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LOW SULFATED ASH, LOW SULFUR, LOW PHOSPHORUS, LOW
ZI NC LUBRI CATING O L COVMPOSI TION 5 FI ELD OF | NVENTI ON
The present invention relates to a | ow sul fated ash,
| ow sul fur, |ow phosphorus Ilubricating oil
conposition favorably enpl oyable for lubricating
i nternal conbustion engines such as diesel engines,
gasol | ﬁ%WSUEFATEQﬁﬁSFP%d‘ﬁﬁs@ﬂﬂuﬁnﬂmﬁ)ﬂ’éSPﬂO@US
di met hyl ether fuel. Particul arl the invention
relates to HOVSEIRGE LHB&HCa’éHNG&IL GAMROSITION
phosphorus lubricating oil conposition which gives | ow
adverse effects to particulate filters and catal ysts
for cleaning exhaust gdEgasORTNWENTIONher ef ore can
cope with the exhausted gas regulations adopted in a
near future. In nore particular, the invention
rel at I [ [ i~cat i -
oi | cgfn}}l)eto@ %njf ﬂ@%{eﬁ reI%%gJ%JE? t é&\%%hrl% yars]}g, &%ﬁggg&, iedvfglgosphorus
ahnbncmingIods:on@bﬂgorhfadbmb@rdmﬂogﬁabed fohwbiriogrirg in&edl Wombustion
cont ent %’ proxi matel y O 001 wm.%or | ess
i

peEieE 5y CSth DSR2 LINE TREIBES. 8B Cngings @8d PRginggi Yiing
e&iHieBﬂz?chE‘ﬂ ﬁu@] Pﬁlﬁ@%ﬂ Sthe %ﬁ?ea kD1 APRAEA MR, Tow
(particularl |cu I'ter or an exhauste

gsaéfuclle\alphocg)holals all:ylsat)ng QDCWW@VEHEM AVENE b%bts to

g R BT up R T o BBt b SheFiGre can

PERY vl tHEaHALa&d éaﬁ%&e%tﬁ&itﬁ-}s RforRed HS &@ﬁﬁﬁ@@%qn&aé articular,
aust = gas conponents such as particul ates and IQICR

G\he inysttaureatns tag itterssl W@hm@omw Ipbrienting 0O wenppsitioe
' \%’hl%ﬁ 1seﬂ%rgbl& eﬁ:p? nu?%rg: u?né?be}rcéF En)mg ﬁy%g?%gom’g{el ﬁavtlgge a

csmeﬂaﬁmém ))f appirdximateBXMOOS . Yasr leésep\ﬁtlﬂgar%pm‘ﬁrﬁbbﬂ&s powered
such as a particulate filter or an exhausted gas

PeatiFify %%weaw%rtpe@ authopy gxpausird gas sleaping @epaé@w%l(gagttquiarly,

W%W%M oi | conpositions
|ﬁ#%?%§xﬁ%ﬂ%%§£w@8 %Sgggﬁﬁgaﬁ¥gﬁ ch have a hi gh

sulfated ash content, a hlgh phosphorus 30 content and

a high sulfur conte , ed for these aut omobi | es

on which the exBaks A EIGINVENTIO;

nount ed, the soot produced by conbustlon of the

| ubricating oil in the engines would | ead to deposits

on t hd'oparternaldogybustidry emg_ine@qngicalllary diesehengdwet increased efforts

%%g? ﬁ%ﬁ%ﬁﬁ?}ld%@é}%@ Z%gﬁéz}de%éa%ﬁr%s or rec%cmgsemdls?s?cl)r%reggseh%y exhaust

gas components such as particulates and NOy. One method for addressing the above-

mentioned issue is to equip the engine (such as an automobile - either by the original
manufactarer or by aftermarket components) with an exhaust gas cleaning apparatus,

such as a particulate filter or an exhausted gas cleaning catalyst (oxidative or

reductive catalyst). However, if conventional lubricating oil compositions for internal

combustion engines (which have a high sulfated ash content, a high phosphorus

content and a high sulfur content) are used for these automobiles on which the exhaust

gas cleaning apparatus is mounted, the soot produced by combustion of the

lubricating oil in the engines would lead to deposits on the particular filter. Generally,

the soot deposited on the particulate filter is designed to be partially removed by
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1 oxidation or burning. However, there still is
probl em t hat resi dues produced by the burning the
conventional oil soot, such as the netal oxide, the
sul fated ash, and the carboxylate, may |ead to
plugglng the filter. 5 Mdreover, the high su

abion o bemisienHeweyert thercrstilljis gr@h@rratﬁl@tsreéldwsmr@@ca@ pythe
oﬁun?ﬂ%,&k@c%ﬁ%n%hgirbﬂt %ﬂgpﬁ }%SQ}%eemetrzl (9)(1519 gheem{éﬁtagﬁl and the
gas. sul aci’d or sulf
agvierxgRkey nﬁfyfleﬁtts ptugginaehefiial yst cl eani ng
ef fectiveness. In consideration of these problens, it
is required to reduce the sulfur content in the fue
to a lﬁgﬁlovésﬁle ‘PiY% HRPSSH R BontARELTALE g.lel' erletatbsSsulfuric acid
antici pat ed t hat reduction o W %O cont ent
i or shilfatks, wéméxibei mn@‘a*edntp nhe ¢rxdraved ga‘su"ﬂm migr#pm of the sulfuric

fuel  f t bi | whi ¢ch
CHBLE i Bert Bt e Rl T BT oo oo
Sé'%lsllder@ﬁon é‘ﬂﬁéé&’ﬁr@ﬁélﬁé Vit 19 r&fddreio réduéench& bafigaseehiatthe fuel
the fuel contains a | ess anobunt of sulfur, the anpunt

oib adevedaaloncasmoasiblengcapedinglyehis mtmip@wd ithat tecedyssion o aulfuc

i nt ubricati tra fu

b IO AR fn thhed! TR pbZpatholt it 81 Sy
1&orhethlek 6 WHAM o dbde] Bnded islnﬂfhn(}fd riob,ehds wknlfoagdntat 6 bmall as
i's burned and exhauste Ther ef or e, is considered

tapRrOximate kbR St % nthe s dhay sheafval wefams g Jgss;amount of sulfur,

I r

VR Gk Hl ikt BEELEAZ Bect FRA 15 iB0hoRd AR Bl aring o

sfisk higtrnraligmp tselfiirid zmd ken betedicalt Arigbmnaltmg sil pregkeimreagdines for

for .reducin deterlor on of the cat t. 20 .

Jlabla??é@e wgwmoar?é|th6§a%ré9?@néaﬂ|l$ E%?@#%@%%%%@mfm it
%Bl%@der%laﬂ 6858 ntd bf ?}Qﬁﬁl‘ﬁfr{l@@rﬁi rAeth iRl lﬁ&‘ida\?mﬁg il |prr]eferab1y

conp05|t|on or internal combustion engi nes,
aare hpsmab s mmbbnMorwvbn\thephdmmno nlﬁﬁlecphnsmus C@nte@\‘/\ﬁnd sulfur

S ul fur B’gtg i@%}p?tg%p qqhig pg.%%vrr ﬁlqggeéi]ﬂang ﬁet&}‘lm@ilq‘l 85@16 catalyst.

adverse influence to a particulate filter and an
oxidation catal yst and shows good hlgh tenperature 25

det er glepangse wasmﬁk Eeftmt&bbwt@a@ﬁ@? 33 (PripntBydicghioml)
t
{]ﬁo‘;?l‘abn 5 ta%ﬁl% 61F g %ff %@55?190@1%? 1nté’rﬁag%oﬂltoh&gﬁlseéﬂg—ghgf, which has a

ion co
( WwWneh abntént a Wﬁlﬁsphdﬂd@bd]ﬁéﬂt Ca 1owl sulfossenngtaangul lbwrchlorine
content of 0.1 % or less and, the follow ng

aefaant-ids degpribed iubélaafeﬂg ol cqpanosignighves hrss Bwascgnflugnge to 2
g}gﬁ}ﬁnpcg.g%t? ﬁgﬁ%ﬁ%%?&QOR RathiYst ArQLRowaERIIHigPfempelfuei |

detergency, and therefore can satisfactorily cope with the anticipated exhausted gas

. regulations. The lubricating oil composition comprises a base oil (mineral oil and/or

synthetic oil} having a sulfur content of 0.1 wt.% or less and the following additives
dissolved or dispersed in the base oil in percent amounts based on the total amount of

the oil composition:

(a) an ashless dispersant (alkenyl- or alkyl-succinimide or its derivative) in an

amount of 0.01 to 0.3 wt.% in terms of the nitrogen content;
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30 (a) an ashl ess dispersant (al kenyl- or
al kyl -succinimde or its derivative) in an anount of
0.01 to 0.3 wt.%in terns of the nitrogen content; -2
(b) a netal -containing detergent having a sul fur
content of 3 wt.%or less and a TBN of 10-350
nmgROH @, metpl-contasiipg ﬁ@ter@ﬁntdlazmg@ sulfigt copgang of 2o of legs and a
sul f at 0
di al kyle%u i ﬁ?%‘g Oﬁ/%(ﬁ?%%ﬂéﬂn%“ﬁt"f%fl Qlofpan s of a
w. % i mulfﬁécﬂr’sshafon&nt,phosphor us content; and (d) an
oxi dati on inhibiting phenol conpound and/or an
oxi dation inhibiting am ne conpound in an anmount of
0 t g; ' b

Sde( ineglrtéod%wlk e]t%g%}ygﬁédttgg{dgs dé%ig?f;(?]?l '5301?0 g% /bﬁ{terms ofa
W . % @hpipbsplseputsnicamt ent of 0.01 to 0.1 w. % a
sul fur content of 0.01 to 0.3 wt.% and a chlorine
content of 40 ppmor less, and to contain an organic
aghf nRbRldatah Inh(BM'thﬁheh& Gaipoahd &cH/brint BEdheh %{}ﬁﬁﬂh% amine
in an anobunt of 0.2 to 7 w.% 15 Japanese Provi siona
Pat ent CP@BPHW@WM@@G@@J@O@@ V4t ent Publication 2)

10descrl bes a lubricating oil conposition conprising a
base oil (mneral oil and/or synthetic oil) having a

| ubri cathieMgbricatsosil isyfuahg dafissd bhave 9 Bllendd oh cOnt2Znvaf.0% to
or less and the foll ow n? addi ti ves dissol ved or

di lspetos @ Bhosphoma o 0bP0Tite 0 devicem subve Gortentad Oddad

Ot t. . .
2ok 8526 GhE A Sonfin b i of RER AR 14 Wbteth B gFhnic acia
i trsetalesnit ahick é) contairaed in dreaietergant) 10 .20 Antoani0of3}. 3o, Pawi.to.
terms of the nitrogen content; 25 (b) a
nmet al - cont ai ni ng detergent having a sul fur content of
3.5 W (B Rksd ﬁ%ﬁsﬁﬁﬂ Byten! BMbIRhHHP2@3% TSSO P dent PAbRhtion 2)
anount of 0.1t %in terns of a sulfated ash
coletaives a (@)wzmng:orbmohpcyit@nmhmcphos pfraseeoil (minerabembamt/or

Ofsyr(a)thetlc 018 havmg a lubrlcapmg v1scos1ty anc? a sulfur content of 0.2 wt.% or less

15

and the following additives dissolved or dispersed in the base oil in percent amounts

20 based on the total amount of the oil composition:

| (a)  an ashless dispersant (alkenyl- or alkyl-succinimide or its derivative) in an

amount of 0.01 to 0.3 wt.% in terms of the nitrogen content;
25 (b)  ametal-containing detergent having a sulfur content of 3.5 wt.% or less and a
TBN of 10-350 mg+KOH/g, in an amount of 0.1 to 1 wt.% in terms of a

sulfated ash content;

(c) zine dialkyldithiophosphate in an amount of 0.01 to 0.1 wt.% in terms of a

- 30 phosphorus content;

(d)  aphosphorus-containing ester selected from the group consisting of
phosphoric acid esters, thiophosphoric acid esters, dithiophosphoric acid esters
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30 phosphorus content; (d) a phosphorus-contai ni ng
ester selected fromthe group consisting of

phosphoric acid esters, thiophosphoric acid esters,

di t hi ophosphoric acid esters -3 and phosphorous acid

esters, in an amount of 0.002 to of

a  phoéphBhaseh %\*ﬁ?éwtestqr%)maﬁaeﬁwmf 0&92 t‘?lﬂt%l“ﬁd*’ i terms of a
selectggmiﬁgﬁkg&ﬁmgroup consi sting of a phenol 5

conpound, "an am ne conpound and a nol ybdenum conpound,

in an anount of 0.01 to 5 w.% wherein a ratio of

d t hi
A8 2 aF oo i SRR Sl Gnsieting of 4 ! of
t hei r pHRSOHRAL MSamBRREABESd ahd aIHSlybsuh LRl RN ih ah §mount
further defined to have a sulfated ash content of 0.1

to I| f wE 094 tas mﬁ&spﬁt@m@ agaiint edribe ginc diatkyldihiqphesphetesty the
cont entrPROS Shnlnih St R 1 el B BT Sp s

acid geitahtssal t (mhlch |s contained in the detergent)
in an anount of 0.2 to 7 wt.% 15 SUWARY OF THE

