SPECI FICATION [Title of the Invention] a- OLEFI N ( CO) POLYMER,
HYDROGENATED a- OLEFI N ( CO PCLYMER AND LUBRI CANTI NG O L COVPGCSI TI ON
CONTAI NI NG THE SAME [ Technical Field] [0001] The present
invention relates to an a-olefin (co)polynmer, a hydrogenated a-ol efin
(co)polyner, and a lubricant oil composition containing it.

[ Background Art] [0002] The property heretofore required for
the lubricant oil for autonobil eprarercadushyi al machines is
relatively high viscosity; however, for environnmental considerations

t hat havqj%%ygmbﬁqgggqm@ééiﬁgg$e days, lower fuel consunption, nore
energy saving and longer life operation are desired, and synthetic

| ow t omper AP B E AT SEPBFORTT B arl WA = BT G 5 TR
For ot of o0yl D BB AE SRRl e omgieer s

copol yner s, usef.ul .as..hydr.ocarbon-based synthetic lubricant oils. For
exanpl e, fﬁ? (?HQ§IW§HF¥6hed a met hod of pol ynerizing 1-decene and
1-dodeceq% ;ing al um nium chl oride or al um nium brom de as a

cat al yst 6% lent Reference 1). However, the obtained poly-a-olefin
was not always satisfactory in point of the viscosity index, the

| ow t enper at ur 80Fl ovREF$ERYy ahBVEhEidor abidliates heteof anAl so-dmivmn
are sone exanpl es of copol ynerizing ethylene or a-olefin in various
met hods diF@) Bsilygethe 2 edwidriaggnsdiegheasoasfhydr oramydiyirasedand a
synthetic lubricant oils (for exanple, Patent Reference 2). Patent

Ref er encdu@riisapiomn lags onposidmene cohtpriodugi ng.an a- ol ef i n copol yner
by the use of a netallocene catal yst; and Patent Reference 1 is known
as an exdmplc&gasPupgpdiryderi zi ng hexane and dodecene or tetradecene.
These are all problematic in that only | ow nol ecul ar-wei ght pol yners
are obt ai[f@82and the | owtenperature characteristics thereof are not
sufficient. There is known no synthetic |ubricant oil having
excel | ent vi scBset it enését6Soaad deontitrepef &t UERe lubricant
characteristics in a 100C ki nematic viscosity region useful as

pol y- a- obefli for{ GAk3mobiles Ondtihedesbeiabandchaged Mt hed dtdrvely
preventing oxidation of poly-a-olefin, for exanple, Patent Reference
4 di scl opggha vielopE yYra digeve f £08bar enGaiBnikke a3t MR Y ons
pol yneri zation in the presence of a netallocene catal yst followed by
[ epetiti vhal, 2na0eer beplne! PROBTRRa 198yl RECLBAL ddie T MR dauibl e
bond, if any, causes loss of lubricant oil characteristics owwng to

t he oxidebhgamgﬁibﬂ? dewll e Rond, £als 5@%6&88§3r11%E89%§%%atio
correlation between tertiary carbon and oxidation stability, but does
not disc e i, rent d p I n i s, . 1. 2-daubl e
Subst1 Lot on SreeTre i {RyR e RAPPRbrubant? S0LS i TR,
the regu t h -inserti.on of noponer, .as in Patent
Ref er enc%gé,eﬁéngﬁfﬁﬁégyﬁer%qér%@%eﬁ Lot Her asr}d;ng‘égi"ﬁtefﬂpgﬁ&té’ﬁf
net hod ofhsele tive production, is, not disclosed. Further, Patent
Ref er encE 8 RGYS L REL CPedki SEF T Pe FDMGERRIRSEr "3dty ePely -0
oxidation%géabilit . e above, any concrete

. i t
rel ati onShfpBét W nt%%l%h%?pﬁ?igE?g?ﬁeaﬁaegx?Han%naEFabiIity i's

unknown in the art. , ,
Heretofore, various trials have been made for

obtaining a-olefin copolymers useful as hydrocarbon-based
synthetic lubricant oils. For example, there is mentioned
a method of polymerizing I-decene and l-dodecene using

aluminium chloride or aluminium bromide as a catalyst



[0004] [Reference List] [Patent References] [Patent Reference 1]
W)2007/ 011459 [Patent Reference 2] JP-A 2000-351813 [ Pat ent
Reference 3] JP-T 2005-501957 [Patent Reference 4] EP0613873
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(Patent Reference 1). However, the obtained poly-a-olefin
was not always satisfactory in point of the viscosity
index, the low-temperature flowability and the durability
thereof. Also known are some examples of copolymerizing
ethylene or a-olefin in various methods and using the
resulting polymers as hydrocarbon-based synthetic
lubricant oils (for example, Patent Reference 2). Patent
Reference 3 1is known as an example of producing an o-
olefin copolymer by the use of a metallocene catalyst; and
Patent Reference 1 is known as an example ot
copolymerizing hexane and dodecene or tetradecene. These
are all problematic in that only low-molecular-weight
polymers are obtained and the low-temperature
characteristics thereof are not sufficient. There 1is
known no synthetic lubricant oil having excellent
viscosity characteristics and low-temperature
characteristics in a 100°C kinematic viscosity region
useful as poly-a-olefin.

{0003]

On the other hand, as a method for preventing
oxidation of poly-a-olefin, for example, Patent Reference
4 discloses a polymer having a regular "comb-like
structure” by polymerization in the presence of a
metallocene catalyst followed by repetitive 1,2-insertion

of monomer, saying that the remaining double bond, if any,



W)2007/ 011832 [Summary of the Invention] [Technical Problen] [0005]
The present invention has been made in consideration of the situation
as above, and its object is to provide an a-ol efin polyner useful as

a high-viscosity lubricant oil excellent in viscosity characteristics
and | owtenperature characteristics, an a-olefin polymer useful as a

| ubricant oil excellent in oxidation stability, and their

hydr ogenaifes 4 otbies Sorandbaibuhti eant HHdracart@igting themq (9! ghkon
to Problem [0006] The present inventors have assi duously

studi ed afighdAsich I&BUke HAYS1L 0OGt hada Ve He PCENS aNdsyggests

1- dodecene are used as nononers and when a catalyst conprising a

metal | 0censy ORI | SRk, OF cahen oy a-abeboR (CONRO!yHRIqhaYLAg
a specific 2,1-insertion ratio at the pglyner term nal and having a
speci fic Jyespty f ti LS duced b h .0f at gl yst
conprising a #ﬁfﬁﬂlo%@ﬁé ggﬁ%odﬁ@? #ﬁ%ﬁﬂfﬁgga%%§%ﬁﬁgggﬁgés g%ﬁgbeto
solved. T sent._invention s. beep. conpl ef e t he basi s, of.

t hese fiﬁ%ﬁﬁ%@ﬁz fe! Spé%ﬁfi%ﬁ%ﬁy, Eﬁg gﬁégéﬁﬁnﬁ) ent TR P byt 423
the foll ow_ng:; A 1-octene/1-dodecene ol r, produced by
Lhe use GRS |96 eRBCAOINIE ahil SRELSRIFAGLYnETaId Wi HE (55 1 o
(c): ( The | ar ratig of the 1-qctene unit to the_ 1-dodecene
unit is fISmBH8G ¢ BHTEe (tﬂyr Mesot 17 3R/E FradetdoimgreT asas
measured through 13CNMR, is at nost 50 nmol % (c) The kinematic

vi scosi t yMatFa ReIEFORFS0 4o HooPehpnseed merelyp frogp another

1-oct ene/ 1-dodecene copol yner of the above 1, having a nunber-average
nol ecul ars BASIRALN(Evh)anh A0 A%k eed t A 0§§A eCbdY cofe HdmRtEismo itso not

15000; . 3. The 1-octene/ 1-dodecene copol ynmer of the above 1 or
2, havi ngi&aAeisgit-- aver Bgetr ecuPaikenéi grﬁe%ﬁ@mﬁ f Poms2y80 tihat
30000; 4. The 1-octene/ 1-dodecene copol yner of any of the

above 1 tred®cthiawi ngima ndlhecul bromenght rdimhgd bubedhefsv MR iddt gn
nost 3. 0;
stability.

As in the above, any concrete relationship between
polymer structure and oxidation stability is unknown in
the art.

[0004]
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[Patent Reference 5] W02007/011832

fSummary of the Invention]

[Technical Problem]



5. The 1-octene/ 1-dodecene copol yner of any of the above 1 to 4,
havi ng a doubl e bond amount relative to all the nonomer units, as
measured through "I -NVR, of at nost 0.3 nol % 6. A lubricant
oi | conposition containing the 1- octene/l-dodecene copol yner of any
of the above 1 to 5 and/or a hydrogenated 1-octene/d-dodecene

copol ymer produced through hydrogenation of the 1-octene/1-dodecene
copol ynmer;0005] 7. An a-olefin (co)polyner produced by the use of
a netallocene catalyst and satisfying the following (a') and (b'):

(a') The 2, 1-i ngey tdrsdmt i thadnden pd y Bserd efrddi®aln asnpeasveedon
through 111-NWVR, is at least 30 nol % of the entire nolecule, (b')

The nesotg4 ad\d ractian {dMs Asor@asak&di t Hir opigb-139s %rbsia{e gRst
50 nol % 8. The a-olefin (co)polyner of the abov , having a

mean shor Ocpeaf b@ Lﬂu,tqu{g Eegfgo%ea{ﬂ}?—%s%égléﬁﬂeh%}: he 8%1

neasur ed hrou

(Co)p0|YQ§L: fe#ﬂé i o {%g)pﬁ?f§@£é§ §%ﬁégcéﬁgeiéwdegﬁﬁsggture

copol ymer~ yner any of the above 7 to 9

havi ng a doubl e ban annunt rel eto t he
measur ed qu-?rfcﬂfgtr? dﬁw Gin df ahat T @ Bet S35 P hhets. 81 brhidant
(Co)polynEr of aé%lﬂ%n&he %gpveoéldatlon stability, and their

hydrogenated products, and a lubricant oil containing them.
[Solution to Problem]
[0006]

The present inventors have assiduously studied and,
as a result, have found that when l-octene and l-dodecene
are used as monomers and when a catalyst comprising a
metallocene compound 1s used, or when an «-olefin
(co)polymer having a specific 2,l-insertion ratio at the
polymer terminal and having a specific mesotriad fraction
is produced by the use of a catalyst comprising a
metallocene compound, then the above problems can be
solved. The present invention has been completed on the
basis of these findings.

Specifically, the present invention provides the
following:

1. A l-octene/l-dodecene copolymer produced by the
use of a metallocene catalyst and satisfying the following

{(a) to (c):



to 10, having a nol ecul ar weight distribution (Mv M), as neasured
t hrough GPO, of at nost 3.0; 12. The a-olefin (co)pol ynmer of
any of the above 7 to 10, having a wei ght-average nol ecul ar wei ght
(Mnv), as neasured through GPO, of from 200 to 30,000; 13. A

hydr ogenat ed a-ol efin (co)pol ynmer produced through hydrogenati on of
the a-olefin (co)polynmer of any of the above 7 to 12; and

14. A | ubrdramic 0hd1£PMPLEIST OF €08t A DL he.azolef in.(c0
of any of(t)ﬁe aebove 7 to 12 and/or the h?%?%gg?lgjgegsatg e%éBSLXQR&

(co) pol yneti©fid herabove/d@ ¢4 Ayt ageous Effects of the Invention]
[ 0007] According to the present invention, there are provided an

a-ol ef I n ROl IRE Weebul138 . NoW SGAR! Yol URELEARL oLl oxcel lapt

in viscosity characteristics and T owtenperature € and

a lubric oid, C [ i t he Jpol yner. [Brief Description of the
Dr awi ng] 08]]S aocn%sﬂfl:if‘%). nlO%if’g’ a view show ng the relationship

bet ween t{]‘ﬁ \é’tscoii.ty index and the pour point of the copolyners

obt ai ned Bfpkéserat ity Mieromid orbarldl Ge Bk afres 38- TG 01408,
[ Best Mbdefor Carrying out the Invention] [0009] [First Aspect of
the | nveltl 6RFC? The 1-oct ene/ 1- dodecene copol yner of the first
aspect of the _present .invention is produced by the use of a

met al | ocene catal y8€ dn@d&tiedili-89dereneolaommlngeta)t ¢l )above 1,

having a number-average molecular weight (Mn), as measured
through GPC, of from 1500 toc 15000;

3. The l-octene/l-dodecene copolymer of the above 1
or 2, having a weilght-average molecular weight (Mw) of
from 2100 to 30000;

4. The l-octene/l-dodecene copolymer of any of the
above 1 to 3, having a molecular weight distribution
(Mw/Mn} of at most 3.0;:

5. The l-octene/l-dodecene copolymer of any of the
above 1 to 4, having a double bond amount relative to all
the monomer units, as measured through lH—NMR, of at most
0.3 mol%;

6. A lubricant oil composition containing the 1-
octene/l1-dodecene copolymer of any of the above 1 to 5
and/or a hydrogenated 1—octene/d—dodecene‘ copolymer
produced through hydrogenation of the l-octene/l-dodecene
copolymer;

7. An o-olefin (co)polymer produced by the use of a



(a) The nolar ratio of the 1-octene unit to the 1-dodecene unit is
from 20/ 80 to 80/ 20, (b) The nesotriad fraction (m), as neasured
through 13CNWR, is at nost 50 nmol % (c) The kinematic viscosity at
100C is from 30 to 1000 mm®/ sec. The 1-octene/ 1-dodecene
copolymer of the first aspect of the present invention is obtained by
using 1- octene and 1-dodecene as nononers. The copol ynmer obtai ned by
usi ng 1'%%¥%ﬂ§d%%d@EH%%&?yéEQﬁR?@%ﬂEﬁiﬁi tHSCOS1Iding (a') and
characteristics (iIts viscosity index is small), and the copol yner
obtained( using an a-olefin having a | arger carbon nunber than that
of l-dodeceﬁé, in place of 1- dodecene, has poor flow
characterjstics. [Q010 . Th -actene/l-d GQRQL M@, ©

t he firsﬂaaépg@Fao?’%h%n%?ggé%g ?ﬁé&%tfﬁ% é%%u?ggg%%g) t he nol ar b
ratio of the 1-octene unit t he .1-daod |t r et n.y

20/ 80 to“@@‘/s%,edast%&é’ pEaY ove> ﬁ%eﬁ%%}ﬁﬁ ;%f rr%én%o oS % %%‘?
nore preferably from40/60 to 60/40, even nore preferably from 45/55
to 55/45ﬁm@ﬁéﬁﬁfhe proportion of the 1-octene unit is less than 20,
then the copol yner has poor |owtenperature characteristics in tibat
its pour %ﬁﬂnﬂﬁﬁé&ﬁﬁﬁﬁ¥ﬁ@%;fﬁﬁ?tﬁﬁgn(Tﬂ ' pPEpBEESH o8k Hﬁﬁ?%ﬁ%ctgne
unit is nore than 80, then the copol yner has poor viscosity

char act efti ds iat et i3% ®APosity i ndex |owers. [0011]

The 1-octene/ 1-dodecene copol yner of the first aspect of the present
i nvention requidr.es THe) ateledbot ftatpet@eer ort( Fie 3RS n/, aBaving
nmeasured through 13C-NVR, is at nost 50 nol % as descri bed above

pref er ablay fieam 85oro-50annl %ramehe HHETT abfy PREMIBY- 93140 Mol Bhe
even nore preferably from32 to 38 nol% Wen the nesotriad fraction
(M) is neremtehan &0 e HHrache oopuily me¢-W4B, pebratomesenpePat ur e
characteristics. Wen the nesotriad fraction (nm is at |east 25

mol % then the copotyaen-icd afdhe pref@sl@oet nofoitite ofibohe 7 or 8,

| ow-t enperature characteristics thereof. [0012] The

1- oct eneldridadecene capad aneltl -afoddeerfd rstpalspest; of the present
invention requires (c) the kinematic viscosity at 100C neasured
according to Jh$K2283e ag-oHestrh i bed) ghoyReri &£f HOM IHX tithd 08Bove 7
m2/ sec, preferably from30 to 50 nM®R/sec, nore preferably from40 to
200 MR/ sg¢. When dhenki Reradhisl i $o0si t ¥m@tind 00Cliax: Ivesstbhan 130the
mR/ sec, the copolynmer is unsatisfactory in point of the durability
when used, &g, i @hs i SCQST ik akURBUC Ay Ridh 1'MoNe, ends for ©seti 0.0
wi nd power stations, etc.; and when

nor et han1000m®/ sec, t hecopol yneri s unsatisfactory in view of the
ener gy- saving standpoint. [0013]

11. The a-olefin {co)polymer of any of the above 7
to 10, having a molecular weight distribution {(Mw/Mn), as
measured through GPC, of at most 3.0;

12. The a-olefin (co)polymer of any of the above 7

to 10, having a weight-average molecular weight (Mw}, as
measured through GPC, of from 200 to 30,000;

13. A hydrogenated a-olefin (co)polymer produced
through hydrogenation of the a-olefin (co)polymer oi any

of the above 7 to 12; and



Preferably, the nunber-average nol ecul ar wei ght (M), as neasured

t hrough gel perneation chromat ography (GPC), of the

1- oct ene/ 1- dodecene copol yner of the first aspect of the present
invention is from1,500 to 15,000, fromthe viewoint of the
apparatus |life and the energy-saving side in use in w nd power
stations and others, like in the above, nore preferably from1,500 to

10, 000, even mofe, pr&f afanlieohom 2 008, o e sane

reason, the weight-average no ecﬁ}ar melgﬁ?§f£aﬁ;?&?H%%%&W%HFQ%rgﬁgh

GPO, of t - 0C ecen opeal r Qf th resent _inyventjon
is pref eré;rﬁ%ll?rgfnggé%lo%ﬂ?g ’%g 388 Br%oxrég%pragjfoéeaa Sccf rgé:n ingg rt%fg‘e
20, 000, ey e preferably. fromg3,500 to 10,000. [0014

Pref er ablq’lyf%c;eg)én%af%c&l;loﬁgpmee%grht P%‘? HITBRY 0919(1%%\7 %t h‘le

1- oct ene/ 1 ene r.of.the first aspect of the present

i nvent i on[]f?cgpaaecca s?&g%%é/egcgtrse W i ‘ﬂfanaftlcﬁﬁst 2.0, even nore
preferabl%dq%¥n1.3 to 2.0. Wien the nol ecul ar wei ght distribution
(MM Mn) i% at' ‘nost 3.0, then the high-nol ecul ar-wei ght ingredi ent
decreases to inprove the shear stability, and the | owl ecul ar-wei ght
i ngredi ent decr&&SESY | dvier ERe vBFSERNEt y LNVERSorRr efidieiift v, atdie
doubl e bond anpunt relative to all the nononmer units, as measured

t hr ough BHAWNRE] nak h&Fleafdtrenes ]l yeedesesd udopas yerhbfhthestos sty
aspect of the present_ invention is at nost 0.3 nol % fromthe

vi ewpoi ntL U 3@ toxp Hht PERSILEPL! i%Yy Yifcesihy whearwtatrddtsicse drsd
fully hydrogenated, nore preferably at nost 0.2 nol % even nore

pr ef er abHypvatt SHPST alt-ur enp| Pha Rrefer s 4Gs t head onmkne ddnieaoft t heil
copol yner, as neasured according to JIS K 2605, is preferably at nost
0.4 g br 6evieind@og theo@rélymer. Regar di ng the pol yner term nal
structure of the 1- octene/l-dodecene copol yner of the first aspect
of the priéséntt Deventiptnont bé phepdrktiwdngdf chain transfer reaction
occurring in nononmer 2,1-insertion is preferably larger. Preferably,
t he propdfOOén of the 2,1-insertion termnal nolecule is at |east 30
nol % nore preferably at |east 50 nol % even nore preferably at |east

60 mol % Wen rhe.priopost izonviswakhbeasly 3hdmk¥ atheAshis Miten
branches in the nol ecule could reduce and the stability to oxidation

and heat the thieycely typiawed. ahQ01RE pour p3QK%1©9CE%%eQiﬁgﬁsﬁﬁﬁQ?
copol ymer of the first aspect of the present invention has a I"ower
pour poi Bbrandea RinghstandBEHSiLy ipdex d hanycepyentLengh %‘x%gh'e%
pol ymers. For exanple, the 1-octene/ 1l-dodecene copol yner having a

ki nemati ¢-yi sgosiy at 100C of about 40 nmR/sec generally has a pour
poi nt of not higher than -40C and has a viscosity index (VI) of at

| east 170p.dheydac0cLengll; c 0 haying a kinematic
viscosit$ gt lOOCFO? abgé%rgggsnﬁgﬁsggggg%gggFP%Mlas a pour point of
not high?ﬁobg?n -35C and has a viscosity index (VI) of at |east 190.
[ 0018] The 1-octene/ 1-dodecene copol yner of the first aspect

f th ' [ duced b i ng, th tal yst,
the fol | bhrbgt (F¥ECHePR FBEREvEEREBERd and (B) (b1 an organt c

al um ni unoxy ound and/ or (gZ) an ionic conpound capabl e of
changing to aQ@& i E HESBSHIF QEEFEReW COF et al PocehBecomidshd.

aspect of the present invention is produced by the use of
a metallocene catalyst and satisfies the following (a) to
(c):

{a) The molar ratio of the l-octene unit to the l-dodecene

unit is from 20/80 to 80/20,



[ 0019] As the netall ocene conpound (A), herein usable are
those of the follow ng general formulae (1) to (IV): (Cl) (C2)
mix1x2ylay2b( | ) wherein M represents titanium zirconium or

haf nium C and C2 each independently represent a cycl opent adi enyl
group or an indenyl group, or an al kyl-substituted group thereof, and
C and C2 may be the sane or different; Xl and X2 each independently
represent;q GI’I-QQH?%QStkiQénQrQEtﬁoﬁhe&@t{)',_ngaé i gandurand tkroand XecAmy
be the sane or ditferent; Yl and Y2 each independently represent a
Lewi s ba a I YZ gy ke the sane or different; a and b each
i ndependentl’y T e b yEd T 70020] Ca 2X3xaY3cyad [0021] wherein
M2 represents_titanium  zirconi um.qr. haf ni a C

i ndependéfit'| yT}?%p%éggwtéccyv opent adi %%yll%gfgﬁsopgﬁ%i %gerhltyq b?%%p
or an al kyl,-,substituted group thereof, and C3 and C4 nmay be the sane
or di ffer“éh{,se% and X4 each independently represent a a-bonding

| igand or a chelating |ligand,, and. X3 and X4 be the s or -,
different; Y3 ah§ Y4P_e%ﬁ: PRI PEHET Ry rﬁBngéﬂ?ra I?gvvi s 'Basel 4R

Y3 and Y4 may be the sane or different; c and d%each in%epend.entq_

i ndi cat e BPRFCHL: ORA L8Fr VSR LRBERFIARI AF oPRUPI IS ReEY 15Dt~
and R each independently represents a hydrogen atom oy a hydrocarbgn
group. [G@XERe FrobsBidedrRFEiH T8 TORRBSRAch T}h%e‘f)%ﬁ“l‘ah{;‘}zﬁ‘?f/ ?%B?é%%ﬁt
a hydrogen atom a hal ogen atom a hydrocarbon group having, from1l to
20 car bofpyatusisng pkefexent yinr BArget 110 OFBHT dtdhsPOtpr B1SCOSItY
preferably from1l to 4 carbon atons (e.g., alkyl group?L or an

or gani ¢ gheumdiavi ey faom(1tso AGaaaifoh apeRs ard FATLHY attlbakhe
one atom selected froma hal ogen atom a silicon atom an oxygen
atom a swWddrynaironpbaahhtdogen asomyand ax-phbsphor bevangma alareast
one selected from 111 to A2 is a hydrogen atom and at |east one

sel ect ed dyrmrR4ntobRG | shan hydieageor atlorjodRecana, Rineaehace of 1-

i ndependently represent a linking group represented by the foll ow ng
gener al fqydadend,a)iaantbo? Faoh dindeperedeidiycs epresent a hydrogen
atom a hal ogen atom a hydrocarbon group having from1 to 20 carbon
atons, orpgamoyrganic group having from1 to 20 carbon atons and

havi ng at | east one atom sel ected froma hal ogen atom a silicon
atom an oxygemd om -3cSithd pt - 36 @M ede Ni EbpgeRmat-omand ehphosphetus
atom Mrepresents a transition netal of Goup 4 to Goup 6 of the

Peri odi c Qgﬂgé% of the present invention requires (a} the molar
ratio of the l-octene unit to the l-dodecene unit therein
is from 20/80 to 80/20, as described above, preferably
from 30/70 to 70/30, more preferably from 40/60 to 60/40,
even more preferably from 45/55 to 55/45. When the
proportion of the l-octene unit is less than 20, then the
copolymer has poor low-temperature characteristics in that
its pour point becomes high; but when the proportion of
the l-octene unit is more than 80, then the copolymer has

poor viscosity characteristics in that its viscosity index

lowers.



[ 0024] [ 0025] wherein n indicates an integer of froml to 3; R7
and R8 each independently represent a hydrogen atom a hal ogen atom
a hydrocarbon group having from1l to 20 carbon atons, or a

hal ogen- cont ai ni ng hydrocarbon group having from1 to 20 carbon
atons, preferably a hydrogen atom or a hydrocarbon group having from
1 to 4 carbon atons, nore preferably a hydrogen atom or an al kyl
group havjiggtfrom 1l to 4 carbon atonms; and B represents an at om of

G oup 14 of the Periodic Table. Preferred exanples of Ra and
Rb are - CR7R8- ,7heSi RVRSctenORI RS &8V K . éBE(oi@nBZR_g'o% RIRGs . ED0Z6]
R13 [0027] wherein RO to R19 and X and X2 each independently

represent, éwcdr&g%@tms@q@aiﬁ%@t%me@mi%%@f boRe g{qQEBtPﬁ%(ang

from1l to 20 carbon atons, preferably a hydrocarbon atons having from

1to 10 - ef er_abl 4 : .
0 @%&aﬁg@% mprg R gf erably. fromd o, u%rmhﬁ}wﬁaéeﬁ@to

al kyl group), n-cont al hi ng hydrocarbon ato havi ng 'f rom

20 car bon Aoy (Sl | IS0 E00LAII 19, LOUR, - B0 OKYAFE £OLAL 005

group, a s ar-cont di ning” group, a ni f- cont ai m ng (o]
phosphor us-.cont ai ni_.ng_gr.ou nd the adjacent groups.pay bond to each
ot her toHF’ﬁH1amPFﬁg;pg895%8b§H e%ﬁﬂmar%@aﬁﬁivgpen o4reupSYEbdAA e he
two |igands,  ea in endently representing a divalent hydrocarpon
group haWifid &4 qﬁgﬁb %rb at’8ns MOdfef er BT 1 r bl 1 PBSQErLad
carbon atons, .nore preferably from1 to 4 carhon atons, a dival ent
hal ogen- dFRCE g ™R drict PSh Bt hdie iy i PCRJL YEEE didpPoor
atons, a _divalent silicon-containing group, a divalent _
ger mani urkCEeERIRFERG Ygtou SRt F var B9 1¢$ n- contBRRI nghgr oupeseipriad
CO, -S-, -S2-,-P(0)R19-, -BR19- or -AlR19-

fraction (mm) is at least 25 mol%, then the copolymer is

more preferred in point of the lew-temperature
characteristics thereof.
f0012]

The 1l-octene/l-dodecene copolymer of the first
aspect of the present invention reguires (c) the kinematic
viscosity at 100°C measured according to JISK2283, as
described above, is from 30 to 1000 mm?’/sec, preferably
from 30 to 50 mm®’/sec, more preferably from 40 to 200
mm’/sec. When the kinematic viscosity at 100°C is less
than 30 mm®/sec, the copolymer is unsatisfactory in point
of the durability when used as a high-viscosity lubricant
0il ingredient for use in wind power stations, etc.; and
when  more than 1000 mm?/sec, the copolymer is
unsatisfactory in view of the energy-saving standpoint.

