DESCRI PTI ON LUBRI CATI NG O L COWVPOSI TI ON I N CONTACT W TH

S| LVER- CONTAI Nl NG MATERI AL Techni cal Field [0001] The present
invention relates to a lubricating oil conposition in contact with
silver-containing material. Background Art [0002] Recently, in view of
i nprovi ng performances of engine, such as high power output and | ow
fuel consunption, cylinder pressuDESERIGTIJONe tends to be raised.

Si nce engi ne bearing requires inprovenent of bearing performnce
under high surface pressure, |ead-containing material has been wi dely
used as a sliding bearing. However, usage of lead is restricted as it
is an enH¥ HIE \° Ha Z&MFO TiiBs ttane@NTAET WERA-FFeeER-CONTAINING
hi gh- perf ormance bearing i s denmanded. £0003]VVth respect to the
beari ng for high-1oad engine, usagéﬂ%? 314} ver material for overl ay
and |iner has been exam ned. For exanple, in diesel engine for
railway cars in other countries, silver alloy is sonetinmes used for

pi ston pi éﬁ§¥35¥;§§g1&urbo charger bearing. Moreover
silver-contarning material and silver-plating material is sonetines

used for figlo,qMi Y ovahkak 8adnt! BfkoRUI oAl 50 sldd ials%ru%;?ﬂ%ac&fin#;ﬁé}

portion other ‘than béaring, as a so ubrication for exa
refer to RahRiyi derUMeNtSk4Q G deh [0 ﬂ%o%ttg%%iﬁ%uﬁhrt'e%&alf.or

di esel engine for railway car, nany studies about |ubricating oil
which is applicable for the silver-containing material have been done
(refer to Patent docunents 7 to 25.). For instance, Patent docunent 7
di scl osealgjrmamid ead ubricating oil containing: a hydrocarbon am ne
salt of dial kyl dithiophosphoric acid; a hydrocarbon am ne salt of

aci di ¢ al KA0Zdhosph&eeenany, ai wetiewgehtippasvany werifoattianges ¢£ engine,
suitably used for high-load engine using silver-containing material,
wher ei n thedaterganit Sevgrarqutaitardnd prasf dusd] woa spineiaos  d stydigetst:
In this way, in other countries, to the devices using . _

si | ver - c e IRy FatBrdde ATHES il 1rdisad -opRéBpRaEBIL PRePRATING

| ubricating oil has been applied 0005)In these days in Japan, taq
the bal | HEHH4RF dS&F ST O E’ie%ﬁlﬁar P?B%C’B‘f‘a’&%%rﬁ?:‘é?%é’-lr‘?%u surface
bearing of two-wheel vehicles, for the purpgse of inhibjting abrasive
wear o AT A A SO PR TR o RerReed ool 8%
t han a dozen,.m ¢r . h o] ongt rf . o
iron-basééjgﬁggfﬁ%%ﬁggkfheﬁégggggét%%gg?. Hg$§f §e?8§FggF%§8a%% it 1s.

copper plati aig, hakenioel | £a D ARSIL Vel SIRL 8] gyeaphenagenon:

however, 1ts su ation corrosion is large, is problematic.

The act uadi Orgost Ofnd Sc& ot o hedi byadmins&al ements thereby the
mechani smis conplex; but, it is known that the nmain cause of

sul fi dati pro@Dr rosi oniith atdsgdut e tthes WdaringoFoal Riike-aospokAdSne,
such as zinc dial kyl dithiophosphate contained in the engine oil. In
gener al , $®a@s offca shhiveir-tmastid f i daf borovwarlragsand 1 igerriess baehrdddnitrd .
such as benzotriazole is used. The corrosion inhibitor such as

benzot ri aPot exiesplsef Uh dieselndndine g rswd fiwkat cemscior pbseorc®intries,
copper; however, it has been discovered that it is not sufficiently
ef f ecti vesibyer ihilny ilrfg sometdgiesnusefl ot yerstcrheref beering and turbo
| ubricating oil conposition in contact with a silver nenber, a zinc

di al kyl dFeRTOphoRpRatRdf r dONaMIG Dats iy FilcRdmIasing 8w teg iglopased
(see Patent docunent,26}%. [ 0006] Nevert hel ess, in view of anti-wear
property ShiVaht? oxf At ehar it ekf stametizias Ugedl kGr Pt hPobhds e

is an essential conponent for_|ubricati oil _for internal
combust i o™ Tﬁ%?%?o Bt 4 98IBbﬁathoFqug??c%ﬁiE@eo??r?iﬁﬁxﬁﬁ9?¥than

whi ch { al i di al-ky| - di thi oph t d whi L nhi_bi
Ul 1 dat | e BoP S 6@ GF o FUBF HAE DG d bror Eee Lopat et BYCtASR®
1: Japanegg.-hatent fpgbigg;[on Lai d- Open (JP-A) No. 2002-195266

{00041 In other countries, for diesel engine for railway car,



Pat ent Docunent 2: JP-A No. 2000-240657 Patent Document 3: JP-A No.
10- 061727 Patent Document 4: JP-A No. 09-257045 Patent Docunent 5:
JP-A No. 07-151148 Patent Document 6: JP-A No. 06-264110 Patent
Docunent 7: JP-A No. 2007-023289 Patent Docunent 8: British Patent

No. 1415964 Patent Docunent 9: Canadi an Patent No. 810120 Patent
Document MEQY E$uPdesnebgt 2959546t Pagenti 1 Docisients kopliS daPdtee fortNohe
3267033 Patent Docunent, 12: US Patent No. 3649373 Patent Document 13:
US Pat entS INYSI3FPSERL 'Hqi % fa sgd@te e vE4A begs pPemnent(tRéer4teoPegent
Pat ent Docunent 15. US Patent No. 4244827 Patent Docunent 16: US

Pat ent NSOAFEEES37 PRt gﬁt) Dodiferftstanceyst pheRht 0GB 58 I3 spapeRe

npcunEnt 281 pePPr 8 A N0 AR/ 213 BRI 1 ROPURDL -5 o SR S S a1 e

of dialkyl dithiophosphoric acid; a hydrocarbon amine salt of
acidic alkyl phosphate; and a detergent, as a lubricating oil
suitably used for high-load engine using silver-containing
material, wherein the detergent is particularly preferably a
phenate detergent. In this way, in other countries, to the
devices using silver-containing material, zinc dialkyl
dithiophosphate-free lubricating oil has been applied.

f0005] In these days in Japan, to the ball bearing used at
the sliding portion of connecting-rod bearing of two-wheel
vehicles, for the purpose of inhibiting abrasive wear, silver
plating or copper plating having a thickness of more than a dozen
micrometers has been given on the surface of the iron-based
material as the base material. The silver plating and copper
plating have excellent property in small fatigue phenomenon;
however, its sulfidation corrosion is large, which is problematic.
The actual corrosion is controllied by many elements thereby the
mechanism is complex; but, it is known that the main cause of
sulfidation corrosion is attributed to sulfur-containing
compounds such as zinc dialkyl dithiophosphate contained in the
engine oil. In general, so as to inhibit sulfidation corrosion,
corrosion inhibitor such as benzotriazole is used. The corrosion
inhibitor such as benzotriazole is useful for inhibiting
sulfidation corrosion of copper; however, it has been discovered

that it is not sufficiently effective for inhibiting corrosion
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US Pat ent No. 5244591 Pat ent
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Docunent 20: US Patent No. 4764296 Patent Docunent 21
No. 4820431 Pat ent Document 22:
Docunent 23:

of silver. Therefore, as a lubricating oil composition in
contact with a silver member, a zinc dialkyl dithiophosphate-free
lubricating oil composition is proposed (see Patent document
26.).

(0006] Nevertheless, in view of anti-wear property and
anticxidant characteristic, zinc dialkyl dithiophosphate is an
essential component for lubricating oil for internal combustion.
Therefore, development of lubricating oil composition which
contains zinc dialkyl dithiophosphate and which can inhibit

sulfidation corrosion of silver has been a big issue.
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Pat ent Docunent 24: US Patent Application Laid-open (US-A) No.

