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A METHOD OF IMPROVING THE ACRYLIC RUBBER SEALANT
COMPATIBILITY IN AN INTERNAL COMBUSTION ENGINE The present
invention relates to a method of improving the acrylic rubber sealant 5
compatibility in an internal combustion engine. More specifically, the
present invention relates to a method comprising contacting acrylic
rubber sealants in an internal combustion engine and operating the

internal c ' ' i jcat] i it |
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vehicles and various other industrial machines, it is necessary to supply a
lubricating oil to mechanisms involving rubbing movement. Lubrication

dpaareseot suspiivyelabrisidnatper afdrgerrag thquappee wiber sealant
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include resin or rubber sealants such as silicone rubber sealant, acrylic

pdicseiiesiforoRaher resPdeRgRoMaRiNa bl Edbher sealants in an
drrgeastaslsitble dugibersraktand iyl anerpaRyeRiskPEhgine with a

sealant. According to their physical and chemical characteristics, those 20
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lubrication systems. Among the above-mentioned materials, acrylic

s not only excelient i MK SEndHR TN s
inexpensive, 25 At the present time, it is required to improve lubricating
G A e T B e B et i 8 bious
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lubricating oil are generally equipped with various sealing materials (sealants).
Examples of the sealing materials include resin or rubber sealants such as
silicone rubber sealant, acrylic rubber sealant, fluorocarbon resin sealant, nitrile
rubber sealant, hydrogenated nitrile rubber sealant and ethylene-propylene
rubber sealant. According to their physical and chemical characteristics, those
sealants are optionally selected to be installed in proper parts of the lubrication
systems. Among the above-mentioned materials, acrylic rubber sealant is
particularly used as packing parts for fixation because it is not only excellent in

heat resistance and oil resistance but also inexpensive,

At the present time, it is required to improve lubricating oils for the purpose of
meeting certain performance requirements. Most lubricating oils contacting
rubbing mechanisms in various machines are nowadays high-performance
lubricating oil compositions comprising a lubricating base oil and various
additives added thereto.
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However, lubricating oil compositions containing various additives often
deteriorate resin or rubber sealants despite satisfying lubricating
performance requirements. Most of the additives contained in the
compositions are so chemically active that they are liable to shrink the
sealants and/or to impair their 5 strength and elasticity. Accordingly, it is
desirable to have a lubricating oil composition which satisfies the severe

HRSHQURANASHEERMIEE U SOBRINNG MBNHAY AR GO BRARANSFBR. at

the same time, which hardly impairs sealing performance of the sealants

dedarierpieresd o siphaeheplants fespile srtistyings wieringiRg darmance
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or bis-succinimide type dispersant su%cted or not subjected to
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dhisngtrcanpeisisignthpas excellent compatibility with fluorocarbon
elastomer, which is used as a sealant in a lubrication system of an

internal-combustion engine. JP-A-11-181461 describes that a lubricating
Adlccodipgigitions carteahikganae alipheiiaimiod bamessilentvhich satisfies
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andalkykHseiscimie timidevdniahdesndliiventiaire shalingflefiomesalasr alithéireealants
tﬁgrﬂgg\}—:égl alkylsalicylate of non-sulfide or otherwise 25 an alkali metal

salt of alkylphenol derivative having a Mannich base structure, a zinc
dialkyldithiophosphate, and an oxidation inhibiting phenol or amine
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and the sulfur content of the disclosed lubricating oil composition are low
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a Iubricatina oil composition of the present invention described

elovsnserPaRiget ifiated At thippflomposition has excellent

compatibility with fluorocarbon elastomer, which is used as a sealant in a

lubrication system of an internal-combustion engine.

JP-A-11-181461 describes that a lubricating oil composition containing an

aliphatic amine has excellent compatibility with rubber sealants.

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

present invention described hereinbelow. Further, this reference neither



2 describes nor suggests any effect that the lubricating oil composition
has on sealants. SUMMARY OF THE INVENTION Disclosed herein is a
method of improving acrylic rubber sealant compatibility in an internal
combustion engine. The method may involve contacting the acrylic rubber
deserprImehsupgesiaPeymbectibatdhgiberisatingpel sonpPasdipndigmpn
Lombustion engine with a lubricating oil composition comprising: a) a
major amount of a base oil of lubricating viscosity, b) a nitrogen-containing
ashless dispersant in an amount of 0.01 to 0.3 wt.%, preferably 0.01 to

0.1 wt.%, in terms of tleg)piegen o TeniNESedionthe total amount of
the lubricating oil composition, ¢) a metal-containing detergent of an alkali

metal or alkaline earth metal salt of alkylphenol derivative having a
Ditistiel basin Biriaietiecid chrapnowng at/Q0Lith €. 4eutdrt, @anefextillity in an
.0.002 to 0.1 wt.%, in terms of the metal content, based on the total .
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NG GERS109 RRGSPIRIHS, GoBIRpiobased on the folal amount
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tthe lubricating oil composition, wherein the ratio of components b) to c)
is in the range of from 1:0.005 to 1:2, preferably 0:0.01 to 1:0.3, in terms

of the nitrogen gemiRitarkbaReAsRae hirselibREAVItEdsrrihod of
improving the acrylic rubber sealant compatibility in an internal

combustioRengift o9&y $RBIRIBES SsirRHlSeE R AR LR HRMLMSiE RiBALP
sealant in the intermadsprinsiin Eogiraanat Cperatarenthel the nitrogen

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

c) a metal-containing detergent of an alkali metal or alkaline earth
metal salt of alkylphenol derivative having a Mannich base
structure in an amount of 0.001 to 0.4 wt.%, preferably 0.002 to
0.1 wt.%, in ferms of the metal content, based on the total amount
of the lubricating oil composition, and

d) a phosphorus-containing organic compound in an amount of
0.001 to 0.5 wt.%, preferably 0.01 to 0.2 wt.%, in terms of the
phosphorus content, based on the total amount of the lubricating
oil composition,

wherein the ratio of components b) to ¢) is in the range of from 1:0.005

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

In one aspect, there is provided a method of improving the acryiic rubber sealant
compatibility in an internal combustion engine, said method comprising contacting
the acrylic rubber sealant in the internal combustion engine and operating the
internal combustion engine with a lubricating oil composition comprising:
a) a major amount of a base oil of lubricating viscosity,
b) a nitrogen-containing ashless dispersant in an amount of 0.01
to 0.3 wt. % in terms of the nitrogen content, based on the total

amount of the lubricating oil composition,



internal combustion engine with a lubricating oil composition comprising:
a) a major amount of a base oil of lubricating viscosity; b) a
nitrogen-containing ashless dispersant in an amount of 0.01 to 0.3 wt. %
in terms of the nitrogen content, based on the total amount of the
lubricating%il GompasERIHaBIEY sefraant shadirve beteiyaitdralinageaiin
metal or alkalingearB i HeiaHERbrKYIRIRBA SlgRy alivia AaMNSk3e

Mannich base structure in an amount of 0,001 to 0.04owt. % in terms of
the metal confFHCHEREyHAMaYREAr 2ABL BrifdvfubtithifngHaf the metal
composition, dg¢aitieashasel vetakaomnlainiogndeiargenbaetteigdifrom the
group consistingﬂof allt<ali metal or alkaline earth metal salicylates,
carboxylates, &erf)a()t%'s,'oa?hd sulfonates in an amount of 1.0 wt. % or less

in terms ofdhe ahktasd toortenttdasmthininth detetg caneaiettast floel tirigeting

oil composition.gad &), 8 BhARBRAIUSICRNIRINAY QXHANEEATRRYAGD an

amount of 0.001 to 0.5'wt. % in terms of the phosphorus content, based

on the total angatiutaies. [aBeRaigsROH SUfapataEdn aRBIRIRNTRE &t ofo

components b),l0dasisiReHR G168 MEEPBAhE Basitn bR iRctesasaridhet
nitrogen content. The nitro%]en-containin .ashless dispersant in the

lubricating oil cHHBLLBEFAIER SIbSRERATHETRE R od disclosed herein is an
alkenyl- orglkyd-gHeerierimidentdiaing enyaticetiepeahdia Zh@mount of 0.001

metal-containi géi%tertg@t of an alkali metal ralkalinet ear h metal glt Pf
. ? wt” % 11 ‘fe ms of.the o(sjp orus, conten aseéj .onSF1 e total
alkyiphenol derivative'in ‘the [tibricating 6il composition employed in the
method amount of the lubricating oil composition,
wherein the ratio of components b) to ¢) is in the range of from 1:0.005
to 1:2 in terms of the nitrogen content.
The nitrogen-containing ashless dispersant in the lubricating oil composition
employed in the method disclosed herein is an alkenyl- or alkyl-succinic imide or a

derivative thereof.

