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EP 2 009 084 B1
Description
Technical Field

[0001] The present invention relates to a lubricating base oil and a process for its production, and to a lubricating oil
composition, a lubricating oil composition for an internal combustion engine, a lubricating oil composition for a wet clutch
and a lubricating oil composition for a drive-train.

Background Art

[0002] In the field of lubricating oils, additives have been added to lubricating base oils such as highly refined mineral
oils, to improve the properties such as the viscosity-temperature characteristics or heat and oxidation stability of the
lubricating oils (for example, see Patent documents 1-9).

[0003] Forexample, lubricating oils used in internal combustion engines such as automobile engines require heat and
oxidation stability that allows them to withstand harsh conditions for prolonged periods. In order to ensure heat and
oxidation stability for conventional internal combustion engine lubricating oils, it is common to use highly refined base
oils such as hydrocracked mineral oils or high performance base oils such as synthetic oils, with addition of peroxide-
decomposable sulfur-containing compounds such as zinc dithiophosphate (ZDTP), molybdenum dithiocarbamate (MoD-
TC), or ashless antioxidants such as phenol-based or amine-based antioxidants to the base oils.

[0004] In motorcycles with 4-stroke internal combustion engines, on the other hand, lubrication of the internal com-
bustion engine, transmission and wet clutch is accomplished using the same lubricating oil. The lubricating oil used,
therefore, must exhibit properties suitable for lubrication of transmissions and wet clutches, in addition to the performance
generally required as an automobile lubricating oil. For this reason it is not desirable to apply lubricating oils for four-
wheeled vehicles directly as lubricating oils for such motorcycles, and therefore research is being conducted toward
developing lubricating oils suitable for 4-stroke internal combustion engines for motorcycles (see Patent document 7,
for example).

[0005] With the recent emphasis on environmental issues including reduction of carbon dioxide gas emissions, the
goal of reducing energy consumption (fuel efficient) in automobiles, construction equipment, agricultural machinery and
the like has become a matter of urgency, and it is highly desirable for drive-trains such as gearboxes and final reduction
gears to help contribute to reduced energy consumption. Fuel efficiency of drive-trains can be achieved by methods that
lower the viscosity of the lubricating oil to reduce stirring resistance and friction resistance against the sliding surfaces.
For example, gearboxes used as automobile automatic transmissions or continuously variable transmissions comprise
a torque converter, wet clutch, gear bearing mechanism, oil pump, overpressure control mechanism and the like, while
manual transmissions and final reduction gears include a gear bearing mechanism, and by reducing the viscosity of the
lubricating oils used therein to lower stirring resistance and friction resistance, it is possible to improve power transmission
efficiency and achieve fuel savings. However, reducing the viscosity of the lubricating oil also results in lower lubricity
(wear resistance, prevention of seizure properties, fatigue life, etc.), which is disadvantageous for gearboxes. Also,
addition of phosphorus-based extreme-pressure agents to guarantee wear resistance for lubricating oils with reduced
viscosity can significantly shorten the fatigue life. In addition, while sulfur-based extreme-pressure agents are effective
for improving fatigue life, it is generally known that the effect of the lubricating base oil viscosity in low viscosity lubricating
base oils is greater than that of the additives. One strategy for ensuring lubricity when lowering the viscosity of lubricating
oils for increased fuel efficiency has been to optimize the combinations of phosphorus-based extreme-pressure agents
and sulfur-based extreme-pressure agents added to lubricating base oils (for example, see Patent documents 8 and 9).

[Patent document 1] Japanese Unexamined Patent Publication HEI No. 4-36391
[Patent document 2] Japanese Unexamined Patent Publication SHO No. 63-223094
[Patent document 3] Japanese Unexamined Patent Publication HEI No. 8-302378
[Patent document 4] Japanese Unexamined Patent Publication HEI No. 9-003463
[Patent document 5] Japanese Unexamined Patent Publication HEI No. 4-68082
[Patent document 6] Japanese Unexamined Patent Publication HEI No. 4-120193
[Patent document 7] Japanese Unexamined Patent Publication No. 2003-41283
[Patent document 8] Japanese Unexamined Patent Publication No. 2004-262979
[Patent document 9] Japanese Unexamined Patent Publication No. 2004-262980

[0006] WO-A-96/17902 relates to the production of high viscosity index lubricant compositions. The examples of this
prior art disclose compositions comprising more than 90 wt% of paraffins, 1 to 5 wt% of mononaphthenes, 1 to 4 wt%
of polynaphthenes, and up to 3 wt% of aromatics.
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Disclosure of the Invention

Problems to be Solved by the Invention

[0007] With the ever increasing demand for improved properties of lubricating oils in recent years, the conventional
lubricating base oils described in Patent documents 1-9 are often less than satisfactory in terms of viscosity-temperature
characteristic and heat and oxidation stability. Moreover, only limited improvement in properties can be achieved by
addition of additives to conventional lubricating base oils. The present invention has been accomplished in light of these
circumstances, and its object is to provide a lubricating base oil that exhibits excellent viscosity-temperature character-
istics and heat and oxidation stability while also allowing additives to exhibit a higher level of function when additives
are included, as well as a process for its production, and a lubricating oil composition.

Means for Solving the Problems

[0008] The present invention provides:

(1) A lubricating base oil characterized by comprising saturated components of 90 % by mass or greater, wherein
the proportion of cyclic saturated components among the saturated components is not greater than 40 % by mass
and wherein the proportion of bicyclic or greater saturated components among the saturated components is 5 % by
mass or greater and not greater than 11 % by mass, and by having a viscosity index of 110 or higher and an iodine
value of not greater than 2.5 g |,/ 100g,

wherein the mass ratio of monocyclic saturated components and bicyclic or greater saturated components among
the cyclic saturated components satisfies the condition represented by the following inequality (1):

Ma/Mg < 3 (1)

wherein M, represents the mass of monocyclic saturated components and Mg represents the mass of bicyclic or
greater saturated components,

wherein the proportion of branched paraffins in the lubricating base oil is 54 to 99 % by mass,

wherein the lubricating base oil is (I) a lubricating base oil with a kinematic viscosity at 100°C of 1.5 mm?/s or greater
and less than 3.5 mm2/s and a viscosity index of 110-135, (I1) a lubricating base oil with a kinematic viscosity at
100°C of 3.0 mm2/s or greater and less than 4.5 mmZ2/s and a viscosity index of 135-150, or (lll) a lubricating base
oil with a kinematic viscosity at 100°C of 4.5 to 20 mm2/s and a viscosity index of 135-180, and wherein the pour
point of the lubricating base oil is not higher than -15°C.

(2) A lubricating base oil according to item (1), characterized in that the proportion of bicyclic or greater saturated
components among the saturated components is 0.1 % by mass or greater.

(3) A lubricating base oil according to item (1) or (2), characterized by having an aromatic components content of
0.1-7 % by mass.

(4) A lubricating base oil according to any one of items (1) to (3), characterized by having a kinematic viscosity at
100°C of 3.5-6 mmZ/s, a viscosity index of 130 or higher and a freezing point of -25°C or lower.

(5) A process for production of a lubricating base oil according to any one of items (1) to (4), the lubricating base
oil having a kinematic viscosity at 100°C of 3.5-6 mm?/s and a viscosity index of 130 or higher, which is characterized
by including:

afirst step of preparing a hydrocracking catalyst comprising a support having the percentage of NH; desorption
amount at 300-800°C of not greater than 80% with respect to the total NH; desorption amount, based on NH5
desorption temperature dependence evaluation, and at least one metal among metals of Group Vla and at least
one metal among metals of Group VIl of the Periodic Table supported on the support,

a second step of hydrocracking of a feedstock oil comprising 50% by volume or greater slack wax in the presence
of the hydrocracking catalyst, at a hydrogen partial pressure of 0.1-14 MPa, a mean reaction temperature of
230-430°C, an LHSV of 0.3-3.0 hr-! and a hydrogen/oil ratio of 50-14,000 scf/b,
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a third step of distilling separation of the cracked product oil obtained in the second step to obtain a lube-oil
distillate, and

a fourth step of dewaxing treatment of the lube-oil distillate obtained in the third step to allow a freezing point
to be -25°C or lower.

(6) A lubricating oil composition characterized by comprising a lubricating base oil according to any one of items (1)
to (4), and by having a MRV viscosity at-40°C of 20,000 mPa-s or lower.

(7) A lubricating oil composition for an internal combustion engine, characterized by comprising:

a lubricating base oil according to any one of items (1) to (4),

a phosphorus-based anti-wear agent of 0.02-0.08 % by mass in terms of phosphorus element,

an ashless antioxidant of 0.5-3 % by mass, and

an ashless dispersant of 3-12 % by mass,

based on the total amount of the composition.
(8) A lubricating oil composition for an internal combustion engine according to item (7), characterized by being
used as a lubricating oil in an internal combustion engine for a vehicle with an exhaust gas aftertreatment device,
and by having a sulfated ash content of 1.2 % by mass or less.
(9) A lubricating oil composition for an internal combustion engine, characterized by comprising:

a lubricating base oil according to any one of items (1) to (4),

an ashless antioxidant containing no sulfur as a constituent element, and

at least one compound selected from among ashless antioxidants containing sulfur as a constituent element
and organic molybdenum compounds.

(10) A lubricating oil composition for a wet clutch, characterized by comprising:
a lubricating base oil according to any one of items (1) to (4),
an ashless antioxidant of 0.5-3 % by mass, and
an ashless dispersant of 3-12 % by mass,
based on the total amount of the composition.