2004/ 0259743 Patent Docunment 25: US-A No. 2005/ 0026791 Pat ent
Docunment 26: JP-A No. 2002-294271 Disclosure of the Invention
Problens to be solved by the Invention [0007] Accordi ngly, an object
of the present invention is to provide a lubricating oil conposition,

as a | ubriRI P FUmSH clohit &% Ratiemta Ni-| ¥@858@5t ai ni ng materi al |

whi ch co in inc_dial kyl dithiophaosphate and which can inhibit
corrosi oﬂr’t%ferg:i IZQPé:ru-nl%}'ﬁgi i My el -M829436r Sol vi ng t he
Probl ens 008] a _result_  of | nsive st ut corrosion of
silver byE{at eél%l MVen rrbern?c he’ 'diUsécdr]:\t?g:reé"aC at L‘ig%p@%& cating oil

conposi tign, i ﬁgm IS, j_fi ¢ .anmpunt f specific netallic
detergentﬁgﬁél\lggr% eny"il,i égﬁucgﬁ%ﬁe %%%’l'néﬁﬁgﬁa@ci fic BPNratio, can
i nhi bi t  GQIRST QY GRAJRSIME WP Llerft T VaAlgQRYai ning met al

material while containing zinc dialkyl dithiophosphate. Then, he
conpl et edalthetf Qdcimiens izventy PxeertORRO] Ehe afsignst aspect of the
invention is a lubricating oil conposition in contact with a

si | ver - cenitaint Mpdwmieerd @3 : WY Gl t@eRPNose$:3023loubr i cant base oi |
made of a m neral base oil and/or a synthetic base oil; (A netallic
det er gentPateR)t GoeusenorRd :specPesent RbKeiyd tiSstC idlidAdRerandisen) No.
bor on- cont ai ni ng al kenyl succinimde; and (C) zinc dialkyl

di t hi oph@dPHatce5> ey ein the content of these conponents to the total
mass of the lubricating oil conposition are defined as, (A)
conponentfa2t@nt2 Dp aynegss 2%:ad) Srét &lo .c @ften 00 2@6BP 1conponent :  0- 0. 03
mass % as. boron content, 0.005 nmass %to |less than 0.08 nass % as

ni t r ogen FEGRTEN Lot e Gras’® Patico  CBOR28427Wen t he boron content
(B) and the nitrogen content (N) is 0-0.55; and (C) conponent:

0. 005-0. 10 nmass % as phosphorous content. [0010]In the first aspect

of the i ti.Qn, rati M.N) between the nmetal content (M
attribut e%ﬁ%{&olot e q %Sct(%lr(repofr)?en N the nitrogen content (N)

attribut ed £9 e t@%ecm%ﬁ}bajn%%gf“?’rﬁ)%@i ol 6 or nore. [0011]1In

the first aspect of the inventit conponent is preferably
sel ected fyoemithe or auBoeasbayl NenObn alkabd (IR Al Alealn Alhall ;s
earth netal phenate, alkali metal sa |%y ate, and alkal I~ earth metal
salicyl att® provide a lubricating oil composition, as a lubricating oil
in contact with a silver-containingmaterial, which contains zinc

dialkyl dithiophosphate and which can inhibit corrosion of

silver-containing material.

Means for Solving the Problems

[(0008] As a result of intensive study about corrosion of
silver by the inventor, he discovered that a lubricating oil
composition, which contains specific amounts of a specific
metallic detergent and an alkenyl succinimide having a specific
B/N ratio, can inhibit corrosion/corrosive-wear of a
silver-containing metal material while centaining zinc dialkyl

dithiophosphate. Then, he completed the following invention.



[0012] In the first aspect of the invention, sulfur content in the

| ubricant base oil is preferably |ess than 50 ppm [0013] The second
aspect of the invention is a nethod for protecting a
silver-containing material in contact with a lubricating oil, the

met hod conprising the step of: bringing a lubricating oil conposition
accordi ngatd%lhe firgheaspest afpébe of mientirorerasidh liwbei cabirigadlhg
into contact with a silver-containing material. Effects of the

| nvent i op{l0GMMirSiside arhenl womiteatti mg-thi kb sddpesi-tioatadhihhematerial,
.invention can inhibit corrosion of the silver which the lubricating
oi | conpd¥iitGhoROTBrifeesnt datbriiaant whes sl mpdhefl abrinstd ngpasiel oil
conposition as a lubricating oil, it is possible to protect

si | ver - cGMHI AgSHREBRFAF @Sl 'ad AraBRtAdsiande brvaers: i (Bl eaengr

silver-containin | n. additi.on, .since the |ubricating,oil

materi al.. . :
composi t M1 ORI e iealy FUGELAFBAGs RAYET PPZPE-FBESABP&NEo
nhi bit Lfidati rasi | i ntaini he anti-
or oper y S Vhe SURCTOUTHART Ghar dE0erFor: O TREleRorB: opfigoPhate.
| ubri cati Il i1l | I d | ubticati I |
[ 50T el i RBPOSLLLED SR DE B Yy beSs, B8PVt AL g ohl
engi ne fqrubrﬂic!a%%gf%\r/iilh% Oisrl%.i%%giaggszdgﬁ% utyonmbi l'e; and

four-cycle two-whee ehic engi ne. € for "Carrying Qut the
I nvent i onz))0@baldderegicnafet.an- ot e radhr kcaki pg+Qill comrasition of the

present invention will be described in detail. [0016] (Lt'Jbri cant base
oi l) (B)Asompenkur:i 0ant 0Bagessi & asesbfen ddiecdibr iccatgisngia@sl & to

conposition of the present invention (hereinafter, sinply referred to
as "l ubrilests ridpagi 10 .CEMpesist i20r's. hitasgeangoaseint:,i and mheemaksbaseio

oil and/or a sgnt hetic base oil used for nornmal lubricating oil, any
ki nd of |@MN)chatwbasetht lbaxam bentset (Bt kowt thepett fogen esinrtiertti ON)
[0017] As the nmineral base oil, specifically, there maybe: an oil

obt ai ned 1y % &FiS%/ngr& | ubricating oil fraction, which is obtained by

vacuumdistillation of topped crude obtained by topping of crude oil,
by using Gre EFPREREE tr Satifer -ddcmags Solve PECGPRSBFRESt FRELEES) vent

v - SomBiCR" i nr Al O1% EAAH RS D4R AR b1 Ph pRoaRCER i 1M/
[ i zald f L to.Liquid f

i soher - HESRESR 57 bt Gotir e Tt & B bRErE Pr &CF| dR) oFOFREnRt
i scher n procdbe. TOUIErHe foe o ardieri

hor |eserorsrS B oF ePanl 500" hae ok i B b B S b Sl T

fracti on eddharhase & lorexrpeds 40 mass % oxidation stability of
the lubricating oil conposition is deteriorated; hence it is not

pref er abl{@0110019] Si nee tusagerat thgebel v daschhbedt (o, conpongnt

and (B) conponent enables to attain sufficient inhibiting effect of
silver caamgeinemt ds preifeetdlybasteotbdWhish tise afhAlH 2@RRUStiRg of:
ternms of solubility of the additives and econom c efficiency, a

m ner al ked@ldi medfalwphehat-et, ablaabdimeacthrmet 4 Dphen b M@k a¥i0fetal
nore, preferably 20 nmass % or nore, may be used. In view of excellent
oxi dat i orsasltigillatiey iandeddradrl cendtitt inertadndadadpatiiatiet.y of inhibiting
corrosion of silver which is caused by a conponent attributed to the
det eri or 4%t Jof t he I Heediiwitl anbeRtl ohgheeinvestion, mMwehat cbasent
oil of which total aromatic fraction is | ess than 10 nass %

pr ef er ably 5 hfaddhiGantedesarsiid prieaiedisinpld yindss sostdan &8s piog.
desirably CH]Sl%d] , : . :
[ The second aspect of the invention is a method for

protecting a silver-containing material in contact with a
lubricating oil, the method comprising the step of: bringing a

lubricating oil composition according to the first aspect of the



[0020] It should be noted that the "total aromatic fraction" mneans
the content of aromatic fraction neasured in accordance with ASTM
02549. Usually, the aromatic fraction includes: not only alkyl
benzene and al kyl napht hal ene; but al so ant hracene, phenant hrene, and
the al kyl ated product thereof; conpounds in which four or nore
benzene riTHE @@ Gohde IS8 1 Gartdl e rpidu rids: ch apirvig die tvartdarmonat i ¢
conmpound(s). such as pyridines, quinolines, phenols, and naphthols.

[ 0021] SulSurVoiftdiE i nch&ahateradl- base oil, but not specifically
limted, is preferably 1 mass % or |less, nore preferably 0.7 mass %
or less. Since usage of the bel owdescribed (A) conponent enables to
attain s j ci.ent _dnhibiting effect on silver corrosion, as a m neral
base oillﬁéﬁ%ﬁ$% §”%3@§htéﬁ§%ﬂ§‘Fh terms of solubility of the

ddi t | ic_effici a0, . .b il of whi | f
content TS0 mas B e, TaEaARNg B3 Raleth b Rore Ay be
used. | n j\\mMialoreXGs] et v dadd QL stabid !1-1 N 138YeLel fondltion

and capability of inhibiting corrosion of silver which i's cauSed by a
conponentitirddutred 4ia t::@ﬁtp@%ti%lri'ow aki 9 @bntdier M Naf al, iy Lﬁ‘%‘itn the
es

| ong-termuse, a mneral base oil of which sulfur content is

than 0.1 mass Ht ipiebeladdbypds 05 RS % Divt £ES6 1N 1M0r et prethesabbye
| ess than 0.005 mass % (|l ess than 50 ppm) is desirably used.

