparativ
Exanpl e 6e Conparativ Exanple 7 Pol yner

Pol yneri zati on Exanple 6 Polynerization Exanple 7
part by weight part by weight 50 50 70 30 30 70
Conmposition Lubricating oit9base stock Detergent

di spersant Pour - poi nt depressant Pol ynmer 0\0dp 87.04

[0149]
TABLE 3
PolymerizatiPolymerizatiPolymerizati'

‘ on Example 10jon Example 1lion Example 12
Ethylene content| mol% 77.0 78.6 55.5
Mw (relative to
Ps g/mol 0.98 0.98 13.0
standards) x10* _
Mw/Mn 1.42 1.6 1.2
Density (D) | g/cm’ . 0.862 0.864 0.853
Melting point o ' ‘ _
(Tm, D3C) C 120 115 22.1
%073Xden51tyf89 . 31.9 | 34.1 52 3
Heat of fusion o
(AH, DSC) I/g 39 28 -
AThare °C - - =
-0.71xmelting o _ _ _
point+101.4

[0150] <Polymerizétion Examples 11 aﬁd 12>

A glass autoclave (interﬁal capacity: 1000 ml) sufficiently
replaced with nitrogen was-charged with 800 ml of diy toluené.
After causing'pfopyléne to ?ass through;the syéténlat 100 1/h for

15 minutes, 15.0 mmol in terms of aluminum of methylaluminoxane

. was added while maintaining the temperature of the system at 25°C.

Subsequéntly,‘after the additibn cf 0.15 mmel of
[bis[Nm(3¥t—butylsalicylidene)—2,3,4,5,6—peﬁtaf1u¢roanilinaté
jtitanium(IV) dichloride] and changing to a mixed gas;of
éthylene/propylene=675/93.5 i/h instead of propylene, the
mixture was stirred for 601ninutes. After terminating the supply
of ethylene, a mixed gas of propylene/nitrogen£60/40 l/h was

supplied instead and was stirred for 10 minutes. Next, after
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11 0.5 1.46 87.07 11 0.5 1.43 87.03 11 0.5 1.47
Lubricating oil performance Kinematic viscosity@00C

CCS viscosity @25C MR viscosity@ 30C
Lowtenperature fluidity er/s nPa-s nmPa-s 14.95 7100

32200 Good 14.98

changing to a mixed gas of ethylene/propylene=85/15 1/h gnd being
stirred for six minutes, 20 ml of methanol and 5 ml of 1.0N

hydrochloric acid were then added to terminate the reaction.

After_continuously stirring the mixture for 30 minutes under a
nitrogen stream, the polymerization solution was deashed with
using distilled water and was poured into 1.5 1 of methanol to
precipitate the polymer. The polymer was collected and dried at
130°C for 10 hours under reduced pressure to obtain 9.37 g of an
ethylene/propylene cépolymer. The properties of the resu;ting

polymer are shown in Table 4.

{0151]

TABLE 4

Polymerization -
' : Example 13

Ethylene content - mol% 63.7
Mw {(relative to PS |
standards) x10? ' g/mol 18.2
Mw /Mn 1.3
Density (D) g/cm’ 0.855
Melting point (Tm, o '
DSC) — C | 42 .3
1073xdensity-893 - ' 24.4
Heat of fusion (AH, S )
DSC) - J/g_ 20.87
AThalf ‘ ‘ °C 48.4
-0.71lxmelting ' _ 91 .4
point+101.4 )

[0152] Example 1
A lubricating oil composition was prepared using 87.72 wt$
of 120 Neutral mineral oil (trade name, manufactured by Essp)

having a kinetic viscosity at 100°C of 4.6 mm®/s as a base oil,
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7420 37300 Good 14.95 6960 28900 Bad [O159]As is
clear from Tables 5 and 6, the conposition using a
speci fic ethylene/a-olefin copolynmer as the
lubricating oil 5 viscosity nodifier exhibited
excel l ent | owtenperature pooperties (CCS viscosity,
MR viscosity, and |lowtenperature fluidity) as
conpared with the conposition using the _
0. 78t ehetheorepPhynandohtzdpetiyirrrasynael tabiocfianple 1
oi I viscosity nodifier. 10[0160] Conparative Exanples
as &8 ItubriGaltiby edtli rg seblsicomposiitiiens wersatRr egaredubd 146
' the sane manner as in Exanple 1 except for using the

