1 TITLE LUBRI CATING O LS, LUBRICATING O L COWCSI TIONS, AND FUEL O L
COVPCSI TI ONS 5 TECHNI CAL FI ELD The present

i nventi owoed/ssses to lubricating oils and |ubricating oil conPssibeens.
More particularly, the invention relates to lubricating oils conprising
a- olefin/aromatic vinyl conpound randomcopol yner, 10 |lubricating oi
conpositions conprising the copolyner, and |ubricating oil conpositions
conprising a base oil conposed of a mneral oil and/or a hydrocarbon

synthetic oil and an a-olefinﬁianatiﬁ¥¥gnyl Q%g?ound random copol ymer.
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conpound random copol yner. The present invention further relates to fuel
oil conpositions having lubricating properties, which conprise 20 a mddle

fraction {wbg gy, and an a-ol efin/aromatic vinyl conpound rge?&g}%gg yner.
BACKGROUND ART Lubricating base oils, which conprise a mneral "0l

contained in petroleumor a synthetic oiJ such as an ethylene/a-olefin
copol yner, have been hitherto known. Fu#tﬁer, | ubricating oil conpositions
containing a 2 viscosity index inprover or a lubricating oil additive
each conprising an a-olefin polyner are al so _kn
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The lubricating base oils are desired to be excellent not only in viscosity
properties (particularly low 5 tenperature fluidity) but also in heat

stabi | i t yyyoggjsg@hi on stability and |ubricating properties. ghgybdshpi@sati ng
base oils are g?%nded wi th additives such as an extrene preggﬁre agg%t, but

the lubricating base oils, particularly,hydrocarbon synthetic oils, usually
have 10 poor conpatibility with the Iub?icating oil additives, and
therefore the kind and the anobunt of the viscosity index inprover or the

| ubricating oil additives added to the lubricating oils have been markedly
limted. lDbricating oil conpositions wherein esters are added 15 as
conpatibility inprovers to i nprove the conpatibility of the lubricating
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viscosity index inprover or the conpatibility inprover are 20 desired to
be further inproved in the heat stability, oxidation stability, |ubricating

properti npatibility with the lubricating oil additjyes. .Fusther,
Iubriqat?ﬁgégggggoils, whi ch show suffi ci ent conpatibility'éé%qr%Jhg”
| ubricating oil additives even if no conpatibility.25 . inprover is used,
are desired. By the way, when m ddl e fréction fuel oils such as gas oi
(light oil) and heavy oil are used or stored at |ow tenperatures, crystals
of waxes contained in the oils grow | f oils containing grown wax
crystal s a&duZed, ¥ phcii B Fuehods HIRIEid(a _hddings &f UBkTEsDalinss:
extrenme increase of viscosity of the whole oil to cause difficulty of oi
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fl ow are brought about. To cope with the problens, 5 addition of a
fluidity inprover such as an ethylene/a olefin copolyner to the mddle

fracti on wo®B/ssg7ks is known. It is also known to add pol yb ' vi ng
hydroxyl end group and containing not |ess than 70 % of 1, ?@Qﬁgﬁ%irlaits '
hydrogenated product to the mddle fracfion fuel oils 10 -to lower a cold
filter plugging point (CFPP). For purifying autonobile exhaust gas, a
| ow-sul fur gas oil, that is a diesel gas oil having a decreased sul fur

| ation is becom ng severe.
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20 properties are desired. The present invention has been nade under such
circunst ances as nentioned above, and it is an object of the invention to
provi de lcating oil and a lubricating oil conpositi dgi whi ch
S excelvf%%lét&%?lp 25 only in conpatibility with Iubricatiﬁgrgﬁsv‘?ﬁitives
but also in viscosity properties, heat, stability, oxidation stability and
| ubricating properties. It is anofHer obj ect of the invention to provide
a lubricating oil conposition having excellent properties,. which conprises
a base oil conposed of a mneral oil and/or a %%drocarbon synthetic oil and
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random copolynmer. It is a further object of the invention to provide a
| ubricating oil conposition having excellent properties, which conprises a

base oil copposed of a mneral oil and/or 10 a hydrocarbon Lc.oil, a
conpat i bi WO%/33%Br over conprising a specific | ow ol ecul ar é%ﬁ@ﬂﬁkgﬁz

ol efin/aromati c vinyl conpound random copol yner and a | ubricating oi

additive. It is a still further object 6f the invention to 15 provide a
vi scosity index inprover conprising a specific a- olefin/aromatic vinyl
conpound random copol ynmer, and a lubricating oil conpatibility inprover
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The lubricating oil according to the present invention conprises an
a-olefin/aromatic vinyl conpound random copol yner conprising: 25 40
to 75 % by nol of constituent units derived fromethylene, 0 to 45 % by nol
of const i‘%ﬂéﬂ?"%i ts derived froman a-olefin of 3 to 20 cXCHGEIM03IS, and
51to 40 % by nol of constituent units derived froman aromatic vinyl
conpound, with the proviso that the tet&l anount of the constituent units
derived fromethylene and the constituent 5 units derived fromthe a-olefin
is 60 to 99 % by nol,
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said a-ol efin/aromatic vinyl conmpound random copol ynmer having an intrinsic
viscosity [n], as neasured in decalin at 135 [err]C, of 0.01 to 0.50 dl/g.

The firstwigdarhkgati ng oil conposition according to the 10 ﬁé@ﬁﬁ%
i nvention conprises the a-olefin/aromatic vinyl compound ra %ﬂyner

and a lubricating oil additive. Wen thﬁ a-ol efin/aromatic vinyl conpound
random copol yner is used as a lubricatifg base oil and bl ended with at

| east one additive selected froman extreme 15 pressure agent, an abrasion
resistance agent, an oiliness inprover_ and a detergent-dispersant, a

| ubri cat i g i I& Eomplstt 6 Favi Holeic® Bl Afifodiebti'es can be obt ai ned.

The second | ubricating oil conposition according to the present invention
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an a-ol efin/aromatic vinyl

constitu
1 to 40
conpound,

derived from et hyl ene and the consti% Gent units derived fromthe

a-olefin
neasur ed

is 60 to 99 % by nol, and has an intrinsic viscosity [n], as
in decalin at 135 [err]C, of 0.1 to 5.0dl/g. The third

conpound random copol ynmer which conprises 40 to
75 % by nol of constituent units derived fromethylene, 0 to 45 % by nol

0873372 unlts derived froman a-olefin of 3 to 20 gp Qs and
gﬁ%y nDI constituent units derived from an aron§§$' %Wﬁ
wth the proviso that the total amount of the constituent units

of

| ubri cat i Hgdol JcEdnpodi & HhTa&kcdrdi ng to the 5 present invention conprises:
a base oil conprising a mneral oil and/or a
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hydrocar bon synthetic oil, a | ow nol ecul ar weight a-olefin/aromatic vinyl
conpound random copol yner which conprises 40 to 75 % by nol 1

0 of
constit upBtagmiy7a s derived fromethylene, 0 to 45 % by nol J;g 'ﬁg&ﬁ%h uent
units derived froman a-olefin of 3 to 20 carbon atons an fto o by nol

of constituent units derived from an_gnomatic vinyl conpound, with the
proviso that the total anmount of the constituent units derived from 15
et hyl ene and the constituent units derived fromthe a- olefinis 60 to 99 %
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vi nyl conpound random copol yner enpl oyable in the second |ubricating oil
conposition. 25 . The lubricating oil conpatibility inprover according
to the pw% ,;znvention conprises the same | ow nol ecul ar wei ght .
a-ol efi n)atormaei?c vinyl conpound random copol ymer as 7 PREIRSO012)
| ow- nol ecul ar wei ght a-ol efin/aromatic vinyl conpound random copol yner
enpl oyable in the third lubricating o0i}2 conposition. The fuel oil
conposition according to the present 5 invention conprises: a mddle
fraction fuel oil having a boiling point of 150 to 400 [err]C, and
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an a-olefin/aromatic vinyl type fuel oil fluidity inprover conprising an
a-ol efin/aromatic vinyl compound 10 random copol ymer V\/m ch conpri ses 60 to

90 % by nwbgfissgzenstituent units derived from et hyl ene, &:12
constituent units derived froman a-olefin of 3 to 20 carb &3@%@ 1 to

40 % by nol of constituent units deri \r/rgg froman aromatic vinyl conpound,
with the proviso 15 that the total nt of the constituent units derived
fromethylene and the constituent units derived fromthe a- olefinis 60 to
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the fuel oil conposition according to the invention are described in detail
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25 hereinafter. First, the lubricating oil according to the invention is

descri bed.

ol ef i n/ angg®R
aromatic vin
atons. 5

The lubricating oil of the invention conprises an a-

g,ils&.,yi nyl conmpound random copol yner obtai ned from et hyl.ene, an
y

compound, and optionally, an a-olefin of 3 ®&THERREHN
a-Aefin/aromatic vinyl conmpound random copol yner The

a-ol efin/aronatic vinyl conmpound randordfcopol yner for use in the I nvention
is a random copol yner of ethylene and an aronmatic vinyl conpound

(et hyl ene/ aromati c vinyl conpound random copol yner) or a random copol yner
of 10 ethytehdl @mnrvds dh 6f it YL 3Tt 20k CaB oD Rtibok -antt AR 7 JU %

WTH R,
LEOREH2~2004 LT 4 0% (K) EAXETHESNLS
AYIo—ld, BRAFOFEIZLYMEBEXAh D,
ARPIKIE2OBEHERYPOEMIZ. 50. 0~9 9.
SEEY%. #ELCIX60. 0~95. 0ERB%DETH I \ON 3,
a—FAVI4 v - FEEE VLAY S V¥ LETELK
FARPUEFIE20BBHERY TR, BEEEALEALLTO
BEZHRTAREDa—F VT4 v - FEEEZNLEHWS > ¥ L
HRESGGVEMELRIEERRALALLCAV SRS, COXE
BHE, R UARRACKRIBEETOLE L oBBmEARY %
MRTBa-FVT740 - BEBREZIMLEWS VY LIETLHE
AETHD. TF UV EFEBRENMMLAWEDS L ¥ LEEAK
(ZF VY  FBREZ NN vV LEBLARK) T3 F L
VD EREBEFEMNI~200a AL T4 v EBBERE = ALAY
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b > 7 LEBEK) TH 5,

U ARPICRIE2OBBEHERY B O Sa 7% LT
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aromatic vinyl conpound (ethylene/a-olefin/aromatic vinyl conpound random
copolyner). In the ethylene/aromatic vinyl conpound random copol yner, the
anmount  of weyugskghuent units derived from15 ethylene is il‘bf/{iﬁ P@ﬂge of
60 to 75 % by nol, preferably 60 to 70 % by nol, and the anount o
constituent units derived fromthe argqﬁt[c vinyl conpound is in the range
of 25 to 40 % by nol, preferably 30 to 40 % by nol. Exanples of the
aromati c vinyl conpounds include 20 styrene; nono- or polyal kyl styrenes,
such as o- _nethyl styrene, m nethyl styrene, p-nethylstyrene, o, p-

di met hyl st@rene, o-ethyl styrene, methyl styrene and p- ethyl styrene;
functional group-containing styrene derivatives, such as nethoxystyrene,

et hoxyst yr erds A (vifnpl S B 2B ] HdihdE einisl. Skl behddar'eE id

acet ate, hydroxystyrene, o-chlorostyrene, p-chlorostyrene
EREBMBIOSHIEMII. LEDLIBa-F VLT 4V - FHK
Eo Wb VL ESREZEBICRIBERHEm ER LT

B43hTWH30T. Bhi-BIBmEEEFEL T 5,

Wi, ZRB\ICKRIE30OHEBRERY S X FHEEHBHEELA
KOWTH#HHET %, |

KRBHICEI>E3IOREBEHARD . Sl XU/ Lo dRK
RRAKBbO o SERSE, HEAALULUTOBEEZE T IHED
B FEa—-—ALVT 4y - FBREZNLEMS VvV LEEEKE.
BiEmamALEsmT LTINS,

T, FARPAICRLIBEHAMBARE. ERPUIKKRIE3IOH
BhmERBIcAohba-FVLIg4 v  FHREERE=ZILILEHT v
FLEABEABRERAUCEEREKDL G > TS,

il

EHmELTH, ERAULAEXRHEICKEIE 2 OBEBIHARY O E
ELUTRHAVWonSHM. RILKBERAKBLAEIT SN S,

a — AV T4 v  FEEE-IWILEYS V5 LEEEK

ARBICKIESORBHMMBRY TIZ. HEMRKE L TOMRES
BT AREDEBSTFEa-A VI Y - FREEZIIVILENS V5
LEEGHRPAVONS, COXEAHKIEF. EBULAEXKRPIIFES
BEMEIWLEIOHEBEHARYERK TS - FVT1 Y - FH
BREZNWVILEMS VIV LEESGHKERMBETHY., 2 F UV EFFE




and di vi nyl benzene; 3-phenyl propyl ene; 4-phenyl butene; and 9
a-net hyl styrene. O these, preferable is styrene or 4- methoxystyrene. In
the ethyl ene/aromatic vinyl conpound random copol yner, a-olefins ot.her than
et hyl ene ¥RA8B¥E vinyl 5 aromatic conpound may be copol yneFCTEE8AR 1) es
of such a-olefins include a-olefins of 3 to 20 carbon atons, such as
propyl ene, 1-butene, 3-nethyl-I-butenel84-methyl-1- butene, 1-pentene,
1- hexene, 4-nethyl-1-pentene, 1-heptene, 1-octene, 1-nonene, 1-decenel,
1-undecene, 1-dodecene, 1- 10 tridecene, 1l-tetradecene, 1-pentadecene,
1- hexadecastes )l puyadencpe, 2Lk @ed ¢he( A -Fhdnadec i #Md = abdbene.
WS vy LEEARE) ¥R FUVVEREEFENI~200Da
—F VT4 VEEBREE-NLANEDS VI LEESEK (ZF U
Vea—-AVI4Y EBFEENLEMS VI LEELSK) TH
3, 12U AEBICFRLIEIOBEHEAKBICBLoNSIES F
Ba-AVI4v FBEEE-IVILEBT VT LEESGHKDL 35
C. FHY VHTHUELUERRBRHEE [n]1 & 0. 01 ~0. 30
dl1/g. FELKIZ0. 01 ~0. 20d1 ./ gTHAHIENYE
T Lo
COLSHNHEBHFELTOREEZRFTHIBEGFEa-—F LT 1
Vo EBREZNLAWS VI LEERKRERVBEILIILD. B
BHANFISEZHMPICBBELE LS,
MEAKELTOBEEE T a-FVL T4y - FEERE= VL
AWM U LEBESEORMER, EWM1 0 0EEIIHL., 0
BHABAS0EERWMUT. FEFL(ROEELEBAIOEEN
PUTTH5,
B, COBAFREa-FVI 4V - FBEEZNMELEMT VT
LEEA K LHEBHAMALOERKIF. 0. 01 ~4. 0, =
L0, 01 ~2. 0TH 5,
iE 15 i &5 0 #
ARPICHEIEIOBBHERHI. B LA LD UHRER. W
BEFER. MivEH. B oRA. BAIEA. BEH L I CWRAD
EOMBHEAMAZITA TN S,

CHhoDHBERENFIOREAEIR. BRSO HHEEHEICL ST



O these, preferable is propylene, 1-butene, 1-pentene, 1- hexene or
1-octene. These a-olefins can be used singly or in conbination of two or

nor e Ki Nnego ogkizsr2 In the ethylene/a-ol efin/aromatic vi ?&v‘ﬁ%}ﬁﬁﬁ]d
random copol yner, the anount of constituent units derived fromethylene is

in the range of 40 to 75 % by nol, the,anount of constituent units derived

fromthe a-olefin of 3 to 20 carbon at Is in the range of not nore than
45 % by 20 nol, and the anobunt of constituent units derived fromthe
aromatic vinyl conpound is in_the ran%g of 1 to 40 %by mol, with the

provi so t BfEEh Wot akl bl ot Hhak BHE T ¢ udnt Ehik s & B&E P o

et hyl ene and the constituent units derived fromthe a-olefinis in the
range of @Ud D ®5 0 B by Infl E & 06 G Spietedabl e that the amount of
constituent units derived fromethylene is in the range of 40 to 70 % by
mol , the anpuBt BB{c (PrB 5 CueniE Wik $ detp vd 8L aink Beth/ & 7o id ik bk
RRABRWHI»SRIEMIC, AEHMANAZzRSGT S ELEBIT. L
EOLIBEGFRBa-FV T4y - FHREEEZINLEM S V¥ L
HEAGLEBRETLEIHABMLALELTEALTNSDOT,. EhicH

WhEgEHEEZHFLTW S,

RiIZ, a—AVL T 42 FBEREE=-NVLEMW S vV LEXBLEOD
Bl HFEICOWTHET 5,

ZRETHWS (BSFE) a—-F V742 FBEERE=_ LIS
MU LEEAGRR. IREA I M (a) OFEETIC,
TFUVEFBREZINEEHE, VB U TREEFH-N 3 ~
200a - FVI 4V EEREETBIEINLIVBAETDZIENT
x5,

Lt At opE (a) EUTR. Yo 784 M0 T
ERIODALWONLTWAA YOV RME, Kot h o IZHY
THEA 0 VRMENFHREZCAVONIN, HILEBREEOD X
guot it (BEBE&EBMLEYW) (b)) &L ARTNLUI=T LA
FUMEY () BT/ ELEA4 MbA A VRS (d) &
NoRBMBNRFELSAL NG, |

Aot ks (b)) LT, TUPACERMEmBIEYL
ER (1989) KLAKFES1~18TERINILEORYE
(ERBRE) 04k oBEN BB EBEO At beth. B



10 olefin of 3 to 20 carbon atons is in the range of not nore than 40 % by

nol, and the anmount of constituent units derived fromthe aromatic vinyl

conmpound %§ range of 1 to 30 % by nmol, with the proviso that the

t ot al annun?b%}?s%%e the constituent units derived from et hyl BEE/JERDOL12e
constituent units derived fromthe a-olefinis in the range of 70 to 99 %

by nol .

anount of the constituent units derived from 10

When the anount of the constitubht units derived from ethyl ene,
the a-olefin of 3 to 20

carbon atons and the anpbunt of the constituent units derived fromthe

aromati ¢ v{opy (TRnPoRme- # ¥ W Lh) nT eXaporesr anges, Sark gy sokt pocpgse oil

havi ng

5o
ML x = (1)

X (1), MEAHRDLA KIS BENSERBELETHY., B
BRI INI=ZT L, FIUERBNANTZOLTHD, xIER
EBOETFMETSH 5, |

LIBBERBIIEMTIRMEFTHY. ChoD3bHHu L LD
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Td &,

Y7aRVIVIZIINERERETHIEMLFELE LTI, #lZ I,
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SOV n-y i-, sec-FARE-TFAY IRV T UK, A
FIONIORVIDIZNE, FI7FNY7aRVEY IV,
VAFIY 7aRXRy T vEk, MY AF LY7oV IS
WE TIIAFNV IRV DT = NE RS XAF L 70
NVFDVLZNWE AFNIFAI IR F DT bE, A F)
TRENY IRV VT ZNE, AFNTFANY /ORI DT
SWE AFANFINT /ORI DINE AFARD D
YomaRVIIVIZNVE TFNTFN I aRY Y DT oL,
IFUNFINI7aRVITToNE, AFN20NFI D
JURVEITZNEEOTLFINELE 70T LFILERL 2

ORI VT VE, ISITAVFoNE, 4,5,6,7T-F S5k Knm
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good bal ance of various properties such as viscosity properties, heat
resi stance and |ubricating properties can 15 be obtained. O such

copoly . nti oned above, preferable is an a-ol efin/ tic vinyl
conpougﬁﬁéggéﬁﬁ?copolyner wherein the total amount of theaggﬂg?#@ﬁ@ﬁt units
derived fromthe a-olefin of 3 to 20 carbon atons and the 20 consti tuent
units derived fromthe aromatic vinyl Honpound is in the range of 0.1 to 40
% by nol. In the a-olefin/aromatic vinyl conpound random copol yner, ot her
nononers such as non-conjugat ed di enes may be copol yneri zed. Exanpl es of

t he non- cgnjugated # enos)i2d L it B & A8 Begt édtede, 1, 4- hexadi ene,
4-met hyl -1, 5- hept adi ene, 5-net hyl ene-2-norbornene, 5-ethylidene-2-

LE ey noc ot B LY\ R SO, [T pom N ik £ T

INTHTH K '

CHODF TR, TIUFIVEBRD 7RV VT VENFIZE
L |

® (1) TREINBZ Ao/ EH (b)) BEREALFLELTY
sTaRVIVIZNEREATE2EEZ2HULATSIHSIZE. £
DI IBL2MOY 7 aRVFVINEREATHIERLIEZ. = F UL
v, Tub LU REDTAFVVE, AVTBEYTF LY, VT
WAF VUV EDBRTIVFLVUVE, VIV VEFLEZIAFILY
Jb vk, P72V Y UV UVE AFN TNV VERE
DEBRVYVVVEREENLTHESINTNTH KU,

Yr/mRVIVIZNVERERETIRMLFUSADOL ELUTR. B
EEFHE1~1 20RMLKERE, TLIFVE TV —-—oF
2k vEBEGEE (-SO: R'") . n"oF UvEFERLBKERS
(ZZT. R B7NUVFNE, "aF VyEFTERSINALTIVFI
. TV -NEFTLRNe S UVREFELITIFNETERIONL
TIUV—=NWETHbB, ) BEPBTF 6N,
REBEFH1I~120RIKEZELELTER., TILFIVE, Y70
FTHNFINE, TYU—IVE, TIAUFNELESNBETF oD, LHERK
(S ENEEN

AFNE, ZFIVE, n-TobNE, AVTOoENNE, 0-7TFI
E. AVTFNE, sec-TFNVE, t-TFNVE RXRVFIVE NF
SIWE, XS FNVE, TUNE FTFVILEREDTIVFIVE,



11 i sopropenyl -2, 5-nor bor nadi ene, dicycl opent adi ene, 1, 6- octadi ene,
1, 7-oct adi ene, tricycl opentadi ene, and esters of

di hydro
(e.0.,

| nt adi enyl oxyet hyl ene and unsaturated carboxyl Lc acj ds
WS PCIESRORE o and

cid, nmethacrylic acid, 5 I taconic acid,

fumaric acid). These non- conjugated di enes can be used singly or in
conbi nati on of two or nore kinds. Thelf-ol efin/aromatic vinyl conpound
random copol yner has an intrinsic viscosity [n], as nmeasured in decal
10 135 [err]C, of 0.01 to 0.50 dl/g, preferably 0.02 to 0.40 dl/g.
a- ol ef i n/ arlerntm e\ By UL gdpaund o axde sy glegbliy e £or7 use” Vb 3 hk Zgvent i on,
the proportion of the

Tz VE. PUYNWNEREDTY —ILE,

RUVIONVE RFTANVEREDTSNFIVENEITONS,
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c-TrFVEG-TIFIERIIMFVEAFYFVE A7
MV ERENBITSNS,

TYV—oF L EELTHR, 72/ FERENE T SN B,

ANVE BEREE(-SOs R' ) ELTR. A ¥ ANFF b
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p-7 IR VEVRIFEFIPERENBIT oD,
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R?% R® R'»n R°. M - (2)

A (2, MBEKX (1) OBBEBEAKROBE SR, IHFFE L
ARIINI=ZTLERLRFY U THY, R? BysaxRvsydx=
IWERERTHE (BEF) THH, R\ R BLUR® &, K
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constituent units for form ng sequences of two constituent units derived
fromthe aromatic vinyl conpound to all the 15 constituent units derived
fromthegg: lsC Vinyl conpound is desired to be not nor ey,

pref er abﬁ%@gﬁre than 0.1 % The proportion of the seque%ces 8(;)‘}02/
constituent units derived fromthe ar@gatic vinyl conpound can be :
determ ned by neans of 13C-NVR 20 The process for preparing the
a-ol efin/aromatic vinyl compound random copolynmer will be described |ater.

iyl " comp b F adBrr Ebpor Ar 1 SlEs it P Softol TR T )
oxi dat | onC SRabrNiB Y dhab dbradbes Wekiree: ¢ 6 4%, <Y
L' M? 2', = (3D
(RP. M2 BABEDLEZIES V7= FRIIODEBTH Y.
L' X, ¥RENMrEEEORERTHD. €BM? BT A b
KHREMEREFELTE D,
Z' 3 BEVWKA—THELZ>THTH &L, KREF, ~n¥y
VEFELR2OUTORERF. Y1 REFHLLE ==
LEFEEETH. RILKFE., VYINEBLIBZFLVINLETH
50 )
DS (3) THRENBZ A MLEH (b)) OFTIE.
TER—I (4) TRINWB A0 LEHNEFF L,

(z%),
eee (4)

® (4) . M i3, F4 o, YNASILEIRENTZIALT
HhO. Z' . LRELEAKTH 5,
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12 Next, the first lubricating oil conposition according to the invention
I's described. The first lubricating oil conposition of the invention
conprises a |ubricating base oil, which conprises the sane 5 _ .

a- ol ef i nW98R87%?c vinyl conpound random copol yner as used BGKIR9BPRIAg t he
above-nentioned lubricating oil, and a lubricating oil additive.
Lubricating oil additive The lubricati @8 -oil additive for use in the

i nvention 10 is at | east one additive selected froman extreme pressure
agent, an abrasion resistance agent, an oiliness inprover and a

o LT eI RIPLeS R e L D I L e
W! &V' LTHRAREZERLTLI L, E/Cp W' &TH
EBERBRLTH L |
—X (4) DCpTHFRENBEOFZFLLWHOELTR, V7
DRIV NE A FoNE TAFLIAEBXTINS
DBEMFZBEERLENBT LN, THOoBEBET (M? ) &¢8EZE
Kb, Y7urRVIPIoNEFOEZERERFIZ. EFoAlE
LE, BREFDALVELE (2O LULOAREFN DY VE
FTEBXHB|ZIONTWVWS) . EFaoANENERA YDA FE (A
yo4 FREPERZSEIARZRHLSCRBENS) LU DT U H
DOBREINALFA—FTRLRIEBELLIETERINTLTH XL, E X
REBMT O, Th, 2MELEZAM LOBREE —#Hicn
STHEBEEBRLTO T &, Y7 aRy I VEFOD
HLEDLIDOKRKREFR2BERULIBFELWEFOAILENLE X
UBREFoANENLNEZR1I~20@ORERERFEITH. M DOHEHMH
FREASBEKOTVFNE, BREMAKRE. THFILVERRKRK
fbRFEHR, FBREEBIUCTILVFNVERFERELZEET 5. &
LnERA oS NERI4AKREROE/ -, V-BXUT LI -8
BRE#A Yo, FEEZEE L. E VoA ELEDDZTNZENE] ~
20MBOREEFEZEL, FELWEBAIoS FEDERKMNL D
DELTHEH NYAFINIYIL, PYZFLI YL, TFLTAF
WY, AFNITZFIVI YN, T2 TAFIIV TN, AF
WO T 2=y, PY T2 Y, PYT2Z VT IV I,

MY AFIHFNLNINEERETONS,



15 sul f ones, thi ophosphi nates, thiocarbonates, fats and oils, sulfurized
fats and oils, and olefin sulfides; phosphoric acids, such as phosphoric

esf[ersz woagBssgsous esters, phosphoric ester ami nes and p Eﬂ%zester
am nes; and hal ogen conpounds, such as chlorinated hydrocarbons

Exanpl es of the abrasion resistance @%ﬁnt I ncl ude i norganic or organic

nol ybdenum conpounds, such as nol ybdertim di sul fi de; organoboron conpounds,
such as al kyl mer capt yl borate graphl te antl nony sul fide; boron conpounds;
and pol ytetrafl uoroethyl en es of the oiliness inprovers

i ncl ude” hi gholt Rat ¢ )ac@d% @&@3’3&& @ é’cil-dfaﬁd skelr Pcfatid;/ YHgher

al cohol s, such as ol eyl al cohol am nes; esters; sulfurized fats and oils;
and chl or Pt Fdlhaty Aobroifsh S, 7Y =, 73 K. 7Y —vFxF .