[ 0022] Spewi fidm texcan idsreof- coytahietiirey baserdiall iaachede: apohpbutiese and
t he hydrogenated product thereof; poly-a-olefin such as 1-octene

ol i goner defigesena@dudjoreers i lared -cadodeiceme olaitgarierl,. ointaedition,
hydr ogenat ed product thereof; diester such as ditridecyl glutalate,

di - 2- et hANOE) It hadilpdare cadisingn crdly | camiqeeittd ondicomitgé oyl zddicpdtiel kand
di-2-ethé¢h$§yl sebacat e; pol yol ester such as trinethyl ol propane
capryl at 1T W%Wad:lepr 6%%13}9@}5&‘5)&35%@ @nhibit sulfidation corrosion
pentaeryt@phﬁol-z- t hyl.hexanoat e, .and pentaerythritol pelargagnate;
copol yner" of edi”badfﬁ:&fﬁ]in@ YSLHICH ST ARt Yn@Peatdcandtaoxgsgnt
a-ol efin; i.c. syntheti.c _ail _such. as al kyl naphthal ene,. al kyl
benzene,cg%gﬁﬁﬁ%gﬂgé%é}'o?h?ﬁgfﬁf§fuF%%q¥¥%5%5§F} 0823 FHE UbigePR can
pol y- a- olaf Iy 01 die Judlf agenatiagh radudl, tLher eaf, ¢an,he partleylar!y
preferably used I n-“view of excellen oXi dation stabiTity i n a severer
condi ti ozcad GaRRRI | fed V) td or, i f: Si v S by
a conponent attribute %%?%ﬂ%ﬂﬂgséngggﬁiS%ng@?hglﬁ?ﬁérgﬁgg?% %ﬁfh

| ong-t er maisieuayl QR24] IgadNe Ay i1 £ AS AitldHypiaNt RASERirlcycle

m neral base oils, synthetic base oils, or mxture of two or nore
speci es dfwd-irdedatviary cdid gglest ed from these base oils can be
used. For exanple, one or nore species of mneral base oil, one or
nore species of synthetic base oil, or a mxed oil containing one or
nore species of mneral base oils and one or nore species of

synt het i Gasdsdlasia o1 Fors]yiitg Kiutendtd dnriesddsirt y of the | ubricant
base oil of the invention is not sgecifically limted. The kinematic
vi scosi t 1200 C i degrdnadipry ahsolywpient ing eipr ebepabl yidn 7 6he
m®/s, and particularly preferably 5-35=2/s. Here, the kinematic

vi scosi t PS50 1B T i ek idesAsikss thy gletrdd -C defined by

i Scos Ly GT00 G oft ‘LR AT EARE G443 of | exceeds 50 MR/ s, the
he’ ki nomat | o G scom Cys ot Hean o HEre, Fone o bR = HoBr
For mt 1 o ARG e Suaiorals o TRt o (s s e e 1 19 580es
of the | Ui Cant baad o 1ot R ARG ¢ Tops Tond B

speci ficald ¥ hifiednddb WieWaRh/gPtainhng excell ent Wi SCOSi LY. 1 ormal

lubricating oil, any kind of lubricant base 0il can be used without



salicylate detergent is preferable. [0028] Here, the al kali netal

i ncl udes sodi um and potassium and the alkali earth netal includes
cal cium magnesi um and barium Anong such netals, alkali earth
netals are preferable; calciumor magnesiumis particularly
preferable. The total base nunber and additive amount of these

met al | i ¢ sgetadrigentre stan did «sel ect ed dependi ng on the required
performance of the lubricating oil. [0029]1t should be noted that the
met al | i ¢ [détierlgent nds bim yicentadi hesaeut Y alspeetidlildad 1get ehigeatmayube :
al so contains over-based/basic nmetallic detergent; in the invention,
it is preéfecddl phiwingst ased/ipasioc amdudlrlice tdegergénttrecntianni ngich
cal ci um carbonat e and/or cal ci um borate, [0030] The base-nunber of the
met al | i ¢ IfeCotgdmed bynsacpum deat atlytiemiedionred supsigapbyained by
preferabg¥10<500 S?KCH/ , nqre preferably 150-450 KCH g, and
par ti cul &P PI%er &2 601408 YnyiRASg O Fh & 1" BRLE- hiRBEMeNkpaHEhaas
base- nunher, _as .neasured .by. perchl.ori¢c acid t.hod in accordance with
o 7 R S B R B R ot SHRd e at PG OGP CRIAG
Det er m natj f .al j zat | er.,. .[.0031]In_the invention, the
content o TRt AR G IR BT H neu P CRE PSR Rt 21
conposi tian ;i §nkok $ABEH ELRA! Bé(séeéiyegﬁ‘%&gicéc? l%)hgstogfe%lizg?ﬁ%no%ft B81,
conposition, as the nmetal content, t A) netallic detergent is

preferablpx0(425%9 Iﬁ%%id%aﬂprn%rﬁfﬁ&r\ﬁ@c@/b?-E}}%‘F%hh%’-rﬁ?%%s%h gfoceBFy

furthernore preferably 0.14-0.8 mass % stil e prefera
0.15-0. 6 @98 1% andTRestops Blaically OribcPidnBssh® mVherat i deMbin,
netallic detergent is |less than 0.12 nass % as the netal content,
corrosi veukeanti spiebiifiing 1eff @tiniobdl hes shtoesrLONy  MinkGss mAber iLaks,
tends to be insufficient; when the (A) netallic detergent exceeds 2.0
mass % asotrise pystfalraddmt et masmc rease lefsscontiisti ohe chander a derensi ¢
by hi gh ash content and adverse influence to the exhaust-gas

t r eat mentt ‘@qlHiprert £BAdC2®e bl s¥cegds] 403r3$¢ B), cunpatdon) stability
The Iubrkﬁgthng oj | conpositjon contains al kenyl succinimde and/or
bor on- coftfaFAFNYUBF keAYENE ek} MRS idd ahé s BFtephpbabad: HOU3BThes
al kenyl su%pini i de ,i.S a succi ni m de conpound having at | east one
C40- 400, PYr EFE513P1650- 350 1inear or branched al kyl group or

al kenyl g, in the | ecul e. Wh t he carbon nunber of the al kyl
group or %Oﬁ)éi@dl kenyl 51%3%88 qssaqeegg%gﬂeﬁw— of bt ?‘ii)}%éfc‘?rﬁ%one t and
conpound i-C il .tends .be _deter.i orated:; i |
when the(%grggﬁphggbgrég%b?ﬁggé fytag&oﬁﬁ%g%c%ﬁgga}ﬁgékikkﬂQNﬁgyea% of
exceeds 440,y Berat urg fl yidj o] e l.ybrj i i
conposition fgﬁggito béﬁgefgiféggggﬁﬁlTkg%glﬁ?ﬁ &?%%% gg gFESH&Fgeous
group mayirbeekinBes s @olRANGHedo PR @lphlis vosaBRbas-d gL R0k ricaeh udey,
ol i goner of olefin such as propyl ene, 1-butene, and 1 sobutene;
br anched aahliylkrgiobgserobr asrchadcal kepyl Orowx derdrsed ibhoMsa o mass &
co-oligoner of ethylene and propyl ene. [0034] Exanpl es of the al kenyl
succi ni mode moret, herefeenbilgn2 fayabe | swmorieypeayubei nsasd de of wibke of
following fornula (1) in which succinic anhydride is added at one end
of pol yafisiseldterd exneabdion mitdibddtiitonin ardtorradidi-tiypeasdcapabtildey
of the following forrmula (2) in which succinic anhydride is added at
bot h end@fo#nbﬁglﬁéngaa@@mosi@n\n@wiéﬁremi ghi¢enpercaused detecgepoyent
bi s-type succinimde is preferable. [0035](Formula 1) HR-CQ
attributed to the deterioration of the mineral oil with long-term

use, a mineral base oil of which total arcomatic fraction is less
than 10 mass %, preferably 5 mass % or less, more preferably 2

mass % or less is desirably used..