(tra%@pﬁhMEEﬁméﬂﬁﬁﬁéﬁﬁ%édjb@p%gﬂ§5iéﬁgﬂfEhl 'aaé%ii%gfagtd.) as

12 as the lubricating oil viscosity nodifier in

punt.s. s Ln_Table_9..Th tfo the 66

= poB TR RSB AeeD S 10 BEF SRRl i name,
The results are shown in Table 9. [0161] TABLE 9

manué@ﬁﬁ&Fﬁ?i@@ Lubrizol) as a detergent dispersant. The .

performance of the resulting lubricating oil composition was
evaluated. The results are shown in Table 5.
Example 2
| A lubricating oil composition w-as.prepared in the same manner
as in Example 1 except for using the copolymer obtained in
PolymerizationExampleZZasthelubricatingoilvis;ositympdifier
in the amount shown in Table 5. The performance of the resuiting
iubricating'oil compositiorlwaé evaluafed._ The results are shown
in Table 5. |
Example 3
Alubricatingoilcxmpositianwasprepar@dinthesamenmnne:
as in Example 1 except for using the coéolymer cbtained in
PolymerizationExampleESasthelubiicatingoilviscositynmdifier‘
in the amount shown in Table 5. The performance of the resulting
lubricating oil composition wés evaluated. The results are. shown
in Table 5;
Example 4
A lubricating oil composition was prepared in the same manner

as in Example 1 except for using the copolymer obtained in



10

Eﬁ(an'pl e 8 Conparative Exanple 9 Conparative Exanple
Pol yneri zat

10 Pol yner

Exanpl e Pol yrneri zat

i on

0\O -P-P-P rH -H CC

Polymerization Example 4 as the lubricating oil viscosity modifier
in the amount shown in Table 5. The performance of the resulting

lubricating oil composition was evaluated.

in Table 5.

Example 5

A lubricating oil composition was prepared in the same manner

i on Exanpl e Pol yneri zat

Exanpl e

62

i on

10 11 12 0\ 0090\0

The results ar"e shown

as in Example 1 except for using the copolymer obtained in

Polymerization Example 5 as the lubricating oil viscositymodifier

in the amount shown in Table 5.

-lubricating cil composition was evaluated.

The performance of the resulting

The results are shown

in Table 5.

[0153]

TABLE 5

» Example/Example Ex'amp.le Examplel|Exanple

I - 2 3 4 5
Polymer |Polymer|Polymer|Polymer|Polymer
Polvier ization|ization|ization|ization|ization
ym Example Example|Example|Example|Example
1 2 3 4 5
Composition

Lubricating ocil o ‘ '
base stock wt% | 87.72 87.6§ 87.72 | 87.70 | 87.64

Detergent o :
dispersant wt % 11 | 11 11 11 11

Pour-point wts| 0.5 0.5 0.5 0.5 0.5
depressant :

Polymer wi% 0.78 0.84 0.78 0.80 0.86
Lubricating oil |
performance ‘

Kinematic 2/s .
viscosity @100°C [T 14.89 | 14.88 ;- 14.90 _147.878 14.89

CoS yiscosity wmPasi 9540 | 7060 | 6940 | 7270 | 7050 -
@-25°C S :

@“ffgo‘.fgscomy mP'Sa' 25500 | 27800 | 24800 | 28100 | 26200

Low-temperature Good Good Good Good Good
fluidity
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0 -H434-) 4) UC -H 4-)(t0a)(1500i 3-4 -H 04-)tYi
0 3.4a) a)a) Q Q @3 Cl113-1
87. 40 87.30