THIAFY, KRAT 74 F. ¥ NWT 74 K, TV, BEHNSA K
FEAEY TR, TYKBE, TRF AT bx— bEhien
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13 Exanpl es of the detergent-dispersants include netallic sulfonates,

as cal ci um sul fonate, magnesi um sul fonate and barium sul f onat e;

thiophosgpeggéﬁﬁé phenat es; salicyl ates; succini m des; benzyl api ne;, and

such

succi nat es. The first lubricating oil conpositionBST/3PA¥0G2Y ent i on
may further contain a viscosity index inprover, an antioxidant, an
anti-corrosion agent and an anti-foani @4 agent. As the viscosity index

| mprovers,

those generally 10 added to lubricating oils are avail abl e,

and

exanpl es thereof include natural resins, such as mneral oil, and synthetic

resins, sukifl4s.eGhyiens) dr oL okifl H1QPEYREE. 1 & pIvefA nk FaupEe| &R &

st yrene/ but adi ene copol yner,

pol y(net h)acryl ate and napht hal ene condensat e.
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¥ B F ik

AA A F HEALEH (d) EUTIE, VL X, 44 1L

B K5 MLEWM. BXUTANEKES VLA WEPTET B ERT
b, ChoDA A b4 A UM EY (d) B, #$FF1-50
19505 . $#XF1-502036EAM. FHE3I-17
9005520, HBHFE3 -1790065 %M. HHFEI-20
TT03BAM. HBAFE3-20770482A,. USP-532
11067 AT ERRERINLTLS,
AU A AT (d) EUTHLABLL RBELTH,
BR: (ZZT. REA—TH-THEN-TWHWTHLL, 7vE
B AFNVE PV TNNA X FLEREOBHREEZALTHT
bIVT 2 VEFRNRBTvREFTH B, ) TRENBALEYH
sgiFohn, HZE



15 Exanpl es of the antioxidants include am ne conmpounds, such as
2,6-di-t-butyl -4-net hyl phenol ; and sul fur or phosphorus conpounds, such as

zi nc dit ypsgragphat e. Exanpl es of the anti-corrosion agentg.i
P, .

carboxylic acids and their salts, such as oxalic acid; 20

Gor fvat i ves, and t hiazble compounde. ‘EXbpl os of The anti i oani ng agents

i ncl ude silicone conmpounds, such as dinethylsiloxane and silica gel 25

o P AL O 5,55 SR TR s S

A P PN R N AT L e At A
VX Y-l a2 FN7c=i) For, PIR Ry 710F
U7 x2=Jb) Ko R EREITFONS,

AF A A VA (d) EUTRNS A4 AT,
AFAVHBMAMENET =4 VBMEUEN SUBETHSE, T=F
vHEMREHII. FAEA SO LAY (b)) ERIETZ I EITLD
Avaw tg® (b)) ZAFF ML 41 AU MERKRTE &
KLV BEEGBAITA VEERENLIRIHENS B, TDLHU
ToAELTR, ERFVRILLEMT A . ERERALEYT
=AU BRTINVIZVLEEHT A B ENH D, HEHES
TEBEBATA VELAREMI LI 0B FELL. AFA L E
LT, KBV FF V. EREBAFA V. ANKE=Z T LATFF 2,
MIEDLAFA V. FFVZOLAFA Y, ANKZT LAFA
Y RRARZDLAFFY TYVEZTLAFA VR ENET 6N
5, IHIKHELAB M TJ2oWANMWRZTAFA . MUTF
WT VDEZDLAFF . NN-DAFINT v 2T LAFA L. T
BB TLAFEF B ETH S,

INoDHIL, ToAUVHEHAEHWELTHETVRILEMWEERE TS
143 HAEIPHFE L, BRBICEAA v HEMAEAHE L THE.
FUTIFNEBRT VEZTLE, NN-DT7NUFILT U =7 LI,
VTINVFNINTVEZILE, MITUV—NVERRAT7 27 LIEREE
BFsENTX 5,

ERMVTAUFNVERT vEZ LB ELTR, AE N F



14 preferably 0.05 to 60 parts by weight,

based on 100 parts by wei ght of

the a-olefin/aromatic vinyl conpound random copol yner. The Iubrlcating oi

conposi ty
hydr ocar bon syn

he invention may 5 further contain a mneral ail or

first lubricating oil conposition of the invention contains the
a-ol efin/aromatic vinyl conmpound randot® copol yner as a base oil, the
conposition is 10 excellent in conpatibility with additives as well

viscosity properties, heat stability, oxidation stability and abrasion

hetic oil in an amount of up to 50 % by vwﬁ?ﬁﬂrmyﬁuﬁée t he

as in

resi st ancd: 7TNexE, =t lelsEcbnt |(UBr kcatiing iy FEqnpbsit¥ oo & Fhy & scosity
I ndex inprover according to the invention are

DALATMZ (Zx22)) FUR. MY (0-7TFN) TUVvEZT LT
PSS (Txz=0) RTR. PIAFNNTVEZTLT NS (p-k VY
W) FORBENBEIToh B,
BENN-DT7NFNT oY oLEELTEH. BIZENLN-D L F
NTFZYZO LTS5 (T22) ko RRENET 6N B,

GV THNFNLNT VEZOLBEELTER, IZAEY (-7 o EIb)
TYEZILTEFS (RVZT7NMF0T 2 )V) v9F%. P2 /n
NFYNVTVEZILT PSS (T=2) SRR ENET SN B,

BB PYT Y= ARRXRT =T hEELTR, AIZIEMN) 7=
IWHERRT 4+ ZTLTMF (TZx2) &F7%R. MY (AF N7 2=
W) RAT =T LT MNS (T22)V) 9%, PY (P AFILT
T ZW) RRXAT 2T LTINS (T2 )V) ROFRRBENRETF S
%o

SHORMEIAT VBAEHELTR, MY Tz H MRy L
ThSFX RV ITAVFOT2=b) Fb—b. LN-SAF LT
ZVZTLFIFSFR RV TNFADD T 2=Z)) K-+, T =
BV LT S (RVFTNFAOT2=b) Kb— b EEZET
5 &EBTE S,

A A A EAEY (d) ELTRAWEES VLW ELT
. TEROIIUVMEMERET LI L TE %,
ThRERZ YV (14) ;

EX (M) (n-T7FIN) FreEZYL) JFEL—F, EX (b
D (n-TFN) TVyEZTL) THARV—- MR EDT =4 LD ;



15 described. The second |ubricating oil conposition of the invention
conprises a base oil, which conprises a mneral. oil and/or a hydrocarbon
synt het iwo®ghkigyand a specific a- olefin/aromatic vinyl co Rehdgsiom
copol ynmer functioning 20 as a viscosity index inprover. The viscosity

I ndex i nprover of the invention conp[uﬁeg the sane a-ol efin/aromatic vinyl
conpound random copol yner as used in the second lubricating oil conposition
of the invention. 25 Base oil The base oi

used in the second lubricating oil conmposition of the invention is a
Iubricaii#i}kﬂgée oil conprising a mneral oil and/or a hydrocarbon

synt hetic o )
FY (n-TFIN) TYEZTDLER (KRFAINSA FSARKREFH

K- b)) a2V FEEE (11D, EX (MY (o-7TFNW) Treo
TL) ERXR(FFANAFSARNTFARV—-F) = w5 IVEIE
(IIDBEOERRZ VT2 A LV OERENBE TN B,

AA A EMREY (d) ELTRAVWS ANKS V{LEHE
L T,

@ﬁ)%ﬁ/ﬁﬂﬁ5>f(14).\13-9hn~</%wﬁéy (13)
BREOT=—FDIE; BLXU

Y (-7 FN) PUVEZTLER (JFNLFES4F- 1,3 ¥
AN FRU—F) ax)bbEgE (IID. bPY (- TFIN) T U
EZTLEXR (YU TFHANAKSTAL F-1,8- DNV FAKRY
— b)) E®MiE (IIDREDEBAHINES V7 o4 O EET
5N 5,

LEROXDITBAFT VLA T U HEMAEY (d) E. 2HULHESYE
TRNTSH &,

ARPFTHWS Ao MK (a) X, BELIEUT, WES
BRAKMATISITRARBTINV IO LAY (e) 8ATH
Td &L,

LB ULUTHVLWONSIEFBT VI o Leth (e) LTI,
PIZIETR N (5) TRENBZERTNLNI=T LLEYEET
5 EMTE B, |

(R®* ) » Al X, «+ (5)

H (5) . R id. REFFH1I~15. FFLiF1~40



15 oil. These oils can be used alone or as a mxture of two or nore kinds
W thout specific limtation, as far as they have a viscosity at 100 [err]C
of 1.5 to 40.0 m®2/ S, preferanyZOto 10.0 mferr]/S. 5 The

m neral WO%8@325 viscosity in the above range. The miner §1CT6W9WP%212for
exanple, a refined oil obtained by subjecting a paraffin base crude oil or
an internediate base crude oil to atmd®8pheric distillation or subjecting a
residual oil of the atnospheric distillation 10 to vacuumdistillation and
then refining the resulting distillate oil in a conventional manner, or a

g:ﬁbﬁg\é\@ﬁ%ﬁ% I’%)‘Izﬁl ngdng¥h‘g§§p7ﬁfmﬁyﬁg%gg{?{ﬁ@dqgvggﬁgmggﬁegxf
extracti o& 1a,l_wkgl Jz- %5,

TOEOBNREEFHI~150RMAEKRELLTE, HIRET
WV FIVE. 97.n7’1v=\'~)1/§§f:l17=) - WENBY o, BKEY
iCid. AFIVE TFNVE -TFoENE AV T RENLE 4V
TFVELENBTFOND,

COEIBEBTINI T LALAHELTE, BABIZRUTO
OB EYURBETON S,

Y XFLFII=ZL, PUZFUTHI=ZT L, PYAYT
CELTHNIZYAL, Ma-TFATIVI=TL, PIAVYTFI
T I h, FYsec-TFITHNITLED MY TIVFILT IV
sty AV

—#r (i-Ca Hs ) x Al, (Cs Hio) -

(K, X ¥ zREOHETHY. 222 xTHbB. )
TEDbEINZAVTVZNVTINIZTLEDT IV ZNTIVIZY
VAN

SAFNTNIZTLIZOY R, VA4V TFLTIIZT LI
U RED I TAFLTINIZTLNT AR,

SAVTFNTHNIZTLNAFSAFEDITIVFIVTIVI =
T LA FTA RS

CAFINTNIZOLAMNF Y REODTIUFNTINIZT LT
VaF v K,
SIFNTNIZILT =) FVYFEOITINFNTIIZT AL

TU—BF Y FREFETON S,



15 distillation, sulfuric acid washing and clay treatnment. These nethods
can be carried out singly or in appropriate conbination, or the sanme nethod

can be raposgssg7pl ural tines. In these cases, there is no i fic
linitation on the order of the methods and the nunber of rigﬁib?W@Rl%o

times. In the present invention, it j; particularly preferable to use a
m neral oil obtained by a solvent dewa ?ng process that is nade under
severe conditions or obtained by a deep-dewaxi ng process such as a

catal ytic hydrogenation_ dewaxing process using a zeolite catalyst. 25
EmmMsm4%%%@%%%&%%&%%%&m%ﬁ%@W%ﬁﬁﬁﬁﬁﬁ
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16 an ol i gonmer of 1-decene and an oligoner of 1-dodecene. In addition to
the mneral oil and/or the hydrocarbon synthetic oil, also available are

di esters sy i -2- ethyl hexyl sebacate, dioctyl adlpa dioctyl 5
dodecanoate angfpolyol esters, such as pentaerythritol %&3 gﬁqﬁjﬁnd

tri methyl ol propane tripel argonate. The gligoners are obtalned by
(co)polynerizing olefins of 2 to 20 carBon at ons by conventional processes.
In the second lubricating oil conposition of the 10 i nvention, the base
oil is used_in an anount of 50.0 to 99.8 % by wei ght, preferably 60.0 to
95.0 % by Foi géit. kLS 0/ & Al /TidyD % ¢hpoubds rard &E B difymeE En t he
second lubricating oil conposition of the invention, a specific
amWHNﬁ%ﬂW&%ﬂ&@@@&ﬁlOﬁﬁNl.5@%?550
a—-FVT7 42 FEEEZNVILAYWS vV LEBESGHKREBETS
SEICE. = FVVEIUFEFEEE- VAW, PERKIECTRE
EFHM3~200a—4L 74 vid, HROLS LHEZHAKDE
EERIVBONBLIBETEARICHKLINDE, XISITHELAIC
BLTR. XKELELEOHFERGHEB VLWL LB TE S,
LROIIELTZF VUV BIUFFEREE=INVILEAW. HDBEIZKE
CTRERTFHNI~20Da—-FL T4 v i2#BEEXEBE. a
— A V742 FBREZNVLEYWS YV LEXEAKIBAT %
BULEGRELTHAGND, COEARIEFEINIVATX A, a

—F V74 - FEEE=ZINVILEYS /ﬁL\#&EAﬁU&\ >N b,

&K\Kﬁﬁuﬁéﬂﬂmmm%uomfﬁ%Téo

AR IZLR 5 BB AR X

BanN150~400CIdb3hBomems.

ITFLy, FREEE=ZIWVLEY. BIUDHBELELTRERTFH
N3~20Da-FLI4vhoBohda-FLT 4y  BEHK
E-)btE¥o v FLEELE L
No1L B,

Blﬁiiiﬁiiiﬂﬁ_ )

AEPTAL SIS FEA MBI, BEKL50~400CTo
HEICHY, TORBHYTHIESBRBHEEIBRH. ABMLETH O,
SO0 %BEHEBELNEEDOENL10CLH L, &2 200CTL



15 random copol ymer functioning as a viscosity index inprover is used as
the base oil or the viscosity index inprover. This copolyner is simlar to

t he a- olwbiggiksgmnati c vi nyl conpound random copol yner for li@flﬁiﬁ%ilae
| ubricating oil or the first lubricating oil conposition of the Invention

20 nmentioned above, and is a random %(i)p_ol ymer of ethylene and an aromatic
vi nyl conpound (ethyl ene/aromatic vinyl conpound random copol yner) or a
random copol yner of ethylene,, an a-olefin of 3 to 20 carbon atons and an

Fandom cobol Y0 THE e DI ST v ohed | & Uray ¢ o thdi AR 950Dy ner
however , MK arl |6 CEdCLE ShobiCYDIRRE 695 5 & O 748 IS 475 L tog
CNOoDHFEBEAREBIIBELR2ELULODREREHTH->TH
i AN
a—FAV I 4y FEREC_NVIENS v FLEE L&
ERATIE. a—-FVI74 v  FEREZINVILEMS VT LEE
Bk, RAMRBUBEEIBALLTAVON S, JOXESKIT.
ITFUVVEFBHRE=NMELENEDS VL EBEER (= FL > -
FERE=IWVILEY T VI LEBELGEK) | B FVLVVERER

FEN3I~200Qa - FVT 4 VEFBFTRE=NILEWMEDS V¥

LEBAK (ZFVY a—-FAVT4 2 -FHREREE=ZNLEEHLS
FLEBEEHK) TH5S,

TFVY - FBEE=NVEEYWS VT LEELAKR TR, = F L
NSBEINBSHERBEMMNIO~60ENL%, FELLIZ85~65
ENVBOHEEICH D, FHEEEZ VLS D SE N D HE KB AL
10~400%, HELLWR1IS~35FN%OFfEHICHS Z &
MEE L, |

CITHEBREIAMLAME LTI, BAMIE. XFLY ;o
AFIWAF VU B-AFIVAFV I/, D-AFIVAFL Y, 0,p-T A
FUNRFUY. -ZFNRF LY, -2 FMRF L. p-TF LR
FUVEDE/DBLLRBRYVTAFAMIXFULY ; AMFVRFL U
IThrFVRFULY, EoNVREBEEE, ENVREEEAFI, =
Ry IONNTEF—F BEFaFIVXFLY, 0-700XF L |

p-7 B RXFLY, JEZIMR VP UV EOERESEIFL FEH



17 nmeasured in decalin at 135 [err]C, of 0.1 to 5.0 dl/g, preferably 0.5 to
3.0 dl/g. The anount of the a-olefin/aromatic vinyl conpound random

copol ymekydh LONIi Ng as the viscosity index 5 inprover is_jn.z: Jf’hzq? nge of
1.0 to 50. Oy%gs‘t’é; by weight, preferably 2.0 to 30.0 parts 899(7!% 5?2 based

on 100 parts by weight of the base oil, The second |lubricating oil

conposition of the invention has excel $2eﬁt | ubricating oil properties

because 10 the base oil conprising the mneral oil and/or the hydrocarbon

synthetic oil is blended with the a- olefin/aronatic vinyl conpound random

copol ynerf# undt Vomi Gg/lad Bnl base ot Jox £ Vi Tcosi t ¢ indeX finde Bvbr .

Next, the third lubricating oil conposition and the
VRERBTFOoNS, CINOGDORTR. XFLVyELRL-AMFY
RAFUVIUHEE L,

IFVY  FREEZIVILEY S VY LEEBEGRIZE, 2F L v
BLUFBHERE=ZINWVILENUNADa A VT 4 VIREEEGINTH
Tk, ZOEIRBa—-FVI4EULTR. Py, 1-7
T U3 AFIN-1- TTF o 4 AFN-1- TFo 1I-RUyF U0 1-
NFEV A ATFN-1I- RF U IANTTFU V-F o700 1)
21 FRU 1D UTFE L, I—F'F*EV\ I-hYFEY. 1I-F
FITFEUINIRVEITEV, I-NFHTRY, I-NTIFTE,
-8 720, -7 FFEr. 1- 24 a2 VY BREDRRRFHN
3~20Da—-FVLT7 4 RBTFoNDd, INS5DPTR, ol
Ly 1-T5F v 1-RYF Y, I-AF v ElEl-4 77 o
Live ZhoDa-FVL74 i3, 1BBEMTELE2EHULES
bE¥ETHWB I ENTE S,

ITFLVYea—-FVT74Y FEREZNMELEYM S VT LIAES
EBTR,. T F VU2 oFEINIHERBEMHNI 0~6 0FEINL%, KF
BFENI~200a-FVT7 s vhoBONIHERBEAMNS 9
WHUT (BL, IEFEDORIHEIZII~60FIM%) . FFEKRE=
MBI SBINEHBBRBMEN 1 ~4 0 L%, FELiRTTF
VUDoEINIBRBMANEE~65FIL%, REFFHIN3 ~
200a-FV 74y oBIOIHBRBEMN®LI0~32EINY%
(BL, WEDRAHBIZID~T5EIL%) . FHEEE=Z V(LAY
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15 lubricating oil conpatibility inprover according to the invention are
described. The third lubricating oil conposition of the invention conprises

a base owoogysgh conprises a mneral oil and/or a hydroca Fhe)tic
PR el

oil, a specific | ownolecular 20 weight a-olefin/aromatic ound
random copol yner functioning as a conpafj bility inprover, and a lubricating
oil additive. The lubricating oil conpdtibility inprover according to the
invention is the sanme a-ol efin/aromatic vinyl 25 conpound random copol yner
as used for formng the third lubricating oil conposition of the invention.
Base oil Yo - '

TFUUhCEINBBREME, REBRFHNE~2 00 a -
FVT4 VHoEDINSBERBEME, FHEKRE-INVLEYD S EH»
NOIBREUDP ERDO LS UHMBIcHS &, BEADHHIBHRL
EFOHEEHIZEN TS, |

LREAESROFTH, REFEFEN3I~200a—-F1L T4
NOEMNIBREME, FEREEZINMLEYIHoEBHN B HHE
PEDEFHEMN3 I~B6FENYB, FETLIR32~13FL%. &
DHEFLCRB3O0O~1IS5ENVSUDOHBEILDZ a—-F VLT 4V EFE
BREZWVILEYS YV LEEESUERIEFE L,

Soila—-FVT74 v FBEENEYS V¥ LEESEIC
B MOBEBEE LA EERBRI T UHNEBESINTNT L, =
DEXHIWHEEIVZ VOEKFIE, BBiCdiBA LB TH 3,

COEIBa—-FVT7 42 -FHEEE_INVILEWS V5 LTS
o l135C. FAHAVYVFTHELULEBREEE (2] 3. 0. 01
~1. 0di/g. FLE0. 05~0. 5d1) /gfbc
HBEIENEFE Ui,

Tl COLIUBRBERBERBANE L TCORELXET S a —
FVI4Y FREREZNVILEHN T VT LEELSEEKIEZ. 0. 005
~5. 0EE%. HFELIR0. 01~1. 0EE%DETHE
MBIt gEh 5,

FREHTHW oD a—F V740 - FEBHEEZILEMS v ¥
LEESEKRB. FERE=ZNVILASI SEHh N 2 HEL LA 2 1 L
EPERLULCEHBELBR T IMRELOH AN, FBFEKRE= (L



18 Exanpl es of the base oils include the aforesaid mneral oils and

hydr ocarbon synthetic oils enployable as the base oil of the second

| ubri cati ' onposition. a-Aefin/aromatic vinyl conpoynd random

copol y\nerwgg%éms In the third lubricating oil conpositi o#":&'(ﬁ’?ﬁ%“m

i nvention, a specific | ow nolecular weight a- ol efin/aromatic vinyl
conpound random copol yner functioning'é a conpatibility inprover is

enpl oyed. This copolyner is simlar to the a-olefin/aromatic vinyl conpound
random 10 , copol ymer for form ng the lubricating oil or the first

| ubri cat i r‘%“f@ﬁf‘ b@%}ﬁigﬂ@dﬁlﬁfﬁdﬁéiiﬂﬁ\l@rﬁ'ib%rﬁn ko dbod/dd @nd 19a
random copol yner of ethylene and an aronmatic vinyl conpound

(et hyl ene/lrbmatdhcd W nkidi&npdund .r andeBé SRl Waen) [ & Zant GEAsanas y ner
of ethylene, an a- 15 olefin of 3 to 20 carbon atons and an aromatic vinyl
BRBEMX2MEULER L/ - EEEREDOEHFEHAIE. '°C—NMR
WKEKOKRDBZENTE 5B,
LROXIBa-F VT4 Y - FEREZNAWS >V LEE
fHE. LB Lica—-F VT4 v FBEE-NVILEYS v ¥ L3

EABOREFEIILD, BETEILHNTE D,
B %

AREPICHEDEBERTOUE 1 OMBHERY X, HEMSE, B
REW. BURERS SUMBEREICEN. Livd. B8 ilE N
EOMBHIZLBRTI S,

T, ARVIKIH 2 OMBRMBRY I, ik LT/ E00R
BAKERERMASHEEME. BEOa —FLT 4 > - BB
ES VLAWY LEBEAKD &7 5 kIR BM £ £ 7213 2 il
EEHELTVW3OT, Bhi-BEBugsELsaE 5,

. FRPRKBRI3E3OBWEMBRYIZ. b LU Tk
RAKRRERMD SR EEME, HEDEIFRa-F LT 4 ¥
CHBREZNVCEYS VS LEEEKD S B AMHE 2R
WM&, BEHAMAE, SORLBRBUTEEDa—F LT 4 >~
CEBREZICANS VY LEBEAERD OB LR &
EGALTWS0T, BhicBBBERATT 3,

Fh. ARPFICLOE. FEDa-FL T4y  EFHEE= L



conmpound (et hyl ene/a-ol efin/aromatic vinyl conpound random copol yner). The
| ow- nol ecul ar wei ght a-ol efin/aromatic vinyl conpound random copol yner for

use in thweobgsssdz | ubricating oil conposition of the inventiggﬂ?gg ﬁfr, has
20 an intrinsic viscosity [n], as nmeasured in decalin at f &? , of

0.01 to 0.30 dl/g, preferably 0.01 to gszo dl/g. By the use of the
| ow- nol ecul ar wei ght a- ol efin/aromati & vinyl conmpound random copol yner
functioning as the conpatlblllty i nprover, the lubricating oil additive 25

O W IS DE EIE Eke RT L mo t
T P T S O P Y T TR B
LHEHFHARBLLANE SN S,

AU RIBRHBMBERYERRT S a-F LT 1Y - FBKE
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WABLU. AFIVTNVI)AFY L (EYV—TFTo/JVHE, 108
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19 weight, preferably nore than O part by weight and not nore than 30 parts
by wei ght, based on 100 parts by weight of the base oil. The weight ratio
of the lQMbBB% g4l ar wei ght a- 5 olefin/aromatic vinyl conpound rangdom

o the

copol yner  t lubricating oil additive is in the range SFTJPEO0RE 4 0,
preferably 0.01.to 2.0. Lubricating oil additive The third lubricating oi
conposition of the invention 10 contaths a lubricating oil additive, such
as the aforesaid extrenme pressure agent, an abrasion resistance agent,

oi liness inprover, detergent-dispersant, antioxidant, anti- corrosion agent
or anti-f danvirgllageot 4 Fhdugh 3 iPe. alformM of ¢ el Forli Fati iYy) okt Jaddjlki ve
used 15 varies depending on the lubricating properties requested,

(FrFSAFN=—9° =2 72aRVIDI=ZN) DS VFFDH
oY FO0. 06mM (0. 0O1lmMPMIVZTUVEHKE) 28N LE, =
FLY100NY y PV /hrxZHEHICHBLENSB80CTT6 O
AMES UL,

BEARTHB. AVTFNTNI—N250ml, EEEALIOm]
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Lo ROWTHESRES Yy bV XS ) —icimLTHEY <
—Zfrse,. HLARY<—%1830CT1 2HEELELE S
L. T F VY - RF VYIS UFTLEELK20 g x2B.
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it isin the range of usually 0.01 to 50 % by weight, preferably 0.05 to 30
% by weight in the [ubricating oil conposition. The third |ubricating oil

conposi ti Yo sEasgpe i nvention 20 has excel lent |ubricating ties
because the base oil conprising the mneral oil and/or the ﬁ&gﬂ(;g%%%

synthetic oil is blended with the |Ubl’l% ating oil additive and t he

| ow- nol ecul ar wei ght a-ol efin/aromatic %i nyl conmpound random copol ymer
functioning as the base oil or 25 the conpatibility inprover. Next, a
process for pr eparl n the a oI efl n/ aromati ¢ vinyl compound random copol yner
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The (| ow nol ecul ar weight) a-olefin/aromatic vinyl conpound random
copolyner for use in the invention can be prepared by copol yneri zi ng

et hyl ene (;ﬁ&gg;onatic vi nyl conpound, and if necessary, an_a-.olefin of 3
to 20 carhon oms, in the presence of, for exanple, a nEtHITS042

catal yst (a). As the netall ocene catag%ft (a), various netall ocene type
catal ysts, such as those currently us as single site catal ysts and those
anal ogous thereto, can be enployed 10 w thout specific limtation. 1In
particular, a catalyst conprising a netall ocene conpound (b) of a

transition newak £tLaysition FaEdk tanpdind) ¥ and anls i Bofoll Ondrilid oxy-

conpound (c) and/or an ionizing ionic conpound (d) is preferably enpl oyed.
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G oup 4 of the periodic table (long-formperiodic table) of elenents