(11) A lubricating oil composition for a wet clutch according to item (10), characterized by being used in a 4-stroke
internal combustion engine for a motorcycle.

(12) A lubricating oil composition for a drive-train, characterized by comprising:
a lubricating base oil according to any one of items (1) to (4),
a poly(meth)acrylate-based viscosity index improver, and
a phosphorus-containing compound.
(13) A lubricating oil composition for a drive-train according to item (12), characterized in that the proportion of

bicyclic or greater saturated components among the saturated components in the lubricating base oil is 3 % by mass
or greater.
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(14) A process for production of a lubricating base oil according to any one of items (1) to (4), the lubricating base
oil having a kinematic viscosity at 100°C of 3.5-6 mm?/s and a viscosity index of 130 or higher, which is characterized
by including:

a first step of hydrocracking and/or hydroisomerization of a feedstock oil containing paraffinic hydrocarbons in
the presence of a catalyst, and

a second step of dewaxing treatment of the product obtained from the first step or of the lube-oil distillate
collected by distillation from the product to allow a freezing point to be -25°C or lower.

[0009] The invention provides a lubricating base oil according to item (1), characterized by comprising saturated
components of 90 % by mass or greater, wherein the proportion of cyclic saturated components among the saturated
components is not greater than 40 % by mass, and having a viscosity index of 110 or higher and an iodine value of not
greater than 2.5.

[0010] The lubricating base oil, which satisfies the conditions for the saturated component content, the proportion of
cyclic saturated components among the saturated components, the viscosity index and the iodine value, exhibits excel-
lence in terms of viscosity-temperature characteristic and heat and oxidation stability. When additives are included in
the lubricating base oil, it is possible to achieve a high level of function for the additives while maintaining sufficiently
stable dissolution of the additives in the lubricating base oil.

[0011] In addition, the lubricating base oil can reduce viscous resistance and stirring resistance in a practical temper-
ature range due to its superior viscosity-temperature characteristic, and when friction modifiers or the like are added
their effects are maximally exhibited. Consequently, the lubricating base oil is highly useful for reducing energy loss and
achieving energy savings in devices in which the lubricating base oil is applied.

[0012] The mass ratio of monocyclic saturated components and bicyclic or greater saturated components among the
cyclic saturated components in the lubricating base oil satisfies the condition represented by the following inequality (1) :

Ma/Mz <3 (1)

Wherein M, represents the mass of monocyclic saturated components and Mg represents the mass of bicyclic or greater
saturated components. The proportion of bicyclic or greater saturated components among the saturated components
in the lubricating base oil is preferably 0.1 % by mass or greater.

[0013] The lubricating base oil also preferably has an aromatic content of 0.1-7 % by mass.

[0014] Preferably, the lubricating base oil has a kinematic viscosity at 100°C of 3.5-6 mm2/s, a viscosity index of 130
or higher and a freezing point of not higher than -25°C.

[0015] This lubricating base oil, which satisfies the conditions for the kinematic viscosity at 100°C, viscosity index and
freezing point, exhibits excellence in terms of viscosity-temperature characteristic and heat and oxidation stability. With
this lubricating base oil it is possible to achieve both a high viscosity index of 135 or higher and low temperature viscosity
at -35°C or lower, and in particular it allows the MRV viscosity at -40°C to be significantly reduced. When additives are
included in this lubricating base oil, it is possible to achieve a high level of function for the additives while maintaining
sufficiently stable dissolution of the additives in the lubricating base oil.

[0016] In addition, this lubricating base oil can reduce viscous resistance and stirring resistance in a practical temper-
ature range due to its superior viscosity-temperature characteristic, and when friction modifiers or the like are added
their effects are maximally exhibited. Consequently, this lubricating base oil is highly useful for reducing energy loss and
achieving energy savings in devices in which the lubricating base oil is applied.

[0017] With the ever increasing demand for improved properties of lubricating oils in recent years, the conventional
lubricating base oils described in Patent documents 1-9 are often less than satisfactory in terms of viscosity-temperature
characteristic and heat and oxidation stability. Particularly for SAE10 class lubricating base oils or lubricating oil com-
positions containing them as the major components, it has been difficult to achieve a high level for both a high viscosity
index and low temperature viscosity at -35°C or lower (CCS viscosity, MRV viscosity, BF viscosity and the like), and it
has therefore been necessary to use them in combination with lubricating base oils that exhibit excellent low temperature
viscosity, such as synthetic oils such as a poly-a.-olefinic base oils or esteric base oils, or low-viscosity mineral oil based
base oils. Such synthetic oils are expensive, however, while low-viscosity mineral oil based base oils generally have
low viscosity indexes and high NOACK evaporation amount, such that addition of such lubricating base oils increases
production costs for lubricating oils and makes it difficult to achieve a high viscosity index and low evaporation properties.
Moreover, only limited improvement in properties can be achieved by addition of additives to conventional lubricating
base oils.
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[0018] The lubricating base oils described above, however, are lubricating base oils with excellent viscosity-temper-
ature characteristics and heat and oxidation stability, and allow both a high viscosity index and low temperature viscosity
-35°C or lower to be achieved without using synthetic oils such as esteric base oils or poly-o-olefinic base oils or low-
viscosity mineral oil based base oils, and in particular they allow the MRV viscosity at -40°C of lubricating oils to be
significantly improved.

[0019] The invention further provides a process according to item (5) for production of a lubricating base oil having a
kinematic viscosity at 100°C of 3.5-6 mm2/s and a viscosity index of 130 or higher, and the process includes dewaxing
treatment to allow a freezing point to be not higher than -25°C.

[0020] By thus carrying out dewaxing treatment of the lubricating base oil to a freezing point of no higher than -25°C,
it is possible to effectively obtain a lubricating base oil with an excellent viscosity-temperature characteristic and heat
and oxidation stability, whereby both a high viscosity index and low temperature viscosity at -35°C or lower can be
achieved without using synthetic oils such as esteric base oils or poly-a-olefinic base oils or low-viscosity mineral oil
based base oils, and particularly the MRV viscosity at -40°C of lubricating oils can be significantly improved.

[0021] The invention still further provides a lubricating oil composition characterized by comprising the aforementioned
lubricating base oil, and by having a MRV viscosity at -40°C of not greater than 20,000 mPa-s.

[0022] By including the lubricating base oil exhibiting the aforementioned excellent performance, the lubricating oil
composition of the invention can achieve high levels of both viscosity-temperature characteristic and heat and oxidation
stability, and allow both a high viscosity index and low temperature viscosity at -35°C or lower to be achieved without
using synthetic oils such as esteric base oils or poly-a-olefinic base oils or low-viscosity mineral oil based base oils. As
a result, it is possible to effectively realize low-temperature performance with a MRV viscosity at -40°C of not greater
than 20,000 mPa-s, which has been difficult to achieve with conventional lubricating oils.

[0023] The invention still further provides a lubricating oil composition for an internal combustion engine according to
item (7) characterized by comprising the aforementioned lubricating base oil, a phosphorus-based anti-wear agent of
0.02-0.08 % by mass in terms of phosphorus element, an ashless antioxidant of 0.5-3 % by mass and an ashless
dispersant of 3-12 % by mass, based on the total amount of the composition (hereinafter referred to as "first lubricating
oil composition for an internal combustion engine" for convenience).

[0024] The lubricating base oil in the first lubricating oil composition for an internal combustion engine will itself exhibit
excellent heat and oxidation stability. When the lubricating base oil includes additives, it can exhibit a high level of function
by the additives while also maintaining stable dissolution of the additives. Furthermore, by adding a phosphorus-based
anti-wear agent (hereinafter also referred to as "component (A-1)"), an ashless antioxidant (hereinafter also referred to
as "component (B-1)") and an ashless dispersant (hereinafter also referred to as "component (C-1)") in their respective
specified ranges to the lubricating base oil having the aforementioned excellent properties, it is possible to achieve a
sufficiently long oxidation life while maintaining adequate performance of exhaust gas aftertreatment devices for long
periods.

[0025] The lubricating base oil in the first composition for an internal combustion engine will itself exhibit excellent
viscosity-temperature characteristics and frictional properties. Moreover, the lubricating base oil whose additives have
excellent solubility and efficacy as described above permits a high level of friction reducing effect to be obtained when
a friction modifier is added. Consequently, a first lubricating oil composition for an internal combustion engine containing
such an excellent lubricating base oil results in reduced energy loss due to friction resistance or stirring resistance at
sliding sections, and can therefore provide adequate energy savings.

[0026] It has been difficult to achieve both improvement in the low-temperature viscosity characteristic while ensuring
low volatility when using conventional lubricating base oils, but the lubricating base oil of the invention can achieve a
satisfactory balance with high levels of both the low-temperature viscosity characteristic and low volatility. The lubricating
oil composition for aninternal combustion engine according to the invention is also useful forimproving the cold startability,
in addition to the improvement in oxidation life, maintenance of exhaust gas aftertreatment device performance and
energy savings for internal combustion engines.

