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(57) ABSTRACT 

Lubricating oil compositions for transmissions comprise (A) 
a mineral lubricating oil having a kinematic viscosity of 
from 2.3 to 3.4 mm2/s and a % Cp of 70 or higher de?ned 
by ASTM D 3238, as a base oil, (B) a phosphorus compound 
in an amount of from 0.025 to 0.05 percent by mass in terms 
of phosphorus based on the total mass of the composition, 
and (C) a viscosity index improver in such an amount that 
the composition has a kinematic viscosity of from 5.0 to 6.0 
mm2/s, sulfur being contained in an amount of 0.15 percent 
by mass or less in the composition. The lubricating oil 
compositions are excellent in fuel ef?ciency and capable of 
improving the durabilities of gears and clutches, leading to 
long lasting gear change characteristics. 
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LUBRICATING OIL COMPOSITION FOR 
TRANSMISSIONS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to lubricating oil composi 
tions for transmissions, and more particularly to such lubri 
cating oil compositions Which are excellent in fuel consump 
tion ef?ciency and extreme pressure properties and capable 
of providing gear and clutches With suf?cient durabilities 
such that the long lasting gear change characteristics can be 
obtained. 

[0003] 2. Description of the Prior Art 

[0004] In recent years, for the purpose of reducing the 
amount of carbon dioxide emission With the background of 
environmental issues, it becomes an urgent matter to 
improve the fuel economy of automobiles, resulting in a 
strong demand has been urged and resulted in a strong 
demand for automatic transmissions Which are contributive 
to the improvement of fuel ef?ciency. There is one method 
of making an automatic transmission contributive to the 
improvement of fuel efficiency in Which method to loWer the 
viscosity of an automatic transmission ?uid (ATF). An 
automatic transmission is constituted by a torque converter, 
a Wet clutch, a gear bearing mechanism, and a hydraulic 
control mechanism and Will be contributive to the improve 
ment of fuel ef?ciency using an AT F With a loWer viscosity 
Which can reduce the stirring resistance in the torque con 
verter and the oil pump. 

[0005] HoWever, it is knoWn that a loW viscosity ATF 
reduces the durabilities of gears determining the transmis 
sion ratios and shift clutches, leading to the poor durability 
of the gear change characteristics. LoWering the viscosity of 
an AT F reduces its extreme pressure properties and thus 
causes the gears to be seiZed, resulting in malfunctioning of 
the automatic transmission. The selection of gears determin 
ing transmission ratios is effected by alloWing some of the 
Wet clutches to be coupled and alloWing the other to be idled. 
HoWever, since a loW viscosity ATF reduces the durability of 
Wet clutches, a dynamic friction coef?cient necessary to 
couple the clutches is not generated, resulting in a possibility 
that the gear change may not Work. Therefore, even though 
an ATF is loWered in viscosity, it must be capable of 
maintaining the durabilities of gears and Wet clutches. 

[0006] As one example of the conventional transmission 
oil compositions, there is knoWn one disclosed in Japanese 
Patent Laid-Open Publication No. 1-271494 Which com 
prises a speci?c amount of a base oil containing an ot-ole?n 
oligomer and a petroleum-based lubricant fraction and a 
speci?c amount of a polymethacrylate With a speci?c num 
ber-average molecular Weight and has a kinematic viscosity 
of 7 cSt or greater at 140° C. Japanese Patent Laid-Open 
Publication No. 8-209174 discloses a poWer transmitting 
?uid Whose main purpose is to improve the performance of 
a torque converter clutch in a slip mode and Which com 
prises a base oil containing a hydrogenated mineral oil With 
a speci?c viscosity and a hydrogenated poly-ot-ole?n oligo 
mer With a speci?c viscosity, an acrylic viscosity improver, 
and other additive components and has a viscosity of at least 
6.8 cSt at 100° C. after 40 cycles in the FISST of ASTM 
D-5275 HoWever, these compositions each have a high 
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viscosity While automobile transmission oils currently avail 
able on the market have generally a viscosity of from 7-9 
mm2/s at 100° C. Currently, there is no commercially 
available transmission oil having a viscosity loWer than 
those on the market because it is dif?cult to loWer the 
viscosity While maintaining the durabilities of gears and Wet 
clutches. 

[0007] In vieW of the above-described circumstances, a 
general object of the present invention is to provide a loW 
viscosity transmission lubricating oil composition Which is 
excellent in fuel efficiency and provides gears and Wet 
clutches With suf?cient durabilities such that the long lasting 
gear change characteristics can be obtained. 

SUMMARY OF THE INVENTION 

[0008] According to the present invention, there is pro 
vided a lubricating oil composition for transmissions Which 
comprises a mineral lubricating oil having a kinematic 
viscosity of from 2.3 to 3.4 mm2/s and a % Cp of 70 or 
higher de?ned by ASTM D 3238 (hereinafter referred to as 
“Component (A)”), as a base oil, a phosphorus compound 
(hereinafter referred to as “Component (B)”) in an amount 
of from 0.025 to 0.05 percent by mass in terms of phospho 
rus based on the composition, and a viscosity index 
improver (hereinafter referred to as “Component (C)”) in 
such an amount that the composition has a kinematic vis 
cosity of from 5.0 to 6.0 mm2/s, sulfur being contained in an 
amount of 0.15 percent by mass or less in said composition. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0009] The lubricating oil composition for transmissions 
(hereinafter may be referred to as “lubricating oil composi 
tion” or “lubricating oil”) of the present invention Will be 
described in detail beloW. 

