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1 DESCRIPTION COPOLYMER, PRODUCTION PROCESS THEREOF,
LUBRICATING OIL VISCOSITY MODIFIER, AND LUBRICATING OIL
COMPOSITION 5 FIELD OF THE INVENTION [0001] The present
invention relates to novel copolymers, processes for the production of the
copolymers, and uses of the copolymers. In more detail, the invention
relates to copolymers 10 whighentain s ctural units derived from
ethylene and structural units derived from an a-olefin and have specific

RFeREIRs R The iyentien glsa.telates 40 pragesses for,p ' ?‘(?eOIL

copolymers, lubricating oil viscosity modifiers comprising the copolymers,
ang yiricating gl compositiong-l > gentaining the lybricating.ail.viscasity
modifiers. BACKGROUND OF THE INVENTION [00%2] Petrg)lé\érﬁf'n%‘?\f
products generally increase viscosity with 20 decreasing temperature and

vice versa, in other words, their viscosity is dependent on temperature.

rTEFNIGROtive Ilig[{pﬁgggo%ils for example are required to have a less

temperature dependent viscosity. In order to reduce the temperature
(o gependence of viscosity, lubricating oils are mixed with 2 viscosity
"~ madifiers that are specific polymers soluble in lubricating oil bases.

Eﬂ%ﬁ@eﬁ%égg% C%%%%ﬁ@f%%“}gcgﬁés to novel copclymers,

processes for the production of the copolymers, and uses of the
copolymers. Inmoredetail, the invention relates to copolymers
which contain structural units derived from ethylene and

structural units derived from an a-olefin and have specific
prbperties. The invention alsc relates to processes for

producing the copolymers, lubricating oil viscosity modifiers
comprising the copolymers, and lubricating oil compositions

containing the lubricating oil viscosity modifiers.

BACKGROUND OF THE INVENTICN
[0002]

Petroleum products generally increase viscosity with
decreasing temperature and vice versa, in other words, their
viscosity is dependent on temperature. Automotive lubricating
oils for example are required to have a less temperature
dependent viscosity. In order to reduce the temperature

dependence of viscosity, lubricating ocils are mixed with
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used as such viscosity modifiers, and the viscosity modifiers undergo
various improvements to provide a further enhanced 5 balance of
lubricating oil performances. [0003] The viscosity modifiers are usually
used to prevent the lowering in lubricating oil viscosity at high _
temperatures. In recent years, however, there is a need for viscosity

v1isdnedifiersdOieapable o&ﬁg@pr&séi@g@%i@{%a%%ifﬂgg%at@&%ﬂhle in

viscosity at low temperatures (thereby providing excellent

lub ﬂ%'&%@ﬂ r@&%%@@@§ .r“e%)t'i%'%%re )c(tgecllf gtfslhear ‘OSt bizl"glté/ s reqUi\I;weidde ly

- lﬁ CoRro % I‘ﬁ. a]ie
because [ubricating oil compositions are generally used in applications

usedvhereq,shearforcaisapplieg; 15,104 [n%ré{ée Ihe shear stab lc“#?/ QW dl iers

molecular weight polymers are usually used. However, viscosity modifiers

unddaYing.a lovy, molecnlar weight have to be added in ?{:“ui”%eeasegn%@%%”e‘d

so that the lubricating oils will have a desired viscos y,%here%y causing

ba1£gonomic disgdvantages. Inereasingthe molecular 20 weight of the

viscosity modifiers and thereby edumngﬂ'%ﬁ\é1 amount of the modifiers will
EOO{B@ rove the economic efficiency of lubricating oils, but also deterlorate_
the shear stability. [0004] In connection with the art in the above technical

field,,3_ Patent Do umentl{pisclosesablend of ethylene/a-olefin )
corir) y%]e‘%%cﬁ esr%nd/inmgt?&/e%%rcson%é:ﬁt. fooesr LY tised £ prevent the

lowering in lubricating oil viscosity at high temperatures. In
recent years, however, there is a need for viscosity modifiers
capablecxfsuppressingiﬁmaincreasejjllubricatingcﬁj_viscosity
at low temperatures (thereby providing excellent
low-temperature properties). Further, excellent shear
stability is required because lubricating oil compositions are
generally used in applications where a shear force is applied.
To improve the shear stability, low molecular weight polymers
are usually used. However, viscosity modifiers having a low
molecular welight have to be added in an increased amount so that
the lubricating oils will have a desired viscosity, thereby
causing economic disadvantages. Increasing the molecular
weightcﬁftheviscositynmdifiersenuitherebyreducingtﬁmaamount
of the modifiers will improve the economic efficiency of
lubricating cils, but also deteriorate the shear stability.
[0004]

In cennection with the art in the above technical field,
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This polymer blend is described to provide excellent 5 low-temperature
properties. However, the balance of performances other than
low-temperature properties is insuffigent. [0006] Patent Document 2
describes ethylene/a-olefin copolymers 10 which have a nonuniform
intramolecular composition, a narrow intermolecular composition

Pat Qﬁri %@u%@udc aNaELowY. M ooal%%u l%r %VE ciglh f I§’ g | %ng#i)\g% %Q%%CZ%—I; CE[%EJ] g

production process disclosed in this pqten oCu he Te
satahzed by a single catglystsystem in a tubular reactor in which the
—oF monomer concentratigns are va?ied Wier(e)é{y lt%‘l% intramolecular

Eoo@g@nposition is made nonuniform. The copolymer obtained therei_n_is a
so-called tapered copolymer in which the intramolecular composition in

A TR SR G e g SR

composition ution is broad. owever, ove

4 . Provi i icient low-temperature properties, This is probably because
iowtt%\élh%iezﬁ% %Sr has %rtztnldee%l‘re s%"g%fégﬁ bethise 6?‘ FBrodd

intramalecular composition distribution. To sol\_/e this problem, Patent
P e KB hon Hers TR iR PeaFete L

c lar
insiAMalecyle

[000&]

Patent Document 2 describes ethylene/o-olefin copolymers
which have a nonuniform intramolecular composition, a narrow
intermolecular composition distribution and a narrow molecular
weight distribution.

[0007]

In the production process disclosed in this patent
document, the reaction is catalyzed by a single catalyst system
in a tubular reactor in which the monomer concentrations are
varied whereby the intramolecular composition is made nonuniform.
The copolymer ocbtained therein is a so~called tapered copolymer
in which the intramolecular composition in the polymer chain
gradually changes and the intramolecular composition
distribution is broad.

[0008]
However, the above copolymer provides insufficient

low-temperature properties. This is prebably because the
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5 composition distribution. [0009] As described in Production Examples in
this patent document, the copolymers are produced by successive
polymerization to highly control prop%rties such as 10 intramolecular
composition distribution. [0010] However, the successive polymerization
is not industrially productive because materials having varied monomer

io aye t S lied successively. Accordin 5 simple
o e B e D e e g bR e

roa
productlon processes are aesire €, Patent Document

int ffa‘}ﬁ%(ﬂ&%%% g%pggéylﬁgssl‘ih% CtaBr(;a i hI¥ jgggtcrolled in intramolecular

composition distribution. is patejh?la()cument teaches

relatively simple processes for producing the copolymers while highly
contr%lli%ﬁitﬁg %@rﬁ?no‘fé:cou ar E“dmgai‘é%ﬁﬁr? d(i%éﬁ%etﬁ%ﬁ?[ 131 8 HBWeVer,
the use of Ehe copolymers %ilubricatin%ﬂ viscosity modifiers results in a

COPGER BAd balante bf TubHcating &if performiaiices 5 PatentS8ddhent 1:

us P@tent Ndo,. 3,697,429 Patent Document 2: JP-A-S60-035009
composition distribution.

(00097

As described in Production Examples in this patent
document, the copolymers are produced by successive
polymerization to highly control properties such as
intramolecular composition distribution.

[001G]

However, the successive polymerization is not
industrially productive because materials having varied mononer
prqportions have to be supplied successively. Accordingly,
simple production processes are desired.

[(0C11]

Furthermore, Patent Document 4 discloses copelymers that
are highly contrelled in intramolecular composition
distributicn.

[0012]

This patent document teaches relatively simple processes
for producing the copolymers while highly controlling the
intramoclecular composition distribution.

(0013]
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Patent Document 3: JP-A-2003-48931 Patent Document 4: US
2006/0199896 10 DISCLOSURE OF THE INVENTION PROBLEMS TO
BE SOLVED IN THE PREAENT INVENTION [0014] It is an object of the
present invention to provide copolymers that are used as lubricating oil
viscosity modifiers 15 whereby lubricating oil compositions show excellent

lowstemnerature properties, {001 5] L&Bsg%ggﬁ%&%bist%t of fhe jnve I%?éf[ Fgﬁl

provide processes for producing the copolymers with excellent in ria

vis @s@@%ﬁyﬂyfi a[z@sl@e L\ILE @ssgllll?qftg%grogée&tboaff %&%V%I%tlg_)ﬂg(} icating
provide lubricating oil viscosity modifiers comprising the copolymers, “and
ca | t%ri inlg %il %ompositions containing the lubricating oil 6 viscosity
1
ol TR RIEANS TO SOLVE THE PROBLEMS [0017] A copolymer
according to the present invention comprises 5 structural units derived

from ethylene and structural units derived from a C3-20 a-olefin and
satisfies the foléo ing qyirem nts (1) (1) melting point (Tm)
P oS E .
< R BSC R i g, 1o 5 out AT
Patent Document 2: JP-A-S60-035009
Patent Document 3: JP-A-2003-489531

FPatent Document 4: US 2006/0199896

DISCLOSURE OF THE INVENTION
PROBLEMS TC BE SOLVED IN THE PREAENT INVENTION
[6014]

It is an object of the present invention to provide
copolymers that are used as lubricating oil viscosity modifiers
whereby lubricating oil compositions show excellent
low-temperature properties.

[0015]

It is another object of the invention to provide processes
for producing the copolymers with excellent industrial
productivity.

[0016]

It is a still another object of the invention to provide

lubricating oil viscosity medifiers comprising the copolymers,

and lubricating oil compositicns containing the lubricating oil
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of 0 to 60C; 10 (2) the melting point (Tm) and the density D (g/cm3) satisfy
the equation {1} below: Tm ? 1073 x D - 893 . {1} (3) Mw/Mn according to
GPC is in the range of 1.6 to 5.0; (4)6the half-value width (AThaif) of a
melting peak measured 15 by DSC IS not more than 90C; (5) the
half-value width (AThayf) and the melting point (Tm) satisfy the equation
: low; AThalf < -0.71x Tm + 101.4 ... {2} (6) the heat of fusion (AH)
VlSéé%s}sr%% s&%gjb%lﬁgé'is not more 20 than 60 J/g; (7) the crystallization

MEAﬁ%mQSrﬁﬁﬁgc%ﬁﬁC%%& SC is not more than 70C; (8) the heat of

usion ( e crystallizafion temperature (Tc) measured by DSC and
[OO%’Z crystallization 7 temperature measured by a CRYSTAF method
rystaf) satisfy the equation {3} below: [0018] To - Tcrystaf z 0.028 x
AH + 25.3 .ﬂg 5 The C%%(élﬁmers according to the present invention
Y

Uds ROpdIl e CoHtainY StutltfaPafiRedérivet fBm: Sthyiers ahdes

inclu
stryctur;l units derié/ﬁed from a_C3-20 a-olefin wherein the copolymers are

St rdbtathed by polym&TZing Sthyi&RE dhdd €3050 allefi-in e pradends: ts

of two or more polymerization
derived from a C3-20 a-olefin and satisfies the following

reguirements (1) to (8):
(1} the melting point (Tm) according to DSC is in the range
of 0 to 60°C;
(2) themelting peint (Tm) and the density D (g/cm®) satistfy
the equaticn {1} below:
Tm 2 1073 x D - 893 ... {i}
(3} Mw/Mn according to GPC is in the range of 1.6 to 5.0;

(4) the half-value width (ATu.+) of amelting peak measured

by DSC is not more than 90°C;

(5) the half-value width {(AThais) and themelting point (Tm)

satisfy the equation {2} below:
ATware £ -0.71 x Tm + 101.4 --- {21

(6) the heat of fusion (AH) as measured by DSC is not more

than 60 J/q;

(7) the crystallization temperature {Tc) according to DSC

is not more than 70°C;

(8) the heat of fusion (AH), the crystallization

Cemperature (Tc) measured by DSC and the crystallization
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10 catalysts and a chain transfer catalyst wherein the polymerization
catalysts provide polymers with different properties under substantially
identical polymerization conditions, and wherein the copolymers have a
melting point (Tm) measured by DSC of 0 to 60C; 15 copolymers
containing structural units derived from ethylene and structural units

rived from a C3-20 a-olefin in the copolymers are obtained by
e e 0 & o0 MUIcI Po e of oY the

are polymerization catalysts and a chain transfer catalyst wherein the
equ%lp%lﬁ/ééﬁzé@t%nogatalysts provide polymers with different properties

100 L_rlgger substantially identical polymerization conditions, and wherein the
copolymers have a melting point (Tm) of O to 60C and a crystallization

temperature (To) of not more than 70C, each measured by DSC; and 8

tant

copolymers Contaihfstiittural dnitedervedirdmihylene and3 |
structural units derived from a C3-20 a-olefin wherein the copolymers are
obtaifi€d P POz NG EtRfIeRe BRd- T8I Blefin Vit el predarende :
of two or more polymerization 5 catalysts and a chain transfer catalyst
wher@RhEFolimEfRzdtioh ddtaly sts it vias pblytnéissvite difierents rom

properties under substantially identical polymerization conditions, and
ethiihersin e copslyfriers hhveralimaltingpoimd TAyouf @ t&86Cand-alefin

crystallization temperature (Tc) of not more 10 than 70C, each measured
whepg Bs¢ iand e MEfgEpGiRe(Tm)aridied by polymerizing ethylene

andiaCB—BOarolefinjj}thepresenceof1wﬂaormorepolymerization

catalysts and a chain transfer catalyst wherein the
polymerization catalysts provide polymers with different
properties under substantially identical polymerization
conditions, and wherein the copolymers have amelting point (Tm)
measured by DSC of 0 to 60°C;

copolymers containing structural units derived from
ethylene and structural units derived from a C3-20 g-olaefin
wherein the copolymers are obtéined by polymerizing ethylene
andaaC3—20a—oiefinjjlthepresenceofTnu:ormorepolymerization
catalysts and a chain transfer catalyst wherein the
polymerization catalysts provide polymers with different
properties under substantially identical polymerization
conditions, and wherein the copolymers have a melting point (Tm)
of 0 to 60°C and a crystallization temperature (Tc) of not more

than 70°C, each measured by DSC; and
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the density D (g/cm3) satisfy the equation {1} above. [0019] In the
copolymers of the present invention, the a-olefin is preferably propylene.
The copolymers preferably have a 15 polystyrene-equivalent weight
average molecular weight as meastited by GPC of 10,000 to 2,000,000.
[0020] Processes according to the present invention produce the
copolglmelrs as described above and comprise polymerizing ethylene 20
and & €390 %-5lefif i the Pragefce BFtwd- Grimdre pSlyrteriz&fion £ rom
catalysts and a chain transfer catalyst wherein the polymerization

et histE Provitis Holmiérs with-diffefii L Bepefiedurider 2uBStamtiathyp £ in
identical %olgmerization conditions. 9 [0021] As used herein, the words

Il

Whe SERStahti iy RISAEEE hBlyfrietizatbA toRitioNs R RAL EdditGis drere

identical except the types of the polymerization catalysts. The words 5
and Gofyhirers With différeptprdfertiessefciacéoplymesdaving Ldiffersimat ion
composition ratio. [0022] A lubricating oil viscosity modifier according to

3t fHer Préséitdndertivhi Comprisesithe copolyhisrag'deseibeddbove. 10

[0023] A lubricating oil composition according to the present
polymerization catalysts provide polymers with different

properties under substantially identical polymerization
conditions, and wherein the copolymers have a melting point {Tm)
of 0 to 60°C and a crystallization temperature (Tc) of not more
than 70°C, each measured by DSC, and the melting point {Tm) and
the density D {g/cm’) satisfy the equation {1} above.

[0019]

In the copolymers of the present invention, the a-olefin

is preferably propylene. The copolymers preferably have a
polystyrene-equivalent weight average molecular weight as
measured by GPC of 10,000 to 2,000,000.

{0020}

Processes according to the present invention produce the
copolymers as described above and comprise polymerizing ethylene
and a C3-20 a-olefin in the presence of two or more polymerization
catalysts and a chain transfer catalyst wherein the
polymerization catalysts provide polymers with different

properties under substantially identical polymerization

conditions.
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invention contains the lubricating oil viscosity modifier. ADVANTAGES
OF THE INVENTION 15 [0024] The copolymers of the invention when
used as lubricating oil viscosity modjT)fiers give lubricating oil compositions
showing excellent low-temperature properties. X0025] 20 The processes
of the invention produce the copolymers with excellent industrial
EO_Oﬂ?ductivity. [0026] Further, the invention provides the lubricating oll
viscosity modifiers comprising the copolymers, and the 10 lubricating oll

compositions contain the lubricating oil viscosity modifiers. PREFERRED
MO DTS SR e NV ERFIN® S8 T pots bre: o4
. production processes.thereof, lubricating oil viscosity modifiers and .
PO YiHchfiRG Sl compositiond Actsfiiing {5 the TrBSRHiAventdMSwii B t Leal
described in detail hereinbelow. 10 [0,028% [Copolymers] The copolymers
SXCHRIhe hVetiB Eoftairt SFusttrallinits BRhved frofrtéthyRing-and e words

structural units derived from a C3-20 a-olefin.
polymers with different properties refer to copolymers having

different composition ratio.
(60221

A lubricating oil viscosity modifier according to the
present invention comprises the copolymer as described above.
[0023]

A lubricating oil composition according to the present

invention contains the lubricating oil viscosity modifier.

ADVANTAGES OF THE INVENTION
[0024]

The copolymers of the invention when used as lubricating
oil viscosity modifiers give lubricating oil coﬁpositions
showing excellent low-temperature properties.

0025]

The processes of the invention produce the copolymers with

excellent industrial productivity.
[0026]
Further, the invention provides the lubricating oil

viscosity modifiers comprising the copolymers, and the
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15 [0029] Examples of the C3-20 a-olefins include C3-20 linear or
branched a-olefins such as propylene, 1-butene, 1-pentene,
3-methyl-l-butene, 1-hexene, 4-methyl-I-pentene, 3-methyl-I-pentene,
1-octene, 1-decene, 1-dodecene, 20 1-tetradecene, 1-hexadecene,
1-octadecene and 1-eicosene; and C3-20 cyclic olefins such as

lub f&’é?@fﬁfg”& %V%'8!Rr§8'%se{‘& Jprbam QSi%'k¥'Hd8rQQ£Q%9%%%%%%a%i1

5-methyl-2-norbornene, tetracyclododecene an

s chsmeth lﬁ? -dimethano 1,2, 3, 4, 4a, 5, 8, 8a-octahydroriaphthalene.
Vs 11 O%% %ei%g-%%éﬁns may be used singly, or two or more kinds may

be used in combination. [0031] 5 Of the a-olefins, propylene, 1-butene,
1-pentene, 1-hexene, 1-heptene and 1-octene are preferable in view of

ors {RABTPRIFS SGSIy, Bnd, propXieng s mast preferable. 0032 The

copolymers generally iave a polystyrene-equivalent 10 weight average
woirmlecular weight (Mw) as measured by GPC (gel permeation

chromatography) of not less than 10,000, preferably not less than 20,000,

more preferahly not less than 40,000, and _still more, preferably not less

than 69,668 °rRE GpperinttsF the WEGRESARTEGe mokcular Weight 78 © iy

not particularly limited, 15 but is generally 2,000,000, preferabl
Oiiiﬁ;%?@@i%ﬁ%FOdifiexs and %ubriggting oiipcompoggtions

accerding to the present invention will be described in detail

hereinbelow.
{0028}
[{Copolymers]

The copolymers of the invention contain structural units
derived from ethylene and structural units derived from a C3-20
a-clefin.

(0029]

Examples of the C3~20 a-olefins include C3~20 linear or
oranched a-olefins such as propylene, l-butene, l-pentene,
3-methyl-l-butene, l-hexene, 4-methyl-l-pentene,
3-methyli-l-pentene, l-octene, l-decene, l-dodecene,
l-tetradecene, l-hexadecene, l-octadecene and l-eicosene; and
C3-20 cyclic olefins such as cyclopentene, cycloheptene,
norbornene, alkylnorbornenes such as S-methyl-2-norbornene,
tetracyclododecene and 2-methyl-1,4,5, 8~dimethano-

1,2,3,4,4a,5,8,8a~octahydronaphthalene.



particularly preferably 500,000. [0033] The copolymers of the invention
satisfy the requirements (1) to (8). 20 [0034] The requirements (1) to (8)
are described below. [0035] <Requirement (1)> The melting point (Tm) of
the copolymer is in the range 12 of 0to 60C. [0036] In the present
invention, the melting point (Tm) is determined with a differential scanning
wo%horimeter (DSC) The 5 melting point (Tm) of the copolymers is
preferably in the range of 5 to 60C, and patrticularly preferably 10 to 60C.
The melting. point (Tm) in this range ensures that the obtainable ,
Iub(?lrc%fiﬁg qéﬁ%%?ngplons%icrfﬁ gr%\?vs%so%g oW Emperafuretoperiey & kinds
lance between low-temperature viscosity and low-temperature 10
o%va %i?y : ][80§9]m%<h%%1%]|1r%%"ent (2)> The melting point (Tm) and the
[Oo%e(?sity D (g/cm3) of the copolymer satisfy the equation {1} below: 15
0038] Tm >_ 1073 x D - 893 {1}

mayg

5 Of the a-olefins, propylene, l-butene, l-pentene,
l-hexene, l-heptene and l-octene are preferable in view of
low-temperature viscosity, and propylene is most preferable.
[0032]

The copolymers generally have a polystyrene-equivalent
10 weight average molecular weight (Mw) as measured by GPC {gel
permeation chromatography) of not less than 10,000, preferably
not less than 20,000, more preferably not less than 40,000, and
still more preferably not less than 60,000. The upper limit of
the weight average molecular weight is not particularly limited,

12  but is generally 2,000,000, preferably 1,000,000, and

particularly preferably 500,000.

[0033]
The copolymers of the invention satisfy the reguirements
(1) to (8).
20 [6034]
The requirements (1) to (8) are described below.
[C035]

<Reguirement (1>

The melting point (Tm) of the copolymer is in the range
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The density D of the copolymers is not particularly limited but is usually in
the range of 0.850 to 0.930 g/cm3. [0039] 20 The satisfaction of the
equation {1} ensures that the obtainable lubricating oil composition shows
good low-temperature properties (balance between low-temperature
viscosity and low-temperature flowability). [0040] 13 <Requirement (3)>
of dheLcapolymer has a molecular weight distribution (Mw/Mn) according to
GPC in the range of 1.6 to 5.0. [0041] 5 In the invention, the molecular
100 ight distribution is measured using monodispersed polystyrenes as
standards. The copolymers of the invention preferably have Mw/Mn in the

range of 1. 6 to 4.5, and more preferably 1. 6 to 4. 0. This Mw/Mn |
ens%rrzegC ?ﬁaﬁﬁ%so%%né&%ﬁﬁeﬁrglgé}ihgtd?lﬁcé?ﬁ Gsitich BRoWS gool 'shibar

10 stability.. The copolymers having Mw/Mn in the above range may be
et o B e FeLBEE BF e pF Ut VR Rl P WA 56 deeiiibed The

ater. [0042] <Requirement (4)> 15 The half-value width (AThaif) of a
mel%&ﬁn Pel S Copblymer Rieadlifdd by DEESS AbEMorelthan goeange

[00431)e . o
of 5to C,andparticularliypreferably 10 te 60°C. Themelting

point (Tm) in this range ensures that the obtainable lubricating
oil composition shows good low-temperature properties (balance
between low-temperature viscosity and low-temperature
flowability).
(00371
<Requirement (2)>

The melting point (Tm) and the density D (g/cm’) of the
copelymer satisfy the equation {1} below:
[0038]

Tm 2 1073 = D - 893 .-+ {1}

The density Dof the copolymers is not particularly limited
but is usually in the range of 0.850 to 0.930 g/cm’.
(00391

The satisfaction of the equation {1} ensures that the
obtainable lubricating oil composition shows good
low-temperature properties (balance between low-temperature
viscosity and low-temperature flowability).

[0040]
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In the present invention, the half-value width of a melting peak is
measured with a differential scanning calorimeter (DSC) 20 [0044] The
copolymers of the invention preferably have ATha7, of not more than
80C, and particularly preferably nothiore than 75C. This half-value width
(AThalf) ensures that the obtainable lubricating oil composition shows
<R ood low-temperature 14 properties (balance between low-temperature
© sj“cro%rﬂ?ré%d Fb\/\?—temperature flowability). [0045] <Requirement (5)>5
Thef alf-value width AThah&}a d the melting point (Tm) of the copolymer
satisfy the squation {2 Hefd 9[5:)%%6?‘7&5' HEfF< Yo 3888 PR tips  (Bw/in)
dThe S tisfﬁ tion of the equation {2} ensures that the 10 obtainable
brica ingooi OMpositiolTsHEWE Godd towltehtberaflire properties
ﬁﬁance between low-temperature viscosity and low-temperature
owability). [0047] <Requirement (6)> 15 The heat of fusion (AH) of the

copolymer as measured by DSC is not more than 60 J/g. [0048] The ‘
copolyridid preferably Pave X Re SO IIGEIbA TaMpépht distribution is

measured using monodispersed polystyrenes as standards. The

aCC?Z
u

copolymers of the invention preferably have Mw/Mn in the range
of 1.6t0o4.5 andmorepreferably 1.6to 4.0. This Mw/Mn ensures
that the obtainable lubricating oil composition shows good shear
stability. The copolymers having Mw/Mn in the above range may

be produced by the processes of the present invention as will

be described later.
[0042]
<Regquirement {4)>
The half-value width (ATw.s) of a melting peak of the
copolymer measured by DSC is not more than 90°C.
[0043] |
Inthepresentinvention,thehalf—valuewidﬂuofanmlting
peak is measured with a differential scanning calorimeter (DSC).
[0C44]
The copolymers of the invention preferably have AT, of
not more than 80°C, and particularly preferably not more than

75°C. This half-value width (ATua:) ensures that the obtainable

lubricating coil composition shows good low-temperature
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not more than 55 J/g, and more preferably not more than 50 J/g. 20 The
lower limit of the heat of fusion is not particularly limited but is preferably
1 J/g. [0049] This heat of fusion (4H) ensures that the obtainable
lubricating oil composition shows im foved low-temperature 15 properties
(low-temperature flowability) [0050] <Requirement (7)> The crystallization
. tem[geraturgqgh!'oc)i of the copolymer 5 according to DSC is not more than
PEORBE- 10051] The Copolytniars preferably 1TVeH erydtiiZatioh ferperatite
(Tc) of not more than 65C, and more preferably not more than 60C. The

Low 8Tt of e (@?ﬁ&ﬂﬁhﬁaﬁﬁb‘temperature (Tc) is not particularly

limited but is preferably -10C. [0052] The crystallization temperature (To)
(00 % Pthis range ensures that the obtainable lubricating oil composition shows

good 15 low-temperature properties (balance between low-temperature
<Reqiseb8MPand lowtemperature flowability). [0053] <Requirement (8)> The

heat of fusion (AH) , the crystallization temperature
The half-value width (ATh.i¢) and the melting point (Tm)

of the copolymer satisfy the equation {2} below:
[0046]
ATpars £ -0.71 x Tm + 101.4 --- (2}

The satisfaction of the eguation {2} ensures that the
obtainable lubricating oil composition shows good
low-temperature properties (balance between low-temperature
viscosity and low-temperature flowability).

[0047]
<Reguirement (6>

The heat of fusion (AH) of the copolymer as measured by
DSC is not more than 60 J/g.