3a



disclosed herein has a Mannich base structure represented by the
following formula: CaOH OCaOH OCaOH ~H3 " CH3 R R n R wherein R
is an alkyl group having 8 to 30 carbon atoms, and n is 0 or a positive
integer. The lubricating oil composition employed in the method disclosed
herein -may further comprise a phosphorus-containing organic compound
elected from, the grqup consisting of zinc dihydrocaghyldithi e
RS e A T R St
akiéphemotl dtrivptios i bnie labiicat reapsiThentpiosititingoployatbosttiermethod
I in the met iscl ' ise a

R B o of
folvaliog &kaline: earth metal saficylates, carboxylates, phenates and
sulfonates in an amount of 1.0 wt.% or less in terms of the metal content.
The amount of meta[-containing detergent selected from the group

F é@&ylates,

consisting of alkay of alkaline e Btd salicylatesO
phenates and sul :

an alkali metal &
a Mannich basg , 2N »
{ ; :
the metal contert~4"The lulyric % ! |
method disclod®d herein m y further comprise a molybdenum compound
selected from the group consisting of an oxymolybdenurn complex

RiRERIRAFDY e sRELEPE IEhEeRY BNt karboly demgmaedrps et andositive

a basic nitrogen compound, sulfurized
integer.

Q
Cl

The lubricating oil composition emptbyed in the method disclosed herein
may further comprise a phosphorus-containing organic compound selected from
the group consisting of zinc dihydrocarbyidithiophosphates, zinc

dihydrocarbylphosphates, phosphoric acid esters, phosphorous acid esters, and
thiophoesphoric acid esters. '

The lubricating oil composition employed in the method disciosed herein
may further comprise a metal-containing detergent selected from the group
consisting of alkali. metal or alkaline earth metal salicylates, carboxylates,

phenates and sulfonates in an amount of 1.0 wt.% or less in terms of the metal
content.

The amount of metal-containing detergent selected from the group consisting of
alkali metal or alkaline earth metal salicytates, carboxytates, phenates and
sulfonates to the amount of metal-containing detergent of an alkali metal or
alkaline earth metal salt of alkylphenol derivative having a Mannich base

structure may be in a ratio of 1:0.003 to 1:1 in terms of the metal content.



oxymolybdenum dithiocarbamate, and sulfurized oxymolybdenum
dithiophosphate, in amount of 0.25 wt.% or less in terms of the
molybdenum content. The lubricating oil composition employed in the
method disclosed herein may further comprise an alkali metal borate in an
amount of 2 wt.% or less and an oxidation inhibitor selected from the

roup consisting of hindered phenal. co jar in
P S e
sy fsithenaprpnisinal0ely denumone wiba wnih eelboled frowinpetigeoup
. Sk o ’ e
R o STt <o e B A R ACEH AR Ben ar
2eisheane bbApuHBROMPONNG/aE 8r hesic silfee ebmemp ey, -suffgrized
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method disclosed herein is a SAE viscosity grade selected from the group
dbhisstingRsRtVPETWRDOT HSOVET R I8SE oW ﬁr%@msfypg?@um
Liprisating oil composition meets the SAE 10W-30 viscosity grade.
Among other aspects, it has been discovered that a lubricating oil
composition containing a certain combination of a nitrogen-containing

tispriisanitiagbndbeisds Bentainiig detergrhetian alisalbetaksak of
alkylphenol derivative havipng.a Manpich base structure, togethey with a
g RO oA o o GERIRr i R A vl i leg and
neoxiatitiagh iahibifosiigdiae domylith supbepseaisiitiegnopatiubheihmrenol
internal combustian engine, if the ratio of the nitrogen-coptain
SRS AR SRR SR T S D Aol e A s
alkylphenol derivative having a Mannich base structure is adjusted

The base oil of lubricating viscosity may contain 10 wt.% or more of a mineral oil
showing the following characteristics:

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

- 10 wt.% or less, aromatic component,
- 0.01 wt.% or less, sulfur content, and

- 120 or more viscosity index.

The lubricating oil composition employed in the method disciosed herein
is a SAE viscosity grade selected from the group consisting of 0OW20, OW30,

5W20, 5W30 and 10W30. Preferably, the lubricating oil composition meets the
SAE 10W-30 viscosity grade.

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

Mannich base structure, together with a phosphorus-containing organic
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5 to a specific range, i.e., in the range of from 1:0.005 to 1:2 in terms of
the nitrogen content. The lubricating oil composition hardly impairs the
sealing performance of the acrylic rubber sealant. DETAILED
DESCRIPTION OF THE INVENTION 10 The present invention resides in
a method of employing a certain lubricating oil composition to improve the
acrylic rubber sealant compatibility in an internal combustion engine. The

lubricating oil compagsition, while meeting the lubricati rf e .
g R R e R BB e R A T By
dethienevetalaiot ttenyeaivilitp érformipieceab Caomlistiobergioaldhtbdaatid of the

inieIgahaompHSHenARes 2 A MRALEH 19 AOMNFRIBBRIGLSED: ap alkal

ating oil compositions. Thus, the method of the present invention

apiahsaded iy fprel detivatitrhirving selMasulisht esspnsityers adjusted
{BtarpbepmpYRIioN eNGiNgR 2hdbePrelered ambRAMeENIAhasf the

present invention will be described in further, detail below. It should be
RtteaaRsoRtes bR hthsisriéng RiluaresiEe padlxisaerds the fRaling
peighhReTee ot eldhefhsisatiperaibariposition unless otherwise
specified. 25 The lubricating oil composition employed in the method of

the present invention will contain a nitrogen-containing ashless

dispersant. The DEMYRIECODBSORIFHIOBSO HiTMESINY ENTRINablY is a
polyolefin-derived alkenyl- or alkyl-succinic imide or a derivative thereof.
The amount of the nitrogen-containing ashless dispersant is in the range
0he. plexeatInwveAtippredeiddodyid) 0 intdthdvef. emnipl onig rmseobihduiiticating oil

T AR L R R A T e
soouinistiantsagide. FEving rinangrolecolapasdign: atkiéayheetitig/the lubricating
E%H%@PHSH& requirements of internal combustion engines, at the same time is
less detrimental to the sealing performance of acrylic rubber sealants found in
internal combustion engines as compared to conventionally used lubricating oil
compositions. Thus, the method of the present invention advantageously

improves the acrylic rubber sealant compatibility in internal combustion engines.

The preferred embodiments of the present invention will be described in further
detail below. It should be noted that when weight percent is used herein, it is
based on the total weight percent of the lubricating oil composition unless

otherwise specified.