[0010] Component (A) for use in the present invention 
comprises a mineral oil having a kinematic viscosity of from 
2.3 to 3.4 mm2/s and a % Cp of 70 or higher de?ned by 
ASTM D 3238. 

[0011] Due to the use of Component (A) comprising a 
mineral base oil meeting the above-described requirements, 
blended With Components (B) and (C) such that the sulfur 
content is adjusted to a speci?c amount, the resulting com 
position synergistically exhibits excellent fuel ef?ciency and 
extreme pressure properties and provides gears and Wet 
clutches used under severe conditions With excellent dura 
bilities. 

[0012] The upper limit kinematic viscosity of the mineral 
oil is 3.4 mm2/s, preferably 3.3 mm2/s at 100° C., While the 
loWer limit is 2.3 mm2/s, preferably 2.5 mm2/s at 100° C. A 
kinematic viscosity in excess of 3.4 mm2/s at 100° C. is not 
preferred because it causes the increase of friction loss at the 
sites to be lubricated due to the increased ?uid resistance, 
While a kinematic viscosity less than 2.3 mm2/s at 100° C. 
is not also preferred because the resulting composition 
Would be poor in lubricity due to insufficient oil ?lm 
formation at the sites to be lubricated and encounters the 
evaporation loss of the base oil. 

[0013] The % Cp of the mineral base oil de?ned by ASTM 
D 3238 used in the present invention is preferably 71 or 
higher, more preferably 72 or higher, further more prefer 
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ably 73 or higher, and still further preferably 74 or higher 
and is preferably 90 or lower, more preferably 85 or lower, 
and particularly preferably 82 or loWer With the objective of 
obtaining an excellent solubility to additives. The % Cp 
de?ned by ASTM D 3238 used herein refers to a percentage 
of paraf?n carbon number to the total carbon number 
obtained by the ring analysis stipulated by this method. 

[0014] No particular limitation is imposed on the viscosity 
index of mineral base oils used for Component HoW 
ever, the viscosity index is preferably 50 or higher, more 
preferably 80 or higher, and further more preferably 100 or 
higher and is preferably 140 or loWer and more preferably 
130 or loWer With the objective of more excellent loW 
temperature properties. The use of a mineral base oil having 
a viscosity index of 50 or higher makes it possible to obtain 
a lubricating oil composition having the capabilities of both 
oil ?lm formation and How resistance reduction. 

[0015] No particular limitation is imposed on the pour 
point of mineral base oils used for Component (A) as Well. 
HoWever, the pour point is preferably 0° C. or loWer, more 
preferably —5° C. or loWer, and particularly preferably —10° 
C. The use of a mineral base oil having a pour point of 0° 
C. or loWer makes it possible to obtain a lubricating oil 
composition Which is less preventive of the Work of a 
machine at loW temperatures. 

[0016] No particular limitation is imposed on the method 
of producing mineral base oils used for Component For 
example, the mineral base oils may be paraf?nic and naph 
thenic oils Which can be obtained by subjecting a lubricating 
oil fraction produced by atmospheric- or vacuum-distilling a 
crude oil, to one or more re?ning processes such as solvent 
deasphalting, solvent extraction, hydrocracking, solvent 
deWaxing, catalytic deWaxing, hydrore?ning, sulfuric acid 
treating, and clay treatment. These base oils may be used 
singlely or in combination mixed in an arbitrary proportion. 

[0017] More preferred methods of producing mineral base 
oils used in the present invention are as folloWs. 

[0018] For example, the mineral base oils can be obtained 
by re?ning the starting oil or lubricant fractions recovered 
therefrom through usual re?ning processes and then recov 
ering the lubricant fractions. The starting oil may be (1) 
distillate oils resulting from the atmospheric distillation of a 
paraf?n based crude oil and/or of a mixed base crude oil; (2) 
vacuum distillate oils (WVGO) resulting from the vacuum 
distillation of the topped crude of a paraf?n based crude oil 
and/or of a mixed base crude oil; (3) oils resulting from mild 
hydrocracking (MHC) of oils (1) and/or (2); (4) mixed oils 
of tWo or more selected from oils (1), (2), and (3); (5) 
deasphalted oils (DAO) of oils (1) to (4); (6) oils resulting 
from mild hydrocracking of oils (5); and (7) mixed oils of 
tWo or more selected from oils (1) to 

[0019] There is no restriction to the usual re?ning pro 
cesses mentioned above Which, therefore, may be any of the 
re?ning methods used upon production of lubricant base 
oils. Speci?c examples of such re?ning methods are (a) 
hydro-re?ning such as hydrocracking and hydro-?nishing; 
(b) solvent re?ning such as furfral extraction; (c) deWaxing 
such as solvent deWaxing and catalytic deWaxing; (d) clay 
treatment With acid clay or active clay; and (e) acid or alkali 
chemical re?ning such as sulfuric acid Washing and caustic 
soda Washing. In the present invention, one or more of these 
methods may be used in any combination in any order. 

Sep. 9, 2004 

[0020] Particularly preferred mineral oils used in the 
present invention are starting oils selected from the above 
described (1) to (7); products obtained by hydrocracking 
lubricant fractions recovered from the starting oils; or com 
ponents obtained by subjecting lubricant fractions recovered 
from the products to a deWaxing treatment such as solvent 
or catalytic-deWaxing and then solvent-re?ning the resulting 
product, alternatively folloWed by a deWaxing treatment 
such as solvent- or catalytic-deWaxing. 

