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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

mternal c
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vehicles and various other industrial machines, it is necessary to supply a
lubricating oil to mechanisms involving rubbing movement. Lubrication
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include resin or rubber sealants such as ‘silicone rubber sealant acryllc
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sealant. Accordlng to their physical and chemical characteristics, those 20
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lubrication systems. Among the above-mentioned materials, acrylic

rubber sealant is pa #&#g{[ el&ﬂf IE ‘E&# fixation because it
is not only excellent i ééess ?rcl i%% ?@s é ut also
inexpensive, 25 At the present time, it is required to improve Iubricating
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lubricating oil compositions containing various a dltlve often
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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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
performance requirements concerning lubricating oil compositions and, at
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10 themselves. Patent No. 6,124,247 describes a lubricating olil
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post-treatment with, for example, 15 ethylene carbonate. It is stated that
R AR hReh R S AR R PIRR oA O Impair their

Sfasgmanddlighitstiised as a sealant in a lubrication system of an
internal-combustion engine. JP-A-11-181461 describes that a lubricating
oil composition containing an 20 aliphatic amine has excellent
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tﬁ Iphenol derivative having a Mannich base structure, a zinc
lalkyldithiophosphate, and an oxidation inhibiting phenol or amine
compound. It is stated that all of the ash content, the phosphorus content
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levels and that the lubricating oil composition gives high eteg?ency ata
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hereinbelow. Further, this reference neither 2 describes nor sugﬁ;ests any

eftanssahonastclinsiairdpoliatemppsition has exce

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



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 sealant in
the internal combustion engine and operating the internal combustion
dasgiiewittr sUabaiatany 6ffedird shroiieine Ribee BOsERSr @R 6Nt of
& hase 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 the nitrogen content, based on the total amount of the

lubricating oil compos#ipmneRYStageniaME R dgtergent 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
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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 §)e achylipordrkainsealaphsecsnRatibibathgisssnal
combustion engine, said method comprising contacting the acrylic_rubber
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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,



to 0.3 wt. % in terms of the nitrogen content, based on the total amount of
the lubricating oil composition, 3 ¢) 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 0.04 wt. % in terms of
the metal @onteReighsentainifseiRirioantelAn siliab majatatiatialine earth

composition, dy,atdeast ensimppirrepatritingdriRIeg B Malestatkiam the
group consisting of alkali metal or alkaline earth metal salicylates

carboxylates, P& RAS NRRAREDRCAHAMES Mool B RSP redstal
in terms of the doetahicpatent ochasedotn dheotetabiime Wiiridtthg dilbricating
oil composition and %Q.a Rhosphorus-containing organic compound in an
amount of 0.06T"6 g?/vt. % in terms of the phosphorus content, based
on the totad) anablgasbb tleentebricatiteyroilocdeteygsitioss | edied dinrthiise atioupf

components blig, gl {naANABEf M08 02 SRR the

nitrogen content. The nitrogen-containing ashless dispersant in‘the

lubricating oil cEHRsI¥IgES. ShfIaiRsER thd anaiesdirstrysaenhefdin igtarr

alkenyl- or alkyl;gueginiccimis8rara niesivativetheraQld 3a tHa&otal amount
metal-containin%detergent of an alkali metal or alkaline earth metal salt of

alkyiphenol defVEIR& RIRENG BHCAMRP B YbATYbsition employed in the
method disgloagshbssrirlzasoatangictybase sthpoiure irepresented &0.001
the following fotronb%a wtC @o iFI t%%%%ﬂh%%ﬁ%’éhaﬂg c\:ocl:wl(—elﬁt, 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 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



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 selected from the group consisting of zinc
dihydrocarbyldithiophosphates, zinc dihydrocarbylphosphates,

hospho id ester hos rous rs a hloph hon
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teltowvging foemuktal content. The amount of meta[-containing detergent

selected from the group consisting of alkali metal or alkaline earth metal

salicylates, carboxylates, phenates and sulfonates to the amount of

metal-containing ¥t salt
of alkytphenol der atlv ay be in a
ratio of 1:0.003 tating oll
composition e ther
comprise a moI heénum cgmpoun 9~ consisting of
an oxymolybdét en an acidic

molybdenum compound and a basic nitrogen compound, sulfurized
NuyERaly Tl smatithigeaubataaiey ard SWfositrchatpme|ydttenuso or a positive
dithiophosphate, in amount of 0.25 wt.% or less in terms of the
Wc%enum content. The lubricating oil composition employed in the
method disclosed herein may further comprise an alkali metal borate in an

aﬂ%elﬂnnca ing 0Ol c%%«%%él?‘ ion emptoyed 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.