[0027] Exhaust gas aftertreatment devices such as three-way catalysts and particulate filters are mounted in vehicles
with internal combustion engines for the purpose of purifying and collecting hazardous substances in exhaust gas such
as sulfur oxides and particulate matter, but using conventional lubricating oils often results in their partial infiltration into
the combustion chamber, their combustion products are mixed into the exhaust gas and reduce the performance of the
exhaust gas aftertreatment devices. Zinc alkyldithiophosphates have notably negative effects because they contain the
elements phosphorus and zinc, with the phosphorus component poisoning three-way catalysts and the zinc component
being converted to the sulfated ash and blocking the filter. Possible methods for preventing loss of performance of
exhaust gas aftertreatment devices include reducing the phosphorus-based anti-wear agent contents of lubricating oils
for internal combustion engines. With conventional lubricating oils, however, reducing additives that have also function
as antioxidants such as zinc alkyldithiophosphate, results in undesirable problems from the viewpoint of environmental
conservation such as increase in the amount of waste oil by shortening of the oil renewal period due to reduction in the
oxidation life of the lubricating oil.
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[0028] Since the first lubricating oil composition for an internal combustion engine exhibits the excellent performance
described above, it can be suitably used as a lubricating oil for internal combustion engines in vehicles with exhaust gas
aftertreatment devices. The sulfated ash content of the lubricating oil composition for an internal combustion engine of
the invention is preferably limited to not greater than 1.2 % by mass in order to maintain the performance of exhaust
gas aftertreatment devices for prolonged periods.

[0029] The invention still further provides a lubricating oil composition for an internal combustion engine according to
item (9), characterized by comprising the aforementioned lubricating base oil, an ashless antioxidant containing no sulfur
as a constituent element, and at least one compound selected from among ashless antioxidants containing sulfur as a
constituent element and organic molybdenum compounds (hereinafter referred to as "second lubricating oil composition
for an internal combustion engine" for convenience).

[0030] The lubricating base oil in the second lubricating oil composition for an internal combustion engine will itself
exhibit excellent heat and oxidation stability and low volatility. When the lubricating base oil includes additives, it can
exhibit a high level of function for the additives while maintaining stable dissolution of the additives. Moreover, by adding
both an ashless antioxidant containing no sulfur as a constituent element (hereinafter also referred to as "component
(A-2)") and at least one compound selected from among ashless antioxidants containing sulfur as a constituent element
and organic molybdenum compounds (hereinafter also referred to as "component (B-2)") to the lubricating base oil
having such excellent properties, it is possible to maximize the effect of improved heat and oxidation stability by synergistic
action of components (A-2) and (B-2). The second lubricating oil composition for an internal combustion engine according
to the invention therefore allows a sufficient long drain property to be achieved.

[0031] The lubricating base oil in the second composition for an internal combustion engine will itself exhibit excellent
viscosity-temperature characteristics and frictional properties. Moreover, the lubricating base oil whose additives have
excellent solubility and efficacy as described above permits a high level of friction reducing effect to be obtained when
a friction modifier is added. Consequently, the second lubricating oil composition for an internal combustion engine
according to the invention containing such an excellent lubricating base oil results in reduced energy loss due to friction
resistance or stirring resistance at sliding sections, and can therefore provide adequate energy savings.

[0032] It has been difficult to achieve both improvement in the low-temperature viscosity characteristic while ensuring
low volatility when using conventional lubricating base oils, but the lubricating base oil of the invention can achieve a
satisfactory balance with high levels of both the low-temperature viscosity characteristic and low volatility. The second
lubricating oil composition for an internal combustion engine according to the invention is also useful for improving the
cold startability, in addition to the long drain property and energy savings for internal combustion engines.

[0033] Thelubricating base oilinthe second lubricating oil composition for an internal combustion engine also preferably
has an aromatic content of 0.1-5 % by mass.

[0034] The invention still further provides a lubricating oil composition for a wet clutch, characterized by comprising
the aforementioned lubricating base oil, an ashless antioxidant at 0.5-3 % by mass and an ashless dispersant at 3-12
% by mass, based on the total amount of the composition.

[0035] The lubricating base oil in the lubricating oil composition for a wet clutch of the invention will itself exhibit
excellent heat and oxidation stability, viscosity-temperature characteristics and frictional properties. When the lubricating
base oil includes additives, it can exhibit a high level of function for the additives while maintaining stable dissolution of
the additives. Furthermore, by adding an ashless antioxidant (hereinafter also referred to as "component (A-3)") and an
ashless dispersant (hereinafter also referred to as "component (B-3)") in their respective specified ranges to the lubricating
base oil having the aforementioned excellent properties, it is possible to inhibit production of insoluble components such
as sludge and varnish caused by deterioration, and the clogging of wet clutches that occurs as a result of the insoluble
components, even when using a 4-stroke internal combustion engine for a motorcycle, thus allowing the wet clutch
frictional properties and power transmission performance to be adequately maintained for long periods.

[0036] With conventional lubricating oils, it has not been possible to sufficiently inhibit production of insoluble compo-
nents such as varnish or sludge caused by deterioration of the lubricating oils in 4-stroke internal combustion engines
for motorcycles, which subject the lubricating oils to extremely harsh conditions of use including contact of the lubricating
oils with combustion gases such as nitrogen oxides, and as a result, the heat and oxidation stability has been unsatis-
factory. Production of insoluble components by deterioration of lubricating oil causes clogging of the pores of porous
materials commonly used as friction materials in wet clutches, and can risk impairing the frictional properties or reducing
the power transmitting performance in wet clutches.

[0037] The present invention still further provides a lubricating oil composition for a drive-train characterized by com-
prising the aforementioned lubricating base oil, a poly(meth)acrylate-based viscosity index improver and a phosphorus-
containing compound.

[0038] The lubricating base oil in the lubricating oil composition for a drive-train according to the invention exhibits
superior viscosity-temperature characteristics, heat and oxidation stability and frictional properties compared to those
of conventional lubricating base oils of the same viscosity grade. When the lubricating base oil includes additives, it can
exhibit a high level of function for the additives while maintaining stable dissolution of the additives. Furthermore, by
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adding a poly(meth)acrylate-based viscosity index improver (hereinafter also referred to as "component (A-4)") and a
phosphorus-containing compound (hereinafter also referred to as "component (B-4)") to the lubricating base oil having
such superior properties, their synergistic action can maximize the effects of improved wear resistance, frictional prop-
erties, anti-seizing property and fatigue life, as well as the effect of improved shear stability, even when the viscosity is
reduced. The lubricating oil composition for a drive-train according to the invention can therefore provide drive-trains
with both increased fuel efficiency and durability.

[0039] It has been difficult to achieve both improvement in the low-temperature viscosity characteristic while ensuring
low volatility when using conventional lubricating base oils, but the lubricating base oil of the invention can achieve a
satisfactory balance with high levels of both low-temperature viscosity characteristic and low volatility. A lubricating oil
composition for a drive unit according to the invention is therefore useful not only for achieving both fuel savings and
durability for drive-trains, but also for improving the cold startability.

[0040] Also, the proportion of bicyclic or greater saturated components among the saturated components in the lubri-
cating base oil used in the lubricating oil composition for a drive transmission according to the invention is preferably 3
% by mass or greater. The lubricating base oil in the lubricating oil composition for a drive transmission according to the
invention also preferably has an aromatic content of 0.1-5 % by mass.

Effect of the Invention

[0041] According to the invention there is provided a lubricating base oil that exhibits excellent viscosity-temperature
characteristics and heat and oxidation stability while also allowing additives to exhibit a higher level of function when
additives are included. The lubricating base oil of the invention is suitable for use in various lubricating oil fields, and is
especially useful for reducing energy loss and achieving energy savings in devices in which the lubricating base oil is
applied.

[0042] Also according to the invention, high levels of both viscosity-temperature characteristics and heat and oxidation
stability are obtained, and a lubricating base oil and lubricating oil composition are provided that allow both a high
viscosity index and low temperature viscosity at - 35°C or lower to be achieved without using synthetic oils such as
esteric base oils or poly-a-olefinic base oils or low-viscosity mineral oil based base oils, and in particular that allow the
MRV viscosity at -40°C of lubricating oils to be significantly improved. According to the process for production of a
lubricating base oil of the invention it is possible to effectively obtain a lubricating base oil of the invention having the
excellent performance described above.

[0043] Also according to the invention, a lubricating oil composition for an internal combustion engine is realized that
has a sufficiently long oxidation life and allows the performance of exhaust gas aftertreatment devices to be adequately
maintained for long periods.

[0044] The invention, in addition, realizes a lubricating oil composition for an internal combustion engine with superior
heat and oxidation stability, and also excellence in terms of viscosity-temperature characteristic, frictional properties and
low volatility. Moreover, when the lubricating oil composition for an internal combustion engine according to the invention
is applied to an internal combustion engine, it provides a long drain property and increases energy efficiency while also
improving the cold startability.

[0045] The invention yet further provides a lubricating oil composition for a wet clutch whereby it is possible to inhibit
production of insoluble components such as sludge and varnish caused by deterioration, and the clogging of wet clutches
that occurs as a result of the insoluble components, even when using a 4-stroke internal combustion engine for a
motorcycle, thus allowing the wet clutch frictional properties and power transmitting performance to be adequately
maintained for long periods.

[0046] The invention still further realizes a lubricating oil composition for a drive-train that can exhibit high levels of
wear resistance, anti-seizing property and fatigue life for prolonged periods even with reduced viscosity. By using a
lubricating oil composition for a drive-train according to the invention it is possible to achieve both fuel savings and
durability for drive-trains, while also improving the cold startability.

Best Mode for Carrying Out the Invention

[0047] Preferred embodiments of the invention will now be described in detail.