[0021] Component (A) used in the present invention may 
be a mixture of tWo or more mineral oils obtained by any of 
the above-described re?ning methods or a single kind of 
re?ned mineral oil. HoWever, in either case, base oils used 
for Component (A) must meet the requirements that the 
kinematic viscosity is from 2.3 to 3.4 mm2/s at 100° C. and 
the % Cp de?ned by ASTM D 3238 is 70 or higher. In other 
Words, as long as the requirements are met, any kind of 
mineral oil can be used as Component 

[0022] The mineral base oil used in the present invention 
may contain a small amount of synthetic oils such as 
poly-ot-ole?ns and ester-based synthetic oils. HoWever, in 
the lubricating oil composition of the present invention, 
Component (A) is contained in an amount of preferably at 
least 50 percent by mass, more preferably 60 percent by 
mass or more, further more preferably 75 percent by mass or 
more, and still further more preferably 80 percent by mass 
or more of the base oil. 

[0023] Component (B) contained in the lubricating oil 
composition of the present invention is a phosphorus com 
pound. 
[0024] The content of Component (B) is from 0.025 to 
0.05 percent by mass, preferably from 0.025 to 0.04 percent 
by mass, and particularly preferably from 0.03 to 0.035 in 
terms of phosphorus based on the total mass of the lubri 
cating oil composition With the objective of imparting 
thereto excellent extreme pressure properties. Contents less 
than 0.025 percent by mass in terms of phosphorus are less 
effective to extreme pressure properties, While contents in 
excess of 0.05 percent by mass cause the deterioration of 
oxidation stability of the resulting composition and of dura 
bility of resin materials such as nylon. 

[0025] Examples of phosphorus compound for Compo 
nent (B) are Zinc alkyldithiophosphate, phosphoric acid, 
phosphorous acid, monophosphates, diphosphates, triphos 
phates, monophosphites, diphosphites, triphosphites, salts of 
phosphates and phosphites, thiophosphates, thiophosphites 
and esters thereof, and mixtures thereof. Among these 
components (Component (B)), those other than phosphoric 
acid, thiophosphates, phosphorus acid, and thiophosphites 
are compounds containing a hydrocarbon group having 2 to 
30, preferably 3 to 20 carbon atoms. 

[0026] Examples of hydrocarbon groups having 2 to 30 
carbon atoms are alkyl, cycloalkyl, alkylcycloalkyl, aryl, 
alkylaryl, and arylalkyl groups. 
[0027] Examples of alkyl groups are ethyl, propyl, butyl, 
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, 
tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, and 
octadecyl groups, all of Which may be straight-chain or 
branched. 

[0028] Examples of cycloalkyl groups are those having 5 
to 7 carbon atoms, such as cyclopentyl, cyclohexyl, and 
cycloheptyl groups. 
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[0029] Examples of alkylcycloalkyl groups are those hav 
ing 6 to 11 carbon atoms, of Which the cycloalkyl group may 
possess an alkyl substituent at any position, such as meth 
ylcyclopentyl, dimethylcyclopentyl, methylethylcyclopen 
tyl, diethylcyclopentyl, methylcyclohexyl, dimethylcyclo 
hexyl, methylethylcyclohexyl, diethylcyclohexyl, 
methylcycloheptyl, dimethylcycloheptyl, methylethylcyclo 
heptyl and diethylcycloheptyl groups. 

[0030] Examples of alkenyl groups are butenyl, pentenyl, 
hexenyl, heptenyl, octenyl, nonenyl, decenyl, undecenyl, 
dodecenyl, tridecenyl, tetradecenyl, pentadecenyl, hexade 
cenyl, heptadecenyl and octadecenyl groups, all of Which 
may be straight-chain or branched and the position of Which 
the double bond may vary. 

[0031] Examples of aryl groups are phenyl and naphthyl. 
Examples of alkylaryl groups are those having 7 to 18 
carbon atoms, such as tolyl, xylyl, ethylphenyl, propylphe 
nyl, butylphenyl, pentylphenyl, hexylphenyl, heptylphenyl, 
octylphenyl, nonylphenyl, decylphenyl, undecylphenyl, and 
dodecylphenyl groups, all of Which the alkyl group may be 
straight-chain or branched and may bond to any position of 
the aryl group. 

[0032] Examples of arylalkyl groups are those having 7 to 
12 carbon atoms, such as benZyl, phenylethyl, phenylpropyl, 
phenylbutyl, phenylpentyl and phenylhexyl groups, all of 
Which may be straight-chain or branched. 