an oxidation inhibitor selected from the group consisting of hindered
phenol compounds and diarylamine compounds in an amount of 5 wt,%
or less. 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 loss according to ASTM D-5800, - 90 wt.% or more saturated

ontent, -.10 wt.% or less, aromati mpone - % or less, sulfur
Ti"ﬁﬂfgmef%{%& \é-\l"l%ngro ?nﬁ(l)dr% %%%Ig %‘/C %5@?%@?&@}%@#%@ {:%%position
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composition meets the SA
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nitrogen-containing dispersant and a metal- containing detergent of an
ditinrhesanatR . on AN 5 Cdrivdive MdorTya IRIRISHEANSIER!ybdenum
shuielnre, together with a phosphorus-containing organic 5 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
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alkali_ metal salt of alkylphengl deriyative having a Mannich base structure
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impairs the sealin rformance of the acrylic rubber sealant, DETAILED
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a method of employing a certain lubricating oil

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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composition to improve the acrylic rubber sealant compatibility in an
internal combustion engine. The lubricating oil composition, while meeting
the lubricating performance requirements of internal combustion engines,
at the same time is 15 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 advantageo imp h eylic 1 sealant.
T TR R S MR e Bl B 6B
rrhbedanelast comeatiedgninareiniernalicbmilesiivih e dintrihte datisilof the

e A R R ey
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dispersant. The nitrogen-containing ashless dizjgrsant is preferably is a
pirperRmcataved Akbmicatangil sorerasitimders'y ipristieaserit g

pEgARMaHBE of e RtroBe PusBRiadeima@shless dispersant is in the range
of 0.01 to 0.3 wt.%, preferably 0.01 to 0.1wt.%, in 30 terms of the nitrogen

content, based on the total amount of the lubricating oil composition. 6 A

representative SDEFMILBDAD ESCRIPIMCINOH MHBENVENTIOMtween
succinic anhydride having a high molecular weight alkenyl or alkyl

substituent group with polyalkylenepolyamine containing 4 to 10 nitrogen
ateny eseaV aragetidnpedfickabiy 5 toathnittademaiimyisgTd edrigh nutdecatarg oit

ight alk Ikyl i i ; . i
LRSI ShBir SO A S BB R0 parhe
procbustion pregiacingithdupsighiingryiistavipis diony dvidle byatidng tegidrbricating
bahstwerpnAxbbene Aodmalsic-A byt hasnsraly REFYUSdPYRe is

chlorination method utilizing chlorine. While this reaction is advantageous
lass 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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giving a high reaction yield, it has a disadvantageous feature in that a
large amount (for instance, approximately 2,000 to 3,000 ppm) of chlorine
remains in the final succinic imide product. In contrast, a thermal reaction
process utilizing 15 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
Aanhreduritativecneiied imidacandifienspeinibyntder2ciy i fetihesn
reaction with boric acid, alcohql, aldehyge, ketane, alkylphenal, cyclic .
e By e e R P e R A SRRt
gtabpity|tippoticalledlyreedbraedc e addenrgpAtoonitgnéticeeyi-atoms on average,
- inic imj ich, ] y.th ction with_boric acid or
ORI D R AR R
wulistitoestha up tiseppréerentiriveatidritendgidponsalsynoomainevrags fedscular
\gggﬁgmp%%ﬁé@%%%tg{g@ample is an alkenyl- or alkyl-succinic

imide or a derivative thereof. As the ashless dispersant, ashless
dispersants of alkenylbenzylamine type and alkenylsuccinic acid ester

TReHBBAR aspMsRtinPiReT P Batisains:eihroMsRiFaR s)playeddion

the method of the present invention will contain metal-contalnln%
ya

PRiWRRhPRWRHIE IR ARSI aRREIHR B cersrRl aarferRed
ahyinheiel shetived \RiliZzing Bet rovaNng Batesaathes aawkdigariain

O L A AN R B o2
arbidiitl{foidristdade, Epp aoviowmicdf theonesad;coutaipinpdfeirkean asmains in
&‘J‘é%!h@%&é&h%“ﬁ%@g &%%Uct. In contrast, a thermal reaction process utilizing
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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15 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. 20 The metal-containing detergent of an

alkali metal (e.g., sodium, potassium) or alkaline earth metal (e.qg.,

calcium, barium, magnesium) salt of alkylphenol derivative having a

Mannich base structure, is generally prepared by the steps of: ) )
LORMRLCHE AR fritemRstR N léﬁﬂiﬁbmstﬂ‘ﬁél?@&'s U PreRfRY invention
Widooisthirieastidchotmaiky lpbengbribonatdelkydionataing arl@fimmingal earth
compound;.and 25 neutralizing the_synthesized intermediate with a pase , .
R S8 LA R Lt el . ek SN0 ERLeF el Pkl
tietalam piatide@htkébbaxté riurtaltaihalialg tpd olldwiegvetiasoteristidannich
Ca content: 2.5 wt.%, N >N .9%,..30 total base number: 135
%Sﬁéﬁéuéﬁdegrggggtﬁégn%?ﬁ%ttﬂ?@%w;n eT ?opr%légb nitrogen:

approximately 50% of the total base number. The ratio of the
nitrogen-containing@shlgss/dispersantig 4o
detergent of an alKali metal/or alkaline earth metal salt of alkylphenol
derivative havipg aMarmigh asSe 1S e range okftom 1:0.005
to 1:2, preferaOl tg 1:0.3, i @ ' nt. The
lubricating oil copqpgaition éfbllpyethiq s Sdf Qresent
invention 10 w@ll contain a ghosph@us-containjng orgafc compound
selected from the group consisting of zinc dihydrocarbyldithiophosphates,
zinc dihydrocarbylphosphates, phosphoric acid esters, phosphorous acid

esters, and thiophosphoric acid esters. The amount of the
phosphorus-containing organic compound is in the range of 0.001 to 0.5

0, 0 i
3flﬁ'e/?eirﬁgafr(?tr% %g 'r?l%ett&—%bzn\'\étmﬁig'%te érl%sé'q{ (t)qeaﬁhacfl%g rilcr)lrgg?al 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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15 content, based on the total amount of the lubricating oil composition.
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 20 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 arbon atoms. If a zinc . o
iy BEAr ARG B ol G ABRERS b ot
amouriiafemeiathditive is preferably in the range of 0.01 to 0.1 wt.% in
terms of the phosphorus content, based on the total 25 amount of the
lubricating oil composition. From the viewpoint of reducing the
‘Phesptiomistice mitnugeneactidaolfg aantss dispensmirophefenaibd-eo maining

' o o .
B B o D D e

gpoling of BlepnighchassnsBucismis dn dedryasigrenp HEVING & kiflypreferably
919uR ¥ 31938 FRAIRAY GaRBittdgRAEBRWALY preferred for the zinc |

dialkyldithiophosphate to have an alkyl group 9 derived from a secondary
alcohol having 3 to 18 carbon atoms or an alkyl group derived from a

SIS REA RS IBIPEY AlseIabhiE0Y4e BtharhstRiamstABGRsent invention

secondary alcohol having 3 to 18 carbon atoms, because the zinc

IR RIATD RESSRAR YRR AR QA YHA P D PR SR Fis L EAR the group

verdisbrig dn et divinccditdity itiiohbosingtats, aritvethjtotarbyipiesyphates,

cohol is alsq excellent in heat resistance. The zin¢ dithiophosphates.

RASRE RS ARG R RS TRrRHR A Lot Al DRI PER G S sters

Arse comulary afl iyt typesphdfas aoptisivdng akyhtypeohtpdhad ubicttimgaoige of
sition emplaoyed in th th g present invention .may,further

e A A 2 M R R TRt

contsistingpstd kalitheetald paikan o dheHubdcatinwio| atspoaitioxylates,

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

metal
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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content, based on the total amount of the lubricating oil composition. 15
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 20 structure is in a ratio of 1:0.003 to 1:1 in terms

f the tal content, pase total tof he lupricating oil
do e SR e LS A B A AS L iyt arou
theipeddeomimventiare ofay arttay cdotbivl haww@@ti@ml&mtmmelemecand a

,”&5‘8&56 "YRIEARIS nggé)an%a%m*%%%fo@%% 900 £”LE8L{HQSZ d

iary Iam € compoun SS, based on the total
e\mumbmhbqabhamuhgm&mﬂb@&wb@mm@waﬁm&@ihgeﬁ@@tw in wear

ﬁt&f\' (;H@W%ﬁ&ﬂm%%ogfﬁ{é( e@m@@ﬁ&w%mwé@a&w@axso

partlcu arly vantageous. On the other hand, however, hindered

pieslinny ehsatiampanwpiibhs cire sl phesehplRISTI Aforses siag ik but it
NQ¥RPrafigalien alRikxrERIamBS dombinsleres shesl s dmMiARype and/or a

inhibitors include 2,6-di-t-butyl-p- cresol,

Mﬂﬁﬁtﬁ&}i&lﬁée%(z 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-Qutylpheng|), 2,2'-me

hed E%‘é@ﬂﬂ'b%&ﬁ&?&ﬂﬂ%ﬂ&?@%‘?ﬁ/&b b 8t ‘%%B'@ﬁﬁ{&d%e”t'o”
?naylﬁwdt@tmdamhls[ib(&%Mdﬂh&yh@hmﬁkymgeut)pmwmfejmdmlgroup
s v aphenirenitnale Al peptee kAR es.

hen propio pate

.diaeynlahemﬂm&boatM|blstamommta)ﬁn ﬁlloylﬂfpbeiqﬂammmermﬁ of the metal

e RN R L -,
alkylated a-naphthylamine, and alkylated phenyl-a-naphthylamine.