[0020] It should be noted that the “total aromatic fraction”



| 7- (Cl- 12CHPANH) a-1i (1) O [0036] (Fornula 2) H 400%ff G CC C-R3 N
(CH, CH2NH) b- CH2C. H2-N1 | \I H2C CC- 0-12 00 [0037)In the fornul ae
(1) and (2), Rl, R2, and R2 are independently a C40- 400, preferably
060- 350 Iinearor branched alkyl group or alkenyl group; ais an
integer of 1 to 10, preferably 2 to 5; b is an integer of. 1to 10,
pref er abl§eang 182 4OUIBITHeL reetdyodt iforf naraddissi mee ashve eab dwe aaldoaphnce
succi nimdes i.s not particularIX limted. For exanple, these alkenyl
succi ni ni'ted b &20t%ai nBaupyly eaklt® myr ot tken fremadi itdn _alnlquudleS_: not
succi nic acjd ar, al kenyl succinic acid obtained by reacting maleic
anhydr i deorgéilf r?(ia{‘ygoﬁﬁaﬁﬁ&ehawﬂngl5%4@@9;1@@1%1}%%{ RWup de am@ﬁlﬁ?pene,
group at 100-2 C.. 10039 ampl.es -of pol yam ne include: diethyl ene,
trianine, ernlaeq%yﬁeennéef taerﬁ> a%hehea,l Yo ﬁ%og}r‘ﬂé:tpé:ﬁ’te&ﬁlfﬁ ,lc:gﬁ@ounds in
pent aet h ine. 04Q] The bar.on-cont ai ni ng al ken

succi ni mXJerirt?lan Ee ocgfleg}%rged%béynJrzeglaec%lngsalalféanﬁon @C’?’leﬁil’m\é&gs cofrPPRRds
formul ae ; A : qggp n Ic.acid orate
salt or }{)%%la@ggggtg}é_?%%xlﬂg%%% ¥ or(f%g g%?%%%aﬁﬁgﬂﬁ%srtﬁg}g& rQesy

acid, metdhdiyiL agidnYnhdRira-boric acid. [0041] As an al kenyl
succinimde in the invention, boron-containing al kenyl succinimde or

boron-fremamdkenyl sgegirairmicdatear e ¥sedmihBri¥heWwa0k §€1ZULEt not
resi stance, a boron-containing al kenyl succinimde is preferable; In

vi ew of sipedgefidizdpgr damcitedUsisaigidifiddaion ol hiagh- terpenabyl, emore,

detergency, and econom c efficiency, a boron-free al kenyl succinim de

is preferaisiferddoa?] ¥ maswes ioaveas s on,Sire ueayentf ofie bkee ofBHeakkepyh
(A) component enables to attain sufficient inhibiting effect on
silver corrosion, as a mineral base oil which is advantageous
in terms of solubility of the additives and economic efficiency,
a mineral base o0il of which sulfur content is 0.1 mass % or more,
preferably 0.2 mass % or more may be used. In view of excellent
oxidation stability in severer condition and capability of
inhibiting corrosion of silver which is caused by a component
attributed to the deterioration of the mineral oil with long-term
use, a mineral base oil of which sulfur content is less than 0.1
mass %, preferably 0.05 mass % or less, and more preferably less
than 0.005 mass % (less than 50 ppm} is desirably used,
[0022] Specific examples of synthetic base o0il include:
polybutene or the hydrogenated product thereof; poly-a-olefin
such as l-octene oligomer, l-decene oligomer, and l-dodecene
oligomer, or the hydrogenated product thereof; diester such as
ditridecyl glutalate, di-2-ethylhexyl adipate, diisodecyl
adipate, ditridecyl adipate, and di-Z-ethylhexyl sebacate;

polyol ester such as trimethylolpropane caprylate,



succi ni m de and/ or boron-containing al kenyl succinimde, to the total
mass of the conposition, as boron content, is 0-0.03 nass % the
upper limt is preferably 0.025 mass % or |ess, nore preferably 0.024
mass % or less, and further nore preferably 0.023 nmass % or |ess. The
nitrogen content is 0.005 nass %to less than 0.08 mass % preferably
0. 01- 0. 075 imes s yoko lipoop apiee frel alrlopn@t@2- 0. 07 mass % Mass ratio (B/N
rati o) between the boron content (B) and the nitrogen content (N) is
0- 0. 55; PIe& tgeFerthrifol -i2s ephefléeaibnpa@e50and bessaenpibrptefer abl y
0.45 or |less. Wien the boron content exceeds 0.03 mass % or the B/N
rati o exPEIASIPBEE /'t ROPOYFES V&- e gRrPAKYBIEI AGLESf euthofst Hebutyl

silver-containin Hgterial tends to be insufficient. [0043] The nass
ratio (Mﬁﬁ;e&éﬁxg& hetGe ontehin{ MNAtdTIitidd S8 HeE icAP idesaED| @s
det ergent_,and the, pitrogen nt.ent attributed to the (B) alkenyl
succi ni m- %ﬁ&ﬁ?%?%?;%ﬁgﬁr fﬁg‘yc}r ﬁﬁ%g?‘entﬁ@%ﬁtelf%ﬁéﬁleﬁ or Fhey MipEeres
and further & preferably 2.4 or nore. Wen the MNratio is |ess
than 1.6, He °Cor r osi ve- wear inhibiting effect of the

si | ver - cqmaiyyi ng_ meherdial 4 ¢nds, Lo e syt ficl ent, LOOMILL(Q) o

conponent) ubricating“oil "Composition

Containstﬁ%@%o@iééﬁﬁkaQEEmﬁggﬁggggﬁéﬁe rd Qﬁﬂyp?ﬁnJiewcﬁfexcellent

[ 0045] Exanpl es of zinc dial ky ophosphate 1 n e 1 nventron nay

be the ob&iveprescatadibytthenfal kawerarf ebAHk a1 68) ank0048L6Rs FUl 3¢
3) [0047]In the formula, R4, R5, R6, and R7 are independently” a

Cl24 hydiababhiad ngr 00bro£X6ﬁp$E$ivaetrh@a@éea4bly1Yddb@%bﬂ@ﬂt@é@ﬂﬁibuted
include: a Cl1-24 linear or branched al kyl group, a C3-24 |linear or

branchedtal késyHegeoipraaiGs 33 thel ndhkyhlgodlpwdthChodd-téneatisor
branched al kyl cycl oal kyl group, a C6-19 aryl group or C6-18 linear
or branch@d828llkyl aryh Greumvemdien CadS® duyplriakkyl bgseupil Theiadkyl
group and alkenyl group may be primary, secondary, and tertiary.

[ 0048] ATBAG St Prel By FTEREGT BrEEE W clorcabxberROE RBO R6 moardsRFcies
the hydro a&bgn. roup is_EarticuIarIy preferably a linear or branched
Cl- 18" al ﬁ% 4 66%‘3‘6% g ebiT85at§Fof obiom dihess i o8 sheanchedused.
al kyl aryl g 0049] The net hod f.or pr.oducin he zinc dial kyl

di t hi ophggﬁ:h%%%?p%%t Fot “pareT ey E%%&?@a&%@ alind?/i?r? REt ROt
For exa ‘1 n i y.firstly reacting di phosphorus
pentasurgkggl&ktﬁ§a?£§H%$%f%?§%ﬁgﬁﬁﬂ§ égc% %%ﬁ?%mfé? EF@&%FB@hOB?O%B
corr espoRdirad shecRes BE mRAer@19pBEiet 81RE09UECone or more species of

synthetic base oils.

[0025] The kinematic viscosity of the lubricant base oil of
the invention is not specifically limited. The kinematic
viscosity at 100 °C is preferably 4-50 mm?/s, more preferably
4.5-40 mm*/s, and particularly preferably 5~35 mm?/s. Here, the
kinematic viscosity at 100 °C means a kinematic viscosity at 100
°C defined by JIS (Japanese Industrial Standards) K2283. When
the kinematic viscosity at 100 °C of the lubricant base oil exceeds
50 mm?/s, the property of cold-temperature viscosity is
deteriorated; while, when the kinematic viscosity 1s less than

4 mm®/s, the lubricity is poor at the area to be lubricated due



di t hi ophosphoric acid, and by neutralizing the dithiophosphoric acid
Wi th zinc oxide. The structure of the zinc dialkyl dithiophosphate
depends on the al cohol to be used. [0050] The content of zinc dialkyl
di t hi ophosphate in the lubricating oil conposition of the invention,
as phosphorous content, is 0.005-0.10 nmass % preferably 0.01-0.098
mass % &mwdtimer enpunéfecabhy &L DFIAr0Ebrnmass o% aethd keradpowert ilonilbss
of the phosphorous content is |less than 0.005 mass % the anti-wear
propert y céngheneulant¢axi dase ehhrestamessibcgtend $o, hdel nstif fdadeantire
whil e, when the upper Iimt of the phosphorous content exceeds 0.10
mass % &G BhefEnRRde i nhibiting effect of the silver-containing

mat eri al t%&ﬁ% to be_insufficient. [0051EBy havi ng the above

struct uré? | ubri EAEFR§LIEYI 1BBRH0SEt FBR” SRPERBARE eRRE Phiepii e

is excellent in anticaorrosive propert i IVﬁr_-cont ai ning material .