I ndi cated by G oup No. 1 to 18 according to |IUPAC I norgani c Nonencl ature
Rul es, rwoesassedition, (1989), 20 specifically a netall opefgpssapppund
represented by the followng fornmula (1). NLx (1)
In the formula (1), Mis a transition ggtal selected fromelements of Goup
4 of the periodic table, e.g., 25 zirconium titaniumor hafnium and x°
is a valence of the transition netal. 21 L is a ligand coordinated to

Lhe transi i Lop Belgl ufly kB O L 0Pl 40, KRR DR 9O L 1c,

A=5
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skel eton which may have a substituent. Exanples of the |igands having a
cycl opentadi enyl 5 skel eton include alkyl or cycloalkyl substituted

cycl openyadis groups, such as cycl opent adi enyl, nethyl i enyl,
ethylpyclopeﬁta ienyl, n- or i- propylcyclopentadienyl, nﬁ¥ﬁkﬁgg@%%9 or t-
but yl cycl opent adi enyl hexylcyclopenjgﬂienyl, 10 octyl cycl opent adi enyl
di net hyl cycl opent adi enyl, trinethyl cycFopent adi enyl

t et ramet hyl cycl opent adi enyl , pent anet hyl cycl opent adi enyl ,

met hyl et hyl cycl opent adi enyl, met hyl propyl cycl opent adi enyl ,

net hyl buthilEy &l ogerdd i eny13 drek Wimtﬁ%lﬁfcbopent adi enyl ,

nmet hyl benzyl cycl opent adi enyl , 15 et hyl butyl cycl opent adi enyl

et hyl hexy! dgobdpehatihcE ek Rk Fet Hyr B8 EIo hie XIS & F0 B ik a0 il % Ful t her

an indenyl group, a 4,5,6,7-tetrahydroindenyl group and a fluorenyl group
can be aljgggrrgntioned.
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Those groups may be substituted with hal ogen atons or 20 trial kylsilyl
groups. O the above ligands, particularly preferred are al kyl substituted

cycl opentyggiogBagrz gr oups. When the conpound represented by theqyfposfaths (1)
has two or nore ligands L having a cycl opent adi enyl skel eton, 25 two of

t he I'i gands having a cyclopentadienyL_ﬁgqleton may be bonded to each ot her
t hrough an al kyl ene group such as ethylene or propylene, a substituted

al kyl ene group such as isopropylidene and di phenyl net hyl ene, a silyl ene
group, or 22 a supstituted silylene group such as dinethylsilylene,

di phenyl s¥& g ehd< ar Fret hyl phenyl si | yl ene.
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Exanples of L other than the |Iigand having a cycl opentadi enyl skel eton

I ncl ude a hydrocarbon group of 1 5 to 12 carbon atons, an al koxy group, an
aryl oxy @iggRas”a sul fonic acid-containing group (-SJerr] I}[ﬁﬂm‘,ﬁzhal ogen
atom or hydrogen atom where R err] is an al kyl group, an alkyl group
substituted wth a hal ogen atom an agyl- group, or an aryl group
substituted with a hal ogen atom or an al kyl group. 10 Exanpl es of

t he hydrocarbon groups of 1 to 12 carbon atons include al kyl groups,

cycl oal kyl groups, aryl groups and aral kyl groups, nore specifically, there
can be nmentioned: al kyl groups, such as nethyl, ethyl, n-propyl, 15

| sopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, pentyl, hexyl, octyl,

decyl and dodecyl._cycloalkyl groups. _such as cycl opentyl and cycl ohexyl ;
aryl groups, %uch aé,phenMA and tolyk; and
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aral kyl group, such as benzyl and neophyl. 20 Exanpl es of the al koxy
groups include nethoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy,
sec- but ox@'98/8387hut oxy, pentoxy, hexoxy and octoxy. The ar WoOTgpogeosup i s,
for exanple, phenoxy. Exanples of the sulfonic acid-containing group (- 25
SHJerr]Rerr]) include nethanesul f onat4@, - p-t ol uenesul f onat o,
trifluoronethansul fonate and p-chl orobenzenesul f onato. Exanpl es of the

hal ogen atons include fluorine, chlorine, brom ne and i odine. 23 The

nmet al | ocene conpound (b) of the above formula (1) wherein the val ence of
the transition netal is 4 is nore
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specifically represented by the following fornula (2):
Rerr]Rerr]Rerr]Rerr]M (2) 5 wherein Mis the
above- mapbisgasgg2t ransi tion netal, preferably zirconi um or gy dﬂﬁg R is a
group (ligand) having a cycl opentadi enyl skeleton, R3, R4 an nay be the
sanme or different, and are each indepQQQently a group having a

~cycl opent adi enyl skeleton or the sane’as L other 10 than the |Iigand having
a cycl opent adi enyl skeleton in the above formula (1), k is an integer of

not less than 1, and k+l+mtn = 4. In the present invention, a conpound

represenéﬁﬂﬁﬁﬁjihe;holIomnng formula (3) can be al so enpl oyed as the 15
(3) “wher o nl AYLert I o 5 oot 3 2086 B-Sup 18 SIS e dUTE & R AKA ot al
of | ant hani de seri es;
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L[err] is a derivative of delocalization [err] bond group and 20 inparts
restraint geonetrical shape to the netal Merr] active site; and the
Zlerr]'s W@%%/3387>xane or. different, and are each independenpby/shysboenen,
hal ogen, a hydrocarbon group of 20 or |ess carbon, silicon or gernmani um
atonms, a silyl group 25 or a gernyl grgyp. O the netall ocene conpounds
(b) of the forrmula (3), preferred are netall ocene conpounds represented by
the following fornula (4). 24 [err] In the formula (4), Merr] is

titanium zilCopMBOl mrk + MM T 5, ChAES SIKHEMB (BLEELR,
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haf nium and Z1 is the sane as above. Cp is a cycl opentadi enyl group which
Is [err]-bonded to Merr] 5 in the n[err] bonding way, a substituted

cycl openy@dg/s38y2 group or a derivative thereof. Werr] ispegigéihesst! fur,
boron, an elenment of Goup 14 of the periodic table or a group containing
any of these elenents. 10 V[ e_rrd}_i s a ligand containing nitrogen,
phosphorus, oxygen or sulfur. Werr] 4ha Vl[err] may formtogether a fused
ring. Further Cp and Werr] nmay formtogether a fused ring. Exanples of
preferred S |nd|cated bid% in the 15 rrrula(4 i ncl ude a

cyclopen% dp A R iG y| TgFolp/ a thehfyv gr fuf” dn& SFatur at ed
?355?2?%3&&5?:&@3%%&? rrfy . PS of derfvatives forma ring
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Each carbon atomin the cycl opent adi enyl group may be 20 substituted or
unsubstituted with the sane or a different group selected fromthe group
consi st i wgOw®8/338y2ir ocar byl groups, substituted-hydrocarbyl goIvareswde: ei n
one or. nore hydrogen atons is replaced by a hal ogen atom hydrcar byl -
substituted netalloid groups wherein thg netalloid is 25 sel ected from
G oup 14 of the Periodic Table of the 25 El enents, and hal ogen groups.
In addition, two or nore of the substituent groups may formtogether a
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carbon atons, and include straight and branched al kyl groups, cyclic
hydr ocar bon groups, al kyl -substituted cyclic hydrocarbon groups, aromatic

groups an 39872subst i t ut ed aromatic groups. Exanples of t erred
organonetal | oid 10 groups include mono-, di- and tri-subst%ﬁxﬁggamzu

organonetal | oid groups of Goup 14 ele ts, and each of the hydrocar byl
groups has 1 to 20 carbon atons. Particul ar exanples of the preferred
organonetal | oid groups include trinethylsilyl, triethylsilyl,

ethyldineE%*ég@Lg&F_éf met hyl di et hyl silyl, phenyl di methylsilyl,

met hyl di ph —triphenylsilyl, triphenylgernyl and trimethyl gernyl.

Exanpl es of ups,indjcated by Z1 in the fornula (4) include hydrido,

hal o, al kyl %ﬁl@fﬁ geﬁrfyl%" AT *é bl dol. arffkisF, Zakrkexy, Lptogphi do,

sul fido, acyl, %%guﬂohalido e.g., cyanide, azido), acetylacetonato and
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m xtures thereof. The groups indicated by Z[err] my be the sane as or
different fromeach other. As the netall ocene conpound (b), the netall ocene
25 conmpyOMe3sepr esented by the forrmula (3) is particul arlpewiméesab! e
fromthe viewpoi nts of polynerization activity and transparency, rigidity,
heat resistance and inpact resistance g§f the resulting nolded product. The
26 netal | ocene conpounds (b) nentioned above may be used singly or in

conbi nati on of two or nore kinds. Thg rmetall ocene conpound (b) for use in
the invention may be diluted with a hydrocarbon or a hal ogenated 5

hydr ocar bon [ (O USeE. = % B
B-1}|B—-2|B-3|B—-4}B-5

SEEGOBERE (wt%) .
EHHIB — 1 DEXESK 10.0 10.0 | 10.0

EHEIB - 2 ORXESE 10.0

EHEFIB - 3DLESHK | 10.0

SioA (10022-58) 90.0 | 90.0 | 90.0 | 90.0

PAO—4 90. 0
B (we%) [ 100.0 | 100.0 |100.0 | 100.0 ]100.0
HSimnHER (wt%)

REMRRE 24.0 | 18.5 | 15.5 | 25.3 | 25.8

§mB 76.0 | 81.5 | 84.5

PAO—-6 _ 4.7 | 74.2
e e (weh) | 100.0 | 100.0 |100.0 |100.0 | 100.0

S0

BNESE #1 (mm®/s) 100°C | 11.10 [10.99 |11.04 [11.02 |10.96
40°C| 68.8 | 67.5 | 68.1 61.9 | 60.3

FEEEE ¥2 153 154 153 172 176
ER{LEERE 43 0Pl
BhFsELE %4 (40°C) 0.66 | 0.68 | 0.65 } 0.75 | 0.73

LM 5 (mg-koH/e) | 5.6 | 5.1 |50 | 40 | 38

*1:J18 K 228 3[CREINLFETUE.

%2:J1S K 2283 CBESNIAETER,

£3:J1S K 251 4CRESAIAECE,
(165. 5Cx 4 8mM)

*4:J18 K 228 3RBRESNLAETAE

B{cHBRBRD 4 0 CHERE /B{LEBRATD 4 0 CENMEE

:Jd 1S K 2501 CRESNI-AEILKLVAE,

*
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Next, the organoal um num oxy-conpound (c) and the ionizing ionic conpound
(d) used for formng the netall ocene catalyst (a) are described. The

or ganoalwgiegsasroxy- conpound (c) for use in the 10 i nvent ipgi/ivesnedde:

al um noxane conventionally known or a benzene-insol ubl e organoal um num
oxy-conpound (c) exenplified in Japanegg.Patent Laid-Qpen Publication No.
78687/ 1990. The al um noxane is prepared by, for exanple, the 15 fol |l ow ng
processes, and is generally recovered as a hydrocarbon sol vent sol ution.
(1) An organoal um num conpound such as trialkylalum numis added to an
aromati ¢ hydrocarbon sol vent suspension of a conmpound contai i ng adsor bed
water 20 or a salt containing water of crystallization, e.g., nmagnesium
chl oride hydrate, copper sulfate hydrate,
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al um num sul fate hydrate, nickel sulfate hydrate or cerous chloride

hydr at e, {‘Q{;i}&%&by all ow t he organoal um num conpound to react with the
adsor bed wate the water of 25 <crystallization, foll oweBCBYPIS&SRI2eri Ny

al um noxane as its aromatic hydrocarbon solvent solution. (2) Water, ice or
wat er vapor is allowed to directly act- 6b -an or ganoal um num conpound such
as trial kyl al um num 27 in a nmedium such as benzene, toluene, ethyl ether
or tetrahydrofuran, followed by recovering alum noxane as its aronatic

hydr ocar bo%%lﬂ@l]t:ﬂgl ution. (3) An organotin oxide such as dinethyltin
oxide or 5 dibutyltin oxide is allowed to react with an organoal um num

(1) 2F VLY  RF VIS VFLEELSE (A) DA

BHE, RUBBERBERALCTVSAED1I Yy PIVRIEEE %
EXTREDSIEHRL. Pz 450nl. XFL Y5 0ulidfHAdHs,
RELAVSGTF LV THMSIEL, KOT, FRZ40CICHER
Uy AFIWTHI)AFH Y (RY—-TI7/HE10EE% L
VHWH) AAL EMBLOELKENE00ERS LS I AFLT I
I/ AFY 30, 0mM, [ (CsMes) SiMe: (N—t —
Bu) I TiCl:((t-TFATIE) UAFIL (FF54F 2
ﬂ597D&7991:w)9§y%&777DUF)O.065
M(@0. 0lmMMVZUvBE®KR) 2F8MLA, TFL2100NL
Shre BENICHBRLENS80CTE0SES L, EAKRTE.
AV TFITINIT—=)Vb25 0nl, EHEK1 O.ml%:m]i'c 80C. 3
O MBWHEL. AVTFATLI-NVEGULRIEREHiE D — b
KBLU. K250nlT2E®ESR LEASEL. KWVT. BB
SYUw bPVDAS /) —IIZHEMU, RY v —% WXL, FHHL
RV T—%180%C. 12KM,. BEHE/L. = FLL - XFL
YISV LREREK (A) BB
BonlLEGHK (A) ZHRTIIFLYERFLYEDEL
M (ZF VY //ZFV ) X811 /19 Thote £y COH*E
R (A) D13S5CTFAHY VRTHMELULBREE (7] X, 0.
4dl/ g Th -7,

(2) BREuhAl B D 48 5F 1
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conmpound such as trial kylalum numin a hydrocarbon nedi um such as decane,
benzene or toluene. Exanples of the ionizing ionic conpounds (d) includes
Lewi s a¥Qi98/33878 c conpounds, borane conpounds and car bor areTAPesmegizpounds.
These ionizing ionic compounds are described in National Publications of

i nternational Patent No. 501950/1989 gnd No. 502036/ 1989, Japanese Patent
Lai d- Open Publications No. 179005/1991, No. 179006/1991, No. 207703/ 1991
and No. 207704/1991,and U. S. Patent No. 15 5, 321,106. The Lewi s acid which

onr osented By o 6 AR e B ch iR | & Prc Qaﬁeﬁo% BT Zn?fr‘s’c’ﬁ”d
i 1) uor Brik AP Ko B Bl B ol e B Ak B gD el ude

trlfluoroboron rlphenylboron
L B A U7

HBEALESIIFRT,.

EXHHC — 2
E/PC -1V T, = FLY - AFV S UVFLEELGK
(A) ORI MERMTORTELX0. 1 0EEBITEFTELLUAKE.
EiFIC— 1 ER—KUETHERMERNE L, LHEHC - 1 LRAKIC
LT L .

DHERERSIIFET,

KLl C — 3
(1) xFb vy -TobBLY - ZFVUVYyS Vv LEELSGK (B) ©
=

P4 75 0ml. XRFV 22 5nl. 3%62631%1/710.0
NL/hr. 7RE VY5 NL /hri i Uk S, &
M C— 1 ERBRICKEREL .

BoNkZFLY - Fably . 2FLy5 v ¥ ALELK (B)
AR TIZFULETOEVVERFLVEDENR (ZF LV
STV Yy / AFLY)RT7T8// 11 /11 Th-7ce Ty &
DHESHK (B) D135CFAY VhTHELABBKE [ 1)
. 0. 3dl1/ g T&» -,

(2 B R O H B 5 1



tris(4-fluorophenyl)boron, tris(3, 5-difluorophenyl)boron,
tris(4-fluoronethyl phenyl)boron and tri s(pentafl uorophenyl)boron. 25

The i oni cWHIBEd whi ch may be used as the ionizing ionic RERFBWMZY) s
a salt- conprising a cationic conmpound and an ani oni c conpound. The anionic
conpound reacts with the netall ocene cofidound (b) to render the conpound
(b) 28 cationic and to forman ion pair, whereby the transition netal
cation seed is stabilized. Exanples of such anions include organoboron

co_rrpound ani %g,-@omg@noagsgg%q \cgr[po_ﬁrga AnFop a_nd ot gapopd . n;zm}cmp_oand

anion. Preferable are 5 anions which are relatively bulky and stabilize the
VY LEEASEK (B) FAVALHUAR, EMliHC — 1 ERERICFHM
L,

ZOEREEDBIIRT,

L C — 4

EWHHC -3 T, = F LYy - FobEVY - RFLIF VY
LEESEK (B) ORBEBERYFTOSEL0. 1 0EBEBIIERE
U3, EHAC -3 EH—RHFTHRPERBE L. EiEH C
— 3 ERBRITEEML 7o,

ZDHERERSIIART,

EMF C -5
(1Y) =zFVLvy - FrbEVLY - AFVYyIS U FLETEEGHK (C) O
=)

x> 4880mnl, XFL12nl, X5IEFFL 95N
L/bhr. 7oL Y6 NL /hrz@&Emicfi Lo SbAR, kit
BIC—-1LHAMICERL 7,
BonizFlLy - TaobEVY  AFV IS UFLEESGE (C)
AR THBIFL Iy ETSBEV UV ERFLVVEDEIINEK (ZF L Y
/ST BV Y/ RFLY)BT9/16/5TH-7, e IO
HEBAKR (C)D1I35CTFHY VA TUELULBIRKE [7] &,
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transition netal cation seed. Exanples of the cations include netallic
cation, .organonetal lic cation, carboniumcation, tripiumcation, oxonium
cation, SUPP#ERIA cation, phosphoni um cati on and ammobni um @TVIPAs/00YD2 €
specifically, 10 there can be nmentioned triphenyl carbeni um cati on,
tributyl ammoni um cation, N, N-di net hyl-aggmni um cati on, ferrocenium cation,
etc. O these, preferable are the ionic conpounds containing a boron
conpound as the anionic conpound, and 15 exanples thereof include

Lrial kyl - subiog gpiced. anmog pinesal oga B b 1balkyt gnid pnkim sald g, - 5

di al kyl ammoni um salts and triaryl phosphonium salts. anpl es” of

trialkyl - b . ' $4 _ = % - =3
triethyl an%%rslll‘u%iyg'r:‘amgjy ;%%ﬁ)% f?gf;,*y&e‘ Kl C 1 & R ICFF Al
tripropylin?pniuntetra(phenyl)boron, tri(n-

butyl)a ‘unt et r a( phenyl ) boron and

ZTDHERERSITFT,

g C -1

KEHC -1 THWAEHRO 258EMICONT, MBI A, K& &
BEFVESIUCEHBEHEZTEML .

ZDRHRERSILEKRT,

ELi#C — 6
KEHC-3iIlNT, BHEBRASAA VR (A7 SE: 0.
O1EZEEBUT) KEELLLARK, EMHAC -3 LRA—%#TH

R ARBE LU, LHHC— 3 ERABICFEML 7,
ZDRHRERGBIIKRT,

EHHC — 7

KR C-6RXFNTZFLVY - FOEVY « RFUVYS VI L
HEAKROARBBEBRYFTOEELZ0. 10FER%ICEELALUHA
. KM C -6 ERMICA—FH4THEHRBEZRABM L. EIEH C -
6 &L RIEEICFEM L 72,

TDHRERGEIZET,

H&gHC — 2




trimethyl anmoni untetra(p-tolyl)boron. Exanples of the N, N, -dial kylanilinium
salts in di met hyl ani i ni unt etra(phenyl)boron. 25 Exanpl es

of the dial kyl g#rﬁnoni um sal ts include di(n- PCT/IP98/00212
propyl’) ammoni unt et r a( pent af | uor ophenyl ) bor on and

di cycl ohexyl anmoni unt et r a( phenyl ) bor on.?% - 29 Exanpl es of the

triaryl phosphonium salts include triphenyl phosphoni untetra(phenyl)boron,

tri (et hyl phenyl ) phosphoni unt et ra( phenyl ) boron and

tri (di met hylg&uivi Cokrodpboh] HateEE aif phehyt to@ &.: D. 0 14 W\EliFapl e as

the ionic conmpounds are

tri phenyl cgr e ent efif sk siEigicasd oL ogghenyl ) borate, N, N
TORRERCITT,



di et hyl ani i ni unt et r aki s( pent af | uor ophenyl ) borate and
ferrocen%wggg&kggpentafluorophenyl)borate. Exanpl es of borane conpounds
whi ch may bé Used as the 10 ionizing ionic conpound (d) i PchvaPes/noriz
decaborane(14); salts of anions, such as
bi s[tri (n-butyl)amoni unl nonaborate anef
bi s[tri(n-butyl)ammoni um decaborate; and salts of netallic borane anions
such as tri(n- butyl)amoni unbi s(dodecahydri dododecabor at e) cobal tate(l |l
15 and bis[tri(n- butyl)anmoni um bi s(dodecahydri dododecabor at e) -

ni ckel ate(111). af_the carbhorapne conpounds which may be used as

)

the ionizing ione mpound (d) includecg Its of anions, 20 such as
4- car banonabor a ggfﬁ and 13- |eH]ca ggqgaborane(lS); and salts of netallic
car bor ane ani ons:,d%_ly h as {8 (r,g ut yf)@ampni unbi s(nonahydri do- 1, 3-
S E R 2.8
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di car banonabor ate)cobaltate(ll1) and tri(n-
butyl)anaﬂﬁ&gggas(undecahydrido-7,8- 25 dicarbaundecaborq&ghhgbﬁﬁﬁg(III).
The ionizing i onic conpounds (d) nentioned above can be used singl'y or in
conbination of two or nore Kkinds. ) The netal |l ocene catal yst (a) used
in the invention may optionally contain the follow ng organoal um num
conpound (e), in addition to the above conponents. The organoal um num
conmpound (e) which is optionally 5 wused is, for exanple, an organoal um num
conpound represented by the followng formula (5): (R err]) nAl X[err]-n

5
® 6
x B B e
C—-6 C-7 C-2
RSB A DB (wt%)
a—-FLT742 -FEEEZN ‘0. 02 0.10
L85 5 LELERE
Eqro®ms | 99.98 | 99.90 | 100.0
(4AF9EE: 0. 0 1wtklLlT)
& 5t (wt%) | 100.00 100. 00 100.0
BRI DY |
TEBh= C) -25.0 -30.0 -11.5
EREREEEY X o) | -8 9 4
BielE (BEARD : 0. 246 0.234 0.272
RN

it = JIS K 226 9IZf-THELT,

[MEBEBABHFD A] JIS K 2288Ic#-THEL,

(EEHE] A T7FE-IVHEBSRVEBERARBEZ AL,
ABRMBEE: 6 0°C, RBRAEM: @R/ TV — .
HE: 20N, REIF: 50Hz. &IE: 1ond K
FTT30AMBHEOBEBABE LML/



wherein Rlerr] is a hydrocarbon group of 1 to 15 carbon atomns (preferably 1
to 4 carbon atons), X is a halogen atomor 10 hydrogen, and n.is 1 to

The hydr oW9%883878roup of 1 to 15 carbon atoms is, for exanﬁ“e’r’n’aﬁl"%ﬁlkyl
group,- a cycl oal kyl group or an aryl group. Exanples of such groups include
met hyl, ethyl, n- propyl, isopropyl anddd sobutyl. 15 Exanpl es of the
or ganoal um num conpounds i nclude: trial kyl al um nuns, such as

trimethyl al um num triethylalum num triisopropylalum num tri-

butyl al um num triisobutyl al unEggnsRadcrni c@utyl al um num 20 _
al kenyl al um nuns represented by the formul a

Cerr]Herr])xAly(Cerr]Herr])[err] (Wnereln X, y and z are each a
positive nunber, and z > 2x), such as isoprenylal um num dial kyl al um num
hal i des, SLiCh as di net hyl al um num

IFLVUHLEINIBREAMTS~40EL%LE.

REBEFENPSI~200a—FV 74 v oHEDONSHEREMO
~L5EN% (EL. MHEDSHERO 9~60EL%) &,
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WLEMS VA LEBEEEMNSN B EEFEET HHEE M,
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chloride and diisobutyl al um num chl oride; 25 di al kyl al um num

hydri des,wewsh3sys di i sobutyl al um num hydri de; dial kyl al um w&%ﬁ@?es,
such as di net hyl al um num net hoxi de; and 31 dial kyl al um num a des,

such as di et hyl al um num phenoxi de. Copalyneri zation of ethylene, the
aromatic vinyl conpound, and if desired,” the a-olefin of 3 to 20 carbon 5
atons may be carried out batchw se or continuously. Wen the

copol ynmerization is carried out continuously, the netall ocene catal yst (a)
is used in*the follow ng

MBIV ELBRMEKEREHE NS B E &,
ITFVDoEDPNLIBRBEMTE~40ENL%E. REEFH
MW3~20Da—-FAVT74 0B IPhIBREMO~45FE1L%
(BEL, EOARHEIZII~C60FINY) &. FBEKRE=_ IS
B oBONIHEREML~L0EN%EISHAD, 135C. 7
AYHRTHUELUIBREE [2] 80. 1~5. 0d1 ./ goDfi
Bichba—-FLT740 FERCNLANS > & LEELKD
SIS E R EA &

EERELTRDIEERHMET 5HIBHBRY.
5.

IFVUVDOoBINIBREMTS~4 08V %E. REEFH
N3~20Da—-FVI4 D oBINIBEREMO~45E1L%
(BL. WEDEEHEIZII~60EN%) &, FHKE= LS
MO SEDNEHREM 1 ~4 0EL%ENSHD, 135C. 5
AY FETREULEBREE (2] 80, 1~5. 0d1 ./ gofi
Bilhba—-AVI74y -FBREEE=NLEYWS V¥ LEBELED
LB EERBMETIMERS M LA,

6.
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TFUVUDOEINIBREM TS ~40TNL%E. REETH
MB3~20Da—-FVT7 4 U oBINIHBREMO~45FEIL%
(BL. WEDOARFEIZI9~60FINL%) &, EBFEEKEE=Z IS
MOrSHEINEBRBEM LI ~40TL%ENLSHD, 1835C, F
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concentration. The concentration of the netall ocene conpound (b) in 10 the
pol yrer i walgg@geystemis in the range of usually 0.00005 t&ﬁwyl I ter
(pol ynerization volune), preferably 0.0001 to 0.05 mmol /i S

or ganoal um num oxy-conpound (c) is useg in such an anount that -the ratio of
the alum numatomin the 15 organoal 'ﬁun1oxy-conpound to the transition
nmetal in the netall ocene conpound (b) in the polynerization system

Al /transition nmetal, is in the range of 0.1 to 10,000, preferably 1 to
5,000. Th# i)om%ﬁgﬁﬂﬁwhcfmﬁ (ldy 1 shuBed Onlswch .an320 dadodng t hat

the nolar ratio of the ionizing ionic conpound (d) to the netall ocene

O el o e 1 £ e e B e y 1 to
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EEELTRD S EABRET 5 BEHERD.
7.
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The organoal um num conpound (e) is used in such an 25 anount that the
concent r aWOd8/33872t he or ganoal um num conpound (e) is in the WF’ ysual ly
Oto 5 mol/liter (polynerization volune), preferably 0 to er.