CsSl _
COCO CO . H co vyi
(f)0(n00-10 0)4(0121(11 -004 G -0T3
87.25 11 11 11 0.5 3

[0154] Cqmparétive Examples 1 to 4

Lubricating oil compositions were prepared in the same manner
as in Exaﬁple 1 except-for using the copolymers obtained in
Polymerization Examples 6 to 9 as the lubricating oil viscosity

modifier in the amounts shown in Table 6. The performance of the

Table 7 shows the properties of a polymer obtained by blending

the polymers obtained in Polymerization Examples 6 and 7 at a

resulting lubricating oil compositions was evaluated. The
results are shown in Table 6.
[0155]
TABLE 6
Comparati|Comparati|Comparati|Comparati
ve ve ve ve
Example l|Example 2|Example 3|Example 4
PolymeriziPolymeriz|Polymeriz{Polymeriz
Polymer ation ation ation ation -
_ Example 6|Example 7|Example 8|Example 9
Composition . '
Lubricating oil o 7 :
base stock wt% 87f10 87.00 87.14 .87.01
- Detergent o
dispersant wt % i1 11 11 11 _
Pour-peint o
depressant wt$ 0.5 0.5 0.5 70.5
Polymer wtd 1.40 1.50 1.36 1.49
Lubricating oil '
performance :
Kinematic 2, ‘ ' P
viscosity@100°C mm”/s;  14.88 14.90 14.95 14.92
CCS viscosity |mPa- '
@—25 s 7600 6820 7190 6780
. B : Could not|Could not
MR viscosity |mPa‘| 4gngg 22100 be be
@-30°%C s :
measured | measured
Low—temperature Good Bad Good Bad
fluidity
[0156] Comparative Examples 5 to 7
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0.5 0.5 1.12 1:2 1.25 Lubricating oil performance

Ki nematic viscosity@O00Cmm 2/s 14.88 14.92 14.82 CCS

Vi scosi t ymPa- @ 25Cs 7140 7100 7580 MR

viscosity@30tITIP a- s
specific ratio. A lubricating oil composition was prepared in
the same manner as in Example 1 except for using the resulting
polymer as the Iubricating oil viscosity modifier in the amount

shown in Table 8. The performance of the resulting lubricating

0il composition was evaluated. The results are shown in Table

8.

r0157)

TABLE 7
ComparatilComparatilComparati
ve ve ve
Example 5SExample 6FExample 7/

Polymer _

Polymerization part by

Example 6 weight 20 70 30
Polymerization patrt by

Example 7 ‘ weight _ 50 30 70
Ethylene content mol$% 67.2_ 58.4 . S 71i.6
Mw (relative to PS)x10Y g/mol 9.4 9.9 9.3
Mw/Mn - i i.4 1.4 1.4
Density (D) ' g/c® | 0.861 0.857 0.865
Melting point (Tm, DSC) °C 40.9 40.5 42.5
1073xdensity-893 - 30.8 26.6 35.1
Heat of fusion (AH, DSC) J/g 31.5 22.7 49,9
AThalf °c 51.7 52.9 50.1
Crystallization . 9 '
temperature (TC, DSC) c 24.5 . 24.9 25.1
Tcrystaf B -0.7 -0.7 -0.2
Tc-Tcrystaf °C 25.2 25.6 25.3
0.028xAH+25.3 - 26.2 25.9 26.7

[0158]
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s 30200 37100 41100 Lowtenperature fluidity Bad Bad
Par at one
8011, which is comrercially avail able from Exxon

