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1 DESCRI PTI ON COPOLYMER, PRODUCTI ON PROCESS THEREOF,
LUBRI CATING O L VI SCOSI TY MODI FI ER, AND LUBRI CATI NG
OL COWOSI TION 5 FI ELD OF THE | NVENTI ON [ 0001]
The present invention relates to novel copol yners,
processes for the production of the copolyners, and
.uses of the copolyners. In nore detail, the invention
relates to copol yner SE30RWATEBNcont ai n structura
units derived fromethyl ene and structural units
cotenivesk, f reoparTaoN efforzay mave csneaifieicaTING 0TL
properties. The invention also relates to processes
{2508 PAGhAYT fﬁR?oﬁﬁbyﬂ@ﬁﬁchfEﬁéCSEL”@O&%SI N
viscosity nodifiers conprising e copol yrier s, ahd
| ubricating oil conpositions 15 containing the
lubricating oil viscosity nodifiers. BACKGROUND OF
THE | NVENTI ON [ 0002] Petrol eum products generally
FIELD Qdr ddEe IWVERETIAY, with 20 decreasing tenperature and
vice versa, in other words, their viscosity is
[000ldependent on tenperature. Autonotive lubricating oils
for exanple are required to have a | ess tenperature
d@%%”@%@%eﬁhsgﬂ§%§¥iohnr%ﬁ%%%st%or%%%%% Eﬂ%wlymers
tenper ature dependence of viscosity, luabricatirng oi'l s
are m.xed_ wth viscosity nodifiers that are
PTOCEESES £PE Wbt Wé%“él%foﬁ%% %H%%ﬁﬁ%ﬁﬁ%@?@ &GNd Bgseset the
Et hyl ene /a-ol efin copolynmers are widely used as such
COPOIMETSsi t Y Msdid Pefgilaridia havehstosinal atodi toerapolymers
undergo various inprovenents to provide a further

| whiclenfartceos 5thalcanoe ofudity idatiwg d@donperdiofimnRcesd

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

producing the copolymers, lubricating oil viscosity modifiers
comprisiﬁg the copolymers, and lubricating 0il compositions

containing the lubricating oil viscosity modifiers.

BACKGROUND OF THE INVENTION
[6002]

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

dependence of viscosity,,lubricating 0lils are mixed with
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[ 0003] The viscosity nodifiers are usually
used to prevent the lowering in |lubricating oi
vi scosity at high tenperat?res. In recent years,
however, there is -a need for viscosity nodifiers 10
capabl e of suppressing the increase in lubricating
. oi|l viscosity at |ow tenperatures (thereby providing
Visceske IR T v ciipe a2 X Speopbicips)yméns thetuble in
excel | ent shear stability is required because '
lubriedticgbi DpLids COMROSIenent -1 GeN8sabl Yndsed ddhyige1y
applications where a shear force is applied. 15 To

usedhﬂ@ﬁﬁﬁﬁl%ﬁ%c%@%%@'%kégkhgk%u Low Eﬁgeﬁygégs¥§§gﬁédifiers

pol yners are usually used. However, Vi ScOSI
ifiers having a | ow nol ecul ar, wei ghf have to be

unde L o S R v 19 21 her Py | eat e

oils will have a desired viscosity, thereby causing
balaned b Fbh SerivErd agel . PeTiceBRsNagSt he nol ecul ar 20

wei ght of the viscosity nodifiers and thereby
[0003kducing the anount of the nodifiers will inprove the

econonic efficiency of lubricating oils, but also

deftrer ivalslo itthe nheali sH-ahidd [9Q0 3

Docunent 1 digﬁloses a bIgﬁggg%ugggglg%SFaFgﬁé??%ent the
L, rs differing in.,ethyl.ene content. [0005] This

Lowe O e it Ehlatet P8 ore St oo e ok saPPaAt ges - o
| ow-tenperature properties. However, the bal ance of

rece%%ﬁ%ﬁ?ﬁhn@@§egﬁﬁértgﬁéﬁ 1ovd tafsEgturesppepeytiedifsers
i nsufficient. [0006] Pat ent Docunent 2

capakfes of| Pprtind epehe- Dhefd as e opol yiet sa ddnyviichv heyds ity
a nonuni formintranol ecul ar conposition, a narrow

at lowittesnmd ecilsds cpﬂﬂ@@ﬁéﬁ%%é’ﬁ&ﬁ%%i@@lm a narrow

nmol ecul ar wei ght distribution. [0007] In the

- ' iS¢l os j hi s tent 1
Lo B ef, Cx o e Ay e s
stem.in a tub%gﬁg reactor in which the

r

stab%%ﬁ%%é%tE%ﬁeéﬁ?Pa??Sﬁgs% ricating oil compecsitions are

vari edwher ebyt hei nt r anol ecul ar conposi ti oni snedenonuni

geneRayrly Upee dopePyrbEashpakieleraer eihears farce is applied.

~so-cal | edt aperedcopol ymer in which the intranol ecul ar
To imponpesithicoshieart beapdllyng; ¢bai Molecular weight polymers
are usually used. However, viscosity modifiers having a low
molecular weight have to be added in an increased amount so that
the lubricating o0ils will have a desired viscosity, thereby
causing economic disadvantages. Increasing the molecular
weightoftheviscositynmdifiersandtherebyreducingtheamount
of the modifiers will improve the economic efficiency of
lubricating oils, but alsc deteriorate the shear stability.

{0004]

In connection with the art in the above technical field,
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20 gradual Iy changes and the intranol ecul ar

conposition distribution is broad. [0008] However,

t he above copol ymer provides insufficient _

| ow-t enperature properties.® This is probably because

the copol ynmer has an undesired segnent because of

the broad intranol ecul ar conposition distribution.
Patemp Borkumethi ¥ @i sblesesPat erienRoodmerhy3edi36l03e%in

~copol yners having a highly controlled intranol ecul ar
copobymenpodi fEeni Ay sifi buhi08ne] 0RR%knt . As

described in Production Exanples in this patent
[ooodpcunent, the copol yners are produced by successive

pol yneri zation to highly control properties such as

101 nt ranpl ecul Cc osition distribution. [0010

Fg%%% rPo ﬂ%e§d€%@§ggg% %%F?ﬁéP?QaFPoﬁrPglﬁ%texce{lent
' i ndustrially productive because material s having
low-{arpegarBronBrCpeEbpbesi orffokavert othe sapptdedf

successi vely. Accordingly, 15 sinple production
perfprogessesother desaf elowl 084k rature pEH?EB@EgQr§S

Pat ent Docunent 4 discl oses copolyners that are
insubEghk¥neontroll ed in intranol ecul ar conposition

distribution. 20[0012] Thi s patent docunment
[Oooggaches relatively sinple processes for producing the

copol ymers while highly controlling the

i ntranol ecul ar conposition distribution. [0013]

Patent Document 2 describes ethylene/o-olefin copolymers

which have a nonuniform intramolecular compogition, a narrow
intermolecular composition distribution and a narrow molecular
welght distribution.
[60071

in the production process diSciosed in this patent
dogument, 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 obtained therein is a so—calied'tapered.copolymer
in which the intramolecular composition in the pelymer chain
gradually changés and the intramolecular composition
distribution is broad.
[0008]

However, the above copolymer provides insufficient

- low-temperature properties. This is probably because the
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5 However, the use of the copolyners as

| ubricating oil viscosity nodifiers results in a very

bad bal ance of lubricating oil performances. 5 Patent

Docunment 1: US Patent No. § 697, 429 Pat ent Docunent

2: JP- A- S60- 035009 Patent Docunent 3: JP-A-2003-48931

Pat ent Document 4: US 2006/ 0199896 10 DI SCLOSURE OF
COPO Fyre F NYENTRONUFREBLEMS TEYBENSCLVEDLEN FHEL PREAEDEJ

| NVENTI ON [ 0014] It is an object of the
intrgnesentlinventpesi t Doprovideisapobymers that are used

as lubricating oil VISCOSIty nodi fi ers 15 wher eby

| ulg | gatd g rpid (GRS b ].f%g‘écf gggcfgqfrgg ept digcloses

| owt enperature propertles i's anot
|de processes

f the v on to
cope gﬁgpro ucthy ?ﬂ% %%I?%%F ?H eRcEfPepgcular
i ndustrial 20 productivity. [0016] It is a
ComMPIE+FHORrGt HeFLlgbt eet- of the invention to provide
| ubricating oil viscosity nodifiers conprising the
[000%Dbpol yners, and |ubricating oil conposi tions
containing the lubricating oil 6 viscosity

- ok fadser INEANS, TQ RRIME JHE PROPLEMS [ 0017] ovent
document, the copolymers are produced by successive
polymerization to highly control propefties such as
intramolecular composition distribution.

[0010] |

However, the successive polymerization is not
industriallyproductivehecausenmterialshavingvariednwnomer
proportions have to be supplied sucéessively. Accordingly,
simple production processes are desired.

[0011]

Furthermore, Patent Document 4 discloseé copolymers that
are highly contrélled in intramolecular composition
distribution.

[0012]

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

[0013]
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A copol yner according to the present invention
conprises structural units derived fromethyl ene and
structural wunits derived froma C3-20 a-olefin and
satisfies the follow ng requirenents (1) to (8):
(1) the nelting point (Tm according to DSCis in the
~range of 0 to 60C, 10(2) thenelting point (Tnm) and
t hléo‘&%?%rirt VI g G ool eyt | BibTidatheiowil
Tml073 x D - 893 .-. {1} (3) Mw Wn
viscastoydiondd fier@Ptesslt p ilrhe vang®aafbdl éint® oF. Dpbricating
(4) the half-value width (aThalf / 0-- )
oil barebtinopeaknmeasured 15 by DSC is not nore than 90C
5) the half-value width (AThair) and the nelting
point (Tm satisfy the equation {2} bel ow
ATheaf-0.71 x Tm + 101 4 .-. {2} (6)
t he heat of fusion % as neasured by DSC i s not
Pateﬁ%rgogem?%%ﬁlBduglﬁaten g79°{né28rystal lization
tenperature (Tc) accordlng to DSC is not nore than
Pate@®(Document 2 { 8JP+heSh@ab36008usi on (AN), the
crystal l'izati-on tenperature (Tc) neasured by DSC and

PatehPeDSEVRd | 3 Zarbon-2069Pesatur e neasured by a
CRYSTAF net hod (Tcrystaf ) satisfy the equation {3}

Pate9€'8¥6u$e0984 s 258§¥§§§%98828 X+ 25.3 {3} SThe

nmers-accordi ng resent invention
|nclude copol yners containing structural units
derived fromethylene and structural units derived
froma C3-20 a-olefin
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

- whereby lubricating oil compositions show excellent

low-temperature propertiés.
[00151 -~

It is another obj’ect of the invention to provide processes
for producing the copolyméi:s with excellel;lt industri.ai
productivity.
[0016]

It is a still another object of the invention to provide
iubricating oil viscosity modifiers comprising the copolymers,

and lubricating oil compesitions containing the lubricating cil
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wherein the copol yners are obtained by pol ynerizing
ethylene and a C3-20 a-olefin in the presence of two
or nore polynerization 10 Eﬁtalysts and a chain
transfer catal yst wherein tthe pol ynerization
catal ysts provide polynmers with different properties
under substantially identical polynerization
visceghdivt meAd 1@ -wherei n the copol yners have a nel ting
point (Tm neasured by DSC of 0 to 60C; 15copol yners:
MEANSoMakEoLNg FHEUEROBaEMBNIts derived from et hyl ene and
structural units derived froma C3-20 a-olefin
[po1wherein the copol yners are obtained by pol ymerizing
ethylene and a CG3-20 a- olefin in the presence of two
nore p nerlzat on sts and a chain transfer
oo aryr T ?b%efﬁez%ﬁ% A OTR&PST SOmPTises
- provide polyners MAth dlfferent properties under
strugfBspantpakby degéfercaropoeyhrienat fod conditiioad, units
and wherein the copolyners have a nelting point (Tn)

derlﬁédOfEOmGQccandOaaC6Y§EQh|bé@tbgﬁlgfﬂ9§r§BHr§oiT9%19§
not nore than 70C, each neasured by DSC

requgggﬁgﬁggreleoggalg ng structural units der|ved from

et yl ene and strucgural unlts derived froma 03-20
éﬁ; eln t he CZﬁ yners are obtai ned by

poI Vtezfnﬁ éPﬁﬁ%]rtét B LORZERE PPN l|Sn11t ff&e range
presence of two or nore polynerlzatlon 5 catal ysts

of Oak@l §0chain transfer catal yst wherein the
pol yneri zati on catal ysts provide polyners with
di {2 preéetnel opeg poasitu(mer astbhstaathaity U denéhbatatisty
pol ymerization conditions, and wherein the copol yners

the B@¥&:aoABLtingepal,At (TM of 0 to 60C and a
crystalllzatlon tenperature (Tc) of not nore 10 than

70C, ea q¥ and tCF melting point (Tm
and the d%n5| y Eﬁgé%atlsf khe equation {1}
019] In the copolgners of the present
)ntl\? nﬁ?&%%“@f fR GPC isjig: sheferma®eyof 1.6 to 5.0;
propyiene The copol yners preferably have a 15
pol 45 ttyeemel Bqua vat eriidthe{ Aht.. Aver agee 'l 8§ Wedlk measured
wei ght as neasured by GPO of 10,000 to 2, 000, 000.

by DEO0RO] not morePrBgASs@Scaccording to the present
i nvention produce the copolynmers as descri bed above

anPS)C%%r g‘ff—p@ai/ggul%iltﬁg ﬂhﬁ}éﬁl ennd the melting point (Tm)

-satisfy the éqUation [2} below:

ATpha1e € -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) accordingtxiDSC
is not more than 70°C;

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

temperature (Tc¢) measured by DSC and the crystallization
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20 and a 03-20 a-olefin in the presence of two or

nore pol ynerization catalysts and a chain transfer

cat al yst wherein the polyn%rlzatlon catal ysts provide

pol ynmers with different properties under

substantially identical polynerization conditions. 9

[ 0021] As used herein, the words substantially
tempﬁééﬁtlréaqﬂemulw%rbsza G oM meored nehaysthat satisfy the

conditions are identical except the types of the
equapbbymgBi zation: cat al ysts.: The words polyners with

di fferent properties refer to copol yners having

[001g fferent conposition ratio. [0022] _ A
Iubrlcatlng oi | viscosity nodifier according to the
pr esent entlon co I ses_t he opol meyr as
descrlbéﬁ:a :%EE 025 g t%atlng{%l

conposition accordlng to t he present i nvention
cohR@iGrPolhBer s T eI HE 60 the SEesieny kwtiHtian include:
ADVANTAGES OF THE | NVENTI ON 15[ 0024] The .
copopypnsrof chivea imirent stonuvhenalisedias debfveat fagm
oil viscosity nodifiers give |ubricating oi

ethyﬁ@ﬂ@oéhﬁ' 99§%’8§§%f EXCE! LEDl JQLEAPE BEUBE oolefin

pr opertl es e processes o e I nven

. h h | ent dust
wne:BIE0NES, LoECoRELIIEEe AN giaell ol LA Lal pn e

provides the lubricating oil viscosity nodifiers
and ac@ap? P sinvd etfie topdeyrrescnaad i ieo orOnore polymerization

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 60°C;

copolymers containing s.tructural units dériv’ed from
ethylene and structural units derived from a C3-20 a-olefin
wherein the copolymers are obtéined by polymerizing esthylene
and a C3-20 a-olefin in the presence of two or more pclymerization
catalysts and a chain transfer catalyst wherein the

polymerization catalysts provide polymers with different

properties under substantially identical polymerizaticn

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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condgbiBRRa@EIeY

| ubricating oil conpositions contain the |ubricating
oil viscosity nodifiers. PREFERRED EMBODI MENTS OF THE
I NVENTI ON 5[ 0027] The copol yners, production
‘processes thereof, lubricafing oil viscosity

nodi fiers and Iubrlcatlng oi | conpositions according
to the present invention will be described in detai
hecepobghare I OO28]ng Copolyters] units ddbeved from
copol ynmers of the invention containnstructural units

v f n : r n't ive
ethy@?%ﬁ1éﬁ%35§%ﬁ SFaf ity %%ES%EH Bod"y Canfhdapierin
eflns |nclud near or branched

wnertlf, Bt0ods Rafe L] p?ssyP%E%ln?de¥e%% YehehtRAeSThylene

3-nethyl -1 butene 1- hexene, 4-nethyl-I-pentene, :
and a3CAp? ﬂ;ﬁq—oll%ém:eméhelpmeém@e cf-decengork potesenezation

20 1-tetradecene, 1-hexadecene, 1-octadecene and
catalyetsosetiea cmalif€3t28neyeti cavhefsnswiseiedi@sthe

cycl opent ene, cycl ohept ene, norbornene,

| polyﬁék!kﬁ@i@@r@&ﬂ§§y§95hp§§v§dgebgyymgr§qﬁpgﬁnﬁffferent

tetracycl ododecene and
pct ahydro

propgsERbRAraRe ST Pobsor ey raent el S lurer PRaEig

be used smgh or two or nore kinds may be used in
$003% tISOEoPRe YASESEIa s 2 R ipltepeint (Tm)

: 1- butene, 1-pentene, 1-hexene, 1-heptene and 1-octene

of 0 gree 6préfamdlel eriyisteilévzat ilcowt beppesat e e M )SeFShbY, more

and propylene is nost preferable. [0032] The

thanCOPU y RIS G88shakhyphaye ,a RO Y& WenerRAWMeNEn) and

the density D (g/cm®) satisfy the equation {1} above.

[0019]

In the copolymers of the present inventioﬁ, the a-olefin
is preferably propyléne. The copolymers preferably have a
polystyrene-equivalent weight average molecular weight as
measured by GPC of 10,000 to 2,000,000.

[06020]

Processes according to the present invention produce the
QOpolymersasdescribedaboveand<xm@risepolymerizingethylene
and a C3-20 a-olefin in the presence of two or more polymérization
catalysts and a chain transfer catalyst wherein the
polymerization catalysts provide polymers with different

properties under substantially identical polymerization

conditions.
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10 wei ght average nol ecul ar wei ght (My) as neasured
by GPC (gel perneation chromatography) of not |ess
t han 10, 000, preferably not |ess than 20,000, nore
preferably not |ess than 40,000, and still nore
preferably not |ess than 60,000. The upper limt of
the wei ght average nol ecul ar wei ght is not
[0CZBArticularly limted, 15 but is generally 2,000, 000,
preferably 1,000,000, and particularly preferably
500 006=d [H033]n, - the  wdies copod tygrer Sz 0y tidentical
invention satisfy the requirenents (1) to (8).

polyﬁQL99§610Hh@Tﬂ§ﬂHi6§§Bﬂé§n(%%a£o é§ﬂl @ngeéfé'£ﬁéktlcal

Requi r enent tlng pol nt

exced (nipass SSPOT ol fre i L 184 (8N0C, - 15,01, Ot woras

neltlng point (Tm is determned with a differentia

- PolyBeanny Hyg: Bl i nRitle PYAIPSTE LesThe I5 It FAROpBIAES (Meying

of the copolyners is preferably in the range of 5 to

difféeoént ansmpasittohardyipreferably 10 to 60C. The

nmelting point (Tm) in this range ensures that the
[nggptainable | ubricating oil conposition shows good
om&tenperature propertles (bal ance between

ture V] COSIt 0 erature, -10 |
LR S T LR PR B P S d %o e

mel ting p0|nt (Tm and the density D (g/cnB) of the
PreS@%Eo+§Wﬁ#t%Qﬂ|Qﬁwpﬁ¥ﬁﬁ%xﬁﬂﬁ|QﬂPQﬂﬂPe§éﬁémﬁescrlbed 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
oii viscosity modifie;s giﬁe lubricating oil coﬁpoéitions
showing éxcellent low—tempe;ature properties.

[0025]

-Thegmocesseschtheinventionprodudethecmpolymerswith
excellent industrial productivity.

[0026]
Further, the invention provides the lubricating oil

viscosity modifiers comprising the copolymers, and the
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15[ 0038] Tm073 x D - 893 {1} _ The density D
of the copolyners is not particularly limted but is
usually in the range of 0.850 to 0.930 g/cnB. [0039]
20The sati sfaction ofrthejéhuation {1} ensures that
the obtainable lubricating oil conposition shows good
| owt enperature properties (bal ance between
lubrliomtipgpeiat ooeovs sThsid ycandallowehenpebat caieing oil
flowability) . [0040] 13 <Requirenent (3) >
viscgggt%ﬁﬁgayﬁgérgas a nol ecul ar wei ght distribution
(MM Wh) according to GPCin the rangé of 1.6 to 5.0.
[0041] 5In the invention, the nol ecul ar wei ght
di stribution is neasured using nonodi spersed
ol ystyrenes as standards. The copol yners of the
PREFERGER: FUROBTURRTALSY idiv o WHENRIPR the range of 1.6
to 4.5, and nore preferably 1.6 to 4.0. This Mwv M
[00Z@hsures that the obtainable |ubricating oi
conposition shows good shear 10 stability. The

Coﬂ@éXﬁ@b&yﬁ%&%@%nMMd%tﬂ&h%@@c@@@é@ﬂHﬂEE%ﬂFﬁh$¥&cating
produced by the processes of the present invention as

. A escri | ater. %% 4% <Requi tr een 4%.>
oil YibkeR el TRGR PR b Sl ARt osThY it TR gl Gpe
t he copol ymer neasured by DSC i s_not nore than 90C. .
according to the present invehtion will be described in detdil
hereinbelow.
[0028]
[Copolymers]

The copolymers of the invention contain structural units

derived from.ethylene and structural units derived from a C3-20

a-olefin.

[0029}]

| Examples of the C3-20 a-olefins include C3-20 linear or
branched a-olefins such és propylene,.l-butene, l-pentene,
3-me£hyl—1—butene{ l-hexene, 4—methyl—l~pentenef
3—ﬁethyl~1—pentene, 1~octene, l-decene, l-dodecene,
l-tetradecene, l-hexadecene, l—octadeéene and l-eicosene; and
C3-20 cyclic olefins such as cyclopentene, cycloheptens,
norbornene, alkylnorbornenes such as 5-methyl-Z2-norbornene,
tetracyclododecene and Z-methyl-1,4,5,8-dimethano-

1,2,3,4,4a,5,8,8a-octahydronaphthalene.
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[ 0043] ‘ In the present invention, the
hal f -value width of a nelting peak is neasured with a
differential scanning calaorjneter (DSC) . 20[ 0044]
"The copol ymers of the invention preferably have
AThai e of not nore than 80C, and particularly
preferably not nore than 75C. This hal f-val ue width
[O030AThal f) ensures that the obtainable |ubricating oi
conposition shows good | owtenperature 14 properties

(baj anc & hetween Law B%nﬁgé)@t Hil[%%%%éc@@ﬂ% QRore kinds

| ow-tenperature flowability). ] <Requi r enment

may %§?§§é§$§¥h§¢$§\%ﬁé§bxﬁdth (ATnain and the nelting

e copolynmer satisfy the equation {2}
bel ow. [0046] AThal f-0.71 x Tm+ 101.4 --- {2} The
[003&4ti sfaction of the equation {2} ensures that the 10
obt ai nabl e lubricating oil conposition shows good
| O£ t el ar-ad L &1 g operdp Esehbal ancet &es webhpentene,
| owtenperature viscosity and | owtenperature

1-hekboupbilhé M ene [ 0471 -sBegukr gRBNbréB) ad5Ihey gegléw ofs
IS

fusion (AR) of the copolynmer as neasured by DS

_ ' . | 8 T | yOeEs

R e L e
-éhan 55 J/g, and nore preferably not nore than 50

(003 )g. 20 The lower limt of the heat of fusion is not

particularly limted but is preferably 1 J/g.
The copolymers generally have a polystyrene-equivalent

weighﬁ average molecular weight (Mw) as measured byrGPC (gel
permeétion chromatogra?h;lr-) of not less than 10,000,7 prefera.bly
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 ?ﬁolecﬁlar weight is not particularly limited,
but is generally ‘2',000,000, preferably 1,000,000, apd
particularly preferably 500,000. | |
[0033]

The copolymers of the invention satisfy the requrirementrs
(1) to (8).
[0034]

The requirements (1) to (B) are described below-.
[0535]
<Reguirement ({1)>

The melting point (Tm) of the copolymer 1s in the range
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[ 0049] - This heat of fusion (AR) ensures that
t he obtai nable lubricating oil conposition shows

i mproved | owt enperature t1L§ properties :
(lowtenperature flowability). [0050] <Requirenent
(7)> The crystallization tenperature (Tc) of the
Copol yner 5 according to'DSC i s not nore than. 70C.

of (IOISIS]QO"The copol ymers preferably have a

crystallization tenperature (Tc) of not nore than
[00¥HC, and nore preferably not nore than 60C. The | ower

[imt of the crystallization 10 tenperature (Tc) is

not..p [ ut L b

[ogshfhe! BERBELY ShILhEReR, sl Regbibd Rbire (o)

thIS range en s that i}he obtalnablelubrlcatln
detegml b"s‘?ﬁu%nfg%%t@% F B FerpErReERE (DS The

properties (bal ance between | owtenperature viscosi ty
melt@my pewt effpor atfutbef ¢omabihety)is pf@@83kbly in the range

<Requi renent (6)> The heat of fusion (AR), the

'off5¢ky6watja@abbeﬁlkﬁﬂmﬁmﬁﬁyf@faQéE@}1@&&§@me@ byTiS@elting

and the crystallization tenperature
peint Tm) in this range ensures that the obtainable lubricating

oil coﬁposition shoWs'good low-temperature properties (balance

- between low-temperature viscosity and low-temperature

flowabilityj.
[0037}7
<Requiremen£ (2)$

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

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

The density Dof Ehe copolymers is not particularly limited
but is usually in the range of 0.850 £o ,O-‘93O g/em’.
[0039]

The rsatisfr‘action of the equafion {l} 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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measured by a CRYSTAF nethod (Tcrystaf) satisfy the
equation 131 bel ow. Morepreferably, the copol yners of
the invention satisfy the eguation 13'1, still nore
preferably the equation 132, and particul arly
preferably the equation 13"'1. 16 [0054] Tc -
Torystaf0.028 x AB + 25.3 ... {3} Tc - Tcrystaf0.028

<ReguiAbhen®6{3{3'1 Tc - Tcrystaf0.028 x AR + 28.3 ..