(First embodiment)

[0048] The lubricating base oil according to a first embodiment of the invention is characterized by comprising saturated
components of 90 % by mass or greater, wherein the proportion of cyclic saturated components among the saturated

components is not greater than 40 % by mass, the viscosity index is 110 or higher and the iodine value is not greater
than 2.5.
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[0049] The lubricating base oil according to the first embodiment is not particularly restricted so long as the saturated
component content, the proportion of cyclic saturated components among the saturated components and the viscosity
index and the iodine value satisfy the conditions specified above. Specifically, there may be mentioned purified paraffinic
mineral oils obtained by subjecting a lube-oil distillate, obtained by atmospheric distillation and/or vacuum distillation of
crude oil, to a single treatment or two or more treatments from among refining treatments such as solvent deasphalting,
solvent extraction, hydrocracking, solvent dewaxing, catalytic dewaxing, hydrorefining, sulfuric acid treatment or white
clay treatment, or normal paraffin base oils, isoparaffinic base oils and the like, which satisfy the aforementioned conditions
for the saturated components content, the proportion of cyclic saturated components among the saturated components
and the viscosity index and iodine value. These lubricating base oils may be used alone or in combinations of two or more.
[0050] As a preferred example for the lubricating base oil of the first embodiment there may be mentioned a base oil
obtained by using one of the base oils (1)-(8) mentioned below as the starting material and purifying this feedstock oil
and/or the lube-oil distillate recovered from the feedstock oil by a prescribed refining process, and recovering the lube-
oil distillate.

(1) Distilled oil from atmospheric distillation of a paraffinic crude oil and/or mixed-base crude oil.

(2) Distilled oil from vacuum distillation of the residue from atmospheric distillation of a paraffinic crude oil and/or
mixed-base crude oil (WVGO).

(3) Wax obtained by a lubricating oil dewaxing step (slack wax or the like) and/or synthetic wax obtained by a gas-
to-liquid (GTL) process (Fischer-Tropsch wax, GTL wax or the like).

(4) Blended oil comprising one or more selected from among base oils (1)-(3) and/or mildly hydrocracked oil obtained
from the blended oil.

(5) Blended oil comprising two or more selected from among base oils (1)-(4).

(6) Deasphalted oil (DAQO) from base oil (1), (2), (3), (4) or (5).

(7) Mild-hydrocracked oil (MHC) obtained from base oil (6).

(8) Blended oil comprising two or more selected from among base oils (1)-(7).

[0051] The prescribed refining process described above is preferably hydrorefining such as hydrocracking or hydrofin-
ishing; solvent refining such as furfural solvent extraction; dewaxing such as solvent dewaxing or catalytic dewaxing;
white clay refining with acidic white clay or active white clay, or chemical (acid or alkali) washing such as sulfuric acid
treatment or caustic soda washing. According to the invention, any one of these refining processes may be used alone,
or a combination of two or more thereof may be used in combination. When a combination of two or more refining
processes is used, their order is not particularly restricted and may be selected as appropriate.

[0052] The lubricating base oil of the first embodiment is most preferably one of the following base oils (9) or (10)
obtained by the prescribed treatment of a base oil selected from among base oils (1)-(8) above or a lube-oil distillate
recovered from the base oil.

(9) Hydrocracked mineral oil obtained by hydrocracking of a base oil selected from among base oils (1)-(8) above
ora lube-oil distillate recovered from the base oil, dewaxing treatment such as solvent dewaxing or catalytic dewaxing
of the product or a lube-oil distillate recovered from distillation of the product, or further distillation after the dewaxing
treatment.

(10) Hydroisomerized mineral oil obtained by hydroisomerization of a base oil selected from among base oils (1)-(8)
above or a lube-oil distillate recovered from the base oil, and dewaxing treatment such as solvent dewaxing or
catalytic dewaxing of the product or a lube-oil distillate recovered from distillation of the product, or further distillation
after the dewaxing treatment.

[0053] In obtaining the lubricating base oil of (9) or (10) above, a solvent refining treatment and/or hydrofinishing
treatment step may also be carried out by convenient steps if necessary.

[0054] There are no particular restrictions on the catalyst used for the hydrocracking and hydroisomerization, but there
are preferably used hydrocracking catalysts comprising a hydrogenating metal (for example, one or more metals of
Group Vla or metals of Group VIl of the Periodic Table) supported on a support which is a complex oxide with decomposing
activity (for example, silica-alumina, alumina-boria, silica-zirconia or the like) or a combination of one or more of such
complex oxides bound with a binder, or hydroisomerization catalysts obtained by supporting one or more metals of
Group VIII having hydrogenating activity on a support comprising zeolite (for example, ZSM-5, zeolite beta, SAPO-11
orthe like). The hydrocracking catalyst or hydroisomerization catalyst may be used as a combination of layers or a mixture.
[0055] The reaction conditions for hydrocracking and hydroisomerization are not particularly restricted, but preferably
the hydrogen partial pressure is 0.1-20 MPa, the mean reaction temperature is 150-450°C, the LHSV is 0.1-3.0 hr'' and
the hydrogen/oil ratio is 50-20,000 scf/b.

[0056] The following production process A may be mentioned as a preferred example of a production process for the
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lubricating base oil of the first embodiment.
[0057] Specifically, production process A according to the invention comprises:

a first step of preparing a hydrocracking catalyst comprising a support having the percentage of NH5 desorption
amount at 300-800°C of not greater than 80% with respect to the total NH; desorption amount, based on NH;
desorption temperature dependence evaluation, and at least one metal among metals of Group Vla and at least
one metal among metals of Group VIl of the Periodic Table supported on the support,

a second step of hydrocracking of a feedstock oil comprising 50 % by volume or greater slack wax in the presence
of a hydrocracking catalyst, at a hydrogen partial pressure of 0.1-14 MPa, a mean reaction temperature of 230-430°C,
an LHSV of 0.3-3.0 hr! and a hydrogen/oil ratio of 50-14,000 scf/b,

a third step of distilling separation of the cracked product oil obtained in the second step to obtain a lube-oil distillate,
and

a fourth step of dewaxing treatment of the lube-oil distillate obtained in third step.

[0058] Production process A will now be explained in detail.
(Feedstock oil)

[0059] For production process A, a feedstock oil comprising 50 % by volume or greater slack wax is used. The phrase
"feedstock oil comprising 50 % by volume or greater slack wax" according to the invention refers to both feedstock oils
composed entirely of slack wax, and feedstock oil that is a blended oil of slack wax and another feedstock oil, and
comprises 50 % by volume or greater slack wax.

[0060] Slack wax is the wax-containing component as a by-product of the solvent dewaxing step during production of
a lubricating base oil from a paraffinic lube-oil distillate, and according to the invention the term includes slack wax
obtained by further subjecting the wax-containing component to deoiling treatment. The major components of slack wax
are n-paraffins and branched paraffins with few side chains (isoparaffins), and the naphthene and aromatic contents
are low. The kinematic viscosity of the slack wax used for preparation of the feedstock oil may be selected as appropriate
for the kinematic viscosity desired for the lubricating base oil, but for production of a low-viscosity base oil as a lubricating
base oil for the first embodiment, a relatively low viscosity slack wax is preferred, with a kinematic viscosity at 100°C of
about 2-25 mm?2/s, preferably about 2.5-20 mmZ2/s and more preferably about 3-15 mm?2/s. The other properties of the
slack wax may be as desired, although the melting point is preferably 35-80°C, more preferably 45-70°C and even more
preferably 50-60°C. The oil content of the slack wax is preferably not greater than by mass, more preferably not greater
than 50 % by mass, even more preferably not greater than 25 % by mass and most preferably not greater than 10 %
by mass, and preferably 0.5 % by mass or greater and more preferably 1 % by mass or greater. The sulfur content of
the slack wax is preferably not greater than 1 % by mass and more preferably not greater than 0.5 % by mass, and
preferably 0.001 % by mass or greater. The oil content of the thoroughly deoiled slack wax (hereinafter referred to as
"slack wax A") is preferably 0.5-10 % by mass and more preferably 1-8 % by mass. The sulfur content of slack wax A
is preferably 0.001-0.2 % by mass, more preferably 0.01-0.15 % by mass and even more preferably 0.05-0.12 % by
mass. However, the oil content of slack wax that has either not been subjected to deoiling treatment or has been subjected
only to incomplete deoiling treatment (hereinafter, "slack wax B") is preferably 10-60 % by mass, more preferably 12-50
% by mass and even more preferably 15-25 % by mass. The sulfur content of slack wax B is preferably 0.05-1 % by
mass, more preferably 0.1-0.5 % by mass and even more preferably 0.15-0.25 % by mass. These slack waxes A and
B may be subjected to desulfurization treatment depending on the type and properties of the hydrocracking/isomerization
catalyst, and the sulfur content in such cases is preferably not greater than 0.01 % by mass and more preferably not
greater than 0.001 % by mass.

[0061] By using slack wax A as a starting material for production process A, it is possible to satisfactorily obtain a
lubricating base oil according to the first embodiment, wherein the saturated component content, the proportion of cyclic
saturated components among the saturated components, the viscosity index and iodine value satisfy the conditions
specified above. Also, production process A can yield a lubricating base oil with high added value, a high viscosity index
and excellent low-temperature characteristics and heat and oxidation stability, even when an inexpensive slack wax B
with a relatively high oil or sulfur content and relatively inferior quality is used as the starting material.

