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10 content in fuel is accelerated in the near future.
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particulate ﬁlter and an ox1dat10n catalyst and shows good high temperature

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

~ regulations. The fubricating 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:

30

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

amount of 0.01 to 0.3 wt.% in terms of the nitregen content;

, .



The lubricating oil is further defined to have a
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0.3 wt.%, and a chlorine content of 40 ppm or less, and to contain an organic acid

~ metal salt (which is contained in the detergent) in an amount of 0.2 to 7 wt.%.

15
Japanese Provisional Patent Publication 2003-336089 (Patent Publication 2)

-:describes a lubricating oil composition comprising a base oil (mineral oil and/or
o -ssynthetic oil) having a lubricating viscosity and a sulfur content of 0.2 wt.% or less
and the fo-llowing additives dissolved or dispersed in the base oil in percént amounts

20 based on the total amount of the oil composition:

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

armount of 0.01 to 0.3 wt.% in terms of the aitrogen content;

25 (b) a metal-containing detergent having a sulfur content of 3.5 wt.% or less and a
TBN of 10-350 mg+*XOH/g, in an amount of 0.1 fo 1 w.% in terms of'a
sulfated ash content;

(c)  zinc 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

-3-



and phosphorous acid esters, in an amount of 0.002 to

005 W % 1 terns of & phosphorus content; (e)yan
oxi dation inhibitor selected fromthe group
consi sting of a phenol 5conpound, an am ne conpound
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Moreover, the reduction of the content of zi nc
di al kyl di t hi ophosphate results in | owering of wear
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zine dialkyldithiophosphate results in lowering of detergency at a high temperature
25 and stability to oxidation of the lubricating oil. Moreover, the reduction of the content

of zine dialkyldithiophosphate results in lowéxing of wear resistance.

Both of the lubricating oils having a Jow sulfated ash content, a low sulfur
content and a low phosphorus content which are described in Patent Publications 1
30 and 2 are formulated to optimize the combination of various known additive
components, whereby the desired low sulfated ash content, low sulfur confent and low
phosphorus content are prepared. Both of the lubricating oils of Patent Publications 1
and 2, however, are formulated on the basis of concept that zinc |
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In addition, the present inventors have found that

soot produced by burning a lubricating oi

conposition containing zinc dialkyldithi ophosphate in

i nternal conbustion engines, particularly, diese

engines, is apt to aggregate or harden. The
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(d) at |east one oxidation inhibitor in an anount of

0.1 to 5 w.% selected fromthe group consisting of

a phenolic oxidation inhibitor and an am ne oxi dation
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(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



(cOat | east one oxidation inhibitor selected fromthe
group consisting of a phenolic oxidation inhibitor or
an am ne oxidation inhibitor in an amunt of 0.1 to 5
Ww.% and (e) a basic nitrogen-containing ,
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par ti cul aphnpolen? 8BS Myt % &Tmbi8SSYiscosity indeoB NIl di@fiore, and a
enbodi nent the lubricating conposition is

characteﬁuﬁ@ﬁxmﬁﬁﬁofﬂﬁl§G%@9¥k%%ntent is 0.3 w.%or

|l ess (particularly 0.1 w.%or |ess): I n anot her
enbodi nent the |ubricating conposition is

chariect enhz8dlihd airth fetahbdadining degrdeht in an amount of 0.01 to 0.4
met al - cont ai ni ng det.er t contains 30 wt.%or nore

of an aIRﬁﬂ@H%W§§FPgmhgigpyﬁﬁﬁ%5Wﬁ;ﬁﬁn?3’icylate
detergent having a total base nunber of 10 to 350

mgKOH/ g. More particularly, the alkaline earth -
met &t) contmirpgenepodtiang esidess disphrsant od atvedigly agerage mpjecular

or nore of .an al i ne earth netal- | Qi "
‘ salicyIaﬁ@ﬂQEPg#g@hPrﬁgg?Hﬁﬂﬁﬂ?% ngggggﬂﬁg Fp ferpg ot a
to 350 mgEd¥gdn cdtent;. %o or nore of an alkali earth

metal -con- tam ng phenate detergent having a total
base nunber of 10 to 350 i1 COH g and 10 w.% or nore

of al ka] i _.earth. j-0 0

det P gent 5aiG oa PBHE|RTE M BHib QR 3 vy selected
mgKOH g, from the ghdupaivabibiing efdydehotendxiddtien intiibiicr abd agamine
conposition_.is characterjzed that the nitrogen
containiﬁ§“§§HP€§§mHFS@E¢sant has a wei ght average

nol ecul ar wei ght of 6,000 or nore. A suitable

ni trogen contai ning ashl ess dispersant is a )

bi s{suc ciarhagicdetragenpohiaining cornpeund-oxymolybdenymng gemplex in an

enbodi ment_t he rigating conposition is
characteFP%Eﬁt?mg?t?%@‘@Y%dation i nhi bitor sel ected
froma phenolic oxidation inhibitor and an am ne
oxidation inhibitor is contained in an anmount of 0.6
to 3 w.% A preferd phenolit6%xidation inhibitor is
a hindered phenol conpound and the am ne oxidation
inhibitor is a diarylanme conpound.



In anot her enbodi nent the | ubricating conposition is
characterized that the basic nitrogen
compound- oxynol ybdenum conpl ex is contained in an

amount of 0.3 to 1.0 wt % (particularly 0.3 to 0.8

Ww.%. In this regard, the basic nitrogen-containing
conpound- oxynol ybdenum conpl ex preferably has a

sul fur content of 0.05to 0.5 wm.% The

Iubrlca Jn I e

enbo %%%Qﬁggﬁ f@%%&ﬁéﬁn gﬁ%ﬁk 1@@%%ﬂ%15@

met @hos!pbdsmg I(axz viglc hylﬁ"foal&@ ahonposifier whnbly hasra saHatedashrebntent of

% and/ or Vi 03| i nd X i nmpr.ove
(pagﬁtﬁa%éWfoﬁmgFQﬁ@FQB (ﬂU¢%§§ yfﬂﬁﬁ ng P;OOS
and wWhesr 1I6WE sdesziRy @hn@hed 7w, %3 0r BeHnid x@lﬁd@@(ﬁlﬁrﬁes the
10 wt. % I n another enbodi ment the | ubricating
conﬁﬁ@ﬁ@%ﬂﬁﬁ@@%@%F%@&“PWO§WQW%FSthe enbodi nent's above
may be characterized in that the lubricating oi
conposi tion contains no zinc dialkyldithiophosphate
or nt ad mgjor imeurdiohh kpedilahd/ optyodhpticilease pih hasngistmated

cont ent., R BEFLFER § b LR Rl RiRRBP BBl Ry apg o st

or | ess MﬂnmﬁbﬁGOQWWaéphhsghorus content, and even

nore preferably consisting of essentially no

phosphorous content. Accordingly one enbodi nent is

dI r ggt edaﬂa@kdﬂﬁ@éﬂﬂﬁﬁ&bl&oﬁfaﬁ@gl debidentihial gmoaRRA IO kohs wt.%
escri bed above. nbodlnent of the

Iubrlcaﬂmﬁ@nﬁﬁﬁﬁ@§ﬂ$ﬂ@ﬁeﬁ§h6ﬁ S2%'8%i zed that the

al kali earth netal content/sul fur content are 1.7 or

nor e. I n anot her enbodi ment the | ubricating .

‘consi td whogep-contaimdng ashlessalispetyant of hweightiverage molecular weight

nltrogen ai.ning. di s R

of 40 a0 Pt P PEi B ARG I35 03 3 e Ut

bi s- succionterx;de or pol ysuccini m de or a derivative

thereof which is obtained by the steps of reacting a

hi ghly reactive pol ybutene having at | east 50% of a

et gyl vi A Ydakidpe @xRlfisitinkibRoR kB idhahagbys corditinnerer
thermal reacting conditions to g

pol ybut efipn @w@n@naﬁm?@r&e%qx@gemw&bﬁﬂ@naﬂammwf
poIybutq?yh§ygﬁ@@uﬁmanhydr|de Wi th

pol yal kyl'enepol yam ne, Mre particularly, the ashless
nitrogen containing dispersant is a pol ysuccini m de
or a derivative thereof, which is obtained by the
steps of reacting a highly reactive pol ybut ene,

al pha-ol efin, and nal eic anhydride to give a
terpolynmer and reacting the terpolyner, aromatic

am ne, and pol yet her am ne DETAI LED DESCRI PTI ON OF
THE | NVENTI ON The base oil and the additive
conmponents conprised in the lubricating oi
conpositions of the invention are further described
bel ow. Base QO | The base oil of the

| ubricating oil conposition according to the
invention is a mneral oil and/or a synthetic oi

whi ch has a saturated conponent of 85 w.% or nore
(preferably 90 wt. % or nore), a viscosity index of
110 or nore (preferably 120 or nore, nore preferably
130 or nore), and a sulfur content of 0.01 w. % or.

| ess (preferably 0.001 w.%or |ess). The

m neral oil preferably is an oil, which is obtained
by processing a lubricating oil distillate of a

m neral oil by solvent refining, hydro gen ation, or
their conbination. Particularly preferred is a highly
hydrogenated refined oil (corresponding to a

hydr ocracked oil, typically has a viscosity index of

120 or nore, an evaporation | oss (ASTM D5800) of 15
wt.%or less, a sulfur content of 0.01 wt.% or |ess,
and an aromatic conponent content of 10 wt. % or



10 evaporation propertj, and therefore is preferred
for the use in the lubricating oil conposition of the
i nventi on. Exanpl es of the synthetic oils
(synthetic lubricating base oils) include

pol y-a-ol efin such as a polynerized conpound of
a-olefin having 3 to 12 carbon 15 at :a dialkyl

est ) of 2 B ET-ConaAE CRBRPUad SxaRAlden e Fypicy in an

azel ai ¢ agjodnt 511028 PO &id61 d and an al cohol having 4
to 18 carbon atons, typically dioctyl sebacate; a

pol yol ester which is an ester of .
1, 1, 1-tr et Dyl ol purRaevoL, K91}, Qhd @Pke Bmouns per

nmono- basi c a0|3'haV|ng to 1 ca%%%%xatong, da
al kythblenzeligedat nlgwanlfial idow ghosphorusslow zins ldgicatireysh
atoq§. Th%oﬁynthetic oil generally contains
esseﬁ?ﬁgﬁly'no 20 sul fur, shows good stability to
oxi dation and good heat resistance, and gives |ess

resi dual _car ban .and._soot en.,t 1S burned.

er of or 45¢ [aa O o mhosgion o b sh-Sp B BRGHs e dygency ata
for Hidtfempditueahd BoodickistGRRROSEd] Mfiowh it Hae a low aifaicdrash
Particularly preferred is -a-qlefin, fr

| th _
vi evgpBicni  lof Rinephops certcrst IO IBR TS e Ry gssentialy
the zﬂﬁlrc@]lggdsﬂlh%(%ggsp‘ﬁ%t@tﬁ%}éf&e,%é lu&%ﬁ#?@%ii?clﬁﬂ?ﬂlﬁbﬁﬁg% gf the

si ngl'y. ., 'two or nore-mneral_oils can
enpldisgledurt 15 foomblnenployabledociubrigating anrppgiac $ish pessiadrydrocarbon

il .b I d.i i fi o 1 e i -
O e TugRBviBE SR PR b LurBRRDY DO W or LRE pIRNORER cnflutomobie
an qlidstlengie E@.ﬁ;bpag V\&iﬁ aAIekladuEm geE&_tefaiﬂng/lefﬁﬂyga
Det er gen The ricati,ng. ol opposition o
D Tals Bleras ab st onets R Rpp

nmet al - contai ni ng detergent in an anount of 0.01 to.