[0013]



; R19 represents a hydrogen atom a hal ogen atom a hydrocarbon group
having from1 to 20 carbon atons, or a hal ogen-contai ni ng hydrocarbon
group having from1 to 20 carbon atonms; Mrepresents a transition
nmetal of Goup 4 to Goup 6 of the Periodic Table. [0028]

Speci fic exanples of the netall ocene conmpound represented by the
above general forrmula (I) include

bi s(cycl opent adicid )iy, caidimlindd oFaelerage molecular weight (Mn),
bi s(met hyl cycl opent adi enyl ) zi r coni undi chl ori de,

bi s(et hylgychopsntadi emylolgir casi UpHIrkBRORbEe chromatography (GPC),
bi s(i sopropyl cycl opent adi enyl ) zi rconi um di chl ori de, bis(n-

propyl cycopent adiepykbhal/ncopyidedihehl Qfdde,iS(8f the first aspect
but yl cycl opent adi enyl ) zi r coni undi chl ori de, bi s(t-

but yl Cyc'o%pﬂﬁ@gheé‘é’ér)@ij{rﬁ%}l%@dCili,oﬁ&lﬁq,soo to 15,000, from the
i clop I

bi s( hexyl cy nt adi enyl ) zi rconi undi chl ori de,

bis(tri hyl si.l vl cyel i j i ichl ori _ . .

o st i RS T oo R oG <o
i s(cycl apent adi e i ' hi i . .

0 S{ovcl apentad Sy LSS O aLORHT 88s othors, like in che

bi | t adi | )eth i i hl ori
b1 ( cycl Gl BRYF) AT FEoRF o] of {e fo 10,000, even more

biseyel opent adl &y LRI d G &gy or ! de

For the same reason, the weight-average molecular
weight (Mw), as measured through GPC, of the l-octene/l1-
dodecene copolymer of the present invention is preferably
from 2,100 to 30,000, more preferably from 2,800 to 20,000,
even more preferably from 3,500 to 10,000.

[0014]

Preferably, the molecular welight distribution
(Mw/Mn) of the l-octene/l-dodecene copolymer of the first
aspect of the present invention is at most 3.0, more
preferably at most 2.0, even more preferably from 1.3 to
2.0. When the molecular weight distribution (Mw/Mn) is at
most 3.0, then the high-molecular-weight ingredient
decreases to improve the shear stability, and the low-
molecular-weight ingredient decreases to lower the
volatility.

[0015]

Preferably, the double bond amount relative to all

10



bi s(cycl opent adi enyl ) di met hyl zi r coni um

bi s(cycl opent adi enyl ) di phenYl | zi rconi um

bi s(cycl opent adi enyl ) di neopentyl zi rconi um

bi s(cycl opent adi enyl ) di hydr ozi rconi um

bi s(cycl opent adi enyl ) di met hoxyzi rconium and further their
derivatives prepared by substituting the chlorine atomin these

conpoundstié t RodoREeNUME +taf,0M s aehodBE 3hMugh Mydiggen @af oppear-
met hyl group, a phenyl group or the like, and their derivatives

prepar ed by Subs1idadddend he gRAt Al LR @ﬂéce&&ggpigsE%Q%%f he

conpounds with titaniumor hafnium [0029] ecitrc exanples

of the melaligeiene, Gonpey dirse%rtes[ﬁa;';@dobg) ias sa0axg, dener 8l [, gLaHLa

(1'l) incl'ude ethyl ene-bis(cycl opentadr eny i urdi chio

et hyl ene-bi s o i.e i.r.cQni .chlLoride, . .
met hyl enec?%i é%%‘y%?%%%%?%‘. ergr?y la%%?%{]u%%?%‘?il %ngé{nsaturated site is
nmet hyl ene: bji s t.adi enyl ) zirconiundi chl ori de .
isopropy%“glelr?ﬁe-c}é&%%%qagtpee%tM%%ﬁ?%%?%i%%l%?%%e?i mols, even
i sopropyl i dene-bis(cycl opent adi enyl ) zi rconi um di chl ori de, ,

di met hyl $19°51 eorf%‘?%ﬁ(%%%yiel%fpéﬁ?%‘ai énill Tﬂif ni un% S SHiotY dethe bromine
di net hyl si |l.yl ene-bi (cyclﬁgentadienyl)zirconiun1dich|qride. [ 0030]
Speci fi ¢ ‘éxatfpl 85 1% heCRBL¥I'PHcer cBRBBUREIr epcesshired by tHe K
above gene g% formula (111) include dichloro fornms such as

(1,1 -et %ﬁro e) (2 Prelfergiyl dfeymissc el ot mremia/I 1A% @ni um
dichloride, (1,1'- ethylene)(2,2' -ethyl ene)bis(3-

nethylcydl t adi enyl ) zi rconi undi chl ori de, (1,1 -

et hyl ene) (2, 2' - et hyl ene) bi s(4-

met hyl cycl openf&gira/yingzi thonPahdinehl dreirgen@l, 1$tructure of the 1-

octene/l-dodecene copolymer of the first aspect of the
present invention, the proportion of chain transfer
reaction occurring in monomer 2,l-insertion is preferably
larger. Preferably, the proportion of the 2,l-insertion
terminal molecule is at least 30 mol%, more preferably at
least 50 mol®, even more preferably at least 60 mol%.
When the proportion is at least 30 mol%, then the methyl
branches in the molecule could reduce and the stability to
oxidation and heat is thereby improved.

[0017]

The 1-octene/l-dodecene copolymer of the first
aspect of the present invention has a lower pour point and
a higher wviscosity index than conventional o-olefin
polymers. For example, the l-octene/l-dodecene copolymer

having a kinematic viscosity at 100°C of about 40 mm?/sec

11



et hyl ene) (2, 2' - et hyl ene) bi s(3, 4-

di et hyl cycl opent adi enyl ) zi r coni undi chl ori de, (1, 1" -

et hyl ene) (2, 2' - et hyl ene) bi s(3, 5-

di met hyl cycl opent adi enyl ) zi r coni undi chl ori de, (1, 1" -

di met hyl silyl ene)(2,2"- dimethylsilyl ene)biscyclopentadienylzirconi um
dichloride, (1,1 -dinmethylsilylene)(2,2 -dinethylsilylene)bis(3-

met hyl cy t-adj YZir - Lol o L g ol s
di et hyl ?:e'?’%q%nlg)(y( Sf?%é / éi ﬂﬁ%yrg?%?fe%g) E'I%St% 4lf1§:gher than =-40°C and

met hyl Cy%al%oeat J(§@é{éit7—if%@ﬁ&ﬁﬁi(%')owﬂe,étl, Yeast 170. The 1-
di met hyl si'lyl ene 2,2'-d¥nethyI5|Ierne)bls(3,4-

G e ) S A DL W ik renatic viscosisy
ai ot iyl 6 yPERE) (2 2BOb 2 by B s A b 31 Aot PO
et hy | oy SHopiit AHEI ) DAL OTH B e GRS (Lo LUy Thdex (VI) of
di net hyl saltl ylleeanseg (12902.' - et hyl ene) bi s(4-

[0018]

The 1-octene/l-dodecene copolymer of the first
aspect of the present invention can be produced by using,
as the catalyst, the following (A) a metallocene compound
and (B) (b-1) an organic aluminiumoxy compound and/or {b-
2) an ionic compound capable of changing to a cation
through reaction with the metallocene compound.

[0019]

As the metallocene compound (A), herein usable are
those of the following general formulae (I) to (IV):

(CY) (P MRV, Y, (1)
wherein M! represents titanium, zirconium or hafniun; ct
and C? each independently represent a cyclopentadienyl
group or an indenyl group, or an alkyl-substituted group
thereof, and C! and ¢? may be the same or different; X' and
¥? each independently represent a o-bonding ligand or a
chelating ligand, and X' and X° may be the same or

different; Y' and Y? each independently represent a Lewis

base, and Y' and Y? may be the same or different; a and b

12



met hyl cycl opent adi enyl ) zi rconi undi chl ori de, (1, 1" -

di met hyl silyl ene) (2, 2' - et hyl ene) bi s(3, 4-

di met hyl cycl opent adi enyl ) zi rconi undi chl ori de, (1, 1" -

di mret hyl sil yl ene) (2, 2' - et hyl ene) bi s(3, 5-

di et hyl cycl opent adi enyl ) zi r coni undi chl ori de, (1, 1" -

i sopropylidene) (2,2 - dinethylsilylene)biscycl opentadi enyl zi rconi um
di chl ori descH liddepSeds 0P | deneddZe 2 -4 met hyl sil yl ene) bi s( 3-
met hyl cycl opent adi enyl ) zi rconi undi chl ori de, (1, 1" -
isopropyl‘ slene) (2, 2' - di met hyl si |l yl ene) bi s(4-

met hyl cyc opentadlenY1)2|rconlundlchlorlde (2,1 -

i sopropylidene) (2, 3d|nethYIS|Ierne)b|s(3 4-

di met hyl cycl ope 4. 4 undi chl orj.de, (1 1 -
| sopropyl 1 dene) (2.2, ,dM%z)ﬁ s 191 ene) bi éf(lg

di met hyl cycl opent ad# enyl)2|rcon|und|chlor|de (1 1 -
|sopropqu (2,2 -isopropylidene)bis(3-

met hyl cyciopent adi enyl ) zi r coni undi chl ori de, (1, 1" -

i sopropyli,dene) (2, 2" -i S0 | i dene bls 4-
met hyl cy i Bifenthd en§F?Eg g%?uﬁﬂ1 'dezfﬁcﬁnlum or hafnium; C?

and C* each independently represent a cyclopentadienyl
group or an indenyl group, or an alkyl-substituted group
thereof, and C° and C*® may be the same or different; X3 and
X! each independently represent a o-bonding ligand or a
chelating ligand, and X?® and x* may be the same or
different; Y¥*® and Y! each independently represent a Lewis
base, and Y’ and Y? may be the same or different; c and d
each independently indicate 0 or 1; A represents a
crosslinking group, ~RoC~ or —-RpSi-; and R each
independently represents a hydrogen atom or a hydrocarbon
group.

[0022]
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i sopropylidene) (2,2 -isopropylidene)bis(3,4-

di et hyl cycl opent adi enyl ) zi r coni undi chl ori de, (1, 1" -

i sopropylidene) (2,2 -isopropylidene)bis(3,5-

di met hyl cycl opent adi enyl ) zi rconi um di chl ori de, etc., as well as

di rethyl forns, diethyl fornms, dihydro forns, diphenyl forns,

di benzyl forns and others corresponding to the above conmpounds, and
their titanium or hafniung conpl exes. [0031] The conpound
represented by the aboveRgeneral formula (1V) includes, for exanple,
dichloro forns sush as

(1,1 -ethylene) (2,
dichloride, (1,1"-
met hyl i ndenyl ) zirg

yl ene) bi si ndenyl zi r coni um
e) (2,21- et hyl ene) bi s( 3-
afn di cRoride, (1,1'-ethylene)(2,2" -
et hyl ene) bi s(4-ng i ndenyl \ai rconiumdichloride, (1,1 -
ethylene)(Z,Z'E? hyeene) big(5- net hyl ipgenyl ) zi r coni um
di chl oride, (1, IengO(Z)é'-ethylene)bis(5,6-
benzoi ndenyl ) zi r coni urp di chl oride, (1,1 -ethyl ene) (2, 2" -
gdenyl) zirconium di chloride, (1,1'-
et hyl ene) (2, 2' - et hyKeney pi-st®, 6- di et hyl i ndenyl ) zi r coni um
Pasi /l silylene)(2,2'-
enyl zi rconiumdichloride, (1,1 -
ismet hyl si | yl ene) bi s( 3-
met hyl i ndenyl ) zi rconi undi chl ori de, (1, 1" -
di met hyl silyl ene) (2, 2' -di net hyl si | yl ene) bi s(4-
met hyl i ndgdd31zi r coni undi chl oride, (1,1' -
di met hyl silyl ene) (2, 2' -di net hyl sil yl ene) bi s(5-
wherein R' to R® each independently represent a hydrogen
atom, a halogen atom, a hydrocarbon group having from 1 to
20 carbon atoms, preferably from 1 to 10 carbon atoms,
more preferably from 1 to 4 carbon atoms (e.g., alkyl
group), or an organic group having from 1 to 20 carbon
atoms and having at least one atom selected from a halogen
atom, a silicon atom, an oxygen atom, a sulfur atom, a
nitrogen atom and a phosphorus atom; at least one selected
from R' to R® is a hydrogen atom, and at least one
selected from R? to R® is a hydrogen atom; R®* and R® each
independently represent a linking group represented Dby the
following general formula (a): x* and x? each
independently represent a hydrogen atom, a halogen atom, a
hydrocarbon group having from 1 to 20 carbon atoms, or an

organic group having from 1 to 20 carbon atoms and having

at least one atom selected from a halogen atom, a silicon

14



met hyl i ndenyl ) zi rconi undi chl ori de, (1, 1" -

di met hyl silyl ene) (2, 2' -di net hyl sil yl ene) bi s(5, 6-

benzoi ndenyl ) zi r coni undi chl ori de, (1, 1' -

di met hyl sil yl ene) (2, 2' -di net hyl si |l yl ene) bi s(4, 5-

benzoi ndenyl ) zi rconi undi chl oride, (1,1'- dinethylsilylene) (2, 2
-dinethylsilylene) bis ( 5, 6-

di met hyl ingenyldzi s cogenngli 6h) ofi &he) fdrlatom, a nitrogen atom and a
di mret hyl sil yl ene) (2, 2" - et hyl ene) bi si ndenyl zi r coni um

di chl ori §%Hor&§”§E8MLSM|¥E§@€E63tg ae%mﬁﬁ§¥9fﬁﬁxﬁ%ta ?5 Gzopp

met hyl i nde zirconiundi chloride, (1,1 - dinmethylsilylene
-et hyl en thwyl ichloride, (1,1"-
di net hyl g{’? It?I Z%e(?[% 2%; (?%t ene‘J}% CE%M@

met hyl i nd &FIFCOHIUﬁdICh|OrIde (1,r

di et hyl silyl ene) (2, 2' - et hyl ene) bi s(5, 6-
benzoindenyl)zirconiundichloride (1,1 -
dlnethyIS|Ierne)(?y t hyl ene) bi s(4, 5-

7l

wherein n indicates an integer of from 1 to 3; R’ and R®

[0025]

each independently represent a hydrogen atom, a halogen
atom, a hydrocarbon group having from 1 to 20 carbon atoms,
or a halogen-containing hydrocarbon group having from 1 to
20 carbon atoms, preferably a hydrogen atom or a
hydrocarbon group having from 1 to 4 carbon atoms, more
preferably a hydrogen atom or an alkyl group having from 1
to 4 carbon atoms; and B represents an atom of Group 14 of
the Periodic Table.
Preferred examples of R® and R are -CR’R®-, -SiR’R%-,

-CR'R*-CR’R®~, and -5iR'R%®-SiR'RE-

[0026]
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benzoi ndenyl ) zi r coni undi chl ori de, (1, 1" -
di mret hyl silyl ene) (2, 2' - et hyl ene) bi s(5, 6-
di net hyl i ndenyl ) zi rconi undi chl ori de, (1, 1" -
et hyl ene) (2, 2' -di et hyl si | yl ene) bi si ndenyl zi r coni um
dichloride, (1,1 -ethylene) (2,2 -dinethylsilylene)bis(3-
met hyl i ndenyl ) zi rconium di chl oride, (1,1 -ethylene)(2,2'-
dinethylsiIerne)bi§(4-nEthyIindenyl)zirconiunygichloride,
(1,1 -ethyl ene) (2R2" - di net hyl si | yl ene) bi s(5- et hyl i ndenyl ) zi r coni um
dichloride, (1,1 {ethylene)(2, 2Re
di met hyl s8Ryl ene) Bi s(5, 6- 61 ndenyk).zi i wha_di chlRHi de,
) : FetNayl sil yl ene) oi ndenyl ) zi rconi um
2 avy

di met hyl silyle

di chl ori de, (3T '

isopropyIRdene)bi-ln enyl/zi r cOni ur

dinethylsiIerne)(2,2'-i;upropyWLQene)b%§@3-

met hyl i ndenyl ) zi r @di undtchl gt de N2, 1' - R0

di met hyl silylene) (2,2 -isopropylidene)bis(4-

nmet hyl i nden L?zirconiundichloride,(l,l'-

dinethyléﬂ“%ﬁéne)(Z,Z'-isopropylidene)bis(S-

met hyl i ndenyl ) zi rconi undi chLoride, (1,1' - 5 .
wherein R to R and "X and X each independently

represent a hydrogen atom, a halogen atom, a hydrocarbon
group having from 1 to 20 carbon atoms, preferably a
hydrocarbon atoms having from 1 to 10 carbon atoms, more
preferably from 1 to 4 carbon atoms (e.g., alkyl group), a
halogen-containing hydrocarbon atoms having from 1 to 20
carbon atoms, a silicon-containing group, an oxygen-
containing group, a sulfur-containing group, a nitrocgen-
containing group, or a phosphorus-containing group, and
the adjacent groups may bond to each other to form a ring;
R® and R® each are a divalent group to bond the two
ligands, each independently representing a divalent
hydrocarbon group having from 1 to 20 carbon atoms,
preferably from 1 to 10 carbon atoms, more preferably from
1 to 4 carbon atoms, a divalent halogen-containing
hydrocarbon group having from 1 to 20 carbon atoms, a
divalent silicon-containing group, a divalent germanium-

containing group, a divalent tin-containing group, -0-, -
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di nret hyl silyl ene) (2, 2" -i sopropyl i dene)bi s(5, 6-

benzoi ndenyl ) zi r coni undi chl oride, (1, 1" -

di met hyl silyl ene) (2, 2" -isopropylidene)bis(4,5-

benzoi ndenyl ) zi r coni undi chl oride, (1, 1" -

di mret hyl silyl ene) (2, 2" -i sopropylidene)bi s(5, 6- _

di met hyl i ndenyl ) zi rconi um di chl oride, etc., as well as dinethyl
forms, dieshyl-§of megodi hydigistor mprldi phesiyd) forns pdihenzy! _£ pfms
and others corresponding to the above conpounds, and their tltanlgm
or haf ni um gofpl £X65sL9032]l2a hvdg %gg i Jgpre di fer types o

t he above netalloc%n%sconpod%ds %ﬁ?D e useéﬂgs the Frﬁggéient A)_a
ei ther si C ine Q33 The cat st_for use in
t he presem@%%%%%naigﬁ%?ugg; gs%trﬁ)én i1ngtr%d?gntcf’%i(r%)o?{1 (at)t-qrjs’anor al
organic ] i ur n nd/or, (b-2) an i,oni c coppoun cap e
of chang?{n%irq%grgr%a Eafc)ln E%ouﬁﬁrggg‘é ‘lgrcl)ng it t}FF’eVJ_afb%v et Iltcﬁ:eﬁg
conpound. . The organi ¢.al,um ni unoxy conpound ;1) includes a
IinearalJﬁ?ﬂgyhn%r%%?ésgnf§§ﬁ§Fﬁ§ﬁﬁnﬁnﬁEf%ﬁgghﬁ alFERilc off Umititxate

i : i | represented b
Iﬁ! o ngtcg%ﬁreoruas Oorfmclhae( \ggficgc?ioc?)df abflOe! .l oW nggenera P y

[0028]
Specific examples of the metallocene compound

represented by the above general formula (I) include

bis(cyclopentadienyl) zirconium dichloride,
bis{methylcyclopentadienyl)zirconium dichloride,
bis(ethylcyclopentadienyl) zirconium dichloride,

bis (isopropylcyclopentadienyl)zirconium dichloride, bis(n-

propylcycleopentadienyl) zirconium dichloride, bis(n-~
butylcyclopentadienyl) zirconium dichloride, bis(t-
butylcyclopentadienyl) zirconium dichloride,
bis (hexylcyclopentadienyl) zirconium dichloride,
bis(trimethylsilylcyclopentadienyl)zirconium dichloride,

bis{trimethylsilylmethylcyclopentadienyl)zirconium

dichloride, bis(cyclopentadienyl)zirconium chlorohydride,

bis(cyclopentadienyl)methylzirconium chloride,
bis{cyclopentadienyl)ethylzirconium chloride,
bis(cyclopentadienyl)methoxyzirconium chloride,
bis (cyclopentadienyl)phenylzirconium chloride,

bis(cyclopentadienyl)dimethylzirconium,

17



R21 (R22\ R23 20R |1 1 | R4 (v) ADOA i 0

bis (cyclopentadienyl)diphenyllzirconium,
bis (cyclopentadienyl)dineopentylzirconium,
bis (cyclopentadienyl)dihydrozirconium,
bis (cyclopentadienyl)dimethoxyzirconium, and further their
derivatives prepared by substituting the chlorine atom in
these compounds with a bromine atom, an iodine atom, a
hydrogen atom, a methyl group, a phenyl group or the like,
and their derivatives prepared by substituting the center
metal zirconium in these compounds with titanium or
hafnium.
{0029]

Specific examples of the metallocene compound

represented by the above general formula (II) include

ethylene-bis (cyclopentadienyl)hafnium dichloride,
ethylene-bis (cyclopentadienyl)zirconium dichloride,
methylene-bis (cyclopentadienyl)hafnium dichloride,
methylene-bis (cyclopentadienyl) zirconium dgichloride,
isopropylidene~bis (cyclopentadienyl)hafnium  dichloride,

isopropylidene-bis{cyclopentadienyl) zirconium dichleoride,
dimethylsilylene-bis{cyclopentadienyl)hafnium dichloride,
dimethylsilylene-bis(cyclopentadienyl)zirconium dichloride.
[0030]

Specific examples of the metallocene compound
represented by the above general formula (III) include

dichloro forms such as (1,1'-ethylene) (2,2'-

18



/

n-2 [ 0035]

ethylene)biscyclopentadienylzirconium dichloride,
ethylene) (2,2'-ethylene)bis (3-
methylcyclopentadienyl) zirconium dichloride,
ethylene) (2,2'-ethylene}bis (4~
methylcyclopentadienyl) zirconium dichloride,
ethylene) (2,2'-ethylene)bis (3, 4-
dimethylcyclopentadienyl) zirconium dichloride,
ethylene) (2,2'-ethylene}bis (3, 5-
dimethylcyclopentadienyl) zirconium dichloride,

dimethylsilylene) (2,2'-

(1,1'-

(1,1'-

(1,17~

(1,17-

(1,1'-

dimethylsilylene)biscyclopentadienylzirconium dichloride,

(1,1'—dimethylsilylene)(2,2'—dimethylsilylene)bis(3—
methylcyclopentadienyl) zirconium dichloride,
dimethylsilylene) (2,2'-dimethylsilylene)bis (4-
methylcyclopentadienyl) zirconium dichloride,
dimethylsilylene)(2,2'—dimethylsilylene)bis(3,4—
dimethylcyclopentadienyl)zirconium dichloride,
dimethylsilylene)(2,2'—dimethylsilylene)bis(3,5—
dimethylcyclopentadienyl) zirconium dichloride,
dimethylsilylene) (2,2'~
ethylene)biscyclopentadienylzirconium dichloride,
dimethylsilylene) (2,2'-ethylene)bis (3-
methylcyclopentadienyl) zirconium dichloride,
dimethylsilylene)(2,2'—ethylene)bis(4—

methylcyclopentadienyl)zirconium dichloride,

195

(1rlr_

(1!1’—'

(1,1'~

(1,1'-

(1,1'-

(1,1'-

(L,1'-



R25\

(0 Al

dimethylsilylene)(2,2‘—ethylene)bis(3,4—
dimethylcyclopentadienyl) zirconium dichloride, (1,1'-
dimethylsilylene)(2,2'—ethylene)bis(3,5—
dimethylcyclopentadienyl)zirconium dichloride, (1,1'-
isopropylidene) (2,2'-
dimethylsilylene)biscyclopentadienylzirconium dichloride,
(1,1'-isopropylidene) (2,2'-dimethylsilylene)bis (3~
methylcyclopentadienyl) zirconium dichloride, (1,1'-
isopropylidene) (2,2'-dimethylsilylene)bis (4~
methylcyclopentadienyl) zirconium dichloride, (1,1'-
isopropylidene) (2,2'-dimethyisilylene)bis (3,4~
dimethylcyclopentadienyl) zizrconium dichloride, (1,1'-
isopropylidene) (2,2'-dimethylsilylene)bis (3,5~
dimethylcyclopentadienyl) zirconium dichloride, (1,1'-
isopropylidene) (2,2'-isopropylidene)bis (3~
methylcyclopentadienyl) zirconium dichloride, (1,17-
isopropylidene) (2,2'-isopropylidene)bis (4~
methylcyclopentadienyl) zirconium dichloride, (1,1'-
isopropylidene)(2,2'-isopropylidene)bis(3,4~
dimethylcyclopentadienyl) zirconium dichloride,: (L,1'-
isopropylidene) (2,2'-isopropylidene)bis (3,5~
dimethylcyclopentadienyl) zirconium dichloride, etc., as
well as dimethyl forms, diethyl forms, dihydro forms,
diphenyl forms, dibenzyl forms and others corresponding to

the above compounds, and their titanium or hafnium
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(V1) [0036]

complexes.
[0031]

