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5 LUBRICATING OIL COMPOSITION HAVING IMPROVED OXIDATION
STABILITY AT HIGH TEMPERATURES The present invention relates to
a lubricating oil composition. More particularly, the present invention
relates to a lubricating oil composition having improved 10 oxidation -
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particularly four stroke t piston diesel engines, are generally
employed as internal combustion engines for generation of electric power
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Shigite€ed by the combustion of fuel and disperses combustion deposits

such as sludge is generally employed. Particularly, a lubri- cating oil

composition for marine diesel engines which is operated using high 25

sulfur content fuel sUBRGKEREUINBIT THRAMYENSHON contain

over-based metal-containing detergents. Most metal-containing

detergents are alkaline earth metal sulfonates, alkaline earth metal
Dipeslpaginet bacdinusdyrfaunstenkedivplapistonndiests ergibpessare generally
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compo d amine compound. 'Recently, the operation conditions o
diesel engines for generation of electric 35 power and operation of marine
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which neutralizes sulfur oxide produced by the combustion of fuel and disperses
combustion deposits such as sludge is generally employed. Particularly, a lubri-
cating oil composition for marine diesel engines which is operated using high
sulfur content fuel such as A-heavy oil or C-heavy oif should contain over-based
metal-containing detergents, Most metal-containing detergents are alkaline earth
metal sulfonates, alkaline earth metal phenates, and alkaline earth metal
salicylates. An ashless dispersant such as succinimide is also generally employ-
ed. Examples of other generally employable additives include a zine dialkyldithio-
phosphate compound which serves as an anti-oxidation agent and an extreme-
pressure agent and an organic anti-oxidation agent such as phenol compound

and amine compound.

Recently, the operation conditions of diesel engines for generation of electric
power and operation of marine vesse! have been getting severe. in addition,
these diesel engines are forced to employ a low grade fuel having increased
sulfur content. Moreover, the recent demand for economical operation and

increase of maintenance efficiency requires extended service periods for using a
1



increase of maintenance efficiency requires extended service periods for
using a 1 lubricating oil with no substantial exchange. Therefore, the load
applied to the lubricating oil has increased recently. The lubricating oil is
consumed during the operation of engines, Although a fresh lubricating oil

is supplemented periodically to compensate the consumed portion, the
ubies balmeey
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the engine is operated continuously for a long period of time, the
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oxidation stability at high temperatures which are favorably employable
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composition. In the first aspect tfﬁ:re is Prowded a Iubr,lcatlng[ oil
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compositions for engine lubricating oils.
SUMMARY OF THE INVENTION

As previously mentioned, the disclosed herein relates to a lubricating oil
composition having high thermal oxidation stability at high temperatures which
are favorably employabile for lubricating various internal combustion engines such
as diesel engines and gasoline engines. For example the lubricating oil
composition of the disclosed herein is very favorably employed in four stroke
trunk piston diesel engines.

Accordingly, the disclosed herein refates to a lubricating oil composition.

In the first aspect, there is provided a lubricating cil composition having a
TBN in the range of 5 to 55 mg KOH/g comprising a base oil of lubricating
viscosity and

a) 0.1910 2,10 wt %, based on the total amount of the lubricating oil
composition, of an overbased calcium carboxylate having a TBN of
100 mg KOH/g or more, wherein the wt % is expressed in terms of
the caicium (Ca) content;
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composition, of an overbased calcium carboxylate having a TBN of 100
mg KOH/g or more, wherein the wt % is expressed in terms of the
calcium (Ca) content; 2 b) 0.002 to 0.06 wt %, based on the total amount
of the lubricating oil composition, of a bis-succinimide compound wherein,

the wt % is ~expressed.jn terms of the nitragen (N) content; and c) 0.007. .
t0.0.15 1 o CBRR BN e a R L o AL AR i of
of a zinc diayigitisitipho sif fEateshsuttinarideocotagoaiid tersinnihergit % is
the wt % is ex in term sphor, nient. In the
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stability at high temperatures of an internal combustion engine, said

method QofhPR<itey dEratitg. thesatbandhenioial anvalst e lubecating oil
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wherein the wt % is expressed in terms of the calcium content; b) 0.002

