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1 DESCRIPTION COPOLYMER, LUBRICATING OIL VISCOSITY
MODIFIER, AND LUBRICATING OIL COMPOSITION 5 BACKGROUND
OF THE INVENTION Field of the Invention [0001] The present invention
relates to a novel copolymer and usé thereof. More particularly, the
present invention relates 10 to a copolymer including a constituent unit
derived from ethylene and a CBE%@!%?E%'?&derived from an a-olefin and
having specific properties, a lubricating oil viscosity modifier including the
copolymer, and a lubricating oil composition including the lubricating oil
viscosity modifier. 15 Description of Related Art [0002] Petroleum

corBiodugts gepgrally have sosealleg a. tempergure dependenee of oo oo v e

viscosity", i.e., the viscosity increases as the tempeéerature décreases, an

decreases as the temperag;%i%%%%egslﬁ?{%ﬁxample, it is preferred that

a 20 lubricating oil used for automobiles 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 i%g%éﬁgwt%ﬁyfhﬁﬂg_g@?@ggo § pendence of

viscosity. In recent years, an ene mer has been
Fiegﬁdﬁé%ﬁg as such,a viscosity modifier. In order to provide a lubricating

nventlion
[0001] The present invention relates to a novel copolymer and
use thereof. More particularly, the present invention relates
to a copolymer including a constituent unit derived from ethylene
andacxmstituentunitderivedfroman(&%ﬁefinandhavingspecific
properties, a lubricating oil viscosity modifier including the
copdlymer, and a lubricating oil compeosition including the
lubricating oil viscosity modifier.
Description of Related Art
[0002] Petroleum products generally have so-called “a
temperature dependence of viscosity”, 1.e., the viscosity
increases as the temperature decreases, and decreases as the
temperature increases. For example, it is preferred that a
lubricating oil used for automobiles and the like have a small
temperature dependence of viscosity. Therefore, a specific
polymer soluble in a lubriceting 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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a further improved performance balance, various improvements have
been made on the viscosity modifier. 5 [0003] A viscosity modifier as
described above is generally used to suppress a decrease in viscosity of
a lubricating oil at a high temperaturé. In recent years, a viscosity modifier
has been demanded which also suppresses an increase in viscosity of a

e nlubricating oil at “arJOWo#?o F?r'éaetgr%g'se"b%)gacr?"%qtdlolIOW:teerearsat%r%%h 2

properties). A lubricatirig oil composition is used in applications in W

visSALANSIrgss.is pé’ij?d-ﬂlh%r% ue, E'”bricavtri{‘geo.i!acﬁ’é}ggiiéigni%re%‘iiﬂe%th
ility. 0 fecutar

to exhibit excellent shear sta %o}Ffrﬁer having alow mo

a £yveightis g gg%lg %ec%to imaprovebs@ar stability. On the other 15 hand,
it is neces ary to m%rerasglfﬁle amount o nv??cbﬁ%rﬁgaﬁiérmgaag A 01}1%5 have
beeWith %g%rg§§% dn ‘r}ni(r)]sl%%uéalrtwellggélgfolrdre( to obtain ylscosny required
as a lubricating oil, whereby etonomic e?fluency deteriorates. Moreover,

[OOgl?fe_iS a}pr‘gplg&thact redugingitgle: agoggt%ﬂs{g:ogit_ modifi_er add_ed .-
éteriorates shear % Stabifity By using a VISCOSity modifier ﬁg\_/lﬁﬁ_ agﬁ@%ra“y
ool B RO rpran e s SIcene) LD DY) o
a hmole%uelar \évgiaqché gﬁies_t.rib%i}on 8f a I[.l)é)lyme((aar, and a catalyst sugporteg on r h
ighly actve magnesium ¢hioride, a métafiocere 3 1EAR5E W%d}?d‘r‘ﬁ has
L AL o s SR M e W
a 1{95£X2mPle), [Q99P1 1L s knpuih that appropliate low temperalre ) ent
low-temperature properties). A lubricating oil composition is
used in applications in which a shear stress is applied.
Therefore, a lubricating oil composition is required to exhibit
excellent shear stability. A polymer having a low molecular
welght is generally used to improve shear stability. On the other
hand, it is necessary to increase the amount of viscosity modifier
added along with a decrease inmolecular weight in order to obtain
viscosity required as a lubricating oil, whereby economic
efficiency deteriorates. Moreover, there is a problem that
reducing the amount of viscosity modifier added deteriorates shear
stability by using a viscosity modifier hav;ng a high mcolecular
weight to improve the economic efficiency of a lubricating oil.
(0004 Various catalysts have been studied in order to narrow

the moliecular weight distribution of a pclymer, and a catalyst

supported on highly active magnesium chloride, a metallocene
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5 properties are obtained when using a blend of ethylene/a-olefin
copolymers differing in the amount of constituent unit derived from
ethylene as a viscosity modifier for a lubricating oil. However, the
resulting lubricating oil exhibits an inSufficient performance balance (see
United States Patent No. 3,697,429, for 10 example) . Another innovation

cathagbeenadaptediutitizingthe vRroperies.efdiving.polymetization. EQGbnosed.
example, a random copolymer and a block copolymer of ethylene and an

A parolelin, which: havea nagowunalecular-weight distribution-angha Natrew 1 2

composition distribution and the composition of which changes in 15 the

is melesulesbave begn dissloseds These copalymers have excellent shear
stability, thickening properties, and low-temperature properties

[ 00 particularty:suitable dar-ubricating, oil applicationsand are known 1@ be

suitable as a lubricating oil viscosity index improver. In particular, it is

propeefeiable2Q.to yse a-kleck,sepolymer having segments withidifferent 1. r1n
compositions in one molecule (see JP-A-S60-35009, for example) Use of

copdityRulas reactor has beep disclosed,as 2 methad of cEOURAUOUSIY: + Gerived

obtaining a polymer having a narrow molecular weight distribution using a

f rotiviegrpplyunerization catalyst When 4, producing.a copelymer using.a ;1 |

tubular reactor, the monomer composition in the reactor changes with the™

Howd@ssage of time sincenthe mopomers differ;in reactivity, Whereby &, ¢ o1 ent.
tapered copolymer is obtained which has a wide intramolecular

perﬁemﬁ@%éﬁiﬁtﬂguki%éﬂM%H‘% EQE&’QS&Q{E%@@;%‘%S §E%f‘6‘§% n, , for
the polymer chain. The polymer disclosed in the JP-A-60-35009 is
example). Ancther innovation has been adopted utilizing the
properties of living polymerization. For example, a random
copolymer and a block copolymer of ethylene and an a-olefin, which
have a narrow melecular weight distribution and a narrow
composition distribution and the composition of which changes in
the molecule, have been disclosed. These copolymers have
excellent shear stability, thickening properties, and
low-temperature properties particularly suitable for lubricating
0il applications, and are known to be suiltable as a lubricating
oil viscosity index improver. In particular, it is preferable
to use a block copolymer having segments with different
compositions in one molecule (see JP-A~-S60-35009, for example).
Use of a tubular reactor has been disclosed as a method of
continuousiy obtaining a polymer having a narrow melecular weight

distribution using a living polymerization catalyst. When
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suitable as a viscosity index improver for a lubricating oil. However, an
improvement in low-temperature properties is insufficient when using the
polymer disclosed in the JP-A-60-35009 10 having a narrow molecular
weight distribution with an Mw/Mn of4about 1.2, and further improvement
is required. As a method of improving Iow-temperature_ propertit_as, a
profRINAG Isknown Which. Ngreases theameunt ofconsiiuent yhits derved
from ethylene 'in the polymer while avouﬁng a range in whic the
comffyilempgratie 15 proparlies deleriorate o g large extent However, . ;...
since the intramolecular composition distribution ofataper (_jcppo ymer
che I5idenL0is difisyt 1o ayold he range. [0008)4 lybricating ol viscosty .,
modifier formed of an olefin t?lock copolymer has been pro%ose (se
: <L~ -507225, 20 ex le)_..One of the blocks of the alefin block
-° %ggglﬁgear gi%c‘ﬁg}s?ej‘ |n5th% JVI‘B? -2 tgﬁréoz “Coritains About 553%\/\3/’[%10f
- 15 units derived from ethylene,.whereby.the olefin block . .
dlsgggg}ﬁh%e%ex%l itvé%e}n%\sﬁ ief:ie(?ff%{1 Brso%/%%noerﬁt affector Io%v-?éﬁﬁé?at&n% ‘he_
1 ry., 5 [0007] As another olefin block copolymer used for a. . ,
pot Lﬂqkl)%rl%(?a%ﬁr?g l(J);llr vis?:%esaityy ?n%’ﬁﬁ?err, éﬁ Ble ffwsﬁg?:k%oggﬁm%%ig}‘kiéo%ﬁ which 1
Suigggtfénsa%n aLetoLILene/a-.chefir}plol mer block contagining a arge .amount of

constituent Units derved from ethylefie and an 5 ethyléher3 otefif pofy et~ -

. ck containing a large amaunt of constituent units derived from an |
howgl%él"in (see -%58%?%%9@3, Sf'exampley, 21t e properties is

insufficient whenusing the polymer disclosed in the JP-A-60-35009

having a narrow molecular weight distribution with an Mw/Mn of
about 1.2, and further improvement is required. As a method of
improving low-temperature properties, a method is known which
increases the amount of constituent units derived from ethylene
intﬁmepolymerwhileavoidingearangejj1whrd1thelow“temperature
properties deteriorate to a large extent. However, since the
intramolecular compeosition distribution of a tapered copolymer
is wide, it is difficult to avoid the range.

[C006] Alubricatingoil viscositymodifier formedof anolefin
block copolymer has been proposed (see JP-T-2002-507225, for
example). One of the blocks of the olefin block copolymer
disclosed in the JP-T-2002-507225 contains about 93 wt% of
constituent units derived fromethylene, whereby the olefin block
copolymer exhibits an insufficient improvement effect of

low-temperature property.
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[0008] Lubricating oil viscosity modifiers having other configurations are
also known (see, Patent documents 6 to 8 for 10 example). [0009]
However, a lubricating oil composition using the related-art lubricating oil
viscosity modifier must be improved in terms of low-temperature fluidity.
Patent document 1: Japanese Patent Laid-Open Publication No. 15

100869(1985)::35003-APatent-docyument 2. U3 Palent 3,697,429 Patent ; .+ 14

document 3: Japanese Patent Publication No.” 560(1985)-35009-A Patent

011 40EHmANt & Japanese Paien! Subraalion lgy. 29,6098 m07 A2 it o

document 5: Japanese Patent Pu_blicatlon No. 20 _ 4_ 931-A Patent
condoeuuent, Scpamphiel Al lemational pateat Rublicetan e AA3032:8 e

Patent documerit 7: Japanese Patent Publication No. 2003-4

amob nt 8;,la Pyblicati H6(1994) -96624-B
R ObLENE IO BE SOLVED B9 THE IMVENTION 10010 The breatt

ethmvsag%b?i@f%qa%g{;i yed i qﬁfg's&to ég'tysﬁﬁ%@gogeig%g%ona%um of

problems of the re rt. An object of the present invention is to

conBLOVR.3 Jubricating oll; composifion. expibiting.excelient Igw-temperatifg o 5,
properties, a

for example).
[0008] Lubricating oil viscosity modifiers having other
configurations are also known (see, Patent documents 6 to 8 for
example) .
[0G609] However, a lubricating oil composition using the
related-art lubricating oil viscosity modifier must be improved
in terms of low-temperature fluidity.

Patent document 1: Japanese Patent Laid-Open Publication No.
S560{1985)-35009~A

Patent document 2: US Patent 3,697,429

Patent document 3: Japanese Patent Publication No.
S60({1985)~35009-A

Patent document 4: Japanese Patent Publication No.
2002-507225-A

Patent document 5: Japanese Patent Publication No.
2003-48931-A

Patent document 6¢: pamphlet of International Patent

Publication No. 00/60032,
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10 lubricating oil viscosity modifier included in the lubricating oil
composition, and a specific copolymer including a constituent unit derived
from ethylene and a constituent unit derived from an a-olefin having 3 to
20 carbon atoms and included in the dubricating oil viscosity modifier. 15
MEANS TO SOLVE THE PROBLEMS [0011] The inventors of the present
inv_ggi;icon have condu ter? extensive studies in order to achieve the above

object: A TSI e invertsRIRATohAS That & ibticatiig 6iF 28° -

500 Q_rg@ggi&iggincluding a lubricating oil viscosity modifier including the
ollowing specific copolymer exhibits excellent low-temperature
prtzsg)egties. This findipg has led to completion of the present invention.
10 E

21 Epedifical A copon At K2 brding 36 thé Prédsrt Wvetition has 294!

_96258(_1%tituent unit derived from ethylene and a constituent unit derived
rom an a-olefin having 3 to 20 carbon atoms and satisfies the following

requirements (1) to (6): (1) the copolymer has a melting point (Tm)

measured bgéﬁé@éﬁg’s&ﬁo@% .%%5 ,E@)%’e Egﬁolﬁ% has@molecular

Y‘L’S ht distribution (Mw/Mn) measured by GPC of 1.6 to 5.0; (3) the

c ;;'?)IymeF R&s BIRIER it T PRAIH Ot a ReIing PeakS neastred By Bister to

of 90C or less; 10 (4) the half-width (4Thag\% and the melting point (Tm)
5014518 StRE PAIATSISHIP ShEMPBY tHefbid 'n’@@ﬁr%%éi%ﬁ% rt. An object

of the present invention is to provide a lubricating oil
composition exhibiting excellent low-temperature properties, a
lubricating oil viscosity modifier included in the lubricating
oil composition, and a specific copolymer including a constituent
unit derived from ethylene and a2 constituent unit derived from
an o-olefin having 3 to 20 carbon atoms and included in the

lubricating oil viscesity modifier.

MEANS TO SOLVE THE PRORBLEMS
[0011] The inventors of the present invention have conducted
extensive studies in order to achieve the above object. As a
result, the inventors have found that a iubricating oil
composition including a lubricating oil viscosity modifier
including the following specific copolymer exhibits excellent
low-temperature properties. This finding has led tc completion
of the present invention.

[0012] Specifically, a copolymer according to the present
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[00131 nThalf<-0.71xTm+101.4 (2).; (5) the copolymer has a heat of
melting (4H) measured by DSC of 100 J/g or less; and. 15 (6) the heat of
melting (AH), the crystallization temperature Tc measured by DSC, and
the crystallization temperature Tcrystaf measured by a CRYSTAF method
satisfy the following relational expression (3), Tc-Tcrystaf?0.028x4H+25.3
. __(3). 20 In the copolymer, it is preferable that the a-olefin be propylene.
lnvf%%iiﬂfﬂ S PrefRrabie fat tHE Chpbiyiler Has BiReight aleraigey hvieciad 2
weight relative to polystyrene standards measured by GPC of 10,000 to
COn5 000000 810015 He’ fresentihvehtinindhadas datibRcating 6il20 carbon
viscosity modifier containing the copolymer. [00161 The present invention
a0 IRGudEs adtbhcating it Confposion R REIRFGIRE fubricating of6) :
] visgosity modigfier. 5 EFFECT OF THE INVENTION [0017] The lubricating
(2 oil EbMpoSitonEhtaiff® the Ribricating ol viscosity s htaIRINEC of
. othe copolém)er according to the present invention exhibits excellent 10
2016w témphrafute properties. BEST MODE FOR CARRYING OUT

INVENTION [0018] The copolymer, the lubricating oil viscosity modifier,
2) and e RRRANRG Bil tdfpositorr aecatdinteodhe plésantibution (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 %0° or less;
(4) the half-width {(AThalf) and the melting point (Tm) satisfy
the relationship shown by the following expression (2,
[(0013] . AThalf£-0.71xTm+101.4 (Z2)
(5)  the copolymer has a heat of melting (AH) measured by DSC of
100 J/g or less; and
(¢) the heat of melting (AH), the crystallization temperature
Tc measured by DSC, and the crystallizatioh.temperature Tcrystaf
measured by a CRYSTAF method satisfy the following relational
expression (3},

Tc-Tcrystafz0.028xAH+25.3 (3.

In the copolymer, it is preferable that the a-clefin be
propylilene.
[(0014] It.ispreferablethai<bhecopolymerhasezweightaverage
molecular weight relative to polystyrene standards measured by

GPC of 10,000 to 2,000,000.



10

15

20

15 invention are described below in detail. [0019] (Copolymer) The
copolymer according to the present invention comprises a constituent unit
derived from ethylene and a constituent unit derived from an a-olefin
having 3 to 20 carbon atoms and satisfies 20 the following requirements
(1) to (6): (1) the copolymer has a melting point (Tm) measured by DSC of

0C to 100C; the copo mer has a molecular weight distribution
OG](%/PW/Mn)TQ% aéﬁ)FeWG S Lt 5 550 (3] ine copdipmer hhlt o1 1
. _ half: Wldth ééT alf) of a melting peak measure (lil DSC of 90C or less;
Vlsiﬁfeheyhéa %mﬁsw)t;aﬂgehnegm%ﬂ% ST sty e
lationship shown b efollowm ex ressu)n [OOZOJO , , .
o half<--%ﬁﬁ>?ﬁﬁff 4l(é‘fe(%3t &'c pé@rﬁé} Ogﬁe%t ftelfifg-ne o+t
(,SH) measured by DSC of 100 J/g or less; and (6) the heat of meltin

COMRRR the e SRABAfIOR TrhBaratife TeemeAsLRY by DBES Smhtacd t Tiex

crystallization temperature Tcrystaf 10 measured by a CRYSTAF method
satisfy the following relational expression (3), Tc-Tcrystaf?0.028xAH+25.3
(3). The copolymer according to the present invention is not particularly
limited insofar as the o%r%epgoﬁ%ls@\é% dGhktituent unit derived
from ethylene and a constituent unit derived from an a-olefin havm% 3 to

OOEbC&bOﬁ%%Hﬂ&%ﬁd%%ﬁﬁ%%(n‘ compesition containing

lubricating oil viscosity modifier containing the copolymer
according to the present invention exhibits excellent

low-temperature properties.

BEST MODE FOR CARRYING OUT INVENTION

(00183 The copolymer, the lubricating cil viscesity modifier,
and the lubricating oil composition according to the present
invention are described below in detail.
[0019] (Copolymer)

The copolymer according to the present invention comprises
a constituent unit derived from ethylene and a constituent unit
derived from an o-olefin having 3 to 20 carbon atoms and satisfies
the following requirements (1) to (&):
(1) the copolymer has a melting point (Tm) measured by DSC of
-20°C to 100°C;
(2) the copolymer has a molecular weight distribution (Mw/Mn)

measured by GPC of 1.6 fTo 5.0;
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the requirements (1) to (6). [0021] Examples of the a-olefin having 3 to 20
carbon atoms include linear or branched a-olef ins having 3 to 20 carbon
atoms 20 such as propylene, 1-butene, 1-pentene, 3-methyl-l-butene,
1-hexene, 4-methyl-I-pentene, 3-methyl-I-pentene, 1-octene, 1l-decene,
1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene and l-eicosene;

3, CY Ig: a-glefins having 3 to 2Q carbon atoms s cycloheptene,
) cyc oﬁeﬁt%%%fﬁ%r %%gr?e,aali%ﬁngrb%%r%é:ﬁle il’éfgrgi%fgs of ‘& melting peak

mea d@gthyl!é%-z%%?m?n Og%tr%%cjs%dodpcene and

-methy Imethano Z?,S4’a, 5, 8, 8a-octahydronaphtha lene.
[0022] These a-olefins be used ejther individually or in 5 combination
) onthZ\}/loé o?%%rveO%Eg] gﬁ)égsfe -&Bﬁn@&o%% ne4-BaeRE, 135en8aE Sty
ene 1-helpten%and 1500tggg i}%eé)ri)éeferred in terms of

1-h
he G g‘mﬁgr%‘?& reviScosity, With prop BEiHTmBEPSfRtSHER [0b24]

;OO%_]BT Copoyﬂ%rﬁcggédiggl 5% the p esIEnt invention Zgi 10 an average

olecularweight (Mw) r {é 10 olystyrene standards measured by

GPC (gel permeation chromatography) of 10,000 or more, preferably
(5) 50000 G OIS e BForurt b b b, ) <O ATGrEtcReh bRy ©F

10068’/000 or more, Itis normally 2,000,000 or less, preferably 1, 000,000 or
less2and pa?‘t?c%arﬁpﬁgeferably 15 500,000 or less, although the upper

limjt is not particularly, limited. [0025] The copolymer according to the
(6) préﬂs%%t i E%/%’nti%ﬁJ g ﬂs‘??e%‘%hélkéauir%%n&fﬁﬁ‘f&%éﬁﬁe%ﬁhiﬁé?ﬁ@ﬁ% ature

Tc éééghred‘by DSC, and the crystallization temperature Tcrystaf
measured by a CRYSTAF method satisfy the following relaticnal
expression (3),

Tc-Torystaf20.028xAH+25.3 (3).