[0062] When the feedstock oil is a blended oil comprising slack wax and another feedstock oil, the feedstock oils are
not particularly restricted so long as the proportion of slack wax in the total blended oil is 50 % by volume or greater, but
it is preferred to use a blended oil comprising a heavy atmospheric distilled oil and/or vacuum distilled oil obtained from
crude oil.

[0063] When the feedstock oil is a blended oil comprising slack wax and another feedstock oil, the proportion of slack
wax in the blended oil is more preferably 70 % by volume or greater and even more preferably 75 % by volume or greater
from the viewpoint of production of a base oil with a high viscosity index. If the proportion is less than 50 % by volume,
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the oil content including the aromatic and naphthene contents of the obtained lubricating base oil will be increased, thus
tending to lower the viscosity index of the lubricating base oil.

[0064] On the other hand, in order to maintain a high viscosity index of the lubricating base oil, preferably the heavy
atmospheric distilled oil and/or vacuum distilled oil from the crude oil, used in combination with the slack wakx, is a fraction
with a run-off of 60 % by volume or greater in a distillation temperature range of 300-570°C.

(Hydrocracking catalyst)

[0065] The hydrocracking catalyst used in production process A described above comprises at least one metal from
among metals of Group Vla and at least one metal from among metals of Group VIII of the Periodic Table, supported
on a support with the percentage of an NH; desorption amount at 300-800°C with respect to the total NH5 desorption
amount of not greater than 80%, based on NH; desorption temperature dependence evaluation.

[0066] The "NH; desorption temperature dependence evaluation” referred to here is the method described in the
literature (Sawa M., Niwa M., Murakami Y., Zeolites 1990, 10, 532; Karge H.G., Dondur V., J. Phys. Chem. 1990, 94,
765 and elsewhere), and it is carried out as follows. First, the catalyst support is pretreated under a nitrogen stream for
30 minutes or longer at a temperature of 400°C or higher to remove the adsorbed molecules, and then adsorption is
carried out at 100°C until neutralization of the NH,. Next, the temperature of the catalyst support is raised to 100-800°C
ata temperature-elevating rate of 10°C/min or less for NH5; desorption, and the NH; separated by desorption is monitored
at each prescribed temperature. The percentage of NH; desorption amount at 300°C-800°C with respect to the total
NH; desorption amount (desorption amount at 100-800°C) is then calculated.

[0067] The catalyst support used for production process A has an NH; desorption percentage at 300-800°C of not
greater than 80% with respect to the total NH; desorption amount based on NH5 desorption temperature dependence
evaluation, and it is preferably not greater than 70% and more preferably not greater than 60%. By using such a support
to construct the hydrocracking catalyst, acidic substances that govern the cracking activity are sufficiently inhibited, so
that it is possible to efficiently and reliably produce isoparaffins by decomposing isomerization of high-molecular-weight
n-paraffins that derive from the slack wax in the feedstock oil by hydrocracking, and to satisfactorily inhibit excess cracking
of the produced isoparaffin compounds. As a result, it is possible to obtain a sufficient amount of molecules with a high
viscosity index having a suitably branched chemical structure, within a suitable molecular weight range.

[0068] As such supports there are preferred two-element oxides which are amorphous and acidic, and as examples
there may be mentioned the two-element oxides cited in the literature (for example, "Metal Oxides and Their Catalytic
Functions", Shimizu, T., Kodansha, 1978).

[0069] Preferred among these are amorphous complex oxides that contain acidic two-element oxides obtained as
complexes of two oxides of elements selected from among Al, B, Ba, Bi, Cd, Ga, La, Mg, Si, Ti, W, Y, Zn and Zr. The
proportion of each oxide in such acidic two-element oxides can be adjusted to obtain an acidic support suitable for the
purpose in the aforementioned NH; adsorption/desorption evaluation. The acidic two-element oxide composing the
support may be any one of the above, or a mixture of two or more thereof. The support may also be composed of the
aforementioned acidic two-element oxide, or it may be a support obtained by binding the acidic two-element oxide with
a binder.

[0070] The supportis preferably one containing at least one acidic two-element oxide selected from among amorphous
silica-alumina, amorphous silica-zirconia, amorphous silica-magnesia, amorphous silica-titania, amorphous silica-boria,
amorphous alumina-zirconia, amorphous alumina-magnesia, amorphous alumina-titania, amorphous alumina-boria,
amorphous zirconia-magnesia, amorphous zirconiatitania, amorphous zirconia-boria, amorphous magnesia-titania,
amorphous magnesia-boria and amorphous titania-boria. The acidic two-element oxide composing the support may be
any one of the above, or a mixture of two or more thereof. The support may also be composed of the aforementioned
acidic two-element oxide, or it may be a support obtained by binding the acidic two-element oxide with a binder. The
binder is not particularly restricted so long as it is one commonly used for catalyst preparation, but those selected from
among silica, alumina, magnesia, titania, zirconia and clay, or mixtures thereof, are preferred.

[0071] For production process A, the hydrocracking catalyst has a structure wherein at least one metal of Group Vla
of the Periodic Table (molybdenum, chromium, tungsten or the like) and at least one metal of Group VIII (nickel, cobalt,
palladium, platinum or the like) are loaded on the aforementioned support. These metals have a hydrogenating function,
and on the acidic support they complete a reaction which causes cracking or branching of the paraffin compounds, thus
performing an important role for production of isoparaffins with a suitable molecular weight and branching structure.
[0072] As regards the loading anount of the metals in the hydrocracking catalyst, the loading amount of metals of
Group Vla is preferably 5-30 % by mass for each metal, and the loading amount of metals of Group VIl is preferably
0.2-10 % by mass for each metal.

[0073] The hydrocracking catalyst used for production process A more preferably comprises molybdenum in a range
of 5-30 % by mass as the one or more metals of Group Vla, and nickel in a range of 0.2-10 % by mass as the one or
more metals of Group VIII.
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[0074] The hydrocracking catalyst composed of the support, at least one metal of Group Vla and at least one metal
of Group VIl is preferably used in a sulfurized state for hydrocracking. The sulfurizing treatment may be carried out by
a publicly known method.

(Hydrocracking step)

[0075] For production process A, the feedstock oil containing 50 % by volume or greater slack wax is hydrocracked
in the presence of the hydrocracking catalyst, at a hydrogen partial pressure of 0.1-14 MPa, preferably 1-14 MPa and
more preferably 2-7 MPa; a mean reaction temperature of 230-430°C, preferably 330-400°C and more preferably
350-390°C; an LHSV of 0.3-3.0 hr! and preferably 0.5-2.0 hr! and a hydrogen/oil ratio of 50-14,000 scf/b and preferably
100-5000 scf/b. In the hydrocracking step, the n-paraffins derived from the slack wax in the feedstock oil are isomerized
to isoparaffins during cracking, producing isoparaffin components with a low pour point and a high viscosity index, but
itis possible to simultaneously decompose the aromatic compounds in the feedstock oil, which inhibit rise in the viscosity
index, to monocyclic aromatic compounds, naphthene compounds and paraffin compounds, and to decompose the
polycyclic naphthene compounds, which also inhibit rise in the viscosity index, to monocyclic naphthene compounds or
paraffin compounds. From the viewpoint of increasing the viscosity index, it is preferred to minimize the high boiling
point and low viscosity index compounds in the feedstock oil.

[0076] If the cracking severity as an evaluation of the extent of reaction is defined by the following formula:

(cracking severity (% by volume)) = 100 - (proportion (% by volume)
of fraction with boiling point of 360°C or higher in product)

then the cracking severity is preferably 3-90 % by volume. A cracking severity of less than 3 % by volume is not preferred
because it will result in insufficient production of isoparaffins by decomposing isomerization of high-molecular-weight n-
paraffins with a high pour point in the feedstock oil and insufficient hydrocracking of the aromatic or polycyclic naphthene
components with an inferior viscosity index, while a cracking severity of greater than 90 % by volume is not preferred
because it will reduce the lube-oil distillate yield.

(Distilling separation step)

[0077] The lube-oil distillate is then subjected to distilling separation from the cracked product oil obtained from the
hydrocracking step described above. A fuel oil fraction is also sometimes obtained as the gas fraction.

[0078] The fuel oil fraction is the fraction obtained as a result of thorough desulfurization and denitrogenization, and
thorough hydrogenation of the aromatic components. The naphtha fraction with a high isoparaffin content, the kerosene
fraction with a high smoke point and the gas oil fraction with a high cetane number are all high quality products suitable
as fuel oils.

[0079] Onthe other hand, even with insufficient hydrocracking of the lube-oil distillate, a portion thereof may be supplied
for repeat of the hydrocracking step. In order to obtain a lube-oil distillate with the desired kinematic viscosity, the lube-
oil distillate may also be subjected to vacuum distillation. The vacuum distillation separation may be carried out after the
dewaxing treatment described below.

[0080] In the evaporating separation step, the cracked product oil obtained from the hydrocracking step may be
subjected to vacuum distillation to satisfactorily obtain a lubricating base oil such as 70 Pale, SAE10 or SAE20.
[0081] A system using a lower viscosity slack wax as the feedstock oil is suitable for producing an increased 70 Pale
or SAE10 fraction, while a system using a high viscosity slack wax in the range mentioned above as the feedstock oil
is suitable for obtaining more SAE20. Even with high viscosity slack wax, however, conditions for producing significant
amounts of 70 Pale and SAE10 may be selected depending on the extent of progression in the cracking reaction.

