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LUBRI CATI NG O L COVPCSI TI ON HAVI.NG | MPROVED OXI DATI ON
STABI LI TY AT H GH TEMPERATURES Theé present invention
relates to a lubricating oil conposition. Mre
particul arly, the present invention relates to a

| ubricati osition having inproved 10

RulelofgB
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t I ND OF THE

| NVENTI ON 15 TF SATY AT HIBH TR AR i ot roke

t runk plston di esel engines, are generally enployed

s internal onbus on engi.nes fol
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using a lubricating oil conposition which contains

oxidetion stabddy at bigh tempecinmsavihgn empiayeddaiani iviesnal combustion
oyed in lubricating oil conpositions are netal -

eggﬁFQInlng detergents. Specifically, an over-based

nmet al - cont ai ni ng detergent which neutralizes sulfur

oxi de produced by the combustion of fuel and disperses

conbusti on depoBACKGROWNE Off EHFINVENERN al | y

enpl oyed. Particularly, a lubri- cating oil

conposition for marine diesel engines which is

Doy @hgithelspargclilagn fall stioké wrunkpitentdidaetbngineb, @e generally

A-heavy ojl or C-heavy oil ,shoul d contain_over-based

e méﬁrﬁﬁlr@raef%aogé%ﬁwesv@weweﬁpﬂ %ﬁ{%ﬂiﬁ pyver and
Rl i

g?iﬁlbgﬁg@a h met a[ ﬂﬁgﬁglﬁ%gn al%hﬁgjlsﬁal [ n ﬁ‘%gsatrﬁ operated
smebiily usimlgi clypbdtating d\hccambd)sa’ssn dihgreccsaains yadbusiadditives.
succinimde is also generally enploy- ed. Exanples of

ot her generally enpl oyable additives include a zinc
Gl fHddrhad |§9@§BH®RJ%H% AHRAHAY o%bﬁfbo%ﬂfo\@%ré%@f@l-
anti-oxi dation agent and an extrene- .pressure agent
canidirang detpagerds.abpeciiziilaenaveapened sihl- -contapinngodetergent

m ne, co t he

whe S Pl BTRRHEE vy T ERkblistof i QRPARY tberses

 c6nBablidIF deFSsiR@NBh ANl ERekadreralfeBlbl8e. PaRR®lariavqubri-

been gettlng severe. In addition, ‘these di esel engines
caling eibeemposior fasirogrine Higaekenaiees whichHavpatatea csbgsiiah

| s@lﬁ%ﬁ%&%ﬁﬁu%&@%%@ d‘ﬁﬂéﬁ\éy of B?Cr—r%a% oﬂds?'f%né]I c&%am over-based

metal-containing detergents. Most metal-containing detergents are alkaline earth

metal sulfonates, alkaline earth metal phenates, and alkaline earth metal

‘salicylates. An ashless dispersant such as succinimide is also generally employ-

ed. Examples of other generally employable additives include a zinc dialkyldithio-
phosphate compound which serves as an anti-oxidation agent and an extreme-
pressure agent and an organic anti-oxidation agent such as phenol compound

and amine compound.

Recently, the operation cenditions of diesel engines for generation of electric
power and operation of marine vessel have been gefting severe. In addition,
these diesel engines are forced to employ a low grade fuel having increased
sulfur content. Moreover, the recent demand for economical operation and

increase of maintenance efficiency requires extended service periods for using a
1 .
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i ncrease of maintenance efficiency requires extended

service periods for. using a |l lubricating oil with no

substanti al exchange. Therefore, the load applied to

the Jlubricating oil has increased recently. The

| ubricating oil is consumed during the operation of

!@f@ah@@ oil withisugtbssaritied skchangsr. iTbataforg, die load applied to the
I to conpensate the consuned

uﬁ%&% aBpkgg"ﬁgé%%%L%%egyysulfur oxi de conpounds and

conbustlon resi dues produced and deposited in the

remai ning lubricating oil increases. Therefore,
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ydr ocar byl 't cyl at'e car ate avin
detegioratlonstrebvis¢asjty amdehsgh det ergency. It can be

prepared with | ow production costs. These publications

describe a variety of 20 conpositions for engine
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previously mentioned, the present invention relates 't

and Japanese: Pisyissinal Paterd Mcaﬁlwmaﬁ%&gﬁmfba mltai-
oL Bh R LAkl TS SRS Bifgporon

salioylits thboxgat) mesirgualgh t&@rrﬁaleﬁglbm@wmmgh @Fé@brgency it can
%asol i ne en i nes. For exanple the lubricating oll

BrRR7EEY WA Tow PredGhioasats. i Phess nuicRionsedgsaridecy walisty of
C%B%W&% fo?efngh‘l'é Iﬁﬁﬁ&ﬁﬁ] dikunk piston diesel engines.
ccordi ngly, the preg

ent invention relates to a
| ubricating oil conposition having a TBN in the range

of 5 to 55 ng K risi a il of

| ubricating vi s%ﬂﬁ@%%‘PgEﬂUQ’%ﬁE%ﬁb w % based

on the total anount of the lubricating oil
As previously mentioned, the present invention relates to a lubricating oil
composition having high thermal oxidation stability at high temperatures which
are favorably employable for lubricating various internal combustion engines such

as diesel engines and gasoline engines. For example the lubricating oil

compaosition of the present invention is very favorably employed in four stroke

trunk piston diesel engines.