{3"} STc - Tcrystaf0.028 x AH + 30.3 ..- {3"'}

Thensaldpeflaetd-0Ra8f 2 the cabave gauaht Qﬁs@ﬁ%ﬁoﬁﬁ @MW/Mn)
the obtainable lubricating oil cofposition shows good

eppe u p s _(bal et,ween

accoFSﬂE eggeég u%g §ﬁ§0g5|gg gﬁdﬁl m&?egp rature

flomablllty) 10[ 0055] . In the requirenment (1),
[004pe melting point (Tm) may be controlled by

i ncreasing or decreasing the feedi ng amount of

et byl ene hwwemeion) ntiemneehkcufibhe welghnhgdpeinib¢Tidn is
. i ncreases with increasing anount of ethyl ene nononer
measaRdddesig Sﬁ@n&ﬁ’d&ﬁpé%—? sgﬁcf@@%'s'ﬁgréﬂg'énhs OEtQEHXkQEe The

nononer. [0056] the requirenent (2),
{ d { I
COPOEEE%%%gggﬁﬁﬁngﬂg%ﬂé?) nggé%g%lggrag?&g 1%361 & ¥ange

é gner chai_.n. 20[ 0057 t he. requirenent '
of 15} rmnﬁﬁg?%%%ﬁ?%m@dlb@tprﬂoroeaswhgs&wfwn ensures

| owering the polynerization tenperature. [0058] In
thatitte pegainanbatl (oh)icaATrend ifayortm cidntarokheds ypod shear

stability. The copolymers having Mw/Mn in the above range may

-be produced by the processes of the present invention as will

be deséribed later.
[QO42}
<ﬁéquirement {4)>
The ha_lf—value width (ATpayr) Of a xﬁelting peak of the
copoiymér measured by DSC is not more than 90°C.

[0043]

In the present invention, the half-value width of amelting

‘peak is measured with a differential scanning calorimeter (DSC).

[0044]

The copoliymers of the invention preferably have ATp.¢ of

not more than 80°C, and particularly preferably not mocre than

75°C. This half-value width (ATyai¢) ensures that the obtainable

lubricating oil composition shows good low-temperature
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i ncreasi ng or reducing the catal yst concentration at
~the initiation of the pol ymerization. In detail,
AThcafis increased by increasing the catalyst
concentration at the initition of the
pol yneri zation. Further, AThalf tends to be increased
under 5 conditions such that the pol ynerization
proppraceedybeapindky be[0889] low-tempkitatheer egu-benent and
(-5), the relation between AThal fand Tm may be
low-¢@RhEQLIed by 1 ehangh ng ﬁTha'f and.Tmin the manners
as described above. 10] 0060] In the
[004 ﬁqU|renent (6) , AH may be control | ed by increasing
3 decreasing the feeding anount of ethyl ene. nononer.
[0061] In the requirenent (7), Tcmay be controlled by

- <Reghptemasitnd515 or decreasing the feeding anount of

et hyl ene nononer. In general, Tc increases with
| neheapkNg-agpuat wodtiet iyl,eng mMnorRe ard tdegr 88888 (Tm)
wi th decreasi ng anount of ethyl ene nononer. [0062] In
of th@ecﬁ?%Qb&%@e%%L§§ky’tBQeeéﬁb%Han{@qDB%léw Tc and
Tcrystaf 20 may be Control 'ed by changi ng the
[004% oportlons of two or nore polynerization catalysts
or exanple, transition netal conpounds (A-1) and .
(A-2) described later), chain transfer catal yst and
mononer sATE0063]-0.78 'Fhéfrrco*po]l(%/he‘ifs of &dle i nvention
may have any nononer arrangements without |imtation,
burhar eagesérnatiygnbbdckheopqlipnens. {A¢cendungstohan the
enbodi nrent of the present invention, the copol yner
obtah_laab@epqwﬁrca@l%kou) c ?%lltao@lbts@o%d gbbam S5
et hyl ene and a 03-20 a-olefin and in which the nol ar
ethyl ene-d erlvE ﬁ%&UCt unlgs gg _ _
e BLieekl afer Bonperrayre
is.in the range of 20/80 to_65/35 and the wei ght
Vlsc&?éFﬁgé”ﬁbﬁ@@uFgﬁpﬁéﬁﬁﬁfe|§ 1PMEf15.1300 -t o 1, 000, 000,
and a polyner block (ii) which is obtained fron110
[004@fhyl ene and .a 03-20 a-olefin and in which the nol ar
rati o of ethyl ene-derived structural units and
<rReqd1PbfbihR- defhved structural units (ethylene/a-olefin)
is in the range of 70/30 to 85/15 and the wei ght

SUBLROR B SEULAL P Bl Lo (05,0000 00,0081 vy
D3C }g gg%sm%EetQ%a%0%8|¥US( [0064] -
[6048] |

The copolymers prefe;ably have a heat of fﬁsiéﬁ {AH) of
not more than 55 J/g, and more preferébly not more than 50 J/g.
The lower limit of the heat of fusion is noﬁ particularly limited
but is preferably 1 J/g.
[06049]

This heat of fusion (AH) ensures that the obtainable

lubricating oil compesition shows improved low-temperature
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Desirably, the polynmer block (i) is obtained from
ethylene and a C3-20 a-olefin and has a nolar ratio
of ethyl ene-derived structural units and
a-ol efin-derived structurafaunits
20(ethyl ene/a-olefin) in the range of 20/80 to 65/ 35,
and preferably 40/60 to 64/36 and a wei ght average
propetecdd arl oaeitghioeraangiend fown 5,160 .t o 1, 000, 000,
preferably 20,000 to 1,000,000, nore preferably
[OOQQPOOO to 800,000, and still nore preferably . 20,000
to 500, 000. 19 [0065] Desirably, the polyner
block (ii) _is obtained from ethylene and a C3-20
<RegligIeMST dnld>has a nolar ratio of ethyl ene-derived
structural units and a-olefin-derived 5 structura
unithe (uivredheratobef itprpiarathees dfge of The3copelymer
85/ 15, and preferably 73/27 to 82/18 and a wei ght
accEvERg e JTHFET Wlsamoneinghte reaingh ngl fT¢.om 5, 000 to
800, 000, preferably 20,000 to 800, 000, nore
roopfeferably 40,000 to 600,000, and still nore
preferably 40,000 to 500, 000. 10[0066] The

pol ymer bl ack (i) has a l.ow et hyl ene _content. . and is
E RGN GRRQINET Sl Py oF St 1d o Cor “Arrpfeus O The
pol ymer block (ii) has a high ethylene content and is
tempereareien d Tgenet aldty merpsthpni he. CA5ToDEPFe prefergiphp not
t he polyner blocks (i) and (ii) have an
moretitydrensl .ol ehenlpekar lhatito cindha weiyghtldvernaden
nmol ecul ar wei ght in the above ranges, the obtainable

temﬂlué'ﬁpé{&z.aé !(%)0:&'&: S GRSkt Do | - eri renal Bﬁtlais preferably

ubricating oil conposition to show 20 excel | ent

d OWtenperature properties. The nolar ratio of
=108

hyl ene-derived structural units and _ '
. a-olefin-derived structural units nay be controlled
[CO0%3] fall in the above range by adjusting the nonomer
proportions. The wei ght average nol ecul ar wei ght may
be Tentrpsteall ivafabh tempehes wboy éTcangeth2ropge ensures
adj usting the polynerization tenperature or the ratio

thatofc1ed hyhiaie MO NERIL BNk €fted No i I afshess Lot @l YStows good

[0068] Preferred enbodi ments of the copolynmers
1ow—|@§rllgytgfature properties (balance between low-temperature

viscosity and low-temperature flo#&ability) .
[0053]
<Reguirement | {8)>

The heat of fuéion '(AH) ; the crystéllization temperature
{Tc} measured by DSC and the'crystallization temperature
méasured by a CRYSTAF method (Tcrystar) satisfy the eqﬁ'ation {3}
below. More'préferably, the copolymers of the invention satisfy
the equation {3'}, still more preferably the equation {3''},

and particularly preferably the equation {3'''}.
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5(i)-(ii)-(i) and (i)-(ii)-(i)-(ii)-(i). The

copol ynmers are generally represented by (i)-[

(ii)-(i) ] " wherein nis_an integer of 1 or greater

and preferably 1 to 3. The" opol ynmers of the

i nvention are assuned to be m xtures of bl ock

copol ynmers having different val ues represented by n.
[(005€bpol yners produced by the 10 net hod of Patent

Docunent 3 are bl ock copol ymers having a single

arrangerent qtr@%&OﬁE@Sogg deagr kbed above. ([3069]

The copol yners ‘of the present invention may contain

structural upjts dekiye rom,Qt he noner 38 | ong

as the co&%ﬁ?ﬁgrg ?oﬁ gl% s%rgc?urgl unlts gerlved

_.fron1eth ene and 0§ 20 a-ol efin and satisfy the

requi r eddnts Tet)stao Z( 8y OB 1%e A8k it E8achievi g 't He

bj ects of the invention. For exanple, the copol yners

accor di Mg to Tthe:specitf.iCe8enbadi rentds 3descr i{l3éd "above

may contain a polyner block (iii) other than the

potyéresathlsGeles i26h (49 tanrd aidve ehi@tpohy@Bsukkeckhat the

(ii1) may be a homopol ymer bl ock of an olefin

obta§ﬁgﬁf£eﬂigfl@%€£ﬂ¥|gpfcé&q?gglggoﬁ 9118&15” e?gr may be

a random-co two or nore o I ns :

sel ect ed fron103 20, a-ol ef| 070% ﬁi éCDE %
Low-EPBRGER T frioeRsEeifs (P an?ﬁeb%Bﬂ FHnePY~bFmP Eature

present invention may be produced by pol ynmeri zi ng
visceshyy edrd alnwat €8rebabustefilawiphilheypresence of two

or nore polynerization catalysts and a chain transfer
[oo56at al yst wherein the pol ynerization catal ysts provide

polyners with different properties under

supsta ¢ A @Llyj[f&ﬁ@ﬁtt:@i p%M%é%@iﬁﬁ%&Qﬂél%psmay be

[0071 ynmerization catalysts Used In

' f |
contgBYER L Picne 85180, RoMREebriiaythel siE ghg anount of

transition netal conpounds (A-1) and (A-2) are
ethyjsnalngropsad i Alcoabrrali dhaveh tangl paskt olfdn) increases
conmpound (B) selected from organonetal | i c conmpounds
with(Badeaoimyareosd wmt nein ey loamp onordsne(x6-a2)d aledreases with
i oni zing ionic conmpounds (6-3) capable 15 of reacting

decréh&ﬂn&hﬁm&ﬁﬁ@3b5|@Ehgﬁéﬁé qompadrd (A-1) or (A-2) to
forman ion pair 72] <Transition metal conpounds

rooskfr1)>

In the re{quif’ement (2), the relation between Tm and density

may be 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 reguirement (4), ATha: may be controlled by
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The transition netal conpounds (Avl) used in the
invention 20 are bridged metal |l ocene conpounds
represented by Forrmula [I1] below [0073] 22 [0074]
The bridged netal |l ocene conpounds of Formula [I] have
two |igands: a cyclopentadi enyl group having
substituted groups 5 (hereinafter also referred to as
increheisgbst i tededicyctopemtiaeieny| cogrorp) rapdora at the
fluorenyl group. [0075] Substituted cycl opentadi enyl

init¥EPY¥Bn of the polymeriddtibhe Sﬁﬁsdéﬂal'ﬂledATﬁ ir is increased

cycl opent adi enyl” group, RlL and R3 are 10 ydrogen

by lﬁ&?g‘gs az?quclféz c%ncda AEftla %n&? %?a%gofnr o glezgnltla on of

drocar bon groups |con cont ar ni ng
groups (f2). [0076] The C1-20 hydrcarbon
the peLIRRr{Fadiamcl J@ét@e%ymana@uﬁ@nda ’R%rtgﬁr igesgpged under
al kynyl groups and aryl groups consisting of 15
condtaiboa sudhhiytabgeheapohenehatat bat opreodeds nfaridly .
-hydrocar bon groups wherein part of the hydrogen atons
1oosdijrectly bonded to the carbon atons in the above
hydrocarbon groups are substituted by hal ogen at oms,

OrYSIECOALELIID QU0 23 NI SHISEORLE LI o

grou ps wherein any two adjacent hydrogen atons in the
may BBov¢enhyeteedr BEnChRoEpET afrs bt 1 e b%}ﬂeaﬁﬂanners as

alicyclicstructure.
descxlbed above.

[0060]

In the requirement (6') , AH may be t:ontrolled by increasilng -
or decreasing t:he feeding amour.tt of ethylene monomer.

[0061)

In the requirement ‘(7) ., Tc may be controlled by increaéing
or decreasing the féed_igg amount of ethylene monomer. In
general, Tc increases ttrith increasing amount of ethylene monomer
and decreases wittl decreasing amount bf ethylene monomer.
[0062]

In the requirement (8), the relation among AH, Tc and 'T.crystafr
may bé controlled by- changing the proportions of two or mors
pplymerization catalysts (for example, transition metal
compounds (A-1) and (A;—Z) described later), chain transfer
catalyst and monomers.

[0063]



10

Is5

20

| to 1gPBOp800spardfa coekaml dsl@tkt

-[0077] Speci fic exanpl es of the hydrocarbon
groups (fl) include linear aIkyI groups such as
net hyl , ethyl, n-propyl, qié n-butyl, n-pentyl,
n- hexyl, n-heptyl, n-octyls " n- nonyl and n-decanyl
- groups; branched al kyl groups such as isopropyl, 10
‘tert-butyl, anyl, 3-nethylpentyl, 1,1-diethyl propyl,
1, Thdi pephyybery| of Itinethyventppopphbungys any monomer
1, 1-di propyl butyl, 1, 1-dinethyl-2-nethyl propyl and
arrahgeRbRY - TitBeAtOPYhi Ratebhy| p@pRlreggeHpSa1ly block
cycl oal kyl groups such as cycl opentyl, cycl ohexyl,

copoﬁ}&ﬁ%?@eptﬂé of&’fﬂ R6tH e Hﬂas pe*?l%r lth@%@.ﬁ@f@ﬂhyrlentlon,

ups -gro pS suc eny

, phenant h and. ant hr.a en [, group
the RBPiahes BEE: FuPBUVErbaaLEeN Hat cotich gPapRpRLned £ron
groups substituted with an aryI group such as benzyl
ethybeneuapt grodq2C antbbeior catdmwortiamithg mpdeacaelide of
groups such as net hoxy, 20 ethoxy, phenoxy,

ethyNeRBLAKKAFEROsEOEELYUEN OUBERY anld kBoOEBABLBYL-i ved
pent af | uoroet hyl - and pent af | uorophenyl groups. [0078]

strucQSrg& %ﬁ ?Il CQ%yf@@%ﬁ&q% ggé?ufé #ﬁzghélygné%bof 20/80

TOUS rec to the rin

to 6@635] i Ymaesgines S%%%SE%&&%E?@#&%M 55 5, 000

exanpl es includlng al kyl'silyl groups and arylsilyl
ablbuwhwm@o@b@anm@l from
groups (f2) include trinethylsityl, triethylsilyl  and

ethydehel RNyl 3lyh @ OLPSin[H0d9n which tHd micSar ratio of
- preferable that R2 is_a 04-20 hydrocarbon group.

ethy%ﬁgpld $5 9kt gg g%tgg Eygh‘ic‘t%r ony g %‘i%%lh %e%g;%(gtggte

ove- escrlb rocarbon grou [

yl., 10 ethyl and prop s _ N
strufEurs IpPBR6S abheny RERE A b et dr G e of 70/30
. In order to increase the nDIecuIar wej ght of
to _Sgﬁé5o%’{1(élﬁ¢a€bl“@lﬁﬂtyﬁt¥ﬁfa% relpsiéapreebgablis Furm 4,000
- alkyl group such as a nethyl, ethyl, 15 n-propyl,
to 8®@p©®©pyhximstéyminaS®®uﬁXﬁzamegg@lym&yﬂﬂgmﬁupi)aﬂdbOth
is particularly preferably a nmethyl, ethyl or
endsNoll Py @HeURmerQ081] In the nost preferred
enbodi ment of the substituted cycl opentadienyl group,
[0065? is a 02-4 hydrocarbon group and R2 20 is a
substituent group. that is bulkier than R4, such as a’
tert- but nethylcyclohexyl or. meth Iadanant
.grQﬁﬁlrﬁglﬁséﬁ“h@?éyﬁeﬁ@kP?%rﬁﬁu%% §ﬁ§QQéEOWﬁ%hylene
- subStituent group occupies a |large vol une.

and a C3-20 a-olefin and has a molar ratio of ethylene~der1ved'

structural units and o-olefin-derived structural units

(ethylene/a-olefin) in the range of 20/80 to 65/35, and

preferably 40/60 to 64/36 and a weight average molecular weight

'ranging‘fron15,000 to 1,000,000, preferabl&fZ0,000 to 1,000,000,

more preferably 20,000 tc 800,000, and still more preferably

- 20,000 to 500,000.
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[0082] 25 Fluorenyl group In the fluorenyl
group of the bridged netal |l ocene conpounds
represented by FOrnula [1] R5, R6, R7, R8, R9, Rn,
R11 and R12 are each seleo%%d froma hydrogen atom
hydr ocar bon groups 5 and silicon-contai ning groups.
These substituent groups are the sane or different
[006Fdom one another and may be |inked together to forma
ring. Preferred exanples of the hydrocarbon groups
i nokudeabhg, hysk osaraesr s DupE (if) 1lid sesgihdedtron
above, and preferred exanples of the
iLlic contai pyn S |n de t
ethyi k c%ﬁdconggln?n% %éoﬁgs §2$ aescr|% § BBbve °F
a still nore preferred enbodlnent of the fluorenyl
ethYéréaepdemvaﬁdsmwwéaraornéaéhaadhya%géhnaeeﬁwrzﬁ a
particularly preferred enbodi nent of the fl uorenyl

. strugtowup,] R6iand(RIHylkeres tdeo Safen prioupgsheotdagiget bdn70/30 to

hydrogen (e . g. , the sane al kyl groups ) . 15[ 0083]
85/16pvahenprbekdgeiy 73/27 dbesnuip shai & ekighe bridgge
l'i nki ng the substituted cycl opentadienyl group and

moleEB%aE' HQESHW rﬂﬁgﬁﬂgg' fr8ndbVabent,coya! @ﬁg g%k&'g@rably

contfai ning one ¢ n-or srrlcon at om

i dgi mY1l in t rid S 3 and
20, 0@%%@3@% BEre iR SRRt LRt 4 ond Caorod sti1l
ot her. R15 and Rl14 are selected from C1- 40
morehpuedearbor §PolPe BAASEA- A00si | i con-contai ning
groups and may be Iinked together to forma ring.
[006Exanpl es of the hydrocarbon groups and the
_ silicon-containing groups include 26 the hydrocarbon

gr Pxps &iﬁert%éﬂ;l C)orht%erg al gy %ehgrlerresc%%)en@ngnd is

groups cotresponding to se groups

drogen ato re substituted b roup

S R S ek LT 7 SRR GRS ¥56rrrfb%%ﬁc91 %hearelymer
' and RI4 may be aryl groups or substituted aryl groups
blochhiich hay Hbighedunens canptratearnd {pofeadria pererally

[In the description of Formula [I], the termaryl
crysgedlipseneans groups conposed soIer of aromatic ring

carbons and aromatic hydrogens 10(sp2 hydrogens) ,
[ooeand the termsubstituted aryl groups are defined to

be groups in which at | east one aromati c hydrogen

f_th | Do . 1 b
(SR ORO0EN) f0L: 1 heaBiy! (91OURS |2; PuRstListed by

ethylene/oa-olefin molar ratio and a weight average mclecular

- weight in the above ranges, the obtainable lubricating oil

viscositynwdifierenablesEalubricétingoilcompositimntoshow
eicellent low“temperature properties. The molar ratio of
ethylene;derived structural‘units and a-olefin-derived
structural units may be contrelled to fall in the above range
by adjusting the monomer proportions. The weight average

molecular weight may be controlled tc fall in the above range
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Exanpl es of the aryl groups and substituted aryl
groups 15 include 06-18 groups conposed sol ely of
aromatic ring carbons andzﬂLonatic hydr ogens (sp2
hydr ogens) such as phenyl “*hapht hyl, anthryl and
phenant hryl groups; and substituted aryl groups in
whi ch.one or nore aromati c hydrogens (sp2 hydrogens)
by adiessubstiltaiteul hyesibst ionehempeoipsre W htkpetitie of
exanpl es 20 including al kyl- or aryl-substituted
ethyCdn80mad e HroUPScBACH BsahOFyt, cayhyst.
- et hyl napht hyl , bi phenyl and terphenyl groups, C6-20
[006Fbuoroaryl groups such as fluorophenyl and d
uor ophenyl groups, 06-20 chl oroaryl groups such as

chl orophenyl and. di chl orophenyl groups, 06-20
br%ﬁ;ﬁme% SRH RO ﬁh%r%%%%%%s afR-Lude
di br onophenyl groups, 06-20 iodoaryl groups such as
(1) -i(odbpkenydnanti di  bdbphéhyK iyl olips; OFhei-opolymers are
chl oroal kyl aryl groups such as :
genethl i ¢h-preretiyld phenyl- pnidi) - (1) 1, whereinn is an integer
bi s(trichl oronet hyl) phenyl groups, '

07- al aryl.gr 5,such as
of 17 RS YIS REGRERIBI O uoLE s 1) The copolimers of the
, groups, 07-40 iaodoal kyl aryi grou such as .
invept PR RiGnBE ﬁW?f}hEﬂ;}?g HH#M%%S( i %%@ﬁmlménwmg

groups, and 07-40 fluoroal kyl aryl groups such as
different | vonmretrepgammad Sydnbi sCerel yren? aradiyged by the

phenyl groups. O "the substituted aryl 10 groups, o
methBBt@F rateparBocubstt tUbed wheslylcogpbiype rargaving a single
_ preferable. [0085] It is preferable that R13

: d.tr 3 I -groups, phenyl
arrag?%ﬂp gngfggi%%ﬁéﬁgs?%tggég%éﬁg%ygﬁgygﬂps,andlare
aoegpre preferably selected fromnethyl, phenyl, tolyl
[ ?2 15 met hyl phenyl) and (trifl uoromnethyl)phenyl

groups. [0086] Wien R4 in the substituted _

cyEngpernakiedys of obpei BrasABEnYIVERBLURT Peyj gontain

preferable that R6 and Rl are |inked together to form
struahuakicyclts se¢rivedr érandoRheandoRbeasebisnkedg as the

together 20 to forman alicyclic structure, in which

copoldnerheobrd fgeg: retalibacane: €orpotintk £ ar oM ehdlene and
: pol yners having a high nelting point. In the case ’

h I
ere_a_high | ecul ar i.ght shoul d be hi eve n...
c3-2 i BBt tndnPah el RGO TeTETES dodr SFanpy while
__that the bridged netall ocene conpound has_RI 3 and R14
stil{mpebigelnp8hopRIsGhst P it 1@FFRTGPBupsE PR HefditiSonthe
to the -above conditions. Wien R4 is an ethyl group,
copol ymes s proeberddbletbhdte Rh8candcRibcaiiserdtshdasgtibed above
groups or substituted aryl groups, in which case the

.may b4 dged sneb alhaceneceqnpound gk rathahdche Polymer blocks

nol ecul ar” wei ght 5 polyners. In view of easy
() PR 1y Breporanir EREERRLT HnioRe 8 eyt gt Block
of an olefin selected from ethylene and C3-20 a-olefins, or may
be a random copolymer block of two of more olefins éelected from
C3-20 a-olefins.

[0070]
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[0087] Other structural features of bridged

nmet al | ocene conpounds 10In Formula [I] , Mis Ti, Zr

or H, , and is preferablé Zr or Hf. . [0088] .