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

composition.
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group with polyalkylenepolyamine containing 4 to 10 nitrogen atoms on
average, 5 preferably 5 to 7 nitrogen atoms. The high molecular weight
alkenyl or alkyl substituent group is preferably a polybutene having a
number average molecular weight of approximately 900 to 5,000. The
process for preparing the polybutenylsuccinic anhydride by the reaction
10 between polybutene and maleic anhydride is generally performed by a
chlorination method utilizing chlorine. While this reaction is advantageous
in giving a high reaction yield, it has a disadvantageous feature in that a
largprasentaiv@euingtioteidpproxinaielp 2 Q00 yark:Geaqpm betwbtatine

ins in, the.final inic imid duct. h I j
M dnsfr SRR G LA e RN
grdvemeti loolyelipliene pobyaentéscaniaisi0gel 30 pPpmitrdgsnthenefore; average,

T ) | I o
e AR R TSR A S LAY
sopstiitenigsninisher efeigdlyfonol Bouppia. Mevénges nilimip sugetiedenidelecular
\%gbgp(jp o&ﬂﬂ}é%}?@@@%as%@@i_ﬁed succinic imide 20 by a further

reaction with boric acid, alcohol, aldehyde, ketone, alkylphenol, cyclic
carbonate or organic acids. From the thermal stability and oxidation

ﬁ@ﬁ%&@ﬁéﬁ%&y&,@@] ﬂ@%&y@:x@l@?ﬂﬁ%ﬁ@@ﬁ@@ﬂt@&ﬁ@é'b%m reaction
- C

&
alkyl-succinic imide which is produced by the reaction with boric acid or a

PRMRELARMRIS o A IRl essathydldR s ssp errly mederRecdM oy ed
dhidenatRheeth daeuBreseN EM¥AREOW ingigns rsablibrastaina s RNIE 36

dispersgnt, whose representative example is an alkenyl- or alkyl-succinic
SRR B AR 90 HEH o e A e hrleepr e sg Qi Targe
aimperddfisintaikeaytenoylamtet/ g gwans HBeoysuccofichagitesdiains in
{1){8?“9153 SBeC?Isoinsigg. %0&&h? I%gﬂ r%tsi?gaquecronrxn cr)ggi&rg)gm clg Sg tijrtlllizin
He method of he pres%ncf thvention ’ P g
no chlorine can give a final reaction product having an extremely low chlorine
content (such as 0 to 30 ppm). It is, therefore, preferred to use a succinic imide
derived from the polybutenylsuccinic anhydride prepared by the thermal reaction
process so that the chlorine content can be in the range of 0 to 30 ppm. The
resulting succinic imide can be further converted into a modified succinic imide
by a further reaction with boric acid, alcohol, aldehyde, ketone, alkylphenol, cyclic
carbonate or organic acids. From the thermal stability and oxidation stability,
particularly preferred is a boron-containing alkenyl- or alkyl-succinic imide which

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

The lubricating oil composition employed in the method of the present invention
indispensably contains the ashless dispersant, whose representative example is
an alkenyl- or alkyl-succinic imide or a derivative thereof. As the ashless

dispersant, ashless dispersants of alkenylbenzylamine type and alkenylsuccinic

acid ester type can be also used.
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will contain metal-containing detergent of an alkali metal or alkaline metal
earth metal salt of alkylphenol derivative. The metal-containing detergent
of an alkali metal or alkaline metal earth metal salt of alkylphenol
derivative has a Mannich 5 base structure represented by the following
formula: OH CaOOCaOH ~1HT11jCt3 C/ to R The amount of the
metal-containing detergent of an alkali metal or alkaline earth 15 metal
salt of alkylphenol derlvatlve having a Mannich base structure is in the

TQﬁdBQSF@%HB BRMRESA I EFRCYER RGN Reshe g pEsgshiRvention
witl Yointatarmetal-tatailhirgedeterdent, diased kal thecialad ealiaiinicohidtal earth

Iub ati C 05| n..20 The etal ontainin det ent ofa alkalj
e A A8 Tedetoban LR LA ealtghan aleal

rlneml rag mlagrr&smmpsmrdiﬁ aiwmtwﬁo:bf M{Wahmdﬂamngzmmm Masmnch

truct re. eneral e nthesmng an

!?n eFme |e§ e%1 ng%rﬁﬁ%(gr%f%‘gl §V\§bg?}88 rlng yMannlch reaction

from alkylphenol, formaldehyde amine or an amine compound; and 25

neutralizing the sy 'e' |ntermed| base such @ggajgjum

hydroxide to cov compound of

the above for sQtent: 2.5

wt.%, N conte

base number. Rhe ratio of the nitrogen-containifig ashlel8s dlspersant to
the metal-containing

The amount of the metal-containing detergent of an alkali metal or alkaline earth
metal salt of alkylphenol derivative having a Mannich base structure is in the
range of 0.001 to 0.4 wt.% in terms of the metal content or 0.002 to 0.1 wt.% in
terms of the nitrogen content, based on the total amount of the lubricating oil

composition.

The metal-containing detergent of an alkali metal (e.g., sodium, potassium) or
alkaline earth metal (e.g., calcium, barium, magnesium) salt of alkyiphenol
derivative having a Mannich base structure, is generally prepared by the steps of:
synthesizing an intermediate having aminomethylated phenol ring by Mannich
reaction from alkylphenol, formaldehyde, amine or an amine compound; and
neutralizing the synthesized intermediate with a base such as calcium hydroxide
to covert it into a metal salt. Examples include the compound of the above
formula having the following characteristics:

~ Cacontent: 2.5 wt.%,

N content: 1.6 wt.%,

total base number: 135 mgeKOH/g, and
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5 detergent of an alkali metal or alkaline earth metal salt of alkylphenol
derivative having a Mannich base structure is in the range of from 1:0.005
to 1:2, preferably 1:0.01 to 1:0.3, in terms of the nitrogen content. The
lubricating oil composition employed in the method of the present
invention 10 will contain a phosphorus-containing organic compound
selected from the group consisting of zinc dihydrocarbyldithiophosphates,

zinc d| droca oS hor acid esters, phosphar

cotors DR TERAC AL BERE e o AHD G RA Y B0% of e total
phospbagtgsrtontaining organic compound is in the range of 0.001 to 0.5
wt.%, preferably 0.01 to 0.2 wt.%, in terms of the phosphorus 15 content,

based on the total amount of the lubricating oil composition. Examples of
Tihe phtis pi dnesrdorgeimicenbrganicasthhes e uligizairssot o Zime metal-containing

gl Pde ?5%1%@%@1#3'@&&%%{9 Mpépgr&fcsggngﬁ&&wwe

aCI sters orous acid esters [0]0) OSphOI’I esters in

Rervicio @amw@sﬂéasg g&h@twwla@wé@ fRogethé icomekPdiing Actd Riisderably
2o Akylaleehs! hawngs it rRGER apmsor- an alkylarylalcohol having

an alkyl group of 3 to 18 carbon atoms. If a zinc
d|hydrocarbyldlthlophosphate (zinc dialkyldithiophosphate) is added, the

an@m@fathf% eJSIRiBFEEARNONEN S tREYRhOLDH PO FradeHt Rvention

terms of the phosphorus content, based on the total 25 amount of the

1 RN IR BBRIHS IRV GHR BSEU AL P BPFUKISLSgEgd fom the group
shesiphaguss contanhpnd caebsiditsontephdtss ametiaiHy@iesallylishibsiieates,
rzﬁn%ﬂnof 0. Olhgo 0,06 wt % t?_zlised on th total amogllng?of he Ii]brlcat n% ¢
B BUG GI P YRR ERSTAHR B Spioire DI FRRLLC A estors
@Imwmcb@rﬁooi&mbosp%@atsmm:amglkmmbgmnmhmmg amtakkyhnge of

ﬁ &carbon 819 ”t?o”f b U&W‘%Q fméﬁ% B8 rus

iophosp t?a?eet Ve an aI roup erve from a sdcon ar

admihot,nmxmg gndhistetaloanaeuohed theaimmoﬁtm@@pi afevigesitioom a
mixture of a primary alcohol having 3 to 18 carbon atoms and a
Examples of the phosphorus-containing organic compounds include zinc
dihydrocarbyldithiophosphates, zinc dihydrocarbylphosphates, phosphoric acid
esters, phosphorous acid esters, and thiophosphoric acid esters in which each
ester is generally derived from the corresponding acid and an alkylalcohol having
3 to 18 carbon atoms or an alkylarylalcohol having an alkyl group of 3 to 18
carbon atoms. If a zinc dihydrocarbyldithiophosphate (zinc
dialkyldithiophosphate) is added, the amount of the additive is-preferably in the
range of 0.01 to 0.1 wt.% in terms of the phosphorus content, based on the total
amount of the lubricating oil composition. From the viewpoint of reducing the
phosphorus content and the sulfur content, the amount preferably is in the range