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.

10
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Each of the hindered phenol compounds and the diarylamine compounds
can be 15 used singly or in combination. Other oil soluble oxidation
inhibitors can be employed in combination. The lubricating oil compaosition
employed in the method of 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

e”é’feﬂnwd%m s %9 %%Q%PSQ!&AJIHR i Q%&%égf@r&%utyi -p-

oxy b Siocafbamate. an suI oxymol

mmméeph@tmﬂﬂﬂah'@(@@u@\wbmtﬂswwoﬁléssnﬁtty#m@bfsr(’fet butyl-o-
JrdyRdgnum, P(%}%?P&eh@%%@@ e QMo of e U isading,ayiphenol),

comp osmon e molybdenum- containing com ound alnl functions

258’ mﬁtwa(ﬂém%tﬁybﬁlﬂéﬁﬁw ARSIBROr %ﬁaﬂ“&?ﬁlﬁﬁ%ﬁ?%@éh@ﬁ the
ﬂHQﬂ'ﬁﬁ'@ﬂSlP'b@fﬂRﬁﬁgtﬂ BRI IB-Ha- mﬁmgﬂﬂéﬁgmmroplonate

invention. In addition, it also improves detergency at a high temperature
ophd FbiyBdirkintd iy WﬁH&P@%@fﬁe@a&?ﬁ#sﬁyﬁ&%&@rt—butv'-

AQyare5pbanmproiaenstef the molybdenum content. Examples of the
molybdenum-containing compounds include sulfur-containing 11

molybdenum complex of succinimide, sulfurized oxymolybdenum
Eitﬂsﬂqm@@amh@diswﬂwm oxjdatbybdenbitodithicpdesah atRylaliphimwylamine

d d lybd thylat id d
B TR T R A T PP e
mbawdqﬁmnyidmm@amhemm%a‘pbthwammqormivmytlmenmibﬂgﬁaawm a

b thod
e 0 PR R B o

amount of 2 wt.% or less, based 10 on the total amount of the lubricating

P4 FPRASTHRNHEE AlibMSIR| RAIAY Brdraie &ﬁ?@r‘?ﬁ?&%\ﬁ?ﬂﬁounds can be

improving the detergency at a high temperature and
used singly or in combination. Other oil soluble ox:datlon 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

11
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giving a base number. The term "alkali metal borate hydrate" in the
present invention means a compound representatively prepared by the
method disclosed in U.S. Patent Nos. 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 sulfonate in the presence of an alkali metal
hydroxide to prepare a basic sulfonate; and making the basic sulfonate to

de to preps e _ f
L O T o P Comauctec

fithivsanbaneapreselicezetprasmbdsiariperdihicphosabate stivdisic
iR EREA Kathpisialaraieratly i3 pAtssien Ah e Ra AR Rm RS

the ‘alkali metal borate hydrate additive is a suspension comprising a
PRERE b et BRI YT SR PEUESE HGHINGE IRliE R é%ﬁ?&@‘e@f

Sh&HARREZRARYIRYIpigE AhaNATMEMAIRY thd BEIRGERSy N8 high

otassium can be replaced with sodium. The additive is also preferably
BEfPRERsideration of water 25 resistance. The lubricating oil
composition employed in the method of the present invention may further

tai ' ity index im I t of 20 wt,% or less, | . .
ShalvReRAINg ob Shrapo e mPIRL A Bis uRYaeil TS RissAgtdnvgstion
noposhiarcdetaimple aidbthmetat bsityténiexniraptoveat ofctugepalyhess, based
B R N B ot
bm#ngiyabIdm@ﬂﬁpmantmygyMgdbsi@ehwg&mmpe@\mmfgmmuhpeaﬂtw@ and in
A e S <ol eta Yl R 6 I

Indentienprsans exromposed sngBpontiatisaly ptsnates byibeupataemdistlosed
ﬁP@.@W&?NBE%‘?@Z@,%’BH@%Q@%’Opﬁf‘é@@ké{?ﬂﬁ@f%c;lm&%%hed by

contain various other auxiliary additives. Examples of the auxiliar
Hhririoes rigadeonaingifibedisi kel metal or alkaline earth metal sulfonate in

metpiesabisibHYIRBRIRAHMARARIdRNO 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,