0 0.06 wt %, base the total amount of the lubricating oil composition,
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amount of the Jubricating ol omposition, of a.zinc gjalkyidithiophosphate
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a)0.19to0 2.10 wt %, based on the total amount of the lubricating oil
composition, of an overbased calcium carboxylate having a TBN of 100
mg KOH/g or more, wherein the wt % is expressed in terms of the
calcium conient;

b) 0.002 to 0.06 wt %, based on the total amount of the lubricating oil
composition, of a bis-succinimide compound, wherein the wt % is
expressed in terms of the nitrogen content; and

c) 0.007 to 0.15 wt %, based on the total amount of the lubricating oil
composition, of a zinc dialkyidithiophosphate having a secondary alkyl
group, wherein the wt % is expressed in terms of the phosphorus
content,

In a further embodiment the disclosed herein relates to a method of improving the
oxidation stability Bf high temperatures of an internal dombustion engine,
particularly a four stroke trunk piston diesel engine, by operating the internal
combustion engine with the lubricating oil composition of the disclosed herein.

Among other factors, the disclosed herein is based on the
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oxidation stability Bt high temperatures of an internal combustion engine,
particularly a four stroke trunk piston diesel engine, by operating the
internal combustion engine with the lubricating oil composition of the
disclosed herein. Among other factors, the disclosed herein is based on
the 3 surprising discovery that a certain lubricating oil composition
provides improved high temperature oxidation stability when employed in
internal combustion engines such as diesel engines and gasoline
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aving a major amount of base oil of lubricating viscosity and an

enginspssed esciGsetanIRRAs BN I8 IRRRIBIAS ound and a zinc
dialkylthidiophog_)l_hate wherein the TBN of the lubricating_oil composition

is in the rangp fﬂb%@ HEW%T%Q@[WEL‘MH I@Nscosity The

base oil of lubricating viscosity employed in the lubricating oil composition
In ité bheauiesiens pectrifenpyesenilisnsrationnelates o a lsymibetingodihaving

a dynamic_viscosity in.the range, of. 22 to 300 2/s at 40C. There are no
S TR G e R O e R e
ovarieaparbralciinandriynylate; bis-Horcnienideecontinnieodtent of thecbase

. 0il is _preferably, not 3a,5 less tha wt % re preferably less than . .
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rargefefabliopbeparg KiyHbigcessing a mineral oil of lubricating oil distillate

by an appropriate combination of solvent purification and hydrogenation

10 processing. Most pBdge €dilisfdl obrieratirnd Yasdogifgeen subjected to
high hydrogenation processing (i.e., hydrogenation cracking) that

Thﬁ;ﬁ‘ﬁ%ﬁg@nﬁ%éﬁﬂ‘m&ﬁﬁﬁEHB%%BH%@UEH&&%O&?&&Hp?&‘%*tion of
the present invention generally is a mineral oil or a synthetic oil having a dynamic

viscosity in the range of 22 to 300 mm?s at 40°C. There are no specific

limitations with respect to the nature and other characteristics of the mineral oil
and synthetic oil. However, the sulfur content of the base oll is preferably not
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component content of less than 5 wt %, a nitrogen content of less than 50
ppm, and a sulfur content of less than 50 ppm. The above-identified most
preferred 15 mineral oil can be a high viscosity index base oil which is

RS RTBER Ll RS AR ASRS A 0 5! pRRLaY foss
tslack W85 (ergtle wax) or natural gas. The synthetic oil (synthetic base oil)

can be poly-a-olefin (polymer prepared from 20 a-olefin having 3 to 12
carbon atoms), a sebacic acid compound such as dioctyl sebacate, a

Thielkyindiesiteit isgpaferhbiyrpreptiedibppithoushing azelagracid of iadiniating oil
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viscosity as defined herein comprises 40 wt % or more. Preferred
se 40.wt % to 97 wt %, preferab eater than