The compound represented by the above general
formula (IV) includes, for example, dichloro forms such as
(1,1'-ethylene) (2,2"'-ethylene)bisindenylzirconium
dichloride, (1,1'-ethylene) (2,2"-ethylene)bis (3-
methylindenyl) zirconium dichloride, (1,1'-ethylene) (2,2'-
ethylene)bis{4-methylindenyl)zirconium dichloride, (1,1'-
ethylene) (2,2'-ethylene)bis (5-methylindenyl)zirconium
dichloride, (1,1'-ethylene) (2,2'-ethylene)bis (5, 6-
benzoindenyl)zirconium dichloride, (1,1'-ethylene) (2,2'-
ethylene)}bis (4,5-benzoindenyl) zirconium dichloride, (1,1'-
ethylene)(2,2'—ethylene)bis(5,6—dimethylindenyl)zirconium
dichloride, (1,1'-dimethylsilylene) (2,2'~
dimethylsilylene)bisindenylzirconium dichloride, (1,1'-
dimethylsilylene) (2,2'-dimethylsilylene)bis (3-
methylindenyl) zirconium dichloride, (1,1'-
dimethylsilylene) (2,2'-dimethylsilylene)bis (4-
methylindenyl) zirconium dichloride, {(1,1'-
dimethylsilylene) (2,2"-dimethylsilylene)bis (5-
methylindenyl)zirconium dichloride, (L,1'-
dimethylsilylene) (2,2'-dimethylsilylene)bis (5, 6~
benzoindenyl)zirconium dichloride, (1,1'~
dimethylsilylene) (2,2'-dimethylsilylene)bis (4, 5-

benzoindenyl)zirconium dichloride, (1,1'-
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In the general forrmulae (V) and (VI), R2 to R25 each independently
represent a hydrocarbon group having from1l to 20 carbon atons,
preferably from1l to 12 carbon atons, or a hal ogen atom The

hydr ocarbon group includes an al kyl group, an al kenyl group, an aryl
group, an arylalkyl group, etc. n indicates a degree of

pol yneri zation, and is an integer generally falling between 2 and 50,
pr ef er ably shatween 13, 1ar@)4Q., R2 dindBh 1y heddeisarss e different.
[ 0037] peci fic exanpl es of the above al um noxane i ncl ude

met hyl al yipaxanenRidhaliyddioxane, | sobudydal awi dxane, etcy1]0038]
For produci ng tthe al um noxane, there may be nentioned a nethod of

cont act | ng AL &) WY wmaw I g andensl Do aganiaush e vater or

the |ike;” however, tthe nmeans 1s not” specifically deﬁined, and the

reaCtiond§@ﬁfg}ﬁ&§aineg%;f‘§@¥m%€?%855§§f89e)f?fZex@€H§fenQ?£§§@3—

enpl oyabl'e ‘are a et hod di ssol' ~an”organi ¢’ al um ni um conpound
i1 al | o e O ompoand. durt Y ol Yer i Zati on andt
water - conta Sy A % B RERR0 Bad vt or [ nan | nor gani c
and & oGO HEAGH g P e Faal Kyl di ol SHF DR W th & LI
trial kylal um nium and foll owed by further reaction with water. The

al um nox &i@stayy Ive LB % 3 ' ETE ) 3% B%r nmore different types

of such al um noxanes may be used here either singly or as conbined.
[0039] methylimflamel JAiHeomHamt, the i ngiedh e I¢®-2) may be'dny and
every ionic conpound capable of changing into a cation through
react i on ddinteH- e instlaniedcehe 'corpuuRn P ¥ dbove i ngredi ent (A).
Preferred are the conpounds of the follow ng general fornulae §VIL)
and (VI | BenddiRierRA6)zilmzgniamni z -) b( VI BicpleriPe+)a(M ) b(VI (1) 1=
[ 0040]
dimethylsilylene) (2,2'-ethylene)bis (4, 5-
benzoindenyl) zirconium dichloride, (1,1'-
dimethylsilylene) (2,2'-ethylene)bis (5, 6-
dimethylindenyl)zirconium dichloride, (1,1'-
ethylene)(2,2'—dimethylsilylene)bisindenylzirconium
dichloride, (1,1'-ethylene) (2,2"'-dimethylsilylene)bis(3-
methylindenyl)zirconium dichloride, (1,1'-ethylene) (2,2'-
dimethylsilylene)bis (4-methylindenyl)zirconium dichloride,
(1,1'-ethylene) (2,2'-dimethylisilylene)bis {5~
methylindenyl) zirconium dichloride, (1,1'-ethylene) (2,2'-
dimethylsilylene)bis (5, 6-benzoindenyl)zirconium dichloride,
(1,1'-ethylene) (2,2'-dimethylsilylene}bis (4, 5-

benzoindenyl)zirconium dichloride, (L,1'-ethylene) (2,2'-

dimethylsilylene)bis (5, 6-dimethylindenyl) zirconium
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In the general formula (VII), 1,1 represents a Lewi s base; R26
represents a hydrogen atom an al kyl group having from1l to 20 carbon
atons, or a hydrocarbon group having from®6 to 20 carbon atons and
selected froman aryl group, an al kylaryl group and an aryl al kyl
group. [0041] Specific exanples of L1 include amonia, am nes
such as net hyl am ne, aniline, dinmethylam ne, diethylan ne, _

Net hyl andl tteor tdi@henyl am ne, N, N-di nqtlpyluaa&}nb@gylgmg%ﬂgl)qm he,
triethylamne, tri-n-butylam ne, methyldiphenylam ne, pyridine,

p- br onD- N. byt 5By il | b 185 el 1£ 0= bl i et Ryl BRI isng, etey 1
phosphi nes such as triethyl phosphi ne, triphenyl phosphi ne,

di phenyl phosph L B Len j opt I t Ir ot hi ophene,
etc.; esters suﬁs%ﬁ?etrﬁ)} 'gzﬁieé%ﬁ%é%ﬁ%ysuch as

acet oni trjdg, Pﬁﬂ%&ﬂ% I { Speci fic exapples of R26 include,a
hydr ogen ator% a met %/)Iijlg]?%oulgl,lﬁ%n et hyl gcr“c‘)%}gfg%lg%’enzyl gr ouﬁ?’g N
trityl gre . 1.00 . _.l1n the general fo la (VIIl), L2
repr esentaglq%ﬁ%df&éé (o orlwy%r}ﬁ?&’ﬁ@%mh

i ndependent.l.y r.epresent .a cycl opent adi enyl, group, ~.a substituted
cyclopentméedﬁk}éyr%yﬁrpcgerry 2t 1'hldjéﬁyl gr oup ‘%Jrgfél‘?lhﬁﬁ'enyl group!{ 1 RRY~
represents, _an.alkyl grou aving from1l to 20 carbon atons, or a
hydr ocar @W%#W&p%ﬁa)& f&or% 6 4SPPHPRYFr IS At s 2and sel ected from
an aryl groyp,,.an al kylaryl group and an aryl al kyl group. R

repr esentg“?tgpy &)izc“%/qod’alh’&‘ such as t®t¢apherda por phyrin, (1,1'-

pht hal ocyani ne, etc. ML includes an elenment of Goup 1 to

G oup 3, IEEHSYLE e leSUp 243 'add cersmy LiResfe e (Berdodi ¢ Tabl e; and
M2 represents an element of Goup 7 to Goup 12 of the Periodic

Tabl e. [ GEazpindenyl)gdacionigmexanpl es ofliRRZoandeR28 i ncl ude(®, 1'-
cycl opent adi enyl group, a nethyl cycl opentadi enyl group, an

et hyl cyclidpentadisanyl egred U@, 2d -pemramptiyideye) bpentadi-enyl group,

etc. Specific exanples of R29 include a phenyl group, a p-tolyl

group, abgnzetinceypylemilrcgndup, etc. Spedithtoexaapl es of R' {nclude
a tetraphenyl porphyrin, phthal ocyanine, etc. Specific exanples of M
i ncl ude dimeNaylkilAgen€y,(2Be,' -isobIopeliddebpewiiki(c,exanpl es of M2
include Mh, Fe, Co, Ni, Zn, etc. [0044] In the general

f or mul ae@¥heraydiadehl))kirsdneamesdihr1benie, vabenace ofs [ LisRR6]zand

[L2], and is an integer of from1l to 3; a indicates an integer of 1

or dimethyl forms, diethyl forms, dihydro forms, diphenyl
forms, dibenzyl forms and others corresponding to the
above compounds, and their titanium or hafnium complexes.
(0032]

One or more different types of the above metallocene
compounds may be used as the ingredient (A) either singly
or as combined.

[0033]
The catalyst for wuse in the present invention

includes, as the ingredient (B}, (b-1} an organic

aluminiumoxy compound and/or (b-2) an ionic compound
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nore; and b = (k x a). [Z]- represents a non-coordi nating anion [Z1]-
or [z2F. [ Z1] - means an anion with plural groups bonding to
an el enent, which may be represented by [MBGL&R. . . G]-. M
represents an element of Goups 5 to 15 of the Periodic Tabl e,
preferably an el enent of Goups 13 to 15 of the Periodic Table. GL to
& each represent a hydrogen atom a hal ogen atom an al kyl group
havi ng fromalito 20 &?e!rbcfihgﬁt@asa 2 i ahkythamiue greou havinge i rome 2
to 40 carbon atons, an al koxy group having from1l to 20 carbon atons,
an aryl UHR RAMiNG JIi8 & Rfhgarbon atoms, an aryl oxy group

m

having fro to 20 carbon atons, an al kylaryl group having from?7 to

40 carbon at oy, an, agyl.al kyh L OUBARY! NGEAMT (B8-49 calbeme ogs.

a hal ogen- substi ydrocarbon group having from1 to 20 carbon

, acyl hayi - i
Tetar | o 4 g, PSR, e P R, RS SR

met al | oi or a hetero ocar bon oup havi ng

from2 tq 20 carban atonms. Two of. f i pgo T
| i cat e A 0Bk of "B( &1 ONE. Vol BRED BT FRE SSRESroRreh N o)

[ Z2] - represents a conjugate base f a single Broensted acid, of
whi ch théqu&g"ﬁﬁnt%rﬂed‘fértﬁe Jfoé%?'%raocéfl )of the acid dissociation
const ant &gﬁﬁ% is not larger than -10, or for a conbination of such a

Br oenst ed and a Lewis acid, or represents a conjugate base for
an acid generally defined as an ultra-strong acid. A Lewis acid may

coordinate with it.gr}0@G45] R22 IgP3[ Z1] -, or that is,[ MGLG2.

GlI, specific exanplfs f M3|linglude B, Al, Si, P, As, Sh, etc.
Preferred are SﬁﬁgglAl Spe hfi fa%iaﬂ_ 243, and(@¥ to G include,
as the dial kyl &vi n6" gr Q , dy net hyT"amno group, “a” di et hyl am no
group, etc.; as the al koxy grdup-2and the aryl oxy group, a nethoxy
group, an ethoxy group, an npropoxy group, a phenoxy group, etc.; as
t he hydr ogardion group, a met hyl group, an ethyl group, an n-propyl
group, an isopropyl group, an n-butyl group, an isobutyl group, an
n-octyl group, an n-eicosyl group, a phenyl group, a ptolyl group, a
benzyl group, a 4-f-but henyl group, a 3, 5-dinethyl phenyl group,
etc.; as the halogen atpmj}fluorine, chlorine, bromne, iodine; as
the hetero atom ain carbon group, a p-fluorophenyl group,
a 3, 5-difluorophen grou 'ntachloropheQVi group, a
3,4,5-trifluorqgphenyl groum a pgentafl uoroph nyh group, a
3,5-dib(triflurjonet hyl)phenyl grloup, a bis(trinethylsilyl)nmethyl
group, etc.; as| the organic
met al | oi dgr oup, apentarethytanrtirAonyl group,a trinmethylsilyl group, a
trimethyl gernyl group, a diphenyl arsinyl group, a
dicyclohegﬁ&ﬁgtinnnyl group, a di phenyl boron group, etc. [0046]
Speci fi c exanpl es of the non-coordinating anion, or that is, the

conj ugat e based&ggéﬁﬁLﬁgHQIQin§$?m5399nﬁv?daﬁeiqVI@t wht chy, pi&d Lg cRot

| arger than -1 a conbination of such a Broensted acid and a

Lew s acid C‘;%ﬁ&&gﬂ%%g)&%t ga@ls(%%fc%%to% YU (O53593) rrof 1

bis(triffﬂb ane hyl ari on, a

bis(trifl th I Yl )b |_ani-on, ms

DL S(L Lo oL henes L anY) ) Bend A0 B 1 5o 2 8o FRRRAPEOTS:
trifl t at [ 0QF3000) - fl ti ni SbFQ) -,
a1 uor ogaf f Gnat & 8RFB TFI03) . T cRVARGSRFaRar §¢ BAPor L 160D)  a

alkyl group, an alkenyl group, an aryl group, an arylalkyl

group, etc. n indicates a degree of polymerization, and

is an integer generally falling between 2 and 50,
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preferably between 2 and 40. R?® to R*® may be the same or
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fl uor osul f onat eani on/ 5- f | uor oant i nrony( FS03/ SbF5) -, a

fl uor osul f onat eani on/ 5- f| uor oar seni c( F503/ A5F5) a
trifluoromethanesul fonate/5-fluoroantimny(0F3503/ SbF5) etc. [0047]
Speci fic exanples of the conpounds for the ingredient (b-2) include
triethylamoni um tetraphenyl borate, tri-n-butyl anmoni um

tetraphenyl borate, trinethylammoni um tetraphenyl borate, _

t et r aet hyd arp@némm t et raphenyl borate, met hyl (tri-n-butyl)amoni um

t et raphenyl borate, benzyl (tri-n-butyl)ammoni um

t et raphenyddoyat e, di met hyl di phenyl ammoni um

tetraphenyl borate, tri phenyl (net hyl )amoni um t etraphenyl bor at e,

trimethylaniling tetra r , . . .
nethylpyridini[}3 ef%%b e%%%@%%gge?%2h5@$p?PPH?mQﬂHmlnoxane include

tetraphe 2-C opyri di.ni u , ,
tetraphe%ﬁ%ﬁgégéyégﬁégﬁé'én#%ﬁﬁgéﬁumlnoxa e, 1isobutylaluminoxane,

tetrakisQﬂﬁptafluorophenyl)borate,tr!-n-butylannpnium
t et raki s(pent af | uor ophenyl ) borate, tri phenyl amoni um

[0038]

For producing the aluminoxane, there may be
mentioned a method of contacting an alkylaluminium with a
condensing agent such as water or the like; however, the
means is not specifically defined, and the reaction may be
attained in any known method. For example, herein
employable are a method of dissolving an organic aluminium
compound in an organic solvent and contacting it with
water; a method of initially adding an aluminium compound
during polymerization and thereafter adding water thereto;
a method of reacting the crystal water contained in a
metal salt or the adsorbed water in an inorganic substance
or an organic substance with an organic aluminium
compound; and a method of reacting a
tetraalkyldialuminoxane with a trialkylaluminium and
followed by further reaction with water. The aluminoxane
may be insoluble in toluene. One or more different types
of such aluminoxanes may be used here either singly or as
combined.

[0039]
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tetraki s(pentafl uorophenyl)borate, tetra-n-butyl amoni um
t etraki s(pent af |l uorophenyl ) borate, tetraet hyl ammoni um

t et raki s(pent af | uor ophenyl ) bor at e, benzyl (tri -n-

butyl ) anmoni unt et r aki s(pent af | uor ophenyl ) bor at e,

net hyl di phenyl anmmoni um t et r aki s(pent af | uor ophenyl ) bor at e,
triphenyl (net hyl ) ammoni um

t et raki s(pent afluqrephenyl) bgrate, aeihyd @fidd Hiddm (b-2 b
tetrakiS(pentabhuorOPhGHY+)boraté,dinefhy anﬁiiniuél ) may be eny

tetrakis%%%n%%%g OE%QE%P%{ dﬁ&hééyég¥é“6f”ﬂﬂdﬂﬁﬂﬂﬂ into a cation

t et raki s("pentatrlT dorophen orate, met hyl pyri di ni um

t et r aki t af | | C e
oty SCRERLEH USRRRIERY D ESE: SR i Meampouna of che

ggﬁg??{;E@%&%ﬂg&%ﬁ%&ﬁﬁ%ﬁépeg}?flygéggpﬁgylgpgr%h%’compounds of the

B et B e o)
tr|phenylphoqu%gﬁggg%ggﬁh%%ﬁp?gtafIuorophen?%%y?rate,

((L*1%)a([2])7)p (VIII)

[0040]

In the general formula (VII), 1! represents a Lewis
base; R?® represents a hydrogen atom, an alkyl group
having from 1 to 20 carbon atoms, or a hydrocarbon group
having from 6 to 20 carbon atoms and selected from an aryl
group, an alkylaryl group and an arylalkyl group.

[0041]

Specific examples of L' include ammonia, amines such
as methylamine, aniline, dimethylamine, diethylamine, N-
methylaniline, diphenylamine, N,N-dimethylaniline,
trimethylamine, triethylamine, tri-n-butylamine,
methyldiphenylamine, pyridine, p-bromo~N,N-dimethylaniline,
p-nitro-N,N-dimethylaniline, etc.; phosphines such as
triethylphosphine, triphenylphosphine, diphenylphosphine,
etc.; thioethers such as tetrahydrothiophene, etc.; esters
such as ethyl benzoate, etc.; nitriles such as
acetonitrile, benzonitrile, etc. Specific examples of R?S

include a hydrogen atom, a methyl group, an ethyl group, a
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di et hyl ani |'i ni unt et r aki s[ bi s( 3, 5-
ditrifluoromethyl)phenyl]borate,ferroceni um

t et raphenyl borate, sil vertetraphenyl borate, trityl

t et raphenyl bor at e, t et r aphenyl por phyri nmanganese

t et raphenyl borate, ferroceni um

t et r aki s(pent af | uor ophenyl ) borate, (1, 1'-

di met hyl flesn ogeng ol et4 aki 5§ Pengadbpiorephenyl ) bor at e,
decanet hyl f erroceni unt et r aki s( pent af | uor ophenyl ) bor at e,
silvertety@kis(pentafl uorophenyl)borate, trityl

tetraki s(pent afl uorophenyl )borate, lithium

tetraki s(pentafjijiorgphegyh)bglat £, 5QH 4m (v11 1.2 1
tetrakis(pentafluoropheﬁyl)borate, tetra&henjpﬁorphyffﬁﬁgﬁggﬁggeM !

tetrakis@peg@gﬁluo§@@hegﬁl)§® ate, shiver 4 R2®  oach independently
t et rafl uor obor at e, si 'ver hexaf | uor obor at €, Si | Ver

r1 11 uor Gt anasil 1 Gnat &5 CRLR= L 0048] e, FCHBr o 11 P GRTEL 5Bt of

suh(b 2o | QLS my T BEgiaec 1 PuShADPT oty or SoceoBLacy.

in the p@%%gg;iﬁﬁquﬁ%%gé%égﬂgﬁigfgyll%roup having from 1 to 20
carbon atoms, or a hydrocarbon group having from 6 to 20
carbon atoms and selected from an aryl group, an alkylaryl
group and an arylalkyl group. R represents a macrocyclic
ligand such as tetraphenylporphyrin, phthalocyanine, etc.

M' includes an element of Group 1 to Group 3, Group
11 to Group 13 and Group 17 of the Periodic Table; and M2
represents an element of Group 7 to Group 12 of the
Periodic Table.

[0043]

Specific examples of R and R*® include a
cyclopentadienyl group, a methylcyclopentadienyl group, an
ethylcyclopentadienyl group, a pentamethylcyclopentadienyl
group, etc. Specific examples of R?’ include a phenyl
group, a p-tolyl group, a p-methoxyphenyl group, etc.
Specific examples of R*® include a tetraphenylporphyrin,
phthalocyanine, etc. Specific examples of M!' include Li,
Na, K, Ag, Cu, Br, I, I3, etc. Specific examples of M

include Mn, Fe, Co, Ni, Zn, etc.
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case where the ingredient (b-1) is used as the ingredient (B), the
ratio by nol is preferably from1/1 to 1/1, 000, 000, nore preferably
from1l/10 to 1/10,000; and in case where the ingredient (b-2) is
used, the ratio by nol is preferably from10/1 to 1/100, nore
preferably from2/1 to 1/10. As the ingredient (B), one or nore
different types of (b-1) and (b-2) may be used here either singly or
as conbi nex4 430049] The catal yst for use in the present
invention may contain the above ingredient (A) and ingredient (B) as
the main ingredirentshé hegehBradr MmO« n(vhe) i nghedi et1(W), the
i ngredient (B) and an organic al um ni um conpound (C) as the main

i ngr edi entgiitherdl ehd\si dMec OF BEH &e ab BT DHARFeToaRauUNd? f oraddieis an
ingredient (C), herein usable is a conmpound represented by the

fol | ow nqrﬁ%;;%&a'oforf%h@ 11X (R32- ) KAk Br Y6l Xn WogE848rRof 1 or
represents an al kyl group having from1l to 10 carbon atons, Q
represents a hydrpgen at,0 n al koxy group having from1l to 20
carbon at'offs,’ o%?og?ayl_ gb%l?p aﬁa‘vi ng from6 to 20 carbon atons, or a
hal ogen at om -v Lndj an, i a fr t [0 -
Specific exarrpla@g ofrgﬁjé(g%%ﬁ%%unnad r%tgglr %?ggdééla%?ntjqnegngggve?gg]nergr
formula (l1%) -include trinethylal um nium

triethyl At ni umtriisopropylalumnium triisobutylal um nium

di met hyl al umi ni hl oride, diethyl al ' hl ori de, _
et hyl al Ui ni Ui cHIGH? He® PPl Yt hi Rt o7 ChPEr P, Ponding to an

di met hyl al.um ni um f |l uori de, diisobutyl alum ni um hydrj de, £ 3
di et hyl alSaUm RfGagma st R 5?3?’??%?8??16&2’ um%oéi'de', et 8.1 oneor
nore different types of these organic al um ni um conpounds nmay be used
here eit FAPLASRIIHP oRD a8 €BRBIN&t FReUBFend tat 8 OF tHe i hgFeafant
(A) to the ingredient (C) to be used here is, by nol, preferably from
1/1 to 1/TE®1IE00, Phreferpbeverddbl glement 105 t©rQDs 088, &ehmstle” the
preferably from1/10 to 1/ 1, 000. sti ng the ingredient (C) enhances

t he acti aniqebrc tTe kg an§ t tonGnetadh hemweveent ugi hgdfeschuehomns 2
unf avor abl e since the organic al um ni um conpound nay be go to waste
and si ncérad dgargeaaomungnofaliiel conpenndiaivayar efistm Ln tche? G- epebpPn
pol ynmer. [0051] In the present invention, at |east one

cat al yst atrgrsedi entdindykbiearsimppogtedpbyhavisyg t &bbe car tberd0 Tharbygpe
of the carrier is not specifically defined, and any of an inorganic
oxi de cargtcets, amtl afhexyi mabggnirawiarg | £romntl aogdrl ccaaven eatomy, be
usabl e here. Especially fromthe viewpoi nt of norphol ogy control,
preferredn @A iqehgamLroxg dererréies D) oihiesni abogapi ancarylery

[ 0052] Concretely, the inorganic oxide carrier includes Si Q2,
Al 203 1 MIQuZ%inh @rofre@08% B80S rb&QutZnS, Balalkh02randgibepr
m xtures, for exanple, silica alum na, zeolite, ferrite, glass

fibers, ef&idespecioal |y Pref ey edadpenSi Q2om8d Ar203ryihe Kynor gasip
oxide carrier may contain a small anmount of a carbonate, a nitrate, a

sul fate, plonOelhe of heg hand,, ihs, okbshscard i ﬁé%i:gfeﬁnsmla@t@@ezed

i ncl ude magnesi um conpounds represented by a general "formul a

My( R32) aﬂyd%%@r}e%@ets YRLER! e MG 20 BU( OF2ER) 20 €bGrioANdddiRl T an

conpl exes. nts an al group having from1 to 20 carbon
atons, an, al-kox rou ' , LY

ar oup’ hari g bt SR RO D.L8 30, EHROR BLOAE, b BR.3hE
or an a'@%téEf%%h“S%bHS,fﬂﬁﬁ‘é %%t%%&xgégﬁLégﬁ¥gﬁning hydrocarbon

group having from 2 to 20 carbon atoms. Two or more of G
to G may form a ring. f indicates an integer of [(atomic

valence of the center atom M°) + 1].
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a indicates fromO to 2, b indicates fromO to 2, and a + b = 2.
R32's and X' s each may be the sanme or different. [0053] The
organic carrier includes polyners such as

pol ystyrene, styrene-di vi nyl benzenecopol yner,

pol yet hyl ene, pol ypr opyl ene, substituted pol ystyrene, polyaryl ate,

etc.; and starch, carbon, etc. As the carrier for use in the present
invention, prefezrtied aegrMachs 'VgCl,(:@Q%U@)ate'VQSQQ%%E%r Ei,02, ;A 203,
etc. The properties of the carrier diffeéer depending on the typé nd

t he produgtdenspeghad;yhergof . p T, n r.ti. size_of the.carrier
is generally froml téHéog%gi‘Thlp(?gf gj’r%gbllg)% %&%Ih 0 Ci% 518% rj‘f]ecr%gﬂrgcaﬁ
preferablysf s b 0q b m s e rticle size is,too s |,
Phen the Srmunt. of 11 a6 paidar 1fh rRa 185 k&S AsabebnboE8po Ther
may incre ; t en t e, thep the anmouynt of coarse particles
of the l-ﬁ’engylf%d%ceﬁogn%%o lyoélerografluFHc?e%gé)W R Y et t Png
inther tion_in the bulk density of the copol yner and in cloggi ng
of hopper. ihée ggggffi%rsﬁﬁpﬁggeg?zéa df CPHQHEQE?i Sy teE g%rheflﬁllqﬁy
from1 toelﬂeooaqL er/g £ referably from50 to 500 n?/g; and the pore
vol ure t WSSO 1% %8 g@?fgr AP T ront 6215t e°Y cABAE: prefledvabt yaciadm
0.3 to 3 cnB/q. \g].en any of the specific surface area or the pore

vol ume o&réarystcgi% HE ol dige, then the catal yst activity may

| ower . Ig% s%fejcifi c surface area and the pore volune may be comput ed,
for exa Ié],4 romthe volunme of the nitrogen gas adsorbed by the
carrier according to,a BET nethod (see "J.. Am Chem Soc., 60, 309
(1983)9). Pref éfabll¢, 1 trhe agar that i ésfi(M&d PBef ore usesher ei specific
generally at 150 to 1,000C, preferably at 200 to 800C. [0054]