0.4 wt.%in terns of the alkaline earth netal
cont eni . The lnbricating g caNRES oS BRFNFHRSISAY St dRlorhdp ove

det %%%5 Baﬁﬁ, Ritiol i HbraGANEE Hat BE badichitboeeRd
or ﬁé@@&gﬁghgé@Q N (Total hasg nunber) of 10 té 356¥
gy K@hingourBlexamplybdenuin qohwlex ik asuceipingdg-erymolybdenum complex.
nmet al - cont ai ni ng detergents generally incorporated

into lubricating oil conpositions include sulfurized
phenat esn petheotabrdimeahifionlabising gmpjvettioe isshifcnatedghat

and sal.icyl ates. The, al kaline earth metal.-containing
dot herpae eI P| SR oS iRy REL ASBERE S T
t he pdiy Batic@ArI{N 8\0BGvide loPs@sh content and a | ow
~sul fur content preferably has a | ow sul fur content

and a noderate overbasi ng degree, contains a netal of

a smal | HStter &Hﬁmﬁiﬁl@ﬂt%&ubﬁ%% %ﬁmoﬁﬂé’n Badar@ishized that the

shows a base nunber higher than ihat expected for the

contsaifrednieet ial0,3 oo grless (@hmigulers Odest Yoed 19555 h

detergency at a high tenperature to the |ubricating

oi | conposition. 15 Therefore, a ]

cal ci um toabdiendirmigpditedie thepd nlbr catnd@nipositionis thrmitgrged that the

dete nt d a, magnesi ym cont ai ni detergent are, i

or cPUBRR e B EEBRE dH st OUAPET M ok TS A Ag kaline carth

det @k@fRbntaining salicylate detergent having a total base number of 10 to 350
mg-KOH/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 m-KOH/g, 10 wt.% or more of an alkali earth

metal-con-
_7-



20The al kal i ne earth netal - containing detergent

enpl oyed for the lubricating oil conposition of the

i nvention preferably contains 30 wt.% or nore
(particularly 40 wt.% or nore) of an alkaline earth

nmet al - contai ning salicylate having a TBN (total base
nunber) in the range of 10 to 350 ngKOH/ g. It is

pr efteining ghdnartdetclyentlheving a:a)teil bape oinhba ofiffotei360 mrKOH/g and 10

further contalns wt % nor e. of kal i ne .earth
b s Rt kg st RiGios sl Bl Bk feota
of Isd AuB& oI 80 manofB; Wt . % or nore of an

al kaline earth netal-contalnlng sul fonate having a
TBN in the range of 10 to 350 ngKOH g. The al kal i ne

eart h mefaly, fentAdaliG f@hitFitib otpRalonkd dhaksedRd that the
al kaline earth 30 netal salt of alkylsallcyllc aci

- whi eifragen pmépEngashlpgs dispsrsentdipsa @felghteaazéltagwolﬁmémwght of 6,000
h
ono DB P Siiubft il SRLNAD SUATRIHIERR L lchliide o

aIkybbhmannnm:Kolbe Schn1tt reacti on. The al kaline
earth Metal salt can be prepared by converting a
corresponding Na salt or K salt by double - 11 -

deconposid blme@ lenfbodlitriend e aal'brd:aﬁ@ccmmimm @ncHaricRrized that the
Ca salt .or. a salt, The sltlon usi.ng

cal @W%ﬁ@bﬁ%ﬂ%@ftﬁ% aipheng 9 opfdion AW gpming oxidation

r esiigiilor Htoffainl€ i s ARunt & 08 Br334@s] N the resul ting
salt. Qtherw se, the alkylphenol is directly

neutralized to give its Ca salt which is in turn

subj ect egL é,&?ﬁ@aﬁ%ﬂafeo%u mg'lyg mﬂdeﬁedyﬁ@%& abifi il and

salicyl a process |s vant ageous beca

i ts thd ahithe okidaton ethshiton id mﬂmyﬂhnmabmpyllmt e is | ovver
than that of Kol be-Schmtt reaction. Therefore, the
al kaline earth nmetal -containing salicylate preferably

i 'S an nomy giskferemBelimanit Kiad luhécadiag tdmpoeitiah isshhraaytiat ehat the
t hat repared by the ination af Kol be-Schmtt
by PSR R M A RIRHIOLIESH nARTRRgt of 03

a TEN bRt UhEatR @f’_’a 30 4 wt. ?Qn B, thObdstti®ogen-
preferably O to 1 0 |nI«}Vg is also preferred

t hatomtAging) cRuppws- (@{a(mow U C‘é’@lﬂ%ﬁ’rﬁﬁeﬁb ydes e piap eontent of
an aldal hrg,@arth netal salt of an organic acid

having a carbon ni trogen bondi ng or an al kaline earth
netal salt of a phenol derivative. Generally,

reactio rHe ]tuﬁrigart]ing ol ggmposiﬁon described in any of the embodiments above
may further contains an alkali metal boric acid hydrate and preferably in an amount of
0.1 to 2.0 wl.% 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 embodiment the fubricating composition described in any of the
embodiments above may be characterized in that the lubricating oil composition
contains no zinc diatkyldithiophosphate or contains zinc dialkyldithiophosphate in an
amount of 0.01 wt.%e> or less in terms of a phosphorus content, more preferably inan
amount of 0,005 wit.% or less in terms of a phosphorus content, and even more

preferably consisting of



15 conpound gives a conpound having a high basicity
derived fromthe basic nitrogen. This conpound is
preferred because it gives a high base nunber
although it has a | ow ash content. For instance, a
netal salt of an am nocarboxylic acid can be used.

e o S BIRTRLS: AL
al k%lﬂrl]lg hERnLE fe Bﬁéaﬁﬁgwrﬂposiﬁbﬁssas@@im%&%obé

obt ai'fnabl'e by the steps of 20 reacting al kyl phenol,
f or mal dehyde, and am ne or an am ne conpound

according to.the NA d ' i j ;
o oduct AR EAhE Bl GRRL bbolol Rt AT e alal
neutdrthlnhatalngntchesulfmcontont goe bdwetmoagt h a base such as

cal ci um hydroxi de to give the correspondi ng net al

salt 25ln addition to the alkaline earth

net al - copbAbRirRebdhRhgea ubrieing tdmapdsiten éarhntactertedlthat the
sul fonate which i s _an_al kal | ne rth t al %?%{ of i

et #blea e CoRRERIEARETa b AFEHGHR COTE P AT Tt RRP QY loss
or QR iR e qitihihedybdreidedivaive
of ﬁ)’a&ﬂﬁ%ﬂ%%@ﬁlﬂ é}ﬁﬁ‘% A8bkQ Gy ﬁ(ﬁff ve

npartin etergency (at the same sul f ated .
as htlieeveihiclais chiafried tyy thersfsps aftrarcting &hl'ghlywﬁffcﬁﬁf‘ep(zﬂ?“tt%e having
netal, s nat = Meddbide 1 al
v r s R hy e BricRle MEhAREaNEe e o
al kahitng condifidns wegiat a pollybuoeretsecdiniy arhydudg and reacting the

over-basicity.i.s i,ncarporated i | at v

ottt oreriutiing grpenf ¥ fprtaleRpb i Floke iRy, e
CONh@Rks nitrbgdnsoataitngtiigRebwans apdpuscihingde ohelealvitaleitimeeot,
earth petal sul fonate havin algw;oy&gbag&g%ﬂy ha-olefim
har #high isRbiaiasddy thegens of LAcg 2 MehpaT vE PRy itene; giphasoleim,
| ncorARLIRL Sfhydtida 1d SdLterpbmer and redfiigfihe terpoBmed Gidmatic
it 1s preferred that the al'kaline earth netal

sW emateeansbpdlygther qnagige.over - basicity is enpl oyed in

conmbi nation with the aforenenti oned non-sul furized

al kaline earth netal salicylate or phenate

derivative. HIEEACKENAM T NP EN SN
al kaline earth nmetal phenate is an al kaline earth

-netal salt (generally Ca salt or My salt) of a
sul furi zes: Rkl aphdaadditivEremponentscpmpsed|ik thie lubgicating oil

earth nmetal phenate shows i gh heat,resistance, but

has CeMBYHRS OEW By ot %ﬁﬁ’r‘{l}fgd‘?c e.’c%)geg “ore, which

is incorporated by the sul furizing reaction.