TS e R PrRe ki e ol RlToPaT L lepared from
a&iﬁ%iﬁe@n?i%sgﬁﬁ)% UONIEE 4 besadRIRICEHMMSSTHRD s(MY 88 dioctyl
sebactate, a dialkyl diester prepared from a dibasic acid such as azelaic acid or
adipic acid and an alcohol having 4 to 18 carbon atoms, a polyol ester prepared
from 1-trimethylolpropane or pentaerythritol and a monobasic acid, or an
alkylbenzene having alkyl of 9 to 40 carbon atoms,

The synthetic oil generally contains no sulfur compound and shows high thermal
stabifity and high heat resistance. Moreover, the synthetic oil produces little soot
and carbonaceous deposit. Therefore, the synthetic oil is preferred as the base

oil for the lubricating oll composition of the present invention.

Each of the mineral base oil and synthetic base oil can be employed singly.
However, if desired, two or more of mineral base oils or two or more of synthetic
base oils can be employed in combination. Further, if desired, one or more
mineral base oils and one or more synthetic base oils can be employad in

combination.

it is preferred to use a major amaunt of base oil of lubricating viscosity in the
lubricating oil composition of the present invention. A major amount of base oil of
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herein, it is referring to weight percent of the lubricating oil composition
unless 10 otherwise specified.) Overbased Calcium Carboxylate 15 The

overbased calcium carboxylate employed in the lubricating oil of the
100 mg KOH/g or more and can be

t tiqn h
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re Quer bas d calcium carp}% ﬁ‘ylate % d%ﬂ ri m rela- tlvely large amount
e R SIS ARG ARG o AR S8 S epaubes Rdloss
ottreonist(zscified. p0 wt %) of the following compound B: 25 Compound A
Compound B OJCa OOHO 11 C-OCaOH R R in which R is an alkyl
group having 12 to 28 carbon atoms. The lubricating oil composition of the
present invention can contain other metal- 30 containing detergents in
addition to the overbase i rbgxylate. Examples of other

metal-containing deter HS-CHHPToYe

overbased caIC|um carboxylate mclude sulfurlzed phenate (e.g., sulfurized

TRO AR é‘h etroleu sulfen tes g,(é‘?@”;'fﬁé‘ %ti?of( e present

calcium su

mBenﬁmhadeBﬁbm n@mmgcxmagmr Iﬁﬁiﬂ%@dﬂmmm&éﬂ% the
mAnner éé”s%?f%%%“;ﬁ‘%ﬂéaé oriaerl%igh %%% Iml%rences cited in the Background of
the Invention. The overbased calcium carboxylate will be in the amount of 0,19
to 2.10 wt %, preferably 0.38 to 1.15 wt %, based on the total amount of the
lubricating oil composition and expressed in terms of the calcium content. A

representative example of the overbased calclum carboxylate comprises a rela-
tively large amount (more than 50 wt %) of the following compound A and a
relatively small amount (less than 50 wt %) of the following compound B:

Compound A Compound B

Ca_ OH %’

0 C—O0CaOH
Ca

in which R is an alkyl group having 12 to 28 carbon atoms.

The lubricating oil composition of the present invention can contain other metal-
containing detergents in addition to the overbased calcium carboxylate.
Examples of other metal-containing detergents employable in combination with
the overbased calcium carboxylate include sulfurized phenate (e.g., sulfurized
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compound (i.e., succinimide or its derivatives) in the amount of 0.002 to
0.06 wt %, preferably 0.014 to 0.02 wt %, based on the total amount of
the lubricating oil composition and expressed in terms of the nitrogen

R SRR AN S o e AEADBIE S ORPIE B e cium

solforpiehdanditntieylatdi(esy. T beldissuaditymid. can be prepared, for
example, by a reaction between succinic anhydride and a high molecular
weight alkenyl or alkyl, followed by further reaction with a

polyalkylenepolyamine coBiskSngoinimitia: Qratasabhydd to 7, nitrogen

atoms per molecule. For example, the bis-succinimide compound can be
prepared by a 20 thermal reaction between a polybutene compound
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foll d f h Iti
R o o T B Aot ob e o 0,06 we
‘Va,tpfmsﬁep&b!mbléfl%lm imvgﬁ’/ﬁn@lmﬂmmmtﬁtalmmyimﬁ@ikﬂh@r!Qbﬁc{atmg oil

r i utene anu rage ar weight in
R e or g S e 6 R oA E R pgbechimido
campm.gmﬂnrefmatdrgmsmaaﬂmhhﬁhsu@tandHMIarkw&@mmnﬁwbwenved

d id I hol, ald h de, ket

R RS (SRR TheRaR S dp san be
peepdrag, mmmmmaubmw«ewmmwbyamm wihiigih
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pmmlhﬂemmwmmenmtmamg 2¥ he 10hneafera by Sotw T sittesgeitiatoms per
n other.ashless 35 dlspersant such as