(0048]

The copolymers preferably have a heat of fusion (AH) of
not more than 55 J/g, and more preferably not more than 50 J/g.
The lower limit of the heat of fusion is not particularly limited
but is preferably 1 J/g.

[0049]
This heat of fusion (AH) ensures that the obtainable

lubricating oil composition shows improved low-temperature
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20 (Tc) measured by DSC and the crystallization temperature measured
by a CRYSTAF method (Tcrystzf) satisfy the equation {3} below. More
preferably, the copolymers of the invention satisfy the equation {3}, still
more preferably the equation (3"), a%ner’tri] particularly preferably the equation
{3" '}, 16 [0054] To - Tcrystat ? 0.028 x AH +25.3 {3} To- Tcrystat ?

..0.028 X AH + 26_.§ . éB' 0 - Tcrystaf ? 0.028 X AH +28.3 {3"}5To -

p”oﬁ%%yhs%aetso.&@"g( F%¥303 uf?" ?gfﬁ(‘ég asgﬁ%‘f%iét%n' of the above equation

EOag%\jures that the obtainable lubricating oil composition shows good
ow-temperature properties (balance between low-temperature viscosity
and low-temperature flowability). 10 [0055] In the requirement (1), the

<Reavditisd BBint (Timj may be controlled by increasing or decreasing the
feeding amount of _ethylene monomer. In general, the melting point (Tm)

increa&es Wittt redsing aotRTBEERyIEh Mofdmar an® detrisbEmer

with 15 decreasing amount of ethylene mongmer. [0056] In the
ACCrinfenémt (BFCtneretatorsétfeenafim Bnd density may be controlled
by incorporating a crystalline polymer block into the polymer chain. 20

7]

The copolymers preferably have a crystallization
temperature (Tc) of not more than €5°C, and more preferably not
more than 60°C. The lower limit of the crystallization
temperature (Tc) 1s not particularly limited but is preferably
-10°C.

{00527

The crystallization temperature (Tc) in this range ensures
that the obtainable lubricating oil composition shows good
low-temperature properties (balance between low-temperature
viscesity and low-temperature flowability).

[0053]
<Reqguirement (8)>

The heat of fusion (AH), the crystallization temperature
(Tc) measured by DSC and the crystallization temperature
measured by a CRYSTAF method {(Tcrystar) satisfy the equation {3}
below. Morepreferably, the copolymers of the invention satisfy

the equation {3}, still more preferably the equation {37'},

and particularly preferably tThe eguation {3777}.
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In the requirement (3), Mw/Mn may be controlled by increasing or
lowering the polymerization temperature. [0058] In the requirement (4),
AThat may be controlled by 17 incrE%sing or reducing the catalyst
concentration at the initiation of thepolymerization. In detail, AThaif is
increased by increasing the catalyst concentration at the initiation of the
[Ogygiymerization. Further, AThalf tends to be increased under 5 conditions
such that the polymerization proceeds rapidly. [0059] In the requirement
(5) , the relation between AThaif Tm _ may be controlled by changing
ATraif and TH in trll:@)f‘f’f%i*\“‘n%rsgatsg1 séribed gbg\r:’e 1070066 1h the
requirement (6), AH may be cantrolled by increasing or decreasing the
feeding ambbint ofTéﬂ#Wéﬁe%mBng%%r.ﬁOéﬁlﬁn%ﬁe%eddir’erﬁéﬁﬁ(?) , To
may be controlled by increasing 15 or decreasing the feeding amount of
ethylene mgﬁome?:.cmsgeénéra@, g %cfeégésmiﬁ%inére‘dsing{ amotint of
ethylene monomer and decreases with decreasing amount of ethylene
monomer. 5062] Tnthe=requiferiét (8) Mthe'refftioh amond AH, To and
Tcrﬁqtaf 20 may be controlled by changing the proportions of two or more

polymé&riz&tior catalyst (16 exalfpfP tramshidrdhetal ensures that the

obtainable lubricating cil composition shows good
low~temperature properties (balance between low-temperature
viscosity and low-temperature flowability).

[0055]

In the requirement (1), the melting point {Tm) may be
controlled by increasing or decreasing the feeding amount of
ethylene monomer. In general, the melting point (Tm) increases
with increasing amount of ethylene monomer and decreases with
decreasing amount of ethylene monomer.

[00=26]

In the requirement (2}, the relation between Tm and density
may e controlled by incorporating a crystalline polymer block
into the polymer chain.

[0057]

In the requirement (3}, Mw/Mn may be controlled by

increasing or lowering the polymerization temperature.

[0058]

In the requirement (4), AThar may be controlled by
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compounds (A-1) and (A-2) described later), chain transfer catalyst and
monomers. [0063] 18 The copolymers of the invention may have any
monomer arrangements without limitation, but are generally block
copolymers. According to an embodirhent of the present invention, the
copolymer has a polymer block (i) which is obtained from 5 ethylene and a
C3-20 a-olefin and in which the molar ratio of ethylene-derived structural

TRCYRRE HAd a%le?i%gdlecrf\ié%l Sthcluraitmits (ethyienera:o/fing s iA thee

., range of 20/80 to 65/35 and the weight average molecular weight is from

E— %@801% P 5066007 aRd S poiIg e Block i) dtieh is obtamed fromaprased
ethylene and a C3-20 a-olefin and in which the molar ratioof

DY GiyigAE - deTivEl St draY Ghits BRE BB diéfnaerived Shfictivhl-hitd o of
(ethylene/a-olefin) is in the range of 70/30 to 85/15 and the weight

the Rrtyge moesdiarweidhtis id 5°00615-8001D0@ BRd is ferpiss@dinder
with the polymer block (i) at both 15 ends of the copolymer. [0064]

congydsirably, e Poiyhifer btk f1is Bhtdinéa FroRlethyre dhd Bre3ey -
a-olefin and has a molar ratio of ethylene-derived structural units and

[ 00 a2dlefin-derived structural units 20 (ethylene/(x-olefin) in the range of
20/80 to 65/35, and preferably 40/60 to 64/36 and a weight average
molétufarsveight rarging frdrh)s,000¢0rk 060,000, peefers1 y?P0,00040d Tm
1,000,000,

may be controlled by changing ATis.ir and Tm in the manners as

described above.
(00607

In the reguirement (6), AH may be controlled by increasing
or decreasing the feeding amount of ethylene monomer.
[0061]

In the reguirement (7}, Tc may be controlled by increasing
or decreasing the feeding amount of ethylene monomer. In
general, Tc increases with increasing amount of ethylene monomer
and decreases with decreasing amount of ethylene monomer.
[0062]

Intherequirement(8),therelationamomgAH,Tcanchwmﬁf
may be controlled by changing the proportions of two or more
polymerization catalysts (for example, transition metal
compounds {(A-1) and (A-2) described later), chain transfer
catalyst and monomers.

[0063]
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more preferably 20,000 to 800,000, and still more preferably 20,000 to
500,000. 19 [0065] Desirably, the polymer block (ii) is obtained from
ethylene and a C3-20 a-olefin and a molar ratio of ethylene-derived
structural units and a-olefin-de rived 5 structural units (ethylene/(x-olefin)
in the range of 70/30 to 85/15, and preferably 73/27 to 82/18 and a weight

cueiade SRiSeRLICOY PRG0N0 1R300 HElABN one

, more preferably 4 to 6 and still more
arr %refer%blyégowoot to 55091098 1aq_ £0§g6] gh pgl}ymer bIo%Iégl)iha%g low

?}%ﬁénnen Contant and is ‘therefore gen’eralﬁl oW cefygt%ﬂi%e or a?fnorp 5lis.

The polymer _block (ji) has a high ethylene ¢ ntent nd is thereéor.e .
cop R B e e T Lon.
an ethylene/a-olefin molar ratio E]ir;g a v}\éelgm a\{%r?gg molegglar ‘We'ghtfrom

the.C Q mer has ah%o mer OB l% Taine
In apgove ranges, the obtaimnable lubrica INg oIl" vISCosIty modtltier

enables a Iubricating oil composijtion to show 20 excellent low-temperature

CERBrGIETIES: OT il mblarrdtio of° ity letieddémvetf stricthfdt dfits Ehdr et of

a-olefin-derived structural units may be controlled to fall in the above

St hyaiges By HditsthgSthe tbHemer proportichisd The Wéightartagy =4
structural units (ethylene/a-olefin) is in the range of 20/80
to 65/35 and the weight average molecular weight is from 5,000
to 1,000,000, and & polymer block {(ii) which is cbtained from
ethylene and a C3-20 a-olefin and in which the mcolar ratioc of
sthylene~derived structural units and a-olefin-derived
structural units (ethylene/oa-olefin) is in the range of 70/30
to 85/15.and the weight average molecular weight is from 5,000
to 800,000; and is terminated with the polymer block (1) at both
ends of the copolymer.

[0064]

Desirably, thepolymer block (1) is obtained from ethylene
and a C3-20 w-olefin and has a molar ratio of ethylene-derived
structural units and a-olefin-derived structural units
{ethylene/oa~-olefin) in the range of 20/80 to 65/35, and
preferably 40/60 to 64/36 and a weight average molecular weight
ranging from5,000 to 1,000,000, preferably 20,000 to 1,000,000,
more preferably 20,000 to 800,000, and still more preferably

20,000 to 500,000,



10

15

20

molecular weight may be controlled to fall in the above range 20 by
adjusting the polymerization temperature or the ratio of ethylene
monomer and chain transfer catalyst. J[0068] Preferred embodiments of
the copolymers include 5 (i)-(ii)-(i) and (i)-(ii)-(i)-(i))-(i). The copolymers are
generally represented by (i)-[(ii))-(i)]wherein n is an integer of 1 or greater,
f’ preferably 1 to 3. The copolymers of the invention are assumed to be
mixtures of block copolymers having different values represented by n.

Conolymers produced by ihe 10, method,of Patent Docyment 3 are biack
copolymers having a singie *arrangement of monomers as described

bove. [0069] The copolymers of the present invention may contain
=hgOHE A s et Ao GRS B RO G5 GG 25 tner 155 0%
copolymers contain structural units derived from ethi/len,e and C3-20
ethylsBfin dhid Saasry thEYehtirérmeRs (1§ 16 85 Whirk! &fif AeMetingGhe
objects of the,inveqtign. For example, the copolymers according to the
Stryfeditie bnibodimelfis QRGP IE VR ity dohtalifa poli#ferBlok (ifif t©
other than the polymer blocks 20 (i) and 22 . The polymer block (i) may
85/ bara ROMloBOFNTErtidek of an olsfin SEiELad3om 2tifeHE and o536

a-olefins, or may be a random copolymer block of two or more olefins

mol@@%&ﬁﬁfﬁ@ﬁﬁ%ﬁ%ﬁ@%ﬁ&@ﬁnéﬁ@@? ,000 to 800,000, preferably

20,000 to 800,000, more preferably 40,000 to 600,000, and still
more preferably 40,000 to 500, 000.
(0066}

The polymer block (i) has a low ethylene content and is
therefore generally low crystalline or amorphous. The polymer
block (ii) has a high ethylene content and is therefore generally

crystalline.
[0067]

When the polymer blocks (i) and (ii) have an
ethylene/a~olefin molar ratio and a weight average molecular
weight in the above ranges, the obtainable lubricating cil
viscositymedifier enables a lubricating oil composition to show
excellent low-temperature properties. The molar ratic of
ethylene-derived structural units and a-clefin-~derived
structural units may be controlled to fall in the above range
by adjusting the monomer proporticns. The weight average

molecular welght may be controlled to fall in the above range
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21 [Copolymer production processes] The copolymers of the present
invention may be produced by polymerizing ethylene and a C3-20 a-olefin
in the presence of two or more polymerization catalysts and a chain
transfer 5 catalyst wherein the polymerization catalysts provide polymers
with different properties under substantially identical polymerization

by £@nditions.[q071] ag Q;E?HQMPEQ%%% cca%%g%aues%%@e |

Inventign age . ¢
for 10 example transition metal compou A-1) and (A-2) (zltxaeg,crlbed1 ©

scn PELQW. The rpositon metal samppunds (A-1).a0d () are usually used

in combination with at least one compound (B) se acted from
(00 é)éganometallic compounds (B-1), organoaluminum oxy-compounds (B-2)
and ionizing ionic compounds (B-3) capable 15 of reacting with the

transition metal compound (&-1) or, (ﬁ,c-h) to form an ion pair. [0072]
R B S Rt 2 R R s (an)

oo SR el 0 s e nelslocene P epentsd
generally representedby (i1)~[({1i1)-{(i) ], whereinn is an integer
of 1 or greater, and preferably 1 to 3. The copolymers of the
invention are assumed to be mixtures of block copolymers having
different values represented by n. Copolymers produced by the
method of Patent Document 3 are block copolymers having a single
arrangement of monomers as described above.

[0069]

The copolymers of the present invention may contain
structural units derived from other monomers as long as the
copolymers contain structural units derived from ethylene and
C3-20 a-clefin and satisfy the requirements (1} te (8) while
still achleving the objects of the invention. For example, the
copolymers according to the specific embodiments described above
may contain a polymer block (iii) other than the polymer blocks
(1) and (11). The polymer block (iii) may be a homopolymer block
of an olefin selected from ethylene and C3-20 ¢-olefins, or may
be a random copolymer block of two or more olefins selected from
C3~20 a-clefins.

[0070Q]
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R 13yl MQ, R14 R12 Re R11 R6 R10 R9 R8 R7 ~1] [0074] The
bridged metallocene compounds of Formula [I] have two ligands: a
cyclopentadienyl group having subitiiuted groups 5 (hereinafter also
referred to as the substituted cyclopentadienyl group) and a fluorenyl
group. [0075] Substituted cyclopentadienyl group .In the substituted

cyclopentadienyl group, Rl and R3 are 10 hydrogen atoms, and R2 and
{COpFégg}%ge?égted {Fgotm 1-%60%‘/3 rocarbon groups (fl) and C1-20

silicgn-containing groups(f2). [0076] The Cl-20 hydrocarbon groups (fl

e el T e Tl
cansisting of 15 carbon and hydrogen alone; heteroatom-containin

by RSO Bo et R it 3t e Hyrigen S ety boeasance
to _the carbon atoms in the abave hydrocarbon groups are substituted by

OF ogen ToH Sy AR COAIAG OrBap o R En b g GrEpe

e siligo -containin%%;rou s; and hg/grocarbog g{ou%s threindan tvi/o
ca aa §ceﬁﬁ W&éleﬁ OF?]% jymerizdtion catalysts provide polymers

with different properties under substantially identical
polymerizaticn conditions.
[0071]

The polymerization catalysts used in the invention are for
example transition metal compounds (A-1) and (A-2) described
below. The transition metal compounds (A-1) and (A-2) are
usually used in combination with at least one compound (B)
selected from organometallic compounds (B-1), organocaluminum
oxy-compounds {B-2) and ionizing ionic compounds (B-3) capable
of reacting with the transition meﬁal compound (A-1} or (A-~2)
to form an ion pair.

[0072]

<Transition metal compounds (A-1)>

The transition metal compounds (A-1) used in the invention
are bridged metallocene compounds represented by Formula [I]
below:

[0073]
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the above hydrocarbon groups are substituted by an alicyclic structure. 5
[00771 Specific examples of the hydrocarbon groups (fl) include linear
alkyl groups such as methyl, ethyl, Qg)ropyl, allyl, n-butyl, n-pentyl,
n-hexyl, n-heptyl, n-octyl, n-nonyl and n-decanyl groups; branched alkyl
groups such as isopropyl, 10 tert-butyl, amyl, 3-methylpentyl,

1,1- dlegwlpro‘%yi 1,1-dimethyibutyl, 1-methyl-l-propylbutyl,
1,1-dipropylbutyl, 1,1-dimethyl-2-methylpropyl and

; Aand heteroatom -containing hydrocarbon groups such as
thoxy, phenoxy, N-methylamino, trifluoromethyl,
entaf luoroethyl and pentafluorophenyi groups. [00781

r'Th @taining groups (f2) include groups that are directly
bon carbon atom of the 24 cyclopentadienyl group via a
direct ¢ ovale ponding through a silicon atom, with examples including

alkylsilyd groﬁps and arylsilyl §rbups. Specific examples of the

silicon-containing
[0074]

The bridged metallocene compounds of Formula [{I] have two
ligands: a cyclopentadienyl group having substituted groups
{(hereinafter alsoc referred to as the substituted
cyclopentadienyl group) and a fluorenyl group.

[CCT5]

Substituted cyclopentadienyl group

~In the substituted cyclopentadienyl group, R and R® are
hydrogen atoms, and R* and R® are selected from C1-20 hydrocarbon
groups (fl) and C1-20 silicon-containing groups (f2).
[0076]

The Cl-20 hydrocarbon groups (fl) include alkyl groups,
alkenyl groups, alkynyl groups and aryl groups consisting of
carbon and hydrogen alcne; hetercatom-contalning hydrocarbon
groups wherein part of the hydrogen atoms directly bonded to
the carbon atoms in the above hydrocarbon groups are substituted

by halogen atoms, oxygen~containing groups,
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groups (f2) include trimethylsilyl, triethylsilyl and 5 triphenylsilyl groups.
[0079] It is preferable that R2 is a C4-20 hydrocarbon group. Examples of
the C4-20 hydrocarbon groups incluéj the above-described C1-20
hydrocarbon groups (fl) except methyl, 10 ethyl and propyl groups. [0080]
It is preferable that R4 is a C1-10 hydrocarbon group. In order to increase
- the molecular weight o htainable pq;lé(mlgr R4.i mor%greferabl a
n %4 alkyl group sgjléh és a %ethyl eth , 15 n- p%ggytl ilsrtlnjlrﬁ)rr1 ﬁm%ﬁ and
h di%o@é‘fﬂ@{ g[% uI é! refe a meth l, eth
Y n-propyl group X 081 e mos pre egrre )é %odl;cm% tofot%el){ QEO <in
+ he SUPSU terg C%yglo e al_glen | QuR R4 is drocarbon group and
© R2 20%8 a substi%)uent grgt% t%aat |saf bulkier th: han%‘i)ésé)chggs anteﬁfo ?%Cllc
m hxlcyclohexyl or methyladamantyl group. As used herein, the term
y “means that the substituent group occupies a large volume. [0082]
Fluorenyl group In the fluorenyl group of the bridged metallocene
coﬂnpounds represented by Formula [I] , R', R6, R, R8, F9, Rio R1 and

R'2 are each selected from a rogen atom, hydrocarbon groups
Epecgglc examples ofh%%eQAydrocargon groupg {t p) inciude

str

linear alkyl groups such as methyl, ethyl, h—propyl, allyl,
n~butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl and
n-decanyl groups; branched alkyl groups such as isopropyl,
tert-butyl, amyl, 3-methylpentyl, 1,1l-diethylpropyi,
1,1-dimethylbutyl, 1-methyl-l-propylbutyl, 1,1-dipropylibutyl,
1,1-dimethyl-2-methylpropyl and
l-methyl-l~isopropyl-2-methylpropyl groups; cycloalkyl groups
such as cyclopentyl, cyclchexyl, cyclcheptyl, cyclooctyl,
norbornyl and adamantyl groups; aryl groups such as phenyl,
naphthyl, biphenyl, phenanthryl and anthracenyl groups and
nuclear-substituted products thereof; arylalkyl groups
substituted with an aryl group such as benzyl or cumyl group;
and heteroatom-containing hydrocarbon groups such as methoxy,
ethoxy, phenoxy, N-methylamino, triflucromethyl,
tribromomethyl, pentaflucroethyl and pentaflucrophenyl groups.
[0078]

The Cl1-20 silicon-conteining groups {f2) include groups

that are directly bonded to the ring carbon atom of the
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5 and silicon-containing groups. These substituent groups are the same
or different from one another and may be linked together to form a ring.
Preferred examples of the hydrocarg%m groups include the hydrocarbon
groups (fl) described above, and pretferred examples of the
silicon-containing groups include the 10 silicon-containing groups (f2)

d scri@g% abov? Ina still more preferred.embodiment of the fluorenyl
I i
cve gO(regSB, R6 and R1Y a?él hot e%tc a I%)}: rggerﬁ: %}foar?ell#a %grr%icgﬁfégly%rough

preferred embodiment of the fluorenyl gro R6 and R11. are the same
@ o e e L N s T RTBE anc

Cavalent bridge Th main.glqain of the bridge linking the substituted . .
Y e or it Sa e TR Gronin 1 & UaIohE SoUSfaRe Lrina
bridg ntaini ne carbon or sjlicon atom. The 20 hridging atom Y in
SO coratbn DAY o RIFANS Lo idy Do Wb ooid of Biterent

cr from eS?Ch other. R13 and R74 are selected from CI-40 hydrocarbon
r *pg}r’gf}ﬁ/ And*t1-90%iRBn-containing groups and may be linked together
to form a ring. Examples of the hydrocarbon groups and the

[Ooéﬁi}.:on-containing groups include 26 the hydrocarbon groups (f1), the
silicon-c,ontaini%g groups (f2) and groups corresponding to these groups,

in which théh§drofR -&omare substitited Gy alk oG5S ERioafdf ue -

groups or aryl groups. 5[0084]
Examples of the C4-20 hydrocarbon groups include the

above-described C1-20 hydrocarbon groups (f£1) except methyl,
ethyl and propyl groups.
[cosoy-

It is preferable that R® is a C1-10 hydrocarbon group. In
order to increase themolecular weight of the obtainable poclymer,
R’ is more preferably a C1-4 alkyl group such as a methyl, ethyl,
n-propyl, isopropyl, n-butyl, iscbutyl or sec-butyl group, and
is particularly preferably a methyl, ethyl or n-propyl group.
[0081]

In the most preferred embodiment of the substituted
cyclopentadienyl group, R® is a C2-4 hydrocarbon group and R?
is a substituent group that is bulkier than R, such as a
tert-butyl, methylcyclohexyl or methyladamantyl group. As used
herein, the termbulky means that the substituent group cccupies
a large volume.

ro08z]
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R13 and R14 may be aryl groups or substituted aryl groups which may be
the same or different from each other. [In the description of Formula [l],
the term aryl groups means groups .composed solely of aromatic ring
carbons and aromatic hydrogens 1(% sp2 hydrogens) , and the term
substituted aryl groups are defined to be groups in which at least one

F1aAam _Jtic hyglro en (sp2 hydrogen) of the aryl groups is substituted by a
““'gmuga"ot%—ﬂgn hydrogen.] Examples of the aryl groups and substituted
AVLIOURS 1 Ui SO dloue caTpgsed solely ol ermale ino

carbons and aromati Sp2 hydrogensj such as phenyf;
naphthyl, anthryl and phenanthryl groups; andssubstituted agyl groupsin _;
Com%v%ltdq%n}ée rrr%g?engﬁogn% Cc Cf/rrélg%e%sﬁgﬁn#ydroggéns aré substitited *
y-substituent groups, with.specific examples 20 inclyding alkyl- or
nd BB Ay G RS o BE o T ARGy oves
db%af?’e,n%l and tnghen | groups, C6-20 quoroaryL%roups such as
21 fitidrophenyt 8Rd difltiordp FftoupS E820°tH6roay Yroups SHEIT ag &
chlorophenyl and dichlorophenyl groups, C6-20 bromoaryl groups such
the 5859 Bofdphen§lant diBromophenyligroddy! &805i6 Goupaether
such as io,dopherrlléll and diiodophenyl groups, C7-40 chloroalkylaryl
Lo Hrotpéshidfias (thdidht&hys SRd7BisktriEhiorSHef§PRENg OuPs
, groups, C7-40bromoalkylaryl groups 5 guch as (trioromomethyl)phenyl
1nC JRaSis(rioromtbrmemyipReyl Sgfotips tE7-40c8 a6 ak§anA gPdiEns Sich
as
preferred examples of the silicon~containing groups include the

silicon-containing groups (£2) described above. Inastill more
prefefred embodiment of the fluorenyl group, R® and R are not
each a hydrogen atom. In a particularly preferred embodiment
of the fluorenyl group, R® and R'' are the same groups other than
hydrogen (e.g., the same alkyl groups).

[0083]

Covalent bridge

The main chain of the bridge linking the substituted
cyclopentadienyl group and the fluorenyl group is a divalent
covalent bridge containing one carbon or silicon atom. The
bridging atom ¥' in the covalent bridge has R and R which may
be the same or different from each other. R and R are selected
from Ci-40 hydrocarbon groups and C1l-40 silicon-containing
groups and may be linked together to form a ring. Examples of

the hydrocarbon groups and the silicon—containing groups include
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(triiodomethyl) phenyl and bis(triiodomethyl)phenyl groups, and C7-40
fluoroalkylaryl groups such as (trifluoromethyl)phenyl and
bis(trifluoromethyl)phenyl groups. Of the substituted aryl 10 groups, meta-
or para-substituted phenyl groups are preferable. [0085] It is preferable
that R 13 and R1™ are selected from C1-5 alkyl groups, phenyl group and

_ - i l,qQr- e fg I rom
e e a2

and @9§@L‘§”&%‘r5§§8éﬁ%‘tPHB;E'BJ%Q;@%QO&F&%%‘?”ngﬁ%‘&pcﬁ %h@eﬁ%rogen
group; it is preferable that'R6 and R7 are linked together to form a
£ icggl'cg&rgg%g@pgd Qﬂg "are Iinksed io eih%rl o form an
. Oxg%icycﬁc structure, in wﬁfg casgith%rb?%%ea eta oce&eﬁc%?nop"é%%f ga%ryl
fé)rd polymers having a high melting point. In the case where a high
olecular weight should be achieved in addition to a high melting point, it
[Ooéig)referable that the bridged metallocene compound has R13 and R14
that are 28 both substituted aryl groups in addition to the above
conditions. When R4 is an ethyl group, it is preferable that R13 and R14
are Doty ot allBS o SubEHb A Broue T SicH Bish 7 pridEgaPS

gro

. metallocene compound can afford high molecular weight 5 polymers, In
G BT ey SytnGER DY e BriAGSd Mbtalloreie eomipuREhtis |1 the

_ enera,llyrE)referabIe that R13 and R14 are identical.
descriptidon of Formula [I], the term aryl groups means groups

composed solely of aromatic ring carbons and arcmatic hydrogens
{spZ hydrogens), and the termsubstituted aryl groups are defined
to be groups in which at least one aromatic hydrogen (sp2
hydrogen) of the aryl groups 1s substituted by a group other
than hydrogen.]