Therefore, the sulfinized alkaline earth neta

phellasecOtan be enpl oyed in 10 conbination with the

af or ementy | (NI c@'ﬁ%@iiti&%b@ﬂﬁi‘ AQthe invention is &
detergen?@gggg?gpgg%yﬂfﬁgﬁ%gﬂLsu furized_al%aline o

ear niinaretodlland/at 4 sypitetieoil Nhich bagensasedsomnpgetoh Pawg Y or more

Di spersa e Hitrogen- LN I i

e BT EAOPS Th o OB Cal oAy b o I e EBre SRR T30 o
t he pidy @wtiré prefdtasdy e30&irgdtt), aner sufffer oot of G01 we¥ighidess

of 4,500 or nore. The i ght average nol ecul ar wei ght

pr efetmb)y POl ¢ oRlEs)50, 000. The

ni trogen- cont ai ni ng ashl ess di spersant having a

wei ght average nol ecul ar. wei g

The mineral oil preferably is an ohﬂt, W?l];(:h is obtained by processing a

lubricating oil distillate of a mineral oil by solvent refining, hydro gen ation, or their
combination. Particularly preferred is a highly hydrogenated refined oil

-9



4,500 or nore preferably is a mxture of a

------------- ““‘*‘ﬂf?fﬁgeﬁ -cont-at-ning-asht-ess—dispersant—havi-ag—a———————————m——.

wei ght average nol ecul ar wei ght of 4,000 or nore and

a nitrogen-containing 20 ashl ess di spersant having a

wei ght average nol ecul ar wei ght of 6,000 or nore at

an appropriate ratio, and optionally further a
ni'trogen-contai ni ng ashl ess di spersant having a
\/\El(gjnteslwndmggcea hyshrewasked oihejmbelly bfs @VI@@I@ﬂ‘bmdﬁwfel 2§ gy more,

a nitrogen-c I b o
o SRS B R OSSP gt
Ve iog s, aN@iragt6mBRY @ipoadnt mt@h of Uset%ian 1etskpezn addition, an
speC|f|cat|on is a,nol ht, .25 deter ed by
GO YN TER FRGIHEE %@%@ﬁfgﬁ% 0 if B b TR s more
COAMEUREocracked 011 Wé £Hhig Efvml:&ﬁy Rddek 00 €dtcle @d’liaamglal’vgscosﬂy
di spersants i ncl ude keng or alk | succi

deﬂmdﬁapf W ttrm?rrwpewﬁﬂaﬂhl togleP} %‘a f5r QAL Wé‘ll ?‘i"ﬂg
%]ro(?llgc?r%ru? LA e &héﬁ%wépm% HORE RN gk fd

cating conp03|t|on in 30 an anopunt
of 1@n&hzitmn@nc$hy(bocgmlm}gemd @rgtas—tqahqued prsc ol The hydrpergelied oll

g?{%.gg ? A tr}?ieapltpwgrg n a%btn QhichitBals s acl%' ng

I've Succinim

1@ bteﬁéﬂé&dmh)ﬁrdpb@y 8@ teteliore wrmﬂad Buteiuns o Mhymaﬁldg oil
havi ng a_substituent. of an al kenyl group or an al kyl

gréeﬁPW%WEHfN§§nﬁﬁﬁP@h mol ecul ar wei ght and - 13 -
pol yal kyl enepol yam ne containing 4 to 10 nitrogen

_ f bly 5 7 ni
ﬁéfgﬁuf Brampies of K@wih‘i@aa ol e ee bR e
hag %?1 Ah%g yl {yrﬁ@ﬁi?f@oﬂp%uﬁf &fesiehl Naviierd tvad carbon
from tic

pol ybut ene, having a
1hu m‘n;enis awdmnageastamlf e disbaic agel @hlu ag aqbwieacrda Agflaiped, or adipic

appr 00, t.0 000 5
oD PR gR AR B VR cotin el BERAR, SopOfpebagate o polvl
St h%s{eﬁlﬂffii‘i:h mn?afstep@iﬂ Iylg Mmmahalgltj)rmheo@eamwmmd end g
general | y perforne chlorin ro i
- a aPerorhagic aglg ﬁ%a&%to %%@fh%‘m AR 0S e}kﬁﬁﬁf%c%eﬁﬁa%g% alky1
WH 20 bdtodid Sioks. 3!‘He'sﬁx%éﬁc&iﬂ%enét@ﬂﬁﬁ(ﬁfwnsteb@nhally no

. redactron product obtained the 10 chlorlnatl% i
20r colfers shrovsteaphgabilityde géld&th%lﬂ*i*@ gpohent FEipigpRoeand ives less

aPRLSXat cargc% okl @H@t vﬁ;ren Gitb Bﬁfn@(f Th&fefotr@ %ésﬁﬁﬂh@ﬂﬂ o1l is preferably

_reé%?lon process using no chloride conpound IS

e np:lnqﬂ@éd fdirhbe ]luhyatwmg) pil ppmms@tonéﬁ fhednyegtion |P?mﬁp,larly preferred is
extr I chlorln r A8 verdBpPPm or

| e %‘Pthmfl PR Oﬁltd%or E%@%I ve?lg%ﬂ But ene
(contalnlng a methylvinylidene structure at | east

0
28 g P; gﬁt @,Sggh/%f tlhg m?n%?gl %Yl%gd Isynﬂ? lﬁ%% cgr]; be:t Qrgplgfeg ﬁr}ﬁlswed

two or more mineral oils can be empleyed 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 cil 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 alkalin_e

earth metal content.
-10-




15 (mainly containing a a-olefin structure), even the
thermal reaction process can give a high reaction
yield. If the reaction yield is high, the reaction
product necessarily contains a reduced anount of the
unreacted pol ybutene. This neans that a di spersant
containing a | arge anount of the effective conponent

- (succinimde) is obtained. Accordingly, it is

preferred that the pol ybutenyl succinic acid
anhydr i dée ilsalpreedule edtaRCortziving tttergitgidisrably et 4 sdfur content

pol tene by the t react i t tl

P HacelBer b e ety (e fREskerd Aiybe Rt Romws
reacted w th pol yal kyl enepol yam ne havi ng an aver age
nitrogen atom nupber in the r e of. 4. to 10 (in qgne

ol coo By ang ey hae S kg st M AL e et STeET D

fu rﬂ&%fﬁﬁﬁnﬁqu&%ﬁﬁggl YrikbsiiRhd fmclagd shifuflbiqih@hates, petroleum
al dehyde, ketone, alkyl phenol, cyclic carbonate,

or gakpnetegcivatheiic subfenatescand selicidiele a 25 nodi fi ed
succinimde. Particularly, a borated al kenyl (or

al kyl' ) -succini m de which is obtained by the reaction
wi t h bohealliging earth metbraneiciogpgeengentifer thellvhncaigeous

Jromthe.vi ai nts. of theryal and.oxidation

107 $Bbisit EROPTeDah bl h PR ac8 Ui B ot coment
as lpkaEablgihsPelosasulfar ¢oftntistel adfodendty omrbasing degrbd icomtelias a
-di spersants derived from ethyl ene-a-ql efi.n copol yner
(f opetyl HE?é‘H@é?tOWWeé@Lﬁwd\quéﬁv e sk &g se nusaber
15 ,h@@%) thartihg SKEAY P RRZ VAR PRtaRF6H RS didk SR ESAASgh
The Tubricating oil conposition of the invention
nesetszegnseyl at adighttamperatreip thedgeitabuhihsaWnogitiaghl ess

14li spersant having a high nol ecular weight. If

desired, the other ashless di spersants such as
al keny| dhereford, e calcivch-astaning idpreen ambasiugagpniséning detergent and

| oyed_.| mbinatj on. 5 Oxi-dation.| nhibif; I
S SRERR A B BB PR et

... Phepphinthstd¢Resc@t. an am ne type oxidation inhibitor. A
- representative phenolic oxidation inhibitor is a

_hindered phenol compound, and a representative anine
o@Xi dat i gfie LiRkidRickAh mefilBodhiamy iawins chblgeimauRdubricating oil

The hi ndered phenol conpound and di ar olam' ne &orrpo]ur]d
‘ar @omumfﬁmla@é& isvepdion nEEeTaY ROTRPY HWE 5ro WMo (PRTTGH 2CY

dety PR 8%’m81{$; gf{};' G016 TRAT AL Emiallife Slidr vk 8iAga TBN (total
oxidation Tn itor 1s particul arly advantageous o
be dassemiber)imtheaatzpse 10 Mg QOH/adt Bréferns thatdhe lubricating

st 19 .
ortregreyon MARRT NS T SHEY Frnb® of BERRRE Gpren

2k nelasiednBhenaihenatt BatinonTBNH Hietrargeios 1@fof E6tmgr Qg and

reduce oxi dative deterioration caused NO,. . .
24 Stmoriad AaTea D RSTBICOBRT TE TP Y e AgRERN i the
| NGLULRE 10 to 350 mgKOH/g,

The alkaline earth metal-containing salicylate generally is an alkaline carth
30 metai sali of alkylsalicylic acid which is prepared by the steps of reacting a-olefin
having épprox. 8 to 30 carben atoms (mean value) and phenol to give an alkyliphenol
“and subjecting the alkylphenol to Kolbe-Schmitt reaction. The alkaline earth metal
salt can be prepared by converting a corresponding Na salt or K salt by double
-11 -




0 2,6-di-t-butyl-p-cresol,

~=et-hytenebt-st26=di=t=butyt-Phenoty;

" -met hylenebi s(6-t-butyl-o0-cresol),

, 41-i sopropylidenebi s(2, 6-di-t-butyl phenol),
4,4" -bis(2,6-di-t-butyl phenol),

2, 21- et hyl enebi s(4-net hyl-6-t-butyl phenOl),
4, 41-thiobis(2-methyl-6-t-butylphenol),

2, Bechimposititinatr nylfigivalvidsdegorg®sBiogiinte a bigsgl] ovp Mg adipndepble

OpRroPi onat e oct yl . . A
SRS R R hige FHeon Flri Grelay s g s
octiaeaeyh apd1d Bigpatd indthe tapdiidd dajd Otheypbes thydl B eh@risdiesctly

and octyl _ e ) . .
3- sl gvaihCarakybish i R BiisKyFA p GBPipR for vielding
EXaERheRmAhIIfe. i bl B @isediadiRdoan bedatieliistyildof conversion
i ncl ude al kyl qu{ohen | am ne_30hayi ng a m.xt e fOf .
al ¢ thy ﬁ@@péte(w ORVeE éﬂa@ ﬂ@ypfggﬂbeaggﬁrg‘ft reaction. | herefore, the alkaline
1 M t - . -rl ) .
Qaﬂ}l%aﬁhcéhﬁltnﬁ%%gmﬁ% Blglfeli&'?ﬁ@éh Sn-BaRRM BV AIRATING @arth metal

P, .
pheényl -a-nap mmne, yl'at ed a-napht hyl am ne,

- anshliaylhicyhaaisauenabesiryl theacomipiating phkplie-Schmitf reactipn and e

t he_ hi.ndered phenol ' [ I nhi hito .

di %‘Fg’f‘ﬁ AFH gecé’%pg 51?1 Po %ﬁ 1%%% g;%?hofrn '{E@a@h%eecffg ﬁg‘? %?/Oelgg ROHg
1051 (igéry pRferitily SORDI0Datg-BIOH/tX desired, other oil

sol ubl e oxidation inhibitors can be enployed in

conbi nation with the hindered phenol oxidation

i nhi bi tRfs AYHrGerrtd@ardhediiinglenth Nuthbainkning ddiergért &ran

5 Basic Nitrogen-Containi ng Conpound- Oxynpl %ﬂ)eg#m

Confistline earth metal splieot|an Brgapis eFIAGGRE 2 68 '§H‘IP§ B o i

! U%ﬁ%ﬁide%ﬂﬁ HELDSht GO HhSMIN 8erdyal @S ienerally, reaction with an amine

ni trogen-contal ni ng conpound-oxynol ybdenum conpl ex jn
15ancanmund gives Hc@npaind having 2 bigh Pesicityslstired from the basic nitrogen.