In case Wer@®lgs | ©fst Monelvalatlgst Bi nghedi e®it, i SPsuphort esb by dthe.
carrier, at least one of the ingredient (A and the ingredient (B),
but pref ErgBley st mref B lmnd Alngr Sghieeritf icAexang ltshke d'ngaeadi eAt £ 6 BY:
are supported. The nethod of nmaking at |east one of the ingredient
(A) and tlﬁ@liunigr,e@isertthe( B)i edpantien yrdupg cardingftHysldiino group,
specifically defined. For exanple, there may be enpl oyed a net hod of
m xi ng ag |dasthdneniofo t geoupgr edicant {4) tBd 41K 40§ LEENENGEB)L 1 t h
a carrier; a nethod of treating a carrier with an organic al um ni um
conpoundaoylaxhal @gens coat aidgtigksi bireap, ccgﬂ)ogﬂgoﬁpdc?tmrm %hng, it
with at | east one of the ingredient (A and the ingredient (B) in an
inert sobwepbxyagrettgd Of pheaskingraugar rdier W [ ' (A
and/ or the ing?edi en?g( B) Ef;)md anyo?{gan?)é aélﬁfrri ni%% ngr%pg&%fcf%?raeﬂyon
hal ogen- gestipi NkNgheSinkiicC AP d; of i (o} onent
(A or tﬁe c%lﬁponent B) Q'j;:uppo'r'?&ekg %?/ﬁ%fgg?(??%'r gﬂglﬁt %gr?ﬁagﬁxig%g@?ﬁpt’

wi th t heggonpere B) he,¢o a h f.mxing a
contact reacti gn%%rygdugc%uoé' t%lg ﬁﬁg?gglﬁe%@d{%’ Q%Icii ?ggg}lﬁg‘;e@ir&ﬁlﬁ”(&
W th a cagrieks o] KLE arrier coexist in the systemin
cont act %ﬁa%t?%%9éps%ﬁggf népe i%gg"?}&? gﬁasPheai RYFRELefEOLBY . & Rt he

above reggiipn or gani P m ni um conpound_of the ingredient (C
may be added t r?}%g’ssét lej%n% gos%ﬁoup’ a %Tﬁebég‘[y&@?t"ﬁhu%r‘b?%paﬁed
in the manpey. may be _once taken out as _a solid through

sol vent n%ﬂ/gp%lrlg ?@P%ﬁ%n y BE°URed FhCpbl yidri Eg?i ohalBgeNnay tra,

di rectlyf Li)e}gjias su&? in gol nerization. In the present invention,

t he operation of’ n&ki-RgL4at | é)é?r‘“ld}?e ot Hee i ngPeditenthepgrandtone
ingredient (B) supported by a carrier nmay be attained in the

pol yrreri%%?é%#%‘i‘/gt g‘ﬁﬁdﬂf(?cﬁ‘ir@d’unce%ﬁ‘épcataal psfluerephenkdr anauml ea at
| east one of the ingredient (A and the ingredient (B), and a carrier
and opt i ORI HHPRRIFRE al AR umac omestRdhds ropéeinygr edicent, ( Ch
are put in a reactor, and then an olefin such as ethylene is added

t her et 0 Brfty priecipblyaranhany Lindepunor malpeprtesdurce duh éh WPag Bbup 20at 0

3,5-dib(trifluromethyl)phenyl group, a
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to 1/500. The catalyst for use in the present invention nay conprise
t he above ingredient (A) and ingredient (B) and the above ingredient
(C as the main ingredients therein. Preferably, the blend ratio of
the ingredient (B) and the carrier, and the blend ratio of the
ingredient (A) and the carrier each fall within the above range by
mass. In this case, the ampunt of the ingredient (C) is, in terns of
the ratigjtherenkthy 18l 19 rheiingredgnt (Ac.as descritbed abpveic
preferably from1l/1°to 1/10,000, nore preferably from1/5 to 1/2, 000,
even nor r.eferabl y 1/1Q, to Q&@chg)&'ﬁ{ti&&tﬂq | endh ¥ 0 Ofa
the i ngrglgi%gﬁtl%l%( B) gféoﬁ?'i ng?dedi epr]#nlb( b-1) or (b-2) )ﬁto ?Jhe c%'?ri er,
or the blend ratj.q.qf qthe j edi e ( it ber, olpe blgnd
rati o of ttrﬁ%eit%yrl%&ﬁgnlt (cd;)rr&%qlr "t henqlI nglr%e%lirgén%m?lg@{)rﬁ/ye]?ste%; t@he above
range, then.the.acti.vily ower. 4L i+ a tichke
si ze of é’hceé]ty%afsic’tma; tﬁg&ﬁj?éseént dﬁ%%rﬁ%{h%g%{%%gé@ﬁ ygf ng% 2 to
200 ym preferahbly from10 to 150 ym nore preferably from 20 to 100
pm and ﬂ}@hseﬁ‘é(gl O FH14Ee a0 thereof is generally from 20 to

1, 000 er/%',E9 preferably from50 to 500 n2/g. When the nean particle
size is dP4%r than 2 then the anount of fine powder in the pol yner
may i ncrease; but when | arger. than 208 p. m thend:%hetarmunétnjpgn cogrse
grains in the SEBFAETNEFIHIEhsRE VHBR CRE SPEAFE "0 a8 Htea T s
smal ler than 20 n2/g, then the activity,my_|ower; but whgn Iarger

t han 1,0@@&@/?9%%86 t%]biﬂ%ede‘%ﬁy[éf]thé%oﬁyﬁéﬁl% HREPS T
the catalyst of the present invention, the anmount of t$e transition
metal inato@l,g of twelchr mka i§, PALgefiIRL pPéferably Fomt6r05%t o
10 g, nore preferably fromO0.1 to 2 g. Wen the anount of the ,
transiti eomsraltial | 9foutstile at hBraposbefarifed t RBA the L&&tiSvi 8§ifay
| ower. Thus supported by the carrier, the production nethod for the
cat al yst iirs:livbtusta i at +yf hoveonegeoussul Do5rie  anion| n(¢heGw esent
invention, the polynerization nethod is not specifically defined; and
- any net haogl oft tif Tk quodnyenard resg i ldimnslolme irgnt pol yner i 2aton, a
suspensi on polynerization, slurry polynerization, vapor phase

pol ymer i zstd @iy 71 ddeomd theariesseinfiroyalibenz Regar di ng amion, a
pol ymeri zation condition, the polynerization tenperature may be

gener al | 54 @ 0 1.0 200G h g er e yl famins30 to 15686chhorater ehediabl y
from40 to 120C. Regarding the ratio of the catalyst to be used
relative o dhe, starding gmmnRirodde dtaii 0 ahishartingrsCoo) a
nmononer/ingredient (A (by nol) is preferably from1l to 108, nore

prefer ab'%iéﬂfﬂ&%ﬁ&ﬂ&ﬁy Ahsenprefiarab) ya thruqed yinefézats oant bme

is generally from5 mnutes to 20 hours, the reaction pressure is

pr ef er abl gd 9m normgl pressyeda @natdPaG Jvore pref greddy from a
nor mal pr ssure’to 0.1 MPaG [ 0058] Preferably, the

producti on ne ! pres i I j 4 ol v fege. system
fromthe %%%%?‘gjtf%%é?%e pa(r%c?)tL ucﬁgbﬁiﬂ%%%hu%%&?zl vé%{gqr??/ay bgéﬁﬁsed

t her ei n. such case, fo I L S.an i -

hydr ocar b u%ﬁ%%ugfso%ae%ézene%nféﬁqggng}uggﬁgkg?hg% hyl gggggﬁn%%se)t & : an
alicyclic_hydrocarbon such cycl ope xan -
met hyl cycq%%gi'é%?m%? ?‘I?e%lﬁfg?ril% %f }gcp%@glfe%%g??gﬁgguch&a%sgéé?%ﬂfg, '
hexane, heptane, octane, etc.; a hal ogenohydrocarbon such as

chl or of or®%di chl or omet hane, etc. One or nore such solvents may be
used here either singly or as conbined. A nonomer such as 1-butene or
the |ike h@y45krve as a solvent. [0059] In the production

met hod for the 1-octene/1l-dodecene copol yner of the present n

i nvention, hydréeRaifhy beXRRRIET n ﬁglyrrEP?zat?%‘ﬁp%\?n Sol 9 t&he
improve the activity. In case where hydrogen is used, ,in general,, its
pressure hmyrédiantnost 2 WPl pref erld¥iyids om 0. 0GFIESFIY NG e

tetraphenylborate, tri-n-butylammonium tetraphenylborate,
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catal yst may be used in prepolynerization. The prepol ynmeri zati on may
be attained, for exanple, by contacting a small anount of an olefin
with the catalyst ingredient. The nmethod is not specifically
defined, and any known nethod is enployable. The olefin for use in

t he prepolymerization is not specifically defined, and includes, for
exanpl e, ethylene, an a-olefin having from3 to 20 carbon atons, or

their m xtriget iy eheiéRlym t RSP JIRNER 2125 thﬁ%tgg%ﬁégiammonium

pol ymeri zation i's used also in the prepol ymeri'zation.

pr epol ynerd i Bhpesature i s general -20 t 0 .
preferablfé%ggﬁggi to f%%b, nor e preferg%ngﬁg%ﬁgontgugggféwwepﬁgm

| i i i t hyd bon, i,phatic,hyd bon,
prepo ynﬁgé%ﬁ%ﬁx” Abiert hydrocar bon bggzﬁaggﬁg_hggag¥i9car on, an

aromatic hy on, a nononer or the |1 pRgenum

sol vent . ially preferred are_ an i phatj c hydrocar bon
and an aﬁ%%ﬁ%ﬁ%ﬁﬁVGggggﬁggh. The prepolyner?%ﬂ??%ﬁgaﬁ9hﬁﬁy FRAPREE™ n
t he absence of ,solvent. .The prepolynerizatjon condition is preferably
so contrC)éiﬁ?qq%ﬁyﬁhﬂgaﬁﬁdunt of the prepoFyiRRf2%t {BREBY bhgErorswRd
be from1 to 1qf00 er 1 mol] of the transition netal ingredient
in the catal e”#ié?%%%ﬁ%ﬁeﬁﬁ@m??Qﬁéﬁﬁ%%ﬁﬂi@mo etrapeapylborateyn
t he production nmethod of the present invention, for controlling the
mol ecul aPSEYGHRY G iHeMhol y et 2 aphary Hegr e enpl dyedz al prer hdtn bim
selectingﬁ%ﬁe t ype .and the anount of the individual catalyst

i ngr edi et TERNFEYISSFaE®d t he pol yneri zathephykmes vaneey rad et trod
of addin% hydr ogen, or a nethod of adding an inert gas such as

ni t r ogen L6 fERE SNRE O 066 2] In case wher e taniet oy kdimonium
polymer is used as a lubricant oil, preferably, the nononer

( 1- oct enéetrakdsdecane fdme ropdion ydl)ibgomdrs) is rembwedoat ¢ aniidvel um
above- nenti oned pol yneri zati on step. As the renoving nethod, for
exanpl e, tehen&isdpebs afdnoiropbeny Inktichad eof  evaportatipige i yieanmeact inon
system under reduced pressure. Preferably, the

1- oct enetetdedecdpentafdupmrephies yiy toagerat ed tea r-00UGe A ammonium
hydr ogenat ed 1-octene/ 1-dodecene copol yner fromthe viewoint of

i npr ovi ngetekdtdbihicby luthephydrogenaticen met hod dis-atheRasiddcal | Y
defined, and any known nethod is enpl oyable. [0063] By using
the produetirarisgpbadasiubheppeasenborayention, a 1-o 1rdodegene
copol ynmer useful as a high-viscosity lubricant oil excelléent 1n

vi scosi t puehay ashenighi cs and | owdSINEIAINR SNY AL RN be
produced industrially easily; and furthéf@%%yezontrollln %ﬁﬁ?fgﬁé,

reacti onme@AGL 8 BRenl PbmBXATANE, R F89W I £ ﬁf&ﬁﬂ%ﬂii]borate,

tenperature, properties of the product can be wdely-va

The abover-YWorEh Y (m&aR-,P uced industrially easily" means that
t he annunf%gf hgdéggenytgaﬁéeﬁgg@ may be small and the degree of

: | tivel ild d iLLy .
pressure.bp:be: avpLh e0 e -beL Lo Bokelati velv 1 g gog casily,
require @e§£§9iQipgﬁég%i&gr$gﬁeg¥f}Bg}gkép an Ine%&m%% § g%ilinium

tetrakis(pentafluorophenyl)borate, trimethylanilinium
tetrakis (pentafluorophenyl}borate, methylpyridinium
tetrakis (pentafluorophenyl)borate, benzylpyridinium
tetrakis(pentafluorophenyl)borate, methyl{2-
cyancpyridinium) tetrakis(pentafluorophenyl)borate,

benzyl (2-cyanopyridinium)
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[ 0064] [ Second Aspect of the Invention] The a-olefin
(co)polyner of the second aspect of the present invention is produced
by the use of a netall ocene catalyst and satisfies the followng (a')
and (b'): (&) The 2,1-insertion ratio at the polynmer termnal, as
measured through 1HNVR, is at |east 30 nol % of the entire nol ecul e,
(b") The nmesotriad fraction (nm, as neasured through 130- NVR, is at
most 50 pgil, khgq%%htafluorogﬁ%%EQU%@rbﬁ%,p0|ynEr term nalmethyCtik e
of the a-oleﬁln (co) polynmer of the second aspect of the present

| nventi oy Regfesalilfudh e Proporddom of s (halfh ATl elen PR filce,
occurring-in 2 1-insertion of nononer is larger. Concretely, the

2,1-i R i | - n '
i nserti.q ratl?%‘?%%@&@bﬁo ?/(r)};a%?{t i D8ben @5F TTRASIBEIEEh § D 19888 e

1H NWVR, s 58 Ya no e entire nol ecule, preferably

at | east 40 | % re.preferably at |east 60 noil : ; -
2, 1-i nsepﬂfrlc?g?‘ryétain& étmt%ﬁ“e pol ymer termnal is | es%etﬂan %ESlrrSDI(3%5
then the 2,1-term nal struycture creases and the terti n
i ncr ease8 tCard HECEES ,ﬁPﬁ‘ee“H&qur%aaﬁes poor in oxidat ?%é(hrg{%%ﬁ%?ltﬁy.
[ 0066] In the a-olefin (¢ ol ymer__of the secaond aspec he
pr esent itWﬁﬂh@rﬁylﬁ?é%otriéﬁf%gﬁct {T%r?t(fr%ﬁ“,e“é@- e gt?r’ed t%%%tg #‘1
13C-NVR, nust be at nost 50 nol % preferably from25 to 50 mlfV% even
nore pr eft@tasRPYIRCIG %o 40 non. V%e?leYﬁ%g}h%%%ﬂ’?%%h}qua@fl?%ﬁ Q]
is nore than 50 nol % then the polymer may be poor in Io¥\kte erature
char act ertieftriaphienvdi® j5téher abl y, the mesotriad fracti on"¢hhy-Fatat

| east 25 nol % fromthe viewpoint of the |owtenperature .
char act erdedtriads.s (p@OGALluorophepyd)&OMATL, the a-ol efin (co) pbtyher
of second aspect of the present invention has a nean short-chain
branch nuhirerthperf o aesiiel e of teheabbs ypertafupearieenl t Rroagh-
130-NMR, of at nost 2.0, nore preferably fromO0.2 to 1.6, even nore
pr ef er abldedanemil ¥ drrcbehivfhe shottakhaipebtahthonerhenst tbarabe,
herein is nmeant to indicate the nmethyl group, the ethyl group and the
propyl grguprdm the podtyreitis Went 4 huoeephahel tbehaia, br anchthiiigér
per one nol ecule of the polyner is at nost 2.0, then the tertiary
hydr ogen ddt #he Polerest decreases, ansbtdtes pol yner is excel | edi thhumhe
oxidation stability and the viscosity index. Wen the nmean
short - chaigy hancthdnrdrerud sopteny Basirds e, the pol ymer has exodlihmnt
| ow-t enperature characteristics. [0068] Preferably, the

a-olefin é@aﬂ@é’(f?én&ffltd&o%ﬂ%mﬂl)w%ﬁepf the present invention
has a doubl e bond "anobunt relative to all the npnoner units, as

measur ed ttepcrlqﬂg{]e s W i i arffard®@sd 1.0 mol % from the viewpoi nt of

the oxidation'stability since the unsaturated site thereinis fully

hydrogengg%%%%@%ﬁﬁm%@nmog@,ml % even nore pregenagbky

at nost nore prefierably at nost 0.1 nol %
tetrafluoroborate, silver hexafluoroborate, silver
hexafluoroarsenate, silver perchlorate, silver

trifluorcacetate, silver trifluoromethanesulfonate, etc.
[0048]

One or more different types of such (b-2)
ingredients may be used here either singly or as combined.
The blend ratio of the ingredient (A) and the ingredient

(B) for use in the present invention is described. In
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[ 0069] The 2,1-insertion ratio at the polynmer termnal and the
doubl e bond anount relative to all the nononer units may be
determ ned according to the nmethod nentioned bel ow. First,
according to a known nethod, the a-olefin (co)polyner is analyzed for
11-1-NMR In 1H-NWR the intensity conputed by subtracting the nethyl
branch-attributabl e peak fromthe methyl group-attributable peak is
repr esentegsdywherandnthenyakuecaenyut-ad by disdddadttRY tHg-BydLagen
atom nunber 3, A/3 indicates the total amount of the nmononmefr units in
the a-ol efg)n (cenpol yarhio The, dagbl e bgnd Jipeludes  f o r res .of
vinyl, vinylidene, 2-substi [Eyt;ted i nner ol gﬁi n and g—s%sﬁtﬂ?é% [ ?\ﬁer
ol efin; ant tdwey oedbstd tteek S8 F T Ur £ d cied un .4
ppm the 3-substituted struEthdeure alﬂg yat]?%érguﬁgigﬁﬁ %){)%16’?93 v?rrllél s
at aroundcaﬂsgaﬂp@]hr@ at . 8§.ppm .and the vinyljdene js at

2 ea@He EnﬁEQHQQ?g gp gg i3 %g%?? HHY! L GENS %¥1%Ol

around 4.7 ppm peak 1 nt ensi ound 5.4 'ppm~ around

P SN AL M5 PO IS Y 80 BBIRLS e

the 2,1-insertign ratio,at t.he polynmer termnal, X (nol% is_conputed
as the ra%bl oi?ErLIBf hea}%souﬁﬁg bld}%fpeacjr%oqﬁ égim dg £o t'“ﬁ’éérQ of+ bhRhgnt
formula: X = ((B/2), + O/(B2 + C + + BE)/3 + F/2), x 100 |, The
doubl e bdn®PS t? eneitithg ‘r?)tﬁ%aié-[fb? e?%?ﬁ(%%ﬁ%o@ TRET SANGbY 99T s
conput ed bg/ di\g,di ng the sumtotal of each double bond by the nononer
unit sumot4™ retely according to the following formula: Y =
(B2 +C+ (D+E/3 + F2)/(A3 x 100 [0070] The nononer for
use in pr[(%)lf(?t]i on of the a-olefin (co)polyner of the second aspect of
the present invention is preferably an a-olefin having from4 to 20
carbon atons, aR& coherEY®lyLofrorusampl &hd netesest 1ibwestdon may
1- hexene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-
hexadecefentiigcitigeddrwe Inginsobend, @)c.andl simqrsablent s(B) as the
substituent-having a-ol efin, such as 4-phenyl - 1-but ene,

3- et hy| mgipentegesdiemes hghetepent eme, M3 y3-cbmed tryl thpentrenssdient

3, 4-di net hyl - 1- pentene, 4, 4-di net hyl - 1- pentene, 4-nethyl-1-hexene,

5- net hyl -(R) hexéme, irgrpbimrt 1{hexaneé, aat org@hithesemiprieferd@tdiaid
use herein is an unsubstituted a-olefin having from6 to 14 carbon
atoms, arid)rmoae pried emreich | Sngmedasubst i théedin: ol efkn higyi ng-J4rom 8
to 12 carbon atons. In particular, fromthe viewpoint of the

vi scosi t glohanaamerdsigasantot he hkowt Tealur ecchanackeni Siddsie
thereof, preferred is a 1- octene/l-dodecene copol yner obtained from
1-octeneiand tomgedaeenepresenteW®y th@ GRIINCR, IMYTRRI Ofa 1t 18 rmy1a
a-olefin falls wthin the above range, there hardly ‘'occurs a problem
of pour pokmt depression or a problemthat the polyner is not |iquid.
[ 0071] Preferably, the a-olefin (co)polyner of the second
aspect of the pgqumQ%_gventi on has a kinematic visggsity at 100C, as
nmeasured according to JI'S K2283, of from2 to 1,00 /sec, nore

200 mo 4he = Xnin He kT HOal | £y PekS (3 i To0RT M edstoa 10

mr oai 65t T 2001 d 5e Enotuht SBRGCRAER dt’MUSY Bbo0 ARl s gk the

poyrer §osbd BEAld SERGhoy L5084 Me.SRerOv;SaNl n9.S AEPPT By
having from 6 to 20 carbon atoms, or a halogen atom; and v

indicates an integer of from 1 to 3.

[0050]

Specific examples of the compound represented by the
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For exanpl e, when the a-olefin (co)polymer of the second aspect of

t he present invention has a kinematic viscosity at 100C of about 40
mmR/sec, in general, its pour point is not higher than -40C and its
viscosity index (VI) is at least 170. On the other hand, the a-olefin
(co) pol yner having a kinematic viscosity at 100C of about 100

mR/ sec, generally has a pour point of not higher than -35C and has a
vi scosi t WHAdeX ge¥lelraaf @bringast 198) ThecvudeositymétldeXalwh)nism,
conput ed according to the ASTM nmet hod D2270. [0073]

Pr ef er ablyy, ; 41§, 1301008 1in{,C0) pol yner of the segongogspseladimtheun,
present inventi'on has a nunber-average nol ecul ar wel ght (M), as

measur ed ttﬂr%@htqﬂam&rfmq{nl,on chr oRLRAk AR GRGh of feRMb208ef 0
e

15, 000 from vi‘ewpol nt of 'securing long life operation in use as a
| ubri cant,.oi.l, .jngr.edi an UG LNg SWNNG &l M bakhyotkoathe
above, mdrleeéglr},e]%grugﬁny% omglﬁgggaltab 10, 000, everiL nore pref _ergbl y
from 1,50 tygfaqi 001 dicﬁ?gf.’&g?, Sa@g{e&@%’bl&ﬁ%ﬁiﬁ' e%lﬁ?ride

(co) pol yIfe second aspec t he i nvention preferably

has a wei ght - aver nmol ecul ar ight ( N r hr . @GPC,
of from %‘%‘%@' 110t pr%\%{’\%Fgng %ﬁ@?&%ﬁ@%‘%oo@ggég’
nore preferably from 3,000 to, 10, 000, [0074] Pr ef er.abl e
a- ol ef i n (LB FOIYHEH B FFRIEEAORE Hiecttof e pPosBit i H%gﬁﬁf%hg
has a nol ecul ar wei ght distribuytion ‘é?l\/l/v/l\/h of at nost 3.0, .nore G
pref er abltwRas ngét 2195C ePERRE e PHEFEM ANy SPFBRMIS 11823, &° WIER

t he nol ecul ar wei ght djstribution (Mv M) is at nmost 3.0, then tgg

hi gh- nol deneareiidiaphts ingredPents deereaBed - t o Mo bved t hatifedf the
stability, and the | ow nol ecul ar-wei ght ingredi ent decreases to | ower
the vol atindnediqrop76d) to theTHaargliemth (eb) el Preriid thereddnd
aspect of the present invention can be produced in the sanme nmanner as
that for Whemdlpcperéetaddiedarma cbpbl Faerl /30 W& f inate aBpBEETEP YV he
present invention, except that the above-nentioned vari ous nononers
are usablferas /8 StarfyRAgORfterdwedn Theecarzdfistalily Gseminl/10 to
produci ng the a-olefin (co)polyner of the second aspect of the
present iTwemMd®n i8sthe shee asytdraterior (O3e anhaprosduciing ehéivity
1-oct ene/ 1- dodecene copolyner of the first aspect of the present

i nventi onpglesanidbedrabeveion metalikehdhevdrpctesield - dodeceweh is
copolyner of the first aspect of the present invention, the a-olefin

(co) pol yneif Hfo 41l s ecoisk aspectr§inibeapresentmi ayepdiind map hksgobe
hydrogenated into a hydrogenated a-ol efin (co)polymer. [0076]

[ Lubricant, Oghs€aNPosd tisQike a largEeahgbhtca®t ehk coympasiid omagf
the present invention contains the above-nentioned

1-octene/ 1; C | : A rmdPe above-nentioned hydrogenated
1- octene n?%%ge%{e]ﬁteﬁégggoﬁ/@nfelr, n%éi)*'rﬂe above-nentioned a-ol efin
(co) pol ygg(go@gp/ or the above-nentioned hydrogenated a-ol efin
(co)polyner. Preferably, the conposition contains the polymer
generally 10 amamunt gLeam 0503che: 3A0%HY Mssbased onctheyst
total weight of 't he conposition. [n the Tubricant oil
conposition of .the present. i ' orm.i e the. o
1- oct ene/ :'f-l%%%Jceerh% Engﬁoi%yenerg?ﬁsghﬂégﬁ%r ge%]atsecjilt%-bg%t e(('r)]ée]; 1- d](C)decenee
copolynmer, the a-olefin (co)polyner, and the. rnQge -0 i
(co) pol yne¥Ps soﬁol('% pe ijcgarlpl%/gdgpf:ng’&eﬁlﬁf]t%glggn%%é% e|cg’n, gﬁﬁe%ny
pol ymer may be used as, a basggoil or as I.n cas%a\éﬁ}greg_,

an additive.
the pol ynet #3 HREIZRLENHBED eCBSrFF,ltheaBgl 9gg?rn§905985cjﬂcy cover
froma | ownol ecul ar-wei ght, one to a hi gh-nol ecul ar - ight.o . %hen
used as t#edpasgEaBir, e s Yy Ray “%@bg%eg‘%?%nevﬁ? ﬁﬁﬂf‘ggyu edMas
m xed with any other base oil. The blend ratio is not specifically
defined. thegengwroidasef omam e A &HRiUHClof e fSFmsssi tion 2l

inorganic oxide carrier or other inorganic carrier.
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preferably, a (hydrogenated) 1-octene/l-dodecene copol ynmer or
a( hydr ogenat ed) a- ol efi n(co) pol ymer having a relatively high nol ecul ar
wei ght is used. For exanple, the (hydrogenated) 1-octene/l-dodecene
copol ymer or the (hydrogenated) a-olefin (co)polyner having a
rel atively high nol ecul ar wei ght includes those having a
nunber - aver age nol ecul ar wei ght of nore than 5000. The anount of the
pol ymer t@dm2ladded may be generally from0.01 to 33% by nmass based
on the total anpbunt of the conposition. [0077] Vari ous known
addi tives may lmmptdtenal,| y taddednbeghhed ubkigant caklieenpost1hgas of
the present invention, not detracting fromthe object of the present
inventiosidzor ExaIpl Ygd,hezaddi tirves, i nelude @E@ﬁph@é@us— Govt,al BAGI
Sp

extrene pressure agents such as phosphates, pho ites, etc.; oily

agents sugih,asaghei endft dnsShairds, agddd, dikRpi1aci dsandcthes | ike, .,
carboxylic acids and their esters, etc.; abrasion inhibitors such as
zi nc di t hiQphasph ZNDTP epilgs aryl-for i
dithiocap%angte'(%%%%é . ox %Diybgg%un1%u¥#?de %?%?ﬁ%é2%¥mﬁﬁﬁgfrred
(MoDTC), .nickel. di thiop ate i DTE i | dithioc te
(NiDTC),EQ%E.?lgﬁin%ﬁ?yggﬁoﬁ'pheﬁyﬁ-tg%grgﬁﬁﬁgxigg%pg; %é?g?@r may

|nact|vaE%{%a$uch as thiﬁdlazgﬁg q;F;otrlaz

. . ntail a_~ sma o) gJeé etc. . slggge
di spersing ageﬁ%s sufias af eny sUtti M ¢ CAEPTE3ETd t Rei P B5EEFs oF

i mdes, etc.;_.corr sion(%nhibitogs sugh gs orbitan esters, neutral
al kal i ne SEHYEH StetBIC sulfonEt e sO P BRENAEBE afdSs AT G &A%< 1%, than
defoanin% agents such as ineth%Ipol si | oxane, polyacrylate, etc.
[0078] ThE ARRES| (G BREDESHEDS | FPBRC ORI he SHEESERT v Bt idn
is not specifically defined in point of the use thereof, and, for
exanpl e, IERETEIMPoSPITORE ma!WE Usdd f UGt effial tooHIsiFtiYon YaGLne
oi | such as gasoline engine oil (2-cycle, 4-cycle),. diesel engine
oil, etchg @Fehe mystlefn i Pndudiheis gearPopkeSATE R ( atiepraseats an
transm ssion fluid), PSF (power steering fluid), buffer oil, etc.;
facilityadiMylsuptre kaussys faiom 1 ukdi R ofarbaydabombe @l a2l ne
tool oil, refrigerator oil, etc.; working oil such as rolling oil,
cutting g@irouphdatvimeatpemt 1oith, 28t zaripreazieomet cor| Bas @miydt i orowd
Enbodi nent s] [ 0079] Now t he present invention is described in
nor e det aialviwigt i moed €6 ehce 200 darddrol d oy Exasplespnheweav érg ldden
present invention should not be restricted at all by these Exanpl es.
[0080] atom, TBhre gphysllcal groperhaesngf facnl ef ite ROl yetborerstoms ;
measured and eval uated according to the foll ow ng nmethods. (1) Pour
Poi nt : a indicates from 0 to 2, b indicates from 0 to 2, and a +

b =2. R%'s and X's each may be the same or different.