The copolymer according to the present invention is not
particularly limited insofar as the copolymer comprises a
constituent unit derived from ethylene and a constituent unit
derived froman a-olefin having 3 to 20 carbon atoms and satisfies
the requirements (1) to (6).

(00211 Examples of the w-olefin having 3 to 20 carbon atoms
include linear or branched o-olefins having 3 to 20 carbon atoms
such as propylene, l-butene, l-pentene, 3-methyl~l-butene,
l-hexene, 4-methyl-l-pentene, 3-methyl-l-pentene, l-octene,
l-decene, l-dodecene, l-tetradecene, l-hexadecene, l-octadecene
and l-eicosene; cyclic w~olefins having 3 to 20 carbon atoms such

as cyclopentene, cycloheptene, norbornene, alkylnorbornene such
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(6) are described below in detail. 20 [0026] <Requirement (1)> The
copolymer according to the present invention has a melting point (Tm) of
in the range of -20C to 100C. [0027] The melting point (Tm) used in the
present invention refers to the melting point of the copolymer measured
using a 11 differential scanning calorimeter (DSC) The melting point (Tm)
as Bhihecegpolymes accerding:to theqresentinventionds preferably in the
range of -10C to 80C, and particularly preferably OC to 60C. If the melting
2 -mpoing(Fm) is wjthinithis ranges the, 5 Jubricating ojl compositionexhibitS phtha
excellent low-temperature properties (balance between the
1lendow-temperature viscosity and low-temperature fluidity). [0028]
<Requirement (2)> The copolymer according to the present invention has

[002210 molegulas weightdiskibution (BhwviMarmeasyred by GRC@F4:610cr in

5.0. [0029] In the present invention, the molecular weight distribution is

comPieasured using-mengdispersed polystyrene as a standard substance.
The copolymer according to the present 15 invention preferably has a

s oo pwleculapweight distbufion-(Mw/Mn)- 9f 1 6:10:4.5; apd more preferablyene
1.6 to 4.0. If the molecular weight distribution (Mw/Mn) is within this

1-nEange: the luhrjcating aihgompgsitian exhibits exgellentlow-temperature, «
properties (balance between the low-temperature viscosity and 20
1owloveteraperatuee Uiyl s v, with propylene being most preferred.
[0024] The copolymer according to the present invention has
an average molecular weight (Mw) relative topolystyrene standards
measured by GPC (gel permeation chromatography) of 10,000 or more,
referably 20,000 or more, more preferably 40,000 or more, and
still more preferably 60,000 or more. It is normally 2,000,000

or less, preferably 1,000,000 or less, andparticularly preferably

500,000 or less, although the upper limit is not particularly

limited.
[0025] The copolymer according to the present invention
satisfies the requirements (1) to (6). The reguirements (1) to

(6) are described below in detail.
[0026] <Requirement (1}>
The copolymer according to the present invention 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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[0030] <Requirement (3)> The copolymer according to the present
invention has a half-width (OThalf) of a melting peak measured by DSC
of 90C or less. 12 (0031] The half-width of a melting peak used in the
present invention refers to the half-width of the melting peak measured
using a differential scanning calorimeter (DSC). [0032] The 4Thalf of the
i f%oepoel}/lmer ccording to the present 5 invention is preferably 80C or less,
4 panititany Préersbly® 78E SHESE If the-4 Thalt 1€ ithirt tHig rBRga ™ (Tm)
iI’he Iubrica{i%g?gI oil compasition exhibits excellent low-temperature
propeftied’ (bSiartetetwetr the loWRtemnpardire Vikeosityants preferably
. _ low-temperature fluidity). 10 <Requirement (4)> The copolymer accordin
n F%%gﬁfi%%ﬁ§n0éﬁggn%%t§ﬂ£'tﬁ@%lﬁﬁ&ﬁsﬁﬁ%ﬁ&%ﬁ Wm%eraﬁ&kmgegc to
€0° ﬁ;(pression (2) interms of the half-width (4Tha|f%rof the melting peak and
e Tm. [O03TEAThAR<R FHEMIT01.4 Y2y 18 Fhe dopolymerscording
1 bto,the resent invention satisfies the relationship shown by the expression
U0 Gt tets B the"BFFRAR~and the F - [0 14 Hid- expressiif (@ymperature
satisfied, the lubricating oil composition exhibits excellent .
PropGHerfiser tiireProperies i thakdt e itneaRERE fismpeagaeity and

viscosity and low-temperature fluidity). <Requirement (5)>
low-tempeérature fluidity).

O

[0028] <Requirement (2Z2)>

The cecpolymer according to the present invention has a
molecular weight distribution (Mw/Mn) measured by GPC of 1.6 to
5.0.
10029 In the present inventicn, the molecular welght
distribution is measured using monodispersed polystyrene as a
standard substance. The copclymer according to the present
invention preferably has a molecular weight distribution (Mw/Mn)
of 1.6 to 4.5, and more preferably 1.6 to 4.0. If the molecular
weight distribution (Mw/Mn) is within this range, the lubricating
oil composition exhibits excellent low-temperature properties
(balance between the low-temperature viscosity and
low-temperature fluidity).
[OC30] <Requirement (3)>

The copolymer according to the present invention has a

half-width (AThalf) of a melting peak measured by DSC of 90°C or

less.
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The copolymer according to the present invention has a heat of melting

(AH) measured by DSC of 100 J/g or less, preferably 13 90J/g or less,

and more preferably 80 J/g or less. The lower limit of the heat of melting

is 1 J/g, although the lower limit is natz particularly limited. If the AH is

within this range, the low-temperature 5 properties (low-temperature

idity) are improyed. <Requirement (6)> The copolymer according to the

100 d et TR SaTes g olffowifig reRfoRSIFExprEESton taf ittermgsent
":I”lVOf ;Ehe 6H, the Yc;gys,tallizatio t rfpp’erature, Tc,measured by DSC, and a
1) cjfy?sqaﬁi%éﬁdn tSper&turé Tcrystaf mBasiredl BY a CRY I measured

method ,Tfhe copolymer more preferably satisfies the expression (3'), still

USIheE p?éf‘e?gbﬁﬁ Bhtisfle R EXPIEsSiG €3 ) itk paiUlarly preferably

sfies the expression (31"). [0035] 15 Tc-Terystaf?0.028xAH+25.3 (3)
[OO‘SI‘%HTcrysta _%é’?%s&mfés%@% TR0 058KAG+D8 3@ e present
. ___Tc-Terystaf?0.028x,~H+30.3 (3" ') When using a copolymer satisfying the
1Y 5bve Tetatidtial 20 éxprédioh, e 16itenietatdre propéiesyBataice 3P 1y
750 betw(;a]‘(/en the low-temperature viscosity and low-temperature fluidity) are
SiproveaS[0036] |‘fﬁ“s@pfr\-é“ﬁé?&5ﬁelfﬁérﬂt¥é‘éBpBweFaB&&diﬁ@?oltH@rlcatmg

.. present invention further satisfies the following requirement
oil"composition exhibits excellent low-temperature properties

(balance between the low-temperature viscosity and
low-temperature fluidity).
<Regquirement (4)>

The copolymer according to the present invention satisfies
the relationship shown by the following expression (2) in terms
of the half-width (AThalf) of the melting peak and the Tm.
[0033] AThalfs-0.71xTm+101.4 (2)

The copolymer according to the present invention satisfies
the relationship shown by the expression (2) in terms of the AThalf
and the Tm.
[0034] If the expression (2) is satisfied, the lubricating oil
composition exhibits excellent low-temperature properties
(balance between the low-temperature viscosity and
low-temperature fluidity).
<Regquirement (5)>

The copolymer according to the present invention has a heat

of melting (AH) measured by DSC of 100 J/g or less, preferably |
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14 (a). [0037] <Requirement (a)> It is preferable that the copolymer
according to the present invention satisfies the following expression (3) in
terms of the 5 heat of melting (OH) measured by DSC and the Tm. [0038]
PA<-0.67xTm+38.3 (3) If the expression (3) is satisfied, the lubricating oil
composition exhibits excellent low-temperature properties (balance

soTh twgelréggfl%-&elq&eé ure-viscasi d-10 low-temperatyre flpidity). . . .
[§039] <Requirement (p) Iteis pre?é?%alge%tﬁ;}t)?h%rco%sgﬁmeryécecg%‘fr%}t% Hmat

£ {he present. invention satisfies the relationship shown by the follawing .
O il O 69 F% B?grﬁdaéﬁ%ggxoggfysn e o§)§r1 J[86 ]15 not

expression (1) in termsof the Tm ensity D (g/cm

parg' %05959@%@ Tépe copolymer according to the present invention
preferably “satisfies the relationship shown by the expression (1) in terms

of fhe Tp.angd the density. %OQC“%lér.hz%adr%‘é“y pLof the copolymer

according to the present 20 invention‘is Nof particurarly limi & The = ©

gnsity.D o COo mer_according.tq the present invention is normally
P s 10 S0 L e ebdain Fiyts SHEGRE the

<Re %{p{' '%%Qil (%grgposition exhibits excellent low-temperature properties
5 (balance between the low-temperature viscosity and

The copolymer according to the present invention satisfies
the following relational expression {(3) in terms of the AH, the
crystallization temperature, Tc, measured by DSC, and a
crystallization temperature, Tcrystaf, measured by a CRYSTAF
method. The copolymer more preferably satisfies the expression
{37), still more preferably satisfies the expression (3'7), and

particularly preferably satisfies the expression (3777),

[GO35]
Tc-Terystaf20,028xAH+25.3 (3
Tc-Tcrystaf20.028xAH+26.3 (37
Tc-Tcrystaf20.028xAH+28.3 (377}
Tc-Terystaf20.028xAH+30.3 {3771)

When using a copoclymer satisfying the above relational
expression, the low-temperature properties (balance between the
low-temperature viscosity and low-temperature filuidity) are
improved.

(0036} It is preferable that the copolymer according to the

present invention further satisfies the following requirement
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low-temperature fluidity). [0042] it suffices that the copolymer according to
the present invention comprises a constituent unit derived from ethylene
and 5 a constituent unit derived from an a-olefin having 3 to 20 carbon
atoms and satisfy the requirements {19 to (6) The copolymer according to
the present invention may comprise structural units derived from other

«) Monomers insofar as the object of the present invention is not impaired.
10 [0043] The manner of copolymerization of the copolymer according to

00 presept jnventian is pot particularly limited. The copolymer according
: ggﬂthe prese%]té{invention IS r@f}mally a block copolymer. [0044] As a

spegificembodiment of the, copglymer according (0. 15 the prese tg RiFsent

invention, a copolymer can be given Which comprises a pofymer

1nvifpichis %B@Erke?ifé%mc%%%%ﬂﬁ %%Qt je‘;%e%f‘rﬁ?gég‘vg(g ;0;?0 aboN ¢ the

n ﬁr
atoms and has a molar ratio of a cons ed from ethylene

nea 2108 sANSIIENt i deyived from e asglefn (etviene/a-olefin of

20/80 to nd a weight 20 average molecular weigh 0f 5,000 to 1,

00999, 000, an a I ner Ig k (i) which is pbtained from ethylene and an
{ a-(?lefin hg\[/{ikr?a ﬁ%%@%bgn atoms and hggga molar ratio of a

constituent unit derived from ethylene and a constituent unit derived from _ _
theE éi-nghen ?éﬁlﬁ&%ﬁ%b%? of %O%Lt}()%fg %m%juhaewélu t AG8ragde

comMolecular weight of 5,000 to qI(:]?ég%O, wherein each %nd of the cog(gl mer
i the polymer BIoek (i). [0DAB] i prefSrable AT te Boynier Br6ak-( e

obtaine . ,
(bafancs %@tween the low-temperature viscosity and

low-temperature fluidity).
[0039] <Reguirement (B)}>

- It is preferable that the copolymer according to the present
invention satisfies the relationship shown by the following
expression (1) in terms of the Tm and the density D (g/cm’).
[0040] Tm21073xD-893 (1}

The copolymer according to the present invention preferably
satisfies the relationship shown by the expression (1) in terms
of the Tm and the density.

[0041] The density D of the copolymer according to the present
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/em’.

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

composition exhibits excellent low-temperature properties
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from ethylene and an a-olefin having 3 to 20 carbon atoms and has 5 a
molar ratio of a constituent unit derived from ethylene and a constituent
unit derived from the a-olefin (ethyl§ el/a-olefin) of 20/80 to 65/35, and
preferably 40/60 to 64/36 and a weight average molecular weight of 5,000
to 1,000,000, preferably 20,000 to 1,000,000, more preferably 20,000 to
{0al800;600c4ma still rivze 110/ pieferabha 20,0000 H00:000y Itispreferable
that the polymer block (i) be obtained from ethylene and an a-olefin
L owtiayipg Bx0.2(:cdrbondtams and has a molar ratio of a constituent unit
derived from ethylene and a constituent unit derived from the a-olefin
{ 00 4thylenefa-olefin) 46 0f-7GI80to=854%; anddprederablyiZ3/2 1 to 82418 anckent
a weight average molecular weight of 5000 to 800,000, preferably 20,000
1nvetot800;000nmaie preterablys40,008 ta 600, @00 and still fnare préfeiably and
40,000 to 500,000. [0046] The polymer block (i) is normally low-crystalline
a coos2Dcamorphous: dueto a=lov ethylenecconterit; anddhe polymes Mocka rbon
(i) is normally crystalline due to a high ethylene content. [0047] If the
atorethyleneteolefiiymalae ratios and:therweight. Javeragemolectlar weightyme r
of the polymer blocks (i) and (ii) are within the above ranges, a lubricating
accaikMiseosity thedifieeisebit dbtamediwhichepracuiees pslabsicating otal units
composition exhibiting excellent low-temperature properties. The molar
deriratia of morconstituemamninderyethtomnethylenshandia eenstidfentdniire sent
derived from the a-olefin may be adjusted to the above range by 5
inveaadjustingitherratio ofghe tavd material monomers. The weight

[0043] The manner cf copolymerization of the copoclymer
according to the present invention is not particularly limited.
The copclymer according to the present invention is normally a
block copoclymer.

[0044] As & specific embodiment of the copolymer according to
the present invention, a copelymer can be given which comprises
a polymer block (i) which is obtaired fromethylene and an a-oclefin
having 3 to 20 carbon atoms and has a molar ratio of a constituent
unit derived from ethylene and a2 constituent unit derived from
the a-olefin (ethylene/a-clefin) of 20/80 to 65/3% and a weight
average molecular weight of 5,000 to 1,000,000, and a polymer block
(11) which is obtained from ethylene and an o~olefin having 3 to
20 carbon atoms and has amelar ratio of a constituent unit derived
from ethylene and a constituent unit derived from the g-clefin

{ethylene/a-~clefin) of 70/30 to 85/15 and a weight average
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average molecular weight may be adjusted to the above range by

controlling the polymerization temperature, the polymerization time and

the like during polymerization. [0048] As examples of a preferred form of

the copolymer 10 according to the présent invention, and the like can be

given. The copolymer according to the present invention normally shown

b i)'%iii\%ﬁé hereinpi integer. of 1 or more, and preferably 1 to 3).
mOliéU[%JG 9] Y%/tthg %ogoéﬁ‘ugerta%ggpﬁ hg 10 the preEentinGaftior Hasthet e
copbove specifigﬁorm, t?e co r(:gfler according to the present invention

pmaﬁ/%ﬁhle? com%ri%g 2] 616?15 Biotk ((f‘iib other than the polymer blocks
nd (ii).. The polymer bjock (iii be a block of a homapolymer of an

00 g%eiin selgctte]dgfr%%n\ééﬁWé%leea %agbtﬂéﬁﬂé ¥AGing’36 20 tarbsn R tained

£ atomg or a block of a random _copolymer of two or more olefins selected

Foh ot alolgfifis Haling! 876 26 ChibBA Gtoms? ItSUffideS AR CoFolyATes has
cordin% to the present invention comprise a constituent unit derived
= THERE GPYioneAnd ST RHTURRT Uit Berivedron 3 -/ PRAVING 18 S o
to 20 carbon atoms and satisfy the requirements (1) to (6)@. The .
conghpbiyiter abeordifG To i pldsdht fiverfion Hidy Borhphiss L sigetarat Lefin)
ai}s derived from other monomers insofar as the object of the present
of #1 ehtionFs Aot itpairddc 59 HHE prEsaht Hvehtioh TR (i rettfremett iant

1), may be adjusted by increasing or decreasing the amount of ethylene

ave e Mar Sh e SRR HOR B e SO the AmBlth Gt ny R REABRISE0 - 000

to 1,000,000, more preferably 20,000 to 800,000, and still more
preferably 20,000 to 500,000.

It is preferable that the polymer block {ii) be cbtained from
ethylene and an o-clefin 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 a-olefin (ethylene/o-olefin)
of 70/30 te 85/15, and preferably 73/27 to 82/18 and a weight
average molecular weight of 5000 te 800,000, preferably 20,000
to 800,000, more preferably 40,000 to 600,000, and still more
preferably 40,000 te 500,000.

(00467 The polymer block (1) is normally low-crystalline or
amorphous due to a low ethylene content, and the polymer block
(11) 1s normally crystalline due to a high ethylene content.

[0047] If the ethylene/a~clefin molar ratios and the welight
average molecular weights of the polymer blocks (i) and (ii) are

within the above ranges, a lubricating oil viscosity modifier is
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increases, and Tm decreases as the amount of ethylene monomer
decreases. 10 [0050] In the copolymer according to the present invention,
Mw/Mn, the requirement (2), may be adjusted by increasing or
decreasing the polymerization température. [0051] In the copolymer
according to the present invention, 4thalf, the requirement (3), may be
obtdGreased ordecreased by, 1 ipereasing,or degreasing e ¢alalysh i1 1+ 1ng
concentration at the initiation of polymerization. Specifically, the 4Thaff
excdayhe l%E@ﬂ@@ﬁﬂ}é’r‘&%%'%@ﬁéﬂ%‘é@.CO%%?%%'?Q@%B% ‘o of a
initiation of polymerization. The AThalf may also be increased under
con&onditigns W%bﬁéﬂ%%e@mnerﬁﬁﬁ%%@%qg %0 %%%‘E[ Qé%]t unit
The copolymer according to the presentinvention satisfies the %o lowing
der E¥BEESSION(2)0 teugs of the 41half and, the . Tm (requirgme :
4Thalf<-O. 71xTm+101.4 (2) 19 lgflbxcc:ordinﬂg tcS) the present?n\%r%%?)},lfﬁg ge by
adj COPalmersatishying thecregyirement (4).may be y adjysting .

’ the AThalf and the Tm using the above-descrﬁ)e r%%%r%%g[sg fordgléaem‘gfge%ght
ave %’%?]ﬁﬁg?égmﬁhﬁé@h@%{%“H%me?ﬁi@téﬁ' mayhe.sincreased or . o,
decreased by increasing or decreasing the amount of ethylene monomer
conQHHQQﬂ%@W@EP%BEV%E%Qﬁ%@T%H“”%& QEgQQEQymﬁ&ﬁc%g%Q }%%% ion

present invention, for example.  [0054] In‘the copolymer accordi g to

1 moresent invention,. f%%@gjplgo]'[ -Jerystaf may be increased or

decreased by

[0048] As examples of a preferred form of the copolymer
according to the present invention, {(i)-(ii)-{(i),
(1)={ii)-(1J-{(ii}-{1i) and the like can be given. The copolymer

according to the present invention normally shown by
(1)~[(1iiy-{iy 1, (wherein n is an integer of 1 or more, and
preferably 1 to 3).