ni £rogen- cont.ai nin - _
e e g
J apanesentRécnstarie oy imstabmaklof Buirhinocrhaxnlic e0d candBais¢d

preferahly enployed. Preferred,exa iGalieals
P Fredge 1 ioar ) Ao Br e 5 HEe D MRnh bhidSfe alkeli

| NGlcHAS 1R 1R XNARhYReta il e tPligX cafipositid i obtammatiee byribe steps of
an oxynol ybdenum conpl ex of carboxyl am de. 15The ding 1o

2hasdeeiing Alpdifencle Srmaldabsig. 496 AT Y 2D RS YBHBIACCT e

¢ o;%'l\%ﬁin? Qeat%ﬁor}? {oe%% 3 ga&%nt}ﬁ’&iuﬁg{ak!ﬁﬂgﬂaﬁ Gt dRe@s$dted phenolic
(a)an aci di ¢ nol ybdenum conpound or its salt is__ )
catiagdnd ceutetizing Hictthacsio groduct Aithradgensush as ealFiRR Gy droxide to

cog&g%dm%é:p%n 1%g%1%g Lyl m de, car boxy\l am de,

-~
, 4
4

25 In addition to the alkaline earth metal-containing detergent, an alkaline 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 defergency (at the same sulfated ash level) at a high temperature, an
alkaline earth metal sulfonate that has a low over-basicity is advantageous. However,
30 itis 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.
1t 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 -

- 12 -




20hydr ocar byl nonoam ne, hydrocarbyl polyan ne,

MENTiT R~ base, phosphonan de, thi 6- phos- phonam de;
phosphorani de and a di spersant-type viscosity index

i mprover (or a mxture thereof) at a tenperature of
120C or |l ower. 25The basic nitrogen-containing
conpound- oxynol ybdenum conpl ex i s described in detail

in the above-nenti oned J nese. Pat ent Pr.ovi.si onal.

. PUBPPEA{ T ZOOUS EOTTCA R AR SO 9 L e R g 2 low
Ni i QBEH:IHADEBHBYEDin CORBREG Wity thD b RARRAY BRedton-sulfurized
conpl ex, ot her nol ybdenum cont ai ni ng conpounds can be

us sldalirexartipineis] wiicylpe onphoppld dprliviiEdNnt ai ni ng conpounds
i ncl ude sul furized oxynol ybdenum di t hi ocar banat e and
sul furized oxyrnol ybdenum di t hi ophosphate. O her
5Addi t i VB conventiondilyeuipldyed sfurinegf akdling oarfosetel ihgnase is an

the i.nvent. on further-c ' j:
oAb SRl T DTG B o Sl PR oo
" t empesdtitre sintnachishealpheier shoh e hiphkaktiresigargt, but has a
borate hydrate can_be contained in.an _anmpu f -
ok SORB FORIEES 81 srpraga? L PEPP: WE o pengy & ifrizing

al kaldonmetaloRomREeil Ak Shecam Mkl ftnds backnmaseyt in
and a sul fur conponent. Therefore, the alkalj t al

1horemiinsiipd mathehe afarementiensd alkalingrah gietbeonipaing dgiraent.
o in I8k abi 90 sk B RSkl pR1i&fiab he resul ting
|u8r&?62§adtl’?§’é?‘é’:‘?a%glﬁ%lﬁ§s SpnteOBiRiathe T o0
borate hydrates are described in U S. Patent Nos.
3,929, 650, and. 4, 089, 790. Th@ al kali nmetal borate
oeh g A S8 1SpErSan . .

5 2 5 ed- oy the steps of carbonizing a
neut r al TiR) k@bdenrodhaininy 2shikésalispamart amployed faafthe lubricating otl
sul fonate in_the presence of an alkali t al
1y 6918RgsHiOn PHhGIREBUPR b @riieht a"e&ﬁeﬁ%%%‘?%? IR0 %fad’déolonoé" more.

t hgpoVelRARBG S Hlolenat Reithifcrbablyes Red tat 0,000V Eha
di spersion of gan 0aI kal i \r%het al borate 15 particul ate.

. Theliuepcastaisng bk Hisperat by iRaraBEL) SEEr BRCOUE ot of
. the g S?E%%r%{;fg?@ﬁ?i L858 oflh SRGESRMIntIMER adkess dispersant

‘suctr ni m al'kal1 nefals are sodiumand .
pohadsd aveighixanmpige siobdculphweighticd Hi00tret BPTeFEd ggrogen-containing

ydrates. i ncl ude.a di spger.si
2% 'aﬁ}ﬁ%a ﬁPeésa(lggq,vi}r}gcar xgmgiﬁtzaz/:&ggef @Blﬁaﬁnﬁg}?é % gg 35,00{} or more at an
-di $pabsRek faflo,antegiicHally further a nitrogen-containing ashless dispersant

having a weight average molecular weight of 9,000 or more and a nitrogen-containing

ashless dispersant having a weight average molecular weight of 4,000 or less. The
weight average molecular weight used in the specification is a molecular weight

25 determined by GPC analysis using polystyrene as a reference compound.

Examples of the nitrogen-containing dispersants include alkenyl- or
aikylsucciniﬁlide or a derivative thereof which is derived from polyolefin. The
nitrogen-containing dispersant is incorporated into the Iabricating oil composition in

30  an amount of 0.01 to 0.3 weight percent in terms of a nitrogen content, based on the
total amount of the tubricating oil composition. A representative succinimide is
obtained by the reaction between succinic anhydride having a substituent of an

h alkenyl group or an alkyl group which has a high molecular weight and
-13-




contai ning neutral cal cium sul fonatetsuccinin de. In.

consi deration of resistance to 20 water, the
pot assi um can be replaced with sodium The
| ubricating oil conposition of the invention
preferably contains a viscosity index inprover in an
anount of 20 w.%or |ess, preferably 1 to 20 wt.%
i R o
00 ?%r Aeikr Cﬁglggl\é gg %ﬁ}ntwyl th ] @%ﬁrdfbﬁgéétrefﬁ fﬁeﬂaﬁly 5 to 7 pitrogen
et htymen@p powbbn@e chg@lkﬁm IEFOUPLOY IR nléiy?cmomwlel plehas a high

Eigg Wel greke\fébgﬁgelluv% g‘{)ltﬂ%r?%}é Sﬁﬂ‘{%?%‘k pplybutene,

VI Boag] 4 ymniml everagmpncdetata: whigbhinaherapgodappd:x BP0 to 5,000
yroviding di spersant properties to the
above-nenti oned polynmer are preferably enpl oyed. The

Vi SCOSI The rBéiz@é(folr mﬁm@ﬁﬁe SoRybubey LS REinki a0l ayihlride By the
conblnatléa 4

he 1 ub t |
of Restiniaf peibiise Fdynaleip N eprly Tt et
of gM?ﬁﬂa‘ﬁUﬁ g)g)gé(és LRE Y cRiddid éoﬁﬁ)%mm%ﬁlgﬁna‘ﬁﬁn bfb@ess is

auxi liary Itives are described as foll ows:
( a)dviantogahivs ki ipceadiansield. BeoweesrHpe waetsinayeiusinbjaioed by the

I.OC rbana L

B RRER Sk AL AbhP OkRL Bl it o

- sutHlodineC mﬂmm ¢eciipn, pradeas usingssl dhiadide coupdund ismmployed, the
ester | f i ¢, am ] ds
e PO R e B S BRARE
10(e8q) LMoreBlaé}Si@B B ghPy REdtHe gaszwtenet (binasihog Elﬁmthydzvxﬁ)ﬂiddne
ester, dithiop osphorlc acid ster d hos %Sb
acichse @trlyast wpyorhaiads FP’@E’@JP l?% g§’ C%an ol poiybutene

15t hg@ﬁblg%%wﬁﬂ%&%‘ ngﬁn g%%é)ow\eﬁ%é\lﬁeﬁ@ Rhction process can give a

tin
high reaction yleld If the reaction yield is high, the reaction product necessarily

© contains a reduced amount of the unreacted polybutene. This means that a dispersant
| containing a large amount of the effective component (succinimide) is obtained.
Accordingly, it is preferred that the polybuteny! succinic acid anhydride is produced
‘ .20 from the highly reactive polybutene by the thermal reaction and that the produced
| polybutenyl succinic acid anhydride is reacted with polyalkylenepolyamine having an

average nitrogen atom number in the range of 4 to 10 (in one molecule) to give the
succinimide. The succinimide further can be reacted with boric acid, alcohol,
aldehyde, ketone, alkylphenol, cyclic carbonate, organic acid or the like, to give a

25 modified succinimide. Parﬁcularlsr, a borated alkenyl(or alkyl)-succinimide which is
obtﬁined 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
30 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. '

-14-



15 (f) nonionic pol yoxyal kyl ene surface active agents |

Such—as polyoxyethyl enéal kyl'phenyl et her —and

copol ymers of ethyl ene oxi de and propyl ene oxi de
functioning as anti-rust agent and anti-enul sifying
agent; 20 (g)a variety of am nes, am des, am ne

salts, their derivatives, aliphatic esters of

pol yhydri c al cohols, and their derivatives which.

funct i oRhedgbriopting pibePrRROSTIPR 8} e VEYHARPCEESFTdY contains a

co d amy;%- Y aftHabii Lo 18@RM i AN UF RRIE, the
po?ﬁ@ggg%ﬁessa dtlsgj.&gz]%s&% ?ﬁgggiurg)%l l'iary add@t ives

c anthbeashlessfdispaisints fush ¢ plerylseritinpgd evier dspBISERAEITRS

oi | c€n%fsitilg in an anount of 3 wt%or |ess

(pSPPPEH BFYYT T V01 to 3 w. 9. The

jJubricating oil conposition of the invention can

Co&é n |1 amount 30 (0.07 w.%or |ess,

pr efEE Y68 wt.%or less, in ternms of the zinc

Ic 0 Bt ent \t 1efst g@e{&i@gﬁa}l khlitsHot: B sfelﬁdstﬁcsm_stataq;hepolic type of e amine
ubricating oil conposition of the inyentign.is. . _

pr e RigREOTABRRNT eaPIes IR PRETAE PdRgoR &ﬁﬂr\a‘iﬁ’ﬁ i fhindered

Oi f ' | bl ki daB &€ ThhdsoOME Qiarylamine

0 g?m56W%§h%%é%?£%@%%%h%%§%9%$;10V@0 ( SAE viscgg¥ty
1(gr aatepqunfdy i ncorporating a viscosity index inprover,

- fromthe viewpoint of fuel econony. 5 EXAMVPLE |

Preparation of lubricating oil conposition - A :

| ubr i caThdignderdd phengesinpbwx afid digiyieniog bympfund ke advantageous

i nventiqQn _havj ng an, SAl i,Scosi.t rade of . .
o SO Reas g R e SRRy LRl Rty e t8ytamine
Oi byidkforARMbitdr VEFarticularly advantageous because it has a base number derived

15 from the contained nitrogen which serves to increase detergency at a high

temperature. In contrast, the hindered phenol oxidation inhibitor is effective to reduce

- oxidative deterioration caused by NOx.