I NVENTI ON Fornul ating an internal conbustion engine

| ubri cail fghQhiin &goqm Qe Q0D Rve é‘gliﬁ‘ﬁﬁd%h fc@r?t?tq @9 to
content, a | ow phosphorus content, a low sultur
cdnﬁﬁ%tapmﬁpM3qmmnmsnoﬁdﬂbmn@lWhééoonm@mtmmﬁﬁbﬁﬁﬂlto

I-cont det er and zjnc
%dﬁltcﬁ? {}H &feégt’ﬂ‘%ﬂ PRI OhissS AR By eonipdingp gganic acid
mrﬁertdl shiY (et Ralon AA-E 64 ¥R defekgenByin afl Qﬂ’{%ﬂﬁrof 0velol 7 Jawn
to those skilled In the developrent of | ubricating
oil conposition that the reduction of the content of
t he netal -contai ning detergent and zinc
di al kyl di t hi ophosphate results in | owering of

detergency at a hRUMMAREIOE THE BOVENTIONDI ity to

oxi dation of the Tubricating oil. Mreover, the

reducti on of the content of zinc

di al kyledj t bi %ggl(ﬁ Sﬁ{&iaﬁ corﬁﬁlgslrﬂ%ﬁ e{@ﬁ% ﬂi‘gﬁcétﬂ%aosl ngﬁg{srton having

resi st ance. I Ca
sulidakeldhtad ishaonicar) b lova phesphsiuk totitentC ol eloty subftr eorten,

gg&sﬁiﬁgggqﬁgﬁgg gﬁeecrotntemqofctﬂe g}%‘teal %ggtgirnlln%e etérgen?gﬁc? zinc
dialkyldithiophosphate that is heretofore used as a multi-functional additive. It is,
however, well known to those skilled in the development of a lubricating oil
composition that the reduction of the content of the metal-containing detergent and
zinc dialkyldithiophosphate results in lowering of detergency at a high temperature
and stability to oxidation of the lubricating oil. Moreover, the reduction of the content

of zinc dialkyldithiophosphate results in lowering of wear resistance.

Both of the lubricating oils having a low sulfated ash content, a low sulfur
content and a low phosphorus content which are described in Patent Publications 1
and 2 are formulated to optimize the combination of various known additive
components, whereby the desired low sulfated ash content, low sulfur content and low
phosphorus content are prepared. Both of the lubricating oils of Patent Publications 1
and 2, however, are forrhulated on the basis of concept that zinc
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Dbt sheibrs o8
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30 and 2 are fornulated to optim ze the conbi nati on of
various known additive conponents, whereby the desired

| ow sul fated ash content, |ow sul fur content and | ow
phosphorus content are prepared. Both of the

I oAt . _ . .

oo PRk Hlou i T R RGHRSI BREIOR, plfoed ash
zicaatent, iva bW iir dontbitoptids phbeplehoulodichecaamp teyredliced to exceed
Terﬁﬁﬁﬁgm the desired | ow sul fated ash content, |ow

sdl Fur con{ent, and | ow phosphorus content cannot be
reduced to exceed a certain level. 5 In addition, the
present inventors have found that soot produced by

bur ni ng" addifigrp theaesengingentors dapofiund dret sem pridneetbyzburoing a

di in_internal . ..conbustion .

endire) S ARDARRAR Feltud Bh€ SRR IR i el

aggmbgsiioa capinby paeioulaliiadieRDERER] 8 dpOb B8R0 8HhSAN. The

accel erat es ar of the engine parts. 10 Accordingly,

aReHSHUEd ortardqned pons eprelcRics WedrbViedmeinelnatsi cat i ng

oil for internal conbustion engines, nore

particularly diesel engines, which satisfactorily cope

with tAseordmglyc apasped: eithainstntgmso pagidend nbrisating il for internal
the aspect is,directed to provide a . ,

?I{I?rghdqe engiges, WE Falpsiactorily cope with

C geasibipad SRS rdffiopar ticul arly, a diesel engine

| ubricating oil conposition, which is characterized

by a | ow sul fated ash content, a |ow sul fur content

and a - rus content .. and whi cont ai .ns .
essent ?Igﬁr@aﬁ%f){zﬂl A e"f‘& %&Faﬁ? i Effﬁ?"\gg ﬁg@iﬂ?ﬁ?’ég, O%QPB‘WUOH for
mimérnalzionusibrainges, Hhdrd gagRulatly a\digeNasShe BiBfcating oil

cl eanin apgaratus such as a particulate filter or an

e SYTRRSIEM: Yaichds eherackegizedbrpyew sulfgedash cantents a ddvomslfur

- 909 HGhEL BRD E%osﬂb\%l‘?{% Eé rgghtt SHRAET 4 %airgsggss%%%ﬂgvr\lg Yinc

20
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resi stance, a eeps ‘wear caus

pliothybdidhicphosphate, whéreby indnislizing hdveprasfiinet RVANXAESs gas
hﬁve .di scovered that a _Ilgbri ating oil conposition

s HEH M RRBHIUS eh 81 apRTEcutng it e errbpusied gasiglegring catalyst,

t BRATSH $Ho bhdyt X at LAaL) I

Py et ok e k@ ¢ st PR HERAE W defufce, and
coaisb keensovrar eamsedly thg prodveedisatt kyd kit laivdphosphat e

whi ch are disclosed in Patent Publications 1 and 2,

can be prepared with enpl oynent of essentially no zinc

The present inventors have discovered that a lubricating il composition
showing wear resistance and detergency at a high temperature and stability to
oxidation equal to or higher than those shown the lubricating oil compositions
employing zinc dialkyldithiophosphate which are disclosed in Patent Publications 1
and 2, can be prepared with employment of essentially no zinc

dialkyldithiophosphate, by employing the following components;

(a) a mineral and/or synthetic base oil having a saturated component of 85 wt.%

or more, a viscosity index of 110 or more, and a sulfur content of 0.0] wt.% or

less;




di al kyl di t hi ophosphate, by enploying the follow ng
conponents: 30 (a) a mneral and/or synthetic base oil
havi ng a saturated conmponent of 85 wt.% or nore, a
viscosity index of 110 or nore, and a sulfur content
0 ine ear | o/
ol rkalfh? orul B8] et ScichPin RGO G g oo n
terrrs crérmddfallkahﬁeeaa-tﬁﬂnem&ﬁltemontent, (c) nitrogen
cont ai ni ng ashl ess di spersant having a wei ght average
nol ecular 5 weight of 4,500 or nore; (d) an oxidation
[ bi t I LS
1) Ol SR i S ep BN RATRL SEHO lcholecue
51 nhi bi tweightadid.500 of edorg basi ¢ ni t r ogen- cont ai ni ng
conmpound- oxynol ybdenum conplex in an anmount of 0.3 to
2.0 wt. % Accordingly, an aspect resides in a | ow
b%ﬁ at eh cxsdacioh @WMiKitdr kelbgted ﬁ%&ﬁ@gﬁ%ﬁﬁ kHSsistin g\(‘)’f abh&folic
| ubricating oil conposition which has a sul Tated ash
cont entoxgdatign inhikjtor on appmine cxidatisn inbiitfiter; asdnt ent  of
0.01 to 0.3 wm.% a phosphorus content of 0.08 wt. % or
| ower, and a zinc content of 0.07 w.%or |ower and
10Whiex h  copicimsegehhenfabiihovimghudsey@blybagsthm bl Wean
conmponents: (a)_a ngj or anount of a m neral and/or
synt hetdouBhed- 39 2.fadi%g a saturated 20 conponent of
85 wt.%or nore, a viscosity index of 110 or nore, and
a sulfur content of 0.01 wt.%or less; (b) an
al A«a:loirdimglg,aantdspmteaides ond Baivns;uh@tedabla ngenrtifimloanplaoyphioris, low

ofO %.in ter aline earth o
5 Wbt ol] PneEinicR wiieh By BRed A HGETAGHD &da 1.1 we%,a
15 dI SHRBF Sidnt 6f 0.81 Weo IRk %vaeﬁrﬁjgﬁm@@d c%‘ﬁfgn%f m wa% oObwer, and a
4,500 or more in an anount of 0.01 to 0.3 wWt.%in
t einrscontentof).0F v énor lownat mdtwhlslﬂ)a(rdprlm theéaldowmgé)ase oil and

OX|d§z%\tv%%Qmpg]pénP|:tor selected fromthe group consisting

(a) a major amount of a mineral and/or synthetic base oil having a saturated
20 component of 85 wt.% or more, a viscosity index of 110 or more, and a sulfur

content of 0.01 wt.% or less;

(b)  an alkaline earth metal-containing detergent in an amount of 0.01 to 0.4 wt.%
in terms of an alkaline earth metal content; |
25
{c) a nitrogen-containing ashless dispersant of a weight average molecular weight
of 4,500 or more in an amount of 0.01 to 0.3 wt.% in terms of a nitrogen

content;

30 (d) atleast one oxidation inhibitor selected from the group consisting of a
phenolic oxidation inhibitor or an amine oxidation inhibitor in an amount of

0.1 10 5 wt.%; and




phenol i c oxidation inhibitor or an am ne oxidation
inhibitor in an anount of 0.1 to 5 w.% and -6 (e) a
basi ¢ ni trogen-cont ai ni ng conpound- oxynol ybdenum

conplex in an anount of 0.3 to 2.0 wt.% The contents

of (fhe 0 (

arSint s” per. VG REIRERaR: Foapu L m o el p
IOM/pho@pMUnu§O3H@QKtwﬂ% | ubricating oil conposition.

The lubricating oil conposition of the invention shows
good detergency at a high tenperature and good

resi st angecdn@nedthe AldiRUShp oheﬂ'i@ébt) Acl, Q&g §1&H (e%l%%ﬁﬁﬁhs per

10 content, a | ow phosphorus conten | ow sul
cothedow sulfiiesl asbra lovngilis edawiribsphorusolo zinc lubrwatmg 011
dl&h@% ﬁ Bhlophosphate Therefore, the lubricating oi

I'on of the invention is favorably enpl oyabl e
for | ubricating an engi ne which uses a hydrocarbon
fuel haying a sulfur content of approx. 0.001 wt.% or
| ess, phi& hubmaélrlg;@ﬂ&ﬁm@a%%@f the mvan%@bsméﬁ@p%detergenoy ata
eq I r
(e REhettepd o s GRTALSILAL, B3l AR RRAPER diTaied
100r cmmmucatlowqahoaﬂmh;ssm)ﬁenf[ hrd & ldw sudfr icoigent] ind contains essentially

0Si t i re. partjcu arI defined hel ow. .I.n
enc flﬁ@ﬂia@fqngamhﬁ@ i%ﬁﬁ%gq thedubricatipg g &em@%%aop the

t hﬁweﬂtm 19PB%babl di NSRBI CONRAYRSn eﬁgirﬁé%ﬁaﬂﬁ@es a hydrocarbon
conpl ex is a succinimde-oxynol ybdenum conpl ex.

anfehlsavirgspadiur condgentwbaprrex.itld) loowip o lask antlcsllarly an automobile

TGRS AT PISBRIRS SR Pl Sy

15papdriiaiatafiltyr & BQRidkivdoPledh@B8)kataBBt)] N anot her aspect
the lubricating conposition is characterized that the

sulfur content is 0.3 wm.%or less (particularly 0.1

. % or [
conposi TSRt eih oA a8k BEk SR RLe bR 4R o, o one
. medspbet cloaTubdicuting combedigeanis chmadianing (B4l thd bdcotitrogenecoafpound-
an al kaline earth netal - 30 conta|n|@% salicylate
de%w&h eﬂ%Sﬂl@pk@th%@ syccpmiderrmely FH%C?IBPI%O

Ln

In another aspect the lubricating composition is characterized that the
phosphorus content is .01 wt.% or less (particularly 0.009 wt.% or less, more
particularly 0.005 wt.% or less).

25 In another aspect the lubricating compeosition is characterized that the sulfur

content is 0.3 wt.% or less (particularly 0.1 wt.% or less).