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

The zinc dialkyldithiophosphate preferably has an alkyl group of 3 to 18 carbon
atoms or an alkylaryl group having an alkyl group of 3 to 18 carbon atoms. It is

particularly preferred for the zinc dialkyldithiophosphate to have an alkyl group
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- metal co

secondary alcohol having 3 to 18 carbon atoms, because the zinc
dialkyldithiophosphate having that alkyl group is particularly effective in
wear 5 reduction. A zinc dialkyldithiophosphate derived from a primary
alcohol is also excellent in heat resistance. The zinc dithiophosphates
can be used singly, but it is preferred to use a mixture mainly comprising
a secondary alkyl-type and/or a primary alkyl type. 10 The lubricating oll

ompaosjtion employed in the method of present invention may further
O BT SHRUEL A MU e PTG Ghetfy ST Group
derisiding of alattune @il apalkaiyekatih hevahgaityldfesadarb atylaesnd a
henates a ulfon ' 0 t,% or in terms of the
O R PR

datytlithap s maahing diahellvaictonmipitciadipeiiecéledrewear
ngi{uc a gwgpg%@ieahmp%eﬂﬂa%w{@w% ?Fm%lcohot is also
salicy at (0]

es, carboxylates, phenates and sulfonates to the amount of the

mediadritahinalrasieiangs dfhenzineaitheriiorPAkameBhthupathsisgly. but it
Rf glkvdphenel dssivativeievingiAMRirsRss SOcetiualyralis My EadiRd/or a

of 1:0.003 to 1:1 in terms of the metal content, based on the total amount
BritRa"BHYALRFoil composition. The lubricating oil composition employed

in the method of the present invention may further contain an oxidation

inhibitor selected from the _group cqonsisting of 25 hinder henol . L
R A TS A AL G Dl 6F D, PoRssyigwenton
hesefliethdhedataireanotingohidtalicbricaitiing albtergpatimactadviewndthe group

L AR A e e R e TRy

pinelestzt phe solitypesxidatioanmhibitofsidifedtiéedy ey éntafeteridrtitometal

%%H?gﬂ,qya'élgd(o??f Qh%x{g?atl'%%&@nt of the lubricating oil composition.

The amount of the metal-containing detergent selected from the group consisting
of alkali metal or alkaline earth metal salicylates, carboxylates, phenates and
sulfonates to the amount of the metal-containing detergent of an alkali metal or
alkaline earth metal salt of alkylphenol derivative having a Mannich base
structure is in a ratio of 1:0.003 to 1:1 in terms of the metal content, based on the

total amount of the lubricating oil composition.

The lubricating oil composition employed in the method of the present invention
may further contain an oxidation inhibitor selected from the group consisting of
hindered phenol compounds and diarylamine compounds in an amount of 5 wt.%
or less, based on the total amount of the lubricating oil composition. 1n view of
having a base number attributable to nitrogen, diarylamine-type oxidation

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

phenol-type oxidation inhibitors effectively prevent deterioration caused by NO

oxidation.
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Examples of the hindered phenol oxidation inhibitors include
2,6-di-t-butyl-p- cresol, 4,4'-methylenebis(2,6-di-t-butylphenol),
4,4'-methylenebis(6-t-butyl-o- cresol), 4,4'-isopropyl
idenebis(2,6-di-t-butylphenol), 4,4'-bis(2,6-di-t-butylphenol), 2,2'-methyl
enebis(4-methyl-6-t-butylphenol), 4,4'-thiobis(2-methyl-6-t 5 butylphenol),
2,2-thiodiethylenebis[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate], octyl
-(3,5:di-t- l-4-hydro I ' . . 134(R:3-
R O o e R meHe ARG RN 2 e By

areylatniteneiyiansbintiifististiholytrhanciiigidiphetyienpiis(®-butyl-o-
09895@}”@ '—%%ﬁﬁﬁi@%ﬁgﬁfégﬁﬂﬁtwghﬁ%g,Cfi@)%?s%?@éi—fftﬂﬁylphenol),

dioctyldiphen Ine, phenyl-a-naphthylamine, phenyl-a-naphthylamine,
ZalkynattyteneiiptAyrResive Sank eal behylhioRig RtyeaRviné-tEach

sl ¢Repeunys-and. e g wmw?]% '
b&ﬁ%ﬁ%ﬁgg _gi%gqu% ccjmtﬁﬁz}gon@bther oi{?xﬁg}l{g orsi%ation in imnate],
QAN Bel Sty arh OB matiie o IOBIRRR g BIARsRGbA-(3,5-di-t-butyl-
ERRIRYEHHEHE prepasked the present invention may further contain a

molybdenum compound selected from the group consisting 20 of an
oxymolybdenum complex prepared by the reaction between an acidic

Enralyptienomreodipeimdiasdridaton nihdgencomnpaensah sikipdipgdnylamine
oxymolybdenum dithi c&rtlamate nd.sulf {iz doxgmol tbdenum,
SRR SRRSO AV 6 ey
Mghawlmpwwmhgmmmmmhﬁw,

it - Q unctions
B e e e
lubricating oil composition employed in the method of the present

EenGemd RAdARRNL HASP B RIS BRNEY-AEMIAR IRRIAHECan be
The molybdenum-containing compound is 30 preferably in an amount of

ugpehsiNsbogs pcpnibiRasientHethes 9B gehiile corgadion inhibitors can be

employed in combination.

The lubricating oil composition employed in the method of the present invention
may further contain a molybdenum compound selected from the group consisting
of an oxymolybdenum complex prepared by the reaction between an acidic
molybdenum compound and a basic nitrogen compound, sulfurized
oxymolybdenum dithiocarbamate, and sulfurized oxymolybdenum
dithiophosphate, in an amount of 0.25 wt.% or less in terms of the molybdenum

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

The molybdenum-containing compound mainly functions as a friction modifier, an
oxidation inhibitor or an anti-wear agent in the lubricating oil composition
employed in the method of the present invention. In addition, it also improves
detergency at a high temperature. The molybdenum-containing compound is
preferably in an amount of 10 to 2,500 ppm in terms of the molybdenum content.

Examples of the molybdenum-containing compounds include sulfur-containing
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Examples of the molybdenum-containing compounds include
sulfur-containing 11 molybdenum complex of succinimide, sulfurized
oxymolybdenum dithiocarbamate, sulfurized oxymolybdenum
dithiophosphate, amine molybdenum complex compound,
oxymolybdenum diethylate amide, and oxymolybdenum monoglyceride.
Sulfur-containing molybdenum complex of 5 succinimide is particularly

ulfur-containing n _
i O b

iterrbamalefurtiierizedtaxy aelhasnweralithiepeosrhategnuies 2
?é’g)rf%%}ﬁﬁﬁ’Mﬁs%xl&%%mtékﬁmvﬂaeﬁmﬁ BrcALRIMHide, and

osition. The alkali metal borate hydrate is also effective in improving

oaetegensnananagh st AferERMAINRG A YRAIHI ISP PigeO!
terpinfial ragtahhonale ratos it tRfpREGRRNn RIER AtgaitSathigh

compound representatively prepared by the method disclosed in U.S.
feeRtatdE: 3,929,650 and 4,089,790. For example, it can be obtained by

15 the steps of carbonating a neutral alkali metal or alkaline earth metal

Ifonate in. the presence of an alkali metal hydroxide to prepare a basic .
L ROHBE0Ag S 0 B e Gl MLGS 1S EUET b BERCR Mvention
prepaudia atkathimaiakblkaliatestalthertdenmadnlispersatidirewaitideesEhdased
carponation reaction is, preferably conducted furthern the presence of a
e Bl B S e R S B R i e
lyydotbs Suaisoefediiva.ihimaxaninictod detcadiationeta bighttempsitatieire and in

itive is. a s i S| Ixtur Igj

e R R Bz T e aie

HpEIdiemaesns.8 pamnolesd rEpeepodslieh papnesadbindee ngthod disclosed
RPN pLig addlive é59188 PLRIaRBNGP6E. IR SOBRMIRHECR QNG ined by
resistance. The lubricating oil composition employed in the method of the
HresdppsRbsaihionating a neutral alkali metal or alkaline earth metal sulfonate in
the presence of an alkali metal hydroxide to prepare a basic sulfonate; and
making the basic sulfonate to react with boric acid, to prepare an alkali metal
borate in the form of dispersed fine particles. The carbonation reaction is
preferably conducted further in the presence of an ashless dispersant such as
succinic imide. The alkali metal preferably is potassium or sodium. An example of
the alkali metal borate hydrate additive is a suspension comprising a mixture of
neutral calcium sulfonate and succinic imide and fine particles of KB30s°H;0
having sizes of approximately 0.3 ym or less. The potassium can be replaced
with sodium. The additive is also preferably used in consideration of water

resistance.