Examples of the hindered phenol oxidation infhibitors include
20 2,6-di-t-butyl-p-cresol, 4,4-methylenebis(2,6-di-t-butylphenol), '
- 4 4-methylenebis{6-t-butyl-o-cresol), 4 A-isopropylidenebis(2,6-di-t-butylphenol),
4,4‘»bis(2,6—di-t—bﬁty1phenol), 2,2"-methylenebis(4-methyl-6-t-butylphenol),
| 4 4'-thiobis(2-methyl-6-t-butylphenol),

2,2—thi0~diethylenebis[3-(3,S-di-t-butyl—4~hydoxyphenol)propionate], octyl

25 3—(3,5-di-t-butyl—4~hydroxyphcnyl)propionaté, octadecyl
3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate, and octyl
3-(5-t-butyl-4-hydroxy-3-methylphenyl)propionate.

Bxaiﬁples of the diarylamine oxidation inhibitors include alkyldiphenylamine

- 30. having a mixture of alkyl groups of 4 to 9 carbon atoms, p.p-dioctyldiphenylamine,
pi-lenyi—a—naphthylamine, phenyl—d—naphthylamEe, alkylated a-naphthyl amine, apd

- alkylated phenyl-a-hajphthy}amine., '

-15-




Al kal i ne Earth Metal - Cont ai ni ng Detergent 15

(Iysurturi-zed cal ¢ciumiphenate {(Car— 9.3 W 9% S374"

wt.% TBN. 255 ngl(01-1/g): 0.056 wt.% (in terns of

Ca content) (2)calciumsalicylate (Ca: 6.3 W.% S:

0.1 w.% | BN 177 ngKOH/ g): 200.056 wt.% (in terns

of Ca content) (3)ca|ciun1su|fonate (Ca: 2.4 wt.% S

2.9 w.% TBN 17 ;%_ 01-1/ 0.020 wt . % (in terns
{Ph

of Ca cBihetthe himie

@Ig)é gl nép}ﬂpipp@ apd thpgylagmine oxidation

Di %&%@?% l{eje)n%!o?cé KRSk B m c%%lb@da%@r? B@Rtradl ofidediOituble

aver age

ecular weight: 12,800 (GPC anaIyS|s val ue

as omatamhiabztmwgme coptayed pmvm’cn@tm@wgb Itlyeévtu}ﬁe@d@)ienol

ni t())rn & 1&99&%% 0%1])}9 fh}%’é’las{%ig% ghg%tb?%ﬁiﬁﬂ{r ent:

wt . ppm ., prepare

hermal 1y reactlng

A h|ghly reacti ve pol yi sobut ene havi ng a nunber

Iht

( c BangNiTeRs Aiping, COmpound-OxxRoly Bdenlm GOBRIex. v | i dene

struct urg) IuMﬁdaﬁngT&k @mﬁpcaniam@rthéemre@tmi fufther contains a basic
pol yi sobut enyl succi ni ¢ anhydri de, reacting the

poPmogﬁbmnéﬁm&%@ww@w%wea@nW@Hlex mn dn amount of 0.3 to
POb Yiake l’ﬁf@%QQ:I: Mﬁ%&@cdﬁ@a\lﬂlﬁg cﬁﬁbcﬁﬂ@—ﬁ}?}gﬁolﬁﬁ(kﬁ@ﬂ 88nplex having

atons o

per one nolecule) to give a

10bi sedsmlc:p}wm et@chasn senptegtin #@ams@?ﬁﬁlﬁfsmmnﬂi m de

15

120

25

30

%’le ﬁ 2@?(% g%pe%r%})ﬂy egl'ppo@gd Wherdtdd e@(altnSl 0B L basic

rogen c
nitrogen-containing compound- -oxymolybdenum complex include an oxymolybdenum

complex of succinimide and an oxymolybdenum complex of carboxylamide.

The basic nitrogen-containing compound-oxymolybdenum complex can be

prepared by the following process:

(a)  anacidic molybdenum corhpound or its salt is caused to react with & basic
nitrogen-containing compound such as succinimide, carboxylamide,
hydrocarbyl monoamine, hydrocarbyl polyamine, Manmnich base,
phosphonamide, thio-phos-phonamide, phosphoramide and a dispersant-type
viscosity index improver (or a mixture thereof) at a tcniperature 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. Exampies of the

mc;lybdenum—containing compounds include sulfurized oxymolybdenum

 dithiocarbamate and sulfurized oxymolybdenum dithiophosphate.

- 16-




5 (2)Bis-succinimde dispersant-2 (wei ght average

~nmol ecul ar weight: 5,100, nitrogen content: 1.95 W%
boron content: 0.66 w.% chlorine content: |ess than
5 w.ppm, prepared by the steps of thermally
reacting a highly reactive polyisobutene having a
nurrber aver age nol ecul ar wei ght of approx. 1,300

éfﬂAH e} | east approx. 50% of methylvinylidene
-uc?urég—mrth mal ei ¢ 10anhydride to give

p oI y | solitit byt aigoiirtbmpasitiyrdst tH@l.nVﬂEIEIaﬁ tlap GurtHee contain an alkali
pol ut en Isu cinic anh |de ' i

Dol TR B 2 HIOHaS R T Y et AL BT A  esic mursber.
at OI'H% aBdali@nchal @)Eﬁfe 1Rt T @6 Wb hinbdinGh Wodnt of 5 wt.% or less,

bi s-succi ni mi de, and reacting the bis-succinimnde

Wi toartisylarly 044 tel§ wide Gome wikabomatal bpgierhydisics sputpisgaash
co rHo 5&611@%11&195 gf?/ﬁt dhoh B Pk Gbre( dhd AR Hx@tapﬁdrgt@%&%te can be

“inhibrtor henylanlne having a m xture’ of
(o8 lacdjm@a aglbrkmat(gmmpg in dgnsidergtion of¥he bBositigof the resulting
rrgrif%ch%{hggéﬂ 0.5 wt.% (2) Phenolic oxidation inhibitor
0 .

203-(3,5-di-t- bu-ty1-4-hydroxyphenyl)propionate): 0.5

% Ba en- Cont aj ni n I

ot ox PARAD BT JEILHER S PETo Bt 8 Qe HRL LS. THeht

( Cofsad %%MHW@RQ 7P The afkaWimclal bvateGrydrad S bblprebad by the
% TBN ng: KOH g, OLOA 17502 avail abl e from 25

Ch ¥ape Al ‘Eﬁéti?éﬂlf@d‘ neu]i;{ilcf.llkahgnq{al\mr alplinsreaib esiabeifagate in the
o K%’g%gédj%g 819 &&Q%Efgf:wcﬁﬁﬁdﬁo gg\%t a%%%laﬂ%ﬂgeg Qﬁlﬁinﬁter!ﬁ‘ig E@a‘i‘ﬁnc the

TBNvaRBserdyulk@elegyithOlenia 391?15@ gare audwabﬂsm fof vmlla@ @hf@l/bqwe

B 1§ app%ﬂlcgﬁte. Tﬁe s(.%e;) of carbonz\t%on 18 preferably carried out in the presence of an
ashless dispersant such as succinimide. Preferred alkali metals are sodium and
potassium. Examples of the alkali meial borate hydrates include a dispersion of

: KB305+H:0 particulate (particle size: 0.3 um or less) dispersed in a medium
containing neutral calcium sulfonate/succinimide. In consideration of resistance to

20 water, the potassium can 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
25 méthacrylate, 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

ban be used singly or in combination.

30

The lubricatiﬁg 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-




- 20 - Non-Dispersant Viscosity |Index |nprover

Non- di sper sant et hyl ene-propyl ené copol'yner Vi scosity
i ndex inprover: 4.6 wt.% Pour Point Depressant 5
Pol ynet hacryl ate pour point depressant: 0.3 wt.%
(B)Base oil (residual anount) M xture of 56
wei ght parts of hydrocracked mneral oil-1 (kinematic
viscosity at 100C. 6.5 mm2/s, viscosity index: 132,
evaporation | oss (ASTM D5800): 10 5.6 wt.% sulfur
comgent zink @8Biotdieidls @Metiler¥bis@tiugr diteideLERes) @nin oxidation
content; 92 w.% arqmatic conponent content: 8 w.%
and 44 WEHREIE omVER IBEbI0Edr ocr acked ni neral oil -2
(kinematic viscosity at 100C. 4.1 m®2fs, viscosity
I ndex: 127, evaporation |oss (ASTM D5800): 14 w. %
SulPur eond srleble bepper coimpeus; 001 wt. % saturated
component  content: .92 w.% aronati c conmponent
content: 8 wt.% 15 EXAMPLE 2 The procedures of
Exdeipl esdifunesspampetes dlenceides sulitrized estbo pghpolysulfide);
conpound was not used and the anobunt of the. viscosity
i ndex i nprover was adjusted, to give a 20 l|ubricating
Oi kdyconpRshit a@Rle(0RPbiEls ¢.4., olBMBER)e R R pitirRgcdntuitil@esters
invention. EXAMPLE 3 The procedures of Exanple. 1 re .
14 epeat etf-Ssxrheprhorinagid eHg: ﬁlmpﬁ%sp QR ST %ﬁ?%ﬁ@&wd
was not e i Bst@Xi dation inhibitor was
used ine%%’%ﬁo%jﬁtﬁ)hggbﬁg%aﬁ O)Cd’and t he amount of the
viscosity index inprover was adjusted, to give a

B! bR 8 SAMERL bS8 s
deactivating agent;
15
(B nenionic polyoxyalkylene surface active agents such as
pblyoxycthyienealkylpheﬁyl ether and copolymers of ethylene oxide and

propylene oxide functioning as anti-rust agent and anti-emulsifying agent;

20 (g) a variety of amines, amides, amine salts, their derivatives, aliphatic esters of

polyhydric alcohols, and their derivatives which function as friction modifiers;

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

composition in an amount of 3 wi% or less (parﬁcularly, 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 zinc
dialkyldithiophosphate. -
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EXAMPLE 4 The procedures of Exanple 1 were repeated
except that the phenolic oxidation i nhi bi tor was

not used, the ami ne oxidation inhibitor was used in

an amount of 5 1.0 wt. % and the anmount of the

vi scosity index inprover was adjusted, to give a

| ubricating oil conposition (engine oil, 5WB0)

accor di rithethebrichigng dili\k@nt]josition &RV Entlon 10drBferably formulated to

procedur es. of Ex eated.exce t

b SRR i T8 s L alf et [BR et ieh s iEh B,
0. OBR40M5 WA BW3D€5W$O &f 1WA idcosityBade), by incorporating a
bel ow descri bed p -succi hi m de dj spersant was ‘used

in %ﬁmﬁﬁﬁwﬁﬁlgwﬂbeﬁ QHMWB@@EﬁOW%Wm%dﬁﬁﬂNHWOntent) and
the anmount of the viscosity index inprover was
adjusted, to give a lubricating oil conposition
(engine oil, 5WB0) accor diiAMPLIHE | nvention. 15

- Pol y-succi ni m de di spersant (wei ght average nol ecul ar
wei ght: 6,700, . -nitrogen content: 0.63 wt.%:
pr epar e (Prdpyratibve oSlnbyixsitiog oil e@opdsitgna Ahingtidaying edcormpaition

i sobut e er. avera | ec.