QL at each occurrence is ]halogen atom a C1-10

hydr ocar bon group, a neutral and conjugated or

non- conj ugated di ene of 10 15 or | ess carbon atons,
[Copahymer opradudtgiamd mroceswstyal |igand capabl e of

coordi nation by lone pair electrons. Exanples of the

hahpgen g 1N udecf bussine, i6BLAEE B, mBy OB Ne-@fithed
|od|ne Exanpl es of the hydrocarbon groups 1 nclude

by pgf et hy BJ;FPr op IdzaI Egp_r éyPﬂx?SﬂJQt h}{' Phgp;yrésence _

1, 1- dlethylpropyl 1- ethyl-l-neth | p
of t!°1°2 Q°¥%t?%%%m%§}fﬁ?&®@ Cal %ﬁﬁ%lan eﬁtc¥&&%ltran5fer
1, 1-dimethyl butyl, 1,1,3-trimethylbutyl, neopentyl,
catatyst@ﬁm&qﬁiwethylpobyménhaxyiozuuﬁtalysts provide polymers
“1-met hyl -1 -cycl ohexyl- groups. [0089] 29
withEXampéesnOfptdiscpeubs ahn@d sOPsHR 861 OF identical
non-conj ugated di enes of 10 or |ess carbon atons

polymg§ yggliﬁ ié%d {lﬁegrans 14-1, 3- but adi ene, s-cis- or

rans nyl-1, 3- butadlene s-cis- or 5
s-trans-n4- 3- nethyl 1, 3- pentadlene s-cis- or
[00781trans- 114- 1, 4- di benzy1- 1, 3- but adi ene, s- cis# or
s-trans-i 4- 2, 4- hexadi ene, s-cis- or
S- Th@mlyﬁmet;%amema@la‘embrs‘ss cised on the inventiocn are for
s-trans-114-1,4-ditolyl-1, 3-butadi ene, and.s-cis- or

examﬁlérﬂﬁénéﬂtioﬂ Pb6kL T bombbhak! YA)1], 3nBUlAds e@escribed
Exanples of the anionic |igands :

belo{«nd’ﬂﬂee t‘ﬂlah‘x% ac’lu% O\H?d§1o =1) t ety btﬁ Crrn:e :

and ‘phenoxy;- oxy at’'e groups suc as acetate

' benzoat e; . and sulfonate roups,such as nesyl ate an

usuaf SEyRaPE, * EXSHBPRBIDLORNEL FEUEF ol PP BaRE CUPHBFES of

. 15 coordi nation by lone electron pairs ineclude

selegtgadnbphospharusmebapoufdsorsnennds (B-1), organcaluminum
~trinmethyl phosphine, triethyl phosphi ne,

oxy—tbhpbﬁﬂ&bph@&phkﬁﬁjandidﬁnbeﬂghﬂekhyhnhu&nhHEeB}aﬁdpable
et hers such as tetrahydrofuran, diethyl ether,

of rgé%f‘fﬂg V@ﬂg‘l s e di et oyt I?@‘:eal -B%%ijo%tntder a-1hSean(a-2)

|nteger of | to 4. When 20 | 2 or greater, th
. f$ urallté C% may be the sane or different. [0091]
© *ThE tPanSitPOr"netal conpounds represented by Formuila
I] are known and are described in detall in WO
[C072b06/ 025540. [0092]

<Transition metal compounds (A—i)>

| The trans'i.tion metél éompounds (A-1) used in the invention
are bridged metélloc'ene compounds represented by Formula [I]
below:

[0073]
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30 The transition nmetal conpounds (A-1)
catal yze pol yneri zation of ethylene and a C3-20
a-olefinto afford.a,poly?%% havi ng a hi gher content
of a-ol efin-derived struc al units conpared with
the transition netal conpounds (A-2) below 5 under
substantially identical polynerization conditions.
[0093$2<Tmﬁn5|t|on net al conmpounds (A-2)>

(i tion netal conmpounds (A-2) used in the
ﬁkanp bridged netal | ocene conpounds
represe ed? by Formula [I1I1] 10 below. [0094] [0095]
[11], R1, R22, R23, Rz24, B25, B26, B27,
5 RSC, R22 and R22 are selected froma
hydr ocar bon groups and

nt from one anot her. Adjacent substituent

5 to R32 may be linked together to forma

\ 20Exanpl es of the hydrocarbon groups

p-Al kyl SF-2020 31 groups, 07-20

Rrps and 06-20 aryl groups. Specific

de lin f; al kyl groups such as nethyl,

et hyl’; pr opyl , |so§ pyl, allyl, n-butyl, anyl,

[007 ]pentyl n- hexyl n- heptyl, n-octyl, n-nonyl and
ﬁ decanyl groups; branched al kyl 5 groups such as
tert-butyl, 3- neth¥lpent , 1,1-dieth progyl S
1, ihglibwsidgacueypl Qcﬁ%?rﬁ@mpobﬁéﬁw%épym}l a [I] have two
1, 1-di propyl butyl, 1, 1-dinethyl-2-nethyl propyl and

ligahemet hybyﬂ:ibpeﬁta@yéﬁﬁl n@rb)&bphawhggsuhps;.tuted groups
cycl oal kyl groups

(hereinafter also referred to as the substituted

cyclopentadienyl group} and a fluorenyl group.
[0075]

Substltuted cyclopentadlenyl group

In the substituted cyclopentadienyl group, R and R® are
hy“drogen atoms, and R* 'and R? are selected from C1-20 hydrocarbon
groups (fl} and Ci—'ZVO silicbn—éontain’ing groups (f2).

[0076]

The C1-20 hydrocarbon groups (fl) include aikyl groups,
alkenyl groups, alkynyl groups and aryl groups consisting of
carbon and hydrogen alone; hetercatom-containing hydrocarbon
groups wherein part of the hydrogen atoms direc-tly bonded to
the carbon atoms in t£he abdve hydrccarbon groups are substituted

by halogen atoms, oxygen-containing groups,
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such as cycl opentyl, cyclohexyl, cycl oheptyl,

cycl ooctyl, 10 norbornyl and adamantyl groups; aryl

groups such as phenyl, na hyl , bi phenyl,

phenant hryl and ant hracen groups; aryl al kyl groups

such as benzyl and cunyl groups; and nethoxy, ethoxy,

phenoxy, N-nethylam no, N, N-di nethyl am no and
nitrNgphenyhas mngrooupsps 16f 0997 con- contExampgegrgﬁpsheand
‘ silicon-containing groups include trimethylsilyl,

hydrbebebbyl §iduds whHahenylamt R siddslacad hydrogen atoms in
di met hyl phenyl si |l yl groups. [0098] 20O°F R25 to R32 on

I e g e ed-: -
B e T S T e e
fluorenyl gr oups |nclude benzofluorenyl
strugtB&Rzof | uor enyl , octanethyloctahydrodlbenzoflgorenyl
and octanethyltetrahydrodicyclopentafluorenyl gr oups.

-[00732 [0099] In the bridged netal |l ocene conpounds of

Foiula [II], it is inportant that when n is 1, R27 to

R36paker i@nexﬂdpln%dtﬂgeneaﬁyaﬁoa&rbh@ @ﬁﬁ&pél ) Yhehude
nis 1, at least one of RR2Z7 to R36 ,5 1s a .

- d u S c ni ng
24neE 050895 D0, GEOUR0h, 3:shELGGR, CUBgn! A0 %-5@39 2Hhg
su stituent roups R2
n-bu§irty cPEHENFY b BRBSAHot hEFToPRYY pPaPELFed BRBGAY FeAD
of the bridged netall ocene conpounds in view of
n-degghyfegireaps onbasgtirhiedyallm) oweups Aocd sabdspruenyl,
10 groups of R26, R27, R3 and R31 are 01-20
terthpdrgcar bapl gr pupsthyheeftyv2) hydreacarbgogbeyps
- include nethyl, ethyl, n-propyl, isopropyl, allyl,

- e B o oadpenty, 8 SUeserestbets,
.ef hat R26 d R31
BB - HRAY et e 3 o700, 51 %L

preferred enbodi nents include bridged met al | ocene

1-meghygodndsOPHEORKL CR -REENYABIRDY If SFAYRH AV EhAlikyl groups

structure and R3 and R31 forman identical alicyclic
suchstsucyeiepeh0dDO] cy¥2lahexY3 , arydatkpa y®, owyclboatem,

and may be the sanme or 20 different from each other.
norbg%%@ﬁl%%dogdﬁﬁ§nquuaréﬁp§tOﬁﬁjﬂn%k%@%SC%ﬁQ%nas phenyl,

ilicon, gernanlun1and tin, with carbon and si'licon

'nathggpgragﬁk e S ne g t¥%9ﬁR%§d'é§fﬁﬁ%ﬁ§%md % énd

each a h dro en atom or a hydrocarbon _group. The
nuclﬁﬁgr§@§§ éﬁugegu5§o§pgt§5thereof, arylalkyl groups

substituted with an aryl group such as benzyl or cumyl group;
and heterocatom-containing hydrocarbon groups such as methoxy,

ethoxy, phenoxy, N-methylaminc, triflucromethyl,

- tribromomethyl, pentaflucroethyl and pentaflucrophenyl groups.

[0078]
The C1-20 silicon-containing groups (f2) include groups

that are directly bonded to the ring carbon atom of the
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33 descri bed hetei nabove. [0101] The letter n
is an integer of 1 to 3, and is preferably 1. R33 and
R35 nay be |inked together. to forma ring. At the 5
same tine when R33 and R35“re |inked together to
forma ring, R34 and R36 may be |inked together to
forma ring. Wien n is 1, R33 and adjacent R35 nay
cyclépemaiyemg. dfeum nvis 2,dR8&ctancbRBemt tdwediadj ademtugh
position (a-position) or Vposition with respect ta Y2
& silBYod UUHA LiRG: MAeR1Bs $n31uB33gandkiRBBial it feoups and
~adj acent {0 position (a-position) , 13-position or

' aryl%’%gglfitg{triéﬁ%sg t Qpre%%;.lr%gcgi %iaaggf%%gb\%%gén%fl{émcgﬂeai%ing

S
sorapp formng a ring.
Wien n is 1, R39 and adjacent_  R36 may forma_rin

- grouppeftf) i P udB4 RHRCRIGL Bt LY he B} 2lcent s pokt 13

(a-position) or 13-position with respect to Y2 may
triphenviailyhgrofes.n is 3, 15 R34 and R36 at the

adj acent position (a-position) , n-position or
[0p7Y¥tposition with respect to Y2 may forma ring. [0102]

Mis Ti, Zr or. H . [0103] 20Q@ at each occurrence is

a hal ogen ato h rhon _grqu n i_Qnj : :

A o AR e G e gle g, MRt gpye-
‘lone pair electrons. [0104] 34 the plurality of

I [ Q
- Examphgs petf tHee saties br NUAF PR ERPR f PHAv DRl ARbERer th¢ 0105]

Exanmpl es of -the hal ogen atomns include fluorine,
abovehfiescnbedrdht hé hpdroodinen Exoupt esLdf eheept methyl,
hydrocarbon groups are as 5 described herei nabove.

ethyl 0408] propyl groups.

[00BOY-
It is preferable that R* is a C1-10 hydrocarbdn group. In
order to increase the molecular weight of the obtainable polymer,

R? is more prefer'ably a Cl-4 alkyl group such as a methyl, ethyl,

‘n-propyl, isopropyl, n-butyl, isobutyl or sec-butyl group, and

is particularly preferably a methyl, ethyl or n-propyl group.
[10081]
In the most preferréd 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 term bulky means that the substituent group occupies
a large volume.

[0082]
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Exanpl es of the anionic |igands include al koxy groups

such as nethoxy, tert-butoxy and phenoxy; carboxyl ate

groups such as acetate and _benzoate; and sul fonate

groups such as nesylate 10~and tosylate. [0107]

Exanpl es -of the neutral |igands capable of

coordi nation by |one electron pairs include
Fluoxﬂmmmomhmgphorus conpounds such as

tri met hyl phosphi ne, triethyl phosphi ne,

t rirpheny | mhesphiyne diawand i fhe nyd iy lnpheshi e

and et hers such as tetrahydrofuran di et hyl ether,

. bt h& preferapt e e it
comp e Rl %’ﬂ%ﬁ‘éb@‘ﬁ%ﬁ? LR o I
. 08] 20The tran on net al

anc Fe Bt Bl by POt iR § PYE SRS Ao QA ZdRatbon groups

described in detail in JP-A-2004-175707. [0109]

and Filiden;centydmieg (TyekppentdisnHubstifjusstegroups are

-'Z|rcon|un1d|chlor|de descri bed in Journal of

the SAn@apenEtifldriceit 8bokchens shoyhb6lan(d 898)pS8Tidkenmyoderher
used as the transition netal conpound (A-2). [0110]

to £65R92N0f b&%f%%qgﬁugg§m%§e%)stgﬁ@nﬁ§3509£rﬁgﬁ groups

~organone alllc conmpounds In the invention

| ud tall t €1
includguis BOGORPES %f%ﬁé%?igﬁfs?%é% P PhareoTan 2

as represented by the follow ng fornulae. [0111]
prefeof 8l BRanlgmodl i AdmicoRpEORES indpregERited Wludmthe
(012b) nli pX, /

silicon- contalnlnggroups(fZ)descrlbedabove. Inastill more
preferred embodiment of the flubrehyl_group, RS and R are ﬂot
eéch a'hydrogen atom. In a particularly preferred embodiment
of the fiuorényi group, Rsand.ﬁtlare thé same groups other thanr
hy&rogen (e.g., the ééme alkyl groups).

[0083]

Covalent bridge

The main chain Qf the7bridge linking the substituted
cyclopentadienyl group and the fluorehyl group is a divalent
covalent bridge containing one carbon or silicon atom. The
bridging atom Y! in the cofalent‘bridge,has Rr3and"R“‘which‘¢ay
be the same or different from each other. R and R* are selected
from C1-40 hydrocarbon groups and C1-40 silicon-containing
groups and may be linked togethér to-form a ring. Examples of

the hydrocarbon groups and the silicon-containing groups include
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wherein Ra and Rb may be the sane or different and
are each a Cl-15 hydrocarbon group, and preferably a
Cl- 4 hydrocarbon group;.XE§ a hal ogen atom 0<nB,
On<3, Oci <3 and men+p+g 15 =3 [0112] (B-1b) Al kyl
conpl ex conpounds containing a Goup 1 netal of the
periodi c table and al um num as represented by:
the hypivirReer iz ghevesn( VR /i §hei $1NaCoR~ RN ENR RE ggogps (£2)
. 01-15 hydrocarbon group, and preferably a 01-4
and dWsliPs ajdaar sgbadpngl 03 k3le {B-greup€onpowidsh the hydrogen
represented by: BaBbnB 36 wherein Re. and Rb may be
‘ i ) : ryl
e i e A e e i O
hydrocar bon group; and M3 is My. [0114] Conpounds
grouB%alogous to the compounds (B-1a) may al so be used.
Exanpl es of such conpounds i ncl ude organoal um num
[008&dnpounds in which two or nore al um num conpounds are
l'i nked though a nitrogen atom such as
( H5RAH1EN( 8245 Al 4 B2H5) Zouh © 1d:5 s ubGEi antleels aofy Lt eoups
- organonetal lic conpounds (B-1) further include
whicgeﬁg¥lB@tghgnhaﬁ5h¥klH&@EBEbnErQQMhlbEEhUBEher. fIn the
utyFl ithium nethyl magnesi um brom de,
et hyl magnesi um chl ori de,, et hyl magnesi um bron de
descEi Ryt RRgHESF CHICHT of 1 He, CHF Py T eanasiTaT ol RS 97oups
propyl magnesi um chl oride, 15 butyl magnesi um br om de,
comppgey pababsiainrcAMaE gel 10y ARIRANFagheSapatic hydrogens
, di et hyl magnesi um di but yl magnesi um and. ,
(sp2hupyt @fdyd nagnasinateAkif]stituted aryl groups are defined

to be grOupé in which at least one aromatic hydrogen‘(spZK
_hydrogenj of the aryl groups 1is substitUted by_a group other
than hydrogen.]

sEﬁamples of thé;aryl gioups and substituted aryi groups
ifnclude C6-18 groups composed solely of aromatic ring carbons
andéromatichydrogens(sp2hydrogens}sudnasphenjl,naphthyl,
anthryl and phenahthryi groups; and substituted aryi groups in
which one or more aromatic hydrogens (sp2 hydrogens) are
substituted by substituent groups, with specific examples
including alkyl- or aryl-subétituted‘¢7-30 aryl groups such as
tolyl, =xylyl, methylnaphthyl, biphenyl and terphenyl groups,
C6-20 fluorocaryl groups such as fluorgphenyl and<difluorophenyl
groups, C6-20 chloroaryl groups such as chleorophenyl and

dichlorophenyl groups, C6-20 bromoaryl groups such as



i0

15

20

Furt her, conpounds capable of form ng the
or ganoal um num 20 conpounds as descri bed above in the
pol ymeri zati on system nay be used, with exanples
i ncl udi ng conbi nati ons of 4 uni num hal i des and
al kyl l'ithiunms and conbi nati ons of al um num hal i des
and al kyl magnesi uns. O the organonetal lic conpounds
brom¢@hanyl ehd didkgameaihar nugr B3P sc dhpolihdsdareyl groups such
preferable. The organonetallic conpounds (3-1) may be
as i066h&hDI dhd Ai 1Mo e AP egkbigs, N@Y-be d888rbAikylaryl
conbi nation. [0117] 5 <Organoal um num oxy-conpounds

. T ' - d 3-2
groutd AR i e AR T R oK anes) or

., benzene-insal upl e organoal um num oxy- conpaounds as
Dis (HELERT BECRS TGP DR FRY: FHERS 6114 DEeTaGorbde. 9roups

(B-3) reacting with transition nmetal conpound (A-1)
suchoas (AL 2ibremdreephy bhplpainy: and biskkambresovethfié) phenyl
conmpounds (B-3) capable of reacting with the

groupsAnNSTtion sedal k eoapeuUNdsolAsliuer £A-2) to form an
ion pair (hereinafter, also referred to as the

; nds): :i [
e e D £ R s bR PHhEnPT dioups, and
coppounds. as. described in JP-A-HO1-501950,
CT-4§ RO S Bob L JELACPBIS 75035, (5PLALROSCT5S) Phenyl
JP- A-H03- 207703, JP-A-H03-207704, and US Patent No.
and bg sy ifdglo rg@ednygd B edoipaunds sandPf sdpotyp ol tuted aryl
' conpounds nmay al so be enpl oyed. [0119] The
groups| ywerd-zat iprcadul yisi t systigmasdogdbigs taxrd beeferable.
present invention contains the transition netal
ropggpnpounds (A-1) and (A-2) optionally together with at
| east one conpound (B) 38

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

[C088&]

" When R® in the substituted cyclopentadienyi group is a
methyl group,jj:is preferable that R® and R’ are linked together
to form an alicyclic structure and R*® and R are linked together
to form an alicyclic structure, in which case the bridged
metallocene compound can afford polymers having a high melting
point. In the case where a high molecular weight should be
achieved in addition to a high melting point, it is preferable

that the bridged metallocene compound has R*® and R that are
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(hereinafter, also referred to as the conponent (3))
sel ected fromthe organonetallic conpounds (3-1), the
organoaluninun1oxy-conpoug%: (B-2) and the ionizing
i oni ¢ compounds (3-3) and y further contain a
carrier (C and/or an organic conpound 5(D) as
required. [0120] <Carriers (C) > The carrier
both gdpspptitormakhy lugedup s inhrafhvent itont s ale vienrgdi ions .
or organic conmpound in the formof granular or fine
When BO pardi etthatle gsehicd. iPr ebepredei-apl garh £t cOApounds? are
i ncl ude porous oxides, inorganic halides, clays, clay

botrxFg?g&?ké%ﬁgqafQQU§§€P@@9§§b$fyiQ%ﬁﬁﬁﬂsCQEPQHEQ% case the

gani ¢ conpound conponents (

. . 15| nthe resent i nvention, the 0 u
oz g Rtent SEers) B Gy F ALy Se BTk DB bhas weioht
polynerlzatlo erformance and properties of the
polymitsi nabl el pel sy Exahpeedsopt tthe brgdaee metallocene
conmpounds i ncl ude al cohols, phenolic conpounds,
comp@atdoxi iiG @érﬁnaqupﬂ‘mﬁ’elﬁalﬁpﬁp@hm‘d%ﬁndnd R are
sul fonates. 20[0122] <Chain transfer catal ysts>
idendfeachain transfer catal ysts used in the invention
I nclude chain transfer agents and shuttling agents.
onme conpounds function as chain transfer agents or
shuttling agents depending 39 on the conbination
mnth t he polynerlzatlon %gtalysts

[008

faC|I|tate chain transfer reaction. They are usuaIIy
usled Harmmlgolyrigr iMzdtsi @, t Grcomt HEl, the ool peafarably Zr
wei ght. [0124]

or HE.

[0088]
Qlateachoccurrencejjsahalogenatom,eaCl—thydrocarbon
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
halogen atoms include fluorine, chlorine, b:omine and iodine.
Examples of the hydrocarbon groups incliude methyl, ethyl,
n-propyl, iscopropyl, Z2-methylpropyl, 1,1l-~dimethylpropvl,
Z2,2-dimethylpropyl, 1,1l-diethylpropyl, 1-ethyl-1-methylpropyl,
1,1,2,2-tetramethylipropyl, sec~butyl, tert-butyl,
1,i-dimethylbutyl, 1,1,3-trimethylbutyl, neopentyl,
cyclohexylmethyl, cyclohexyl and 1-methyl-l-~cyclohexyl groups.

[0089]
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The term "shuttling agent” refers to a conmpound or

m xture of conpounds enployed in the catal yst
conmposition of the present invention that is capable

of causi ng pol yneryl exch&tye between 10 at |east two
active catalyst sites of the catalysts included in

the catal yst conposition under the conditions of the
pélaamgliczavifonhe Thatt ¥sl arrdnrsfreugaftsal pel yorerconjugated
fragnent occurs both to and fromone or nore of the

dien@ftdvercalal ¥Sis Std 8Son AL SR {AST uEO &-shuttding
agent, a "chain transfer agent"” causes 15 term nation

of po r .chai rowth and anpunts to a one-tine
S_tr?Q%%%Fér &P%%%%%%ﬁf;uﬁKﬁﬁﬁ_f?%nwthe catal yst to the
transfer agent. Preferably, the shuttling agent has
s-traps ot vidA Ry IRA B Refast 1 $hom - 0USt ©100, nore
preferably fromO0.1 to 10, nost preferably fromO0.5
s—trams-eq”(},B-armctrrgolstl,tﬁ—ghimtapﬁeetm,abéycﬂomﬂ. 8 20 to
1.2, wherein RAEis the rate of polyneryl transfer
s-trdfOMTAl al ¥blndh ALV e Side,d feosal al Ysis B active site
via the shuttllng agent, and RE-A is the rate of
revers ol transfer, |
R R e R L
catal yst A actiyve site via the shuttling agent.
s-clppsp¥ abitransgo e irAdécrrdi-dn & Trorisd erwead sheis- or
shuttling agent and the polynmeryl chain is
s~tramé 1 tilem-tyi sttabine thadts ichal n-1 e3 fdbmadd e s
relatively rare. Desirably, |less than 90 percent,
roospreferably less than 75 percent, nore preferably |ess
than 50 percent and 5 nost desirably |ess than 10

I I ; ] d
prl;gﬁ'ﬁk%lgé o%hf'ltté a%ﬂ?)% ;{ chBEO_L fﬁ@%?kggﬂ} r%%és%t guch

o attarning 3 st| gui shabl'e poly

bl ock dea te of chaip shuttlin
=5 Bk RkEipt SR 08 HAESGRL s haR RhULELI R oo cucn
chain froma catalyst site to the chain shuttling
as acRfehte AN LIFEToBd Shaekdt i afeBREPYEFOERE Hudis as mesylate
equi valent to or faster than the rate of polyner
and tespiaatiorExavelesipof ocHd) meueveh 10Qatdsresagasieror
than the rate of polyner termnation. This permts

coor@Ph¥BhnbLoCKkohar apt b@Boﬁn thessane l‘i.l'd@e osééhgpﬁ§sphorus
pol ymer propagati on. 8 y sel ectlng

rent. conbin | yst i.ff
comp g SRE BRor D %%3?92 ?a%@éﬁaé wirr ek VapRrarfhgS?
reactivities, and by pairing various shuttllng agents
trlp%?nﬁ%RPB?E§18ﬁ é@@n?sPQFPH1@ﬁ§§§18§P§P9§Per and ethers
conbi nati ons, polynmer 20 products having segnments of
suchd&$fbeénahgénsfukes,odiebhpﬁo&ﬁhemondenkaaeiané,
different block | engths, and different nunbers of

1,2-8URBLEEQPBALERE! blockstiB reach sQpGlWmRIr 6§87 B8 4. When
prepared. For exanple if the activity of the :

Jis fgru:t#m Jg?ﬁc pr ura 1%ﬁlo%t 1\/1%8_ %%gge%%gn?rélrn%%gfgf:ent.
the catalysts Ionger bl ock Iength mul ti - bl ock
[009%bpol ymers and pol yner bl ends may be obt ai ned.
Contrariwise, if shuttling is very fast relative to
p ol tygrerr actsdi 1l T ospagat campoands pripreereriia by Fomories [I]
random chain structure and shorter 5 block lengths is
are RRbRhNEHd ARceykbierebydf agt gshutitl iRgwagenbsMeYss540.
produce a multi-block copol ymer having substantially
{Oog%gndontcopolyner properties. By proper selection of
th catal yst m xture and shuttling agent, relatively
pure bl ock copol ynmers, copol yners contai ni ng
relatively | arge polynmer segnments or
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10 bl ocks, and/or blends of the foregoing with
vari ous et hylene honopol yners and/ or copol yners can
be obtai ned. [0126] Exanphﬁf of the chain transfer
agent s ‘i ncl ude nercaptans such as octyl nercaptan,
. n-dodecyl nercaptan, t-dodecyl 15 nercaptan
n- hexadecyl nercaptan n-tetradec nmer capt an and
t -Th&t rtardetsit Legr é“&ﬁtaén cwqm%yﬁﬂ ureth s4r3s de,
carbon tetrachl oride, ethylene brom de and
polynpent zpthiesy | e etre)l cacy dred na 0BthacaebeefNinatbyhfford a
al cohol s, 2-ethyl hexyl thioglycol and a-nethyl styrene

polyith My 20 Q427dner contdRtam asoqteftlﬁed@k_@kfedt £apstehral
agents further  include hydrogen [0128]

an =g SRR L SR RR A Taarel e 250‘?*{%&%"%% )“BeLow

| es of t he organosi|icon conmpounds incl ude

unde%oﬁ%%’ﬁ%i% St ride 18 AngehwmenarR t AR, cppdigyons.

2-22 (2008). [0130] Further, organosilicon
[089Zbnpounds represented by Formul a (III) bel ow may be
used. [0131] 10RaRbRcSIiH .-- (II11) In the

<TrafPOVeoh OdRl B, cdfpolduanth Bey gay be the sanme or
different and are each a hydrogen atom a 01-4 al kyl
gnﬂﬂ9t§gﬁgltlonnetalcompounds(Ar2)used1J1the1nvention

are bridged metallocene compounds represented by Formula [II]

below:

[0094]

-+ [11]
[0095]

In Formula [I1], R*, R**, R*®, r*, rR®, R*, RY, 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?®
torR32 may be linked together to form a ting.
[0096]

Examples of the hydrocarbon greocups include C1-20 alkyl
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as nethyl, ethyl, propyl, isopropyl, butyl, isobutyl
S ng tert butyl a 06-12 aryl group such as phenyl or
q a 07-20 15 aIkyIar_H_group such as et hyl phenyl
or ethyltolyl; a 07-20 arylal kyl group such as
phenyl et hyl or benzyl; a 01-4 al koxy group such as

nethox et hoxy r opoxy or butoxg a 03-6
groumy ru6|70 I%}TYJg”Ideﬂpf SFevpEsand §o-20 pnvl gspepropyfreaiiic
di al kyl am no group wherein each alkyl group has 1 to
exampl ecariyel vateo s rsech sy gitoep dydarh nos roetlayl, ethyl,
di or ganopol ysi | oxane chai n represented by

Sl n centay 1 10,s e
" pr@?ﬁ o oPRp L ns‘lEé’F Sh‘sﬁ“;l@ﬁ 37495 t?.?r‘aﬁ’é?gpr%ﬁ%m

oxy tho n |n
ne he@ hésggﬁygfoggmﬁg? qu netd |any (%: o%y’l %rlaélo SOUT y‘?lkyl
3,3, 3- trlfluoroprop I dlneth am no and 43 R 3Si O
gTOURiSFIORA- LaF &~ PREY rr%amerxgantyl 1. brétgipeyproryl,
exanpl es of the organosilicon conpounds represented
1, 1-diymesgryie WU, Lymenbiyidd -phempl1sidtanie, 1 51-dipropylbutyl,
: di phenyl si | ane, phenyl net hyl sil ane,

1, 1-dpamd anet-dndie @g;s%lnﬁwylsilane and
dlnethyIS|Iane g Exanples of the

k
L-me Tt %O?J‘&Et a{}gé%“?%%@x?ﬁ%. i %%% S bPoups
1OBoor 197%%WB£013 ,
such {3 QYA 9?61% ohg %seﬁi@'@aowpmrm%c%mtylr
bel ow may be used [0135] 15ZnRdRe --- (1V)

rorbeyry ki FndRek datchriRey hayrpeprt heasghesvoups f fecknasf pbanyl,
each other and are Cl1-20 al kyl groups such as nethyl,

naph €Wy} , bSoMmAtlL, i slopraRyhryDubyl, ahsebBUEyhyl groups;
tert-butyl, hexyl, octyl, nonyl, decyl dodecyl and

ey ELEPEAp Rl B o o O S 1B SEOHDER oy,
eth0%$g?§?h%¥%99 £;$ékgy géggg,aﬁ?ﬁiglmg£hyfgmgno'and
N-phenylamino groups.