Examples of the aryl groups and substituted aryl groups
include C6-18 groups composed solely of aromatic ring carbons
and aromatic hydrogens (spZ hydrogens) such as phenyl, naphthyl,
anthryl and phenanthryl groups; and substituted aryl groups in
which one or more aromatic hydrogens (sp2 hydrogens) are
substituted by substituent groups, with specific examples
including alkyl- or aryl-substituted C7-30 aryl groups such as
tolyl, xylyl, methylnaphthyl, biphenyl and terphenyl groups,
Ce-20 flucroaryl groups such as flucrcphenyl and difluorophenyl
groups, C6-20 chlorocaryl groups such as chlorophenyl and

dichlorophenyl groups, C6-20 bromoaryl groups such as
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[0087] Other structural features of bridged metallocene compounds 10 In
Formula [I], M is Ti, Zr or Hf, and is preferably Zr or Hf. [0088] Q1 at each
occurrence is a halogen atom, a Cl- %Qihydrocarbon group, a neutral and
conjugated or non-conjugated diene™of 10 15 or less carbon atoms, an
anionic ligand or a neutral ligand capable of coordination by lone pair

E f the. hal toms include fluorine, chlorine,
iR G %Qaﬁp?é‘g‘f’?e” ey ocamoa] grOHRE HEhBB TemhyRECh

h pro yI IS p opyl 2 meth ropyl, 1,1-dimeth l, 2
a2 eg&lgﬁnetﬁypropy PHrS yI%rop %g%%ﬂ’?mtﬁﬂp %é) %)'{Lomalkylaryl
1 1 2,2- te ramethylpro sec-butyl, tert-butyl, 1,1- dlmethylbutyl
grofhy S?rlmethyTb qt)é ng%gﬁﬁﬁn Ey%cYciH ﬁﬁ¥é’ti1yf3% {clohexyland
. thyl-I-cycloh ups. _[0089] 29 Examples of the neutral and
blsi%%%%@dcgr &f‘%fﬁ BIBY ofErRERT 16 O LS ELBOR atdR T e ups

-714-1,3-butadi
2o (s b5 A SSRER P L8 Eiehes Stid o & = 1bromomethy1) phenyl
s-trans-r)4-3-methyl-l,3-pentadiene, s-cis- or
ITORRAMSSTIZY 431 SEMX%,&EL}{édi‘éﬁ@U@%lsSBF% tPehs-11

4-2 4-hexadiene, s-cis- or s-trans-r)4-1,3-pentadiene, s-cis- or

(tr SARGRIGA YA BRI [3asftdefienes BhdcsigmesRy L) phenyl groups, and

C7-40 fluorocalkylaryl groups such as {trifluoromethyl)phenyl
andbis(triflucoromethyl)phenyl groups. Of the substituted aryl
groups, meta~ or para-substituted phenyl groups are preferable.
[0085]

It is preferable that R and RY are selected from C1-5
alkyl groups, phenyl group and C6-10 substituted phenyl groups,
and are more preferably selected from methyl, phenyl, tolyl (=
methylphenyl) and (triflucromethyl)phenyl groups.

[0086]

When R' in the substituted cyclopentadienyl group is a
methyl group, it is preferable that R® and R are linked together
to forman alicyclic structure and R and R are linked together
to form an alicyclic structure, in which case the bridged
metallocene compound can afford pelymers having a high melting
point. In the case where a high molecular welght should be
achieved in addition to a high melting point, it is preferable

that the bridged metallocene compound has R'Y and R' that are
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s-trans-,4-1,4-bis(trimethylsilyl)-1,3-butadiene. 10 [0090] Examples of the
anionic ligands include alkoxy groups such as methoxy, tert-butoxy and
phenoxy; carboxylate groups such acetate and benzoate; and
sulfonate groups such as mesylate and tosylate. Examples of the neutral
ligands capable of 15 coordination by lone electron pairs include
oot OIANAPhosPharYs. LOMPY ggs‘%u b g2 drimethylphosphine 31
° triethylphosphine, ipr%;nyg hoéph%ne én&afgr?én%ﬁet y?B’ﬁo%B iﬁé}:aﬁ) s
wherERers such ast ta$ rofur Rdleth | ether dlﬁ ane and 1;- 14
eIq2-dimest}hoxyéé':ﬁaﬁe. %%%fear{]]ﬁs an %’E:eeg?e? %? q% Zte%nﬁe% 26 FI% 5{ or 2°€
potrJrater the plurality of Ql may be the same or different. [0091] The
o Bl oo RIE SoCaAn ety POt 1T B RAGuncRE T
. are described in detail in WO 2006/0255 0092] 30 The transition
orid: gtogl %%gmap%%%%g?ﬁ-ﬁogna?gfﬁgo p%?ynm(ae"%l%a %Crg%?lﬁﬂyf%%geacn@g T3569nt
a-olefin to_afford a ymer having.a higher content of a-olefin-derived
01 el ite San e B0 R e (SRS Rone i G GBS Ca Locene
belovgiS qr%de_r substantigllmidenticgl polymerization cqnditions. [0093]
oM RRitidn metaPEdmpounds (-31FTRE tansitivh retafctBounts®
4 (A-,?ge sed in the invention are bridged metallocene compounds
+ enrgﬁ ented by Formula [l1]
]

[ocs7

Other structural features of bridged metallocene compounds

In Formula [I], M is Ti, Zr or Hf, and is preferably Zr

~or HE.

[0088]
Qlateachoccuxrenceiseahalogenatom,eaClwthydrocarbon
group, a neutral and conjugated or non-conjugated diene of 10
or less carbon atoms, an anionic ligand or a neutral ligand
capable of coordination by lone pair electrons. Examples of the
halecgen atoms include fluorine, chlorine, bromine and iodine.
Examples of the hydrocarben groups include methyl, ethyl,
n-propyl, isopropyl, Z-methylpropyl, 1,1l-dimethylpropyl,
2,2-dimethylpropyl, 1,1-diethylpropyl, l-ethyl-l-methylpropyl,
1,1,2,2-tetramethylpropyl, sec-butyl, tert-butyl,
L,1l-dimethylbutyl, 1,1,3-trimethylbutyl, necpentyl,
cyclohexylmethyl, cyclohexyl and 1-methyl-l-cyclohexyl groups.

[0089]
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10 below: [0094] R31 R30 R32 R33 R35 11R2sYzY3R21 X34 R136
R R28n R R25 Q1 R24 R23 27 R26 [Il] [0095] In Formula [lI], R21,
R22, R23, R24, R25, R26, R27, R28,,R29, 15 R30, R3'and R32 are
selected from a hydrogen atom, hydrocarbon groups and
silicon-containing groups and may be the same or different from one

an r. Adjac bstituent groups of R25 to R32 may be linked .
rogRUh o Tora s A (00961 20 Eamipie SFihe Ty drocirbon gibUpee £=c

. inclu 20 alkyl SF-2020 31 groups, C7-20 arylalkyl groups and
dlen&%-Z%%a%/JPg%ﬁplst.e§5e(§ﬁg%é)x%rr%étlce}§lsncjrﬂlcfe Ikllr%gar%llgy?sgroﬁﬁ:s such as

- [ - - [, n-hexyl
methy%égttfé/lg r}g 1E)rtoépa/l, |soprogy!:, jtaélxl, grbutyl, amyl, n penfy, n-hexyl,

s-trans+= - lane,
s-trans-n'-1,4-diphenyl-1,3-butadiene, s-cis- or
s-trans-n'-3-methyl~1, 3-pentadiene, s-cis- or
s—trans*ng—l,é—dibenzyi—l,3—butadiene,-s~cis— or
s-trans-n'-2, 4-hexadiene, s-cis~ or s—trans-n’~1, 3-pentadiene,
s-cls- or s—tran5mn4*l,4—ditolyl—l,3~butadiene, and s-cis- or
s-trans-n‘-1, 4~bis (trimethylsilyl)~1, 3-butadiene.

[0080]

Examples of the anicnic ligands include alkoxy groups such
as methoxy, tert-butoxy and phenoxy; carboxylate groups such
as acetate and benzoate; and sulfonate groups such as mesylate
and tosylate. Examples of the neutral ligands capable of
coordination by lone electron pairs include organcphosphorus
compounds such as trimethylphosphine, triethylphosphine,
triphenylphosphine and diphenylmethylphosphine; and ethers
such as tetrahydrofuran, diethyl ether, dioxane and
1,2-dimethoxyethane. The letter j is an integer of 1 to 4. When
J ls2orgreater, the plurality of R may be the same or different.
F0091]

The transition metal compounds represented by Formula [I]
are known and are described in detail in WO 2006/025540.

(00921
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n-heptyl, n-octyl, n-nonyl and n-decanyl groups; branched alkyl 5 groups
such as tert-butyl, 3-methylpentyl, 1,1-diethylpropyl, 1,1-dimethylbutyl,
1-methyl-l-propylbutyl, 1,1-dipropylbytyl, 1,1-dimethyl-2-methylpropyl and
1-methyl-l-isopropyl-2-methylpropyl groups; cycloalkyl groups such as
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, 10 norbornyl and
adamantyl.groups; aryl graups sughas phenyl, xnaghthyl, biphenyl,

phenanthryl and anthracenyl groups; arylalkyl groups such as benzyl and
2o it B R Horbamno Groass TE 00T EXmBRsdr® 2
o iRy i h ety nesyiohel Sreupe. 10088) 20 GFRS 872
R amblos of suck scbShete T orerof roibe ptag (-2 Hehow

a4 ggnég%%otr%;él ibenzofluorenyl, .octamethyloctah .drodibengof}u.orenyl
o and octamethﬁtgeﬁf%y]dégé%&c g&erﬁgﬁb&gﬁﬁzgar%&? 3 I[" A The
{oog’ﬁi?ged metallocene compounds of Formula [l1], it is important that when

nis 1, R21 to R36 are not all hydrogen atoms at the same time. When n

is 1, at.least one of R21 to R36
<Transition metal compounds (A-2)>

The transition metal compounds (A-2) used in the invention
are bridged metallocene compounds represented by Formula [II]
below:

[0094]

R32 jR33 FEQ35
. \;2 \ES R21
n
O R2¢ R*®

R2 MZ
26 Q}
R - [11]

[0095]

In Formula [II), R*, R*, R®’, R*¥, R®®, R?®, R, R?®, R%®,
R, R’ and R* are selected from a hydrogen atom, hydrocarbon
groups and silicon-containing groups and may be the same or
different from one another. Adjacent substituent groups of R*
to R”? may be linked together to form a ring.

[0096]

Examples of the hydrocarbon groups include C1-20 alkyl
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5 is a hydrocarbon group or a silicon-containing group whereby high
s Pomerization activity is achieved. The substituent groups R21 to R36
may be the same or different from ope another. In a preferred
embodiment of the bridged metallocene compounds in view of
polymerization activity, any two or more substituent 10 groups of R26,

groﬁ?gg %3Q%‘%B§ﬂ'ﬂ§ﬁ1@o@@§c’§ﬁ@ QW%%JP(%I%%_Z Specific

hydrocarbon groups include methyl, ethyl, n-propyl; isopropyl, allyT,
n=Rutyl, tert-butyl, amyl.and n-pentyl groups, 10 view of easy synthesis, of
exartﬁe yt?}]%e S 5111&% aﬁzéne¥§ 2thvl,

ligand the ligand is preferably s ric, that is, an 1 are
P l0de BadgRa I SERe Somogi L viidh R3b Ky REL Torm
AT VA Arb Ao s GHons T4 ST AncPm Y e 116 Sames 20
e e st oy Terors

, preferred. rticular, Y2 and Y3 are more preferably the same atoms,
bl R@%%%%gﬁd §§§1%F§1adalaﬁa%§aPé’g?e%uséf&m or a hdrotaHon 2ty L/
group. The hydrocarbon groups are as 33 described hereinabove. [0101]

TGN T THEYeF O F 03

L 17’%% gt%ryﬁ IS éﬁ‘?n%@' % is preferably 1. R33 and R35 may

be. linked together to form a ring. At the 5 same time when R33 and R35
1—m%R§N —l &Qg%aﬁﬁgg lpropyl groups; cycloalkyl groups

such as cyclopentyl, cyclchexyl, cycloheptyl, cyclooctyl,
norbornyl and adamantyl groups; aryl groups such as phenyl,
naphthyl, biphenyl, phenanthryl and anthracenyl groups;
arylalkyl groups such as benzyl and cumyl groups; and methoxy,
ethoxy, phenoxy, N-methylamino, N,N~dimethylaminc and
N-phenylamino groups.

[0097]

Examples of the silicon-containing groups include
trimethylsilyl, triethylsilyl, diphenylmethylsilyl and
dimethylphenylsilyl groups.

[0098]

0f R*® to R*¥ on the fluorene ring, adjacent groups may be
linked teogether to form a ring. Examples of such substituted
fluorenyl groups include benzofluorenyl, dibenzoflucrenyl,
cctamethyloctahydrodibenzofluorenyl and

octamethyltetrahydrodicyclopentafluorenyl groups.
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R34 and R36 may be linked together to form a ring. Whennis 1, R 33
and adjacent R35 may form a ring. When n is 2, R33 and R35 at the
adjacent position (a-position) orn-pasjtion with respect to Y2 may form a
ring. When n is 3, R33 and R35 at the adjacent 10 position
(a-position),(-position or y-position with respect to Y2 may form a ring.
rpp gBhese conditions also apply to R 34 and R36 forming a ring. When nis 1,
R34 and adjacent R36 may form a ring. When nis 2, R34 and R36 at the

adjagentpogition {apasition) ) or BrRosition. with tespactin Y may form a ;
ring. When nis 3,715 R34 and R36 at the adjacent position (a-position),

15 Fposition.or y=posifion with respect fo:Y2 maydorm a ring. [9102]Mis Ji.

Zr or Hf. [0103] 20 Q2 at each occurrence is a halogen atom, a

o Cc ;an.aniopic ligand or ntrlel' do, 1 to R3S
as {%/g%gin%aﬁﬁgr% %Fg#opﬁe%%i'r e%ﬂét%gng. %%0?] T % Igttég%{?s ﬁrﬁgg of% toR
be the same or ,

. 4. Wg%%' is 2 or greater, 34_the I]trj_:rLalic'g)éof 92 r%a.

18 a, Zroon varo e} 1 IS e uksl r h b
dl#élrent rom one another. f01305% xamrﬂes of the aélgqer?at%ﬁs helide Y

n1g1ugaine, chiong. bromine.and fodne. Examples,of the fvdrogarbon, ...
groups are as escribed heremabove. ]e

groups R?! to R may be the same or different from one ancther.

In a preferred embodiment ¢f the bridged metallocene compounds

in view of polymerization activity, any two or more substituent

groups of R*, r?7, R

and R* are C1-20 hydrocarbon groups. The
C1-20 hydrocarbon groups include methyl, ethyl, n-propyl,
iscprepyl, allyl, n-butyl, tert-butyl, amyl and n~pentyl groups.
In view of easy synthesis of the ligand the ligand is preferably
symmetric, that is, R%® and R* are identical, and R?7 and R*® are
identical. Such preferred embodiments include bridged

metallocene compounds in which R*®

and R*’ form an alicyclic
structure and R’ and R** form an identical alicyclic structure.
[0100]

Y? and Y° are each a Group 14 atom and may be the same or
different from each other. Examples of the Group 14 atoms
include carbon, silicon, germanium and tin, with carbon and
silicon being preferred. In particular, Y° and Y® are more

preferably the same atoms. R>, R*™, R*® and R*® are each a hydrogen

atom or a hydrocarbon group. The hydrocarbon groups are as
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Examples of the anionic ligands include alkoxy groups such as methoxy,
tert-butoxy and phenoxy; carboxylate groups such as acetate and
benzoate; and sulfonate groups such.as mesylate 10 and tosylate. [0107]
Examples of the neutral ligands capable of coordination by lone electron
pairs include organophosphorus compounds such as trimethylphosphine,

desdtiethylphosphine, frinhenylphosphine 15 and diphenylmethylphosphine;
and ethers such as tetrahydrofuran, diethyl ether, dioxane and

[Ololﬁ-dimethoxyethane. Itis preferable that at least one Q2 is a halogen
atom or an alkyl group. [0108] 20 The transition metal compounds

rep&%seeni%qu Faormula g% ar known and.are described, in detalil i
IP-A-2004-175707. 3[51(%3 bapit “athy en%(gfcﬁ%enat%%iejms/l)ﬁﬁj%%?r]fﬁ?ly

. g e st Iuelof Cmprio: 3% cheyy,

- ay be Us6d s the Transition me A

' 0110 <OFE anometalli Qﬁmpoundﬁ_. B-1)> 5 Examples of th .

Sam%réé#&mg a%lrllc %oms&ﬁw s (BT inthe kln%eﬁt?cﬁweig}gﬁaetéjrgg%%e?alﬁ&ng’
34 compoynds cantaining Group 1, Group 2 or. Group 13 elements of the

R %%%E%mtgg%ﬁaﬁfg%ﬁgggﬂéageé%er to form.g ring. When n is 1,

R and adjacent R*® may form a ring. When n is 2, R*® and R
at the adjacent position (a-position) or Pf-position with respect
to Yzlmay form a ring. When n is 3, R* and R*® at the adjacent
position (a-position), P-position or y-position with respect to
y? may form a ring. These conditions also apply to R* and R*
forming a ring. Whenn is 1, R* and adjacent R*®* may form a ring.
When n is 2, R’ and R*® at the adjacent position (a-position)
or B-position with respect to Y* may form a ring. When n is 3,
R** and R’ at the adjacent position (a-position), B-position or

y-position with respect to Y* may form & ring.

[0102]
M is Ti, Zr or Hf.
[0103]
Qzateachoccurrencejjsahalogmzatom,alnmﬂocarbongroup,
an anionic ligand or a neutral ligand capable of coordinatiocn
by lone pair electrons.
[0104]

The letter j is an integerof 1to 4. When j is 2 or greater,
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by the following formulae. [0111] 10 (B-la) Organoaluminum compounds
represented by: RarAl (ORb) nHpXqg wherein Ra and Rb may be the
same or different and are each a CI-]45 hydrocarbon group, and
preferably a C1-4 hydrocarbon grouj’ ; X is a halogen atom; 0<m<-3,
0<-n<3, 0<-p<3, 0<-gq<3 and m+n+p+q 15 = 3. [0112] (B-Ib) Alkyl complex

... campounds containin Gr 1 metal of the periodic table and
~he g%lrﬁr?tjimlc,jc sor%;;egﬂg%’teae b%H aQLKZGJW%g 5?1%2%?3%, R RE " -
(01 &'gis a C1-15 hydrocarbon group, and preferably a Cl-4 hydrocarbon

01 group. [0113] (B-ic) Compounds represented by: RaRbM3 36 wherein pa

and Rb may be the same or different from each other_and are eacha
C1- T3 ISR BroUs, ST Préferibly dIC 14 hychdedioh gy Bad=
M3 is Mg. [0114] 5 Compounds analo%ous to the compounds (B-la) may

DIOGiHE e Bxtimpl s GrEUch T ompothids MehifePorganodfuthingny & &5

compounds in which two or more aluminum compounds are linked though
de S QP Egen &I TERPEs (C2H5)2AIN(C2H5)AI(C2HS)2.

[0106]

Examples of the anlonic ligands include alkoxy groups such
as methoxy, tert-butoxy and phenoxy; carboxylate groups such
as acetate and benzoate; and sulfonate groups such as mesylate

and tosylate.

Examples of the neutral ligands capable of coordination
by lone electron pairs include organophosphorus compounds such
as trimethylphosphine, triethylphosphine, triphenylphosphine
and diphenylmethylphosphine; and ethers such as tetrahydrofuran,
diethyl ether, dioxane and 1,2-dimethoxyethane. It is
preferable that at least cne Q% is a halogen atom or an alkyl
group.

01081

The transitionmetal compounds represented by Formula [I1]
are known and are described in detail in JP-A-2004-175707.
[0109]

Further, ethylene{cyclopentadienyl) (fluorenyl)

zirconium dichloride described in Journal of Organometallic



[0115] 10 Examples of the organometallic compounds (B-1) further
include methyllithium, ethyllithium, propyllithium, butyllithium,
methylmagnesium bromide, methylmagnesium chloride, ethylmagnesium
bromide, ethylmagnesium chloride, "propylmagnesium bromide,
propylmagnesium chloride, 15 butylmagnesium bromide, butylmagnesium

. ~.chlaride, .dimeth gnesiym, diethylmagnesium, dibutylmagnesium an
e ety T agho i D16 FAe L Corhg e Chsabie  oming e o2
or araoa!;&m' um 20 compounds as described above in the
COmMDOuT

polymerization'system may be used, with examples including
[Olf(?ljnbinations of aluminum halides and alkyllithiums and combinations of
aluminum halides and alkylmagnesiums. Of the organometallic
compounds (B-1), the organoaluminum 37 compounds are preferable.
CregprgigandmetaliCBBRpoTRds ¥81) >may be used singly, or two or more
kindps may be used in combination. [0117] 5 <Organoaluminum |
> oxyCOMBbLIRIS(B- 25 TRE BrgsHGaiimintim GRYEEGHPOENdS (B-2) Thay "©
. be conventional aluminoxanes (alumoxanes) or benzene-insoluble
L0V S aroAl AR 8GR PBEAAS ad deseibEd R SPERINGD- 7866757 Cup 1/
Grogg%%throupl3elementsoftheg@riodictable,asrepresented

by the following formulae.
[0111]
10 (B-la) Organoaluminum compounds represented by:
R*%AL (OR®) JH, X,
wherein R® and R® may be the same or different and are each a
Cil-15 hydrocarkon group, and preferably a Cl-4 hydrocarbon
group; X is a halogen atom; O0<ms3, 0$n<3, 05p<3, 0£g<3 and mtn+p+qg
15 = 3.
[(0112]
(B-1b) Alkyl complex compounds containing a Group 1 metal
of the periodic table and aluminum, as represented by:
M A1R%,
20  wherein M® is Li, Na or K; and R® is a C1-15 hydrocarbon group,
and preferabiy a Ci~4 hydrccarbon group.
[0113]
(B-1c) Compeounds represented by:

RERPM
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10 <Compounds (B-3) reacting with transition metal compound (A-1) or

(A-2) to form ion pair> Examples of the compounds (B-3) capable of

reacting with the transition metal compounds (A-1) or (A-2) to form an ion

pair (hereinafter, also referred to astfhe ionizing ionic 15 compounds)

include Lewis acids, ionic compounds, borane compounds and carborane
h compaouynds as described in_JP-A-HO1-501950, JP-A-HO1-502036,

WO IpIR-H0 1 70005 IB-RHESA 79068, IB-ALHDSESG 703, Tom sach other
JP-A-H03-207704, and US Patent No. 5,321,106. Heteropoly compounds
NS iSRGty 20°compolhesinag aisrbe Efiloy et foRTg gLy & C1-4

polymerization catalyst system according to the present invention
Ly A 3heRS the tranSitort Rtetd cdpBinds (A-1) and (A-2) optionally
together with at least one compound (B) 38 (hereinafter, also referred to
[011&lhe component (B) ) selected from the organometallic compounds

(B-1), the organoaluminum oxy-compounds (B-2) and the ionizing ionic

con‘%&%@ﬁéﬁ&?ﬁ&%ﬁﬁﬂ%ﬁ%t&ﬁ@%ﬁ@? (CPard/bramvbryafic be
compound 5 (D) as required. [0120] <Carriers (C)> The carrier (C)

use@ptiohaffFsed irPtheSHEN AR $forganit Wi rganie RoRrdpatinain

the form of granular or fine 10 particulate solid. Preferred inorganic
COMpHRpOUNES intldge two or more aluminum compounds are linked

though a nitrogen atom, such as (CoHs)AIN(CoHsYAL (CoHs)s.
{01157

Examples of the corganometallic compounds (B-1) further
include methyllithium, ethyllithium, propyllithium,
butyllithium, methylmagnesium bromide, methylmagnesium
chloride, ethylmagnesium bromide, ethylmagnesium chloride,
propylmagnesium bromide, propylmagnesium chloride,
butylmagnesium bromide, butylmagnesium chloride,
dimethylmagnesium, diethylmagnesium, dibutylmagnesium and
butylethylmagnesium.

[0116]

Further, compounds capable of forming the organcaluminum
compounds as described above in the polymerization system may
be used, with examples including combinations of aluminum
halides and alkyllithiums and combinations of aluminum halides
and alkylmagnesiums.

Of the organcmetallic compounds (B-1), the organoaluminum
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porous oxides, inorganic halides, clays, clay minerals and
ion-exchangeable layered compounds. [0121] <Organic compound
components (D)> 15 In the present invention, the organic compound
components (D) may be optionally used to improve polymerization
performance and properties of the obtainable polymers. Examples of the

com@ganic compqunds include alcghals,, %%%%&%@“«298"3[ ounds, carboxylic 5,

acids, phosphorus compounds and sulfonates. 1221 <Chalin transfer
nay BLANAISR The shaln iranstey salalvsls ised in.the inuention ingluge, ghain
transfer agents and shuttling agents. Some compoundys tnction as ¢hain
Comgrﬁqgge#&ggnts or shuttling agents depending 39 on the combination with
the polymerization catalysts. [0123] The chain transfer agents refer to
[Olg%’npounds that facilitate chain transfer reaction. They are usually used in
polymerization to control the molecular weight. [0124] The term,
o "shuttli aﬁgx{etnt" refers to a comgound or mixture of compounds
I %?1%18;1 TR C&talySCEBIRBGSiTiort BF thepresent invention that is
capable of causinc_g polémeryl exchange between 10 at least two active

catalyst sted Bt e Baralyels foiuded e e tata st compdsitibn under

the cqonditigns ?f the ,
conventional alumincxanes (alumoxanes) or benzene-insoluble

organcaluminum oxy-compounds as described in JP-A-H02-78687.
[0118]
<Compounds (B-3) reacting with transition metal compound {(A-1)
or [(A-Z2) to form ilon pair>

Examples of the compeounds (B-3) capable of reacting with
the transition metal compounds (A-1) or (A-2) to form an ion
pair (hereinafter, also referred to as the ionizing ionic
compounds) include Lewis acids, ionic compounds, borane
compounds and carborane compounds as described in
JP-A-H01-501950, JP-A-H01-502036, JP-A-H(03~179005,
JP-A-H03-179006, JP-A-HO3-207703, JP-A-H(G3-207704, and US
Patent No. 5,321,106. Heteropoly compounds and isopoly
compounds may alsoc be employed.
[0119]

The polymerization catalyst system according to the
present invention contains the transition metal compounds (A-1)

and (A-2) optionally together with at least one compound (B)
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polymerization. That is, transfer of a polymer fragment occurs both to and
from one or more of the active catalyst sites. In contrast to a shuttling
agent, a "chain transfer agent" causgs 15 termination of polymer chain
growth and amounts to a one-time transfer of growing polymer from the
catalyst to the transfer agent. Preferably, the shuttling agent has an

(heraStivily fatio RAB/RE. A of-fram 8.0140:400, mpredieferably,rom D, dctoe 4
10, most preferably from 0.5 to 2.0, and most highly preferably from 0.8

fron?Qiesl 2rwherainRA 1B s theate afipolymery] transfer from »catalyst Aum

active site to catalyst B active site via the shuttling agent, and Re_A is the

oxyJatengbrevgrse polymeryk transfer, L.e., ;s the rate ot exchange.sfarting from, .,

the catalyst B active site to catalyst A active site via the shuttling agent.

may Desitably, 40, the intermediate: formed {26;%%5?6&%}@9&9&”&&98ound

the polymeryl chain is sufficiently stable that chain termination is
(D) rg@ti}tzgléﬁﬂ%&esirably, less than 90 percent, preferably less than 75
percent, more preferably less than 50 percent and 5 most desirably less
FOlztB?” 10 percent of shuttle-polymeryl products are terminated prior to
" atfaining 3 distinguishable polymer segments or blocks. Ideally, the rate
<Caroficggin rig;l;tling (defined by the time required to transfer a polymer
chain fro catalyst site to the chain shuttling agent and then 10 back to

a Caﬂﬁ@’?é%‘%@i‘éfq%’é a'e%ttt&’ooéﬁlter than the rate of OVMET, o is an
termination, even up 18 or even times fagter an the rate Ofl

. olymer termination. This permits, X .
1no§§£ﬁlc or organic compound in the form of granular or fine

particulate solid. Preferred inorganic compounds include
porous coxides, i1norganic halides, clays, clay minerals and
lon~exchangeable layered compounds.
[01217]
<Organic compound components (D)>

In the present invention, the ocrganic compound components
(D) may be cptionally used to improve polymerization performance
and properties of the obtainable polymers. Examples of the
organic compounds include alcohols, phenolic compounds,
carboxylic acids, phosphorus compounds and sulfonates.
[0122]
<Chain transfer catalysts>

The chain transfer catalysts used in the invention include
chain transfer agents and shuttling agents. Some compounds

function as chain transfer agents or shuttling agents depending
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polymer block formation on the same time scale as polymer propagation.
15 [0125] By selecting different combinations of catalysts having differing
comonomer incorporation rates as | as differing reactivities, and by
pairing various shuttling agents or mixtures of agents with these catalyst
combinations, polymer 20 products having segments of different densities

on SEEOMEROIEY. eopcentialions. diffeiant block lgndihs and diferent
numbers of such segments or blocks in each copolymer canbe prepared.