12
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10 oil-soluble copper compound, a sulfur-containing compound (e.g.,
sulfurized olefin, sulfurized ester, polysulfide), and an organic amide
compound (e.g., oleyl amide). They function as oxidation inhibitors or
anti-wear agents. It is also preferred to incorporate metal deactivators
such as benzotriazole compounds and thiadiazole compounds. Further, a
nonionic surface active agent of 15 polyoxyalkylene such as a copolymer

of polyoxyethylenealkylphenyl ether, ethylene oxide and propylene oxide

S R R Rt AP AR i A RIS Cispersant
pssiidedoiintadearatpraiosisvetiihesrabudes aimiheysaligitfing the above
derivatives thereqgf, and aliphatic acid gsters of polyhydric alcohals or . .
SRR AR Py RB S o eRe LIS, el ER B wscostty
20 émdorporasesy drfousisomsjy umtisxthapfonet® oas ke fosedinmgigentsor
&%Bﬁ%{'% depressants. Each auxiliary additive is added to the lubricating

ol composri]flon employed in the method of the present invention

preferably in an amount of 3 wt.% or less, preferably 0.001 to 3 wt.% ,

bassdprihn %ﬁ'@?@%&%@%&@@@ﬂ%@i'rﬁefﬂaa%ﬁ%if)ﬁe@@ﬁﬁr%nuon

of Lubricating Viscosity The base oil used in the lubricating oil composition
ERpIsYeT P Ree 6t Aliehresdiannadaiibregehepmnplrs ohtlircrardiary
SYaHGSS pibisevving ailnspalinm 3R VisrarieAEBI AN RRLEMRate), an

There are no specific conditions with respect to the mineral or synthetic

i S iR GRRRCHRRE A BTG Lo MERPBIINE SR PRaRs { eve s Yl wsized
onsfia, preiferakly @8y QuliREs, mbmrgfgmb/éhﬁlieé w&rg(pown@%é;g., oleyl
The mingyal base 0il is preferably subjected to properly com ineﬂ ,

PRI G S A Ao OIS R P et B fs also
preferahltcimjontedde tmetihussistisathrasscivestiefiningaaotk compounds
g rf%%’aeg”.‘%‘tz%l‘e Eopaunds GAmRntoN Nt e RrESE TS Aham, 1S
preferred t0 use a highly hydrogen-

polyoxyalkylene such as a copolymer of polyoxyethylenealkylphenyl ether,
ethylene oxide and propylene oxide 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

13
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refined (hydrocracked) base oil (having, for example, a viscosity index of
100 to 150, an aromatic component content of 5 wt.% or less, a nitrogen
content of 50 10 ppm or less, and a sulfur content of 50 ppm or less).
Examples include a high viscosity index-base oil prepared by
isomerization or hydrocracking of synthetic wax synthesized from slack
wax (crude wax) of mineral oil or natural gas. It is particularly preferred
gﬁlt the base oil of Iubrlcei wsi‘%#y is a mineral oil 15 showing the

‘Wrr(@ Chigrit B WA RE RSO Brele gy oh0s wt.%

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

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

and 20 viscosity index: 120 or more; or otherwise that the base oil of

fﬂmimrhaagawbeseit;ﬂiisa)mfae&daly{ﬁuhj&uheel toomtajreriy d@whisédtraainecoits. For

e shay e msiel ol ereplen.l e amiely sisdauihenc
nt'base o e a poly-a o copo met o 3-ol6 aving 3

t&@mmﬁ@mﬁﬁs}swgmﬂ ki dié@t@ﬂ@@yérogsrm@tmxedrtromanmiooho|

BBMIBEhAHONL B RO PRI A0k m@@@?&é% R edipk gﬁ@'ﬂydrogem

azelaic acid or sebacic acid) such as dioctyl sebacate, a polyol ester

(eEpadidrskacresied M?ﬁﬁﬁb%@é&lﬂgaé%@@w)@ aaiBepsioindexef 100 to
yEOCHY ldPrARBRSPpBRBIARIYHIE!R I 21ghan alkdbensanfhau %Brﬁ@nt of 50

alkyl group of 9 to 40 carbon atoms. 30 14 Any of the above mineral or

B RSB Gi8 L HRODY OFBR, B R8P il AfHERsA high
b9 Site lﬂﬁéé(%@émﬂr@@‘d@ﬁeéwii%mBﬁ@ﬁti@ﬁ&ﬂﬁybﬂ)d#ééﬁlH@: of synthetic
combln on, if S|red Fyrther, ineral and synthetic base 0|Is can
B SUETPE RS G AAOR WEa b O BTE Ll Rl Gt
base 5 oil of lubricating viscosity.
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.