2 P o SBfe USRS iy RS AE P s S Gypprepred
10etdam§\mdﬁzsumdﬂ@@d@tms@h&b@a):mlal pha-ol efin, and maleic
anhydride to 20 give a terpol yner (su00|n|n1de) and
reacting the terpolyner with aromatic am ne and
pokxgthgﬁmﬁﬂ%pe EXAMPLE 6 25The procedures of

Exampl e | were repeated except that the
"bel ow descri bed di spersant viscosity index inprover
was, W.% (in terns of N
coﬁ?@%%§%%ﬁgh?ﬁﬂqgﬁgy1“95?9?%@2viscosity i ndex
15 prover was adjusted, to give a lubricating oi

i | St EPER et e B S e PN e

( ni tr 09@515 £:@FK @HR):N00 38 wf % NinGapslof MR content)

(2)  calcium salicylate (Ca: 6.3 wt.%, S: 0.1 wt.%, TBN: 177 mg-KOH/g):
20 0.056 wt.% (in terms of Ca content)

(3)  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)  Bis-succinimide dispersant-1 (weight average molecular weight: 12,800 (GPC
analysis, value as molecular weight corresponding to polystyrene), nitrogen
content: 1.6 wt.%, chlorine content: 30 wt.ppm., prepared by the steps of
thermally reacting a highly reactive polyisobutene having a number average

30 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
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nitrogen content: 0.095 wt.% weight average I

nmol ecul ar wei ght: 147,000, H TEC 5777, avail able from
Afton Chem cal Corporation) - 22 - EXAWPLE 7 The
procedures of Exanple | were repeated except that the
base oil conprised 70 wt.% of the m xture of

hydr ocracked mneral oils and 30 w. % of a synthetic

oi | 5 (66l (peraht motﬂcelk)ln ghRAD)s-haviningde eod reseting the

ol i gone ki nemati c. os it VISCOS

i ndex: %509}’“’%1 RO ?ﬂec "Pagf‘é Q/piez‘é‘g( oy F“r‘?&fe‘%f“%“’ge“

| mpr ovekom@s) adj usted, to give a Iubrlcatpng oi | ‘ ,
conmposition (engine oil, 5WB0) according to the

i nvention.. Reference Exanple 10 A low sul fated
ashyy | owisSHbdisnidd cﬁyﬁe%a&sp@@m averE hﬁﬁéchﬁgw@ight 5 100,
conposi tion (engine oil 0) containing a smal

anmount @ﬁfog‘#ﬂr\f@n@ﬁﬁli@lvﬂi% RoestreBistal 66 Whe. shlepes @gxtent fess

2y s RO okl i g

t hose opolE‘meimbdne hivings nmbéraivd:r@mnol@clx}au”h@@umf@pmx 1,300
i dat nhi bi
oSt e s R SEP LB PIR eBfedmyes

16N an apkhyatideb gdedhoWisobitedBIucting aobydnde )tbed:ﬁﬂglfhle

conplex of . succi ni m_de n.ano nt of
"5 aneviselnfe Syesinesver %H&Eé@w o e beving an
( '.Vb DTC, 5 c%e §1t§>g@ﬁ atdins 8F 4.5 zpéiwcm%mﬂe&l@rto arRuMs-@kciBindde,

w. % was a
and reactmg the b1s succinimide with boric acid): 0.031 wt.% (in terms of

_ nitrogen content) -
15 .
 Oxidation Inhibitor
(1) “Amine oxidation inhibitor (dialkyldiphenylamine having a mixture of C4 and
_ :Cq alkyl groups, N: 4.6 wt.%, TBN: 180 mg-KOH/g): 0.5 wt.%
(2)  Phenolic oxidation inthibitor (octyl 7
20 3(3,5-di-t-bu-tyl-4-hydroxyphenyl)propionate): 0.5 wt.%

Basic Nitrogen-Containing Compound-Oxymelybdenum C_ornplex

An oxymolybdenum complex of siiccinimide (containing sulfur, Mo: 5.5 wt.%, S:

0.2 wt.%, N: 1.6 wt.%, TBN: 10 mg-KOH/g, OLOA 17502 available from

- 25 Chevron Japan Co., Ltd.: 0.4 wt.%

Boron Compound

| Dispersion of particulate of potassium borate hydrate (KB;0s+H20, K: 8.3 wt.%, B:
6.8 Wt.%, S: 0.26 wt.%, TBN 125 mg-KOIH/g, OLOA 9750 available from

30 Chevron Japan Co., Ltd.): 0.4 wt.%
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(4) the follow ng zinc dial kyldithi ophosphate m xture
was used: ZnDTP-1 (0.050 wt . % in terns of P
content): zinc dialkyldithi ophosphate (P. 7.2 wm.%
Zn: 7.8 wt.% S: 14 w.% derived from secondary

al cohol 30having 3-8 carbon atons) ZnDTP-2 (0.024
w.%in terns of P content): zinc -

di aﬂdﬂ‘o@i@drdahn‘fi)ﬂscxs;ﬂh&tdex ([rF?groVerS Ww.% Zn: 8.4 wt.% S

. % deri rom Icohol v 8 carpon
sjitogt ty el fomtsmy P Sttt S808i (R Bty L6 S
‘ phosphlte P content: 8.8 w.% was used in an anount
of 0.023 w. %(ln terms of P content). Conparison
Exgﬁﬁﬂwé procedures of Reference Exanple were
$ epefhkth P pdinfepfls@hklsdiAdli ophosphat e and no
phos%ﬁ%réﬁz g%ierpand tphg anount of the viscosity
i ndex i nprover was adjusted, to give a lubricating
oi | [ . ' oi |, 5WB0) for conparison.
15&%2??%6%1(@51%%@@&}% procedures of Exanple |
vver e r epedfigthraisl Sogweightipass of hyﬂatorcmglead miocmladsihl fignematic

an (‘j S??%[étg’ dhﬁﬁy&%ﬁ/ Higl u‘?ﬁ%g&pingv qﬂ% é:vapfo {og\ﬁ)ogg ?@%800):

1RdjSWSHeA, sulflr @inkedt: desk tHan i00BY MY, @aﬂmammmpo@t Sintdn0192 wt.%,

(engine oil, 5WB0) for conparison,

3 T SUBRRIRRICOBRNES AhiPland 4 sicighi B%Eei’é’ E&&a@%g@mm

| ok AEMbRY vido k@ 100°C: 4.1 mm/s, viscosity index: 127, evaporation loss
(ASTM D5800): 14 wt.%, sulfur content: less than 0.001 wt.%, saturated component

content: 92 wt.%, aromatic component content: 8 wt.%)

15 ,
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, 5W30) according to the invention.
EXAMPLE 3

The procedures of Example | 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

tubricating oil compdsition (engine oil, 5W30) according to the invention.
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25 nitrogen-contai ning ashl ess di spersant

(bi s-succinirnide having a wei ght average nol ecul ar
wei ght of approx. 4,000 derived from pol yi sobut ene
havi ng a nunber average nol ecul ar wei ght of approx.
900, amount (in ternms of N amount): 0.092 wt.% as

t he nitrogen-containing ashl ess di spersant and the
amount of the viscosity i ngexvpiRrover was adj usted,
to give a lubricating oil “conposition (engine 30 oil
5WB0) for conparison. Conparison Exanple 4 The

pr ocedui§s ,Qke FXATR ERathplt® rvﬁr&,r l%?eea?etd%gccjiﬁ 10mk Bﬁenolic xidation
_non-dlspergant VISCOSIt% i ndex 1Tnprover 1n an anount
of ifhibitor Yaanet uskd threintne redetion irebitor whsmsed of arsohovans!

refl L.heral oi and .t he anmount of the .

3 ST En T hR e Renlh st At e TP Bl v s o sive s
| ububriatirigrgl widposiaop @apit o, VY aa@rding to thyBOntfoar
conparison: (a)m xture of solvent refined mnera
oils: a mxture conprising 52 wt.% of a

- solvent refined mneral oigx8@pNEs( ki nematic
viscosity at 100C. 3 3 mmE/s, I0viscosity index: (b)
100, evaporation loss: 37 w.% sulfur content: 0.13

14 % S?Eé‘ﬁr@&e%ﬁre%%??%ﬁ%]:& %%%Lrgﬁ%%d\%%%z‘ﬂ%%h% ﬂl@ﬁ]?gﬁ&:iirﬁmide

conponent cont ent : a sol vent
r efdisnershntrl vess abedon lan 2H0uitlof (.R3heht(inctensafdé cdryengt the

ov v atatbel B Sosc GRS SR s t Bty o7 g1 0%
saf(itate df Neopen ahd he aineit of tht viskosty inle@iBpiofer was adjusted,
| ESB g?igg{i] fuﬁég%lng %é&ﬁ%iggs\fr\%g : ngzlrg)e OCI:E %wi’»%?!dccépd?rlxgyt% Itl?e igvention.
15
~ Poly-succinimide dispersant (weight average molecular weight: 6,700,
", .nitrogen content: 0.63 wt.%): prepared by the steps of reacting a highly reactive
- polyisobutene (number average molecular weight: approx. 2,300, containing at least
approx. 50 % of metﬁylvinylidene structure}, alpha-olefin, and maleic anhydﬁde to
20  give a terpolymer (succinimide) and reacting the terpolymer with aromatic amine and

polyether amine.
EXAMPLE 6

25 The procedures of Example 1 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 2

lubricating oil composition (engine o0il, 5W30) according to the invention.
30 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)

_7;.




The anal ytical data of the lubricating oil

conpositions of Exanples 1 to 7, Reference Exanpl e,
and Conparison Exanples 1 to 4 are set forth in Table
. - 25 - TABLE 1 Sulfated NCaPSCa/S ash (wt.

(WM. % (wt. % (WMm.%(w.% Ex. 10.560.120. 130 000. 071 9
Ex. 20.500.120.130. 000.071.9 Ex.