[0049] When the copolymer according to the present invention
has the above specific form, the copolymer according to the present
invention may further comprise a polymer block (iii) other than
the polymer blocks (i} and (ii). The polymer block (iii).may be
a block of a homopolymer 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 clefins selected from o-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 an a-olefin having
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10 increasing or decreasing the polymerization time during the production
of either segment of the copolymer (i.e., increasing or decreasing the
ratio of the segments), whereby a copolymer satisfying the requirement
(6) may be produced. [0055] The copalymer satisfying the preferred
requirement (a) 15 may be produced, for example, by incorporating an
5 tan%(érphous é?olémer block in the polymer chain. [0056] A copolymer
 TRatidiRgthe prefdtted tegRirement (R SmayBe protrieed, forekamifie,. The
by incorporating a crystalline polymer block in the polymer chain. 20
COREoBBimaF HrodtictiBn THethBE) PRE BEPGIyMRY tided As the Yulsreaing i
viscosity modifier according to the present invention may be obtained by
SEripoiyiiertzing BtA§EnEShd APIR4StDRE BRHARRISCIFRGTL &6l6fiisob] ect
. having 3 to 20 carbon atoms as described below in the 20 presence of an
of &iBfin PHRIRSHzatOIFERARSt heluaing thePeadsiion metal compound (A),
and preferably an olefin polymerization catalyst including the transition
metdl Confp Uit TAT ahll 5t Téasp Bne BBmpdun d- (B Sekeastea frofi the may be
.organometallic 5 compound (B-1), the organoaluminumoxy compound
247 EE SR AAMheE" ERPOLNE viHicK FSEcEERitA3é hansitionhetal combolnde
(A) to form an ion pair (B-3). [0057] (Transition metal compound (A)) The
TonpARsition HelgrGompouhd USEE 4§ tfe Pproduetirrofithe 110 topdlyntemisnome
_atransition metal compound represented by the following general formula
INCHYERE Bxafitle R tHEFragsstie as the amount of ethylene monomer

decreases.

[0050] In the copolymer according to the present invention,
Mw/Mn, the reguirement (2), may be adjusted by increasing or
decreasing the polymerization temperature.

[0051] In the copolymer according to the present invention,
Athalf, the requirement (3), may be increased or decreased by
increasing or decreasing the catalyst concentration at the
initiation of polymerization. Specifically, the AThalf may be
increased by increasing the catalyst concentration at the
initiation of polymerization. The AThalf may also be increased
under conditions whereby a polymerization reaction rapidly
oCCurs.

[0052] The Copolymer according to the present invention
satisfies the following expression (Z2) in terms of the AThalf and
the Tm (reguirement (4)).

AThalfs-0.71xTm+101.4 {2}



15

20

structure of the transition metal compound determined by a density
functional theory for a cationic complex in which one of the Xs in the
general formula (1) is replaced with an n-propyl group, 15 it is preferable
that the distance between the nearestheteroatom which is not directly
bonded to the center metal M and the hydrogen at the a-position be 3.0

angsEoms Qrless %%%_@?eeal%ﬁ@ﬂ?%n%’l%r%)’ l%%él%%%l)?

OI%&@&%}Sfying
[0058] The term "density functional theory" refers to a e[Lﬁatlons y a

the Bl u@ﬁéﬁ%ﬁiﬂ:‘sm@) a&é%@é“&%’é%?coeod%y@& i!?ﬁ? 9nb T C?';A ’g}ﬁ%l f and

(Netherlands); obtained by making a license “agreement

cnedeyrioesling thepragrayn figra he SCM.websita (Rl vy ser.com)

The basis function is a Slater-type function. A triple-Zeta function is used

the ce 1.and a.double-z unction is, used for pther atoms
{OOgof} ﬂgﬁﬂg%a + A E}H u’?{x}e %@iﬁj]éﬁ%g?ﬁg elgé(j:} gﬂi m %1

when determining the structure. When ev rostatic g‘rYerg)?,

inc2:RQlagzation fupctian.is as d%é%@eaggl%*g?erﬁzg&funcﬂon for other vunt of

. h
atoms. This basis function is also use cal“c%fla%ﬁbrrllg f%r an

eth?@@’fﬁ‘é‘rﬂ;éHHﬁ%‘f?&?ﬁiH‘;d@Ygth%%tg}"&t%ra' calcﬁlgti ns. The Pauli's

CTLON O q)
relativistic potential Is correcte culaﬁons other Pf the

e,‘f Sedme
an the structura

galgulaions, EQ% erm [ lectrostatic energy” refers to the electrostatic
COpenl}e(?rgy betwceen t eg;1§/C ro%ﬁ a‘[t)ﬁﬁeeSSFb%sﬁ%‘ﬁeaz}]%lt%ré'ne%aorgstexample‘

[OOE‘% _roato% I\_él%e %O sgfcificall% the te n] "el ctr%1 tatic enerc "refers to .
ant]elnteratomlc clectrbstatic interaction %%%d%o% t ?éeelggt?gr??gtsth?éf ention,

ror TS DY SRV e ShmoR s B sape, oo
increasing or decreasing the polymerization time during the
production of either segment of the copolymer (i.e., increasing
or decreasing the ratio of the segments), whereby a copolymer
satisfying the requirement (6) may be produced.
[0055] The copolymer satisfying the preferred requirement (o)
may be produced, for example, by incorporating an amorphous
polymer block in the polymer chain.
[0056] A copolymer satisfying the preferred requirement (p)
may be produced, for example, by incorporating a crystalline
polymer block in the polymer chain.
{(Copolymer production method)

The copolymer used as the lubricating oll 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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refers to the electron population of the s, p, and d orbitals of 15 these two
atoms obtained by complex calculations (point calculations for the
optimum(3-agostic structure obtained by the structural calculations).
[0059] LmMXn (I) wherein M represefits a transition metal atom selected
from the 20 groups 3 to 11 of the periodic table. The term "m" represents
preSULOLRGSE M 10 5. T IR 1Y JERIESENS.a Dumber 2AUshing, Ihe ..
valence of M. L represents aligand coordlnateéi to the center metal

trarfihaying a-heteroatom which 45 POTa‘FJEie%'Q‘é)PQQ%f% the center, metal

M. 22 [0060] X represents an oxygen atom, a heroge atom, a halogen
polﬂ%@i 9@95%0@5)9@1 QHW,S‘&%’Q%”'C&{‘ a@'rna%%@tu%bg metal comgound

sulfur-containing group, a nitrogen-containing group, a boron-containin
(n) Q5040 @R Alupinym-containing Q'é)}’psé‘l? PhospPhorys;contaIning groun ; ; .
a halogen-containing group, a hetérocyclic compound resuﬁje, a
comp‘?JJl%?H'C{?é‘«ﬁ%'5",”gt%@u&égﬁgggﬁ%‘&{%%%%%a'“é:“&g;@)l‘%%or -2)

tin-containing group, and the "groups represgnted y X may be samé o

Sifferent from e er and may be bonded.each other to form aring ., . .
L b o Ry 15 006 Ae iy ey ikt procl e thg
sorPresence nof an ole{fig]_gglymerization catalyst including a transition meta

) ?

compound G thé fol owing general formula. (lI-a) or (lI-b). [0062] p1 Q-N.

d the
¢

[0057] (Transition metal compound (A))

The transition metal compound used in the production of the
cepolymer is a transition metal compound represented by the
fellowing general formula (I}, for example. In the B-agostic
structure cof the transitionmetal compound determined by a density
functicnal theory for a cationic complex in which one of the Xs
in the general formula (I} is replaced with an n-propyl group,
it is preferable that the distance between the nearest heterocatom
which is not directly bonded to the center metal M and the hydrogen
at the f-position be 3.0 angstroms or less and the electrostatic
energy be -10 kJ/mol or less.

[0058] The term “density functiocnal theory” refers to
calculations by a BLYP method using a program ADF2000.01
(developed by SCM (Netherlands); obtained by making a license
agreementwithE%wﬂanddownloadingtjmaproqramfromdjuaS@Wwebsite
{html://www.scm.com)). The basis function is a Slater-type

function. A triple-zeta function is used for the center metal
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F13_ MXn F~Im (ll-a) 15 [0063] wherein MI represents a transition
metal atom selected from the groups 3 to 11 of the periodic table. The
term "m" represents an integer from 1 to S. Q represents a nitrogen atom
or a carbon atom having a substituért R'. The term "A" represents an
oxygen 20 atom, a sulfur atom, a selenium atom, or a nitrogen atom

anc Baying a.substituent,Rb: 23 {Q064LRL @p@:%%@saazg}f@%p%g@ﬂgining

having one or more heteroatom(s) or a hydrocarbon group having one or

the M@re, hetereatorpcontaining group R2te RS, which may:he same or, 5

different from each other, individually represent a hydrogen atom, 5 a

po1dalogen:atoms abydrogarhon graup. a hydiocarhon-substituted: Silyl « . o,

group, an oxygen-containing group, a ni';rogen-contalning group, a
othéy”H%Q%E¢”@9£E0%%@aQO%UBEQHBEmﬁ%Qﬁygansed in point

aluminum-containing group, a phosphorus-containing group, a

cal&@#&@ﬂ%ﬁyg%mn%ﬂ%%%&ﬁﬁ@%%@ﬁ@@%QQQQ%%EHgéqﬂﬁﬂiéQmmuctural

silicon-containing group, a germanium-containing group or a

ca1din1GoNAiRng gralp, andityo.or.mote of the.groups may, be boaded to, . ...

form a ring. When m is two or more, R', R2, R3, R9, and R5 may be same

inc@ﬁ@ﬁ§%¥4gg@é%ﬁ&@qﬁgn%%%pg%9%%&%9@9Q%§g%ggkggﬁgF)%g%term

included in one ligand may be bonded to one group among 15 groups o

“e1 82 0RvNddeddn apotber 49and, (0L THE L9 1 BRI e e
satisfying the valencé of M. X represents the same atom or group’@s X'in
thetﬂﬁég%@gﬂ(QtQQﬁaS~position and the nearest hetercatom. More
specifically, the term “electrostatic energy” refers to an
interatomic electrostatic interaction based on the slectronic
state determined by assigning the charge obtained by complex
calculations to these two atoms. The term “charge” used herein
refers to the electron population of the s, p, and d orbitals of

these two atoms obtained by complex calculations (point

calculations for the optimum B-agostic structure cobtained by the

~structural calculations).

[0059] LmMXrn (1)

wherein M represents a transition metal atom,selected from the
groups 3 to 1l of the pericdic table. The term “m” represents
an integer froml to 5. The term™n” represents a number satisfying
the valence of 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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the groups represented by X may be same or different from each other
and may be bonded to form a ring when n is two or more. 20 [0066] R' i
N UQrY S=T-. (ll-b} 24 0067] wherein M1 represents a transition
metal atom selected from the groups:3 to 11 of the periodic table. The
term "m" represents an integer from 1 to S. Y represents a nitrogen atom
___or a5 phosphorus atom. U represents a carbon atom having a substituent
LOORB] a nitrSgBRRAEGTCBE & PROSHNGIRE AlbRT QI pressiisa eadivn ator 0gen
having a substituent R7, a nitrogen atom, or a phosphorus atom. [0068] S
at Ofenr@sehte B ERBBAAtGRNEING & sHBSHBBNERS & 110 AtrogER Etem2 or
a phosphorus atom. T represents a carbon atom having a substituent R9,
suld wWirsgEh-ator, "6 &pRESPhotus BchR I R TEBSENE Iy drseabona
group having one or more heteroatom(s) or a hydrocarbon group having
boreRe 6P Ricte Hetéroatstilvontdinmb §rousn RE RINWRIEh Fiaybe same
or different from each other, 15 individually represent the same atom or
phog@ﬁ®g£§R§q3¢g;@Qﬁg group, a halocgen-containing group, a

heterocyclic compound residue, a silicon-containing group, a
germanium-containing group or a tin-centaining group, and the
groups represented by X may be same or different from each other
and may be bonded each other tc form a ring when n is two or more.
[0061] The copclymer may be produced in the presence of an
clefin polymerization catalyst including a transition metal
compound of the following general formula (II-a) or (II-b).

[0062]

-~ (I1-a)

(0063}

wherein M' represents a transition metal atom selected from the
groups 3 to 11 of the pericdic table. The term “m” represents
an integer from 1 to 5. Q represents a nitrogen atom or a carbon
atom having a substituent R®*. The term “A” represents an oxygen
atom, a suliur atom, & selenium atom, or a nitrogen atom having

a2 substituent R,
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formula (II-a) , and two or more of R6 to R9 may be bonded each other to
form a ring. When m is two or more, R1s, R6s, R's, Res, and R9s each
may be same or different from each other, and one group among groups
of R6 to R9 included in one ligand niay be bonded to one group 20
among groups of R6 to R9 included in another ligand. [00691 Term "n" is
. umber_satis the valence of M1. X represents the same atom or
*Oog?{}up as X in ﬁt\x Fformula (If; c}ﬁ%lc{ C&l%%f)‘g rEprASBNRABY X MA Her more
hetSame.or qlff§rent from each otber and may be bonded each other to form
a rlng when'n 1$1wd 25 OF fiie” The EORBR MY &Y b8 prodicétfinthe
hetgresetné:lg_of a Iefln poI merization antalystslncludln%a transition metal
compound o e Honbwing gatieral forntilatiiza Y oAb 607 (LR S BEBSME
dj_f ere[gQZfllj whe rein Ml repre ents a transition metal atom selected from
e groups 3 to ocf%h beriddfic-Tabie! 2rerh “FP TapRRE M AR TRtsgeR T o,
3 hafm 1to %ﬁ% regr%sents a nitrogen atom or a carbon 10 atom having a
béfitten Arepredstitd BRBkyden Hont & EifaasRe st nted
sil % m, or a nltrogen atom having a substituent R". 0072] R' represents a
b e%yfgl%Upaha\?ﬁiag?féagPB & Horm9oP S ituént selédegropentaining

heteroato X and 15 heteroatom-containing groups, an aromatic
ro %@mocar@ Entalnlng group, a boron-containing group, an

aluminum-containing group, a phosphorus~containing group, a
halogen~containing group, a heterocyclic compound residue, a
silicon-containing group, a germanium-containing group or a

tin-containing group, and two or more of the groups may be bonded

- to form a ring. When m is two or more, R', R?, R®, R and R® 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.

[6065] The term “n” is a number satisfying the valence of M.
X 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 to form a ring when n is two or more.

[CO06B]

(I1-b)
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other than a phenyl group, having at least one atom or substituent
selected from heteroatoms and heteroatom-containing groups, an
aliphatic hydrocarbon group having at least one atom or substituent
selected from heteroatoms and hetetéatom-containing 20 groups, or an
alicyclic hydrocarbon group having at least one atom or substituent
(0088 cted from heteroatoms and 26 heteroatom-containing groups. [0073]
In the case where R' represents a phenyl group having at least one atom
wne PLOHDFENt seledted from heteroatoms and heteroatom-gontaining
groups, and the position of the carbon atom 5 bonded to the nitrogen atom
is designated.as the first position,. the phenyl gr. has at least one atom
gmf?%u%stﬁ%gﬁ% s&é]ct% ©t ?nrﬁgt%%ga%gn%%gyn'd hgge%rogfeo%n-corﬁtaiﬁiﬁﬁr ssents

. 9rQuUps in a%lleast ne ofthe §econd and s;xth ositions, or has at least
an one substituent. sfe)lé—'c?eé) from; f)eg ﬁ%ﬁeer%ét%mgo{hle%lfﬁgﬁ a fﬁﬂ%?irrrieoaﬁoﬁ];

10 fluorine-containing group having one carpon atom and two or less
P I Ser3) A LSS Caat g 3F L b D Wi bf ard ban vent
z¢ atoms; or 4&;)nate;]§%5t one sgbs}t}ituse t C§relllescte (grom heteroatom-containingb
’ Grolips having a heteratomother than s fluctine atorm’ thethird, 2 c2roen
atofo rtdqh{and féfthse%ssitﬁitons.elét[0£74] R2 to R5, which may be same or
different from each other. -individually repreSerittha sa3fie Sfont oP §rotiperus
as R2 to R5 in the formula (ll-a) , and two or more of R2 to R5 may be

tom. . )
#*“Bonded each other to form a ring. When m is two or more, R's, Res, Ras,

4s, and R5s each may be same or different from each other, and one
woé%j(fup amgnrg%ﬁrso%rbgsofaRf%%%”in%ﬁ?&%dqﬁ%gligaar‘?dlﬁ%’g/lﬁéjent R%, &

.. bonded t(g one group
nitrogen atom, ©r a phosphorus atom. 7T represents a carbon atom

having a substituent R®, a nitrogen atom, or a phosphorus atom.
R* represents a hydrocarbon group having one or.more hetercatom(s)
or a hydrocarbon group having one or more heteroatom-containing
group. R® to R®, which may be same or different from each other,
individually represent the same atom or group as R? to R® in the
formula (II-a), and two or more of R® to RY may be bonded each other
to form a ring. Whenm is two or more, Rls, R6s, R7S, Rss, and R%s
each may be same or different from each other, and one group among
groups of R® to R® included in cne ligand may be bonded to one group
among groups of R® to R® included in another ligand.

10069 Term “n” is a number satisfying the valence of M. X
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
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among groups of R2 to R5 included in another ligand. [0075] Term "n" is a
number satisfying the valence of M. X represents the same atom or group
as X in the formula (1), and the groups represented by X may be same or
different from each 27 other and may He bonded each other to form a ring
when nis two or more. [0076] A9 N. MIX" Y (S-Tm ... (11-b") 5[0077]
wherein M1 represents a transition metal atom selected from the groups
OT B of fe Petiotic fables T PP depresdritsan imegerfrom 0 9lefin
Y represents a nitrogen atom or a phosphorus atom. U represents a
POLlyRBEA BRGhHARAG B SUTSHOEAURS T8 19 hifrogehtatom msrta 1 compound of
phosphorus atom. Q represents a carbon atom having a substituent R7, a
thenifpgensidid, seaphospheiadiam ( J6078]'S représénts’a carbon atom
having a substituent R8, a nitrogen atom, or a phosphorus atom. T
[0CrEptesents a carbon atom having a substituent R9, a nitrogen atom, or a
phosphorus atom. 15 R1 is the same as R1 in the formula (ll-a’). R6 to R9,
which may be sAme or dlffeﬁen from each other, individually represent
the same atonyor grou;bas 2 t§ R5 in the formula (Il-a), and two or
more of R6 to 9£’nay e bond each other to form a ring. When

- (11-3")
[0071]

wherein M' represents a transition metal atom selected from the
groups 3 to 11 of the periodic table. Term “m” represents an
integer from 1 to 5. Q represents a nitrogen atom or a carbon
atom having a substituent R?., A represents an oxygen atom, a
sulfur atom, a selenium atom, or a nitrogen atom having &a
substituent R>.

[0072] R' represents a phenyl group having at least one atom
or substituent selected from heteroatoms and
heteroatom-containing groups, an aromatic hydrocarbon group,
other than a phenyl group, having at least one atom or substituent
selected from hetercatoms and heteroatom-containing groups, an
aliphatic hydrocarbon group having at least one atom or
substituent selected from hetervatons and heterocatom-containing
groups, or an alicyclic hydrocarbon group having at least one atom

or substituent selected from heteroatoms and
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m is two or more, RIs, R6s, R7s, Res, and R9s each may be same or 20
different from each other, and one group among groups of R6 to 28 R9
included in one ligand may be bonded to one group among groups of R6
to R9 included in another ligand. [0079] Term "n" is a number satisfying
the valence of M1. X represents the same atom or group as X in the

netoraulagl).and 5 tft;g]gjo Qgﬁ%%n_asented by X may be same or different

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

[ootwa or mege.ckhe copolymer may;be produced inthe E?gﬁé,‘feg’ﬁfgg‘% (having

olefin polymerization catalyst including a transition metal comp

at thesfollowing gengral Eor%lggéwguje%@osgg 1R RIEN om he ‘%%:)élé tRO]fﬁZIS and

0 RealR's R14 m (lll) [0081] wherein M1 represents a transition meta

het@@maﬁ%m%mg%Qgeﬁé,a,g%gl ﬁ%tg%ggf{%dic taple, R10Is the = om

O
same as R1in 15 the formula’(ll-a’). , which may be same or

pondifgrent from gach other, individually represent a hydrogen atom, '}os ition,

halogen atom, a haldgen-containing group, a hydrocarbon group,

«henydrocgibon-systiutedsilyl group, an,oxygencontaining group, @ . ...
nitrogen-containing group or a sulfur-containing group.
from heteroatoms and hetercoatom~containing groups in at least one
of the second and sixth positions, or has at least one substituent
selected from; 1) a hetercatom other than a flucrine atom; 2) a
fluorine-containing group having one carbon atom and two or less
flucrine atoms; 3) a fluorine-containing group having two or more
carbon atoms; or 4) at least one substituent selected from
hetervatom-containing groups having a hetercatom other than a
fluorine atom; in the third, fourth, and fifth poesitions,
[0074] R? to R>, which may be same or different from each cother,
individually represent the same atom or group as R?® to R® in the
formula (II-a), and two or more of R? to RS may be bonded each other
to form a ring. Whenm is two or more, Rls, st, RBS, Rés, and R°s
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.
(00757 Term "n” is a number satisfying the valence of M. X

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
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20 [0082] R15 represents a halogen atom, a halogen-containing 29
group, a hydrocarbon group or a hydrocarbon-substituted silyl group.