32 The copol yneri zation reaction to prepare the a- olefin/aromatic vinyl
conpound random copol yner is carried out” under the conditions of a
tenperature of usually -30 to +250 [err]C, preferably O to 200 [err]C, and

a pressure,of usyally re than,Q_and not nore than 80 kg/cn2 (gauge
pressure) ?b\p'?e#e%aﬁl y %D'(ggt‘ﬁa‘f{ 0 A a%t Tt et TB0AE) Hndier ¥ Egauge
pressur e).%meﬁrﬁa_g_t)‘on time (average residence tine in case of
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conti nuous copol ynerization) is in the range of usually 5 10 mnutes to 3
hours, preferably 10 mnutes to 1.5 hours, though it varies dependi ng on
the reaction conditions such as catal yst concentration and pol yneri zation
tenperature. In the preparation of the a-olefin/aromatic vinyl conpound
random copol yner, ethylene, the aronatlc vinyl 15 conpound and optionally
the a-olefin of 3 to 20 carbon atons are fed to the polynerization system
in such amounts that the copol ynmer of gfmmesai d specific conposition can be
obtained. In the copol ynerization, a nolecular weight nodifier such as
hydrogen can bBRUBRETATING OILS, LUBROCArIMGeOEl COePGIITIUNS, \ANDY Fugonpound

~and-optionally the a-olefin of-3 to 20 carbon-atons are-copokymeri zed as- -

descri bed above, the [err]-ol efi nOaLOABMPOSITHONS conpound random copol yner
i's generally obtained as a pol ynerization solution containing it. The
pol ymeri zati on

5 TECHNICAL FIELD
The present invention relates to lubricating oils and
lubricating oil compositions. More particularly, the

invention relates to lubricating oils comprising an o-

olefin/aromatic vinyl compound random copolymer,

10 lubricating oil compositions comprising the copolymer, and
lubricating oil compositions comprising a base oil coﬁoosed
of a mineral oil and/or a hydrooarboh synthotic oil_and_an
o-olefin/aromatic vinyl compouhd random copolymer; |

The present invention;ak$0frelates to lubricating oil’

15 viscosity index improvers and lubricating oil oompatibility

improvers each comprising an o®-olefin/arcmatic vinyl

T Wcoﬁﬁouﬁd.randomiooéol§mggfmh' ”'”"ﬁT“: P T
The present invention fufﬁhér relates to fuel'oil"J

compositions having lubricating properties, which comprise

20 a middle fraction fuel oil and an a-~olefin/aromatic vinyl

compound random copolymer.

BACKGROQEQ ART
Lubricating base oils, which comprise a mineral oil

25 contained in petroleum or a synthetic oil such as an

ethylene/c-olefin copolymer, have been hitherto known.

Further, lubricating oil, compositions containing a



25 solution is treated in a conventional manner, whereby the

a-ol efin/aromatic vinyl conpound random copol yner is obtai ned. 33 Next,
the fuel oil conposition according to the invention is described. The fuel
oi |l conposition of the invention conprjises: a mddle fraction fuel oi
having a boiling point of 5 150 to 400~[err]C, and an a-olefin/aromatic

vi nyl conpound random copol yner obtained from et hyl ene, an aronmatic vinyl
conpound, aneiepbkagl iydeRnimpodwirt rofa I ubri2BLiagbenl adaddrité dHdh

fraction fuel oil
comprising an o-olefin polymer are also known.

-Thé lubricating base oilé ;re desired to bé éxﬁeiiénﬁu-“..
not only in viscosity properties (particularly low-
5 temperature fluidity) but also in heat stability, oxidation
stability and lubricating préperties.

The lubricating Ease oils are blended with additives
such as an extreme pressure agent, but the lubricating base
oils, particularly hydrocarbon synthetic oils, usually have

i0 . poor compatibility with thg 1ubricating oil additivegt and

- therefore the kind and the amount of the viscositf.index
improver or the lubricating oil additives added to the
lubricating oils have been markedly limited.

15 as compatibility improvers to improve the compatibility of
the lubricating base oils with the lubricating oil
aééitives are known. | |

Even the lubricating oil compositions containing the
viscosity index improver or the compatibility improver are

20 desired to be further improved in the heat stability,
oxidation stability, lubricating properties and
compatibility with the lubricating oil additives. Further,
lubricating base oils, which éhow sufficient compatibility
with the lubricating oil additives even if no compatibility

25 improver is used, are desired.

By the way, when middle fraction fuel oils such as gas
oil (light o0il) and heavy oil ar; used or stored at low

temperatures, crystals of waxes contained in the oils grow.



10 The m ddle fraction fuel oil for use in the invention has a
boiling point of 150 to 400 [err]C, and a typical exanple of the mddle
fraction fuel oil is gas oil or fuel oil A Particularly preferable is a

m ddl e fraction fuel oil having a difference between the 90 % runni ng poi nt
and the 15 initial boiling point of Mot |ess than 110 [err]C and, e.g.,
not nore than 200 [err]C, preferably 115 to 190 [err]C, and having a cold

filter pluggi ng §918tcHraitBGd Yrihil fhid Qxy&&l@é‘%%é%@cg%feﬂ@ orl

may be used alone or as a m xture of two or nore ki nds.

a- O efin/aronphél & nyludPimPURd doRAAeY 62P8EYEET ahdl &ferdHEeRr-daRkent i on,
the a-.ol efiin/aromatic vinyl conpound random copol yner is- used as a fuel  oi
fluidity inprofevisddsit qiolthEEivholedoianden&epe! I1Efi a1t e eaq and an
aromatic vinyl conpound (ethyl ene/aromatic vinyl 25 conpound random
copol yrer) or fhow amcorbmogdty pouafl. To cope with the problems,

5 addition of a fluidity improver such as an ethylene/o -~
olefin copolymer to the middle fraction fuel oils is known.

It is also known to add polybutadiene having hydroxyl
end group and containing not less than 70 % of 1,2-bonds or
its hydrogenated product to the middle fraction fuel oils

10 to lower a cold filter plugging point (CFPP).

For purifying automobile exhaust gas, a low-sulfur gas
0il, that is a diesel gas oil having a decreased sulfur
content, tends to be used, and legal regulation is becoming
éeVéré}”mHoweVer, sulfur” in"the fuel &il coﬁtﬁiﬁﬁtéﬁﬂﬁé”f“' o

15 lubricating properties of the fuel oil, and if the sulfur
content in the fuel oil is_dgcreasgd, the lubricating -

L PRV R RO

properties of the fuel oil are.sometimes lowéred.to';herEby o

PR G RS P AT L O

cause abrasion of fuel injection nozzles. Accordingly,”

fuel oil fluidity improvers having excellent lubricating
20 ©properties are desired.

The present invention has been made under such

circumstances as mentioned above, and it is an object of

the invention to provide a lubricating oil and a

lubricating oil compositioh each of which is excellent not
25  only in compatibility with lubricating oil additives but

also in viscosity properties, heat stability, oxidation

stability and lubricating properties.



et hyl ene, an a-olefin of 3 to 20 carbon atons and an aromatic vinyl
conpound (et hyl ene/ a-ol efin/aromatic vinyl conpound random copol yner).

34 In the ethylene/aromatic vinyl conpound random copol yner, the anmount of
constituent units derived fromethylene is in the range of 60 to 90 % by
nol, preferably 65 to 85 % by nol, and4 he anount of constituent units 5
derived fromthe aromatic vinyl conpound is in the range of 10 to 40 % by

nmol, preferably 151t 0i S%rlethermib]dexadtl eneointbet B60NES ivrati@d sconpounds
i ncl ude styrene; nono- or polyal kyl styrenes, such as o- nethyl styrene,
n}nethylstyremebrbeamﬁﬁgddﬂhﬂdﬁmposiuion having excellent properties,
which comprises a base 011 composed of a mlneral oil and/or
a hydrocarbon synthetic oil and a viscosity index improver
S5 comprising a specific o-olefin/aromatic vinyl compound
random copclymer.
It is a further object of the invention to provide a
lubricating oil composition having excellent properties,
which comprises a base oil composed of a mineral oil and/or
10 a hydrocarbon synthetic oil, a compatibility improver
comprising a specific low-molecular weight o-
olefin/aromatic vinyl compound random copolymer and a
lubricating oil additive. | N
”“ItWis'a‘still”further"objécf bﬁ.thé invention-“to" - Tt
15 provide a viscosity index improver comprising a specific o-
olefin/aromatic vinyl compound random copolymer, and a
'lubr*catlng 011 compatlblllty 1mprover comprlslng a...

specific low molecular welght a—olefln/aromatlc vinyl

compound random copolymer.

20
DISCI, RE QF THE T ION
The lubricating oil according to the present invention
comprises, an a-olefin/aromatic Qiﬁyl compound random
copolymer comprising:
25 40 to 75 % by mol of constituent units derived from

ethylene,
0 to 45 % by mol of constituent units derived from an

o-olefin of 3 to 20 carbon atoms, and



10 di net hyl styrene, o-ethylstyrene, methylstyrene and p- ethyl styrene;

functional group-containing styrene derivatives, such as nethoxystyrene,
et hoxystyrene, vinyl benzoic acid, nethyl vinylbenzoate, vinylbenzyl
acet at e, hydr oxystyrene, o-chlorostyrene, p-chlorostyrene 15 and

di vi nyl benzene; 3-phenyl propyl ene; 4-phenyl butene; and a-net hyl styrene.

t hese,

preferable is styrene or 4- nethoxystyrene.

vinyl conpound randes £0p®| pEicl abOlrdts tokher uhhas @éhiedesadd de

vi nyl

i ncl ude a- ol ekonatot Iihpl 26ompsdrely at ons, such as propyl ene, 1-butene,
1-butene, 4-nmethyl-1- butene, 1-pentene, 1-hexene,

3- et hyl -
4- net hyl -
1- dodecene,

B o

el tmm s L e e e tRaewe = e

”compos1tlon hav;ng excellent propertles can.be obtalned

1- pent enwith- teptprevide dﬁ'tae:ne:,heltMaénemomndeoén@;el undecene,' .

5

10

15

20

25

1- 25 tridecene, 1l-tetradecene, 1-pentadecene, 1-hexadecene,
constituent units derived from ethy ene and the constituent

units derived from the o-olefin is 60 to 99 % by mol,

said o—olefin/aromatic Vinyl compound random copolymer
haﬁing an intrinsic viscosity [Nn], as measured in decalin
at 135 °C, of 0.01 to 0.50 dl/g.

The firsﬁ lubricating oil composition according to the

present invention comprises the a-olefin/aromatic vinyl

compound random copolymer and a lubricating oil additive.

When the o-olefin/aromatic vinyl compound random

copolymer is used as a lubricating base oil and blended

S PN

T withrat least one’ addltlve selected“from &t extreme

pressure agent, an abrasion re51stence agent, an oiliness
improver and a detergent-dispersant ~a lubricating oil
" The second lubricating oil comp051tlon according to

the present invention comprises:

a base o0il comprising a mineral oil and/or a
hydrocarbon synthetic oil, and

an ¢-olefin/aromatic vinyl compound random copolymer
which comprises 40 to 75 % by mol of constituent units
derived from ethylene, 0 to 45 % by mol of constituent
units derived from an d-olefin of 3 to 20 carbon atoms and
1 to 40 % by mol of congtituent units derived from an
aromatic vinyl compound, with the proviso that the total

amount of the constituent units derived from ethylene and

O
In the ethylene/aromatic

20 aromati c conpound may be copol yneri zed. Exanpl es of such a-ol efins

1-



hept adecene, 1-octadecene, 1-nonadecene and 1-eicosene. O these,
preferable is propyl ene, 1-butene, 1-pentene, 1- 35 hexene or 1-octene.
These a-olefins can be used singly or in conbination of two or nore Kkinds.
In the ethylene/a-olefin/aromatic vinyl conmpound random copol yner, the
amount of constituent units derived 5 ®romethylene is in the range of 60
to 90 % by nol, the amount of constituent units derived fromthe a-olefin

b IS, i f .39.% I d
Che amount ofTBoRERFEIEREEnIPL BPPURPT Mt (e b ERd iy PO cORpiing | <

N the range Phylakd 4o his1n Mbridid RV 981Nk hBEsLoLs!
in decalin at 135 °C, of 0.1 to 5.0 dl/g.
The third lubricating oil composition according to the
S present invention comprises:
a base o0il comprising a mineral oil and/or a
hydrocarbon synthetic oil,
a low-molecular weight Q-olefin/aromatic vinyl
compound random copolymer which comprises 40 to 75 % by mol
10  of constituent unité derived from ethylene, 0 to 45 % by
mol of constituent units derived from an ¢-olefin of 3 to
20 carbon atoms and 1 to 40 % by mol of constituent units
derived from an aromatic vinyl compound, with the proviso
that the total amount of the constituent units derived from

15 ethylene and the constituent units derived from the o-

_olefin is 60 to 99 % by mol, and has an intrinsic viscosity

st

) J[n],.as measured in decalin at'l35-ﬂ;,'dff0;0l,t0;0.30-w--_, B

dl/g,-ahd_ """"
a lubricating oil additive.

20 The viscosity index improver according to the present

invention comprises the same a-olefin/aromatic vinyl
compound random copolymer as the specific a-olefin/aromatic
vinyl compound random copolymer employable-in the second
lubricating oil composition.

25 The lubricating oil compatibility improver according

to the present invention comprises the same low-molecular

weight a-olefin/aromatic vinyl compound random copolymer as



constituent units derived fromethylene and the constituent units derived
fromthe a-olefinis in the range of 60 to 99 % by nol. It is preferable
that the anount of constituent units derived fromethylene is in the range
of 65 to 85 % 15 by nol, "the amount of constituent units derived fromthe
a- olefin of 3 to 20 carbon atoms is ifh the range of 10 to 32 % by nol, and
t he anobunt of constituent units derived fromthe aromatic vinyl conpound is
in the range . 25 % hy 1ol i rQVi t otal anount of
t he 20 congg%t%%%?lﬁﬁ?t%g%é§¥V%aﬂ%%gﬁ%£§ﬁglgnéigﬁ%ﬂ?%g&%%%% if%?r1 units
derived fromthe a-olefin is inthe ran of .75 to %, by | . When the
amount of |t nECRBRER L FEo e Ly, SR YRR LEN IR en® S dnount of the
constituent its derjved. fr ...the a-olefin of 3 to 20 carbon atons
and the annugpb%icgﬁ%ﬁ%d%% itu n%ﬁﬁﬁosfderived fromthe aromatic vinyl
conpound The fuel oil composition according to the present

S invention comprises:
a middle fraction fuel oil having a boiling point of
150 to 400 °C, and
an O-olefin/aromatic vinyl type fuel oil fluidity

improver comprising an a-olefin/aromatic vinyl compound

10 random copolymer which comprises 60 to 90 % by mol of

constituent units derived from ethylene, 0 to 39 % by mol

of constituent units derived from an 0-olefin of 3 to 20

carbon atoms and 1 to 40 % by mol of constituent units
o défivéd.ffom én aromatic vihyi.combgﬁgalmwigﬂwghé"§£8Viso ST
15 that the total amount of the constitdent units derived from

ethylene and the constituent

[ .

units derived from the a-

- e ey n A, DAy e

olefin is¢60-2§“99.% by*mol,-agd_has%an:intrinsiéﬁviscdéityw_'

nl, as measured in decalin at 135 °c, of 0.01 to 1.0 dl/g.

20 BEST MODE FOR CARRYING OUT THE INVENTION
The lubricating oil, the lubricating oil composition,
the viscosity index improver, the_;ubricating oil
compatibility improver and the fuel oil composition
according to the invention are described in detail
25  hereinafter.
First, the lubricating oil according to the invention

is described.



are within the above ranges, the a-ol efin/aromatic vinyl 36 conpound
random copol yner is excellent in |ubricating properties such as

| ow-tenperature fluidity inproving effects. O such copol ynmers as nentioned
above, preferable is 5 an a-olefin/argmatic vinyl conpound random

copol ymer wherein the total amount of the constituent units derived from
the a-olefin of 3 to 20 carbon atons and the constituent units derived from

the aromatic vinylheonnB¥Rdat $ngnol Nt age ﬁ{ve@lel%rﬁ%or(@wsagl anPgef erably
13 to 32 %10 by nol, nore preferably 15 to 30 % by nol

a- 0|6f'n/arO@WéfiﬂWhQ%haE@EDQEHglréﬁ%gﬁﬁﬁé“¥gﬁﬂgﬁ'copolymer obtained
from'ethylene, an aromatic vinyl-éompound, and optiohally,
an o-olefin of 3 to 20 carbon atoms.

S g-Olefin/aromatic vinvl compound random copolvmer

The o-olefin/aromatic vinyl compound random copolymer

for use in the invention is a random copolymer of ethylene |
and an aromatic vinyl compound (ethylene/aromatic vinyl

compound random copolymer) or a random copolymer of

10 ethylene, an o-olefin of 3 to 20 carbon atoms and an

aromatic vinyl compound (ethylene/0-olefin/aromatic vinyl

compound random copolymer) .
In the ethylene/aromatic vinyl compound random
‘copolymer, the amount of constituent units derived from
15 ethylene is in the range of 60 to 75 % by mol, preferably
60 to 70 % by mol, and the amount of constltuent unlts |
~.der1ved from the aromatlc v1nyl cempound is-in the range of
25 to 40 % by mol, preferably 30 to 40 % by mol. |
Examples of the aromatic vinyl compounds include
20 styrene; mono- or polyalkylstyrenes, such as o-
methylstyrene, m-methylstyrene, p-methylstyrene, o,p-
dimethylstyrene, o-ethylstyrene, m-ethylstyrene and p-
ethylstyrene; functional group-containing styrene
deri&atives, such as methoxystyrene, ethoxystyrene,
25 vinylbenzoic acid, methyl vinylbenzoate, vinylbenzyl
acetate, hydroxystyrene, o-chlorostyrene, p-chlorostyrene

and divinylbenzene; 3-phenylpropylene; 4-phenylbutene; and



may be copol ynerized with other nonomers such as non- conjugated dienes.
Exanpl es of the non-conjugated dienes are the same as those previously
described. 15 The a-ol efin/aromatic vinyl conpound random copol yner
has an intrinsic viscosity [n], as neasured in decalin at 135 [err]C, of
0.01 to 1.0 dl/g,preferably O 05 to,0.5 dl/g. In the fuel oil conposition,
the a-olefin/aromatic vinyl conpound random copol yner functioning as the

fuel oil 20 ,_fluidi ' ov [ t aj ' n. 0p5 to 5.0 %
by et ght - pPoPerareEBies Gt Ry RatiereBid BB Pkee O et <

vi nyl conpoun nd copol ynmer for use in the invention, the proportion of
the.constitUQ%FBSﬁ¥§g§¥$$efprning sequences of two constituent 25 units
derived fromthe a,0BRLI Copd Wil RATRAL (Andh! cLRELGARSLLLMGRT uni LS
derived fromthe aromatic nyl "‘conmpound is desired to be not nore than 1

% preferabl yopellyfere o-olefins other than ethylene and the vinyl

5 aromatic compound may be copolymerized. Examples of such
o-olefins include 0-olefins of 3 to 20 carbon atoms, such
as propylene, l-butene, 3-methyl-l-butene, 4-methyl-1-
butene, l-pentene, l-hexene, 4-methyl-l-pentene, l-heptene,
l-octene, l-nonene, l-decene, l-undecene, l-dodecene, 1-

10 tridecene, 1l-tetradecene, l-pentadecene, l-hexadecene, 1-
heptadecene,'l—octadecene, l-nonadecene and l-eicosene.

Of these, preferable is propylene, l-butene, 1l-pentene, 1-

hexene or l-octene. These 0-olefins can be used singly or

——— sy g emonenne S e L ) A

in combination of two or mofé;kiﬁas.

15 In the ethylene/d-olefin/aromatic vinyl compound
random copolymex, the amount of comstituent units derived =
from ethylene is in the range of 40 to 75f%fby“molf'the'
amount of constituent units derived'from the a-olefin of 3
to 20 carbon atoms is in the range of not more than 45 % by

20 mol, and the amount of constituent units derived from the
aromatic vinyl compound is in the range of 1 to 40 % by
mol, with the proviso that the total amount of the
constituent units derived from ethylene and the constituent
units derived from the o-olefin is in the range of 60 to 99

25 % by mol. It is preferable that the amount of constituent

units derived from ethylene is in the range of 40 to 70 %

by mol, the amount of constituent units derived from the «-



than 0.1 % The proportion of the sequences of two 37 constituent units
derived fromthe aromatic vinyl conpound can be determ ned by neans of
[err]CG-NMR The a-ol efin/aromatic vinyl conpound random copol yner can be
prepared by the aforenenti oned process for preparing 5 an a-olefin/aromatic
vi nyl conpound random copol ynmer. EFFEXY OF THE | NVENTI ON The | ubricating
oil and the first lubricating oil conposition according to the invention

are_excel | enloyig}i10o£C9Megt HPT bhtodl ddfbddid Gaf IhE ehho@gktAYESEse Vel
as in viscosity properties, heat stability, oxidation stabiTity an
abrasi on resit33"2®. ¥ by mol, and the amount of gonstituen; units
derived from the aromatic vinyi'compbuhd is in the range of
1 to 30 % by mol, with the proviso that the total amount of
5 the constituent units derived from ethylene and the
constituent units derived from the o-olefin is in the range
of 70 to 99 % by mol.

When the amount of the constituent units derived from

ethylene, the amount of the constituent units derived from
10 the o-olefin of 3 to 20 carbon atoms and the amount of the
constituent units derived from the aromatic vinyl compound
. are within the above ranges, a lubricating base_oil having
good balance of various properties such as viscosity
propérties};héétwfés15téﬁéé'aha lubfiEéEfﬁQ“bebéfEieé can
15 be obtained.
Of_such copolymers as gentioned-above, preﬁerable is
an_o-olefin/aromatic. vinyl compound:random copolymer-
wheréin the total amount of the constituent units derived
from the o-olefin of 3 to 20 carbon atoms and the
20 constituent units derived from the aromatic vinyl compound
igs in the range of 0.1 to 40 % by mol.

In the a-oclefin/aromatic vinyl cgmpound random
copolymer, other monomers such as non-conjugated dienes may
be copolymerized. Examples of the non-conjugated dienes

25 include 1,4-pentadiene, 1,4-hexadiene, 4-methyl-1,5-
heptadiene, 5-methylene-2-norbornene, 5-ethylidene-2-
norbornene, 5-iscpropenvl-2-norbornene, 2,5-norbornadiene,

1l,6-cyclooctadiene, 2-ethylene-2,5-norbornadiene, 2-



The second lubricating oil conposition according to the invention has
excellent lubricating oil properties 15 because the conposition conprises
a base oil conposed of a mneral oil and/or a hydrocarbon synthetic oil and
a viscosity index inprover or a base qi] each conprising the specific
a-ol efin/aromatic vinyl conpound rand copolynmer. The third |ubricating
oil conposition according to the 20 I nvention has excellent |ubricating
oi | properti eisbpeapsayl e, S-angulse il @ pdiess lapbasedoéhe canpdsed of a
m neral oil and/or a hydrocarbon synthetic oil, a conmpatibility inprover or
a base oil eachtedapnesi hg7tdetapiewid,i cdiowclopeatatiaenapi g esters of
~a-olefin/aromatic vinyl conmpound random 25 = copol ynmer, - a.lubricating oil. .
addi tive, anddébvﬁ§ﬁ§{¢¥$1QpﬁnﬁﬁﬁﬁﬁnxAQXﬂﬁﬁhﬂlﬁpﬁo@éﬂ vosprusatrdthe
specific a- olefin/arpomatic_vinyl conpound randon1cogolyner; )

carboxylic acids (eé.g., acrylic acid, methacrylic acid,

5 itaconic acid, maleic acid and fumaric acid). These non-
conjugated dienes can be used singly or in combination of

two or more kinds.

The O-olefin/aromatic vinyl compound random copolymer
has an intrinsic viscosity [N], as measured in decalin at
10 135 °C, of 0.01 to 0.50 dl/g, preferably 0.02 to 0.40 dl/g.
In the o-oclefin/aromatic vinyl compound random
copolymer for use in the invention, the proportion of the
constituent units for forming sequences of two constituent
units derived from the aromatic-vinyl compound to--all the- mee T
15 constituent units derived from the aromatic vinyl compound |
is desired to be not more than 1 %, preferably not more
than 0.1 %. The proportioﬁ of thé-ééqﬁenéeémdf:fﬁb'.'
constitueﬁt units derived from the aromatic vinyl compound
can be determined by means of 13C-NMR.

20 The process for preparing the oO-olefin/aromatic vinyl

compound random copolymer will be described later.

The lubricating oil of the invention comprising the -
olefin/aromatic vinyl compound random copolymer is
excellent in compatibility with additives as well as in

25 viscosity properties, ﬁeat stability, oxidation stability

and abrasion resistance.



38 There are al so provided by the invention a viscosity index inprover
conprising the specific a-olefin/aromatic vinyl conpound random copol yner,
and a lubricating oil conpatibility inprover conprising the specific low 5
nol ecul ar wei ght a-ol efin/aromatic Vlné conmpound random copol yner. The
a-olefin/aromatic vinyl type fuel oill luidity inprover for constituting
the fuel oil conposition of the invention prevents growth of wax crystals

inthe mddle 10 g&actior fﬂi@stouhb&@cahﬁﬁgball r&m&sésﬂfdl%p%b&ra@ﬁgease
of the middle fraction fuel oil and to |ower the cold filter plugging point

(CFPP) and t hgo perk inyéﬁtlde&gowggcrghgdflU|d|ty | nprover has excell ent
| ubricating properties. By o
The first lubricating oil compos1t10n of the invention
comprises a lubricating base o0il, which comprises the same
5 o-olefin/aromatic vinyl compound random copolymer as used
for forming the above-mentioned lubricating oil, and a
lubricating oil additive.
Lubricating oil additive
The lubricating oil additive for use in the invention

10 is at least one additive selected from an extreme pressure
agent, an abrasion resistance agent, an oiliness improver
and a detergent—dispersantr

Examples of the extreme pressure agents include sulfur
tvpe extreﬁe'preSSure aQents,"sﬁch'as sulfides, éulfdxideé;”“

15 sulfones, thiophosphinates, thiocarbonates, fats and oils,
sulfurized fats and oils, and olefin sulfldes, phosphoric

.;aCLds such as phosphorlc esters, phosphorous estoro,_
-pﬁosphorlc ester amines and phosphorous ester amlnes; énd
halogen compounds, such as chlorinated hydrocarbons.

20 Examples of the abrasion resistance agent include
inorganic or organic molybdenum compounds, such as
molybdenum disulfide; organocboron compounds, such as
alkylmercaptyl borate; graphite; ahtimony sulfide; boron
compounds; and polytetrafluoroethylene.