'A_ccordingly, the present invention relates to a lubricating oil composition
having a TBN in the range of 5 to 55 mg KOH/g comprising a base oil of
lubricating viscosity and
a) 0.19to 2.10 wt %, based on the total amount of the lubricating oil
composition, of an overbased calcium carboxylate having a TBN of
100 mg KOH/g or more, wherein the wt % is expressed in terms of

the calcium (Ca) content;




10

15

20

25

30

35

35 conposition, of an overbased cal ci um carboxyl ate

having a TBN of 100 ng KOH g or nore, wherein the wt
%is expressed in terns of the calcium (Ca) content;
2 5Db) 0.002 to 0.06 wt % based on the total anount

of the lubricating oil conposition, of a o _
bi s- sudvi AidPde G Undanpd o8ithe tetabampunt pkthe lubricating oil
expressed_| - f e, .1 - Yo/
0007 ¢ o B ECEH, g bR oorhbo Gl hBrein W % is
| ubri cat i agpres$ed moermsiof themitrofem (¥) centent; and

di al kyl di t hi gphaosphat e having a secondary = 10 al kyl . _
gr oup, c&hé@@?ﬁo ?Jhg] Vit gf%haéeéﬁarta%@a' FMObBE %theﬁtﬁirﬁ@tmg oil
phosphor usy kB siBONt S 7 : i thAesnd

pr esent inveﬁt?'on ’re?jtazt"ééaitag(ygd#r}%t ggsg%l@ﬁhnpro iangeon any
t he oxi daslkgrgretpbivhénein tie vai Bhs erpressead in tesmsfofdhe

i nternal conbustion.engine, 15 particularly a four

st roke tr%‘?@%‘%‘f%&)cﬁ"g@ﬁ- engi ne, by operating the
internal conbustion engine with the l[ubricating oil

conposition of the present invention. Anong other '
Irs a&trthes embasiipessi@stpressrdinvention seletaseio amathed of improving

u (81N LSC [ h certain lubricating oil.
R B GO b Ee B S el bofRioath Shaine.
paicdiatly arfoat eioRd trinmbietbrediBssle@ind) by BpRiraMg the internal

conbusti on engi nes such as diesel engines and . )
CQRBWStioneending With thelubaicetiry piEsomrppsition obtherpresent invention.

I NVENTION 25 In its broadest aspect, the present

invention relates to a lubricating oil conposition
Amawvgrogher faejoos, thepuedeno fnveatien lm' baseld druthe ﬁfip'riﬁigg discovery
th\élf é ?:gﬁétg%HBEﬁ%@%ccgmov l ﬁ?](gesl%g %V%e,%g]m%%v%%x%igﬁttg mperature
ORI SO BRRP SRR, MG chrABucdh BholhBE sugh as diesel
erginesjakOgagolindCeBmses. O | of Lubricating Viscosity The

base oil of lubricating viscosity enployed in the

| ubricating oil conposition of

DETAILED DESCRIPTION OF THE INVENTION

In its broadest aspect, the present invention relates to a fubricating oil

composition having a major amount of base oil of iubricating viscosity and an

overbased calcium carboxylate, bis-succinimide compound and a zinc

dialkytthidiophosphate, wherein the TBN of the lubricating oil composition is in the

range of 5 to 55 mg KOH/g.

Base Qil of Lubricating Viscosity

The base oil of lubricating viscosity employed in the lubricating oil composition of
the present invention generally is a mineral oil or a synthetic oil having a dynamic
viscosity in the range of 22 to 300 mm?s at 40°C. There are no specific
limitations with respect to the nature and other characteristics of the mineral oil

and synthetic oil. However, the sulfur content of the base oil is preferably not
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the present invention generally is a mneral oil or a
synthetic oil having a dynamc 35 viscosity in the
range of 22 to 300 mMm2/s at 40C. There are no specific
l[imtations with respect to the nature and ot her

characteristics of the mneral oil and synthetic oil.
lags e P, wheo, supreurrelesahli lassdhan RODwk &, shostipseferably less

¥, not 3 less than 0.1 w % nore preferably
R

03 wt % nost preferably |l ess than 0.005

% The m neral 0| | is preferably prepared by
rocessing.a n.ne oil of lubricating oil
Eﬁé@'nﬁfaép ippredera b(pcrr@a@regttaf RIGRBPHAY PARINGFal i of dpricating oil

A2 PP PRt B ko B ARER R Shd Mifipgenation
ptdoghsihgdmmmeﬁecmdm acaiasiahgil (nlavmg bewndsudgested tohigh

oA RERaA e 06T SPEBBL e Sl e al Rl
sﬁ&ﬂ@ﬁ%&bs&fmd%&tm tHe 1@ drhan té 1‘8b aﬁd ﬁ‘aé“értt bRGRRtC

content of 1ess than 50 ppm a sul fur content of
C¢r@§§n@mtzmnmtm6 tassthen ayd\é; & cmdmgefn euhtemsf |$ﬁseﬁhen|‘5édppm