The organic carrier includes polymers such as
polystyrene, styrene-divinylbenzene copolymer,
polyethylene, polypropylene, substituted ©polystyrene,
polyarylate, etc.; and starch, carbon, etc. As the
carrier for use 1in the present invention, preferred are
MgCl,, MgCl(OCyHs), Mg(OCzHs)2, Si0,, Al,0s, etc. The

properties of the carrier differ depending on the type and

35



Measured according to JIS K 2269. (2) Kinematic Viscosity and

Vi scosity | ndex: The ki nematic viscosity was neasured
according to JIS K2283. The viscosity index is conputed fromthe

ki nematic viscosity, according to JIS K 2283. (3) Nunber-Average

Mol ecul ar Wei ght and Mol ecul ar Weight Distribution (Mwv M):

Usi ng JASCO s GPC-900 (colum unit: TOSOH TSK-GEL MULTI PORE HXL- M (2
col ums) theéShpdexudEBO fehkodotbemepiwi t The sedarentawficle size of
tetrahydrofuran, the polynmer sanple was anal yzed at 4000 to determ ne

t he data grherepfriasets ofe Ot yBIyrenen 1(4d dbsolun| agrEFraekboy fovh,

Term nal Structure: The pol yner sanple was anal yzed through

13C NMWR, gl g (1R, Lher&ephede destyi bedni o MachomoLacul gEeg4the

2334 (1991); Polymer, 30, 1350 (1989)™. (5) Double Bond Amount:

Usi ng JE?A&@J@@%&%M@O%@W&W&MS@& hgnpehynBr saAwl gowasr
|

di ssol ve n a heavy chlorof orm sol vent and anal yzed t hrough 1H NVR

In 1H NVR, thel nEEBéEéMe?QUHHH@E!e% subLE aehe PO e Meldhase; but
branch-attri butabl e peak fromthe nmethyl group-attributable peak is

representmrgytdg} . he.yal gom%ﬁﬁ@ by Qgg%ggh%grwcwg bydgagen

at om nunber ndi‘caf es the t ot anount o nonomer units In

the COplo—lélcgE?egnﬁ—:b/-sr]{L?c%o%feg‘gér?e bo%%gipg&h%?es d—fw%\?rsé%{c%%ta‘érees Ohe YLRYLe

vi nyl i dene, I hner In an stituted I"'nner

olefin; and the 2-substjtuted structure is.detected at 5.4 pp

3- substi tUte hcsJ’tnrghctltrJlr A artecg{cfgoﬁ)lpmlnt ﬁcehevi %&‘}Iﬁi TG4 Y5 ngmkg‘%d
at 5.8 ppm_and the vinylidene is at_4.7 m The peak intensity at
Around 5 EPRMIS G B 16 BT &r SnACHE8E- pphie AreaRt: 5085 BEhtaRc
around 4.7 ppmis represented by B, C, D, and F, respectively, The
Tl e, CorARRc byt vk Myt HERheak PRRERAILY byORne Aintie 00t TE s
hydr ogen at ons bondi%%_to t he doubl e bond carbon %D + E)/3, B2, C
F/ 2 each AR&HESEHY t HEHhodt 6P t BBOdJULI% bémd TRE dBGBFe BBAEMS
amount Y (% renaining in the copol ynmer i s conputed Ez di viding the
sum t ot althsfradfe @ybPe BERFE P herenBrer thit SBnd 3ot BFefgsably
fdlmm:\’:(WZ4—C+(D;—B/3+-HZH(N3)x:NO(Q)Nmmm of
Doubl e Bdrdsn i f- Sné&avbBecul’édg.  When Fagih tHe AbDAbaRsRidgrigyesurface
nol ecul ar wei ght Mh obt ai ned t hrough GPC and the nean nol ecul ar

wei ght F agmsst ¢t uttheg pdiee copohpaecversd apsant pel pherez atdroye deghes P
is conputed as follows: P = (Mi/F) The nean nononer nol ecul ar wei ght
F can be tol# acaédliy/somddiei copol yaer | avéon cohposisbeon.fiConsnefaty,

when the dodecene content is represented by X nol % then F is
area and the pore volume may be computed, for example,

from the wvolume of the nitrogen gas adsorbed by the
carrier according to a BET method (see "J. Am. Chem. Soc.,
60, 309 (1983)"). Preferably, the carrier is fired before
use herein, generally at 150 to 1,000°C, preferably at 200
to 800°C.
[0054]

In case where at least one catalyst ingredient is
supported by the carrier, at least one of the ingredient

(A) and the ingredient (B), but preferably both of the
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conmputed as follows: F = 168 x X/ 100 + 112 x (1 - X/ 100) The
nunber N of the double bonds in one nolecule is conputed by

mul ti plying the double bond amount E by the mean pol ymerization
degree, as follows: N =PxYx1/100 [0081] (7) Ignition Point:
Measured according to JI'S 2265, using a C evel and open-cup tester.
(8) Mean Short-Chain Branch Nunber in One Mol ecul e of Pol yner:

bt ai ned BegOsEi aGL t 0af hanfiokhew g ferimHa: 11%\698&1;@ herbrehaky br %?82

nunber in one nol ecul e of polymer = (nean pol ynerizationh degree

el gasbo rd¢ X r t-chal n P
EgﬁgPt?ghain(EfaE?h&EgFio At 1&§Q€5Fﬁ§ ?E%LEEQBgﬁﬁﬁé%§%§§g Vﬁ? hﬁﬁg

Toro o U DR ST LI e PR LT
DU, PRI O s, 1000Ph L FAUEL, A000LA s
rom 163 WU TP Dl UF JERY) P B e PO 4R Pt
the ingredient (B) with a carrier; a method of treating a
carrier with an organic aluminium compound or a halogen-
containing silicon compound and then mixing it with at
least one of the ingredient (A) and the ingredient (B) in
an inert scolvent; a method of reacting a carrier with the
ingredient (A) and/or the ingredient (B) and an organic
aluminium compound or a halogen-containing silicon
compound; a method of making the component (A) or the
component (B) supported by a carrier and then mixing it
with the component (B) or the component (A); a method of
mixing a contact reaction product of the ingredient (A)
and the ingredient (B) with a carrier} a method of making
a carrier coexist in the system in contact reaction of the
ingredient (A) and the ingredient (B). In the above
reaction, an organic aluminium compound of the ingredient
{C) may be added to the system.
[0055]
The catalyst thus prepared in the manner as above

may be once taken out as a solid through solvent

evaporation and may be used in polymerization; but may be

37



carbon of ethyl group. Short-Chain Branch Ratio (nunber/total 1000
carbons), conputed as follows: Total areal intensity of nethyl group
carbons (methyl group + ethyl group + propyl group)/(total area
intensity at 10.3 to 46 ppm) x 1000. (9) Oxidation Stability Test:
Tested according to a rotating bonb oxidation test of JIS K2514 (RBOT
test). [0082] Production Exanple 1-1:

[ Product ign@ftl 1" idres Bylssichyl@nepé Pyderization. In the present
dinethyIS|IyIene)-bis(cyclopentadienyl?zirconiun1dich|oride]

About 13., Mphd  pePelalonNey ANGAQQgM 2 0f 1d2%tTHme of the
(tetrahy&%ggaﬁggghmereépup intoognitrogen-gﬂlzed, 1000-m three-neck

flask, and stiyred tgggeigngt.%g%d@{ ee&iéggnuﬁﬁ, %uFEO%tgH oby a

cyclopenﬁggiene Wa's pw se a reto, and when e hydrogen
generation st.o

pped, 1.to 2 . of  additj je agdded
t her et 0. “Phi"s s@?%pggté$£%ﬁ%F%ogﬁ1H%gggﬁﬁgﬁﬁ%QP%Q%gggl%%S%gh 6
cycl opent adi ene s added. The reaction, sol ui ch
col or | es®HHEp t< chadjpyaﬁteerﬁ%%n ’I'HIIEFOV\Jfase ier vee’daEP%(rageugg%@r%ne of
evapor ati on under reduced pressure, and the, cryst was. wash Lce
with hexdhé dﬂﬁ?ﬁq%ﬁpqo(AgoFP&n§§§|ﬁﬂﬂﬁe %%%%eéghfe§gﬁ%éit§gﬁ%%%f
cycl opent adi enyl sodium as a pi nk powder. 457

. . of THF was -
added t o248 0 QPHi4EE bl )abf WA bRt HHEHRAIR odf PR RL000* Bnd e
stirred. This was cooled to -78C, and 29.2 m (4

, 80 mmol ) of .
di chl or odingsedilesit afe) wagegmitual Py 2arkPaitdiw seAddog™: et e? ST e
sol ution changed frompink to white. This was stirred overni ght  at
room t enperclt ues, ehbBH1FRE was AdRst attdgraksy PBdgiQéeéP9%Y$%RF26d
powder [conpound (1)]. The conpound (1) was extracted with 150
m of hexankr andrihe sppesmatanttonad tMRBenshérredli o g800°C for 1
ni trogen-purged, 1000-m three-neck flask. This was cooled to -78C,
and 175. &imut{e48@amdl ) hofurs- betry| bt hi thegeby3 poedrrings debphhse
added thereto. The reaction solution changed fromyellow to m|ky
white. Thisctwaslesdl r med sowerthioghtnagt beoemptleyeer aeues, and filtered,
and t he supernatant was

[0056]

In the present invention, the blend ratio of the
ingredient (b-1) and the carrier to be used here may be,
by mass, preferably from 1/0.5 to 1/1,000, more preferably
from 1/1 to 1/50; and the blend ratio of the ingredient
(b-2) to the carrier may be, by mass, preferably from 1/5
to 1/10,000, more preferably from 1/10 to 1/500. In case
where two or more different types of ingredients are mixed
and used as the catalyst ingredient (B), preferably, the
blend ratio of each ingredient (B) and the carrier falls
within the above range. The blend ratio of the ingredient
(d) and the carrier to be used here may be, by mass,

preferably from 1/5 to 1/10,000, more preferably from 1/10
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evapor ated away. The resulting white solid was washed with 100 m of
hexane. This was dried under reduced pressure to give a dilithiumsalt
[ conpound (2)] as a white powder. 50 m of diethyl ether and
100 M of hexane were added to 27.4 g (137 mmol) of the conpound (2).
This was cooled to -78C, and 16.7 m (137 mmol) of

di chl orodi net hyl sil ane was gradual |y and dropwi se added thereto. This

was stirree aysooom trerperatalgsd ofob haursn srr@npw@eﬂﬁe%%mg%n
was renoved through filtration, and the filtrate was concentrated.

This was fi@gr yshakhkzed Ha omhexanggtoq9iNe 4295 bd yir%?e%f%%t of 53
ystal . : g

conpound (3) as a needle-like transparent cr

(16. 6 mMmiyq ofiHe o %%%puﬁgggébigﬁﬁ d%é§03¥§dfﬂé G%ﬁqh Ogne%éﬁggn.nsa

ni t rogen- purged, 200-m Schl'enk ask, and stirred therein i'S

o o8 n g g S T B 8y o

nol/ 1) was dropw se et o, i ried overni

tenperature. T e ev rate way fromthe cl]oudy sol ution
under r edL@edﬂg% Z@lé%r(g%%%\%&fhegﬁge%%%g?%gmﬁgt%\%sﬂgdt{lﬁ ﬁxﬁﬁe?ﬁle’fﬁ
hexane. Thiss wa i_ed_under_ reduce ressure to give a dilithium
sal t [congic)un ! 4)%?1eascaar%‘?lf eeﬁ‘a&/dgra. I gogdhin the PRV GIN4D| REne
was added to the conpound é4). suspensi on of zirconium

?TTTDFQG

tetrachl 8% (27 Y13165% i ATPYRGeRd (B MnIRREL UHopiFlels,
added to the revicgfus suslfen_si on at -20C. This was stirred overnight
at room t@nﬁé’ﬂ%r - Y et S ot VROl évaborat Bk atkgredtent (A)
reduced pressure to give the intended substance [conpound (5)]. The
conmpound A55)8RE BT 2B e wi PReSeraPlef fapehildlorket Hafk), G there
filtrate was concentrated. This was washed with 10 ml of hexane, then
dri ed un®&eicsdided Prasslfe £t §/¢e0800 miveof more qorpburabl(i6)from
(yield 7.4% . 1ts 1IN-NMR gave the follow ng data. (CH3)2Si], 0.87
[6H, (4H1/d0 -ttH+3}/}10082] EWhepl éhe blend ratio of the ingredient
(B) (the ingredient (b-1) or (b-2}) to the carrier, or the
blend ratio of the ingredient (A) to the carrier, or the
blend ratio of the ingredient (C) to the ingredient (&)
oversteps the above range, then the activity may lower.
Thus prepared, the mean particle size of the catalyst of
the present invention is generally from 2 to 200 pm,
preferably from 10 to 150 pm, more preferably from 20 to
100 pm; and the specific surface ratio thereof is
generally from 20 to 1,000 m?/qg, preferably from 50 to 500
m*/g. When the mean particle size is smaller than 2 pm,
then the amount of fine powder in the polymer may
increase; but when larger than 200 pm, then the amount of

coarse grains in the polymer may increase. When the

specific surface area is smaller than 20 m®/g, then the
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A stainless autoclave having an inner capacity of 1 liter was fully
dried and purged with nitrogen, and then 200 ml of 1-dodecene, 200 ni
of 1-octene and then 0.3 mmol of triisobutylalum niumwere put
thereinto, and heated up to 105C. 1.6 ml of a separately prepared
catal yst m xture (this was prepared by putting 0.20 mml of
triisobutylalumnium (0.5 mmol/m toluene solution; 0.4 m), 4 Rnol

of (1,1" qdinetihyl sidy! engd£2, But when larger than 1,000 m?/g, then
di met hyl si | yl ené) - bi's(cycl opent adi enyl ) zi rconi um chl ori de obtai ned in

Pr oduct i Ex e 1-1.6 / ol pen@nso! uhd Pn,1dked M ), randc e 08
nmol (64%%g %gﬁgomégﬁﬁggyﬁg?ﬁegkg%aniIiniun1 ¥

tetraki scaentafluorgphenyl Joprate. i Nty dndil @hassaiederSchkenine
flask in~a nitrogen at nosphere, then stirring themtherein at room
tenperature far_ .about .I_m nut a e f urt her addi eto
1 m of %ﬁﬁ&ﬁﬁgigﬁnuFﬁéglP%f?99dggéggﬁ§%§nggg%?§?iEg’tﬁgﬁ12§n%€§%{
tenperature for hour s.out _into th t t of
hydrogengﬁigér ddgﬁ%npﬁéggi%?o?baﬁd ?ﬁ%gpgﬁ%ﬁégfgg‘igﬁgﬁggijagb
started. After 120 mnutes, 1.6 of the renainin at al ] e
was added t8-it ﬁ@F¥bm§ Wi at! tH%% H:E%ti&ﬁngft%g C @8¥§%28£§19£
m nutes. Then, 10 m of nethanol was gdded ﬁo it to.stop %he lower
pol yrer | Pattisdile TREScoMPRRR s WIS t ak8ANout ™S arftf putt it 89¥00 R bf
aqueous 1 nmas. % NaOH sol ution, and stirred therein. The sol tkgnfmas
transf er WS ' PROEEPAr AY oS (FRHET LS Em dt PRe PEPGRIGEE Faysi ™ ot
collected. The organic |ayer was washed with water, and filtered
t hr ough Tdyeo cRitlalers Paferindys 1igrl g RV e 34 Y%hove the solid
matter. The resulting solution was evaporated with a rotary
evapor at adrcq@der a reduced pressure of about 1.0 x 10-4 MPa, in an
oil bath at 100C) to renove toluene, the starting material, nethanaol
and ot hers, thearebyhei vrage2?sigvehtaonel dtessolyeerbatiehen | ngahad
Using a thin filmdistillation apparatus (Shibata Scientific's
Mol ecul e i3 stridd atsper iApparldiyus deBn300 Speci aknybdmethadt hof bulk
hi gh- vacuum degassi ng unit DS-212Z7), this was distilled under a
reduced prEsswe oft forx, 10- BoMRaiah 18Q0 tymemwmaie.drhe fravspension
havi ng at nost 24 carbon atons, thereby collecting 239 g of a
pol yner . ckemeotd £0desh pol yamirwas apal ymedi astbonj ng vapbhe phase
above- nenti oned anal ysis nethods, and the results are shown in Table
1. After gheglistidd i 0pr the polydrer swasmpldlyaliliea a Bégandass the
aut ocl ave having an inner capacity of 1 liter, and a stabilized
ni ckel cafal yaly {akahn ChemuGak ohndushéy vo13NER0)z s raddedpthetate
in an anount” of 1% by nass, and then the polyner was reacted for 6
hours i n _hydrgge t 3QC.. Af od he i e to
cool ed tom%a/¥ oﬁ%d%@&%{%ﬁ t %&cgnttecﬁtggaedr'e ?%ggﬁg%g?y ffr?é}%} Y\i@?er ed
t hr ough - filter at .7 tQ r e jt-he. catalyst | i ,
t her eby (a:jo?’lqag“r(?tirﬁ%r33@r§ﬂfe%%b§%hy§$§ﬁéeﬁtgt e%gp&?ynéf. ‘:‘%{éjfvgigé the
anal yzed accordi pg e- ti j h , t
R ouh he rara IS, SOBa Bl oy 5l Te TR e, stascLhg

results rn-Table™1.

colorless transparent, hydro at.ed L ch. frpacti.on
havi ng at™HRgEe ﬂ-ﬁﬁ?b5ﬁ¥590 ﬁgﬁ“ﬁ%%#yg@%%@%%?ﬁ%ﬁgfﬁﬁ%%ﬁﬁeéh? by
according to the sa rocess as in,Ex le 1-1, for_whic¢h, .
ho. pol Y 2ot ORCT SRBEPLl uFEollad S0CI OThenPEEUPE S Shrarned o 160
according to the above-nentioned anal ysi s nmet hods are shown , i.n Tabl e
1. [0086]tCExa3n‘%l-e 1-Also  prefermably %%0|Pc9g1yé‘b%“tzraatﬁs°ﬁ‘aré:r%€“,e 15
hydr ogenat ed pol ynmer, fromwhich the fractign gaving a% nost 24 .
carbon at@emehabl beehreBmodedindEedbt APned®acB8PiPng 85t hé S&4ie O

process as in Exanple 1-1, for which, however, the annuntngf
1- dodeceneremsuPs0is caref e laholkem oNOINgét PHE SR ©146° nf - 2THEAG,

more preferably from ncrmal pressure to 0.1 MPaG.
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Exanpl e 1-5: 240 g of a colorless transparent, hydrogenated
pol ynmer, from which the fraction having at nost 24 carbon atons had
been renoved, was obtai ned according to the sane process as in
Exanpl e 1-1, for which, however, the amount of 1-dodecene was 140 ni
and the anmount of 1-octene was 260 ml . The results obtained according
to the above-nentioned anal ysis nethods are shown in Table 1. [0089]
Exanpl e 1{6058] 215 g of a colorless transparent, hydrogenated
pol ymer, fromwhich the fraction having at nost 24 carbon atons had
been renoved, waseobtahned aggor g t.he rocess.as in

g Bl 1}031 Iﬁ@E‘R?B nt esrr%leer aPur& ks

Exampl e 1-5, for which, however, "'the polynerizatio

90C. The yppult s, obtai ne i 0 above- tioned anal ysis

met hods are shoﬁ%Qi%ngbﬁgﬁ%%gngQ%TgEig%EF% F?@nﬁﬂka vigwpglnt /L

col orles r ; ro at.ed pal r, fromwhich the fraction

havi ng a?j%%§$§ %uggéﬁ%gygtoggghgdEﬁﬁéﬁ%ﬁgﬁ%V%d?ewh%e%ngPﬁ@an' In

accordirmggéhthg S Jprocess as in anple 1-1, for which, however,
0 e a

t he anount 15 dodecere waS" 326 %P 1 € of 18- o@ene2haBaBHe
m, and t %hpohngrization tgﬁ erature was 90C. The results obtained
accor di ng 10 $HE SWovei e Zehal ysPEupRe hotislane, shehrlbanFanee
1. [0091]tﬁanple 1-%& ., 203 g of a colorless transparent,

hydr ogenated ‘pol3fherd L ¥ Whi chY FFHeCIFRer i otudavi 31y atvebepenrtdane,
carbon ato had been renoved, was obtained according to the sane
process &¥GPNEEARS e 1 EthBCYmidiExaieverstae anmount afiphatic

1- dodecene was 280 m, the anmount of 1-octene was 120 m, and the

pol yner i ZAGEGFAERFer UGhe WEs DOTLaTRe rbenhns, obbepnede accorthmg, t 0
t he above-nentioned anal ysis nethods are shown in Table 1. [0092]
Exanple £f¢-7 @  haboggnohydreockopbess tuahspament, dtydsagemnahed
polynmer, fromwhich the fraction having at nost 24 carbon atons had
been remgvédlonagesbeaienedaecor Ghrg di0 hheesanehpr 9SESSNAS WAy be
Exanple 1-1, for which, however, the anount of 1-dodecene was 300 nml,
t he anoubsedf herectdrndewas itQ yrgr and ddbpaddMen zatide 4 emel afdir e
was 90C. The results obtained according to the above-nenti oned

anal ysi slpbtiieds aretbbowikienmigbker¥e as a solvent.

[0059]

In the production method for the l-octene/l-dodecene
copolymer of the present invention, hydrogen may be added
in polymerization of a-olefin to improve the activity. In
case where hydrogen is used, in general, its pressure may
be at most 2 MPaG, preferably from 0.001 to 1 MPaG, more
preferably from 0.01 to 0.2 MPaG.