Term "n" is a number satisfying the valence of M1. X represents the same
atom or group as X in the formula (6,7and the groups represented by X
may be bonded each other to form a 5 ring and the plurality of groups

othdepeseniaq byX mayke same, o diffsrent frem each pther when, nds fwo. .,
or more. [0083] (Organometallic compound (B-1)) As the organometallic

or 9Rypound (B-1) used as needed in the production of the copolymer, the
following organometallic 10 compounds of the groups 1, 2, and 13 of the

[ oo pgriodic table are used. [0084] (B-1a) Organoaluminum compounds
represented by the general formula RamAI(ORb)nHpXg (wherein Ra and
Rb , which may be same or different from each other, individually
represent 15 hydrocarbon®roups having | to 15, and preferably 1 to 4
carbon atom(s), X represénts\a halogen atom, m represents a number in
the range of 0<nj<-3, Ryepresents a number in the range of 0<-n<3, and
g represents a numberyin the r 1gf 0Sqg<3, provided that m+n+p+q=3)
20 [0085] (B-Ib) |Alkylated compféx of a metal of the group 1 of the
periodic table any 8dminwym represented by the general formula
M2AIRa4 (where zrepresents Li, Na, or K, and Ra represents a
hydrocarbon group having 1 t6"™5, and preferably {] le® garbon atom(s))
30

10077]

wherein M' represents a transition metal atom selected from the

groups 3 to 11 of the periodic tabkle. Term “m” represents an

integer from 1 to 5. Y represents a nitrogen atom or a phosphorus .

atom. U represents a carbon atom having a substituent Rf, a

nitrogen atom, or a phosphorus atom. Q represents a carben atom
having a substituent R’, a nitrogen atom, or a phoesphorus atem.
[oo78; S represents a carbon atom having a substituent Rﬁ a
nitrogen atom, or a phosphorus atom. T represents a carbon atom
having a substituent R, a nitrogen atom, or a phesphorus atom.
R' is the same as R' in the formula (II-a’}. R® to R%, which may
be same or different from each other, individually represent the
same atom or group as R’ to R® in the formula (ifT-a), and two or
more of R® to RY may be bonded each other to form a ring. When
m is two or more, Rls, R6s, RTS, RBS, and R°s each may be same or

different from each other, and one group among groups of R® to
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008 61 (B-Ic) Compounds represented by the general formula RaRbM3
(wherein Ra and Rb, which may be same or different form each other,
individually represent hydrocarbon groups having 1 to 15, and preferably
1 to 4 carbon atom(s), and M3 represgnts Mg) 5 [0087] Compounds
similar to the compounds (B-1a) may also be used. As examples of such
, compounds, organoaluminum compounds in which two or more
R IGhilifA dompBands e BotriedoiaP e PRRGER A6 earBe gvensAsroups
specific examples of such compounds, (C2H5)2A1N(C2H5)A1(C2H5)2
oL BnditRefike'dsn b& gfehn AaTaFher 16 bxarmples, methyllithium,
. etyllithium, propyllithium, butyllithium, methylmagnesium bromide, methyl
iOGPr%{gnesiufFﬁféﬁlo‘rﬂa’é, ‘ShIragiesiuRAbrofiide, ehyintagiesumaigride, X
propylmagnesium bromide, propylmagnesium chloride, butylmagnesium
rebRfoifes bhfyimaghesiaPehlorder e dimethimagidsiufy rmula (I), and
diethylmagnesium, dibutylmagnesium and butylethylmagnesium may also -
thepg (R8RS [008B] ASESHiiRakion of o poundsTwhiet préducertietalioven each
organoaluminum compound in the polymerization system, such as a
othggniratichvofsuRmmdnchalieland akyllitsufn arcombimation 200f. is two
aluminum halide and alkylmagnesium, and the like may also be used.

OF MHE erganvakMiiAy T EomMpul hésoaredprefetred amomg thiesnce of an olefin
organometallic compounds (B-1). These organometallic compounds (B-1)
PolyRelsed either rrihddually orincombinationr eftwid-ér31matoré. (0A88 und of
(Organoaluminumoxy compound (B-2))
the following general formula (III).

[0C8O]

= (11D

(00811

wherein M’ represents a transition metal atom selected from the
groups 4 and 5 of the periodic table. R' is the same as R! in
the formula (II-a’). RY to RM, which may be same or different
fromeachother,individuallyrepresentaahydrogenatom,akwlogen
atom, a nhalogen-containing group, a hydrocarbon group, a
hydrocarbon—substitutédsilylgroup,EMloxygen*containinggroup,
& nitrogen-containing group or a sulfur-containing group.

[0082] R represents a haiogen atcm, a halogen-containing
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The organoaluminumoxy compound (B-2) used as needed in the
production of the copolymer may be a known aluminoxane (also called 5
alumoxane), or a benzene-insoluble %rganoaluminumoxy compound as
disclosed in JP-A-2-78687. [0090] (8ompound (B-3) which reacts with the .
transition metal compound (A) to form ion pair) Examples of the
grogompounddBe3kwhich reactspvith the AQdransitionmetalicompouns(A)i1y1
to form an ion pair and is arbitrarily used in the production of the
grogppolyreminthrdeilsewisnagids Aopigtcospoungdst herangi ence of M', X
compounds,-and carborane compounds disclosed in JP-A-1-501950,

repdPsAs=502036 5AmiP #:3rd 79005y b Az3-179006 2 3R-A-3207793( 1), and
JP-A-3-207704, United States 15 Patent No. 5,321,106 and the like.

the Ryrthep examplessincluge iheteropaly ecampaimdsand isepebher to form a

compounds. [0091] The olefin polymerization catalyst used in the present

rindneentiormmayifurthet inglude d€) arcartiepard/on (REaB PrYaNIS; be same or
compound given below in addition to the transition metal compound 20 (A)

dif pedat teastanecompeuwnd (B)thereinafter may becalled"component
(B) ") selected from the organometallic compound (B-1), the

[ 00 ®Bganoalumirtiaexseempound 23 @nd the iani¢ compound (B-3).
[0092] (Carrier (C)) The carrier (C) used in the present invention as

neegded:is 32r 8ABRFYORIC AIOERMIC-COMPOUNd in the:forgof gramuianof « e
particulate solids. As the inorganic compound, a porous oxide, an

crodieiganic hatidenelayoglay pineral -erdor-exchangeahle Jayered- 2111 ¢
compound is preferred.

compounds of the groups 1, 2, and 13 of the periodic table are
used.

[0084] {B~1la) Organozaluminum compounds represéntedtnithe
general formula R*A1 (OR®) nHpXg (wherein R® and R” , which may be
same or different from each other, individually represent
hydrocarbon groups having 1 to 15, and preferably 1 to 4 carbon
atom({s), X represents a halogen atom, m represents a number in
the range of 0<mS$3, n represents a number in the range of 0<n<3,
and g represents a number in the range of 0<g<3, provided that
mntptg=3)

[0085] (B-1b) Alkylated complex of a metal of the group 1
of the periodic table and aluminum represented by the general
formula M°A1R®; (wherein M’ represents Li, Na, or K, and R®
represents a hydrocarbon group having 1 to 15, and preferably 1

to 4 carbon atomis))
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5 [0093] (Organic compound component (D)) In the present invention, the
organic compound component (D) is used in order to improve the
polymerization performance and the properties of the polymer produced
as needed. As examples of such an=grganic compound, alcohols,
phenolic compounds, 10 carboxylic acids, phosphorus compounds,
sulfonates, and the like can be given. [0094] The application method and
[00felorder éBaddition of €aBR CEGIRCHBRE aRearbRfakily SBle@easwmen formula
._Ralymerizing the, compopents. For example, the following methods can be
R*R W i ;
Jiven" 15} MBthéd 6f Adding oyt thmsiisentatal edipoant () 1o each
a polymerization vessel (2) Method of adding the transition metal
ot hegmpolind AT ehd ther eBApoRBAL IB)Yfcs polypieizaions/éssel frvah to 15,
arbitrary order (3) Method of adding a catalyst component, in which the
andy) @ rahsiohiietal EBMboBREYAY iSuPbbited gmthdCarrier fEFand sthisg)
component (B) to a polymerization vessel in an arbitrary order (4) Method
[006f/adding aERaNBEEoMPBRCAL i WHiEI thetamporent B} is) supporeédo be
on the carrier (C), and the transition metal compound (A) to a
usefolyridriZRARessebin &y arbitariorders3 () Methed ef adding@mpounds
~ catalyst component in which the transition metal compound (A) and the
in goiporart (B) aersupporied om thergartied(C piocakpolyindrization vessebgen
[0095] In the methods (2) to (5), at least two catalyst 5 components may
atofe gantaked invadvandes | s nBtiods<@iahes (5)1, iswhichothiepounds,

component (B) is supported on the carrier (C),

{CaHs) 2ALIN(CyHs) AL (CpHs) 2 and the like can be given. As further

examples, methyllithium, ethyllithium, propyllithium,

butyllithium, methylmagnesium bromide, methylmagnesium chloride,

ethylmagnesium bromide, ethyvlmagnesium chloride,

propylmagnesium bromide, propylmagnesium chloride,

butylmagnesium bromide, butylmagnesium chloride,

dimethylmagnesium, diethylmagnesium,

butylethylmagnesium may also be used.

dibutylmagnesium and

[0088] A combination of compounds which produce the above

organcaluminum compound in the polymerization system, such as a

combination cf aluminum halide and alkyllithium, a combination

of aluminum halide and alkylmagnesium,
used.

The organcaluminum compounds are
organometallic compounds (B-1). These

(B-1) are used either individually or

and the like may also be

preferred among the
organometallic compounds

in combination of two or
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the component (B) , which is not supported on the carrier (C), may be
added as needed in an arbitrary order. In this case, the components (B)
added may be same or different from each other. 10 [0096] An olefin may
be preliminary polymerized with the solid catalyst component in which the
transition metal compound (A) is supported on the component (C) or with
the solid catalyst component in which the transition metal compound (A)
M°%8nd the component (B) are supported on the component (C) , and a
catalyst component may 15 further be supported on the prepolymerized
LOOEGlid catalystIEABOMERD FHE EBpBRIRs &Y bB produced by
synthesizing plurality of polymer blocks by performing the following steps
(1)T12) © 53T e PHESSHCE S RRE X o&@b@éfwé@@rﬁ&imﬁ%d in the
catalyst. 20 [0097] In the step (1), the polymer block (i) is produced by
ProdysslyRTeAzifd BtRfBAS WhE Al RASt R BIRIA SelEPRRGTaTSalalbfiisalled
having 3 to 20 carbon atoms in the presence of the above olefin
a Ll uBgK ANz atidn TREREE A eXHiRpieR bt theTiemisl Walmg Doy 2ocsmbond as
. atoms, the same olefins as the 34 above-mentioned olefins can be given.
dis¢ha88dlefhs hiaf e usee éither individually or in combination of two or
more. [0098] The polymerization temperature in the step (1) is normally in
U0 H{b range (60D 106, “And pieferaBR U@ *15bCL 15 T@nsition metal
polymerization pressure is normally from normal pressure to 100 kg/cm2
compy BINIP &Y larfePpreferabliySromaoFmal pressure to 50 kg/cm?2 (4.9 MPa).

[0099] In the step (2), ethylene and at least one olefin
Examples cof the compound (B-3) which reacts with the

transition metal compound (A) to form an ion pair and is
arbitrarily used in the production of the copolymer include Lewis
acids, lonic compounds, borane compounds, and carborane compounds
disclosed in JP-A-1-501950, JP-A-1-502036, A, JP-A-3-179005,
JP-A-3-179006, JP-A-3-207703, JP-A-3-207704, United States
Patent No. 5,321,106 and the like. Further examples include
heteropoly compounds and isopoly compounds.

(00917 The olefin polymerization catalyst used in the present
invention may further include (C) a carrier and/or (D) an organic
compound given below in addition to the transition metal compound
(A} and at least one compound (B) (hereinafter may be called
“component (B) ) selected fromthe organometallic compound (B-1),
the organcaluminumoxy compound (B-2) and the ionic compound (B-3}.
[0092]1 (Carrier (C))

The carrier (C) used in the present invention as needed is
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selected from a-olefins having 3 to 20 carbon atoms are 10 copolymerized
in the presence of the polymer block (i) produced in the step (l) to
produce a polymer block in which the polymer block (ii) is bonded to the
polymer block (i). [0100] As examplé of the olefins having 3 to 20 carbon
atoms, the same olefins as the above-mentioned olefins can be giver..

an IbScthese elefins maybe vsedsitbernindividually of dn-combination aftwoe, -

or more. The polymerization temperature in the step (2) is normally in the

partange 8t AQ 0 +200C, and:preferably 1o & 1806 Fhanolymerizationsy : e,
pressure is normally from normal pressure to 100 kg/cm2 (9.8 MPa), and

an piefesably from normal 20 pressureto 20 kakem? (4,2 MRA)-{010H 1adhe 1 «

step (3), ethylene and at least one olefin selected from a-olefins having 3

lay4e 28 carhen atems arey,copolyraerized in the presence of the polymer
block produced in the step (2) in which the polymer block (i) is bonded to

rcodhe 35 palymerblock-tofraduee.ahohaner hleck in which the polymer
blocks (i) are formed on both sides of the polymer block (ii). [0102] As

examplgs eftheolefing having3 to20.carhonatoms, the.same Qlefins as (p)

the above-mentioned olefins can be given. 5 These olefins may be used

is eitber individually %inimei@@ti%eofﬁwﬁem%ﬂ@fp ymegzation. . ang

temperature in the step (3) is normally in the range of -40 to +200C, and

the PEeferably Odo $%5QQeTB% Polymerization prassure s normally Aom , - o1 o

normal pressure to 100 kg/cm2 (9.8 MPa), and preferably from normal 1
of PHESSULR 10 50 Kg/CmM2 (4.9 MRA). 41concls, phenolic compounds,

carboxylic acids, phosphorus compounds, sulfonates, and the like
can be given.

[0094] The applicaticn method and the order of additicn of each
component are arbitrarily selected when polymerizing the
components. For example, the following methods can be given.
{1) Method of adding only the transition metal compound {A) to
a pelymerization vessel

{2) Method of adding the transition metal 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 supported on the carrier (C) and
the component (B} to a polymerization vessel in an arbitrary order
(4) Methedof 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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* [0103] The ratio of the constituent unit derived from ethylene to the
constituent unit derived from the a-olefin having 3 to 20 carbon atoms
included in each polymer block varies depending on the ratio of ethylene
to the a-olefin having 3 to 20 carbon atoms 15 used as the raw materials
during production, the production scale, and the polymerization pressure
an%te perature. For example, when employing the production scale and
the Hevics ot tha Ex AR fles® hid (Sing prEisHe as g adletinethg ans it ion
canstituent unit derived from ethylene to the constituent unit derived from
e £ORIRSE hdling® 36 tabioRRAGHR inciided ifeatiPpolyRRs on the
_block may be adjusted by adjusting the amounts of the raw materials as
SA L hBivs. (0104 For B Mikér empleyiethe polymerization
ditions_of Comparative Example 1 (Polymerization Example 6) 36 a
[OOE @mer cORtaiifig - 2 #61%! 6F the onstitueAtuRit BEfivéd dromtalyst
ethylene may be obtained by adjusting the gas flow rate so that the
COMBNfENeTorbpYIdte FRRIRE:50315: [6EUB TR ratis of Hfe Behdtivdent (it and
derived from ethylene 5 to the constituent unit derived from propylene can
(57 pe dhafyba by 'Eh&HGIRG HE Eth{fenelBrépyiaes Fatid 150180 asirier (C),
Comparative Example 3 (Polymerization Example 8) , whereby the
the SRRRPRfiHe Constithdstuiit defived i etsfient cdrebedincreasedb, may
80.9 mol%, although the content varies depending on the yield, for 10
be adaifple® 0108 Heisicle aframIConiparative Bxampler (Rolgmerization: he
Example 7) and Comparative Example 4 (Polymerization Example 9),
components (B) added may be same or different from each other.

(5)

[00%e] An olefinmay be preliminary polymerized with the solid
catalyst component in which the transition metal compound {(A) is
supportedonthgcomponent(C)cn:withthesolidcatalystcomponent
in which the transition metal compound (A) and the component {B)
are supported on the component (), and a catalyst component may
further be supported on the prepolymerized solid catalyst

component. The copolymer may be produced by synthesizing

pluralitywafpolymerblockskurperformingiﬂmsfollowingsteps(1)

r

(2}, and (3) in the presence of the above olefin polymerization
catalyst.
[G097] _ 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 in the presence of the above
olefin polymerization catalyst. As examples of the olefins

having 3 to 20 carbon atoms, the same olefins as the
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the ethylene content can be changed by changing the propylene/nitrogen
ratio of a propylene/nitrogen mixed gas 15 supplied before supplying a
mixed gas having the same ethylene/propylene ratio to the polymerization
system. The ratio of the constituent upjt derived from ethylene to the
constituent unit derived from the a-olefin having 3 to 20 carbon atoms
included in the segments (i), (ii), and (iii) can 20 be changed by
aboySTBBRAtel RHangfi the sroduefion conblitiont #F aceoriahce witly the used
. above tendencies. 510107] In the present invention, the components may
&1 BE TnoymtYiz e by liquik phasE BBy ietiz Aen o g teislution more .
palymerization or suspension polymerization, or gas-phase 37
[0058ymerizalién PSpekific examples STembinea hydrodarbshenediem Gsedis
for liquid-phase polymerization include aliphatic hydrocarbons such as
NOrFahake hitaRe Pentané, héRahe, heplike, wrtanesdecarie] dédecanad50°C.
and kerosene; alicyclic hydrocarbons 5 such as cyclopentane,
The coRokEedie ahd MethyRyelopeniane: caromatic iydrocarbors.spelrasure to
benzene, toluene and xylene; halogenated hydrocarbons such as
L00eftfyfeHe chioriid!Penlorcbshzene tatadidhofomatiamey almixteresafre to 50
these compounds. An olefin itself may be used as the solvent. 10 [0108]
kg / Whert pofmifétizing ethylene and an a-olefin having 3 to 20 carbon atoms
in the presence of the above olefin polymerization catalyst, the transition
[C0ftal comfpouiith(Mtismordally aséd/irean amdunrtithatwstldbecaome £ in
10-12 to 1 mol, and preferably 10-b0 to 10-2 mot per liter of the reaction
selgapactyf vemttel dhpendmtving 3 to 20 carbon atoms are

copolymerized in the presence of the polymer block (i) produced
in the step (1) to produce a polymer block in which the polymer
block (ii) is bonded to the polymer block (i).

[0100] As examples of the olefins having 3 to 20 carbon atoms,
the same olefins as the above-mentioned olefins can be given.
These colefins may be used either 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
pressure to 100 kg/cm® (9.8 MPa), and preferably from normal
pressure to 50 kg/cm? (4.% MPa).