[Olf?tf example, if the activity of the shuttling agent is low relative to the
cafalyst polymer chain propagation rate of one 41 or more of the
catalysts, longer block length multi-block copolymers and polymer blends
ma?}lég o%%aatl%éd.tt) 6%&?%%%&%% S Suttﬁﬁg Efsl:ve%fr?/ fastrera f‘?/esto%p%?ygmer

chain_propagation, a_co QI mer having a more random chain structure

fac}z?\tri] ‘2 or e?%at}lgcigfean% ﬁsécrs orbetgﬁl% %B\h eﬁre?ﬁe@?gst‘l ?ﬁ éakb%%? o
may produce a multi-block copolymer having substantially random

201 SR HSer BropertieS By broper SelatoR OF bofh MAtaRAF mixture and

Ol?l% ttling agent, relatively pure block copolymers, copolymers containing
E elatively large polymer segments or 10 blocks, and/or blends of the

fore oingC with various ethylene homopolymers and/or copolymers can be
obtanEd f5126] EREMples S e ChainFarstér agénfomeRiged or mixture

mercaptans _ o
of compounds employed in the catalyst composition of the present

invention that is capable of causing polymeryl exchange between
at least two active catalyst sites of the catélysts included
in the catalyst composition under the conditions of the
polymerizatien. That is, transfer of a polymer fragment occurs
both te and from one or more of the active catalyst sites. In
contrast to a shuttling agent, a "chain transfer agent" causes
termination cf polymer chain growth and amounts to a one-time
transfer of growing polymer from the catalyst to the transfer
agent. Preferably, the shuttling agent has an activity ratio
Ra-g/Rp-p 0f from 0.01 to 100, more preferably from 0.1 to 10, most
preferably from 0.5 to 2.0, and most highly preferably from 0.8
to 1.Z, wherein Ry is the rate of pelymeryl transfer from
catalyst Aactive site tocatalyst Bactive site via the shuttling
agent, and Rz.n 15 the rate of reverse polymeryl transfer, i.e.,
the rate of exchange starting from the catalyst B active site

to catalyst A active site via the shuttling agent. Desirably,
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such as octyl mercaptan, n-dodecyl mercaptan, t-dodecyl 15 mercaptan,
n-hexadecyl mercaptan, n-tetradecyl mercaptan and t-tetradecyl
mercaptan; tetraethylthiuram sulfide, carbon tetrachloride, ethylene
bromide and pentaphenylethane; acrolein, methacrolein, allyl alcohols,
2-ethylhexyl thioglycol and a-methylstyrene dimer. 20 [0127] Examples of

thetQ%&Q?ﬁ%ﬁ%@%gr§g%%§éu% %r@%Hdghgwﬁgg%ggzggﬂégent nd the

Organosilicon compounds and Ikylzinc'compoun e used as the

oo RN ERIEr20eDts, [0128] Examples Lﬁg% arganosiicon compounds, .,

include compoun

2008). [0130] Further, organgsilico com resented b Formul
*s r%llfbez%%v}%ayﬁe use T%I%aﬂ 10 aﬁﬁ 5?I§ Y Cenodv S g%ly

lasd %ha“aé‘gj R may_ Qe the same or. differ nt nd are each dro%en and
atom; a f&lﬁ)ﬁ group sucﬁ e me‘E’tﬁy(JPei‘f‘ly?ll propyp?é}) péfa}ft) %ﬂt
. sﬂbu%l or, tert- ut ﬁ@ryl gro such as hen Iortocg y%e(%é-go
SRy AR g¥oup as% ]P‘Eth%o NEETSP
products are terminated prior to attaining 3 distinguishable
polymer segments or blocks. Ideally, the rate of chain
shuttling (defined by the time required to transfer a polymer
chaln from a catalyst site to the chain shuttling agent and then
back to a caealyst site) is equivalent to or faster than the
rate of polymer termination, even up to 10 or even 100 times
faster than the rate of polymer termination. This permits
polymer block formation on the same time scale as polymer
propagation.
[0125]

By selecting different combinations of catalysts having
differing comonomer incorporation rates as well as differing
reactivities, and by pairing various shuﬁtling agents or
mixtures of agents with these catalyst combinations, polymer
products having segments of different densities or comonomer
concentrations, different block lengths, and different numbers
of such segments or blocks in each copolymer can be prepared.
Por example, if the activity of the shuttling agent is low

relative to the catalyst polymer chain propagation rate of one
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arylalkyl group such as phenylethyl or benzyl; a Cl-4 alkoxy group such
as methoxy, ethoxy, propoxy or butoxy; a C3-6 fluoroalkyl group such as
3,3,3-trifluoropropyl; a dialkylamino group wherein each alkyl group has 1
to 4 carbon atoms such as 20 dimetél%ylamino; or a diorganopolysiloxane
chain represented by R f 3SiO(SiR f20)r- that contains 1 to 10 siloxane
nits (wherein Rfis methyl, phenyl, 3,3,3-trifluoropro methoxy o
oF ect)ﬁgxy?gan%ﬁ is aa%?ntgagrg of 3{ %fto Oe%qé, Eyélr %gnfﬂr%pe ly—l,bgt%l}f

isQpropyl, is?%%ut l,,3,3,3-trifluoropro IFtyjémet lamino and 43 .
COpcéngg%éiEe )%y?%lyén%rrefgrhrg 8[%)1"%}} re e?reaae%(%?names%?’fﬁé: ariwise,

. rganosilicon compounds. represented by Formula (11l) include ,

e e A RS E S o GRTimed hatn Bropagation,
en&amethy disiloxane, methylsilane and dimethylsilane. [0133] Examples

2 e By ARG BompoURGS AN CompOaRts dReGHbeF AR ShoTcer

b1 %igler-Na,tta Catal)&sts and Polymerization/John 10 Boor, Jr. (1979).

O%61 341 BlftRer, HiGRY 2 OmpBings réreSenteld 15 F Simlia @y agent
below may be used: [0135] 15 ZnRdRe . (IV) wherein Rd and Re may be

may @]Jéqs%lllﬁéﬂdar @i%?én_tﬂfr]o?ﬁ ﬁpolymer having substantially random

copclymer properties. By proper selection of both catalyst

mixture and shuttling agent, relatively pure block copolymers,

copolymers containing relatively large polymer segments or

blocks, and/or blends of the foregoing with various ethylene.
homopolymers and/or copolymers can be obtained.
[0126]

Examples of the chain transfer agents include mercaptans
such as octyl mercaptan, n-dodecyl mercaptan, t-dodecyl
mercaptan, n~hexadecyl mercaptan, n-tetradecyl mercaptan and
t-tetradecyl mercaptan; tetraethylthiuram sulfide, carbon
tetrachloride, ethylene bromide and pentaphenylethane;
acrolein, methacrolein, allyl alcchols, Z2-ethylhexyl
thioglycol and g-methylstyrene dimer.

[0127]

Examples of the chain transfer agents further include

hydrogen
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other and are C1-20 alkyl groups such as methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, tert-butyl, hexyl, octyl, nonyl, decyl, dodecyl and eicosy!.
20 [0136] Of these, the alkyl groupsmving 1 to 12 carbon atom(s) are
preferable, and those having 1 to 6 carbon atom(s) are more preferable.
. [0137] 44 Preferred examples of the dialkylzinc compounds of Formula
!.inno, with dieté‘g'%!gg

0137] 44 Preferred examples of he calkyizinc
peiNg ool TG TOT3] B SuiAbid Shading SUeni for heg™ e

being particularly prefer 0138] 5 Suita
usegegeé'r) {q%u%ef)g_{gu;a %a&?i%?]ra ?)@Qte%ll compounds or complexes

containing at least one ydrocarbyl group, preferably hydrocarbyl
[015Y stituted aluminum, gallium or zinc compounds containing from 1 to 12
carbons in each hydrocarbyl group, and reaction products thereof 10 with

apr, ;{on% Lérged? ngrged g drog rbyl groups are alkyl. grqups, _

pre e‘raabni‘y inéar orEbra.nc }’ %%-gjaé?/?‘g?oﬁ s?% 59]]%33‘%%%%06?‘?9@%5
S TN R e e e o
{Ollﬂﬁ present invention are trialkyl aluminum and dialkyl zinc compounds,

Further, organosilicon compounds represented by Formula
(III) below may bes used.

[0131] |

R*RPR°SiH - -+ (I1I)

In the above formula, R*, R® and R may ke the same or
different and are each a hydrogen atom; a Cl-4 alkyl group such
as methyl, ethyl, propyl, isopropyl, butyl, iscbutyl or
tert-butyl; a C6-12 aryl group such as phenyl or tolyl; a C7-20
alkylaryl group such as ethylphenyl or ethyltolyl; a C7-20
arylalkyl group such as phenylethyl or benzyl; a Cl-4 alkoxy
group such as methoxy, ethoxy, propoxy or butoxy; a C3-6
fluoroalkyl group such as 3, 3, 3~triflucropropyl; a dialkylamino
group wherein each alkyl group has 1 te 4 carbon atoms such as
dimethylamino; or a diorgancpolysiloxane chain represented by
R%510(SiR5,0) .- that contains 1 to 10 siloxane units (wherein
Rt is methyl, phenyl, 3,3,3-trifluoropropyl, methoxy or ethoxy,
andn is an integerof 0 to 9). Of these, hydrogen, methyl, ethyl,

isopropyl, isobutyl, 3,3,3-triflucropropyl, dimethylamino and
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especially trimethylaluminum, triethylaluminum, tri(i-propyl)aluminum,
tri(i-butyl) aluminum, 20 tri(n-hexyl)aluminum, tri(n-octyl)aluminum,
triethylgallium, or diethylzinc. Additignal suitable shuttling agents include
the reaction product or mixture formed by combining the foregoing
organometal compound, preferably a tri(CI-8) alkyl aluminum or di(C1-8)

Rf38§tg¥bz_ﬂ@c2@qrp_po&gpg, §§g%ggl£ye§5igthylaluminum, 45 tri(i-propyl)

aluminum, tri(i-butyl) aluminum, tri (n-hexyl) aluminum,
[Olﬁril(p-octyl)aluminum, or diethylzinc, with less than a stoichiometric
quantity (relative to the number of hydrocarbyl groups) of a secondary

ami@%éc’if@r'}% 0&'&{%9@9083" ’t%sge%gﬁyx r?é%@ﬂ%%‘%'sgﬂ% M€ s

t-butyl(dimethyl)siloxane, 2-hydroxymethyfpyridine, di(n-pentyl)amine,

6-dit-buty)phenol. ethyl(l-naphthyl)amine, S
wep ?s?§§%§%£§e§§§ -%e'ztgcchioﬁepta}r%le%hlﬁllgr}lg),%?%Wig}d%gﬁlgﬁylphenol.
. _.Desirably, sufficient amine or hydroxyl.  reagent is used such,that one
B e e Tt e, JOLAL] T he bty Toere

rciduc s of the @r%g‘oin% 15 conlbinations most desired for use in the
met y sSilana %n sl EWlSl aqe. .
present invention as™ shuttling agents are n-octylaluminum

(01 gg(liis(trimethylsiIyl)amide), i-propylaluminum
is{dimethyl(t-butyl)siloxide), and n-octylaluminum

Examples of the dialkylzinc compounds include compounds
described in Ziegler~Natta Catalysts and Polymerization/John
Boor, Jr. (1979).

[0134]

Further, dialkylzinc compounds represented by Formula
(IV) belgw may be used:

[0135]

ZnRIR® -+ (IV)

wherein R* and R® may be the same or different from each
other and are C1-20 alkyl groups such as methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, tert-butyl, hexyl, octyl, nonyl,
decyl, dodecyl and eicosyl.

[0136]

Of these, the alkyl groups having 1 to 12 carbon atom{s)
are preferable, and those having 1 to 6 carbon atom(s) are more
preferable.

[01371
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di(pyridinyl-2-methoxide), i-butylaluminum 20
bis(dimethyl(t-butyl)siloxane), i-butylaluminum bis(di(trimethylsilyl)amide),
n-octylaluminum di(pyridine-2-methoxide), i-butylaluminum
bis(di(n-pentyl)amide), n-octylaluminum bis(2,6-di-t- butylphenoxide),
n-octylaluminum di(ethyl(1-naphthyl)amide), 46 ethylaluminum bis(t-

but)élg ?n%%thgl AOXIdéR%EthyaLymhnugl di(le (tl’lmetl’CI%ﬂSI g/a argde%e ¢ Formula -

ethylaluminum bis enzo- a/cycfbhe mi

oct umlnu is(2,3, 6 7- d|b nzo-l-azac cloheptan amide),
(1 n octi{/ umlnum Qtl)'sllg(a meﬁ"fyl Jbu?ﬁ?sﬁo%ée e?hylzfgcclin_n decylzinc,

witézgl%@ q en%md?)%lagn)rgsethylz?cgigﬁgbﬁgg%gg 42] It will be

apprema agent for one
Iyst or catalyst 10 combination may not necessarily be as good or
n satisfactory for use with a different catalyst or catalyst combination.
Sorge potegtlal uttllnﬂ Q% ents may adversely affect the performance of
one ot Mo 8a?§3‘/€t§%1 BAYHE TndeSr 1516 fof G Tor at Wdadtieae 1-
ell. Accordin Iy, the activity of the chain 15 shuttling agent desirably is
2, paled WilF LeAtaRHC ity of fHETEdaRas EoRchAVE PG deeireast
polymer properties. In some embodiments of the invention, best results

one 15 4é BEEHAGE BY Vs SSshtthing 2GEHte havinG B Bhtig : cuted

activity (as measured by a rate of chain transfer)
aluminum, gallium or zinc compounds containing from 1 to 12

carbons in each hydrocarbyl group, and,reacticw1products'thefeof
with a proton source. Preferred hydrocarbyl groups are alkyl
groups, preferably linear or branched, C2-8 alkyl groups.
[0139]

Examples of the aluminum compounds include compounds
described in Macromolecules, 33, 9192-9199 {(2000).
10140]

Most preferred shuttling agents for use in the present
invention are trialkyl aluminum and dialkyl zinc compounds,
especially trimethylaluminum, triethylaluminum,
tri{i-prepyl)aluminum, tril{i-butyl)aluminum,
tri{n-hexyljaluminum, tri(n-octyl)aluminum, triethylgallium,
or diethylzinc. Additional suitable shuttling agents include
the reaction product or mixture formed by combining the foregoing
organometal compound, preferably a tri(Cl-8) alkyl aluminum or

di(CLl-8) alkyl zinc compound, especially triethylaluminum,
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20 that is less than the maximum possible rate. [0143] The chain transfer
catalysts may be used singly, or two or more kinds may be used in
combination. [0144] 47 <Polymeriz tgon conditions> The polymerization
in the invention may be carried out by liquid-phase polymerization such
as solution polymerization or suspension polymerization, or by gas-phase
£ pgl erizafi QiTR‘?Lz?\JHUi%Ph $€,00 rization may involve inert
o hyjl%tca?%np so‘llvents. Examélzs otgﬁwgnﬁeﬁ%@%%ggﬁbon solvents
er1 fIENS, GlPIRLG BYdgeatons suchas Ropane uang Peniane.
hexane,” heptane, octanhe, decane, otlecane an 'Kefosene: aﬁcyéﬁ
't}th Qcarhons such as clopentane, cyclohexane and 10
e met%y%cyc ggeﬁtgr?g;lacr%g%nogt?% lTy:‘(ﬁo%gr %%lféecs}dchrgg Befidéne® follfeRa™oer

nd xylene; halogenated hydrocarbons sych as ethylene chloride,
Sl ;

robenz loromethane: ahd Mixtuils of thdsé vdroxyl
hydrocarbons. The olefin to be polymerized can_ be used as a solvent. 15
Comﬁggﬁiﬁ In ﬁ%&&%@&aﬁ&ﬁ bF gﬁ%?é’r?&&r?&é@ééb‘h?&efin with the
t;bpgl Te‘:{izatio C Saly ts described above, the transition metal
%o%p&uﬁﬁg %Eﬁ? A (RE3T Sre gereray HeEEShHoh At thet6tal amount

.. thereof per liter of the reaction volume is 20 in the range of 10-12 to 1 mol,

AL (R Hrerérang-10%0 t6 1078 Hidi~Putyl) phenol,

ethyl (1~naphthyl)amine,

%zinc,

bis(2,3,6,7-dibenzo~l~azacycloheptaneamnine), or
Z,6-diphenylphenol. Desirably, sufficient amine or hydroxyl

reagent is used such that one hydrocarbyl group remains per metal

atomn.
[0141]

The primary reaction products of the foregoing
combinations most desired for use in the present invention as
shuttling agents are n-octylaluminum
di{bis(trimethylsilyl)amide), i-propylaluminum
bis{dimethyl (t-butyl)siloxide), and n-occtylaluminum
di{pyridinyl-2-methoxide), i-butylaluminum
bis(dimethyl (t-butyl)siloxane), i-butylaluminum
bis(di(trimethylsilyl)amide), n-octylaluminum
di(pyridine-2-methoxide), i-butylaluminum
bis{di(n-pentyl)amide), n-octylaluminum bis(2, 6-di-t-

butylphenoxide), n-octylaluminum di{ethyl {l-naphthyl)amide),
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The component (B-1) may be used such that the molar ratio [(B-1)/M] of
the component (B-1) to all the transition metal atoms (M) in the transition
metal compounds (A-1) and (A-2) is ,generally in the range of 0.01 to
100,000, and preferably 0.05 48 to é ,000. The component (B-2) may be
used such that the molar ratio [(B-2)/M] of the aluminum atoms in the

= B L e ) e e

metal compounds (A-1) an Is generally n ange o’

a1 B R R e e I ot

use that'the molar ratio e component 6 all the

e o e hrblBA T 18, 10 [0146]
be used in the f’ollowin manners. When the

. t(D)m .
oL e () 15 THe A REAE B T RE SSMUOREY (B i befbeg-nam
: h that t lar ratio [ (D) / (B-1) ] is generally in the range of 0.01 to
blsi%?%ﬁ%%%%%&f? Bﬁt)oslé.%éﬂ%zé 13%0%%%%& (B) is the component
-2), th nt (D) may be used such that the molar ratio
2 KBS & Gy e e o 006 52, Bt 0,005 1o
(o1 hen the component (B) is the component (B-3), the component (D)

be used such that the molar ratio [(D)/(B-3)] is generally in the 20

ran%e of 0.01 to 10, and preferably 0.1 to 5. [0147
t will be appreciated by the skilled artisan that a

suitable shuttling agent for one catalyst or catalyst
combination may not necessarily be as good or even satisfactory
for use witheadifferent catalyst or catalyst combination. Some
potential shuttling agents may adversely affect the performance
of one or more catalysts and may be undesirable for use for that
reason as well. Accordingly, the activity of the chain
shuttling agent desirably is balanced with the catalytic
activity of the catalysts to achieve the desired polymer
properties. In some embodiments of the invention, best results
may be obtained by use of shuttling agents having a chain
shuttling activity (as measured by a rate of chain transfer)
that is less than the maximum possible rate.
[6143]

The chain transfer catalysts may be used singly, or two

or more kinds may be used in combination.

(01441
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The chain transfer catalyst may be used such that the molar ratio [chain
transfer catalyst/M] of the chain transfer catalyst to all the transition metal
atoms (M) in the transition metal 49 compounds (A-1) and (A-2) is
generally in the range of 0.01 to 10,%%)0, and preferably 0.01 to 5,000.
[0148] The molecular weight of the obtainable copolymer may be 5
<Po corggolled EY adjusting the monomers/catalysts ratio or the polymerization
TR THe Copolymersiaésdibad hereinabove may be suitably used as
lubricating oil viscosity modifiers, ,[0149] [Lubricating oil compositions] 10
The%%ré%ﬁ@%ﬁ%%%cpio%ﬂioﬁs %k&[%orld}%’ ]fbtﬁ’f%rb%%% SrvehfioR S out by
1189 Lair%lghse aboYe-describ%d copolymer as a Iupriqating oil viscosity |
TMddifier” aGubricaling oif Bas&storks Arftf optionaly R pslrpeine 28 +ion or
degrq.ssant. {he components of the lubricating oil compositions will 15 be
S S REsEseuse é’\W?[‘@lé)@f B UbidafifgBiroaRstierS gRahpisofthe  The
. _lubricating oil basestocks include mineral oils; poly-a-olefins; diesters
llq%béﬁé‘%%?yéf%%%’é‘???dk%éﬂ% Pitkalie and Gioch SebA¥aeO aRgoon
synthetic oils such as polyalkylene gl{cols. it is preferable to use mineral

yntr .
SOLERE b blentBF hifieral o At SythenicGiRcarbon solvents includs

aliphatichydrocarbons such as propane, butane, pentane, hexane,
heptane, octane, decane, dodecane and kerosene; alicyclic
hydrocarbons such as cyclopentane, cyclohexane and
methylcyclopentane; aromatic hydrocarbons such as benzene,
toluene and xylene; halogenated hydrocarbons such as ethylene
chloride, chlorobenzene and dichloromethane; and mixtures of
these hydrocarbons. The olefin to be polymerized can be used
as a solvent.
[0145]
Inthepolymerizaticncf ethylene anda C3~-2C a-clefinwith
the polymerization catalysts described above, the transition
metal compounds (A-1) and {A-2) are generally used such that
the total amount thereof per liter of the reaction volume is
in the range of 107* to 1 mol, and preferably 107'° to 107 mol.
The component {B~1) may be used such that the molar ratio
[ (B-1)/M] of the component (B-1) to all the transition metal
atoms (M) in the transition metal compounds (A-1) and (A-2) is

generally in the range of 0.01 to 100,000, and preferably 0.05
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[0151] In general, mineral oils are used after purification 50 process such
as dewaxing and are classified into several grades depending on how
they are purified. Mineral oils havin%gwax content of 0.5 to 10% are
usually used. For example, there may be used highly purified oils, which
are produced by hydrocracking, 5 have a low pour point and a high

& 5\@§ Qsity index, and have composition based on isoparaffin, Mineral oils
* D e ataly TEA0C BFth 85 200 Corare uasully qego!ax

[0152] <Pqur-point depressants> 10 Examples of the pour-point
rat ep%ri(gsazr(l:i[s/r Pfgr oop%ona usagl i the' %v‘%nﬁghs injdvhd(ghﬁkﬁﬁ RihafEnes? 2/

lkyl methacrylate, (co)polymers, alkyl acrylate (co)polymers, alkyl
o %Ea%t%/\%ﬁ%‘ ascle%agt%rzconb%*ffﬁie%?%%&eﬁ%&bo?)}%ngr%?aﬁﬁamltmn metal
a-olefin/styrene copqlymers, with the alkyl methacrylate 15 (co)polymers
COMEhE é%l%yl%t_r)?litea c%)p%ﬁ?%é@ﬁeﬁfar}ﬁéﬁe]r&ﬁie?rfofgéﬁ EoiHBositionds £©
500 T OeOIubricatin oil compositions ogthe present invention contain the
ahove-FESchEd ftbfitating biFFasdstock nd 20°CopeRhii Ehd (B-3) may
optignally contain the pour-point depressant. When the lubricating oll
be LoRthositich Corthing tfe Tibritating toiP bhs8sttk Bhdthe EBPoRmIEIOHHRIL

copolymer preferably accounts for 1 to 30 wt%, and more preferably 1 to
(B—%b\ﬁﬁé%ﬁl the transition metzl atcms (M) inAthe transition

metal compounds (Awl) and (A-2) i1s generally in the range of
1 to 10, and preferably 1 to 5.
[014¢]

The component (D) may be used in the following manners.
When the component (B} is the component (B-1l), the component
(D)maybeusedsuchthatthemolarrati;[(D}/(Bwl)}isgenerally
in the range of 0.01 to 10, and preferably 0.1 to 5. When the
component (B) is the compeonent (B-2), the component (D) may be
used such that the melar ratio [(D)/(B-2)] is generally in the
range of 0.001 to 2, and preferably 0.005 to 1. When the
component (B) I1s the component (B-3), the component (D) may be
used such that the molar ratio [(D)/(B=3)] is generally in the
range of G.01 to 10, and preferably 0.1 to 5.
[0147]

The chain transfer catalyst may be used such that the molar
ratio [chaintransfer catalyst/M] of the chain transfer catalyst

to all the transition metal atoms (M) in the transition metal
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the lubricating oil composition (the remaining percentage is 51 accounted
for by the lubricating oil basestock and additives described later). [0154]
Such lubricating oil compositions nqltgg)nly have excellent 5
low-temperature properties but also have excellent shear stability. The
lubricating oil compositions may be used as lubricating oils directly, or the
our-point,depressant and, .other additives may. be added to the
o o domragsione | 01581 10 Yonan tie et oF ©0+03 =
10, (gé)gnpoasrilti?n %%r}tg@(%tfe IH_bBi(I‘até%g gil B Bgstock, the c;opolymer and the
pouf-poin Hepressant, the ¢ompositioh desirably contains the copolymer
{Olféf'l to 5 wt%, preferably 0.2 to 1.5 wt%, more preferably 0.25 to 1.5
wt%, and particularly preferably 0.30 to 1.5 wt%, and 15 the pour-point
depressant at 0.05 to 3 wt%, preferaply 0.1 to .3 wt%, more preferably 0.1
to 2 08 RA o briferdtly 2 10°F SR96 (e Tthairing pereentigd °°
is accounted for by the, lubricating oil basest?ck ang additives described
con{5ia: §B185] 26 THE CHBlymer GEHcPEIRS AB6VE PISHOItGR provids -
high viscosity-increasing effects and ensures that the lubricating oil
PO 1 E8fickitiorPEhdwe Good iGwaBRity SIIBMteifFerattes. FRé fubrrating may
oil compositions may contain additives in _addition to the lubricating oil

be %%éégg%y’&ﬁﬁﬁwﬁéréﬁ@ricating 0il wviscosity modifiers.
[0149]

[Lubricating oil compositions]

The lubricating oil compositions according to the present

~invention contain the above-described copolymer as a lubricating

cil viscosity medifier, a lubricating oil basestocks and
optionally a pour-point depressant.

The components of the lubricating oil compositions will
be described below.
[0150]
<Lubricating oil basestocks>

Examples of the lubricatingcil basestocks include mineral
oils; poly-a-clefins; diesters such as polycl esters, dioctyl
phthalate and dioctyl sebacate; and synthetic cils such as
polyalkylene glycols. It is preferable to use mineral oils or
blends of mineral oils and synthetic oils.