Good

Chem cal
w t h n-hexane,

pol ymer A. The

Conpany,

[ 0162] Conpar ati ve Exanple 11

was obtai ned and after diluting it

t he pol ynerésol uti on was then poured
into a large quantity of 10 acetone to precipitate a
olymer A was collected and
dried at 130C for 10 holifBL&nder reduced _pressure to

obt ai ned

obtarman—ethyene/ propyis ba &ff&tﬁigfr%ﬁg Comparativ
propertles of the obtalge <BRLYTeE QN ELD s e 7

olyﬂn@ I g 10— A tubricati Ilg Oor1t composi T Uﬂ Was prepdar ed
Pol eEQ? E f n Exanple 1 except 6y for
Examb3 ? e obta E& €31 ver as0the || ubri’@ating oil30

Pol §99§5 ¥oﬂnd'1kﬁf he anmount shown in Table 11.
Examph@ performance resul®¥ng lubri é8tingloil 70
Comp&QARISHT T ON Was evaluatea. The Tesults are spowi in

0163] TABLE 10 Pol ynmer A Ethyl ene

biig%g%%gﬁ%&m %A, L 87.014 ° 1 87.07 87.03
Detergent ' o - '

dispersant wi% 11 11 11
Pour-point o
depressant wEts _0'5 0.5 0'5
Polymer wts 1.46 1.43 1.47
Lubricating oil
performance

Kinematic 2
viscosity@100°C mm?/ s 14.95 -1 14.98 14.95
ey SCOsity mPa- s 7100 7420 6960

MR viscosity@-30°C| mPa-s 32200 37300 28900
o mperature Good Good Bad
[0159] As is clear from Tables 5 and 6, the compoéition using

a specific ethylene/o-olefin copolymer as the lubricating oil

viscosity modifier exhibited excellent low-temperature

properties (CCS vis

fluidity)

cosity,

MR wviscosity,

and low-

temperature

as compared with the composition using the

ethylene/a—olefin random copolymer as the lubricating oil

viscosity modifier.

[0160]

Comparative Examples 8 to 10

Lubricating oil compositions were prepared in the same manner

as in Example 1 except for using the copolymer obtained in

Polymerization Examples 10 to 12 as the lubricating cil viscosity

modifier in the amounts shown in Table 9.

The performance of the
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69.2 MVrelative to PS)x104 g/ nol 22 Mw~ Mn
Density(D) g/c/ TO 0.860 Melting point(Tm DSC) C 60.5
1073xdensi ty-893 -
28.8 Thal f ("C 108.6 -0. 76’lé<mal ting point+101.4

1.3

29. 8 Heat of fusion (AR, DSC) J/g

resulting lubricating oil compositions was evaluated. The

results are shown in Table 9.

[0161]
TABLE 9
Comparative|Comparative|Comparative
Example 8 Example 9 | Example 10
Polymerizat|PolymerizatiPolymerizat
Polymer ion Example|ion Examplejion Example
. 10 1] 12
Composition
Lubricating oil o
base Stock wtd 87.40 87.30 87.25
Detergent o '
dispersant wt% 11 11 11
Pour-point o '
depressant wt$ 0.5 075
Polymer wit% 1.12 1.25
Lubricating oil :
performance _
Kinematic 2 , : .
viscosity@100°C mm°/s 14.88 14.92 14.82
CCS viscosity mPa -
MR viscosity@-30°9™ 7| 30200 37100 41100
Low-temperature ' ‘ ' .
fluidity Bad Bad Good
[0l62] Comparative Example 11

Paratone 8011, which is commerciallyravailablerf:om Exxoﬁ
Chemical Company, was obtained and after diiu_‘ting it with n—ﬁexa’ne',
the polymer solﬁtion-was then poured into:a lafge quantity of
acetone to precipitate a polymer A. The obtained polymer A was
collected and dried at 130;C for 10 houré ﬁﬁder reduced pressure
tc>obtainen1ethylené/pr0pylene copclymer. Eﬁuapropertiescﬁfthe
obtained polymer A are shown in Table 10. A lubricating oil

composition was prepared in the same manner as in Example 1 except
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_ 58.4 [0164] TABLE 11 Conpar ative Exanple 11
Pol ymer Polynmer A Conposition Lubricating oil base
stock O\OO\O O\O O\0 4-) 87.5 Detergent di spersant
11 Pour-poi nt depressant O 5 Pol yrer
for using the obtained polymer as the lubricating oil viscosity
modifier in the amount shown in Table 11. The performance of the

resulting lubricating oil composition was evaluated. The results

are shown in Table 11.