[0033] Preferred compounds as Component (B) are phos 
phoric acid; phosphorus acid; Zinc alkyldithiophosphates, of 
Which the alkyl group may be straight-chain or branched, 
such as Zinc dipropyldithiophosphate, Zinc dibutyldithio 
phosphate, Zinc dipentyldithiophospahte, Zinc dihexy 
ldithiophospahte, Zinc diheptyldithiophospahte, and Zinc 
dioctyldithiophospahte; monoalkyl phosphates, of Which the 
alkyl group may be straight-chain or branched, such as 
monopropyl phosphate, monobutyl phosphate, monopentyl 
phosphate, monohexyl phosphate, monoheptyl phospahte 
and monooctyl phosphate; mono(alkyl)aryl phosphates such 
as monophenyl phospahte and monocresyl phosphate; 
dialkyl phosphates, of Which the alkyl group may be 
straight-chain or branched, such as dipropyl phosphate, 
dibutyl phosphate, dipentyl phospahte, dihexyl phosphate, 
diheptyl phosphate and dioctyl phospahte; di(alkyl)aryl 
phosphates such as diphenyl phosphate and dicresyl 
phospahte; trialkyl phosphates, of Which the alkyl group 
may be straight-chain or branched, such as tripropyl phos 
phate, tributyl phosphate, tripentyl phosphate, trihexyl phos 
phate, triheptyl phosphate and trioctyl phosphate; tri(alky 
l)aryl phosphates such as triphenyl phosphate and tricresyl 
phosphate; monoalkyl phosphites, of Which the alkyl group 
may be straight-chain or branched, such as monopropyl 
phosphite, monobutyl phosphite, monopentyl phosphite, 
monohexyl phosphite, monoheptyl phosphite and monooc 
tyl phosphite; mono(alkyl)aryl phosphites such as monophe 
nyl phosphite and monocresyl phosphite; dialkyl phosphites, 
of Which the alkyl group may be straight-chain or branched, 
such as dipropyl phosphite, dibutyl phosphite, dipentyl 
phosphite, dihexyl phosphite, diheptyl phosphite and dioctyl 
phosphite; di(alkyl)aryl phosphites such as diphenyl phos 
phite and dicresyl phosphite; trialkyl phosphites, of Which 
the alkyl group may be straight-chain or branched, such as 
tripropyl phosphite, tributyl phosphite, tripentyl phosphite, 
trihexyl phosphite, triheptyl phosphite and trioctyl phos 
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phite; tri(alkyl)aryl phosphites, of Which the alkyl group 
may be straight-chain or branched, such as triphenyl phos 
phite and tricresyl phosphite; and mixtures thereof. 

[0034] Speci?c examples of salts of phosphites and phos 
phates are those obtained by alloWing a monophosphate, a 
diphosphate, a monophosphite, or a diphosphite to react With 
a nitrogen-containing compound such as ammonia or an 
amine compound having in its molecules only hydrocarbon 
or hydroxyl-containing groups having 1 to 8 carbon atoms 
so as to neutraliZe the Whole or part of the remaining acid 
hydrogen. 
[0035] Speci?c examples of the nitrogen-containing com 
pound are ammonia; alkylamines, of Which the alkyl group 
may be straight-chain or branched, such as monomethy 
lamine, monoethylamine, monopropylamine, monobuty 
lamine, monopentylamine, monohexylamine, monohepty 
lamine, monooctylamine, dimethylamine, 
methylethylamine, diethylamine, methylpropylamine, ethyl 
propylamine, dipropylamine, methylbutylamine, ethylbuty 
lamine, propylbutylamine, dibutylamine, dipentylamine, 
dihexylamine, diheptylamine and dioctylamine; alkanola 
mines, of Which the alkanol group may be straight-chain or 
branched, such as monomethanolamine, monoethanolamine, 
monopropanolamine, monobutanolamine, monopentanola 
mine, monohexanolamine, monoheptanolamine, monooc 
tanolamine, monononanolamine, dimethanolamine, metha 
nolethanolamine, diethanolamine, methanolpropanolamine, 
ethanolpropanolamine, dipropanolamine, methanolbutano 
lamine, ethanolbutanolamine, propanolbutanolamine, dibu 
tanolamine, dipentanolamine, dihexanolamine, diheptanola 
mine and dioctanolamine; and mixtures thereof. One or 
more of these Components (B) may be blended arbitrarily. 

[0036] Phosphites and/or thiophosphites are preferably 
used as Component (B) of the lubricating oil composition of 
the present invention. 

[0037] Viscosity index improvers, i.e., Component (C) are 
non-dispersion type and/or dispersion type viscosity index 
improvers. 
[0038] Speci?c examples of the non-dispersion type-vis 
cosity index improvers are copolymers of one or more 
monomers selected from the group consisting of compounds 
represented by formulas (1), (2) and (3) beloW, and hydrides 
of the copolymers: 

(1) 
R1 
/ 

CH2=C 

cooR2 
(2) 

R3 
/ 

CH2=C 
\ 
R4 

(3) 
CH: CH 

/ 
x1 x2 

[0039] Speci?c examples of dispersion type-viscosity 
index improvers are copolymers of tWo or more monomers 
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selected from the group consisting of compounds repre 
sented by formulas (4) and (5) below; ones obtained by 
introducing an oxygen-containing group into hydrides of the 
copolymers; copolymers of one or more monomers selected 
from the group consisting of compounds represented by 
formulas (1), (2) and (3) above With one or more monomers 
selected from the group consisting of compounds repre 
sented by formulas (4) and (5) beloW; and hydrides of the 
copolymers: 

(4) 
R5 
/ 

CH2: c 

coo— (R6 )TYI 

(5) 
R7 
/ 

CH2: c 

[0040] In formula (1) above, R1 is hydrogen or methyl, 
and R2 is an alkyl group having 1 to 18 carbon atoms. 

[0041] Speci?c examples of alkyl groups having 1 to 18 
carbon atoms for R2 are alkyl groups, Which may be straight 
chain or branched, such as methyl, ethyl, propyl, butyl, 
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, 
tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, and 
octadecyl groups. 

[0042] In formula (2) above, R3 is hydrogen or methyl, 
and R4 is a hydrocarbon group having 1 to 12 carbon atoms. 