2, P it Bt Depeedd) g% Ehiatie RO e Brerrec

- ik aesil ¢at boa gkl viskekigaaaet base 6l dAGHeNE.pré &ed by processing

synthetic wax was prepared by mneral slac
syrehelifeviaRy ismeratipr langdydraganatiphtdnagking- oThe synthettc wax

was BRaPRe Py R sk Rkl el Lo

atons), a sebacic acid conpound such as dioctyl
sebacate, a dial kyl diester prepared froma dibasic
The PYtBekHORSYaati basalb car beglyypcolgiin wcaﬁaeraﬁrepared from

b
o R b B cF BB o Bl SRS oo
setdate, BOAIQRASHESIAE pfbpatsd BOM @bbvkResr@sach ag 22810 Kol or
of 9 to 40 carbon atons. 25 The synt hetic oil

adjpisack ayd anmicahes havyng ditpud cc&sh@r@atmnarmpelmk/@stm piepared

BBl oA U % S PRIER ol S
aledbdormedradng aiholsifta todecaboneitorhbe synt hetic oi I is

referred as the base oil for the lubricating oil
Tieomystierid ShoereTahecariaisa o Fuliue ROMBRUNd GRSt Nighdhermal

stABilG Rld Jﬂgﬁ ‘Fle?{ teshitshc® BRIVEr, RAS Sy RiNetiE 3 pP&duces little soot
enpl oyed 3ingly.
and carbonaceous deposit. Therefore, the synthetic oil is preferred as the base

oil for the lubricating oil composition of the present invention.

Each of the mineral base oil and synthetic base oil can be employed singly.

However, if desired, two or more of mineral base oils or two or more of synthetic
base oils can be employed in combination. Further, if desired, one or more
mineral base oils and one or more synthetic base oils can be employed in

combination.

It is preferred to use a major amount of base oil of lubricating viscosity in the

lubricating oil composition of the present invention. A major amount of base oil of

4
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However, if desired, two or nore of mneral base oils

or two or nore of synthetic base oils can be enpl oyed
in conbination. Further, if desired, one or nore

m neral base oils and one or nore synthetic base oils

can be enpl oyed conbination. 35 It is preferred to
Mkmagngﬁjs{@es&éh@mﬁ@ﬂrmd hriein @@mpraﬁea 4wt Gaer mgre. Preferred

NGRS bt Vaddof BSnohitPlb 61, R0 o£ORMASLER Afteler i 50 wt

present 1 nven maj or anoun ase
% wWho7 edt% o predstbly aswd%‘ fon@tiwh ey end nestpréfersbly 00 wt %

1085 i Yol hepoiipsing B earepanion gy BardhehLRe P Ush:
"R R U PRt ot lbo o Sl pnigee

-oﬁidmmmlmftado)n (When wei ght percent is used herein,

it isreferring to weight percent of the lubricating

oi | conposition unless 10 otherw se specified.)

Over based Cal ci um Carboxyl ate 15 The overbased cal ci um

car boxyl ate enployed in the lubricating oil of the

present inventi o@vhessadTh GaborglakiDH/ g or nore

and can be prepared in the nanner described in the

af orenenti oned references cited in the Background of

ThB®veryard eibiurhhrieweide $eshi6ved iUt Ge iXing afilefthé bresent

be in the anbunt of 0.19 to 2.10 wt % preferably

inyegtion Hag aTEBNof 900 eg KOHYe armeorecang canbri Rrepsred Fﬂaﬂ”@O

rfetlel SRR Oh in& ABIEREN iGN PR BIBEE SAE 1] Me! Syl of
& oCa C|un1cont esentative éxa

trevienbat@d Thd ovenpasad bebc)d rat:ermlgrralte gaisbairr ﬁﬂeeambmm@fw 19
aOm)unt (nmore_than 00 of the fol|low n
(@ Bk RISLRIOY O BBIta Uon Yo fgsid aiiRiolel SBGUharhe

I}
’@‘ﬁ%ﬁ‘,ﬁ%@" %B@B%t@q 8PP RN Yelthof the CSRIMARRIE. A
representative example of the overbased calcium carboxylate comprises a rela-

tively large amount (more than 50 wt %} of the following compound A and a

relatively small amount (less than 50 wt %) of the following compound B:

Compound A Compound B

Ca_ OH ﬁ
o0 C—0CaOH
Cag |
R
R .

in which R is an alky! group having 12 to 28 carbon atoms.

The lubricating oit composition of the present invention can contain other metal-
containing detergents in addition to the overbased calcium carboxylate.
Examples of other metal-containing detergents employable in combination with

the overbased c_alcium carboxylate include sulfurized phenate (e.g., sulfurized
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C-OCaOH . in which Ris an alkyl group having 12 to 28
carbon atons. The lubricating oil conposition of the
present invention can contain other nmetal- 30

contai ning detergents in addition to the overbased

cal ci um car boxyl ate. Exanpl es of ot her

calsiuah pbemte), metigladen evlfirates enpyribeti sulfomatesmisi. pacalem

t he .ov d cal clum ¢ ox¥l at e i ncl ude

S%‘P%‘? ?Bﬂ Ssﬁ‘é\/ﬁ%? e(ge %ac'qu?ﬁ}p[?%d cal ci um phenate),
petrol eum sul fonates or synthetic sulfonates (e.g.,
cal cium sulfonate), and sal | cylate (e.g., calcium
salicylate). Bis-S O The
| ubricating oil conposition of the present invention
contains a bis-succinimde conpound (i.e.,