30. 500. 100. 130. 000. 071. 9 B¢ 140. 130. 000. 071. 9
10Ex. 50.560.110. 130. 000. Oﬁéﬁﬂ%iﬁp

60. 560. 120. 130. 000. 071. 9 Ex. 70.560.120.130.000.071.9

?Sf 55)8 ggf%g%ﬂig‘i‘aé)% %g%rggle%%perg reg%)atc&l' except thai the base oil comprised

70 wt.% of the mixture of hydrocracked mineral oils and 30 wt.% of a synthetic oil
5 (poly-alfa-olefin (PAQ) having decene-1 oligomer, kinematic viscosity: 5.9 mm’/s,
viscosity index: 140) and the amount of the viscosity index improver was adjusted, to

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

Reference Example

10
A low sulfated ash, low sulfur, low phosphorus lubricating il composition
(engine oil, 5W30) containing a small amount of zinc dialkyldithiophosphate was

prepared referring to the aforementioned Patent Publication 2.

15 The difference of the additive comlﬁosiﬁcns from those of Example 1 was as

follows:
(1) the amine oxidation inhibitor was used in an amount of 0.3 Wt.%;
20 (2)  the phenolic oxidation inhibitor was used in an amount of 0.2 Wt.%;

(3)  the oxymolybdenum complex of succinimide was used in an amount of
0.2 wt.%, and sulfurized oxymolybdenum thiocarbamate (MoDTC, Mo:
6.8 wt.%, S:4.7 wt.%) fin an amount of 0.2 Wt.% was added;

(4)  the following zinc diatkyldithiophosphate mixture was used:

ZaDTP-1 (0.050 wt.% in terms of P content): zinc dialkyldithiophosphate

(P: 72 wt.%, Zn: 7.8 Wt.%, S: 14 wt.%, derived from secondary alcchol

30 having 3-8 carbon atoms)

-723.




Corn. 20.480.110.130.000.071.9 Corn.

30.540. 120.130.000. 071.9 Corn.

40. 560. 120. 130. 000. 231. 6 20 Remarks: The zi nc (Zn)
content was O wt.% for Exanples 1-7 and Conpari son
Exanpl es 1-4, and 0.08 w. % for Reference Exanpl e.
Eval uation O Lubricating Q1 Conposition .25 (1)War

i nhi bi ti,o r.£o sinulate soot wear .in.a. djesel
engi ne. 21050 S EhEEHp Bt o b Sact e e Bl fhiigPh bl

di amet e(p; 722xt%¥n: $p6i %] $ 19uifackritidgesm pddaRli@hol having
was bl ended in the lubricating oil conposition by
nmeans of c&bof YPMPpeed agitator to give a 30test oil.

The test oil containing carbon bl ack was then

subjected to the following wear test: the test oil )
 fadS)pl aeebpsphorensspidiester Guieresyh phosphitsy B conteri-§ e %) was used in
tester PRl &; i tel at the rotation
rate vvaék?%?%gorpm ‘?hﬁé%’ﬁg%%ﬁtf\?gg&%‘gym nut es, 35t he
| oad was 30 kg, and the test oil was heated to 110C.
After the run was corrrii ete! .th;fix?% bal | of the
tester was subjected t~o> an aver age
di anmeter of the wear area. (2)Detergency at high
tenperature The lubricating oil conposition was.
1Q b oct S8 RCHES BOR SRR BRI 6 FPRE uiipggo zine
(KGgn Ydi&@os%ﬁat@%ﬁﬂ dt'ﬁﬁh%sﬂ%fr(ﬁfs GRBCHI Me @ndihBAY the viscosity

t enperat ur o - o
index improver was adjusted, to give a lubricating oil composition (engine oil, 5W30)

for comparison.

15 - Comparison Example 2

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 ol compo-

20  sition {engine oil, SW3 0) for comparison.

Comparison Example 3

The procedures of Example 1 were repeated using a low molecular weight
25  nitrogen-containing ashless dispersant (bis-succinimide having a weight average
molecular weight of approx. 4,000 derived from polfisobutene 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

3¢ oil, 5SW30) for comparison.
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a glass tube (inner size: 2 mm was vertically set in
the heater block, and the lubricating oil conposition
and air were supplied into the | ower part of the

gl ass tube at a rate of 0.31 cc/hr., and 10 cc/mn.
respectively. This procedure was continued for 16
hours, keeping the tenperature of the heater part at
10280C. After the test (papaeded Examasleaonpl ete, the
deposit on the inner wall of the glass tube was
observed and marked the conditions of the deposit on

the basifge Qfocécﬁlr@ﬁﬂgx%mgéq W kﬂp&a‘-‘te@fsﬂg"tﬁe l%ﬁaciikiﬁ%%gdscosity

of the wear inhibition (eval uatéed by determ ning
t helnEIPPHIVaE B pmeRntdd Widapndihe belowrmpntpredmineerof solvent

qi é]e%rnaimlstaﬂﬁlghetagﬁmﬁﬁﬁ the ‘}i&g%if}' ineQQmPﬁ)vQﬂ 19&[}%{:1 sted, to
and the detergency at a high tenperature (expresse
by gitves hbridegivlg pib corposgminiengl@ aile aWS 0} foatommmrideposi t

"~ i's observed, and a | ower nmarked point neans

- production of large deposit) are set forth in Table

- 2. @PTABlKuz of sVieadt réfield bhihdraibile \Mbaikned e@apritng sBivglte of a
t t d i_nt : .5,
e o g e Bt SRR hafRi Y Bochied TR 5% s,

10 - viscosity index:

(b) 100, evaporation loss: 37 wt.%, sulfur content: 0.13 wt.%, saturated
component content: 77 wt.%, aromatic component content: 23 wt.%) and
48 wt.% of a solvent refined mineral 0il 150 NL (kinematic viscosity at 100°C:

15 | 4.8 mm?/s, viscosity index:

(c) 102, evaporation loss: 14 wt.%, sulfur content: 0.23 wt.%, saturated

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

20 Chemical Analysis Of Lubricating Oil Composition

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

Reference Example, and Comparison Examples 1 to 4 are set forth in Table 1.
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Exanpl.e 3 0.520 9.0 Exanple 4 0,525 9.5 Exanple 5

10

15

- 20

25

30

35

0.465 9.5 Exanple 6 0.490 9.5 Exanple 7 O.
Ref. Exanpl e ™ 498 9.5

TABLE 1

Sulfated N Ca P 5 CalS

ash (WE%6) (WL%) (W) (wt%h)  (wWh%)
Ex. 1 0.56 0.12 0.13 0.00 007 19
Ex.2 0.50 0.12 043 000 - 007 19
Ex. 3 0.50 0.10 0.13 0.00 007 19
Ex. 4 050 0.14 0.13 0.00 007 1.9
Ex. 5 0.56 011 013 0.00 007 19
Ex. 6 0.56 0.12 0.13 .00 0.07 19
Ex.7 0.56 0.12 0.13 0.00 007 19
RefEx. 065 0.11 0.13 0.10 023 06
Com. 1 0.50 0.11 ¢.13 . 0.00 o.és 1.6
Com.2 048 0.1 0.13 0.00 0.07 19
Com.3 054 0.12 0.13 0.00 007 19
Com.4 056 0.12 9.13 0.00 023 16

Remarks: 1he zinc (Zny content was 0 wt.% for Examples 1-7 and Comparison Examples 1-4, and
0.08 wt.% for Reference Example.

Evaluation Of Lubricating Oil Composition

(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 1 10°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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0.565 7.5 ComEx._1.0.595 9.0 ComEx. 2 0.615

Com Ex. 3 0.550 Com Ex. 4 0.565 - The

anal ytical data set forth in Table 1 and the

eval uation data set forth in Table 2 indicate that
the lubricating oil conposition of the invention
contai ning no zinc dialkyldithiophosphate (ZnDTP) and

hav@ng Q)été?&én%‘r‘ Ltﬁﬁélﬁ@m@é@tu?é) ntent, a |l ow

10

15

The lubricating oil compositicn was subjected to the below-mentioned hot

tube test (KES-07-803) to evaluate detergency at a high temperature:

a glass tube (inner size: 2 mm) was vertically set in the heater block, and the
lubricating oil composition and air were supplied into the lower part of the
glass tube at a rate of 0.31 cc/hr., and 10 ce/min., respectively. This procedure
was continued for 16 hours, keeping the temperature of the heater part at
280°C. After the test procedure was complet_e, the deposit on the inner wall of
the glass tube was observed and marked the conditions of the deposit on the

basis of 10 points.

The results of the evaluation of the wear inhibition (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

' anarked 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 9.5
Example 5 0.465 : 8.5
Example 6 0.490 9.5
Example 7 0.498 9.5
Ref. Example 0.565 7.5
Com.Ex. 1 $.595 9.0
Com.Ex. 2 0.615 -
Com.Ex. 3 0.550 -
Com.Ex. 4 .565 . -

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

zinc dialkyldithiophosphate (ZnDTP) and having a low sulfated ash content,  low

i



sul fur content and a | ow phosphor us content show

superior—wear i nhi"bi tion performance and high
tenperature detergency to the known | ubricating oi
(Ref erence Exanpl e) containing zinc

di al kyl di t hi ophosphate (ZnDTP) and having a | ow
sul fated ash content, a |low sul fur content a | ow

phosphorus content. Further it is understood.5.that
t henl g Btk B OB HRORRIREHS SPRTER SRS SHPRIAOT iRk Hbi titien

; oB«%’l\ﬁmﬂ?hc@ Qhd B pﬁ?ermﬂ@?e&r.fwg HERARER YRS HIKASRE hbrisHPR@IGiIQReference

bricafing ol conpdsition (Conparison

ExBwguhde) r))ntahrre riticglizlkd dishipmhosphatel{&nD Tibrand heyingya &1 sulfated
co 0siLion

<5 nte ga Ir%v nﬁe%gg lo@%ﬁgéh%ﬁﬁ)égﬁgﬁteli er it is understood
SFyﬂutzhﬁ& Tabfieating tnl icompondifrsdfoiedntdution sobvs af alhtumeamﬁomgﬁnce

oi sitions not con .ai n t _one
ek Ry piosed e i use R M Afhahiinf RS LB
- COFRRE i th®hmetab &fe Ib&acahﬁgol'l bhhposBioh BORefblen@OBRORild ¢x0ept for
of Conpari son Exargm%qucont aining increased a

of canfaniagih &Ly PReF IS8T ARdPepRYFof | frohderBod et all
OX L3 Qfnd BN r#o@ftmﬁé%ot“c@ﬂﬁﬁin@'aﬂﬂas@ Bndd@etpound which is

ni trogen-cont al ound- oXynol ybdenum conpl ex,

10t hlaeteqmrslrt&:iat it thmcaﬁ IToRIE AN, St Tothp Abrisgmemilgeppesition
' coAt ai nin I
nath e aieF S EaRe fcRlalta il Pas iR Rsea0k
ni ﬁmmgemﬂq;hmnm bmgaﬁmhilnhﬁ)ﬂmcbus; prmtesmng nm’mésimgﬁ’@gmrcghtaining
nol ecul a and th in
of CCoRRBAL-PEGHT W@O@Pﬁ&‘ﬁ fikhin iy Sbrp SQEROT Colrison
r ekkgile StaRLimhg Qnitﬁw‘éﬁ“c@ﬁtalﬂﬁ@%sm&ﬁ dBpdrbast yavﬁztgm low
requi rement of the i nvention, show result r@gp&pgar ent