[0043] Speci?c examples of hydrocarbon groups having 1 
to 12 carbon atoms for R4 are alkyl groups, Which may be 
straight-chain or branched, such as methyl, ethyl, propyl, 
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, and 
dodecyl groups; alkenyl groups, Which may be straight 
chain or branched and the position of Which the double bond 
may vary, such as butenyl, pentenyl, hexenyl, heptenyl, 
octenyl, nonenyl, decenyl, undecenyl, and dodecenyl 
groups; cycloalkyl groups having 5 to 7 carbon atoms, such 
as cyclopentyl, cyclohexyl, and cycloheptyl groups; alkyl 
cycloalkyl groups, of Which the alkyl group may bonded to 
any position of the cycloalkyl group, having 6 to 11 carbon 
atoms, such as methylcyclopentyl, dimethylcyclopentyl, 
methylethylcyclopentyl, diethylcyclopentyl, methylcyclo 
hexyl, dimethylcyclohexyl, methylethylcyclohexyl, diethyl 
cyclohexyl, methylcycloheptyl, dimethylcycloheptyl, meth 
ylethylcycloheptyl, and diethylcycloheptyl groups; aryl 
groups such as phenyl and naphtyl groups; alkylaryl groups, 
of Which the alkyl group may be straight-chain or branched 
and bond to any position of the aryl group, having 7 to 12 
carbon groups, such as tolyl, xylyl, ethylphenyl, propylphe 
nyl, butylphenyl, pentylphenyl, and hexylphenyl groups; 
and arylalkyl groups, of Which the alkyl group may be 
straight-chain or branched, having 7 to 12 carbon atoms, 
such as benZyl, phenylethyl, phenylpropyl, phneylbutyl, 
phenylpentyl, and phenylhexyl groups. 

[0044] In formula (3) above, X1 and X2 are each indepen 
dently hydrogen, an alkoxy having 1 to 18 carbon atoms 
represented by the formula —OR1O wherein R10 is an alkyl 
group having 1 to 18 carbon atoms, or a monoalkylamine 
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having 11 to 18 carbon atoms represented by the formula 
—NHR Wherein R1 is an alkyl group having 1 to 18 carbon 
atoms. 

[0045] In formula (4) above, R5 is hydrogen or methyl, R6 
is an alkylene group having 1 to 18 carbon atoms, Y1 is an 
amine residue or heterocyclic residue having 1 or 2 nitrogen 
and 0 to 2 oxygen, and a is an integer of 0 or 1. 

[0046] Speci?c examples of alkylene groups having 1 to 
18 carbon atoms for R6 are ethylene, propylene, butylene, 
pentylene, hexylene, heptylene, octylene, nonylene, 
decylene, undecylene, dodecylene, tridecylene, tetrade 
cylene, pentadecylene, hexadecylene, heptadecylene, and 
octadecylene groups, all of Which may be straight-chain or 
branched. 

[0047] Speci?c examples of groups represented by Y2 are 
dimethylamino, diethylamino, dipropylamino, dibuty 
lamino, anilino, toluidino, xylidino, acetylamino, benZoil 
amino, morpholino, pyrrolyl, pyrrolino, pyridyl, methylpy 
ridyl, pyrolidinyl, piperidinyl, quinonyl, pyrrolidonyl, 
pyrrolidono, imidaZolino, and pyraZino groups. 

[0048] In formula (5), R7 is hydrogen or methyl, and Y2 is 
an amino- or heterocyclic-residue having 1 or 2 nitrogen and 
0 to 2 oxygen. 

[0049] Speci?c examples of groups represented by Y2 are 
dimethylamino, diethylamino, dipropylamino, dibuty 
lamino, anilino, toluidino, xylidino, acetylamino, benZoil 
amino, morpholino, pyrrolyl, pyrrolino, pyridyl, methylpy 
ridyl, pyrolidinyl, piperidinyl, quinonyl, pyrrolidonyl, 
pyrrolidono, imidaZolino, and pyraZino groups. 

[0050] Preferred one or more monomers selected from 
compounds of formulas (1)-(3) above are alkylacrylates 
having 1 to 18 carbon atoms, alkylmethacrylates having 1 to 
18 carbon atoms, ole?ns having 2 to 20 carbon atoms, 
styrene, methylstyrene, maleic anhydride ester, maleic an 
hydride amide, and mixtures thereof. 

[0051] Preferred one or more monomers selected from 
compounds of formulas (4) and (5) are dimethylaminom 
ethylmethacrylate, diethylaminomethylmethacrylate, dim 
ethylaminoethylmethacrylate, diethylaminoethylmethacry 
late, 2-methyl-5-vinylpyridine, 
morpholinomethylmethacrylate, morpholinoethylmethacry 
late, N-vinylpyrrolidone, and mixtures thereof. 

[0052] When one or more monomers selected from com 

pounds of formulas (1)-(3) is copolymeriZed With one or 
more monomers selected from compounds of formulas (4) 
and (5), the molar ratio of the former to the latter is Within 
the range of 80:20 to 95:5. Although no particular limitation 
is imposed on the copolymeriZation method, such copoly 
mers are generally obtained by radical-solution polymeriZa 
tion of the former With the latter in the presence of a 
polymeriZation initiator such as benZoyl peroxide. 

[0053] Speci?c examples of the viscosity index improvers 
are non-dispersion type- and dispersion type-polymethacry 
lates, non-dispersion type- and dispersion type-ethylene-ot 
ole?n copolymers and hydrides thereof, polyisobutylene and 
hydrides thereof, styrene-diene hydrogenated copolymers, 
styrene-maleic anhydrides copolymers, and polyalkylsty 
rene. 

[0054] The molecular Weight of Component (C) is pref 
erably selected in vieW of shear stability. Speci?cally, it is 
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desired that the dispersion type and non-dispersion type 
polymethacrylates have a number-average molecular Weight 
of 5,000 to 150,000, preferably 5,000 to 35,000. It is also 
desired that the polyisobutylnes and hydrides thereof have a 
number-average molecular Weight of 800 to 5,000, prefer 
ably 2,000 to 4,000. Polyisobutylenes and hydrides thereof 
having a number-average molecular Weight of less than 800 
Would be poor in thickening properties, While those having 
a number-average molecular Weight in excess of 5,000 
Would deteriorate the shear stability and loW-temperature 
?oWability of the resulting lubricating oil composition. 

