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A METHOD OF | MPROVI NG THE ACRYLI C RUBBER SEALANT
COVPATI BILITY I N AN | NTERNAL COVBUSTI ON ENG NE The
present invention relates to a nethod of inproving the
acrylic rubber sealant 5 conpatibility in an internal
conbustion engine. Mire specifically, the present
invention relates to a nmethod conprising contacting
acrylic rubber sealants in an internal conbustion

engi neAMETHEE OF IMPROVING{THE ACRYINCIRUBBER SHAIANT

noryl o CEBBATEIEYOIN ABTREERIAC SOy SORERITHE o
THE | NVENTI ON I n nechani cal devi ces such as

I nt ernal - conbusti on engi ne vehicles and various other

i eRuResPRl inkertionTelates fo @ mataedekiamyoviag dipperyliarubber sealant
I v

n%b\?lé{%ﬁlit@%uﬂ iné%ﬂ?loé@?ﬂfs’étﬁgﬁs% Lﬂr?e gﬁuo\fé'%geélﬁgalwgwe present
Ilnmntmtrelagamtol a meﬁ"lcgb«:mnammryg eguiiapiireglasviylid rukdner saslants in an

R ol SloT hond S e ingybF B Pinbifior §86i8 hitn a
subriczting oilwWohtjosiival iVing igfpriledadriibRIbbes Qéé'!ﬁht compatibility.
fluorocarbon resin sealant, nitrile rubber seal ant,

hydrogenated nitrile rubber seal ant and

et hyl ene- pr opyl g &R g to their
physi cal and che?nﬁgrf ?qaﬁé?g}?g |Ics 'gjshg 20
sealants are optionally selected to be installed in

05 S9SB4 A5 AL o B2 D VR G Bg varos

[anér indbstidlymacitea 3t ipaekésarp ey $ppih Hibricating dil to

because it_is not onI excellent in heat resistance

- dneF ”FSW%WQ'tVH}SHé'me rap i kpieation systems for sepplying a

Wutﬁ'ﬁ,%ﬂhg bll 'é?e géﬁer’aﬁy bgﬁlﬁbég %ﬁﬂ/dﬂgﬂé %Shﬂd; ér%tlé g%alants)

ose cert
@@mmmfrﬂlg senting matgiadle lItCIUE@ resirmmuhlomaai@ts such as

QuUS ma nes are_nowa
sﬁgﬁh%gfﬁ? %gﬁ%gpsqc@gﬁ r@é sgeaéqrﬁ F’?P S@sin seglsént nitrile
cmhmimlseamlt ehyldudgeretdd nigrile aﬁﬁ)e?lsleaﬁmd aM@etigisne-propylene

oLl)t ive ?dded .hereto, 30 1
ru er sealant. According to their physical and chemical characteristics, those
sealants are optionally selected to be installed in proper parts of the lubrication
systems. Among the above-mentioned materials, acrylic rubber sealant is

particularly used as packing parts for fixation because it is not only excellent in

~ heat resistance and oil resistance but also inexpensive,

At the present time, it is required to improve lubricating oils for the purpose of
meeting certain performance requirements. Most lubricating oils contacting
rubbing mechanisms in various machines are nowadays high-performance
lubricating oil compositions comprising a lubricating base oil and various
additives added thereto. |
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However, |ubricating oil conpositions containing
various additives often deteriorate resin or rubber
seal ants despite satisfying |ubricating performnce
requi renents. Mst of the additives contained in the
conpositions are so chemcally active that they are
liable to shrink the sealants and/or to inpair their
5 strength and el asticity. Accordingly, it is
tiesievahebricating vit canpobitibagatomginiid variuusasiditives oflench

isfies .the vere perfornmance requirenen
DlABIa1S Resih Or Fober SRaIa0IS Jashin Saliey DHIUSTRING perforaance
SetfiRrehricibs, NGt &P tﬁ@é&’d:ﬁvééﬁ!ﬁﬁélﬁe@ ?rﬁdhb%nﬂfdsﬁtﬂn@%‘é goOf

the sealants 10 thenselves. U S. Patent 24,247

degicatieactvd tb't thexaragakdeito §bwﬁ©&l®t3&ﬁiﬁr&% ﬁﬂdfon Icmj,jnwlr their
E%@ﬁ%ngle\@ﬁf ester and a nono-succinimde or

LESP ST d type di spersant subj ected or not
subjected to post-treatnent with, for exanple, 15

Rorraths §3¢ AeSRiTe i bavd a Rick eﬂw B boiposjipR which satisfies
fHetge”v@F@ﬁmnﬁir@%trea@ifem@ﬁtb%nb&nﬁﬁgﬁdbﬂéatﬁmg&ﬁp&@%oélﬁbns

a lubrication systemof an inter nbust i on
angiaidhe samatime, veiashagbsismaisseating parfoimancesafithe sealants

'.ém%% osition containing an 20 aliphatic am ne has
excellen

t conpatibility with rubber sealants. U S.
Patent No. 6,569,818 describes a |ubri cati ng oil

GeaeaSy. €72)242 dededits SRR o BSPpedtort poriBining a

b&@t@é!ycer@%ﬁbkéﬁd aRérl-s@cirfmic cbrﬂﬂs-%@bélhmﬁ‘iﬁé Hpe

al k | ate of non-sulfide or otherw se 25 an

@zﬁkelsanhetbaﬂecte@pf net sulliesiesh irepest-tipatngat wills, faeexagpls,

t
APIRRS el TR b A e Somnesiton has srcglentg
Eirepatibilidy \nﬁiﬁﬂwroh@oeiadtomer whichtiaueed tibhat segllantdd a
t h t L t ent dth
Lifedibh SRt ap MReBESRPORED Fihcat ing of |
c_orrposi tion are low |l evels and that the lubricating

oi | ngositi on gives hi]glh detergency at _a high,
%Fé-ﬁpma 1A desaribegdhata Whricaling @) eBopesiton saining an s

B e D TR o e ¢ s
reference nei t her

U.S. Patent No. 6,569,818 describes a lubricating oil compaosition containing an
ashless dispersant of an al'kenyl— or alkyl-succinic imide or a derivative thereof,
an alkali metal or alkaline earth metal alkylsalicylate of non-sulfide or otherwise
an alkali metal salt of alkylphenol derivative having a Mannich base structure, a
zinc dialkyldithiophosphate, and an oxidation inhibiting phenol or amine
compound. It is stated that all of the ash content, the phosphorus content and the
sulfur content of the disclosed lubricating oil composition are low levels and that
the lubricating oil composition gives high detergency at a high temperature. U.S.
Patent No. 6,569,818, however, is silent about a tubricating oil composition of the

present invention described hereinbelow. Further, thls reference neither
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2 describes nor suggests any effect that the

| ubricating oil conposition has on sealants. SUMVARY
OF THE INVENTION 5 The present invention relates to a
nmet hod of inproving acrylic rubber seal ant
conpatibility in an internal conmbustion engine. The
nmet hod i nvol ves contacting the acrylic rubber seal ant
in the internal conbustion engi ne and operating the

Id’et‘sen’ hietl norGligyssts eimysfecganiHe luBridatingi siaionigbsition has on
|t| on conprising: 10 a) a major ampunt of a base

o°1eF‘ S-lubricating viscosity, b) a nitrogen-containing
ashl ess dispersant in an amount of 0.01 to 0.3 wm.%

preferably 0.01 to 0.1 w.% in terns of the nitrogen

content, based on SIHIMARMOFRRIEANVENTION | ubri cati ng

oil 15 conposition, c¢) a netal -containing detergent of
an alkali nmetal or alkaline earth netal salt of

dlhleydrpdeat dxhvedmn v@hteﬁeo Baviethgdaf Maproving étﬁ?l&: rubber sealant
struciahe in unt of 0.001 to 0.4 wt
SPEWEHEKiyyN 8ngoisT) copbys{gn §09ipg. the w&tmd mM%IVﬁ%t:amtactmg

GRNh&ic rUbBeEdeAntiRehd ﬁfté\Jna%H?Hﬂlﬁﬁt%g &gifd'8nd operating the

| ubri Cating oil conposition
presahesrobusiom enginanyith agulricatiog mil mentpdsiticarcoanising: of
0.001 to 0.5 w.% preferably 0.01 to 0.2 w.% in
terms of the phosphorus content, based on the total

amount cf) t hendjobaincabt ofga badd onD@fﬂ‘pbﬁ('tdtingWrscbélty\hef ein
from 1t 83008 MR SN EDAsRISep dShSrEATt 5 2h BB PO.01 o
terns of thg M%ogﬁéfer%wm to GRewhYL ‘irPPﬁﬁlsQﬁ%e?hl% én
ashl ess dispersant 1n the l'ubricating ositio
content, based on the total amount of the Iubricatlng oil
composition,
¢) a metal-containing detergent of an-alkali metal or alkaline earth
metal salt of alkylphenol derivative having a Mannich base
structure in an amount of 0.001 to 0.4 wt.%, preferably 0.002 to
0.1 wt.%, in terms of the metal content, based on the total amount
- of the lubricating oil composition, and
d) a phosphorus-containing organic compound in an amount of
0.001 to 0.5 wt.%, preferably 0.01 to 0.2 wt.%, in terms of the
phosphorus content, based on the total amount of the lubricating
oil composition,
wherein the ratio of components b) to ¢) is in the range of from 1:0.005

to 1:2, preferably 0:0.01 to 1:0.3, in terms of the nitrogen content.