(Dewaxing step)

[0082] The lube-oil distillate obtained by fractional distillation from the cracked product oil in the distilling separation
step has a high pour point, and therefore dewaxing is carried out to obtain alubricating base oil with the desired pour
point. The dewaxing treatment may be carried out by an ordinary method such as a solvent dewaxing method or catalytic
dewaxing method. Solvent dewaxing methods generally employ MEK and toluene mixed solvents, but solvents such as
benzene, acetone or MIBK may also be used. In order to limit the pour point of the dewaxing oil to not higher than -10°C,
such methods are preferably carried out under conditions with a solvent/oil ratio of 1-6 and a filtration temperature of -5
to -45°C and preferably -10 to -40°C. In order to limit the freezing point of the dewaxing oil in the SAE10 class fraction
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to not higher than -25°C for a lubricating base oil according to the first embodiment of the invention or second embodiment
described hereunder, the solvent/oil ratio is preferably 1-6 and the filtration temperature is preferably not higher than
-25°C, more preferably -26 to -45°C, even more preferably -27 to -40°C and most preferably -28 to - 35°C. The wax
removed by filtration may be supplied again as slack wax to a hydrocracking step.

[0083] The production process described above may also include solvent refining treatment and/or hydrorefining
treatment in addition to the dewaxing treatment. Such additional treatment is performed to improve the ultraviolet stability
or oxidation stability of the lubricating base oil, and may be carried out by methods ordinarily used for lubricating oil
refining steps.

[0084] The solvent used for solvent refining will usually be furfural, phenol, N-methylpyrrolidone or the like, in order
to remove the small amounts of aromatic compounds and especially polycyclic aromatic compounds, remaining in the
lube-oil distillate.

[0085] The hydrorefining is carried out for hydrogenation of the olefin compounds and aromatic compounds, and the
catalyst therefor is not particularly restricted; there may be used alumina catalysts supporting at least one metal from
among Group Vla metals such as molybdenum and at least one metal from among Group VIII metals such as cobalt
and nickel, under conditions with a reaction pressure (hydrogen partial pressure) of 7-16 MPa, a mean reaction temper-
ature of 300-390°C and an LHSV of 0.5-4.0 hr1.

[0086] The following production process B may be mentioned as another preferred example of a production process
for the lubricating base oil of the first embodiment.

[0087] Specifically, production process B according to the invention comprises:

a first step of hydrocracking and/or hydroisomerization of a feedstock oil containing paraffinic hydrocarbons in the
presence of a catalyst, and

a second step of dewaxing treatment of the product obtained from the first step or of the lube-oil distillate collected
by distillation or the like from the product.

[0088] Production process B will now be explained in detail.
(Feedstock oil)

[0089] For production process B, there is used a feedstock oil containing paraffinic hydrocarbons. The term "paraffinic
hydrocarbons" according to the invention refers to hydrocarbons with a paraffin molecule content of 70 % by mass or
greater. The number of carbons of the paraffinic hydrocarbons is not particularly restricted but will normally be about
10-100. The method for producing the paraffinic hydrocarbons is not particularly restricted, and various petroleum-based
and synthetic paraffinic hydrocarbons may be used, but as especially preferred paraffinic hydrocarbons there may be
mentioned synthetic waxes (Fischer-Tropsch wax (FT wax), GTL wax, etc.) obtained by gas-to-liquid (GTL) processes,
among which FT wax is preferred. Synthetic wax is preferably wax composed mainly of normal paraffins with 15-80 and
more preferably 20-50 carbon atoms.

[0090] The kinematic viscosity of the paraffinic hydrocarbons used for preparation of the feedstock oil may be appro-
priately selected according to the desired kinematic viscosity of the lubricating base oil, but for production of a low-
viscosity base oil as a lubricating base oil of the first embodiment, relatively low-viscosity paraffinic hydrocarbons with
a kinematic viscosity at 100°C of about 2-25 mm?2/s, preferably about 2.5-20 mm2/s and more preferably about 3-15
mmZ2/s, are preferred. The other properties of the paraffinic hydrocarbons may be as desired, but when the paraffinic
hydrocarbons are synthetic wax such as FT wax, the melting point is preferably 35-80°C, more preferably 50-80°C and
even more preferably 60-80°C. The oil content of the synthetic wax is preferably not greater than 10 % by mass, more
preferably not greater than 5 % by mass and even more preferably not greater than 2 % by mass. The sulfur content of
the synthetic wax is preferably not greater than 0.01 % by mass, more preferably not greater than 0.001 % by mass and
even more preferably not greater than 0.0001 % by mass.

[0091] When the feedstock oil is a blended oil comprising the aforementioned synthetic wax and another feedstock
oil, the feedstock oils are not particularly restricted so long as the proportion of synthetic wax in the total blended oil is
50 % by volume or greater, but it is preferred to use a blended oil comprising a heavy atmospheric distilled oil and/or
vacuum distilled oil obtained from crude oil.

[0092] Also, when the feedstock oil is the blended oil comprising the aforementioned synthetic wax and another
feedstock oil, the proportion of synthetic wax in the blended oil is more preferably 70 % by volume or greataer and even
more preferably 75 % by volume or greater from the viewpoint of production of a base oil with a high viscosity index. If
the proportion is less than 70 % by volume, the oil content including the aromatic and naphthene contents of the obtained
lubricating base oil will be increased, thus tending to lower the viscosity index of the lubricating base oil.

[0093] On the other hand, in order to maintain a high viscosity index of the lubricating base oil, the heavy atmospheric
distilled oil and/or vacuum distilled oil from the crude oil, used in combination with the synthetic wax, is preferably a
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fraction with a run-off of 60 % by volume or greater in a distillation temperature range of 300-570°C.
(Catalyst)

[0094] There are no particular restrictions on the catalyst used for production process B, but it is preferably a catalyst
comprising at least one metal selected from metals of Group VIb and Group VIII of the Periodic Table as an active metal
component supported on a support containing an aluminosilicate.

[0095] An aluminosilicate is a metal oxide composed of the three elements aluminum, silicon and oxygen. Other metal
elements may also be included in ranges that do not interfere with the effect of the invention. In this case, the amount
of other metal elements is preferably not greater than 5 % by mass and more preferably not greater than 3 % by mass
of the total amount of alumina and silica in terms of their oxides. As examples of metal elements that may be included
there may be mentioned titanium, lanthanum and manganese.

[0096] The crystallinity of the aluminosilicate can be estimated by the proportion of tetracoordinated aluminum atoms
among the total aluminum atoms, and this proportion can be measured by 27Al solid NMR. The aluminosilicate used for
the invention has a tetracoordinated aluminum proportion of preferably 50 % by mass or greater, more preferably 70 %
by mass ore greater and even more preferably 80 % by mass or greater based on the total amount of aluminum.
Aluminosilicates with tetracoordinated aluminum contents of greater than 50 % by mass based on the total amount of
aluminum are known as "crystalline aluminosilicates".

[0097] Zeolite may be used as a crystalline aluminosilicate. As preferred examples there may be mentioned zeolite
Y, ultrastable zeolite Y (USY zeolite), B-zeolite, mordenite and ZSM-5, among which USY zeolite is particularly preferred.
According to the invention, one type of crystalline aluminosilicate may be used alone, or two or more may be used in
combination.

[0098] The method of preparing the support containing the crystalline aluminosilicate may be a method in which a
mixture of the crystalline aluminosilicate and binder is shaped and the shaped body is calcined. There are no particular
restrictions on the binder used, but alumina, silica, silica-alumina, titania and magnesia are preferred, and alumina is
particularly preferred. There are also no particular restrictions on the proportion of binder used, but normally it will be
preferably 5-99 % by mass and more preferably 20-99 % by mass based on the total amount of the shaped body. The
calcining temperature for the shaped body comprising the crystalline aluminosilicate and binder is preferably 430-470°C,
more preferably 440-460°C and even more preferably 445-455°C. The firing time is not particularly restricted but will
normally be 1 minute to 24 hours, preferably 10 minutes to 20 hours and more preferably 30 minutes-10 hours. The
calcining may be carried out in an atmosphere of air, but is preferably carried out in an oxygen-free atmosphere such
as a nitrogen atmosphere.

[0099] The Group VIb metal supported on the support may be chromium, molybdenum, tungsten or the like, and the
Group VIII metal may be, specifically, cobalt, nickel, rhodium, palladium, iridium, platinum or the like. These metals may
be used as single metals alone, or two or more thereof may be used in combination. For a combination of two or more
metals, precious metals such as platinum and palladium may be combined, base metals such as nickel, cobalt, tungsten
and molybdenum may be combined, or a precious metal and a base metal may be combined.

[0100] The metal may be loaded onto the support by impregnation of the support with a solution containing the metal,
or by a usual method such as ion exchange. The loading amount of the metal may be selected as appropriate, but it will
usually be 0.05-2 % by mass and preferably 0.1-1 % by mass based on the total amount of the catalyst.

(Hydrocracking/hydroisomerization step)

[0101] Production process B includes hydrocracking/hydroisomerization step of a feedstock oil containing paraffinic
hydrocarbons, in the presence of the aforementioned catalyst. The hydrocracking/hydroisomerization step may be carried
out using a fixed bed reactor. The conditions for the hydrocracking/hydroisomerization are preferably, for example, a
temperature of 250-400°C, a hydrogen pressure of 0.5-10 MPa and a feedstock oil liquid space velocity (LHSV) of 0.5-10
h-1.