[0055] The lubricating oil composition of the present 
invention contains Component (C) in such an amount that 
the kinematic viscosity of the composition is made to from 
5.0 to 6.0 mm2/s at 100° C. One or more compounds 
selected from these viscosity index improvers may be 
blended in an arbitrary amount. A lubricating oil composi 
tion With a kinematic viscosity less than 5.0 mm2/s at 100° 
C. is deteriorated in Wear resistance, While one With a 
kinematic viscosity in excess of 6.0 mm2/s at 100° C. can not 
obtain a fuel ef?ciency as intended by the present invention. 
As long as the lubricating oil composition of the present 
invention has a kinematic viscosity at 100° C. Within the 
above-described range, the content of Component (C) is 
arbitrarily selected. HoWever, the content is generally from 
0.1 to 20 percent by mass, based on the total mass of the 
composition. 

[0056] The upper limit sulfur content in the lubricating oil 
composition is 0.15 percent by mass, preferably 0.14 percent 
by mass, based on the total mass of the composition. A 
lubricating oil composition With a sulfur content in excess of 
0.15 percent by mass reduces the durability of Wet clutches. 
No particular limitation is imposed on the loWer limit of 
sulfur content. HoWever, the loWer limit is preferably 0.02 
percent by mass, more preferably 0.03 percent by mass, and 
particularly preferably 0.05 percent by mass With the objec 
tives of producing a composition Which is excellent in metal 
fatigue life and high in seiZuring load. Examples of com 
pounds containing sulfur are base oils containing sulfur 
contained in Component (A), phosphorus compounds con 
taining sulfur contained in Component (B), compounds 
generally used in AT Fs such as thiaZole compounds, thia 
diaZole compounds, dithiocarbamate compounds, molybde 
num dithiocarbamate compounds, dihydrocarbylpolysul?de 
compounds, sulfuriZed ester compounds, alkaline earth 
metal sulfonates, and alkaline earth metal phenates, or 
sulfuric compounds contained in diluent oils (light lubricant 
base oil or the like) for additives. 

[0057] In the present invention, a lubricating oil compo 
sition of the present invention Which is excellent in fuel 
ef?ciency and extreme pressure properties for gears and 
capable of providing Wet clutches With durability can be 
obtain by blending Component (A) as the base oil and 
Components (B) and (C) in speci?c amounts such that the 
kinematic viscosity of the resulting composition is made to 
from 5.0 to 6.0 mm2/s at 100° C. and the sulfur content is 
made to 0.15 percent by mass or less, based on the total mass 
of the composition. In order to further enhance the proper 
ties, there may be added ashless dispersants such as succin 
imides, metallic detergents such as calcium sulfonates, 
extreme pressure additives other than Component (B), fric 
tion modi?ers, phenol- or amine-based oxidation inhibitors, 
rust inhibitors, corrosion inhibitors such as thiadiaZoles, 

Sep. 9, 2004 

pour-point depressants, rubber sWelling agents, antifoamers, 
and coloring agents. These additives may be used singlely or 
in combination. The amounts of these additives based on the 
total mass of the composition are from 0.1 to 10 percent by 
mass for ashless dispersants and metallic detergents, from 
0.01 to 5 percent by mass for extreme pressure additives, 
friction modi?ers, oxidation inhibitors, rust inhibitors, cor 
rosion inhibitors, pour-point depressants, and rubber sWell 
ing agents, and from 0.0001 to 0.05 percent by mass for 
antifoamers and coloring agents. 

[0058] The present invention Will be further described in 
the folloWing examples, but the present invention should not 
be construed as being limited thereto. 

EXAMPLES 

Examples 1 to 6 and Comparative Examples 1 to 5 

[0059] Various lubricating oil compositions Were prepared 
in accordance With the formulations shoWn in Tables 1 
(Examples) and 2 (Comparative Examples). Various addi 
tives Were added in amounts based on the total mass of the 
composition. 
[0060] Each of the resulting lubricating oil compositions 
Was evaluated by (1) gear-shifting property test and (2) 
extreme pressure test, and the results Were also shoWn in 
Tables 1 and 2. 

[0061] (1) Gear-Shift Property Test 

[0062] Each of the compositions Was subjected to a test for 
evaluating its friction property for Wet clutches. 

[0063] The friction property test for Wet clutches Was 
conducted in accordance With JASO M348-95 “Test Method 
for Friction Property of Automatic Transmission Fluids” 
using an SAE No. 2 test machine under the folloWing 
conditions thereby evaluating the durability of the shifting 
properties of a clutch. 

[0064] (Test Conditions) 
[0065] Fluid Temperature: 120° C. 

[0066] 
[0067] 
[0068] 
[0069] 
[0070] 

[0071] The rest of the conditions Were determined in 
accordance With JASO M348-95. 

[0072] In this test, only the dynamic friction test Was 
conducted Wherein after the clutch Was rotated at the con 
stant speed of 5,000 rpm Without load using ?yWheels With 
a moment of inertia of 0.343 kg-m, the clutch Was stopped 
by applying a pressure thereto. The friction coef?cient Was 
calculated from the torque generated When the number of 
revolutions of the clutch Was reduced to 1,800 rpm and Was 
de?ed as the dynamic friction coef?cient. 