15i nmébp\dar W%ghtwb@lécesﬁmmﬂygq njaing SAEss (b ¥ hgh
CO&B@ fanﬁl'ﬂﬁslhﬁﬂ@cﬁ%g 80 cord s(t%h@reaﬁbm%gm&nplear
t est 99) The lubrica oi | osition
- of usﬁmnprmur& ofeadventzefined minerah oily whlwe dpes |nﬁ‘rﬁng$ft’ ithgyequirement
per rmance b I ; inor o
BB TR Rrctok Pl R ifbABE 1BA0B6n bF e uBiating o
di sphpeigioBof thdifvehtidt er, fuel direct injection,
equi pped with turbo- |ntercool er; fuel: diesel fuel
Chavi ng a sulfur content in an armunt of 0.001 w.%
t egh 30sRadbidinsst (JASECMIsulogy enper ature), 3,200 rpm
(engine rotation), 160 hours (full | oad operation)
eval uation: wear evaluation was perforned on the cam
wear a rlﬁ%rﬁgthﬁgooﬁ BSnplARRA oPELARIE Uat Bliatddtie its Wedr

met hod after the test operation was conpl ete.
' 1nh1b1t10n performance by the following dicsel engine test:

25
- 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
30 conditions: 105°C (oil temperature), 3,200 rpm (engine rotation), 160 hours

(full load operation)
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The_.results of evaluation indicated that. the average

requi r enent deflnlng that satisfactory average cam

wear should be 95 inn or lower). WHAT IS CLAIMED I S:
1.Alow sulfated ash, |ow sul fur, |ow phosphorus, |ow
zinc, lubricating oil conposition mhich has a

sul fated _ash. cont en

~cont ent e%%?*g‘@“o‘leaf 8"‘”’6“"’&‘%"‘%&’“5‘”%%%?’&‘8 el ngrn?cé plingyto the.
0. 08 Wt .Jfa@ Petrslvvai Insfifitt @PY infthal@ntahé teSfopBraflidn Whs Semplete.
or lower, said lubricating oil conposition

conpri si ng: (a) a maj or anmpunt- of a mneral or

~synt het it RASIB Piebalh@loh IEHiSatSBhA TR REaEOFRONEH W UGS G
W .%or nore, a viscosity index of 110 or nore, and a

-fLOsVdWhﬁaS%‘Séﬁl@f'e‘ﬁtS%lPHO? Byuigmey definingdhat sgtigfactory average cam
ol nt ai ni ng detergent in an

'anDunt o 6§L&§6%¢2£§¢ %in terns of an al kaline

earth netal content; 15(c)a nitrogen-containing

‘ashl ess di spersant of a wei ght average nol ecul ar

wei ght of 4,500 or nore in an amount of 0.01 to 0.3

w.%in terns of a nitrogen content; (d) at |east one

oxidation inhibitor in an anbunt of 0.1 to 5 w.%

sel ected 20fromthe group consisting of a phenolic

~oxi dation inhibitor and an am ne oxidation inhibitor;

and (e) a basic nitrogen- cont ai ni ng

conpound- oxynol ybdenum conpl ex in an ampunt of 0.3 to

2.0 wt. % _
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25 2. The lubricating oil conposition of claiml, _in

whi ch the basic nitrogen conpound-oxyrnol ybdenum
conpl ex is a succini m de-oxynol ybdenum conpl ex. 30
3. The lubricating oil conmposition of claim1l or claim
2, in which the phosphorus content is 0.01 w. % or
| ess. The lubricating oil conposition of any one of
the preceding clainms, in which the alkaline earth
nmet al - cont ai ni ng detergent contains 30 wt.% or nore
' irth netal -containing salicylate

%PH?E Mih *a total base nunber of 10 to 350

.mgKOH/ g. The lubricating oil conposition of claim4,

in i.ch the al ka]ine earth nmetal -containing. . )
ldet Vemﬁdsmmﬂﬂ?f? b Rt &Y R’GPSW[?C?% G wpF-dutiicatig oil
al kabduigosRdh thidEAR h sERRE PRI M BEteRHP0aS 1A618Y, A8 fur content

havi ntg a total base number of 10 to 350 ngKOH g and
10 wef @fbio Gk Yo Phesphema penient o80-0F wirdt erlowonad ading

| i . | . f. .10
To agtR PRy oo P PR Rk oSS o gt

any one of the preceding clains, in which the

nitrggen-cont ai nin shl.ess di spersant has a wei ght
ver She ripae iy af g il on S GRGHE Binsdiy iy & adrated

| ubri cat icegpohdnt @OBPAEYL dr@iorefa WS ihdex JF 1M bRt 2
nitrogen- ﬁﬁﬂ‘-} ai ni ng ashl ess di spersant is a

bi s- succiSHIH ot oYV WeHEil§sSni de. The | ubri cating
oi | conposition of any one of the preceding cl ai s,

in which the oxidation inhibitor selected froma

pherfB) i c @8xikaking ensthimatelriontainingdptergent i aveanavintielt0.Gro 0.4
i nhi bi t ofyies; i j Bl t .6 to 3 w.%
The | ubr i@éﬁﬁ%ﬁgﬁf@%}%ﬁggtl onrm%{g c@%”lﬁgn 8, in which
the phenolic oxidation inhibitor is a hindered phenol

co und _and the am ne idation inhibitor is a

i o o e et SR G RTab g et veag? molecular
conposi t weiphobf 4500 aforelin &haneuk 6610 NE B3 k. WPin térfhs of a
whi ch t he _basi c nitrogen conmpound-oxynol ybdenum

conpl ex PHOZEREASRED in an amount of 0.3 to 1.0 wt.%
11. The lubricating oil conposition of any one of

claims 1 to 9, in which the basic nitrogen-containing
c omOundaidgssiens pddatiomiahibitsr éix athamoumt o{0.1 tor 5 wolit esitcted

of O'_ 05 k8mine gl\%p (2:/3nsisting 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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5 12. The lubricating oil conposition of any one of

the preceding clains, which contains an al kali netal
borate hydrate in an anount of 0.1 to 2.0 w. %
13. The lubricating oil conposition of any one of the
precedi ng cl ains, which contains a di spersant
viscosity index inprover in an anmount of 0.2 to 10
wt.% 10 14. The lubricating oil conposition of any
one of the preceding clains, wherein the conposition

ont t ant
00t 3R UR R LBty e pf e rceding . n whic
conpeskhinecarth fmemhtonmmmgfde@t@nhmnja_m@ 05, % wheoei af ah blaline
15co n_cont ai. s, Zl.nc di a ldlth hos te

an a%ﬁlnél Brooggog e ]6}3’18?%16‘&%64[}% g‘? RERESr 10
phosﬁﬁhmgéﬁ@ﬂﬁ;ent. 16. The Iubrlcat|ng (o]

conposition of claim5, wherein the conposition

contai ns zinc dialkyldithiophosphate in an anmount of
50. Oo’fhé'\ﬁlbﬁ/@dﬁh%bﬁ %ﬁmg&ﬁ(ﬁf drRlh 431112\9195}9@1@ BREMS earth metal-
cont ent ricating oil conposition of any
one efMtaipag petergel fngha cantaas 1§ wi.lihirakore of an dliglipf earth metal-
-al kaldy & t
or e DB A RafER R OO B B B nERBLER o posshrplg Riome
of t dnd L9rveb o m@r&:cbﬁﬂﬁlmﬂqah%mﬁ@ metﬂa:odtahmtg siulfamatm@etergent
Sltl for dlesel engi nes.
o m#%’rse Hiis] ny fﬁgt%\gga?r ﬁ(g & esel engine
conpr|3|ng operatlng a di esel engine equipped with an
exh st s..cl eani ng apparatus usjng a djese
a'Phe Iugﬁacatmg oi comgosm%g of any one of thegprecedmg claims, in which the
nitrogen-containing ashless dispersant has a weight average molecular weight of
6,000 or more.

7. The lubricating oil composition of claim 1, in which the nitrogen-containing
ashless dispersant is a bis-succinimide or poly-succinimide.

8. 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.%.

9. 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.

"10.  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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30hydr ocarbon fuel haying a sul fur content |ess-than
0.001 wm.%and lubricating said engine wwth a
| ubricating oil conposition characterized by a | ow
sul fated ash, |ow sulfur, |ow phosphorous, |ow zinc,
wherein the lubricating oil conposition has a
sul fated ash content of 0.1 to 1.1 w.% 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 w.%
O i A . . . LD ‘ ‘
1 el b ot i SRS 030 which thebasic
sy nt o gen-donieming ¢onframbdrgx pndsltdenah edmplorporreniiunfor8Ht of
WE. 9% OF  TPE €4 0,8 viscosity index of 110 or nore, and a
sul fur> Con enﬁ" of 0.01 wk% or |ess; 10(b)an al kaline
earth netal -containing detergent in an anount of 0.01
o 0,4 . %.in terms of an alkaline earth netal .
ﬁcom@:}ﬁl&%ﬂce@}g FAPRPOSHIoR OF e G i Pkl Slaims, which
di s penmak o Akal n¥edl 8biat AN RAFADR SARLBER A0, 18 DBt 2f
4,500 or nore in an anount of 0.01 to 0.3 Wm.%in
terms of a nitrogen content; (d) at |east one
Xi ians Lahi bi if2: t scldih : -
13gel gﬁeé Cr%%?ké&ﬁqu Sﬁ‘é’ﬁ@gﬁ’gﬁft&i"ﬁgfeé’? a pggl%gi{% g’%ich
- oxi datfams aidspérisdrtt orscesiy iedexamproceox ag ahpwn of NRith il ert.%.
and a basi c nitrogen-containing
compound- oxynol ybdenum conpl ex in an anount of 0.3 to
142. 0 e Jricatind3il composition of any one of the preceding claims, wherein the

composition contains substantially no zinc dialkyldithiophosphate.

15.  The lubricating oil composition of any one of claims 1 to 13, wherein the -
composition contains zinc dialkyldithiophosphate in an amount of 0.01 wt.% or

less in terms of a2 phosphorus content.

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 conient/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 sulfir content less than 0.001 wt.% and lubricating
said engine with a lubricating oil composition characterized by a low sulfated
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 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 lowex, said lubricating oil cornposition comprising:

(a)  amajor 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;

(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;

(©) 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;

(d}  atleast one oxidafion 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)  abdasic nitrogen-containing compound-oxymolybdenum complex in an

amount of 0.3 to 2.0 wt.%.
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