[ Of
So, as al B datiNG SiHCT i Sc StaSP S © iill\Ye 1BGHES nitRg VhErePEal
the | ubri P j | i, ti can.inhibit corraqsi.on, _.corrosive
wear, el l?’?a ?Crgr#lqé%d et%%qﬁ%%éa &‘ggsclols\}ély- (,gbﬁ‘tr “ing Sirat8r ifﬁfjmwﬁ8ﬁ a
. silver-c JJH hal r..maghi nes _oqr L.ces
parti cul g%e?r?{%glrﬂr%gltt%gg tﬂlst%leg%%q %%é:s?’t gtgf Etr%t gref%%é%?l‘gefgphgr more,
per f or neige QrdeReMdi NGO A he RUr RESE £ 2R YK glgrgf ?‘Q‘f[ﬁt:'a}ﬁ? 95 or
conventionally used for lubricating oil can be adde Po t he
| ubri cat iridg-eqi | THENRASI # 0RO o f RO HYERLEOPy R8I Af shBBifically
addi tives include: antioxidant, anti-wear agent (or extrene pressure
agent), flrindttieoh nBdefibRes YESCHREI bYs&NEdEX hAPrO¥ErhasOr 606 Maving a
i nhibitor, rust inhibitor, denulsifier, metal deactivator, defoanant,
and col omiisgosgdent .1ind@es 2fAsitcie d0i-AXi0danich ashhesisocartcexibidanheral
such as phenolic antioxidant and aromatic am nic antioxidant, or
met al antiidxi @&at~eanled iuskbdsermbhg( ftremxatwlrl i igmmicax cdantcaafiin
aromatic am nic antioxidant are preferable; particularly, bisphenolic
ant i oxi d&MCToRSphefetPRe ant iBG et 2R&VingoesEerepdi the prerepgpreed

specifically, 3,5-dialkyl-4-hydroxyphenyl substituted fatty acid
esters (Mé’yrdéﬁ% %@ﬁ § )t'h?azilyek)ﬂl)i&r dn0s 3 FLECRGEyY andegnhef about

remai ni n | kwl. groups are res tively thyl or t -butyl) such as
octyl- 3- ?%’55‘&0- %élrct-liﬁ v rl&(yﬁrjrérﬂr/ﬁ)w oﬁingngﬁ“g ypx. or

octyl- 3-(;3-4m | =51 - -4-.hy [ nyl ) .propi onate e

prefer abllg.&’r?%%éﬁfﬁr? lﬁ]énﬁ%%ﬁllc ;&)t]‘llln g’%%%% (;%rr%)é’)s iJTSP(]-)n% Lot 1pﬁe%hese base
i nventi onRy; e j 1 QX% Aa Lant

of the cg)r%&\éggi ??g?tpglfj%ﬁ% p%l%mléigﬂ{r%gyfﬁo pre e%%%ﬁ%toge#(gﬁﬁg‘ggaé/?o
[ 0054] As difter arY icomRAle :AG8MHe { Ya X JiaMR, PLESSWA® RYQRL L4iiany kind of
anti-wear agent conventionally used for lubricating oil can be used.

For instamoe7isul fur(hasedecphosphaeedsgbased, and

sul f ur - phosphor ous- based extrene pressure agent can be used. Specific
exanpl es i ncl udfée phosplitengsbetscombbophosphdf eRst@eSent invention
di t hi ophosphite esters, trithiophosphite esters, phosphate esters,

t hi ophos sitatte lost ersetall i h ajshesplratieaestles S(A)t cohhbophospl@atanples of
esters, and am ne salts thereof, nmetal salts thereof, derivatives

t her eof , ™% locaFlsamagentdi sut fielesl inpidiads glcf,i des]udkefa rkrswirf Bdés]li
and oil sulfide. [0055]In the lubricating oil conposition of the

i nventi oﬁ}et\/ﬂ;er?%sqlﬂﬁ‘]tlh@oaétéhtnlet\ﬁéarsﬁg%rﬂat(%rde@ﬁrﬂ@rm,plaé-s},@llriemetal
agent), the rlg(%tlent ig not $frticul arly limted, to the total nass of
the conpddi fidAlLi EAFshReER { PETRES 9ent [ 8okl e b9 oR kR 1
friction rg)dci fier incl lidei a(sﬁhl ss friction nodifier such as a _fatté
aci d est & 0d5 8% B SEILOTYIGEEr FEFSTERNEY | Bhhfi & BRF Mre-Vasedaldi eersh

nodi fier, aci d am de-based frjctigon _nodifjer: and netal
friction mﬁ% ?13 %tgﬁt%ﬁlagcs? %%B%H m%llr]fﬂjoé%?r e hivat it aide Agka L
di t hi ophogphaiif, £an Qfeﬂésreg%nttheanccpmheemmfx e total, rg%:s?no?:fe 08 reot

(including complex-type). Among them, phenate detergent or
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benzotri azol e- based, thiadi azol e-based, and i m dazol e- based
conpounds. [0059] Exanpl es of rust inhibitor include: petrol eum

sul fonate, al kyl benzene sul fonate, dinonyl naphthal ene sul f onate,

al kenyl succinate, and pol yval ent al cohol ester. [0060] Exanpl es of
derul sifier include: polyal kyl ene glycolic nonionic surfactant such
as pol yoxgdtiyilerie alclogratemér ispoirgdeyebhyl.ene al kyl phenyl et her, and
pol yoxyet hyl ene al kyl napht hyl ether. [0061] Exanpl es of netal

deact i vatlé$038cl ude: Hepddztd phkali ptiadi dhabudes sedtiunesyd potassium;
al kyl t hi adi azol e, nercapt o benzot hi azol e, benzotriazole or

deri vat i V8¢ thesddel ireartuh pRtadiladiudgsorybed pndeagnesium, and barium.
1,3,4-thiadiazolyﬁ-z,?-gisdigkk%l di t hi ocar banmat e, 2-&alk%Idithio).
benzi m d&¥B"E, SERE BEEB Ear BOKTDENS Hhit o FitenPLeipgable; calcium
[ 0062] Ex I f..the. def oamant, i ncl ude:. silicone_oil; alkenyl

succi ni c%gglmgaagrsl‘l@gtll% ar Js?é]rargfy 5F§ﬁ§8&7&§y al PpHat %aéﬁhBleaﬁH
| ong- chai Ld; I Lcyl at.e;. .a- hydroxybenzyl al cohol ;

al uni numa&dégég%(g;%%o %@%é%ﬁéggé;n?ﬁ&ddilaﬁckéfapgfféﬁpgﬁi Gt be 88 ecteq
ni troam HANQ g R ti i I i.soamyl y :

Bl Kyt ol kol e e ST Al aarr s serons P, fier KBr 2CReraf ot
derivativemoof) di sul trdghohlyopeng, : -%ﬁﬁiﬁ%&bﬁﬁﬁ%‘ etergent not
hydrocarbon; triethyl silane; dichlorosilane; alkylphenyl

pol yet hyleeneglosealz ieshersttliiidaetand ikl wereabkykebher a158063hVhenAs
addi ng these additives to the lubricating oil conposition of the

i nvent i omyvetro Halsed/bbali cmees adfl itheletemrpesict i @n, thBeiaoahenbnpf ithes
corrosion inhibitor, the rust inhibitor, and the demulsifier are

r espect i palaf e rad0y- Brmeys ripazed /fohe iconkeénl 1ot théemgbatk deachinaher
is usually 0 . 005-1 mass % and the content of the defoamant is
usual | y Ga0oEsm radenate o4 cTheakicagmabcatiescosity at 100 00 of
the lubricating oil conposition of the invention containing the above
conponenﬂ@ﬁ%Q]S.6-21?§enﬁéﬁ§7nbméﬁér95l9h§.%836131ﬁn@¢%$rgent is not