The nitrogen-containing ashless dispersant in the lubricating oil composition
employed in the method of the present invention is an alkenyl- or alkyl-succinic

imide or a derivative thereof.
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enpl oyed in the nethod of the present invention is an

al kenyl - or al kyl-succinic 30 imde or a derivative

thereof. 3 The netal -containing detergent of an al kal

metal or alkaline earth nmetal salt of al kyl pheno

derivative in the lubricating oil conposition enployed

in the nethod of the present invention has a Mannich

base structure represented by the follow ng fornula:

STlHmaGH @QCatathifgltstgregeMidDanl allli mBtahbeakblindRarsh artal salt of
on atgps, a

Bt SRrivaivegd the kucai oE G e ToR ©DBiayBe i I nethod

. eitheyeskenh irvBRtGTERAOH MAnridEb M KA U P EpRIsbARG bithe

may further conprise a phosphorus-containing organic
J@ﬁ%’lﬂﬁdoﬁ@lﬂétt ed from the group consisting of zinc
di hydrocar byl di t hi ophosphates, zinc

di hydr ocar byl phosphat es, phosphoric acid esters,
phosphor ous ad)@a®st gr s, andQG&DHphosphori OGadd
esters. 20 The] |l ubri ¢ati

the nethod q ’
conprise a cont &i ni ng p ) ; from

t he group [ 7 akka# ne

earth nmetal gsal i cyl aties, cgrboxylatgs, ghenates and

sul fonates 1h an anount of 1.0 wt.%or less in terns

of the metal content. 25 The anount of

ehexbincid i am alkybgrdep dagmgts eBtEcambdnfatans tdrel gisoipr a positive
consisting of alkali netal or alkaline earth netal

's!’a'|998§/| ates, carboxyl ates, phenates and

The lubricating oil composition employed in the method of the present invention
may further comprise a phosphorus-containing organic compound selected from
the group consisting of zinc dihydrocarbyldithiophosphates, zinc

dihydrocarbylphosphates, phosphoric acid esters, phosphorous acid esters, and

-thiophosphoric acid esters.

The lubricating oil composition employed in the method of the present invention
may further comprise a metal-containing detergent selected from the group
consisting of alkali metal or alkaline earth metal salicylates, carboxylates,
Pphenates and sulfonates in an amount of 1.0 wt.% or less in terms of the metal

content.

The amount of metal-cbntaining detergent selected from the group consisting of

alkali metal or alkaline earth metal salicylates, carboxylates, phenates and

“sulfonates to the amount of metal-containing detergent of an alkali metal or

alkaline earth metal sait of alkylphenol derivative having a Mannich base

structure is in a ratio of 1:0.003 to 1:1 in terms of the metal content.
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sul fonates to the anount of netal -containing detergent
of an alkali nmetal or alkaline earth netal salt of
al kyl phenol derivative having a Manni ch base 30
structure is in aratio of 1:0.003 to 1:1 in terns of
the nmetal content. 4 The lubricating oil conposition
enpl oyed in the nethod of the present invention nay
further conprise a nol ybdenum conpound sel ected from
tTHe lgbrigmiglgomiipl&dmmsﬂgqmémgmye&ymﬂia/rhdﬂmgnﬂtlwpn‘@ggt invention
prepar t he reactjon between a Ci no enum
BB0 Birier SeroRSe 2SnevhiEn g ST EOHE SRl orind B
QOVERLINE e BH B nblYbae AT tex Brpatetl by iHeZ@8ction between an
oxynol ybdenum " di t'hi ophosphate, in anmount of 0.25 wt.%
@cidie gwlyhdenspheorspounsbant ppssEitivgeroerrepeundriselfurized
I . , 1 . . od of
Ao PRk, 2 ST RO b BRI
ditkadphosphatk, incmaduntioh 025 whtiuort lesd inltewhs o thie rhelybdeamdn
an _pxidation inhibitor selected fromthe group
&8ngr§ti ng of hindered phenol conpounds and
di aryl am ne conpounds in an anount of 5 wt.% or |ess.
The base oil of lubricating viscosity contains 10 wt. %
dherfgbdcating pilmampagition emploged inthiergethee of $he presagt invention
N o , 10
R Bl binbliSe pn gl St Bbral EarfAABERE AR 1 5 Tpagand
eonpddation-iniiditov seleated fresstheagroupconsistimpofiténdered PBenol
0.01 wt.%or lLess, .sulfur content, and - 120 or nore
Sotipebhs =P sl Rimite peiibeiSd ReprbeMore I L o 195,
enpl oyed in the nethod of the present invention is a
SAE viscosity grade selected fromthe group consisting
dhedee oilgfdapricating wegosibyamntaing 10oviEh. or prerp&f goniperal oil
' ' i i.tion neets the SAE 10W 30
%P%M?qgﬁdﬂ@%‘n@%%? éie'r aspects, it has been
di scovered that a lubricating oil conposition

- 17 wt.% or less evaporation loss according to ASTM D-5800,
- 90 wt.% or more saturated content,

- 10 wt.% or less, aromatic component,

- 0.01 wt.% or less, sulfur content, and

- 120 or more viscosity index.

| The lubricating oil composition employed in the method of the present invention

is & SAE viscosity grade selected from the group consisting of OW20, 0W30,
5W20, 5W30 and 10W30. Preferably, the lubricating oil composition meets the

SAE 10W-30 viscosity grade.

Among other aspects, it has been discovered that a lubricating oil composition
containing a certain combination of a nitrogen-containing dispersant and a metal-
containing detergent of an alkali metal sait of alkylphenol derivative having a

Mannich base structure, together with a phosphorus-containing organic -

5.
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containing a certain conbination of a

ni trogen-contai ni ng di spersant and a netal - 30
cont ai ni ng detergent of an alkali netal salt of

al kyl phenol derivative having a Manni ch base

structure, together with a phosphorus-containing

organic 5 conpound, can be effectively enployed in a
nmet hod for inproving the acrylic rubber seal ant
caorppaurtd, lcah peiaffeativély eaphateddo mometHodrfor mgproeingithe tibsylic

b8 Seatol oA bR AP A, aPuPR e fiea t e Fatioygt the
a«hdm@émamb.rmj d%éér*s‘éﬁt 3y hetal-MaRAINkTY mgfgeﬁt bE&h dikali

i s adjusted specific range, i.e., in the range
onefal éﬁht of @ikmlelaefﬁ@ derivative having addannieh base st@'g@we is adjusted
T |

(% i aRgb . fhe Behdil of FARMAT00 011 it ofhe.

smbtbgﬁm corEDEﬁtAﬂ'bEmjmﬁﬁg BTIc@m;ﬁé]tinmdrdlyﬁiNﬂShﬂ\Ithe]@a'ﬁhg
qj_fent |nv on resbges | rret hod of enploying a

51"1’?”?"%8 a*?‘ir}ﬁ'!f HrPer g |ti on to inprove the

acrylic rubber seal ant corrpatl bility in an internal

conmbustion en The lubricating oil conposition,

i T reet | nDETAILEBESERIREION T SHRRSENTION

requi renents of internal conbustion engines, at the

same tinme is 15 less detrinental to the sealing

pEef meﬁantdeveﬁtioaldeyikibs i alvbethod ®abmpicsjirﬁg)a eartaim lubricating oil

intern onbust i nes, as co

BRI osRITY aredte FUEY P Sab e <ant coBRzgLiit g nternal

Tdonsbustibe eﬁ@h@mﬂh@ﬂuﬁrh@tlﬁ? ©f €BinposNieA! While meeting the lubricating
advant ageousl y roves the acrylic rubber seal ant

FSHOENRABES reecydlrﬁmqr\tﬁ e Iﬁéﬁm@id?ﬁm@ﬁh@ﬁ eggyIesest thecammtime is
e Gotir Ty Sl Yerfoiafib S Abryli N BBF QBqutibte 1ol in
tih'r&rnam:embwethhengpee&: eacompapakth tmerventipnally used lblrseding ol
DmisaSitionsn Tl s B S (the Preqal mvegtiof 3 Aa8eously

limiprovesttheacsiit resige eehldnd Bowiatisiligdn inetnat coblsibroéngines.
the present invention wll contain a

ni trogen-containing ashl ess di spersant. The
MHe! ReRIridthBbdIidBts of the present invention will be described in further

detail below. It should be noted that when weight percent is used herein, itis

based on the total weight percent of the lubricating oil composition unless

. otherwise specified.