14
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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 amount of base oil of lubricating viscosity as defined
herein comprises 40 wt % or more. Preferred amounts of base oil
comprise 40 to 99.9 wt %, 10 preferably greater than 50 to 97 wt %, more
preferably 60 to 97 wt % of the lubricating oil composition. The lubricating

il composition employed in th thod of the present invention n
R ey T B DR R Rl S S PRt oo o
aané. dthermiseralrbagdidile cotyveemir aesonighsiny e tic tiuseoils byhbe

REEREIANmARENDS BRIArEaoPO IIEPAIRAANS R MR AR can

oil to prepare the lubricating oil composition employed in the metho

the peeddRtCanbingdinnd ENAMPOE & desdrersto sl epand aarplastiaifypase
Y eradditivgsesdiip 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 mmz2/s at

10RGyrefecasitio ikea: rhaRyrerapardtadrbbess (i STMDESSO): viScasitp in the
ulfur content: 0. % nt qf . co t: 70 wt. 9

ORI b SRS L AT B SR e A

visajosignindek ob Base aiorhtidnialing BisASsTiv @368eD)ed . Bareitocenifuises 40

BBl e e N S NEdCAMBRGILOM 1 ) ey,

mixed In the ratio o y weight to use. (2) Additives 5 Dispersant A:

arsfieiablygtasiatdhaedtfd e Sdomihdearsprictarely e8rely widhebihe
(ﬁy&%gg% 39 (Qpﬁbgg,%ght] which was prepared by the steps of: a)

reacting a polybutene having a number average molecular weight of

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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approximately 2,300 and 50% or more of methylvinylidene structure 10
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 15 c) treating
the succinimide of bis-form with ethylene carbonate. Dispersant B:

- ini inimide di t tent: 1.95 wt,%, B
S R0 o8 G RSG5 AN eRURY A ise
poemasadrityddevs i) swele2thixprerctitgratioody 8 set e byawisiglat twiodzer
average molecular weight of approximately 1,300 and 50% or more of

methylvinylidene structure) with maleic anhydride according to the
(BeAdditprecess, to produce an intermediate product; b) reacting the

'r‘.term‘?ﬂéﬁ&%%t«e %718%%@%%8&%8%8’@&%%%8@@Eﬁ'e?sgm N

nitrogen atoms (In one molecule) on average, to prepare succinimide

pintent 1w tilen(d) epsdent Sibrnnodivimitientl wikicbrwagighdpariedbldthe
ggnt A: Mannich base calcium phenate (Ca: 2.5 wt.%, N: 1.6 wt.%,

30 S: 0.1 wt.%, TBN: 135 mg(r)KOH/qg). 16 Detergent B: overbased

sulfuriZdd '@aeting pmehdieteng: keymgpgugbgaversgeTaMeowsr weight of

mg(r)KO F‘éﬁbr@;@?ﬁéﬂ@? £300/RAsRYCaIcHRsSf %@Ml iHerdeloture
TBN: 425 5 mg'KOH/g). Detergent D: basic calcium sulfonate (Ca: 2.35

wt.%, TBNVIEY Al dRaS Ao PRI AR he ARSI BERRRIhARePrduce an
7.2 Wt.%, Ferfrlintppodics 4

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).

16
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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). 15
Oxidation inhibitor: dialkyldiphenylamine (alkyl group: mixture of C4-alkyl
and C8-alkyl groups, N: 4.6 wt.%, TBN: 180 mg(r)KOH/g). Mo compound
sulfur-containing molybdenum-succinimide complex (Mo: 20 5.5 wt.%, S

0.2 wt t.%,. T
d|spve\zlrggéé?ﬂéhga%lﬁé{l\é%rg%%]?g%n;%fn)%ora %ﬁﬁ(% Qﬁ%ﬁ £§a§%5 gy St 34
Wit Bo, 3. 26 v KBNAAD25 mgKOH/(g). Viscosity index improver (VII):

ethylenepropylene copolymer of non- 25 dispersant type. Pour point

depressant (PPE(;gpolymethacryllc compound. 17 Example 1 The
below pespigsie dagurrrasad ¢aEusaseiinatautdreatifgl wachsihPiNe 2 s

fixRIggjve 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) ipéhsrglethrivatiagieibanmpesiieonibe (@H0DeBVREN tHEBNtregen
ong &ﬁt ributable to all the dispersants and that attributable to the
§ g (Mannich base calcium 10 phenate), and the ratio between
the metal content attributable to all the detergents and that attributable to

the de fe] A Manni itiv. 5 )
Dlspegan (ambnlfn{} %1@835)08% g}’fﬂﬁc{g’ é’og %?%%%%? 14.4
Wispessanting taateualt: 4 Seantdacpatestioh hanmmgcﬁ tutfogarinod @Bowis)o),
Detergent A (amount: 0.4 wt.%, content in terms of calcium: 0.01 wt.%,