[0073] (Evaluation Criterion) 

Number of Revolutions: 5,000 rpm 

Moment of Inertia: 0.343 kg-m 

Pushing Load: 0.785 kPa 

Number of Tests: 2500 

Pressing Time: 4 seconds 

[0074] 2,500 cycles of the dynamic friction test Was con 
ducted for each of the compositions such that the durability 
of shifting properties thereof Was evaluated by the difference 
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between the dynamic friction coef?cient after 500 cycles and 
that after 2,500 cycles. When the difference Was Within 0.02, 
the composition Was evaluated to be excellent in the dura 
bility. 

[0075] (2) Extreme Pressure Property Test. 

[0076] The extreme pressure property test Was conducted 
using a Shell four-ball testing machine in accordance With 
ASTM D 2783 “Standard Test Method for Measurement of 
Extreme-Pressure Property of Lubricating Fluids (Four-Ball 
Method)”. One steel ball Was ?xed on the rotating axis and 
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three steel balls Were placed in the vessel such that all the 
four balls contact With each other. The vessel Was ?lled With 
a sample oil. A load Was applied to the three balls by 
pressing the ball on the rotation axis While the axis Was held 
stationary. Thereafter, the rotation axis Was rotated at a speed 
of 1,760140 rpm for 10 seconds and the load Was increased 
until Welding occurs so as to obtain the last non-seiZure load 
Which is the last load at Which the measured scar diameter 
is not more than 105 percent above the compensation scar 
diameter at the load. The higher the last non-seiZure load, the 
better the extreme pressure properties of the sample. 

TABLE 1 

Example 1 Example 2 Example 3 Example 4 Example 5 Example 6 

Component (A) 

Base Oil 11) mass % 70.1 40.0 63.6 29.7 63.6 63.6 

Base Oil 22) mass % 13.4 46.9 12.7 21.2 12.7 12.7 

Base Oil 33) mass % 0.0 0.0 8.5 17.0 8.5 8.5 

Base Oil 44) mass % 0.0 0.0 0.0 17.0 0.0 0.0 

Kinematic Viscosity of mmz/s 2.8 3.3 3 3 3 3 

Component (A) (1000 C.) 
% Cp of Component (A) 74 76 73 71 73 73 
Component (B) 

Phosphorus Additive 15) mass % 0.2 0.2 0.2 0.2 0.15 0.10 

Phosphorus Additive 26) mass % 0.17 0.34 
Phosphorus Content in mass % 0.03 0.03 0.03 0.03 0.03 0.03 

Component (B) 
Sulfur Content in mass % 0.00 0.00 0.00 0.00 0.026 0.052 

Component (B) 
Component (C) 

Viscosity Index Improver7) mass % 12 8.6 10.7 10.7 10.7 10.7 
Other Additives 

Ashless Dispersantg) mass % 3.0 3.0 3.0 3.0 3.0 3.0 

Ca-based Detergentg) mass % 0.1 0.1 0.1 0.1 0.1 0.1 
Friction Modi?erm) mass % 0.1 0.1 0.1 0.1 0.1 0.1 

Oxidation Inhibitor 111) mass % 0.5 0.5 0.5 0.5 0.5 0.5 

Oxidation Inhibitor 212) mass % 0.5 0.5 0.5 0.5 0.5 0.5 
Corrosion Inhibitor13) mass % 0.1 0.1 0.1 0.1 0.1 0.1 

Antifoamer“) mass % 0.002 0.002 0.002 0.002 0.002 0.002 

Kinematic Viscosity of mmz/s 5.5 5.5 5.5 5.5 5.5 5.5 
Composition (1000 C.) 
Sulfur Content in Composition mass % 0.07 0.07 0.08 0.13 0.11 0.13 

SAE No. 2 Test 

Friction Coe?icient after 500 cycles 0.12 0.12 0.12 0.12 0.12 0.12 

Friction Coe?icient after 2,500 cycles 0.11 0.11 0.11 0.11 0.11 0.11 
Last Non-Seizure Load N 618 618 618 618 618 785 

1)Hydrogenated Re?ned Base Oil (viscosity index 105, % Cp 73) 
2)Hydrogenated Re?ned Base Oil (viscosity index 125, % Cp 79) 
3)Solvent Re?ned Base Oil (viscosity index 95, % Cp 67) 
4)Solvent Re?ned Base Oil (viscosity index 95, % Cp 61) 
5)Phosphite (phosphorus content 16.4 mass %) 
6)Trithiophosphite (phosphorus content 4.9 mass %, sulfur content 15.2 mass %) 

7)Non Dispersion Type Polymethacrylate (Weight average molecular Weight 20,000) 
8)Polybutenyl Succinimide (bistype) 
9)Calcium Sulfonate (total acid value 300 mgKOH/g) 
1U)Amine—based 
11)Dialkyldiphenylamine 
12)Bis phenol-based 
13>I‘hiadiazole-based 
14)Polydimethylsiloxane 
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[0077] 

TABLE 2 

Comparative Comparative Comparative Comparative Comparative 
Example 1 Example 2 Example 3 Example 4 Example 5 

Component (A) 

Base Oil 11) mass % 33.9 0.0 63.6 63.7 0.0 
Base Oil 22) mass % 8.5 0.0 12.7 12.7 0.0 
Base on 33) mass % 25.4 46.6 8.5 8.5 0.0 
Base Oil 44) mass % 17.0 38.2 0.0 0.0 78.4 
Kinematic Viscosity of mm2/s 3 3 3 3 2 1 
Component (A) (1000 C.) 
% Cp of Component (A) 69 64 73 73 61 
Component (B) 