0065] (Si | - t ai ni materi.al), The | ubri ti il
ovpobt CRRFT A IRTREL A2 e 03 RastnebrvePrSEP. meEol(s.
b i t.abl f | i i il itact with
S oy AP RGNS 18 00t WRROLM S kst Reke lkiler ki Pretrpeoly
ti | AT | i Lsts i t f
i ch1s 200 O me RO Chae P upRbealimER LT | Redi Lt B el
si | ver - caitalu¥cR0 bRRbek bR o3 cNAL 1 by KB e 0, sid Melndd saldh Ut 7 in

al so made of silver alloy or a S|ﬁver-coate or sﬁ?ver-alloy-coated
netal maters R2503uUehe @fo Bé b Bi-oBlidtsthd THSr SEAVERG ©QNt-2bBEBYmination
material includes a case where a non-silver-containing material is
coat ed onf heewsurdflace tdford herdbase .material but the coating surface is
worn when used and the silver-containing material is exposed, thereby
there is [@03ddsi bili iy tbecdntaatinht hthBecbubehcabinghei kAY metallic
conposition of the invention. Mreover, the silver-containing

mat er i al det@nggnthoendaliyed i lther resin aionipug indtcer i alnatsedetafiaally
sliding portion but also a silver-containing material, used for other
than sli di%ifPeitednta fheokirael weeh ohetheaibrdmpatsing il acompesineteh
[ 0066] Exanpl es of silver alloy include: silver-tin alloy,

si | ver- cc?%%@re“d:lfl dyre siftv drtd -G ssde raensy 1ss prederabli Ruilakl 8y,
silver-alum numsilicon allgx,y silver-alum numtin all oy,

si | ver - altfifhamEGspBF CAFFBY LY 133t -l uRRREM sEMEEBRITIGr aPrEferably
il -alyum i - | 1.qy, sil -alum tin-
al 1oy and ‘Siq Ve BFG% Aurk ST 1 COrEH9F. BB5BPESFFYOLTHksks-0 6 mass &,

silver-c i ter e, t,he one of ich _sil content is
preferabﬁgﬁgrﬁgggEggggﬁﬁ%ﬁgfqﬁéﬁg%bﬂéﬂgfﬁbﬁy ZwﬂﬁgstxgoYELDW%Fafflc
further mpneRf&ferabhb Mag % a4 & 20 stil L funther aore

corrosive-wear inhibiting effect of the silver-containing
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[ 0067] Specific exanples of the silver-containing material include: a
silver-tin alloy containing silver at a ratio of 50-95 mass %
preferably 60-90 mass % a sil ver-copper-containing alloy containing
silver at a ratio of 5-50 mass % preferably 10-30 nass % and a

1 num cont ai_ni i

silver-alumn cont ai ni allo si|Jver. at aratio of 1-10
nass %;[ﬂ%gﬁﬁ%ﬁﬁgeﬁagqﬁggil 5 ﬁécﬁ§P§éﬂﬂgﬁbEh? Jr) Bptobt e ReteEEsnt
surface NS, th re corrosi.ve-wear of,silver tends to .,
occur. T%%?%%%&i?'Phgaggbfi%£§¥ﬁbm§i9108%§§§PFfoﬁn%ﬁe?ﬂ%<1 vERENSH P8
useful . [Q06{] i.cat i izl 1.C PLi f..the invention is
excellent in é%??ggpgﬁkco rogvggﬁaeggR?%h%ﬁﬁg%%gvg %gc%ngyu%%?%ﬁ¥éF§e
such as |sathid LOPRGFe AMMY | @S pHdME Nt MG Rker i al or
silver plated material. So, it is not only useful for various
silver-coesati ng mat@ri)akecmbehealso useful for machines and devices
in which silver-containing material and | ead-containing material or
copper - cont ai nithg ratericalt iavge cd@paaiplsy tdont achtwibh theenyl

| ubricating oil. [0069]Since the lubricating oil conposition of the

i nvent i orfucanriimhidsi enddiorobbonnetotheisi hyest komyhi sudgi miptietd als the
which the lubricating oil conposition is in contact with, when using
t he | ubri(@dt iggFRsinerdonposition as a lubricating oil, it is possible
to protect silver-containing material as well as machi nes and devices
cont ai ni Nd %33 ver - coRPgi Ailk§ At ERCEENIMAdgddEt RoRucsinéwidhecompound
| ubricating .0il conposition contains zinc djal kyl dithiophosphate, it
i s possi ¥ Y AhilGPE tsGRFi dertaon RERFRERBRY viFfiotseo Heinfadi Miin§repehed
anti-vnearal roperty and tq%ﬁangioxidant chﬁract ristic. Therefore, the
| ubri cat ing Yoi I75CoMpSsi € G ¢anIb8YEurPably BRECEse | ubiistattingg cgrpon

(0]

engi ne | T Py ot YR ToR BRgiite SaPddt BhOBF I €5 LR than 10,

engi ne r railway car; engi ne

f our - cycleg jtyMe- I j.Cl i ne. I . ] Her_ei naf.t er h
 our oyl fhsplocy el g PAPhes L 0000l tarel 1ot srnkhe.
fol | owi npeeuatBlesratewpvialild NGnieAVERt iQidsh ABhLLE rﬂ%)ﬁﬂebﬂﬁﬁgroup

exanpl es. [0071] (Exanples 1-9, Conparative exanples 1-

Addi tivesir (Ae dlBeny@ndiddp URABNUD B 6 Addethdd 2ack ohtibies of
base oils to prepare lubricating oil conpositions having the

conposi t itdres Isiboviicaitrinfablid tofpxanplies tefdsCoamed add e @xaHEES The
1-5). The anmount of each additive is based on the total mass of the
conposi t iggrky ] 0072pwWn Al kespecircup hae bebl fiee d rdonpostidd onPrasetradtl e

oil, oxidation stability test was carried out under the follow ng
condi t i of TP ke bPgased hnehudes ol Doamey "dfubhtiefani sigchids piropylene,
i nternal .conmbustion-Determ nation of oxidation stability"; |ndiana

Stirri ng ‘OAWE o3 eSS RIS aeBEFRchefen ktlher awp et b banehed @rd kenyl
eluted into the tes%gfﬁ%?mere nmeasured. The obtained results are al so

shown i n SFsBiRe dEr™ W QI IPet &f sty Lsinsc @ndo P opmlenso
mm x 30 nﬁBO3T4e_|St ten@:?c'é?n%: re%'o%“_}c%ecalkenyl succinimide in the invention

may be a mono-type succinimide of the following formula (1} in
wnich succinic anhydride is added at one end of polyamine at a
time of imidization, and/or a bis-type succinimide of the
following formula (2) in which succinic anhydride is added at
both ends of the polyamine. In view of high-temperature
detergency, bis-type succinimide is preferable.

[0035] (Formula 1)

i2



Test tinme: 90 hours Amount of test oil: 250 g [0073](Table 1)
Conparative exanple 5 remaining part 1-21) 91 0 000 IEVOISst
(Sofro)

s
R'—C—C |
N (CHLCHNH)~H (1)
H,.C—C
“ Y
Q
[0036] (Formula 2)
O G
5, H 7 “», H
RP—C—c Jc—C—g’ |
N (CHLCH,NH),~ CH,CH, ~N_ (2}
H,C—C S CHy
5 7
.\0 o
(00373 In the formulae (1) and (2), Rl, RZ, and R® are

independently a Cyg-400, preferably Cep-350 lineaxr or branched alkyl
group or alkenyl group; a is an integer of 1 to 10, preferably
2 to 5; b is an integer of 1 to 10, preferably 2 to 5.

{0038] The method for producing the above alkenyl
succinimides is not particularly limited. For example, these
alkenyl succinimides can be obtained by reacting polyamine with
alkyl succinic acid or alkenyl succinic acid obtained by reacting
raleic anhydride with a compound having a Cyg-z00 @alkyl group or
alkenyl group at 100-200 °C.

(0039] Examples of polyamine include: diethylene triamine,
triethylene tetramine, tetraethylene pentamine, and
pentaethylene hexamine.

[0040) The boron-containing alkenyl succinimide can be
obtained by reacting alkenyl succinimides of the formulae (1)

and (2) with a boron compound such as boric acid, borate salt

13
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Conparative exanple 4 remaining part 120 o't .0. co g0 66 n

|9E-0 192 (9900) L Conparative

or borate ester. Examples of boric acidmay be: ortho-boric acid,
metha-boric acid, or tetra-boric acid.

[0041] As an alkenyl succinimide in the invention,
boron-containing alkenyl succinimide or boron-free alkenyl
succinimide can be used. 1In view of seizure resistance, a
boron-containing alkenyl succinimide is preferable; in view of
sludge dispersancy, sustainability of high-temperature
detergency, and economic efficiency, a boron-free alkenyl
succinimide is preferable.

[0042] In the invention, the content of the (B) alkenyl
succinimide and/or boron-containing alkenyl succinimide, to the
total mass of the composition, as boron content, is 0-0.03 mass %;
the upper limit is preferably 0.025 mass % or less, more preferably
0.024 mass % or less, and further more preferably 0.023 mass %
or less. The nitrogen content is 0.005 mass % to less than 0.08

=)

mass %, preferably 0.01-0.075 mass %, more preferably 0.02-0.07
mass %. Mass ratio (B/N ratio) between the boron content (B) and
the nitrogen.qontent (N) is 0-0.55; the upper limit is preferably
0.50 or less, more preferably 0.45or less., When the boron content
exceeds 0.03 mass % or the B/N ratio exceeds 0.55, the
corrosive-wear inhibiting effect of the silver-—containing
material tends to be insufficient.