The lubricating oil composition employed in the method of the present invention
will contain a nitrogen-containing ashless dispersant. The nitrogen-containing
ashless dispersant is preferably is a polyolefin-derived alkenyl- or alkyl-succinic
imide or a derivative thereof. The amount of the nitrogen-containing ashless
dispersant is in the range of 0.01 to 0.3 wt.%, preferably 0.01 to 0.1wt.%, in
terms of the nitrogen content, based on the total amount of the lubricating oil

composition.
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ashl ess dispersant is preferably is a

pol yol efi n-derived al kenyl - or al kyl-succinic imde
or a derivative thereof. The anmpbunt of the

ni trogen-cont ai ni ng ashl ess dispersant is in the
range of 0.01 to 0.3 wt.% preferably 0.01 to O.lwt. %
in 30 terns of the nitrogen content, based on the
total amount of the lubricating oil conposition. 6 A
representative succinic imde can be prepared by the

ERBLRA SERii P pE o Sy Y o Wl
WutEnRAngtKys ﬁﬁﬁﬁg laVgh RDISQRIMRBYEHAGIRery? of QI $EHRGRRNt

atonms on avera préeferably 5 to 7 nitrogenatons.
BRRUMVER PRty n&mhoenw centrising 4 & 1@ pitipigen atoms on average,

BB 19PN )

tscbﬁltoaﬂ grb’he:qmretwalslyfaopolxdmﬂpm hagng laemmber average molecular
Isu00| n ide by the reaction 10
@iﬁé’ I Bﬁfi‘tg Sﬁ&ﬁ@%@@l c anhydride is generally

'perforrred by a chlorination method utilizing

chlorine. While this reaction i s advant ageous in

dheinrecessHpgprepatiog thenpglyeutanylsucainie aahydridaina theargastion
beftddrndi Lftéﬁéz @%g?sp&%?ngggﬂﬂdgn (Je%%erélﬂ%e‘m)?r%ed by a

appr oxi nat e I'or I'ne reral ns
chlorinafgor mﬂthodsnizhzlnglmlormed Wfpleotdm’eactlon lsmdtvaamgeoas in

b1Vl S i TR PR tfieed Vst taCetits kAl e

aioant (fer mgtaﬂbé Nprrexiatatély 2000te30OP Phm) | bf chlénne remains in
therefore, preferred to use a succinic imde derived

fhedindl ﬁléC%Fy'Blﬂ%ﬁwi%te b eprdrashin/@ermaal reastion pwceys tilizing
hé %ﬁ he rC%ﬁ;‘?(I\J'é)Q fanfrr%%@%tﬁ} ﬁﬁgg@ﬁﬁa\fl Jiberﬂﬁ Qk(f?ér'n%ﬁ/t lSWEh%Hne

can range o
g@rdenih(isucln as@aoamme) fluist ﬂherefcmnpmfﬁreeld tonuse a succ:nlc imide

TR 3 B0 B A o e 67 BBt acton

mbss so tiet iow alklering con@AnEan Be Iudﬁhe rahg8of Dao Bo]ipiR The
Sta,l|l and OX|dat|on st abi | i particularly

FSSEiBe SLECING IIgR, FajH @(f,lmtfgﬁr,golqge@eckgﬁ@,emeglfled siccinic imide
BY K¥hrtisdtGehitidn with SSrIc\.’\'ﬁblﬁhalcbﬁ% SREHGRS IYord) Gikylphenol, cyclic

reaction with boric acid or a boron-coritai ning
edrhporia®r organic acids. From the thermal stability and omdahon stability,
particularly preferred is a boron-containing alkenyl- or alkyl-succinic imide which

is produced by the reaction with boric acid or a boron-containing compound.

The lubricating oil composition employed in the method of the present invention
indispensably contains the ashless dispersant, whose representative example is
an alkenyl- or alkyl-succinic imide or a derivative thereof. As the ashless
dispersant, ashless dispersants of alkenylbenzylamine type and alkenylsuccinic
acid ester type can be also used.
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25 The lubricating oil conposition enployed in the
nmet hod of the present invention indispensably
contai ns the ashl ess di spersant, whose representative
exanple is an al kenyl- or alkyl-succinic imde or a
derivative thereof. As the ashless dispersant,

ashl ess di spersants of al kenyl benzyl am ne type and

al kenyl succinic acid ester type can be al so used. 30

Whmabilmrngaﬂit domgpaitiorceamplayed irdtheanipihovesd th@pﬁé@@nt invention
Ehod present invention wl| contain

P OteGHmaIHORG DG FBHOOTIOT 4 AlAHMP vt alkalgpe metal earth
CINEY Sél?oi*@f(%h@rﬂj’l HQrivéTﬁfeaﬁ'hé %étapéorﬁélhw Qib??r%'ent of an alkali

derivative e netal -contai ning detergefit o
danetal or alkgling metal st inmetal sadtoflallydphanohderivativalhas ef Mannich

Hasy e %%D%%%@%ﬁ*@%ﬂ@wa{ﬁﬁl - Ca0h GoROH CalH
\ NI'I CH3/ CH3 I 10RRnRTheanDuntofthe

net al - cont ai n| ﬁ@ ; %rbal kal i lzac 0(5H

al kal i ne eart
derivative h ‘

content, bas & F BT i cati ng

oi | conpothlon. 20 \The nBtaI-contalnlndqdetergent of

an alkali netal (e.g., sodium potassiun) or alkaline
earth netal (e.g., calcium barium magnesiun) salt of

al kyl phenol derivative having a Manni ch base

structure, is generally prepared by the steps of:

synt hesi zing an internedi ate havi ng am nonet hyl at ed
ﬂ%@rﬂﬁmunt@@ﬂlﬁymﬁﬁiﬁpﬁwmm@ detarmntfq?‘ @m ai!kadynnptaé poslkaline earth

fn%t%ﬁ%?%%p@ﬁopﬁeﬁfatﬁg h%mnﬁea %ﬁﬂ%ﬂ%%se%‘?r%cture is in the
range of 0.001 to 0.4 wt.% in terms of the metal content or 0.002 to 0.1 wt.% in
terms of the nitrogen content, based on the total amount of the lubricating oil

composition.

The metai-containing detergent of an alkali metal (e.g., sodium, potassium) or
alkaline earth metal (e.g., calcium, barium, magnesium) salt of alkylphenol
derivative having a Mannich base structure, is generally prepared by the steps of;
synthesizing an intermediate having aminomethylated phenol ring by Mannich
reaction from alkylphenol, formaldehyde, amine or an amine compound; and
neutralizing the synthesized intermediate with a base such as calcium hydroxide
to covert it into a metal salt. Examples include the compound of the above
formula having the following characteristics: |
 Cacontent: 2.5 wt.%,
N content: 1.6 wt.%,
total base number: 135 mg*KOH/g, and
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25 neutralizing the synthesized internediate with a

base such as cal cium hydroxide to covert it into a
netal salt. Exanples include the conpound of the above
fornmul a having the follow ng characteristics: Ca

content: 2.5 wt.% N content: 1:6 w.% 30 total base
nunmber: 135 ngKOH/ g, and 8 base nunber attri butable

to basic nitrogen: approxi mately 50% of the total

base rhasbmumﬁﬁnexttnbmablelb balste mitrbgegedppestinataly Bg% of the total
ashl e rsant to the netal -containing 5
deter}@ﬁ ebﬁ'i al kali netal or alkaline earth netal

salt of al kyl phenol derivative having a Mannich base
structure is in the range of from1:0.005 to 1:2,

prher igtigif yhe nitrggen-cevtaining ashiess dispersaot totthe nﬂﬁttahagéalnlng

RAS QR0 o ST Ak, SEATRARA AR L Frpve

previghe M&mmhrhaerstm@tm? MI tbe cangooi florael: @008 ¢b fi 120 preferably
sisting of, zi
93845 8P drires o Spreesconsenic

dlhydrocarbylphosphates phosphoric acid esters,
phosphorous acid esters, and thiophosphoric acid
eTs*tGéHbr icatingeollgapnnsition emeloped ipthermaethod of Bienpregent invention

BB ESPBNGcho by SRR S R0, e crovo
pnbnsiphrti)g ubzitis ddwdtcmatbyld:ﬁ&@o@phaﬂ@e tint aihydmmylpﬁosphates
ubr

ition. EX f the
- PRGSPHIL A3 SR ARSI G R PE Oy AR oo Agi esters.

dTrbyaiﬁ@@rﬁfdﬂihéiEMBﬁP@h%Stﬁmﬂélﬁﬁvg FrgBfic co) é)ound is m the range of

osphat es hosphor’i c aci

di hydr ocar byl p

&-‘inp‘ﬁ’& vy /acwrﬁfeé@blé 001 2twii%pindern pf tflezmoaphorus

%H@n? HadeWinGhe %6t har%gurﬂscg?ﬁd rﬁﬁﬁ@@i:l l:%fmgﬁé i
Cl an alkyl al'c

from t’he correspon Ing a Ravi ng
3 to 18 carbon atons or an al kyl aryl al cohol having an
car.bon ato

SRR aLa B PapShidoepRtias piine Sompourits ndlide zine
ggrgffﬁd\?gb)flgﬁtmggﬁ zihg dﬂ%%arﬁﬁﬁh@ﬁhﬁfﬂs BhosgHric acid
esters, phosphorous acid esters and thlophOSphonc acid esters in which each
ester is generally derived from the corresponding acid and an alkylalcohol having
3 to 18 carbon atoms or an alkylarylalcohol having an alkyl group of 3 to 18
carbon atoms. If a zinc dihydrocarbyidithiophosphate (zinc
dialkyldithiophosphate) is added, the amount of the additive is preferably in the
range of 0.01 to 0.1 wt.% in terms of the phosphorus content, based on the total
amount of the fubricating oil composition. From the viewpoint of reducing the
phosphorus content and the sulfur content, the amount preferably is in the range

of 0.01 to 0.06 wt.%, based on the total amount of the lubricating oil composition.