(01011 In the step (3}, ethylene and at least one olefin
selected from w-olefins having 3 to 20 carbon atoms are
copolymerized in the presence of the polymer block produced in

the step (2) in which the polymer block (ii) is bonded *to the
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15 (b-1) is used, the component (B-1) is used in an amount so that the
molar ratio ((B-1) /M) of the component (B-1) to the transition metal atom
(M) of the transition metal compound (A) would become normally 0.01 to
100,000, and preferably 0.05 to 50,680. When the component (B-2) is
used, the component (B-2) is used in an 20 amount so that the molar ratio

po1 $iR-2)M).atthe aluminum atom prtB?t og}p%nien&gBj-_%) i, the ransition e

metal atom (M) of the transition metal tompound (A) would become

bloé‘l@ém@ﬂy 191169 %TQQQ’ qu%gng(ega@g/ego é%lgg’gogﬁyn\{%%nrt%elo%}éo (iiy.

component (B-3) is used, the component (B-3) Is used i amoun

(0L 5@%& the rﬂg'aé!%% §<§s (gf’s)cﬂ\é) gﬁ gfl%%ﬂ?&?@f?ﬁgf%@é logt@ectar%g%igont oms,

metal atom (M) of the transition metal compound (A) would become

a
the NOLMAIY 110; 1Q, and EE?%‘” @%E%éh@il&?é}é‘”@[‘i FOTRINGY @)%

used and the component (B) 5 is the component compone

The4D) i Used in an amount, sg t@%ﬂtﬁhe m@:k%{g@%%%ggg-%@ V{%U@og%%@ ion

normally 0.01 to 10, and prefera 3?6.110 componen IS

ot dechaneibe companent () is the camponent (8.2, e companent (o)

is used in an amount so t e molar ratio

s formally 9001 0.2, %”adn%?(f%éb%g'ogg o1, W?g‘ﬁﬂz{%h?%@%@%@& )o to

is used and the compone is the component ompone
+25{ls g nanapounsa el e molrralg (B)(0 3) woud becone,
oo JEION Qldhe dpeR coPelyieLRaY be, ARl QRTINS o
pressure to 50 kg/cm® (4.9 MPa).
103033 The ratio of the constituent unit derived from ethylene
to the constituent unit derived from the w-olefin having 3 to 20
carbon atoms included in each polymer block varies depending on
the ratic of ethylene to the a~olefin having 3 tec 20 carbon atoms
used as the rawmaterials during production, the production scale,
and the polymerization pressure and temperature. For example,
when employing the production scale and the device of the Examples
and using propylene as the u~olefin, the constituent unit derived
from ethylene to the constituent unit derived from the a-clefin
having 3 to 20 carbon atoms included in each polymer block may
be adjusted by adijusting the amounts of the raw materials as
follows.

[0104)] For example, when employing the polymerization

conditions of Comparative Example 1 (Polymerization Example 6),
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polymerization time. The above-described copolymer is suitably used as
a lubricating oil viscosity modifier. [0111] (Lubricating oil composition) 20
The lubricating oil composition according to the present invention
comprises a lubricating oil viscosity mgdifier, which is the
above-described copolymer, a lubricating oil base stock, and pour-point
depressant as needed. [0112] Each component of the lubricating oil

- @ PeopBsition 3P Heeding to twpreseht vention i-destribedbelowderived

[0113] (Lubricating oil base stock) Examples of the lubricating oil base
frogygrkiuseerin thé present ivertidndnclade winérsd ol polyea-oféfins;rate so
_ diesters such as 5 polyol ester, dioctyl phthalate and dioctyl sebacate;
thagnd Bgnthetiz bils sleh aypotyakyieneé glycal. ©ftHése,mineral oil or a
blend of mineral oil and synthetic oil is preferably used. [0114] Mineral
[016ild are g8heralytused afterpanfictibhuprocesses sischias defvaxingty. ene
and are classified into several 10 grades depending on the purification
to ﬁ?@ch‘é@lﬂﬁ%ﬁé@@l%iﬁha&ir@eaMaﬂcénwmtwf@E@ﬂmi@/@mm@ﬂynged by
~used. For example, a highly purified oil, which is produced by
chaRgdiogradking Endlisas Alpwepdgngoing and & highivisCosity imdexyandrat ive
mainly contains isoparaffin, may be used. A mineral oil having kinematic
Examg gscosifcdtied of: 20 10 200xeSEis generaliyn used y [AHES Pousspointt the
depressant) Examples of the pour-point depressant used as needed in the
conpgigsent invention include adkylated raphthatenecan dlkylincreased to 80.9
mol%, although the content varies depending on the yield, for
example.
[0106] Az is clear from Comparative Example 2 {(Polymerization
Example 7) and Comparative Example 4 (Polymerization Example . 9), .
the ethylene content can be changed by changing the
propylene/nitrogen ratic 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 a-olefin having 3 to 20
carbon atoms included in the segments (i), (ii), and (iii) can
be changed by appropriately changing the production conditions
in accordance with the above tendencies.
[0107] In the present invention, the components may be

polymerized by liguid-phase polymerization, e.g. solution

polymerization or suspension polymerizaticon, or gas-phase
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methacrylate (co)polymer, an alkyl acrylate (co)polymer, a 20 copolymer
of alkyl fumarate and vinyl acetate, an a-olefin polymer and a copolymer
of an a-olefin and styrene. Of these, an alkyl methacrylate (co)polymer or
an alkyl acrylate (co)polymer is suitahly used. [01161 (Composition) 40
The lubricating oil composition according to the present invention contains
the lubricating oil base stock, the copolymer, and an optional pour-point
PO 1 YBFresant When1hE TUBHicatG B Onpbditohtontaliiihedabicaing o 1 un
0il base stock and the 5 copolymer, it is preferable that the lubricating oil
useds hpbsitiofUdomaiietheopilireran aFraménstl fsie ahiple 26f.T to 30
wt%, and preferably 1 to 20 wt% (the balance is the lubricating oil base
hY IR BRU R it GEs Yo SeRBEA Titer 0 TOEIT] THeSbAGANG B 2oMpIsitisIRre ,
exhibits excellent 10 low-temperature properties and shear stability. The
OCtRipficafiifg Bifcoriposificn tha e tse@ a8mas feriubreating sivdrocarbons
applications. The lubricating oil composition may be used for . lubricating
SUChj| a8plicatiore et aridirfgya pehRpamt deprssantand e ikensane ;
[0118] When the lubricating oil composition contains the lubricationg oll
aIr Of3Se StoRK e Eoifhifie P BRE LS pBGRBEINE debrastamne, itisddesirables ;
that the lubricating oil composition contains the copolymer in an amount
ha 1 gEeardetnplecoachrs wish, spreferably<tiR 1o ¢r8wids] still drore

preferably 0.25 to 1.5 wt%,
chlorobenzene and dichloromethane; a mixture of these compounds.

An olefin itself may be used as the solvent.

[0108] When polymerizing ethylene and an w~olefin having 3 to
20 carbon atoms in the presence of the above olefin polymerization
catalyst, the transition metal compound (A).is normally used in
an amount that would become 107*% to 1 mol, and preferably 1071
to lO*zmol,per liter of the reaction capacity. When the component
(b-1) is used, the component (B-1) is used in an amount so that
themolar ratio ((B-1)/M} of the component (B-1) to the transition
ﬁetal atom (M) of the transition metal compound (&) would become
normally 0.01 to 100,000, and preferably 0.05 to 50,000. When
the component (B-2) is used, the component (B-2) is used in an
amount so that the molar ratic ((B-2)}/M) of the aluminum atom of
the component (B-2) to the transition metal atom (M) of the
transitionmetal compound (A) would become normally 10 to 500,000,
and preferably 20 te 100,000. When the component (B-3) is used,

the compeonent (B-3) is used in an amount so that the molar ratio
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20 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 patrticularly preferably 0.2 to

1.5 wt% (the balance is the lubricatinggoil base stock and additives

described later). 41 [0119] If the amount of the copolymer in the

lubricating oil composition is within the above range, a lubricating oil

( (Bc_o%ﬁég%itl n ERRIGITAE SR xEelBntvisesiy inpevifid Bifest Mrier L atom (M)
low-temperature fluidity can be obtained. The lubricating 5 oil composition

of Eggorﬁﬁ?dqﬁ)lﬁfeoﬁrég%ﬁﬁﬁ\fé?ﬁ?ﬁﬁ% démptise laddifivessualrasal ly 1 to

. . detergent dispersant, an alkyl methacrylate (co)polymer, additives having

10/ a {isdoBity rickedCitibroving effect such as hydrogenated SBR and SEES,
a rust preventive agent, an extreme pressure additive, an anti-foaming
[018gdnt, an Aioxidant CRPE PRI ddabtivifor A8 arshtivicaragerient (B)
. addition to the lubricating oil base stock, the olefin polymer and the
18 50G-HOMP UEpiesddtitL (DetbRfert aERMEN Exdmbldsofdrdiatargantamount
additive optionally used in the 15 present invention include metal
SO Ehfonates STienas dadiiim SlRordtB -magnesiuhiisbiforate, andbafidm 0.01
sulfonate, thiophosphnate, phenate, salicylate, succinimido, benzylamine,

to $lecifBd, BRRItAEARE Y[0120] ExabnpleBiot the briremensressive @gerits used
include 20 sulfur-based extreme pressure agents such as sulfides,

andg GfGxidesr euRGHes, Rhiophosphirkees thivearbdhales, sulerizetmilsemd (D)

is used in an amount so that the molar ratio ({D)y/(B~-2)) wculd
become normally 0.001 to 2, and preferably 0.005 to 1. When the
component (D) is used and the component (B) is the component (B-3),
the component (D) is used in an amount so that the molar ratio
({D}/(B-3)) would become normally 0.01 to 10, and preferably 0.1
to 5.

[0110] The molecular weight of the resulting copolymer may be
adjusted by controlling the monomer/catalyst ratic and the
polymerization time. The above-described copolymer is sultably
used as a lubricating oil viscosity modifier.

t0111) (Lubricating oil composition)

The lubricating oil composition according to the present
invention comprises a lubricating oil viscosity modifier, which
is the above-described copolymer, a lubricating oll base stock,
and pour-point depressant as needed.

[C0112] Bach component of the lubricating oil composition
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fats and vulcanized olefins; phosphoric acids such as phosphates,
phosphites, phosphate amine salts and phosphite amines; halogenated
compounds such as chlorinated hydrocarbons. 42 [01211 Examples of
the antiwear agent include inorgani@@r organic molybdenum compounds
such as molybdenum disulfide; organic boron compounds such as

accalkylmercaptyl horate. graphite, .antimorny sulfide, QC%Q% QQWQPQQ and

polytetrafluoroethylene. 5 [0122] Examples of the antioxidant include

[01&mine compavngds ;suchas, 2:6-distert-bytyl-4-methylphenol, sulfur or

phosphorus compounds such as zinc dithiophosphate. Examples of the

rust, preventive-agentinelude carhoxylic;agids such as Bé%léfﬂqigﬁ@gr%sent

carboxylic acid salts; sulfonates; esters; alcohols; phosphoric 10 acid'an

invehesehonc acid salts; bepzetriazole and bepzatriazole. defivalives. . o\ 45

thiazole compounds; and the like. [0123]'Examples of the anti-foaming

po1@gentinelude silicane, compounds such as défa?sﬁyﬁ'%gesggﬂée% silicay

gel dispersion, alcohol compounds and ester compounds. These

additives b n I inana tqf 0.0110.50 parts b
syn We% hYttéaé%%p%re%eﬁ}r%lal)%[ Og]oaéét{g%%ga}i?s%% W@é?gk’lfl@t%%'sed&on E%S%%?tsnbxyneral

oil Vc‘ﬁe:i @15 Péﬁ}&ed%%f ﬂ%'}%d? i lo%%l? 3 it&%%@ 9 Hg[%)i%aﬁ%nr%%%tg; 6?' J_[i ?]lgyoﬁ sed.

depending on the desired lubricating properties. icati

[o1@@@?positk@pn%c;gidieg1%%%%%5%%@51&@%@@ ay-be prepared.by. . .

mixing or dissolving the copolymer, a pour-point depressantas needed

profBd alecaddiiyes, 1) e Horgatng ol base, AOCKINGNMN. ¢ cevera
method. [0125] The copolymer according to the present mver?tlon may
grades depending on the purificationmethod. Amineral oil having
a wax content of 0.5 to 10% is generally used. For example, &
highly purified oil, 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 cSt is generally used.

[011i5] (Pour~point depressant)

Examples of the pour-point depressant used as needed in the
present invention include alkylated naphthalene, an alkyl
methacrylate (co)polymer, an alkyl acrylate (co)polymer, a
copolymer of alkyl fumarate and vinyl acetate, an a-olefin polymer
and a copolymer of an o-olefin and styrene. OFf these, an alkyl
methacrylate (co)polymer or an alkyl acrylate {co)polymer is

suitably used.

f0116] (Composition)
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be applied as a lubricating oil viscosity modifier, which produces 43 a
lubricating oil composition exhibiting excellent low-temperature
properties. A lubricating oil composition exhibiting excellent
low-temperature properties is obtaif€d using the lubricating oil viscosity
modifier according to the 5 present invention [0126] The lubricating oil
co,mposit ion a accordlr;)%to tlpe presen invention exhi ts ex%elle

low-temperature pro rties. EXAMPL §<?LIE) OIZ7 T %rese mve% iR

s further described belo of exam Ies Note tha h resen
inve |rr11veln?|%ncls %&ﬁﬁitgg\ i bkye Foﬁ(é)wmg exalfoan 5188 e[c?fz%ﬁ krhe p?o%ce) i%lsyo Sty
q the c%qﬁolymeriand the lubricat Cg%on compositi accgrdlng the present
i

|nven on weré rﬁeasur%cc)i and valiated” as Iows k[81 hemlca? oil

comptosmon of qcogo hemic Icompo tl%n of the co olym
compost 1 S\ ric n% Ié the
as measured usmg an S nhuc ear gne cresonance

vice man factured 5539 d.T cham Ien peak

Ccpcif 973 Ppmy was tsé H] en?%a uff)ré”f%renceg/ composition
commercially-available NMR measuremen uart ass tube with

cont atrﬁeo’te%%oef 10 Pnrri Y0ss chargéd Wit 250 to %g 518 sahiple éﬁd%Om"it
of a mlxed Ilﬂt/u of or dlcmo benzeneumanufactur? ¥Wako Pure

and AL SRIcAPEsY Lid."8n etzen Ptfttdretihy BB BRimE9 °+t

s 219542D). The 44, mixure wag heated o 120C and uniformy ispersed

[0117] The lubricating oll compcsition exhibits excellaent
low~temperature properties and shear stability. The lubricating

oill composition may be used as 1t is for lubricating oil

~applications. The lubricating oil composition may be used for .

lubricating olil applications after adding a pour~point depressant
and the like.

[0118] - When the lubricating oil composition contains the
lubricationg oil base stock, the copolymer and the pour-point
depressant, it is desirable that the lubricating oil composition
contains the copolymer in an amount of, for example, 0.1 to 5 wt$,
preferably 0.2 to 1.5 wt%, still more preferably 0.25 to 1.5 wt%
and particularly preferably 0.20 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

b

preferably 0.2 to 1.5 wt% {the balance is the lubricating oil base

stock and additives described later).
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measurement was carried out at a pulse width of 45 and a pulse
repetition time of 5.5 seconds. [01301 (DSC measurement of copolymer)
5 The DSC measurement of the copolymer was carried out using a
differential scanning calorimeter (DS£) manufactured by Seiko calibrated
with indium. The copolymer was pressed at 200C to form a thin film.
OlAgri)Ut 10 mg of the film was wei%tled and placed on an aluminum DSC .

{ . A lid Was Bt BHIHE pantahd aSEipae £048 T Rermdticaiiyt ing oil
closed. The sample pan was placed in a DSC cell, and an empty

O R whS Pladed 46 a1BRSHEnde THe: samble WaeHHerted & 1

150C at a temperature increase rate of about 50C/min under a nitrogen

oM igspHere Samd WaSREldaR 150€St0r HHout Hiv6 PRinttestmhecsaimples f fect
was then cooled to -100C at a 15 temperature decrease rate of about

2191 HBIINSIRF WAS Hefd Bt HOOE foF abodtFivethmutes! Thd Bampiewasat ing

.. then heated at a temperature increase rate of about 10C/min until the

oL L SERIBRE fhs L Confpiétek rhe8 OTRE ERKBE temberaiurd oR the gntralpyr i se
curyve obtained when decreasing the temperature was defined as the 20

20AL SR atith tefiparalaie T6 thdastité@ by TOC, Witer iwo brirdreacrylate
peaks were observed, the peak-top temperature that is at the longest

(Co dRpINERSFonP i Fasetind Was defmetias el By dtaflieatibnismperanas fect
To. The peak-top temperature and the peak area of the enthalpy curve

SUCHhiindd BufeG Te §Ec SR 45 M@ nTFeRaturé intie4s® procaiss Wereagent, an
respectively was defined as the melting point (Tm) and the heat of fusion

ext bR, B YAE HakGAdthl vETham Bt tHeheRingseak wis calcalateth x idant,,

When two or more
a metal deactivator, and an antiwear agent in addition to the

lubricating oil base stock, the clefin polymer and the pour-point
depressant.
(Detergent additive)

Ezamples of the detergent additive optionally used in the
present invention include metal sulfonates such as calcium
sulfonate, magnesium sulfonate, and barium sulfonate,
thicophosphnate, phenate, salicylate, succinimido, benzylamine,
succinate, and the like.

[0120] Examples of the extreme pressure agent include
sulfur-based extreme pressure agents such as sulfides, sulfoxides,
sulfones, thiophosphinates, thiocarbonates, sulfurized oils and
fats and vulcanized olefins; phosphoric acids such as phosgphates,
phosphites, phosphate amine salts and phosphite amines;

halogenated compounds such as chlorinated hydrocarbons.
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peaks were observed, the peak-top temperature that at the longest 5
distance from the baseline was defined as the melting point (Tm) [0131]
When two or more peaks which are not completely separated were
observed (i.e., the enthalpy curve cannecting the peaks does not return to
the baseline) , the sum of the peak areas of two or more peaks was
ggfined as the heat of fusion (4H), and 10 the half-width (AThalf) was
(0L tatculated SATFrESPetito thE Melght “sFthe Héak cotfeSpbAdingte tRe ~1c or
melting point (Tm) for the whole peaks which are not completely .
OrI8BhSrdEd IR Chse B OHAR RidtH PATRAINN Wag cdrRuMled byu L fide;
calculating the difference between the temperature at which the curve
OT IPEHhELHIST (6 HAIHS Gt ABight STty beak carre¥ponaimfrteraphite,
melting point (Tm) and the temperature at which the curve reaches last to
antmpey the-heiglitrofIRE PBak CBRBEPEhdIRE t& ey ity poiRt k) ¥d ene -
_the DSC enthalpy curve. [0132] When two or more peaks, which were
[01&6hpletefrsdparstedC 20 hereobderidd e, A&IpYELiee compounds
connecting the peaks returns to the baseline) , the peak area of the peak
SUhy vhich ﬁg'éﬂ%ﬁaﬁﬁg PoinE (M DefoHys Wasaefined B e hest BRRsidiprus
(AH) , and the half-width (AThalf) was calculated for the peak to which
COMYARERING FOINE BT R )-BEloAgS NkARB presert nvedticinmls 2606nghe rust
embodiment that the peaks are not completely separated when two or
Prejfiie pealkgreiobserved Inthe BSC chfve VIBBBEPCmeasurémant bf and
copolymer) The number average molecular weight (Mn) and the weight 5

carzferagehmteilarwerght IV Relean e as Bt §sing e galpermeadtisphoric
acid and phosphoric acid salts; benzotriazole and benzotriazole
derivatives; thiazole compounds; and the like.

10123] Examples of the anti-foaming agent include silicone
compounds such as dimethylsiloxane and a silica gel dispersion,
alcohol compounds and ester compounds. These additives may be
normally added in an amount of 0.0} to 50 parts by weight, and
preferably 0.05 to 30 parts by weight based on 100 parts by weight
of the lubricating oil composition, although the amount varies
depending on the desired lubricating properties.