B SO S HE P ArRITGR GO MR L B A ed by a
tl'mhuaj/l'eamﬂfylsﬁmm@Ipngrmimnalkenmbemmtaﬁi[ﬁ@%% or more

oA O 1SR Ao o
resulting polybutenyl succinic anhydride with a polyalkylenepolyamine containing
4 to 10, preferably 5 to 7, nitrogen atoms per molecule. The high molecular
weight alkenyl or alkyl group preferably is polybutene having a number-average
molecular weight in the range of approximately 900 to 5,000.

The bis-succinimide can be employed in the form of a modified succinimide which
is obtained by reacting suceinimide with baoric acid, alcohol, aldehyde, ketone,
alkylphenol, cyclic carbonate (e.g., ethylene carbonate), or an organic acid.
Preferred is a boron-containing alkenyl- or alkylsuceinimide which is obtained by
reaction with boric acid or a boron compound. The resulling modified succinimide
compound exhibits high thermal stability and high anti-oxidation property.

The tubricating oil composition of the present invention can contain other ashless
dispersants such as nitrogen-containing ashless dispersants (e.g., mono-
structure type alkenyl- or alkylsuccinimide, and an alkenylbenzylamine) and/or
dispersants containing no nitrogen atoms such as an alkenyl succinic ester in

addition to the bis-structure alkenyl or alkyl succinimide.
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Zinc Dialkyldithiophosphate The zinc dialkyldithiophosphate employed in
the lubrication oil composition of the present invention has a secondary
alkyl group and will be in the amount of 0.007 10 to 0.15 wt %, preferably
0.036 to 0.072 wt %, based on the total amount of the lubricating oil
composition and expressed in terms of the phosphorus content. The alkyl

group preferably contains gite iatrviihisiiasphihief the two alkyl

groups of the zinc dialkyldithiophosphate can be secondary alkyl groups.
Otherwise. a portion (e.g., a relatively small portion such as less than 48

i i i o o s oo s gt
im . group. The secondary- e zinc dialkyldithiophosphate
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vention.can. furt contaln gther oxldagion Inhibitors, such as pheno
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e W e B LSRR G RRiErm rmary @bl graup. In
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I ergengy. olyhdenum-containing compound can be
A B R S8 TR o oF B 08 B iy S e eeBHelevettba
emphyatioun afridid /50 0pRmimiehs of the molybdenum metal
content. Examples of the molybdenum-containing compounds include,

but not limited to, a sulfur-containing molybdenum complex
Other Additives

The lubricating oil composition of the present invention can further contain other
oxidation inhibitors, such as phenol oxidation inhibitors and/or amine oxidation
inhibitors, in an amount of 0.01 to 5 wt %, preferably 0.1 to 3 wt %.

The lubrication oil composition of the present invention can further contain a
multi-functional molybdenum-containing compound in an amount of 0.01 to 5 wt
%, preferably 0.1 to 3 wi %. The molybdenum-containing compound mainly
serves as friction-modifier, oxidation inhibitor and anti-wear agent in the
lubricating oil composition of the present invention. The molybdenum-containing
compound further provides effective high temperatures detergency. The
molybdenum-containing compound can be incorporated into the lubricating oll
compaosition of the present invention in an amount of 10 to 2,500 ppm in terms of
the molybdenum metal content. Examples of the molybdenum-containing
compounds include, but not limited to, a sulfur-containing molybdenum complex