The zinc dialkyldithiophosphate preferably has an alkyl group of 3 to 18 carbon
atoms or an alkylaryl group having an alkyl group of 3 to 18 carbon atoms. ltis
particularly preferred for the zinc dialkyldithiophosphate to have an alkyl group
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range of 0.01 to 0.1 w.%in terns of the phosphorus
content, based on the total 25 anount of the

| ubricating oil conposition. Fromthe viewpoint of
reduci ng the phosphorus content and the sul fur

content, the amount preferably is in the range of

0.01 to 0.06 w.% based on the total anount of the

| ubricating oil conposition. The zinc

délerivied fetirn lai ssehodaryaieo ol 6heng ity 18asarbon alokyd oggroalyl group

et et 2 BORTE o e Ty forRnurd s Ab saisei ptoms ana o

pegdonddhedibohd haliagrew fPearbbg afdhs, because the zing

di a{k\vé&glthl ophosghate to have an al kyl group 9

opBasrade awaarﬂgsataa"%ﬁmuma\naﬁ@ riyeitegtivainyaar
g%?@r'@ﬁ £ Coﬁh'&“{y&%{hﬂﬁiﬁgs?ﬁét&o’é@vg |ﬁ1tall‘¥1§lc%oﬁs also

s@@:@ﬂd@trip h&BtRastsItarlmThg zmdd:thka:rmphates aho e, usedcsangiy, but it

P Drdreftea 38 Ao b P SRS RBRESIMG 4.8 008y Slaitypg andlor a

Aprirhany afiyhiypé. di t hi ophosphate derived froma primary
al cohol is also excellent in heat resistance. The
zi nc dithiophosphates can be used singly, but it s

Prigd I@lbﬁ@éhrfgocf(f&f?cﬁn% et H i HeSRBML Ty rﬁ% ?resent ipyention

secondary primary al
Thay fusther @antarrgamtheltm&ta}@miaﬂnn@ dpleoyerd selectehhfrmtthe droup

Rors o8 EARA s bEEne TlinatoelSaaRl PR,
qﬂmaﬁsl argl efifoablealin afedraburstiof aldwat.%6r I8¢ tteFBS aF the metal
| at es henat es and sul fonates in

| cyl ates, r box
éﬁ%m}?ﬂseéfomﬁé tafe! amgunt etbe lybricafing ob compesiiaal
content based on the total anpunt of the |ubricating

oi | conposition. 15 The anount of the netal -containing
déreeargennt of dhe btetal-dontaining dletergent sstemed fromgthegroup consisting

S B0l S AT APl e o

shifohatests e armotisti ofiting miaeél&fogmmmgfdevérﬁéhﬂtfﬂan ARAIRmetal or
eng

| kal It of alk
&Sﬁ"{%ﬁﬁ%vbne ef Tt %f'%ﬁﬁh%aw dsdiathis f{qvmca Masnich basey
BUCRIrefs ik r?oraﬂg%ftl‘!) 803 td D148 TS thE e B ANt&RNE S on the

based on
total amount of the lubricating oil composition.

The lubricating oil composition employed in the method of the present invention
may further contain an oxidation inhibitor selected from the group consisting of
hindered phenol compounds and diarylamine compounds in an amount of 5 wt.%
or less, based on the total amount of the lubricating oil composition. In view of
having a base number attributable to nitrogen, diarylamine-type oxidation

inhibitors are particularly advantageous. On the other hand, however, hindered

Phenol-type oxidation inhibitors effectively prevent deterioration caused by NO,

oxidation.
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total amount of the lubricating oil conposition. The

[ ubricating oil conposition enployed in the nethod of
the present invention may further contain an

oxi dation inhibitor selected fromthe group consisting
of 25 hindered phenol conpounds and di aryl am ne
conpounds in an anount of 5 wt.%or |ess, based on the

total amount of the lubricating oil conposition. In
zxamplsfs ofibe hinglesed plsenal wrisiation inhibituns aiuhuelet 236-di-t-butyl-p-

Biespp 4@t LA AT 6B HenRh) £l BB Bo-o-

bnelsdlé){] fd:ja:tpbl}erpglrldaétnmﬁn (g;ae ﬁi&tbtﬂﬁphaﬁblpltigﬂflﬁdsé?fﬁéﬁqtbu{ﬂbuenol)
V | u X1 |

D B SRR e Al B PR, (oA -dalo Pt Mt cior s

_ b@t?l(dh@ﬁoﬁ §2thﬁré?h§l¥ﬁéﬁ?s[3q%?§84- -buftyl4-hJERORY I propionatel,

aciyl 3—(1%51@Ht-@ﬂé&b14s|m&iwxmhleylyl-)mopmm3 lang octadecyl 3-(3,5-di-t-butyl-
) | 2,6-di-t-butyl phenol
FHserc SRR ADAOBERE, o1 phenol ), 0 L

2, 2' -net hyl enebi s(4- net hyl - 6-t - but yl phenol),

4' -1 hi abi s(2- et byl - 6- oh
é*@ﬂ?#ﬁbg%gﬁwﬂe A es%d%tsarsmaitbﬂtmdﬁglyﬁe@W%MRW
bdrﬁéiﬂﬁgoé‘ﬁﬁ)&hre oPéingroups havm 9 carbon atoms, p,

di -t-butyl Rydroxyp ?propl onat e, gnpd

@@p@hﬁg@hﬂny@m|ge5plnﬁenytl-aljmghthylamlne phenyl-a-naphthylamlne

A T R

al kyI di phenyl am ne 10 containing a m xture of alkyl

%@M%%@%ﬁ shPre CBHRAIOS 2GR IV A compounds can be

?1909 ﬂp@érhwn%ﬂbn %the?bh\éb%%joyﬁdé}ﬂﬂhhmb' B8 & be
and al t he

| at ed phenyl - a- napht hyl am ne. Eac

W‘ﬂ'@é‘?@@ peehisetiednpounds and the diaryl ani ne
conmpounds can be 15 used singly or in conbination.
O her oil soluble oxidation inhibitors can be
TEheplubyieatingoitcorhpositioroempliyedl in tid n@thcmgofdhé present invention
conposi tion, enpl oyed.in the neth resen
Y Bt oMty B iy b s A mPRUS SeR IR (68 G Rpnsisting
cﬁ%in&ﬁ&yﬁfblﬁﬂdﬁﬁuhh@orﬁb%&ﬁ)réﬁé}%usﬂy tA8 reddiod bedeen an acidic

P)/fm)l ybdenum conpl ex prepared by the reaction between

BESRHM CREIPPYAE R & Bagie DittpasRcompsasdc swifurizegen
&&%Wﬂlﬂmuﬁ%lw{)éeﬁ'ﬁgmate, and sulfurized oxymolybdenum

dithiophosphate, in an amount of 0.25 wt.% or less in terms of the molybdenum

content, based on the total amount of the lubricating oil composition.

~The molybdenum-containing compound mainly functions as a friction modifier, an

| oxidation inhibitor or an anti-wear agent in the lubricating oil composition

employed in the method of the present invention. In addition, it also improves

detergency at a high temperature. The molybdenum-containing compound is

_preferably in an amount of 10 to 2,500 ppm in terms of the molybdenum content.

R Examples of the molybdenum-containing compounds include sulfur-containing

11



10

15

20

25

30

oxynol ybdenum di t hi ocar banmat e, and sul furi zed

oxynol ybdenum dit hi ophosphate, in an anmount of 0.25
wt.%or less in terns of the nol ybdenum content,
based on the total anmount of the l[ubricating oil
conposi tion. 25 The nol ybdenum cont ai ni ng conpound

mai nly functions as a friction nodifier, an oxidation
inhibitor or an anti-wear agent in the lubricating oil

opaiybdenurocomaign ofymacinmides suifirized cxmiohdbdenasent
e ineten adie SmiclyeReh i AlcH Eaph e g e
anotybdaslrh Sorfplen edrapaimd) o'bcylmérybagﬁmtdi@fh\él)l(a@ab n%ﬁlid"e, 24

ppmin terns of the nplybdenum content. | es of
tHYMABASHERLTOBeSlY a8 s UlibFrEeMAtNng melyibgenum complex of

L. | y )
SHCEMimeR T Bl rly HhBRMIFRINGHR, d¥teflenoy at a high
derpetataiebamat e, sul furi zed oxynol ybdenum
di t hi ophosphate, am ne nol ybdenum conpl ex conpound,
oxynol ybdenum di et hyl ate am de, and oxynol ybdenum
MeOgbycatingdsl c_;o'ﬁuabcfsmqm@ﬂpl@?z@d othEh¥afIhe BradefkinQéntion
5 su&ahgl mde is particularly effective in |\§Erow ng
Y F gemein an alkalmatal hasgiedp anareountiad 2 Wi @dess pased

. hil | F :

2 ihe R SinoL TGP ARG of BSEBERRH, Pho oitE) MigaRate
ihydegie igdlaneffettive wimiraring thesjetbaeady al@ high tdneperatus and in

A5 o 8sa e ThE B Yl o LRSRl  ftarel i 5K dgsent
timentioh eng3cy cahpeud Gipréssmaivalypeparst by theingtHod disclosed
The term"alkali netal borate hydrate" in

TR SrEER Nof /o248 PO A A28 Sorhscatample,  can be obtained by

(RQSRRS S Aling 343150 SR et B R sprate
ithhe peasepee obaniatkall nastalitydronide te peepate aénasinlm,tlﬁolngtea and

; ' kal | t
PR LG ool ) bl 5560 PBk Bl S GG

~ pomgtairethe foasiof dispefsaaaing paticdes THke sgrbbhatidaedgtion is

sulfonate t eact, Wwih boric acid, to prepare an
grq{gq‘qb?)f@qrgﬁlc{edaﬁjrther III'I the presence of an ashl?esspdispersant such as

succinic imide. The alkali metal preferably is potassium or sodium. An example of
the alkali metal borate hydrate additive is a suspension comprising a mixture of

neutral calcium sulfonate and succinic imide and fine particies of KBaOs*H,0

‘having sizes of approximately 0.3 um or less. The potassium can be replaced

with sodium. The additive is also preferably used in consideration of water
resistance.