In another aspect the lubricating composition is characterized that the alkaline
earth metal-containing detergent contains 30 wt.% or more of an alkaline earth metal-
30 containing salicylate detergent having a total base number of 10 to 350 mgeKOH/g.
More particularly, the alkaline earth metal-containing detergent further contains 30
wt.% or more of an alkaline earth metal-containing salicylate detergent having a total
base number of 10 to 350 mg+KOH/g, 10 wt.% or more of an alkali earth metal-con-
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More particularly, the al kaline earth netal -contai ni ng

detergent further contains 30 w.%or nore of an

al kaline earth netal -contai ning salicylate detergent

having a total base nunber of 10 to 350 ngKOH g, 10

w.%or nore of an alkali earth nmetal-con- -7 tanmn

p Heiminseohgpate dejergenthayingg: tatal basamuperofnldrp 850 @fg°1£@ /gand 10
K d r re of I

ot L o S R ol b e Pal by PR e P R o vl

b&&eeﬂmmbserofof)td@samg%oﬂ@KO—Vg 5 I n anot her aspect
the lubricating conposition is characterized that the
nitrogen containing ashl ess dispersant has a wei ght

averagqy @H&tﬁ%sﬁ%ct WRi1g 'caﬂfl g it is @Férgcte&eﬁl{he{t% fitrogen

ni trogen contai hing as ess er sant

bi ®@n&irteg ashivsel dispersargp hhsyaswexghmwrage mdl&ulan vamngdtt b€6,000 or

aspect ubr.i catin n is characterized

© HBETet Mo BRI gFT SCHATBTE SR BBETaRIT b s 3 OGRS &
LE@RIAiahI bitor and an am ne oxidation inhibitor

is contained in an anount of 0.6 to 3 w.% A

preferred phenolic oxi dation inhibitor is a hindered

phenol und a the am ne.o r
o o AP et Sie)ice e ARG © Shisider bk e
| udxidagiah ift@bicR REIeatd oM d Shebbidd @a8RTonZRK bithadndtaR@mine
basic  nit ro?en conmpound- oxynol ybdenum corrpl ex is

c oridating énhibitains eontinnd igan gmgueinf . to Iyt %,

(particularly 0.3 to 0.8 wt.%. In this regard, the

basi ¢ ni trogen-contai ni ng 20 conpound- oxynol ybdenum
corrpl exA pfeééresrdqiﬂeyolhamcmtieu hihibitordns Bimtleredl pBerdd corapdurid and

% The lubric orI osi tion described in any
f’fhr ABING O igngﬁl&) 9% 1agy ARG FORPMSE ns an al kal i

nmetal boric acid hydrate and preferably in an anount
of 0.1 25 to 2.0 wt.% and/or a viscosity index .
i mpr oven aggher dspedt drd lybricating pempesitionvis sbasétenyzedribigthe basic

o B bt v Ot RGP ABlRtcs > CRAAPHB BTy of 03 0 10

Cqu(bérh@lﬂaﬁﬁﬁg% badwi ). aMthRfreddi® RSPAE HitroRAV@ntdiBiNg
be characterized in that the |ubricating oil

c mmwvnd—ewrn@imb%ﬁnnm qeepkexrireBorbly kaslagulfur eondgsth 08 BRAT@0.5
quynt ai ns zinc dialkyldithi ophosphate in an anount

The lubricating oil composition described in any of the aspects above may
further contains an alkali metal boric acid hydrate and preferably in an amount of 0.1
to 2.0 wt.% and/or a viscosity index improver (particularly a dispersant viscosity

index improver) and when employed preferably in an amount of 0.2 to 10 wt.%.

In another aspect the lubricating composition described in any of the aspects above
may be characterized in that the lubricating oil composition contains no zinc
dialkyldithiophosphate or contains zinc dialkyldithiophosphate in an amount of 0.01
wt.% or less in terms of a phosphorus content, more preferably in an amount of 0.005

wt.% or less in terms of a phosphorus content, and even more preferably consisting of
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w.%or less in terns of a phosphorus content, nore
preferably in an anount of 0.005 wt.%or less in
terms of a phosphorus content, and even nore
preferably consisting of 8 essentially no phosphorous
content. Accordingly one aspect is directed to
phesialy oo phéspherchubumitant Aagprdivalyouietarpassisabiresled & i bed

CHE o i L e R Ryt o bR CARES " 1

content/sul fur content are 1.7 or nore. |n another

aspect the lubricating conposition is characterize .
tﬂlat t Bee aspnetes she IHprigage ALTEBRR HF fﬂﬁtgfb@ﬁé%ﬂ%tmet?gléaha"'a”h
c | ne. canten " or less (particularl
36w%§?mﬁﬁh§,'%nén%|§ﬁgaggrﬁﬁﬁghe or pol ysucci ni m de gr

a derivative 10 thereof which is obtained by the steps

f ti hi gh - :
east - BOmPET 4 PRARE T e FOREOS P AP G e asless
Sgﬁ@régéﬂ-g&lt%t{ﬂﬁggisﬁg%éﬁlas 2 CRIBALL Bhi&RBELD Wonsnt 6x lgisve a

ut enyl su I ¢ anhydride and reacting the
p (aytinuit z2lyy30swic ppm),@nd{hhysapqzidi@idﬁ: ethpolysuccinimide or a derivative

| yal kyl | yam, ne. y .
S ORI eSS RO s s
a,0eLd ¥ B ofe rﬁ&ﬁil@ﬁ@lﬁdeﬂé iR dnd nebéianiedridy uhde thermal

steps of reacting a highly reactive paql ybut .
akqbtroteilitions tagisle nap]grb@t)é@ﬂﬁipgmm@ﬂ@griéq %rglerggdtmg the

terpol r.and .k ng.: : i o

B N T e

Ig%é%%ﬁ%%ntﬁﬁinﬁgﬁsﬂ@mﬁt iok lpoydkcitimideddiatdevigative thercof,
nts conprise t I i i i

CorfoR iAoy (RTSSaREo ES T SE g PoyEpre e

el ow. , Bas ) 5. i . : : .

conpBlrr S Bl P TRCEA IS hudhd R bronaie promue

Olamidd) dh@polgethyrniies.i c oi | which has a saturated
component of 85 wt.%or nmore (preferably 90 wt. % or
nore), a viscosity index of 110 or nore (preferably

120 or  nor ypfR{EEPIHESCRPVIGROPTHRIYENION
sul fur contemnt— ol O .% or Tess preferably 0.001
W . % or |ess).

The base oil and the additive components comprised in the lubricating oil

compositions of the invention are farther described below,

Base Oil
The base oil of the lubricating oi! composition according to the invention is a

mineral oil and/or a synthetic oil which has a saturated component of 85 wt.% or more
(preferably 90 wt.% or more), a viscosity index of 110 or more (preferably 120 or

more, mote preferably 130 or more), and a sultfur content of 0.01 wt.% or less

(preferably 0.001 wt.% or less).

30

The mineral oil preferably is an oil, which is obtained by processing a
lubricating oil distillate of a mineral oil by solvent refining, hydrogenation, or their
" combination. Particularly preferred is a highly hydrogenated refined oil
.9




30 The mneral oil preferably is an oil, which is
obt ai ned by processing a lubricating oil distillate

of a mneral oil by solvent refining, hydrogenation,

or their conbination. Particularly preferred is a

hi ghly hydrogenated refined oil -9 (corresponding to a
hgc@rm;mdmgdo ehidrocmppiedalil, (ypically havé gisessity yaden @@iszﬂf more,

LBk o TS TRONBL T P8 YESTEY PRER B v

apfleay) add MEbINGHE SaTRRIIRAL coBt 6NTO Wi %ld} 1ws). h axidnllcms &
In additi on, an mneral oil mxture containi

hynﬂiiqij@lrtnbﬁg@lrg contpiningdhevsliparagded g ipen %ngpntr?g 38 wt5/o Or more.
5 Tl?“ﬁ Fi&é%ﬁ&%ﬁlﬁﬁqnah&s a%‘f%%@gbsﬂy ﬂid%g oﬂ'(%%ﬁ%b h¥vihPE e cosity

as h n oSI t 140 or nore,
S pRlek b ¢40 bn/mdlépsﬁeﬂﬁﬁ:ﬁ[» 146htb dlﬁO) whichisobt@dedlyy subjecting
subjecting, mneral oil- i n slack X_or %%nthetlc

\Aﬂ}%ﬂ?jﬁlé}j]a?ré@nﬂa%‘ﬁ}”ﬁéf’myé‘f‘ et iET SAET URa
Frf%ﬁrz&?c e%l‘g h??x% % aﬁd)a LhHdLISh BB Re @ill Thelleirocracked oil

FoCrac | ow sul fur content and a | ow
r hss alloat sutfar bomers and EIhIW sntiughawigonacontswt 26! BoApsiawi on

property, and there fe ol
10 Rt iR GF DOEORL R Pa o e ih EAY R Ralfl of
E%&HBbﬁ§orpéfthQ§W§anhetl c oils (synthetic |ubricating
base oils) include poly-a-olefin such as a

polynerlzed conpound of a-olefin having 3 to 12 carbon

15 at 0?5 Q@P]&S Oiélg Yntat e&l&‘iéynﬁle%ah?&% ?Eésg oﬁébQHciﬁ&a

sebaci IC acl or a

al 6gh@loldﬁa\éuagas4a dlyxi;&xxbarcbmpoatd)mfm ollef]lplhaﬂhg)'} t«oj'lbcm‘pbn
sebacate pol yo ester which is an

f . .
15 1,030 ko egPeR o BRte 261 OnEREPTTR TGP B el or adipi
%Ia[r)ﬁ%h%lc%ﬁ Gha'&ﬂlg 4 lhtcgrb%ﬁ aﬁfi‘ﬁ@%x&ﬂlg fsctydBébacate; a polyol

enzene havin group of to 40 carbon
ate@t@BwhiEhes aryffﬁtd?eﬂf itd, lotrimeg]eﬁekpmpaye gnpﬂn@,emghrltol and a

tiall [fur,. shows
Cymmenerebls Aidthryd” Rodtaihedieto oot iRtk byihgan ol
‘ %&gﬂﬁl 9 Ao r&%n‘?@ fﬂae M}ﬁlﬁbﬂctoﬂ' denbuny @dntaﬂibl essefittriky, no

nt'’hetic 0| I's preferab | oyed for the,
201 u;brﬁmahomc@dlstabdnpusmmdﬁwn@ndgh@d oRy EasisiapRe, and gives less

Par t d. £
L P TRAR R

d;{lwh%rfa} th@ dbrRBghSHNEdRSdsitioni Jf tesinvarioanidrogdatly preferred is
SI n

desi red,
poly-o-olefin, from the v1ewp01nt of the object of the invention.

25 Each of the mineral oil and synthetic oil can be employed singly. If desired,
two or more mineral oils can be employed in combination, and two or more synthetic
oils can be employed in combination. The mineral oil and synthetic oil can be

employed in combination at an optional ratio.

30 Alkaline Earth Metal-Containing Detergent

The lubricating oil composition of the invention contains an alkaline earth

metal-containing detergent in an amount of 0.01 to 0.4 wt.% in terms of the alkaline.

earth metal content.
-10 -




two or nore mneral oils can be enployed in

conbi nation, and two or nore synthetic oils can be

enpl oyed i n conbination. The mneral oil and synthetic
oil can be enployed in conbination at an opti onal

ratio. 30 Al kaline Earth Metal-Containing Detergent

The lubricating oil conposition of the invention

cont ai Ae alkabihkerrihmeetalagontrinine tetbrecuintreficrabhghad etsefgesnntent

in unt of 0. A WML % ft
oA R B les? inin N Gupthidg honmbisT o ol v ROR
nmet al - cont ai ni ng detergent preferably has a sul fur
content. of 3.5 wt, %or less and a TBN (total base
5 nunber Examples of te 38pliny raly yetabeapiainpl detergentsiggnerally
al. ' | - GO I rall
e P oG s oRlyBs (e SARrpr SRR gptoum
s ghfferateses/npedo alilématepeindehismtessul f onat es, synthetic
sul fonates, and salicylates. The al kaline earth
nmet al - cont ai ning detergent for the lubricating oil 10
conposi e > nt
and o 105 ARsflpe b0 shER Bl BBl BT RRE D
10 c@entmpotitiamdf the mydetiat lmvinger loasish godegragd a lownuldimsnient

t f |1 t i .0., . , d
D eemBts otk bl s pgn o epder i e oineShsm Coptahs o
t hgetAQhAMARGtdRaE 3hmbéiqe. gRAY. ¢, BSd BREardesbE 6 bRdetumber

detergency at a high tenperature to the |ubricating
oihigheotheo ghat exmected SorThe casfteined matal dprpravidggrihadieningg high

D AT R T AR

1spreferred is a calcium containing detergent. 20 The
al kaline earth netal -contai ning detergent enpl oyed for
the | ubheeiaremecaipm-copispbag detengeris a PHam-oR Al g fctergent and
pr. . ) L Al 0, r i . _
TRt GO ertidelard BRI SehAEREIN Y Lacith
sabhtaitigs detdrgsritng a TBN (total base number) in the
range of 10 to 350 ngKOH/ g. It is preferred that the
| ubricating oil conposition further contains 10 wt. %

20 Or  mor et @Sl hag-&HMidifling detergent employed for the lubricating oil

composition of the invention preferably contains 30 wt.% or more (particularly

40 wt.% or more) of an alkaline earth metal-containing salicylate having a TBN (total
base number) in the range of 10 to 350 mg*KOH/g. It is preferred that the lubricating
oil composition further contains 10 wt.% or more of an alkaline earth

25 metal-containing phenate having a TBN in the range of 10 to 350 mg-KOH/g, and
10 wt.% or more of an alkaline earth metal-containing sulfonate having a TBN in the

range of 10 to 350 mg-KOH/g.