The lubricating oil composition employed in the method of the present invention
may further contain a viscosity index improver in an amount of 20 wt.% or less,
preferably 1 to 20 wt.%, based on the total amount of the lubricating oil
composition. Examples of the viscosity index improver include polymer

compounds such as polyalkyl methacrylate, ethylene-propylene copolymer,
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may further contain a viscosity index improver in an amount of 20 wt.% or
less, preferably 1 to 20 wt.%, based on the total amount of the lubricating

oil 30 composition. Examples of the viscosity index improver include

polymer compounds such as polyalkyl methacrylate, ethylene-propylene
copolymer, 12 styrene-butadiene copolymer, and polyisoprene. Also
employable are dispersant- type viscosity index improvers, which can be
obtained by modifying the above, poJymers so that they can function as

S B e R o AR PP TGV THE AR asRersant
incdexisopsityarsieanrhperosed swghhatan becobtbinatiany Teliyirigdivaiadve
compasition loyed in the method af the present inventio ay fyrther .
B S T G o, s P e o7 S0 el VisBosity
ndeitivepinehrde Bircviitnotpibemait@mprovers can be used singly or in
&%Byﬁ%“(épis(dibutyldithiocarbamate), an 10 oil-soluble copper

compound, a sulfur-containing compound (e.g., sulfurized olefin,

sulfurized ester, polysulfide), and an organic amide compound (e.g., oleyl

PHIYGEEaR BIctom ASiAaliaR IBTIRIATH 8 ABHLE B AAEBREsLH B Al htion

preferred to incorporate metal deactivators such as benzotriazole -
BB elRescaniimiiss o benpetilian, rddkesa Runmpiessotthgeauxiliary

AGHNR/ 91084 SiR. MRKIGIKVIRNCBY Chh 86 A SRBBINBRILYIdithiocarbamate), an

polyoxyethylenealkylphenyl ether, ethylene oxide and propylene oxide

el Yubla doRRR SARPPYEIe AR UGEAPEHNIPORAMASHES (819 afiffurized
PrRSFIDLRIUIERY RSBIE PEHIOUISE)IBAT, AMNBHESNRIRIRRISAHPound (e.g., oley

deriyatives thereof, and aliphatic acid.esters of polyhydric alcohols or
e TR e R e e
pxfaoen twatevarasooetpbdadstitnatofgraticn &s isieigatninglrgsnipounds
gogrﬂ;%gint d(?gressants.ga %Hxiliary additive is added to the Iubgig?ting

Ol comﬁjc')gl oR emi %lf/g Sin'the method o the SPes%% i\ iTe)
potferabigltean anabuat ef @ potywber of ss)l poefertilyle 060Ky ohe . ¢sher,
Bﬁﬁﬁ&%%%ﬁé%ﬁh%w&ﬁé %de can be added as a rust preventing agent or
an demulsifier. It is also possible to incorporate various amines, amides, amine
salts or derivatives thereof, and aliphatic acid esters of polyhydric alcohols or
their derivatives. They serve as friction modifiers. It is further possible to
incorporate various compounds that function as defoaming agents or pour point
depressants. Each auxiliary additive is added to the lubricating oil composition
employed in the method of the present invention preferably in an amount of 3
wt.% or less, preferably 0.001 to 3 wt.% , based on the total amount of the

lubricating oil composition.

Base Qil of Lubricating Viscosity

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

to the mineral or synthetic oil, but the base oil has a sulfur content of preferably
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lubricating oil composition. 25 Base Oil of Lubricating Viscosity The base
oil used in the lubricating oil composition employed in the method of the
present invention generally is a mineral or synthetic oil showing a
kinematic 30 viscosity of 2 to 50 mm2/s at 100C. There are no specific
conditions with respect to the mineral or synthetic oil, but the base oil has
a sulfur content of preferably 13 0.1 wt.% or less, more preferably 0.03
ﬁltg’f{&fg Iessl,ﬁr?nost(?{refer ly 0.005 wt.% or less. The mineral base olil is

re i a1 Q'S AR TR SPRT B ERYY bbb de RS AR RO R b es Bl O Ot %

oritegal lubricant distillate thereof is preferably subjected to treatments

such as solvent refining and hydrogenation processing in combination. In

the present invention, it is preferred to use a highly hydrogen- refined

Mhedrotrackda)seasieisip (beeraigy foulgratmpley prapedgippmbimedfidlfntents. For
na | C t.%. or | nitrogen.content

SR S e T R TS

irealide atdigtclvize soinendekiingensil pispiagsthbljidsdrrereasiagn ior -
Y ABRIAGSNIPfYpiBstAt }H@érﬁ)&’ibﬁ%gSPefé?F%&'t%Cﬁs‘@aj‘r{@M%%en-

of mineral oil or natural gas. It is particularly preferred that the base

ebnestihydigerrskerd) Hasm otbikaving . JroRimgtale fallgaeagity index of 100 to
qBaragiesielicstic veRgsaHent lesatehd &M IrBH09) 1dS M- UrIdE8 Tontent of 50

content of saturated component: 90 wt.% or more, content of aromatic

EBmpERE: FHA HBHIECQNteRlRf R RRMLOD 68t BYBPRIeS iaglHdspa high
viseesity index:bed ofl priisaicbasyinerhatidicdrase Ribridkpkcatisghthetic

viscosity is a mineral oi] mixture . .
wax sy%hesuzec? ?rom slack wax (crude wax) of mineral oil or natural gas.

Itis particularly preferred that the base oil of lubricating viscosity is a mineral oil
showing the following characteristics: |

evaporation loss (ASTM D-5800): 17 wt.% or less,

content of saturated component: 90 wt.% or more,

content of aromatic component: 10 wt.% or less,

sulfur content: 0.01 wt.% or less, and

viscosity index: 120 or more;
or otherwise that the base oil of lubricating viscosity is a mineral oil mixture
containing 10 wt.% or more of the above-mentioned mineral oil.
Examples of the synthetic oils (synthetic lubricant base oil) include a poly- a -
olefin (copolymer of a-olefin having 3 to 12 carbon atoms), a dialkyl diester (ester
derived from an alcohol having 4 to 18 Carbdn atoms and a dibasic acid such as
adipic acid, azelaic acid or sebacic acid) such as dioctyl sebacate, a polyol ester
(ester derived from a monobasic acid having 3 to 18 carbon atoms and 1-
trimethylolpropane or pentaerythritol), and an alkylbenzene having an alkyl group
of 9 to 40 carbon atoms.
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containing 10 wt.% or more of the above-mentioned mineral oil. Examples
of the synthetic oils (synthetic lubricant base oil) include a poly- a - olefin
(copolymer of a-olefin having 3 to 12 carbon atoms), a dialkyl diester
(ester 25 derived from an alcohol having 4 to 18 carbon atoms and a
dibasic acid such as adipic acid, azelaic acid or sebacic acid) such as
dioctyl sebacate, a polyol ester (ester derived from a monobasic acid

aving 3.to 18 carbon atoms. and 1- trimethylol propane qr pentaerythritol
A O R R SR DT S O e
Tokapiohih enaisoakbaneerdbar dwitlestivdrasef dhie malisdicseg sindgycaube

oqr ) . : .
T
SmtrmatipeosnbiRation Meanya@iivsofmesiindn is iopastideirapsRiiptR base
e BRIGHE AR AREGERPase S ail of lubricating viscosity. It is preferred to

use a major amount of base oil of lubricating viscosity in the lubricating oil

composition employed in the method of the present invention. A major

dhis pntfet leaise ciseRubsicatargoust adihpas didfofddbhnerdingeivgusgsid@he
t,.% or.more. Preferr n 0j rise,40 t t %,.

e e T S 2

_thrajhrtamaﬂngafibeempﬂ;sﬁfitgrhrmngbrisa@ﬁg/cﬁimﬁpediﬁm@ﬁmmes 40

e Brsihed ofbepuasaRbiNEIAB CaR PERRRRE Pl A (e

additives independently or all at once to the base 15 oil. Otherwise, an

dueferatdy seenteatbad FHIBIAG W adtithreprfafghlkSicntandns edthe
hedRiosahd-BrepaER[ANd then mixed it with a base oil to prepare the