[0151]

In general, mineral oils are used after purification
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52 pour-point depressant. Exemplary additives are detergent

dispersants, viscosity index-increasing agents such as alkyl methacrylate

(co)polymers, hydrogenated SBR and SEES, rust inhibitors, extreme

pressure agents, anti-foaming agentr%PS antioxidants, metal deactivators

and antiwear agents. [0157] The detergent dispersants include metal

sulfonates such _as calcium sulfonate, magnesium sulfonate and barium
Proghitonate: tiophospRomaled  phahates. saiicylates, shdnfhigesfodrades
begizjL Iamine% and succinates. é0158,] The extreme pressure agents

AP IS Ul &xrafieY préssdts Rhbnfisuch!al SaffilleS  s@fdadeds @ wax

inc
sulfones éhigphos hinates, thiocarbonates, sulfurized oils and fats, and
d

CONYBIL Ifirizeu olefins” BhBSHhORE acit¥ stifiths phBSpREEEP bhosphfiés, may
b phosphate amine salts and_phosphite amine salts; and halogenated .
© USHthpotRad BELH as thRfbfinatdd Hydr6BABENBE P6155) The Mtiresracking,
agents include inorganic or organic 20 molybdenum compounds such as
A8V Gy bideh urr disuffite: brgaitblorr Eoniget s stich dakyInTsteafiyh e
borates; graphites, antimony sulfide, boron compounds and .
ComBERtetratiiorsethglete. (1807 ThE ahfioxiddhisinthideldrineaving a
. compounds such as 53
kinematic viscosity at 40°C of 10 to 200 cSt are usually used.
(01521
<Pocur—-point depressants>
Examples of the pour-point depressants for optional use
in the invention include alkylnaphthalenes, alkyl methacrylate
(co)polymers, alkyl acrylate (co)polymers, alkyl
fumarate/vinyl acetate copolymers, a-olefin polymers, and
a-olefin/styrene copolymers, with the alkyl methacrylate
{co)polymers and alkyl acrylate (co)polymers being preferable.
[0152]
<Compositions>
The lubricating oil compesitions of the present invention
contaln the above-described lubricating oil basestock and
copolymer and optionally contain the pour-point depressant.
When the lubricating cil composition contains the lubricating
0il basestock and the copolymer, the copolymer preferably

accounts for 1 to 30 wt%, and more preferably 1 to 20 wt% of

the lubricating oil composition (the remaining percentage is
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2,6-di-tert-butyl-4-methylphenol; and sulfur or phosphorus compounds
such as zinc dithiophosphate. The rust inhibitors include carboxylic acids
such as oxalic acid and salts thereof; _ sulfonates; esters; alcohols;
phosphoric acid and salts thereof; 5 benzotriazole and derivatives thereof;
and thiazole compounds. 0161] The anti-foaming agents include silicone
Isilo>1<:ane and iili%a el dispersions; alcohols;

h di h
acci%%}pggtg?sgzsllggﬁlhg%%@% %%ﬁwaesjénéﬁdﬁ)t%ves i§ \ggﬁg&%%re%% dig orr - Ves

desgggreet%lﬁbr%cgy g performance, but is generally 0.01 to 50 parts by

welight, and préferably 0.05 to 30 parts by weight based on 100 parts by
(o1 W ight of the lubricating oil composition. [01621 15 The lubricating olil
composition of the invention may be prepared by mixing or dissolving the
cop Iﬁln‘}llerlp tional%/, t%geth r with the pour-point depressant and
additives inthe* fibritRfng ofl GEIERGK LY Kiohkmmidthaus qhtedf g Lent
1 :I'Qe copolymers of the present invention are |ubricating oil viscosit
O nodifie Bb§IARHCAG off Conipostions "Raing exé&sht shear
low-temperature properties are obtained. By using the lubricating oil
stabistosiHy modifiersrths rivihBioR : fuliBRRG bit EeRfhJRRIGNE havify s

excellent low-temperature 54 properties are obtained.
lubricating oils directly, or the pour-point depressant and

other additives may be added to the lubricating oil compositions.
[0155]

When the lubricating oil composition contains the
lubricating oil basestock, the copolymer and the pour-point
depressant, the composition desirably contains the copclymer
at 0.1 to 5 wt%, preferably_0.2 to 1.5 wt%, more preferably 0.25
to 1.5 wt%, and particularly preferably 0.30 to 1.5 wt%, and
the pour-point depressant at 0.05 to 3 wt%, preferably 0.1 to
3 wt%, more preferably 0.1 to 2 wt%, and mostﬂpreferably 0.2
to 1.5 wt% (the remaining percentage is accounted for by the
lubricating cil basestock and additives described later).
[0156]

The copolymer used at the above proportion provides high
viscosity-increasing effects and ensures that the lubricating
oil composition shows good flowability at low temperatures.

The lubricating oil compositions may contain additives in

addition to the lubricating cil basestock, copolymer and
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EXAMPLES [0164] The present invention will be described based on
examples 5 in detail hereinbelow without limiting the scope of the
invention. [0165] [Measurement methods] (Chemical composition of
copolymer) 10 Nuclear magnetic resonator LA 500 (NMR) manufactured
by JEOL Ltd. was used. The standard of chemical shift was a main-chain

pourDEthylane negk, Q@ag% pPR), é’?&§ Aeved Qc%ﬁli%'!% gyailable N %grﬁ%

uartcz
glass tube 10 mm In diameter, 250-400 mg of the sampfeeang Por a

. o diguid, mixtur ining, 15 orthodichlorobenzene (Wako Pure Chemical, .
o S%%Igl%%]gg,’ L?\é?)%;gn%gjbqéﬁzgﬁédg (%16‘]:&?5 ih'd 4*Pvolume ra ?(%) wére™ * kyl

met g%s lgpssghcggggif%%% h@g%;gggo&tg giye.a uni Cflae | rust

sion. persion was at a'pulse width of

inhig?ubceo repetltlotn time of 5.5 sec. 20 Olgg]S(DSC far 30%7)%%%2%@“8 ’

flerential scanning calofimeter (DSC) manufasiure
Instruments Inc. was calibrated with indium. The copolymer was pressed
20 P B00C (o giva & thih fif &t 55" ABrotiiah 10 7 oF e fiim was
ighed out and was placed on a DSC aluminum pan. The pan was then
: %\2; tly closed by

The detergent dispersants include metal sulfonates such
as calcium sulfonate, magnesium sulfonate and barium sulfonate:
thiophosphonates, phenates, salicylates, succinimides,
benzylamines and succinates.

[0158]

The extreme pressure agents include sulfur extreme
pressure agents such as sulfideé, sulfoxides, sulfones,
thiophosphinates, thiocarbonates, sulfurized oils and fats, and
sulfurized olefins; phosphoric acids such as phosphates,
phosphites, phosphate amine salts and phosphite amine salts;
and halogenated compounds such as chlorinated hydrbcarbons.
[0159]

The antiwear agents iﬁclude inorganic or organic
molybdenum compounds such as molybdenum disulfide; organoboron
compounds such as alkylmercaptyl borates; graphites, antimony
sulfide, boron compounds and polytetraflucroethylene.

[0160]

The antioxidants include amine compounds such as
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crimping a lid thereto. The sample pan was placed into a DSC cell, and
an empty aluminum pan as a reference was placed. The 5 temperature
was increased to 150C at a temperature increasing rate of approximately
50C/min under a nitrogen atmospheﬁ5 , and was held constant at the
temperature for about 5 minutes. The temperature was then lowered to

-&O& at a I%m e atgre decrg%sin?&rate of approximately 10C/min, and

20 O35 ReTd EoRStant T AT HTE ¥ D&TatUTé f6rshatit 5intés Prifstaaftar:s

con1the sadmple v%_?s heated at a temperature increasing rate of approximately
HOCHRR Gt ids EompISE BREST S EltRalpy BGrvEtias BRSPS

. uring the cooling process, and the peak top temperature in the curve

LS SR e & DS ysElfEaio (Erperatife S5 Whenthehe o

ere two or more peaks, the temperature of the peak top that was most

SUL it FrontheHase e RAS ObidtietP RE T B tha khealpys dubee sof ;
recorded during the last heating process, the melting point (Tm) and the

Penpahf oFGSibh (K1) Wefe VadteiRmad Remthe Feuk fop- RATPET atorCaNNdS .
the peak area, 20 respectively, and the half-value width (AThaf) of the

ting peak was determined. When there were two or more peaks, the

temperature of the peak top that was most distant from the baseline was
obtaiféd a8 T fipaRécasedRhdre therd wafe tid bEmoTeERksEnds such
these 56 peaks were not completely separate from one another (that is,

as f@enthalpiicnve hrdieadsa piuralitycof pbaks withbut Teturhing tolthe and

baseline each time) , the heat of fusion (4H)
esters.

The amount of these additives is variable depending on
desired lubricating performance, but is generally 0.01 to 50
parts by weight, and.prefe;ably 0.05 to 30 parts by weight based
on 100 parts by weight of the lubricating oil composition.
[G1le2]

The lubricating oil composition of the invention may be
prepared by mixing or dissolving the copolymer optionally
together with the pour-point depressant and additives in the
lubricating oll basestock by known methods.

[0163]

The copclymers of the present invention are lubricating
oil viscosity modifiers whereby lubricating oil compositions
having excellent low-temperature properties are obtained. By
using the lubricating oil viscosity modifiers of the invention,

lubricating oil compositions having excellent low~temperature
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was obtained as a total area of the two or more peaks, and the 5
half-value width (4Thaif) was determined based on the peak top
temperature corresponding to Tm while the overlapping peaks were
regarded as a single peak. In detail, the half-value width in this case was
obtained by determining the difference between the temperatures at
propifiel dalfdhe height of dhe peak top 10 indicating the melting point (Tm)
was reached first and last. In the case where there were two or more
rxaMreaks and these peaks were completely separate from one another (that
is, the enthalpy curve indicated a plurality of peaks while returning to the
(01 deaseline each time) , the heat of fusion (4H) was obtained 15 by
determining the area of the peak indicating the melting point (Tm) , and

the half-yalue width (4 Lhaif) wag determined hasedon heedf cxamples

indicating the melting point (Tm). In an embodiment of the present

in &@m@nhypgﬂﬁla@rfo%revﬁmw@%%%@% ISG cupe, the peaks

are not completely separate from one 20 another. [0167] (GPC for

1 nv&QPolymer) The number average molecular weight (Mn) and weight
average molecular weight (Mw) were measured using a gel 57

[01Pe meation chromatograph (GPC) from Waters that had been calibrated
with standard substances (monodispersed polystyrenes) of known

ej . The separation columns were TSK gel GMH6-HT and
e %%g%ﬁ%éﬁlﬂ H}%&%ﬁ_%?\ch 7.5 mm

{Chemical composition of copolymer)

Nuclear magnetic resonator LA 500 (NMR) manufactured by
JEOL Ltd. was used. The standard of chemical shift was a
main-chain methylene peak (29.73 ppm). Intc a commercially
available NMR quartz glass tube 10 mm in diameter, 250-400 mg
of the sample and 3 ml of a liguid mixture containing
orthodichlorobenzene (Wako Pure Chemical Industries, Ltd.) and
benzene-d6 (ISOTEC) in a 4:1 volume ratio were added. These
materials were heated at 120°C to give a uniform dispersion.
The dispersion was analyzed at a pulse width of 45° and a pulse
re?etition time cf 5.5 sec.
[0166]
(D3C for copolymer)

A differential scanning calorimeter (DSC) manufactured by
Seikc Instruments Inc. was calibrated with indium. The

copolymer was pressed at 200°C to give a thin film, and
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5 in inner diameter and 600 mm in length. The column temperature was
140C. The mobile phase consisted of orthodichlorobenzene (Wake Pure
Chemical Industries, Ltd.) and 0.025 wt% of BHT (Takeda
Pharmaceutical Company Limited) as an antioxidant. The mobile phase
was pumped at 1.0 ml/min. The sample concentration 10 was 0.1 wt%.

apprdi€iFARAILINjection amatnL was, 30Q,RL %egg%e&“ Lrefragtometer was .

used as a detector. The peaks were separated with data processor

on SERMAMapagiuted by Tﬁq%ob'ag%gogﬁ%ﬁoﬁ‘i &@i&@%@%@t by

between peaks was determined, and a perpendiculariine was drawn

crifRgrelrom RH‘%B@%}W& M ko é"é’}’{;)g'i% %V%/N %%Vserp%feéeég‘iﬁ%‘% Y Hsc

respect to each peak, and an intensity ratio between peaks was

al te .. (Measurement of copolymer's Tcrystaf) Tcrystat refers
e S SIS Besared 50 b5 - Cry SPA e aoa: e
 emd€ iNvention, it was [peeazflssu{j{e(;lcéévigfc}3 YSTAF ﬁ00+ manufactured by
Bolymer ChAR. The sample was dissolvéd in onhisHichiorobensera fs 19
rat co{g\feantragign.of Ot.6q n‘gé:m# /Th.e solutjon was allowed to stand at 160C
for 1 AGUr and'tRen at 95C for 45" mMUtES, ndwas 8501eH B 2be 4y @9
8 E%Ingerature decreasing rate of 0.2C/min. The concentration of
Was Siymers Breciitatdd during tRERREASUtEMent vds gtectedwiti a5 - The
infrared detector attached to the CRYSTAF apparatus. The precipitation

CeMRE hElyHTers Vit dotelied SITMTe coRstantly and™ the SrEtRiatoHn T e

amount was plotted against temperature.
decreasing rate of approximately 10°C/min, and was held constant

at the temperature for about 5 minutes. Thereafter, the sample
was heated at a temperature increasing rate of approximately
10°C/min until it was completely molten. An enthalpy curve was
recordedduringthecoolingprocess,andthepeaktoptemperature
in the curve was obtained as a DSC crystallization temperature
Tc. When there were two or more peaks, the temperature.of the
peak top that was most distant from the baseline was obtained
as Tc. From the enthalpy curve recorded during the last heating
process, themelting point (Tm) and the heat of fusion (AH) were
determined from the peak top temperature and the peak area,
respectively, and the half-value width (ATn.:) of the melting
peak was determined. When there were two or more peaks, the
temperature cof the peak top that was most distant from the
baseline was obtained as Tm.

In the case where there were two or more peaks and these
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Polymers fractionated at 95 to -20C, and polymers fractionated at below
-20C were quantitatively determined. In a polymer fraction quantitative
curve, the temperature of the peak top appearing between 95C and-20C
was defined as a crystallization 10 temperature (Tcrystaf) [0169] (Density
of copolymer) After measurement of MFR at 190C under 2.16 kg load, a

pea@m@%%étéae%mﬁél@ﬁy%%ggég%%ogé%l bour apdwas 18 pat s,

gradually cooled slowly to room temperature in 1 hour. The density thereof

the AR MeAsYred by, density gragient wbg mathad. MFR wasmeasyredin

accordance with ASTM D 1238-65T. [0170] (Kinematic viscosity at 100C)

.20 The kinematic viscosity of the lubricating oil composition _at,100C wa
sttt i AL Colr e with AGTM D 15 THe TUB a0 -0 (25

Iti [ ft £ ti d so th
o omate VisEosth (V) ieuidig Abod Ts mmacs, Go4{orrH]

otary (MR) viscosity) The MR viscosity of the lubricating oil composition
halfy a%n’geeas‘gulrgsaq}t -}%F(*Zaﬁf éc‘ﬁ%Fdéjnec%g\ﬁﬂHﬂ§ M B FSBA THE M8 < tor

connE N S e S o g ol R UTEIA
regarded as a single peak. In detazil, the half-value width in
this case was obtained by determining the difference between
the temperatures at which half the height of the peak top
indicating the melting point (Tm) was reached first and last.

In the case where there were two or more peaks and these
peaks were completely separate from one another {that is, the
enthalpy curve indicated a plurality of peaks while returning
to the baseline each time), the heat of fusion (AH) was obtained
by determining the area of the peak indicating the melting point
{(Tm}), and the half-value width (ATh.1e) was determined based on
the peak indicating the melting point (Tm). In an embodiment
of the present invention, when there are two or more peaks in
a DSC curve, the peaks are not completely separate from one
another.
[0167]
(GPC for copolymer)

The number average molecular weilight (Mn) and weight

average molecular weight (Mw) were measured using a gel
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excellent the low-temperature properties of the lubricating oil. [0172]
(Cold cranking simulator (CCS) viscosity) 10 The CCS viscosity of the
lubricating oil composition was measyred at -25C in accordance with
ASTM D 2602. The CCS viscosity is used in the evaluation of slidability
(startability) of a crankshatft at low temperatures. The lower the value, the

pe riROReiexcellent the Jowstemperatiss properties, 12.f ttﬂ%é@@%‘&”%%lg)

[0173] (Low-temperature flowability (low-temperature storage stabi

calik alygﬂc%&%oig%rmg%i&oemgﬁoég%fggﬁg?gd{a{%%%a@gmeand

flowability (appearance) was observe

po1Jallowing criterja: AA; The gﬂ%@@e%;gg@»ﬂavevs o T@fgog“eﬂogi}ig’@ivg%s

gelled. [Example 1] 60 A thoroughly nitrogen-purged 1 L continuous

co1 BEPYIE PolyRErAtONeaCtoneqypped wilh & sijng Blade was, ;5

charged with 1 dehydrated and puri ane. By conteiﬁﬁ:gusly

.. .feeding.n-hexane at 1.1 L/h, the total pressure 5. was increased to 3.5

i O T RO R BF eoh i CRBAE e
ufactured by Tosoh Finechem Corpaoration) was continuously

Was ?L%aplieé‘d at%%)rlnm? f‘"lﬁd%ﬂﬁﬁ%fonSlSted ot ort%oc&chlo%obenzene

(Wako Pure Chemical Industries, Ltd.) and 0.025 wt% of BHT
(Takeda Pharmaceutical Company Limited) as an antioxidant. The
mobile phase was pumped at 1.0 ml/min. The sample concentration
was 0.1 wts. The sample injection amount was 500 pl. A
differential refractometer was used as a detector. The peaks
were separated with data processor SC8010 manufactured by TOSCH
CORPORATION. A minimum point between peaks was determined, and
a perpendicular lide was drawn therefrom to the baseline. Mn,
Mw andﬂMw/Mn were determined with respect to each peak, and an
intensity ratio between peaks was calculated.

[0168]

(Measurement of copolymer’s Torystar)

Terystar refers to a crystallization temperature measured
by a CRYSTAF methcd. In the invention, it was measured with
CRYSTAY 200+ manufactured by Polymer ChAR. The sample was
dissolved in orthodichlorcbenzene to a concentration of 0.66
mg/ml. The solution was allowed to stand at 160°C for 1 hour

and then at 95°C for 45 minutes, and was cooled tc -20°C at a
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mmol/ml hexane solution of diethylzinc (manufactured by KANTO
CHEMICAL CO., INC.) was continuously supplied at 750 ml/h. 10 Further,
a 0.07 mmol/ml solution of methylalyrginoxane (TMAO-341 manufactured
by Tosoh Finechem Corporation) as a cocatalyst was continuously
supplied at 43 ml/h. Furthermore, a 0.000035 mmol/ml hexane solution of

t emgm Imethylene(3:te _Pg EYé‘%@ 8th %%:} (lﬁ? & ntadﬂ%r%/lé 8%%? ntra

(2,7-di-tert-butylfluorenyl)zirconium dic e and a mmol?nl\fm of

polgffalgygnqueeéhj}s'f@g@y&'g%%% 'eg%{' 3%%3%%” lJzirconium dichloride . ..y

. S
were continuously supplied ea , where y‘fhere was no gas

an pﬂﬁgwe@edregg&og- ﬁtggc?;g e time, &hleeoog.lmsﬁigogg:%%ws he

D ; utg. T
continuously 20 discharge m an upper portion 0 ymerization

ctor._ while the amount of the polymerization liquid in the reactor was
oAb AT L SUBSeRohlly Sy ehe ST Bropolshe warE ESMBLBY” 2o
cheSupRliedin %theogolxmeriz%tion reactor at 3 NL/h. and 0.24 L/h,
1€ réSpectively” The Copolymerizaton was perforfedrér whid hamtaiting:
the temperature at 80C by circulating.a refrigerant and steam in a jacket
Pol itgére BiitidS the Fol %éﬁz&?oﬁ%@a&m%@?ﬁ?@*f‘ﬁés fractionated
copolymerization under the above conditions resulted in a polymerization
= S8t CoRtAnNG h EHgReTopYIENE GpdRToR The ponferbasare:
solution was paured into a large amount of methanol and thereby the

fragﬁﬁﬁghéﬁﬁgﬁﬁgﬁﬁgiﬁﬁﬂﬁﬂ§ye’ the temperature of the peak top

appearingbetwe@n95°Cand—20°€wasdefinedaseacrystallization
temperature (Teryscat) -

[0169]

(Density of copolymer!

After measurement of MFR at 190°C under 2.16 kg load, a
copolymer strand was heat treated at 120°C for 1 hour and was
gradually cooled slowly to room temperature in 1 hour. The
density thereof was measured by a density gradient tube method.
MFR was measured in accordance with ASTM D 1238-65T.

[0170]
(Kinematic viscosity at 100°C)

The kinematic viscesity of the lubricating oil composition
at 100°C was measured in accordance with ASTM D 445. The
tubricating oil compesitions in Examples of the present
invention were prepared so that the kinematic viscosity (KV)

would be about 15 mm?/sec.
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was precipitated. The copolymer was dried under reduced 10 pressure at
130C for 24 hours. The properties of the copolymer are set forth in Table
1. [Example 2] A thoroughly nitrogeg<purged 1 L continuous pressure
polymerization reactor equipped with a stirring blade was 15 charged with
1 L of dehydrated and purified n-hexane. By continuously feeding

r01M:-hexane at 1.1 L/h, the total pressure was increased to 3.5 MPa. A
0.004 mmol/ml hexane solution of triisobutylaluminum (TIBA,

(Mirmamdfastufed:ny) TasohddaeeRem Corporation) was continuously
supplied at 750 ml/h, and a 0.0016 20 mmol/ml hexane solution of

diethwkzing: (Ragufactureddy KANTQ :GHEMCAL GOy INGIWaS+ion was

continuously supplied at 750 mi/h. Further, a 0.06 mmol/ml solution of

me a J0ebylatuminoxane (1 MAQ-34d - manufacturesldyT esohgginechen, vg

Corporation) as a cocatalyst was continuously supplied at 40 ml/h.

vi sddsthepmore, a 400006 62 mymelimkhexans,soluton of ump to perform
diphenylmethylene(3-tert-but yI-5-methyIcycIopentadlenylsb(2,

pumg/digtertbutylfluogenyd), zircopium dighlaride, and 2.9,00006  mmol/ml .

solution of ethylene(cyclopentadienyl) 5 (fluorenyl)zirconium dichloride

exodNeIE LONINLOURY upplied Lach AL AR LMy WDEIPDY INele.WRS110,995,
: phase in the reactor. Atthe same‘timg,%:e p%%mefelzatior{ﬁﬁql%%awal%g ors
{Glpgﬁwtinuously discharged from an upper portion of the polymerization

reactor while the amount of the polymerization liquid in the reactor

(Cold cranking simulator (CCS) viscosity)

The CCS viscosity of the lubricating oil composition was
measured at -25°C in accordance with ASTM D 2602. The CCS
viscosity is used in the evaluation of slidability
(startability) of a crankshaft at low temperatures. The lower
the value, the more excellent the low-temperature properties
of the lIubricating oil.

[0173]
(Low-temperature flowability (low-~temperature storage
stability))

The lubricating oil composition was cooled at -18°C for

Imonth, and ficwability (appearance) was observed and evaluated

based on the fcollowing criteria:
AR: The composition flowed.
CC: The ccomposition was gelled.

[Example 1]
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10 was kept at 1 L. Subsequently, ethylene and propylene were
continuously supplied into the polymerization reactor at 36 NL/h and 0.24
L/h, respectively. The copolymerization was performed while maintaining
the temperature at 80C by circulatin 4 refrigerant and steam in a jacket
attached outside the 15 polymerization reactor. [0175] The
cop Iyr%erization_!under the above conditions resulted in a polymerization
soldtion Contaiking an ety RIRIpRIpYRTR Lopolgier e HSy Rtz ateR
solutipn was poured into a large 20 amount of methanol and thereby the
POl A iertdpropylere EosolyREr WaS fretivitatetl. Thecopdfymdrnas tied
under reduced pressure at 130C for 24 hours. The properties of the
chat8hotyther "are setortA T YabR“EIERMpR-AP 63 HWitorbsgray - BY
nitrogen-purged 1 L continuous pressure polymerization reactor equipped
CONith P e g 1HadE Wash charbea il L-df defdrdte ahd frtifiegessure
n-hexane. By continuously feeding n-hexane at 1.1 L/h, the total pressure
Wa S 5ipa FREEASdPto’3.B MPa: A 6.0044Ral hékane ebRipNSSsFLution of
_ triisobutylaluminum (TIBA, manufactured by Tosoh Finechem
LrlEsrporation) was teRtindddsly stipplictratzo0l/kyafie ag:061t6 echem
mmol/ml hexane solution of diethylzinc (manufactured by KANTO
COrpMENICAL GBS INC T WaswoninuouBl suppliet dET50 Mith. E0Ewrtiierf 01

a 0.09 mmol/ml solution of methylaluminoxane (TMAO-341
mmol/ml hexane solution of diethylzinc (manufactured by KANTO

CHEMICAL CC., INC.} was continuously supplied at 75C ml/h.
Further, a 0.07 mmol/ml solution of methylaluminoxane (TMAO-341
manufactured by Tosoh Finechem Corporation) as a cocataiyst'was
continuously supplied at 43 ml/h. Furthermore, a 0.000035
mmol /ml hexane solution of

diphenylmethylene (3-tert-butyl-5-methylcyclopentadienyl)

(2, 71-di-tert-butylfluorenyl}zirconium dichloride and a
0.0C00105 mmol/ml solution of ethylene(cyclopentadienyl)
(fluorenyl)zirconium dichloride were continuously supplied
each at 43 ml/h; whereby there was no gas phase in the reactor.
At the same time, the polymerization liquid was continuously
discharged from an upper portion of the polymerizatiocn reactor
while the amount of the polymerization ligquid in the reactor
was kept at 1 L. Subsequently, ethylene and propylene were
continuously supplied into the polymerization reactor at 36 NL/h

and 0.24 L/h, respectively. The copolymerization was performed
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manufactured by Tosoh Finechem Corporation) as a cocatalyst was
continuously supplied at 40 ml/h. Furthermore, a 0.00006 mmol/mi
hexane solution of 61
diphenylmethylene(3-test-butyl-5-methylcyclopentadienyl) 15
(2,7-di-tert-butylfluorenyl) zirconium dichloride and a 0.00012 mmol/ml

wh i S0Iufion.of sthylenetayclopentadienyl) - (fluoremyl)zircgium dichlorider,

were continuously supplied each at 40 mi/h, wherebythere was no gas

re £ PhAse inthe,teactar. At the same time. the. polymerization liquid was

continuously 20 discharged froni an upper portion of the polymerization

ool veactor, while the amaeunt of the polymerization liquid in the reactor was
ept at 1 L. Subsequently, ethylene and propylene were continuously

[Oﬁshuj‘.)plied into the polymerization reactor at 36 NL/h and 0.24 L/h,
respectively. The copolymerization was performed 64 while maintaining

the temperat 1 80 circulating a, refrigerant and steam in a jacke
attached oL s%%eﬁﬁéf lpglbgrgﬁ%%z%%{:\ regét%r.g[%ﬁg] Cgﬁlﬁté%mns £e8lees

. CO ohymerizatiog under ttﬂe above congitions resulted in a erizatio
in a pofvmeriZatlon T1IOn C ain %%%

poly
soluti conltginlng anse?hﬁeﬁeff)rogyrfene c%%glyﬁeﬁ lg&?%%ﬁ%%nene
cops Iutigrrl Wasfgour%qnlgo ailar e amourﬂt f methanol and th%rebé/the
Pe IPene7propyéfe]?1e c%p%fyrﬁ‘ear Was Sr%c}lp'tlaf)éa.w?ﬁe%%lfjﬁﬁ/ sFWasafigg9e
under reduced 10 pressure at 130C for 24 hours. The properties of the
amo%%poﬂ#ﬁ@?%ﬁ%%ﬁQ%%ﬂﬁfﬁHﬁﬂﬁ %;ﬁmeethylene/pé%pglene copolymer

was precipitated. The copolymer was dried under reduced
pressure at 130°C for 24 hours. The properties of the copolymer
are set forth in Table 1.