[00S7]

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

[0098]

Cf R*® to R% on the fluorene ring, adjacent groups may be
linked together to form a ring. Examples of such substituted
fluorenyl groups include benzofluorenyl, dibenzofluorenyl,

octamethyloctahydrodibenzofluorenyl and

octamethyltetrahydrodicyclopentaflucrenyl groups.
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[0137] 44 Preferred exanples of the
di al kyl zi nc conpounds of Fornula (Il1) include d
et hyl zi nc, diisobutyl zi nc Qnd di - n-decyl zinc, with
di et hyl zi nc bei ng particu?arly preferable. [0138] 5,
Sui tabl e shuttling agents for use herein include
Goup 1, 2, 12 or 13 netal conpounds or conpl exes
[0022%ontai ning at | east one 01-20 hydrocarbyl group,
preferably hydrocarbyl substituted alum num gallium
ofinzine hoainjurm ds tedhitcaieman gdmpomntist of1RormnbankIin, it
each hydrocarbyl group, and reactionproducts thereof
is imb@rabi anprol,pBnsauUisel, PrET afy ed® hyds ocar yill A RMsyen
are al kyl groups, preferably linear or branched, 02-8
atomsalaléylchg(rjsoéjrﬁ)éc"tiirgel?’g]When n isExanples, of, the alumgenym pse
conpounds I hclTudé conpounds desctrbed Th
, Macr onol ecul es, 33, 9192-9199 (2000)., 15[ 0140]
1s 2 MystroseePer 8 St ieng tdgeifts 9Bt aide th 4P whereby
present invention are trialkyl alum num and di al kyl
high poiyregipednds), aegpetital liys tachmethgd al Tiengmpstituent
triethylalumnum tri(i-propyl)alum num
groudd RET thURIA yakupentid £ihd rdA RHFEeHdl ¥FbRAUBhe ancther.
tri(n-octyl)alumnum t iethylgallium or

I o PR N R T SR PR E e ot e B G roounas

, .conbining the foregoin%,on anonet al conpound, )

in Vigyc bRRYIa AR BF AFRII /PR HiinGr PAF p 1y e L tuent
al kyl zi nc_conpound, especially triethylalumnum 45

grouns pfi RPr ol ) B ushAuR]" 2¥¢ (GL1RA Yiydalogmzem groups. The
tri(n-hexyl)alumnum tri(n-octyl)alumnum or

Cl-20igidndcdrion Widies sinEinadstfe ey Dred£h €1 guendtdpyyl,
(relative to the nunber of hydrocarbyl groups) of a

i lf)tﬁﬂ?l”déﬂ me, 8 pydroxyl OHHE’ Lapeciially
iso0 . ; > 1% 1 } ) 1 ups.
P S(trlné¥%y|SI|%ﬁ%2Mﬂ ne, t-b5t9lgglnet yl sl xgﬁe, P
.2-h grox nmet h r.idi di.(n-pentyl).am ne, . "

I ViSRRI B aior | ey CETRapE k19 A8, Preterably
bi s(2, 3,6, 7-di bepzo-1 - azacycl ohept aneam ne), ,or' 10,
symmeX 5G4 phéyEphefol anddsi rabt A §Get edindaft nangrk™ are
hydroxyl reagent is used such that one hydrocar byl

idengiaaip. r Smahn g redre nretdalerbicaimments include bridged
metallocene compounds in which R?*® and R? form an alicyeclic
structure and R*® and R* form an identical alicyclic structure.
[C100]

Y? and ¥’ 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

preferakly the same atoms. R*, R**, R*® and R*® are each a nydrogen

atom or a hydrocarbon group. The hydrocarbon groups are as
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[0141] The primary reaction products of the foregoing
15 conbi nati ons nost desired for use in the present

i nvention as shuttling agg ts are n-octyl al um num

di (bis(trinmethylsilyl)am gﬁ, i - propyl al um num

bi s(di met hyl (t-butyl)siloxide), and n-octyl al um num
di (pyridinyl-2-nmethoxide), i-butylalum num 20

desciixgdiretennghodrit yl ) sil oxane), i-butylal um num

bi s(di (trinmethylsilyl)amde), n-octylal um num
(010X (pyridi ne-2-met hoxi de), i-butylal um num

bi s(di (n-pentyl)am de), n-octylal um num

bing(c2, Qe t Bt phengxide). o qctyl al upggu ;

di (et hyl ( 1~ napht hyF) am de), %6 Lot ﬁy a1 andd ke FeiEEaty

LR RS T REYROP oL FORFant 08) retnyPar RnGnFing Bt the

bi s(2, 3,6, 7-..di benzg-1 -azacycl ohept aneani de) ,.
same - gts YA R T = : g )

nuppd R are linked together to form a ring,
bi s(2, 3,6, 7-di benzo-| -azacycl ohept aneani de),

R** amd ®Fyhal use nimiEedicsgai-methytlo fobuit ¥ ) Shd oxiwde), n is 1,
et hyl zi nc (2, 6-di phenyl phenoxi de), and et hyl zi nc

R abl- QUbOXLA®) 1 WA2korn o rilg W binhe panr ci aved by g
the skilled artisan that a suﬁ%able shuttling agent
for one catal yst or catal yst 10 copbi nati on ngy  not

at thpREsRETRT P TS g b O L eV BR/ it PSPaRt br R M- yEesPect
Mth a different catalyst or _catalyst cgnmbination.

to Y'omaw perenti BinShuftisrng agedt sRmapnddier 8él yhafadiacent
the performance of one or nore catal ysts and may be :

posithsiesio-ald < fiam))usp-boeithah seasebsasiveldith respect to
Accordingly, the activity of the chain 15 shuttling

v? magoeRfrnd@si-hably tge ol ancedt whid Lhes Ca?gﬁidgvtﬂ& R¥ and R3¢
activity of the catalysts to achieve the desired '

. _Rpro | es, . N so | ment s,30f _th .

soon B B gl BB Pttt Ry e ot e s by tesoh @ ins-
shuttlinﬂ?ggents ﬂaving a chain shuttling activity

When (st greasut ed2By B ratetBf efapReREaRsPéEYoRO (@haPSiEion)
| ess than the maxi num possi ble rate. [0143] The

or B-gitai it ioransftgr reapalcysts Wayeshe fusedasrinyy, Wrert wois 3,
or nore kinds may be used in conbination. [0144] 47

R?** and R®® at the adjacent peosition (a-position), P-position or

yY-position with respect to Y may form a ring.
[0102]
M is_Ti, Zr or HE.

10103}

0® at each occurrence is a halogen atom, a hydrocarbon group,
an anionic ligand or a neutral ligand capable of coordination
by lone palr electrons.
[0104]

The letter j isanintegerof 1l toc 4. When i is 2 or greater,
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<Pol yneri zation condi tions> The pol yneri zati on
in the invention may be carried out by |iquid-phase
pol ymeri zati on such as sol_ution polynerization or
suspensi on polynerizationf%%r by gas- phase
pol ymeri zation. The 5 |iquid-phase pol ynerizati on may
i nvol ve inert hydrocarbon sol vents. Exanples of the
the pilneetl ihydrDEamegnbs dheentsei ocldide ealeinghft o one another.
hydr ocar bons such as propane, butane, pentane,
[o10%exane, heptane, octane, decane, dodecane and
kerosene; alicyclic hydrocarbons such as
c ent : I n : .Qpen s
SRR ANS o R e BE fRe TEEm ARE "L e,
xyl ene; hal ogenated hydrocarbons such as ethyl ene -
bromifpg o%rf}%é,odémeoroﬁéﬁ%?ﬁasaﬁ e G o Thife I Taes aTe as
m xtures of these hydrocarbons. The olefin to be
descpobydens zethaaevde used as a sol vent. 15[ 0145]
In the polynerization of ethylene and a C3-20
[o1o@tolefin with the polynerization catal ysts descri bed
above, the transition nmetal conpounds (A-1) and (A-2)
ar AV : . 1.0t
o AREE L SR SHTE LG Lplnad A gle BTRURE drtfhiPhuc
of 10-12 to 1anI, and preferably 10-10 to 10-2 nol.
as MEHROEHmpbREhTPEER1Y #BY PeSHesd’sGerPPRYtaFReIRDBERP SUch
ratio [(B-1)/M of the conponent (B-1) to all the
as aqetaist ttiighbeoeaktgtoasd(MLlianahe grewmes t9w mst aesylate
conpounds (A-1) and (A-2) is generally in the range
and ©bsP184=to 100,000, and preferably 0.05 48 to
~ 50, 000. The conponent (B-2) maybe used such that the
[Oloﬁplar ratio [(B-2)/M of the alum numatons in the
conponent (B-2) to all the transition netal atolls
( in the t sitio, tal. conpounds . (-A-1). and_(A-2) .
hualar F T e TS0 GHO06 o ogRg nakion
preferably 20 to 100, 000. The conponent (B-3) may be
by lenedlaff arhaeitRel el afe Rl JNPRIER R uDfcqmpeinds such
conmponent (B-3) to all the transition netal atons (M
as trhmehbyiphosphior, neraktopipbosdsifA, 1 rapteffdiPhosphine
generally in the range of 1 to 10, and preferably 1

and di®Hen i Ablohosphineheneospeaentsuch) a sy chanysed ruran,
in the followi ng manners. Wen the conponent (B) is

[
. nent -1). the,c be e
et g OO bR e bt o2 C PR T T e enetal T3 in
t he range of 0.01 to 10, and preferably 0.1 to 5.
prefoRahleneRd5 RbnpBAsht OIB) Y1 sLt e orsSiTe At BOF) ant RékyL
conmponent (D) may be used such that the nolar ratio
group¢(D)/(B-2)] is generally in the range of 0.001 to 2,
and preferably 0.005 to 1. Wen the conponent (B) is
rolokhe conponent (B-3), the conponent (D) may be used
such that the nolar ratio [(D)/(B-3)] is generally in
th .Qf t d -
[ofgsf Rt Bnle oy b L BLELBERDLY e fopflufa (1
used such that the nolar ratio [chain transfer
are kppypysPAMPrEf SERETCRECN 1 Ardfert cat Ay St 4004t /R -
transition netal atonms (M in the transition neta
(01049

Further, ethylene(cyclopentadienyl) (fluorenyl)

zirconium dichloride described in Journal of Organometallic
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conpounds (A-1) and (A-2) is generally in the range
of 0.01 to 10,000, and preferably 0.01 to 5, 000.
[0148] The nol ecul ar meig?% of the obtainable
copolymer may be 5 controffed by adjusting the
nononer s/ catal ysts ratio or the polynerization tine.
The copol yners descri bed herei nabove may be suitably
Chemigsay 8§11 (Ib?9%atd gl bintew ibst osiedy apode i leFans Joygopetal
[ Lubricating oil conpositions] 10The | ubricating oi
compc@PO-Liions according to the present invention
contain the above-descri bed copol yner as a
ropidubricating oil viscosity modifier, a lubricating oi
Pbasest ocks and optionally a pour-point depressant.

The conpgnents of the |ulricating oil conpositions
<Orgapametes 1pE &Q§Eﬂq§§fkﬁﬁ%%&>[0150] <Lubri cating oil

basest ocks> Exanpl es of the |ubricating oi
bag@F3 s o nEhed© ARt adi 1 i GSEIRRWELH efffng; in the
di esters such as polyol esters, dioctyl 20 phthal ate
inveranicbrdiiaet yie sebgeadre t ahdli sysdrstured oidos tsuichirgsGroup 1,
pol yal kyl ene glycols. It is preferable to use ninera
crou@bls 8toBl ends) oAt BRI OideS- i2RM SYM N iaG BbdSesented
[0151] In general, mneral Oils are used after
by uréf#catjon C§Chggocess such as dewaxing and are
Y Y &Y T ReVaT al grades depending on how t hey
are purified. Mneral oils having a wax content of
[0110l 5 to 10% are usual |y used. For exanple, there may
be used highly purified oils, which are produced by
hyd-dicrjackigagyoa luminum compounds represented by:

RAL (ORY) jHpXq

‘wherein R® and R” may be the same or different and are each a

C1-15 hydrocarbon group, and preferably a Cl1-4 hydrocarbon
group; X is a halogen atom; 0<m<3, 0<n<3, 0<p<3, 0<g<3 and m+n+p+q
= 3,
f0112]
(B-1b) Alkyl complex compounds containing a Group 1 metal
of the periodic table and aluminum, as represented by:
M*A1RY,
wherein M? is Li, Na or K; and R® is a C1-15 hydrocarbon group,
and preferably a Cl—-4 hydrocarbon group.
(0113}
(B~1c) Compounds represented by:

RER"M?
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5 have a | ow pour point and a high viscosity index,

and have conposition based on isoparaffin. Mnera

oils having a kinematic viscosity at 40C of 10 to 200

cSt are usual |y used. [015¥§  <Four-poi nt depressant s>

10Exanpl es of the pour-point depressants for optiona

use in the invention include al kyl napht hal enes, al kyl
wherabt RiceptaR® riaco )polte ssmealdey ldidfeyleatte from each other

(co)pol ynmers, al kyl fumarate/vinyl acetate

and £PPAUIIRLS c18-16) el RRIWHR! SRR anel ehbrbshyiong ci1-4
copol yners, with the al kyl nethacrylate

yI crylate (co)pol yners being
hydr&é&?@rab yg@%bl%@? ﬁiKL tlons> The
| ubricating oil conp03|t|ons of the present invention
[011¢bntain the above-descri bed | ubricating oil basestock
and 20 copol ynmer and optionally contain the
potrmpwimts deprlessant . tdNdre tdrendanbrdc dtB1ig}oimay also be
conposition contains the |lubricating oil basestock

used ANk 1P A Y Rich tO@nSOQRbY B PE@E e 3d Yo ACERLNES
for fﬂfB 30 wt% and nore preferably 1.%%%20 wt % of

comp&&ﬁdg ﬂ'&ﬁi&ﬂgggb SOHB Sﬁléhg SEBBHBQQFIe linked
percentage 1S accoun rrca
basest ock and addltlves descrlbed | ater) 54]
tho?@ﬁcﬁ PUbFPeSE | AgCBT | SEohpdsi tFefs 2fiof ¢ Gh@yPﬂa
: excellent 5 | owtenperature properties but also have
[011lbxcel l ent shear stability. The lubricating oi
conpositions nay be used as lubricating oils
di pegtbVes O f t fige POHGa POMOt2UEPEECESAPbUAAES OBREF further
additives may be added to the lubricating oi

inclﬁ&gpﬁékﬁy99§th£9$55Ltﬂ%¥@?%€rICatp?&bg%ﬁlﬁﬂlﬁh'

conposi tion cont ai ns t basest ock,

: e ol ymer. and_t he pour-point, de
sucyl o EORE) olﬂeaagﬁfwaawsgaﬂ& B T A A
to 5 w% preferably 2to 1.5 w% nore preferably
Chlo@?éﬁrt@thygmﬁﬂmﬁséﬁ@ bépmﬂgﬁhaﬁ¢9Yéméﬂéﬁ§@PV gh3grige,
1.5 wt% and 15 the pour-point depressant at 0.05 to
prop8lmtdnepiehebabhyde, 1ptropd InkaYnesiue phéberiakly 0.1
to 2 w% and nost preferably 0.2 to 1.5 wt% (the

buty&ﬁﬂ@h@bﬂgmpﬁkéﬁﬂhégebh%yé%%%%%%&@mf@%l%%xh%e
| ubricating oil basestoCk and additives. descri bed

dlme£§§§mggne51um, diethylmagnesium, dibutylmagnesium and

'butylethylmagnesium.

[011l6]

-Further, conpounds 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.

thheorganometallicCompounds(B—l),theorganoaluminum
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[0156] 20The copol ynmer used at the above proportion
provi des high viscosity-increasing effects and
ensures that the lubricati oi | conposition shows
good flowability at |owt eratures. The | ubricating
oi | conpositions may contain additives in addition to
the lubricating oil basestock, copolynmer and 52
compgonds pof b emessant . TERepploanypreddilfiivesompeunds (B-1)
det ergent di spersants, viscosity index-increasing
may legenssd ssithgng, abKytwdedhageybakenfisohpo! ¥aehSed in
hydr ogenat ed SBR and SEBS, rust inhibitors, extrene
comb££§§? %g agents, anti-foam ng agents, 5 antioxidants,
Jeactivators and antiwear agents. [0157]
{Olliﬂe detergent dispersants include netal sulfonates
ch as cal ci um sul tanate, nagnesi um
sul f onat eandbari unsul f onat e; thi ophosphonat es,
<Orgphemnatespusabxcytatesunauc¢Bnkim-des, 10 benzyl ani nes
and succinates. [0158] The extrene pressure agents
| NI &l der $ar & AR ureXi ik Nt P+ eSBPb 8nage Mk s2 5 Udly ase
sul fides, sul foxides, sulfones, thiophosphinates,

convéﬂﬁ?&ﬁé?ogf&ﬁ§ o§gﬁéyr gf%mgkgﬁegvd Eagéﬁzéﬂg—}ésoluble

sul furized ol |ns phosphori c acids suc

hat hosphi hosphat L t
orea SRESRIPLER, PSSR S5 PLOSRRALE 016, SALLE 209 scer

as chlorinated hydrocarbons. [0159] The antiwear

- [011%pents include inorganic or organic 20 nol ybdenum

conpounds such as nol ybdenum di sul fi de; organoboron
<ComEORpasinds- Huekaas ialgkyh fRr€aphyk tbeh alesi1 oapbiuhes (a-1)

antinony sul fide, boron conmpounds and
or (RObyteLraflyorggthylege.

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 as the ionizing ionic
compouﬁds) include Lewis acids, ionic compounds, borane
compounds and carborane compounds as described in
JP-A-H01-501950, JP-A-HO01-502036; JP-A-H(03-179005,
JP-A-H03-179006, JP-A-H03-207703, JP-A-B03-207704, and US
Patent No. 5,321,106. Heteropoly compounds and isopoly
compounds may alsc 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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[0160] The antioxidants include am ne conpounds such

as 53 2,6-di-tert-butyl-4-nethyl phenol; and sul fur

or phosphorus conpounds s gh as zinc dithi ophosphate.

The rust inhibitors inclu carboxylic acids such as

oxalic acid and salts thereof; sulfonates; esters;

-al cohol s; phosphoric acid and salts thereof 5
(herei@mafdEt azore anfdegerfvaei ¥esthReremponamy {3 lazstlected

conmpounds. [0161] The
from amtsd -dfro@miong tagdritcs dongloudedssi {3-clone tdopotyedsosuah num

as di net hyl sil oxane and silica gel dispersions;

oxy-RIRRRlS (80d) esterhe TGRS APURYL 10f cbm?%enagdi(éiyﬁsand

i's varlable dependlng on deS|red | ubri cating

may ﬂ%%r fkﬂetrrrmcrc])%g:aﬁ.%:]t‘aer é-jb ner géé)y Org%l%t O%HSO% gaerlvtef’cg ompound
based on 100 parts by melght of the Iubrlcatlng oi
(D) apiRsBiihssh. [0162] 15The |ubricating oil conposition
of the invention may be prepared by m xing or
(0120 ssol ving the copol yner optionally together with the
pour - poi nt depressant and additives in the
<Carﬂﬂ§gg(ﬁggmg oi | basestock by known nethods. [0163]
20The copolyners of the present i nvention are
| YR ﬁfﬂ% °" %g:‘i% ngéc?risn V!her % ntion is an
ubrlca ing oil avi ng: excell
| ow t enper at ur.e propertles are obtalned By usi ng the
lnorﬂ%ﬂﬁ?(ﬁﬂl%ﬁgﬁﬁlp €P§€8§Pﬁylﬁo&PﬁléP§montﬁéaFH%@ﬁt?6nflne
~ lubricating oil conpositions having excell ent
partiaovkatenperldtdr e Prefegreperinicesaaries oimiovedls EXANRIAES
[ 0164]
porous oxides, inorganic halides, clays, clay minerals and

ion-exchangeable layered compounds.

[0121]

- <Organic compound components (D)>

In the present invention, the organic eompound.components
(D) may be optionally used to improve polymerization performance
and properties of the obtainable polymers. Examples of the
organic compounds inclpde 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



10

15

20

The present invention will be described based on
exanples 5 in detail hereinbelow without limting the
scope of the invention. [0165] [Measurenent methods]
(Chem cal conposition of ol ymer) 10Nucl ear
magneti c resonator LA 500 (NMR) manufactured by JECL
Ltd. was used. The standard of chem cal shift was a

en thﬁln@mbmmatxmnrw¢EMetbeakoigﬁef3prnpn tatelasts.
commercially available NVR quartz glass tube 10 mmin

rpl128janeter, 250-400 ng of the sanmple and 3 ml of a

' [iquid mxture containing 15 orthodi chl or obenzene

( ; D i t e 6
(1 e, A P SRR Porsk B adioiREcEat
.haterials were hea ed at 120C to give a unlforn1 _
faﬂﬁ?&%ﬁ%ﬁ%ﬂ THE T spereFafic hek- arﬁwzedfeaesga&&wsésed in
wi dth of 45 and a pul se repetition tine of 5.5 sec.
polymefpisbloy DSC ¢ortropoteemplAacdilbfewenphsl scanni ng
cal orinmeter (DSC) manufactured by Sei ko Instrunents
[012knc. was calibrated wth indium The copol yner was
pressed at 200C to give a thin film and 55
APALOXLIRE Ol h ML [0, O gL «f 1L P Y08 P LORBD Al o AR o ure

was placed on n1nun1pan pan-was

of el FraTShe it eyt dcé%‘ggfﬁ-t%?ﬁtTg’gaﬁftﬁrPﬁﬁﬁFnt

pan as reference was placed. The 5 tenperature was
mvenﬁé@ea‘é@cr L6 a&DEb A &f Campdngt DpevIeTy easighpas bepieen
- -approxi mately 50C/ nmin under a nitrogen atnosphere,
at laadtwasohsttlieenstantyat theeckesperaturachok sabBotticduded
m nutes. The tenperature was then lowered to -100C at

in tﬁet@H’@Qi%ﬁ@oﬁﬁ@é@@%ﬂ%ﬁé@% ‘theaEBBQZ‘L‘t%B%' ¥£llhe

and was const ant he tenperature

f b f I h
cersbg RS ot bl s Testan

10Cmn until it was conpletely nolten. An enthal py ~
bothcye ANl Feseded agrengit RRecasting frioekest Hids. In
the peak top tenperature in the curve was obtained as
contgaPBC ery shaltltilzatg egenénper dtbaen 1t5racs Laheyahiedr eauses
were two or nore peaks, the tenperature of the peak

termi Rt BAt o NGBS THRBS r diish Bty F 6 R0h tAed Ragald e MRS one-time
obtai ned as Tc. Fromthe enthal py curve recorded

cron U O PR IR BRI A e
t he rature and the peak area,
agenFespéﬁ %ﬂ y'a § R HA AR e das (ameate}veftn retio

melting peak was determ ned. Wien there were two or
Ra-3/Rpae@péaks,0 ttHeto 100, more preferably from 6.1 tc 10, most

preferably from 0.5 to 2.0, and most highly preferably from 0.8
to 1.2, wherein Raps is the rate of polymeryl transfer from

catalyst Aactive site tocatalyst B active site via the shuttling
agent, and Rs is 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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tenperature of the peak top that was nost distant
fromthe baseline was obtained as Tm In the case
where there were two or ngre peaks and these 56

peaks were not conpletely erarate from one anot her
(that is, the enthalpy curve indicated a plurality of
peaks wi thout returning to the baseline each tine),

the itrHe el agfe fiesimad ARWasas Oir amed dsn@ agamatl ardeahe

of the two or nore peaks, and the 5 half-value w dth

polynRhaldhk inas sdetieratned: bgsedapnet fRapeakai®Perminat ion

tenperature corresponding to Tmwhile the overl apping

is reEQFFé &AL Egg_drrgﬁllg Sié@é € % 2%0 g%@c%%tt?igref&_eably

va ue mndt Int case was

1ess S5 THTERBcLNE, dLiLerence beLeen Lhe LMBE ALULER: an
i ndicating the nelting point (Tm) was reached first

most gebiratly less than the ruseenher® 3ivetel swpel Yoo of
nore peaks and these peaks were conpletely separate

prodddim one wnetihercdd hetids, té her et hah Py3 cif ¥€inguishable
indicated a plurality of peaks while returning to the

pcly%%ial ned 15 rt})yg eter]rr'r}" Prre%gj%%h qérfea S%ﬁhp Vé%%ln
shus o E Rt de 08 & %%gaq&&?gaagﬁ tRanpesk = poTymes

i ndi cating the nelting point . I'n-an enbodi nent

- chaipfirofea siedseitst aiént t@rthwe@lmeh@tblen@maﬂt Apfdethen

peaks in a DSC curve, the peaks are not conpletely
back separ ataerfryn anet 0 anoddeival @67 o (PG ESter than the
copol ynmer) The nunber average nol ecul ar wei ght - (M)

rate ahd ﬁ@iﬁﬁgrEﬂ@%ﬁﬂﬁéf@%§CL@@@nm@¢g@é {MY) Wel&r 100 times

nmeasured using a gel 57 per neation chronatograph

fr nrvaters hat , had b en calibrate
£aST S Al o Bb Shets TG o per i boT ot v e gy ==
knomn nDIecuIar wei ghts. The separation col utms were
Polymesk pCoifrmat 2er TOKE Rl STV HIE. eaehe 725 Rpd ymer

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
mixturee 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.
For example, if the activity of the shuttling agent is low

relative to the catalyst polymer chain propagation rate of one
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5 in inner dianeter and 600 mMmin | ength. The col um
tenperature was .140C. The nobil e phase consi sted of
ort hodi chl or obenzene (Wako Pure Chem cal |ndustries,
Ltd.) and 0.025 wt % of BHF Takeda Pharmaceutica
Conmpany Limted) as an antioxidant. The nobil e phase
was punped at 1.0 ml /mn . The sanple concentration

or mchf: wals thel amit%l yvidies sadnplee i np otk ohemgoh mu vas-500ck
"al. Adifferential refractoneter was used as a

copo Mei&ed And vRRakS 1 weHs ﬁ@@ﬁ&él%@tﬂhh@ddat@ontrar1W1se,
P %?%cessor ggg'010 manuf act ur ed by TOSOH CORPORATI

is

if SHA%FEe%%P%%F%%. F%%€§£§E1%Kﬁa@% e#ﬁg #ﬂ%qpﬁgggpggatlon,
baseline. Mh, 15 Mv and MV Mh were detell nined with

a CORREHREY 1 EHEIP JeAE ARAFR FREensFEFUFaETd BRtweRAarter
peaks was cal cul ated. [0168] (Measurenent of

blockopoiyrer 'is Téropsitnafd .TcAyseaf regledys feetashuttling agent
crystallization tenperature neasured 20 by a CRYSTAF

may pFeldied a hitdieyimentbesl virk Magv IBaSWRd M1 v random
CRYSTAF 200+ manuf actur.ed by Pol ymer ChAR The sanpl e

soee cligent ity Goeof- 6 Mgk o Sorf 6 ek 1o

. to Iggd at . 6OC f or ghen at 95C for 45
M1XTYPEe & Sh&ﬁ& was é%%PEd ? a?ﬁ?? Y RETSEL08pEPRPLYBET S,

decreasing rate of 0.2C/ m n. The concentration of

copolyméyserenpreeipdt aeedt dve inglehgenpasymemreatgmasts or

detected with an infrared detector attached to the
blockRYSIAR/appsl @tdls. oThenpr eeirphbahyonieh pakybseESewagiene
detected on line constantly, and 5 the precipitation
t a | ymers
nomo e Ot S Ta0e Saf 55 Jasra"rract: onated
{Olzgt bel ow -20C were quantitatively determned. In a
| ymer fraction quantitative curve, the tenperature
of the Peak top apgearlng bet ween 95C and - 20C was
defxareeles of ERgsFAPLNZaXioRleD aesHey dngredeTnercaptans
crystaf ) [0169] (Density of copol ymner) After
suchneasucepententapERat n186@=undeme2cdbtky, | cadpdacyl
copol ynmer strand was heat treated at 120C for 1 hour

mercéﬁgaﬂﬁsnlﬁeﬁéégé§h|Me%@%ﬁ@ﬂn3|kaﬁtkgdé@§ﬁ1mercaptan and
tenperature in 1 hour e denS|ty t her eof

e

(Kinematic viscosity at 100C) 20The klnenatlc
tetf%?§%8§ﬁg?ro?tFH%ePﬁbPFEQﬂ?ﬁgaaﬁlD@Sﬁﬁ8§ﬁpﬁéﬁthanef

acrolein, methacrolein, allyl alcohols, 2-ethylhexyl

thioglycol and o-methylstyrene dimer.