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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content in terms of nitrogen: 0.006 wt.%), Detergent B (amount: 0.86
wt.%, content in terms of calcium: 0.08 wt.%), 20 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.%), 25 Mo compound (amount: 0.15
wt.%, content in terms of molybdenum: 83 ppm by weight), Alkali metal
borate (amount: 0.25 wt.%), Viscosityaimgéx 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
EhenishoCacptinnead avitiveioandgioi easeposiabhbrR@ingivisc(siy: were

%&éd%%sd%ﬁﬂ%ﬂ%ﬂt%ﬁ%b&i%WF%%&MH%%&&%‘dq Pihdthrdy Bt

of the nitfogen content attributable to all the dispersants to that
prassniEbelitie derlditatinmal sermpasiiea iamiMevieysiboarasie
PV Pl s Biatab SNt aHE ReRIG LR i ARERBRNIEH BIAN) in the

composition, to that attributable to the deter%ent A (Mannich base calcium

IReiating Pbemessitige ha Rip Spvesnihes Hiresamppateniatyibutable to
sEnpatar peeenitiosshanaingibatameunttné adlgtatoaiaiMiaRmteRe calcium

SRS el e S et i oLl 00°
desitgahtsrmehtioft thitribatebdd ©f bbrikstingevispodityratidhaidbe ¢atelum
ount of the lubricating oil composition is 100 wt.%. The prepared

%ﬁ@é ing oil 15 composition was SAE viscosity grade 10W30. Shown

below are the contents of

(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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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 20 (Mannich base calcium phenate). (1) Contents of each
element (Ca, P, N) in the lubricating oil composition Calcium (Ca): 0.26
wt.%, Phosphon&g@&?}:ﬂg.lo wt.%, Nitrogen (N): 0.09 wt.% 25 (2) Ratio_of
ek Setbitblaed

the nitrbGEA4B AP Rdber A - thalNiLiRas R e 0-08
to the getetgent A (Mannich base calcium phenate): 1:0.3 (3) Ratio of the
| content attributable tg all th (?ée ergents in the lubricating. oil

e b HpHeRs e O g A T Al e A
pitebatapld ©. 12:3elddemnpdiatinei Ex bomae Al @ompheatate )Examipde1A
fias-preparsAaseardingio hepragedyres of FXaMBle 4R EXSTRL AL ABbiton

ing the detergen annich base calcium phenate) and for changing
thdtahetiribofahie hadecoilabeigbrit Atiidanistdsinase chktitne pornadelount1:0.04
of the lubricating oil composition is 100 wt.%. The prepared lubricating oll
composition was SAE viscosity grade 10W30. The contents of each
element (Ca, P, N) in the lubricatingX@ngnBosition are shown below. 10
(1) Contents of each element (Ca, P, N) in the lubricating oil composition
Calcium (Ca): 0.23 wt.%, Phosphorus (P): 0.10 wt.%, Nitrogen (N): 0.07
whepreaeganesiohForaieohitsis 'Anea s prcariiBe elangint the amount of
ﬂ@@@%@féﬂm@(ﬁfﬁﬁmﬁﬁﬁﬁéé@r S8l pHebatdChfe-t-88Wt9%kcontent in terms
compatibilit
of caplcium: )6.03 wt.%, content in 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 viscosity 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

19



10

15

20

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 20 150C 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. 20 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 -ACohapara(%e) Etenyaitiofy -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
PoampkttadivéoE >@omisafativas Brepaphs Accarsinthie IdspetaddseanflExample 1

%%Cﬁ’%ﬁ%”a@égﬁﬁﬁ 'yégé%%iiri]éx%gﬂmwgﬁma@%gwsawﬁﬁﬁngsms%d for

changing the 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 viscosity grade 10W30. The contents of each element (Ca,