[Example 2]

A thoroughly nitrogen-purged 1 1 continuocus pressure
polymerization reactor eguipped with a stirring blade was
charged with 1 L of dehydrated and purified n-hexane. By
continuously feeding n-hexane at 1.1 L/h, the total pressure
was increased to 3.5 MPa. A 0.004 mmol/ml hexane solution of
triiscbutylaluminum (TIBA, manufactured by Tosoh Finechem
Corporation) was continuously supplied at 750 ml/h, and a 0.0016
mmol/ml hexane solution of diethylzinc (manufactured by KANTC
CHEMICAL COC., INC.) was continucusly supplied at 750 ml/h.
Further, a 0.06 mnol/ml scolution of methylaluminoxane (TMAO-341
manufactured by Tosoh Finechem Corporation) as a cocatalyst was

continucusly supplied at 40 ml/h. Furthermore, a 0.00006
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[Example 4] A thoroughly nitrogen-purged 1 L continuous pressure
polymerization reactor equipped with a stirring blade was 15 charged with
1 L of dehydrated and purified n-hexgge. By continuously feeding
n-hexane at 1.1 L/h, the total pressuré was increased to 3.5 MPa. A
0.004 mmol/ml hexane solution of triisobutylaluminum (TIBA,

— Wf%cé%qgeb%'?r/gggggl:riln%cgem Corporation) was continuously
,and a

supplied at 750 m .0016 20 mmol/ml hexane solution of

- di Izi f d ANTO CHEMICAL CO., INC.
s TRME A0 CIMGA CO N e

continuously supplied at hﬁrther, a
1ethylaluminoxan MAO-341 manufactured by Tosoh Finechem
(2, Ay S CORi on iy ShENed P ACRAAE 000006
mogyrt ermore, a 0.00Q06 65 ?molrg;nl h?Cxane solution of
‘ |pIF|enyl?néJtﬁfil%%ef ST BURTBIMENT IS ROPERTTEHY (2,

(fl7-di-tert- uglfluoren%% zi cogti]l‘;m dichlor ideand a 0.00018 mmol/ml _
SSILEEN of AttytEhe el diehyf 59 @B6rermB zieortm dichioREe <4
were co ti u?usly supplied each at 40 ml/h, whereby there was no gas

ea‘cphaéﬂée%é~I tﬁlné rBactitS 13 Tie [SARTEHHRS the pdfmBHRZ&Tor TiqikFwAS 2Ctor .
continuously discharged from an upper portion of the polymerization

AT RGP WhIIE tRE amotintRst tHE By RiFizafion fiGiid Sh e raRpsriTo:was Ly

. _keptat1 L. Subsequently, ethylene and propylene were continuously
1 SSUBRIRTANtS Bie POIyTHBRZaROT Fedttorat 36 NIFR 1AM DimpLhon reactor

. respectively. The copolymerization was performed
while 'the amount of the polymerization liquid in the reactor

was kept at 1 L. Subseguently, ethylene and propylene were
continucusly supplied into. the polymerization reactor at 36 NL/h
and 0.24 L/h, respectively. The copolymerization was performed
while maintaining the tempeiature at 80°C by circulating a
refrigerant and steam in a jacket attached outside the
polymerization reactor.

[06175]

The copolymerization under the above conditions resulted
in & polymerization solution containing an ethylene/propylene
copolymer. The polymerization solution was poured into a large
amount of methanol and thereby the ethylene/propylene copolymer
was precipitated. The copolymer was dried under reduced
pressure at 130°C for 24 hours. The properties of the copolymer
are set forth in Table 1.

[Example 3]
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while maintaining the temperature at 80C by circulating a refrigerant and
steam in a jacket attached outside the 15 polymerization reactor. [0177]
The copolymerization under the above conditions resulted in a
polymerization solution containing aﬁ%thylene/propylene copolymer. The
polymerization solution was poured into a large 20 amount of methanol
and thereby the ethylene/propylene copolymer was precipitated. The
cog%lyfh‘;\lg rg\/% e%?’igd %%Ig? PEaLCRY" Bredsure a Rt 2# hEarsS Thé©
properties of the copalymer are set forth in Table 1. [Example 5] 66 A

PO L YRS 0GR it odER purde T EHtAUBLS Presstife pofyRferzhndh was
reactor equipped with a stirring blade was charged with 1 L of dehydrated

Cha%%%%d"r’mcéﬁ rﬁhéxa?rfe.W%ﬁﬁﬁﬁ&&ﬁwf&e@wﬁmﬁaﬁé%ﬂ?@@n, thel
total pressure 5 was increased to 3.5 MPa. A 0.004 mmol/ml hexane

CONHUEBR Dt VirtSSHU A UTRGRATTB A fmandfakiited byeT dsokRinBERERU L S
Corporation) was continuously supplied at 750 m1/h, and a 0.0016

W25 RGHRT REXane sdiutioi it diethyinind mBRgraditked YacaNT ol ution of

. CHEMICAL CO., INC.) was continuously supplied at 750 ml/h. 10 Further,
Lri 55508 timdlkiT $bldfion of Methjlaltirfinekare:(rMEOl34PImBhnfaetrad

by Tosoh Finechem Corporation) as a cocatalyst was continuously
CorgupplieePat 404RIACFhiREfHErRY & DDbDE iRl Réxdne sotltiol d1016

mmol/ml hexane sclution of diethylzinc (manufactured by KANTO
CHEMICAL CO., INC.) was continuously supplied at 750 ml/h.
Further, a 0.0% mmol/ml solution of methylaluminoxane {TMAO~341
manufactured by Tosoh Finechem Corporation) as a cocatalyst was
continuocusly supplied at 40 ml/h. Furthermore, a 0.00006
mmol/ml hexane solution of

diphenylmethylene (3-tert-butyl-5-methylcyclopentadienyl)
{(2,7-di-tert-butylfluorenyl)zirconiumdichloride and a 0.00012
mmol/ml solution of ethylene(cyclopentadienyl)
(flucrenyl)zirconium dichloride were continuocusly supplied
each at 40 ml/h, whereby there was nc gas phase in the reactor.
AT the same time, the polymerization liquid was continuocusly
discharged from an upper portion of the polymerization reactor
while the amount of the polymerization liquid in the reactor
was kept at 1 L. Subseguently, ethylene and propylene were
continuously supplied into the polymerization reactor at 36 NL/h

and 0.24 L/h, respectively. The copolymerization was performed
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diphenylmethylene(3-tert-butyl-5-methylcyclopentadienyl) 15
(2,7-di-tent-butylfluorenyl)zirconium dichloride and a 0.00006 mmol/ml
solution of ethylene(cyclopentadiengl) (fluorenyl)zirconium dichloride
were continuously supplied each at 40 ml/h, whereby there was no gas
phase in the reactor. At the same time, the polymerization liquid was

whilcé’QHQ%%%IXI%Q@S%%@&%’Q}%&DQ%Q.O%iﬁ’_m@]&g%etﬁglly@fﬁztaygn a

reactor while the'amount of the polymerization liqui e reactor was

refXeptatlL. Subsequently; ethylene and pr 1%6{%%%%305%?2%@

supplied into the polymerization reactor at a

pol§ﬁ§&%qg/€!i_yo£[ he copolymerization was performed 67 while maintaining
the temperature at 80C by circulating a refrigerant and steam in a jacket

EOl@étflched outside the polymerization reactor. [0178] 5 The
copolymerization under the above conditions resulted in a polymerization

soll,ilglon conta’inipn% an eth).(tlene/prg Ierlf crc;goll%mer. The ,olérgerizati n
€ Copo T } i C
solution Was poured into a Ig?gé‘nar%%u% Bf et anS AT heaby 1R vt -
in aethglfnglﬁorrg %\I%n% copolymer_was %egziﬁitated. The copolymer was dried
UNdErredueed 10 pressire at 130¢C for 24 hdtis 2Phé praperied BF ey Lene
copolymer Are set forth in. Table 1. [9179 [Table 1] Example Example
Cop?ééﬁhﬁszxaﬁb&? ¥gﬁﬁm§atlon olution was poured into a large
amount of methanol and thereby the ethylene/propylene copolymer
was precipitated. The copolymer was dried under reduced
pressure at 130°C for 24 hours. The properties of the copolymer
are set forth in Table 1.
[Example 4]

A thoroughly nitrogen-purged 1 L continuous pressure
polymerization reactor equipped with a stirring blade was
charged with 1 L of dehydrated and purified n-hexane. By
continuously feeding n-hexane at 1.1 L/h, the total pressure
was increased to 3.5 MPa. A 0.004 mmol/ml hexane solution of
triisobutylaluminum (TIBA, manufactured by Tosch Finechem
Corporaticn} was continuously supplied at 750 ml/h, and a 0.0016
mmol/ml hexane solution of diethylzinc (manufactured by KANTO
CHEMICAL CO., INC.) was continuously supplied at 750 ml/h.
Further, a 0.12 mmol/nﬂ_soiution,ofznethyialuminoxane (TMAG-341

manufactured by Tosoh Finechem Corporation) as a cocatalyst was

continuously supplied at 40 ml/h. Furthermore, a 0.00006
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12345 Ethylene content molo 65.2 56.3 61.5 67.8 56.9 Mw x 104
g/mot11.911.311.811.511.2 Mw/Mn 1.9 2.0 2.01.9 2.0 Density g/cm
0.858 0.858 0.8 11 0.865 0.861 Tm C 30.2 40.6 40.5 40.9 48.9 8933 x
Density - 27.6 27.6 30.935.1 1 30.9°2H J/g 33 1424 34 16 AThaif C
61.1 65.262.959.362.7 -0.71 x Tm + 101.4 80.0 72.6 72.6 72.4 66.7 To
C,18.1 28.7 28.1 29.4 38.2 crstaf C -11.5-3.5-3.2-2.9 0.1 "Tc - Tcr staf

mmo .é‘?ﬁ%ﬁ.f% 8381 1028 x AH + 25.3 26.2 25.7 26.0 26.3 25.7

. J0180Q] 15 [Comparative Example 1iA thoroughly nitrogen-purged 1 L

dip %ﬂﬁ#&&}shﬁ;ﬂe%&ré%’g%ﬁyﬂw‘éﬁ% fioh Feablof Eelipliacinits alsrirg
blade was charged with 1 L of dehydrated and purified n-hexane. B

(e Eaﬂﬁﬁ&o‘%ﬁﬁé‘é%mgfﬁlh%&%ﬂwt BETOM. Hetdan prisstrernag 0. 00018
increased to 3.6 MPa. A 0.0003 mmol/ml hexane solution of 5

RO Gy BRI ORENS IMRIAG S AR A AT 658h Finechem
Corporation) was continuously supplied at 186 mi/h, and a 0.0009

(£ 1ot héxdiie 8oltfiont bF HictiyIginc (ABRURRIIRE WY RANTOIPP 1 ied

CHEMICAL CO., INC.) was continuously supplied at 625 ml/h.
each at 40 ml/h, whereby there was no gas phase in the reactor.

At the same time, the polymerization liguid was continuously
discharged from an upper portion of the poclymerization reactor
while the amount of the polymerization liquid in the reactor
was kept at 1 L. Subseguently, ethylene and propylene were
continuously supplied into the polymerization reactor at 36 NL/h
and 0.24 L/h, respectively. The copolymerization was performed
while maintaining the temperature at 80°C by circulating a
refrigerant and steam in a jacket attached cutside the
polymerization reactor.

[G177]

The copolymerization under the above conditions resulted
in a polymerization solution containing an ethylene/propylene
copolymer. The polymerization sclution was poured into a large
amount of methancl and thereby the ethylene/propylene copolymer
was precipitated. The copolymer was dried under reduced
pressure at 130°C for 24 hours. The properties of the copeclymear
are set forth in Table 1.

[Example 5]
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Further, a 0.00038 mmol/ml solution of 10
triphenylcarbenium(tetrakispentafluorophenyl) borate (manufactured by
ASAHI GLASS CO,,LTD.)as a coc%té;llyst was continuously supplied at
81 ml/h. Furthermore, a 0.00026 mmol/ml hexane solution of
[N-(2,6-di(1-methylethyl)phenylamido)(2-methylphenyl) 15

(1,25phenylsn ﬁ@-}pyﬁigﬁ‘%%f,-&iﬂme{%aae&h%fn%%&%}Q%‘s anda e

0.00019 mmol/ml Solution of 1,2-bis-(3,5-di-tert-butylphenylene

po1ﬁ-&li@ém?my'%Mi)mgﬁfgnsl}gvgﬁawggtﬁg@% dimethyl were

continuously supplied each at 4 , Whereby ere was no gas

cna PESE L Ue fedctoy: ALle samedime, fhe polymerizaton iquid was

continuously discharged from an upper portion of the polymenz%‘ﬁc')n Y

o A e e e o o8 sure

ept at sequ -butene ere continuou

supplied 69 _into the polymerization reactor at 52 NL/h and 0.29 L/h,
vas résggerc%%g@? The go’p%lyl/xn%ﬁza |or[? W@l@gp%?m;e I\lwlg?ex%?aﬁnﬁa? iRgtRe °F
. temperatyre, at 80C by ¢j ting a refrigerant and steam in a jacket
trl]a?tgghlé—’d] %a&%& {huempd%/rrfngekgm i6h'B rg%gt}%f ef%l%}i] el Finechem
coFolgmerization under the ab% conditions resulted in a polymerization

COTEBNition ChtAHing Rhr etk Rne Y it&Re B dymet TRk BotyfidiZaflof 01 €

f9|u ion was goured into a large )
mmol/ml nexane solution of diethylzinc (manufactured by KANTO

CHEMICAL CC., INC.} was continuously supplied at 750 ml/h.
Further, a 0.06 mmol/ml solution of methylaluminoxane (TMAO-341
manufactured by Tosch Finechem Corporation) as a cocatalyst was
continuously supplied at 40 ml/h. Furthermore, a 0.00006
mmol/ml hexane solution of

diphenylmethylene (3-tert-butyl-5-methylcyclopentadienyl)
(2,7-di-tert-butylflucrenyl}zirconiumdichloride and a 0.00006
mmol/ml solution of ethylene(cyclopentadienyl}
(flucrenyl)zirconium dichloride were contingously supplied
each at 40 ml/h, whereby there was no gas phase in the reactor.
At the same time, the polymerization liquid was continuously
discharged from an upper portion of the polymerization reactor
while the amount of the polymerization liguid in the reactor
was kept at 1 L. Subseguently, ethylene and propylene were
continuously supplied into the polymerization reactor at 41 NL/h

and 0.24 L/h, respectively. The copolymerization was performed



10

s
[0

10 amount of methanol and thereby the ethylene /1-butane copolymer
was precipitated. The copolymer was dried under reduced pressure at
130C for 24 hours. The properties of the copolymer are set forth in Table
2.[0182] I5 [Comparative Example 2] A thoroughly nitrogen-purged 1 L
continuous pressure polymerization reactor equipped with a stirring blade
whiWas,eharged with L1, of dehydrated and Bw'f@sﬁ‘odo'&-hsrga%%r
continuously feeding n-hexane at 0.53 L/h, the total pressure 2
i t 003 I uti f.
e umexane-IMAG: 3A MarafactLred oy Tosol Eeaher™
polmpetation) was cantinyously supplied at 186 mi/h, and a 0.0009
mmol/ml hexane solution of diethylzinc (manufactured by KANTO
{O:U%HEMICAL CO., INC.) was continuously supplied at 625 ml/h. 70
Further, a 0.00038 mmol/ml solution of
trip Icarbenium(tetrakispentaflyorophenyl) borate (manufactured b
ASE%%YGS ngiy@ Sg 19D gén augél:eaTa%‘g? waé%éogg ntin ggﬂ‘sﬁﬁ Slippfiéd gt‘L ted
/h. Furthermore, a (2.89026 5 mmol/ml hexane solution of

. 81 , tio
e a[l\E%é%?(ﬁ%r%ae WiethyBphenyTamido) -%nne%ﬁﬁpﬁgnﬁf%ylene/ propylene
.2-phenylene-(6-pyridine-2-diyl)methane)]hafnium dimethyl and a
oD RS R~ S EIoR B o A PEA PR 46 = 1o
(1-éN-gz-me}lhgll%lcloh%ﬂlglimianmethyl)(Z-oxqoyI)zirconium
amount o methanol an erePy theé ethyliéne/propylene copolymer

was precipitated.

1lating a
was

The copolymer was dried under reduced
pressure at 130°C for 24 hours. The properties of the copolymer

are set forth in Tzabhle 1.

[0179]
[Table 1]

Example | Example | Example | Example | Example

1 2 3 4 5

Ethylene content mol% 65.2 56.3 £1.5 67.8 56,0
Mw x 107 g/mol 11.9 11.3 11.8 11.5 11.2
Mw /Mn 1.9 2.0 2.0 1.5 2.0
Density g/cm 0.858 0.858 0.862 0.865 0.861
Tm °C 30.2 40.6 40.5 40.9 48 .9
égg?’ x Dbensity 27.6 27.6 30.9 35.1 30.9
AH J/g 33 14 24 34 i6
ATpas ‘C 61.1 £5.2 62.9 59.3 652.7
~0.71 ¥ Tm + 101.4 80.0 72.6 72.6 72.4 66.7
TC °C ig.1 28.7 28.1 29.4 38.2
Terystar °C -11.5 -3.5 -3.2 -2.9 0.1
Tec — Teorystas °C 29.6 32.2 31.3 32.3 38.3%
0.028 x AH + 25.3 26.2 25.7 26.0 26.3 25.7

[C180]

iComparative Example 1]

A thoroughly nitrogen-purged 1 L continuous pressure
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dimethyl were continuously supplied each at 44 ml/h, whereby there was
no gas phase in the reactor. At the same time, the polymerization liquid
was continuously discharged from ap upper portion of the polymerization
reactor while the amount of the 15 polymerization liquid in the reactor was
kept at 1 L. Subsequently, ethylene and 1-butene were continuously
1 8Hpplied Jatg the polymerization reactor at 53 NL/h and,0.29 Lﬁh,
e yrSf(glspective[[z;/. The copo yl?neer?zua}fr%%evéaswgéﬁ#or?ne%tv%/ﬁﬁé“ HHaihtdinfg the
nat erature at 80C by irculating a refrigerant 20 and steam in a jacket
“he a%gchg% outgdztﬁeppcﬁ?%ﬁligggr? r%g%l?o?.\faigé] é'c &?ﬁ\%rizaﬁgn
rgmerization solution

the ab diti lted_ |
con f}qgcr)usel?/ %\é%&?_&%;fx%u%g%gn?e a‘lcngr;g eP./'IlHe Bgﬁnﬁﬁaﬁoﬁressure

containing-an ethy 1-copol

solution was poured intQ a larg ount of methanol and thereby the

wes eﬁﬁﬁgﬁgﬂ?éutte%egc'oggo ger \]gva@n&?éjé:élﬂf%ﬂl’fﬂé dEpoRiferfas died ©of

metﬁmflg reduced gres yre at 130C for 24 hours. The properties of the
copolymer B %e Set Forthin Tabié 2 Y A4y (e OmparaRf i Ex&mpRESER:

c thorou?hl nitrogen-purged 1 L continuous pressure I%!1()1/merization

©rREAGOr 8GuisEd With e BiTing TolatieRpas 8 efa ittt 12BF @ 0. 0009

d?h drated and purified n-hexane. B}é continuously feeding n-hexane at

wno y :

IR GHETStaf prefsups of diethylzinc (manufactured by KANTO

CHEMICAL CO., INC.} was continuocusly supplied at 625 ml/h.

Further, a 0.00038 mmol/ml solution of
triphenylcarbenium(tetrakispentafluorOphenyl} borate
(manufactured by ASAHI GLASS CO., LTD.}) as a cocatalyst was
continuously supplied at 81 ml/h. Furthermore, a 0.00026
mmel/ml hexane solution of
[Nh(2,6—di{1—methylethyl)phenylamido)(2—methylphenyl)
(1,2—phenylene—(6—pyridine~2—diyl)methane)]hafnium dimethyl
and a 0.00019 mmol/ml soclution of
1,2-bis-{3,5-di~tert-butylphenylene)
(1—(N—(Ewmethylcyclohexyl)imino)methyl)(2—oxoyl)zirconium
dimethyl were continuously supplied each at 44 ml/h, whereby
there was no gas phase in the reactor. At the same time, the
polymerization liguid was continuously discharged from an upper
portion of the polymerization reactor while the amount of the
polymerization liguid in the reactor was kept at 1 L.

Subsequently, ethylene and 1l-butene were continuously supplied
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was increased to 3.5 MPa. A 0.004 mmol/ml hexane solution of
triisobutylaluminum (TIBA, manufactured by Tosoh Finechem
Corporation) was continuously supplied at 750 mi/h, and a 0.0016 15
mmol/ml hexane solution of diethylzinc (manufactured by KANTO
CHEMICAL CO., INC.) was continuously supplied at 750 ml/h. Further, a

1re QUG EAllsclvion oL methyalingiene (THAQ 341, maniaciyred
O ’

y Tosoh Fihechem Corporation) as a cocatalyst was continuously
Ii t 40 mi/h. Furthermore,.a 0.00006 20 mmol/ml hexane splution
e b S Kb S Iy A ap BRI (o 8
nax JidRT-uMIALoreny) Ziconium cichlorie e 0.00006 mmolim .
H3oltition of et yleng%yclopenta&eny {riu rényhzirconiunvdichforige? ="
were continuously supplied 72 each at 40 mi/h, W(%ereb there was no
e i e Rtatr S S ting 1S ptamE A Tt a7
- acgntinuously discharged from an upper portion of the polymerization
“3Feactor while the amount of the polymerization liquid in the reactor 5 was
501§§St at 1 L. Subsequently, ethylene and propylene were continuously
plied into the polymerization reactor at 26 NL/h and 0.24 L/h,

respectively. The copolymerization was performed while maintaining the
tempéfattifat88E byZarcutating 4 reffiger s Ane Steaf inQfatKetsul ted
. attached outside the 10 polymerization reactor. [0185] The
0 Bopllymisfizaticii dRdePe"dide Cotiiitohd rBSulisy ethylene/l-butene

copolymer. The polymerization solution was poured into a large
amount of methanol and thereby thé etﬁylene/l—butene copclymer
was precipitated. The copolymer was dried under reduced
pressure at 130°C for 24 hours. The properties of the copolymer
are set forth in Table 2.

[0182]

[Comparative Example 2]

A thoroughly nitrogen~purged 1 L continuous pressure
polymerization reactor equipped with a stirring blade was
charged with 1 L of dehydrated and purified n-hexane. By
centinuously feeding n-hexane at 0.53 L/h, the total pressure
was increased to 3.6 MPa. A 0.0003 mmol/ml hexane solution of
methylaluminoxane (MMAO-3A manufactured by Tosch Finechem
Corporation) was continuously supplied at 186 ml/h, and a 0.0009
mmol/ml hexane solution of diethylzinc (manufactured by KANTO

CHEMICAL CO., INC.) was continucusly supplied at 625 ml/h.
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in a polymerization solution containing an ethylene/propylene copolymer.
The polymerization solution was poured into a large 15 amount of
methanol and thereby the ethylenelgr pylene copolymer was
precipitated. The copolymer was dried under reduced pressure at 130C
for 24 hours. The properties of the copolymer are set forth in Table 2.

Fur18186] 20 @Cgma%gﬁy%@ le 4] A thoroughly nitrogen-purged 1 L

continuous pressure po ymerlzatlon reactor equipped Wlth a stlrrlng blade
s. Ghar d Wlth dehydrated an punﬂe%ln he
trl%a%tlr?ud%u% eed‘lng ne}%exane Ht L1 E The total pr pr ure tV\?as
m(,:lerl\llcﬁrea%ed t0.3 5 ME 0 }CJ)}A& éml h%@e solution of

triisobLtylalumintm , manu acturefd 4o Birecrafif tatyst was

orporation) was ontl uousl pi d at 750 mi/h, and a 0.0016

Comfnm%ﬁmflge]xan Cdlu?gno dige hgf ﬁh(manu?a uremdoby KAN %0026
C};éM CAL CO.,, INC,) . was continuously supplied at 750 m1/h. Further, a

e SOIRFSOIgHSH dPMhethylaluminoxane (TMAO-341 manufactured

soh Finechem Corporation) as a cocatalyst was continuously
LN- égpé{ AL IR FErtheImBRE D0, 6066K il REXBRE Stbtion of

10 d|phe ST)tllmeth lene(3-tert-butyl-5- methylcyclopentadlenyl
Lr o ph RSBy fiGoranynziresmiantdigtonide AAa % 0 0062 imdlAe thy L
solution of ethylene(cyclopentadlenyl) (quorenyI)zwcomum dichloride

andiré ORISR sUPdlietp L ution of

1,2-bis-(3,5-di-tert-butylphenylene)
(1= (N~ {Z-methylcyclohexyl)imino)methyl) (2-oxoyl)zirconium

dimethyl were continuously supplied each at 44 ml/h, whereby

- there was no gas phase in the reactor. At the same time, the

polymerization liquid was continuously discharged from an upper
portion of the polymerization reactor while the amount of the
polymerization liguid in the reactor was kept at 1 L.
Subsequently, ethylene and l-butene were contiﬁuously supplied
into the polymerization reactor at 53 NL/h and 0.29 L/h,
respectively. The copolymerization was performed while
maintaining the temperature at 80°C by circulating a refrigerant
and steam in a jacket attached outside the polymerization
reactor.
[0183]

The copolymerizaticn under the above conditions resulted

in & polymerization socluticn containing an ethylene/l-butens
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each at 40 m1/h, whereby there was no gas phase in the reactor. 15 At
the same time, the polymerization liquid was continuously discharged
from an upper portion of the polymegifation reactor while the amount of
the polymerization liquid in the reactor was kept at 1 L. Subsequently,
ethylene and propylene were continuously supplied into the

lymerization reactor at 26 NL/h 20 and 0.24 L/h, respectively. The
e B L PR alnoroh ty (RREE AN T 0% farge

80C by circulating a_refrigerant.and_steam in a jacket attached outside, the
a0 S 1B oL T The omO e o 1 o e e
conditions resulted i olymerjzation solution containing an
has by iae CoBIITEr P POl erioAton i, was Bixrd
into a large unt of methanol and thereby the ethylene/prqpylene
oSS pA b e AOGIRT The coRUTyREP RS &3 Ghde) Redtosd e
pressure at 130C for 41! hours. The properties of the copolymer are set
AT (5T in-PABIR 2.710188)  foomparative Example51 10 A thoroughly
nitrogen-purged 1 L continuous pressure polymerization reactor equipped
[01%dth a stirring blade was charged with 1 L of dehydrated and purified

n-hexane. By continuously feeding n-hexane at 1.1 L/h, the total pressure
[CoppRTiAcresed 838 MPY. A 0.004 mmol/ml hexane solution of

A theroughly nitrogen-purged 1 1 continuocus pressure

cop

polymerization reactor equipped with a stirring blade was
charged with 1 L of dehydrated and purified n-hexane. By
continuously feeding n-hexane at 1.1 L/h, the total pressure
was increased to 3.5 MPa. A 0.004 mmol/ml hexane solution of
triisobutylaluminum (TIBA, manufactured by Tosoh Finechem
Corporation) was continuously suppliedat 750 ml/h, anda 0.0016
mmol/ml hexane solution of diethylzinc {manufactured by KANTC
CHEMICAL CC., INC.) was continuously supplied at 750 ml/h.
Further, a 0.06 mmol/ml solution of methylaluminoxane (TMAO-341
manufactured by Tosoh Finechem Corporation) as a cocatalyst was
continuously supplied at 40 ml/h. Furthermore, a 0.00006
mmol/ml hexane solution of

diphenylmethylene {3-tert-butyl-5-methylicyclopentadienyl)
(2,7-di-tert-butylflucrenyl)zirconiumdichloride anda 0.00006
mmol/ml soluticn of ethylene{cyclopentadienyl)

{fluorenyl)zirconium dichloride were continuously supplied
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15 triisobutylaluminum (TIBA, manufactured by Tosoh Finechem
Corporation) was continuously supplied at 750 mil/h, and a 0.0016
mmol/ml hexane solution of diethylzinc (manufactured by KANTO
CHEMICAL CO., INC.) was continuously supplied at 750 ml/h. Further, a
0.06 mmol/ml solution of methylaluminoxane (TMAO-341 20

mapufactured by Tosgh Finechem Corporation) as.a cocatalyst was
e RSl AP0 ST O o e s 6 00006 hmghme=c2%
exane solytion of . : o .
At tg?ghesnai/rr‘r%e%hlyrpeerfe(§-?§rt%%]t)¥|¥§%e%ﬁﬁ%fcrfople%%ldign%?S continuously
4 é%,?-di-tgr#—butlxlfluoren Igzirconi m dichloride and $0.00006 75 mmol/ml
S SoMUoNR o gt%yle%%(gyﬁoﬁeﬁ?ar ienyl) Buoremyl SirdSinbnTdichioride™ =t or
. were continuously supplied each at 40 ml/h, whereby there was no gas
W02 BhastTn TR At'the Ramid time? the'polymefizaton fiylit vds™ = <= 0~
continuously 5 discharged from an upper portion of the polymerization
w3  £58or Anhite the amOURCOFR POy mERPALFIRUATR MEGBACER WiE =
kept at 1 L. Subseguently, ethylene and propylene were continuouslgl
ConupPfetPinto B polyihietiz afior fe BAdY REA0-RE It Ahvd BABEH, 3¢ 26 NL/h
respectively. The copolymerization was performed 10 while maintaining
andtﬂegén%ﬁé}ata?esgﬁé&ewlcyrcuﬁﬁﬁg SORSTliyEYaRt 2Ad SEeanrih ajadktned
, attached outside the polymerization reactor. [0189] The copolymerization
whi Y3 deptHetadsve condiforiscrastifad Ui pSiynferi4tic Selitivhing a

containing an ethylene/propylene
refrigerant and steam in a jacket attached outside the

polymerization reactor.
{0185]

The copolymerization under the above conditions resulted
in a polymerization solution containing an ethylene/propylene
copolymer. The polymerization solution was poured into a large
amount of methancl and thereby the ethylene/propylene copolymer
was precipitated. The copolymer was dried under reduced
pressure at 130°C for 24 hours. The properties of the copolymer
are set forth in Table 2.