(Distilling separation step)

[0102] The lube-oil distillate is then subjected to distilling separation from the cracked product oil obtained from the
hydrocracking/hydroisomerization step described above. The distilling separation step in production process B is the
same as the distilling separation step in production process A and will not be explained again here.

(Dewaxing step)

[0103] The lube-oil distillate obtained by fractional distillation from the cracked product oil in the distilling separation
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step described above is then subjected to dewaxing. The dewaxing step may be carried out by a conventionally known
dewaxing process such as solvent dewaxing or catalytic dewaxing. When the substances with a boiling point of 370°C
or lower in the cracking/isomerization product oil have not been separated from the high-boiling-point substances before
dewaxing, the entire hydroisomerization product may be dewaxed, or the fraction with a boiling point of 370°C or higher
may be dewaxed, depending on the intended purpose of the cracking/isomerization product oil.

[0104] For solvent dewaxing, the hydroisomerization product is contacted with cold ketone and acetone and another
solvent such as MEK or MIBK, and then cooled for precipitation of the high pour point substances as solid wax, and the
precipitate separated from the solvent-containing lube-oil distillate (raffinate). The raffinate is then cooled with a scraped
surface chiller for removal of the solid wax. Low molecular hydrocarbons such as propane can also be used for the
dewaxing, in which case the cracking/isomerization product oil and low molecular hydrocarbons are mixed and at least
a portion thereof is gasified to further cool the cracking/isomerization product oil and precipitate the wax. The wax is
separated from the raffinate by filtration, membrane separation or centrifugal separation. The solvent is then removed
from the raffinate and the raffinate is subjected to fractional distillation to obtain the target lubricating base oil.

[0105] In the case of catalytic dewaxing (catalyst dewaxing), the cracking/isomerization product oil is reacted with
hydrogen in the presence of a suitable dewaxing catalyst under conditions effective for lowering the pour point. For
catalytic dewaxing, some of the high-boiling-point substances in the cracking/isomerization product are converted to
low-boiling-point substances, and then the low-boiling-point substances are separated from the heavier base oil fraction
and the base oil fraction is subjected to fractional distillation to obtain two or more lubricating base oils. The low-boiling-
point substances may be separated either before obtaining the target lubricating base oil or during the fractional distillation.
[0106] The dewaxing catalyst is not particularly restricted so long as it can lower the pour point of the cracking/
isomerization product oil, and it is preferably one that yields the target lubricating base oil at high yield from the cracking/
isomerization product oil. As such dewaxing catalysts there are preferred shape-selective molecular sieves, and spe-
cifically there may be mentioned ferrierite, mordenite, ZSM-5, ZSM-11, ZSM-23, ZSM-35, ZSM-22 (also known as Theta-
1 or TON), silicoaluminophosphates (SAPO) and the like. These molecular sieves are preferably used in combination
with catalyst metal components and more preferably in combination with precious metals. An example of a preferred
combination is a complex of platinum and H-mordenite. The dewaxing conditions are not particularly restricted, but the
temperature is preferably 200-500°C and the hydrogen pressure is preferably 10-200 bar (1 MPa-20 MPa). For a flow-
through reactor, the H, treatment speed is preferably 0.1-10 kg/lI/hr and the LHSV is preferably 0.1-10-" and more
preferably 0.2-2.0 h-1. The dewaxing is preferably carried out in such a manner that substances with initial boiling points
of 350-400°C, normally present at not greater than 40 % by mass and preferably not greater than 30 % by mass in the
cracking/isomerization product oil, are converted to substances with boiling points of below their initial boiling points.
[0107] Production process A and production process B were explained above as preferred production processes for
lubricating base oils of the first embodiment, but the production process for a lubricating base oil of the first embodiment
is not limited thereto. For example, in production process A, a synthetic wax such as FT wax or GTL wax may be used
instead of slack wax. Also, a feedstock oil comprising slack wax (preferably slack wax A, B) may be used in production
process B. In addition, production processes A and B may employ both slack wax (preferably slack wax A, B) and
synthetic wax (preferably FT wax, GTL wax).

[0108] When the feedstock oil used for production of the lubricating base oil of the first embodiment is a blended oil
comprising the aforementioned slack wax and/or synthetic wax and a feedstock oil in addition to these waxes, the content
of the slack wax and/or synthetic wax is preferably 50 % by mass or greater based on the total amount of the feedstock oil.
[0109] As feedstock oils for production of a lubricating base oil according to the first embodiment there are preferred
feedstock oils containing slack wax and/or synthetic wax, with oil contents of preferably not greater than 60 % by mass,
more preferably not greater than 50 % by mass and even more preferably not greater than 25 % by mass.

[0110] The saturated component content of the lubricating base oil of the first embodiment is 90 % by mass or greater
as mentioned above, but it is preferably 93 % by mass or greater, more preferably 95 % by mass or greater, even more
preferably 96 % by mass or greater and yet more preferably 97 % by mass or greater, based on the total amount of the
lubricating base oil. The saturated component content may be 100 % by mass, but from the viewpoint of production cost
and additive solubility, it is preferably not greater than 99.9 % by mass, more preferably not greater than 99.5 % by
mass, even more preferably not greater than 99 % by mass and most preferably not greater than 98.5 % by mass. The
proportion of cyclic saturated components among the saturated components is not greater than 40 % by mass as
mentioned above, but it is preferably 0.1-40 % by mass, 2-30 % by mass, more preferably 5-25 % by mass and even
more preferably 10-21 % by mass. If the saturated component content and proportion of cyclic saturated components
among the saturated components both satisfy these respective conditions and the viscosity index and iodine value also
satisfactory their respective conditions, it will be possible to achieve adequate levels for the viscosity-temperature char-
acteristic and heat and oxidation stability, while additives added to the lubricating base oil will be kept in a sufficiently
stable dissolved state in the lubricating base oil so that the functions of the additives can be exhibited at a higher level.
A lubricating base oil according to the first embodiment exhibits improved frictional properties of the lubricating base oil
itself, and thus results in a greater friction reducing effect and therefore increased energy savings.
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[0111] If the saturated component content is less than 90 % by mass, the viscosity-temperature characteristic, heat
and oxidation stability and frictional properties will be inadequate. If the proportion of cyclic saturated components among
the saturated components is greater than 40 % by mass, the efficacy of additives included in the lubricating base oil will
be reduced. If the proportion of cyclic saturated components among the saturated components is less than 0.1 % by
mass, the solubility of the additives included in the lubricating base oil will be reduced, thus reducing the effective amount
of additives kept dissolved in the lubricating base oil, and making it impossible to effectively achieve the functions of the
additives. The saturated component content may be 100 % by mass, but from the viewpoint of reducing production cost
and improving the solubility of the additives, it is preferably not greater than 99.9 % by mass, more preferably not greater
than 99.5 % by mass, even more preferably not greater than 99 % by mass and most preferably not greater than 98.5
% by mass.

[0112] A proportion of not greater than 40 % by mass cyclic saturated components among the saturated components
in the lubricating base oil of the first embodiment is equivalent to 60 % by mass or greater acyclic saturated components
among the saturated components. The term "acyclic saturated components" refers to both straight-chain paraffins and
branched paraffins. There are no particular restrictions on the proportion of each paraffin in the lubricating base oil of
the first embodiment, but the branched paraffin content is preferably 55-99 % by mass, more preferably 57.5-96 % by
mass, even more preferably 60-95 % by mass, yet more preferably 70-92 % by mass and most preferably 80-90 % by
mass based on the total amount of the lubricating base oil. If the proportion of branched paraffins in the lubricating base
oil satisfies the aforementioned conditions it will be possible to further improve the viscosity-temperature characteristic
and heat and oxidation stability, while additives added to the lubricating base oil will be kept in a sufficiently stable
dissolved state in the lubricating base oil so that the functions of the additives can be exhibited at an even higher level.
The proportion of straight-chain paraffins in the lubricating base oil is preferably not greater than 1 % by mass, more
preferably not greater than 0.5 % by mass and even more preferably not greater than 0.2 % by mass based on the total
amount of the lubricating base oil. If the straight-chain paraffin proportion satisfies this condition, it will be possible to
obtain the lubricating base oil with a more excellent low-temperature viscosity characteristic.

[0113] The content of monocyclic saturated components and bicyclic or greater saturated components among the
saturated components in the lubricating base oil of the first embodiment is not particularly restricted so long as the total
is not greater than 40 % by mass, but the proportion of bicyclic or greater saturated components among the saturated
components is preferably 0.1 % by mass or greater, more preferably 1 % by mass or greater, even more preferably 3
% by mass or greater, yet more preferably 5 % by mass or greater and most preferably 6 % by mass or greater, and
preferably not greater than 40 % by mass, more preferably not greater than 20 % by mass, even more preferably not
greater than 15 % by mass and most preferably not greater than 11 % by mass. The proportion of monocyclic saturated
components among the saturated components may be 0 % by mass, but it is preferably 1 % by mass or greater, more
preferably 2 % by mass or greater, even more preferably 3 % by mass or greater and most preferably 4 % by mass or
greater, and preferably not greater than 40 % by mass, more preferably not greater than 20 % by mass, even more
preferably not greater than 15 % by mass and most preferably not greater than 11 % by mass. The ratio of the mass of
monocyclic saturated components (M,) and the mass of bicyclic or greater saturated components (Mg) among the cyclic
saturated components in the lubricating base oil of the first embodiment (Ma/Mg) is not greater than 3, preferably not
greater than 2 and most preferably not greater than 1. Ma/Mg may be 0, but it is preferably 0.1 or greater, more preferably
0.3 or greater and even more preferably 0.5 or greater. If M/Mpg satisfies these conditions, it will be possible to achieve
even higher levels of both viscosity-temperature characteristic and heat and oxidation stability.