{0043} The mass ratio {M/N) between metal content (M)
attributed to the (A) metallic detergent and the nitrogen content
(N) attributed to the (B) alkenyl succinimide is preferably 1.6
or more, more preferably 2.0 or more, and further more preferably

2.4 or more. When the M/N ratio is less than 1.6, the

corrosive-wear inhibiting effect of the silver-containing
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material tends to be insufficient,.
[0044] ((C) component)
The lubricating oil composition of the invention contains
zinc dialkyl dithicphosphate as (C) component.
[0045] Examples of zinc dialkyl dithiophosphate in the

invention may be the one represented by the following formula

(3).

[00¢6] (Formula 3)

RL@D\“P"J?S Znﬁa h ’M N (3)
F{S(]#f’; HHE\ ’}ﬁ.‘z ES,H’! kaR‘(}FQJ )
[0047] In the formula, R%, R®, R®, and R’ are independently

a Ci-24 hydrocarbon group. Examples of the Ci_n4 hydrocarbon group
include: a Ci.24 linear or branched alkyl group, a Csz.ay linear or
branched alkenyl group, a Cs13 cycloalkyl group or Cs-iz linear
or branched alkyl cycloalkyl group, a Cs-19 aryl group or Ce-15 1inear
or branched alkyl aryl group, and a Ci-15 aryl alkyl group. The

alkyl group and alkenyl group may be primary, secondary, and

tertiary.

[0048] Among the hydrocarbon group which can be RY, R%, RS,
and R’, the hydrocarbon group is particularly preferably a linear
or branched Cj13 alkyl group or a Cg¢ig aryl group, or a linear
or branched alkyl aryl group. ‘

[0049] The method for producing the zinc dialkyl
dithiophosphate, but not particularly limited, may be a known
method. For example, it can be obtained by firstly reacting
diphosphorus pentasulfide with alcohols or phenols each having

a hydrocarbon group corresponding to R*, R®, R®, and R” to produce
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dithiophosphoric acid, and by neutralizing the dithiophosphoric
acid with zinc oxide. The structure of the zinc dialkyl
dithiophosphate depends on the alcohol to be used.

[0050] The content of zinc dialkyl dithiophosphate in the
lubricating oil composition of the invention, as phosphorous
content, is 0.005-0.10 mass %, preferably 0.01-0.098 mass %, and
more preferably 0.02-0.095 mass %. When the lower limit of the
phosphorous content is less than 0.005 mass %, the anti-wear
property and the antioxidant characteristic tend to be
insufficient; while, when the upper limit of the phosphorous
content exceeds 0.10 mass %, corrosive-wear inhibiting effect
of the silver-containing material tends to be insufficient.
[0051] By having the above structure, the lubricating oil
composition of the present invention is excellent in
anticorrosive property of silver-containing material. So, as a
lubricating oil in contact with silver-containing material, the
lubricating oil composition can inhibit corrosion, corrosive wear,
elution, and the like of silver-containing material when a
silver-containing material is used for machines or devices,
particularly internal combustion. So as to further enhance the
performance, or depending on the purpcse, any kind of additives
conventionally used for lubricating oil can be added to the
lubricating oil composition of the invention. Examples of the
additives include: antioxidant, anti-wear agent (or extreme
pressure agent), friction modifier, viscosity index improver,
corrosion inhibitor, rust inhibitor, demulsifier, metal
deactivator, defoamant, and coloring agent.

[0052] As the antioxidant, ashless antioxidant such as
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phenclic antioxidant and aromatic aminic antioxidant, or metal
antioxidant can be used. Among them, phenolic antioxidant and
aromatic aminic antioxidant are preferable; particularly,
bisphenolicantioxidantorphenolicantioxidanthavingesterbond
is preferable; specifically, 3,5-dialkyl~4-hydroxyphenyl
substituted fatty acid esters {wherein, one of the alkyl groups
is tert-butyl and the remaining alkyl groups are respectively
methyl or tert-butyl) such as
octyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl) propionate or
octyl—3—(3—methyl—5—tertnbutyl—4—hydroxyphenyl)propionateare
preferable.

[0053} In the lubricating oil composition of the invention,
when using the antioxidant, the content to the total mass of the
composition is usually 0.1-5 mass %, preferably 0.5-2 mass %.
[(0054] As the anti-wear agent (or extreme pressure agent),
any kind of anti-wear agent conventionally used for lubricating
0il can be used. For instance, sulfur-based, phosphorous-based,
andsulfur—phosphorous~basedextremepmessureagentcankxaused.
Specific examples include: phosphite esters, thiophosphite
esters, dithiophosphite esters, trithiophosphite esters,
phosphateesters,thiophosphateesters,dithiophosphateesters,
trithiophosphate esters, and amine salts thereof, metal salts
thereof, derivatives thereof, dithiocarbamate, disulfides,
polysulfides, olefin sulfides, and oil sulfigde.

[0055] In the lubricating oil composition of the invention,
when using these anti-wear agent (or extreme pressure ageht),
the content is not particularly limited; to the total mass of

the composition, it is usually 0.01-5 mass %.
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[0056] Examples of the friction modifier include: ashless
friction modifier such as a fatty acid ester-based friction
modifier,analiphaticamine—basedfrictionmodifier,andaafatty
acid amide-based friction modifier; and metal friction modifier
such as molybdenum dithiocarbamate and molybdenum
dithiophosphate can be used. The content to the total mass of
the composition is usually 0.01-5 mass %.

[0057] Examples of the viscosity index improver include:
polymethacrylate-based viscosity index improver, olefin
copolymer-based viscosity index improver, styrene-diene
copolymer-based viscosity index improver, styrene-maleic
anhydride ester copolymer-based viscosity index improver, and
polyalkylstyrene-based viscosity index improver. The
mass-average meclecular mass of the viscosity index improver is
usually 800~1,000,000, preferably 100,000-900,000. The content
of the viscosity index improver, to the total mass of the
composition, is usually 0.1-20 mass %.

[0058] Examples of corrosion inhibitor include
benzotriazole-based, thiadiazole-based, and imidazole-based
compounds.

[0059] Examples of rust inhibitor include: petroleum
sulfonate, alkyl benzene sulfonate, dinonylnaphthalene
sulfonate, alkenyl succinate, and polyvalent alcochol ester.
[0060] Examples of demulsifier include: polyalkylene
glycolicnonionicsurfactantsuchas;xﬂyoxyethylenealkylether,
polyoxyethylene alkylphenylether, and pelyoxyethylene
alkylnaphthyl ether.

[0061] Examples of metal deactivator include: imidazoline,
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pyrimidine derivatives, alkylthiadiazole, mercapto
benzothiazcle, benzotriazole or derivatives thereéf,
1,3,4-thiadiazole polysulfide,
1,3,4-thiadiazolyl-2,5-bisdialkyl dithiocarbamate,
2-(alkyldithio) benzimidazole, and B- (o—carboxybenzylthio)
propionitrile.

[0062] Examples of the defoamant include: silicone oil:;
“alkenyl suceinic acidderivatives; ester of polyhydroxy aliphatic
alpohol and long-chain fatty acid; methylsalicylate;
o-hydroxybenzyl alcohol; aluminum stearate; potassium oleate;
N-dialkyl-allylamine nitroaminocalkanol; aromatic amine salt of
isoamyloctyl phosphate; alkylalkylene diphosphate; metal
derivatives of thioether; metal derivatives of disulfide;
fluorine compounds of aliphatic hydrocarbon; triethyl silane;
dichlorosilane; alkylphenyl polyethyleneglycol ethersulfide;
and fluorocalkylether.

[0063] When adding these additives to the lubricating oil
composition of the invention, to the total mass of the composition,
the content of the corrosion inhibitor, the rust inhibitecr, and
the demulsifier are respectively 0.005-5 mass %, and the content
ofthemetaldeactivatorisusually0.005—imass%,andthecmntent
of the defoamant is usually 0.0005-1 mass $%.

[0064] The kinematic viscosity at 100 °C of the lubricating
0il composition of the invention containing the above compenents
is 5.6-21.3 mm®/s, preferably 5.6-16.3 mm?/s.