The dghriviating il eomipiositidardf ad 'pmht invenhtion eomtains 0bisGsUaBRimide

to 0.06 wt % _preferabl 014 to 0.02 wt 9% d o
CORBOURS G16-cHHEGIMBIe a1 Jerhedias) ind b AmoIELALR0DE 18 05 wt

"/%'bqef%?‘émfﬁ%ﬂq Jb'ﬁ) éfwg@un C?stea% hErt?ﬁ??gﬁgﬂE 8fthe 10Bcating oil

succltnim erab
cainkesifibs aod iexprasged am tezrmsad)ﬂ«thda suimgleniOﬂjthdEInda béselsdcﬁ:inimide
froma deri at vVes.

g Braabhus dar ARR S esRimids or 5 Akt Faimig] derived
frb%bb@ﬂ[elﬂﬁtdﬁﬁ%uﬁﬁ‘iﬁ'tﬂé'd“erﬁﬁﬁ\)’ég e N %%@cmlrﬁrﬂie can be

nol ecular wei ght al kenyl or al kyl, followed by further
prepaced, dor wanhpla, by slirgadtion ketepen ysam:sne axmyﬂaﬁauamgl ahigh

e S e b eyl el R cbirondmtd " ©

pOIyeR§eAEp By amirddcditainira) 4 tcea@tpreferaei ERIT, autpcgjetbaﬁoamper
conmpound cont ai ni ng 50% or nore yl vi nyl i dene

rr@deqyl& uFer exemplal EedissHgeirinide cpmppéme@aa;bere@eﬁr&shby a
R rg%[‘y glctcgﬁglﬁfé%%%ygﬂla%H{e% Jt rﬁ;ﬁ%ﬁfn'd%j-.t@g%g?d@ rihdrd

nrne contai'ni ng

rr@tl@ﬁ\ﬁnyﬁkdleyie&tmw?e ahdtmalgmmydnﬂe,ofeﬂowedi g ukeactiorhef the

hi h nol ecul ar ht al ken or alk
Ehsr%rtsute@f' |§HP‘§)B mdﬂg%% aap%w%&'e%a%@ag@%zsontalmng

T Y
wefghaaikedylforajikyet gooumprefelabiyis @blybutermtinsaum@d roynber-average
ool dei okt S rondn dyiprenorieieh e Scifbonat o

(e g., ethylene carbonate), or an organic acid.
The bis-succinimide can be employed in the form of a modified succinimide which
is obtained by reacting succinimide with boric acid, alcohol, aldehyde, ketone,
alkylphenol, cyclic carbonate (e.g., ethylene carbonate), or an organic acid.
Preferred is a boron-containing alkenyl- or alkylsuccinimide which is obtained by
reaction with boric acid or a boron compound. The resulting modified succinimide

compound exhibits high thermal stability and high anti-oxidation property.

The lubricating oil composition of the present invention can contain other ashless
dispersants such as nitrogen-containing ashless dispersants (e.g., mono-
structure type alkenyl- or alkylsuccinimide, and an alkenylbenzylamine) and/or
dispersants containing no nitrogen atoms such as an alkenyl succinic ester in

addition to the bis-structure alkenyl or alkyl succinimide.
- 6
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30 Preferred is a boron-containing al kenyl - or

al kyl succi ni mde which is obtained by reaction with
boric acid or a boron conmpound. The resulting nodified
succi nimde conpound exhibits high thermal stability

~and high anti-oxidation property. The lubricating oil

conposition of the present invention can contain other
ashl ess 35 di sper (trogen-cont.ai ni ng
ashl ess dlspersant%a ¢Did QQQ#¥%@£%re type

al kenyl - or alkylsuc0|n|n1de and an

al kenyl benzyl am ne) /or dispersants containing

The ?m&wkﬂﬂﬁwpagwaé@ empl%xq@elﬁ;}he Wbrieatier 0é§9€w0§ﬁion of the

PREEL HPRNR Ao oRy W B i i amqm of 0 007

tod0.4b ktl °dj preferpblysh63s & 8:0FRoyteld, basdchen thedtotalamoumtaifithe

. t t tion has,a secondar
*@r*@ﬁ?nsggw g‘%“ﬁ%f{'%? anbisbiasseiid s the PBoHI a8 coptent.

TRe Jaﬁ<y é@‘r%i?*&bbﬂaﬂa&@%‘m cht%%th sHAIPESEE B alkyl

the fo rmunt of the ricating ol corrp03|t|on
gr@nas@imeeaeedxalkylduﬂnwlasfphateecqmm paorndarg aityeptoupsThe

OB e R L bl B ot o 3 S8 B B o
ofttha | gfdupisuFiies @mtoﬁamﬂam%pﬁ@mﬁ@@&yn elel‘sy;bnrﬁé@umyt