~ The alkaline earth metal-containing salicylate generally is an alkaline earth
30 metal salt of alkylsalicylic acid which is prepared by the steps of reacting o~olefin
having approx. 8 to 30 carbon atoms (mean value) and phenol to give an alkylphenol
and subjecting the alkylphenol to Kolbe-Schmitt reaction. The alkaline earth 1!neta1
salt can be prepared by converting a corresponding Na salt or K salt by double

-11 -




10

15

20

25

30

25 netal -cont ai ni ng phenate having a TBN in the range

of 10 to 350 ngKOH g, and 10 w.% or nore of an

al kal i ne earth netal -contai ning sul fonate having a TBN
in the range of 10 to 350 ngKOH g. The al kaline earth
net al -containing salicylate generally is an al kaline
edacbmpogBomet sl fugaheid decmpoyitigaumt@way ah@ir d Mihsadt The double

d.by th
DHP B e BN FERC RO RO Bls i Dfbsjaua
t Sh1GinSs apt 18 iR m resdiifh Sl DEGHVRE thél elkglpkwqm Iilsedlcdctly
to Kol be-Schmtt reaction. The al kaline earth

sequirabizad th&ivgrisSaral vHyclcis iy BYR PHlgrciedds crREepY i Yf@‘édmg
a@»e &algfurrﬁsa%@ilﬁiieb’l‘hlg %Hﬁle?s; i3 é%s @gﬁﬁm ik bBe Hf %(i%Hi* Jt¥hfersion

eco ion rnto
diibihe sa}tt@'mam oS tham uhau crfg(crlhd Schmmtcrhaomlbndﬁle@ﬁaﬁlﬂl)? alkaline

is not preferred ec sj dual | ori,n
t et Iggtglr@qtqmlpg,éa %éabisé]stan n@pﬁg& ﬁia;l.}ge eag%h metal
ﬁ&@#@ﬂﬁlls gl%f)ﬁb{l Sf Eﬂe)’con‘ﬂ)%ttlﬁﬁlof K‘é‘ﬁ)eIS%hghft’ Peabﬁ@n &Rl the

n turn subjected to carbonation, for
ysx&ﬁxdncmgldEdetcbmpmsaim anchisah TBY iattee ranpe of Ht 9c¥9ang-K OH/g

di sadvant S yield of conversion into
t FROTE BFS %%ét??%&ﬁ:ﬁoﬁ@n that of Kol be-Schmitt
reaction. Therefore, the alkaline earth

netal -containing salicylate preferably is an -
non- sultfisalseprsfeated hdt the adisaling eargh metal-SentpiningAeterggnh s an

- SRR e S PR R e SR BB AR ch bondipg or en
aafkBiMhd darth he:tdlanlg 6f HHhal ﬂfm\aﬁ@e I@K@aﬂlg, rk&ctionovith an amine
preferably 30 to 100 ngKOH g) . I S ajsggp _$ Ered.

{ PempaiRe YR AIcPE0wR kYA Bieh E%WPFY g GerePg e pdrosen.
a'i’hls% ﬁ%hcarlbggéféﬁed%%segta%}esodfh@?b’%@%ﬁib@r Afodgh it has a low

ni t rogen ding or an kali ne earth
neilﬁdonﬁeat tFoofnsampeb arm:dtalchelt oY at armimocaooretlilacid, can dagsedon

wth an amne 1 o) a _coppoun hav

hPEgicrERes ap pon- HARFER M CrithiE ol § TR ERe Stite (alkal

camRguad 1‘% flfn@ reﬁ@lgn@?a‘l: %ﬁ Tl c&thy®mdas bbiginabla$e the steps of

nunber ? ou has a |ow ash content. For

i m*amg:ﬂkylaheml dbrrsadihyde. and amties @aranu&mqr%p%'@ﬂ @ceoaging to
rred is a

h %M%cwHﬂ}ogﬁo @5\@'@ TERq Qﬁ)@%ﬁ(}(ﬁfé{ aq%ﬂaqzﬁldarﬁhtﬁ%lethgt}ﬂm}ﬁnohc

aRing! 46l deB@alLel the PRGN Hrallior with Sase ughaisrediciven hydroxide to
obt al nabl e by the steps of 20 reacting al kyl phenol,

fgmmh@mmndamnatﬁmét or an am ne conpound accordl ng

_ In addition to the alkaline earth metal-containing detergent, an atkaline earth
metal sulfonate which is an alkaline earth metal salt of petroleum sulfonic acid,
alkylbenzene sulfonic acid, or alkyloxybenzene sulfonic acid. From the viewpoint of
imparting high detergency (at the same sulfated ash level) at a high temperature, an
alkaline earth metal sulfonate that has a low over-basicity is advantageous. However,
it is required that the alkaline earth metal sulfonate having a low over-basicity is
incorporated in a relatively large amount. This results in increase of the sulfur content.
It is also disadvantageous that the alkaline earth metal sulfonate having a low
overbasicity hardly increases the total base number even if it is incorporated in a large
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t he Mannich reaction to give a reaction product having
an am nonet hyl ated phenolic ring, and neutrali zi ng
the reaction product with a base such as cal ci um
hydroxide to give the corresponding netal salt. 25 In
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it is required that the al kaline earth netal sulfonate
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non-sul furized alkaline earth netal salicylate or
phenate derivative. 5 The conventionally enpl oyed

.‘S'fdﬂfr@eh7(§91taﬁﬁ1'ﬁ§'&sﬁ}%sse]§fsfg&sémt al phenate is an
al'Tne ear generally Ca salt or

15

salt) @he nitwged-oontzisthgaisidyss ditpersent emplpedsior the uhﬂbz@atmg oil
al kalin

h h
r ggrpgcesgﬁ e%rtﬁfmnvm‘gon as g%ﬁ% I; %VCOI'WS ?lemggr \Q&gﬁt of 435()0 or more.
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reacti on. Therefore, the sul furized al kal i ne
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B T U S T
eihﬁ'hhg Befeadht S.@érhgminaleallar Weipitaddr00Cen haire mba Adlogers-containing
Di spersant The njtrogen- conta|n| ash ég éb er sant tan
e RPHEY SisPeisANtREINe giTs! ?{@gfolinP ‘5 ai:‘é’ﬁ‘éﬁﬁ? @ Yk
' %ﬁ%f)ﬁﬁ@ rgﬂ%s arfftt %ioﬂgﬂy %E@Qﬁtﬁ@érﬁ@dﬁtﬁﬁl P@SIQEES di’sfpersant

wei ght average nol ecular weig
pthefiag aMeyght avd:regesmbhamiaﬁ@e;lgmf OTWE or more and a mtrogen containing

P e e a e e bt rafe RRRLAP el b oth B e
weight average molecular weight used in the specification is a molecular weight

determined by GPC analysis using polystyrene as a reference compound.

Examples of the nitrogen-containing dispersants include alkenyl- or
alkylsucciniinide or a derivative thereof which is derived from polyolefin. The
nitrogen-containing dispersant is incorporated into the lubricating oil composition in
an amount of 0.01 to 0.3 weight percent in terms of a nitrogen content, based on the
total amount of the lubricating oil composition. A representative succinimide is
obtained by the reaction between succinic anhydride having a substituent of an
alkenyl group or an alkyl group which has a high molecular weight and
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4,500 or nore preferably is a mxture of a

ni trogen-contai ni ng ashl ess di spersant having a

wei ght average nol ecul ar wei ght of 4,000 or nore and a
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oi | conpgsition. A representative succinimde is

oshlgrined! By theymal wwagtiongrossss wieghne elleridn eomenyd is ameployed, the
hay, ' I k I

o 50, BoBOSELAIS T A Bl PR R 8 o o
pddsylaMort@reibd fighiyrreaction palybitege &ohinlfy ivethyiyénylidene
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rom pol yol'efrn, particularTy polybutene, having a
nirgheraciveryage fitheecagtiam yiskd ighighi, thetrbastion prpeluof necessarily

. 900 to 5, 000..5 Th f bt ai ni tf
PR aRyietduBo T OF Lg SRRy P Padienf T epB LR A g persan
ooV BRR ARMNIEH RE SFfQARY dbhPehdns (sBEdEIANE))S obtained.
perfornmed by the chlorination process usin

G Hicer el ovinoekerredThes thihpaly buiem swecpoaed gnhride is produced
in.it ' el d.
" EL R BTGNS el IR b oGy <R Bl il produced

PHOKBESnEIGNLABSCid anAydHRlcasTtid (Hdrpol yasityadepoly ik ddying an

2,000 ppm of chlorine. If the_ thermal reaction )
pRyEasSNIe sy e number indke waapelmip | L(raps Bokgule} fogive the

Egﬁ%ﬁﬂiﬂﬁ‘de" ;FHQ H&Ein%ﬁﬁ%ﬂu‘ﬁ%%%% ?!ne ger'act@&wﬁ%hx aSilBh1bohol,

rine (for instance,
aldehyde, ketone, alkylphenol, cyclic carbonate, organic acid or the like, to give a

modified succinimide. Particularly, a borated alkenyl(or alkyl)-succinimide which is
obtained by the reaction with boric acid or a boron compound is advantageous from

the viewpoints of thermal and oxidation stability.

Other examples of the nitrogen-containing ashless dispersants include
polymeric succinimide dispersants derived from ethylene-a-olefin copolymer (for
instance, the molecular weight is 1,000 to 15,000), and alkenylbenzyl amine ashless

dispersants.
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| ess). Moreover, if a highly reactive pol ybutene
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with boric acid or a boron conmpound i s advant ageo

from {Thehipdewg henod conpeuadrand Idiarames aROgR are aa‘sfamageous
S | S in

2 Pt Sofh SRS B PRI R ool Rl BRREERRL ThC ofylamine
diogpletisminhibitdeisipagttufarlg ndedragdeenebearagicaf has adepohymiesr derived

(for _instance,, the ] ecul ar weight js 1,000 t
15r00010¥ ,Corﬁﬁlaefgpﬁr@ﬁ% %Wﬁﬁ?wﬁ%ﬁodécrggﬁ‘?l(%%ﬁgm&’ 8 t?‘%%nt S.
- g uteU i donfthdt B Rinde©8 PROS bk A& inhiMtot R\EEREH R0 reduce

necessarl [y contalns a nitrogen-contal ning ashl ess

diosjplati saddterirastiangraasedibyiNGel ecul ar wei ght. | f desired,

the other ashless dispersants such as al kenyl succinic

-acid ester dispersants can be enployed in

20

25

30

conbi nath@Bles Bf % hildletc@rphbAdlioRidadion Ahiligasinciade
oxidation inhibitor is selected froma phenolic type

o2, Gadi-tabritylep-cresqled . xnethy lenebis(Ar ditthysy Iphgnol),

s N6 AL b PRGDRL LR T APLE N Roply AL RIEPF 6 0%t Butylphenob),
4,4'-bis(2,6-di-t-butylphenol), 2,2'-methylenebis(4-methyl-6-t-butylphenol),

4 4'-thiobis(2-methyl-6-t-butylphenol),
2,2-thio-diethylenebis[3-(3,5-di-t-butyl-4-hydoxyphenol)propionate], octy}
3-(3,5-di-t-buty!-4-hydroxyphenyl)propionate, octadecyl
3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate, and octyl

3-(5-t-butyl-4-hydroxy-3-methylphenyl)propionate.

Examples of the diarylamine oxidation inhibitors include alkyldiphenylamine
having a mixture of alkyl groups of 4 to 9 carbon atoms, p,p'-dioctyldiphenylamine,
phenyl—wnaphthyiamine, phenyl-d—naphthylamine, alkylated a-naphthylamine, and
alkylated phenyl-a-naphthylamine. '
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15

220

phenol conpound, and a representative am ne oxidation
inhibitor is a diarylamne 10 conpound. The hindered
phenol conpound and di aryl am ne conpound are

advant ageous because both further provide high

detergency at a high tenperature. The diarylamn
oxi dat Fe qffibg Iup@ecwd pheng @%lﬂ%tmnaalplpﬁ%wmaaglé@use oxidation

DEFARE cd bJ@rcl‘pi e ly Elrﬁﬂ%rorr%ﬁ{a'tixﬁ G ddPrefi r&?rtolﬁesoluble

contained nitro erves to increase detergency
abxﬁatﬁnrghhfbenqsemabmmplowd maritbasition i the hidéered phenol

phe. ax i 0 r .is effective. . to reduce
o??‘%ﬁ?b@hg %Wﬂﬁ?gf g%ﬂ“ﬂ?(ﬁbﬂpgﬁyhnples of the
hi nder ed phenol OX|dat|on i nhi bitors |nclude 20
2, 6 d|-t butyl p- cresol_

) d-0% .
ot -”E%ep?f% P Cahapybih P %Vﬁflb g g s

4n14r0g§h S&rﬁaxﬁm@lcoin butidvdphen@denum complex in an amount of 0.3 to
2, 2" -net hyl enebi s(4-net hyl -6-t- butalpheno

42@ w%i B @@gwgﬁwcogtatm]ggﬁ(ymw -@pcymolybdenum complex having

fe%u!:clzi c%]oql gi@%%@@aﬁ%&%}%& () a?)argése bRt pibvidioldoxypheno

I Ona

-3P(1't$iwﬁﬁ@h 2004b286% lis grefeystipxyiplogad. Prefienpd enwaipdes of the basic

oct adecyl
S ERNinGEPMPUy IS SRR KOFEdRelpds anspigymolybdenum
1 lex of carboxylamid
e RS 1 o RS Sy e
Exarrpl es of the diarylam ne oxidation inhibitors

Iarﬁlyrdgf—‘%aiﬁ? 3 8%%? l rlr%gg B%Iﬁp(g{ng\r%(ggm?yb@eﬁnlf compf-ex can be
Rf@: pardd 86 i f@ll@@ﬁ@)ﬂr@&bﬁe

enyl - a- napht hyl anm ne, phenyl - a- napht hyl am ne,
alkylated a- naphthylan1ne and al kyl at ed
phenyl ht h C
Eznol a%§%1§§ é:]\,/]b IIJ]II}“ Elmingrél’ldz(? gsgft lﬁt &%Sé&l tgqur(}legflth abasw

an am ne oxi dati

i nhl bi h@ﬁog@rﬂébrb@nmgmbwe@hcsmghysmmumldewmmtamne | f
desired, other oil soluble oxidation |nh|b| rs can
be enphﬁife@r PRB S R o PPW@“W%%W@ ol

~ oxi dat | g&ph@%%% @{Iﬂﬁq glg ;%‘de{,dgﬁ‘g%h&w& 4 LB ePRnt-type

25

30

i nhi b| ntal nr ng
Conpounidedsity inaley heprowen (Go apiigtare thereof) at a temperature of 120°C or

lower.