compound of succinimide, sulfurized oxymolybdenum dithiocarbamate, sulfurized
7
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compound of succinimide, sulfurized oxymolybdenum dithiocarbamate,
sulfurized 7 5 oxymolybdenum dithiophosphate, an amine-molybdenum
complex compound, oxymolybdenum diethylateamide, and

oxymolybdenum manoglyceride. The sulfur-containing molybdenum

%ﬁ\a?é%f%nﬁ% '8PE§é&Rﬁ¥ﬁd@%%fﬁ%umiybeﬁagm&%ﬂ%gemund-

cogterdgbdyraihigietRyktesiigs. 4 Thehmoneaaail eempgisbiond thee
sent invention can further contaipn a viscosity index improver in an
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clfeativads ofctbasdpeisifgendealnilyhvieraRieatuRly. polymers as

poly(alkyl methacrylate), ethylene-propylene copolymer, styrene-
butadiene copolymer, and polyisoprene. dispersant type viscosity index 15

Tihephatweca iimgl ot wibrfastitolofi tee $ite sede inveptine ey igtharecontain a
obtair

ed by adding dispersancy to the above-mentioned, polymers are
R e e T AR e T A oL ek an
aononrooh dinaRihwT Be | Earaphes @f dendesiidty dhdex frgseverveniiench
her contain a 20 yariety, of subsidiary additives. Examples of the
PG BN o e G, SRiMEReap Ry copavmer. styrene-
biraithieos zopclyeseragadtpdbigoamaclitDtgassamatepe viscosity indax
. -bis(dihutyldithiocarhamate),. oi]-sojJuble copper, compoungds,,
R R L S eI LT DR Wi ATE PEtained by
addhgdisnefisscy ot atoestensnpionsahiiol weters sro dilbg enpyidde. The
comppunds 25 such as oleylamide. Metgl-deactivating compouynds such
ViSO, DTS TRISHETS, i ORGP SC s hlipe
employed. Anti-rust agents and de-emulsifiers such as nonionic
r nts (e.q.,, polyoxyethylene alkylphenyl ether, and copolymer of .
T S S o o & e PR T eR B e o tain 2
varietifief ssbhsiiasyeadiditivea mBesiiriio e fsthits s theildio-dedditives intidde, but
f cid esters of.pol tjic alcohols and their derivatives also, can, be
LR A S e
metiyleyedbis aibuditithiodsidanatel blepistge noptgcesiaiemtds el fur-
containing compounds such as sulfurized olefins, sulfurized esters and
polysulfides, phosphate esters, phosphite esters, and organic amide compounds
such as oleylamide. Metal-deactivating compounds such as benzotriazol
compounds and thiaziazol compounds also can be employed. Anti-rust agents
and de-emulsifiers such as nonionic sutfactants (e.g., polyoxyethylene
alkylphenyl ether, and copolymer of ethylene oxide and propylene oxide) also can
be employed. Friction modifiers such as amines, amides, amine salts, their
derivatives, and fatly acid esters of polyhydric alcohols and their derivatives also
can be employed. Anti-foaming agents and pour point depressants also can be
employed. Each of the subsidiary additives is generally contained in the
lubricating oil composition of the present invention in an amount of less than 3 wt
%, preferably In the range of 0.001 to 3 wt %.
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lubricating oil composition of the present invention in an amount of less
than 3 wt %, preferably in the range of 0.001 to 3 wt %. 358 5
EXAMPLES The invention will be further illustrated by the following
examples, which set forth particularly advantageous method
embodiments. While the Example?%@mﬁ‘r’eﬁﬁed to illustrate the present
invention, they are not intended to limit it. 10 Example | A lubricating oil

TR e A bRl i RG> apRiaeoich set ort
perlidulariyeadvayteigsdiR\NndtomelBbiimart Whief fieempapid grihe

aforementioned formula in which R has 12 to 18 carbon atoms and a_
PR RS2 e e e SN A2 5% S8cBARARISRARd Lt it

weight ratio of 50:50 in an amount of 1.15 wt % in terms of Ca content; b)
bis-structure succinimide dispersant (nitrogen content 0.018 wt %, 20
prepared by reaction between pol olyamine (containing nitrogen
atoms of 5.0 (mean number) in a molecule) and a product produced by