[0127]

Examples of the chain transfer agents further include

hydrogen

[0128]
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at 100C was neasured in accordance with ASTM D 445.
The lubricating oil =positions in Exanples of the
present invention were prepared so that the kinenmatic
viscosity (KV) woul d be afidut 15 mm2/sec. 59 [0171]
(Mni rotary (MR) viscosity) The MR viscosity of the
| ubricating oil conposition was neasured at -30C in
adueratwrde iwionhcaspvhDdseand dThel MR 51w soagicundss can be
used in the evaluation for an oil punp to perform
used MHPiNY @tailow Ammeratayescs The | ower the value, the
, nore excellent the |owtenperature properties of the
[o12dubricating oil. [0172] (Cold cranking simul ator
(CCS) viscosity) 10The CCS viscosity of the

| ybricating_qil conposition was neasured at. -25C in

iR n e ROTRRBe 5488 T aNEea s SEGGi FamPounds

used in the evaluation of slidability (startability)
descytbed chankettf + Gremow lenpedat 47 es?-Fhe (POURT - t he

val ue, the nore excellent the | owtenperature
[013p@yoperties 15 of the lubricating oil. [0173]
(Lowtenperature flowability (lowtenperature storage

stAbid4 R | i Il | &)
seis Cobl T FE RS T S oG AR, “aRd o Chuy Frty e

( arance). was_observed and eval uat ed based on the
(III)fg?‘?ger&a%rk?? e‘?’?%&' AA: The conposition flowed. CC

The conposition was gell ed. Example 1
[0131] nmp g [ nmp ]

R®RPR®SiH - -+ (III)

In the above formula, R*, RP and R® may be the same or
different and are each a hydrogen atom; a Cl-4 alkyl group such
as methyl, ethyl, propyl, iscopropyl, butyl, isobutyl ocr
tert—butyi; a Ce~12 aryl group such as phenyl or telyl; a C7-20
alkylaryl group such as ethylphenyl or ethyltolyl; a C7-2C
arylalkyl group such as phenylethyl or beniyl;ra Cl-4 alkoxy
group_such,as methoxy, ethoxy, propoxy or butoxy; a C3-6
fluorocalkyl group such as 3,3, 3-triflucropropyl; a dialkylamino
group wherein each alkyl group has 1 to 4 carbon atoms such as
dime£hylamino; or a diorganopelysiloxane chain represented by
R%SiO(SiRﬁﬂnn- that contains 1 to 10 siloxane units {wherein
Rf is methyl, phenyl, 3,3,3-trifluoropropyl, methoxy or ethoxy,
andn i1s an integer of 0 to 9). Ofthese,hydrogen,methyl,ethyl,

isopropyl, iscbutyl, 3,3,3-trifluocropropyl, dimethylamino and
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60 A thoroughly nitrogen-purged 1 L continuous

pressure polynerization reactor equipped with a

stirring bl ade was charge%]mﬁth 1 L of dehydrated and

purified n-hexane. By cont*%uously f eedi ng n- hexane

at 1.1 L/h, the total pressure 5 was increased to 3.5

MPa. A 0.004 mmol/m hexane sol ution of
R*3S10(PEBOSULY| aFanbrafieETe®A, manuf actured by Tosoh

Fi nechem Cor poration) was continuously supplied at
(0134P0 m/h, and a 0.001 mol /nl hexane sol ution of

di et hyl zi nc (manuf actured by KANTO CHEM CAL CO.,

FEnqrdAs OC%%W A }rﬁ%@bso &F %_oif%%%ﬁ%fﬁ?m mds
TMAO 1 . T Fi | i
reord R Rty TR Bl Y er e el sy £y R Ba S T

Furthernore, a 0.000035 nmol /mL hexane sol uti on of
diphefphehyanet yheme{Bteyisbhape, sraptApeEhrildpent adinn,
yl') 15(2,7-di-tert-butylfluorenyl)zirconium
meth@l ehl aré denandime Oh P01 0enauol / nl sol uti on of
et hyl ene(cycl opent adi enyl ) (fluorenyl)zirconi um
[013%Jchloride were continuously supplied each at 43
/'h, whereby there was no gas phase in the reactor.

At_the same tine, th lymerization Jiqui S
COATIRARRIY SG LA ged T Gy Algied ThaPEEofoBpounds
- the polynerization reactor while the amount of the
descpbbgfeiizateoherriardei RatReveéacepr Rasyreptzatieny John
Subsequent |y, ethylene and propyl ene were
Boorgodti nigpsgby. supplied into the polynerization reactor
at 36 NL/h and 0.24 L/h, respectively. The
[013@2polynerization was perfoimed 61 while maintaining
the tenperature at 80C by circulating a refrigerant
and steamin. a,jacket attached outside_th
of ShelFont T bESefor B0 B TREP LSR5 Cre, Py al R 12
: under the above conditions resulted in a
(IV) pBPyR¥r P24t PENUEEFEt|i on contai ni ng an
et hyl ene/ propyl ene copol yner. The pol yneri zati on
[01380l uti on was poured into a | arge anmount of nethano
and thereby the ethyl ene/ propyl ene copol yner was
precrir at-ed.(TVhe copol ymer was dried under reduced
10 pressure at 130C for 24 hours. The properties of

L CODOL oL 27 SSgl, 0L Ui N Jabl & b A2l €. 2L cacn |

oroughly nitrogen-purged 1 L continuous pressure

ol yneri zat i react or equi pped wth stirring bl ade
otneReadd B BlGaN B b BIOHE Bur s Bat ARy (U e 0Py L,
- n-hexane. By continuously feeding n-hexane at 1.1
isopkppylt hbutwtlal ipeessule wastimsitadsedexyl3. ®avpad., Aonyl,
0. 004 mmol / ml hexane sol ution of triisobutylal um num
decy( 7| BAdemmnubaat wiedsky . Tosoh Fi nechem Cor por ati on)
was continuously supplied at 750 m/h, and a 0.0016

[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.

[0137]
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20 mmol / M hexane sol ution of diethylzinc

(manuf actured by KANTO CHEM CAL CO., INC.) was
conti nuously supplied at 750 ml/h. Further, a 0.06
mmol /ML sol ution of methyl*# umi noxane (TMAO- 341
manuf act ured by Tosoh Fi nechem Corporation) as a
cocat al yst was conti nuously supplied at 40 ni/h.
Furtdifermmaceexamp 10606 th6 21 imiot ¥ i e xanposobatdoRoofula -
di phenyl met hyl ene(3-tert-butyl-5-nethyl cycl opentadien

(ITTY!Ind1dide’ Mietgiitzibd, Y bf k doreiyl )z izid 6@l HM-n-decylzinc,
dichl oride and a 0.00006 nmol /mi sol ution of

- cycl 0 ¥ oni um
b G PE e R EY et S FLUBFREERIE S, i
nm/h, whereby there was no gas phase in the reactor.
5013§& the sane tinme, the polynerization liquid was
conti nuously discharged froman upper portion of the
pddyiteat Zatsihort trldact egewhs | ot hsameurtinofnehede Group 1,
pol ynerization liquid in the reactor 10 was kept at 1

2, li--oﬁui.)SQﬁlé"@@l'Mom?bﬁﬂﬁ@néraﬂﬂmﬁ&@ﬁ)élse&@nﬂ@&ﬁlng at least
' continuously supplied into the polynerlzatlon react or

t_-36 9.
ome ol Jhet 1AL Gk THePFor red a6 T el nPhgoEigue
e erat e at 80C, by C|rculat|n a refrigerant and
alum%?g‘gm 2k Lljﬂac%t Z3PEaEABROBAES gté?nfcﬁ‘éni@% t¥on 1'to 12

pol ynmeri zation reactor. [0175] The

‘carbenpairyfeeh Zetdwrramiielr grherabuve reendilcnamsodiesie téareof

in a polynerization solution containing an

withed hyltenel mopytene RemyRl hythe RuivyedZalds0are alkyl
solution was poured into a | arge 20 amount of

 groupB! hBQle?Qﬂl%hg&ﬁQﬁet he & ?:E)‘z'c%%%/p Pyl %‘iﬁcl){gg?%iﬁﬁgﬁ

was precipitate copol yner was rle
[013%$duced pressure at 130C for 24 hours. The properties
the copolyner are set forth in Table 1. [Exanple
A thoroughly nitrogen-purged 1 L
co%wrﬁab%% pE e5Bar el pBLYRRr FERPPOREeaREORIBqGPBPRANCS
with a stirring blade was charged with 1 L of
descdiéhydr ahedMaandmpieiciled , n3Bex &1€.2 By 9%Goniolous| y
feeding n-hexane at 1.1 L/h, the total pressure 5 was
[o14bncreased to 3.5 MPa. A 0.004 mmol /nl hexane sol ution
of triisobutylal um num (TIBA, manufactured by Tosoh
Fi e rati oysly ppLi a
e Tt ot A
di et hyl zi nc (manuf actured by KANTQ CHEM CAL CO.
1HVEPFEP? ?as Eéﬁ?ﬂﬁﬁéu§ﬂ%méﬂﬁﬁlﬁég St a7y Infzipe fgmpounds,
Further, a 0.09 =al/m solution of nethylalum noxane
e8pe¢I&@ﬁys&&imanhyaaﬂume@umy Tosel hEilrecimremu@or por at i on)
as a cocatal yst was continuously supplied at 40 nm/h.

tri (FUpEBBEIPEeumMANAmO0@RE6 (ABl/ARIL ) faqmel@fpl ution of
dlphenylnethylene(B tert butyl-5 nethylcyclopentadlen

tri M—?lexyl) aluminum, 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(Cl=-8) alkyl zinc compound, especially triethylaluminum,
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15(2, 7-di-tert-butylfluorenyl) zirconiumdichloride
and a 0.00012 mmol/nm sol ution of
et hyl ene(cycl opent adi enyl ) (fluorenyl)zirconium
di chl ori de were continuoudi suppl i ed each at 40
m /h, whereby there was no gas phase in the reactor
At the sane tinme, the polynerization liquid was
tri (camoépwiouslyn2oumi sthatigeu:fy bhe mmipper portion of
.the polynerization reactor while the anmount of the
tri (PohysHRr ) ZBkhOfurh ) Ottt O (hFodhel 1 gaehohumasckeictiiyilzing,
Subsequently, ethylene and propyl ene were '
: [ I SJerely [ | yeri i reac
e R LGB E b Rl P ARt RBRCA oo
copol rjzati on was_perforne 64 while maintainin
of hy O?%ﬁ%%iaﬂﬁ?%P%} %%c?bie%??gﬁFﬁt?ﬂbnﬁ PEf?iB%?ﬁﬂ%gl
and steamin a jacket attached outside the
comppohy mee $zeEi ohly ebts OFrinetzgl s 5TKe) evpbkyneri zati on
- under the above conditions resulted in a
t-buppl yoEné iyl poi sekahé pn2 eontiabRiyMgtAnlpyridine,
et hyl ene/ propyl ene copol yner. The pol yneri zati on

di (nSPkHEL ONafBise POY £0a} DEOp@c ) pReABRUNG Of met hanol
and thereby the ethyl ene/ propyt ene copol yner was
recipitate The copol yner was dried under reduced
Ethygéfﬁ?gggﬁ?%fg?migﬁc for 24 hours. The properties of
. the copolymer are set forth in Table 1. [Exanple 4]
bis (A $hbr 6UGHPINAPT LDGEACKHOLGREPIANSEBANEAWOAS pressure
pol ynmeri zation reactor equipped with a stirring bl ade
2, 6-dashédhythasged. W bdsilrdbof, deh§illat ed: amd: paref ilegbroxyl
n- hexane. By continuously feeding n-hexane at 1.1
reaghhf.i d B8clAtRlh PRES BHENYAS oEAEHEASEL 0 r8mB 1 BB e Pmetal
0.004 mmol /M hexane solution of "tr1isobutyl al um num
atom(TIBA, manuf act ured by Tosoh Fi nechem Cor porati on)
was continuously supplied at 750 m/h, and a 0.0016
20 mmol / M hexane sol ution of diethylzinc
(014 ¢ panuf actured by KANTO CHEM CAL CO., INC.) was
conti nuously supplied at 750 ml/h. Further, a 0.12
mBhé nitr soduy | oaaot iget hybdhahbnokanbe( TvAEE841g
manuf act ured by Tosoh Fi nechem Corporation) as a
combéneal ahyshowasdeenttaupsislyssuppldmed e tlinRention as
Furthernore, a 0.00006 65 mmol/ ml hexane sol ution of

shutgFgﬁsnxl;EEEQy5§3693bh%g,&a95§nx£uﬁ- met hyl cycl opent adi en
di(bis(trimethylsilyl)amide), i~propylaluminum
bis{dimethyl {t-butyl})siloxide), and n-octylaluminum
di(pyridinyl—Z—mefhoxide)f 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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(2, 7-di-tert-butylfluorenyl). zirconiumdichloride
and a 0.00018 mmol /nml sol ution of
et hyl ene(cycl opentadi enyl) 5 (fluorenyl)zirconium
di chl ori de were continuouéﬁ@ suppl i ed each at 40
m /h, whereby there was no gas phase in the reactor
At the sane tinme, the polynerization liquid was
ethykbohuhhusustis di schatyedifeohyasiuppedepor ebbplafiunheum
pol yneri zation reactor while the anmount of the
di (bpol yaehdZagl oM §1 gathtdé N, tbenyeactRindd was (kept cay-1
L. Subsequently, ethylene and propyl ene were

cconSOLLTOI L, SHBPAPE 0 R ATE g et

. opol ynerjzation was performed while i ntainin he
bis ({ eﬁpér Lt oahee 5@&#@9?@?%@&@4@? ri aépaﬁﬁaf«\ammm
~ steamin a jacket attached outside the 15
bis (pohgheyi fatheonyt battoridgD172thylzine The
copol yneri zati on under the above conditions resulted
(2, 6+0iphooy VitkshZal 46N, sehdt E0AyCenhal NkPgudBxide) .
et hyl ene/ propyl ene copol yner. The pol yneri zati on
(01480l ution was poured into a large 20 amount of
net hanol and thereby the ethyl ene/ propyl ene copol yner
precjpitated. The copol yper s.dried under
OB bt RS LA 500 T 51 58 Rour Set TRES praper bRbs?
. of _the copolynmer are set forth in Table 1. [Exanple
suitgplegghuttling paghdEolighl YA CROGEHSpuPrgedatalyst
conti nuous pressure pol ynerization reactor equi pped

combih&hianstdy nongnbtadeavasychargedonit dr kderokatisfactory

dehydrated and purified n-hexane. By continuously

for dReding Nghexanenatcde dy $dh .ot BELOL AL RERSSIE h WaSome
increased to 3.5 MPa. A0.004 mmol/mM hexane sol ution

trid.sqhut.yl al uni num (TI manuf actured_ by Tosoh
POteg%ﬁééﬁ%ﬁgtgfpé}Sﬁﬁgﬁf‘“ abSﬁFﬁﬁﬂﬁﬁgg%eggﬁﬂw¥gﬁrzFrmance
750 m/h, and a 0.0016 mmol/ml hexane sol uti on of
of ORf ShPPZF rfed Yartif RGOS BaY by KANTS ‘GHEM AP TCase for that
I NC.) was continuously supplied at 750 m/h. 10
reasfar eheweld. 0. ABna0iimdl ol thé oacbi wet hybal the nokane
(TMAO 341 manufactured by Tosoh Fi nechem Cor porati on)
shut8$iagcagahal ¥6kiwas1¢OonE BHOUSlE SRR ethealca4Q 1Ak,
Furthernore, a 0.00006 muol / mL hexane sol ution o

, . di I h 7 - -b- hyi [
ey DSl PR depe(borty B, LU ep et

di chl oride and a0.00006 mmol /il sol ution, of
PTODEFhyPane(FY CPBFORFAARERTTY (71 GOerYPFETEBniRARE Tosults
di chl ori de were continuously supplied each at 40
may bt/ pbtaheedbhyt heeeofiashnbtgasgphgsatisn halvé ngeactthain
At the sane tinme, the polynerization liquid was
shute0hhgnuedstyr20 (dssebacgeddf bMaaragRPer ROELNOR rehsfer)
t he pol ynerization reactor while the anount of the
chat POLYHBELZBLLANC LLOLY hiln! BBSLRGLOL MRS kept at 1 L.
Subsequently, ethylene and propylené were
[Dl4g?ntinuously supplied into the polynerization reactor
41 NL/h and 0.24 L/h, respectively. The
copol yneri zati on was perforned
The chain transfer catalysts may be used singly, or two

or more kinds may be used in combination.

[0144)



10

15

20

67 while maintaining the tenperature at 80C by
circulating a refrigerant and steamin a jacket
attached outside the polynerization reactor. [0178]
5The copol yneri zation undér’ t he above conditions
resulted in a polynerization solution containing an
et hyl ene/ propyl ene copol yner. The pol yneri zati on
<Polwsmdnitdz0n omasgpalireicbrigit 0 a | arge anmount of et hanol
and thereby the ethyl ene/ propyl ene copol yner was

prg pot ghedi z2Re oe0pPe| HHET: e tdidrethayNgercd@ducedut by
10 .pressure at 130C for 24 hours. The properties of

Lion S ERPUISRS S o L0 BN LS LTa o
suspensionpolymerization,ortnzgashphaéepolymerization. The
liguid-phase polymerization may involve inert hydrocarbon
solvents. Examples of the inert hydrocarbon solvents include
aliphatichydrocarbonssuchaspropane,butane,pentane,hexane,
heptane, octane, decane, dodecane and kerosene; alicyclic
hydrocarbons such as cyclopentane, cyclohexane and
methylcyclopentane; aromatic hydrocarbons such as benzene,
ﬁolueﬁe 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]
InthepolymerizatidnofethyleneandeaC3—20a—olefiﬁwith
the polymerization catalysts described above, the tranéition
metal compounds (A-1) and (A-2) are generally used such that
the fotal amount thereof per liter of the reaction volume is
in the range of 107 to 1 mol, and preferably 107 to 1072 mol.

The component (B-1) may be used such that the molar ratic

[(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) 1s

generally in the range of C.01 to 106,000, and preferably 0.05
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to 50,000. The component (B-2) may be used such that the molar
ratio [({B-2)/M] éf the aluminum atoms in the component (B-2)
to all the transition metal atoms (M) in the transitign metal
compounds (A-1) and (A-2Z) 1s generally in the range of 10 to
500,000; and preferably 20 £to 100,000, The component {B-3) may
be used such that the molar ratic [(B-3)/M] of the component
{B~3) to all the transition metal atoms (M) inkthe transition
metal compounds (A-l) and (A-2) 1is generally in the range of
1 to 10, and preferably 1 to 5.
[0146]

The component (D) may be used in the following manners.
When the component (B} is the component_(B—l}, the component
(D} may be used such that themolar r’aﬁig [(D)/(B-1)] is generally
in the range of 0.01 to 10, and preferably.O.l to 5. When the
compenent (B) 1s the component (B-2), the component (I) may be
used such that the molar ratio [(D)/(B-2)] is generally in the
range of 0.001 to 2, and preferably 0.005 to 1. When the
component (B) is the compohent (B-3), the component (D} may be
used such that the molar ratic [(D)/(B-3)] is generally in the
raﬁge of 0.01 to 10, and preferably 0.1 to 5.
[0147]

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

to 2ll the transition metal atoms (M) in the transition metal
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1.9 2.0 Density g/cnB 0.858 0.858 0.861 0.865 0.861
~ Tm C 30.2 40.6 40.5 40.9 48.9 1073 x Density - 893

27.6
.49

compounds {A-1) and (A-2) is generally in the range of 0.01 to
10,000, and preferably 0.01 to 5,000.
[0148]

The molecular weight cf the obtainable copolymer may be
controlled by adjusting the monomers/catalysts ratio or the
polymerization time. The copolymers described hereinabove may
be suitably used as lubricating oil viscosity modifiers.
[C149]

[Lubricating.oil_compositions]

The lubricating cil compositions according to the present

~invention contain the above-described copolymer as a lubricating

0il viscosity modifier, a lubricating cil basestocks and
optionally a pour-point depressant.
The components of the lubricating oil compositions will
be described below.
[0150C]
<Lubricating oil basestocks>
Examplesofthelubricatingoiltmsesfocksincludenﬁneral
oils; poly—a-olefins; diesters such as polyol esters, dioctyl
phthalate and dioctyl sebacate; and synthetic cils such as
polyalkylene glycois. It is preferable to use mineral cils or
blends of mineral oils and synthetic oils.
[0151]

In general, mineral oils are used after purification
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process such as dewaxing and are classified into several grades
dépending on how they are purified. Mineral oils having a wax
content 5f 0.5 to 10% are usually used. For example, there may
be used highlypurifiedoils, which are produced by hydrocracking,
have a low pour point and a high viscosity index, and have
composition based on isoparaffin. Mineral oils having a
kinematic viscosity at 40°C of 10 to 200 cSt are usually used.
[0152]
<Pour-point depressants>

Examples of the pour-point depressants for optional use
in the invention include alkylnaphthalenes, alkyl methacrylate
(co)polymers, alkyl acrylate {(co}poclymers, alkyl
fumérate/vinyl acetate copolymers, a-olefin polymers, and
a-olefin/styrene copolymers, with the alkyl methacrylate
(co)polymers and alkyl acrylate (co)polymers being preferable.
[0153]
<Compositions>

The lubricating ¢il compositions of the present invention
contain the above-described iubricating 0il basestock and
copolymer and optionally contain the pour-peint depressant.
When the lubricating oil composition contains the lubricating
oil baéestock 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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accounted for by the lubricating oil basestock and additivgs
described later).
[0154]

Such.lubricating 0il compositions not only have excellent
low-temperature properties but alsc have excellent shear
stability. The lubricating oil compositions may be used as
lubricating oils directly, or the pour-point depressant and
other additives may be added to the lubficating 0il compositions.
[0155]

When the lubricating oil compésition'contains the
lubricating oil basestock, the copolymer and the pour-point
d;pressant, the composition desirably contains the copolymer
at 0.1 to 5 wt$%, preferably O.2 to 1.5 wt%, more preferably 0.25
to 1.5 wt%, and particularly preferably 0.30 to 1.5 wt%, and
the pour-peint depressant at 0.05 to 3 wt$%, preferably 0.1 to
3 wt%, more preferably 0.1 to 2 wt%, and mostAprgferably 0.2
to 1.5 wt% (the remaining percentage is accounted for by the
lubricating oil basestock and additives described later).
[0156]

The copolymer used at the above proportion provides high
viscosity-increasing effects and ensures that the lubricating
0il composition shows good flowability at low temperatures.

The lubricating oil compoéitions:may contain additives in

addition to the lubricating oil basestock, copolymer and
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0.1 Tc - Tcrystaf 00 29.6 32.2 31.3 32.3 38.1 0.028 x
AN + 25.3 26.2 25.7 26.0 26.3 25.7 [0180]

15[ Conpar ati ve Exanpl e 1] t hor oughl y
nitrogen-purged 1 L conti Rdous pressure

pour-point depressant. Exemplary additives are detergent
dispersants, viscosity index-increasing agents such as alkyl
methacrylate {(co)polymers, hydrogenated SBR and SEBS, rust
inhibitors, extreme @ressure agents, anti-foaming agents,
antioxidants, metal deactivators and antiwear agents.