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

The lubricating oil composition employed in the method of the present invention
can be prepared by adding the additives independently or all at once to the base
oil. Otherwise, an additive concentrate comprising the additives in high
concentrations can be beforehand prepared and then mixed it with a base oil to
prepare the lubricating oil composition employed in the method of the present

invention.
EXAMPLES

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

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

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

(kinematic viscosity: 10.8 mm?s at 100°C, viscosity index: 97, evaporation loss
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20 EXAMPLES The base oil of lubricating viscosity and the additives
used in the below- described Examples and Comparative Example are as
follows: 25 (1) Base oil of lubricating viscosity Solvent refined base oil (A)
(kinematic viscosity: 4.9 mm2/s at 100C, viscosity index: 103, evaporation
loss (ASTM D5800): 13 wt.%, sulfur content: 0.19 wt.%, content of
saturated component: 70 wt.%) and solvent refined base oil (B) 30

Ki IC Vi 2/s at 100C, viscosj yrndex 97 evapaoration
Y A e AR A R
sathpateshtc6t pasiehtv 6& wiikenvire thanixés oh Sde1aby aledihl bhysaeight
to use. (2) Additives 5 Dispersant A: ethylene carbonate-treated

succinimide dispersant [N content: 1.0 wt.%, CI content: 30 ppm by
(/Qe)ight]itmaish was prepared by the steps of: a) reacting a polybutene

o SO ARG ARSI BLOL AR RIS W S0 AR N

50% or m re of methy ene structure |c an
geptraing. Ebwh&/otr@mmtﬁfzicéﬁspwmwu@@fah wht@hnmaq@p%@l@ély he
g@éﬁgir&g the intermediate product with a polyalkylenepolyamine
containing 6.5 nitrogen atoms (in one molecule) on average, to prepare
succiniMideasting-foprlyBHEE IR Raving) UBHARP IR STREMMAlRS YAr weight of

bis-form V%%QM@I?@Y bRl BEResE A8 FURINAIRINRS e structure

succinimide dlspersant N content: 1.95 wt.%, B content: 0.66 wt. %

content: 184ERKBAISHBRNKHSIGIRIR Rdke JhesmaPreRss 8;5%‘ uce an

20 a) reaciitgra@ibieueoguving a number average molecular weight of
b) reacting the intermediate product with a polyalkylenepolyamine
containing 6.5 nitrogen atoms (in one molecule) on average, to prepare
succinimide of bis-form; and then

c) treating the succinimide of bis-form with ethylene carbonate.

Dispersant B: boron-containing succinimide dispersant [N content: 1.95
wt.%, B content: 0.66 wt.%, CI content: less than 5 ppm by weight] which was
prepared by the steps of:

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

b) reacting the intermediate product with a polyalkylenepolyamine
containing 6.5 nitrogen atoms (in one molecule) on average, to prepare
succinimide of bis-form; and then

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

Detergent A: Mannich base calcium phenate (Ca: 2.5 wt.%, N: 1.6 wt.%,
S: 0.1 wt.%, TBN: 135 mgeKOH/qg).
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approximately 1,300 and 50% or more of methylvinylidene structure) with
maleic anhydride according to the thermal process, to produce an
intermediate product; b) reacting the intermediate product with a
polyalkylenepolyamine 25 containing 6.5. nitrogen atoms (in one
molecule) on average, to prepare succinimide of bis-form; and then c)
treating the succinimide of bis-form with boric acid. Detergent A: Mannich

o® OISR AR LB AP B 0 s TRV 52 5.4

135 m etergent . overbase urize m phena‘ie
WE 5,9 Bhin2 9%, 8y 9P/, TBN: 255 mg(r)KOH/g). Detergent C:
overbased calcium sulfonate (Ca: 16.1 wt.%, TBN: 425 5 mg'KOH/qg).
Detergent D: basic calcium sulfonate (Ca: 2.35 wt.%, TBN: 17 mgKOH/q).
10 ZnDetergenhE dRyRARGE SRbEpRRR fPRate (ke 6:11: i W0 425

KRG starting material: a secondary alcohol having 3 to 6 carbon
atoms). nDTP-2: zinc dialkyldithiophosphate (P: 7.3 wt.%, Zn: 8.4 wt.%,
S: 14 wt.%, starting material: a primary alcohol having 8 carbon atoms).

15 Oxidatisrgdnbibiteasiedarsiphenismates kY. aswp/mirBINE Of
C4; %@nd C8-alkyl groups, N: 4.6 wt.%, TBN: 180 mg(r)KOH/g). Mo
'E‘@rrig " sulfur-containing molybdenum-succinimide complex (Mo: 20

5.5 wt.%, S: 0.2 wt.%, N: 1.6 wt. % TBN: 10 mg(r)KOH/g). Alkali metal

borate: d@JErs‘ed fine @Et'ffcﬁ ota§1 ?%2%) aﬁemn){,gfaze %gwt\%"/g 14.4

B: 6.8 Tt
wt.%, starting material: a secondary alcohol having 3 to 6 carbon atoms).

ZnDTP-2: zinc dialkyldithiophosphate (P: 7.3 wt.%, Zn: 8.4 wt.%, S: 14
wt.%, starting material: a primary alcohol having 8 carbon atoms).

Oxidation inhibitor: dialkyldiphenylamine (alkyl group: mixture of Cs-alkyl
and Cg-alkyl groups, N: 4.6 wt.%, TBN: 180 mgeKOH/q).

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

(K: 8.3 Wt.%, B: 6.8 wt.%, S: 0.26 wt.%, TBN: 125 mgeKOH/qg).

Viscosity index improver (VII): ethylenepropylene copolymer of non-

dispersant type.

Pour point depressant (PPD): polymethacrylic compound.
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Viscosity index improver (VII): ethylenepropylene copolymer of non- 25
dispersant type. Pour point depressant (PPD): polymethacrylic compound.
17 Example 1 The below-mentioned additives and the base oil of
lubricating viscosity were 5 rnixed to give the lubricating oil composition
employed in the method of the present invention. The lubricating oil
composition was SAE viscosity grade 10W30. Also shown below are the
contents of each element (Ca, P, N) in the lubricating oil composition, the
ratio between the nitrogen content attributable to all the dispersants and
that attributable to the detergent A idampiehibase calcium 10 phenate),
and the ratio between the metal content attributable to all the detergents

and that attributable to the detergent A (Mannich base calcium phonate),
TheAdditweasarBigigdeasdiitvag and ding. Bes e idobtigatinaeiaeosity were

m&ggqeg%&%M@-P@a&%@%W%ﬁ%ﬁ{oﬁ%ﬁéﬂ&mw

nitrogen:0.03 Wt.%?}, Detergent A (amount: 0 %, content in terms of
e

REgERIM Iy entiRnod hedwnesiselng A SYMPRRTIHRA VORe I8 it YecTséieaade
Folameuatsd Rwh Ve B IBHRG AfCaldumh BIRBACY@a. 20, N) in the

Detergent C (amount; 0.87 wt.%, content in terms of calcium: 0.14 wt.%),
Bt 9'(%%@81‘?&!"@.%3‘%%": eharreR BeRrearRtanbatibytsble to
anih’é%i&damguma%@?hwt-&grmmm 0 tﬁ%@é;@%mmhﬁmir@g%w@a@amﬁum
nDTP-2. (amaqunt: Q.41 wt.%, content in terms Q osphorus:
B oAU DS AR BRE B8 ABCURBR AL Bunt
Octérysits sndttinitiattebuisibiente iyledestienyasd Ao abyivieisddy calcium
phenate).

(1) Additives ,
Dispersant A (amount: 3.0 wt.%, content in terms of nitrogen: 0.03 wt.%),
Dispersant B (amount: 1.5 wt.%, content in terms of nitrogen: 0.03 wt.%),
Detergent A (amount: 0.4 wt.%, content in terms of calcium: 0.01 wt.%,
content in terms of nitrogen: 0.006 wt.%),
Detergent B (amount: 0.86 wt.%, content in terms of calcium: 0.08 wt.%),
Detergent C (amount: 0.87 wt.%, content in terms of calcium: 0.14 wt.%),
Detergent D (amount: 0.43 wt.%, content in terms of calcium: 0.01 wt.%),
ZnDTP-1 (amount: 0.97 wt.%, content in terms of phosphorus: 0.07 wt.%),
ZnDTP-2 (amount: 0.41 wt.%, content in terms of phosphorus: 0.03 wt.%),
Oxidation inhibitor (amount: 0.2 wt.%),
Mo compound (amount: 0.15 wt.%, content in terms of molybdenum: 83
ppm by weight),
Alkali metal borate (amount: 0.25 wt.%),
Viscosity index improver (ViI, amount: 6.3 wt.%), and
Pour point depressant (PPD, amount: 0.3 wt.%).