A g TR o e AR R R S RS Bl AE 40)
wanrepiaechobiydyitte) follag/mmcutiinge8.848 Wade terms of N content;

O B RS s iy o
cammmumatofith): iforemectictiad &AmWE I WHRIMR ¢fR ¢o1ieAB ShhsSS atoms
2t SUOAREME IR Bridta T WA Fed 2076 S8 Mol dtormein
weight ratio of 50:50 in an amount of 1.15 wt % in terms of Ca content;

b) bis-structure succinimide dispersant (nitrogen content 0.018 wt %,
prepared by reaction between polyalkylene polyamine (containing nitrogen atoms
of 5.0 (mean number) in a molecuie) and a product produced by thermal reaction
of polybutene (number average molecular weight: approx. 1,000, having at least
50 mole % of methylvinylidene structure) and maleic anhydride) in an amount of
(.018 wt % in terms of N content; |

¢) zinc di(secondary)alkyldithiophosphate (P 0.049 wt %, Zn 0.054 wt %, S
0.14 wt %, prepared using a secondary alcohol containing 3 to 8 carbon atoms)
in an amount of 0.05 wt % in terms of P content:

d) base oil (dynamic viscosity at 40°C: 140 mm?sec.) of the remaining

amount.

Comparative Example A

A lubricating oil composition having the same composition of Example 1 except
for containing no bis-succinimide (component b) was prepared.
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Comparative Example A A lubricating oil composition having the same
composition of Example | except for containing no bis-succinimide
(component b) was prepared. 35 9 5 Comparative Example B A
lubricating oil comp05|t|on having the same composition of Example |
except for containing neithetBIEREEEXAERERIde (component b) nor
zinc di(secondary)alkyldithiophosphate (component c) was prepared. 10
Comparatlve Exam%ieﬁc A Iubrlcatlng oil composition havm%the same

R RavorGSANGHPIMEQHHoN of Example 1 except
f@mimﬂmg)@msﬁbi@rmmbmmw {Sombrant b Y erditheima
Wg@gﬁ) ate was prepared. The ﬁ?éf iphorus content of the
SAWRSRGRAShe former
zinc di(seco ndary)alkyl d ith iophosphate Comparative Example D 20 A
lubricating oil composition h the same composition of Example |

except for replacing the bi ot REent b) with a
mono-succinimide dispersant was prepared. 25 Evaluation of Thermal

/’\j ility at High Temperatures The thermal Stabl|ltq§é{ the | ncatlon
G QLo S s S 005 GatBRRSLHRg Efampls 1 exoept
fddppsiaeie Irisine lRiandardl KPRk dRRIdpihadiche r:r @z@éaf@mmth a

This test is d to determine the OX|dat|on b|||t
A R i R e A P
tHsﬁﬁéesﬁwﬁmeaygelmtuwfmf@ﬂ@wmn@mﬁmas rapontted fikmer zine

difsecoRdary)alkyldithiophosphate.

Comparative Example D
A lubricating oil composition having the same composition of Example 1 except
for replacing the bis-succinimide (component b) with @ mono-succinimide

dispersant was prepared.

Evaluation of Thermal Stability at High Temperatures

The thermal stability of the lubrication oil compositions at high temperatures was
evaluated using the JIS (Japanese Industrial Standard) K2514 1SOT (Indiana
Stirred Oxidation Test). This test is used to determine the oxidation stability of a
lubricating oit composition in the presence of copper, steel and heat.

(1)  ISOT test was performed under the following conditions:
Amount of oil: 250 mL
Temperature of the test oil: 165.6°C
Test period: continuous operation for 96 hours

Test results are determined and expressed as follows:
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Temperature of the test oil: 165.5C 35 Test period: continuous operation
for 96 hours Test results are determined and expressed as follows: 10 5
Viscosity increase: determined at 40C after the continuous operation,
expressed as a relative value to the viscosity (as "1") of the test oil before

the opEssasiy TRAERSEN BSIRINMSd 4GNS & theaantoumisppeition,
and T, ' 2390 J IRgtQ. £ .