The lubricating oil composition employed in the method of the present invention

~ may further contain a viscosity index improver in an amount of 20 wt.% or less,

preferably 1 to 20 wt.%, based on the total amount of the lubricating oil
composition. Examples of the viscosity index improver include polymer
compounds such as polyalkyl methacrylate, ethylene-propylene copolymer,

12
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borate in the formof dispersed fine particles. The
carbonation reaction is preferably conducted further
in the presence of an ashl ess di spersant such as 20
succinic imde. The alkali netal preferably is

pot assi um or sodium An exanple of the alkali netal
borate hydrate additive is a suspension conprising a
m xture of neutral calciumsulfonate and succinic

|31yndaeednmadlemm0¢pmlynnet wdqfol%ﬁ&%h@@[sb @mpm&lldﬁr% dikpersant-
ot assi um can

Th
A08s TEeaShGrler Bl whichian 16 oo ecanaBodarg hesove
USobFneis soothat e abhain@fonviad ﬁ%pé’r@aﬁt@séﬁﬂ t?rEﬁt?funEHSndal vjscosity

|.ubricating oil conposition enployed in

tiRdepinyeversi he Miscesity indgx inproders caorheaisedsinglycodn t y
'd?)?r?dfné over in an anount of 20 w.% or |ess,
preferably 1 to 20 wt.% based on the total anount of
the lubricating oil 30 conposition. Exanples of the

SRR cmedruaierpPied it wBrybBRe. o Tphiesaal nventon
Gﬁ@@fmr contéih @érWu@%ML&ﬂia@ﬁSd@ﬁﬁP@i ¥BMpl K the auxiliary

yi soprene. Al so enpl oyabl e are di spersant- type

ﬁdgewgﬁﬂ@ﬁlmdﬁjasac ﬂﬁb‘PW@ﬂmatWGWy@lﬁbbédibwvwlthmamamate) an

pQl

Sl g Sop A AP E U Sord R e - suifurized
\ﬂl@‘lmsuilfqnzedr&sger puuygmifzee)s Ianc':r e orgsmosin’g%e coshesund _(I_e.g., oleyl
i_npr,ov n. be use | n 5 _conbi natjon., e
RIS Ewbq“P“@arP&afiﬁ ndrRinfere oy atinvear GRSt s 2Bo
tphefe e @36 Mook poraft et deadtiviadrs %ﬁ&h @9 %ﬁk&n&%lb%ﬁlpou nds
other auxiliary additives. Exanples of the auxil |ar?/

@aé.thlﬁg@@leﬁammr@ﬁn@@% AGeRIdNmeurEace active agent o
. . |

BEOXARABKS P dL ¥ b o TR ainy Bledyiphenyl ether,
ethyhenmaoxide agd ,prmylérw oxide canlbefadaedsas 4 rust pexleatihg Bgent or

I I.f.L. - ni ¢ _am de canpoun
SR AUEheRksis S0 P Re B R bRo et vaeRorminds Bidas amine
shlt0k deNﬁ%We@ﬂﬁﬁé@‘ ahd alishaticetid BStefL6f glyiyiric alcohols or
i ncor porate netal deactivators such as benzotriazol e

@dives deyiier ay tickion srmsbiiaras!t isfurthaepossible to

-ﬂ%l‘&?hf_é vVatol8 B nffouhd S t2H $MctBh as defoaming agents or pour point

depressants. Each auxiliary additive is added to the lubricating oil composition
employed in the method of the present invention preferably in an amount of 3
wt.% or less, preferably 0.001 to 3 wt.% , based on the total amount of the
fubricating oil composition.

Base Qil of Lubricating Viscosity

The base oil used in the lubricating oil composition employed in the method of
the present invention generally is a mineral or synthetic oil showing a kinematic
viscosity of 2 to 50 mm?s at 100°C. There are no specific conditions with respect

to the mineral or synthetic oil, but the base oil has a sulfur content of preferably
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15 pol yoxyal kyl ene such as a copol yner of
pol yoxyet hyl eneal kyl phenyl ether, ethylene oxide and
propyl ene oxi de can be added as a rust preventing
agent or an demulsifier. It is also possible to
I ncorporate various am nes, am des, amne salts or
derivatives thereof, and aliphatic acid esters of
pol yhydri c al cohols or their derivatives. They serve
ds1fwti% or essmmord prafarablyt 0.08 witi% oh lasspmesi treterably 20005 wt.%
ggqg&ﬁsrate vari ous conpounds that function as

1 Nng agents or pour point depressants. Each
auxiliary additive is added to the lubricating oi

np05|t|on mpl oyed in the nmethod of the present
ﬁ\ﬁ‘efm Sfocﬂr'%Br%ferabiyawmeﬁia@\to Bropgrly gpmignsd treaiments. For

t
?ﬁ?ﬁﬁéﬂ% pindtafubRoahtthstifate BRRE IOBrletBlyh BleciPlY’
Lttﬂatmeatsi Sugh\a_ssa@d)sarlt yefiftirg bod bydnogeustem processng in -
B L Rl e
gedbhydroeracketp pasg o (dviri)T8ér exandle V4 Gie6difyNin®@éx 8f 100 to
in%PSO m2/ s at 100C. There are no specific _conditions

nap &ErBglic ¢nperenticaBtent obp "‘§y’m9h spca pitrogep pontans of 50

| %ﬁ?opie%s hagi é‘sﬁlﬁirfdé'ht Ik Sptppg{ BPI'é V\%)egﬁ es]ﬁclgdé 2 high

% or less, nore er ab ess
p’l@béﬂ)ﬁiﬁlﬁw-@ae@sll \pre[%red byl mmser:ﬂnen oir hgdmcrankmg m‘i Synthetlc

PR R B SRR B WBRT MuRarT ol ety oo

distillate thereof is preferably subjected to
treat nents sucp as .solvent refining and hydrogenation
lyiprefe

P8 Pt EHhaEhe ase o qf#@rﬁa%wﬁcw dfii rpineral ol
'shoirvﬁudqhéff&fdiﬁﬁ%&ﬁar‘ééfér% .ghl'y hydrogen- refined

(hydrocracked) base oil aving, for exanple, a
vi scosvagoratiereloss {ASON Df580ﬂ$017 wh%aerdass,i c conponent

Conte%ntgf\tgfs‘%u ﬁe%%c}rﬁﬁ&e@gh% 9}9%%18 gntent of 50 10

pm or | €ess, eppm or less).
Exarrpbe:stenrmardmaachogimonumsclosmtt% or ek - base oi |

D P S Bl 50) 9 %, g oer ackd ng o

viscosity index: 120 or more;
or otherwise that the base oil of lubricating viscosity is a mineral oil mixture
containing 10 wt.% or more of the above-mentioned mineral oil.
Examples of the synthetic oils (synthetic lubricant base oil) include a poly- a -
olefin (copolymer of a-olefin having 3 to 12 carbon atoms), a dialkyl diester (ester

derived from an alcohol having 4 to 18 carbon atoms and a dibasic acid such as

‘adipic acid, azelaic acid or sebacic acid) such as dioctyl sebacate, a polyol ester

(ester derived from a monobasic acid having 3 to 18 carbon atoms and 1-

trimethylolpropane or pentaerythrltol) and an alkylbenzene having an alkyl group

of 9 to 40 carbon atoms.
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wax synt hesized from slack wax (crude wax) of m neral

oil or natural gas. It is particularly preferred that

the base oil of lubricating viscosity is a mneral oil

15 showi ng the follow ng characteristics: evaporation

| oss (ASTM D-5800): 17 w.%or |ess, content of
saturated conponent: 90 w.% or nore, content of
aromatic conmponent: 10 wt.%or less, sulfur content:
0A0y ofithetabowve Insigstal andyrtbetic sasesoitsyman bexused 2thgty, but two or

' that th ti

Vot ofhs TieEahaRe plifor It o B0t & the Srttieht hgS4 675iean be
ouserDiheofibitdtRna Felesirs® MurgRe Aha8inasl afll kynths8&BAES oils can
of the synthetlc oils (s nthetlc | ubri cant” base oil)

i PR HRfbIncamapipation at )ygrlias.(tdpsdegdnter prepare theampropriate base
ha}/bﬂgbp?h%m?%&gﬂ on atons), a dial kyl diester (ester

derive rom an al cohol having 4 to 18 carbon atons
and a di basic acid such as adipic acid, azelaic acid

Off lsslﬁgPé?gegittgﬁJs%éar ﬁ@@? ajwolmt BFb¥de ‘?Bﬁﬁﬁh@atn \ngéaéﬂygnhe

ester rom a nonobasi ¢ acl d
tlubﬂfwtmgmﬂmnmmrmmmmyed i timetrhgthod pf tEapresent mventlon A

O Bigh S NG o A oiP B ing His25557 35 aafiyed ferdih Sariiices 40
mvh%rcﬁl m@r@ P}féfbheﬂ lafndumsoithdss mmnwtﬁgmgw % but
the m neral base oils or two or

SHrefeably grRaex Cinantide & Wi BT erefambly 610 97 wt % of the

qapAEIRE IR Pomdosfigsi red. Further, the mineral and
synthetic base oils can be used in conbination at any

ratios, if desired, to prepare the appropriate base 5

[ CcO ref erred to
Ol Bbut i SRR bt e BGLSH LBalebgHfvion
tdaeu be prephrsal hyngdding tieoapditivds mae@émiew?@r lal at BAce to the base
E) d of the esent i nventi on. anount

of
Rgrwisgs an rtwstqm@emrfge &anyrsw e eodon it Wik
%ﬁ@éhtﬁzﬁﬁ;n@%an be beforehand prepared and then mixed it with a base oil to

prepare the lubricating oil composition employed in the method of the present
invention.