The basic nitrogen-containing compound-oxymolybdenum complex is
described in detail in the above-mentioned Japanese Patent Provisional

Publication 2004-2866.

~ In combination with the basic nitrogen-containing compound-oxymolybdenum
complex, other molybdenum-containing compounds can be used. Examples of the
molybdenum-containing compounds include sulfurized oxymolybdenum

dithiocarbamate and sulfurized oxymolybdenum dithiophosphate.
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The lubricating oil conposition of the invention
further contains a basic nitrogen-containing
compound- oxynol ybdenum conpl ex in an anount of 0.3 to
2.0 wt.% The basic nitrogen-containing

gggﬂﬁg mol ybdenum conpl ex having 10 reduced
cgﬁgrrng—ﬁﬁ%ch is described in Japanese Patent

Provi s Imalhbrﬁlabrl\g @B&drﬁpbsﬂﬁ&”ef@ﬁeﬁﬁvmﬁmﬁrn@‘y%ﬁb&:r}tontam an alkali
Preferred exam oles of the basic

n |I{lfft6‘é’@Fﬁt% Byftate rﬁ@rﬁgcr%mﬁ il ﬁ@p%@@ﬁﬂﬁw&wﬁ ghasic number.
| Al Uda 1 @%ﬁ?& ¥REgaE, bgegmélg fﬁ]fansaﬁ’rg)‘ﬁhf‘ls 2po 028 ess,

an oxynol ybdenum conpl ex of car
bqsﬁ@uhh&ﬁdﬁénéamﬁ%aSmnmg&abnnmﬂbdmﬂ%wduﬂybﬂmnmmanaﬂl
conpl ex can, be epar ed e follow.n C

Bt Shes SR hERP RSt Ie. B el bOGE Binhan be
r euasd inVHntalﬂpl%pQQt%'aﬁlouﬁi i‘hrc@ﬁﬁﬂlerﬁt%ﬁ &t B RIMRAWThsSehing
as succini m de, carboxyl am de, 20 hydrocar byl
ndn@amﬂn&oﬂhydrocarbyl pol yam ne, Manni ch base,
phosphonam de, thi o-phos-phonam de, phosphoram de and
a dispersant-type viscosity index inprover (or a

m xt ur Exaheleeof healkali hanRiat dydraet ak23erived ih DV Patent
25 The basic nitrogen-containin

e Vo BB 05 et 4BEIE i b RSP e borsederdrasegan be erspaipd by the
b5 APBAE A ARSI ANAAREST oo e sk . o
nigrésegenicaantialimeag hydxddend gwe)amjvyib@l&rdmuifoﬁﬂe and reactlng the
conpl_ex, her bdenunt cont ai ni n be
uSBEP a@@aﬁqﬁfp%aée WftL¥ﬁec G819 BB AHPESIN At ﬁB‘ @ hhirge
i

st iy o
Acbdhlmswé@eirslaat siuuﬂn e$ grtinigidei Prefeon oliali npteloéretshdium and

t t ai I tal,. b te
L%?a%flér%f”gwa e LB SR i Bl B! Bes ingfWEL BrisBPRRINL

A BarfibiBR(partidiBize! kRim SEER) di@ rasdanwﬂécam
can e contained in an anpbunt of 5 w.% or | ess

paxomauum@nwrabcmumcsuHowte/%ccseiﬁﬁiealnkcamld@fém} 0%&5@@03 to
hyv%tgrt, fie po?aggu‘rilrlnnca.r‘ril Be & replaced with sodium.

The lubricating oil composition of the invention preferably contains a
viscosity index improver in an amount of 20 wt.% or less, preferably 1 to 20 wt.%.
Examples of the viscosity index improvers are polymers such as polyalkyl
methacrylate, ethylenepropylene copolymer, styrene-butadiene copolymer, and
polyisobutylene. A dispersant viscosity index improver and a multi-functional
viscosity index improver which are produced by providing dispersant properties to the

" above-mentioned polymer are preferably employed. The viscosity index improvers

can be used singly or in combination.

The lubricating oil composition of the invention may further contain a small
amount of various auxiliary additives. Examples of the auxiliary additives are
described as follows:

-17-




conmponent and a sul fur conponent. Therefore, the
al kali netal borate hydrate can be wused in an
appropriate amount in consideration of the conposition
of the resulting lubricating oil. 10 Exanples of the
al kali netal borate hydrates are described in U S.
Pat ent Nos. 3,929,650 and 4, 089, 790. The al kali netal
bgayat e ZhyHiRiRabRalSr meﬁg@éxﬁgis@rbdtﬁ%hﬁk@%m@{e) as an oxidation
carboni zing a neutral alkali netal or alkaline earth
met al  sillibisnar e wear inhiditopr esence of an al kali neta
hydr oxi de to gi ve an overbased sul fonate and reacting
the overbased sulfonate with boric acid to give a

5 di(sper ahofl sefubrRroppdtabmpo®wical borate 15 particul ate.
The step of carbonation is preferably carried out in
the presence of an ashlers dispersant such as

At L LT T

hydrates include a dispersion of KB3O5H20 particul ate

(particle size: 0.3 gmor |ess) dispersed in a nmedium

cd ai AFERCrERis sampiings iﬁﬁ-s(flF%laﬁgf?ﬁ/xaiﬂa%pgpmsmoa@m%esters
10 consi deg at hifipRdrid R7 StANBRPhOspRGri¥EL € Esterl BRNBIARBESMcid

can be replaced with sodium The |ubricating ol

conposiestem andphashieorpwvasnd ¢ster);pr ef er abl y contai ns a

viscosity index inprover in an anmount of 20 wt. % or

| ess, preferably 1 to 20 wt.% Exanples of the

Vi(§C 0S ibkizotriHE 6 KednifiduBNEATR! tBiafiaPéll AR EndBUGHtRSing as metal
pol yal kyl 25 nethacryl ate, ethyl enepropyl ene

copol yHesctivatingaggel: put adi ene copol yner, ~ and
15polyisobutylene. A di spersant viscosity index inprover

and a nulti-functional viscosity index inprover which

and pr adniorid polyoRyalkylchagirfics peivs apéntpsuepest i es to the

above-menti oned polyner are preferaply enpl pyed. The
1 Sc o POYCRRISHETeASY BTERY b AL RaBERErS Ph Ry o o and

- conbi n?}dﬁr&nﬁ idzaﬁnckieﬁiaﬂg%égﬁtﬂmsfnéﬁ%nemﬂ-ém@if%g bhgnt;
invention“may further contain a small anount of
various auxiliary additives. Exanples of the auxiliary

20 3I gl It g\égfgﬁggfgufér%f}%g% %‘i’ gﬁg{??slgtt%:{\%ﬁ %%Zivggzes,zélpp%atic esters of
- di thi 0¢arARNIR! AdolREs, B Méir 4Rkl Afes which function as friction modifiers;

(h)  and various compounds functioning as anti-foaming agents and pour point
depressants.
25
The auxiliary additives can be preferably incorporated into the lubricating oil

composition in an amount of 3 wit% or less (particularly, 0.001 to 3 wt.%).
The lubricating oil composition of the invention can contain a small amount

30 (0.07 wt.% or less, preferably 0.068 wt.% or less, in terms of the zinc content) of zine
dialkyldithiophosphate.
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i nhi
copp
sul f
orga
phos
acid

bitor or a wear inhibitor; 5 (b) an oil soluble
er conpound; (c) sulfur conpounds (e.g., olefin
ide, sulfurized ester, and polysulfide); (d)
nic am de conpounds (e.g., ol eyl an de),

phortdguigvatiad bil BEmESiRinSof tAdinkEntn is PRESMP fdrthulated to
ester, thiophosphoric acid ester

di S SFHBL ERd PrELBRoiO! Lriasivelydonl viiosihorbus ORI OW30,
eheio ’SX‘{fﬁ) SW gwﬁﬂOS)%Qb“&%rfggﬁqgg‘co?iW%%{i%)?@ g‘é@lﬁt"?aﬁﬁ a

conpoun

s functroni ng as net eactr

( foiscosity imdéexcinpobyaxiyah kiyd Weaepsinr dfdod cachdive agent s

such

3 copo

as pol yoxyet hyl eneal kyl phenyl et her and
| ymers of ethylene oxide and propyl ene oxide

functioning as anti-rust gge{rpand;anti-emulsifying
agent; 20 (g) a variety of—amnes, am des, am ne
salts, their derivatives, aliphatic esters of

poly

Pt A P R o
CQBRANES) 6ftﬂlﬂss:ﬁmﬁioﬂglga§ﬁ anSiAT @3B gRAE BF SWBDGvAR Pripared

oi nt depressants.

e auxiliary additives can bé

poi I : S . .
10 prusingthbfojlopiteeordddivas e base oilt he | ubricating oi |

conp

osition in an anmbunt of 3 wt% or | ess

(particularly, 0.001L to 3 wm.% . The lubricating oi

C qrAp

anou
or |

di g

osiAddivedaf the invention can contain a small
nt 30 (0.07 wt.% or less, preferably 0.068 wt.%
ess, in terns of the zinc content) of zinc

vl G4 apReBhak g DdbIhte 1 ubricating oil

conp
15to

i SC
or11
VI SC
econ
(2

20

()

osrtion of the tnvention is preferably formul ated
give a multi-grade engine oil of a relatively |ow

vt Gl SR eheyicg oy Wi YA aBhg &

gﬁ;ztsz Srﬁglft@ﬂ/'gmrc%%%f(ﬁlq&ﬂﬁshﬁoac%weeqt)nt of fuel

calcium salicylate (Ca: 6.3 wt.%, S: 0.1 wt.%, TBN: 177 mg-KOH/g):
0.056 wt.% (in terms of Ca content)

calcium sulfonate (Ca: 2.4 wt.%, S: 2.9 wt.%, TBN: 17 mg-KOH/g):
0.020 wt.% (in terms of Ca content)

25 Nitrogen-Containing Ashless Dispersant

(1

30

Bis-succinimide dispersant-1 (weight average molecular weight: 12,800 (GPC
analysis, value as molecular weight corresponding to polystyrene), nitrogen
content: 1.0 wt.%, chlorine content: 30 wt.ppm., prepared by the steps of
thermally reacting a highly reactive polyisobutene having a number average
molecular weight of approx. 2,300 (containing at least approx. 50% of
methylvinylidene structure) with maleic anhydride to give
polyisobutenylsuccinic anhydride, reacting the polyisobutenylsuccinic
anhydride with polyalkylenepolyamine having an average nitrogen atoms of

-19 -




EXAMPLE | Preparation of lubricating oil conposition -
A lubricating oil conposition (engine oil) of the
i nvention having an SAE viscosity grade of 5WB0 was
prepared 10 using the follow ng additives and base
oi | . (A)5 Aedbid Mslscuddialcivees HiakhdinvatRl afPRbin HQ
Detergent 15 (1) sulfurized cal ci um phenate (Ca:
w. % gis @C@nwd%wﬂlsﬁhylcnzsgrh@gm@rwg)ﬁo v0.%0%8 tvvms%f @utmgen
terns %Bmgﬁ content) (2) calciumsalicylate (Ca: 6. 3

. % l .% TBN: 177 nmgKOH/ g): 20 0. 056 wt.
(|n terns of Ca content) (3) calcium sulfonate (Ca:

2.4 Wt . % 9% TBN, 17 ngKOH/ g): 0.020 wt. %
(i(?A? : S‘&Flnéaldégtﬁ&’@?%@l)t hereigh oy PERask @@Wﬁ%ﬂ%\vﬁght 5,100,

Ashles% t Y

ol ght SR EBRET 1 03t b SORHERR YR (1 AR cohtent: e

anal ysitksn fv‘at ID}EII aprepmEed by Herstapsiofj Htermaltyr Esqilnrgdﬂ Inghly ocactive
cont ent :

| : -
- ggn%’:%ff‘ éfﬁ‘r”% DRERY &dcTpee Pﬂ@cgﬁmegglg fo Approx. 1,300

10

15

20

- 25

30

t her fTH'(édﬁtzﬁﬁﬁg b 104t apﬂ}bg h#oy/o aﬁﬁeﬂlywﬁqyﬂa@w& s%%&a%th maleic
havi ng a nunbéer average 30 nol ecul ar "wei ght of appr ox.