10 (2)%%32%_%%§%Lults a% gﬁﬁﬂ%ﬁ%ﬁ@%ﬁ%wﬁé@é%% &?Qefore
Exarrﬁ@l% REFDHFBLIve Example 1 A B C D 20 Viscosity increase 0.97 '

1.21 Taf tekBrkidh @% "REENAS éﬁ%')rﬁéébﬁﬂgg g@.@g&g@%}gw

retention 25 {AS.TM 6) 92.4 89.9'86.3 87.1
lubricABRY TstesBiap d4BdMoP RR M determviaed aeesiding de AT If D 2R06.
after additional 24 hours ISOT test (total: 120 hours). 30 The lubricating oil
ompagsition of the present invention provides low viscosity increase and
(éhowg‘?ﬁéﬁa’%lﬁ retention. Accordingly, it is clear that the lubricating oil
comppe#ieBAfithe R ase fbiN BNERNBASWAIK Ratihermal oxidation

property at high temperatures.

Example Comparative Example
1 A B C D

Viscosity

increase 0.97 1.21 1.19 1.18 1.16
T8N retention

(HCH 65.0 61.5 680.7 80.5 60.8
TEN retention

(ASTM D2896) 92.4 89.9 86.3 87.1 88.8

Remarks: The lubricating oil composition of Example 1 gave a viscosity increase

of 1.02 after additional 24 hours ISOT test (total: 120 hours).

The lubricating olf composition of the present invention provides low viscosity
increase and shows high TBN retention. Accordingly, it is clear that the
lubricating oil composition of the present invention has high anti-thermal oxidation

property at high temperatures.
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35 11 5 What is claimed is: 1. A lubricating oil composition having a TBN
in the range of 5 to 55 mg KOH/g comprising a major amount of a base
oil of lubricating viscosity and 10 a) 0.19 to 2.10 wt %, based on the total
amount of the lubricating oil composition, of an overbased calcium
Whebis rainmedisy a TBN of 100 mg KOH/g or more, wherein the wt % is
expressed in terms of the calcium content; M) n 002 to O ..:t v v-wv |0,
based on the total amount of flie lubricating ail 15 composition, of a
bis-succinimide compound, wherein the wt % is expressed in terms of the

PrPOS IEBRIENENH DuIdERA AAHGS PARPM ARPEHBIRLRE BB

the lubricating oil ‘composition, of a zinc dialkyldithiophosphate having a

secondéryVaIRGIaRSIFH I ERain TR ALNG f @lneeEtianiunieatingdssity and
phosphorys eoRtegs.248he '%f%@&'ﬁ@m'a%eﬁfggﬁ@ ifiaifhg oil

1, wherein the amount of the overbased calcium carboxy aving a
TBN of 100 REROPSFIeR. plore Rverbases e sareoxlstatayingdBN of

on the total afpeLRiPKIERPIRiRIINhEHAe TRARHION & SHYESISH {Brms of

terms of the calcium content. 3. The lubricating oil composition according
to Claim 1, wiférERIGhETRRBIRRtOf the bis-succinimide compound is in the

range of BXide @i bEI0Ae0 Liereiabainanty i Be WPHBHKRNng oi
oil composition and expressed 30 in terms of the nitrogen content. 4. The -

lubricating oiFeBRPSHiReR Afceobiirfy tsicimide comprindnwhaisimtherwt % is
the zinc dialkyehtBiaRhPrPRARSMARE AifegRRdasHRIKY gqup is in the

¢) 0.007 1o 0.15 wt %, based on the total amount of the lubricating oil
composition, of a zinc dialkyldithiophosphate having a secondary

alkyl group, wherein the wt % is expressed in terms of the
phosphorus content.

2. The lubricating oil composition according to Claim 1, wherein the amount
of the overbased calcium carboxylate having a TBN of 100 mg*KOH/g or
more is In the range of 0.38 t6 1.15 wt %, based on the total amount of the
lubricating oil composition and expressed in terms of the calcium content.