EXAMPLES

The base oil of lubricating viscosity and the additives used in the below-

described Examples and Comparative Example are as follows:
(1) Base oil of lubricating viscosity

Solvent refined base oit (A) (kinematic viscosity: 4.9 mm?*s at 100°C, viscosity
index: 103, evaporation loss (ASTM D5800): 13 wt.%, sulfur content: 0.19 wt.%,
content of saturated component: 70 wt.%) and solvent refined base oil (B)

(kinematic viscosity: 10.8 mm?/s at 100°C, viscosity index: 97, evaporation loss
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w %or nore. Preferred anmounts of base oil conprise
40 to 99.9 wt % 10 preferably greater than 50 to 97
w % nore preferably 60 to 97 wt % of the

| ubricating oil conposition. The lubricating oil
conposition enployed in the nethod of the present

i nvention can be prepared by adding the additives

i ndependently or all at once to the base 15 oil.
QAR IMVDSED0 R 12. 2t P4, isufurcocomtemtt © 20evicBrpontentgf saheated

BAERR s U REER b P SRR B2 sy R e o

the lubricating oil conposition enployed in the nethod
of the present invention. 20 EXAMPLES The base oil
d8) Additivesiti ng viscosity and the additives used in the

bel owp; i raklve . I

s o] Sua o BAE LEDoal ARRE AL BICRA

Sontantt 1.0e¥ti%e0! tadentoBO ppm) by Wieightjavihich wias gospdrgd by tee

%ﬁ%ﬁ’fat 100C, viscosity index: 103, evaporation |oss
D5800): 13 w.% sulfur content: 0.19 w. %

cont ea rehctirg grm?@dt@@mm@& nurbenbvétagairbleabideRbight of
refined base oil (B) 30 (kinematic viscosity: 10.8

m2/ s ataPRseximalely o310 3nd Hefaor nagre afagtbyiinylideneoga cture
15 (ASTN,ED RN 9 : 9

cont ent Mvo'?@s at ur gtﬁ gy;?dr\ﬁgoar(%cgﬁdghé kﬁg%q&% ﬁ@/él pvr\g?%‘%m%%r tuce an
i n the rintermediat@pratichy wei ght to use. (2) Additives

5 Di spersan 0 € | ene, carbonat e-treated,succjini ni de

o spePLaatng tnedhBhnBaR BlARo0 Frp nebiiisEbsl A the

by wei ghddntaihing6. BagragefRAsa (iBorichRolesliRPsndverade, to prepare
reacting a pol ybutene havin nunber aver age

mol ecul atUCHETGIH fo?is‘fé’ﬁ'ﬁ‘ﬁ éﬂ‘gﬁ‘%ﬂel y 2,300 and 50% or
anhy el doeamg il SR, BF bisoih Rt CnedccfBo Rt o
an

Dispersant B: boron-containing succinimide dispersant [N content: 1.95

wt.%, B content: 0.66 wt.%, Cl content: less than 5 ppm by weight] which was
prepared by the steps of:

a) reacting a polybutene having a number average molecular weight of
approximately 1,300 and 50% or more of methylvinylidene structure)
with maleic anhydride according to the thermal process, to produce an
intermediate product;

b) reacting the intermediate product with a polyalkylenepolyamine
containing 6.5 nitrogen atoms (in one molecule) on average, to prepare

‘succinimide of bis-form; and then

c) treating the succinimide of bis-form with boric acid.

Detergent A: Mannich base calcium phenate (Ca: 2.5 wt.%, N: 1.6 wt.%,
- 8: 0.1 wt. %, TBN: 135 mgeKOH/qg).

16



i nternedi ate product; b) reacting the internediate
product with a pol yal kyl enepol yam ne containing 6.5
nitrogen atonms (in one nol ecule) on average, to
prepare succinimde of bis-form and then 15 c)
treating the succinimde of bis-formwth ethyl ene
carbonate. Dispersant B: boron-containing succinimde
di spersant [N content: 1.95 w.% B content: 0.66
w . % Lsteasht Bnt)verbesed sWinizedmalciloy pheingtet (Candi 28wiids S: 3.4
gmegafgm §g5%g$ of 20 a) reacting a pol ybutene
~ havi'hg a’ nunb ave ge nol ecul ar wei ght of

apprOX|nater 1, 300 and 50% or nore of
met hyl in ne s ru e mel ei ¢ anhydri
accor cﬁeﬁﬁ h@"? 'ﬁe'-% ggl%onatte_, (%? otfut &t TBN 425

5 i,ﬁ@ﬂ(@ﬁ;@')_at e pr oduct b) reacting the internediate
product with a polyalkylenepolyanine 25 containing 6.5
nitrogen atoms (in one nolecule) on average, to

Phe suteRERERb A Bollunt s3I 687 oo 8 RN EF gent
ArgMODIdigdh base cal ci um phenate (Ca: 2.5 wt.% N 1.6

w.% 30 S 0.1 w.% TBN 135 ngKOH g). 16 Det ergent
B over based sul furized cal ci um phenate (Ca: 9.25

10 - % Z8DTP-4: ziMk d%kyl‘&ﬁ%op%%pﬁ&é@lﬂ/ )2 whg! %9?%*5 Wi, M.%, S:14.4

over based cal ci um sul fonate 16.1 wt. %

vt vgr&tertigp. majeriak @@WOWGW@W% Havingrd touf canban @tc(rtm)
2.35 wt.% TBN: 17 ngKOH/ g). 10 ZnDTP-1: zinc

di al kyl di t hi ophosphate (P: 7.2 w.% Zn: 7.85 w.% S
14. 4 ZwDTR-2:stiea ﬁlaﬂqldmmcmhioabhate (PeZ ety Zal 8ahel.%, S: 14

r\]r\rat\‘l’ia,ngalgﬁng ma’terig}lr a prlmaryw?gohol having 8 carbon atoms).
15

Oxidation inhibitor: dialkyldiphenylamine (alkyl group: mixture of C4-alkyl
and Cs-alkyl groups, N: 4.6 wt.%, TBN: 180 mg+KOH/g).

Mo compound: sulfur-containing molybdenum-succinimide complex (Mo:
20 5.5wk.%, S: 0.2 wt.%, N: 1.6 wt.%, TBN: 10 mg=KOH/qg).
Alkali metal borate: dispersed fine particles of potassium borate hydrate

(K: 8.3 wt.%, B: 6.8 wt.%, S: 0.26 wt.%, TBN: 125 mg*KOH/qg).

Viscosity index improver (VII): ethylenepropylene copolymer of non-
25  dispersant type.

Pour point depressant (PPD): polymethacrylic compound.
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ZnDTP-2: zinc dial kyl di t hi ophosphate (P: 7.3 w.% Zn:
8.4w.% S 14 wt.% starting material: a primary

al cohol having 8 carbon atons). 15 Oxidation

i nhi bitor: dialkyldi phenylam ne (al kyl group: m xture
of C4-alkyl and C$-al kyl groups, N. 4.6 wt.% TBN
180 ngKOH g). Mo conpound: sul fur-contai ni ng

nol ybdenum succi ni m de conplex (Md: 20 5.5 wt.%, S
0.2 m.% N 1.6 wt.% TBN:. 10 ngKOH g). Al kal i matal

borate: dispersed fine particle f potassium borate
hydrate (K@ 8.3 wt.% B: E’iﬁ-’l&ﬁfe—&; S: 0.26 wt.% TBN:

125 nmgKOH g). Viscosity index inprover (VII):
et hy| eneprop%/’:lP ene copol ymer of non- 25 di sgers_ant .
hsebelpyamep ihlives axsk the g oilof lybrisating vigtegity were

%%BL{B Give thé Ilﬁ:??ﬁﬁﬁh? % cgﬁ'lz)ogﬁloﬂ niﬁgiécffﬁetﬂe Mhé&i fPthe

and the~base ting Vi
npreeenttiovayitios. The lUbribafimngoi ngnpo!;ntnom masﬁAE viscesipl gradd

B R e e e DA e g n o

LOMBEHL né| cﬁiQ;o%ﬁbetlohe ﬂﬁs\h‘aﬁb Q)et\bé‘eﬁﬂfét fiftb§erPtoahtatiributable to
eI emen | ubricating oil

'ﬁb@ﬁ'ﬁtﬂe&ﬁ““é ﬁ@d thati aé‘ﬂbé&é\h&%t@ threletrropalyd Mepnich base calcium
g:iﬂern'agé{t %ﬁ}'{l fhel Qitio Betw etHeth@' rﬁ?t%k&?r%ﬁt é’tﬂ 5@& to all the

tri e to the eter nni ¢ ase cal ci'um
Keterigentst a)d thahattithdablatto meaeem@ntwwmm basentacium
}{R‘{eia table to all the detergents and that
table to the detergent A (Mannich base cal ci um
phenate). (1) Additives 15 Dispersant A (anount: 3.0
\gﬁ %, .content in terns of nitrogen: 0.03 w.%,
)5 @if¥et B (anount: 1.5 wt.% content in ternms of

B S
Dispersant B (amount: 1 o wt. %, content in terms of nitrogen: 0.03 wt.%),
Detergent A (amount: 0.4 wt.%, content in terms of calcium: 0.01 wt.%,
content in terms of nitrogen: 0.006 wt.%),
Detergent B (amount: 0.86 wt.%, content in terms of calcium: 0.08 wt.%),
Detergent C (amount: 0.87 wt.%, content in terms of calcium: 0.14 wt.%),
Detergent D (amount: 0.43 wt.%, content in terms of calcium: 0.01 wt.%),
ZnDTP-1 (amount: 0.97 wt.%, content in terms of phosphorus: 0.07 wt.%),
ZnDTP-2 (amount: 0.41 wt.%, content in terms of phosphorus: 0.03 wt. %),
Oxidation inhibitor (amount: 0.2 wt.%),
Mo compound (amount: 0.15 wt.%, content in terms of molybdenum: 83
ppm by weight),
Alkali metal borate (amount: 0.25 wt.%),

| Viscosity index improver (VII, amount: 6.3 wt.%), and

Pour point depressant (PPD, amount: 0.3 wt.%).