[0060]

in the present invention, the polymerization
catalyst may be used in prepolymerization. The
prepolymerization may be attained, for example, by

contacting a small amount of an olefin with the catalyst
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[ 0093] Exanpl e 1-10: A stainless reactor having an inner
capacity of 1 liter was fully dried and purged with nitrogen, and
then 166 m of 1-octene, 234 m of 1-dodecene and then 0.2 mmol of
triisobutylal um niumand 0.008 mml of N, Ndi methyl anilinium

tetraki s(pent afl uorophenyl )borate were put thereinto, stirred for
about 1 mnute, and heated up to 40C. Next, 0.004 mmol of bis(2-

met hyl i ndenyl).zirconi ym di chiorkde swas,pubpbsl 014114 hew :8n@a, MRatal of
hydr ogen WS S'ntr'oduced t hereinto, and the pol ynmeri zati on was
started. After this react fo 2 1A Lt r 2198 A the
met hanol aﬁﬁsi&%@dq\@%& gl%t c??rgjtlo a#ﬁ(% 'porfyke%ilz@afgilﬁo%% The
contents were taken out into,a 1-]jter [elE nt 4l t he 0
m of topﬁéﬁé’lgﬁ‘ﬁriéﬁ%ﬁpnof laaueorjluésél r?%tse% ?ﬁ%%ﬁ-}l ol u??gﬁﬁa%e ia%rgcgd

thereto and stirred for 1 hour. Thi.,s was statical/l, ent. or
1 hour, theAUERs ad@&ofLPRASa 0T Gt ,a_éétfﬁr#l g}aa\%c)lurr?i ]\'s;\% er:g

was newl y added thereto, stirred for 1 hour, then s i-cal e )
such for t® hé¥r Cagh@nt hat AfTieodE pﬁégérmé%l}itéﬁeen' ou%gg%%?g%géra ril(%n
was repeated tw ce. The organi c_layer was filteregl.throughusae also
2-1mi cr onsesme fMINaKET t fznLARRNS W rete | REOYER® LHYE PRt St yBE S | %S
and the |ight conmponents of toluene, the starting materjal, pnethanol
and ot heds werdeeyvaporeR@yearlZamedt - a redddd pridsSRr VB Eapdut©3. o
x 10-1 MPa at 140C, thereby giving 204 g of a col orl ess transparent
vi scous ldemigietatusiengia tdemeralhy difstdn | aBlontappdatus pohfeaealy
Scientific's Molecule Distillation Apparatus, M- 300 Special Mdel),
200 g of den obt@ited oSG ousdd quief evwao by sirdhed tAdéP Q. r eBucele
pressure of 5 x 10-6 MPa at 180C, thereby giving 168 g of a_col orl|ess
t r anspar gitept1Seausi ddtquird f raom wimett t Heydreeatlrmhavihg at iRB3EL20
carbon atons had been conpletely renoved. 150 g of the

obt ai ned niceitsrddmui dnansk 20Ot ofy repteamieryer @ puindgmrn r the
stai nl ess autocl ave having an inner capacity of 2 liters, and a
stabilized i ckel ot ahyst (ESakehe Chertivealt .| ndost ricsEN786peaaslly
added thereto in an anount of 1% by mass relative to the viscous

l'i qui d, ?}%f&q}ba hg ypol yWer wash dtgact agdkeraébbaurand n sydeogeatat
0.7 MPa at 85C. After the reaction, this was cooled to around 40C,

t hen the lﬁg@#@é’gﬁo T e kel 1 yraddh dd 1 etk bougbtai2egmihi kher
to renove e catal yst ingredients. Using a rotary evaporator,

hept ane | etel rat Yeb81@h¥eii48ignofcandition is
hydr ogena esd&gé(;?y%r.ébr |€rp€\ias gglaﬁaygedﬁ)acgor ding to the

above- nmenti oned l ysis dt esuhts agkoshewn 4m Tabke
1. [0094]p@§errlb?k2f€- 1%:0 @&H@Qé%%ég oftr}gaﬂ::ol gh ess transparent

vi scous |i qui from whi ¢ fracti hawi ,ganbgnper
at ons haop%é%%l%%}%?w@r%ﬁr%%%%% @ \%\ggﬂgb?\aéi %éﬁltaclgg%ii %g to t%epsams
process as in apple 1-10,for.which . - ,

i sopr opylJro‘@ﬂ%ﬁ?ﬁ%%%n?ﬁ?ﬁ%ﬁéf’??fﬁﬁ%?g\rﬁi{ggﬁ%g%uﬁ the catalyst

di chl ori dewasusedi npl a]ge% bi s(ﬁ- mei h%(%)bndenyl ) zi rconi um di chl ori de,
and the HBR¥EnRreERHRPLY FEAnd the' pdl yneri zati on tenperature were
80C. 75 g of the obtained viscous |iquid was hydrogenated in the sane
manner as[P®6Ekanpl e 1-10 to give 72 g of a hydrogenated pol ymer. The
results obtained according to the above-mar%ti %ned anal éi S 01%%
are shown in Tabhethe [OOSBICtERIhpRetacdoct toe p{gaeé of 'd ’
colorless transparent viscous liquid, fromwhich the frﬁcti on r%ahvi ng
at nost 20ocacbnhralibisohife molecular weight of the polymer, er

may be employed a method of selecting the type and the
amount of the individual catalyst ingredients to be used

and the polymerization temperature, a method of adding
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been conpletely renoved, and 147 g of a hydrogenated pol ynmer were
obt ai ned according to the sanme process as in Exanple 1-10, for which,
however, bis(indenyl)zirconiumdichloride was used in place of bis(2-
met hyl i ndenyl ) zi rconi um di chl ori de, the anmount of 1-octene was 300 m
and the amount of 1-dodecene was 100 m, and the heating tenperature
and the polynerization tenperature were 50C. The results obtained
accor di nthydrddun abeve- sentdoned anal ¥&d sndretdrodsnare si@hTahke
1. [0096] Conparative Exanple 1-1: 236 g of a colorless

t ranspar efits r Qe Qgenafeed ip@l yner, fromwhich the fraction having at
nost 24 carbon atons had been renoved, was obtained according to the
sane procegsAas in Exanple 1-1, for which, however, 160 ml of
1-tetradecene and 240 m of 1-hexene were used as nmononers. The

results obtain a di the above-Jrent ] nal ysi s t hods
are shown in ngﬁegggé[o gcﬁ%ba?agﬁéngXaﬁgpggigzf“y USEC 238 o of
a colorl s arent, %gﬂgt d 0 i C e N
fractiongﬁgvﬁﬁgggf ﬁ%gf 23%%g$ on éﬁon@ﬂk%gq%%g%{?%;n)exéh%éhﬁ’ 1
obt ai ned acgcording to the sanme,process as in Exanple 1-1, .for_which,
nowever . B Usenn e aT A AREEET S o Sr o BReE i S P A
nononers, he re ultg obtaingd aCCQ%ging éo t.he above-nenti oned
anal ysi s "FEHERE Car RO SHBRAL FAT 3R €8P [ 0088] ChpaFRPYvEIedmpted.
1-3: 183 of a colorless transparent, hydrogenated pol yner
from whi &% heezf‘%é%i%n ﬁgﬁrﬁg éftabhnngzﬂt%]rtﬂé%le& on® hal&tglééin o
renoved, was obtai ned according to the sane process as in Exanple
1-1, for SKRPOR2HEReFEE, T866 tHOTOP YELEBUEPEE £9dUPGE MIr eSS Ut Shexene
were used as nononers, _and the pol ynerization tenperature was 80C.

The results obFarASd2RéYer dithg t ¢ 1a%d soilednsindansed canalpgier  1is

nmet hods are shown in Table 2. Copol yner before Hydrogenation 2, 1-
| nserti ohydrogenated to produce a hydrogenated l-octene/l-dodecene

copolymer from the viewpoint of improving the stability.
The ﬁydrogenation method 1is not specifically defined, and
any known method is employable.

[0063]

By using the production method of the present
invention, a l-octene/l-dodecene copelymer useful as a
high-viscosity lubricant o0il excellent in viscosity
characteristics and low-temperature characteristics can be
produced industrially easily; and further, by controlling
the reaction condition, for example, by regulating the
reaction temperature, properties of the product can be
widely varied.

The above wording "can be produced industrially

easily” means that the amount of hydrogen to be used may
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be small and the degree of pressure to be applied may be
low, a relatively mild and easily controllable reaction
temperature is used, the process does not reguire a step
of diluting the system with an inert solvent.

[0064]

[Second Aspect of the Invention]

The o-olefin (co)polymer of the second aspect of the
present invention is produced by the use of a metallocene
catalyst and satisfies the following (a') and (b'):

(a') The 2,l-insertion ratio at the polymer terminal, as
measured through 'H-NMR, is at least 30 mol% of the entire
molecule,

{b') The mesotriad fraction (mm), as measured through B
NMR, is at most 50 mol%.

[0065]

Regarding the polymer terminal structure of the a-
olefin (co)polymer of the second aspect of the present
invention, preferably, the proportion of chain transfer
reaction occurring in 2,l-insertion of monomer is larger.
Concretely, the 2,l-insertion ratio at the polymer
terminal, as measured through lH-NMR, must be at least 30
mol% of the entire molecule, preferably at least 40 mol%,
more preferably at least 60 mol%. When the 2,l-insertion
ratio at the polymer terminal 1is less than 30 mel%, then

the 2,l-terminal structure decreases and the tertiary
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hydrogen increases, and therefore, the polymer is poor in
oxidation stability.
[0066]

In the a-olefin (co}polymer of the second aspect of
the present invention, the mesotriad fraction (mm), as
measured through '*C-NMR, must be at most 50 mol$,
preferably from 25 to 50 ml%, even more preferably from 30
to 40 mol%. When the mesotriad fraction (mm) is more than
50 mol%, then the polymer may be poor in low-temperature
characteristics. More preferably, the mesotriad fraction
(mm) is at least 25 mol% from the viewpoint of the low-
temperature characteristics.

[0067]

Preferably, the o@-olefin (co)polymer of second
aspect of the present invention has a mean short-chain
branch number per one molecule of the polymer, as measured
through *°C-NMR, of at most 2.0, more preferably from 0.2
to 1.6, even more preferably from 0.4 to 1.4. The short-
chain branch as referred to herein is meant to indicate
the methyl group, the ethyl group and the propyl group in
the polymer. When the mean short-chain branch number per
one molecule of the polymer 1is at most 2.0, then the
tertiary hydrogen in the polymer decreases and the polymer
is excellent in the oxidation stability and the viscosity

index. When the mean short-chain branch number is at
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least 0.2, the polymer has excellent low-temperature
characteristics.
[0068]

Preferably, the oa-olefin {(co)polymer of the second
aspect of the present invention has a double bond amount
relative to all the monomer units, as measured through y-
NMR, of at most 1.0 mol% from the viewpoint of the
oxidation stability since the unsaturated site therein is
fully hydrogenated, more preferably at most 0.5 mol%, even
more preferably at most 0.3 mol%, still more preferably at
most 0.1 mol%.

[0069]

The 2,l-insertion ratio at the polymer terminal and
the double bond amount relative to all the monomer units
may be determined according to the method mentioned below.

First, according to a known method, the a-olefin
{co)polymer 1is analyzed for 'H-NMR. In 'H-NMR, the
intensity computed by subtracting the methyl branch-
attributable peak from the methyl group-attributable peak
is represented by A, and the value computed by diving it
by the hydrogen atom number 3, A/3 indicates the total
amount of the monomer units in the a-olefin (co)polymer.
The double bond includes four structures of vinyl,
vinylidene, 2-substituted inner olefin and 3-substituted

inner olefin; and the 2-substituted structure is detected
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at around 5.4 ppm, the 3-substituted structure is at
around 5.15 ppm, the vinyl is at around 4.95 ppm and at
around 5.8 ppm, and the vinylidene is at around 4.7 ppm.
The peak intensity at around 5.4 ppm, around 5.15 ppm,
around 4.95 ppm, around 5.8 ppm and around 4.7 ppm is
represented by B, C, D, E and F, respectively.

Accordingly, the 2,l-insertion ratio at the polymer
terminal, X (mol%) is computed as the ratio in the double
bond amount according to the following formula:

X = ((B/2) + C)/(B/2 + C + (D + E)/3 + F/2) x 100

The double bond amount remaining in the a-olefin
(colpolymer, Y (mol%) 1is computed by dividing the sum
total of each double bond by the monomer unit sum total,
concretely according to the following formula:

Y = (B/2 +C+ (D+ E)/3 + F/2)/{A/3) x 100
(0070]

The monomer for use in production of the a-olefin
(co)polymer of the second aspect of the present invention
is preferably an oa~olefin having from 4 to 20 carbon atoms,
and concretely, for example, includes l-butene, 1l-hexene,
l-cctene, l1-decene, l1-dodecene, l-tetradecene, 1-
hexadecene, l-octadecene, l-eicosene, etc. Also usable is
a substituent-having a-olefin, such as 4-phenyl-1-butene,
3-methyl-1l-pentene, 4-methyl-1-pentene, 3,3-dimethyl-1-

pentene, 3,4-dimethyl-1-pentene, 4,4-dimethyl-1-pentene,
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4-methyl-1l-hexene, 5-methyl-1l-hexene, 6-phenyl-1l-hexene,
etc. Of those, preferred for use herein 1s an
unsubstituted a-olefin having from 6 to 14 carbon atoms,
and more preferred is an unsubstituted o-olefin having
from 8 to 12 carbon atoms. In particular, from the
viewpoint of the viscosity characteristics and the low-
temperature characteristics thereof, preferred is a 1-
octene/l-dodecene copclymer obtained from l-octene and 1-
dodecene.

When the carbon number of the a-olefin falls within
the above range, there hardly occurs a problem of pour
point depression or a problem that the polymer is not
liquid.

[0071]

Preferably, the a-olefin (co)polymer of the second
aspect of the present invention has a kinematic viscosity
at 100°C, as measured according to JIS K2283, of from 2 to
1,000 mm?’/sec, more preferably from 10 to 500 mm’/sec,
even more preferably from 30 to 200 mm®/sec, . When the
kinematic viscosity at 100°C is at least 2 mm®/sec, then
the durability of the polymer in use as a lubricant oil
ingredient could be enough; and when at most 1,000 mm?/sec
then the polymer could be satisfactory from the energy-
saving standpoint.

[0072]
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For example, when the oa-olefin (co)polymer of the
second aspect of the present invention has a kinematic
viscosity at 100°C of about 40 mm?/sec, in general, its
pour point is not higher than -40°C and its wviscosity
index (VI) 1is at least 170. On the other hand, the a-
olefin (co}polymer having a kinematic viscosity at 100°C
of about 100 mm?/sec, generally has a pour point of not
higher than -35°C and has a viscosity index (VI) of at
least 190. The viscosity index (VI) is computed according
to the ASTM method D2270.

[0073]

Preferably, the o-olefin (co)polymer of the second
aspect of the present invention has a number-average
molecular weight (Mn), as measured through gel permeation
chromatography (GPC), of from 200 to 15,000 from the
viewpoint of securing long life operation in use as a
lubricant o©il ingredient and securing energy saving
similarly to the above, more preferably from 1,000 to
10,000, even more preferably from 1,500 to 6,000.

For the same reason, the a-olefin (co)polymer of the
second aspect of the present invention preferably has a
weight-average molecular weight (Mw), as measured through
GPC, of from 200 to 30,000, more preferably from 1,000 to
20,000, even more preferably from 3,000 to 10,000.

[0074]
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Reaction Condition Tenperature

Preferably, the a-olefin (co)}polymer of the second
aspect of the present invention has a molecular weight
distribution (Mw/Mn) of at most 3.0, more preferably at
most 2.0, even more preferably from 1.3 to 2.0. When the
molecular weight distribution (Mw/Mn) is at most 3.0, then
the high-molecular-weight ingredient decreases to improve
the shear stability, and the low-molecular-weight
ingredient decreases to lower the volatility.

[0075]

The a-olefin (co)polymer of the second aspect of the
present invention can be produced in the same manner as
that for the l-octene/l-dodecene copolymer of the first
aspect of the present invention, except that the above-
mentioned various monomers are usable as the starting
material. The catalyst for use in producing the oa-olefin
(co)polymer of the second aspect of the present invention
is the same as that for use in producing the l-octene/l-
dodecene copolymer of the first aspect of the present
invention described above.

Like the 1l-octene/l-dodecene copolymer of the first
aspect of the present invention, the wa-olefin (co)polymer
of the second aspect of the present invention can also be
hydrogenated into a hydrogenated a-olefin (co)polymer.
[0076]

[Lubricant 0Oil Compositicon]
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The lubricant oil composition of the present
invention contains the above-mentioned l-octene/l-dodecene
copolymer and/or the above-mentioned hydrogenated 1-
octene/l-dodecene copolymer, or the above-mentioned -
olefin (co)polymer and/or the above-mentioned hydrogenated
a-clefin (co)polymer. Preferably, the composition
contains the polymer generally in an amount of from 0.01
to 100% by mass based on the total weight of the
composition.

In the lubricant oil composition of the present
invention, the form in use of the 1l-octene/l-dodecene
copolymer, the hydrogenated l-octene/l-dodecene copolymer,
the oa-olefin (co)polymer and the hydrogenated oa-olefin
(co)polymer is not specifically defined. In the
composition, the polymer may be used as a base o0il, or as
an additive. In case where the polymer is used as the
base o0il, the polymer may broadly cover from a low-
molecular-weight one to a high-molecular-weight one. When
used as the base o0il, the polymer may be used alone or may
be used as mixed with any other base o0il. The blend ratio
is not specifically defined. In general, based on the
total amount of the composition, the amount of the polymer
as the base o0il may be from 1 to 100% by mass. In case
where the polymer is used as the additive, for example, it

may be used as a viscosity index improver. In this case,
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preferably, a (hydrogenated) l-octene/l-dodecene copolymer
or a (hydrogenated) a-olefin (co)polymer having a
relatively high molecular weight 1is used. For example,
the (hydrogenated) 1l-octene/l~dodecene copolymer or the
(hydrogenated) a-olefin (co}polymer having a relatively
high molecular weight includes those having a number-
average molecular weight of more than 5000. The amount of
the polymer to be added may be generally from 0.01 to 33%
by mass based on the total amount of the composition.
[0077]

Various known additives may be opticnally added to
the lubricant oil composition of the present invention,
not detracting from the object of the present invention.
For example, the additives include phosphérus—containing
extreme pressure agents such as phosphates, phosphites,
etc.; olly agents such as oleic acid, stearic acid, dimer
acid and the like carboxylic acids and their esters, etc.:;
abrasion inhibitors such as zinc dithiophosphate (ZnDTP,
excepting aryl-form), zinc dithiocarbamate (ZnDTC),
oxymolybdenum sulfide dithiocarbamate (MoDTC), nickel
dithiophosphate (NiDTP), nickel dithiocarbamate (NiDTC),
etc.; amine-type or phenol-type antioxidants; metal
inactivators such as thiadiazole, Dbenzotriazole, etc.;
sludge dispersing agents such as alkenylsuccinic acids and

their esters or imides, etc.; corrosion inhibitors such as
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sorbitan esters, neutral alkaline earth metal sulfonates,
phenates and salicylates, etc.; defoaming agents such as
dimethylpolysiloxane, polyacrylate, etc.

[0078]

The lubricant oil composition of the present
invention is not specifically defined in point of the use
thereof, and, for example, the composition may be used for
internal combustion engine oil such as gasoline engine oil
{(2-cycle, 4-cycle), diesel engine oil, etc.; drive system
0il such as gear oil, ATF (automatic transmission £fluid),
PSEF (power steering fluid), buffer oil, etc.; facility oil
such as chassis oil, turbine o0il, hydraulic oil, machine
tool oil, refrigerator oil, etc.; working oil such as
rolling oil, cutting oil, heat treatment oil, etc.; grease,
etc.

[Cescription of Embodiments]
[0079]

Now the present invention 1s described in more
detail with reference to the following Examples; however,
the present invention should not be restricted at all by
these Examples.

[0080]

The physical properties of a-olefin polymer were

measured and evaluated according to the following methods.

(1) Pour Point:
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Measured according to JIS K 2269.

{2) Kinematic Viscosity and Viscosity Index:

The kinematic viscosity was measured according to
JIS K2283. The viscosity index is computed from the
kinematic viscosity, according to JIS K 2283.

(3) Number-Average Molecular Weight and Molecular Weight
Distribution (Mw/Mn):

Using JASCO's GPC~900 (column unit: TOSOH TSK-GEL
MULTIPORE HXL-M (2 columns) + Shodex KF801 (one column))
with a solvent of tetrahydrofuran, the polymer sample was
analyzed at 40°C to determine the data thereof based on
polystyrene.

(4) Mesotriad Fraction {mm), Terminal Structure:

The polymer sample was analyzed through BC-NMR,
according to the method described in "Macromolecules 24,
2334 (1991); Polymer, 30, 1350 (1989)".

(5) Double Bond Amount:

Using JEOL's BURUKER 500 MHz NMR apparatus, the
polymer sample was dissolved in a heavy chloroform solvent
and analyzed through 'H-NMR.

In H-NMR, the intensity computed by subtracting the
methyl branch-attributable peak from the methyl group-
attributable peak 1s represented by A, and the wvalue
computed by diving it by the hydrogen atom number 3, A/3

indicates the total amount of the monomer units in the
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copolymer. The double bond includes four structures of
vinyl, vinylidene, 2-substituted inner olefin and 3-
substituted inner olefin; and the 2-substituted structure
is detected at 5.4 ppm, the 3-substituted structure is at
5.15 ppm, the vinyl is at 4.95 ppm and at 5.8 ppm, and the
vinylidene is at 4.7 ppm. The peak intensity at around
5.4 ppm, around 5.15 ppm, around 4.95 ppm, around 5.8 ppm
and around 4.7 ppm is represented by B, C, D, E and F,
respectively. The value computed by dividing the peak
intensity by the number of the hydrogen atoms bonding to
the double bond carbon, (P + E)/3, B/2, C, F/2 each
represent the amount of the double bond. The double bond
amount Y (%) remaining in the copolymer is computed by
dividing the sum total of the double bonds by the monomer
unit sum total, as follows:

Y = (B/2 +C+ (D+E)/3 + F/2)/(A/3) x 100
(6) Number of Double Bonds in One Molecule:

From the number-average molecular weight Mn obtained
through GPC and the mean molecular weight F constituting
the copolymer, the mean polymerization degree P 1is
computed as follows:

P = {Mn/F)

The mean monomer molecular weight F can be obtained from
the copolymerization composition. Concretely, when the

dodecene content 1is represented by X mol%, then F 1is
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computed as follows:

F =168 x X/100 + 112 x (1 - X/100)

The number N of the double bonds in one molecule is
computed by multiplying the double bond amount E by the
mean polymerization degree, as follows:

N =PxY x 1/100
[0081]

(7) Ignition Point:

Measured according to JIS 2265, using a Cleveland
open-cup tester.

(8) Mean Short-Chain Branch Number in One Molecule of
Polymer:

Obtained according to the following formula:

Mean short-chain branch number in one molecule of polymer
= {mean polymerization degree P) x (mean monomer carbon
number) x (short-chain branch ratio)

(Short-Chain Branch Ratio)

Using JEOL's BURUKER 500 MHz NMR apparatus, the
polymer sample was dissolved in a heavy chloroform solvent
and analyzed through PC-NMR.

Test Condition: 30-~degree pulse; pulse repetition time, 10
sec; cumulated number, 1000 times; 26°C.

Analysis: from 15 to 20.8 ppm was identified as methyl
group, from 14.5 to 15 ppm was as the methyl carbon of

propyl group, and from 10.3 to 13.5 ppm was as the methyl
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carbon of ethyl group.

Short-Chain Branch Ratio (number/total 1000 carbons),
computed as follows:

Total areal intensity of methyl group carbons (methyl
group + ethyl group + propyl group)/(total area intensity
at 10.3 to 46 ppm) x 1000,

(9) Oxidation Stability Test:

Tested according to a rotating bomb oxidation test

of JIS K2514 (RBOT test).

[0082]

Production Example 1-1:

[Production of (1,1'-dimethylsilylene) (2,2"'~
dimethylsilylene)-bis (cyclopentadienyl) zirconium
dichleride]

About 13.8 g (600 mmol) of metal Na and 400 ml of
dry THEF (tetrahydrofuran}) were put into a nitrogen-purged,
1000-m1 three-neck flask, and stirred therein at 0°C.
After 5 minutes, 1 to 2 ml of cyclopentadiene was dropwise
added thereto, and when the hydrogen generation stopped, 1
to 2 ml of additional cyclopentadiene was added thereto.
This was repeated, and 50 ml (600 mmol) in total of
cyclopentadiene was added. The reaction solution changed
from colorless transparent to pale pink. THF was removed
through evaporation under reduced pressure, and the

crystal was washed twice with hexane and dried to
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solidness under reduced pressure to give cyclopentadienyl
sodium as a pink powder.

457 ml of THF was added to 43.0 g {480 mmol) of
cyclopentadienyl sodium at 0°C and stirred. This was
cooled to -78°C, and 29.2 ml (480 mmol ) of
dichlorodimethylsilane was gradually and dropwise added
thereto. The solution changed from pink to white. This
was stirred overnight at room temperature, then THF was
evaporated away to give a yellow powder [compound (1)].

The compound (1} was extracted with 150 ml of hexane,
and the supernatant was transferred into a nitrogen-purged,
1000-mL three-neck flask. This was cooled teo =78°C, and
175.8 ml (480 mmol) of n-butyllithium (2.73 mol/l} was
dropwise added thereto. The reaction solution changed
from yellow to milky white. This was stirred overnight at

room temperature, and filtered, and the supernatant was

evaporated away. The resulting white solid was washed
with 100 ml of hexane. This was dried under reduced
pressure to give a dilithium salt [compound (2)] as a

white powder.

50 ml of diethyl ether and 100 ml of hexane were
added to 27.4 g (137 mmol) of the compound (2). This was
cooled to -78°C, and 16.7 ml (137 mmol) of
dichlorodimethylsilane was gradually and dropwise added

thereto. This was stirred at room temperature for 5 hours,
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then the precipitate was removed through filtration, and
the filtrate was concentrated, This was recrystallized
from hexane to give 4.05 g (yield 12%) of a compound (3)
as a needle-like transparent crystal.

4.05 g (16.6 mmol) of the compound (3) was dissolved
in 60 ml of hexane in a nitrogen-purged, 200-ml Schlenk
flask, and stirred therein. This was cooled to -78°C, and
12.1 ml (33.1 mmel) of n-butyllithium (2.73 mol/l) was

dropwise added thereto, and stirred overnight at room

temperature. The solvent was evaporated away from the
cloudy solution under reduced pressure, and the
precipitate was washed with 20 ml of hexane. This was

dried under reduced pressure to give a dilithium salt
[compound (4)] as a white powder.
{0083]

34 ml of toluene was added to the compound (4). A
suspension of =zirconium tetrachloride (2.9 g, 16.6 mmol)
in toluene (51 ml) was dropwise added to the previous
suspension at -20°C. This was stirred overnight at room
temperature, and the solvent was evaporated away under
reduced pressure to give the intended substance [compound
{5)]. The compcund (5} was extracted with 30 ml of
dichloromethane, and the filtrate was concentrated. This
was washed with 10 ml of hexane, then dried under reduced

pressure to give 500 ml of the compound (5) (yield 7.4%).
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Its N-NMR gave the following data.

N-NMR (500 MHz, CDCls) &: 0.49 [6H, s, (CH3).Sil, 0.87 [6H,
s, (CHs).Si], 6.40 (2H, t, -CH-), 6.89 (4H, d, -CH-)

(0084]

Example 1-1:

A stainless autoclave having an inner capacity of 1
liter was fully dried and purged with nitrogen, and then
200 ml of l-dodecene, 200 ml of l-octene and then 0.3 mmol
of triisobutylaluminium were put thereinto, and heated up
to 105°C. 1.6 ml of a scparately prepared catalyst
mixture (this was ©prepared by putting 0.20 mmol of
triisobutylaluminium (0.5 mmol/ml toluene solution; 0.4
ml), 4 pmo L of {(1,1'-dimethylsilylene) {(2,2'~
dimethylsilylene)-bis(cyclopentadienyl)zirconium chloride
obtained in Production Example 1-1 {5 pmol/m)l toluene
solution, 0.8 ml), and 0.08 mmol (64 mg} of powdery N,N-
dimethylanilinium tetrakis (pentafluorophenyl)borate into a
10-ml glass-made Schlenk flask in a nitrogen atmosphere,
then stirring them therein at room temperature for about 1
minute, and thereafter further adding thereto 1 ml of 1-
octene and 1 ml of l-dodecene and stirring them at room
temperature for 1 hour) was put into the autoclave, then
0.05 MPaG of hydrogen was introduced thereinto, and the
polymerization was started. After 120 minutes, 1.6 ml of

the remaining catalyst mixture was added to it followed by

60



Ki nematic Viscosity (mR/sec) 0.00T Es. PZT Eg ZZT LE 6ET LIT STT
LIT TS TPT 6E

further reaction at 105°C for 120 minutes. Then, 10 ml of
methanol was added to it to stop the polymerization. The
contents were taken out, and put into 200 ml of aqgueous 1
mas.% NaOH solution, and stirred therein. The sclutiecn
was transferred into a separatory funnel, and the organic
layer was collected. The organic layer was washed with
water, and filtered through Toyo Filter Paper's filter
paper 2C to remove the solid matter. The resulting
solution was evaporated with a rotary evaporator (under a
reduced pressure of about 1.0 x 107% MPa, in an oil bath at
100°C) to remove toluene, the starting material, methanol
and others, thereby giving 275 g of a colorless
transparent liquid. Using a thin film distillation
apparatus (Shibata Scientific's Molecule Distillation
Apparatus, MS-300 Special  Model, with  high-vacuum
degassing unit DS-212Z), this was distilled under a
reduced pressure of 5 x 107°® MPa at 180°C to remove the
fraction having at most 24 carbon atoms, thereby
collecting 239 g of a polymer. The collected polymer was
analyzed according to the above-mentioned analysis methods,
and the results are shown 1in Table 1. After the
distillation, the polymer was put into a stainless
autoclave having an inner capacity of 1 liter, and a
stabilized nickel catalyst (Sakai Chemical Industry's

SN750} was added thereto in an amount of 1% by mass, and
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then the polymer was reacted for 6 hours in hydrogen at 2
MPa at 130°C. After the reaction, this was cooled to
around 80°C, then the contents were taken out, and
filtered through a 1l-pm filter at 70°C to remove the
catalyst ingredients, thereby collecting 233 mg of a
hydrogenated polymer. This was analyzed according to the
above-mentioned analysis methods, and the results are
shown in Table 1.