3. The lubricating oil composition according to Claim 1, wherein the amount
of the big-succinimide compound is in the range of 0.014 to 0.02 wt %,
based on the total amount of the lubricating oil composition and expressed
in terms of the nitrogen content,

4. The lubricating oil composition according to Claim 1, wherein the amount
of the zin¢ dialkyldithiophosphate having a secondary alky! group is in the
range of 0.036 to 0.072 wt %, based on the total amount of the lubricating
oil composition and expressed in terms of the phosphorus content.

5. The lubricating oil composition according to Claim 1, wherein the

overbased calcium carboxylate having a TBN of 100 mg KOH/g or more
12



range of 0.036 to 0.072 wt %, based on the total amount of the lubricating
35 oil composition and expressed in terms of the phosphorus content. 5.
The lubricating oil composition according to Claim 1, wherein the
overbased calcium carboxylate having a TBN of 100 mg KOH/g or more

12 corfPIYNLSERFEAFRNE0 e wtolrE thm dollayinsrepmprrnc Avarddess than
than Qﬁnwﬂ%qffthféfﬂﬂmﬁ (@ﬁﬂwmﬁ@pompound A Compound B

OrCaO OHO10) OCaOH RR inwhich R is an alkyl group having 12 to

28 carbon atoms. 6. The lubricating oil composition according to Claim 1,
wherein the ihragetindde comg@mgdgﬁ@ared by a thermal reaction
between a poly- butene compound containing 50% or more

methylvinyliderg structure and maleic aDhydrid@, followed by further

reaction of gife resgiting polybutenyl suckinic ahydride with a
polyalkylengpolyarhine containing 4 tp- i ge"ﬁ’%ﬁg*ﬂer molecule. 7.

The lubrjceting oit€amposition accorf] Claim 1, wherein the zinc
gsphate’having a seca

improviﬁ e oxidation stability at high temperatures of an internal
combustion engine, said method comprising operating the internal

range 1 g B A A S e 28 2 R B B Siecosiy
and a) 0.19 to 2.10 wt %, based on the total amount of the lubricating oll
6. The lubricating oil composition according to Claim 1, wherein the bis-

succinimide compound is prepared by a thermal reaction between a poly-
butene compound containing 50% or more methylvinylidene structure and
maleic anhydride, followed by further reaction of the resulting polybutenyl
succinic anhydride with a palyalkylenepolyamine containing 4 to 10
nitrogen atoms per molecule.

7. The lubricating oil composition according to Claim 1, wherein the zine
dialkyldithiophosphate having a secondary alikyl group comprises alky]
groups independently having 3 to 8 carbon atoms.

8. A method of improving the oxidation stability at high temperatures of an
internal combustion engine, sald method comprising operating the intemal
combustion engine with a lubricating oil composition having a TBN in the
range of § to 55 mg KOH/g comprising a base oil of lubricating viscosity
and

a) 0.19 o 2.10 wt %, based on the total amount of the lubricating off
composition, of an overbased calcium carboxylate having a TBN of
100 mg KOH/g or more, wherein the wt % is expressed in terms of
the calcium content;
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composition, of an overbased calcium carboxylate having a TBN of 100
mg KOH/g or more, wherein the wt % is expressed in terms of the
calcium content; 13 b) 0.002 to 0.06 wt %, based on the total amount of

the lubricating qil co itign, of a bis-succinimide compound, wherein
the wt %6 & e%.fé%éférgﬁﬁéaﬁnéo‘ﬁﬁ%@%% {Qiatanomn ef thedvhecating oil
0.15 wt %, basedpesitientaial @M@L@Mﬁsﬁmﬂi&@&@ﬁsp&mamﬁmﬁtm Wt % is
a zinc dialkyldithiophoaphzte havi %’éa%secondary alkyl group, wherein the
Wt % is expreetdE T e MBS LhHB HHEES R SRS aPfe method
accordingcjo G.RAT B, Whereiny) died eh chekssliafBeinss tha (MHcating oil
stroke trunk piston di.ctasel e %ine. 14, o .
composiion, of a zin¢ dialkyldithiophosphate having a secondary
alkyl group, wherein the wt % is expressed in terms of the
phosphorus content.
9. The method according to Claim 8, wherein the internal combustion engine

is a four stroke trunk piston diesel engine.
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