25 Examples of the oiliness improrers include higher
fatty acids, such as oleic acid and stearic acid; higher

alcohols, such as oleyl alcohol; amines; esters; sulfurized

fats and oils; and chlorinated fats and oils.



virtue of these advantageous properties,fuel supply and 15 air supply can
be stabilized to achieve safety operation, and abrasion of fuel injection
nozzl es can be inhibited. Accordingly, the fuel oil conposition of the
invention is prevented fromviscosity jncrease of the mddle fraction fuel
oil and is lowered in the cold filteﬁh$lugging point 20 and the pour

point. Besides, the fuel oil conposition contributes to inhibition of
abrasion of fuel ERamSléSNoNOZIE CFotdpéM-Bidbpersants Thelypdeseidalliventi on

is further described with reference to the follow ng exanples, but it

shoul d be cossfifordtébatsidie asweiidiom issilifonaceyapadnes ien $1d fdress

sxanpl es. and barium sulfonate; thiophosphonates; phenétés;
salicylates; succinimides; benzylamine; and succinates.

S The first lubricating oil composition of the invention
may further contain a viscosity index improver, an
antioxidant, an anti-corrosion agent and an anti-foaming
agent.

As the viscosity index improvers, those generally

10 added to lubricating oils are available, and examples
thereof include natural resins, such as mineral oil, and
synthetic resins, such as ethylene/0-olefin copolymer, o-
olefin homopolymer, styrene/butadiene copolymer,
poly(meth)acrylate and naphthalene condensate. -

15 Examples of the antioxidants include amine compounds,
such as 2,6-di-t-butyl-4-methylphenol; and sulfur or
phosphorus compounds, such-as zinc dithiophosphaﬁe.

Examples of the anti-corrosion agents include
carboxylic acids and tbgir salts, such as oxalic acid;

20 sulfonates; esﬁers; alcohols; phosphoric acid and its
salts; benzotriazole and its derivatives; and thiazole
compounds .

Examples of the anti~foaming agents include silicone
compounds, such as dimethylsiloxane and silica gel

25 dispersion; alcohol compounds; and ester compounds.

Though the amount of the lubricating oil additive used

varies depending on the lubricating properties requested,

it is in the range of usually 0.01 to 80 parts by weight,



39 Exanple A-1 Synthesis of a-olefin/aromatic vinyl conpound random
copolynmer A 1-liter glass reactor equipped with a cooling tube 5 and a
stirrer was thoroughly purged with nitrogen. To the reactor were introduced
425 mM of toluene and 75 m of styreng, Then, the reactor was saturated
with ethylene while stirring. The teﬂg‘érature of the systemwas elevated to
40 [err]C, and to the systemwere added 30.0 mM of 10 nethyl al um noxane

(TOHSO AQUZOpzeferdBivt 90 DBl U&NEO Sl xts ARy waridh®, OBagliobn(160 parts
but yl am de) di met hyl (t et ranet hyl - n5- cycl opent adi enyl ) si |l anetitani um
di chl ori de (®y0vedwhtobfiehbesetalebin/arrnatsic iaviolcarprandorandan to the
cat al yst

copolymer.

The lubricating oil composition of the invention may
S further contain a mineral oil or a hydrocarbon synthetic

0il in an amount of up to 50 % by weight.

Since the first lubricating oil composition of the
invention contains the a-olefin/aromatic vinyl compound
random copolymer as a base oil, the composition is

10 excellent in compatibility with additives as well as in
viscosity properties, heat stability, oxidation stability
and abrasion resistance.

Next, the second lubricating oil composition and the
viscoSity index improver according to the invention are

15 described.

The second lubricating oil composition of the
invention comprises a baée“oil; which comﬁrises énminéfait
oil and/or a hydrocarbon synthetic oil, and a specific a-
olefin/aromatic vinyl compound random copolymer functioning

20 as a viscosity index improver.

The viscosity index improver of the invention
comprises the same a-olefin/aromatic vinyl compound random
copolvmer. as used in the second lubricating oil composition
of the invention.

25 Base oil
The base 0il used in the second lubricating oil

composition of the invention is a lubricating base oil

comprising a mineral oil and/or a hydrocarbon synthetic



15 becanme 500. Then, ethylene was continuously fed at a rate of 100 N
liter/hr to performpolynerization at 80 [err]C for 60 mnutes. After the
pol ymeri zati on was conpl eted, 250 m of isobutyl alcohol and 10 m of
hydrochloric acid were added, 20 and the m xture was stirred at 80 [err]C
for 30 minutes. The reaction solutiakhScontaining isobutyl alcohol was
transferred into a separatory funnel, washed twice with 250 m of water,

and separ at echint 7A@ b3 PRASL, A0 ALAUIEAS BNaSCa LI HFASR, PO Lion

was added to 3 'iters oféﬁggI nmet hanol to precipitate a polymer. _
preci pi t at ed ROMBFBI kVAs VRELGh AT 406k 81 oL 3Q rli@Bk ] bnf Ohs 18P 04 Sch&, Obt ai n

20 g of an ethyl ene/styrene random copol yner.
have a viscosity at 100 °C of 1.5 to 40.0 mm?/S, preferably
2.0 to 10.0 mm?/S.
5 The mineral oil has a viscosity in the above range.
The mineral oil is, fpr example, a refined oil
obtained by subjecting a paraffin base crude oil or an
intermediate base crude oil to atmospheric distillation or
subjecting a residual oil of the atmospheric distillation
10 to vacuum distillation and then refining the resulting
distillate o0il in a conventional manner, or a deep-dewaxed
0il obtained by deep-dewaxing the refined oil obtained
above. Examples of the refining methods include
hydrogenation, dewaxing, solvent extraction, alkali
15 distillation, sulfuric acid washing and clay treatmernt.
These methods can be carried out singly or in appropriate
combination, or the same method can be repeated plural
times. In these cases, there is no specific limitation on
the order of the methods and the number of repetition
20 times. 1In the present invention, it is particularly
preferable to use a mineral oil obtained by a solvent
dewaxing process that is made under severe conditions or
obtained by a deep-dewaxing process such as a catalytic
hydrogenation dewaxing process using a zeolite catalyst.
25 Examples of the hydrocarbon synthetic oils preferably
used include oligomers obtained by polymerizing or
copolymerizing olefins of 2 to 20 carbon atoms or arbitrary

mixtures of these olefins, such as an oligomer of l-octene,



40 I'n the copolyner (a), the nolar ratio between ethylene and styrene _
(ethyl ene/styrene) was 69/31. The copolyner (a) had an intrinsic viscosity
[n], as measured in decalin at 135 [err]C of 0.3 dl/g. 5 The
viscosity of the copolynmer, the total f:lél d nunber thereof and the
properties thereof after heat resistan test are set forth in Table 1. The
copol ymer was used as a synthetic lubricating oil. As a result, the
copol yner exhidn tcddggmet pér iedeaate. add fxalHomdr? oBynt-hegeceft. 1n
a-ol efin/aromatic vinyl conpound random copol yner An _ _
et hyl ene/ pr op@dstig/iony tenthe amitoerabpol i rend Ams the hydirbbasbaésd i n t he same
manner as in Exanple A-1, except .
synthetic oil, also available are diesters, such as di-2-
ethylhexyl sebacate, dioctyl adipate and dioctyl
S dodecancate, and polyol esters, such as pentaerythritol
tetraoleate and trimethylolpropane tripelargonate.
The oligomers are obtained by (co)polymerizing olefins
of 2 to 20 carbon atoms by conventional processes.
In the second lubricating oil composition of the
10 invention, the base oil is used in an amount of 50.0 to
99.8 % by weight, preferably 60.0 to 95.0 % by weight.

g-Olefin/aromatic vinvl compound random copolymer

In the second lubricating oil composition of the

invention, a specific o-olefin/aromatic vinyl compound

15 random copolymer functioning as a viscosity index improver
is used as the base o0il or the viscosity index improver.
This copolymer is similar to the a-olefin/aromatic vinyl
compound random copolymer_for forming the lubricating oil
or the first lubricating oil composition of the invention

20 mentioned above, and is a random copolymer of ethylene and
an aromatic vinyl compound (ethylene/aromatic vinyl

compound random copolymer) or a random copolymer of

ethylene, an o-olefin of 3 to 20 carbon atoms and an

aromatic vinyl compound (ethylene/t-clefin/aromatic vinyl

25 compound random copolymer) .

The o-olefin/aromatic vinyl compound random copolymer

for use in the second lubricating oil composition of the

invention, however, has an intrinsic viscosity [n], as



that 450 m of toluene and 50 ml of styrene were introduced into the
reactor, and ethyl ene and propyl ene were continuously fed at rates of 95 N
liter/hr and 5 NI/ hr, respectively. 20 In the copol yner, the nolar
rati o anong et hyl ene, propyl ene and jhyrene (et hyl ene/ pr opyl ene/ styrene)
was 69/11/20. The copol yner (b) had intrinsic viscosity [n], as neasured
in decalin at 135 [err]C, of 0.4 dl/g. The viscosity of the copolyner, the
total acid nmehsur@d in tdwrselnin artd 1t3%e °Qr oper 01 Bstd hereafl af,t er heat

resi stance test are set forth in Table 1. The copol yner was used as a

synt hetic | upréefetalmly dl 15 tAs 3a 0 édubt., the copol yner exhi bited good

per f or mance. . ) )
The amount of the o-olefin/aromatic vinyl compound

random copolymer functioning as the viscosity index
S improver is in the range of 1.0 to 50.0 parts by weight,
preferably 2.0 to 30.0 parts by weight, based on 100 parts
by weight of the base oil.
The second lubricating oil composition of the
invention has excellent lubricating oil properties because
10 the base 0il comprising the mineral oil and/or the
hydrocarbon synthetic oil is blended with the o-
olefin/aromatic vinyl compound random copolymer functioning
as the base o0il or the viscosity index improver.
Next, the third lubricating oil composition and the
15 1lubricating oil compatibility improver according to the
invention are described.
The third lubricating oil composition of the invention
comprises a base oil, which comprises a mineral oil and/or
a hydrocarbon synthetic o0il, a specific low-molecular
20 weight o-olefin/aromatic vinyl compound.random copolymer
functioning as a compatibility improver, and a lubricating
oil additive. |
The lubricating oil compatibility improver according
to the invention is the same a-olefin/aromatic vinyl
25 compound random copolymer as used for forming the third
lubricating oil composition of the invention.

Base oil



41 Exanple A-3 Synthesis of a-olefin/aromatic vinyl conpound random

copol yner 5 An et hyl ene/ propyl ene/ st yrene random copol yner was

synt hesi zed in the sane manner as in Exanple A-1, except that 450 m of
toluene and 50 ml of styrene were introduced into the reactor, and ethyl ene
and propyl ene were continuously fed al8rates of 85 Nliter/hr and 15 N/ hr,
10 respectively. In the copolyner, the nolar ratio anong ethyl ene,

propyl ene and styrgagIRINWEREEPEARY! 8085 SINERRE) MRS k3518, The
copolymer (c) had an intrinsic viscosity [n], as neasured in decalin at 135

[err]C, of O0.diflrel olils and hyBRBcHrBEASEIN L 1d1Q AR AmHIRYablBEaLOL al

acid nunber thereof and the properties thereof after heat resistance
the base 0il of the second lubricating oil composition.

g-Olefin/aromatic vinyl compound random copolymer
) In the third lubricating oil composition of the
invention, a specific low-molecular weight o-
olefin/aromatic vinyl compound random copolymer functioning
as a compatibility improver is employed. This copolymer is
similar to the d-olefin/aromatic vinyl compound random
10 copolymer for forming the lubricating oil or the first
lubricating oil composition of the invention mentioned
above, and is a random copolymer of ethylene and an
aromatic vinyl compound (ethylene/aromatic vinyl compound
random copolymer) or a random copolymer of ethylene, an -
15 olefin of 3 to 20 carbon atoms and an aromatic vinyl
compound (ethylene/d-olefin/aromatic vinyl compound randoﬁ
copolymer). The low—moiecular weight o-olefin/aromatic ”
vinyl compound random copolymer for use in the third
lubricating oil composition of the invention, however, has
20 an intrinsic viscosity [n], as measured in decalin at 135
°C, of 0.01 to 0.30 dl/g, preferably 0.01 to 0.20 dl/g.

By the use of the low-molecular weight o-
olefin/aromatic vinyl compound random copolymer functioning
as the compatibility improver, the lubricating oil additive

25 can be easily dissolved in the base oil.

The_amount of the t-olefin/aromatic vinyl compound

random copolymer functioning as the compatibility improver

is more than 0 part by weight and not more than 50 parts by



test are set forth in Table 1. The copol yner was used as a synthetic

| ubricating oil. As a result, the copol yner exhibited good performance. 20

Exanpl e A-4 Synthesis of a-olefin/aromatic vinyl conpound random copol yner

A 1-liter glass reactor equipped with a cooling tube 25 and a stirrer was

t horoughly purged with nitrogen. To k%he reactor were introduced 425 m of

toluene and 75 m of styrene. Then, the reactor was saturated with ethyl ene

while stirringighbe HeSPEFASLYF endHe HMRNSYSPAFVES ®éEYEE 8thd ndt?2 more
than 30 parts by weight, based on 100 parts by weight of
the base oil.
The weight ratio of the low-molecular weight o-

5 olefin/aromatic vinyl compound random copolymer to the
lubricating oil additive is in the range of 0.01 to 4.0,
preferably 0.01 to 2.0.

Lubricating oil additive
The third lubricating oil composition of the invention
10 contains a lubricating oil additive, such as the aforesaid
extreme pressure agent, an abrasion resistance agent,
oiliness improver, detergent-dispersant, antioxidant, anti-
corrosion agent or anti-foaming agent.
Though the amount of the lubricating oil additive used
15 ~varies depending on the lubricating properties requested,
it is in the range of usually 0.01 to 50 % by weight,
preferably 0.05 to 30 % by weight‘ip the lubricating oil
composition.
The third lubricating oil composition of the invention
20 has excellent lubricating oil properties because the base
oil comprising the mineral oil and/or the hydrocarbon
synthetic o0il is blended with the lubricating oil additive
and the low-molecular weight O-olefin/aromatic vinyl
compound random copolyvmer functioning as the base oil or
25 the compatibility improver.

Next, a process for preparing the o-olefin/aromatic

vinyl compound random copolymer is described.



to 40[err]C, and to the system were added 30.0 mM of nethyl al um noxane
(TOHSO AQUZO Co., 10 wm % tol uene solution) and 0.06 nM of
[(Clerr]Me[err)SiMe[err] (N-t-Bu)]Tic[err] ((t-

but yl am de) di met hyl (tetranet hyl -n5- 5 cycl opentadi enyl)sil anetitani um
dichloride) (0.01 nMtoluene solution)2@o that the nmolar ratio of Al to the
cat al yst becane 500. Then et hyl ene, propyl ene and hydrogen were

Fespect fvely, to paPPolmOYORoLRPYeY SET STy prenebicet AV hut o5,
o of LC&@@LY?F&%@E %Qaé?% SORBLMER R o ﬂ%ﬂacb%ﬁ%hi‘%éﬁg% o
o] anot orr S B8R, pfLEobERGLEN: % \LRA SR ALA B0bBOR! HiaBh ol by
water, and sepipbldd, NhAdANE ChbcPEGSHy Ath - ARMBRUS PRA%S. 28N8aPbbn
S5 atoms, in the presence of, for example, a metallocene
catalyst (a).

As the metallocene catalyst (a), various metallocene
type catalysts, such as those currently used as single site
catalysts and those analogous thereto, can be employed

10 without specifio limitation. 1In particular, a catalyst
comprising a metallocene compound (b) of a transition metal
(transition metal compound), and an:organocaluminum oxy-
compound (c¢) and/or an ionizing ionic compound (4) is
preferably employed.

15 The metallocene compound (b) ig, for example, a

metallocene compound of a tranSLtlon metal selected from

Ceemm T8 e agaeee gmea . miae e en See R e L5 ez A L L iy S ,;«.«-, T 10 i O, " LB NG e

. Group 4 of the perlodlc table (long form perlodlc table) of
elements indicated by Group No. 1 to 18 according to IUPAC |
Inorganic Nomenclature Rules, revised edition, (1989),

20 specifically a metallocene compound represented by the

following formula (1).

MLy | _ (1)
In the formula (1), M is a transition metal selected
from elements of Group 4.of the periodic table, e.g.,
25 zirconium, titanium or hafnium, and x is a valence of the

transition metal.



phase portion was added to 3 liters of nethanol to precipitate a pol ynmer.
The precipitated pol ynmer was vacuumdried at 130 [err]C for 12 hours to
obtain an 20 ethyl ene/ propyl ene/ styrene random copol yner. In the
copolynmer, the nolar ratio anong ethyl ene, propylene and styrene

(et hyl ene/ propyl ene/ styrene) was 68/ 2L3. The copolynmer (d) had an
intrinsic viscosity [n], as nmeasured in decalin at 135 [err]C, of 0.1 dl/g.

25 The viseoskty P{ghhe SOPUAMERIed e thet ’kafsh di Sy nRetat hergof and
the properties thereof after heat resistance test are set forth in Table 1.

43 The COpO|i@&@tW©ﬁeU$§§aﬁé ﬁ-§§TﬁfmﬁgahdlH&hhﬁétan@y@lbpentadlenyl

skeleton which may ‘have a substltuent
Examples of the ligands having a cyclopentadienyl
S skeleton include alkyl or cycloalkyl substituted
cyclopentadienyl groups, such as cyclopentadienyl,
methylcyclopentadienyl, ethylcyclopentadienyl, n- or i-
propylcyclopentadienyl, n-, i-, sec- or t-
butylcyclopentadienyl, hexylcyclopentadienyl,

10 octylcyclopentadienyl, dimethylcyclopentadienyl,
trimethylcyclopentadienyl, tetramethylcyclopentadienyl,
pentamethylcyclopentadienyl, methylethylcyclopentadienyl,
methylpropylcyclopentadienyl, methylbutylcyclopentadienyl,

* methylhexylcyclopentadienyl, methylbeniylcyelbpentaaienyl,

15 ethylbutylcyclopentadienyl, ethylhexylcyclopentadienyl and
methylcyclohexylcyc1opentad1enyl

- Further,-an 1ndenyl group, a4, 5 6, 7 tetr;hgérgrndenyl

group and a fluorenyl group can be also mentloned. |

Those groups may be subetituted with halogen atoms or

20 trialkylsilyl groups.

'Of the above ligands, particularly preferred are alkyl
substltuted cyclopentadlenyl groups

When: the compound represented by the formula (1) has
two or more ligands L having a cyclopentadienyl skeleton,

25 two of the ligands having a cyclopentadienyl skeleton may

be bonded to each other through an alkylene group such as
ethylene or propylene, a substituted alkylene group such as

isopropylidene and diphenylmethylene, a silylene group, or



As a result, the copol yner exhibited good performnce. Exanple A-5 5
Synthesis of a-olefin/aromatic vinyl conpound random copolynmer A 1-liter

gl ass reactor equipped with a cooling tube and a stirrer was thoroughly
purged with nitrogen. To the reactor re introduced 425 ml of toluene and
75 mM of 10 styrene. Then, the rea¢tor was saturated with ethylene while
stirring. The tenperature of the systemwas elevated to 80 [err]C, and to

t he syst em weaesadsetiodted gihdfeneighplupl Bathoxandindtiife AQIEAL0., 10 wt %
t ol uene solution) and 0.06 nM of

[ (] err] Me[ erdipisente] £r Yy ddd -Bueth@lpeenylé{lyledsd.

--butyl am de) di net hyl (tetramet hyl -n5- cycl opentadienyl-)silanetitani um

di chl ori de) (0. 01 PanmlemmE Jolathiesnkhiss that lisenddiavingid o of A to the

cat al yst becane 500. Then, ethyl ene, proEerne and
cyclopentadlenyl skeleton include a hydrocarbon group of 1

5 to 12 carbon atoms, an alkoxy group, an aryloxy group, a
sulfonic acid-containing group (-SO3Rl), a halogen atom or
hydrogen atom, where R! is an alkyl group, an alkyl group
substituted With a halogen atom, an aryl group, or an aryl
group substituted with a halogen atom or an alkyl group.

10 Examples of the hydrocarbon groups of 1 to 12 carbon
atoms include alkyl groups, cycloalkyl groups, aryl groups
and aralkyl groups, more specifically, there can be
mentioned: |

"alkyl groups, such as;methyl, ethyl, n-propyl,

1S isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, pentyl,
hexyl octyl, decyl and dodecyl; )

..cycloalkyl groups, such as.cyéibpentyl and cyclohexyl
aryl groups, such as phenyl and tolyl; and
aralkyl group, such as benzyl and neophyl.

20 Examples of the alkoxy groups include methoxy, ethoxy,
n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, t-
butoxy, pentoxy, hexoxy and octoxy.

The  aryloxy group is, for example, phenoxy.
Examples of the sulfonic acid-containing group (-

25 SO3R!) include methanesulfonato, p-toluenesulfonato,

trifluoromethansulfonate and p-chlorobenzenesulfonato.
Examples of the halogen atoms include fluorine,

chlorine, bromine and iodine.



hydr ogen were continuously fed at rates of 51 Nliter/hr, 9 20 N liter/hr
and 40 N liter/hr, respectively, to perform polynerization at 80 [err]C for
60 m nutes. After the polynerization was conpleted, 250 m of isobutyl

al cohol and 10 m of hydrochloric acid were added, and the m xture was
stirred at 80 [err]C for 30 nmi nut es. 2fe 25 reaction solution containing
| sobutyl al cohol was transferred into a separatory funnel, washed tw ce

with 250 m of V\/ai'ﬁé,mé‘iwlﬁ&féﬁéﬂ&ﬂlgoﬁh@ am%k PhasgosRdl AlAAueqUs phase.
The oil phase portion was added to liters of 44 et hanol to

preci pi t at e ghppéimethe gl fHiRCidT trleed rpokY BR6N WaStARCLBIM OId ey 130
.Lerr]C for 12 hours to obtain
specifically represented by the follow1ng formula (2):
R%gR31R4R5,M (2)
5 wherein M is the above-mentioned transition metal,

' preferably zirconium or titanium, R2 is a group (ligand)
having a cyclopentadienyl skeleton, R3, R% and R® may be the
same or different, and are each independently a group
having a cyclopentadienyl skeleton or the same as L other

10 than the ligand having a cyclopentadienyl skeleton in the
above formula (1), k is an integer of not less than 1, and
k+l+m+n = 4.

In the present invention, a compound represented by

‘the following formula (3) can be also employed as the

15 metallocene compound (b).

I;szl R : : (3)
whereln, Nﬂ is a metal of Groﬁ; & ofhéaé perlodlc table orf
a metal of lanthanide series; N |

Ll is a derivative of delocalization T bond group and

20 imparts restraint geometrical shape to the metal M2 active

site; and

the Zl's are the same or different, and are each
independently hydrogen, halogen, a hydrocarbon group of 20
or less carbon, silicon or germanium atoms, a silyl group

25 or a germyl group.

Of the metallocene compounds (b) of the formula (3),

preferred are metallocene compounds represented by the

following formula (4).



an et hyl ene/ propyl ene/ styrene random copol yner. In the copolyner, the nolar
rati o anong ethylene, 5 propyl ene and styrene (ethyl ene/ propyl ene/ styrene)
was 69/28/3. The copolyner (e) had an intrinsic viscosity [n], as neasured
in decalin at 135 [err]C, of 0.03 dl/g. The viscosity of the copolyner, the
total acid nunber thereof and the progérties t hereof after heat resistance
10 test are set forth in Table 1. The copol yner was used as a synthetic

| ubricating oil. As a result, theytopol yner 9xhibited good performance.
Exanple A-6 15 An ethylen / propyl ene/,styrene random copol yner was
synt hesi zed in the sane nanne%/ég i n Exanp¥e A-5, except that

i sopropyl i denebi si ndenyl zir corii um di.chl o¥i de was used in place of the

(t- butylan1de)d|nethyl(tetraﬁﬁthyf—iisltgyclopentadlenyI)S|Ianetltanlum

di chl ori de. (z, ()

In the formula (4), M3 is titanium, zirconium or
hafnium, and zZ! is the same as above.
Cp is a cyclopentadienyl group which is w-bonded to M3

S5 in the N5 bonding way, a substituted cyclopentadienyl group

or a derivative thereof.

Wl is oxygen, sulfur, boron, an element of Group 14 of
the periodic table or a group containing any of these
elements.

10 V! is a ligand containing nitrogen, phosphorus, oxygen
or sulfur. e ";f” S s
W! and V! may form together a fused ring. Further, Cp.

and wl may form together a fused rlng,

Examples of preferred groups 1nd1cated by Cp ln the

QA

B 15 formula (4) 1nclude a cyclopentadlenyl group, an 1ndeny1
group, a fluorenyl group and saturated derivatives of these
groups. These groups or derivatives form a ring together
with the metal atom (M3).

Each carbon atom in the cyelopeﬁtadieﬁyl grdup may be
20 substituted or unsubstituted.with the same or a different
group selected from the group coneisting of hydrocarbyl
groups, substituted-hydrocarbyl groups wherein one or more
hydrogen atoms is replaced by a halogen atom, hydrcarbyl-
substituted metalloid groups wherein the metalloid is

25 selected from Group 14 of the Periodic Table of the



20 In the copolyner, the nolar ratio anong ethyl ene, propyl ene and
styrene (ethyl ene/ propyl ene/ styrene) was 72/25/3. The copolyner (f) had an
intrinsic viscosity [n], as nmeasured in decalin at 135 [err]C, of 0.01

dl /g. The viscosity of the copolyner,_the total acid nunber 25 thereof
and the properties thereof after heat4Pesistance test are set forth in
Table 1. The copol yner was used as a synthetic lubricating oil. As a

result, the coReleHP, axdi BhlBgeH0gH-GSE f OrIANGRIi tiom}d th%aBR! fofe0P5. 0
Parts by wei ght of t he et hyl ene/ propyl ene/ styrene random copol yner (e)
obtai ned i n s Rubshituend §rOupsrihsy form together a fused ring. The
_ preferred hydrocarbyl and substltuted hydrocarbyl groups, .
which may be substituted for at least one hydrogen atom in
S the cyclopentadienyl group, will contain from 1 to 20
carbon atoms, and include straight and branched alkyl
groups, cyclic hydrocarbon groups, alkyl-substituted cyclic
hydrocarbon groups, aromatic groups and alkyl-substituted
aromatic groups. Examples of the preferred organometallcid
10 groups include mono-, di- and tri-substituted
organometalloid groups of Group 14 elements, and each of
the hydrocarbyl groups has 1 to 20 carbon atoms.
Particular examples of the preferred organometalloid groups
includeé trimethylsilyl, triethylsilyl, ethyldimethylsilyl,
15 methyldiethylsilyl, phenyldimethylsilyl,

) methyldlphenylsllyl trlphenylsllyl trlphenylgermyl and

e . . .:.s-, W .
Temia g3 o as e e s Ba e - et T m e e e - ks Nt e e T e, T e

trlmethylgermyl. _ _ . :
Examples of the groups indicatea by zl in the formula
(4) include hydrido, halo, alkyl, silvl, germyl, arvl,

20 amido, aryloxy, alkoxy, phosphido, sulfido, acyl,
pseudohalido (e.g., cyanide, azido), acetylacetonato and
mixtures thereof. The groups indicated'by Z! may be the
same as or different from each other.