[0163]
TABLE 10
Polymer A

Ethylene content ‘ mol % | 69.2
Mw (relative to PS)x10'| g/mol 22
Mw/Mn . 1.3
Density (D) g/cm’ 0.860
Melting point (Tm, DSC) °C ' 60.5
1073xdensity-893 - : 29.8
Heat of fusion (AH, DSC) J/g 28.8
Tharr : °c 108.6
-0.71lxmelting _ '

oint+101.4 >8.4
f0164]

TABLE 11
_ Comparative Example 11

Polymer . Polymer A
Composition : ’

Lubricating oil base o

stock | Wto- 87.5
Detergent dispersant wid , i1
Pour-point depressant wt% 0.5
Polymer wt% 1.0
Lubricating oil
performance

Kinematic viscosity 2 :
€100 mm*/s 14.9
CCS viscosity @-25°C mPa- s 6900
MR viscosity @-30°C mPa- s 29800
Low~-temperature _
fluidity Bad
[0165]  Comparative Example 12

A lubricating oil composition was prepared in the same manner
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1.0 Lubricating oil performance. Ki nemati c

viscosity@O00C m2/s 14.9 CCS viscosity @25C nPa. s

6900 MR viscosity @30C nmPa-s 29800 Low-tenperature

fluidity Bad 10[0165]qu$arative Exanple 12 68 as

in Exanple 1 except for us %g the copol yner obtai ned

in Polynerization Exanple 13 as thﬁ Iubr|c$tLPg 25

v ' difier i.n the.anount sho in e 12. =~
as U BRI Tokeelt e VELOPirHG FoBPieacrngbBrined in.

conposition was eval uated. The results are shown in
Pcly$ggﬁéaiﬁpn Example 13 as the lubrlcatlng 0il viscosity

modifier in the amount shown in Table 12. The performance of the

resulting lubricating oil composition was evaluated. The results

are shown in Table 12.

[0166]
TABLE 12
- Comparative Example 12
| Polymer Polymerization Example 13
Composition o
Lubricating oil base Wi 87.68
stock
Detergent dispersant wts 11.0
Pour-point depressant wts 0.5
Polymer wt% 0.82
Lubricating oil
. |performance -
Kinematic viscosity 2 '
@100°% | | mm*/s 14.88
CCS wviscosity @-25°C - mPa-s 6990
MR viscosity €-30°C mPa-s 24300
Low-temperature N
fluidity '
[0167]

As is clear from Tables 5 to 12, the compesition using
a specific ethylene/a4oléfin‘copolymer as the'lub:icatiﬁg oil
viscosity modifier exhibited excellent low-temperature
properties such as CCS viscosity, MR viscoéity, and
low—temperature fluidity.

f0168] Ithasbeendesiredthatthelow~temperatureprdperties,

€.g. CC5 viscosity, MR viscosity, and low-temperature fluidity,

of a lubricating oil composition be improved as much as possible.

For example, the measured values of the CCs viscosity and the MR



[0166] TABLE 12 Conpar ati ve Exanple 12 Pol yner

Pol ynmeri zati on Exanple 13 Conposition Lubricating oil
base 0\0 O\O (AO OW 43 4-) 13 4-) stock 87.68

Det ergent di spersant 11.0 Pour-point depressant 0.5
Pol yner 69

viscosity can be respectively reduced by about 10 and about 100
(i.e., the low-temperature properties can be improved) by
increasing the degree'of'purification.of‘the-lubricating'oil base
stbck. However, this results in an increase in cosﬁu

[0169] On the other hand, according to the present invention,
low-temperature properties can be improved without using such anr

expensive method and it has a great significance.