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

(3) Content of each element (Ca, P, N) in the lubricating oil composition
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Alkali metal borate (amount: 0.25 wt.%), Viscosity index improver (VII,
amount: 6.3 wt.%), and Pour point depressant (PPD, amount: 0.3 wt.%).
30 (2) Base oil of lubricating viscosity (amount: residual amount) (3)
Content of each element (Ca, P, N) in the lubricating oil composition 18
Calcium (Ca): 0.24 wt.%, Phosphorus (P): 0.10 wt.%, Nitrogen (N): 0.08
wt.% (4) Ratio of the nitrogen content attributable to all the dispersants to
that attributable to the detergent A (Mannich base calcium &r{]enate): 1:0.1

5 (5) REAFBIThEl Gidottefs Slaasatapiesdalil htdduterg Nitogem N 0.08

compogition to that attributable to the detergent A (Mannich base calcium

enaie): 1:0.04. Example 2 10 The procedures, of Example 1 were
FASHAIR o s bR R e BT B D el GBRESe (e
basewzibiano pheriate)ygata A [Blarificiidmtentbitiamshafatalcium: 1008

%, content in terms of nitrogen: 0.018 wt.%).and for changing, the -
B P e S T e s L e B P gmeosivon
tmtbahadfithddbleritatirgdsitergepolitidainitbdasgsaldisprepenete):  1:0.04
lubricating oil 15 composition was SAE viscosity grade 10W30. Shown
below are the contents of each element (Ca, P, N) in the lubricating oll
composition, a ratio between the nkx@gale@ntent attributable to all the
dispersants and that attributable to the detergent A (Mannich base

calcium phenate), and a ratio between the metal content attributable to all

tHeedRiergEHIS B Rl BAMRIAHUNIR feRRRie’- R¥GRRL IRT Shanminm ke maaeunt of

gRicHETERIEMAASIVIEN i PNiRRES QlieReh (@ P1bWngheontent in terms
lubricating oil col%Eosition Calcium (Ca); 0.26 wt.%, Phosphorus (P): 0.10

\?/f[%lcl“\HNbg%H?( B.0PeRE N terms of nitrogen: 0.018 wt.%) and for changing

the residual amount of the base oil of lubricating viscosity so that the total
amount of the lubricating oil composition is 100 wt.%. The prepared lubricating oil
composition was SAE viscosi’ty grade 10W30. Shown below are the contents of
each element (Ca, P, N) in the lubricating oil composition, a ratio between the
nitrogen content attributable to all the dispersants and that attributable to the
detergent A (Mannich base calcium phenate), and a ratio between the metal
content attributable to all the detergents and that attributable to the detergent A
(Mannich base calcium phenate).

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

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

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

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

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

phenate):  1:0.12
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25 (2) Ratio of the nitrogen content attributable to all the dispersants to

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

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

lubricating. oil composition to that attributable to the detergent A (Mannich

base calcium phenate): 1:0.12 30 19 Comparative Example A

Comparative Example A was prepared according to the procedures of

Example 1 5 except for not adding the detergent A (Mannich base

calcium phenate) and for changing the amount of the base oil of

lubricating viscosity so that tGergiatasinmbrbofphleAubricating ol

composition is 100 wt.%. The prepared lubricating oil composition was

SAE viscosity grade 10W30. The contents of each element (Ca, P, N) in

Derylanistitied-viroplapbsiterpree aecace@idng 10 (e Contedtsast ebckample 1
Ca P N)i L ) - " _

DB e B 5 i L oo for

chargisathsliayadin aticores sl ddpisatinecvieragity sRdhatiHig eisd

tAnSERIRY P REIH GRSy 5P RoMPBLifer R TYIGy:. Wit Re i arBRaMRsating oil

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

ipRmeRsition was IBHcXiIRg Y FRIRIAVR Bostateatsef sast fipment (Ca,

dayg) anghdhanibaideuneohpriatiorndenspola aenslic rubber piece was

evaluated. The results are set forth in Table 1. In Table 1, the pass limits

specified in JASO (Japanese Automobile Standard Organization)

M3 odHasee calse slaavent 28a, P, N) in the lubricating oil composition

Calcium (Ca): 0.23 wt.%, Phosphorus (P): 0.10 wt.%, Nitrogen (N): 0.07
wt.%

Evaluation of Compatibility With Acrylic Rubber Sealant

According to the affinity test for sealing rubber (CEC-L-39-T-96), compatibility
with acrylic rubber was evaluated in the following manner. A piece of RE2-99
(acrylic rubber) was immersed in the lubricating oil composition to be tested at
150°C for 7 days, and then the degree of deterioration of the acrylic rubber piece
was evaluated. The results are set forth in Table 1. In Table 1, the pass limits
specified in JASO (Japanese Automobile Standard Organization) M355-2005 are

also shown.
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Table 1. Comparative Pass Limit Example | Example 2 Example A
Volume 7 to +5 +2 0 +2 change(%) Hardness -5 to +8 +3 +4 +3 change
Tensile strength -15 to +18 +2 +2 -4 change (%) Elongation -35 to +10
-23 -19 -35 change(%) 5 The above results shown in Table | indicate that
both the lubricating oil compositions of the present invention (Examples 1
and 2) and that for Comparative Example A satisfy the JASO standards.
It is also shown that the lubricating oil compositions of the present
invention were remarkably improved in 10 the elongation change, as
compared with the lubricating oil cofirgddsition for comparative example.

21 Claims: 1 A method of improving the acrylic rubber sealant

compatibility in an internal combustion engine, said method comprising

contacting the o Comparative
Pass Limit Example 1 Example 2
Example A
Volume
-7 to +5 +2 0 +2
change(%)
Hardness
-5to +8 +3 +4 +3
change
Tensile
strength -15 to +18 +2 +2 -4
change (%)
Elongation
-35to +10 -23 -19 -35
change(%)

The above results shown in Table 1 indicate that both the lubricating oil

compositions of the present invention (Examples 1 and 2) and that for

Comparative Example A satisfy the JASO standards. It is also shown that the

lubricating oil compositions of the present invention were remarkably improved in

the elongation change, as compared with the lubricating oil composition for

comparative example.
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acrylic rubber sealant in the internal combustion engine and operating the
internal combustion engine with a lubricating oil composition comprising:
a) a major amount of a base oil of lubricating viscosity, b) a
njtrogen-containing ashless dispersant in an amount of 0.01 to 0.3 wt. %
H T ms of the nitrogen content, based on the total amount of the
lubricating oil composition, ¢) a metal-containing detergent of an alkali
metal or alkaline earth metal salt of alkylphenol derivative havin

1. Manrfit G ShiRRIRVIRA NS ASOACIHE b s atad wr%aﬁt@%wﬂ
the matrheratanbharalayine il Al ebihp Hidhticalbrgeling the

composition, d&gé least one metal-containing detergent selected from the

grouP o hRPsSaR AN i ninkaRh eXBRHSHeR: P BgiRgIaRsk operating

carbaxgaitess iRt snshseignatest h anBMaaMPbl SowipJdwless
in terms of the metal content, based on the total amount of the lubricating

oil coffPRitiA%nd e) a phosphorus-containing organic compound in an

amout of @.86Hjdp Ahfowit Uf i tereoRfdhRIPhesPRg s sesltgnt, based
on the total amount of the Iub,ricatin%qoil composition, wherein the ratio of

companent@ BYYO95 T GRIRNTASBISFS R IBRE ANt 2D RIMEMAL Q! to

nitrogen cotenit29d hetaraibed aecarging:to sdaitant, bhwsgiaihbe total
nitrogen-containin ?sh%egs dispersant is an alkenyl- or alkyl-succinic
imide or a o@?i\?éﬁgeo tHS SdPrIS2HRE AHetRORPREERHing to claim 1, wherein

the negtal-contaningaitengentetagsikalf mretakan atebine earblime@rth

salt of alkyl%]gtg?lsalt of alkyiphenol derivative having a Mannich base
structure in an amount of 0.001 to 0.04 wt. % in terms of the
metal content, based on the total amount of the lubricating oil
composition,

d) at least one metal-containing detergent selected from the group
consisting of alkali metal or alkaline earth metal salicylates,
carboxylates, phenates and sulfonates in an amount of 1.0 wt.
% or less in terms of the metal content, based on the total
amount of the lubricating oil composition and

e) a phosphorus-containing organic compound in an amount of
0.001 to 0.5 wt. % in terms of the phosphorus content, based on
the total amount of the lubricating oil composition,

wherein the ratio of components b) to c) is in the range of from 1:0.005

to 1:2 in terms of the nitrogen content.