As the metallocene compound (bf, the metallocene

25 compound represented by the formula (3) is particularly
preferable from the viewpoints of polymerization activity
and transparency, rigidity, heat resistance and impact

resistance of the resulting molded product. The



5 by weight of a load carrying additive were bl ended at about 60[err]C to
prepare a blended oil. The kinematic viscosity and appearance
(conpatibility with the load carrying additive) of the blended oil are set
forth in Table 2. 10 Conparative Exanple A-1 A blended oil was prepared in
t he sanme manner as in Exanple A-7, ex épt t hat PAOG 40 (ol igomer of
1-decene, available from Mbil Co., trade name: SHF-401) was used in 15

pl ace of the pgidaligRener eBrbeRRAS Y £NRek BIGINA GORRISY HRE bB) ugBfai ned in
Exanpl e A-5. The kinematic viscosity and appearance (conpatibility with the
| oad carryi ngsiamdivt ioteinotobBenbt €66 esf otwo ase mete kande.in Table 2. 20
R The metallbceﬁé compéﬁhd:(b)'fégfuse in the invéhfibn'-
may be diluted with a hydrocarbon or a halogenated
5 hydrocarbon prior to use.
Next, the organocaluminum oxy-compound (c¢) and the
ionizing ionic compound (d) used for forming the
metallocene catalyst (a) are described.
The organocaluminum oxy-compound (c) for use in the
10 invention may be aluminoxane conventionally known or a
benzene-insoluble organcaluminum oxy-compound (c)
exemplified in Japanese Patent Laid-Open Publication No.
78687/1990. |
" The aluniinoxane is prepared by, "for example, the
15 following processes, and is generall? recovered as a

hydrocarbon solvent solution.

R

d such as "7t .. s L

o . el e

ﬂ.?_(if_ Aﬁn5fg§£;aiﬁmihﬁﬁféééggﬁg
trialkylaluﬁiﬁum ié added to an ardmatié ﬁ&droéarbon
solvent suspension of a compound containing adsorbed water

20 or a salt containing water of crystallization, e.g.,
magnesium chloride hydrate, copper sulfate hydrate,
aluminum sulfate hydfate} nickel sulfate hydrate or cerous
chloride hydrate, to thereby allow the organocaluminum
compound to react with the adsorbed water or the water of

25 crystallization, followed by recovering aluminoxane as its
aromatic hydrocarbon solvent solution.

(2) Water, ice or water vapor is allowed to directly

act on an organoaluminum compound such as trialkylaluminum



Conparative Exanple A-2 90.0 Parts by wei ght of PAO 40 (oligomer of
1-decene), 5.0 parts by weight of an ester (DI DA: diisodecyl adipate,
avai |l abl e from Dai hachi Kagaku Kogyosho) and 5.0 parts by 25 weight of a

| oad carrying additive were bl ended at_about 60 [err]C to prepare a bl ended
oil. 46 The ki nematic viscosity adﬁ7appearance (conpatibility with the

| oad carrying additive) of the blended oil are set forth in Table 2. 5

Table 1 Examphes fediumPsdch as Werzene Athluefe? eftfl ether or

tetrahydrofuran, followed by recovering aluminoxane as its
aromatic hydrocarbon solvent solution.
(3) An organotin oxide such as dimethyltin oxide or
5 dibutyltin oxide is allowed to react with an organocaluminum
compound such as trialkylaluminum in a hydrocarbon medium
such as decane, benzene or toluene.
Examples of the ionizing ionic compounds (d) includes
Lewis acid, ionic compounds, borane compounds and carborane
10 compounds. These ionizing ionic compounds are described in
National Publications of international Patent No.
501950/1989 and No. 502036/1989, Japanese Patent Laid~Open
Publications No. 179005/1991, No. 179006/1991, No.
207703/1991 and No. 207704/1991,'aﬁd U.S. Patent No. o
15 5,321,106. |
The Lew1s acid whlch may be used as the.lonlzlng 1on1c
compound (d) is, for example,-a_compound represented by the
formula BR; (each R is the same or dlfferent and is a
phenyl group which may have a substituent such as fluorine,
20 methyl or trifluoromethyl, or a fluorine atom). Examples
of such compounds include trifluocroboron, triphenylboron,
tris(4-fluorophenyl)boron, tris(3}5~difluorophenyl)béron,
tris(4-£fluoromethylphenyl)boron and
tris(pentafluorophenyl)boron.
25 The ionic compound which may be used as the ionizing
ionic compound (d) 1is a salt comprising a cationic compound
and an anionie compound. The anionic compound reacts with

the metallocene compound (b) to render the compound (b)



Intrinsic viscosity (n) 0.3 0.4 0.4 0.1 0.03 0.01 (dl /9)
Viscosity *1 (nPa.S) 100C 16,500 49,000 54,000 150 39 9.5
Total acid nunber *2 0.18 0.11 0.13 0.05 0.04 0.02 (ng KC%Vg)
Lubricating properties Four ball Ioad

3.0 2.5 resistance test *3 (kg/cnR) Sropertles after heat resi stance test
*4 (200[err]C x 6.5 hrs) Evaporation | oss *5 0.8 0.5 0.5 3.0

13.0 20.5 (WatAoriny-ada) férm 8n89on péiB0 wherbbif thet t2@8ns4£88n 4. 05

metal cation seed is stabilized. Examples of such anions

" include organcboron compound anion, ordanoarsenic compound
anion and organcaluminum compound anion. Preferable are

5 anions which are relatively bulky and stabilize the

transition metal cation seed. Examples of the cations
include metallic cation, organometallic cation, carbonium
cation, tripium cation, oxonium cation, sulfonium cation,
phosphonium cation and ammonium cation. More specifically,

10 there can be mentioned triphenylcarbenium cation,
tributylammonium cation, N,N-dimethylammonium cation,
ferrocenium cation, etc.

Of these, preferable are the ionic compounds
containing a boron compound as the anicnic compound, and

15 examples thereof include trialkyl-substituted ammonium
salts, N,N, —dlalkylanlllnlum salts, dlalkylammonlum salts

_Tand trlarylphosphonlum salts | | . | B ) N
Examples of the trlalkyl-substituted ammonium.salts
include triethylammoniumtetra (phenyl)boron,

20 tripropylaﬁmoniumtetra(phenyl)boron, tri(n-
butyl)ammoniumtetra (phenyl)boron and _
trimethylammoniumtetra (p-tolyl)boron.

Examples of the N,N, -dialkylanilinium salts include
N, N-dimethylaniliniumtetra (phenyl)boron.

25 Examples of the dialkylammonium salts include di(n-

propyl)ammoniumtetra (pentafluorophenyl)boron and

dicyclohexylammoniumtetra (phenyl)boron.



Remarks: *1: Measured by Brookfield visconmeter (DV-11). *2: Measured by the
nmet hod defined by JIS K 2501. 10 *3: Measured by the nethod defined by
JIS K 2519. *4: The heat resistance test was neasured by the original

met hod of our conpany, that is, 30 gzéa a sanple contained in a cylindrical
gl ass container (diameter: 55 mm height 35 "m) was heated in an air oven
at 200[err]C for 6.5 hours. 15 *5: The loss in weight after the heat

resistance test (E4hmpBSs BRSNS Ckr Ly Iasiphos i Eagtgeiﬁ@m&l@fl ned by
JIS K 2501 after the heat resistance test (*4).

triphenylphosphoniumtetra (phenyl)boron,
tri(methylphenyl)phosphoniumtetra(phényl)boron and
tri (dimethylphenyl)phosphoniuntetra (phenyl)boron.

5 Also available as the ionic compounds are
triphenylcarbeniumtetrakis (pentafluorophenyl}borate, N,N-
dimethylaniliniumtetrakis (pentafluorophenyl)borate and
ferroceniumtetra(pentafluorophenyl)borate.

Examples of borane compounds which may be used as the
10 ionizing ionic com@ound (d) include decaborane (14); salts
of anions, such as bis[tri(n-butyl)ammonium]nonaborate and
bis{tri (n-butyl)ammonium]decaborate; and salts of metallic
borane anions, such as tri(n-
T buEYl)ammdhiumbis(dodééaﬁydridoacdecéborate)cobéitAEeziiI)f:.
15 and bis([tri(n- |
butyl)ammonium]bis(dodecahydridododedaborate)— _
| ﬁickelate(III). | N
Examples of the carborane com@ounds which may be used
as the ionizing ionic compound (d) include salts of anions,
20 such as 4-carbanonaborane(l4) and 1,3-
dicarbanonabeorane (13); and salts of metallic carborane
anions, such as tri(n—butyl)ammoniumbis(nonahydrido—l,S—
dicarbanonaborate)cobaltate(III) and tri(n-
butyl)ammoniumbis (undecahydrido-7, 8-
25 dicarbaundecaborate) ferrate (III).
The ionizing ionic compounds (d) mentioned above can

be used singly or in combination of two or more kinds.



Tabl e 2 Exanple Conpar. Exanple A-7 A-1 A-2 Conponent ratio of

bl ended oil (W% Copolynmer of Ex. A-5 : -95. 0 PAC 40

95.0 90. 0 Ester (DI DA)

5.0 Load resistant additive 5.0 5.0 5.0 Tota
(W% 100. 030  100.0 100. 0 Properties of

bl ended oil Kinematic viscosity *1 (mmierr]/S)100[err]C 37.5 36.5
34.0 Appearance *Zhe metallocene catalyst (a) @@@d in thBadnventi8ROshy
(conpatibility with additives) good bad good Remarks: *1:

Measured by tdpeicebloyg dehtael tie Jf&. Kowlitis orfyanchdumirahuabmgotydvi sual
observati on. _
: (e), in addition to the above components.

The organoaluminum compound (e} which is optionally
5  used is, for example, an organoaluminum compound

represented by the following formula (5):

(R®) nAlX3 n (5)

wherein R® is a hydrocarbon group of 1 to 15 carbon atoms

(preferably 1 to 4 carbon atoms), X is a halogen atom or

10 hydrogen, and n is 1 to 3.

The hydrocarbon group of 1 to 15 carbon atoms is, for
example, an alkyl group, a cycloalkyl group or an arvl
group. Examples of such groups include methyl, ethyl, n-

" propyl, iéopropyl-and'iéobutyrt L | il

15 Examples of the organocaluminum compounds include:

trialkylaluminums, such as trimethylaluminum,
ﬁriethylaluminum, triiéoﬁr&pyléiumiﬁum{ ;ri—h—“h-wwml
butylaluminum, triisobutylaluminum and tri-sec-
butylaluminum;

20 alkenylaluminums represented by the formula (i-
C4Hg) ALy (CsHyp) z (wherein x, y and z are each a positive
number, and z 2 2x), such as isoprenylaluminum;

dialkylaluminum halides, such as dimethylaluminum
chloride and diisobutylaluminum chloride;

25 dialkylaluminum hydrides, such as diisobutylaluminum
hydride;

dialkylaluminum alkoxides, such as dimethylaluminum

methoxide; and



Synt hesi s of

a-ol efin/aromatic vinyl conmpound random copol yner 10

1-liter glass reactor equipped with a cooling tube and a stirrer was

t hor oughly purged with nitrogen.

A

To the reactor were introduced 425 nl of

toluene and 75 ml of styrene. Then, the reactor was saturated with ethyl ene
while stirring. The tenperature of thalsysten1mas el evated 15 to 40

[err]C, and to the system were added 30.0 nM of nethyl al um noxane (TOHSO

AQUZO Co., 10 w %dﬁlt}gn%l%ﬂhahmoakyaaﬂu@egfi MMfad ldiethylaluminum
butylanlde)dlnethyl(tetranethyl-rJS cycl opent adi enyl ) si | anetitani um

di chl ori de (OpRdnddenl uene 20 solution) so that the nolar ratio of Al

t he catal yst

10

15

20

25

" amount that the ratio of the aluminum atom in the

Copolymerization.of ethylene, the aromatic vinyl
compound, and if desired, the 0-olefin of 3 to 20 carbon
atoms may be carried out batchwise or continuously. When
the copolymerization is carried out continuously, the
metallocene catalyst (a) is used in the following
concentration.

The concentration of the metallocene compound {(b) in
the poiymerization system is in the range of usually
0.00005 to 0.1 mmbl/liter (polymerization Qolume),
preferably 0.0001 to 0.05 mmol/liter.

The organcaluminum oxy-compound (cj is used in such an
organcaluminum oxy-compound to the transition metal in the

metallocene compound (b) in the polymerization system,

: Ai/transition metal, is ihflhé;réngéfdf O.l.to 10;OOO,J' '

preferably 1 to 5,000.

The ionizing ionic compound (d) is used in such an
amount that the molar ratio of the ionizing ionic compound
(d) to the metallocene compound (b) in the polymerization
system (ionizing ionic compound (d)/metallocene compound
(b)) is in the range of 0.1 to 20, preferably 1 to 10.

The organocaluminum compound (e) is used in such an
amount that the concentration of the organcaluminum
compound (e) is in the range of usually 0 to 5 mmol/liter

(polymerization volume), preferably 0 to 2 mmol/liter.

to



48 becane 500. Then, ethylene was continuously fed at a rate of 100 N
liter/hr to performpolynerization at 80 [err]C for 60 mnutes. After the
pol ymeri zation was conpleted, 250 ml of 5 isobutyl alcohol and 10 nl of
hydrochl oric acid were added, and the m xture was stirred at 80 [err]C for
30 m nutes. The reaction solution cont%ﬂning | sobutyl al cohol was
transferred into a separatory funnel, washed twice with 250 m of water,

' ' . , 0 h . Th il phase

o1 L1 oh was added AaesSrppEIREE 061 AR BRRTEHN & BT, B8 her . "The.
I pi d I dried at 130 Cf 12 hours to,obtain

DG bt an* et PHETRY afSRak i Mkl COmStyAE e ForOsYBRpnLr. CerEL el ar

ng ] Fyﬁiﬁ weer RIBRe 20d d8nai BLYLENSE (SR SIY §Re)suas: 71/ 29- , The

+250 °C, preferably 0 to 200 °C, and a pressure of usually
S more than 0 and not more than 80 kg/cm? (gauge pressure),
preferably more than 0 and not more than 50 kg/cm? (gauge
pressure) .
The reaction time (average residence time in case of
continuous copolymerization) is in the range of usually 5
10 minutes to 3 hours, preferably 10 minutes to 1.5 hours,
though it varies depending on the reaction conditions such
as catalyst concentration and polymerization temperature.
In the preparation of the a-olefin/aromatic vinyl
compoﬁhé randomiéopolymer, ethylénérﬂﬁhé aromatic vinyi."

15 compound and optionally the o-olefin of 3 to 20 carbon

atoms are fed to the polymerizatiogwgystem in such amounts
that the cqpolymer of aforesaid specific composition can be -
obtained. In the copolymérizétion, a moleculaf weight |
modifier such as hydrogen can be used.

20 When ethylene, the aromatic vinyl compound and

optionally the o-olefin of 3 to 20 carbon atoms are
copolymerized as described above, the a-olefin/aromatic
vinyl compound random copolymer is generally obtained as a
polymerization solution containing it. The polymerization
25 solution is treated in a conventional manner, whereby the

a-olefin/aromatic vinyl compound random copolymer is

obtained.



had an intrinsic viscosity [n] as neasured in decalin at 135 [err]C, of
1.1 dl/g. Preparation of lubricating oil conposition The copol yner (g) was
dissolved in a mneral oil A 20 (avai l able from Fuji Kosansha, 100
neutral oil) under heating in a concentration of 10 % by wei ght based on
the mineral oil A to prepare a viscd® |iquid. The viscous Iiquid was

bl ended with a mneral oil B (available fromFuji Kosansha, 150 neutral

oil) in such a meRags, thad thel 25 cﬂéa{g{o%&rth@nvaéee)?ai ?Oéoté}?eresulti ng
b

bl ended oil becane about 11 nn{err]/ The resulting ended oil was
measur ed on tihgektienals CdadSEQsedy, VISCOSIty I ndex and oxi dation

stability. The results are set forth in Table 3.
The fuel oil composition of the invention comprlses
a middle fraction fuel oil having a boiling point of
S 150 to 400 °C, and

an a-olefin/aromatic vinyl compound random copolymer

obtained from ethylene, an aromatic vinyl compound, and
optionally, an a-olefin of 3 to 20 carbon atoms.
Middle fraction fuel oil
10 The middle fraction fuel oil for use in the invention
has a boiling point of 150 to 400 °C, and a typical example
of the middle fraction fuel oil is gas oil or fuel oil A.
Particularly preferable is a middle fraction fuel oil
having a difference between the'SO'%;funning point and the™
15 initial boiling point of not less than 110 °C and, e.g.,
_not more than 200 °C, preferably 115 to 190 °C, and hav1ng
f{a c;iéﬁfllter'plugglng p0152“6% ‘ibdiz.to +16‘3é.' R

The mlddle fraction fuel 011 may‘be used alone or as a

mixture of two or more kinds.

20 a-Olefin/aromatic vinyl compound random copolvmer

In the present invention, the ¢-olefin/aromatic vinyl
compound random copolymer is used as.a fuel oil fluidity
improver.. This copolymer is a random copolymer of ethylene
and an aromatic vinyl compound (ethylene/aromatic vinyl

25 compound random copolymer) or a random copolymer of

ethylene, an ¢-olefin of 3 to 20 carbon atoms and an

aromatic vinyl compound (ethylene/d-olefin/aromatic vinyi

compound random copolymer).



49 Exanple B-2 Synthesis of a-olefin/aromatic vinyl conpound random

copol yner An et hyl ene/ propyl ene/ styrene random copol yner was 5 synt hesi zed
in the sane manner as in Exanple B-1, except that 450 ml of toluene and 50
m of styrene were introduced into the reactor, and ethyl ene and propyl ene
were continuously fed at rates of 95 N4iter/hr and 5 N /hr, respectively.
10 In the copolyner, the nolar ratio anong et hyl ene, propylene and

styrene (ethyl ene/ pyopyd %Lq{ysltéﬁeer&e:)om%%cw&wil@o %&%&% (h) had an

intrinsic viscosity [n], as nmeasured in decalin at [err] C of 1.5 dl/g.
Preparation Ofopsbymhé&a! i e Ao TRES cbhaRithent unité dERART Midm Was

prepared in the sanme manner as in
ethylene is in the range of 60 to 90 % by ‘mol, preferably
65 to 85 % by mol, and the amount of constituent units

5 derived from the aromatic vinyl compound is in the range of
10 to 40 % by mel, preferably 15 to 35 % by mol.
Exémples of the aromatic vinyl compounds include
styrene; mono- or polvalkvlstyrenes, such as o-
methylstyrene, m—methylstyrene, p-methylstyrene, o,p-

10 dimethylstyrene, o-ethylstyrene, m-ethylstyrene and p-
ethylstyrene; functional group-containing styrene
derivatives, such as methoxystyrene, ethoxystyrene,
vinylbenzoic acid, methyl vinylbenzoate, vinylbenzyl
acetate, hydroxystyrene, o¥¢h16rdstyreﬂe;beChldrostyféne

15 and divinylbenzene; 3—phénylpropylene; 4-phenylbutene; and
o-methylstyrene. Of these,_preferable is styrene or 4-

. ﬁethOXYStyrene{.-7-‘r'1,:;' .?;,"~”€L fﬁf?t:“-fr;-: -
In the ethylene/aromatic vinyl compouﬁd-iandom i

copolymer, o-olefins other than ethylene and the vinyl

20 aromatic compound may be copolymerized. Examples of such
d-olefins include a-olefins of 3 to 20 carbon atoms, such
as propylene, l-butene, 3-methyl-l-butene, 4-methyl-1-
butene, l—péntene, l-hexene, 4-methyl-l-pentene, l-heptene,
l-octene, l-nonene, l-decene, l-undecene, l-dodecene, 1-

25 tridecene, l-tetradecene, l-pentadecene, l-hexadecene, 1-
heptadecene, l-octadecene, l-nonadecene and l-eicosene.

Of these, preferable is propyvlene, l-butene, l-pentene, 1~



Exanpl e B-1, except that the copolyner (h) was used. The kinematic
viscosity, viscosity index and oxidation stability of the blended oil are
set forth in Table 3. 20 Exanple B-3 Synthesis of a-olefin/aromatic vinyl
conmpound random copol ymer An ethylengégropylene/styrene random copol yner
was synthesized in the sane manner as’?n Exanple B-1, except 25 that 450 m
of toluene and 50 m of styrene were introduced into the reactor, and

t hyl d | t | d
ethy /egre and Sh%%?ﬁlévg elwsaﬁgggn L pous! ¥- & Als AP $0(,s8R thbwé@r an

in combination of two or more kinds.
In the ethylene/a-olefin/aromatic.vinyl compound

random copolymer, the amount of constituent units derived

5 from ethylene is in the range of 60 to 90 % by mol, the
amount of constituent units derived from the o-olefin of 3
to 20 carbon atoms is in the range of not more than 39 % by
mol, and the amount of constituent units derived from the
aromatic vinyl compound is in the range of 1 to 40 % by

10 mol, with the proviso that the total amount of the

constituent units derived from ethylene and the constituent
units derived from the o-olefin is in the range of 60 to 99
% by mol. It is preferable thét the amount of constituent
units derived from ethyiene is iﬁ-fhé-range of.65 to 85 %_”

15 Dby mol, the amount of constituent units derived from the o-

_olggln of 3 to 20 carbon atom§”f§41§the range of 10 to 32
% by_mcl,“and the amount of constituent units derlved'fram~v'
the. aromatic vinyl compound is in'the range of S to 25 % by
mol, with the proviso that the total amount of the
20 constituent units derived from ethylene and the constituent
units derived from the a-olefin is in the range of 75 to 95
% by mol.
When the amount of the constituent units derived from
ethylene, the amount of the constituent units derived from

25 the o-olefin of 3 to 20 carbon atoms and the amount of the

constituent units derived from the aromatic vinyl compound

are within the above ranges, the o-olefin/aromatic vinyl



In the copolyner, the nolar ratio anong ethyl ene, propylene and styrene

(et hyl ene/ propyl ene/ styrene) was 59/21/20. The copolyner (i) had an
intrinsic viscosity [n], as nmeasured in decalin at 135 [err]C, of 1.6 dl/g.
5 Preparation of - Iubrlcatlng oi |l conposition A blended oil was prepared in
the sanme manner as in Exanple B-1, exGdpt that the copolyner (i) was used.
The kinematic viscosity, viscosity index and oxidation stability of the

glrgggregdoi In t%gmégﬁneé%%%%éﬂa%&%gn%@% ]J% %?%Hheﬁgeg?ﬁ%f{ﬁ@l v‘#scous
liquid con5| stegeeéléQes@émyAsem%ﬁleei@&arﬁéomﬁ%@tynﬁﬁpré@ngfmd the

m ner al (aval |l abl e-from Fuji "Kosansha, 100 neutral ai
bl ended mnth kevextscosity PAO- 6 (oligomer of 1-decene,

Of such copolymers as mentioned above, preferable is
5 an o-olefin/aromatic vinyl compound random copolymer
wherein the total amount of the constituent units derived
from the a-olefin of 3 to 20 carboﬁ atoms and the
constituent units derived from the aromatic vinyl compound
is in the range of 6 to 39 % by mol, preferably 13 to 32 %
10 by mol, more preferably 15 to 30 % by mol.

The o-oclefin/aromatic vinyl compound random copolymer
may be copolymerized with other monomers such as non-
conjugated dienes. Examples of the non-conjugated dienes
are the same as those preQiously described.” -

15 The o-olefin/aromatic vinyl compound random copolymer

has an intrinsic v1sc051ty [ﬂ], as measured. in- decalln at

135 °c, of 0.01 to 1.0 dl/g, preferably 0.05 to 0.5 al/g.

In the fuel oil composition, the a—olefln/aromatlc

vinyl compound random copolyvmer functioning as the fuel oil
20 fluidity improver is contained in an amount of 0.005 to 5.0
% by weight, preferably 0.01 to 1.0 % by weight.

In the o-olefin/aromatic vinvl compound random
éopolymer for-use in Eﬁeﬁiﬁvéntion, the proportion of the
constituent units for forming sequences of two constituent

25 units derived from the aromatic vinyl compound to all the .
cohsﬁituent units derived from the aromatic vinyl compound
is desired to be not more than 1 %, preferably not more

than 0.1 %. The proportion of the sequences of two



avai l able from Shinnittetsu Kagaku K K., trade nane: Shinfluid 61) in place
of the mneral oil B in such a manner that the 100[err]C viscosity of the

resulting blended 20 oil becanme about 11 nmmjerr]/S. The resulting bl ended
oil was neasured on the kinematic viscosity, viscosity index and oxidation

stability. The results are set forth 8@ Table 3. Exanple B-5 25 A
viscous |iquid was prepared in the sane nmanner as in Exanple B-1, except
that the et hy&&fgedl%agn@%n&%@dagkeeeal ¥P5h €199 a/ﬁﬁné%ﬁwl tcBm ound
| owvi scosity PAOG-4 (ol goner decene, avail able fron1 hi nniEE et su

Kagaku 51.&gﬂ§betdégy%mﬂ§gg b§hm@gh§|gf4mb nfrpl ace of the mneral oi

" The o- olefln/aromatlc v1nyl compound random copolymer

can be prepared by the aforementioned process for preparing

5 an a-olefin/aromatic vinyl compound random copolymer.

EFFECT OF THE ION
The lubricating oil and the first lubricating oil
composition according to the invention are excellent in
10 compatibility with lubricating oil additives as well as in
viscosity properties, heat stability, oxidation stability
and abrasion resistance.
The second lubricating oil composition according to
the invention has excellent lubricating o6il properties
15 ©because the composition comprises a base oil composed of a
mineral oil and/or a hydrocarbon synthetlc oil and a

v1sc051ty 1ndex improver or a base 011 each compr151ngmthe '

épecific a-olefin/aromatic vinyl compound random copoiymef.'
The third lubricating oil composition according to the

20 invention has excellent lubricating oil properties because
the composition comprises a base oil composed of a mineral
0il and/or a hydrocarbon synthetic oil, a compatibility
improver or a base 0il each comprising the specific low-
molecular weight a-oclefin/aromatic vinyl compound random

25 copolymer, a lubricating oil additive, and optionally, a
viscosity index improver comprising the specific o-

olefin/aromatic vinyl compound random copolymer.



A under heating in a concentration of 10 % by wei ght based on the PAGC 4.
Then, simlarly to Exanple B-4, the viscous |iquid was bl ended with

| ow vi scosity PAO-6 (oligonmer of 1- 5 decene, available from Shinnittetsu
Kagaku K K., trade name: Shinfluid 61) in such a manner that the 100[err]C
viscosity of the resulting bl ended oi38becane about 11 mnferr]/S. The

resul ting blended oil was neasured on kinematic viscosity, viscosity index

and oxi dation stabilllkyardng148 pt&sthds @jech%etmfv%wohnaw@géo;éltﬁxarm' e
B-6 The viscous liquid obtained in Exanpl € B-1, which was a m xture of the

et hyl ene/ st yriewex dagamveapobypeisiny cine s’lﬁec:lﬁﬂma oFolefih /arbmArivas
bl ended wi th a detergent-dispersant, a |ow nolecul ar weight
a- ol ef i n/ ar oREyd ‘GtompbufaPaHacnr eOsEIYmapolantea lubricating oil

(et hyl ene/ propyl ene/ styrene random copol yner, ethyl ene/ propyl ene/ styrene
nmol ar rati o: compatibility improver comprising the specific low-
5 molecular weight a-olefin/aromatic vinyl compound random
copolymer.