0.82 Lubricating oil jperformance Ki nemati c
viscosity @O0C mnis 14.88 CCS viscosity @25C nPa-s
6990 MR viscosity @30C nmPa-s 24300 Low-tenperature
fluidity x [0167]As is clear from Tables 5 to 12,
the conposition using 10 a Qﬁecific et hyl ene/ a-ol efin
copol ynmer as the lubricating oil viscosity nodifier
exhi bited excellent | owtenperature properties such
as CCS viscosity, MR viscosity, and | owtenperature
fluidity. [0168]1t has beEEAiggired that the
| owtenperature properties, e.g. CCS viscosity, M
viscosity, and |lowtenperature fluidity, of a

| ubricating oil conposition be inproved as nuch as
possi bl e. For exanple, the neasured val ues of the CCS
viscosity and the MR 69

1. A lubricating oil composition.comprising‘ae:opolymer-containihg
4 constituent unit derived from ethylene, and a constituent unit
derived frqﬁ:an g~clefin having 3 to 20 carbon atoms, wherein the
copolymer improvés low-temperature propertiesrqf the lubricating
oil composition a@d the copolymer has the following (1) to (6):
.{1) the Copélyﬁerrhés a melting point (Tm) measured by D5C
of -20° C. to 100° c.;-
{2) the éopolymer'has a molecular welght distribﬁtion.(Mw/Mn)
measured by GPC of 1.6 to 5.0;
(3) the copolymer has a half-width (AThalf) of a melting pezak
measured by DSC of 20° C. or less;
(4)th§half—width(Aﬁhalf}andtheﬁeltingpoint(Tmfsatisfy
the relationship shown by the expression:

AThalf£-0.71xTm+101.4



viscosity can be respectively reduced by about 10 and
about 100 (i.e., the lowtenperature properties can

be inmproved) by increasing the degree of purification

of the lubricating oil base_stock. However, this

results in an increase in cgit. 5 [0169] On the other

hand, according to the present invention,

| owt enperature properties can be inproved w thout

usi ng such an expensive nethod and it has a great
signktfigcance. .7 Al . | ubr.i LN il .
Bl E bR BSHAR ST B bl Sar LonPar i ngegenzed by DIC
constituent unit derived fromethylene, and a

const.i nt unit derived ., froman a-olefin having 3 to

20 Sgrégﬁ 1, Nui&f ef % he copol yrmer i nproves

| ow-tenperature properties of the |ubricating oi
conmposition and the copol ymer has the followi ng (1)

to (6):thg hpathef auddliywerAias & miittiedd ipekhon (gperature
measured by DSC of -20 C. to 100 C.; (2) the

copol ymer has a nol ecul ar wei ght distribution ( MV Nn)
neasurmed sbye@RE BiC,1atd ooy hal 1 (A3 ithetargpalaymee Terystaf
has a half-width (AThalf) of a nelting peak -neasured

by ‘DSC of 90 C. or less; (4) the half-w dth(AThalf)

andmé heur@l iyng Eoi AN Teknhsat st ystharekat LenSHEMip shown
shown by the expression: AThal f-0.71xTm+101.4 71

(5) the copolyner has a heat of nelting (AH) neasured

o T A et BT T Sa G T R re Fo

nmeasured by DSC, and a crystallization tenperature
Tcrystaf, neasured b YSTAF npet hod, sati sfy. e
ol BT SN R B by R vorpetangn. i€ U-1°tY S0%ercent by
Tc- Toryst af n. 026x4H+25. 3 wherei n the anpbunt of the .
copolymer is 0.1 tb 30 percent by weight based on the
| ub¥FEHHt Bi9ecc 6Rp 68t HRricant el |GiBKIceAtEAY- oi |
conposition according to claim1, further conprising
a pour-point depressant. 3. The lubricating oil
conposition according to claim1, wherein the
a-olefin is propylene. 72 the copolyner has a wei ght
average nol ecul ar weight relative to polystyrene
2. strendaibds caeasyr el prBeiel cb02000rdn?,+:000100Q.1 5.further
-~ A nmethod of .inproving | owtenperature properties of a
“lubricating oil conposition by adding a copolynmer to
cofpt M £ant il Bage éé?ﬁgs$¥@@fe!n the copol yner
containing a constituent unit derived from ethyl ene,
and a constituent -unit derived froman a-olefin
having 3 to 20 carbon atons, the copol ynmer having the
following (1) to (6):