(2) Base oil of lubricating viscosity (amount: residual amount)

~{3) Content of each element (Ca, P, N} in the fubricating oil composition
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content in ternms of nitrogen: 0.006 w.%, Detergent B
(amount: 0.86 w.% content in terns of calcium 0.08
wt.%, 20 Detergent C (amount: 0.87 wt.% content in
terns of calcium 0.14 w.%, Detergent D (anount:
0.43 wt.% content in terns of calcium 0.01 wt.%,
ZnDTP-1 (amount: 0.97 wt.% content in terns of
phosphorus: 0.07 w.%, ZnDTP-2 (anmount: 0.41 wt.%
cont ertalciont @ ajs0.8# wilte sBhospierud(RB300. Wi %, Nidgaat(Nom0.08
inhibitqr, (amount: 0.2 w.%, 25 Mo conpound (anount:
0. 15 thé/”o content in terns of nolybdenum 83 ppm by
vl Baitid of ﬂdéﬁtrbg@iﬁb@hteh%tﬂitﬁﬁéﬁ&%‘ al %hé)dlggeﬁ%\nf)@to that |

\/scosMy i ndex inprover (VII, anmount

mimbusﬁh o tesiabergant A (Mepnichrhnssroalaurs phenate): 3’01(021
Raﬂ g; régpcﬂ bﬁﬁﬁeh &éﬁ%ﬁgﬂﬁ'téﬁﬂsﬁ'@%@@erﬁ{ﬁ $§Q{owgosition

Itq kblnatcali‘trlbngabde to tt\ert#ew'gembh (MB8nichlbaisewalciiay phenaié):  1:0.04

wt. % Phosphorus (P): 0.10 wt.% Nitrogen (N): 0.08

w. % (4) Ratio of the nitrogen content attributable

to all the dispersants to ERathpleaitri butable to the
detergent A (Mannich base calcium phenate): 1:0.1 5

(5) Ratio of the nmetal content attributable to all the

e EeaN dh o ERTRERTT AR et ekt (Lo b Ao gt o

Eha dptesgent O(Maenigh bamjaalemnmphﬁ)aiﬂpﬂnm 1.16evte% (epretentid terms

AR Y8 W08 RP et BB e O R 45 Pl Rerstenaing

ithe tesidual aﬂfombmhemas@ dHoMibriGatiig MiseBsity b tHak e etal

_ nltro&en 0.018 wt. and for chang |n9 t'he resi dual

opthe IHbrigating < qonarositiasy is 90 Welov TBe Brsnayjed Bibricating oil
oSBTl 10! 53Rl o, coiens o
ea element (Ca, P, N) in the lubricating oil composition, a ratio between the
nitrogen content attributable to all the dispersants and that attributable to the
detergent A (Mannich base calcium phenate), and a ratio between the metal
content atfributable to all the detergents and that attributable to the detergent A

(Mannich base calcium phenate).

(1) Contents of each element (Ca, P, N) in the lubricating oil composition
Calcium (Ca): 0.26 wt.%, Phosphorus (P): 0.10 wt.%, Nitrogen (N): 0.09
wt.%

(2) Ratio of the nitrogen content attributable to all the dispersants to that

attributable to the detergent A (Mannich base calcium phenate): 1:0.3

(3) Ratio of the metal content attributable to all the detergents in the lubricating

oil composition to that attributable to the detergent A (Mannich base calcium

phenate).  1:0.12
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20

15 conposition was SAE viscosity grade 10WB0. Shown
bel ow are the contents of each elenent (Ca, P, N) in
the lubricating oil conposition, a ratio between the
nitrogen content attributable to all the dispersants
and that attributable to the detergent A (Mannich
base cal ci um phenate), and a rati o between the netal
content attributable to all the detergents and that
attributable to the detergent A 20 (Mannich base

cal ci um phenate). (1) COonten f ea hAeI ement (Ca, P,
N) in the |ubricating~&5MRg %E@—Q@Calmum(@)
0.26 wt.% Phosphorus (P): 0.10 w.% Nitrogen (N):

0,09 wt. %25 (2) Ratio of the nitrogen content
aPPmp@[HtB{SI Fxampla fy was Brepaspr pacaibiogtd theatocedures of Example 1

PSR HirR) Sghilo th oA byl Blre Lo BRRFpicticit) Bha for

aclnangmg thiel amaownt aif the basadeit ef lgbricatingrnvisdosity abithatdahe tajal

ReppERTRERE blialy b SomBhrlnd it U it b 15 53sSaer8 Y cating oi
Geornpasition @aESNEViEcasitGeyrags a0WaD. Era@Bhrnfs ¥Rsach elgment (Ca,
e&c'ggt”t according to the procedures of Exanple 1

g lubiisating ail ggmpreitige &e geewn Refovanni ch base
cal ci um phenate) and for changing the anpunt of the
base oil of lubricating viscosity so that the total
i Gientestts pheadhutlement (Cay Ru NI) lndmwrrt:amlrg oib caiBpositiods

i cosrHEug ™ oaah BopBosRrEnRd” bricd A Bigiegn v: 0.07

(Ca, WA%N) in the lubricating oil conposition are
shown below. 10 (1) Contents of each elenment (Ca, P,
N) in the lubricating oil conposition Calcium (Ca):

8 33 VWM%EE’aeéi%}%tt@o:(n hiibify Withiackflic MdHbR9 SR alhh -

According to the affinity test for sealing rubber (CEC-L-39-T-96), compatibility

with acrylic rubber was evaluated in the following manner. A piece of RE2-99

(acrylic rubber) was immersed in the lubricating oil composition to be tested at
150°C for 7 days, and then the degree of deterioration of the acrylic rubber piece
was evaluated. The results are set forth in Table 1. In Table 1, the pass limits
specified in JASO (Japanese Automobile Standard Organization) M355-2005 are
also shown.

20
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{change (99 El ongation -35 to +10 -23 -19 -35

15 Evaluation of Conpatibility Wth Acrylic Rubber
Seal ant According to the affinity test for sealing
rubber (CEC-L-39-T-96), conpatibility wth acrylic
rubber was evaluated in the follow ng manner. A piece
of RE2-99 (acrylic rubber) was imersed in the

| ubricating oil conposition to be tested at 20 150C
for 7 days, and then the degree of deterioration of
the acrylic rubber piece was evaluated. The results
are set forth in Table 1. Ipﬁﬂagle 1, the pass limts
specified in JASO (Japanese € dnobi | e St andar d

Organi zati on) M55-2005 are also shown. 20 Table 1.
Pass Lim.t _Exanple 1 Exagnple 2 Conparative FExanple A

Vol ume -7 tq +§ +2, 0 .+2 | change(% Hardness -5 {oCegparative
+3 +4 +3 ckané@s%'ﬁ@he 'g’ffi"gﬂ'%t/’% -15&%"51?:? +2 2o A

chakighfd4 5 |[The above regsults shownlin Table 1
i nop{ cate that bdt tthe ljubriceing ¢il cBnposifions +2
of © %egé’ sent invention (Exanples 1 and 2) and{that

f OHardness

: -5 1o +8 +3 +4 +3
change
Tensile
strength -15to +18 +2 +2 -4
change (%)
Elongation
-35 to +10 ~23 -19 -35
change(%)

‘The above results shown in Table 1 indicate that both the lubricating oil
compositions of the present invention (Examples 1 and 2) and that for
Comparative Example A satisfy the JASO standards. It is also shown that the
lubricating oil compositions of the preéent invention were remarkably improved in
the elongation change, as compared with the lubricating oil composition for

comparative example.
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Conparative Exanple A satisfy the JASO standards. It
is also shown that the [lubricating oil conpositions
of the present invention were remarkably inproved in
10 the el ongation change, as conpared with the

| ubricating oil conposition for conparative exanple.
21 Caims: 1. A method of inproving the acrylic
rubber seal ant conpatibility in an internal conbustion
eRigime, sai d met hod conprising contacting the 5
acrylic rubber sealant in the internal conbustion
engi ne and operating the internal conbustion engine

with. a |Atmett.au|angnmovnr@qnp@szrwub¢nbba@mramk:e@.paﬁbm@m an
maj or anD nt of ase oil of |ubricating viscosity
10 by o Heemmeston sy, sek ol copiei i the

amount Oécrgh@ﬂuﬂb%r sQalgniV‘ﬁw tf{é iftedn@l H&n?ﬂstf]d?‘le? ihd 8H§ Bperating
content, based on the total anount o r| cat |R

oi | conptb@ulﬂﬁemﬁl conbgstien angioe it mluhglcamgeo@emmpoﬂnam

al kal i rﬁbd_gﬂ alkaline earth netal salt of

al kyl pheno ‘Werfvative havi ng a Manni ch base structure

15 in an anmount of 0.001 to 0.4 wt. % in terns of the
met al anent based on. the tofal nmount of the

| Ubri cat? g 'BRier aBIAysLet @ Base qihgr lulgsicating viscosity,
h h
phosp orwamvgémbmawwrﬁe&fﬂgﬁaﬁgnﬂ i SarATEMYE 01 to