[0186]
[Comparative Example 4]

A thoroughly nitrogen-purged 1 L continuous pressure
polymerization reacteor equipped with a stirring blade was
charged with 1 L of dehydrated and purified n-hexane. By

continucusly feeding n-hexane at 1.1 L/h, the total pressure



i5

20

copolymer. The polymerization solution was poured into a large amount
of methanol and thereby the ethylene/propylene copolymer was
precipitated. The copolymer was dried under reduced pressure at 130C
for 24 hours. The properties of the copolymer 20 are set forth in Table 2.
[0190] [Comparative Example 6] A thoroughly nitrogen-purged 1 L

Cmépg%%ereé§%6 50%@?“2@;@“ 6%%0%%%W$Be% with a stirring blade

was 76 charged with 1L of de ated and purified h-hexane. §y’

. CONI feeding n- e at.1.1 L/h, the total pressure. was
e L Mo 50 MeTiT Fess scuar gre Tonechen
triisobutylaluminum_(TIBA, manufactured by Tosoh Finechem 5
o i 00 SUSUTER o S80Il S A DrOBTE @ 00016
mol/ml hexane solution of diethylzinc (manufactured by KANT
o IR Bos TS W Lo iCy ShBBhd AR 720 U RuRHef A T0
[/ml tion of methylaluminoxane (TMAQ-341 manufacture
R OBty S i B A3 16 CORtraaudly /P
ﬁ* su IiEdrﬁt 40 ml/h. F/urﬁthermore, a 0.00006 mmol/ml hexane solution of
U HibHenyintethy ISR 34Br-BagE5AnBtISbpdradEmfcgene (TMAC-341
7-di-tert-butylfluorenyl) zirconium dichloride and a 0.00012 mmol/ml

I
man%ﬁj%%?%rﬁyué?%ié%cl%baﬁ%&féhiﬂ?EBC(ﬁ@Jréﬁmzﬁéoﬁufrﬁ%rﬁéﬁ&é: was

were continuously supplied each at 40 ml/h, whereby there was no gas
COHB%EE@H?&%I%%BR*}Ed at 40 ml/h. Furthermore, a 0.00006

mmol/ml héxane solution of

diphenylmethylene (3~tert-butyl-5-methylcyclopentadienyl)

(2, 7-di-tert-butylfluorenyl)zirconium dichloride and a 0.0002
mmol/ml solution of ethylene(cyclopentadienyl)
(fiuorenyl)zirconium dichloride were continucusly supplied
each at 40 ml/h, whereby there was no gas phase in the reactor.
At the same time, the polymerization liguid was continuously
discharged from an upper portion of the polymerization reactor
while the amount of the polymerization liquid in the reactor
was kept at 1 L. Subseguently, ethylene and propylene were
continuously supplied into the polymerization reactor at 26 NL/h
and 0.24 L/h, respectively. The copolymerization was performed
while maintaining the temperature at 80°C by circulating a
refrigerant and steam in a jacket attached outside the
polymerization reactor.

[0187]
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At the same time, the polymerization liquid was continuously discharged
from an upper portion of the polymerization reactor while the amount of

the polymerization liquid in the reactor 20 was kept at 1 L. Subsequently,
ethylene and propylene were contin—ﬁ%usly supplied into the

polymerization reactor at 40 NL/h and 0.15 L/h, respectively. The
copglymerization was performed while maintaining the temperature at
SOCTE TR e P A SHF St 1 B G A SR thesd

. 77_polymerjzation reactar. [0191] The copolymerization under the above
0 RS TLEAMG S oAby ST SoIUBH COARG i, PEoBY  ene

C
i(%,:ﬁthylene/prgp;l?l?/ﬁaleneﬁ_ S copolymer. The polymerization solution was poured
COP g B4rge antobRtSfiReianbl SRdtRerEby IRe ARy RMESdpdR 2 large

copolymer was precipitated. The cog%ymer was dried under reduced

AMOPREsSirdPSE 1306 Yo7 22 hBEreS THe posdried BNthEopoRAREE sraret ymer
forth in Table 3. 10 [0192] [Comparative Example 7] A thoroughly

WaS nRtseheptrgeEd L doHtintBHS prEiird Spolyiiéfzhtiohdeactor dgtiiped
with a stirring blade was charged with 1 L of dehydrated and purified

Preffekarns: @3 4 5cdRtadusy FEsding hhéErest 11 e §/h fthd botappolymer
pressure was increased to 3.5 MPa. A 0.004 mmol/ml hexane solution of

areyfissbutlaiiminunt ERBA, Aranufactured by Tosoh Finechem

(01887
iComparative Example 5]

A thoroughly nitrogen-purged 1 L continuous pressure
polymerization reactor equipped with a stirring blade was
charged with.l L of dehydrated and purified n-hexane. By
continuously feeding n-hexane at-1.1 L/h, the total pressure
was increased to 3.5 MPa. A 0.004 mmol/ml hexane solution of
triiscbutylaluminum {(TIBA, manufactured by Tosoh Finechem
Corporation) was continuously supplied at 750 m1/h, and a £.0016
mmol/ml hexane solution of diethylzinc (manufactured by KANTO
CHEMICAL CO., INC.) was continuously supplied at 750 ml/h.
Further, a 0.06 mmol/ml solution of methylaluminoxane (TMAO-341
manufactured by Tosch Finechem Corporation) as a cocatalyst was
continuously supplied at 40 ml/h. Furthermore, a 0.00006
mmol/ml hexane solution of
diphenylmethylene (3-tert-butyl-5-methylcyclopentadienyl)

(2, 7-di-tert-butylflucrenyl)zirconiumdichloride and a 0.00006
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Corporation) was continuously supplied at 750 mil/h, and a 0.0016
mmol/ml hexane solution of diethylzinc (manufactured by KANTO 20
CHEMICAL CO., INC.) was continugusly supplied at 750 ml/h. Further, a
0.06 mmol/ml solution of methylalurﬁ]i?loxane (TMAO-341 manufactured
by Tosoh Finechem Corporation) as a cocatalyst was continuously
mo@y Elie%i\yo mi/h g:urgltigﬂore, a 0.00006 mmo)/ml hexane solution of

dip%eny?n%gfhy?énee Bty o rethyIEy S patadienyl)
2, 7-di-tert-butylfluorenyl)zircanium dichloride and a 0.00008 mmol/ml
L R ARG BRI, Tl bBHRIT AenBHRR Lo
were caontinuously supplied 5 each at 40 ml/h, whereby there was no gas
eac}bhaage%% fre/ ?é’ac gﬁgﬁqﬁe%‘?ﬁg tiife the FEymig afoniguiPweRa ctor -
continuousl| ,discharged from an upper portion of the polymerization
At T a8ct8P Whife Ry amaint Ut tHEpbiyAidriZation Higtihn tRE résdtor wirs 1y
.. _keptat 1L, Subsequently, ethylene and propylene were 10 continuously
A1 s hipph&LintbeTolyReRZalion Féadtor at SBNEML #RE DIz AR Teactor
. respectively. The copolymerization was performed while maintaining the
Wil tEmpBRatGRCENS0C by e uRSIhY e FffigBrami ahdl Btdan iR ajhekateactor
attached outside the polymerization reactor. 15 [0193] The .
was cBpBlynierizatibn uider IR aBBYE Fondifibivs- fasltetdince polyatarizatienes
solution containing an ethylene/propylene copolymer. The polymerization
Congémmgﬁwkgﬁﬁﬂpééﬁﬁ&éﬂgﬁﬁhepolymerizationreactoratzﬂ)NL/h
and 0.15'L/h, respectively. The copolymerization was performed
while maintaining the temperaturé at 80°C by circulating a
refrigerant and steam in a jacket attached outside the
polymerization reactor.

[0189]

The copolymerization under the above conditions resulted
in a polymerization sclution containing an ethylene/propylene
copolymer. The polymerization sclution was poured into a large
amount of methanol and thereby the ethylene/propylene copolymer
was precipitated. The copolymer was dried under reduced
pressure at 130°C for 24 hours. The properties of the copolymer
are set forth in Table 2.

[0190]

[Comparative Example 6]

A thoroughly nitrogen-purged 1 L continucus pressure

polymerization reactor equipped with a stirring blade was
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amount of methanol and thereby the ethylene/propylene copolymer 20

was precipitated. The copolymer was dried under reduced pressure at

130C for 24 hours. The properties of the copolymer are set forth in Table

3. 79 [0194] [Table 2] Comparative_fﬁ)mparative Comparative

Comparative Comparative Example 1 Example 2 Example 3 Example 4

Example.5 Ethylene mol% 82.3 82,2 53.7 59.6 57.7 content Mw x 10’
chargngl §3+.3 é.@il%emr%m@@@ Y211 i5ensit GEm3e0.868Y

0,844 0.854 0.856 0.868 Tm C 115.9 117.9-10.9 -11.1 80.7 1073 x
CONHEHERY B6Y2 1997238 I5. 598 g93 AH /G40 447990 DI AlThaReS sure

-0.71xTm +101.4TcC89997.26.961.9 Tcrstar C3030*1*124 Tc
wascggg%@ang_§? 3.5 MPa. A (0.004 mmol/ml hexane solution of

triisobutylaluminum (TIBA, manufactured by Tosoch Finechem
Corporaticn) was continuously supplied at 750 ml/h, and a 0.0016
mmel/ml hexane solution of diethylzinc {manufactured by KANTO
CHEMICAL CO., INC.) was continuously supplied at 750 ml/h.
Further, a 0.09 mmol/ml solution of methylaluminoxane (TMAO-341
manufactured by Tosoh Finechem Corporation) as a cocatalyst was
continuously supplied at 40 ml/h. Furthermecre, a 0.00006
mmol/ml hexane solution of

diphenylmethylene (3-tert-butyl-5-methylcyclopentadienyl)
(2,7-di-tertmbutylfluorenyl)zirconiLm1dichlorideaﬂdea0.00012
mmol/ml solution of ethylene{cyclopentadienyl)
(flucrenyl)zirconium dichloride were continuously supplied
each at 40 ml/h, whereby there was no gas phase in the reactor.
At the same time, the polymerization liquid was continuously
discharged from an upper portion c¢f the polymerization reactor
while the amount of the polymerization liguid in the reactor
was kept at 1 L. Subsequently, ethylene and propylene were
continucusly supplied into the polymerization reactor at 40 NL/h
and 0.15 L/h, respectively. The copolymerization was performed
while maintaining the temperature at 80°C by circulating a

refrigerant and steam in a jacket attached outside the
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Tcr staf 0.028x4H 26.4 26.5 25.6 25.9 25.9 + 25.3 *1: immeasurable 5
[0195] [Table 3] Comparative Comparative Example 6 Example 7
Ethylene content mol% 72.6 74.8 Mxy_?( 104 g/mol 11.1 10.9 Mw/Mn 2.0
1.9 Density g/cm3 0.889 0.866 Tm'1 C 79.9 41.8 1073 x Density - 893
60.9 36.2 AH J/g 53 66 AThalf C-0.71 x Tm + 101.4 Tc C 60.2 29.4 Tcr
o1 iaf G 2 4:.0.9 Tc- Tcorrstaf C 37.228.5 0.028 x AH + 25.3 26.8 27.1 80
® )Féxamp e é]%lgg]a,&%horbughly nitrogen-purged 1 L continuous pressure
wl@ﬂymerization reactor equipped with a stirring blade was

The ceopolymerization under the above conditions resulted
in a polymerization solution containing an ethylene/propylene
copolymer. The polymerization solution was poured into a large
amount of methanol and thereby the ethylene/propylene copolymer
was precipitated. The copolymer was dried under reduced
pressure at 130°C for 24 hours. The properties of the copolymer
are set forth in Table 3.

[0192]
[Comparative Example 7]

A thoroughly nitrogen-purged 1 L continuoué pressure
polymerization reactor equipped with a stirring blade was
charged with 1 L of dehydrated and purified n-hexane. By
continuously feeding n-hexane at 1.1 L/h, the total pressure
was increased to 3.5 MPa. A 0.004 mmol/ml hexane soclution of
triisobutylaluminum (TIBA, manufactured by Tosoh Finechem
Corporation) was continuously supplied at 750 mi/h, anda 0.0016
mmol/ml hexane solution of diethylzinc (manufactured by KANTO
CHEMICAL CO., INC.} was continuously supplied at 750 ml/h.
Further, a 0.06 mmol/ml solution of methylaluminoxane (TMAO-341
manufactured by Tosoh Finechem Corporation) as a cocatalyst was
continuously supplied at 40 ml/h. Furthermore, a (.00006

mmol /mi hexane solution of
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5 chérged with 1 L of dehydrated and purified n-hexane. By continuously
feeding n-hexane at 1.1 L/h, the total pressure was increased to 3.5 MPa.
A 0.004 mmol/ml hexane solution of %riisobutylaluminum (TIBA,
manufactured by Tosoh Finechem ZI rporation) was continuously
supplied at 750 ml/h, and a 0.0016 10 mmol/ml hexane solution of
. _+diethylzinc (manufactured by KANTO .CHEMICAL CO., INC.%O as
A L e S 750 Y Furarer 8 08 RS o
nethylaluminoxane (TMAO-341, manufactured by Tosoh Finechem
2 RO B o A0 B e ORIl S NGt WA R © - 0000¢

rthermore, a 0.00006 15 mmol/ml hexane solutjon of
S Pl it et M v e el

=, (2,7-di-t rt-b\utylfluoreny%zircqnium dichloride and a,0.00012 mmol/ml
LG R b Btiyiene(Jcidpentaderty (HeoferyizircHuinT dichfrde! s
were caontinuously supplied 20 each at 40 ml/h, whereby there was no gas
cachifake’in therBacttt® Wtke SHiTE tiltfeS the ghiyimenzaton iqhitPwagactor -
continuously discharged from an upper portion of the polymerization
At Y& SeRhilk'thEa RSO ATErizafort hGuidn Yhe résidrt wignsly
. _keptat 1 L. Subsequently, ethylene and propylene were 81 continuously
disglippiRtrintd e HONRBRZaRON Fddtorat 36 NIFRL4RG DizpLARD reactor
_respectively. The copolymerization was performed while maintaining the
Wil {gmpéranite it 8o by eirtulafihyae Fetigérant and Shai im afjacketeactor

attached outside the 5 polymerization reactor.
was kept at 1 L. Subsequently, ethylene and propylene were

continuously supplied into the polymerization reactor at 36 NL/h
and 0.24 L/h, respectively. The copolymerization was performed
while maintaining the temperature at 80°C by circulating a
refrigerant and steam in a jacket attached outside the
polymerization reactor.

[0193]

The copolymerization under the above conditions resulted
in a polymerization solution containing an ethylene/propylene
copolymer. The polymerization solution was poured into a large
ameunt of methanol and thereby the ethylene/propylene copolymer
was precipitated. The copolymer was dried under reduced
pressure at 130°C for 24 hours. The properties of the copolymer

are set forth in Takle 3.



[0197] The copolymerization under the above conditions resulted in a
polymerization solution containing an ethylene/propylene copolymer. The

polymerization solution was poured into a large 10 amount of methanol

and thereby the ethylene/propylené opolymer was precipitated. The

copolymer was dried under reduced pressure at 130C for 24 hours. The

copolymer had an ethylene content of 61.5 mol%, a melting point (Tm) of
40.5C, a heat of fusion of 24.0 J/g, each measured by DSC, and Mw/Mn

of 2.0. 15 The properties of the copolymer are set forth in Table 4.
{Olgf‘éxample 7] A thoroughly nitrogen-purged 1 L continuous pressure
olymerization reactor equipped with a stirring blade was charged with 1
[Tabﬁ%f%bhydrated and purified n-hexane. By 20 continuously feeding

r-nexane at k34 1He ek press e Vs e e oS e MR e I el conparar fve
0.004 mmol/mkhexane Splu%%%ﬁﬂ@@“ﬁ@&%@@”ﬁa IBAarpie 4 | Example.s
EthyIaasuiactured by Tosoh Finechem Corpofafion) was cortlnuousl\é
contsupplidPat 750 mi7h>and 4 0.0 mol/ml heXahe solutiorP&f 57.7
Mw_* digthylzinc {manufactured by KANT.O 82 CHEMICAL CQ., INC.) svas 11.2
Mw/Mgontinuously supplied at 750 mi/h. Further, a 0.09Bnmol/ml solutidn of 2.1
Dens igthylgminoxahe8@MAO3410 nidriufactured b§ SFosoH Fineehém 0.868
Im__ Corparation) as & edeftalyst wad ldadtinuously-sitpdlied at 40 AdlA 80.7
églz Furthermore, a 0.00006 5 n mol/m! hexane solution of ,
i 89@I’ﬂghenylmet 1ylen%%3-%ert-bLt yI-5-?ﬁe6thych clop@r?i ieny|) 5.3 38.4
AH J/g 40 44 9 20 23
ATnare - °C
~0.71xTm
+ 101.4
TC °C 89 99 7.2 6.9 61.9
Terystaf °C 30 30 *1, *1 24
Te - °c 59 69 *1 *1 37.4
Tcrvstaf
0.028xAH
St g 26.4 26.5 25.6 25.9 25.9
*1: immeasurable
réises:
{Table 3]
Comparative | Comparative
Example 6 Example 7
Ethylene content mol% 2.6 74.8
Mw x 10° g/mol 11.1 10.9
Mw /Mn 2.0 1.9
Density g/cm’ 0.889 0.866
Tm °C 79.9 47,8
1073 x Density - 893 60.9 36.2
Al J/g 53 66
ATnais °C
-0.71 x Tm + 101.4
Tc °C 60.2 29.4
Terystas °C 23 0.9
Tc - Terystar °C 37.2 28.5
0.028 x AH + 25.3 26.8 27.1
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(2, 7-di-tert-butylfluorenyl) zirconium dichloride and a 0.00012 mmol/ml
solution of ethylene (cyclopentadi,'enyl) (fluorenyl) zirconium dichloride
were continuously supplied 10 each at 40 ml/h, whereby there was no
gas phase in the reactor. At the safié time, the polymerization liquid was
continuously discharged from an upper portion of the polymerization
reactor while the amount of the polymerization liquid in the reactor was

[Exali%%%t gl Subsequently, ethylene and propylene were 15 continuously
supplied into the polymerization reactor at 38 NL/h and 0.24 L/h,

(o 9r@fpectively. The copolymerization was performed while maintaining the
temperature at 80C by circulating a refrigerant and steam in a jacket
attdehedBiitsige tie ToolyiPefRation fxetdr. 20 forgsi Meus pressure
copolymerization under the above conditions resulted in a polymerization

POl WotitiorréomBiniiREarT ethyRehs/BrRopYIee: Bopolyer. rTive polyatirization
solution was poured into a large amount of methanol and thereby the

cha xgrglené/propyléne Eopeiyier 8Bewas piesipititéd sThe copalynter Was
dried under reduced pressure at 130C for 24 hours. The copolymer had

conginethylene comehnol 65.9anel%, & melting point, (Toheof48.4C, aAEaif-e
of 65.1C, a heat of fusion of 29.1 J/g, each measured by DSC, 5 and -0.71

was xiTmred 08dt £ 6031 STRE propérties ©f theccapolymeh serset farthuinion of
Table 4. [Example 8] :
triisobutylaluminum {TIBA, manufactured by Tosch Finechem

Corporation) was continuously supplied at 750 ml/h, anda 0.0016
mmel/ml hexane solution of diethylzinc (manufactured by KANTO
CHEMICAL CC., INC.) was continuously supplied at 750 ml/h.
Further, a 0.09 mmol/ml solution of methylaluminoxane {(TMAQO~341
manufactured by Tosoh Finechem Corporation) as a cocatalyst was
continuously supplied at 40 mi/h. Furthermore, a 0.00006
mmol/ml hexane soluticn of

diphenylmethylene ({3~tert-butyl-5-methylcyclopentadienyl)
(2,7~-di-tert=-butylfluorenyl)zirconiumdichloride anda 0.00012
mmol/ml solution of ethylene(cyclopentadienyl)
(fluorenyl)zirconium dichloride were continuously supplied
each at 40 ml/h, whereby there was no gas phase in the reactor.
At the same time, the polymerization liquid was continuously
discharged from an upper portion of the polymerization reactor
while the amount of the polymerization liguid in the reactor

was kept at 1 L. Subseqguently, ethylene and propylene were
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A thoroughly nitrogen-purged 1 L continuous pressure polymerization
reactor equipped with a stirring blade was 10 charged with 1 L of
dehydrated and purified n-hexane. By continuously feeding n-hexane at
1.1 L/h, the total pressure was incréased to 3.5 MPa. A 0.004 mmol/ml
hexane solution of triisobutylaluminum (TIBA, manufactured by Tosoh
Finechem Corporation) was continuously supplied at 750 mi/h, and a
CONBIFOIE S WAt Hekare Soflito R Bf diethylzind (rRantfaclired B 36 NL/h
KANTO CHEMICAL CO., INC.) was continuously supplied at 750 mi/h.
and Eyrfifer: A'0.0% AREGMIVSOIton TitnegnRlummbkans {TmA@sRer formed
manufactured by Tosoh Finechem Corporation) as a cocatalyst was
whieBniiiubtishi sdpplical s 40ARL Fullentoie 84 DD0UD620 mmeltrhhg a
hexane solution of

ref gighepgiMethpéne (3 6tt-botyd-Simetigicyslopentaeienylit side the
(2,7-di-tert-butylfluorenyl) zirconium dichloride and a 0.00006 mmol/ml
pol yokitioa of ethylermeg(cyclopentadienyl) (fluorenyl)zirconium dichloride
were continuously supplied 84 each at 40 ml/h, whereby there was no
[01gds phase in the reactor. At the same time, the polymerization liquid was
continuously discharged from an upper portion of the polymerization
reactor white-ther@mouat:cictheupolymerizatiahdiquid-trihetreaatorrz=was ted
kept at 1 L. Subsequently, ethylene and propylene were continuously
in suppligthinta the polymerizatibnreactor at 36 Ny /Anasd 24 hA propylene
- respectively. The copolymerization was performed while maintaining the
coptenyperaturerat8pC lhyreircidatinghd solution was poured inte a large
amount of methanol and thereby the ethylene/propylene copolymer
was precipitated. The copolymer was dried under reduced
pressure at 130°C for 24 hours. The copolymer had an ethylene
content of 61.5 mol%, a melting point (Tm) of 40.5°C, a heat
of fusion of 24.0 J/g, each nmeasured by DSC, and Mw/Mn of 2.0.
The properties of the copolymer are set forth in Table 4.
[Example 7]

A thoroughly nitrogen-purged 1 L continuous pressure
polymerization reactor equipped with a stirring blade was
charged with 1 L of dehydrated and purified n-hexane. By
continucusly feeding n-hexane at 1.1'L/h, the total pressure
was increased to 3.5 MPa. A 0.004 mmol/ml hexane solution of
triisobutylaluminum (TIBA, manufactured by Tosch Finechem

Corporation) was continuously supplied at 750 ml/h, anda 0.0016

mmol/ml hexane solution of diethylzinc (manufactured by KANTO
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refrigerant and steam in a jacket attached outside the 10 polymerization
reactor. [0199] The copolymerization under the above conditions resulted
in a polymerization solution containing an ethylene/propylene copolymer.
The polymerization solution was podar d into a large 15 amount of
methanol and thereby the ethylene/propylene copolymer was
recipitated. The copolymer was dried under reduced pressure at 130C
CHE‘%%%&% : Thﬁ%o%oweﬂ%téﬁaﬁim E0Rteht 6P6 729 Moelderd /-
crystallization temperature (Tc) of 28.1C, a heat of fusion of 31.0 J/g,
FUrBHER mBaSuPed B BSEL £ 96 TeiyitaPbyths RS TRE HEhDE SEIeC341
Tc - Terystaf = 31.7C, and 0.028 x AH + 25.3 = 26.2. The properties of
manyAEaptlfinety are SeR R #i 4B P206I [Cmpatative Baimpleg] was
85 A thoroughly nitrogen-purged 1000 ml glass autoclave was charged
CON{RGRBOOTHY of dRProliche? Bnd Prapyléne WS assE tere Thrdugh 38 6
100 L/h for 15 minutes. The temperature of the system was maintained at
mmo 25 aRG ABG nfifiéLihteim$éf aluminum 5 of methylaluminoxane was
added. Further, 0.15 mmol of [bis[N-(3-t-butylsalicylidene)-
diphgny kg pehtadeicarikatofitanium {adictitdride] wass mdadd sand the
gas supply was switched to an ethylene/propylene (6.5/93.5 L/h) mixture
(2, daslfolicwed bytstitdrg fore0himtes;onium dichloride and a 0.00012

mmol/ml solution of ethylene(cyclopentadienyl)

(fluorenyl)zirconium dichloride were continuocusly supplied

each at 40 ml/h, whereby there was no gas phase in the reactor.
At the same time, the polymerization liquid was continucusly
discharged from an upper portion of the polymerization reactor
while the amount of the polymerization liguid in the reactor
was kept at 1 L. Subsequently, ethylene and propylene were
continuously supplied into the polymerization reactor at 38 NL/h
and 0.24 L/h, respectively. The copolymerization was performed
while maintaining the temperature at 80°C by circulating a
refrigerant and steam in a jacket attached outside the
pelymerization reactor.
50198].