2,300 eelsiride i pige aelylseb@cnbéwrsmw anB@dridd, reacting the
t hyl t t
oive  DoRebERRRRb R Rl P R R Fevige o

pol yi S@b&tﬁ@lﬁtrﬁg@@téﬁ@d @ e oheodchi?) to give a bis-succinimide,
polyalkylenepoh%an1ne havi ng an average nitrogen atons
®

of -1938d wactingthe his-suemaigideyith foge geidy 0.031 wi.% (in terms of
bi s-su nd reacting the bis-succinimde
with e?ﬁfﬁgﬂg&gg}tﬁonat e): 0.060 wt.% (in terms of

nitrogen content) 5 (2) Bis-succinimde dispersant-2
(gﬁtghl ?vega e nol ecul ar weight: 5,100, nitrogen
.% boron content: 0.66 wt.% chlorine
Cont entamih€8Sidation inhibitor (dialkyldiphenylamine having a mixture of C4 and
:Cg alkyl groups, N: 4.6 wt.%, TBN: 180 mg*KOH/g): 0.5 wt.%
(2) Phenolic oxidation inhibitor (octyl
3-(3,5-di-t-bu-tyl-4-hydroxyphenyl)propionate): 0.5 wt.%

Basic Nitrogen-Containing Compound-Oxyvmolvbdenum Complex

An oxymolybdenum complex of succinimide (containing sulfur, Mo: 5.5 wt.%, S:
0.2 wt.%, N: 1.6 wt.%, TBN: 10 mgeKOH/g, OLOA 17502 available from
Chevron Japan Co., Ltd.: 0.4 wt.%

Boron Compound

| Dispersion of particulate of potassium borate hydrate (KB3;0s+H,0, K: 8.3 wt.%, B:
6.8 wt.%, S: 0.26 wt.%, TBN 125 mg-KOH/g, OLOA 9750 available from
Chevron Japan Co., Ltd.): 0.4 wt.%
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than 5 wt.ppm, prepared by the steps of thermally
reacting a highly reactive polyisobutene having a
nunber average nol ecul ar wei ght of approx. 1,300
(containing at |east approx. 50% of nethylvinylidene
S INGHOD P aritivVie o 1Bl BiG: M-y dri de to give
pol yi sobut enyl succi ni ¢ ‘anhydri de, reacting the
poiop-dignsirensthyenscpabyiermenpahyinee viscedity index improver: 4.6 wt.%
pol yal kyl enepol yam ne having an average nitrogen
atons of 6.5 (per one nolecule) to give a
birpusPgal Dépredant and reacting the bis-succini mde
with boric acid): 0.031 mﬁ.@bgin terms of nitrogen

5 c Sebvappthacndatepyraioin sepishiapt Oy WE) Ani ne oxi dati on
i nhi bi tor (dialkyldi phenyl am ne having a m xture of C4
and C8 alkyl groups, N 4.6 w.% TBN 180 ngKOH g):
0.(B) mt Bisq &) (rB¥idmdhinoumtXi dati on i nhi bitor (octyl 20

3-(3,5-di-t-bu-tyl-4-hydroxyphenyl ) propionate):, 0.5 .
wt. % BastEREe ?56 SR %ﬁwﬁ%&%ﬁﬁa@yﬁbﬁ Necls Claiviay
Coneb&ty ALY BB ke Wmoﬁgmh%& 185 e‘iz'elg&'aﬁd)r{‘]ogse(ASTM D5800):
(contarning sulfur, M: 55 w.% S 2 WM.% N 1.6

10 wiS, Ggvt. Bl fut QomteMOldsyytham0 O8] W56 Zatmweitd eistponepigen®st: 92 wt.%,

Chevron Japan . tg. . ,0. 4 .w. % ,Boron oun .
orCE G BREaRers Soret st e B vttt i e AR e nera
( KH3D0 H%Qati&vis@oﬁtw 186°CB4.1 BmB/s Wisc¥ityBindék: 167 Wvabration loss
‘TBN 125 nEKOH/g, QA 9750 avail able from 30 Chevron
J&HEAMIBS800) Hi wt. Y sulfugcontenty psidan Bi08 b et Sarfaturated component
Vi I ) r [ -di Sp t
efﬁ@?@h2¥B#é%éﬁgﬁgﬁé§%§P§%ﬁ?Og%gtggﬁ?@ i ndex i nprover
154.6 wt.% Pour Point Depressant 5 Pol ynethacryl ate

pour point depressant: 0.3 w.% (B) Base oi
(residual amount) EXAMPLE 2

The procedures of Example 1 were repeated except that the boron compound was not
used and the amount of the viscosity index improver was adjusted, to give a

20 lubricating oil composition (engine oil, SW30) according to _the invention.
EXAMPLE 3

The procedures of Example 1 were repeated except that the amine oxidation
25  inhibitor was not used, the phenolic oxidation inhibitor was used in an amount of
1.0 wt.% and the amount of the viscosity index improver was adjusted, to give a

lubricating oil composition (engine oil, 5W30) according to the invention.
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10

15

M xture of 56 weight parts of hydrocracked m neral
oil-1 (kinematic viscosity at 100C. 6.5 mR/s,

vi scosity index: 132, evaporation |oss (ASTM D5800):
10 5.6 wt.% sulfur content: |less than 0.001 wt.%
saturated conponent cont el Pty % aromatic
conponent content: 8 M.O%Mwei ght parts of
hydrocracked mneral oil-2 (kinematic viscosity at

100C: 1 mP/s, viscosity index: 127, evaporation, .
Foss  (ASPRERBH0Y SETR | eGP st (o RhsS0ligaidation
0.i38itoMwakonoS et tBE BMifeQIRABBA Inhi GRA WRBLse i3 aWlanWunt of
aromatic conponent content: 8 wt.% 15 EXAMPLE 2 The
pridbwhitrasd tist argouapf the visgesiey indgxantpeaiee wee pdjustedito ghve a

b > . he,. .0f t.h
TR RS R Bleind GESEHD o BaRER B Blenlt o

| ubricating oil conposition (engine oil, 5WB0)

according to the invention. EXAVPLE 3 The procedures

of Example 1 were repeat cBXAMBRE § hat the ani ne

oxi dation 25 inhibitor was not used, the phenolic

oxi dation inhibitor was used in an amunt of 1.0 wt.%
and t h&hapmeedures ot Bramplest estet iypeanalesxcepimian vier bivwasccinimide

s v el AP pFE0SE % Aidin tER T bigontng the
EXAMRLEs4ittd§oR)- A eRUh RIS dRbhe @Ml Gisld WehniRRESH €61 9 wi.%

except that the phenolic oxidation inhibitor was no
uedernisiod Nagrintant)opniddbe aroeurit ohitheivisspsitvasdersietbrover avas adjusted,

TR B bR BP0 PSR enion
oi | conposition (engine oil, 5WB0) according to the

i nvention. EXAMPLE 5 10 The 1Exrocedures of Exanple 1
wer e r Epyatuseinisxde gisperpaat (WeishtAverage mwlgeniar ssight: 6,700,

oIRGB RS o8 B PR B B Ml e

 ppblyissbaiendyintinder alicsipe msAatulanasigls.egptox. 31308 mkitiiniog at least

20

25

30

0.019 w.% (i erns, of N content) and the anpun f
t ARPIO¥ s Wo@iof mﬂw&\@wlrdﬁﬁ? geiwurﬁ)e‘@lp&ajoérgtne gnd maleic mﬁlygﬂde to
give a terpolymer (succinimide) and reacting the terpolymer with aromatic amine and

polyether amine.
EXAMPLE 6

The procedures of Example | were repeated except that the below-described
dispersant viscosity index improver was added in an amount of 0.002 wt.% (in terms
of N content) and the amount of the viscosity index improver was adjusted, to give a

lubricating o1l composition (engine oil, 5W30) according to the invention.
Dispersant viscosity index improver (nitrogen-containing olefin copolymer,
nitrogen content: 0.095 wt.%, weight average molecular weight: 147,000,

HITEC 5777, available from Afton Chemical Corporation)
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to give a lubricating oil conposition (engine oil

5WB0) according to the invention. 15 Poly-succinim de
di spersant (wei ght average nol ecul ar wei ght: 6, 700,
nitrogen content: 0.63 w.%: prepared by the steps of
reacting a highly reactivgkuﬁﬁbxmsgbutene (nunber

aver age nol ecul ar wei ght: , 300, containing at
I east approx. 50 % of nethylvinylidene structure),

f d hydr i d 20 . _
Fer pol yHEPCEHEE] Pl aRIe M eREt e Hdb SRogisy A comprised
Wi Ryt 3%, QB! i A2 Bph}%?&rad'k% ¥BLLEIN0iREhAG0 WESANE &%n@he@é oil

The procedures of EXanple 1 were repeated except
5 t Heolpelfavldad @iy ddving |d§q;fe1ﬁdaﬂtg0mes,d@mm£\jlc|vmﬂesﬁy 5 9 mm s,

d
t RS IR ¢ R P i DR OG: et il pgiusted. to

| g lhlﬁﬁééi’mgbll\@@ﬁlp@ﬂhélﬁ(e‘ﬁ?metoﬂ IWBE) @cotdil loGB¢ infention.
oil conposition (engine oil, SVBO) according to the

i nvention. 30 Di sper sant vi scosity index inprover

(lﬁe&&%gg&g r{ﬂ%l ning ol efin copolyner, nitrogen

comtent. S . % wei ght average nol ecul ar wei ght:
10 147, 000, HITEC 5777 avai l abl e from Afton Chem ca
Cor por at j on) EXAMPLE 7 The procedures of Exanp

| were A@M%@d@%éw sy lopphasplasupiup rle%%roelsc@amffl@on
A T M

hawépageddeieenes 1o tind afgrementionddriateat Publidationdi ty: 5.9
m2/s, viscosity index: 140) and the anount of the
viscosity i ndex i nprover was adjusted, to give a

15 | ubri cate RgFREAce &P FRARIIHVE @oﬁgagu&% fRirh thode ¥BBlam le 1 was as
according to the invention ef erence Exanple 1
| dollewd:f at ed ash, | ow sul fur, |ow phosphorus
| ubricating oil corrposi tion (engine oil, 5WB0)
containing a small anpbunt of zinc

di(@ Ky el drhine phidatiainibNes wapiepan eflamefarof 013gvt %; t he
af or enent i oned Pat ent Publ ication 2.

20 (2) the phenolic oxidation inhibitor was used in an amount of 0.2 wt.%;
(3) the oxymolybdenum complex of succinimids was used in an amount of

0.2 wt.%, and sulfurized oxymolybdenum thiocarbamate (MoDTC, Mo:
6.8 wt.%, S:4.7 wt.%) in an amount of 0.2 wt.% was added;

25 _
(4)  the following zinc dialkyldithiophosphate mixture was used:
ZnDTP-1 (0.050 wt.% in terms of P content): zinc dialkyldithiophosphate
(P: 7.2 wt.%, Zn: 7.8 wt.%, S: 14 wt.%, derived from secondary alcohol
30 having 3-8 carbon atoms)
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15 The difference of the additive conpositions from
those of Exanple 1 was as follows: (1) the am ne

oxi dation inhibitor was used in an anmount of 0.3 w.%
20 (2) the phenolic oxi dation inhibitor was used in an
amount _of 3) the oxynnlybdenun1comp

succi nZﬁDaB Mé@%é?@ o ithtegRs i oeittersy: zing, dZaWd%loﬁlFﬂﬁPhate
sul fur Yo U a

o5 w Ty s G RRRES, 1 33 AR bty Mishol having
added,82&bbﬂh&hﬁg follomnng zinc

di al kyl di t hi ophosphate m xture was used: ZnDTP-1

(0.050 wt. % in terns of P content): zinc

dial kyl, dj used in
L B A R e ey P e SR M b s

car bonamtmnejt of 0327 MOV t€rds@2 R oantedt)i n terns of P
content): zinc dialkyldithi ophosphate (P. 7.3 wm.%

Zn: 8.4 w.% S 14 w.% derived fromprimary al cohol
having 8 carbon at on®emparisoh Bxagiidéphor ous aci d

ester (tricresyl phosphite, P content: 8.8 w.% was

used in an anount of 0.023 wt.% (in terns of P

cont enty),, pr%%(tgﬁju%%s SRS {n(]éb f&er@%pe&’[e%@fﬁg'&ﬁszi&f

Ref er ence € were repea
didall Mdhdiléﬂhbqﬂﬁmﬁaxbéphaﬂﬂloﬂﬁm ehesphiache moesttof thearistosity

t he apopunt of the viscosity, _index inprover,

adjdgs dmproveroves agisigd) @tﬂw%{qbﬁ@m&a OIC%WHUP%W@HC oil, SW30)
( 5WB0) for conparison. 15 Conpari son
E%gﬁ%ﬁﬁag&#he procedures of Exanple 1 were repeated

usi ng no basic nitrogen containing

compound- oxynol ybdenum, conpl.ex .and no.boron conpound

and the anount of thgi¥£§£$£ﬂéﬁﬂﬁﬂ%%% i nprover was

adj usted, to give a lubricating oil conpo- 20 sition

(engine oil, 5WB0) for conparison.
The procedures of Example 1 were repeated using no basic nitrogen

containing compound-oxymolybdenum complex and no boron compound and the
amount of the viscosity index improver was adjusted, to give a lubricating oil compo-

sition (engine oil, 5W30) for comparison.