[0124] The lubricating oil composition according to the
present invention may be prepared by mixing or dissolving the
copolymer, a pour-point depressant as needed and cther additives
in the lubricating oil base stock using a known method.

i0125] The copolymer according to the present invention may

be applied as a lubricating oil viscositymodifier, which produces
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chromatography (GPC) system manufactured by Waters calibrated using
a standard substance (monodisperse polystyrene) with a known
molecular weight. TSKgelGMH6-HT and TSKgelGMH6-HTL were used
as separation columns. The inner diggneter and the length of the 10
columns were each 7.5 mm and 600 mm. The column temperature was
. 140C. Orthodichlorobenzene manufactured by Wako Pure Chemical
2 L iHgushdst T8 Snt 608599 bPBHT= ARt Fe@ byTakeda Chemical
Industries, Ltd. were used as the mobile phase, and was_transferred at
LovT CRIRiA SPRE sRAPREESHGShtrafion- WaS DB WTEY 15 Thecampaat ofthe
sample injected was 500 microliters. A differential refractometer was used
exh 8 1rd HEtERIGE AhSaHaly A3 - SEB0A Oiianifaciured by Tesoh Corp twas ed
.used for peak separation. The local minimum point between the peaks
US 1GAs diterHifBdCand BOn6itallinewas BrawiPflofite mipimudipginto the
toward the baseline. 20 The Mn, Mw, and Mw/Mn at each peak and the
Pre38ak intBN&Hy ratio - were calculated. [0134] (Measurement of
crystallization temperature Tcrystaf of copolymer) The Tcrystaf refers to
[ ?h%J crystailiZatiohiémperdttite 27 measies Byla CRYSTAR ngthbd. he
Specifically, the crystallization temperature Tcrystaf was measured using
PregBRYSTAR 2bor sriantfastureerty Polyimer ChaRIpk sampleewaperties.
dissolved in orthodichlorobenzene to adjust the concentration to 0.66
mg/ml. 5 After allowing the solution at 160C for one hour and at 95C for
45 minutes, the solution was cooled to -20C at a temperature decrease
rate of 0.2C/min. The concentralisAldF tHeSpolymer,

[0127] The present invention is further described below by way
of examplés. Note that the present invention is not limited to
the following examples.

[0128] The properties of the copolymer and the lubricating oil
compeositlon according to the present invention were measured and
evaluated as follows.

[0129] {Chemical composition of copolymer)

The chemical composition of the copolymer was measured using
an LA500 nuclear magnetic resonance (NMR) device manufactured by
JEOL Ltd. The main chain methylene peak (29.73 ppm) was used as
the chemical shift reference. A commercially-available NMR
measurement gquartz glass tube with a diameter of 10 mm was charged
with 250 to 400 mg of a2 sample and 2 ml of a mixed Liguid of
orthodichlorobenzeneJnanufacturedkanakoIhmxaCh@micaiCkL, Ltd.

and benzene-d6 manufactured by ISOTEC (volume ratio=4:1). The
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which precipitated during the measurement, was detected using an
infrared detector. The continually precipitating components 10 were
detected online, and the amount of sample precipitated was plotted with
respect to the temperature to measufré the amount of components
separated at 95C to -20C and the amount of components separated at

mi x40 Of less, Jheeak-top temperaturg in %o@zﬁl%erg‘gtsraﬁl 131148, form,95C

to -20C of the polymer component 15 amount curve obtained was

mea 8MPIOMed a5 the crysfallization temperatyre (Terystaf). [3135](Density %g%zse

copolymer) A strand obtained after MFR measurement at a temperature

repd89C:and algad of:-2.46kg.was heated at 120C for one hour and 20

allowed to gradually cool to room temperature over one hour, and the

(01 8gnsity wagdpeasure Pg&qﬁ% dggsi(%tgg ient;g be method. [0136]

dusi [O156]
(Kinetic viscosity at 100C) The kinema C VigCosity of the lubricating oil

composiion . 0 megsuyred in accordance with ASTM D445. The .
48 Iu%ﬁ%%nﬁéo%gclb%\é{géﬁo%%sé}égm the %%gzrlﬁ%feg \?vséscﬁrléﬁé?éid ) tth%ﬁmg

ad E%%'g;ﬁﬂfls{%%cl"i§ Egﬂ}yl?@)\/%)ﬁ'eﬂ%%o ué[z g‘ g r 2{ ﬁ § ‘5 Eggﬂlfi%"]l%gg !éj ucracy| l%?zg Seiko

Simulator (CCS) viscos viscosity 0 ricating oi

iti 5.measured at -25C.in accordance with AST %02.
R Ve e (o valbard TS Gifig Erspettos (iarup © o

e CCS viscosity Is used to ev
o <EHaTIGES el Sy e e pTnle e, o,
an Q%H%Eﬁﬂ%‘ﬂsc pan. A lid was put on the pan 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 atmosphere, and was held at 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 -100°C
for about five minutes. The sample was then heated at a
temperature increase rate of about 10°C/min until the sample was
completely melted. The peak-top temperature of the enthalpy
curve obtalned when decreasing the temperature was defined as the
crystallization temperature Tc measured by DSC. When two or more
peaks were observed, the peak-top temperature that is at the
longest distance from the baseline was defined as the

crystallization temperature Tc. The peak~top temperature and the

peak area of the enthalpy curve obtained during the second
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10 [0138] (Mini Rotary (MR) viscosity) The MR viscosity of the lubricating
oil composition was measured at -20C in accordance with ASTM D4684.
The MR viscosity is used to evaluate pumping properties of an oil pump
at a low temperature. The smaller thé value MR viscosity, the better the
15 low-temperature properties of the lubricating oil. [0139]
Low-temperature fluidity (low-temperature storage stability)) After coolin
e e S AOMBEEHO & MESCIOF THE ot eIy ot 5 che
lubricating oil composition 20 (appearance) was observed and evaluated .
e L ARG 0] GO0 SRR Ak Ba0: Glntor oG Lo cth
<Polymerization Example 1> 49 A glass autoclave (internal capacity:
mT%béml?EuﬁF&‘?efﬂﬁHéb%e%%ﬁiFh Hitrogehrwas 8harged Witfi8ob"Hl 87 ™ore
dry toluene. After propylene was passed through the system at 100 1/h
Pea {5 Y5 MiRGRET 18% niihdl fF tefms8t AT Ot e Uminoxane>" 9es*
. was 5 added while maintaining the temperature of the system at 35C.
915 SpsEquERTly - Afte? HTE LBfioR St 5 MAITT the melting point (Im).
bis[N-(3-t-butylsalicylidene)-2,3,4,5,6-pentafluoroanilinato Jtitanium(lV
[0 dichioridefafa dingity -3 fikéd §&s BF EthyIBR&/proPyI&meSs. 53!
1/h (i.e., ethylene=6.5 1/h, 10 propylene=93.5 1/h) , themixturewas stirred
Sep?d'r%‘ﬁer‘ﬂiﬁﬁt‘é%.Wvﬁfﬁr(t@rﬁmtﬁ@etﬁéjéﬁmﬁﬁf%W@n@?é‘?ﬁ%&ng the

as of
peaks does not return to the baseline), the sum of the peak areas

of two or more peaks was defined as the heat of fusicn (AH), and
the half-width (AThalf} was calculated with respect to the height
of the peak corresponding to the melting point (Tm) for the whole
peaks which are not completely separated. In this case the
half-width {AThalf) was calculated by calculating the difference
between the temperature at which the curve reaches first to half
of the height of the peak corresponding to the melting point (Tm)
and the temperature at which the curve reaches last to half of
the height of the peak corresponding to the melting point (Tm)
in the DSC enthalpy curve.

[0132] Wnen two or more peaks, which 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 half-width (AThalf) was calculated for the peak to which

the melting point {Tm) belongs. In the present invention, it is
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propylene/nitrogen=60/40 1/h was supplied instead and was stirred for 10
minutes. Then after changing to mixed gas of ethylene/propylene=85/15
1/h and being stirred for six minutes, 15 terminated the supply of ethylene
and the mixed gas of propylene/nitrégen=60/40 1/hwas supplied instead
and 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 far 30 minutes, 20
one R R D) SHaS TS TS O M BeiC A vodre b BPPas e
eroterminatg the re%ction. Aft%r stiginegdthe m%ureDfSog 30 minutes under a
- nﬁt%g%%‘s?réaéen%, t?]eagtﬁyr%eﬁ%étyon solution was dedshed ith using
[019? illed w %rcand was poure in%o 1.5 1 of methanol to precipitate the

p It/mer. i oﬁ?gi%%ﬂ“ﬁéﬂ?/ﬁﬁ r WasCot&ctéidnd dried at 130C for 10

hours under. reduced 50 pressuyre to_obtain 9.07 g of a ,

ety IRt Sagdivmh THE" hrdpefid B the Tesufig polyinée 197
_.__areshownin Table 1., <_Po|yme§ization Example 2> A copolymerization
Ve L RIS WaS LSO T the Safia ™5 Mannsr 5§ iK PdlynferZatBR~ea = on

. _Example 1 except for changing the polymerization temperature to 50C.
ChISRE propéried o%?ﬁg)reééﬂ%ﬁgfﬁo%%%fﬁ‘é‘%%% ilﬁyrgtﬂéﬁ?f s calibrated
. <Polymerization Example 3> A glass autoclave (internal capacity: 1000
U5 0 FTHERATY L rRPIE Wi oS Was ThaGed Witl860 i 6P dry o
toluene. After propylene was passed through the system at 100 1/h for 15

1o L fiuds, 8L hmol it TS of AlumMinam b meaRtstitindkane'fag used as

added while maintainingrthe temperature of the system at 35C.
separation columns. he 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 BHT.manufactured by Takeda
Chemical Industries, Ltd. were used as the mobile phase, and was
transferredat 1.0 ml/min. The sample concentration was 0.1 wt%.
The amount cof the sample injected was 500 microliters. A
differential refractometer was used as the detector. An analyzer
SC8010manufactured by Tosch Corp. was used for peak separation.
The local minimum point beftween the peaks was determined, and a
normal line was drawn from the minimum point toward the baseline.
The Mn, Mw, and Mw/Mn at each peak and the peak intensity ratioc
were calculated.

[0134] (Measurement of crystallization temperature Tcrystaf
of copclymer)

The Tcrystaf refers to the crystallization temperature
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Subsequently, after the addition of 0.15 mmol of 15
[bis[N-(3-t-butylsalicylidene)-2,3,4,5,6-pentafluoroanilinato Jtitanium(lV)
dichloride] and changing to a mixed gas of ethylene/propylene=6.5/93.5
1/h, the mixture was stirred for 22 rhihutes. Then, after terminating the
supply of ethylene, a mixed gas of propylene/nitrogen=60/40 1/h was
supplied inst gﬁgvas 0 stirred for 10.minutes. Then, after changing, .
e R o of By S apy S TE ThON et fege co 2 s oo
. _terminating.the s of ethylene and being stirred fqr g jnutes, the
e CRa Bt DOy IR UEASATD T i SuSEIca Toead bt was
stirred for 10 minytes. Then ghrch nging tq the mixdez\% as 51 qf .
e o leREd T3 & T anciwes BENG Siffoc T8 8. Amuss, 20
ml of mitharg)l and 5 ml of .ON Qi\‘/diththglonc acid were, the%gdge

éo
orthodich Oﬁ? S 7 ane ﬂ E) %u c%nce?t;ﬂflon . mg/ml.
erminate the reaction. er surring the mixiure ftor minutes under a

nitrogen stream, the palymerization 5 sglution was deashed with using ,
R APUALS B WA OUE ThioT6h Lof Rothafol o clisitas tha-C £oF
mer. The obtained_polymer was cqllected and dried at 130C for 10
i TR der ARIR B SRR URF D GEATTR0 BE g 6F ai cthyiEnarTay i =
copolymer. The propersties of the resulting polymer are shown in Table 1.
deC I SBo AldTizahON EXAMBIE > A QS UiV (it capAgit 000"
. ml) sufficiently replaced with nitrogen was charged with 800 ml. of dry
WhiGg)Renes RitercaUsiAg oy ienE f%e&a%%ﬁﬁ%%%'tﬁé%&%ﬁ?%f@oﬁ?ﬁng an
for 15 minutes, 15.0 mmol in terms of aluminum of methylaluminoxane 15

L0 E RS dadEd RNE Maintaining the tBperatuRs G the sydteri hy SBE ORen ts

were detected online, and the amount of sample precipitated was

I
45 0

plcotted 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 cbtained was emplcoyed ag the crystallization
temperature (Tcrystal).

[C135] {Density of copolymer)

A strand obtained after MFR measurement at a temperature of
190°C and a load of 2.16 kg was heated at 120°C for one hour and
allowed to gradually cool to room temperature over cne hour, and
the density was measured using a density gradient tube method.
01357 (Kinetic viscosity at 100°C)

The kinematic viscosity of the lubricating oil composition

at 100°C was measured in accordance with ASTM D445, The
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Subsequently, after the addition of 0.15 mmol of
[bis[N-(3-t-butylsalicylidene)-2,3,4,5,6-pentafluoroanilinato Jtitanium(lV)
dichloride] and changing to a mixed gas of ethylene/propylene=6.5/93.5
1/h , the mixture was stirred for 42 2Pminutes. Then, after terminating the
supply of ethylene, a mixed gas of propylene/nitrogen=60/40 1/h was

1ub:SHPRlied instead and was stirred for 10 minptes: Them after changing to.a, ¢,
mixed gas of ethylene/propylene=85/15 1/h and being stirred for four

thatNipHies, tapinated thessupply of ethylene and the mixedsgas of 22 .
propylene/nitrogen=60/40 1/h was supplied instead and was stirred ?or 10

{Oljﬁqunes'T@S@da%QEQKﬁHgn%Eﬁaf@%%qg%éé@)_Viscosityy
ethylene/propylene=6.5/93°5 1/h and was being stirred for 45 ‘minutes, 20

mhefmethangl.and, 3 ml of 1. QN hydrachlaric acid were 5&}?&%@9& was

terminate the reaction. After stirring the mixture for 30 minute era

nea itFagen strear), the polymeyization, M%%W%g g@%She‘flk‘l’%itEdéSiU scosity

distilled water and was poured into 1.5 1 of methanol to precipitate the

is ue%'am%r-em%%te@%%@9&{%%@8&%&%?@%@% dried.at 130.C.1or 10 ce)

hours under reduced 10 pressure to obtain 11.39 g of an

of aetE¥'§H%/£’£8%yée%‘% CQPPW%m%Q%_QE?&e&ieS ﬂ%g%%%%@g %%' M 1ue of

are shown in Table 1. <Polymerization Example ass autoclave

tne (ternal ¢ ity ’1 iciently replaced with nitrogen was .
" S b 800 i ey iene. 16 ARE: Calony royere B A= of
the through the X%teo -at 100 1/h for 15 minutes, 15.0 mmol in terms of

a m

uminum o thylaluminoxane was added while maintaining the
[Olﬁ%mpe”ﬂ%ﬁ§§§h§5¥§¥¥n?&g?cviscosity)

The MR viscosity of the lubricating oil composition was
measured at -30°C in accordance with ASTM D4684. The MR viscosity
is used to evaluate pumping properties of an c¢il pump at a low
temperature. The smaller the value MR viscosity, the better the
low-temperature properties of the lubricating oil.

161391 {(Low-temperature fluidity (low-temperature storage
stability))

After cocling the lubricating oil composition at ~18°C for
one month, the fluidity of the lubricating oil composition
(appearance) was observed and evaluated as follows.

[0140]
Good: exhibited fluidity

Bad: gelation occurred

<Polymerization Example 1>
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Subsequently, after the addition of 0.15 mmol of
[bis[N-(3-t-butylsalicylidene)-2,3,4,5,6-pentafluoroanilinato 20 Jtitanium(lV)
dichloride] and changing to a mixed gas of ethylene/propylene=6.5/93.5
1/h, the mixture was stirred for 18 nfiflutes. Then, after terminating the
supply of ethylene, a mixed gas of propylene/nitrogen=60/40 1/h was

suppljed instead and was, sfired for,10 ige&eéyN%o%f%ﬁshga@gipgé?eant1y

mixed gas of 53 ethylene/propylene=85/15 1/h and being stirred for three .

replURYtes, tefminated the supply %gwé%%_%%%t% mixed gas &Ee% ?grlfésne )

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

Aft@ynﬂggb D@HeaﬁS%C %@@QthﬁE@Bﬁﬁ!%ﬁﬁogistem.at 100_%/h for 15

ethylene/propylene=6.5/93.5 1/h and was stirred Tor 24 minutes. Then,

min | . It : . ef aluminoxane was
o i s e s SR

propylene/nitrogen=60/40 as stirred for

add é-eLovm i:{]fée%ﬂ% ’a%fltmefn fﬁggn %Qm% gg})éecqig%s 8(_%’ ¢ (‘}rh? mSI X stem 1%*1; 35°C.

ethylene/propylene=85/1 nd was being stirre utes.

sup AMigh lerminating-the, supply %ﬁﬁﬁhé’le&?  agmixedgag of,

propylene/nhitrogen=60/40 1/h was supplied instead and was stirred for 10

11 figut '—IDBU iesr%k&a ing,to a mixed.gas of .. -

{ 1£eqf4hyle$1§e/propy g:}e:%.S/gg.iSquﬁ}ngnrg évédg ”b%efn%’sgjwtir?eedn o E]Ou?n‘ﬁﬁ&fé%}ifi ato
. ml of methanol l.of 1. ON hydrochloric acid were 15 then added to

11 PO Methanol A 65 yapoChiof

’ lterminat((a ch rga%?llc?n& u %}eqﬁgﬁtly?ﬁé?t%? S,I%icﬁricrglcgo the %)éﬁ?e for %Oog

ecnfliaulosdinder aniogen sygam, the, polymerzation solyflonwas, .

decalcified 1ndistilled water and was poured’ihto methanol to
pm%%o% '%%t% *L%Oﬁfr’ém‘,ert 10, Rolymer optained wag collecipd and dried at,,, |
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/lS 1/h and being stirred for six minutes,
terminated the supply of ethylene and the mixed gas of
propyiene/nitrogen=60/40 1/h was supplied instead and 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
minutes, 20 ml of methanol and 5 ml of 1.0N hydrochloric acid were
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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20 under reduced pressure to obtain 8.91 g of an ethylene/propylene
copolymer. The properties of the resulting polymer are shown in Table 1.
[014 1 54 TABLE 1 PolymeriPolymeriPolymeri~PolymeriPolymeri zation
zation zation zation zation ExamplesExample Example Example Example
12345 Ethylene mol% 66.6 66.3 70.1 60.1 66.2 content Mw (relative
to PS standards)xl g/mol 20.1 17.8 20.1 19.917.9 09 Mw/Mn 1.7 1.8 1.7
PressEIgtpeRGR by gihs 8.86(:5.858Y 6 W63/ PEST DIGH: MRty PGint  The
(Tm, C 44.9 40.5 43.0 40.9 42.8 DSC) 1073xdensit -893 29.8 28.7 33.0
PrOLRTE 268 Hedt!tt fdion (4RI AgP0 7255 258 181993 2 DSEPAthafC

45.0 49.5 46.2 48.2 50.3
<Polymerization Example 2>

A copolymerization reaction was carried out in the same
manner as in Polymerization Example 1 except for changing the
polymerization temperature to 50°C. The properties of the
resulting polymer are shown in Table 1.
<Pclymerization Example 3>

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 mmocl in terms of aluminum of methylaluminoxane was
added while maintaining the temperature of the system at 35°C.
Subseguently, after the addition of 0.15 mmol of
[bis[N-{3-t~butylsalicylidene)-2,3,4,5, 6-pentafluorocanilinato
Jtitanium(IV) dichloride] and changing to a mixed gas of
ethylene/propylene=6.5/93.5 1/h, the mixture was stirred for 22
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 a mixed gas of
ethylene/propylene=85/15 1/h instead. Next, terminating the
supply of ethylene and kbeing stirred for eight minutes, the mixed
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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-0.71xmeltin g point - 69.5 72.6 70.9 72.4 71.0 +101.4 Crystallizat ion
temperature C 25.5 21.9 25.1 21.8 23.7 (Tc, DEC) Crystallizat ion
temperature C -9.8 -11.3 -10.1 -11.4 -12.6 (Tcr staf) Tc-Tcrystaf 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;
<Polymerization Example 6> A glass autoclave (internal capacity: 1000
ml) sufficiently 5 replaced with nitrogen was charged with 800 ml of dry
ot ?&?}éfﬁ&?%@%@ﬁ%ma@pﬁépﬁéﬁé t padh thrstigHthe S/stems&tiTOF &/ o 25
. _for 15 minutes, 15.0 mmol (in terms of aluminum) of methylaluminoxane
AN a8 HddetWhité rﬁﬁiﬁ%ﬁiﬂg fHetehperature -oftheyssrsiii st p5e 255 d were
After the addition of 0.15 mmol of , o .
theihRAGRS-EEubASHEY idéné):s, 3 255 6 pentaflddrbanilfials Jirmithf L xture
dichloride] while supplying a mixed gas of ethylene/propylene=6.5/93.5

forq fard WakSseing Stifred fOrSs 8 FRnuEs: 20Tl dHifiethahblngdd BahL6r

_1.0ON hydrochloric acid were o
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 cbtain 10.81 g cf an ethylene/propylene copslymer.
The properties of the resulting polymer are sﬁown in Takle 1.
<Polymerization Example 4>