Q herwi se, a portion (e.g., a relatively s portion
groueh Tae se@ggdaIryaaikstywﬂazlec%alkyisltmmpmmhatwan ge@mm@oyed in

cﬂful&i%?ﬁorﬂwﬂﬁ adi'%%l}’all (i:%ln G%H%%EBE%}%@@; ?)%ﬁ@arff Iwgyoup In

thely @dsley trda bmephmsmkﬁdmﬁﬁ Hsm;permd Byrmherally erapliyadtn an
Wi th a} zi nc_di al kyl di t hi ophosphate having a prinmary
APy ol @8 MRle Yeppgd @I&gﬁatte[ giwcidiglpddithippposphate can be

b g&ﬁm eperal |y enployed in an
Eﬂqwgggd”g?ﬁ% ?ggb ﬁgréﬂgaad the latter zinc
di al kyl di t hi ophosphate can be 20 enpl oyed in an anount
of 2 to 48 nole % Clheg Adzltlves The [ ubricating oi
conposition of the pre r on can further
contain other 25 oxidation inhibitors, such as pheno

oxi dation inhibitors and/or am ne oxidation
Thenlbbreatingsoil ci:@manmmoﬁthecﬁreaemmtenti@nwtano/ﬂmpeec@rtam gther

o b ol s B SSHRa hh RRRRI Snd ohon
inhibitors, in an amount of 0.01 to 5 wt %, preferably 0.1 to 3 wt %.

The lubrication oil composition of the present invention can further contain a
multi-functional molybdenum-containing compound in an amount of 0.01 to 5 wt
%, preferably 0.1 to 3 wt %. The molybdenum-containing compound mainly
serves as friction-modifier, oxidation inhibitor and anti-wear agent in the
lubricating oil composition of the present invention. The molybdenum-containing
compound further provides effective high temperatures detergency. The
molybdenum-containing compound can be incorporated into the lubricating oil
composition of the present invention in an amount of 10 to 2,500 ppm in terms of
the molybdenum metal content. Examples of the molybdenum-containing
compounds include, but not limited to, a sulfur-containing molybdenum complex

compound of succinimide, sulfurized oxymolybdenum dithiocarbamate, sulfurized
7
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mul ti-functional nolybdenum contai ning conpound in an

amount of 0.01 to 5w .30 % preferably 0.1 to 3 w

% The nol ybdenum cont ai ni ng conmpound nmai nly serves

as friction-nodifier, oxidation inhibitor and

anti-wear agent in the lubricating oil conposition of
oxyaclybderum dithispheselate mame}rauéygnﬁiﬂnéahwmheﬁgompound

R ST PSR ML TR e

sulﬂﬁQfommﬂlhgdm)lyE)@eﬁdm cbtpldxcairhpourad bf Scirimifdesis tpiasticularly
of the present invention in an anmount of 10 to 2,500

%%V?ﬂot"@‘rrﬁﬁs%ﬂetefg@% ﬂﬂi’eﬁﬁ*ﬂ?ﬁ%%@s -cont ent .

Exanpl es of the nol ybdenum contai ni ng conpounds

i nclude, but not limted to, a sulfur-containing
Th@llqmntehmm[t cnpipezltlon offffeupeseht isvedtion cardiirther contain a

U S e
a%ﬁ'ﬁ{ 681 ﬁ?MWﬂ‘%’ Exé’r’ﬁb[@%' Mgﬁ@@%@béﬁtﬁ;ﬁﬁ%k #heaNbECarcAditth

oxynol ybdenum nonogl yceri de. fur-containi ng
pwwewea@myéfdh!dImatha@wlﬁé@h@twetwpmmiameo@pogmer styrene-
articul ar e to ease det ergenc hi g
ofBhisap fiipbiner oG Rl Pl Mo te T s P
uﬁﬁi@v@r&%‘iﬂ}hultm&ﬁﬂidrﬁmvi%@@sﬁWhH@ﬁ[mﬁl@%ﬁi Whigh avé 968HNéY by
i ndex inprover in an anount of |ess than 20 wt %

agytieg dispersancy tathe abp@enmestioned @olxmam ang alsr anprlegakie. The

vi%%fs)i/t}f/ ﬁi 'Hn%? acrylnat[g)‘%rﬂﬁﬁgéyl e gf@pyq%%'xg%r? %

copolyner styrene- butadi ene copol yner, and

pol rene. Dispersant-type viscosity index 15
Th '9@ iRg gihgomBPEIfion ghtE Iiesentinkeriian gan fyg8gr contain a

vérLS?y Bﬁﬁﬁﬁsxéﬂﬁ S sp?@gﬂﬁgs BYtheggéﬂs&ga | oyav%gr?ﬁé{lHEQ but

ove- ne tione rs are
notilipaitesi by oxiddion inhjitovsFasti-o@ar bgeeisgkay exins ditigbyarbamate,

I A T
coﬁﬂﬁﬁln%' AnipAftilistdubhs BRPEESIchhs | HBrPILES edic?s ¥ind

addi tives include, but not Timted to, oxidation
palyshilfidasopispaphate weters Jywspbit¢ estgrs, ariderganic amide compounds
di t h| r bamat

thyl .. ,

s, eV, Mt ety aingeospowds wsham benzsfisze
corAPRMastEnd SidAarol c6MPbahdy Bido CRRRUAAB oSEE N ARS-rust agents

sul furized olefins, sulfurized esters and
and de-emulsifiers such as nonionic surfactants (e.g., polyoxyethylene
alkylphenyl ether, and copolymer of ethylene oxide and propylene oxide) also can
be employed. Friction modifiers such as amines, amides, amine salts, their
derivatives, and fatty acid esters of polyhydric alcohols and their derivatives also
can be employed. Anti-foaming agents and pour point depressants also can be
employed. Each of the subsidiary additives is generally contained in the
Iubricating oil composition of the present invention in an amount of less than 3 wt

%, preferably in the range of 0.001 to 3 wt %.
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pol ysui fi des, phosphate esters, phosphite esters, and.
organi ¢ am de conpounds 25 such as ol eyl am de.