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

3. The method according to claim 1, wherein the metal-containing
detergent of an alkali metal or alkaline earth metal salt of alkylphenol
derivative having a Mannich base structure is represented by the

foliowing formula:
22



derivative having a Mannich base structure is represented by the
following formula: 22 CaOH CaOH OCaOH 5NI\NCH3/CH3 RRnR
wherein R is an alkyl group having 8 to 30 carbon atoms, and nis 0 or 10
a positive integer. 4. The method according to any one of the preceding
claims, wherein the phosphorus-containing organic compound is selected
from the group consisting of zinc dihydrocarbyldithiophosphates, zinc 15
dihydrocarbylphosphates, phosphoric acid esters, phosphorous acid
esters, and thiophosphoric acid esters. 5. The method according to any
one of the preceding claims, wherein the amount of the
nitrogen-containing

wt.% in terms of t@%?rjfg
lubricating oil copapgSitierny
preceding clai i drei
of an alkali mets
having a Manngs
terms of the nitrogen content, based on the total amount of the lubricating
oil composition. 7. The method according to any one of the preceding
claims, wherein the 30 amount of the phosphorus-containing organic

compoundysdRdineR3s sATEIRYP YD 1a0irgnd-16 ButeEmmafdiiens, and nis 0 or

phosphorus content, based on
a positive integer.

4, The method according to any one of the preceding claims, wherein the
phosphorus-containing organic compound is selected from the group
consisting of zinc dihydrocarbyldithiophosphates, zinc
dihydrocarbylphosphates, phosphoric acid esters, phosphorous acid

esters, and thiophosphoric acid esters.

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

amount of the lubricating oil composition.

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

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

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

amount of the phosphorus-containing organic compound is in the
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the total amount of the lubricating oil composition. 10 8. The method
according to claim 1, wherein the amount of metal- containing detergent
selected from the group consisting of alkali metal or alkaline earth metal
salicytates, carboxylates, phenates and sulfonates and the amount of the
metal-containing detergent of an 15 alkali . metalor alkaline earth metal
salt of alkyiphenol derivative having a Mannich base structure is in a ratio
of 1:0.003 to 1:1 in:termsof the metal content. 9. The method according to
any one of the preceding claims, further 20 comprising a molybdenum
compound selected from the group consisting of an oxymolybdenum
complex prepared by the reaction betweenan acidic molybdenum

compounthage af@a@ktniﬁ@wh%&ntmm&ipémmmmmased on
dithiocarhgmaley g’%@gil%y&ggyogﬁé‘%%‘%%ﬁgﬂpsphate, in

amount of 0.25 wL% or less In 25 terms enum content,
based on the total amount of the lubricating oil composition. lo. The
method according to any one of the preceding claims, further comprising
an alkali metal borate in an amount of 2 wt.% or less, 30 based on the
totaPamotiheshetadd edcaidipo fccotaiso Sitinmez2in 1ha enoignh of metal-

accordin Ay B&eldey rs&%% '&%ﬁ%&@}ﬂ S}QJ??Q LS A Bikali metal
oxidation%%ﬁgﬁ@e%é}c%g%%&mt € group consi tingpo h'i‘nde{}%gd phe_r?oll me
compoungs 2lkaligiasaithimeiad sPibhaen erramoimesihondeoerss,
based ondfig it e B HLLHEUHPHE RIS I - COMBRMIP BetergdREof an
method according to any one of the preceding claims, wherein the
alkali metal or alkaline earth metal salt of alkylpheno! derivative having
a Mannich base structure is in a ratio of 1:0.003 to 1:1 in terms of the
metal content.

9. The method according to any one of the preceding claims, further
comprising a2 molybdenum compound. selecied from the group
consisting of an-oxymolybdenum complex prepared by the reaction
between an acidic molybdenum compound and a basic nitrogen
compound, s&ifugizeé oxymolybdenum dithiocarbamate, and suffurized
oxymolybdenum dithiophosphate, in amount of 0.25 wt.% or less in
terms of the molybdenum content, based on the total amount of the
iubricating oil composition.

10. The method according {o any one of the preceding claims, further

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

‘based-on the total amount of the Jubricating oil composition.
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base oil contains 10 wt% or more of a mineral oil showing the following
characteristics: 10 - 17 M.% or less evaporation loss according-to ASTM
D-5800, - 90 wt .% or more saturated content, - 10 wt.% or less, aromatic
component, - 0.01 wt.% or less, sulfur content, and 15 - 120 or more
viscosity index. 13 o The method according to any one of the preceding
claims, wherein the Iubricating oil composition is a SAE viscosity grade

Selegfd fr? i tﬁ&% %%8%? (gr{g 8;10 3 5V\r/e|n 9['1 ?U'Brltplfriglher

10W30. 20 . The'me rding o c alm
oil composkitpisiagSAEaxitalimy mw@emamm@mp consisting of

OF IMPROVIRR THE ORI S 2 BRI SRR gt amount
IN AN INTERNAL%E oNmsig STaeRd PR e fotrl rrooiod ks lubéeating ail -
lubricating Qil5982RRstion containing a certain combination of a

nitrogen-containing dispersant and a metal-containing detergent of an
alkali metal salt of alkylphenol derivative having a Mannich base

structure, t@ﬁ&ﬁﬁ!&%ﬁ‘a‘b@@ﬂﬁﬁ%@ﬂ‘ﬁrﬁ%ﬁé@ﬂw SHERLAAL, erein the

be effectively employed in a methaod for |mprovmg the ac yI|c rubber

sealant coRiBHiSPRaARFIO M4 é’o‘ﬁ‘fkﬂ]@f%ﬁ cAdgieeipliod shrydperibe

following characteristics:
- 17 wt.% or less evaporation loss according to ASTM
D-5800, |
- 90 wt.% or more saturated content,
- 10wt% or iess; aromatic component,
- 0.01 wt% or less, sulfur content, and

- 120 or more viscosiiy index.

13 . The method according to any one of the preceding claims, wherein the
lubricating oil composition is a SAE viscosity grade selected from the
group consisting of OW20, OW30, 5W20, 5W30 and 10W30.

14 . The method according to claim 13, wherein the lubricating.oil

composition is a SAE viscosity grade selected from the group
consisting of 10W30.
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nitrogen-containing dispersant and a metal-containing detergent of an
alkali metal salt of alkylphenol derivative having a Mannich base structure
is adjusted to a specific range, i.e., in the range of from 1:0.005 to 1:2 in
terms of the nitrogen content. (No attached figure)

ABSTRACT OF THE DISCLOSURE

A METHOD OF IMPROVING THE ACRYLIC RUBBER SEALANT
COMPATIBILITY IN AN INTERNAL COMBUSTION ENGINE

it has been discovered that a lubricating oil composition containing a certain
combination of a nitrogen-containing dispersant and a metal-containing
detergent of an alkali metal salt of alkylphenol derivative having a Mannich
base structure, together with a phosphorus-containing organic compound,
can be effectively employed in a method for improving the acrylic rubber
sealant compatibility in an internal combustion engine, if the ratio of the
nitrogen-containing dispersant and a metal-containing detergent of an alkali
metal salt of alkylphenol derivative having a Mannich base structure is
adjusted to a specific range, i.e., in the range of from 1:0.005 to 1:2 in terms

of the nitrogen content.

(No attached figure)

26