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 35°C.
Subsequently, after the addition of 0.15 mmol of
tbis{N~{3-t-butylsalicylidene}-2,3,4,5,6-pentaflucroanilinato
Ititanium(IV) dichloride] and changing to a mixed gas of
ethylene/propylene=6.5/93.5 1/h , the mixture was stirred for 472
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 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
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added to terminate the reaction. 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. 10 The pélymer was collected and dried at
130C for 10 hours under reduced pressure to obtain 4.89 g of an

progihyiene/propylene. cepolymer: T mggrgegg'ﬁeog theresulting %&%@%%irred

are shown in Table 2. [0143] <Polymerization Example 7> 15 A glass

forattociave (infernahcapacity--1090 ml)syfficienty, replaced with nitrggen

was charged with 800 ml of dry toluene. “Aftér causing a mixed gas o

ethynwéefﬂakyyggﬂéé%/ 404k 19 p???% tQH?ﬁUQP the, system for, 15 dem; "(‘j%té?%’ 45

15. 0 mmol (in terms of aluminum) of methylaluminoxane was a

minWhile ,mgi(gnmn i@@ Hf@tlztﬁfmﬁyefaﬁwc? @Q‘L? fél%els.y § E\?Wyac}rzosc 'l%@elrct hae cid were

addition of 0.15 mmol o

=i utylsalicyli -2,.3.4.5.6-pe tafl anili atQ Ei}lani (v a
e hloac] and ahar s e GAS St clyeaelFrapyien L BS/TE T

£oxa39 thambelng sfieefo fiye 56 munutes, 20.mi of methanol and,3 i of

[.ON hydrochloric acid were then o ternfinate t ter

sorSETTEl SEPRICTANIE B ST Wiy o e

the polymerization solution was de using wa a

; into.1 f met | 1 ipitate t | . Th | _
intRoyred into: m%r%‘%nngg hcaono r%(%%g%% g ﬁgoogiég%%%re‘ﬁe%%%gﬁgta1ned

was collected a ried at drFed a or

pol?ﬁ?esfwgéocg?@é%§él&ac’n%{ 8@3%@!%?%@6%'%8% 10 hours under reduced

pressure to obtain 11.39 ¢ of an ethylene/propylene copolymer.
The properties of the resulting polymer are shown in Table 1.
<Polymerization Example 5>

A glass autoclave (internal capacity: 1000 ml) sufficiently
replaced with nitrogen was charged with 800 ml of dry toluene.
After causing propylene to pass thibugh,the system at 100 1/h for
15 minutes, 15.0 mmol in terms of aluminum of methylaluminoxzane
was added while maintaining the temperature of the system at 35°C.
Subseguently, after the addition of 0.15 mmol of
Ebis[N—(3—t~butylsalicylidene)—2,3,4,5,6—pentafluoroanilinato
ltitanium(IV) dichloride] and changing to a mixed gas of
ethylene/propylene=6.5/93.5 1/h, the mixture was stirred for 18
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. Next, after changing to a mixed gas of
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copolymer. The properties of the resulting polymer are shown in Table 2.
10 [0144] <Polymerization Example 8> A glass autoclave (internal
capacity: 1000 ml) of which the atmosphere was sufficiently replaced with
nitrogen was charged with 800 ml ofdry toluene. After causing propylene
to pass through the system at 100 1/h for 15 minutes, 15.0 mmol (in
terms 15 of alugn'inumé of methylaluminoxane was added while
& LRI . FaRDeratire of heRystemnd S5CrSaBsteteyeafisinutes,
the addition of 0.15 mmol of
e IihiIREES- Bty IsatEidenef- 233 4 bl 6:pentifitiofoxnifiteats dtigmiumdv)
dichloride] and changing to a mixed gas of 20 ethylene/propylene=50/50
P OPRLEREREIhG %%%:féghﬁ% Irhintites, 2enmlefRethancRshdBimiaf stirred
1.0ON hydrochloric acid were then added to terminate the reaction. After
LoreointiolEly® &tirridg fie mdieTof 36 Meihls Underal HigBges Stredm,
the polymerization solution was deashed with using distilled water 57
ethyd@ WasHiotred Hite =151/ SimétHandl 6 Bredsitateltheqsblfmer 2 felnutes .
polymer was collected and dried at 130C for 10 hours under reduced
Thepressrgtorctiam 4176 §oPan Btiyferipropgleneatopdlymenifsel gas of
properties of the resulting polymer are shown in 5 Table 2. [0145]
Pr ORI PARSR BRI B> W flassaatoetavesihieraakeabacity wB0t irred
ml) sufficiently replaced with nitrogen was charged with 800 ml of dry
Lorolferiel rAfiEScauding ta medegasbfasropylens/mittogerr=20/8G: 3/Motd

_pass )
ethylene/propylene=85/15 1/h and was being stirred for 3 minutes.

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 a 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. Subsequently, after
stirring the mixture for 30 minutes under a nitrogen stream, the
polymerization sclution was decalcified in distilled water 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 ethylene/propylene
copolymer. The properties of the resulting polymer are shown in

Table 1.

[

[C1l4

3
|



10 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 25C. Subsequently, after the addition of 0.15 mmol of
[bis[N-(3-t-butylsalicylidene)-2,3,4,5 64pentafluoroanilinato 15
Jtitanium(IV) dichloride] and changing to a mixed gas of
ethylene/propylene=85/15 1/h and then being stirred for 5 minutes, 20 ml
of methanol and 5 ml of 1.ON hy%‘%’cﬁ?brﬁc acid were then added to

terminate the reaction|eAfiemeontinuushe stifFeg the MBEIerier 3o 1 ymer 1
minutes under a nitrogensstream, thepolymerizatiom 20| sphitibnrwvaszation
deashed with using distitetwater Brid Wasspcuredtinfo| Esampi mefhamuple
to-precipitate:the-pelymer—Ehe-polymef-was-coll 8 fied-at 1306
EJ—H é’ Pty [ 44 A
ngﬁﬁﬁwours undet teduceéd .fressuré o dBbtain 39319 of amethylene 66, 2
MJPToRYighE Fopolymery Theproperties of the resuiting-potymer-are shown
tdnd@able 2. 58 6@14&] TABLE 2 Pplymeri Polymeri Polymeri Polymeri
s zation:zation z 81 zatié Exarh le'6E%am|le 7Exam le 81%EXample’d - ¢
OEthylene content mol% 49.7 80.9/75.8.86.9 Mw (relative 90 PS
MwstRdards)x10 g/mol 10.8 8:6/10.9 8.2 .Biw/Mn 1.2 1.2 1.2 .27 Dehsity. (B)
Deylermn3y/0.853 0.87470.860M0889 Meltingspoint (Tn863 | 0.857 | 0.860
Melting
point (Tm, °C 44.9 40.5 43.0 40.9 42.8
DSC)
Togxdensity 29.8 | 28.7 | 33.0 | 26.6 | 29.8
Heat of
fusion (AH, J/g 20.7 25.6 25.6 18.2 23.7
D3C)
AThary °C 45.0 49,5 46.2 48.2 50.3
-0.7lxmeltin
g peint - 69.5 72.6 70.9 72.4 71.0
+101.4 :
Crystallizat
ion o -
temperature c 25.5 21.89 25.1 21.8 23.7
{(Te, DSC)
Crystallizat
i;ﬁperamm °C -9.8 | -11.3 | -10.1 | -11.4 | -12.6
{(Tcrystaf)
Tc~Tcrystaf °C 35.3 33.2 35.2 33.2 36.3
0-028xAR25. 25.9 | 26.0 | 26.0 | 25.8 | 26.0
(0142}

<Polymerization Example &>
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
Sminutes, 15.0 mmol {in terms of aluminum) of methylaluminoxane

was added while maintaining the tenperature of the system at 25°C,
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DSC) C 42.7 30.9 60.4 1073xdensity-893 - 22.3 41.6 29.8 60.9 Heat of
fusion (DH, DSC) J/g - 68.4 60.6 79.8 LThalf C - 47.1 47.4 45.9
0.71xmelting - - 71.1 79.5 58.5 0int+101.4 Crystallization temperature
(Tc, C-28.016.9 48.1 DSC) Crystalization temperature C - 1.5-9.1
20.9 (Tcrystaf) Tc-Tcerystaf C 26.5 26.0 27.2 0.028xAH+25.3 - - 27.2 27.0

27.5 [0147] <Polymerization Example 10> 5 A polymer indicated by 3B in
AITEX amiPle 35HPLBIHE- 96824 WAE BolyHerized according to the method
. disclosed in Example 3 of JP-B-H6-96624. The properties of the resulting

(oL BNy mer dre SHowr® i TaBIe S 0T A8 <Polymerioakien EXaree 21 hhtiato
. 12> 10 Polymers indicated by the polymer ID "NDG12" and "701204095"
4 iiOll i Eranple 2FOFIP- 42002507525 Weré palyiditsecdes of
according to the method disclosed in Example 4 of JP-T-2002-507225.
& L TS OB S RIRE ' 156 Festting polyfiier &E sHEwn s Table 315 gp140F 55

minutes, 20 ml of methanol and 5 ml of 1.0N hydrochloric acid were
added to terminate the reaction. Continuously, after stirring
the mixture for 30 minutes under a nitrogen stream, the
polymerization sclution was deashed with using distilled water
and was poured into 1.5 1 of methancl to precipitate the polymer.
The polymer was collected and dried at 130°C for 10 hours under
reduced pressure to obtain 4.89 g of an ethylene/propylene
copolymer. The properties of the resulting polymer are shown in
Table 2.
[0143] <Polymerization Example 7>

A glass autcclave (internal capacity: 1000 ml) sufficiently
replaced with nitrogen was charged with 800 ml of dry toluene.
After causing a mixed gas of propylene/nitrogen=60/40 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.

After the addition of 0.15 mmol of
[bis[N-(3-t-butylsalicylidene)-2,3,4,5, 6-pentafluorcanilinato
Jtitanium(IV) dichloride] and changing to a mixed gas of

ethylene/propylene=85/15 1/h and then being stirred for five
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TABLE 3 Polymer izati'PolymerizatiPolymerizati on Exam le loon Exam le
llon Example 12 Ethylene content mol% 77.0 78.6 55.5 Mw (relative to
PS g/mol 0.98 0.98 13.0 standards) x104 Mw/Mn 1.42 1.6 1.2 Density
(D) g/cm3 0.862 0.864 0.853 Meltirighpoint ,- 120 115 -22.1 (Tm, DSC)
1073xdensity-89 - 31.9 34.1 22.3 3 Heat of fusion J/g 39 28 (MH, DSC)

nindtHAI Con0/dxmelting - qint101. 4 19130] <R mﬁ%'z flan Fxa é%%%ud

and 12> 5 A glass autoclave (internal capamty 1 OO ml) su |C|en

werge@@gadme@t@ge@m harged 'tmégocmﬁgg éﬁggne fttmously

causing propylene to pass through the system at'1 or 15 Minutes,

st1ABQmalin terps of alymigum of metighiginoxape  was added while
ub

malntalnlng the temperature of the system “at equenttl“y, SHer ©0

O
P R b a3 3 A B i bhoaiTinath Yoy ="
and ?JSB'?QQelr?Pg Cih%n.gal%%tgxeat@é)ﬁeodlggg %trec1pltate the polymer. The

poiymer was collected and dried at dried at 130°C for 10 hours
under reduced pressure to cbktain 5.11 g of an ethylene/propylene
copolymer. The properties of the resulting polymer are shown in
Table 2.
[0144] <Polymerization Example 8>

A glass autoclave (internal capacity: 1000 ml) of which the
atmOSQheré was 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. Subsequently, after the
addition of 0.15 mmol of
{bis[N-(3-t-butylsalicylidene)-2,3,4,5, 6-pentaflucroanilinato
ititanium(1V) dichloride] and changing to a mixed gas of
ethylene/propylene=50/50 1/h and being stirred for nine
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
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ethylene/propylene=6.5/93.5 1/h instead of propylene, the mixture was
stirred for 60 minutes. After terminating the supply 15 of ethylene, a mixed
gas of propylene/nitrogen=60/40 1/h was supplied instead and was stirred
for 10 minutes. Next, after 60 changifg to a mixed gas of
ethylene/propylene=85/15 1/h and being stirred for six minutes, 20 ml of

and '{}Q@%&!?@Q ?IW.IOOfll:% I‘Mdﬁ%?&m&’gg?avc'%w%gg%%%%lagggg dtt?'fo polymer.

terminate the reaction. After continuous Ystlrrl Ixture f

one N BRSO e OO OIS e

eashed with using was poured into ano

red&%eoaegpgggeu@ 9;94%@& polymer was CaO"e%eﬁg?J;e%%f}%%g{gy@&%

for 10 hours under reduced pressure to obtain 937 g

/ I -y i fth Iting 10 polymer .
o i Fabe 4 IO LA TABLE F Palyotalon EXAmgieTs oo o

Tabﬁgh)ﬂene content mol% 63.7 Mw (relative to PS standards) x10" g/mol
18.2 Mw/Mn 1.3 (Density (D) g/cm3 0.855 Melting point (Tm, O DSC) C

1014873 1073¥deniy-893: 244 rrampie o>

A glass autoclave (internal capacity: 1000 ml) sufficiently
replaced with nitrogen was charged with 800 ml of dry toluene.
After causing a mixed gas of propylene/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.

Subseguently, after the additicn of 0.15 mmol of
[bis [N- (3-t~butylsalicylidene)-2,3,4,5, 6-pentafluocroanilinato
ititanium(IV) dichloride] and changing to a mixed gas of
ethylene/propylene=85/15 1/h and then being stirred for Sminutes,
20 ml of methancl and 5 ml of 1.0N hydrochloric acid wefe then
added to terminate the reaction. After continuously stirring the
mixture for 30 minutes under a nitrogen stream, the pelymerization
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 toobtain 5.93 gof anethylene/propylene copolymer. The

properties of the resulting polymer are shown in Table 2.
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Heat of fusion (AH, J/g 20.8 DSC) AThalf C 48.4 -0.71xmelting 71.4
oint+101.4 [0152] Example 1 15 A lubricating oil composition was
prepared using 87.72 wt% of 120 Neutral. mineral oil (trade name,
manufactured by Esso) having a kirtgtic viscosity at 100C of 4.6 mm2/s
as a base oil, 61 0.78 wt% of the copolymer obtained in polymerization
(01 mple 1 as a lubricating oil viscosity modifier, 0.5wt% of Aclube 146
g de name, manufactured by Sanyo Chemical industries, Ltd.) as a
pour-point depressant, and 11.0 wt% of LZ20003C (trade name, 5
manufactured by Lubrizol) as a d%%gjggntzdispersant. The performance of

the resulting lubricating oil cofrpositien Was lepaluateds ThadesSURS e r -
shown in Table S. Example 2 Adabricating n# compaositien Was preparedn
inthe same manner {10 as inFxamiple bexeant for Usingthécdpolymete 9

%Eﬁﬁdqﬁﬁbﬁwﬁmr 2Bt Exanifile 2 as th8 Wutfticating/it Yiscosity € . 9
rﬁg&hgﬁﬁeﬂaé%ﬁoﬁﬂg shewn inikable 5, The performance of the ¢ -

Aatino position-was-evaldated-

.ﬁb.uatbleys 15 Exan?'.ple 3A 'r-lbric;t‘:.." oH corﬁfpgs't'v .

Deﬂiiﬁg anpr g/cm 0.8 0.87

Melting point (Tm, o _

DSC) C 42 .7

1073xdensity~893 - 22.3 41.6

Heat of fusion {AH, _

DSC) J/g 68.4

AThare C - 47.1

-0.71xmelting _ _

point+101.4 711

Crystallization

temperature (Tc, °C - 28.0 16.9 48.1

D5C)

Crystallization

temperature °C - 1.5 -9.1 | 20.9

(Tcrystaf)

Tc-Tcrystaf °C ~ 26.5 26.0 27.2

0.028=xAH+25.3 - - 27.2 27.0 27.5

[0147] <Polymerization Example 10>

A polymer indicated by 3B in Example 3 of JP-B-H6~-96624 was
polymerized according to the method disclosed in Example 3 of
JP-B-H6~20624. The properties of the resulting polymer are shown
in Table 3.

(01481 <Polymerization Examples 11 and 12>

Polymers indicated by the polymer ID “NDGL12” and “701204095”
disclosed in Example 4 of JP-T-2002-507225 were polymerized
according to the method disclosed in Example 4 of JP-T-2002-507225.

The properties of the resulting polymer are shown in Table 3.
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as in Example 1 except for using the copolymer obtained in
Polymerization Example 3 as the lubricating oil viscosity modifier in the
amount shown in Table 5. The performance of the resulting 20 lubricating
oil composition was evaluated. The Fesults are shown in Table 5.
Example 4 A lubricating oil composition was prepared in the same manner
(0 ég,in Example 1 except for using the copolymer obtained in 62
- oiymerization Example 4 as the lubricating oil viscosity modifier in the
amount shown in Table S. The performance of the resulting lubricating oil
composition was evaluated. The resSults are shown in Table S. 5 Example

5 A lubricating oil composjtion was-arepareddn Jhe samedNemas N at
Example 1 except for usingrihescopgolsmetobtainedin Lolymedzation. s 12
EthEkample srdasthe |atoricating oil ¥iscOsity modifiet §n ghe amount $Bown in
Mw TablerS 1ThRe performance of the resulting 110 lubricating oil lcomposition
PS was ey lu tsgj. The/f88dits are Shéfin in Table 5. [8853] TABLE!S -0
S L2 PG hbld-Example Example Example Example—1-2 34 5 Polymer
MW/g%"mer Petymen-Pelymer-Polymér-Polymer ization-fzation-|z ]
Dengibin '\Bvample EYARPlE ExampftPExample EXAniSA 0.853
Melting point om _
(Tm, DSC) C 120 iis 22.1%
%073Xden81ty—89 _ 319 341 95 3
Heat of fusion ' '
(AH, DSC) | J/g 39 28 -
ATnars °C - - -
-0.71lxmelting _ B B B
point+101.4
[0150] . <Polymerization Examples 11 and 12>

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.
Subsequently, after the addition of (.15 mmol of
[bis[N-({3-t-butylsalicylidene)-2,3,4,5,6-pentafliucrcanilinato
Jtitanium(IV) dichloride] and changing to a mixed gas of
ethylene/propylene=6.5/93.5 1/h instead of propylene, the
mixture was stirred for 60 minutes. After terminating the supply
of ethylene, a mixed gas of propylene/nitrogen=60/40 lkh was

supplied instead and was stirred for 10 minutes. Next, after
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12345 Composition Lubricating oil wt% 87.72 87.66 87.72 87.70 87.64
base stock Detergent wt 11 11 11 11 11 dispersant Pour-point wt% 0.5
0.50.50.5 0.5 depressant Polymer wt% 0.78 0.84 0.78 0.80 0.86
Lubricating oil performance Kinemati¢ 2/s viscosity @100C mm 14.89
14.88 14.90 14.88 14.89 @C25Ciscosity mPa 7040 7060 6940 7270
char/@PAoMR Wsgosiy | %'&@%éﬂ@fépﬁéBQl@%%ﬁ@ 34‘/%8£91g being
26200 Low-temperature Good Good Good Good Good fluidity 63 [0154]
st 1 Sompaative Examples 440 4bubricatiag,pil gompositions were prepagedsy
in the same manner as in Example 1 except for using the copolymers

hyd£8ained in. Rolymeyjzation Examples6ita 3 asdhg lubricating oil Viscasity ,

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

a £ e Lesulting lybricating oll.comnositions.was evaluated, The, resWlts e i ger o
shown in Table 6. [0155]

nitrogen stream, the polymerization solution was deashed with

using distilled water and was poured intc 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 cbtain 9.37 g of an

ethylene/propylene copolymer. The properties of the resulting

polymer are shown in Table 4.