Met al - deacti vati ng conmpounds such as benzotri azo
conmpounds and t hi azi azol conpounds al so can be

enpl oyed. Anti-rust agents and de-enulsifiers such as

" nonionic surfactants (e. GXAMREBxyet hyl ene

al kyl phenyl ether, and copol yner of ethyl ene oxi de and
propyl ene oxide) also can be enployed. Friction
ThHe thivieineos williod fatheaitiuderatedcalny thesfollaningexaadles, whieh set forth

30 derivatives, and fatty acid est (eles_ of pgl h Flri C
pailigeiagy §dyarfagpeis Mediad aPodinents.oVhta e X%'ﬁ%e@y%" .
ot . oot )
P ey BB BE PR eE I PlorP Bl e 7RE ST kR e
generally contained in the lubricating oil
conmposition of the prese i nvention in an anmount of
less than 3 wt % prefeﬂéﬁ@@ﬂﬁathe range of 0.001 to
3w % 35 8 EXAWMPLES The invention will be further

illustrated by the foll ow ng exanples, which set forth
Afebridatiog st lcpmpdsinnd §BdL SOrmag HAHEn S msaesity gieideeSAE 40)

Wi BeRe G U S DRdyS S BRls Sikfane BES B, 1T Pho e
Exanp)| &/ekbasddudndigat darBoiate QPBRO 946 ingie KBNS, a38ixture of a

nmgKOH g, SAE viscosity grade: SAE 40) was prepared
cqrgpwgw? olethe Gferemangorad femmia imwhichds 8as1E:to 1§ egrbon atoms
afY §RATANG B Bl D SRR AR & AJEDh 198 AR kB in 2

m xtur or a corrpound 0 e arorenentl one ormul a

weighwhitiohof BOMGEsinlah amolift ofat hdwtdb dmeermarnsd Ca comipntind
of the formula in whic¢ch R has 20 to 28 carbon ﬁtgms,0
in &) RiEshHsturesicsiymidpdispersan itipgriheorientyO-pas it %,

Pl Oy bSO Ay B MR RNy s
ofthy0 {meeah inombze} weemopemiuya)l dod & prodoiet prxiuned pydheamaliragction

o A s S SRR, b 3 BOCAE R o o

50 mole % of methylvinylidene structure) and maleic anhydride) in an amount of
0.018 wt % in terms of N content;

¢) zinc di{secondary)alkyldithiophosphate (P 0.049 wt %, Zn 0.054 wt %, S
0.14 wt %, prepared using a secondary alcohol containing 3 to 8 carbon atoms)
in an amount of 0.05 wt % in terms of P content;

d) base oil (dynamic viscosity at 40°C: 140 mm?sec.) of the remaining

amount.

Comparative Example A

A lubricating oil composition having the same composition of Example 1 except

for containing no bis-succinimide (component b) was prepared.
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of pol ybut ene (nunber average nol ecul ar wei ght:
approx. 1,000, having at |east 50 nole % of

nmet hyl vi nyl i dene structure) and mal ei ¢ anhydride) in
an amount of 0.018 wt %in ternms of N content; 25 c)

zinc di (second ary)al kyl di t hi ophosphate (P O. 049 w %
Zn 0.054 wt % S O%m_ti’@ﬂm@usmg a

secondary al cohol containing 3 to 8 carbon atons) in

an amount of 0.05 wt %in terns of P content; d) base
Adubridadingaii dbrMic%ﬁQBxi Hiaw&?g th@@méé@mm@ftlsa@fExafnpﬂdﬂ& except
remai ni ng anount. npar.ati ve K Exanp

far@entadning ﬁ@ﬂ'&fﬁn big @Hﬁe@w SUFCIREAS, @cqmréoré%@) nor zinc

b AR BT R (ot e Rbd ey o

Conparati ve Exanple B A lubricating oil conposition

havi ng the sane conpgsition. of_ Exanple | except for
cont ai ni ng neither 6§@ﬂgﬂﬁﬂﬁﬁd@¥ﬂgégg§|ﬂ m de
(conponent b) nor zinc

di (secondary) al kyl di t hi ophosphat e (conponent c) was

Apiubmatseg oil KOnGmrsiErehdving Ebeasﬁm@ c@npoblibniaf ﬁtxaﬁgal@ﬂ |except

BB enar e e GErhia R BT ARTBARSbhat RnEATRL & ith o
zfik m@ﬁﬁﬁ@ﬂé%ﬁiltﬁhﬂp@b&ﬁhﬁ@ﬁ%@ﬁ@ﬁ@rd@Oﬂﬁ?@ﬁﬁﬁépr@ruy\fcbh’ceat of

15 zinc di'(primr | di t hi ophosphat e was prepared
thmlgﬁph@ggmawplI(gﬁrﬁﬂryﬂ@hc@ﬁphatmyas mq aame as that of the former zinc

h h
e kSR D ndar y) 2l kyl di £ hi ophosphat .