The q-olefin/aromatic vinyl type fuel oil fluidity
improver for constituting the fuel cil composition of the
invention prevents growth of wax crystals in the middle -

10 fraction fuel oil to thereby inhibit viscosity increase of
the middle fraction fuel oil and to lower the cold filter
plugging point (CFPP) and the pour point. Moreover, the
fluidity improver has excellent lubricating properties. By
"virtue of these advantagedus'properties,“fuel supply and

15 air supply can be stabilized to achieve safety operation,
and abrasion of fuel 1n3ectlon nozzles can be inhibited.

Accordlngly, the fuel oil comp051tlon of tH; lnventlon
is prevented from viscosity increase bf the middle fraction
fuel o0il and is lowered in the cold filter plugging poiﬁt

20 and the pour point. Besides, the fuel oil composition

contributes to inhibition of abrasion of fuel injection

nozzles.

EXAMPLE
25 The present invention is further described with
reference to the following examples, but it should be
- construed that the invention is ip no way limited to those

examples.



69/ 11/ 20, intrinsic viscosity [n] neasured in decalin at 20 135[err] C
0.2 dl/g) as a conpatibility inprover and a base oil PAO 6 (oligoner of
1-decene, available from Shinnittetsu Kagaku K K., trade nane: Shinfluid
61), to prepare a blended oil. The kinematic viscosity, viscosity index and
25 appearance (conpatibility with ad8itive) of the blended oil are set
forth in Table 4. Conparative Exanple B-1 52 A bl ended oil was prepared
in the sane 12910 Exanpl e B-6, except that an ester (D DA

di i sodecyl adipate, avail able from Dai hachi Kagaku Kogyosho) was used

Synthesis of a-olefin/aromatic vinvyl compound random

coﬁolymer

A 1-liter glass reactor equipped with a cooling tube
5 and a stirrer was thoroughly purged with nitrogen. To the
reactor were introduced 425 ml of toluene and 75 ml of
styrene. Then, the reactor was saturated with ethylene
while stirring. The temperature of the system was elevated
to 40 °C, and to the system were added 30.0 mM of
10 methylaluminoxane (TOHSO AQUZO Co., 10 wt$% toluene
solution) and 0.06 mM of (t-
butylamide)dimethyl (tetramethyl-n°-
cyclopentadienyl) silanetitanium dichloride (0.01 mM toluene
solution) so that the molar ratio of Al to the catalyst
15 ©became 500. Then, ethylene was continuocusly fed at a rate
of 100 N liter/hr to perform polymerization at 80 °é for 60
. minutes. | | |
After the polymerizatiéﬁ was coﬁﬁleted, 250 ml of
isobutyl alcohol and 10 ml of hydrochloric acid were added,
20 and the mixture was stirred at 80 °C for 30 minutes. The
reaction solution containing isobutyl alcohol was
transferred intb a sepératéry funnei, waéhéd twicé with 250'
ml of water, and separated'into an o0il phase and an agueous
phase. The oil phase portion was'addéd to 3 liters of
25 methanol to precipitate a polymer. The precipitated
polymer was vacuum dried at 130 °C for 12 hours to obtain

20 g of an ethylene/styrene random copolymer.



as the conmpatibility inprover in place of the | ow nolecular 5 weight

a-ol efin/aromatic vinyl conpound random copol yner. The ki nematic viscosity,
viscosity index and appearance (conpatibility with additive) of the bl ended
oil are set forth in Table 4. ‘10 Conparative Exanple B-2 A bl ended oil was

prepared in the same manner as in Examhbe B-6, except that the

| ow- nol ecul ar wei ght a- olefin/aromatic vinyl conpound random copol yner as

Viscosi Ly i ndex and annsaranes ie bal b mean wokah PeDETRh SHtERnals
oi | are set fQmd styréabl gefhylene/styrene) was 69/31. The copolymer
(a) had an intrinsic viscosity [M], as measured in decalin ™~
at 135 °C, of 0.3 dl1l/g.
5 The viscosity of the copolymer, the total acid number
thereof and the properties thereof after heat resistance
test are set forth in Table 1.
The copolymer was used as a synthetic lubricating oil.
As a result, the copolymer exhibited good performance.
10
Example A-2
Synthesis of ¢-olefin/aromatic vinvl compound random
copolymer
An ethylene/propylene/styrene random copolymer was
15 synthesized in the same manner as in Example A-1, except
that 450 ml of toluene and 50 ml of styrene Qere introduced
ihtd the reactor, and ethylené_and propylene wefe-na o
'continuously fed at rates of 95 N iiter/hr and 5 Nl/hr,
respectively.

20 In the copolymer, the molar ratio among ethylene,
propylene and styrene (ethylene/propylene/styrene) was
69/11/20. The copolymer (b) had an intrinsic viscosity
[n], as measured in decalin at 135 °C, of 0.4 dl/g.

The viscosity of the copolymer, the total acid number

25 thereof and the propertiés thereof after heat resistance
test are set forth in Table 1.

The copolymer was used as a synthetic lubricating oil.

As a result, the copolymer exhibited good performance.



53 Table 3 Exanples B-1 B- 2 B-3 B-4 B-5 Conponent ratio of viscous

liquid (W% Copolynmer of Ex. B-1 10.0 10.0 10.0
Copol ynmer of Ex. B-2 10. 0 Copol yner of Ex. B-3
10.0 M neral oil A (100 netural) 90.0 90.0 90.0 90.0 PAC4
90.0 Total (W% 4100.0 100.0 100.0 100.0 100.0
Conmponent ratio of blended oil (W% Viscous liquid 24.0
18.5 15.5 25.3 25.8 Mneral oil B 76.0 81.5 84.5
Example A-3 .
Synthesis of g-bléfin[argﬁégig vinyl compound random .
copolyvmer
5 An ethylene/propylene/styrene random copolymer was

synthesized in the same manner as in Example A—l,.except
that 450 ml of toluene and 50 ml of styrene were introduced
into the reactor, and ethylene and propylene were
continuously fed aﬁ rates of 85 N liter/hr and 15 Nl/hr,

10 respectively.

In the copolymer, the molar ratio among ethylene,
propylene and styrene (ethylene/propylene/styrene) was
62/19/19. The copolyﬁer (c) had an intrinsic viscosity
(M], as measured in decalin at 135 °C, of 0.4 dl/g.

15 The viscosity of the copolymer, the total acid number

thereof and the properties thereof after heat resistan&e

fesé_éré set forthlig-Table 1; # L T
The copolymer waé used as a s?nthetic lubricating oil.

As a result, the copolymer exhibited good performance.

20
Example A-4
Synthesis of a-olefin/aromatic vinyl compound random
co er

A 1¢1iter.g1asé reactor equipped with a cooling tube

25 and a stirrer was thoroughly purged with nitrogen. To the
reactor were introduced 425 ml of toluene aﬁd 75 ml of
styrene. Then, the reactor was saturated with ethylene

while stirring. The temperature of the system was elevated



PAC- 6 74.7 74.2 Total (W%
100.0 100.0 100.0 100.0 100.0 Properties of blended oil Kinematic viscosity
*1 (mferr]/s) 100 C 11.10 10.99 11.04 11.02 10.96 40 C

68.8 67.5 68.1 61.9 60.3 Viscosity index *2 153 154

153 172 176 Properties after oxidat4@n test *3 Kinenmatic viscosity

0.66 0.68 0.65 0.75 0.73 ratio *4 (40 C Total acid nunber *5

el by o8 40,550 e B R e TR Wt ol BERE 8, e,
2283. methylaluminoxane_(TOHSO AQUZO CQ., 10 wtg ;oluene
solution) and 0.06 mM of [(CsMes)SiMe, (N-t-Bu)]TiCly ((t-
butylamide)dimethyl (tetramethyl-n°-

S cyclopentadienyl)silanetitanium dichloride) (0.01 mM
toluene solution) so that the molar ratio of Al to the
catalyst became 500. Then, ethylene, propvlene and
hydrogen were continuously fed at rates of 85 N liter/hr,
15 N liter/hr and 2 N liter/hr, respectively, to perform

10 polymerization at 80 °C for 60 minutes. After the
polymerization was completed, 250 ml of isobutyl alcohol
and 10 ml of hydrochloric acid were added, and the mixture
was stirred at 80 °C for 30 minutes. The reaction solution
containing isocbutyl alcohol was transferred into a

15 separatory funnel, washed twice with 250 ml of water, and
separated into an oil phase and an aqueous phase The oil
phase portlon was added'ée‘B 11ters of methanol to o
precipitate a polymer. The prec1p1tated polymer was vacuum
dried at 130 °C for 12 hours to obtain an

20 ethylene/propylene/styrene random copolymer.

In the copolymer, the molar ratioc among ethylene,
propylene and styrene (ethylene/propvlene/styrene) was
68/29/3. - The copolymer (d) had an intrinsic wviscosity [N].
as measured in decalin at 135 °C, of 0.1 dl/g.

25 The viscosity of the copolymer, the total acid number
thereof and the properties thereof after heat resistance

test are set forth in Table 1.



*3: Evaluated in accordance with the nmethod defined by JIS K 2514. (165.5 C
X 48 hrs) *4: Measured by the method defined by JIS K 2283. 40 C ki nematic
viscosity after oxidation test/40 C 10 ki nematic viscosity before

oxi dation test. *5: Measured by the nethod defined by JIS K 2501. 54
Tabl e 4 Exanpl e Conp. Exanple B-6 431 B -2 Conponent ratio of bl ended
oil (wt% (1) Viscous liquid (m xture of copolyner of Ex. B-1 and m neral

14.0 14.0 4Tﬁg copolymer was used as a synthetic lubricating oil.

As a result, the copolymer exhibited good performance.

Example A-5
5 hesis of o-olefin/aromatic vinvl compound random
copolymer |

A l-liter glass reactor equipped with a cooling tube
and a stirrer was thoroughly purged with nitrogen. To the
reactor were introduced 425 ml of toluene and 75 ml of

10 styrene. Then, the reactor was saturated w1th ethylene
while stirring. The temperature of the system was elevated
to 80 °C, and to the system were added 30.0 mM of
methylaluminoxane (TOHSO AQUZO Co., 10 wt% toluene
solution) and 0.06 mM of [(CsMe,)SiMe, (N-t-Bu)]TiCl; ((t- "

15 butylamide)dimethyl(tetramethyl—ns—
cyclopentadlenyl)51lanet1tan1um dlchlorlde) (0. 01 mM
-toluene solution) so that the molar ratio of Al to the
catalyst became 500. Then, ethylene, propylene and
hydrogen were continuously fed at rates of 51 N lite;/hr, 9

20 N liter/hr and 40 N liter/hr, respectively, to perform
polymerization at 80 °C for 60 minutes.

After the polymerization was completed, 250 ml of
isobutyl alcohol and 10 ml of hydrochloric acid were added,
and the mixture was stirred at 80 °C for 30 minutes. The

25 reaction solution containing isobutyl alcohol was
transferred into a separatory funnel, washed twice with 250
ml of water, and separated into an oil phase and an agueous

phase. The oil phase portion was added to 3 liters of



oil A (2) Detergent-dispersant 10.5 10.5 10.5 (SH grade)

10.5 10.5 10.5 (3) Conpatibility inprover (i) Low nol ecul ar
wei ght a-ol efin/aromatic vinyl 5.0 conmpound random copol yrmer (ii)
Ester (D DA) 5.0 (4) Base oil (PAG 6)

70.5 70.5 75.5 Total (w% 44 100.0  100.0

100.0 Properties of blended oil Kinematic viscosity *1 (mjerr]/s)

100[err]C  methdRe? to ﬁﬁééﬁpitéﬁéfé‘ﬁﬂ%?ﬁgkc The pfécoitatddl 62.1
Vi scosity index *2 17 172 166 Appearance *3

polymer was vacuum dried at 130 °C for 12 hours to obtain
an ethylene/propylene/styrene random copolymer.
In the copolymer, the molar ratioc among ethylene,
5 propylene and styrene (ethylene/propylene/styrene) was
69/28/3. The copolymer (e) had an intrinsic wviscosity [1],
as measured in decalin at 135 °C, of 0.03 dl/g.
The viscosity of the copolymer, the total acid number
thereof and the properties thereof after heat resistance
10 test are set forth in Table 1.
- The“copolymer was uéed as a synthetic iubricatiﬁg oil.

As a result, the copolymer exhibited good performance.

Exanple A-6

15 An ethylene/propylene/styrene random copolymer was

synthesized in the same manner as in Example A-5, except

. that isopropylidenebisindenylziréonium dichloride was used
in place of the (t-butylamide)dimethyl (tetramethyl-n3-
cyclopentadienyl)silanetitanium dichloride.

20 In the copolymer, the molar ratio among ethylene,
propylene and styrene (ethylene/propylene/styrene) was
72/25/3. The copolymer (f) had an intrinsic viscosity [nl.
as measured in decalin at 135 °C, of 0.01 dl/g.

The viscosity of the copolymer, the total acid number

25 thereof and the properties thereof after heat resistance
test are set forth in Table 1.

The copolymer was used as a synthetic lubricating oil.

As a result, the copolymer exhibited good performance.



(conpatibility with additive) good good bad Remarks: 5 *1:
Measured by the nethod defined by JIS K 2283. *2: Cal cul ated by the nethod
defined by JIS K 2283. *3: Evaluated by visual observation. Exanple C1 10
(1) Synthesis of ethylene/styrene random copolyner (A) A 1-liter gl ass
reactor equipped with a cooling tube 4hd a stirrer was thoroughly purged
with nitrogen. To the reactor were introduced 450 m of toluene and 50 ni

of styrene. Then, the reactor was saturated with ethylene 55 while
stirring. The tenperature of the system was el evated
Example A-7

95.0 Parts by weight of the ethylene/propylene/styrene

random copolymer (e) obtained in Example A-5 and 5.0 parts
5 Dby weight of a load carrying additive were blended at about
60 °C to prepare a blended oil.
The kinematic viscosity and appearance (compatibility
with the load carrying additive) of the blended oil are set
- forth in Table 2.
10
Comparative Example A-1 .

A blended oil was prepared in the same manner as in
.ﬁxample A-7, except that PA0-40 (oligomer of l-decene,
available from Mobil Co., trade name: SHF-401) was used in

15 place of the ethylene/propylene/styrene random copolymer
(e) obtained in Example A-5.

The kinematic viscosity and appearance (Eompatibility
with the load carrying additive) of the blended oil.are set
forth in Table 2.

20
Comparative Example A-2

90.0 Parts by weight of Pa0-40 (oligomer of l-decene),
5.0 parts by weight of an ester (DIDA: diisodecyl adipate,
available from Daihachi Kagaku Kogyosho) and 5.0 parts by

25 weight of a load carrying additive Qere blended at about 60

°C to prepare a blended oil.



to 40 [err]C, and to the system were added 30.0 nmM of nethyl al um noxane
(TOHSO AQUZO Co., 10 W % tol uene sol ution). and .0. 06 nM of
[(Cerr]Me[err])SiMe[err](N-t-Bu)]TiC[err] ((t- 5

but yl am de) di et hyl (t et ranet hyl - n5- cycl opent adi enyl ) si |l anetitani um
dichloride) (0.01 mMtoluene solution@4Go that the nolar ratio of Al to the
cat al yst becane 500. Then, ethylene was continuously fed at a rate of 100
NL/ hr to performp ' | it ferr ] .12 AL er the
pol ymeri zati on mse%%%f%%g%%i)ggglsrﬁ%% 0 tﬁ,lr §i)alq(t<33u-tgi %}Pe%f')‘f’}%ﬁ% mé%g;%brﬁ ﬁot%f
hydrochloric gskfl weEe1ssdedhrAnthd ik € otagnat biesfedloBD daL rdde for
30 m nutes. The reaction soluti'on containing isobutyl alcohol was
transferred i ibeth sepadliery. funnel, washed twice with 15 250 m of _
wat er, and separated into an oil phase and an aqueous phase. The oil phase
portion was added to 3 liters of methanol to precipitate a polyner. The

preci pitats®ed Table 1
Examples
JA-1 A-2 A-3 A-4 A-5 A-6
Intrinsic viscosity (M)

(dl/g) 0.3 0.4 0.4 O.l. 0.03}10.01

Viscosity *1

(mPa-S8) 100°C

Total acid number *2

(mg-KOH/g)}

Lubricating properties
Four ball locad - - - 4.0 3.0 2.5~
resistance test *3

(kg/cm?)

Properties after heat

resistance test *4
(200°C x 6.5 hrs)

16,500 49,000} 54,000} 150 39 9.5
0.18 0.11 0.13 0.05|0.04) 0.02

1 *
Evsporation Jose ™ 0.8 | 0.5 | 0.5 | 3.0|13.0]20.5
Total acid number *6

3.80 4.30 4.10 | 4.50| 4.00( 4.05

(mg-KOH/g)

Remarks:
*1: Measured by Brookfield viscometer (DV-II).
*2: Measured by the method defined by JIS K 2501.
10 *3: Measured by the method defined by JIS K 2519.
*4: The heat resistance test was measured by the original
method of our company, that is, 30 g of a sample contained
in a cylindrical glass container (diameter: 55 mm, height
35 mm) was heated in an air oven at 200 °C for 6.5 hours.
15 *5: The loss in weight after the heat resistance test (*4)

. was measured.
*6: Measured by the method defined by JIS K 2501 after the

heat resistance test (*4).



pol ymer was vacuumdried at 130 [err]C for 12 hours to obtain an

et hyl ene/ styrene random copol yner (A). 20 In the copolynmer (A, the
nolar ratio between ethyl ene and styrene (ethylene/styrene) was 81/19. The
copolymer (A) had an intrinsic viscosity [n], as neasured in decalin at 135
[err]C, of 0.4 dl/g. (2) Evaluation oﬁ7perfornance of fuel oil conposition

25 To a coomercially available gas oil No. 2 (sulfur content: 0.1 %
by weight), 0.02 % by wei ght of the etdfiyhesel styrene random copol yner (A)
was added. The 56 resulting conposition was eval uated on the pour point,
_.cold fllﬁer pluggi ng pornt (CFPP) and Iubrlcat}anggg étl%%mpar. Example
' | a7 | a1 | a2
Component ratio of blended oil (wt%)
Copolymer of Ex. A-5 95.0
PAO-40 95.0 90.0
Ester (DIDA) 5.0
Load resistant additive 5.0 5.0 5.0
Total (wt%) 100.0 100.0 100.0
Properties of blended oil
Kinematic viscosity *1 (mm2/8)100°C 37.5 36.5 34.0
*
?gg;gzi?gfliiy with additives) QOOd bad “good.

Remarks:
*]1: Measured by the method defined by JIS K 2283.

5 *2: Evaluated by visual observation.

Example B-1

Synthesis of g-olefin/aromatic vinvl compo random
10 : A 1-liter glass reactor-equippéd with a cooling tube

and a stirrer was thoroughly bﬁrged with nitrogen. To the
reactor were introduced 425 ml of toluene and 75 ml of
styrene. Then, the reactor was saturated with ethylene
while stirring. The temperature of the system was elevated

15 to 40 °C, and to the system were added 30.0 mM of
methylaluminoxane (TOHSO AQUZO Co., 10 wt$% toluene
solution) and 0.06 mM of (t- i
butylamide)dimethyl (tetramethyl-n3-
cyclopentadienyl)silanetitanium dichloride (0.01 mM toluene

20 solution) so that the molar ratio of Al to the catalyst



The results are set forth in Table 5. 5 Exanple G2 A fuel oil conposition
was prepared in the same manner as in Exanple C 1, except that the content
of the ethyl ene/ styrene random copol yner (A) in the fuel oil conposition
was varied to 0.10 % by weight. The 10 conposition was evaluated in the
sane manner as in Exanmple CG-1. The red@ ts are set forth in Table 5.
Exanple G 3 15 (1) Synthesis of ethylene/propylene/styrene random

copol yner_(B)lﬁMé fg/doene/,r@lr(}lpyl %ﬂ%@%&éﬁ%‘ exceg«f ha 45&/‘5()3‘ fhtsy

prepared in thé Sange manner

toluene and Zg: M o@fiy SJFM‘I&%}:W%ep'e@‘%'b%uﬁggyﬂgrlzéfﬂ@n té\? édaa’%t tor éBd

e'ethylene and. propyl ene were
minutes.

After the polymerization was completed, 250 ml of
5 isobutyl alcohol and 10 ml of hydrochloric acid were added,
and the mixture was stirred at 80 °C for 30 minutes. The
reaction solution containing isobutyl alcohol was
transferred into a separatory funnel, washed twice with 250
ml of water, and separated into an oil phase and an agueous
10 phase. The oil phase portion was added to 3 liters of
methanol to precipitate a polymer. The preciﬁiteted |
polymer was vacuum dried at 130 °C for 12 hours to obtain
24 g of an ethylene/styrene random copolymer.
In the copolymer, the molar retio between ethylene and
15 styrene (ethylene/styrene) was 71/29. The copolymer (g)
had an intrinsic viscosity [n], as measured in decalln at
135 °c, of 1.1 dl/g. | | o
Preparation of lubricating oil composition
The copolymer (g) was dissolved in a mineral oil A
20 (available from Fuji Kosansha, 100 neutral o¢il) under
heating in a concentration of 10 % by weight based on the
mineral oil A, to prepare a viscous liquid._ The v1scous
ligquid was blended with a mlneral 011 B (avallable from
Fuji Kosansha, 150 neutral oil) in such a manner that the
25 100°C viscosity of the resulting blended oil became about
11 mm2/S. The resulting blended o¢il was measured on the
kinematic viscosity, viscosity index and oxidation

stability. The results are set forth in Table 3.



continuously fed at rates of 100 NL/hr and 5 NL/hr, respectively. In the

et hyl ene/ propyl ene/ st yrene random copol yner (B), the nolar ratio anong

et hyl ene, propyl ene and styrene 25 (et hyl ene/ propyl ene/ styrene) was

78/ 11/11. The copolynmer (B) had an infrinsic viscosity [n], as neasured in
decalin at 135 [err]C, of 0.3 dl/g. (ﬁ Eval uati on on performance of fuel
oil conposition 57 Evaluation of a fuel oil conposition was carried out

in the same rnagag1<as-pn Exanple C 1, except that the
et hyl ene/ propyl ene/ styrene random copol ynmer (B) was used. The results are

set forth in Skahdhesis of a-olefin/aromatic vinvl compound random

copolymer
An ethylene/propylene/styrene random copolymer was
S synthesized in the same manner as in Example B—l; except
that 450 ml of toluene and 50 ml of styrene were introduced
into the reactor, and ethylene and propylene were
continuously fed at rates of 95 N liter/hr and 5 Nl/hr,
- respectively.
umw___IO.'“. . In the copolymer, the molar_:atio among ethyleneh
prépylene and styrene (ethylene/prdpylene/styrene) Qas
71/10/19. The copolymer (h) had an intrinsic viscosity
(], as measured in decalin at 135 °C, of 1.5 dl/g.
Preparation of lubricating oil composition ' o
15 A blended oil was prepared in the same manner as in
Example B-1, except that the copolymer (h) was used.
The kinematic viscosity,;viscosity index andwoxidation

stability of the blended oil are set forth in Table 3.

20 amp -3
Synthesis of g-olefin/aromatic vinvl compound random

. gopolvmer
o An.etﬁyléne/propylené/éng;ﬁé t;ﬁaoﬁfCOPSlQﬁerIWééf"d
synthesized in the same manner as in Example B-1, except |
25 that 450 ml of toluene and 50 ml of styrene were introduced
into the reactor, and ethylene and propylene were

continuously fed at rates of 85 N liter/hr and 15 Nl/hr,

respectively.



5 Exanple C-4 A fuel oil conposition was prepared in the same manner as in
Exanpl e C-3, except that the content of the ethyl ene/propyl ene/ styrene
random copol yner (B) in the fuel 10 oil conposition was varied to 0.10 %
by wei ght. The conposition was evaluated in the sanme nanner as in Exanple
C-3. The results are set forth in Tabb® 5. 15 Exanple C-5 (1) Synthesis of
et hyl ene/ propyl ene/ styrene random copol yner (C) An
et hyl ene/ propyl en t r c I ( i.n .t he sane
oS e PR, RS R (o T i e e

manner as in Exanple pt f hat ol ue and 12 m of

styrene were pridoditedidnis@yvi-bge ¢8ehPl en@NSr SR 1R ORYLene were

59/21/20. The copolymer (i) had an intrinsic viscosity

[n], as measured in decalin at 135 °C, of 1.6 dl/g.
5 Preparation of lubricating oil composition
A blended oil was prepared in the same manner as in
Example B-1, except that the copolymer (i) was used.
The kinematic viscosity, viscosity index and oxidation
stability of the bleqded oil are set forth in Table 3.
A blended o0il was prepared in the same manner as in
Example B-1l, except that the viscous liquid comnsisting of
the ethylene/styrene‘random copolyme? (g) and the mineral
15 o0il A (available from Fuji Kosansha, 100 neutral oil) was
blended with low-viscosity PAO-6 (oligomer of l-decene,
available from Shinnittetsu Kagaku“K:K., trade name:_..
' Shinfluid 61) in pla&e of the miﬁefai-oil B in such a
manner that the 100°C viscosity of the resulting blended
20 o0il became about 11 mm2/S. The resulting blended oil was
measured on the kinematic viscosity, viscosity index and

oxidation stability. The results are set forth in Table 3.

Ex e B-5

25 A viscous liquid was prepared in the same manner as in
Example B-1, except that the ethylene/styrene random
copolymer (g) was dissolved in low-viscosity PAO-4

{oligomer of l-decene, available from Shinnittetsu Kagaku



continuously fed at rates of 95 NL/hr and 6 NL/hr, respectively. In the

et hyl ene/ propyl ene/ st yrene random copol yner 25 (©, the nolar ratio anong
et hyl ene, propyl ene and styrene (ethyl ene/propyl ene/styrene) was 79/ 16/5.
The copolyner (C) had an intrinsic viscosity [n], as measured in decalin at
135 [err]C, of 0.4 dl/qg. 58 (2) Evd@luation on performance of fuel oil
conposition Evaluation of a fuel oil conposition was carried out in the

o et Rk P e A 0 BB ooel TR e
S. A under heating in a concentration of 10 % by weight based

on the fAd¥4. Théh;msimilarli to Ekémpie B-4, the viscous

liguid was blended with low-viscosity PAO-6 (oligomer of 1-

S decene, available from Shinnittetsu Kagaku K.K., trade

name: Shinfluid 61) in such a manner that the 100°C

viscosity of the resulting blended oil became about 11

mm?/S. The resulting blended o0il was measured on kinematic

viscosity, viscosity index and oxidation stability. The

10 results are set forth in Table 3.

Example B-6
The viscous liquid obtained in Example B-1, which was
" a mixture of the ethylene/styrers random cbpolymérdlgi”éﬁd"“”“
15 the mineral oil A, was blended with a detergent-dispersant,

a low-molecular weight -olefin/aromatic vinyl compound

-random_éoﬁoiymer (ethylene/prépyiéhé/styrene random
copolymer, ethylene/propylene/styreﬁe molar rétio:
69/11/20, intrinsic viscosity [n] measured in decalin at
20 135 °C: 0.2 dl/g) as a compatibility improver and a base
oil PAO-6 (oligomer of l-decene, available from
Shinnittetsu Kagaku K.K., trade name:_Shinfluid 61l), to
-gfeééfe é bieﬁdéd bil. | - -
The kinematic viscosity, viscosity index and
25 appearance (compatibility with additive) of the blended oil

are set forth in Table 4.