Comparison Example 3

The procedures of Example 1 were repeated using a low molecular weight
nitrogen-containing ashless dispersant (bis-succinimide having a weight average
molecular weight of approx. 4,000 derived from polyisobutene having a number
average molecular weight of approx. 900, amount (in terms of N amount):

0.092 wt.%) as the nitrogen-containing ashless dispersant and the amount of the
viscosity index improver was adjusted, to give a lubricating oil composition (engine

oil, 5W30) for comparison.
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Conpari son Exanple 3 The procedures of Exanple | were
repeated using a | ow nol ecul ar wei ght 25

ni t rogen-contai ni ng ashl ess di spersant

(bi s-succinimde having a weight average nolecul ar
wei ght of approx. 4, 008,dsekliv&fetiRmeRo! yi sobut ene
havi ng a nunber aver ht of approx.
900, amount (in terms of N annunt)' 0.092 mt.% as the

ni trogen- cont ai ni ng_ashl spe nt and the anmount
of 't he T USRIy OF FRBIPIF htesh EpeELse BEvar dpgogriscosity
a thadibpadvieN B Al dmARITHOS Wk DPshA(RE 9&18@ méﬂzw%dl mia¥RYY solvent

for conparison. -24 Conparison Exanple
5 prrgﬁleqﬂlum@sraboﬂﬁodﬁm amaunief éler\emat}@dd@snmgomévas adjusted, to

ot I EEARR oo AR (kS AT E el Bl Vent

reflned m neral oils and the anobunt of the viscosity

i ndex i nprover was adjusted, to give a Iubrlcatlgg

0i(R) compigsne plowlveahiiined mmeralswlsmmf%weéemafsmgé% {apfa

m xt ur [

corpri SreraShhinkE LT oF, Ao AUHIEE 3 g mms,
1080 NL (vkicosityaihdex:vi scosity at 100C. 3.3 m2/s, 10

viscosity index: (b) 100, evaporation loss: 37 wm.%

sul fur content: 0.13 w.% saturated conponent

CqBf entro0 abbraflbn RSO B0/ COBPARAN QN 6, sl %

48 wt. a solvent refined mneral oi

( k| nerra:brwomm cagenty7 Awt. %0emmatm3omp8nanm¢r§entv2%wb%)tayd

i ndex C 0 vaporati.on. | oss.

cont enttS 7588 4 BREHic Bag T 81 AR ENbi et ifbosity at 100°C:
15W . % aroRmitiscvis@onaRk: content: 29 wt.%: 20

Chem cal Anal ysis Lubricating G| Conposition The

anal ytical data of the lubricating oil conpositions of

oXBhpl a2 forgrion R THSRER AR R GO0 PRIBARY, |

component content: 71 wt.%, aromatic component content: 29 wt.%).

20 Chemical Analysis Qf Lubricating Oil Composition

The analytical data of the lubricating oil compositions of Examples 1 to 7,

Reference Example, and Comparison Examples 1 to 4 are set forth in Table 1.
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SCa/Sash (wt.% (W.% (W.% (w.%
0.56 0.12 0.13 0.00 0.07 1.9 Ex. 2
0.50 0.12 0.13 0.00 0.07 1.9 Ex. 3 0.50 0.10 0.13
0.00 0.07 1.9 Ex. 4 0.50 0.14 0.13 0.00 0.07 1.9 10
Ex. 5 0.56 0.11 0.13 0.00 0.07 1.9 Ex. 6 0.56 0.12
0.13 0.00 0.07 1.9 Ex. 7 GABA¥112 0.13 0.00 0.07 1.9
Ref _Ex 065 011 0.13. 010 0.23 0.6 15 Com 1 0. 50 .
0.11 0.13 0.00 CSubfgted. 6N Com 2 ®@. 48 0.81 0.1350. 00Ca/S
0.07 1.9 Com 3 ®h64.%). 2% 13 8190 0. 071.°0. 9 (Com 4
056 012 013 0.00.0.23 1.6 20.R : i
content Vsl 0 wt®64 or ERdApl es 41¥ and?€dnpari&dh 19
Exanpl es Ex-2%, an®i50 0. 08042 . % f of-IRef er ke Exa@v?] el

Sulfated N Ca P
(mMt.%9 5 Ex. 1
0.
1.

Eval uati & Of Lubfd cati AdOO | CodkpositP8n , 250¢7) 19

“ Wear inhiBsi4ion 0.5 ordef-l¢o sintilate sB8¢ wear®¥h al-?

10

15

20

© 25

30

33

di esel edigihe, 105 wt. %P3t car b®M bl ack0 (mean?07 1.9
particl e Edi @net ef-36 22 r 0d? specPiic suPflce ar®@f 182
n2/g) wadxbl ende®56 in 1 Bd2] ubri@Aling BPP conphdi b
by neans of a high speed agitator to give a 30 test
oil. TheRe8Et oj#.6Tontalding calhbn hl 8¢k was @hbn 0.6
subjected to the followng wear test: the test oil
was pl acédni.h a &bkl f8di-bal | 04dster 0-08nd t he0§ ester
was run Gisde? tHé8 condltlions thad t helfBt ati ohlt at &Y
was 1, 50Caph tHhéd peri 8d2was 68130 nut 880 35 ¢fE | bd

was 30 kdomaAd 186 t est 0d2| wasOhdat edO08 110020+ bP
t Remarkgnh@aige (Zn) content was 0 wt.% for Examples 1-7 and Comparison Examples 1-4, and

0.08 wt.% for Reference Example.

Evaluation Of Lubricating Oil Compeosition

(1)  Wear inhibition

In order to simulate soot wear in a diesel engine, 1.5 wt.% of carbon black
(mean particle diameter: 22 nm, specific surface area: 134 m®/g) was blended
in the lubricating oil composition by means of a high speed agitator to give a
test oil, The test oil containing carbon black was then subjected to the

following wear test:

the test oil was placed in a Shell four-ball tester, and the tester was run under
the conditions that the rotation rate was 1,500 rpm, the period was 60 minutes,
the load was 30 kg, and the test oil was heated to 110°C. After the run was
complete, the fixed ball of the tester was subjected to measurement of an

average diameter of the wear area.
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conplete, the fixed ball of the tester was subjected
to neasurenent of an average dianeter of the wear
area. -26 (2) Detergency at high tenperature The
I ubricating oil conposition was subjected to the

g nti oned H‘@ tube test (KES-07-803) to
e\ﬂ uat ey gk bt%wpeéatmegh tenperature: 5 a gl ass
tube (inner size: 2 mm was vertically set in the
heater block, and the |lubricating oil conposition and
air vveﬁéleéutpmatl@mﬂ parmpaskien wassiubjseted tothe bhlew-geatgmed hot

! eoreatPar Rustor sl i Gaiare q2Bebial B ermpergigre:

5hours, keeping the tenperature of the heater part at

10and thegdet &g ied

15

10 280C. After the test procedure was conpl ete,
deposi t B#siyhe (inaeerizagimmypas yertcalysekingt %bea\myock and the

observ bt

Che ! batbrRAtedB B Mo R AE Sk By BRAGSH p bt me
of the ghaaruberha bité bb@B( eo/hﬂ.,lmﬁelﬁ Cb&mdet@pmtwehyg'l“hﬁ; Brocedure
t he nean di anet t he ar a a snal

i ot oFes BRI et 1§ I eI W BRREr BT eiod Th @q@r?aﬁ at
kr(ﬁ:eﬁ‘ﬁrg By %Hﬂsfe?et HeRlpBAPELSE BchePWall o
the marked point, 10 means that no deposit Is
obser vebk glassotulm Waﬁ/\fd:tsemd hatimpdied the weditonpoeoliadepasii on the
of Iar%% F?@ ')‘_ﬁare set forth in Table 2. 20 TABLE 2
Vear PPt i oR”"Migh tenperature (Wear size: nm
detergency (point) Exanple 1 0.515 9.5 25 Exanple 2
0.525 9.5 ExarrPIGSOSZO 0 Exarrgle4052595
Exanpl &'15 repulfe s @e@val@@wféh%wgarm iiog (evaluated by determining

the mean diameter of the wear area, a smaller mean diameter means that the wear

" inhibition is higher) and the detergency at a high temperature (expressed by the

-+ marked point, point 10 means that no deposit is observed, and a lower marked point

“s#~means production of large deposit) are set forth in Table 2.

20

25

30

35

TABLE 2

Wear Inhibition High temperature
{(Wear size: mm) detergency (point)

Example 1 0.515 9.5

Example 2 0.525 9.5

Example 3 0.520 9.0

Example 4 0.525 8.5

Example 5 0.465 9.5

Example 6 0.490 9.5

Example 7 0.498 9.5

Ref. Example 0.565 7.5

Com.Ex. 1 0.595 9.0

Com.Ex. 2 0.615 -

Com.Ex. 3 0.550 -

Com.Ex. 4 0.565 -

The analytical data sct forth in Table 1 and the evaluation data set forth in
Table 2 indicate that the lubricating oil composition of the invention containing no

zing dlalkyldlthmphosphate (ZnDTP) and having a low sulfated ash content, a low
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30 Exanple 7 0.498 9.5 Ref. Exanple 0.565 7.5
ComEx. 1 0.595 9.0 ComEx.2 0.615 - Com Ex. 3 0.550
35 Com Ex. 4 0.565 The analytical data set forth in
Table 1 and the evaluation data set forth in Table 2
indicate that the lubricating oil conposition of the
i swfantémoent @t bivnplgphorus goment dia kydedpt WEarphioisieat e

(ZnDTP) and ,haying a | ow,sul fated ash content,.
e L e T S LR
Sﬂﬂﬁﬁﬂl@rcoﬁ@aﬁrﬁn% AR Biatdyalithi b EDEREAEE TRNghd Hagthg a low sulfated
tenperature detergency to the known |ubricatin

.oi |
(Rbfcenientc @ lovExE MY |cgr)te1(1,t@nlpy| Hhioﬁ@qusrp@ntent. Further, 1% 1s understood

STIL}}?} tg%( L“g’lrlcgl‘éﬂ%poélg(% {HBB%J%IJ’%O%%? gl\;% 1%\0 pgrrl Q@&s{%ﬂa@tlé&%’% \R’erfo ance
p%@ﬁﬂ[ﬁﬁﬂﬂy Sueiat the Wbdichiver oil ¢dmpositisn d€osparisdn Fxaingple 1)
t he

_lubricating oil conposjtion of t Lnventj on shows
avhights bpeaire pilhe BOREREE OIL?W%BWP@ ﬁgffﬁ%wp Al et for

| Wﬁ%&?g intB %nﬁiTlP a%ﬁ'iﬁ%ﬁ Eedhlﬂau o CABP R HEQMoFX AP Lidekdtood that all

10

I5

20

25

30

e sane as ricating oil conposition
obf IRefieriepod chxaogitiensert epttaihing at katttoas apmpoung ZnpiTR

and no. phgsphor puys ester. Furt.hermore, it,is.. . .
Ul ERISHE g)rttgealpgla@qtmg St ompPst gte,itl{% i i’t}re lglarm%lgig tolxl é:ﬁrénposmon
not C&Hﬁﬁrﬁbﬂ iEQQm?lE 2| BBinIANAIcRASRIOMRANWYTEkE drBind @xidation
prerequisite for the lubricating oil conposition, that, .

i mhittitoe addutrenclit dxidption|inkibitprdsit corgmning o besp AFTAESA-contaning
Exanpl e .2 conf ai,ni ng i ncrease t ' :
R BB PN B PR Bhek 5T Pogpaon
bS8 Bl RiatEnWnibaghCcatitiihpgashlesmipenbmdayving a low.