Conparative Exanple D 20 A lubricating oil conposition

havi ng the sane conpositi on of _ Example 1 except
J anomparatlve Exampng P

A lubricating oil composition having the same composition of Example 1 except
for reptacing the bis-succinimide (component b) with a mono-succinimide

dispersant was prepared.

Evaluation of Thermal Stability at High Temperatures

The thermal stability of the lubrication oil compositions at high temperatures was
evaluated using the JIS (Japanese Industrial Standard) K2514 1SOT (indiana

Stirred Oxidation Test). This test is used to determine the oxidation stability of a

lubricating oil composition in the presence of copper, steel and heat.

(1)  I1SOT test was performed under the following conditions:
Amount of oil: 250 mL
Temperature of the test oil: 165.5°C

Test period: continuous operation for 96 hours

Test resuits are determined and expressed as follows:

10
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for replacing the bis-succinimde (conponent b) with a
- nono-succi nim de dispersant was prepared. 25

Eval uation of Thermal Stability at H gh Tenperatures

The thermal stability of the lubrication oil

conposi tions at high tenperatures was eval uated using
t he Viseogitydpaiease: %@fam@meﬂ At 48t@eéigr the gomingougeperation,
| nd i i i T o H i " i
("800 A1 8o aLL e oq g8 15 0106 ot
| ubrtheatpengtiosi;l conposition in the presence of copper,

st ee nd heat . 1 SOT t was perfor nder the
Fol | BRNGSEBAB P B STRGE it TBFae Upbg ek and
TenpesRtfHitish (A8FM 9?896’)‘: Békel%e’épaé’b%ra_iﬁ to RETM B2896.
cont i nuous operation for 96 hours Test reSults are

determ ned and expressed as follows: 10 5 Viscosity

2jancr.gaste: qteterrri ned at 40C after the conti nuous
(@per B¢7' RS Sexpr essed as a rel ative value to the

Vi scpsdtir¥sil@Sarelset foth hhBe FERIwiMG Tabrfore  the
operation; TBN retention (HCI): 1n terns of %

measured using HCl, and TBN retention (ASTM D2896) :

results Test results are set forth in the foll ow ng

Tabl e: Exanpl %at i ve EXa@mphsardathROBxYnprosi ty

0.971. 211. 191. i NCrease
A B C D
Viscosity
increase 0.97 1.21 1.19 1.18 1.16
TBN retention
(HCI) 65.0 61.5 60.7 60.5 60.8
TBN retention

(ASTM D2896) 92.4 89.9 86.3 87.1 88.8

Remarks: The lubricating oil composition of Example 1 gave a viscosity increase
of 1.02 after additional 24 hours ISOT test (total: 120 hours).

The lubricating oil composition of the present invention provides low viscosity

increase and shows high TBN retention. Accordingly, it is clear that the

~lubricating oil composition of the present invention has high anti-thermal oxidation

property at high temperatures.

11
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TBN retention 65.061.560. 760.560.8 (HClI) TBN retention
92. 489. 986. 387. 188. 8 (ASTM D2896) Remar ks: The

| ubricating oil conposition of Exanple 1 gave a
viscosity increase of 1.02 after additional 24 hours
| SOT test (total: 120 hours). The lubricating oi
WhApESHAIMGH i%f the present invention provides | ow
viscosity increase and shows high TBN retention.
Accordingly, it is clear that the |lubricating oi
conposition of the present invention has high

3511 2 (g &l &apasioR ba0RG A @Y ur Mneg @i to 5 g
CoNMpQ&hL nqﬁﬁnh@ﬁ’én@a@n&%hﬁuhh@f & ?QQ@OH’Bf ﬁjbﬁ'l@a% 08cosity and

KOH g co sing a major anmount of a base oil
| ubri caa) ﬁg19/i032:d)@|wt>9/oatmseﬁ00rayhedom an@tmtmt)thmu%tcatmg oil

b d the to b

conpos: ti ATPSBtah, A BuerBastd et cERsIFiShaving a TeN of
having a FBb neg KOHIE orindsetihBiersin B &t %l\ﬁeé)@ir@séé&ﬁn%rms of
%is expressed in terns of the calciumcontent; Db)

0. 002 to theoelgitmgoniasted on the total anpunt of the

lubric 0si L, i m.de. ,
comourtl, St 8106 kE et e doiel eBlotR U LBl ing of
t he ni trogempoesifibandf, amsﬁdmﬁnﬁ(ﬂgcbmpauﬁé wherdin hasetl% is
on the total amount of the lubricating oil

conposi t i ExPTEsFEd iNnzieRBsif M Pitiguenicopipsiist e having a
secondag y0 (ﬁi?kt}ﬁl W‘L‘p/b t#%%ﬁ%rﬁh%%ta%mo hE ot 1668&ing oil

in ter the phosphorus conte
composni:on of a zinc dialkyldithiophosphate having a secondary

alkyl group, wherein the wt % is expressed in terms of the

phosphorus content.

2. The lubricating oil composition according to Claim 1, wherein the amount
of the overbased calcium carboxylate having a TBN of 100 mg*KOH/g or
more is in the range of 0.38 to 1.15 wt %, based on the total amount of the

lubricating oil composition and expressed in terms of the calcium content.