[0085]

Example 1-2:

209 g of a colorless transparent, hydrogenated
polymer, from which the fraction having at most 24 carbon
atoms had been removed, was obtained according to the same
process as in Example 1-1, for which, however, the
polymerization temperature was 90°C. The results obtained
according to the above-mentioned analysis methods are
shown in Table 1.

[0086]
Example 1-3:

238 g of a coloriess transparent, hydrogenated
polymer, from which the fraction having at most 24 carbon
atoms had been removed, was obtained according to the same
process as in Example 1-1, for which, however, the amount
of 1l-dodecene was 260 ml and the amount of l-octene was

140 ml. The results obtained according to the above-
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mentioned analysis methods are shown in Table 1.
[0087]
Example 1-4:

208 g of a colorless transparent, hydrogenated
polymer, from which the fraction having at most 24 carbon
atoms had been removed, was obtained according to the same
process as 1in Example 1-3, for which, however, the
polymerization temperature was 90°C. The results obtained
according to the above-mentioned analysis methods are
shown in Table 1.

[0088]
Example 1-5:

240 g of a colorless transparent, hydrogenated
polymer, from which the fraction having at most 24 carbon
atoms had been removed, was obtained according to the same
process as in Example 1-1, for which, however, the amount
of 1l-dodecene was 140 ml and the amount of l-octene was
260 ml. The results obtained according to the above-
mentioned analysis methods are shown in Table 1.

[00889]
Example 1-6:

215 g of a colorless transparent, hydrogenated
polymer, from which the fraction having at most 24 carbon
atoms had been removed, was obtained according to the same

process as in Example 1-5, for which, however, the
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polymerization temperature was 90°C. The results obtained
according to the above-mentioned analysis methods are
shown in Table 1.

[0090]

Example 1-7:

212 g of a colorless transparent, hydrogenated
polymer, from which the fraction having at most 24 carbon
atoms had been removed, was obtained according to the same
process as in Example 1-1, for which, however, the amount
of l-dodecene was 320 ml, the amount of l-octene was 80 ml,
and the polymerization temperature was 90°C. The results
obtained according to the above-mentioned analysis methods
are shown in Table 1.

[0091]
Example 1-8:

203 g of a colorless transparent, hydrogenated
polymer, from which the fraction having at most 24 carbon
atoms had been removed, was obtained according to the same
process as in Example 1-1, for which, however, the amount
of 1-dodecene was 280 ml, the amount of l-octene was 120
ml, and the polymerization temperature was 90°C. The
results obtained according to the above-mentioned analysis
methods are shown in Table 1.

[0092]

Example 1-9:
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188 g o©f a colorless transparent, hydrogenated
polymer, from which the fraction having at most 24 carbon

atoms had been removed, was obtained according to the same

process as in Example 1-1, for which, however, the amount

of 1l-dodecene was 300 ml, the amount of l-octene was 100

ml, and the polymerization temperature was 90°C. The

results obtained according to the above-mentioned analysis

methods are shown in Table 1.

[0093}
Example 1-10:

A stainless reactor having an inner capacity of 1
liter was fully dried and purged with nitrogen, and then

166 ml of l-octene, 234 ml of l-dodecene and then 0.2 mmol

of triisobutylaluminium and 0.008 mmol of N, N-

dimethylanilinium tetrakis(pentafluorophenyl)borate were

put thereinto, stirred for about 1 minute, and heated up

to 40°C. Next, 0.004 mmo . of bis(2-

methylindenyl)zirconium dichloride was put into it, then

0.02 MPaG of hydrogen was introduced thereinto, and the

polymerization was started. After this was reacted at

40°C for 120 minutes, 2 ml of methanol was added thereto
to stop the polymerization.
The contents were taken out into a l-liter stainless

container, then 200 ml of toluene and 200 ml of agueous 1

mas.% NaOH solution were added thereto and stirred for 1

65



- Exanple 1-9 Exanple 1-10 Exanple 1-11 | Exanple 1-12 uoTgeueboapAH
ezo; aq aamATodop 2,1- Insertion , Ratio at Term nal de L9 TL 89
CC.) kP-,-1H

hour. This was statically kept as such for 1 hour, then
the agueous phase was taken out, 200 ml of pure water was
newly added thereto, stirred for 1 hour, then statically
kept as such for 1 hour, and the agqueous phase was taken
out. This operation was repeated twice. The organic
layer was filtered through a Z2-micrometer filter, then
transferred into an egg-plant type flask, and the light
components of toluene, the starting material, methanol and
others were evaporated away under a reduced pressure of
about 3.0 x 107! MPa at 140°C, thereby giving 204 g of a
colorless transparent viscous liquid. Using a thin film
distillation apparatus (Shibata Scientific's Molecule
Distillation Apparatus, MS-300 Special Model), 200 g of
the obtained viscous liguid was distilled under a reduced
pressure of 5 x 107® MPa at 180°C, thereby giving 168 g of
a colorless transparent visccocus 1liquid from which the
fraction having at most 20 carbon atoms had been
completely removed.

150 g of the obtained wviscous liquid and 200 ml of
heptane were put into a stainless autoclave having an
inner capacity of 2 liters, and a stabilized nickel
catalyst (Sakai Chemical Industry's S8N750) was added
thereto in an amount of 1% by mass relative to the viscous
liguid, and then the poclymer was reacted for €& hours in

hydrogen at 0.7 MPa at 85°C. After the reaction, this was
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cooled to around 40°C, then the contents were taken out,
and filtered through a 2-um filter to remove the catalyst
ingredients. Using a rotary evaporator, heptane was
completely evapcrated away to give 148 g of a hydrogenated
polymer. This was analyzed according to the above-
mentioned analysis methods, and the results are shown in
Table 1.

[0094]

Example 1-11:

78 g of a colorless transparent viscous liguid, from
which the fraction having at most 20 carbon atoms had been
completely removed, was obtained according to the same
process as in Example 1-10, for  which, however,
isopropylidene (cyclopentadienyl) (fluorenyl) zirconium
dichloride was used in place of bis{2-
methylindenyl)zirconium dichloride, and the heating
temperature and the polymerization temperature were 80°C.
75 g of the obtained viscous liquid was hydrogenated in
the same manner as in Example 1-10 to give 72 g of a
hydrogenated polymer. The results obtained according to
the above-mentioned analysis methods are shown in Table 1.
[0095]

Example 1-12:
150 g of a colorless transparent viscous liquid,

from which the fraction having at most 20 carbon atoms had
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been completely removed, and 147 g of a hydrogenated
polymer were obtained according to the same process as in
Example 1-10, for which, however, bis(indenyl)zirconium
dichloride was used in place of bis(2-
methylindenyl)zirconium dichloride, the amount of l-octene
was 300 ml and the amount of l-dodecene was 100 ml, and
the heating temperature and the polymerization temperature
were 50°C. The results obtained according to the above-
mentioned analysis methods are shown in Table 1.

[0006]

Comparative Example 1-1:

236 g of a colorless tfansparent, hydrogenated
polymer, from which the fraction having at most 24 carbon
atoms had been removed, was obtained according to the same
process as in Example 1-1, for which, however, 160 ml of
l-tetradecene and 240 ml of l-hexene were used as monomers.
The results obtained according to the above-mentioned
analysis methods are shown in Table 2.

[0097]
Comparative Example 1-2:

215 g of a «colorless transparent, hydrogenated
polymer, from which the fraction having at most 24 carbon
atoms had been removed, was obtained according to the same
process as in Example 1-1, for which, however, 267 ml of

1-dodecene and 133 ml of l-hexene were used as monomers.
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The results obtained according to the above-mentioned
analysis methods are shown in Table 2.

[0098]

Comparative Example 1-3:

183 g of a «colorless transparent, hydrogenated
polymer, from which the fraction having at most 24 carbon
atoms had been removed, was obtained according to the same
process as in Example 1-1, for which, however, 300 ml of
l-dodecene and 100 ml of 1-hexene were used as monomers,
and the polymerization temperature was 80°C. The results
obtained according to the above-mentioned analysis methods

are shown in Table 2.
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[0103]

Fig. 1 shows the relationship between the viscosity
index and the pour point of the copclymers obtained in
Examples 1-1 to 1-9 and Comparative Examples 1-1 to 1-3.
From this, it 1is known that the l-octene/l-dodecene
copolymers of the present invention are excellent in the
balance between the viscosity characteristics and the low-
temperature characteristics thereof as compared with the
copolymers obtained by the use of the other monomers.
{0104]

Example 2-1:

A stainless autoclave having an inner capacity of 2
liters was fully dried and purged with nitrogen, and then
780 ml of 1l-dodecene and 420 ml of l-octene were put
thereinto and heated up to 105°C in a nitrogen atmosphere.
Next, in the nitrogen atmosphere, 0.3 ml of
triisobutylaluminium (1 mmol/ml toluene solution, 0.3 ml),
15 pmol of (1,1'-dimethylsilylene) (2,2'-dimethylsilylene)-
bis(cyclopentadienyl}zirconium chloride (5 pmol/ml toluene
solution, 3 ml) and 60 upmol of N,N-dimethylanilinium
tetrakis (pentafluorophenyl)borate (20 pmol/ml toluene
slurry, 3 ml) were put into it and stirred for a while,
and then 0.05 MPaG of hydrogen was introduced thereinto,
and the polymerization was started. After this was

reacted at 105°C for 120 minutes, 10 ml of methanol was
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3 m) an met'hyl ani’| i ni um

t et raki sw%{lt af I yor, oppeﬂé/é]} Qr attherc(‘ﬁ”l gl /ot laggnep&ﬁ{,g{-fy ﬁl@ér

wer e put 0'it and stirred for a nd t en 0. 05 MPaG o

hydr ogen mas in ced t herein and t rizatd,o

started. ?ﬁ sr?glggfeedtcgie 163&21 or _aL%rerfe‘h nut efshgl\é%?ﬁul%mg
met hanol put into it to 8p hgfpol nerization. Eé conte

were také&f lo%u%?%u?v?ﬂ?Bagﬁ ¢ Rty 1°HaRO% |on
and stirred therein. The solution was transferred into a separator
funnel , &REUIRE RERFAES Hleralpist chi P ett £8.” PRE orgaric 9y &2 tihet
washed with water, and filtered through Toyo Filter Paper's filter
paper 2CLO9°Eendire T¢reowo| FalHanEer tIFhesF R8I RY nGas6rdELon HRidianol
evaporated with a rotary evaporator (under_a reduced pressure of
about 1.@ne 1008h&Pa; irflEFeRY baiHiBE 100 t6 r sHovedt oliRERFEL1a%He
starting material, nethanol and others, thereby giving 666 g of a
col or | ess rararspament 1iguid. Usithgimgt hin £him difddm | gtisnillation
apparatus (Shibata Scientific's Mlecule Distillation Apparat us,

M5- 300 Spegiaataivbel {Shibathi gisaisniur de'gasstageanie D@%ﬁﬁﬁ@laﬁiﬁ%
was distilled under a reduced pressure of 5 x 10-6 MPa at 180C to
renove tbBedfamction had-apat rfystcizdl caMuaielat onsiiitther ébygh-vacuum
collecting 631 g of a polyner. The coll ected pol ynmer was put into a
st ai nl essiesyociaye bravi ngD&r21hbey capaei t yaef Zilsittiddsd t hewer a
stabilized nickel catalyst (Sakai Chem cal Industry's SN750) was
added t herfi-dd) pRe3gBHBt f 3%dYy1 gEsMpANdtt hes ool wer reasveeaaied
for 6 hours in hydrogen at 2 MPa at 130C. After the reaction, this
was cool ad- 4 @OUNE2896y t hen t heseont et s ckeed akedomst, altbreby
filtered through a 1-pmfilter at 70C to renpove the catalyst

i ngredi end3, 1 dheNRPYs$P! heekd ng d;?cﬁpyrﬁ@rC)f Bhaydpogenated gealyr .wdde
physi cal  data of the pol yner and the hydrogenated pol yner are shown

in Tab|96§% t [0409] 5 Exenph fe 25 autoclaveAh§§§h@|%%Sﬂﬂﬁgﬂ(ﬂéﬂgﬁdﬂ¥)@@

i nner ca Ity of 107 liters was fully dried and purged with

nitrogen,, anflEQEQ 40£h5ﬁr5%f1¥ﬁ§%§?ﬁﬁggﬁ eR2opE®l Ofcaralyst (Sakai

triisobutylal'um ni um were put t and heated up to 88C 80 ni
of a Sep%%éﬁ%ééfrfggﬂggrﬁagaEN%%O”‘&E@%%dded thereto in an amount

of 1% by mass, and the polymer was reacted for 6 hours in
hydrogen at 2 MPa at 130°C. After the reaction, this was
cooled to around B80°C, then the contents were taken out,

and filtered through a 1-pm filter at 70°C to remove the
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(this was prepared by putting 700 mM of dewatered toluene, 40 nmol of
triisobutylalumnium 0.8 muol of (1,1'-

di met hyl silyl ene) (2, 2' -di net hyl si |l yl ene) -

bi s(cycl opent adi enyl ) zi rconi um chl oride and 1.6 muol of

powder yN, N-di met hyl ani I i ni um t et raki s(pent af |l uorophenyl )borate into a
2-liter glass-made Schlenk flask in a nitrogen atnosphere, then
stirring ddemyder eingwddiOom | erm%:ﬁébln{e dorleboutgl MUty al a
thereafter further adding thereto 100 of 1-decene and stirring
them at npeRdaimersd upe1iakrl hoprkd AWal NHLLhe f eBRE 0o AR,
0.02 MPaG of hydrogen aasygntroduced ?ﬁéﬂeinto, and the P

pol yneri zald amavas,Stard etk &4 pon ghevaled Leopgr ahupgp et 310C. After
this, 80 m of the catalyst mxture was added to the reactor every 60
m nutes, @ncgghis was reacted at 110C for 300 minutes, and then 100
m of net%anol was put into it to stop the polynerization. The
contents t out into two, 100-liter stainless chanbers in an
anmount o#ﬂg%&Pffgfgzéach; and 20 liters of toluene and 20 liters of

aqueous 1 nas. % ut i re added taq each reactor,.and stirred
For 2 hour a7 (et St SrarTes) AREe, S G TerSacHBlr of o
aqueous phase was_discharged.ouyt, and 20 |ljters, of.pure water wa
new y adgé%etrﬁerweﬁsb,%é?f r ElFLB{r 2 %hc?lﬂlfg%d”% nnéfa?%ar I ?nfjeftﬁ"eé’s
such for hour, and the_aqueouys phase was. di scharged_out. This

oper at i or#jowastﬁrjetpee‘%ﬁ ed ?Hi cei"gﬁggf}?gania@q ayerSiis f?ﬁt er Bt hr ogh
a 2-pmfilter, and transferred into a stainless reactor having an

i nner  cap&dittSP RS VIGA Y e i wee uRBEr tReredided petsheated HBode
3.0 x 10-1 MPa at 140C, the light fraction of toluene, the starting
mat eri al 888t han®? aHd e6fhet s sRRSraradaor apedpanay, cdierlehyt gimiixigre
24.3 kg of a colorless transparent viscous liquid. 5 kg of the

t hus- obt dithd@ Viesc RieRaRi Pvazutidi sty | Ted nsi a§ dewhiared moluene,
distillation apparatus (U C s short-process distillation apparatus,
KDL-5) ud@er manorledwded tprisissaivet wia BaginDas, MPA. &t m8OC, ofier ddy 1’ -
giving 4.7 kg of a colorless transparent viscous liquid fromwhich

t he fracdioethaisng vatermosit? ,20 -chmsdrh dltsoinisy headk Joeen conpl etel y
removed. 3.0 kg of the thus-obtained viscous liquid was put into a
st ai nl esdiadtgclapentaviirg vdn zinmem icapachtlyrafde5 bhtlers, 6 amthcdl of
stabilized nickel catalyst (Sakai Chem cal Industry's SN750) was
added thepetleriyn an anount of 1% by nass, and NheRdihetpolynen iwasm
reacted for 6 hours in hydrogen at 2 MPa at 130C. After the reaction,

t hi s was teeehed st(@earaunaB¥phalian ddieteontieniss wer e-tlaker oyt asand
filtered through a 1-1.1mfilter at 70C to renove the catal yst

i ngredi epb8e thenebk qaldLctime Hhl kegof ahyspreeaat edeRokyReLinkhe
physi cal properties of the polyner and the hydrogenated pol yner aré

shown i ncfiahl & ndrdiH1 064 g@ﬁﬂa%ﬁﬂﬁéii%@mglPog'%bout 1 minute, and

Acomerci al | y-avai | abl epol y-a-ol efin, | NEOS Durasyn(r) 174 was

anal yzed: aecerdtag 1A 1R AN AENLHANRL AN Y She T OGS cdhe apd

results are shown in Table 3. atfon : Branches (nol? 177020
stirring them at room temperature for 1 hour) was put into
the reactor, then 0.02 MPaG of hydrogen was introduced
thereinto, and the polymerization was started at an
elevated temperature of 110°C. After this, 80 ml of the

catalyst mixture was added to the reactor every 60 minutes,

and this was reacted at 110°C for 300 minutes, and then

17
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Hunogun O ET H P4 >1 4 0 4.) k cu tn unfound Wt H

100 ml of methanol was put into it to stop the
polymerization.

The contents were taken out into two, 100-litex
stainless chambers in an amount of 20 liters each; and 20
liters of tocluene and 20 liters of aqueous 1 mas.% NaCH
solution were added to each reactor, and stirred for 1
hour. After this was statically left as such for 1 hour,
the agueous phase was discharged out, and 20 liters of
pure water was newly added thereto, stirred for 1 hour,
and then statically left as such for 1 hour, and the
agqueous phase was discharged out. This c¢peration was
repeated twice. The organic layer was filtered through a
2-um  filter, and <transferred into a stainless reactor
having an inner capacity of 107 1liters, and under a
reduced pressure of about 3.0 x 107! MPa at 140°C, the
light fraction of tocluene, the starting material, methanol
and others was evaporated away, thereby giving 24.3 kg of
a colorless transparent viscous liguid. 5 kg of the thus-
obtained viscous ligquid was distilled using a thin film
distillation apparatus (UIC's short-process distillation
apparatus, KDL-5) under a reduced pressure of 5 X 107° MPa
at 180°C, thereby giving 4.7 kg of a colorless transparent
viscous liquid from which the fraction having at most 20
carbon atoms had been completely removed.

3.0 kg of the thus-cbtained viscous liquid was put

18



Pl. .O .00 a) 5 131 wunfound 56 IEL 1..cH rcss-iw0 a)orcl0)0 H.c X
..c uri0O coce z X

into a stainless autoclave having an inner capacity of 5
liters, and a stabilized nickel catalyst (Sakai Chemical
Industry's SN750) was added thereto in an amount of 1% by
mass, and then the polymer was reacted for 6 hours in
hydrogen at 2 MPa at 130°C. After the reaction, this was
cooled to around B80°C, then the contents were taken out,
and filtered through a 1-pm filter at 70°C to remove the
catalyst ingredients, thereby collecting 3.0 kg of a
hydrogenated polymer. The physical properties of the
polymer and the hydrogenated polymer are shown in Table 3.
[0106]
Comparative Example 2-1:

A commercially-available poly-a-olefin, INEQS'
Durasyn® 174 was analyzed according to the above-mentioned

analysis methods. The results are shown in Table 3.
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[0109]
Examples 2-3 to 2Z-4, and Comparative Example 2-2:

Using the a-olefin (co)polymer of Examples 2-1 to 2-2
and Comparative Example 2-1, & lubricant oil composition
was prepared as in Table 4.

Thus prepared, the sample o©0il was tested and
evaluated for the properties thereof according to the

above-mentioned methods. The results are shown in Table 4.
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[0111]

Ester compound: ester of trimethylolpropane and isostearic
acid (molar ratio, 1/2).

Additive: (octadecyl-3-(3,5~-di-tert-butyl-4-
hydroxyphenyl)propionate, 4,4'-dioctyldiphenylamine,
dialkylaminomethylbenzotriazole.

[0112]

Example 2-5:

A stainless reactor having an inner capacity of 2
liters was fully dried and purged with nitrogen, then 400
ml of l-octene and 600 ml of l-dcdecene were added thereto,
and thereafter 0.5 mmol of triisobutylaluminium was added,
and heated up to 105°C. A separately prepared catalyst
mixture (this was prepared by putting 160 ml of dewatered
toluene, 40 mmol of triisocobutylaluminium, 0.8 mmol of
(1,1'~-dimethylsilylene) {2,2'-dimethylsiiylene) -
bis(cyclopentadienyl)zirconium chloride and 1.6 mmol of
powdery N,N-dimethylanilinium
tetrakis (pentafluorophenyl)borate intc a 500 ml glass-made
Schlenk flask in a nitrogen atmosphere, then stirring them
therein at room temperature for about 1 minute, and
thereafter further adding thereto 200 ml of l-octene and
stirring them at room temperature for 1 hour) was put into
the reactor in an amount of 2 upmol on the basis of the

metallocene compound therein, then 0.02 MPaG of hydrogen
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Exanpl e 2-1 Exanple 2-2 Conparative Exanple 2-1 rl 00 0 HO Table
3-2 [0109] Exanples 2-3 to 2-4, and Conparative Exanple 2-2: _
Using the a-olefin (co)polyner of Exanples 2-1 to 2-2 and Conparative
Exanple 2-1, a lubricant oil conposition was prepared as in Table 4.
Thus prepared, the sanple oil was tested and eval uated for the
properties thereof according to the above-nentioned nethods. The
results affs shawdobdcdabliéqith it, and the system was heated up to
105°C and the polymerization was started. After this, 0.5
ml of the catalyst mixture was added to the reactor every
60 minutes, and this was reacted at 105°C for 300 minutes,
and then 100 ml of methanol was put into it to stop the
polymerization.

0.25 ml of aqueous 1 mas% NaOH soclution was added to
it and stirred for 1 hour. After this was statically left
as such for 1 hour, the aqueous phase was discharged out,
and 0.25 liters of pure water was newly added thereto,
stirred for 1 hour, and then statically left as such for 1
hour, and the aqueous phase was discharged out. This
cperation was repeated twice. The organic layer was
filtered through a 2-pm filter, and under a reduced
pressure of about 3.0 x 10™' MPa at 140°C, the light
fraction of toluene, the starting material, methanol and
others was evaporated away, thereby giving 0.60 kg of a
colorless transparent viscous liguid. The thus-obtained
viscous liquid was distilled using a thin film
distillation apparatus (UIC's short-process distillation
apparatus, KDL-5) under a reduced pressure of 5 x 107°% MPa
at 180°C, thereby giving 0.54 kg of a <colorless
transparent viscous liquid ({polymer) from which the

fraction having at most 20 carbon atoms had Dbeen

completely removed.
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r. OHHO [0111] Ester conpound: ester of trinethylol propane and
isostearic acid (nolar ratio, 1/2).

Addi tive: (octadecyl-3-(3,5-di-tert-butyl-4-

hydr oxyphenyl ) pr opi onat e, 4, 4' - di oct yl di phenyl ani ne,

di al kyl am nonet hyl benzotri azole. [0112] Exanple 2-5: A
stai nl ess reactor having an inner capacity of 2 liters was fully

dried and purged sn th Bit ragensht §espd8Onal afi skoeest enpgand 666 rguiof
1- dodecene were added thereto, and thereafter 0.5 mmol of

triisobutiylal um gikurvas saddedc 1Rtk heat edqupnt o nHC. Cé’p§@ﬁ)ﬁ1§'at€ﬁ| yl
prepared catal yst mxture (this was preparéed by putting 160 of

devvaterecijtt%y#e_n nadQy ;T%ngsgﬁé&gdi S&?%—'%%!i alumnim  0s8xaMolcHinical

(1,1 -dine 'si ['yl'ene i met hy yl ene) -

bi s(cycl %ﬁf&&%sﬁgiﬁ%"éﬁ’f%&f)”hgg‘eg%%i A Anddl. & Ml afbunt of 13 by

powder yN, ani [1ntum raki s(pent uor ophenyl ) borate into a

500 il gl ass- made Schl enk f]ask | i ot .
i 711 ng "Chgin CRBFel TGt F85m PBHUREAL LTSS { O -Rbot 1o Kt B UARd 1P

thereafter further adding thereto 200 ni_of 1-octene and stirrin
t hem at MﬁﬂﬁQQﬁ$eﬁ%targgﬁoﬁﬁi %352' wa st [k F?ﬁor?ﬁEQEBBEtéﬁﬂﬁf@ﬁF

amount of 2 Rnol on the basis of the netallocene conpound therein,
t hen o_ogqq%ggoioh§gp@@@h80 C, then the contents were taken out,

and filtered through a 1-pm filter at 70°C to remove the
catalyst ingredients, thereby collecting 0.5 kg of a
hydrogenated polymer. The polymer and the hydrogenated
polymer were analyzed according to the above-menticned
analysis methods, and their physical data are shown 1in
Table 5.