3. The lubricating oil cdmpdsition according to claim 1, wherein

the o~olefin is propylene.

4. The lubricating oil composition according to claim 1, wherein



(1) the copolyner has a nelting point (Tnm) neasured
by DSC of -20 C. to 100 C.; (2) the copolyner has
anol ecul ar wei ght distribution (Mwv M) neasured by
GPO of 1.6 to 5.0; (3) theygopolynmer has a

hal f-wi dth (AThal f) of a neltlng peak neasured by DSC
of 90 C. or less; (4) the half-width (AThalf) and
themelting point (Tn) satisfy 73 the relationship
shown by the expression: AThal f-0.71xTmt101.4 (5)

th¢ s apalapme shaswai fieatavefraR! kiongc( O MRagw edilBYive to
DSC of 100 J/g or less; and (6) the heat of nelting
(AM, the crystalllzatlon tenperature Tc neasured by
DSG gg%} eIRer, t e taf

pomeasyre anaéRﬁ%%%%%é?% Q?étlsffﬁf 2 Pg?a ?d%s OO 000.
shown by the expr essi on:

Tc-Tcrystaf. ?..0. 028xAH 1- 25. 3 wherei n the anmount of
the copolynmer is 0.1 to 30 percent by wei ght based on
the lubricant oil conposition. 6. The nethod of
controlling l.owtenperature properties of a .

S 1B R RG STPTEBRPSI AT IPTEREEGIdTRgPE 6Per Bl v BE 2
wherein the a-olefin is propylene. 7. The nethod of
controlling | owtenperature properties of -a 74

Luthitsya toagi nglotdmpoiposit bynaddéiny di mgpbdyekaite B lubricant
wherei n the copol ymer has a wei ght average nol ecul ar
wei ght relative to polystyrene standards neasured by

ozm@s@fstb&,}{(}aﬁqé&i& @@@c@@@lmer containing a constituent unit
derived from ethylene, an@ a constitueni unit derived from an
c-olafin hav-ir;gr 3‘ to 29 c.arbon atoms, the copolyme'r havin_.q the-
following (1) to (63
(1} the copclymer has a melting point (Tm) measured by D3C
of -20° C. to 100° C.;
" {2) the copolymer has a molecular wgight distribution (Mw/Mn)
'measured by GPC of 1.6 to 5.0;‘
(3) the copolymer has a half-width (AThalf) of a melting peak
measured by DSC of 9C° C. or less;

- {4) the half-width {AThalf) and the melting point (Tm) satisfy



73

the relationship shown by the expression:
AThalf<-0.71xTm+101.4

{3) £he copolyger has a heat of melting (OH) measured by DSC
of 100 J/g or lésé; and

(6) #he heat ofznelting'(AH); the crystallization-témperature
Tc measured by DSC, and the crystallizaﬁion temperature
TcrystafmeasuredkaraCRYSTAFmethodsatisfytherelationship7
‘shown by the expression: Tc~Tcrystaf20,028xAH+25.3 Qherein
the amount of the copolyﬁer is 0.1 to 30 percent by weight

based on the lubricant oil composition.

6. The method of contrelling low-temperature properties of a
lubricating oil composition according to claim 5, wherein the

a-olefin is propylene.

7. The method of contrelling low-temperature properties of a



74

lubricating ¢il composition according to claim 5, wherein the
copolymer has a weight average molecular weight relative to

polystyrene standards measured by GPC of 10,000 to 2,000,000.