Comparative Example B-1



Conparative Exanple C-1 The comercially available gas oil No. 2 used in
Exanple CG-1 was evaluated on the pour point, cold filter 10 pluggi ng point
and | ubricating properties. The results are set forth in Table 5. Exanple
C-6 A fuel oil conposition was prepared in the sane manner 15 as in
Exanpl e C-3, except that the gas oil s replaced with a | ow sul fur gas oi
(sul fur content: not nore than 0.01 % by weight). The conposition was

eval uated in the SRR 0135 wald Ezeegsalrédclﬁ tHEEs s Wdrhe @sSaly forth
in Table 6. 20 Exanple CG7 A fuel oil conposition was prepared in the sanme
manner as in Exanple -6, e thaat ahheseent eptpnf divesodecyl
| adipate, available from Daihachi Kagaku Kogyosho) was used
as the compatibility improver in place of the low-molecular
S weight o-olefin/aromatic vinyl compound random copolymer.
The kinematic viscosity, viscosity index and

appearance (compatibility with additive) of the blended oil

are set forth in Table 4.

10 Comparative Example B-2 T
A blended oil Qas-pfebared in'the same-manner as in
Example B-6, except that the low-molecular weight o-
olefin/aromatic vinyl compound random copolymer as the
T compatibility improver was not used.
15 The kinematic viscosity, viscosity index and

appearance (compatibility with addltlve) of the blended oil

are set forth in Table 4.



et hyl ene/ propyl ene/ styrene random copolynmer in the fuel oil 25

conposition was varied to 0.10 % by weight. The conposition was eval uated
in the sane manner as in Exanple C-6. The results are set forth in Table 6.
59 Conparative Exanple G2 The sanme gas oil (sulfur content: not nore than
0.01 % by weight) as used in Exanple 837 was eval uated in the same 5
manner as descri bed above. The results are set forth in Table 6. Table 5

Exanpl e Corp ‘ Table 3

Examgles

B-1 B-2 B-3 B-4 B-5

Component ratio of wviscous
ligquid (wt$%)

Copolymer of Ex. B-1 10.0 10.0 | 10.0
Copolymer of Ex. B-2 10.0

Copolymer of Ex. B-3 : 10.0

Mineral oil A (100 netural) 90.0 { 90.0 | 90.0 | 90.0

PAO-4 90.0
Total (wt%) 100.0] 100.0} 100.0/100.0] 100.0

Component ratio of
blended oil (wt%)

Viscous liquid 2¢.0 | 18.5 | 15.5 | 25.3 | 25.8
Mineral oil B 76.0 | 81.5 | 84.5

__PAO-6 74.7 | 74.2
Total (wt%) N 100.0 100.0 100.0100.0] 100.0

Properties of blended oil

Kinematic viscosity *1 (mm2/s)

100 °C 11.10]10.99| 11.04|11.02] 10.96
40 °C 68.8 | 67.5 | 68.1 | 61.9 | 60.3
Viscosity index *2 | 153 | 154 153 | 172 | 176

‘Properties after oxidation
test *3
Kinematic viscosity
ratio *4 (40 °C)
Total acid number *5
(mg-KOH/g)

0.66 | 0.68 | 0.65 | 0.75 | 0.73

5.6 5.1 5.0 4.0 3.8

Remarks:
*1: Measured by the method defined by JIS K 2283.
5 *2: Calculated by the method defined by JIS K 2283.
*3: Evaluated in accordance with the method defined by JIS
K 2514. (165.5 °C x 48 hrs)
*4: Measured by the method defined by JIS K 2283.
40 °C kinematic viscosity after oxidation test/40 °C
10 kinematic viscosity before oxidation test.
*5: Measured by the method defined by JIS K 2501.



C1 C2

(W% a-olef
0. 02 copolynmer Gas oil (sulfer content:
99.90 99.98 100.0 Total (WM%

C3 C4 G5

I nfaromatic vinyl conpound random 0. 02

0.1 W%

C-1 Conponent ratio of fuel ol
0.10

conposition
0. 02
99.98 99.90 99.98
100.0 100.0 100.0 100.0

100.0 100.0 Properties of fuel oil cobgosition Pour point ([err]C)

-22.5
-7 -9

-25.0 -30.0 -25.0 -15.0 Cold filter plugging -7
-8 -3 point ([err]Q Lubrlcat|ng properties (friction
0.238 0.226 0.234 0. 222 0.225 0.260
Table 4
Example Comp. Example
B-6 B-1 B-2
Component ratio of blended oil (wt$)
(1) Viscous liquid (mixture of
copolymer of Ex. B-1l and mineral| 14.0 14.0 14.0
oil A)
(2) Detergent-dispersant
(SH grade) 10.5 10.5 10.5
(3) Compatibility improver
(i) Low-molecular weight
o-olefin/aromatic vinyl 5.0
compound random copolymer
(1ii) Ester (DIDA) 5.0
(4) Base o0il (PAO-6) 70.5 70.5 75.5
Total (wt%) 100.0 | 100.0 | 100.0
Properties of blended oil
Kinematic viscosity *1 (mm2/s)
100 °cC 12.4 10.2 10.8
40 °C 72.2 56.1 62.1
.| _Viscosity index *2 _170 172 166
L Appearance *3 ..good |. good bad -

10

-25.0

'(compatlblllty with addltlve)

Remarks:

*1: Measured by the method defined by JIS K 2283.

*2: Calculated by the method defined by JIS K 2283.
*3: Evaluated by visual observation.

le C-

(1) Synthésis of ethylene/styrené réndom copolymer (A)

A 1l-liter glass reactor equipped with a cooling tube

and a stirrer was thoroughly purged with nitrogen.

To the

reactor were introduced 450 ml of toluene and 50 ml of

styrene.

Then, the reactor was saturated with ethylene



coefficient) 60 Table 6 Conp. Exanples C-6 C7 C 2
Conmponent ratio of fuel oil conposition (W% a-ol efin/aromatic vinyl
0.02 0.10 ___conpound random copol yner Low sul fur gas oi
(sul fur content: not nore 99. 98 SS99. 90 100.0 than 0.01 W%

while stirring. The temperature of the system was elevated
to 40 °C, and to the system were added 30.0 mM of
ﬁethylaluminoxane (TOHSO AQUZO-CO.,.iO wt% féiuene
solution) and 0.06 mM of [ (CsMes)SiMe; (N-t-Bu)]TiCl, ((t-

5 butylamide)dimethyl (tetramethyl-n3-
cyclopentadienyl)silanetitanium dichloride) (0.01 mM
toluene solution) so that the molar ratio of Al to the
catalyst became 500. Then, ethylene was continuously fed
at a rate of 100.NL/hr to perform polymerization at 80 °C

10 for 60 minutes. After the polymerization was completed,
250 ml of isobutyl-alcohol and 10 ml of hydrochloric acid
were added, and the mixture wés stirred at 80 °C for 30
minutes. The reaction solution containing isobutyl alcohol
was transfeérred into a separatory finnel, washed twiéé with

15 250 ml of water, and separated into an oil phase and an
agueous phase. The oil phase portion was added to 3 liters
of methanol to precipitate a polymef. The precipitated
polymer was vacuum dried at 130 °C for 12 hours to obtain
an ethylene/styrene random copolymer (A).

20 In the copolyvmer (A), the molar ratio between ethylene
and styrene (ethylene/styrene) was 81/19. The éopolymer
(A) had an intrinsic viscosity [n]., as measured in decalin
at 135 °C;, of 0.4 di/g.

(2) Evaluation on performance of fuel oil composition

25 To a commercially available gas oil No. 2 (sulfur

content: 0.1 % by weight), 0.02 % by weight of the

ethylene/styrene random copolymer (A) was added. The



Total (W% 100. 00 100. 00 100.0 Properties of fuel

oil conposition Pour point ([err]C -25.0 -30.0 -17.5
Cold filter plugging -8 -9 -4 point ([err]Q
Lubricating, properties 0. 246 0. 234 0.272 (friction
coefficient). 0 .234 &@72 Eval uation nethods: The pour

poi nt was neasured in accordance with JIS K5 2269. The cold filter

pl uggi ng poi Nt WAs & RESY bod I % 1VM Rl bi ﬁllag@éu T lA ra'oclaéing

properties were eva ased on ICtIOﬂ coe

measured by af§'.f¥e§rb%§§’ﬂ1&opoir?§t@Fﬁﬁv@dda@.hﬁrﬁEQElﬁBtb%el@xés when the

speC|nen was
The results are set forth 1n Table 5.

5 Example C¢-2
A fuel o0il composition was prepared in the same manner
as in Example C-1, except that the content of the
ethylene/styrene random copolymer (A) in the fuel oil
composition was varied to 0.10 % by weight. The
10 .composition was evalﬁatﬁq in the same manner as in Example. _, ... .
c-1. | | |

The results are set forth in Table 5.

 Example C-3
15 (1) Synthesis éf ethylene/propylene/styrene random
copolymer (B)

An ethylene/propylene/styrene'randém copolymer (B) was
prepared in the same manner as in Example C-1, except that
4,750 ml of toluene and 25 ml of styrene were introduced

20 into the reactor, and ethylene and propylene were
continuously fed at rates of 100 NL/hr and 5 NL/hr,
respectively. _ _

In the ethylene/propylene/styrene random copolymer
(B), the molar ratio among ethylene, propyvlene and styrene

25 (ethylene/propvlene/styrene) was 78/11/11. The copolymer
(B) had an intrinsic viscosity [M], as measured in decalin
at 135 °Cc, of 0.3 dl/g.

(2) Evaluation on performance of fuel oil composition



subjected to vibrating for 30 mn. under the conditions of a test starting
tenperature of 60 [err]C, specimen contact of steel ball/plate, a |oad of
20 N, a frequency of 50 Hz and an anplitude of 1 nm 61 Wiat is clained
is: 1. A lubricating oil conprising an a-olefin/aromatic vinyl conpound
random copol yner whi ch conprises: 40 t8775 % by nol of constituent units
derived from5 ethylene, 0 to 45 % by nol of constituent units derived from

an a-olefin of 3 togg0 AR A QEyeandid E8mé£E§@£%hr§§s‘¥éé¥¥é B%%ent

units derived from an
in the same manner as in Example C-1, except that the

ethylene/propylene/styrene random COpolymer'(B) was used.

The results are set forth in Table 5.

Example C-4
A fuel oil composition was prepared in the same manner
as in Example C-3, except that the content of the
ethylene/propylene/styrene random copolymer (B) in the fuel
.10 o0il composition was varied to 0.10 % by weight. ?he_
composition was evaluated in the same mannef as in Example
Cc-3.
The results are set forth in Table 5.
15 Example C-5
(1) Synthesis of ethylene/propylene/styrene random °
copolymer (C)- - |
An ethylene/propylene/styrene random copoiymer (C) was
prepared in the same manner as in Example_le, except that
20 4,880 ml of toluene and 12 ml of styfene were introduced
into the reactor, and ethylene and propylene were
continuously fed at rates of 95 NL/hr and 6 NL/hr,
respectively.
In the ethylene/prqpylene/styrene random copolymer
25 (C), the molar ratio among ethylene, propylene and styrene
(ethylene/propylene/styrene) was 79/16/5. The copolymer

(C) had an intrinsic viscosity [N], as measured in decalin

at 135 °C, of 0.4 dl/g.



aromatic vinyl conpound, 10 with the proviso that the total anount
of the constituent units derived fromethylene and the constituent units
derived fromthe a-olefinis 60 to 99 % by nol, said a-olefin/aronmatic

vi nyl conpound random copol ymner having an intrinsic viscosity [n], as
measured in decalin 15 at 135[err]C, ®8 0.01 to 0.50 dl/g. 2. A

| ubricating oil conposition conprising: an a-olefin/aromatic vinyl conpound

random copol yegy q%gggtgeggeggsarggﬁnﬁzé o8 BhudiPlosdf GRALEEYER! Ui LS 20

derived from ethyle of constituen I'ts derived from

an a-olefin of 3 tQa302636R08FaL 0BG dsngtl%iRy Rk ehre0Bat bhtient
units derived froman aromatic vinyl conpound, with the proviso that the

total ampunt iof dhke se@@ShhhteRt aynih SELRH DM 1 0mBxichy! enatagle25 the
constituent units derived fromthe a-olefinis 60 to 99
ethylene/propylene/styrene random copolymer (C) was used.

5 The results are set forth in Table 5.

Comparative Example C-1
The commercially available gas oil No. 2 used in
Example C-1 was evaluated on the pour point, cold filter
10 plugging point and lubricating properties.

The results are set forth in Table 5.

Example C-6

4¥m_é fuel oil"cémpoéitioﬁ”wasjprépared in"tﬁé”éame;mghner;

15 as in Example C-3, except that the gas oil was replaced
with a low-sulfur gas oil (sulfur content: not more than
0.01 % by weight). -Thé-composition was evaluateahin the
same manher as in Example C-3. |

o The results are set forth in Table 6.

20 |
Example C-7

A fuel oil composition was prepared in the same manner

as in Example C-6, except that the content of the
ethylene/propylene/styrene random copolymer in the fuel oil

25 composition was varied to 0.10 % by weight. The
composition was evaluated in the same manner as in Example
C-6.

The results are set forth in Table 6.



% by nol, and has an intrinsic viscosity [n], as neasured in decalin at 135
[err]C, of 0.01 to 0.50 dl/g, and a lubricating oil additive. 62 3.

The lubricating oil conposition as clained in claim2, wherein the
lubricating oil additive is at |east one additive selected froman extrene
pressure agent, an 5 abrasion resistad@e agent, an oiliness inprover and a

det er gent - di spersant. 4. A lubricating oil conposition conprising: a base
oil conprising a mneral oil and/or a 10 hydrocarbon synthetic oil, and a
vi scosity index inprover conprising an a-

Comparative Example C-2

o The séme gas oil (éulfur céﬁtenég not mor; than OLOi %

by weight) as used in Example C-7 was evaluated in the same
5 manner as described above.

The resulits are set forth in Table 6.

Table 5

Comp .

Example Exam.

Component ratio of fuel
oil composition (wt%)

o-olefin/aromatic
vinyl compound random| 0.02 | 0.10 | 0.02 | 0.10.| 0.02
copolymer . -

Gas oil (sulfer
content: 0.1 wt%)

Total (wt%) 100.0 { 100.0] 100.0{ 100.0 | 100.0| 100.0

. Properties of fuel oil
composition

Pour point (°C) -22.5| -25.0( -25.0 | -30.0 | -25.0| -15.0

99.98 | 99.90| 99.98 | 99.90 | 99.98 | 100.0

Cold filter plugging
point (°C)

Lubricating
properties (friction | 0-238 | 0.226{ 0.234 | 0.222 | 0.225 0.260
coefficient)




ol efin/aromatic vinyl

by nol

0 to 45

% by nmol o

conpound random copol yner which conprises 40 to 75 %
of constituent units derived from et hyl ene,

f

constituent units 15 derived froman a-olefin of 3 to 20 carbon atons and

1 to 40 % by nol

of constituent units derived froman aromatic vinyl

compound, with the proviso that the t@®al anmpbunt of the constituent units
derived fromethylene and the constituent units derived fromthe a-olefin

is 60 to 99

in decalin at 135 [err]C,
| nprover conprising an a-
cdqnprises 40 to. /5 % by nol 0

whi ch 25
et hylene, 0
3 to 20 car
an aronmatic

10

% 20 by nol,

A Vi scos

ity index

and has an ifigidg ¢ viscosity [n], as neasured
of 0.1 to 5.0 dl/g. 5.

ol efin/aromatic vinyl conpound random copol yner

Hon atoms and 1 to 40 % by m

to 45 % by nol of constitue

constituent units

ht uni EXeged

B¥ed fro

Er
M BRame1d €

bm
Fin of

pl Of cons
C-6

t1tuent un
Cc-7

ts derive
c-2

d from

Component ratio of fuel oil
composition (wt%)

o-olefin/aromatic vinyl
compound random copolymer

Low-sulfur gas oil
{sulfur content: not more
than 0.01 wt$%)

0.02

99.98

0.10

99.90

100.0

Total (wt%)

100.00

100.00

100.0

Properties of fuel oil
composition

Pour point (°C)

Cold filter plugging
point (°C)

Lubricating properties .. .|.

-25.0

-8

(friction coefficient) .

0.246

-30.0

-9

0.234 - |

-17.5

-4

0.272

Evaluation methods:

The pour point was measured in accordance with JIS K_;

2269.

The cold filter plugging point was measured in

accordance with JIS K 2288.

The lubricating properties were evaluated based on the

friction coefficient which was measured by a SRV friction

tester (available from Optimcl Co.) when the specimen was

subjected to vibrating for 30 min. under the conditions of

a test starting temperature
steel ball/plate,

an amplitude of 1 mm.

of 60 °C,

specimen contact of

a load of 20 N, a frequency of 50 Hz and



63 vinyl conpound, with the proviso that the total anmount of the
constituent units derived fromethylene and the constituent units derived
fromthe a-olefinis 60 to 99 % by nol, and has an intrinsic viscosity [n],
as neasured in 5 decalin at 135 [err]C, of 0.1 to 5.0 dl/g. 6. A

| ubricating oil conposition conprisingbla base oil conprising a nmineral oi
and/ or a hydrocarbon synthetic oil, 10 a conpatibility inprover

conprising a | l.e kght a-olefin/aromatic vinyl conpound random
copol ymer whic éﬁﬂﬁﬁr?§é§ﬁ2§e§g-75 % by nol of constituent units derived

fromethylene, 0 tq.45 % bMbiDta®ingossl iddtgitising an o-olefin/aromatic
T b Jviﬁ}i compound féndbﬁ copol§mér wﬂiéh comprises::: | o
40 to 75 % by mol of constituent units derived from
S ethylene,
0 to 45 % by mol oﬁ constituent units derived from an
d-olefin of 3 to 20 carbon atoms, and
1l to 40 % by mol of constituent units derived from an
aromatic vinyl compound,
10 with the proviso that the total amount of the
constituent units derived from ethylene and'the constituent
~units derived from the a-olefin is 60 to 99 % by mol,
said o—olefin/aromatic vinyl compound random copolymer
" having an'intrinsiC'viscosity'[n}, as_measqred indecalin

15 at 135 °C, of 0.0% to 0.50 dl/g.

2. A.iubriéating'oil éomposition;comprisiﬁég.
.an a-olefin/aromatic vinyl compound random copolymer
which comprises 40 to 75 % by mol of constituent units
20 derived from ethylene, 0 to 45 % by mol of constituent
units derived from an o-olefin of 3 to 20 carbon atoms and
1 to 40 % by mol of coﬁstituent units derived from an
aromatic vinyl compound, with the proviso that the total

amount of the constituent units derived from ethylene and

25 the constituent units derived from the o-olefin is 60 to 99
% by mol, and has an intrinsic viscosity [n], as measured
in decalin at 135 °C, of 0.01 to 0.50 dl/g, and

a lubricating oil additive.

[



units derived froman a-olefint of 3 to 20 carbon atons and 15 1 to 40 %
by nol of constituent units derived froman aromatic vinyl conpound, with
the proviso that the total anount of the constituent units derived from

et hyl ene and the constituent units derived fromthe a-olefinis 60 to 99 %
by nol, and has an intrinsic viscosityeln], as neasured 20 I n decalin at
135 [err]C, of 0.01 to 0.30 dl/g, and a lubricating oil additive. 7. A

| ubricating oil conpatibility inprover conprising a | ow nol ecul ar wei ght

a-ol efin/aromatic vinyl 25 conmpound random copol yner whi ch conprises 40

to 75 % by nol of gonstijueniynits ré ¥ed. o thyl eae.19; 48345, % by nol
. of constituent units der%VeghPron1dHﬂ§ 0 e?fnpgglg %% gér %% a?%ns and L.
to 40 %’by_woklgﬁnPQnSRhEH@EE Hﬁétfubrlcatlng oil additive is at least

ocne additive selected from an extreme pressure agent, an

S abrasion resistance agent, an oiliness improver and a

detergent-dispersant.

4. A lubricating oil composition comprising:
a base o0il comprising a mineral oil and/or a
10 hydrocarbon synthetic oil, and
a viscosity index improver comprising an o.-
clefin/aromatic vinyl compound random copolymér which
comprises 40 to 75 % by mol of constituent units derived
“from ethylene, 0 to 45 % by mol of comstituent units =~
15 derived from an o-olefin of 3 to 20 carbon atoms and 1 to

40 % by mol of constltuent unlts derlved from an aromatlc

v1nyl compound, w1th the proviso that the total amount of

the constituent units derived from ethylene and the

constituent units derived from the ¢-olefin is 60 to 99 %

20 by mol, and has an intrinsic viscosity [N], as measured in

decalin at 135 °C, of 0.1 to 5.0 dl/g.

5. - A viscosity index improver comprising an o-
olefin/aromatic vinyl compound random copolymer which
25 comprises 40 to 75 % by mol of constituent units deriwved

from ethylene, 0 to 45 % by mol of constituent units

derived from an ¢-olefin of 3 to 20 carbon atoms and 1 to

40 % by mol of constituent units derived from an aromatic

A O




64 derived froman aromatic vinyl conpound, with the proviso that the total
anount of the constituent units derived fromethylene and the constituent
units derived fromthe a- olefinis 60 to 99 % by nol, and has an intrinsic
viscosity 5 [n], as measured in decalin at 135 [err]C, of 0.01 to 0.30
dl/g. 8. The lubricating oil conposi®é3on as clainmed in claim®6, further
conprising the viscosity index inprover as 10 clainmed in claim5. 9. A

fuel oil f
oel | o por TPULECRORABRERS| A0t B8 UG I LAY chieko0ul B0 B
type fuel of | ielicdhbs LUBROVEA: SOMMEL SR Hon <BkGLALRLRERERS Vi nY!

conpound
constituent units derived from the 0-olefin is 60 to 99 %

by mol, and has an intrinsic viscosity [n], as measured in

S5 decalin at 135 °C, of 0.1 to 5.0 dl/g.

6. A lubricating oil composition comprising:
a base oil comprising a mineral oil and/or a
hydrocarbon synthetic oil,

10 a compatibility improver comprising a low-molecular
welght O-olefin/aromatic vinyl compound random copolymer
which comprises 40 to 75 % by mol of constituent units
derived from ethylene, 0 to 45 % by mol of constituent
units’ derived from an a-olefin'of 3 to 20 carbon atoms and ™"~ -

15 1 to 40 % by mol of constituent units derived from an
aromatlc v1nyl compound w1th the prov1so that the’ total

L e LN PR

amount of the constltuent unlts derlved from ethylene and

the constituent units derlved from the oa-olefin is 60 to 99

% by mol, and has an intrinsic viscosity [n], as measured

20 in decalin at 135 °C, of 0.01 to 0.30 dl/g, and

a lubricating oil additive.

7. - A lubricating oil compatibility improver

comprising a low-molecular weight o-olefin/aromatic vinyl

25 compound random copolymer which comprises 40 to 75 % by mol

of constituent units derived from ethylene, 0 to 45 % by

mol of constituent units derived from an oa-olefin of 3 to

20 carbon atoms and 1 to 40 % by mol of constituent units

* C L M S *




random copol ynmer which conprises 60 to 90 % by nol of constituent units
derived fromethylene, 0 to 39 % by nol of constituent units derived from
an a-olefin of 3 to 20 20 carbon atonms and 1 to 40 % by nol of constituent
units derived froman aromati c vinyl conmpound, with the proviso that the
total anpunt of the constituent units @krived from ethylene and the
constituent units derived fromthe a- olefinis 60 to 99 % by nol, and has

oMo o 150" g t08h! ¥raR anBlondti A LBolRE? Wleh! chdPESHS O

that the total amount of the constituent units derived from
ethylene and the constituent units derived from the o~

olefin is 60 to 99 % by mol, and has an intrinsic viscosity

S [m], as measured in decalin at 135 °C, of 0.01 to 0.30

dl/g.

8. The lubricating oil composition as claimed in
claim 6, further comprising the viscosity index improver as

10 claimed in claim 5.

9. A fuel oil composition comprising:
a middle fraction fuel oil having a boiling point of
150 to 400 °C, and
15 an o-olefin/aromatic vinyl type fuel oil fluidity
improver comprising an o-olefin/faromatic vinyl compound
-random éopolymer whichfcompfiséégéofﬁq éém%jﬁ§;moi-éf ;; 
constituent units derived from ethylene, 0 to 39 % by mol
of constituent units derived from an o-olefin of 3 to 20
20 carbon atoms and 1 to 40 % by mol of constituent units
derived from an aromatic vinyl compound, with the proviso
that the total amount of the constituent units derived from
ethylene .and the constituent units derived from the o-

olefin is 60 to 99 % by mol, and has an intrinsic viscosity

25 [n), as measured in decalin at 135 °C, of 0.01 to 1.0 dl/g.

L
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65

STRACT

The lubricating oil of the invention comprises an o-

olefin/aromatic vinyl compound random copolymer comprising
constituent units derived from ethylene, constituent units
derived from an aromatic vinyl compound and optionally
constituent units derived from an o-olefin of 3 to 20
carbon atoms in specific proportions and having an
intrinsic viscosity, as measured in decalin at 135 °C, of
0.01 to 0.50 dl/g. The lubricating oil is excellent in
compatibility with lubricating oil additives as well as in
viscosity properties, heat stability, oxidation stability
and abrasion resistance.

The lubricating oil composition of the invention
comprises an 0-olefin/aromatic vinyl compound random
copolymer and a base oil. The random copolymer comprises
the same constituent units as in the above-mentioned random
copolymer in specific proportions and has an intrinsic
viscosity, as measured in decalin at 135 °C, of 0.1 to 5.0
dl/g, and the base oil comprisés a mineral oil and/or a
hydrocarbon synthetic oil. The lubricating oil composition
has excellent lubricating oil properties.

The fuel o0il composition of the invention comprises an

a-olefin/aromatic vinyl type fuel oil fluidity improver and

a middle fraction fuel 0il having a boiling point of 150 to
400 °C. The fuel oil fluidity improver comprises an o-

olefih/aromatic vinyl compound random copolymer comprising
the same constituent units as in the above-mentioned random

copolymer in specific proportions and having an intrinsic
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viscosity, as measured in decalin at 135 °C, of 0.01 to 1.0
dl/g. The fuel oil composition is prevented from viscosity
increase of the middle fraction fuel oil and is lowered in

the cold filter plugging point and the pour point.

Besides, the fuel oil composition contributes to inhibition

of abrasion of fuel injection nozzles.
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(57) Abstract

A lubricating oil comprising a random copolymer of an a-olefin/aromatic vinyl compound, wherein the copolymer has a viscosity
falling within a specific range and comprises ethylene, an aromatic vinyl compound, and optionally an a-olefin. The lubricating oil possesses
excellent viscosity properties, thermal stability, oxidation stability, abrasion resistance, and compatibility with lubricating oil additives. The
random copolymer having a different viscosity range is useful as a viscosity index improver and a compatibilizing agent for a lubricating oil.
The invention also provides a lubricating oil composition comprising a base oil and the viscosity index improver or the compatibilizing
agent. The invention further provides a fuel oil composition comprising a fuel oil fluidity improver based on the above random copolymer
having a different viscosity range and a middle fraction fuel oil having a boiling point of 150 to 400 °C. The fuel oil composition prevents an
increase in viscosity of the middie fraction fuel oil, lowers the clogging point and the flow point in a low-temperature filter, and inhibits the
abrasion of a fuel jet nozzle.
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