[0151]
TABLE 4
Polymerization
Example 13
Ethylene content mol% ©3.7
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,
DSC) J/g 20.8
AThalf °C 48.4
-0.71lxmelting .
point+101.4 - 71.4
[0152] Example 1

A lubricating oil composition was prepared using 87.72 wt$
of 120 Neutral mineral coil (ftrade name, manufactured by Esso)

having a kinetic viscosity at 100°C of 4.6 mm°/s as a base oil,
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TABLE 6 Comparati Comparati Comparati Comparati ve ve ve ve
Example 1 Exam le 2 Example 3 Examle 4 Polymeriz
PolymerizPolymerizPolymeriz Polymer ation ation ation ation Example
6Exam le 7 Example 8Exam le 9 Cdmposition Lubricating oil wt% 87.10
87.00 87.14 87.01 base stock Detergent wt% 11 11 11 11 dispersant

0.7 gov%goi% V¥:tf.1'e05 O'%P%?ngiss o%@é%sgggtEglyﬁ%?&%%)%éz%%éasril '36mple 1

1.49 Lu%rlcatlng%ﬁ%er rmance Kinematic m

re L YEINGI0N SIS cnsy D BRSO AR eI B30
(- IPASHRA Measured Low-lemperalure Gopd Bad Good Bad, Muidity 10, ) s
a pour-point depressant, and 11.0 wt% of LZ20003C (trade name,
manufactured by Lubrizol) as a detergent dispersant. The
performance of the resulting lubricating oil composition was
evaluated. The results are shown in Table 5.
Example 2

Alubricating cil composition was prepared in the same manner
as in Example 1 except for using the copolymer cbtained in
Polymerization Example 2 as the lubricatingoil viscositymodifier
in the amount shown in Table 5. The performance of the resulting
lubricating oil composition was evaluated. The results are shown
in Table 5.
Example 3

A lubricating oil composition was prepared in the same manner
as in Example 1 except for using the copolymer obtained in
Polymerization Example 3 as the lubricatingoil viscositymodifier
in the amount shown in Table 5. The performance of the resulting
lubricating cil composition was evaluated. The results are shown
in Table 5.
Example 4

A lubricating cil composition was prepared in the same manner

as in Example 1 except for using the copolymer obtained in
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[0156] Comparative Examples 5 to 7 Table 7 shows the properties of a
polymer obtained by blending the polymers obtained in Polymerization
Examples 6 and 7 at a 64 specific ratio. A lubricating oil composition was
prepared in the same manner as indExample 1 except for using the
resulting polymer as the lubricating oil viscosity modifier in the amount

shown in Table8 The performanc
P e Tion s eavr%e&até Fed
in ABLE 7 Com arat|Co ompa
xamp}‘e 71 C1ymerri:>
olymerization part b Exam le 7 wei
L 678 108 P LB Mot (Rl S P

By

Exar?pl':l%) \]ajg 31.522.749.9

A lubricating oll composition was prepared in the same manner

as in Example 1

Polymerization Example 5 as the lubricating oil viscositymodifier

in the amount shown in Table 5.

lubricating oil composition was evaluated.

in Table &,

of the resulting lubricatin

oil

5

{1R% a4 TADE-BSfoAsTpai Tiex
arati ve ve ve Example SExam le
er Ation partHy 56 8NGEIGHt 80 76'30F€suLting
ht 50 30 70 Ethylene content

pSigtGTg/mors 4 85'9 3° MRAMIT OV
.4 Density (D) g/cm3 0.861 0.857 0.865 Melting point (Tm, DSC)

.5 42.5 1073xdensity-893 - 30.8 26.6 35.1 Heat of fusion (OH,

except for using the copolymer cbtained in

The performance of the resulting

The results are shown

[0153]
TABLE 5
Example Example|Example|Example|Example
1 2 3 4 5
Polymer Polymer{Polymer|Polymer|Polymer
Polymer izationjizationiizaetioniization|ization
Example|Example|Example fxample|Example
1 2 3 4 5
Composition
Lubricating oil o
base stock wts | 87.72 87.66 | 87.72 | 87.70 | 87.64
Detergent o
dispersant wt % 11 11 11 11 11
Pour-point o
depressant wt% 0.5 0.5 G.5 0.5 0.5
Polymer wt% 0.78 0.84 0.78 0.80 0.8¢
Lubricating oil
performance
Kinematic 275 4 - ]
viscosity a100°C [T 14.89 14.88 14.90 | 14.88 | 14.89
CCS wviscosity |mPa
@~25°C S 7040 7060 6940 7270 7050
eoypon SCOSHY MPET 25500 | 27800 | 24800 | 28100 | 26200
Low-t
fliﬁdiiﬁperature Good Good Good Good Goed
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LThalf C 51.7 52.9 50.1 Crystallization C 24.5 24.9 25.1 tem erature(TC,
DSC) 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] 65 TABLE 8 Comparativ
Comparativ Comparativ e Example’Se Example 6e Example 7 Polymer
Polymerization part by 50 70 30 Example 6 weight Polymerization part by
[01560 30 70:expRde /i weight Gampesition: d-ubricating oil wt% 87.04 87.07
87.03 !base stock Detergent wt% 11 11 11 dispersant Pour-point

depressantwtiie 3 0. 5bo Polmeravi% 146 443- 147 [Lubrcating Qiknner

performance Kinematic 2

as in Example 1 except for using the copolymers obtained in

Peolymerization Examples € to 9 as the lubricating oil viscosity

modifier in the amounts shown in Table 6.

The performance of the

resulting lubricating oil compositions was evaluated. The
results are shown in Table 6.
[0155]
TARLE 6
ComparatiiComparati|Comparati|Comparati
ve ve ve ve
Example 1Example Z|Example 3[Example 4
PolymeriziPolymeriz|Polymeriz Polymeriz
Poclymer ation ation ation ation
Example 6|Example 7Example BiExample 9
Compeosition
Lubricating oil o
base stock wt% 87.10 87.00 87.14 87.01
Detergent o
dispersant wtg 11 11 11 11
Pour-point o _
depressant wt % G.5 0.5 0.5 0.5
Polymer W% 1.40 1.50 1.36 1.49
Lubricating oil
perfcrmance
Kinematic 2
viscosity@100°C mm°/s] 14.88 14.90 14.95 14.92
CCS viscosity |mPa-
R—2 59 N 7600 6820 7190 780
. . Could not|Could not
MR piscosity mPati ya000 | 22100 be be
@-30"C s
measured | measured
Low-temperature Good Bad Good Bad
fluidity
[0156] 5 to 7

Table 7 shows the properties of a polymer obtained by blending

Comparative Examples

the polymers obtained in Polymerization Examples 6 and 7 at a
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viscosity@100C mm /s 14.95 14.98 14.95 CCSC viscosity @-25 mPa s
7100 7420 6960 MR viscosity@-30C mPa-s 32200 37300 28900
Low-temperature fluidit Good Good Bad [0159] As is clear from Tables 5
and 6, the composition using a speéific ethylene/a-olefin copolymer as
the lubricating oil 5 viscosity modifier exhibited excellent low-temperature

spePloRerties {€CS V}§C9§&%i'\égtvﬂﬁ%osé}ﬁlia'&%h?&éﬁnéE%‘}"f‘twgsf'é%@!e%%%%d in

compared with the composition using the ethy

ne/o(-olefin random

the CORAYMErasthelub Fﬂﬁa@}&% lvéscfsé%ég?)déﬁ%ro 400 }98] Com parative ; g

Examples 8 to 10 Lubricating 0il compositions were prepared Iin the same

pol %@ln%rs a§ﬂ@ %W@a]tgxz Q}:ﬂc or U%‘Qgégﬁggpﬂygj%loebgaﬁe dtige famount

Polymerization Examples 10to 12 as the lubric

ting oil viscosity modi

1er

Shoﬁ%ﬂﬁia@g%ﬁg§§hom@h@-B@y?é&ﬂgﬁkggggﬂQ§ﬂ§%%%%_J%§§e§%g@gcating

lubricating oil compositions was evaluate

. The  results are

own in

011 18Dig.8.[P161] TABLE.Q CompargtiveG.om %@E'Y%SC%’EII Argve EXam: 1
le 8 Example 9 Example 10 PolymerizatiPolymerizat Po ymerlzatrb(%]ymer
g ion Example ion Example ion Example 10 11 12
[0157]
TARBLE 7
ComparatiifComparatiComparati
ve ve ve
Example SExample 6Example 7
Polymer
Polymerization part by -
Example 6 welght 50 70 30
Polymerization part by
Example 7 welght o0 30 /0
Ethylene content mols 67.2 58.4 71.6
Mw (relative to PS)x10% g/mol 9.4 9.9 9.3
Mw /Mn 1.4 1.4 1.4
Density (D) g/cm’ 0.861 0.857 0.865
Melting point {Tm, DSC) °C 40.9 40.5 42 .5
1073 xdensity-893 - 30.8 26.6 35.1
Heat of fusion (AH, DSC) J/qg 31.5 22.7 49,9
AThalf pe 51.7 52.9 50.1
Crystallization o
temperature (TC, DSC) ¢ 24.5 24.9 25.1
Tcrystaf °C -0.7 -0.7 -0.2
Tc-Terystaf °C 25.2 25.6 25.3
0.028xAH+25.3 - 26.2 25.9 26.7

[0158]
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Composition Lubricating oil wt% 87.40 87.30 87.25 base stock Detergent
wt% 11 11 11 dispersant Pour-point wt% 0.5 0.5 0.5 depressant Polymer
wt% 1.12 1.2 1.25 Lubricating oil performance Kinematic
viscosity@100C mm 2/S 14.88 14.92514.82 CCS viscosity mPa 7140
7100 7580 @-25C s MR viscosity@-300mPa* 30200 37100 41100
fluidity Low-temperature Bad i B%gg{ggdg 5 [0162] Comparative Example
11 Paratone 8011, which is commercially available from Exxon Chemical

Company, was obtained and aftef ditutinggit wittCorhiexané 1 théqpuhgmert 1v
solution was then poured.into.a | é%&%Wﬂﬁﬁy@ 1adE0Ge b p&&ﬁﬁ@%@ 7

Polym@iymer A. The obtained polymer A was collected and dried at 130C for
Ei‘;?ﬁ@%%ﬁgﬁﬁf.‘i@?redu :é)@éﬁiﬂé dre to obtain an ethylene/propylene 30

poé @m@&[i&q prope Vge&% 10| obtained polymer A are shown in Table
ExadPA lubricating oil | e gn e >0 30 10
Composition

upricating oil Wes 87.04 87.07 | 87.03
Detergent o

dispersant WS 11 11 1l
Pour-point o
depressant wi% 0.5 0.5 0.5
Polymer wt% 1.46 1.43 .47
Lubricating oil
parformance

iseonityel00 /s 14.95 | 14.98 14.95

o aey ToCOsItY MPa- s 7100 7420 6960

MR viscosity@-30°C; mPa-s 32200 37300 28900
fﬁigéziﬁperature Good Good Bad
[0159] As is clear from Tables 5 and &, the composition using

a specific ethylene/a-olefin copolymer as the lubricating oil
viscosity modifier exhibited excellent low-temperature
properties (CCS viscosity, MR viscosity, and low-temperature
fluidity) as compared with the composition using the
ethylene/a-clefin random copolymer as the lubricating oil
visceosity modifier.
[0leC] Comparative Examples 8 to 10

Lubricating oll 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 oll viscosity

modifier in the amounts shown in Table 9. The performance of the



composition was prepared in the same manner as in Example 1 except 67
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 eval

§ted. The results are shown in Table

11.5[0163] TABLE 10 Polymer A Ethylene content mol% 69.2 Mw

resylelative toBS)04ig/nal 22 Mwddy 13 Density {D3 943 0860 The
Melting point (Tm, DSC) C 60.5 1073xdensity-893 - 29.8 Heat of fusion

res{Ots RSE) Jie-28.8: fhalf £1108;,6 -0.7ixmelting 58 4 Dint+?01.4 [0164]
TABLE 11 Comparative Example 11 Polymer Polymer A Composition

[ 01 dubricating oil base wt% 87.5 stock Detergent dispersant wt% 11

TABLE 9
ComparativejComparative | Comparative
Example 8 Example 9 | Example 10
Polymerizat!lPolymerizat|Polymerizat
Polymer ion Example|ion Example|ion Example
10 11 1z
Composition
ppabricating oll iy 87. 40 87.30 87.25
Detergent o 4
dispersant Wi 11 11 11
Pour-point o
depressant WS 0.5 0.5
Polymer wi% 1.12 1.25
Lubricating oil
performance
vﬁiiﬁiﬁloo% mm’/s|  14.88 14.92 14.82
o ey OCOSIEY mPa 7140 7100 7580
MR viscosity@-309qM A 30200 37100 41100
(0w temperature Bad Bad Good
[0162] Comparative Example 11

Paratone 8011, which is commercially available from Exxon
Chemical Company, was obtained and after diluting it with n-hexane,
The polymer solution was then poured into a large quantity of

acetone Lo precipitate a polymer A. The obtained polymer A was
collected and dried at 130°C for 10 hours under reduced pressure
to obtain an ethylene/propylene copolymer. The properties of the
obtained polymer A are shown in Table 10. A lubricating oil

composition was prepared in the same manner as in Example 1 except



10

Pour-point depressant i wt% 0.5 Polymer wt% 1.0 Lubricating oil
performance Kinematic viscosity mmz/s 14.9 @100 CCS viscosity
@-25C mPas 6900 MR viscosity @-30C mPas 29800 Low-temperature
Bad fluidity 10 [0165] Comparative &£kample 12 A lubricating oil
composition was prepared in the same manner 68 as in Example 1
for EXCERLfan sig% bﬁ%@ olgnler ob}],:ain dtig Polymerization Example.13 as.
° the Iul%ricatl%ng oi%visco%t modifier iangthe aetm%%%: %ﬁg?/tvﬁ” i Table 12°The 1ty
aPerformy ct%gf gr}r? £g§ul lk[? lubri arli,n il position Wa§evalugted. X
mo @ é %wn 1%2.5[%;§6 ABL ]e_zpfr ormance of the

The results 5 are shown in Table omparative

B le 12 ,Palymer Polymerization. Example 13 Composition ]
o e G bANE e B B8 SOk DLToIGEH dporant ttoe Tipresules

areFg%%w%ﬂqﬁk%g%ﬁgﬂgfﬁQbOE

[0163]
TABLE 10
Polymer A

Ethylene content mol% 9.7
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
Thars °C 108.6
-0.71xmelting

ooint+101.4 - 58.4
[0164]

TABLE 11
Comparative Example 11

Polymer Polymer A
Compeosition

Lubricating oil base o

stock Wwi% 87.5
Detergent dispersant wi% 11
Pour-point depressant wits G.5
Polymer wt% 1.0
Lubricating oil

performance

Kinematic viscosity 2

8100 mm*/ s 14.9
CCS viscosity @-25°% mPa- g 6900
MR viscosity @-30%C mPa- s 29800
Low~temperature Bad
fluidity °
[0165] Comparative Example 12

A lubricating oil composition was prepared in the same manner



10

15

Polymer wt% 0.82 Lubricating oil performance Kinematic viscosity mm
z/s 14.88 @1000 CCS viscosity @-25C mPas 6990 MR viscosity @-30C
mPas 24300 Low-temperature x fluidity [0167] As is clear from Tables 5
to 12, the composition using 10 a sp€ékcific ethylene/a-olefin copolymer as
the lubricating oil viscosity modifier exhibited excellent low-temperature
properties such agxcc(ég viscosity, MR viscosity, and low-temperature, .
5 fluidity. [0168] It has been élgsireé'{idS tjhggth%e 8W-t%%1ope¥r§ﬁﬁe%trj%€§r%%§, 185
o1 Sl GG Visgosity, \éis Si an Ion;t m erature quidiiy, gf a_
%%ricating ;)I compo |tJ|'on gg ir%%rov%% asdr%ugﬁ%glp%%s%ﬁe. Eo?cos}*ty
afxample, the measured v, Iueslog th S Viscosi land the.MR 69
e VISCOosity can be resﬁ)legti\?aghcf ‘nguge%%?/cla%oﬁ%lotﬁﬁg g@oruﬁﬂ%aﬂ?e?, Cfﬁethe
low-tempera roperties can be improved) by increasing the ree of
resf‘)urifilc{‘g(;tion 0 t%eglhjbrrll%eﬁf% Bil base "stock. o%vgggr, ?Y?ig%é}s'ult%%ge alﬁesul £s
are ?r]scf(g%%e i%colsé,b%\[p]i ] On the ot_her hand, qccording to_the present
invention, low-temperature properties can be improved without using
{Oié%’?h an expensive method and it has a great significance. 70

TABLE 12
Comparative Example 12

Polymer Polymerization Example 13
Composition

Lubricating cil base 5

stock wtd B7.68

Detergent dispersant wts 11.0

Pour-point depressant wht% 0.5

Polymer wi % 0.82
Lubricating oil
performance o ‘

Kinematic viscosity 2

@100% mm/ s 14.88

CCS viscosity @-25°%C mPa- s 6990

MR viscosity &-30°C mPa-s 24300

Low-temparature

fluidity )

[Cle7] As 1s clear from Tables 5 to 12, the composition using

a specific ethylene/o~olefin copolymer as the lubricating oil
viscosity modifier exhibited excellent low-temperature
properties such as CCS viscosity, MR viscosity, and
low-temperature fluidity.

[01e8] Zﬁ:hasbeendesiredﬁhattﬂm&lowwtemperatuxeproperties,
e.g. CCS viscosity, MR viscosity, and low-temperature fluidity,
of a lubricating oil composition be lmproved as much as possible.

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



CLAIMS 1. A copolymer containing a constituent unit derived from
ethylene and a constituent unit derived from an a-olefin having 5 3 to 20
carbon atoms and satisfying the following requirements (1) to (6) : (1) the
copolymer has a melting point (Tm) $easured by DSC of -20C to 100C;
(2) the copolymer has a molecular weight distribution (Mw/Mn) 10
vis@&aisyﬁr;e%y P GoE 1 6:10:3,Q) (3)4he copalymerhas.a half-width .0 100
(AThalf) of a melting peak measured by DSC ot 90C or less; (4) the
(1. balf-widih (AThalf.gnd the melting point (Tm) salisfy,.the;relationship .,
shown by the following relational expression (2), 15

ine ﬁé@ﬂéﬂ‘ﬁ&-Z%éT&éJg]lé?eﬂg)d@&%%ﬂHeé has,a heat of Qéeé%%(éﬁ) base

measured by DS 100 J/g or less; and (6) the heat of melting (AH), the

st oCRystallization temperature, Tomeasyred,by:DSC, aad the, crysiallization
temperature Tcrystaf 20 measured by a CRYSTAF method satisfy the

101 &lowing splatiopal expression (3).-Te; Ttystat?0.028xAHY20.3 (3), Zert s on,

The copolymer according to claim 1, whereiri the a-olefinis 71 propylene.

1owSt 2R LoRelymeracearding to claim; 1 of 2, haying %«W@Mta&wg%&u&h an

molecular weight relative to polystyrene standards 5 measured b
expégé)loxp@ton?egggtgognd it has a great significance.
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15

20

4. A lubricating oil viscosity modifier containing the copolymer according
to any one of claims 1 to 3. 10 5. A lubricating oil composition containing
the lubricating oil viscosity modifier according to claim 4.

70

CLAIMS

1. A copolymer containing a constituent unit derived from

ethylene and a constituent unit derived from an a~olefin having

3 to 20 carbon atoms and satisfying the following requirements

(1) to (6):

(1) the copclymer has a melting point (Tm) measured by DSC of

-20°C to 100°C;

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

measured by GPC of 1.6 te 5.0;

(3) the copolymer has a half-width (AThzalf) of a melting peak

measured by DSC of 90°C or less;

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

the relationship shown by the following relational expression (2),
AThalfs-0.71xTm+101.4 (2}

{(5) the copolymer has a heat of melting (AH} measured by D3C of

100 J/g or less; and

(6} the heat of melting (AH), the crystallization temperature

Tc measured by DSC, and the crystallization temperature Tcrystaf

measured by a CRYSTAF method satisfy the following relational

expression (3),

Te~Terystaf20.028xAH+25.3 (3.

2. The copolilymer according to claim 1, wherein the a—clefin is



10

71

propylene.

3. The copolymer according to claim 1 or 2, having a weight
average molecular weight relative to polystyrene standards

measured by GPC cof 10,000 to 2,000,000.

4. A lubricating oil viscosity modifier containing the

copolymer according to any one of claims 1 to 3.

5. A lubricating oil composition containing the lubricating oil

viscosity modifier according to claim 4.