The oxidation stability test is as follows: 5 g of
a composition comprising 99% by mass of the hydrogenated
polymer obtained in the manner as above, and, as
antioxidant, 0.5% by mass of Irganox L-107 and 0.5% by
mass of Irganox L-57 was mixed with 30 mg of a catalyst,
copper powder. One ml of water was put into the chamber
space, and the composition was tested according to a
rotating bomb oxidation test of JIS K2514 (RBOT test) as
described above.
[0113]
Example 2-6:

In the same manner as in Example 3-1 except that the
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was introduced into it, and the systemwas heated up to 105C and the
pol yneri zation was started. After this, 0.5 nl of the catalyst

m xture was added to the reactor every 60 m nutes, and this was
reacted at 105C for 300 minutes, and then 100 ml of nethanol was put
into it to stop the polynerization. 0.25 m of aqueous 1 mas%
NaOH sol ution was added to it and stirred for 1 hour. After this was

staticall yekettoas teppl £01 L hour, i angu phase s di,scharge
out, and 0.25 I?ters %eruré wa?éﬁxﬁggﬁﬁgl y:H%aé%a?hgﬁng?ds Prﬁgd d

for 1 houp,esnkd hep statécabiysheft fog;d-bour., ;and fhe
aqueous phase méi di schar ged ou?.Thi5@%%%#%$Vbn5ﬁé§°€%péﬁtlHIL from

tw ce. They, Ni-6, al LlLter h h a2-gmfilter, and
under a re%ﬁggd%gﬁe§%§?3%2 r%%%%%ﬁssgﬂi %ggg ﬁ$§°§%d140 ,§§h59|ﬁ5%ta
fraction e in terial t hanol and ot hers was
evaporaté%ggﬁggggghgfégﬁpé%%ﬁﬁgéi%gﬁi% g%q%l oRBP?@@?rSréﬁgﬁ%r%%%Ch
vi scous |i,qui The t hus-obtai ned viscous, |iquid was distilled using
a thin fi#}rgnéjdi%s];tal ela r?o%agﬁﬁlgr a?gs TR szihgrar&’ﬁ%c%@m&i shafl| degom
appar at us -5). under a reduce ressure of 5 x 10-6 MPa at 180C,

t her eby g?%nﬁ%e%%%% E8m8f’eg'c6‘\rﬁflgs tFarfspa? e Ry d¥rsesas e quaymer
(polyner) fromwhich the fraction having at nost 20 carbon atons had
been conﬁﬁ??%lﬁ”?ﬁﬁﬁﬁ%ﬁ: These gwgrgq aprainecdhuzcentdl ned W scohs
liquid wa ut into, a stainless autoclave having an inner capacity of
1 liter, RIS LM EXRE S cBEBN9dE . ( 8aRalthefenidedla lambustirapurs
SN750) was added thereto in an anmount of 1% by mass, and then the

pol ynmer wds Y&R&@ et for 6 hours in hydrogen at 2 MPa at 130C. After
the reaction, this was cooled to around 80C, then the contents were
taken outlOlkfd filtered through a 1-pmfilter at 70C to rempve the
catal yst ingredients, thereby collecting 0.5 kg of a hydrogenated

pol ymer . CPA®ay@Ibiver Exednptlee Znyidlr ogenat ed pol ymer were anal yzed
according to the above-nenti oned anal ysis net hods, and their physical
data are shownzin E@Mmhﬂtially—avdimaﬁmédagﬁ@DyS&thEEEM t eStEpHAS
follows: 5 g of a composition conprising 99% by mass of the

hydr ogenated syol® meT4 obd & nesll ¥ Pe d hecBBRAEH g 02PA%C A AL 1S+ ioned
anti oxi dant, 0.5% by nmass of Irganox L-107 and 0. 5% by nass OF

| rganox EnGlywds mex@wads.t hTBE mesofita eatalsystn GoPREH1ROWder. One
m of water was put into the chanber space, and the conposition was
tested according to a rotating bonb oxidation test of JIS K2514 (RBOT
test) as described above. [0113] Exanple 2-6: In the sanme manner as
in Exanple 3-1 except that the reaction tenperature in

pol yneri zati on was changed to 85C, 0.66 kg of a colorless transparent
viscous liquid, fromwhich the light fraction had been renoved, 0.52
kg of a colorless transparent viscous liquid (polymer) fromwhich the
fraction having at nost 20 carbon atons had been conpletely renoved,
and 0.5 kg of a hydrogenated pol yner were produced. These were

anal yzed according to the above-nentioned anal ysis nmethods, and their
data are shown in Table 5. [0114] Conparative Exanple 2-3:

Acommer ci al | y- avai | abl epol y- a- ol efi n, | NECS

87



in Tabl e 5.

Durasyn(r) 174 was anal yzed according to the above-nenti oned anal ysis
The results are shown

net hods.
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[0118]

Example 2-7:

[Synthesis of (1,1'-dimethylsilylene) (2,2'-
dimethylsilylene) -bis (t-butylcyclopentadienyl)zirconium
dichloride]

This was Synthesized according to the method
described in "Organometallics, Veol. 10, p. 1787 (1gsli)",
and all the solvents used for the Synthesis were dewatered
ones.

Bbout 13.8 g (600 mmol) of metal Na and 400 ml of
dry THF (tetrahydrofuran) were put into a nitrogen-purged,
1000-m1 three-neck flask, and stirred therein at 0°C.
After 5 minutes, 1 te 2 ml of cyclopentadiene was dropwise
added thereto, and when the hydrogen generation stopped, 1
to 2 ml of additicnal cyclopentadiene was added thereto.
This was repeated, and 50 ml (600 mmol) in total of
cyclopentadiene was added. The reaction solution changed
from colorless transparent to pale pink. THF was removed
through evaporation wunder reduced pressure, and the
crystal was washed twice with hexane and dried to
solidness under reduced pressure to give cyclopentadienyl
sodium as a pink powder. |

457 ml of THF was added to 43.0 g (480 mmol) of
cyclopentadienyl sodium at 0°C and stirred. This was

cooled to -78°C, and 29.2 ml (480 mmol) of
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dichlorodimethylsilane was gradually and dropwise added
thereto. The solution changed from pink to white. This
was stirred overnight at room temperature, then THF was
evaporated away to give a yellow powdery compound (1).

The compound (1) was extracted with 150 ml of hexane,
and the supernatant was transferred into a nitrogen-purged,
1000-m1 three-neck flask. This was cooled to -78°C, and
175.8 ml (480 mmol) of n-butyllithium (2.73 mol/l) was
dropwise added thereto. The reaction solution changed
from yellow to milky white. This was stirred overnight at
room temperature, and filtered, and the supernatant was
evaporated away. The resulting white solid was washed
with 100 ml of hexane. This was dried under reduced
pressure to give a dilithium salt of compound (2) as a
white powder.

50 ml of diethyl ether and 100 ml of hexane were
added to 27.4 g (137 mmol) of the compound (2). This was
cooled to -78°C, and 16.7 ml (137 mmol ) of
dichlorodimethylsilane was gradually and dropwise added
thereto. This was stirred at room temperature for 5 hours,
then the precipitate was removed through filtration, and
the filtrate was concentrated. This was recrystallized
from hexane to give 4.05 g (yield 12%) of a compound {3)
a5 a needle-like transparent crystal.

1.5 g (6.1 mmol) of the compound (3) was dissolved
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[0118] Exanple 2-7: [Synthesisof (1,1 -dinethylsilylene)(2,2"-

di met hyl sil yl ene)-bi s(t-butyl cycl opentadi enyl)zirconi um di chl ori de]
This was Synt hesi zed according to the nethod described in
"Organonetal lics, Vol. 10, p. 1787 (1991)", and all the solvents used
for the Synthesis were dewatered ones. About 13.8 g (600 mmol)
of nmetal Na and 400 ml of dry THF (tetrahydrofuran) were put into a
ni trogenspurgedy; 1000- gk nkhr egr ngck f sden-andegdd f r ed 0t-her e3ahladnloC.
After 5 mnutes, 1 to 2 m of cyclopentadi ene was dropw se added

t heret o, .and.when t he . r r atd t9 2-heof and
addi t i on&t & el 3€gntsgcdi%%épag%%§ ed :ﬂﬁlgr%eﬁcﬁ)ao%lém%f? epeat ed, and
50 mM (6Q0.,mm!) i, tot f, cy¢l opantagdi € led. dbe/reackdon
sol uti ongcﬁan%ied q‘lr%o'nfc%}mg(ril)esésgft ranspi%?le%qg%%@%aﬁgdpi nk. TQE'93 was

removed thr O:}Jﬁggsev\,a?@%éﬁt i.Qn under dérr%ju%%qrgre%lss%g, 1angLt he 561 ysé&h

was wash&d P exane and ied to solidness under reduced
pressure to give cyclopentad enyl sodi S..a.pi o 11ec@S7
m of THESTRES2hddEd tg[%f& Y 3&8%09%‘%%§0F§8y§{1§5%%%i eony(lzosoed?um
at 0C and stirred. This was cool edt o- 78C, and29. 2 48 ) af

di chl or odifet RyRSLP4E Yfas aGr a&ﬁglalrﬁzggid %Fgﬁlwi g&é%ad%gg% t gr’et 0. "He
sol ution changed frompink to white, This s stirred overnight

r oom t enperRSLIiE aten R THEASRES Vhpdr eﬁﬁmﬁ% t°HiVe a ?&q‘lgow‘%s
powdery conpound (1). The conmpound (1) was extracted with 150
m of hexavied armag%er@%@?ﬁatoéﬁtsswﬁ 5 %\)é?r@d i g un salt J:
ni trogen-purged, 1000-m three-neck flask. This was cooled to -78C,
and 175. &ompoB0 (folds ¢f whibdif WdWasHi-um (2. 73 nmol/ 1) was dropw se

added thereto. The reaction solution changed fromyellow to m |k

white. This wasSOstikrefl BHEr niaghtadded obtn FBAPSCAPED alfld 1 | |1%e¥‘éﬁ
and t he supernatant was
(10 ml) solution of t-butyl bromide (1.85 g, 13.5 mmol)

was dropwise added to the previous solution at -=78°C.

This was stirred at room temperature, then 40 ml of a
solvent CH,Cl, was added thereto, and heating it under
reflux was continued for & hours. After the reaction,
this was filtered and the residue was recrystallized to
give 0.9 g (yleld 41%) of the compound (4) as a white
yellow substance.

0.77 g {2.2 mmol) of the compound (4) was dissolved
in 30 ml of ether in a nitrogen-purged, 200-ml Schlenk
flask, and stirred therein. This was cooled to -78°C, and
1.77 ml (4.8 mmol) of n-butyllithium (2.69 mol/l) was
dropwise added thereto, and stirred for 3 hours at room
temperature. The cloudy solution was filtered to collect

the precipitate as separated from the solvent. The
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evapor ated away. The resulting white solid was washed with 100 m of
hexane. This was dried under reduced pressure to give a dilithium
salt of conpound (2) as a white powder. 50 m of diethyl ether
and 100 m of hexane were added to 27.4 g (137 nmol) of the conpound
(2). This was cooled to -78C, and 16.7 m (137 mmol ) of

di chl orodi net hyl sil ane was gradual |y and dropwi se added thereto. This
was stirretea@ipiootet eaperaisiiedf Qich hour gl tdenpthgnprecifiiat ﬁayas
renoved through filtration, and the filtrate was concentrated. This

was recrystdd i g8detr ¢ONRRANG 1 HiMe do 0919 (W 1390 u0f
compound (3) as a (releedl e-li kee% ranspar enct) g%ygt §I %l?llé&g@u(r@slg]fﬁ‘mi)f

of the campuichd 3)5 di sgiof ved, kP00 M of ether in a

ni t rogen- purged, 2%)0)\-1\,;371E§S Schl enk ?EID%S , and stirred therein. This was

cooled to - 78C1ANG Sok Hoilibied fIP! dadla NeBUY 1AM LL- b4y 014 D)
and % or it .

was dropw se added thereto, stirre Rour at *roo
t enper at the ¢l oudy. j i.ltered to.collec he ,
preci pi t;%%paes se@ar%fe%f%%%@ﬁey%%%%ﬁ?rﬁ‘ﬁ% g? e%i P t%t% Hael hadhed

with 20 exa This was dried under reduced pressure to give a
di |t hi ugoslg{ rneof @gorrpo“hr?d ik aséléo%ﬁ% p%‘%g‘:e‘g . 23 the gopRpvEpus
THE' was added to the conpound (4). A THF (10 m) solution of
t-butyl BYOHTIECR 8%%,‘%3@5 EF WS dibbifee guesaiobtt e room
previ ous tsoI utiaqn at -78%. This was stirred at roomtenperature, then
40 m of a?“?&lﬂ?%h{fwzﬁ WeEE af@ed Sfrer B89, SSRPHeHIShg aRYundeder
reflux was contjnued for 6 hours. After the reaction, this was
filtered &S BESHRE wad e @ IA19d Asmpayingl v 0. gy ¢yt edated %)
of the conpound (4) _as a white yellow substance. 0.77 g (2.2
mmol ) of "Hé& cofpolind e4) dashdpssvrvbanen 38nel dfcet hbktiata was
ni trogen-purged, 200-m Schlenk flask, and stirred therein. This was
cool ed t Fonygatraredl arp eqy s ahivl2edofton-ditey |0 .iahiam (22169 387 1)
was dropw se added thereto, and stirred for 3 hours at room

t enper at @fe thEheoobouayd d6lut i BhswHs-¥NR teered ttioe codl Botindelata.
precipitate as separated fromthe solvent. The precipitate was
washed WEHRNZR 11500f MAexagec1Thi 8: vassalr [ ed, usdercueiisagd ny essurds t o
give a dilithiumsalt of conpound (5) as a white powder. 10 m
of toluese WaH;ndddd tlo Ihe(IaHpaynd-q ®H;)A sUIPENIHON sof —ZbHceni um
tetrachloride (0.5 g, 2.2 nmmol) in toluene (10 mM) was dropw se added
to the prfétiieys suspension at -78C. This was stirred overnight at
room tenperature, and the sol vent was evaporated away under reduced
pressure[PTbauebiahned agapRoyBdatBl wasygxtfacted with 30 nl of

di chl oronet hane, and the filtrate was concentrated and recrystallized

t i 0. 43 i 0 . t
o Powt ng dat & TrERMR (o0, Mhe  Epeny e GTLAnTER TR Egn
0.87 [6H)iger(GHR) 2]‘§1J]li_)&1d§1e& 18Hg %&f %é:lrc]]viﬂé’} ’m@t%\g%%rﬁlH’ +Ren %‘d—)

[0119] [ Production of dr ogenat ed af nl'ess
reactor haviRg;ap:| r pagit y,10f 1 .Liter | Ly dried and
burged wiEnon i aceae: AGI"2AR s 1 bR ERE i) el Aot
1- dodece t her d. 0,2, mmol.of triisobutylalumnium
was put fgﬁ%\r,@ir'%t g],q}qggd O%a?’légiﬁgg%y LOtmEE Wes prF)yt(E’Fr&lntO'
separately prepared catal yst .mixture (this was prepared by putting
180 O?Xﬁegﬁﬁﬁglegd 1Rl ﬁ%ni’,o 40 mhge gil (4 pmol) ‘of a separately
trii sobut;_zl al um, ni um q 8mmol of (1, 1" -

pre cata

pared ca yst mixture (this was prepared by putting
180 ml of dewatered toluene, 40 mmol of
triisobutylaluminium, 0.8 mmo 1l of (1,1'-

dimethylsilylene} (2,2'-dimethylsilylene)}-bis(t-
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di met hyl silylene) (2,2 -di net hyl silylene)-bis(t-

but yl cycl opent adi enyl ) zi rconi um di chl ori de and 1.6 nmol of powdery

N, N-di net hyl ani | i ni um tetraki s(pent af| uorophenyl )borate into a 500-n
gl ass-made Schlenk flask in a nitrogen atnosphere, then stirring them
therein at roomtenperature for about 1 mnute, and thereafter
further adding thereto 20 ml of 1-octene and stirring themat room

t enper at wig ferch ‘DadiRS AUtz iinton itie dieattaridd hewd 0L 02 tvRal of
hydrogen was introduced thereinto, and the polynerization was started
at 70C. Guhsgguently, this was kept reacted aty8yCiimetBP0ami Dk esm
with 1 of the catalyst mxture intermttently added thereto at

i nterval f .géHHEE BiShas a0 Mt pfa med hanol gnass adsed
to stop tegrggﬂfmlrlzatﬂbn. ;ﬂﬂﬁﬁﬂﬁloo m of aqueous 1 nﬁ%.@bthH

sol ution : LSt nalelVls er td eptAas
such forS %6ﬁﬁ?qﬁﬁﬁﬁgéﬁiété{ﬁﬁhéégﬁé% ta éﬁé%%i,tﬁ%énéﬁg%kﬁ?gof pure
wat er was.new.y added,. stir for ou statically k su

for 1 ho Frgﬂ%ltﬁ%:aﬁﬁg%hsEgﬁggga%éggta en o%Fbﬁghig oﬁgég??bn ﬁgg
repeated tw ce.. The or ic layer filter t hr ough a 2-m.cro er
filter, t AT gﬁ?gggﬁﬁoﬁ lggg?é?%f%%%e?%tHgLsggrﬁiﬁéﬂ%%%%rgg ,
nmet hanol and ot hers were evaporated a ugger g rg&uge&agreg u£§t8f
about 3. GLTEG-ND e 2 b 4RO ¢ R GRS nP 218 OSF) av 2l BFF esk
transparent viscous liquid. Using a thin_filmdistillation rat ys
(U C s Shda -seaptorp sttt alir 8 ABRF alds, PKEFCES" ¢RE ob?ggﬁg ded
viscous liquid was distilled under a reduced pressure of 5 x 10-6 MPa
at 180C, theereshtayi vieng 198e g Rflyanessl zatieys #esnsparehedviddcodd ©-
liquid fromwhich the fraction having at nost 36 carbon atons had
been comfuitsslquareninved.this wasl9%keptof neRetstst aiated 8Vi°Scodsrl i §8Pd
was put into a stainless autoclave having an inner capacity of 1
liter, amdrifdsy whslk of ml se@bthezedtailaied rekttryat 1ptakaiteashi-¥al
| ndustry's SN750) was added thereto, and then the polymer was reacted
for 6 howdldd tydregenaat ihtPwadts 13DCE0AMielEFe ravadt FBArcRREST
was cool ed to around 80C, then the contents were taken out, and
filtered thmaught and=tparm ¥ ivdseradite 700 tstaenove pdleyresit b afston.
ingredients, thereby giving 190 g of a hydrogenated polyner. This was
anal yzed accordiotg mDd blie sapevesnentmanet dnatly siclutstdrodess anddehe
results are shown in Table 6. The oxidation stability test is
as fol | owsig 5516 Ofe® EQRPDShéLON CONPFi Ségt DO by kass af sheh for
hydr ogenat ed pol ymer obtained in the manner as above, and, as

anti oxi dantyoQr p%chy MAfedfs | pHaOXwhslQhaland &ub bjtem@IDOIM1 of

| rganox L-57 was mxed with 30 ng of a catal yst, copper powder. One
m of watgr aas i |44 ohdhey chaaber spaseedandrt henearposibiorandy
tested according to a rotating bonb oxidation test of IFS K2514 (RBOT
test) aS]Q§§9r' € owe, 1 029} Refgrence AL phase wasnNthiten
sane nmanner asé?nggggngﬁglfllz, aflgﬁgtenell- dodecé%e copol yner was

produced and hydfﬁ)%en% %qattgogli Ve, a W%g@g@é‘@t aq,iRQ Ymer,Thip$ qWas ¢
o the a

anal yzed accor di ng ove- nenti oned anal ysi s nethods, and the

results are shown, ip; JAb) & 6enrohigh Y5 -RELOLREHAr p9€RAL] ORnMRARNe
Pol yneri z#tYon
light components of toluene, the starting material,
methanol and others were evaporated away under a reduced
pressure of about 3.0 x 107" MPa at 140°C, thereby giving

218 g of a colorless transparent viscous liquid. Using a

thin film distillation apparatus (UIC's Short-Step
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Distillation Apparatus, KDL-5), the obtained viscous
liquid was distilled under a reduced pressure of 5 x 107°
MPa at 180°C, thereby giving 195 g of a colorless
transparent viscous liquid from which the fraction having
at most 36 carbon atoms had been completely removed.

195 g of the obtained viscous liquid was put into a
stainless autoclave having an inner capacity of 1 liter,
and 1% by mass of a stabilized nickel catalyst (Sakai
Chemical Industry's SN750) was added thereto, and then the
polymer was reacted for 6 hours in hydrogen at 2 MPa at
130°C. After the reaction, this was cooled to around 80°C,
then the contents were taken out, and filtered through a
l-pm filter at 70°C to remove the catalyst ingredients,
thereby giving 190 g of a hydrogenated polymer. This was
analyzed according to the above-mentioned analysis methods,
and the results are shown in Table 6.

The oxidation stability test is as follows: § g of
a composition comprising 99% by mass of the hydrogenated
polymer obtained in the manner as above, and, as
antioxidant, 0.5% by mass of Irganox L-107 and 0.5% by
mass of Irganox L~-57 was mixed with 30 mg of a catalyst,
copper powder. One ml of water was put into the chamber
space, and the composition was tested according to a
rotating bomb oxidation test of JIS K2514 (RBOT test) as

described above.
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[0120]
Reference Example:

In the same manner as in Example 1-12, a l-octene/1-
dodecene copolymer was produced and hydrogenated to give a
hydrogenated polymer. This was analyzed according to the
above-mentioned analysis methods, and the results are

shown in Table 6.
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[ 0124] As descri bed above, it is known that the a-olefin
(co)polynmer, especially 1-octene/1l-dodecene copol yner of the present
i nvention has excellent oxidation stability. [Industrial
Applicability] [0125] According to the present invention, an
a-olefin (co)polynmer useful as high-viscosity lubricant oil excellent
in viscosity characteristics and | owtenperature characteristics can
be producediigaydustrially easily, and the present invention therefore
contributes toward fuel consunption reduction, energy saving and

operation 1ife o ohongatbon Lequie,edf okl UBLdSANERGE ¢ @l 8%erin
1. An a-olefin (co)polymer producéd by the use of a neta | ocene

catal yst angd Aty naopbesboblow ng-dhd Abdbidie (BobiTher of

2, 1- |nsert|on ratio at the polymer termnal, as measured through

resot 11 ad 14 AT B () TS et o Chruan Taor N Rt 50

nol % a4 t&%‘b% EJ Q_Lfda 1010:3@()' ymer according to claim1, having
a mean shofi ain 5’ er one nol ecul e of the polyner, as
measured t gh 13C NWVR, of at nost 2.0. 3. The a-olefin
(co)ponHé gcording to clain11 or 2, which is a 1-octene/ 1-dodecene
copolyner. 4.The a-olefin %B ynmer according to any of clains_ 1 to
3, having a dodIce 5 R aﬁﬁun Pel BEFTENE0 alVeRheCTonodr UmPt3fiks

neasured through 1H-NVR, of _at nost 1.0 nol % 5.The a-olefin

(co) pol yhsO &S Hiing E5SERY of 281 ailHPr His S rali ndURTAERBEUI 711
wei ght dlstrlbutlon (Mv Mn),, as measured through GPOQ of at nost 3.0.
6. The a- GEEELA S0C0 YiFb %O HdRbra gt $ 1 Byt 675 AT nkoW— MBS el hg

a wei ght -avera mol ecul ar wei ght (Mn), as neasured through GPO of
fr0n1200cp@ny§%yy}stlcs can bé produced industrially easily, and

the present invention therefore contributes toward fuel
consumption reduction, energy saving and operation 1life

prolongation required for lubricant oil.
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7. A hydrogenated a-ol efin (co)polynmer produced through hydrogenation
of the a-olefin(co)polyner according to any of clains 1 to 6.

8. A lubricant oil conposition containing the a-olefin (co)polyner
according to any of clainms 1 to 6 and/or the hydrogenated a-ol efin
(co) pol ynmer according to claim?7. 9. A 1l-octene/l-dodecene
copol ynmer produced by the use of a netall ocene catal yst and
satisfying the followwing (a) to (c)¢1a{mg The nolar ratio of the
l-octene unit to the 1-dodecene unit is from 20/80 to 80/20, (b) The

nmesotriad fractqi on ., t %ﬁ%myﬁ,' t 50
mol % (c) The 1k| négr}an??l gl\%l%s%ggﬁ!{/%g)tl%%o% S rombS%St_ffgé l‘g%% 0Pl
MR/ sec. T ?@Q§ﬁgn§% rein

claim?9, q%%ﬁ%ﬁfé%ﬁﬁuéégégverage nol ecul ar |gﬁ:%ga€ﬁ¥§§ ﬁ%aguég

t hr ough O .of from 1500 to 15000. 11. The

1- oct ene/ odecene copol ymer according to claim9 or 10, having a
wei ght - avel cul ( of fr 210 t o_3Q00

12. The 1 ten 1§dgdgé3%§£g§%oﬁyner é@%o? ?8m§ﬁy%ﬁlqﬂ%ﬁ%m H¥to

13 The f%@&ef o HHGEng Bbboi yifer mdcdi @mr%olawa%ft%aml@eto

havi n ubl e bond anount relatlve to all the nononmer units, as
neasuredréhhe ‘NMR, of at nost 0.3 nol % 14. A Iubricant

oi | conpo%{tlon containing the 1- octene/l-dodecene copoly 13
accor di nd?'d (ﬂe§9§ﬁ%ﬁ§Eﬁ?%F@EP%ném%}faaﬁyﬂﬁéééﬁﬁge&hrOUGh C-
1- oct ene/ d- dodecene copol yner produced t hrough hydr ogenation of the
1- oct eneMFdodéc éte "@SHoIPPER LS -

2. The a-olefin ({co)polymer according to claim 1,
having a mean short-chain branch number per one molecule
of the polymer, as measured through !3C-NMR, of at most
2.0.

3. The a-olefin (co)polymer according to claim 1 or
2, which is a l-octene/l-dodecene copolymer.

4. The o-olefin (co)polymer according to any of
claims 1 te 3, having a double bond amount relative to all
the monomer units, as measured through 'H-NMR, of at most
1.0 mol%.

5. The oa-olefin (co)peolymer according to any of
claims 1 to 4, having a molecular weight distribution
{(Mw/Mn), as measured through GPC, of at most 3.0.

6. The o-olefin (co)polymer according to any of
claims 1 to 5, having a weight-average molecular weight

(Mw), as measured through GPC, of from 200 to 30,000.
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1. A hydrogenated oa-olefin (co)polymer produced
through hydrogenation of the a-olefin {co)polymer
according to any of claims 1 to 6.

8. A lubricant oil composition containing the a-
olefin ({co)polymer according to any of claims 1 to 6
and/or the hydrogenated a-olefin (co)polymer according to
claim 7.

9. A l-octene/l-dodecene copolymer produced by the
use of a metallocene catalyst and satisfying the following
{a) to {(c):

{a) The molar ratio of the l-octene unit to the l-dodecene
unit is from 20/80 to 80/20,

(b) The mesotriad fraction (mm), as measured through *3*cC-
NMR, is at most 50 mol%,

{c) The kinematic viscosity at 100°C is from 30 to 1000
mm*/sec.

10. The l-octene/l-dodecene copolymer according to
claim 9, having a number-average molecular weight (Mn), as
measured through GPC, of from 1500 to 15000.

11. The l-octene/l-dodecene copolymer according to
claim 9 or 10, having a weight-average molecular weight
{Mw) of from 2100 to 30000;

12. The l-octene/l-dodecene copolymer according to
any of claims 9 t€o 11, having a molecular weight

distribution (Mw/Mn) of at most 3.0.
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13. The l-octene/l-dodecene copolymer according to
any of claims 9 to 12, having a double bond amount
relative to all the monomer units, as measured through 'H-
NMR, of at most 0.3 mol%.

14. A iubricant o0il composition containing the 1-
octene/l-dodecene copolymer according to any of claims 9
to 13 and/or a hydrogenated l-octene/d-dodecene copolymer
produced through hydrogenation of the l-octene/l-dodecene

copolymer.
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