3. The lubricating oil composition according to Claim 1, wherein the amount
of the bis-succinimide compound is in the range of 0.014 to 0.02 wt %,
based on the total amount of the lubricating oil composition and expressed

in terms of the nitrogen content.

4. The lubricating oil composition according to Claim 1, wherein the amount
of the zinc dialkyldithiophosphate having a secondary alkyl group is in the
range of 0.036 to 0.072 wt %, based on the total amount of the lubricating

oil composition and expressed in terms of the phosphorus content.

5. The lubricating oil composition according to Claim 1, wherein the

overbased calcium carboxylate having a TBN of 100 mg KOH/g or more
' ' 12
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2. The lubricating oil conposition according to Caim
1, wherein the anount of the overbased cal ci um
carboxyl ate having a TBN of 100 ngKOH/ g or nore is in
the range of 0.38 to 1.15 wt % based on the total
amount of the 25 lubricating oil conposition and
expr 698WdISEH Mase b0 wide @glhﬂ oowinet eamppod Atand less than
| ubri ' j L ording to Caiml,
vvhergﬁ%%gﬁg%ﬂoﬁ@mﬁf&wgg%@gsucci ni m de conpound is
in the range of 0.014 to 0.02 wt % based on the
total amouynt of the lubricating oil conposition and
expr essed COBPURdtAr s oFOMPOURRE ogen content. 4. The
| ubricating oil conposition according to Claima1,
wherein thegamount of the zi®@ di | kyl di t hi ophosphat e
havi ng @Seco@dary al kyl group is 'n_(g{gg Il;{)ange of
0.036 to| 0.072 wt % based o =Y otAre@bunt of the
| ubricg @5 il conposi and expressed in terns
g phor content. e | ubricating oil
according to 1, wherein the

K()—I/gr nore 12 5 conprises nore than 50 wt % of the
foll owi ng conpound A and less than 50 w % of the

f ol | swivhighdd rspaualkyByroGp s ingd! 2fcCofrparined do@d. 0 11
C-0OCaOH 10 in which Ris an alkyl group having 12 to
28 carbon atons. 6. The lubricating oil conposition

acg: oMHE Mebricatikd @il ommposhtRheddotdify B Staifiue GiidrBlt@e bis-
conpound is prepared by a thermal reaction between a
pol ySugsiniande eompound icpisparast lbygasoesmal reastipn between a poly-

met h inyl | S r [ n '

T RIS Ry L RS e an
pol y maieioyhhydrius; ifdllcwernby flrinde radtibn f the resulting polybuteny!
pol yal kyl enepol yam ne containing 4 to 10 nitrogen

at omBUGFARIC ,@gﬁg@rm%wlth a polyalkylenépolyamine containing™4 to 10

nitrogen atoms per molecule.

7. The lubricating oil composition according to Claim 1, wherein the zinc
dialkyldithiophosphate having a secondary alkyl group comprises alkyl

groups independently having 3 to 8 carbon atoms.

8. A method of improving the oxidation stability at high temperatures of an
internal combustion engine, said method comprising operating the internal
- combustion engine with a lubricating oil composition having a TBN in the
~ range of 5 to 55 mg KOH/g comprising a base oil of lubricating viscosity
and
a) 0.19 to 2.10 wt %, based on the total amount of the lubricating oil
composition, of an overbased calcium carboxylate having a TBN of
100 mg KOH/g or more, wherein the wt % is expressed in terms of

the calcium content;

13
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7. The lubricating oil conposition according to C aim
1, wherein the zinc 20 dialkyldithi ophosphate havi ng
a secondary al kyl group conprises al kyl groups

independently having 3 to 8 carbon atons. 8. A nethod

inproving the oxidation stability a
t errper eﬁ)u@@g 23p 006 Wit fe.crasgr addhis defel amoyﬁgph@e Igiasieating oil

hod
Trotoe. or ERORS It 8k LG ANiAL bERBnT R GIBIRE Y i
in the reaxgessdd b teombDf thge KObHeN conmnltsamg a base

3/; | bggé{auﬁﬁo? ﬁteio? B i’&f’# ‘Q‘fﬂ%\i?tﬁ% 0@3“3 n@’al @prvehﬁ tﬁ@]"es@ncatmg oil
CO”DOS't'&ﬂRP8&n§W(ﬁ%ﬁﬁﬁ@%ﬁﬂgﬁ?kﬁ%ﬂﬁ%@ e&i%secgndmy

having a TB
W % is exlpylagsen, whenemt’rw wif % i Mpmlsed umten"mstce‘rthe 13
10 15 b) to 0.06 wt % based on the total anpunt

of the |Léh?%? [CHP conposi tion, of a

bigs - $h§ eAdihed BEcEaROBTlaintBERAERIA iR iWterial éombustion engine
expressed in terns of the nitrogen content; and c)

0. 00T & upstrekerunk piséeediesal engne.ot al ampunt of the

| ubricating oil conposition, of a zinc

di al kyl di t hi ophosphate having a secondary al kyl

group, wherein the wt %is expressed in terns of the
phosphorus content. 9. The nethod according to C aim

8, wherein the internal conbustion engine is a four

" stroke trunk piston diesel engine. 14
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