0.001 to O. %in ternms of orus content,
based on t R whlein teems ghthegtitrogan d:an:semtcaase:gonme total

con‘posn ti oﬁmo%pztlﬁpfﬁ ?b%%ﬁﬁgo th%gJ%f tlng;)gln'ponent s b) to

|S|nterangeo 1:2 in terns of
t he ni t ra)g ennelahtmtamlrig détemyemt bhanl atkati onetahgr dlkalitleaddith

L e IS B S e S o BenER e ructre
25 t her eof in an amount of 0.001 to 0.4 wt.% in terms of the metal content,
based on the total amount of the lubricating oil composition, and
- d) a phosphorus-containing organic compound in an amount of 0.001
to 0.5 wt.% in terms of the phosphorus content, based on the total
amount of the [ubricating oiltcomposition,
wherein the ratio of components b) to c) is in the range of from 1:0.005

to 1:2 in terms of the nifrogen content.

2. The method according to claim 1, wherein the nitrogen-containing
ashless dispersant is an alkenyl- or alkyl-succinic imide or a derivative
thereof.

3. The method according to claim 1 or claim 2, wherein the metal-
containing detergent of an alkali metal or alkaline earth metal satt of
alkylphenol derivative having a Mannich base structure is represented
by the following formula: |
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3. The nmethod according to claim1l or claim2, wherein
the netal - containing detergent of an alkali netal or
al kaline earth nmetal salt of al kyl phenol derivative
havi ng a Manni ch base structure is represented 30 by
the followng fornula: 22 OCaOH OCaOH 6CaOH N 5 CH3
CH3 Rn R wherein Ris an al kyl group having 8 to 30
carbon atons, and nis 0 or 10 a positive integer. 4.
The nmet hod according to any one of the preceding

cl aims, wherein the phosphorus-containing organic
compound is selected fromthe group consisting of

zi nc di hydr ocap@gO#H t hi ophoseaest \ zi nc 15 OCaOH

di hydr ocar byl p osphates er s,
phosphor ous 3 O ) id
esters. 5. : u;acco o n he
precedi ng clk wheCei,n the

ni trogen-co [ ashl es i Rl N"the range

of 20 0.01 . ' % in ternms of/f"'the nitrogen

content, based on the total anount of the lubricating

oil conposition. 6. The method according to any one of

t he preceding clainms, wherein the anpunt of the

met al - cofhaiain Rgs aBraling sreurdhaving 8ite 30icapkarpatogrs, and nis 0 or

al kal i neaggﬁmg@mtg% detal salt of alkyl phenol

derivativ avi ng Manni ch base structure is in the
range of 0.002 to 0.1 wt.%in terns of the nitrogen

conj ent eg o e.total amount of the Jubricati .
oi 1 Comp BB TN aetiaid Ganf BRE 2 45 pieiaeing SalfoohBerein the
of the ppiesphbRE-cdrakifhg ovianiei cdnigheindls agrbRY fﬂj‘m thegroup
phosphor us- ¢ont ai nji ng_organi ¢ conpound is in th
consisting of zinc dihydrocarbyldithiophosphates, zinc
dihydrocarbylphosphates, phosphoric acid esters, phosphorous acid

esters, and thiophosphoric acid esters.

5. The method according to any one of the preceding claims, wherein the
amount of the nitrogen-containing ashless dispersant is in the range of
0.01 to 0.1 wt.% in terms of the nitrogen content, based on the total

amount of the lubricating oil composition.

6. The method according to any one of the preceding claims, wherein the
amount of the metal-containing detergent of an alkali metal or alkaline
-earth metal salt of alkylphenol derivative having a Mannich base
structure is in the range of 0.002 to 0.1 wt.% in terms of the nitrogen

content, based on the total amount of the lubricating oil composition.

7. The method according to any one of the preceding claims, wherein the

~amount of the phosphorus-containing organic compound is in the
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23 range of 0.01 to 0.2 w.%in terns of the
phosphorus content, based on the total anount of the
| ubricating oil conposition. 8 The nmethod according
to any one of the preceding clains, further 5
conprising a netal -contai ning detergent selected from
the group consisting of alkali netal or alkaline
earth nmetal salicylates, carboxylates, phenates and
sul f onat emgerof &0 hioolAtwtdh i tedmstof the phospdesus contentybased on

ur i cat TRQOE PHSAbOLRBIGHiRebef coficBsibio © '

according to claim8, wherein the anmount of netal -
conéai niﬂ deterqg(ent sel ected fromthe group
conSi st i fgeafeﬂaw argordipgde anyong|qt dhe preCedingiclaimsafurther

sal i cyl aé@rﬁpriéiﬁ%?%ﬁt’aﬁ&&ﬁa'nﬁ%ﬂ?&@nﬁ‘@gﬁg%ﬁlffdmiﬂﬁeggrogﬁ

and the anount e nmeta I ng ergen
15 al kal ¢onsistiag of alksila¢taher akaline emthametaistlicyfates,

al kyl phe ' | ve. havi n a nni ch_base

str ﬁcltO ur@bgﬂﬁ%ﬂegﬁﬁ etqaga%@nqgﬂlf 31§ an 4mpprTtof 1R wh % or
the netiebs tolenesiof tHdmefheon®inh akisag oartHe fetak Amait of the
one of the preceding clains, further 20 conprising a

mol ybdenlH '%Wﬁd%’r@’@@sét&rbd from the group

consi sting of an oxynol ybdenum conpl ex prepared by the

reaction between an acidic nol ybdenum conmpound and a
bas?-c ni thegethodasgooding fo skairh@; wherkio tynaingbdissfunetal-

oA g Vi BB B of s
terms ofortaiiealimel edpthancial sslidyRiés, daase@=i6s, idhensrkaind

anmount of the Ilubrjcating oil conmposition. 11. The
met hod att'BPEERFNEdhe APARE obthe metahreriaiing detesgars of an
further aikAMEtE bPgikalin@bXdh mdlBt it JAidighednBl @tivative having
amount of 2 wt.% or | ess

a Mannich base structure is in a ratio of 1:0.003 to 1:1 in terms of the

metal content.

10.  The method according to any one of the preceding claims, further
comprising a molybdenum compound selected from the group
consisting of an oxymolybdenum complex prepared by the reaction
between an acidic molybdenum compound and a basic nitrogen
compound, sulfurized oxymolybdenum dithiocarbamate, and sulfurized
oxymolybdenum dithiophosphate, in amount of 0.25 wt.% or less in
terms of the molybdenum content, based on the total amount of the
lubricating oil composition.

11. The method according to any one of the preceding claims, further

comprising an alkali metal borate in an amount of 2 wt.% or less,

‘based on the total amount of the lubricating oil composition.
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30 based on the total anmount of the lubricating oil
conposition. 24 12. The nmethod according to any one of
the preceding clainms, further conprising an oxidation
i nhi bitor selected fromthe group consisting of

hi nder ed phenol conpounds and di aryl am ne conpounds in
an amount of 5 wt.%or |ess, based on the total

amount of the lubricating oil 5 conposition. 13. The
met H8d adbemtithed aoccudfmgdnemgforlehé the proeeiding aaiaisyfyrther

wher ei : i |

eyl EPRpuRBa AnSadeieRdBlon ittied i BRIo R cbnsiging of

- 17 w. WmErddqﬂﬁmVMD@ﬂmwah@a dﬁémﬂ’{é&c{iﬂpdﬁfgfﬁgm Mn amount
conten -

D- 5800, g%‘y nor e saturate

or less, % t Pt 9@6 RAsedn the total gmognt of the lykricating oil
sul fur C@&hﬁ&éhorﬁnd 15 - 120 or nore viscosity index.
14. The met o| according to any one of the preceding
clainms, wherein the |lubricating oil conposition is a

SAE. Mi SC 1 from.the r Qu . .
St R R LR T -
The et hbakeasitcorithing 100l rMmark, ofdhiriral dilshowing the

| ubri cat i | psition is a SAE viscosity grade
sel ect ed%oﬂg‘éf’r‘ﬁgtqli@r iPICSconsi sting of 10WBO. 25

17 wt.% or less evaporation loss according to ASTM
D-5800,

- 90 wt.% or more saturated content,

- 10 wt.% or less, aromatic component,

- 0.01 wt.% or less, sulfur content, and

- 120 or more viscosity index.

14.  The method according to any one of the preceding claims, wherein the
lubricating oil composition is a SAE viscosity grade selected from the
group consisting of OW20, 0W30, 5W20, 5W30 and 10W30.

15.  The method according to claim 14, wherein the lubricating oil

composition is a SAE viscosity grade selected from the group
consisting of 10W30.
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