[0065] {(Silver-containing material)

The lubricating oil composition of the invention can

inhibit corrosion of silver, so it can be suitably used for a
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lubricating oil in contact with silver-containing material. The
silver-containing material is not particularly limited as long
as silver éxists in the metal surface which is in contact with
the lubricating oil composition. The silver-containingmaterial
is not only made of silver itself, but also made of silver alloy
or a silver-coated or silver-alloy-coated metal material, such
as silver plating. The silver-containing material includes a
case where a non-silver-containing material is coated on the
surface of the base material but the coating surface is worn when
used and the silver-containing material is exposed, thereby there
1s a possibility to contact with the lubricating oil composition
of the invention. Moreover, the silver-containing material
include not only a silverjcontaining material used for a sliding
portion but also a silver-containing material, used for other
than sliding portion, in contact with the lubricating oil
composition

[0066] Examples of silver alloy include: silver-tin alloy,
silver-copper alloy, silver-tin-copper alloy, silver-aluminum
alloy, silver-aluminum-silicon alloy, silver-aluminum-tin alloy,
silver-aluminum~-copper alloy, silver-aluminum-silicon-tin
alloy, silver-aluminum-silicon-copper alloy,
silver-aluminum-tin-copper alloy and
silver-aluminum-silicon-tin-copper alloy. These
silver-containingmaterials may be the one of which silver content
is preferably 1 mass % or more, more preferably 2 mass % or more,
further more preferably 5 mass % or more, and still further more

preferably 10 mass % or more.

[C067] Specific examples of the silver-containing material
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include: a silver-tin alloy containing silver at a ratio of 50-95
mass %, preferably 60-90 mass %; a silver-copper-containing alloy
containing silver at a ratio of 5-50 mass %, preferably 10-30
mass %; and a silver-aluminum-containing alloy containing silver
at aratioof 1-10mass %, preferably 2-5mass %. The larger amount
of silver the metal surface contains, the more the corrosive-wear
of silver tends to occur. Therefore, the lubricating oil
composition of the invention is useful.

[0068] The lubricating oil composition of the invention is
excellent in corrosion/corrosive-wear inhibiting effect of
materials such as lead and copper as well as silver-containing
material or silver plated material. So, it is not only useful
for various silver-containing material, but also useful for
machines and devices in which silver-containing material and
lead-containing material or copper-containing material are
separately contact with the lubricating oil.

[0069] Since the lubricating oil composition of the
inventioncaninhibitcorrosionofthesilver—containinqnmterial
wihich the lubricating oil composition is in contact with, when
using the lubricating oil composition as a lubricating oil, it
is possible to protect silver-containing material as well as
machines and devices containing silver-containing material. In
addition, since the lubricating oil composition contains zinc
dialkyl dithiophosphate, it is possible to inhibit sulfidation
corrosion while maintaining the anti-wear property and the
antioxidant characteristic. Therefore, the lubricating oil
composition can be suitably used as lubricating oil for various

internal combustions: particularly diesel engine; diesel engine
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for railway car; gasoline engine for automobile; and four-cycle

two-wheel vehicle engine.

Examples
[0070] Hereinafter, the present invention will be more
specificallydescribedbyv%qrofthefollowingexamples. However,
the invention is not limited by the examples.
[0071] (Examples 1-9, Comparative examples 1-5)
Additives: (A), (B), and (C) components are added to each
of three base oils to prepare lubricating oil compositions having
the compositions shown in Table 1 (Examples 1-9, Comparative
examples 1-5). The amount of each additive is based on the total
mass of the composition.
[0072] With respect to the obtained compositions as test oil,
oxidation stability test was carried out under the foellowing
conditions in accordance with JIS K 2514 (“Lubricating oils for
internal combustion-Determination of oxidation stability”;
Indiana Stirring Oxidation Test (ISOT test)}; then, the amount
of silver eluted into the test oil were measured. The obtained
results are also shown in Table 1.

Test piece: silver-plated test piece (0.5 mm x 30 mm x 30

mm)
Test temperature: 150 °C
Test time: 90 hours
Amount of test oil: 250 g
[0073] {Table 1)
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oil compositions of the present invention (Examples 1-9) were
used, the amount of silver elution into the test oil measured
after oxidation stability test was small. On the other hand, in
cases where metallic detergent is excluded {Comparative example
3), the additive amount of the metallic detergent is less than
the lower limit (Comparative example 1), the boron content is
excessive (Comparative examples 2 and 5), and the nitrogen content
is excessive (Comparative example 4), the amount of silver elution
into the test o0il measured after oxidation stability test was
iarge. As a consequence, the compositions of comparative
examples are poor in anticorrosive property against
silver~containing material.

[0075] The above has described the present invention
assoclated with the most practical and preferred embodiments
thereof. However, the invention is not limited to the
embodiments disclosed in the specification. Thus, the invention
can be appropriately varied as long as the variation is not
contrary to the subject substance and conce:ption of the invention
which can be read out from the claims and the whole contents of

the specification. It should be understood that lubricating oil

compositionwith such an alternation are included in the technical

scope of the invention.

Industrial Applicability
[(0076] Since the lubricating oil composition of the
inventioncaninhibitcorrosionofthesilver—containingHmterial

which the lubricating cil composition is in contact with, when
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| ubricating oil conposition with such an alternation are included in
the technical scope of the invention_ Industrial Applicability

[ 0076] Si nce the lubricating oil conposition of the invention can
inhibit corrosion of the silver-containing material which the

| ubricating oil conposition is in contact with, when
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using the lubricating oil conposition as a lubricating oil, it is
possible to protect silver-containing material as well as nachines
and devices including silver-containing material. In addition, since
the lubricating oil conposition contains zinc dialkyl

di t hi ophosphate, it is possible to inhibit sulfidation corrosion
while maintaining the anti-wear property and the anti oxi dant
characteristic. Therefore, the |ubr¢ledt¥fg oi | conposition can be
suitably used as lubricating oil for various internal conbustions:
particularly diesel engine; diesel engine for railway car; gasoline
engi ne far aut gmibbtieatigndoil otsmpysitiont wo- wdiratt ek ch esiBrgicoRtaining
CLAIMS 1. A lubricating oil conposition in contact with a

si | ver - c omatatinl, nghivht eomplrisessha dhbdoandr bases oilamladbr ofc anmitesk basé oil
made of a m neral base oil and/or a synthetic base oil; (A) netallic
det er genind(@) a sxatheticnse @b dd) anemlliarriengents (Bpne o Jaoemepesies of

o i oonai Sedpis @érﬁf{‘ﬁé‘g b@#ﬂ"%ﬁ?ﬂ%mva%ﬁ%ewiﬁﬁsﬁaﬁ?@ef andHE) zicy)
T onon s I8Nt (HRTBACIH OB Cof e WnfimentdNo e togal

MasS % agnQd@ihe Ri:&atin g%lp&ﬁn SBoRfkOBEAR HBSS %as ni trogen
content, and the mass ra bet ween the boron content (B) and

the nitr ¢4eoompohent: O(]JSJ}ZOme(ss% 25 maaldcont&@)t; conponent : 0. 005- 0. 10
mass % as_phosphorus content, and wherein mass ratio (MN)
bet ween (Becorapanenioftledd masy %aas botsur eanters; HI9E5 Eryssb ip Oermashth ashe

ni trogen c¢ontent attributed to. t B) conpo Is 3.0 or m)re

2. The | ubtreasn ﬁ@lg"@F‘F Fasyratie 2@41\8) \)%%f‘”{%?ncll?'ﬁq?ﬁf?n SRRden (B) o

silver-c i.nin er| |I er containing material except a
1 ver - cont BleR R &b B i oat

silver-c ntar Al g magnesi um 3. The | ubricating

oil conp ) the (A) conponent
s sel ec?‘éaééfﬁg%ﬁ%ﬁ“ébg‘h?%ﬂ]p%ﬁéﬁaéﬁ AR pRon R ReRL 7 henat e

al kal'i earth nehélwhdrerain@ss adtl@(M/N)ab@tlw@al the yhéthBcorataflt @kadttibagdt h
netal salicylate. 4. The lubricating oil conposition according to any

one of claitie (A} coB)postent edmyd shef nitragent emtenh (N\jeattribntahrio thes éB)
oil is less than 50 ppm 5. A nethod for protecting a

silver- céﬁm%ﬁﬁbmrﬁa 8F M€ n contact with a lubricating oil, the

nmet hod conprising the step of: bringing a |ubricating oil conposition
according to any one of claims 1 to 4 as a lubricating oil into

contact with agfpl Hl%ﬁ‘fcﬁﬂﬂ%abﬂi &gngggiﬁf)haéccordmg to claim 1, wherein the
silver-containing material is a silver-containing material except a

silver-containing material containing magnesium.

3. The lubricating oil composition according to claim 1 or 2, wherein the
(A) component is selected from the group consisting of: alkali metal phenate,
alkali earth metal phenate, alkali metal salicylate, and alkali earth metal

salicylate.

4, The lubricating oil composition according to any one of claims 1 to 3,

wherein sulfur content in the lubricant base oil is less than 50 ppm.
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5. A method for protecting a silver-containing material in contact with a
lubricating oil, the method comprising the step of: bringing a lubricating oil
composition according to any one of claims 1 to 4 as a lubricating oil into

contact with a silver-containing material.
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