[0157]

The detergent dispersants include metal sulfonates such
as calecium 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 sulfide;,'sulfoxides, sulfones,
thiophosphinates, thiocarbonates, sulfurized oils and fats, and
sulfurized clefins; phosphoric acids such as phosphates,
phosphites, phosphate amine salts and phosphite amine salts;
and halogenated compounds such as chlorinated hydrbcarbons.
(01597

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

f0160]

The antioxidants include amine compounds such as
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68 pol ymerization reactor equipped with a stirring
bl ade was charged with 1 L of dehydrated and purified
n- hexane. By continuously feeding n-hexane at 0.53
L/h, the total pressure mé§3|ncreased to 3.6 MPa. A
0. 0003 mmol /M hexane solution of 5 nethyl al um noxane
(MAO 3A manuf actured by Tosoh Fi nechem Cor poration)

2, 6-Giast eonthuiuolrst ynstippl pregh @t ; 186d ndhhfuandr apifo H09rus
nmol / mL hexane sol uti on of di.ethyl zi nc (manufactured

comp&&h&%“ﬁﬁ%K}£@W£¥ﬂc(Xithi$§h&sﬁﬁ§t§0nﬁﬂﬁ9%ﬁﬁﬁ/1nh1b1toré
supplied at 625 m/h. Further, 0. 00038 mbl / n

1 DR A bR AR GRREAR ST Bt
manuf act red b AH GLASS CO, LTD. ) as
Sulfé%%%w ?é ShES Sﬁqﬂu'%yuewsmﬁawe%c apq Srﬂlz’tﬁ.therGOf?
Furthernore, a 0.00026 mmol /mM hexane sol ution of
benz¢N{Pzelelight derhyréetpk) Phenybaniado) C24imerhyl phepyilds.
15(1, 2- phenyl ene- ( 6- pyri di ne- 2-di y1) met hane) Jhaf ni um
[016d]) net hyl and a 0.00019 nmol /ma sol ution of
" 1,2-bis-(3,5-di-tert-butyl phenyl ene)

(V- das lwaftdgﬁlﬁygc' g@%@' L'n@ NRITRL Ryl g%eacﬁgbglﬁggcguch

ni um di net hyl mere tlnuou y supplie
reb t here , phase in the
as dlﬁ%%f?‘t%lrs g - e 9 %ﬁéﬁ?ﬁém@?gm BhoPRgird and
was continuously di scharged from an upper portion of
esteX¥fe pol ymerization reactor while the anount of the

pol ynerization liquid in the reactor was kept at 1 L

Sutise qrrentry , o et ttyd sneadiick 1vdsit £nevae! £HTONMSFRIOUBLY on
supplied 69 into the polynerization reactor at 52

deSlMhl@ﬂﬁ@a@:‘?n&/ﬁerf@%@@&ééwwt IEe 88895!%%2@1'98 50

was performed while nalnta|n|ng t he enpera re at

|rculat| a.ref nt t eam
parts%efkefelé%lfac%%% e aEThe- 85 Sad Par tor L edadiopased
The co ol ymeri zati on _under the above
on 1 %ri@ﬁlﬂ%rf%y re’igedot nthe pbyreFrEARFoRL SoFBPRRLtioN.
cont ai ni ng an ethyl ene/l -but ene copol yner. The
[016ppl yneri zati on sol ution was poured into a |arge 10
amount of methanol and thereby the ethylene/l-butene

CORod VIR r Mas: IHE Wl tetin@d s Thies 1 QpoloHel s cdbheflay be

under reduced pressure at 130C for 24 hours. The
prep%é%g%%ﬁﬁxfﬁg the GOROLYELGALReSELREOhE, ! B 28hE1 Py
together with the pour-point depressant and additives in the
lubricating oil basestock by known methods.
[0163]

The copolymers of the present invention are lubricating

0il viscosity modifiers whereby lubricating oil compositions
having excellent low-temperature properties are cobtained. By

using the lubricating cil viscosity modifiers of the invention,

lubricating oil compositions having excellent low-temperature
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15[ Conpar ati ve Exanpl e 2] A thoroughly

nitrogen-purged 1 L continuous pressure

pol ynmeri zation reactor eq upped with a stirring bl ade

was charged with 1 L of d drated and purified

n- hexane. By continuously feeding n-hexane at 0.53

L/h, the total pressure 20 was increased to 3.6 Mra.
Propex gL PO st Yatindsbxane sol uti on- of net hyl al um noxane

(MVAO- 3A manuf actured by Tosoh Fi nechem Cor porati on)
EXAMMEESS cont i nuously supplied at 186ml/h, and a 0. 0009

mmol /.M hexane sol uti on of diethylzinc (mnufactured
ro16dy KANTO CHEM CAL CO., INC.) was continuously

supplied at 625 m/h. 70 Further, a 0.00038 nmol /ml

sql.ution of _ . . . .

t ﬂfb% BAYIPERFHENT Tt R raki‘s PP hoPBBHERAT ChorheEr-es
_ (manuf actured by ASAHI GLASS CO., LTD.) as a
in derht A gstinksl edmimols] Yisyupphoeahat S8IPH1 hH. the

Furthernore, a 0.00026 5 mmol /m hexane sol ution of
inverfqdN 42, 6- di (1- et hyl et hyl ) phenyl am do) ( 2- net hyl phenyl )

(1, 2- phenyl ene- (6- pyri di ne-2-di y1) met hane) ] haf ni um
[o1egt nethyl and a 0.00019 mmol/nl sol ution of

1, 2-bis-(3,5-di-tert-butyl phenyl ene)

10(1- (2- et hyl cycl ohexyl )i m no) et hyl ) (2- oxoyl ) zi r
[Mea%%%?ﬂéﬁ%iﬁ%gﬁg?gtere conti nuously supplied each at 44

m /h, whereby there was no gas phase in the reactor
(Chem&cﬁ%ecg@ﬂﬁs%th%$ ?heCPRPyHBREZation |iquid was

conti nuously discharged from an upper portion of the

p afiyares & z atd gore triga otegronadtid e e o iMR jofmanhéatBured by

pol ymeri zation liquid in the reactor was kept at 1 L

JEOL SUB8ealgst L ¥ed et MyHLNE: Bk Ad byt eng=MBEL1 COMNL FhUuRUS |y
supplied into the polynerization reactor at 53 NL/h

1805y 8285 o LESRESH, Yebo oThEngorol o ot e
sves DpSLT G SIS SELL TN 20 SLEBDLN gkachh o

The copol yneri zati on under the above conditions
of thesagbmpde Fndcopolyabtra Thaupel pAEiirsat contsshdngon
was poured into a |arge anount of nmethanol and
orthbieerbyrbbenethyl gneitd FhitkenhetdpalybDRéus@Bies, Ltd.) and
preci pitated. The copol ynmer was dried under reduced

benzPhESSHN €1abrE80C f0L 241 hoUnSineThe tRLORGNL! 88idel .t hehese
copol ymer

materials were heated at 120°C to give a uniform dispersion.
The dispersion was analyzed at a pulse width of 45° and a pulse
repetition time of 5.5 sec.
[0166]
(DSC for copolymer)

A differentizal scanning calorimeter (DSC) manufactured by

Seiko Instruments Inc. was calibrated with indium. The

copolymer was pressed at 200°C to give a thin film, and
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5 are set forth in Table 2. [0184] [Conparative
Exanpl e 3] A thoroughly nitrogen-purged 1 L
continuous pressure pol yngy E%zation react or equi pped
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
APPT R 100y, 8ENERS A0 063S Mt 9hed Iekaneds BRat Phaced
of tr||sobutylalun1nun1(TIBA, manuf act ured by Tosoh
on a Hr¥echemiComparat i ofhengsircords nuoars |t guppf i @lbstd by
750 m/h, and a 0.0016 15 mmol/mM hexane sol uti on of

crimyH red hy | i e Herpasus actruked abyp IKANED (GHEMEALeEO0:into a DSC
I NC.) was continuously supplied at 750 m/h. Further,

a f h
cell, fﬁﬁpggg%ﬁ%éﬂﬁégﬁ%ﬁﬁ%Qﬁglfbs%hyéf%%g% %%%%%HDT ©
as a cocatal yst was cont gusly su I|ed at 40 m/ h.
CemPERA tET e ! &f@a@%ﬂoé%%g ol 3 iE RETRAE 2SO 1 BRZBRS1NG
di phenyl nmet hyl ene(3-tert-butyl-5-nethyl cycl opentadi en
rate pff) approxghatety-PUtG/mimomstas pzi i coryemadintipbeimse and
and a0. 00006 nmol /m sol ution of
was leilhyleneteyel apenhadtenyt)atliruorenyin@ht ORiiWAtes. The
~ dichloride were continuously supplied 72 each at 40

témpé‘}é{‘v%rg"f\%§b&’héﬁ‘ei %‘@éd ”QOQaioBhésgt' QqE?@pE?QEE%-

e sane tine yneri zation

conti nuo sI dlschar e an .upper rti of the
decT iRy e FPL AT bATREA qwaJn CRéERoumto BpStiRlc constant
pol ynerization liquid in the reactor 5 was kept at 1
at th@ tsopssgaenel {or aigiiefenandtppopyTioeecater, the sample
conti nuously supplied into the pol ynerization reactor
was BtaPedNit hs ateinfe 24t it h, inespeetinvekyteTBE approximately
copol yneri zati on was perfornmed while naintaining the

10°CHRIPEIALUN ¢ rala §Q0MYy: St cylaling a E\ﬁféﬂlﬁﬁéﬁ% e was
steamin a jacket attache outS|de t he 1

ri.zat.i.on rea tor
fecopﬁe%@ééﬂgt 0 SRR PTHES SR b PO LG PERGoR S8TPEEaTyTe
pol ynmeri zati on sol ution containing an
in tQﬁtﬁﬂqﬁﬁbﬁéﬁoB9Féh€e@oﬁél%ﬁ%$3 CH%?H%%%HﬁﬁHlfﬁtFﬁﬁperature
solution was poured into a |l arge 15 anount of
Tc. rEtdraridlerangetrke twby orhwoet hytehe/ priop ydemre reapoley mer the
was precipitated. The copol yner was dried under

peak Ies CEith P eSS ks tatd 130e f drodd thlksse 1R PhaRERbk8Sned
of the copolyner are set forth in Table 2. [0186]

‘as Tc. From the enthalpy curve recorded during the last heating

process, the:nelting point (Tm) and the heat of fusicn {(AH) were
determined from the peak top temperature and the peak area,
respectively, and the half-value width {ATha:e) of the melting
peak was determined. When there were two or more peaks, the
temperatﬁre of the peak top that was most distant from the
baseline was obtained as Tm.

In the case where there were twoc or more peaks and these
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20[ Conpar ati ve Exanpl e 4] A thoroughly

nitrogen-purged 1 L continuous pressure

pol ynmeri zation reactor equipped with a stirring bl ade

was charged with 1 L of d drated and purified

n- hexane. By continuously feeding n-hexane at 1.1

L/h, the total pressure 73 was increased to 3.5 Mra.
peakA W homebinl elfedansepolratticod rofn one another (that is,-

triisobutylal um num (TIBA, manufactured by Tosoh

the &AL éﬁ&*&”iﬁdi&ét&@SﬁCpDur@yQU§|Mfs?@@kse@iﬁﬁout

750 mM/h, and a 0.0016 mol /ML hexane sol uti on of
dlethyIZ|nc facture )

TETUAY Yt R |nu8U§1y sgp%¥ﬂmﬁ gh?SgHﬁF/ ?%ﬁ%r(AH
a 0.13 mol/mM solution of ylalunrnoxane

was Qotas e B SéniPEELUREER BT TB% ¥ 1foc MR CEFFPat FBH) the
as a cocatal yst was contlnuously supplied at 40 m/h.

halfFuribernodts ATL.00086sndeleriiimedaie ssol ohi bheobedd top
di phenylnet hyl ene(3-tert-butyl-5-nethyl cycl opentadi en

temp¥ta t{ e Cotdirels@icirdiigyt & ITnoknenyk )izid 608k UapHL ahlrdidewere
and a 0.0002 nnnl/n1 sol ution of

regaf&@%'e?é‘%( %Bi%' EEQQ' e“ﬂ) did por ed}Yé %ﬁlfﬁ '1‘&'@ width in

| oride ontlnuou y supp I ed eac

wher eb there wa hase e reactor
chisfeest prig s%ﬁ%lr?ﬂebytﬁspssﬁ ReoSfront ??aa#e%@eween
continuously discharged froman upper portion of the
the perpaeriuaes ontreaéebr hakf | Ehehbeagbtnpfofhehpeak top
pol ynmeri zation liquid in the reactor was kept at 1 L.
indiSabsequend Inye ) ety | mnenandmpr omd ermaodMde first and last.
conti nuously supplied into the polynerization reactor

at Igﬁkw-/ﬁs%om%%@eot%@ryrb‘erée\%QSCcBi'Wﬁ‘éﬁ’e oH¥ks and these

copolynerlzatlonmas perforned while maintaining the
eratur OC b C|rcu t|n 2 ref.riger ant and
peakgt% |?1%§}%% HhS d% §ige fﬁéﬁ?ék Fﬁzaﬁrénthe
reactor. [0187] 74 The copolynerlzatron under

-enthphBY aBBvES coiil 62608 & ekl T of FRakfeMiZde sREUIning

sol uti on containing an ethyl ene/ propyl ene copol yner.
to tHhdapellyner ¢zakhitimsol thiedhenaso Pawsedn NAD) avd apfgeained
amount of nethanol and thereby the ethyl ene/ propyl ene

by d£QPahyiBlg 2hwasr P asi phialesk 1HhE «copaldyare west g edint
under reduced pressure at 130C for 24 hours. The

pro rtie f. th poI et forth | a
]ttrecg'xr%[afr a*\{all Vuee I"gxarrpl éAg‘]balf was cgetermln cbbased 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 weight {(Mn) and weight

average molecular weight (Mw) were measured using a gel
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10A thoroughly nitrogen-purged 1 L continuous
pressure polynerization reactor equipped with a
stirring blade was charged_ with 1 L of dehydrated and
purified n-hexane. By con ﬁnuously f eedi ng n- hexane
at 1.1 L/h, the total pressure was increased to 3.5
MPa. A 0.004 mmol / nl hexane solution of 15

permetarmcgbkﬂhmr@mm ((EPBA, Teonufiactensedlint Togbibeen
Fi nechem Cor poration) was continuously supplied at

calibia@ad /hitrand ahdh Q0 Khusmld g s hexaned sabarksan of

di et hyl zi nc (manuf actured by KANTO CHEM CAL CO. ,

polygtwge)nélﬁs mﬂcg\“off)utl =5 O]E)anﬂ* »?% @{EQSO Tﬁqe/ I'éepalnl:rattl'i%r'

0. 06 met um noxane

COluﬁﬂﬁ C}34%5§$g§3n§&%§t aﬁ95¥T%giogoﬁﬁgﬁgoﬁgiyeaCh 7.5 mm

supplied at 40 m/h. Furthernore, a 0.00006 mol /nil
in inpexadeaserLarian &O0C mm in length. The column temperature
di phenyl et hyl ene(3-tert-butyl-5-nethyl cycl opent adi en
was 1yl (2, TRedholh £X4¢ thitad tbrerenyd oZi seombdihlorcbenzene
di chloride and a 0.00006 75 mol/nl sol ution of
Wak@tmyﬂeer@(&maolp%&%myés) (£1 407 e£'ﬁ{<h)6“ M@nww%f BHT

di chl ori de mere contlnuous y supplied each at

wher eb mas n ase in_the re ct r
(rexdd PraBRcEt e ColtSin Sl A o 91 aa.ta%gan% The
continuously 5 dlschar d from an upper portion of
mobl ke phpseyes Prabeenak éa%tré-‘r /Thnke The sarmpust conceneration
pol ynerization liquid in the reactor was kept at 1 L
was (Aubsegpientling, sefiriyleene jard iDORBRARITE WRIL 500 pl. A
continuously supplied into the polynerization reactor

- diffeterfO0i N/ e pth bl N wdeshecd iaely detR@tor. The peaks

copol ynerization was perfornmed 10 while nmaintaining
f
were YIELTRE ALULCLAL, BRGCOX 61T CULBL b1 8, £ SLLLABT BY roson

ol ymeri zation reactor. %0189 The copolynerlzatlon '

CORP O he 2aBbU&MEBRA 11 oRE THESH PEAXES3$H dgtermined, and
pol ynmeri zati on- sol uti on containing an

a pexmandiensg/gor dpyleenascopavymener§heopo} g rdrs batsiedine. Mn,
solution was poured into a | arge anount of nethanol ,

Mw armtiwl/Der ekyct Betekhyheaek pEppyéepeceopolad® psadsk, and an
preci pitated. The copol yner was-dried under reduced

U ro24 rties of the
e e T s

[0164 npar ati ve Exanpl e 6]

{Measurement of copolymer’s Tcrystar)

Terystar refers to a crystallization temperature measured
by a CRYSTAF method. In the invention, it was measured with
CRYSTAF 200+ manufactured by Polymer ChAR. The sample was
dissolved in orthodichliorobenzene 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 to -20°C at a
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A thoroughly nitrogen-purged 1 L continuous pressure
pol yneri zati on reactor equi pped with a stirring bl ade
was 76 charged with 1 L of dehydrated and purified
n- hexane. By continuouslygﬁeeding n- hexane at 1.1
L/'h, the total pressure was increased to 3.5 MPa. A
0. 004 mmol /M hexane solution of triisobutylal um num

tempgrH BAe danukactogeth iy ocTd3oh° EVmécherTite Conpenatagnpn of

was continuously supplied at 750 m/h, and a 0.0016

polyrBmd pHkNexaRe «30hULE 88 O o Ghed Ayt arhdier (ERNUEaEBEUERDyith
by KANTO CHEM CAL CO., INC. ) was continuously

Wéﬁﬁp!. t.her 0
2SS ut%cg%%eﬁ%ﬁga%ucgﬁxgﬁet?éﬁ%ﬁnééérﬁ%%% UF ed The
_ by, Tosoh Finecgentbrporat'on%?as a Cﬁfatalyst was. 10
prec TMRAUSQYy POUEPEraEdvat AD-RFFRY Furtmsr ABREtagtly, and
0. 00006 mmol tm hexane sol ution of
the rifghanylaetdly|ame(s: twrs -hlutyled- apehyscyctnpent adien
yl) (2, 7-di-tert-butylfluorenyl) zirconium
Polyrh €hlfonicte oanat «a £t 33012 -APOF CMlasobaliver ref fractionated
et hyl ene(cycl opent adi enyl ) 15(fl uorenyl) zirconi um
ohl oF : ) U Lo h
at b%%,%\/\%g(?e y %hgre EWas no %}éi gﬁgégﬁ%ﬁgghe%rnegagtpﬁl.ymer
At the sane tinme, the polynerjzation |iqui )
Eraclin | SRR Y o G e O 1 B BATHBREFpar of ohigrogRl top
pol yneri zation reactor while the amount of the
appe gl yabetyaenott 1§ qgofd4th @ nesrdakingd 20 avasykepl Lagation
L. Subsequently, ethylene and propyl ene were
tempenoat h IOUB), Y..SURPl i ed into the polynerization reactor
~at 40 NL/h and 0.15 L/h, respectively. The
[c1egppol ymeri zation was performed while maintaining the
tenperature at 80C by circulating a refrigerant and
(Dengiean1%nca +gﬁ§et)attached outside the 77
pd?%n% i G feactor. [0191] The
cggolynerization under the above conditions resulted
i T o IBARTI RS YN FoMitR 6 dottt & minsi§rag - 16 kg load, a
et hyl ene/ propyl ene 5 copol yner. The pol yneri zati on
copokghert | onrawes wourlestht Mxead ddirge Idfouhtfaf Imbbhanehd was
and thereby the ethyl ene/ propyl ene copol yner was
gradd BT pkéal ed. s THe1 ¢0ps| yosh wasperkhed-ynggr 1rgdueed The
pressure at 130C for 24 hours. The properties of the

densf@;pqg-ﬂé?ero@';«%ssrﬁéaggfég 53}1 aT3Q£§i§y &9&@}% tube method.
MFR was measured in accordance with ASTM D 1238-65T. |
[0170]

(Kinematic viscosity at 100°C)

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

would be about 15 nm@/sec.



[ Conpar ati ve Exanpl e 7] A thoroughly

nitrogen-purged 1 L continuous pressure

pol ynmeri zation reactor equipped with a stirring bl ade

was charged with 1 L of deffydrated and purified

n- hexane. By 15 continuously feeding n-hexane at 1.1

L/h, the total pressure was increased to 3.5 MPa. A
[0171. 004 mol / mL hexane sol ution of triisobutylal um num

(TI BA, manufactured by Tosoh Fi nechem Cor porati on)

(Mlnﬂwgbggyyl MquUsie spplyed at 750 m/h, and a 0.0016
I/n1 hexane solutlon of dlethyI2|nc (manuf act ured

R

sol uti on of et hyl al um noxane (TMAO- 341 fact ured
measyrE @Kol ﬁﬁéﬁérﬁ‘%‘?%%‘?oﬂ}“&spﬁmo@g& é?'ﬁst TR MR
continuously supplied at 40 m/h. Furthernore, a
5 visc@s00006 myek/ mt hbxaseaded utbonfof ary®il pump to perform
di phenyl net hyl ene

pumpix@gt@Etl&utﬁ/émp%m&ﬂé§y0|mnlcaﬂ&£%é value, the more
, 7-di-tert-butylfluorenyl) zirconiumdichloride and

f I
exce%lgn‘ﬁ%%%% R P S AT R S R A
. -were continuously supplied each at 40 nm/h, whereby
(017¢here was no gas phase in the reactor. At the same
time, the polynerization liquid was continuously
(Coldischakg@m $iromi ahodppeESportisersdtyt he
pol ynmeri zation reactor while the amount of the
10 potyeeIizZ atisesskiitquiod tRethebreast Ongvasl keptpcatitidn was
Subsequently, et hyl ene and propyl ene were 10

measﬁ%g apo yC Syﬂpgbeeraaheet @%taolpxw 'Dzéts'an reRct 8¢s
6 and 0. 24 respectlve y. The

ynerlzatlon S orned whil t. |n|ng t he
viscERERLTE: H?%da%nsg%eb§v APETian s SiPReRidatunt and
steamin a jacket attached outside the polynerizatiaon
(stapbabtéitylsphrogjrankshaft fie leypbPyRerfzaiton uitelovwer
t he above conditions resulted in a pol ynerization
the salluti onheomnbakniergedn eet-hylbene/opr-teypere togpolpymererties
The pol ynerization solution was poured into a |arge

15 of t8BEpupbr9fk.pethanel .and thereby the ethyl ene/ propyl ene
copol ymer 20 was preC|p|tated The copol yner was

{017$E|ed under reduced pressure at 130C for 24 hours.
e properties of the copolyner are set forth in

Table 3. [0194] [Table 2] . Conparative Exanple 1
LowagwﬁpéaEure flowablility (low-temperature storage

stability))
The lubricating oil composition was cooled at -18°C for
20 1 month, and flowability (appearance) was observed and evaluated
based on the following criteria:
AA: The composition flowed.
CC: The composition was gelled.

[Example 1]
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Conpar at i veConpar at i veConpar at i veConpar ati ve Exanpl e
3 Exanple 4 Exanple.5 Ethylene content nol % 82.3 82.2
53.7 59.6 57.7 Mv x 104 g/nol 9.3 11.3 11.9 11.8 11.2
Mn Mh &0

A thoroughly 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 0.004 mmol/ml hexane solution of
triiscbutylaluminum (TIBA, manufactured by Tosch Finechem
Corporation) was continuously supplied at 750 ml/h, and a 0.001
mmol/ml hexane solution of diethylzinc (manufactured by KANTO
CHEMICAL CO., INC.) was continuously supplied at 750 ml/h.
Further, a 0.07 mmol/ml solution of methylaluminoxane (TMAO-341
mantfactured by Tosoh Finechem Corporation) as ércocataiyst was
continuousliy supplied at 43 ml/h. Furthermore, a 0.000035
mmol/ml hexane solution of
diphenylmethylene (3-tert-butyl-5-methylcyclopentadienyl)
(2;7—di?tert—butylfluorenyl)zirconium dichloride and a
0.000105 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 polymerization reactor
while the amount of the polymerization liguid in the reactor
was kept at 1 L. BSubsequently, ethylene and propylene were
continuously supplied into the pelymerization reactor at 36 NL/h

and 0.24 L/h, respectively. The copolymerization was performed
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1.9 1.9 2.1 Density g/cnB 0.866 0.844 0.854 0.856
0.868 TmC 115.9 117.9 -10.9 -11.1 80.7
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while maintaining the temperature at 80°C by circulating a
refrigerant and steam in a Jjacket attached outside the
polymerization reactor.
[(0174]

The copclymerization 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 ﬁhe copolymer
are set forth in Table 1.

[Example 2]

A thoroughly nitrogen-purged 1 L continuous pressure
polymerization reactor eguipped withva 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
triiscbutylaluminum (TIBA, manufactured by Tosch Finechem
Corporation‘) 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 0.06 mmol/ml solution of methylaluminoxane (TMAO-341
manuiactured by Tosoh Finechem Corporation) as a cocatalyst was

continuously supplied at 40 ml/h. Furthermore, a 0.00006
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1073x Density - 893 36.2 12.6 23.3 25.5 36.4 AH Jig
40 44 9 20 23 AThalf ' C
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mmol/ml hexane solution of

diphenylmethylene (3-tert-butyl-5-methylcyclopentadienyl)
(2,7-di-tert-butylfluorenyl)zirconiumdichloride and a 0.00006
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 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 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.

[0175]

The ceopolymerization under the above conditions resulted
in a polymerization solution containing an ethylene/propylene
copolymer. The polymerization solution was poured intoc 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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-0.71xTm +101. 4 1 Tc C89 99 7.2 6.9 61.9
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24 thoroughly nitrogen-purged 1 L continuous pressure
polymerization reactor eqﬁipped with a stirring blade was
charged with 1 L of dehydrated aﬁd 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
friisobutylaluminum (TIBA, manufactured by Tcsoh Finechem
Corporation} was continucusly 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 0.09 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-methylcyclopentadienyl})

(2,7~di—£ert—butylfluorenyl)zirconiumdichlorideandaa0.000lZ
mmol/ml solution of ethylene({cyclopentadienvyl)
(fluorenyl)zircohium dichioride were continuously supplied
each at 40 ml1/h, whereby there was no gas phase in the reactor.
At the same time, the polymerization liquid was coﬁtinuously
discharged from an upper portion of the polymerization reactor
while the amocunt 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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Tcrysta C 30 30 *1 24 Tc - Tcrystaf C59 69 *1 37.h
0.028xAH + 25.3 26.4
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while maintaining the temperature at 80°C by circulating a
refrigerant and steam in a jacket attached outside the
polymerization reactor.