conpound- oxynol ybdenum conpl ex, the |ubricatin il. .
CoMpSBIAL WOIEHOR Fh%ﬁog%x@ﬁfﬂlfén%a%’g‘?ﬁ dispsraght Baving a high

ni trogen-cont aj nj er S dj : | 2
BPLE RS ghd L AR BLES By ChRRRIRaN: CR PR X
agtthes sidiuspessoht iofinedginardodhwhivhldecuhasatiudy gietrequirement
and the lubricating oil conpositiaon of ari so ST
ERbiv avention shoyy regUlis sngraat frlegryg ose g@i%%y e dupigatine of
oi.l8 %ﬂﬁ&%ﬂﬁ@ﬁv&ﬁfonsat isfy the requirenent of the

i iven ion, show results apparently inferior to those

shown by the lubricating oil

(3)  Diesel engine test {JASO M354-99)

The lubricating oil composition of Example 1 was evaluated in its wear

inhibition performance by the following diesel engine test:

- diesel engine: water-cooled, 4-cylinders, displacement 3.9 litter, fuel direct

injection, equipped with turbo-intercooler;

fuel: diesel fuel having a sulfur content in an amount of 0.001 wt.%; test
conditions: 105°C (oil temperature), 3,200 rpm (engine rotation), 160 hours

(full load operation)
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conposition of the invention. 20 (3) D esel engine
test (JASO M354-99) The l|ubricating oil conposition of
Exanple 1 was evaluated in its wear inhibition
performance by the follow ng diesel engine test: 25
di esel engine: water-cool ed, 4-cylinders, displacenent
3.9 | i tvapationyerargiveligion Wag rerfarpad o #ig gepevearacsprding to the
turbo-i I ; RS | f ' :
cont en tJ Q;%aﬁl F%ﬁgigﬁn%lulﬁgtﬂg% (gqg %%ﬁl&d.a&;é} tthg get\élc gggerﬁlﬁl%isl&)mp]ete.
condi tions: 105C (oil tenperature), 3,200 rpm (engine
rotation), 160 hours. (full |oad operation) -28
ol uat e REs g CEbaliah i t%@%‘éﬁr%‘faf% GAB R EAE A

i | [ ' falBldm
o S T S e G SRR
r esaat sloubt be¥falmat lower).ndi cat ed that the average cam
wear was 46 gm5 which passed the JASO DH 2
requi renent defining that satisfactory average cam
wear should be 95 mor lower). -29 WHAT IS CLAIMED | S:
1. Alow sulfated ash, | ow sul fur, |ow phosphorus, | ow
zinc, lubricating oil conposition which has a
sul fated ash content of 0.1 to 1.1 w.% a sulfur
content 5 of 0.01 to 0.3 w.% a phosphorus content -
of 0.08 wt.% or lower, and a zinc content of 0.07 w.%
or lower, said lubricating oil composition conprising:
(a) a major anobunt of a mneral or synthetic base oi
havi ng a saturated conponent of 85 w.%or nore, a
viscosity index of 110 or nore, and a 10 sul fur
content of 0.01 w.%or less; (b) an alkaline earth
netal - cont ai ning detergent in an anmount of 0.01 to 0.4
w.%in ternms of an al kaline earth netal content;
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15 (c) a nitrogen-containing ashl ess di spersant of a
wei ght average nol ecul ar weight of 4,500 or nore in
an amount of 0.01 to 0.3 wt.% in terns of a nitrogen
content; (d) at |east one oxidation inhibitor in an
amount of 0.1 to 5 w.% selected 20 fromthe group
consi sting of a phenolic oxidation inhibitor and an
am ne oxidation inhibitor; and (e) a basic

i I8i ng conpound- oxynol ybdenum conpl ex in
an amount of 0.3 to 2.0 wt.% 25 2. The lubricating
oil conposition of 'claiml, in which the basic

. Ni t pdeenul fERERsh) ey XIIDIDEIRRPIGEE rlz%g Qi?s;mi, El;lﬁﬁcating oil
e

succi ni m de- oxynol ybdenum conpl ex.

| ubPPMERAST Y Which dahpsdfatedash epntentaifith took. 1 w4, msalfui gpntent
whi pRhO IS 1 Y% or | ess.. .

- Sogﬁqb{;ﬁoe@?&@’r}ig’c [ 'ﬁ%ﬁogﬁ% g%%%ggﬁplg%%f) rTaiO r’ozﬁlg agne

t hecqrat eflD10G vetl ‘giofrkower/sawhiublicdting oiladokilobifien @ampHsing:

nmet al - cont ai ni ng detergent contains 30 wt.% or nore of

an al kaline earth netal-containing salicylate

det g geny Ay g - -
ok g, Bl O Ainch O oM bl it o fitllnca,
4, i n whéahpdnest ¢l §6akt. Yher @sure,n viwtoaity indexbAi 10 signore, and a
detergent .furt her t.ai 10 wt. % or nore of an

W prplias el 001 nog’aﬂrg"r‘sﬁb

al kal i né® phenat e detergent
having a total base nunber of 10 to 350 ngKOH g and

10 wt. % or nore of an al kaline earth netal -containing
sul fbdnat an dkalineperth nktalvaviaigngdetengant ihas emounttodi0.@if to 0.4

29 L0 S o B UL S, o2 1

ni trogen-containing ashl ess di spersant has a wei ght

aver age nol ecul ar wej ght  of 6,000 or nore.
(c) a nifrogen-containing ashless dispersant of a weight average molecular

‘weight of 4,500 or more in an amount of 0.01 to 0.3 wt.% in terms of a

nitrogen content;

(d at least one oxidation inhibitor in an amount of 0.1 to 5 wt.%, selected
from the group consisting of a phenolic oxidation inhibitor and an amine

oxidation inhibitor; and

(e) a basic nitrogen-containing compound-oxymolybdenum complex in an

amount of 0.3 to 2.0 wt.%.
The lubricating oil composition of claim 1, in which the basic nitrogen
compound-oxymolybdenum complex is a succinimide-oxymolybdenum

complex.

The lubricating oil composition of claim 1 or claim 2, in which the phosphorus

content is 0.01 wt.% or less.
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15 7. The lubricating oil conposition of claiml, in
whi ch the nitrogen-containing ashless dispersant is a
bi s-succi ni m de or poly-succinimde. 8. The

| ubricating oil conposition of any one of the
preceding clains, in which the 20 oxidation inhibitor
sel ected froma phenolic oxidation inhibitor and an
amine oxidation inhibitor is contained in an anmount

- of @he lybicating oibgorgpositinm dfiaby icoavf thg pmcledmg poes, tii ghich the

s SRR Bt Bl 8 oBORBRL G L ST Ao o flktine

i nhiedth oktal-sotainiiy sdliafiyk dstef@nt RPN bial bEse nidgher of 10 to
lubricating oil conposition of any one of the

pr eced Fﬁngﬁggns in which the basic nitrogen
conpound- oxynol ybdenum conpl ex is contained in an

amount of 0.3 to 1.0 wt.% -31 11. The | ubricating

. oi | Thelpbasatingoril afm@msitionnd cbfimel, & which theoalBalink Ratth hbal-

t he basic | trogen-contai nin conpound oxynDI bdenum
confTRN g etz eaal Fifiner epntan 1O JpormoteTgh Lk inogarth metal-

12. c&ﬂﬁdn@@hbﬁa@é B&erePhd ha@ﬁigfboé{atl b3 n%ETb@P?{f ﬂﬂ% 3‘36 h¥KOH/g

precedi ng clainms, which cdntains an
bor andel hyti Veearenin O£an aikolimd ezmth 1Betal-¢omtnidg \snlf(%ate deBergent

or b Rk R SRR Bt SR kOB por camt

viscosity index inprover in an anDunt of 0.2 to 10
Ww.% 10 14. The lubricating oil conposition of any
onel kg lubreatingaslcomngsidonofany ewrefehnpreneding daipess it Whmh the

o bifiReh SRR AR AL sBh s L LV B BRIORAN Vefine of

rica
cl ab,080 dr morel 3, mhereln the 15 conposition contains
zi nc di al kyl di t hi ophosphate in an anount of 0.01 wt.%
or less in terms of a phosphor us content. 16. The

lu bfﬂé:lﬁf)héh@lng ofl c%?{@giﬁbﬁ bPB . fn%d‘rﬂkfgthe%?(g%h Q:P}iﬂl‘ﬁnng

conposi tion ¢onta zi nc
an ahisendispirsaait BQﬂ)iMuc%irmnideaﬁq)oﬂyﬂsdoefnﬁﬁxd@f a

The lubricating oil composition of any one of the preceding claims, in which the
oxidation inhibitor selected from a phenolic oxidation inhibitor and an amine

oxidation inhibitor is contained in an amount of 0.6 to 3 wt.%.

The lubricating oil composition of claim 8, in which the phenolic oxidation
inhibitor is a hindered phenol compound and the amine oxidation inhibitor is a

diarylamine compound.
The lubricating oil composition of any one of the preceding claims, in which the

basic nitrogen compound-oxymolybdenum complex is contained in an amount of
0.3 to 1.0 wt.%.
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20 phosphorus content. 17. The lubricating oi
conposition of any one of the preceding clains, in
which a ratio of an alkaline earth neta

content/sul fur content is 1.7 or nore. 25 18. The

| ubricating oil conposition of any one of the

preceding claims, wherein said |ubricating

anS|t|on is formul ated for use in diesel engines.
1119, The mbrigating @f cammsisioinmg ame ane piclaimdi letod), irewlyich ¢he basic

co ratln i esel ngi ed
e BtoRbE S RRELR ool e S Ro G Corit BB sglfot Sorehe of
hydr).@saas bGrWtf%eI havi ng a sul fur content |ess than

0.001 wt.% and lubricating said engine with a
| ubricating oil conposition characterized by a | ow

sul P | ~f
125 08¢ icaf A A LA ond GEIRSEARE Ol Y
sul tatteds asiikdonmemhborate B diaté i dn dmovint OF oatsalof\w.%.
content of 0.01 to 0.3 w.% a phosphorous content of
0.08 wt.% or lower, and a zinc content of 0.07 w.%
13.07 TRYRbricaiedil Lo
5 (a) & na??;’rg‘*);ln‘%%‘ L) on TR e PR, L
oi I cmnmdlap@‘m vatesity icdmypiomperiter of arBdnaunt &4 0.2 todd evt.%.
a viscosity index of 110 or nore, and a sulfur
content of 0.01 wt.%or less; 10 (b) an alkaline earth

14, et Bhe bAtANRIoN Lot SO R BE aﬁﬁorﬁe‘hﬁﬂ@ﬂa&%edﬁ’ig Qaitk, Whefdifthe
W.%in terns of an alkaline earth netal contenf; (c)

a nfERsgBien conems ShbrandieHy og gingi ds%ibﬂéé]mpplmsphatm i ght
average nol ecul ar weight of 4,500 or nore in an
amount of 0.01 to 0.3 w.%in ternms of a 15 nitrogen

15. conTlgrtubridatihg @il doﬁ@shneﬂ of gl slatdfRMimBphit®12 Grhdréinde
anount of 0.1 to 5 wt sel ected fromthe group
corfHHORHgn gpntging ﬁ@ﬁéﬁlqﬂ%ylésthlaahqsahatp Hhatharaet ghe.04rvt. % or

i 198 in Rt A B r@t}hﬁlcﬁaﬁfm and 20 (e) a basic

ni trogen-contain und- oxynol ybdenum conpl ex in
an

16.  The lubricating oil composition of claim 5, wherein the composition contains
zine dialkyldithiophosphate in an amount of 0.005 wt.% or less in terms of a

phosphorus content.

17.  The lubricating oil composition of any one of the preceding claims, in which a

ratio of an alkaline earth metal content/sulfur content is 1.7 or more.

18.  The lubricating oil composition of any one of the preceding claims, wherein said

lubricating composition is formulated for use in diesel engines.

19. A method for improving wear in a diesel engine comprising operating a diesel
engine equipped with an exhaust gas cleaning apparatus using a diesel
hydrocarbon fuel having a sulfur content less than 0.001 wt.% and lubricating

said engine with a lubricating oil composition characterized by a low sulfated
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anmount of 0.3 to 2.0 wt.% -33

ash, low sulfur, low phosphorous, low zinc, wherein the lubricating oil

composition has a sulfated ash content of 0.1 to 1.1 wt.%, a sulfur content of 0.01

to 0.3 wt.%, a phosphorous content of 0.08 wt.% or lower, and a zinc content of

0.07 wt.% or lower, said lubricating oil composition comprising:

(2)

(b)

(c)

(d)

(e)

a major amount of a mineral or synthetic base oil having a saturated
component of 85 wt.% or more, a viscosity index of 110 or more, and a

sulfur content of 0.01 wt.% or less;

an alkaline earth metal-containing detergent in an amount of 0.01 to 0.4

wt.% in terms of an alkaline earth metal content;

a nitrogen-containing ashless dispersant of a weight average molecular
weight of 4,500 or more in an amount of 0.01 to 0.3 wt.% in terms of a

nitrogen content;
at least one oxidation inhibitor in an amount of 0.1 to 5 wt.%, selected
from the group consisting of a phenolic oxidation inhibitor and an amine

oxidation inhibitor; and

a basic nitrogen-containing compound-oxymolybdenum complex in an

amount of 0.3 to 2.0 wt.%.
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