The copolymerization under the above conditions resulted
in a polymerization solution containing an ethylene/propylene
copolymer. The polymerization solution was poured into a large

amount of methanol and thereby the ethylene/propylene copolymer
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10 Then, the supply of ethylene was stopped, and a propylene/nitrogen
(60/40 L/h) mixture gas was supplied instead, followed by stirring for 10
minutes. Subsequently, the gas suggly was switched to an
ethylene/propylene (85/15 L/h) mixture gas, followed by stirring for 6
minutes. The reaction was then 15 terminated by adding 20 ml of

was mgthg{lgl ang 5dm| o 1%"0 Ic\:lo hgqror%glgriﬁaasdd J;FJJ:]E? yS;[w.e e%’vaw':s uced
(?on?inuoﬁ%@ Stitred for 30° TAINUES UNder a s?ream of i rogen.ef]he
olymerization solution was deashed with distilled water.and was poured ,
o re T o oA ferBy brecipiaing SORHIE T b Hasne
20 collected and was dried at 130C under reduced pressure fgg 10 hours,
contifo & gfor-ah BihyfenelpfpylehieEopdlyier Wi oBfairiéd. ' The & AThais

copolymer had an ethylene content of 63.7 mol%, a melting point of
O 6 30-  FoBEetTuGoN 12678 16, dacr mbASuréis By BSES ARAMWMRES

of 1.3. The properties of the copolymer are 86 set forth in Table 4. [OZO)}TL
and [oriataihe ExAipté ST A foroughIynrgBR PurGed 16061RI G- Ver
autoclave was 5 charged with 800 ml of dry toluene, and propylene was
are pREed “thefe #iroligRaf 160 L/h for 15 minutes. The temperature of the
system was maintained at 50C, and 15. 0 mmol in terms of aluminum of
[ExaA@th§lafiminoxane was added. Further, 0.15 mmol of

[bis[N-(3-t-butylsalicylidene)- 10 2,3,4,5,6-pentafluoroanilinato]titanium
avfﬁ@ﬁ@ﬁg§P%5§ nitrogen~purged 1 L continuous pressure

polymerization reactor eguipped with a stirring blade was
charged with 1 L of dehydrated and purified n-hexane. By
continuously feeding n-hexane at 1.1 L/h, the total pressure
was increased to 3.5 MPa. A .004 mmol/ml hexane solution of
triisobutylaluminum (TIRA, manufactured by Tcsoh Finechem
Corporation) was continuously supplied at 750 ml/h, and a 0.0016
mmel /ml hexane solution of diethylzinc (manufacﬁured by KANTO
CHEMICAL CO., INC.) was continuously supplied at 750 ml/h.
Further, a 0.09 mmol/ml solution of methylaluminoxane (TMAO-~341
manufactured by Tosoh Finechem Corporaticn) as a cocatalyst was
continuously supplied at 40 ml/h. Furthermore, a 0.00006
mrmol/ml hexane solution of

diphenylmethylene {(3-tert-butyl-5-methylcyclopentadienyl)
(2,7-di-tert-butylfluorenyl)zirconiumdichloride anda 0.00006
mmol/ml solution of ethylene(cyclopentadienyl)

(fluorenyl)zirconium dichloride were continuously supplied
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added, and the gas supply was switched to an ethylene/propylene
(6.5/93.5 L/h) mixture gas, followed by stirring for 60 minutes. Then the
supply of ethylene was stopped, ang propylene/nitrogen (60/40 L/h)
mixture gas was supplied instead, followed by 15 stirring for 10 minutes.
Subsequently, the gas supply was switched to an ethylene/propylene
(85/1 /Q%L ixture gas folé wed hy stirring for 6 minutes. The reaction
e o O AdAnG 50 3 OF Fotahol SRS i oD NPAoEo
drochloric acid. TE system was. continuously stirred for 30 20 minutes
At t%%e?%%?rgca%n%f ni r'%oege]quJ ' IéepxojfyzrrafécrTzozaﬁlionJ‘s% ult%)nwﬁvsascd)élatsﬁ%‘dOHSl Y

with distilled water and wasgoured into 1.5 L of methanal, thereb

dis Cp%}%éi%ﬁéti g Attt Theolymarwiis ‘coffebtet At was ed eactor

., . 130C under reduce% pressure for 10 hours, and_7.19 g of an
Wt I e BTGHYIAG SopRIfmes WA GHAREA 87 PR Sopdiymer Rad S to:
ethylene content of 62.5 mol%, a melting_ paint of 40.9C, a heat of fusion
W3S G 3y, bach mEHSTEE By DSE, SdMWIIR G4 PFRE BIopetties 5F
the copolymer are_ set forth in Table 4. 5 [0202] [Comparative Example
CONYg} POz ARG Wil Lairfed BEEN A¥E6HARES With ASA&HEE afsi%é §L/n
tubular reactor as described in JP-A-S60-35009. The resulted polymer
and §|gfioh Afas PoBREEF intd &ldirge BRFOGRRST LB HREHERMbE A d iRy farmed
ethylene/propylene copolymer was precipitated. The copolymer was dried

Whi%%d@?k&ﬁﬁ%ﬂkﬂ@s&ﬂ% temperature at 80°C by circulating a

refrigerant and.steam in a jacket attached outside the
polymerization reactor.
[0199]

The copolymerization under the above conditions resulted
in a polymerization solution containing an ethylene/propylene
copolymer. The polymerization sclution was poured into a large
amount of methanol and thereby the ethylene/propylene copolymer
was precipitated. The copolymer was dried under reduced
pressure at 130°C for 24 hours. The copolymer had an ethylene
content of 67.9 mol%, a crystallirzation temperature (Tc¢) of
28.1°C, a heat of fusion of 31.0 J/g, each measured by DSC, a
Torystaf Y the CRYSTAF method of -3.6°C, Tc - Tepystar = 31.7°C,
and 0.028 x AH + 25.3 = 26.2. The properties of the copolymer
are set forth in Table 5,

[0200]

[Comparative Example 8]
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at 130C for 24 hours. The copolymer had an ethylene content of 64.9
mol%, a melting point (Tm) of 49.8C, a AThalf of 109.1C, a heat of fusion
of 27.1 J/g, each measured by DSC, and -0.71 15 x Tm + 101.4 = 66.0.

The properties of the copolymer areééet forth in Table 4. [0203]

[Comparative Example 11] A thoroughly nitrogen-purged 1 L continuous
pressure 20 pglymerization reactor equipped with a stirring blade was
cha%g*éa%&"%]ﬂ%dﬁ‘ GethydtaIEd &t pliftied 1-hékans: B8Y° contintodsly “2S
feeding n-hexane at 1.1 L/h, the total pressure was increased to 3.5 MPa.

chazgboirhiholil Hekané sofition o frisobuBIaluRfiER (Fisavas passed
manufactured by Tosoh Finechem 88 Corporation) was continuously

Ehe f dphBa S 7S A Edrtnel” a'0. 08 Mot soltitfoly gFPsrature of the
methylaluminoxane (TMAO-341 manufactured by Tosoh Finechem .

Y S EBporAiBRY-aS Aldcdlytivas EotftinuousIfEapphBd-SEHE Rifna L uminam
Furthermore, a 0.00006 5 mmol/ml hexane solution of

of TRHEAY M SRYIENEtStebutASiffdthylEydssfadienyy @rol of
7-di-tert-butylfluorenyl) zirconium dichloride and a 0.00012 mmol/ml

[b1igeNition of eiienseyelepentaiighyl) (fluorenyl)zirconium dichloride

were continuously supplied 10 each at 40 ml/h, whereby there was no gas
2, 3 phaSe firrrveatior” Ianeé sanfe-tmé itherpolymenZatichiligite wede ] was

continuously discharged from an upper portion of the polymerization
addeghctond the gas supply was switched to an ethylene/propylene
(6.5/93.5 L/h) mixture gas, followed by stirring for 60 minutes.
Then, tThe supply of ethyliene was stopped, and a
propylene/nitrogen (60/40L/h) mixture gas was supplied instead,
followed by stirring for 10 minutes. Subsequently, the gas
supply was switched to an ethylene/propylene (85/15 L/h} mixture
gas, followed by stirring for 6 minutes. The reaction was then
terminated by adding 20 ml of methanol and 5 ml of 1.0 N
hydrochloric acid. The system was continuously stirred for 30
minutes under a streamof nitrogen. The polymerization solution
was deashed with distilled water and was poured into 1.5 L of
methanol, thereby precipitating a polymer. The polymer was
collected and was dried at 130°C under reduced pressure for 10
hours, and 9.37 g of an ethylene/propylene copolymer was obtained.
The copclymer had an ethylene'content of 63.7 mol%, a melting

point of 42.3°C, a heat of fusion of 20.8 J/g, each measured

by DSC, and Mw/Mn of 1.3. The properties of the copolymer are
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while the amount of the polymerization liquid in the reactor was kept at 1
L. Subsequently, ethylene and propylene were 15 continuously supplied
into the polymerization reactor at 36 NL/h and 0.24 L/h, respectively. The
copolymerization was performed Wﬁj ile maintaining the temperature at
80C by circulating a refrigerant and steam in a jacket attached outside the
cat PO gn%caf{lzatloe Eﬁctor 20 [0204] The copolymerization under the above
conditions resuitéd” in a polymerization solution containing an
2gﬁtflylene/propylene copolymer. The polymerization solution was poured
into a large amount of methanol and thereby the ethylene/propylene
Comogo ymer 89 wasggrem%ﬂ)ated. The copolymer was dried under reduced
lPe:ssure 3t 1556“% Z4 hours. The copolymer had an ethylene content of
g\ % a c talllzatlon temperature (T Q? of 27.8C, a heat of fusion of
Jly

%5%}% gsaﬁe%fﬁﬁﬁ%cp‘afg%@r ySt&hi the EHVSTAERLfGY vas
C TcC - Tcr staf = 25.7C, and 0.028 x AH + 25.3 = 26.2. The
Chaﬁ%ep%rt‘*’é‘s B e copblytherare E8LfaFHSn Tabfe BIPRBSE TFablay passed

arative Comparative Comparative Example Example 8 Example 9
th@ﬁia?ﬁme%éxaﬁw&@%/@tﬁﬁéné THMETROL% BLS BIWEE BleEg eA g-he

system was maintained at 50°C, and,IS.Oxmnolijzterms of aluminum
of methylaluminoxane was added. Further, 0.15 mmol of
[bis[N=-{3~-t-butyisalicylidene) ~
2,3,4,5,6—pentafluoroanilinafo]titanium {IV) dichlcride] was
added, and the gas supply was switched to an ethylene/propylene
(6.5/93.5L/h) mixture gas, followed by stirring for 60 minutes.
Then the supply of ethylene was stopped, and a propylene/nitrogen
{60/40 L/h) mixture gas was supplied instead, followed by
stirring for 10 minutes. Subsequently, the gas supply was
switched to an ethylene/propylene (85/15 L/h) mixture gas,
followed by stirring for € minutes. The reaction was then
terminated by adding 20 ml of methancl and 5 ml of 1.0 N
hydrochloric acid. The system was continuocusly stirred for 30
minutes under a streamof nitrogen. The polymerization sclution
was deashed with distilled water and was poured into 1.5 L of
methancol, thereby precipitating a peolymer. The polymer was
collected and was dried at 130°C under reduced pressure for 10

hours, and 7.19 g of an ethylene/propylene copolymer was obtained.
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Mw x 10" g/mol Mw/Mn. 2.0 1.3 1.4 Density g/cm, Tm C 40.5 42.3 40.9
48.1 49.8 1073xDensity - 893 4H J/g 24 21 21 29 27 AThalf C 60.1 109.1
-0.71 x Tm + 101.4 67.266.0 To C Tcr staf C To- Tcrs'af C 0.028 x AR
+25.3 10 90 [0206] [Table 5] Exarfiple 8 Comparative Example 11
Ethylene content mol% 67.9 68.8 Mw x 10" g/mol Mw/Mn Density g/cm3

m
The copolymer had an ethylene content of 62.5 mol$, a melting
point of 40.9°C, a heat of fusion of 21.2 J/g, each measured

by DSC, and Mw/Mn of 1.4. The properties of the copolymer are

set forth in Table 4.
[0202)]
[Comparative Example 10]
Polymerization was carried out in accordance with a method
using a tubular reactor as described in JP-A-560-35009. The
resulted polymer solution was poured into a large amount of
methanol, and thereby an ethylene/propylene copolymer was
precipitated. The copolymer was dried under reduced pressure
at 130°C for 24 hours. The copolymer had an ethylene content
of 64.9 mol%, a melting point (Tm) of 49.8°C, a ATna:s oF 109.1°C,
a heat of fusion of 27.1 J/g, each measured by DSC, and -0.71
¥ Tm + 1C0l.4 = €6.0. The properties of the copolymer are sat
forth in Takle 4,

[0203]
[Comparative Example 11]

A thoroughly nitrocgen-purged 1 L continuous pressure
polymerization reactor equipped with a stirring blade was
charged with 1 L of dehydrated and purified n-hexane. By
continuously feeding n-hexane at 1.1 L/h, the total pressure
was increased to 3.5 MPa. A 0.004 mmol/ml hexane solution of

triiscbutylaluminum (TIBA, manufactured by Tosch Finechem
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1073 x Density - 893 AH J/g 31 33 AThalf C-0.71x Tm + 101.4Tc C
28.1 27.8 Tcrystaf C -3.6 2.1 To - Tervstaf C 31.7 25.7 0.028 x AH +
25.3 26.2 26.2 5[0207] In general,ré)olymer properties vary depending on
polymerization processes and polyrfi€rization apparatuses. [0208]
Comparison between Example 6 and Comparative Examples 8 10 and 9
shows that polymers obtained by living polymerization (A process

Corrfididdsetlin Paent DobdRtENt 3) dorbisatisty thé reetiréieht (3yurther,
according to the present invention. From the comparison between
2 0 BAnipie 7/aid esmparaive Exafipie’ 16 tha ipstymenzdtidHasinga
tubular reactor as described in 15 JP-A-S60-35009 (Patent Document 2)
manghes Het gl e polyirers SatRficg the Fequirehicid (@FandE)ofahe st was
present invention. Comparing Example 8 and Comparative Example 11
conshBWs ko B lyrers dd néPsadsty the Fattiidenier ¥8) ofithe Presér
invention when the chain transfer catalysts are not used (A process
o HigeloseerinrEatentlbsdiment ). [Example 9]
diphenylimethylene (3-tert-butyl-5-methylcyclopentadienyl)
(2,7-di-tert-butylfluorenyl)zirconiumdichloride and a 0.00012
mmol/ml sclution of ethylene(cyclopentadienyl)
(fluorenyl)zirconium dichloride were continuously supplied
each at 40 ml/h, whereby there was no gas phase in the reactor.
At the same time, the polymerization liquid was continucusly
discharged from an upper portion of the polvmerization reactor
while the amount of the polymerization ligquid in the reactor
was kKept at 1 L. Subseqguently, ethylene and propylene were
continuously supplied inte the polymerization reactor at 36 NL/h
and 0.24 L/h, respectively. The copolymerization was performed
while maintaining the temperature at 80°C by circulating a
refrigerant and steam in a jacket attached outside the
pelymerization reactor.
[0204]
The ceopolymerizaticon under the above conditions resulted
in a polymerization solution containing an ethylene/propylene

copolymer. The polymerization sclution was poured into a large

amount of methanol and thereby the ethylene/propylene copolymer



. 5 Alubricating oil composition was prepared from 86.9 wt% of a
lubricating oil basestock that was mineral oil 120 Neutral (trade name,
manufactured by ESSO Co. , Ltd.) having a kinematic viscosity at 1000C
of 4.60 mm2/s, 1.6 wt% of the copo@/?her from Example | as a lubricating
oil viscosity modifier, 0.5 wt% of 10 pour-point depressant ACLUBE146
(manufactured b Sanég Chemical Industries, Ltd.) and 11.0 wt% of

Was JetérgeRt dispefsant 1

26605 YRTEnUIAGUIEB R THE Etibrizsid oo

Corporation). Performances of the lubricating oil composition were
Pregvuifated TRE résdlfsare’ SHowrrin TAbIE 6 ABTERERpIBAD] 2 ethylene

lubricating oil compaosition was prepared and evaluated in the same
CoOnRatine? astin Exdivpia 9, excéptthattheapoRimerfBRT Exdrple!3 Was®*

used as the lubricating oil viscosity modifier and the material amounts

27. Yudre chahgad aafadsesibed iR T

e 8. 209Fhe AsduItEeRe ShBM K Bilfle @

6. [Example 11] A lubricating oil composition was prepared and evaluated
Teryinath® SR rBYISIHES REERAMIE 92 ekcEpt that thé copelymet SfrdmC, and
Example 3 was used as the lubricating oil viscosity modifier 92 and the
0. OhfateriaFamotintssweré Thangetras described ir T abfe 6heTherasujtsareare
shown in Table 6. [Example 121 A lubricating oil composition was

set pfapaed and@Rlatéd 5 in the same manner as in Example 9, except
that the copolymer

[0205]
iTable 4]
ComparativeComparative Comparative
Example & Exémple 8 Eximple‘9 Example 7 Exigple 10

Ethylene mols| 61.5 63.7 62.5 65.9 64.9
content
Mw x 107 g/mol
Mw /Mn 2.0 1.3 1.4
Density g/cm’
Tm °c 40.5 472.3 40.8% 48.1 49.8
1073xPensity
- 893
AR Jig 24 21 21 29 27
ATnais °C 60.1 109.1
-0.71 x Tm +
101.4 67.2 c6.0
Te °C
Tcrystaf °C
To- Tcrystaf °C
0.028 x AH
+ 25.3




from Example 4 was used as the lubricating oil viscosity modifier and the
material amounts were changed as described in Table 6. The results are
shown in Table 6. [Example 13] 10 A lubricating oil composition was
prepared and evaluated in the samé ¥hanner as in Example 9, except that
the copolymer from Example 5 was used as the lubricating oil viscosity
modifier and the material amounts were changed as described in Table 6.
The results are shown in Table 6. 93 LONtiONrO .-1d+OlIOO Oarl
OlptiMrox WWC)ON.-VOr-lv+tOOO .-1QOr-l roror-INkk W
[02¢fk~imNO O

[Table 5]
- Comparative
Example 8 Example 11
Ethylene content mol% 67.9 68.8
Mw x 10° g/mol
Mw /Mn
Density g/cm’
T °C
1072 x Density - 8853
AH J/g 31 a3
ATpare °c
~0.71 x Tm + 101.4
TC °C 28.1 27.8
Tcrystaf QC -3.6 2.1
Tc — Teorystas ©°C 31.7 25.7
0.028 x AH + 25.3 26.2 26.2
[0207]

In general, polymer properties vary depending on
polymerization processes and polymerization apparatuses.
[0208]

Cemparison between Example 6 and Comparative Examples 8
and 9 shows that polymers cobtained by living polymerization (A
process disclosed in Patent Document 3) do not satisfy the
requirement (3) according to the present invention. From the
comparison between Example 7 and Comparative Example 10, the
pelymerization using a tubular reactor as described in
JP~A-560-3500% (Patent Document 2} does not give polymers
satisfying the requirements (4) and (5) of the present invention.

Comparing Example 8 and Comparative Example 11 shows that
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LhLORO rorokk WW ONQ)aDO NONHV OIOOI roroNM k
KW mHOOMO T MNONIMMMOO~ ~"OINOOC NNkk WW Wo
40hoow\3333EE(lj U U'UU9%0-JO~CUrtro

polymers do not satisfy the requirement (8) of the present
invention when the chain transfer catalysts are not.used (A
process disclosed in Patent Document 1).

[Example 9]

A lubricating oil composition was prepared from 86.9 wtk
of a lubricating oil basestock that was mineral oil 120 Neutral
{trade name, manufactured by E530 Co., Ltd.} having a kinematic
viscosity at 100°C of 4.60 mm°/s, 1.6 wt% of the copolymer from
Example 1 as a lubricating oil viscosity modifier, O.5lwt% of
pourwpointdepressantACLUBE146(H@nufacturedkﬂfSanyoChemical
Industries, Ltd.) and 11.0 wt% of detergent dispersant LZ 20003C
(manufactured by The Lubrizol Corporation). Performances of
the lubricating cil composition were evaluated. The results are
shown in Table 6.

[Example 10}

A lubricating oil compesition was prepared and evaluated
in the same manner as in Example 9, except that the copolymer
from Exemple 2 was used as the lubricating oil viscositymodifier
and the material amounts were changed as described in Table 6.
The results are shown in Table 6.

[Example 11]

A lubricating oll composition was prepared and evaluated

in the same manner as in Example 9, except that the copolymer

from Example 3 was used as the lubricating oil viscositymodifier
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OCC3 mMC10>0rorom.-4,QV)U)010W C)oNOU 0 OHNm
CCt5 NH-UCSaC*UN 10.VC-H4)-Hm HCL IOccHNNO4)N
)Nj-H--aai.Ua-i OlalNSI-IO-HN ONN4)OWOAOX.Uil CD
H 94 [0210] [Comparative Example32.2 to 18] Lubricating oil
compositions were prepared and evaluated in the same manner as in
Example 9, except that the copolymers 5 from Comparative Examples 1
and i§ 8 Bed G8dd dsaRe fibricaterolf VRRESIEy mbdifiet Ghthe ratdridtle 6.
amounts were changed as described in Table 7 or 8. The results are
The she®ndh Tablss Franigin Table 6.

[Example 12]

A lubricating oil composition was prepared and evaluated
in the same manner as in Example 9, except that the copelymer
from Example 4 was used as the lubricating oil viscositymodifier
and the material amounts were changed as described in Table 6.
The resulits are shown in Table 6.

[Example 13]

A lubricating oil composition was prepared and evaluated
in the same manner as in Example 9, except that the copolymer
from Example 5 was used as the lubricating oil viscositymodifier
and the material amounts were changed as described in Table 6.

The results are shown in Table 6.
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[0210]
[Comparative Examples 12 to 18]

Lubricating oil compositions were prepared and evaluated
in the same manner as in Example 9, except that the copolymers
from Comparative Examples 1 to 7 were used as the lubricating
0il viscesity modifier and the material amounts were changed
as described in Table 7 or 8. The results are shown in Tables

7 and 8.
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1. A copclymer comprising structural units derived
from ethylene and structural units derived froma C3-20 a~olefin
and satisfyving the feollowing requirements (1) to (8):

(1) the melting point (Tm} according to DSC 1s in the range
of 0 to 60°C;

(2} themelting point (Tm) andthe density D.(g/cm’®) satisfy
the eqguation kl} pelow:

Tm 2 1073 x D - 893 .-+ {1}

(3) Mw/Mn according to GPC is in the range of 1.6 to 5.0;

(4)thehalf—valuewidth(AThaf)cﬁfan@ltiﬁgpeakn@asured
by DSC is not more than 90°C;

(5) the half-value width (ATu.ie) and the melting point (Tm)
satisfy the equation {Z} below:

ATpare & -0.71 x Tm + 101.4 .-+ {2}

(6} the heat of fusion {AH) as measured by DSC is not more
than 60 J/g;

{7) the crystallization temperature (Tc) according to DSC
is not more than 70°C;

(8) the heat of fusion {AH), the crystallization
temperature (Tc) measured by DSC and the crystallization
temperature measured by a CRYSTAF method (Torystaz) satisfy the

equation {3} below:
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1. A copolymer comprising structural units derived from ethylene and
structural units derived from a C3-20 a-olefin 5 and satisfying the
following requirements (1) to (8) (1) the melting point (Tm) according to
DSC is in the range of 0 to 60C; (2)9tﬁe melting point (Tm) and the
density D (g/cm3) satisfy the equation (1) below: 10 Tm >: 1073 x D - 893
.. {I} (3) Mw/Mn according to GPC is in the range of 1.6 to 5.0; (4) the
half-value Wigiti (AEhsify of 2 Melif pealiincasited by DSC3isnot more
than 90C; (5) the half-value width (AThalf) and the melting point (Tm) 15
satisfy the equation {2} below: AThaif <- -0.71 x Tm + 101.4 .. {2} (6) the
heat of fusion (AH) as measured by DSC is not more than 60 J/g; (7) the
crystallizatién t&tRperdtGE (TEFREcotdng t8 DSC 20 isinotmere Maptived
70C; (8) the heat of fusion (AH), the crystallization temperature (Tc)
fromedsuréd by DRCET tHeugrgstallization aermhperatiremedstred by-a lefin

CRYSTAF method (Torystaf) satisfy the equation {3} below: 98 To -
wheTeARIEF = 050028 X + 25013t a gyl pyArswpolyierdoraprisinglene and
structural units derived from ethylene and structural units derived from a
a CE320@olefihin in the presence of two or more polymerizaticn

catalysts and a chain transfer catalyst wherein the
polymerization catalysts are capable of providing polymers with
different properties under substantially identical

polymerization conditicens, and wherein the copolymer has a

melting point (Tm) measured by D8C of 0 to 60°C.

3. A copolymer comprising structural units derived
from ethylene and structural units derived froma C3-20 a-clefin
wherein the copolymer is obtained by polymerizing ethylene and
a C3-20 a~olefin in the presence of two or more polymerization
catalysts and a chain transfer catalyst wherein the
polymerization catalysts are capable of providing polymers with
different properties under substantially identical
polymerization conditions, and wherein the copolymer has a
melting point (Tm) of 0 to 60°C and a crystallization temperature

(Tc) of not more than 70°C, each measured by DSC.

4. A copolymer comprising structural units derived
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5 wherein the copolymer is obtained by polymerizing ethylene and a
C3-20 a-olefin in the presence of two or more polymerization catalysts
and a chain transfer catalyst wherein the polymerization catalysts are
capable of providing polymers with “diferent properties under substantially
identical 10 polymerization conditions, and wherein the copolymer has a
melting point (Tm) measured by DSC of 0 to 60C. 3. A copolymer ,
£ rome GinprisiriySsROCH Y aF thits dérlved “frontiEthylené Ardstruttira LRSS0
derived from a C3-20 a-olefin 15 wherein the copolymer is obtained by
Whe e menisify Btyleerand & €53320'50I8n RPthE 5rEsEnEd of tWd of Hord <
polymerization catalysts and a chain transfer catalyst wherein the ‘
a C3paiinferizafidn Catdly SR GibieoP préviding pAghr dtim et on
properties under substantially identical 20 polymerization conditions, and
cataateih fedcohofjiierhad d meRingFoiRti (At ofitP 60t &hE a
crystallization temperature (To) of not more than 70C, each measured by
POl YIS iz 2k Copcher ¥arhprishif SHoeirgl BRIt TeYived 99 HrohethAcrat
and structural units derived from a C3-20 a-olefin wherein the copolymer
difi¢ sBHindt By polyhfcrizng ethyfeiesdid Ble3-20 4-9fsfnlifidhe presence
of two or more polymerization catalysts and a chain transfer catalyst
polyifefémhe B pelyitiz anom catahfsty AR gt of Froviding pblyiiersa
with different properties under substantially identical polymerization

me 1 ebnditions; an@Whergifl e 66p6laner hasastallization temperature

(Tc) of not more than 70°C, each measured by DSC, and the melting
point {Tm) and the density D (g/cma) satisfy the equation {1}
below:

" Tm 2 1073 = D — 893 .-+ ({1}.

5. The copolymer according to any one of claims 1 to

4, wherein the o-oclefin is propylene.

6. The copolymer according to any one of claims 1 to
5, which has a polystyrene-eguivalent weight average molecular

welight as measured by GPC of 10,000 to 2,000C,000.

7. B process for producing the copolymer of claim 1,
which process comprises polymerizing ethylene and a C3-20

a—-olefin in the presence of two or more polymerization catalysts

and & chain transfer catalyst wherein the polymerization
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melting point (Tm) of O to 60C and a crystallization temperature (Tc) of
not more than 70C, each measured by DSC, and the melting 10 point
(Tm) and the density D (g/cm3) satisfy the equation {I} below: Tm ? 1073
x D - 893 .. {l}. 5. The copolymer ac ding to any one of claims 1 to 15 4,
wherein the a-olefin is propylene. 6. The copolymer according to any one
of claims 1 to 5, which has a polystyrene-equivalent weight average
Cat%ésfé*caa?%i@*ﬁ?é@ﬁe%raa%yl@ﬁé%faem%,Hééﬁ@o@%ﬁg Frant
process for producing the copolymer of claim 1, which process comprises
P OHSImME iziHG SHYIENE AhaTHF €313 alGihit irfthe frEseREE dfMioter
more polymerization catalysts and a chain transfer catalyst wherein the
8fization 100 catalysts are capable of providing polymers with
different properties under substantially identical polymerization
conditions. 5 8. A lubricating oil viscosity modifier comprising the
copolymer of any one of claims 1 to 6. 9. A lubricating oil composition
corfiprising théukibticating oiPvischsirmoifiersi¢idires, gomprising the

con

copolymer of any one of claims 1 to 6.

9. A lubricating oil composition comprising the

lubricating oil visceosity modifier of claim 8.