[0176]

The copoclymerization 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 1.

- [Example 4]

A thoroughly nitrogen-purged 1 L continuous pressure
polymerization reactor equipped with a stirring blade was
charged with 1 L of dehydrgted and purified n-hexane. By
Confinuously feediﬁg n-hexane at 1.1 L/h, the fotal pressure
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 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/ml solution of methylaluminoxane (TMAO-341
manufactured by Tosoh Finechem Corporation) as a cocatalyst was

continuously supplied at 40 mi/h. Furthermore, a 0.00006
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26.5 25.6 25.9 25.9 *1: imeasurabl e 5[ 0195]
[ Tabl e 3] Conparative Exanple 6 Conparative Exanple
7 Ethylene content nol % 7%.56 74.8 Mv x 104 g/nol 11.1

mmol/ml hexane solution of
diﬁheﬁylmethylene(3~tert-butyi~5—methylcyclopentadienyl)
(2,7-di-tert-butylfluorenyl)zirconiumdichloride anda 0.00018
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 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 propylene were

continuously supplied into the polymerization reactor at 36 NL./h
and0.24jﬁ/h,respectively. The copolymerization was perfcrmed

while maintaining the temperature at B0°C by circulating a

refrigerant and steam in a jacket attached outside the

polymerization reactor.
[0177]
The copolymerization under the above conditions resulted

in a polymerization solution containing an ethylene/propylene

copelymer. The polymerization soluticn was poured into a large

amount of methanol and thereby the ethylens/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 5]
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10.9 MM M 2.0 1.9 Density g/cnB 0.889 0.866 TmC
79.9 41.8 1073 x Density - 893 60.9 36.2 AR J/g
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A thoioﬁghly:nitrogén—purged_l L;gontinubus pressure
pblyﬁériééﬁio; rea&tog eéﬁibped:wiﬁh é stifriﬁg 5léde was
charged with 1 L of dehydrated and purified n-hexane, By
continuously fegding 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 supplied at 750 ml/h, anda 0.0016
mmol/ml hexane solution of diethylziné (manufactured by KANTO
CHEMICAL CO., INC.) was continuously supplied at 750 ml/h.
Further, a 0.06Imnol/mi solution of methylaluminoxane (TMAC-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-methylcyclopentadienyl)
(2,7—di—tert—butylfluorényl)zirconilm1dichloridezmuia 0.00006
mmol /ml solutioﬁ 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 ligquid 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 41 NL/h

and 0.24 L/h, respectively. The copolymerization was performed
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Tc C 60.2 29.4

while maintaining the temperature at B0°C by circulating a

refrigerant and steam in a jacket attached outside the

polymerization reactor.

[0178]

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

was precipitated.

The copolymer was dried under reduced

pressure at 130°C for 24 hours.

are set forth in Table 1.

The properties of the copolymer

[0179]
fTable 1]

Example | Example | Example | Example | Example

1 2 3 4 5

Fthylene content mol% 65.2 56.3 61.5 67.8 56.9
Mw x 10° g/mol 11.9 11.3 11.8 11.5 11.2
Mw/Mn : 1.9 2.0 2.0 1.9 2.0
Density g/cm’ 0.858 0.858 0.861 0.865 0.861
Tm °C 30.2 40.6 40.5 40.8 48.9
3823 x Density - 27.6 27.6 20.9 35.1 | 30.9
AH J/g 33 14 24 34 16
ATzt °c 61.1 £5.2 62.9 59.3 62.7
-0.71 x Tm + 101.4 BO.O - 72.6 72.6 72.4 66.7
TC ‘C 18.1 28.7 28.1 29.4 38.2
Terystas °C -11.5 -3.5 -3.2 ~2.9 0.1
Tc = Terystas : °C 29.6 32.2 31.3 32.3 38.1
G.028 x AH + 25.3 26.2 25.7 26.0 26.3 25.7

[0180]

[Comparative Example 1]

A thoroughly nitrogen-purged 1 L continuous pressure
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as {RRGSSHI RanuF okt b ed By OF

C 37.2 28.5 0.028 x AR + 25.3 26.8 27.1 80 [Exanple
6] [0196] A thoroughly nitrogen-purged 1 L continuous
pressure polynerization reactor equipped with a
stirring bl ade was 5 char&éd with 1 L of dehydrated
and purified n-hexane. By continuously feeding 7
n- hexane at 1.1 L/h, the total pressure was increased
polymey iz af ipRa rea @04, quigipad wickare solution ofade was
triisobutylal um num (TIBA, manufactured by Tosoh
chardddneahem Cor por aldiofirvasl G i fluous] ¥ seppdiad at g
750 m/h, and a 0.0016 10 mmol / ML hexane sol ution og

Co T 0Ty SuBD! Lod “at /760" RF/ Fo - FhiRTuse

sol.utiqn of t hyl al um noxane ,
oﬁ@ﬁr{geh&ﬁﬁéaﬁpa%%%m of

as a cocatal yst was continuously supplied at 40 m/h.
methydgltvmamneseae o MADODS Mes vt 7 wiledexanBoseh uf i meciofm

di phenyl net hyl ene(3-tert-butyl-5-nethyl cycl opentadi en
Corpoflgtion) was continuously supplied at 186 mi/h, anda 0.0009
mmol/ml hexane solution of diethylzinc (manufactured by KANTO
CHEMICAL CO., INC.) was continuously supplied at 625 ml/h.
Fﬁrther, a 0.00038 mmol/ml soclution of

triphenylcarbenium(tetrakispentafluorophenyl} borate

“(manufactured by ASAHI GLASS CO., LTD.) as a cocatalyst was

continuously supplied at 81 ml/h. Furthermore, a 0.00026

mmol/ml hexane solution of

' [N-{2, 6-di(l-methylethyl)phenylamido) {2-methylphenyl)

(1,Z2-phenylene- (6-pyridine-2-diyl)methane) ] hafnium dimethyl
and a 0.0001%9 mmol/ml sclution of
1,2-bis~{3,5-di-tert-butylphenylene)
(l—(N—(2~methylcyclohexylﬁimino)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 liquid in the reactor was kept ét 1 L.

Subsegquently, ethylene and i-butene were continucusly supplied
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(2, 7-di-tert-butylfluorenyl) zirconiumdichloride

and a 0.00012 mol/m solution of

et hyl ene(cycl opent adi enyl ) (fluorenyl)zirconi um

di chl oride were continuoust¥y supplied 20 each at 40

m /h, whereby there was no gas phase in the reactor

At the sane tinme, the polynerization liquid was
intoConéi pudustyidhecbar gescts enuansuppernpanti on2of .yhe

pol yneri zation reactor while the anDunt of t he

resp@@tﬂ?@i Zatdon Awﬁéﬂgﬁéﬁ%ég ‘% i L

sequ ntIy propyl ene Vier &

ont | nu I|ed |nt th nmeri zation reagtor
mainfRRRA TR LoReEbatihe TelBoburl gy CutRe ho & reteto8rant
copolynerlzatlon was perforned while maintaining the
and peaper allupel ackgdCabyaehedubatendeathef pogemnant zahdon
steamin a jacket attached outside the 5
reacpoekyneri zation reactor. [0197] The
copol ynmeri zation under the above conditions resulted
Olgt? a pol ymerization solution containing an
herne/properne copol ymer. The pol ynerization :
ution oured into 42 I e 10 anoung, of
et harrOP SR £ HBBhg D pro e b F g ur ted
was preC|p|tated The copol yner was dried under
in arpghrrErpressoresaiutloT Foptr4nhodr §r Thavéepel/ymbptene
had an et hyl ene content of 61.5 nol % a nelting point
copolJmprof T PClyandieaiatdfonf aslanioh wds @olirgd LAEN a large
nmeasured by DSC, and MM Mh of 2.0. 15 The properties _
amouﬁf‘. S POl YIMBhaERe 88by 14 N dHY, TRaR ‘bu&e@@%lp%lgmer

A thoroughly nitrogen-purged 1 L continuou

vas {;sé?- HBRate as CHETLEIE L The 1 87 i nedecaa

purified n-hexane. By 20 continuously feedin

| PreSﬁuﬁ@@%éfﬂ& C1fer | FHDoukE - t ot ¢ iRssiirieswas § gnfcra@@@écrmer

to 3.5 MPa. A 0.004 mml/m hexane sol ution of
are geti Sobobykal Tebaenm2(TI BA, manuf actured by Tosoh

Fi nechem Cor poration) was continuously supplied at
(018750 m /h, and a 0.0016 mol /ml hexane sol uti on of

di et hyl zi nc (manuf actured by KANTO 82 CHEM CAL CO ,

IComgQEé%iW@SE%%%&iEU qsly supplied at 750 m/h. Further,

sol ution of nethyl al um noxane
C%341 nﬁ uf act ur ed b¥ Tosaoh_Fi nechem Cor porati on)

asAa Beatd 3&%&08% FE86S1 y SuppPréRuats4BrRFAHIS

Furt heLnore, a 0.00006 5 mol/ nl hexane sol ution of
polygephaayinet hpReter3eteirrbct with- reshyireyolbopéatadivers

yl) (2, 7-di-tert-Ilgutylfluorenyl) zirconium
chargeahlvethde andradenh9@@i2eanmehdnrbusalrutidon-akxahby! epe

(cycl opent adi enyl )

continucusly 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 Tosoh Finechem

Corporation) was continuously supplied at 186 ml/h, and a 0.0009

mmel/ml hexane sclution of diethylzinc (manufactured by KANTO

CHEMICAL COC., INC.) was continuously supplied at 625 ml/h.
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(fluorenyl) zirconiumdichloride were continuously
supplied 10 each at 40 nl/h, whereby there was no gas
phase in the reactor. At the same time, the

pol ynmeri zation liquid was €ontinuously di scharged
froman upper portion of the polynerization reactor
whil e the anount of the polynerization liquid in the

Furth€art 91 0 Ves0 ke pindtt /i1 LsoBuksequent | y, ethyl ene and
" propylene were 15 continuously supplied into the

t rlpl‘r?glll%f@gfggﬁitﬁp e?@fg o1 ?é n%ﬁf@h@gogﬂgngl%‘?!ﬁ?%&

ectivel Yy e copolyneri zati on was per

m?i alm t he te erature at 80C

P eEpEET gy T | GehSnr B Li8am A 8 Phersplyst was
attached out3|de t he pol ynerization reactor. 20[0198]

contimeceeppl yumplredion Bhdel /hhe Hboveeromdttiong. 00026
resulted in a polynerization solution containing an

mmol ghbhyherelpr epyhenen copol yner. The pol yneri zati on
solution was poured into a | arge anount:of nethano

- (3ng- Hﬁ?ﬁﬁmtéﬁ!}ﬁ%@ﬂ{}‘i’ Féé{g&%ﬁ'd%g%gg@g%ﬂpﬁe g yas

preC|p|tate e copo r was drie uced

ssure at 30C f 24_h . ,
( 1'26Pﬁ§P¥ N O HT R b B8 8T ool T P e aGEROLHE (TR
of 48.1C, a AThaIf of 65.1C, a heat of fusion of 29.1
and gj g, 0842h weak(nbdsbyubsen ®fand -0.71 x Tm + 101.4 =
60.1. The properties of the copolyner are set forth
1, 2-bhsTdBbl, e-4i - &xanplieydphAntfieneyghl y ni trogen- pur ged
1 L continuous pressure polynerization reactor :

- (RAYLPREENY Lhc Bosbhyt ) e, Blade was k@-%%@g@qlwc%l%m

L of dehydrated and purified n-héxane.

nuous eedi n n hexane L/h ot a
dme%ﬁgésnﬁéemgén hireaged PEERISTps R 6084 Mdhrminerepy
hexane sol uti on of tr||sobutylalun1nun196h
thergaNapabpuiad BiRTdsth FrfeEReAtesr pdttath Faﬂﬁstlmer the
conti nuously supplied at 750 ml/h, and a 0.0016 15
polymﬁmﬁzatiheﬂanﬁnisBsi@qnbindbesﬁy1di$mhdm@mManmumempper
by KANTO CHEM CAL CO., INC. ) was continuously

port§@ﬂpbfe€ih@tp5§@néﬁiftitfﬂdﬁtBééct@roleglénMé Mmount of the
solution of nethyl al um noxane (TMAO 341 nmanuf act ur ed

polyméﬁ?&%%l?mﬁl T?gﬂ%‘ Ear paL aflﬂo%[r%cﬂé “%ur?% tta'a3€5t1 ‘ﬁas

tinuously upplled at rmore,
Subsagﬁﬁgﬁggﬁg?nn§i§ég an %{%n%uaggﬂgh%geoéontlnuously'supplled
_ (3-tert-butyl-5-nmethyl cycl opent adi enyl )
into( 2he- giolvaeribatybhl ueeewydn a4 rcomiluth dinchlCoiZ%dé. /and
a 0.00006 mmol / nl sol uti on of ethyl ene
respekeyihepent athenydpo(fhaer eayk bnzivbeopeuibdinghl ohide

were continuously supplied
maintaining the temperature at 80°C by circulating a refrigerant
and steam Iin a jacket attached outside the polymerization
reactor.
[0183]

The copolymerization under the above conditions resulted

in & polymerization seolution containing an ethylene/l-butene
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84 each at 40 m/h, whereby there was no gas phase in
the reactor. At the sane tine, the polynerization
liquid was continuously di scharged from an upper
portion of the polynerizat/ilon reactor while the
anmount of the polynerization liquid in the reactor
was kept at 1 L. Subsequently, ethylene and propyl ene
copo Walier COMhi oUghyr 5Pl beds o Noi diheapopyaeed zZiaticon large
reactor at 36 NL/h and 0.24 L/h, respectively. The
amourFORY WEBLLZEE | Q04 YAk REY eed  Whh Le- Ml BLaLRENGob 8By me r
tenperature at 80C by circulating a refrigerant and
was %%;%it'{na}ge[cigﬁ% tga%::oé%ﬁhyfrﬁlged ogﬁassl d r:fe%ﬁ]%’lgder reduced
copol ynmeri zation under the above conditions resulted
pressyre ol Yhes ifeat L6MeeTuit | TN T HAPREALAGSaME the copolymer
et hyl ene/ propyl ene copol yner. The pol yneri zati on
are sotufoorh was Terfed2i nto a | arge 15 anount of
met hanol and thereby the ethyl ene/ propyl ene copol yner
ro1gyAs precipitated. The copolymer was dried under 7
reduced pressure at 130C for 24 hours. The copol yner
had_an_ethyl ene content of 67.9 nol % a
[Com%?§§€éﬁ?ié%%@é&?tgﬂperature (Tc) of 28.1C, a heat of
fusion of 31.0 J/g, each neasured by DSC, a 20
Tch yisheFeugh vh L IGRYSIHE Pief e of L - BoBEinyeus pressure
Tcrystaf = 31.7C, and 0.028 x AH + 25.3 .= 26.2. The
pelypeopeaties ofadther coguipped wiehset storrhngnbTabbewss
[ 0200] [ Conparative Exanple 8] 85 A t horoughly

char§blregen-pur aed d0Q0qPhcehassdaplieckaxe waﬁeszaaégedsdy
with 800 m of dry toluene, and propyl ene was passe

- cont{Lgﬁ%SSE?rPélg@jfr‘?{; h&ggek%\ﬁef at %51%?% e%l&egpg‘z‘g& pgﬁasure

erature o e system was i ntaine
15.0 nmmol in terns_of al%ninun15 of t hyl al um noxane
was WASTERERY. tFutthdit2 0. 15 Umil? gmdlgims pRxane solution of
(3-t-butylsalicylidene) - '
triigeBunybs bupememf K UdBBannkRpdeck urefabkyufreply) Finechem
di chl oride] was added, and the gas supply was
CorpSvattbey W= abnethyvbereipsapyl tae 675093 A ,LAAY & 0.0016
m xture gas, followed by stirring for 60 m nutes. 10

molﬂﬂ?nheﬁ{g}?e %mtyj_&ltl ﬁ@i%ﬁ%’@%ﬂj@t&%ﬁ%am&i by KANTO

propyl ene/ nitrogen (60/40 Xxture gas was

lied i ead, followed b tirring.for 10
crmnfERE B8 lsehute 5o Reugs 15U BPT Mgl S 1oReB (8"
an et hyl-ene/ propyl ene (85/15 L/ h) m xture gas,

Furtherl cswdd Obyne} AR} mp irias Aifnte eey 1 ahanieareanon THas 341
then 15 term nated by adding 20 m of methanol and 5
manuffkcotirdd b NThygdhoehherhemacs tpo Fhei siysteenevwescatalyst was
continuously stirred for 30 m nutes under a stream of

| - yaer iggation sokyt-igar-wescdeashedoooe
Cont&ﬁ%ﬁag?gt?ﬁpgégagtgﬁ and ng pour ed iﬁto ?.5 L of

hanol , there recipitating a polymer. The
mmolzgﬁyﬁgganssgéuggP eCted and was dried at 130C under
~ reduced pressure for 10 hours, and 9.37 g of an
diphenkyehsy propyPeife réopiitymerd e hoBraicdeperfgelienyl)
copol yner had an ethylene content of 63.7 nol% a
(2, 7melticagt pbliny 16 142e3@,1 )a iheain iofn dilshbor bfie 261d8a 1i.@0006
each neasured by DSC, and Mv Wh of 1.3. The

mmo1 PhOPELELES AT oEhe eQRANU®RIy Al entadienyl)

(fluorenyl)zirconium dichloriae were continuously supplied
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86 set forth in Table 4. [0201] [Conparative Exanple

9] A thoroughly nitrogen-purged 1000 m gl ass

aut ocl ave was 5 charged with 800 m of dry tol uene,

and propyl ene was passed t/Here through at 100 L/h for

15 m nutes. The tenperature of the system was

mai nt ai ned at 50C, and 15.0 mmol in ternms of al um num
each Gft wethy/ial whaoxanehsas etedeto s tdiedse Qnlbhampdadior.

[bis [N (3-t-butylsalicylidene) - 10

At tie & Orpent@fd ;tg%%ﬁﬁ%fﬂ Q%go%agigéﬂa u‘géél Wntinuously

di chloride] was a and t upply was
. it t t hyl / 6.5/93.5 L/.h
i oS4 & 250 25 BRPBNGt By St AT (g PBRYBE SxeRGtab, reactor

.. Then the supply of ethylene was stopped, and a
whileyrigys | amesmt t@%g*eﬁaae (mfw:u BI T HPRL Emugaslwaéhe reactor
supplied instead, followed by 15 stirring for 10
was keputaes.l Subseqedusnttiie gashsugpd Yanvd Sosaw lodred dare
an ‘et hyl ene/ propyl ene (85/15 L/h) m xture gas,

cont QLA SHBY i Lo, G, Sobuapieg T Sttt

of, ‘0. N_hydrochl oric agid. The. system was
and 624 T o a1 1 of PSE O RNt bE- hnderas BEFERRTeC
.. of nitrogen. The pol ynerization solution was deashed
whiletmednseinied WatekeBRRIr RS porEeBOl Rt BY1C5rEudpting a
nmet hanol , thereby precipitating a polyner. The '
refrpoeyaet aads sobéeciedaahachas dttedhatl 280€idadehe
reduced pressure for 10 hours, and 7.19 g of an

polyﬁébykgaﬁé@rggyggag_copolyner was obtai ned. 87 The
copol ynmer had an et hylene content of 62.5 nol % a

,{OISgglting poi nt of 40.9C, a heat of fusion of 21.2 J/g,
each neasured by DSC, and Mv/ WMh of 1.4. The

properties of the copolyner are set forth in Table 4,
5[%ﬂoqcédmﬁqw%3ﬁslretﬁ@]above ‘conditions resulted

_ Pol yneri zation was carried out in accordance with a
in a melhoee isd atgl en tahul o eactteri rdsialegc etbgdenn/propylene
JP- A- S60- 35009. The resulted pol ynmer sol ution was '

copopguéed ITH® pa llvalge zarwat sof utdomBid@pelure@ntnto a large
t hereby an et hyl ene/ propyl ene copol yner was

amouRf & Retakeds Jhe t%%g'%lb\ﬁ/r@rxev@c% rér‘?@/ﬂ%lél‘?@&%ﬁ@lmer

pressure at 130C for 24 hours. The copol yrfer had an
was BrodsSaeataIATIER? STPADEG “ad HUR o gT TS oFeBr e

Cire Jl%?O%%FEogﬁﬁfggggs?y %ﬁil ;y“éféiéé}of'the copolymer
pressure at prop poilym
are set forth in Table 2.
[0186]
[Comparative Example 4]

A thoroughly nitrogen-purged 1 1L continuous pressure

polymerization reactor equipped with a stirring blade was

charged with 1 L of dehydrated and purified n-hexane. By

Continudusly feeding n-hexane at 1.1 L/h, the total pressure
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15 x Tm+ 101.4 = 66.0. The properties of the
copolyner are set forth in Table 4. [0203]
[ Conparative Exanple 11] A thoroughly nitrogen-purged
1 L continuous pressure 20 Yol yrmerization reactor
equi pped with a stirring blade was charged with 1 L
- of dehydrated and purified n-hexane. By continuously
was ifreetiaxed-thexane v®a.l. A 0/ bo4t heoligindl hpkessuselwason of
Increased to 3.5 MPa. A 0.004 mol /m hexane sol ution

trllégbﬁ{¥}§%ﬁﬁﬁﬁﬁﬁ“t@&éﬂ”ﬂﬂﬁﬂé¥%0839é&aﬁ§UTSQoQVF 105%Ren

Fi nechem 88 Cor porat'i on) was conti nuously suppli éd

t her O 09 t|on of.
CorpqRaTH Al (At BN (VALY SFP RO A6t L G-ty TagoR 0-0016
Fi nechem Cor por ati on) as a cocatalyst was
mmo L guh thewens |Sp et ed gtesdviizince Roernépmingedaby KANTO
0. 00006 5 mml /mM hexane sol ution of
CHEMIE$Mem®lnEIMQIBne£§-¢@mtimmbyii§-napbyﬂeychop@&ﬂaﬂléh.
yl') (2, 7-di-tert-butylfluorenyl) zirconium

rurtith€hl-06i 48 @k 4108998 2oAMDF Ml e 180l Btidh Bfane (TMAO-341
ethyIene(cyclopentadlenyl) (quorenyI)Z| conlum

or | re._conti uou 10 each
mamufr G O B8 BB R e S B ﬁst%ecoce%@tlafst was
. At the_sanme-tine, the ner|zat|on [iquid wa -
COHt%%W@?ﬁhBu%PQPHt§@h%Fg% $¥6ﬁ1an Fappeerporei oh %fOQ%%6
pol yneri zation reactor while the anmount of the
mmol fol ynerazat sohutiguidfin the reactor was kept at 1 L
Subsequently, ethyl ene and propylene'mere 15

diph&QPihBHRUSEY  SUPPLEEdLL AL D-thacpakY FBED 2aEHOA G BAGH OF
P a€§36 NLyh aﬁd 0.24 L/h, §/respegtl\k/’e&? ﬁ y

(2,759POLY rbé%gﬁgb@@%n{?f EQE‘@Bﬂl‘NﬂJ &fc bﬂé&rﬂ ang 0002

tenper ure rcu ing a rlgeran
eam in acket attached out si de the pol ymeri zati on

mmOl?%%cFBFPtQG 0984fthylenel ?H8188§8F?ﬁéﬁpﬁé9|on under
t he above conditions resulted in a polynerization
(flugptnyioniconnaimi Adgchhoceidgl ¥rakepcopylioneusdyobypmpried.
The pol ynerization solution was poured into a |arge
sachaW mf/Hyetvhapebyatide therabynd basebhybend prepykentor.

copol ymer 89

At the same time, the polymerization liquid was continuously
discharged from_aﬁ upper portion of the polymerization reactor
while the amount of the polymerization liquid in the reactor
was kept at 1 L. BSubsequently, 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
refrigerént and éteam in a jacket attached cutside the

polymerization reactor.

[0187]
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was precipitated. The copol yner was dried under
reduced pressure at 130C for 24 hours. The copol yner
had an ethyl ene content of 68.8 nol % a
crystallization tenperatur& (Tc) of 27.8C, a heat of
fusion of 33.0 J/g, each nmeasured by DSC,-a 5
Tcrystaf by the CRYSTAF nethod of 2.1C, Tc - Tcrystaf

= 2Be HopARae?i 038 1%rARnte25tBe 2brs coble thleRekbkas ted
of the copolyner are set forth in Table 5. [0205]

- I I r l

o @%*ief%aé%%p"Bgﬁﬁé%%p“gﬁgf’%é&éﬁ%%@% %‘C%%%EE??B vlene
ont ent nnl@b?l 5 63.7.62.5 ?5 9 64.9 Mwv X

copolymer. he polymerization solution was poure lI‘ltO 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.
[0188]
[Comparativé Examble15]

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
cqntinuoUsly 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
Corperation) was continuously supplied at 750 mi/h, and a 0.0016
mmol/ml hexane scolution of diethylzinc {(manufactured by KANTO
CHEMICAL CO., INC.) was continuously supplied at 750 ml/h.
Further, a 0.06 mmol/ml solution of methylaluminoxane (TMAC-341
manufactured by Tosoh FinechentCorpoiation) as a cocatalyst was
continuously supplied at 40 ml/h. Furthermore, & 0.00006
mmol/ml hexane solution of
diphenylmethylene(3—tert~butyl~5~methylcyclopentadienyl)

{2, 7-di-tert-butylflucrenyl)zirconiumdichloride and a 0.0000G6
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mmol/ml solution of ethylene{cyclopentadienyl)
(fluorenyl)zirconium dichleoride were continuously supplied
eacﬁ 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 ligquid in the reactor
was kept at 1 L. Sﬁbsequéntly, ethylene and propyiene were-
continucuslysﬁppliedjlﬁxnthepolymerization1eéctoren:4ONL/h
and 0.15L/h, respectively. Thé copolymerization was performed
while maintaining the temperaturé at 80°C by circulating a
refrigerant and steam in a jackét attached outside the
poiymerization reactor.
[0189]

rThe copolymerization under the above conditions resulted

in a polymerization solution containing an ethyliene/propylene

copolymer. The pelymerization solution was poured into a large

amount‘ofrnethanql 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 continuous pressure

polymerization reactor eguipped with a stirring blade was
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Tm C 40.5 42.3 40.9 48.1 49.8 1073xDensity - 893
AH J/g 24 21
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charged with 1 L of dehydrated and purified n-hexane. By.
continuously feeding n-hexane at 1.1 L/h, the total pressure
was ilncreased to 3.5 MPa. A 0.004 mmol/ml hexane solution of
triisobutylaluminum (TIBA, manufactured by Tosoh Finechem
Corporation) was continuously supplied at 750 m1/h, and a 0.0016
mmol/ml hexane solution of diethylzinc (manufactured by KANTO
CHEMICAL CO., INC.) was continuously éupplied at 750 ml/h.
Further; a 0.09 mmol/ml solution of methylaluminoxane (TMAO-341
manufactured by Tosoh.Finechem(:orporatioﬁ) as a cocatalyst was
continuously supplied at 40 ml/h. Furthermore, a 0.00006
mmol /ml hexane solutioﬁ of
diphénylmethylene(3—tert—butyl—S—metﬁylcyclopéntadienyl)
(2,7-di-tert~-butylfluorenyl)zirconium dichloride and & 0.00012
mmol/ml solution of ethylene(cyclopentadienyl)
(fluorenyl)zirconium dichlecride 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 liquid in the reactor
was kept at I L. Subsequently, ethylene and propylenerwere
continuously 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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67.2 66.0 Tc DC
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polymerization reactor.
[0191]

The copolymerization under the above conditions resulted
in a polymerization solution containing an ethylene/propylene
copolymer. The polymerization sclutiocn was poured into a large
amount of methanol and thereby the ethylene/prepylene 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.