P, N) in the lubricating oil composition are shown below.
(1) Contents of each element (Ca, 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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10 the elongation change, as compared with the lubricating oil
composition 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 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 totalTabheunt of the lubricating oil
composition, ¢) a metal-containing detergent of an alkali metal or alkaline
earth metal salt of alkylphenol derivative having a Mannich base

structure in an lamount of 0.001to 0.04 wt. % injterms of the mjtaComparative
content, based| on RISt maunESPIRR fubricatingGIMeH itiop, e A

least one metal-containing detergent selected from the group consisting

of alkdlimeetal or alkaline earth metal sa icylates, carboxylates, phenates2

ang| sulf in ar‘alfidtht of|1.0 lock in terrts of th |
%ﬂéﬂ’rﬁ%@?ﬁfg in an‘amouht o wt. "6 or less in ternis of the|meta

conten ed|on the total amount of the lubrigating oil compasition and

0.5 W, Ygdn terms o phosphorus content, based on the tota] amounf'3

e) dasHoephorus- co%ﬁmmﬁ organic co ound}g an amqunt of 0. 001 to
of the lubricating oil compaositiofh, wherein the r

io.of components h) to r)

is inf gfsiignge pf from 1:0.005 to 1:2 in terms of the nitrogen content.
strength -15to +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 preéent invention were remarkably improved in
the elongation change, as compared with the lubricating oil composition for

comparative example.
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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
deRvative 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
1 a posttiVBSHigg& WNARY BB ASLAG EIRP S 8RFIBRESITRAPEYhEN
claimgpitathereiprituiapsehging -sa alingaraanip 6omp euntis sl ekted
from the group consisting of zinc dihydrocarbyldithiophosphates, zinc 15
dihyd?&Eg%ﬂ&R@pﬁ‘%ﬁ‘@?tdﬁéEﬁHBFﬁf%i&%é tioRbepatiR a8 dQRerating

estergh@istdhiepbosihesifoadd §slewith alle raethes Giceordinssiany

one of the preceding claims, wherein the amount of the
nitrodétTtbBHtAiRing ashless dispersant is in the range of 20 0.01 to 0.1

wt.%d ternasrejbiearitegentanase dnsed pridaarigtalsypatnt of the
Iubri% ting oil composition, 6. The method according to any one of the

prec@ding cRiHICYAErOR BRI RS DRSSt HRPAISRINIBRRI MY YRt QR Q! to
of an alkali metaoralkatine s25f easthitneiahsedinbatkyabendtigidvasive

having a Mannich ba?e structure js in the range of 0.002 to 0.1 wt.% in

terms of thePMPHGER" Lomtdnt FNH VHCRIBRBEIFSMount of the lubricating

oil cagnpositdmetal-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 0.04 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
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7. The method according to any one of the preceding claims, wherein the
30 amount of the phosphorus-containing organic compound is in the 23
range of 0.01 to 0.2 wL% in terms of the phosphorus content, based on
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 ipy f fhe metal %5]1, Q- The methpghaeggqrding to
any one of the pre eding clai O comprising a mplybdenum

complex prepa Fd by he reattion B
compound and'q/asit nitrgGety Comy
dithiocarbamatg, and sutfurized oxgrnolybden dlthloRhosphate in
amount of 0.25 wL% or less’in 25 terms of the molybdenum 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 megirbpr {edmARIRMAMOL S HaVIGBab!8sScapidpPeRM @) 4RE n is 0 or
total amount of the lubricating oil composition. 24 11. The method

according FPANISRAEFIRE preceding claims, further comprising an

oxidation inhibitor selected from the group consisting of hindered phenol

comfound.?h%n%g ﬁo%%@é%? &r}n oogrrl]yg%rliré%? né'%l#ecedmg 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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of 5 wt.% or less, based on the total amount of the lubricating oil 5
composition. 12. The method according to any one of the preceding
claims, wherein the 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 lubricating oil composition is a
SAE viscosity grade selected from the group consisting of 0OW20, OW30,
5W20, 5W30 and 10W30. 20 14 . The method according to claim 13,

wherein tF@umﬂE@tﬁfgt_oiDé‘o«tp%émdarmacﬁmmmmgnadmaﬁantadsed on
from the %8%8@%55%??9@“@9&%@3@%%8 ETHE

DISCLOSURE A METHOD OF IMP ‘IC 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

metél-corthinmgthtagerdoigtoaiaiimeaheatiothéksipbent bl orstative

Qfgvéﬂ?cac%%‘ﬁ*ﬁ'f@é%@%%é@f%% §rBR PGP O AR metal
or alkaline earth metal salicylates, carboxylates, phenates and
sulfonates and the amount of the metal-containing detergent of an
alkali metal or alkaline earth metal salt of alkyiphenol 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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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)

11.

12.

13

The method according to any one of the preceding claims, further
comprising an oxidation inhibitor selected from the group consisting of
hindered phenol éompounds and diarylamine compounds in an amount
of 5 wt.% or less, based on the total amount of the lubricating oil
composition.

The method according fo any one of the preceding claims, wherein the
base oil contains 10 wt.% or more of a mineral oil showing the
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.

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

14

jubricating oil cam_positioh is a SAE viscosity grade selected from the
group consisting of OW20, OW30, 5W20, 5W30 and 10W30.

- 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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