Phosphorus Additive 15) mass % 0.2 0.2 0.05 0.1 0.2 
Phosphorus Additive 26) mass % 0.51 
Phosphorus Content in mass % 0.03 0.03 0.03 0.02 0.03 
Component (B) 
Sulfur Content in mass % 0.00 0.00 0.078 0.00 0.00 
Component (B) 
Component (C) 

Viscosity Index Improver7) mass % 10.7 10.7 10.7 10.7 17.1 
Other Additives 

Ashless Dispersantg) mass % 3.0 3.0 3 0 3.0 3 0 
Ca-based Detergentg) mass % 0.1 0.1 0 1 0.1 0 1 
Friction Modi?erm) mass % 0.1 0.1 0 1 0.1 0 1 
Oxidation Inhibitor 111) mass % 0.5 0.5 0 5 0.5 0 5 
Oxidation Inhibitor 212) mass % 0.5 0.5 0 5 0.5 0 5 
Corrosion Inhibitor13) mass % 0.1 0.1 0.1 0.1 0.1 
Antifoamer14) mass % 0.002 0.002 0 002 0.002 0 002 
Kinematic Viscosity of mm2/s 5.5 5.5 5 5 5.5 5 5 
Composition (1000 C.) 
Sulfur Content in Composition mass % 0.14 0.22 0 16 0.07 0 23 
SAE No. 2 Test 

Friction Coe?icient after 500 cycles 0.12 0.12 0.12 0.11 0.13 
Friction Coe?icient after 2,500 cycles 0.09 0.08 0.09 0.11 0.08 
Last Non-Seizure Load N 618 618 785 392 392 

1)Hydrogenated Re?ned Base Oil (viscosity index 105, % Cp 73) 
2)Hydrogenated Re?ned Base Oil (viscosity index 125, % Cp 79) 
3)Solvent Re?ned Base Oil (viscosity index 95, % Cp 67) 
4)Solvent Re?ned Base Oil (viscosity index 95, % Cp 61) 
5)Phosphite (phosphorus content 16.4 mass %) 
6)I‘rithiophosphite (phosphorus content 4.9 mass %, sulfur content 15.2 mass %) 
7)Non Dispersion Type Polymethacrylate (Weight average molecular Weight 20,000) 
8)Polybutenyl Succinimide (bistype) 
9)Calcium Sulfonate (total acid value 300 mgKOH/g) 
1U)Amine—based 
11)Dialkyldiphenylamine 
12)Bis phenol-based 
13)Thiadiazole—based 
14)Polydimethylsiloxane 

[0078] As apparent from the test results shown in Tables 
1 and 2, the lubricating oil compositions according to the 
present invention (Examples 1 to 6) Were less in the reduc 
tion of dynamic friction coef?cient and high in extreme 
pressure properties. 

[0079] Whereas, the lubricating oil composition contain 
ing a mineral base oil Whose % Cp Was less than 70 
(Comparative Example 1) and the composition containing a 
mineral base oil Whose % Cp Was less than 70 and contain 
ing more than 0.15 percent by mass of sulfur (Comparative 
Example 2) Were large in the reduction of dynamic friction 
coef?cient, While the composition containing a sulfur-con 
taining phosphorus compound and thus containing sulfur in 
an amount of more than 0.15 percent by mass of the 

composition (Comparative Example 3) Was high in extreme 
pressure properties but large in the reduction of dynamic 
friction coef?cient. The composition containing a phospho 
rus compound in an amount of less than 0.025 percent by 
mass in terms of phosphorus (Comparative Example 4) Was 
signi?cantly reduced in extreme pressure properties, While 
the composition Whose Component (A) does not meet the 
requirements of the base oil kinematic viscosity and % Cp 
and sulfur content exceeds the range de?ned by the present 
invention (Comparative Example 5) Was large in the reduc 
tion of dynamic friction coefficient and poor in extreme 
pressure properties. 

[0080] The lubricating oil composition of the present 
invention With the above described structure can not only be 
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expected to make a transmission contributive to enhance the 
fuel efficiency due to its ability of reducing the stirring 
resistance in a torque converter or an oil pump but also 
provide Wet clutches With a sufficient durability and obtain 
eXcellent extreme pressure properties. Therefore, the lubri 
cating oil composition of the present invention is extremely 
useful as a fuel efficient type transmission oil composition 
Which is completely different from the conventional ones. 

What is claimed is: 
1. A lubricating oil composition for transmissions Which 

comprises (A) a mineral lubricating oil having a kinematic 
viscosity of from 2.3 to 3.4 mm2/s and a % Cp of 70 or 
higher de?ned by ASTM D 3238, as a base oil, (B) a 
phosphorus compound in an amount of from 0.025 to 0.05 
percent by mass in terms of phosphorus based on the total 
mass of said composition, and (C) a viscosity indeX 
improver in such an amount that said composition has a 
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kinematic viscosity of from 5 .0 to 6.0 mm2/s, sulfur being 
contained in an amount of 0.15 percent by mass or less in 

said composition. 
2. The lubricating oil composition for transmissions 

according to claim 1 Which comprises (A) a mineral lubri 
cating oil having a kinematic viscosity of from 2.5 to 3.3 
mm2/s and a % Cp of from 74 to 82 de?ned by ASTM D 
3238, as a base oil, (B) a phosphorus compound in an 
amount of from 0.03 to 0.035 percent by mass in terms of 
phosphorus based on the total mass of said composition, and 
(C) a viscosity indeX improver in such an amount that said 
composition has a kinematic viscosity of from 5.0 to 6.0 
mm2/s, sulfur being contained in an amount of from 0.05 to 
0.14 percent by mass or less in said composition. 