{Oi92]'
[{Comparative Example 7]

| A thoroughly-nitrogen—purged l.L continuoué pressure
polymerization reactor equipped with a sfirring blade was
charged with 1 L of dehydrated and purified n-hexane. By
continuously feeding rn-~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 KANTO
CHEMICAL CO., INC.) was continuously supplied at 750 ml/h.
Further, a 0.06 mmol/ml solution of methylaluminoxane (TMAC-341
manufactured by Teosoh Finechem Corporation) as a cocatalyst was
continuously supplied at 40 ml/h. Furthermore, a (0.00006

mmol /ml hexane soluticen of
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diphenylmeﬂthylene (3-tert-butyl—-5-methylcyclopentadienyl)

(2, T-di-tert-butylfluorenyl)zirconiumdichloride and a 0.00008
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 ligquid was continuously
discharged from an upper portion of tlr;e polymerization reactor
while the amount of the polymerization iiquid in the reactor
was kept at 1 L. Subseqguently, ethylene and propylene were
continuously s,upplied into the polymerization reactor at 36 NL/h
and 0.24 L/h}, respectively. The éopol.ymerization was performed
while maintaining the temperature at 80°C by circulating a
refrigeraht and steam in a jacket attached outside the
polymerizaticn reactor.

[0123]

The copolymerization under .t-he_ above conditions resulted
in a polymerization solution containing an ethylene/propylene
copolymer. The polymerization scolution 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.
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[0206] [ Table 5]
8 Conparative Exanple 11 Ethyl ene content nol % 67.9

Exanpl e

[0194]
[Table 2]
Comparative |Comparative|Comparative |Comparative|Comparative
Example 1 Example 2 | Example 3 | Example 4 | Example.>5
Ethylene | b 15 82.3 82.2 53.7 59.6 57.7
content _
Mw x 10° }g/mol 5.3 11.3 11.9 11.8 11.2
Mw /Mn 1.9 1.9 2.1
Density |g/cm’ 0.866 0.844 0.854 0.856 0.868
Tm °C 115.9 117.9 -10.5 -11.1 80.7
1073 x
Density 36.2 12.6 23.3 25.5 38.4
- 893
AH J/g 40 44 ) 20 23
AThare - °C
-0.71xTm |
+ 101.4
Tc °C 89 . 99 7.2 6.9 61.9
Terystat °C 30 30 *1 *7 24
e °C 59 69 *1 *1 37.5
Tcrystaf
0.028xAH 26.4 26.5 25.6 25.9 25.9
+ 25.3
*1: immeasurable
[0195]
[Table 3]
Comparative | Comparative
_ Example 6 Example 7
Ethylene content mol% 72.6 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 41.8
1073 x Density - 893 60.9 36.2
AH J/g - 53 66
ATna1e °C
-0.71 = Tm -+ 101.4
Tc °C 60.2 29.4
Tcrystaf °C 23 0.9
Tc — Terystaf °C 37.2 28.5
0.028 = AH + 25.3 26.8 27.1
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[Example €]
[C196]

L thoroughly nitrogen-purged 1 I continuous préssure
polymerization reactor equipped with a stirring blade was
charged with 1 L of dehydrated and purified n-hexane. By
continuousliy 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, manufactﬁred by Tosoh Finechem
Corporation) was contiri'uously supplied at "{50 mli/h, and a 0.0016
mmol/ml hexane solution of diethylzinc (manufactured by KANTO
CHEMICAL CO., INC.) was continuéusly supplied at 750 ml/h.
Further, a 0.09 mmol/ml solution of methylaluminoxane (TMAO-341
manufactured.by'rosﬁh FiﬁechentCorporation) 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-butylfluocrenyl)zirconium dichleoride 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 continuously

discharged from an upper portion of the polymerization reactor
while the amount of the pelymerization liquid in the reacteor

was kept at 1 L. Subseguently, ethylene and propylene were
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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 Jjacket attached cutside the
polyﬁerization reactor.

[0197]

The copolymerization under-the above conditions resulted
;n a polymerization solution containing an ethylené/propyiene_
copolymer. The polymerization solution was pouréd.into a iargé
amount of methanol and thereby the ethylene/propylene copolymer
was precipitated. The copolymer was dried under reduced
pressuré at 130°C for 24 hours. The copolymer had an ethylene
content of €1.5 mol%, a melting point (Tm) of-40.5°C, a heat
of fusion of 24.0 J/g, each measured by DSC, and Mw/Mn of 2.0.
The pioperties 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 l.l'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 ml1/h, anda 0.0016

mmol/ml hexane solution of diethylzinc (manufactured by KANTO



10

15

20

C-3.6 2.1 Tc - Tcrystaf C 31.7 25.7 0.028 x AH +

25.3 26.2 26.2 5[0207] In general, polyner
properties vary dependi ng on pol ynerizati on processes
and pol yneri zati on apparatdaies. [0208] Conpari son .
bet ween Exanple 6 and Conparative Exanples 8 10 and 9
shows that polynmers obtained by |iving polynerization

: CHEMtéAQr@@eSSn@kt sclpsed-bh- Patient1Pocyppnt ed) 280780t 1 /1.

satisfy t he reqU|renent (3) according to the present
Furt rrgg: g?lﬂg ?tllhgoibltl%r Ieggo ebcq’g Viea I?lonno'%r?%dTgﬂg ~-341

t ubul ar react or as,descrlbed in 15,JP A- S60- 35009
manu?pg%:*éﬁpd@yc'g%ﬁp %nea@%@m mr%q%tw)yﬁa@rg cocatalyst_was

satisfyingthe requirenents (4) and (5) of the present
contiinuentilpnsuphpadi ay ERampl/e.8 Budti@emparati@el.06006

Exanpl e 11 shows t hat _
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 ethyléne(cyclopentadienyl)
(fluérényl)zircbnium'dichloride were continuously s;:upplied
each at 40 ml/h, whereby there was no gas phase in the reactocr.
At the same time, the polymerization liquid was continuously
discharged from an upper portion of the polymerization reactor .
wnile the amount of the polymerization liquid in the reactor
was kept at 1 L. Subsequently, ethylene and propylene were
continuousl-y supplied into the polymerization reactor at 38 NL/h
and 0.24 L/h, respectively. The copélymerization was performed
while maintaining the temperature at 80°C by circulating a
refrigerant and steam in a jacket attached outsiderthe
polymerization reactor.
[0198}.

The copolymerization under the above conditions resulted

in a polymerization solution containing an ethylene/propylene

copolymer. The polymerization solutionr.was poured into a large

amount of methanol and thereby the ethylene/propylene copolymer
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91 polyners do not satisfy the requirenent (8) of the
present invention when the chain transfer catal ysts
are not used (A process disclosed in Patent Document
1) . [Exanple 9] 5A lubri%ating oil conposition was
prepared from86.9 w% of a lubricating oil basestock
that was mneral oil 120 Neutral (trade nane,

was preatipbachuead byh&ESSEbymett das)dhagingndeki nedated
viscosity at 100C of 4.60 mmR/s , 1.6 w % of the

pressGPROLY MY € ¢ 0 B RlRi L . asThel 4BHH CRLEAON O lan ethylene
viscosity nodifier, 0.5 wt% of 10 pour - poi nt

depressant ACLUBE 146_(nmanufact ur y Sanyo enic
contegaes hed, Eth: 7 BRUCIR00PaE ot TBLL 8F gl L Cr & R
di gspersant LZ 20003C (manuf actured by The Lubrizaq
of 65¢ar poratheny of Fericimatcés -of I He PEBPI BRRFRESDITY PSC/
conmposition were evaluated. The results are shown in
and -TabBllex @&m 5] Exadprecd0]. The prApkwbdiesatingheidopolymer
conposition was prepared.and evaluated in the sane
are JENIQL-BSiNTRXAMIL 9, except that the copol yner
from Exanple 2 was used as the lubricating oi
[Exa.ViSC jity nodi fier and the material anmounts were
Wﬁ%f % d-as described in Table 6. 20 The results are
shown in Table 6. [Exanple 1%% A Iubricatirlg1
o tEeHBETNLYOR WAL I EPREEPhd le AR B Y5 RRFSUre
same manner as in Exanple 9, except that the
polymsopcaiien freanEanpiel e ged &tihelrabrlade i wvre
oil viscosity nodifier 92 and the material anounts
chard® &iahanged o gesedtbedd i dndabhel Hiedhe-Hesathé s ave
shown in Table 6. [Exanple 12] A lubricating oi
cont GRIMAS QR %H{%&éﬁge and eval Ual edepe 1 ot e SADRsure
manner -as 1n nple 9, except that the copol yner
from Exanpl e 4 was use S e lubricating oil .
was \GERTTY Hodi A SPmak ReOhAr BFPA L BaRARSuput ion of
changed as described in Table 6. The results are
triishowyial Teibhen 6(T I Banpieaiaftuoed | byr Teapknfloprhen
conmposition was prepared and eval uat ed
Corporation) was continuously supplied at 750 ml/h, and a 0.001¢6

mmol /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 methyialuminoxane (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-methylcyclopentadienyl)

(2,7-di-tert-butylfluorenyl)zirconium dichloride and a2 0.CC006

mmol/ml solution of ethylene(cyclopentadienyl)

(fluorenyl)zirconium dichloride wers continuously supplied
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in the sane manner as in Exanple 9, except that the
copol ynmer from Exanple 5 was used as the lubricating
oil viscosity nodifier and the material anmounts were
changed as described in TBBle 6. The results are
shown in Table 6. 93 Exanple 13 <c¢ Tfil TT g O
Exanple b | VI TfIT nntliP OQc4PL Exanple 12 I'T

each &8 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 liguid 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
%ﬂhile maintaining the temperature at 80°7C by circulafing 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 solution was poured into'a large

.amount oflnethahol and thereby the ethylene/propylene copolymer

was precipitated. The copclymer was dried under reduced
pressure at 130°C for 24 hours. The copolymer had an ethylene
content of 67.9 mol%, a crystallization temperature (Tc) of
28.1°C, a heat of fusion of 31.0 J/g, each measured by DSC, a
Torystat DY The CRYSTAF method of -3.6°C, Tc — Terystar = 31.7°C,
and 0.028 x AH + 25.3 = 26.2. The properties of the copolymer
are set forth in Table 5.

F0200]

[Comparative Example 8]
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A thoroughly nitrogen-purged 1000 ml glass autoclave was

charged with 800 ml of dry tecluene, and propylene was passed

‘there through at 100 L/h for 15 minutes. The temperature of the

system was maintained at 25°C, and 15.0 mmol in terms of aluminum
of méthylaluminoxane was added. Further, 0.15 mmocl of

[bis [N~ (3-t-butylsalicylidene) —
2,3,4,5,6-pentafluorcanilinato]titanium (IV) dichloride] was
added, and the gas supply was switched to én ethylene/propylene
(6.5/93.5 L/h) mixture gas, followed by stirring for 60 minutes.
Then, the supply of ethylene was stopped, and a
pro;ﬁylene/nitrogen (60/40 L/h) mixture gas was supplied instead,
folipwed by stirring for 10 minutes. Subseguently, 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 methancl and 5 ml of 1.0 N
hydrochloric acid. The system was continuously stirred for 30
minutes under a streamof nitrogeﬁ. The polymerization solution
was deashed with ciistilled 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 copolymer had an ethylene content of 63.7 meol%, 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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set forth in Table 4.
[0201]
[Comparative Example 9]

A thoroughly nitrogen-purged 100C ml glass autoclave was
charged with 800 ml of dry toluene, and propylene was passed
there through at 100 L/h for 15 minutes. The temperature of the
system was maintained at 50°C, an_d 15.0 mmol in terms of aluminum
of methylaluminoxane was added. Further, 0.15 mmol of
[bis[N—(3—t—butylsalicylidene}—
2,3,4,5,6~pentafluoroanilinaﬁo]titanium {(IV) dichloride] was
added, and the gas supply was switched to an ethylene/propylene
(6.5/93.5 L/h) mixture gas, followed by stirring for 60-m:i.nutes .
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) mixturelgas,
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

-minutesunderaastréamcxﬁnitrogen. The polymerization sclution

was deashed with distilled water and was poured intec 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 7.19 g of an ethylene/propylene copolymer was obtained.
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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 ocut 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 45.8°C, a ATnae of 109.1°C,
a heat of fusion of 27.1 J/g, each measured by DSC, and ~0.71
X Tm + 101.4 =-66.0. The properties of thg copolymer are set
forth in Table 4.

10203]

[Comparative Example 11]

A thoroughly nitrogen-purgecd 1 1L 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 tc 3.5 MPa. A 0.004 mmol/ml hexane solution of

triisobutylaluminum (TIBA, manufactured by Tosoh Finechem
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[ Lubricating oil physical nropertiesl 3000T Te
AQTsoosTA aTnemauTA At UN 83833 Lowtenperature
flowability 94 [0210] [Conparative Exanples 12 to

18] Lubricating oi | conpositions were prepared
e 9
Corpcgig%:e hat ﬁjg%clyggu%%? We@%ﬂ r"iS%XﬁWE 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. Furthermore, a 0.00006
mmol/ml hexane solution of
diphenylmethylene (3-tert-butyl-5-methylcyclopentadienyl)
(2,7—di—tert—butylfluorenyl)zirconiumdiéhlorideandea0.00012
mmoi/ml solution of-ethylene(cyclopentadienyl)
(fluo;enyl)zirconium dichloride were continuously supplied
each at 40 ml/h, whereby there was no gas phase in the reactor.
AT the same time, the polymefization ligquid 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 propylene were
continuouélysuppliedjjﬂx>thepolymerizationreactorat,36NL/h
and 0.24 L./h, respectively. The copolymerization was performed
thle maintaining thg temperature at 80°C by circulating a
refrigerant and steam in & jacket attached outside the
polymerization reactor.
[0204]

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

amount of methanol and thereby the ethylene/propylene copolymer



5 from Conparative Exanples 1 to 7 were used as the

| ubricating oil

viscosity nodifier

and the materi al

anounts were changed as described in Table 7 or 8.

The results are shown in ®bles 7 and 8.
Conpar ati ve Exanple 13
Exanple 2 T7'T ZOST rl

was precipitated.

pressure at 130°C for 24 hours.

33

1

95

T L8 OTT 9.0 Conparative
The copolymer was dried under reduced

The copolymer had an ethylene

content of 68.8 mol%, a crystallization temperature (Tc) of

27.8°C, a heat of fusion of 33.0 J/g, each measured by DS, a

5  Terystar Y the CRYSTAF method of 2.1°C, Tc ~ Terystatr = 25.7°C, and
0.028 x AH + 25.3 = 26.2. The properties of the ccpolymer are
set forth in Table 5.

[0205]
[Table 4]
Comparat ive{Comparative|_ Comparative
Example 6 Example 8 | Example "9 Example 7.Example 10
Ethylene 151 61.5 63.7 62.5 65.9 64.9
content
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 '
~ BG3 _ .
AH J/g 24 21 21 29 27
ATpa1s °C 60.1 109.1
~0.71 x T +
101.4 67.2 66.0
Tc °C
Tcrystaf _ °C
Tc— Tcrystaf °C
0.028 = AH
+ 25.3

10
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Compar ative Exanmple 12 6'98 0' TT SO Conparative
Example 1 9'T gfli ri 33 % m %gm
S0
[0206]
{Table 5]
Comparative
Example 8 Example 11
Ethylene content mold 67.9 68.8
Mw x 10° g/mol
Mw /Mn
Density g/cm’
Tm °C
1073 x Density - 893
AH J/g 31 33
AThnais : °C
-0.71 x Tm + 101.4
Tc °C 28.1 27.8
Terystas °C -3.6 2.1
Tc — Terystat °C 31.7 25.7
0.028 = AH + 25.3 26.2 26.2

[0207]

In general, polymer properties vary depending on

polymerization processes and polymerization apparatuses.

[0208]

Comparison between Example 6 and Comparative Examples 8
and 9 shows that polymers cbtained by iiving polymerizationr(A
process disclosed in Patent Document 3)
requirement (3) according to the present invention.

comparison between Example 7 and Comparative Example 10, the

do not satisfy the

polymerization using a tubular reactor as described in

JP-A-S60-35009 {(Patent Document 2)

satisfying the requirements (4) and (5) of the present invention.

does not give polymers

Comparing Example 8 and Comparative Example 11 shows that

From the



10

- 15

20

%m s/4unu S.PcTU S. E Ul | [Materials] 1
Lubricating oil basestock 1 Detergent dispersant 1
Pour - poi nt depressant -aawATodoo [ Lubricating oi

physi cal properties] 0000B1R2e AqTsoosTA of | uneuTm AaW
SOO Lowtenperature flowability

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

[Example 9]

A lubricating 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 100°C of 4.60 mm*/s, 1.6 wt% of the copolymer frém
Example 1 as a lubricating oil wviscosity modifier, 0.57wt% of

pour-point depressant ACLUBE 146 (manufactured by Sanyc Chemical

Industries, Ltd.) and 11.0 wt% of detergent dispersant LZ 20003C

(manufactured by The Lubrizol Corporation). Performances of
the Iubricating oil composition were evaluated. Ther results are
shown in Table 6.

fExample 10]

A lubricating oil composition was prepared and evaluated
in the same manner as in Example 9, except that the copolymer
fromExample 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 oil 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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and the material amounﬁs were changed as described in Table 6.
The results are shown in Table 6.
[Example 12]

A lubricating oil composition was prepared and evaluated
in the same manner as in Exéﬁple 9, except that the copolymer
from Example 4 was used as tﬁe lubricating 0il viscositymodifier
and the material amounts were changed as described in Table 6.
The results 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 viscosity modifier
an& 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 compesitions were prepared and evaluatéd_

in the same manner as in Example 9, exéept-that the copolymers

from Comparative Examples 1 to 7 were used as the lubricating

0il viscosity 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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Lowtenperature flowability 97 CLAIM 1. A
process for producing a copol ynmer, which process
conpri ses polynerizing ethylene and a C3-20 a-olefin
in the presence of two or nore pol ynerization
catal ysts and a chain transfer catalyst wherein the
pol yneri zati on catal ysts &iéIdapabl e of providing
polymers with different properties under
subst ant ipabkysd deyt b%@ﬁu@ﬂ{@’@eﬁbﬁ@Im,cQﬂQEﬁi Puess
wherei n said copol yner conprises structural units
' fromethyl ene-and structur uni.ts.derived .
conpf LY PouER ZLaY R A B FOHYED gl fobirgte presence
requirenment;_(l) the nelting point éTh) according to
Of TRRCOT SNt Pﬂé‘s‘? téPnoci‘t&gle@é? and a ‘chainatyppiess catalyst
for -produci ng a copol ynmer, which process conprises
whergdh vy ippl mge et dafione caval e tE3220 eamidki nfi prehialing
. presence of two or nore polynerization catal ysts and
polyfethaiith HaRSEQmiCat-abystiahenabs §ihepekY Rl Zaid@h cal
- catalysts are capable of providing polyners wth
polyﬂééiﬁ%ﬁﬁhﬂeéﬁ&Eyﬂgn § HHQS&H?%Q%E?@%&&& rngﬁéffégs
pol ynmeri zation conditions, wherein sard copolymer
£ S0 rises structural unit erived fromethylene and .
SETUEYHIEL IPAF S WIS S FF R HROAPS B3 AFTHCEPER Pibifg derived
‘ satisfies the follow ng requirenents; (1) the
frompe| €379 porkeligTepdasebidiisg tbe DRG liowing téeuimmmgsat;
of 0 to 60C, and (7) the crystallization
(1) tlesperiatogepdita) (@ngoackdgiing DSOIS iROEnNBRE AhaR of 0 to
- 70C. 3. A process for producing a copol yner,
soecWhi ch process conprises 98 pol ynerizing ethyl ene and
" a 03-20 a-olefin in the presence of two or nore
pglyne%ization c§tal sts and a chai.n transfer
catal y§t WHETEn TP heP Potiiteri 2 at TH YRS al YRS grecess
capabl e of providing polyners with different . '
compp¥ e rel peeirder sbhstent isaldl § ¢ callefin in the presence
pol yneri zati on conditions, wherein said copol yner
of twonpr imses silnuwettratiomidesadestyethd noaheihyleiefapdeatalyst
structural wunits derived froma C3-20 a-olefin and

ner&81 itk 8814 iakh O Q0L S18QULT SRR nab1e of i
" erneltingﬁpomtl(zTrr) accord?ﬁg to DSépﬁs ?Hotﬁ%i%gﬁggg

0. 10, .6 2) .t.he melting.point, (Im .and. .

porves a5 oRF Ry e AT Y ‘GeRGheal

Tm= 1073 x D - 893 - {1}. _ (7) the
polygguizabiph 2addhiceiperiarsie e9Ed wwpPeerERhg TPDSESEs

not nmore than 70 C. 4. A process for producing a
strugopellyneits weiréhiedr Ooes sthohpne sesl polyaetill Mgits derived

et hyl ene and a 03-20 a-olefin in the presence of two.
from f CADRE PolwrRhi 2341 N iGatakysts RAdoR:chaldntikanshes;

catal yst wherein the pol ynerization
(1) the melting point (Tﬁ) according to DSC is in the range of
-0 tq 60°C; and |
(7)7the crystallization temperature (Tc) according to“DSC isg
not more than 70°C.

3. A process for producing a copolymer, which process

comprises



99 catal ysts are capable of providing polynmers wth

different properties under substantially identica

pol ymeri zation conditions, wherein said copol yner

conprises structural units derived from ethyl ene and

structural units derived froma 03-20 a-olefin and

wherei n the copol yner satisPBes the foll ow ng

requirenents (1) to (8): (1) the nelting point (Tm
polyRE6£0F HN@the188C drsl bnct hey rargeroh Oh thbBrlsencd 2F two or

the nelting point (Tm and the density D (g/cnB)
more?%iﬁl\},\e%ﬂritzg_@igﬂ L@éﬂaqg}s{:;}aﬂ?!aow;haIﬂl Ms%@'r8§$ts%l%stt gherein

Mh according™to GPOis I n the range
5.0; (4) .the half-value width (ATholfl aof .a neltin ,
the BalinoreaRirEn Ty TRE P o RO RPEeL arP 0 €10 Koyl with
___half-value width (ATl kl) and the nelting point (Tm
diffeppils oy oPRET efddsH PIOYETHWAlAY| hefnto.cpl x PeddGr igation
(6) the heat of fusion (AH) as neasured by DSC is not

condimtend, hahe68in (sBid hepst ysiraldompai s drefipetddlntiits derived
(Tc) according to DSC is not nore than 70 C.; and

from(é@hﬁﬂ@%ehgﬁa éﬁrjéﬁﬁkgm &ﬁ%@s d%ggvgﬁyfgdﬁlaié§1é6”5—olefin and
tenperature (Tc) neasured by DSC and the

tglli%giion.teggerature measured by a CRYSTAF
0

sati%%’%s thCrys?%ﬁﬁ% _ﬂgfgﬁqﬁﬁgiequatfon'{S} bel ow.

Tc- Tcryst af =0. 028x4H+25. 3{ 3}
(1) the melting point (Tm) according to DSC ig in the range of

0 to 60°C.
(2} the melting point (Tm) and the density D {(g/cm’} satisfy
the equation {1} below: |
Tm = 1073 x D - 893 - {i}.
(7) the crystallization temperature (Tc) according to DSC is

not more than 70°¢ C.

4. A process for producing a copolymer, which process '
comprises polymerizing ethylene and a C3-20 o-olefin in the presence
of two or more polymerization catalysts and a chain transfer catalyst

wherein the polymerization
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catalysts are capable of providing polymers with different properties
under subsﬁantially identical polymerization conditions, wherein said
copolymer comprises structural units derived ffom ethylene and
structgral units derivgd from a C3-20 a;olefin and wherein the
copolymer gatisfies the following requirements (1) to (8):
{1) thérmelting poiqt (Tm) accofding to DSC is in the range of 0 to
60° C.;
(2)'the melting peoint (Tm) and the density D (g/cm’) satisfy the
'equation.{l} below:
Tm=1073D-893 {1}
{3) Mw/Mn according to GPC is in the range éf 1.6 to 5.0;
k4} the half-value width (AThdf) of a melting peak measured by DSC
ig not more than 90° C.;
{5) the half-value width (ATp.a:) and the melting point (Tm) satisfy.
the eéuation {2} below:
AThalféwo.*flem;lm.c}_ . {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 §0° C.; and

(8) the heat of fusicn (AH), the crystallization temperature (Tc)‘
measured by DSC and the crystallization temperature measured by a
CRYSTAF method (Terystar) Satisfy the equétion {3} below:

Te-Terystar= 0 . 028xAH+25. 3 {3}