[0114] The ratio of the mass of monocyclic saturated components (M,) and the mass of bicyclic saturated components
(Mc) among the cyclic saturated components in the lubricating base oil of the first embodiment (M,/M,,) is preferably not
greater than 3, more preferably not greater than 1.5, even more preferably not greater than 1.3 and most preferably not
greater than 1.2. Mp/M; may be 0, but it is preferably 0.1 or greater, more preferably 0.3 or greater and even more
preferably 0.5 or greater. If Ma/M,, satisfies these conditions, it will be possible to achieve even higher levels of both
viscosity-temperature characteristic and heat and oxidation stability.

[0115] The saturated component content for the purpose of the invention is the value measured according to ASTM
D 2007-93 (units: % by mass).

[0116] The proportions of the cyclic saturated components, monocyclic saturated components, bicyclic or greater
saturated components and the acyclic saturated components among the saturated components for the purpose of the
invention are the naphthene portion (measurement of monocyclic-hexacyclic naphthenes, units: % by mass) and alkane
portion (units: % by mass), respectively, both measured according to ASTM D 2786-91.

[0117] The straight-chain paraffin content of the lubricating base oil for the purpose of the invention is the value obtained
by subjecting the saturated portion that has been separated and fractionated by the method described in ASTM D
2007-93 mentioned above, to gas chromatography under the conditions described below, in order to identify and quantify
the straight-chain paraffins among the saturated components, and expressing the measured value with respect to the
total amount of the lubricating base oil. For identification and quantitation, a C5-C50 straight-chain paraffin mixture
sample is used as the reference sample, and the straight-chain paraffin content among the saturated components is
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determined as the proportion of the total of the peak areas corresponding to each straight-chain paraffin, with respect
to the total peak area of the chromatogram (subtracting the peak area for the diluent).

(Gas chromatography conditions)
[0118]

Column: Liquid phase nonpolar column (length: 25 mm, inner diameter: 0.3 mm ¢ , liquid phase film thickness: 0.1
pm).

Temperature elevating conditions: 50°C-400°C (temperature-elevating rate: 10°C/min).

Carrier gas: helium (linear speed: 40 cm/min)

Split ratio: 90/1

Sample injection amount: 0.5 pL (injection amount of sample diluted 20-fold with carbon disulfide).

[0119] The proportion of branched paraffins in the lubricating base oil is the difference between the acyclic saturated
component content among the saturated components and the straight-chain paraffin content among the saturated com-
ponents, and it is a value expressed with respect to the total amount of the lubricating base oil.

[0120] Other methods may be used for separation of the saturated components or for compositional analysis of the
cyclic saturated components and acyclic saturated components, so long as they provide similar results. As examples
of other methods there may be mentioned the method according to ASTM D 2425-93, the method according to ASTM
D 2549-91, methods of high performance liquid chromatography (HPLC), and modified forms of these methods.
[0121] The aromatic content in the lubricating base oil of the first embodiment is not particularly restricted so long as
the saturated component content, the proportion of cyclic saturated components among the saturated components, the
viscosity index and iodine value satisfy the conditions specified above, but it is preferably not greater than 7 % by mass,
more preferably not greater than 5 % by mass, even more preferably not greater than 4 % by mass and most preferably
not greater than 3 % by mass, and preferably 0.1 % by mass or greater, more preferably 0.5 % by mass or greater, even
more preferably 1 % by mass or greater and most preferably 1.5 % by mass or greater, based on the total amount of
the lubricating base oil. If the aromatic components content exceeds the aforementioned upper limit, the viscosity-
temperature characteristic, heat and oxidation stability, frictional properties, low volatility and low-temperature viscosity
characteristic will tend to be reduced, while the efficacy of additives when added to the lubricating base oil will also tend
to be reduced. The lubricating base oil of the first embodiment may be free of aromatic components, but the solubility
of additives can be further increased with an aromatic components content of the aforementioned lower limit or greater.
[0122] The aromatic components content, according to the invention, is the value measured according to ASTM D
2007-93. The aromatic portion normally includes alkylbenzenes and alkylnaphthalenes, as well as anthracene, phen-
anthrene and their alkylated forms, compounds with four or more fused benzene rings, and heteroatom-containing
aromatic compounds such as pyridines, quinolines, phenols, naphthols and the like.

[0123] The viscosity index of the lubricating base oil according to the first embodiment is 110 or higher, as mentioned
above. If the viscosity index is less than the aforementioned lower limit, the viscosity-temperature characteristic, heat
and oxidation stability and low volatility will tend to be reduced. Since the preferred range for the viscosity index of the
lubricating base oil according to the first embodiment will depend on the viscosity grade of the lubricating base oil, it will
be explained in detail below.

[0124] The iodine value of the lubricating base oil of the first embodiment is not greater than 2.5 as mentioned above,
but it is preferably not greater than 1.5, more preferably not greater than 1 and even more preferably not greater than
0.8, and while it may be less than 0.01, it is preferably 0.01 or greater, more preferably 0.1 or greater and even more
preferably 0.5 or greater, in order to obtain a commensurate effect and for increased economy. Limiting the iodine value
of the lubricating base oil to not greater than 2.5 can drastically improve the heat and oxidation stability. The "iodine
value" for the purpose of the invention is the iodine value measured by the indicator titration method according to JIS K
0070, "Acid Values, Saponification Values, lodine Values, Hydroxyl Values And Unsaponification Values Of Chemical
Products".

[0125] The lubricating base oil of the first embodiment preferably has the properties that are specified below.

[0126] The lubricating base oil of the first embodiment preferably satisfies the condition represented by the following
inequality (2).

1.435 <ny- 0.002 x kv100 <1.453 (2)

Wherein n,, represents the 20°C refractive index of the lubricating base oil, and kv100 represents the kinematic viscosity
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at 100°C (mm?2/s) of the lubricating base oil.

[0127] For a lubricating oil wherein the lubricating base oil of the first embodiment contains 95 % by mass or greater
saturated components and the proportion of cyclic saturated components among the saturated components is 0.1-15
% by mass and preferably 1-10 % by mass, ny3-0.002 X kv100 is preferably 1.435-1.450, more preferably 1.440-1.449,
even more preferably 1.442-1.448 and most preferably 1.444-1.447. For production of a lubricating base oil having such
properties, it is preferred to use a starting material composed mainly of the aforementioned synthetic wax and/or slack
wax as the starting material introduced for the hydrocracking and/or hydroisomerization step, and it is more preferred
to use a starting material composed mainly of the aforementioned synthetic wax and/or slack wax A. In this case, the
proportion of branched paraffins in the lubricating base oil is more preferably 95-99 % by mass and even more preferably
97-99 % by mass, while for a lubricating base oil obtained using the aforementioned slack wax A as the starting material,
the proportion of branched paraffins in the lubricating base oil is more preferably 82-98 % by mass and even more
preferably 90-95 % by mass.

[0128] For a lubricating base oil wherein the lubricating base oil of the first embodiment contains 90 % by mass or
greater saturated components and the proportion of cyclic saturated components among the saturated components is
5-40 % by mass and preferably 10-25 % by mass, ny3-0.002 X kv100 is 1.435-1.453, preferably 1.440-1.452, more
preferably 1.442-1.451 and even more preferably 1.444-1.450. For production of a lubricating base oil having such
properties, it is preferred to use a starting material composed mainly of the aforementioned synthetic wax and/or slack
wax as the starting material introduced for the hydrocracking and/or hydroisomerization step, and it is more preferred
to use a starting material composed mainly of the aforementioned slack wax B. In this case, the proportion of branched
paraffins in the lubricating base oil is more preferably 54-95 % by mass, even more preferably 58-92 % by mass, yet
more preferably 70-90 % by mass and most preferably 80-90 % by mass.

[0129] Ifny,-0.002 X kv100 is within the range specified above it will be possible to achieve high levels of both viscosity-
temperature characteristic and heat and oxidation stability, while additives added to the lubricating base oil will be kept
in a sufficiently stable dissolved state in the lubricating base oil so that the functions of the additives can be exhibited at
an even higherlevel. An,;-0.002 X kv100 value within the aforementioned range can also improve the frictional properties
of the lubricating base oil itself, resulting in a greater friction reducing effect and thus increased energy savings.
[0130] Ifthe nyy-0.002 X kv100 value exceeds the aforementioned upper limit, the viscosity-temperature characteristic,
heat and oxidation stability and frictional properties will tend to be insufficient, and the efficacy of additives when added
to the lubricating base oil will tend to be reduced. If the n,;-0.002 X kv100 value is less than the aforementioned lower
limit, the solubility of the additives included in the lubricating base oil will be insufficient and the effective amount of
additives kept dissolved in the lubricating base oil will be reduced, making itimpossible to effectively achieve the functions
of the additives.

[0131] The 20°C refractive index (n,q) for the purpose of the invention is the refractive index measured at 20°C
according to ASTM D1218-92. The kinematic viscosity at 100°C (kv100) for the purpose of the invention is the kinematic
viscosity measured at 100°C according to JIS K2283-1993.

[0132] The %Cp value of the lubricating base oil of the first embodiment is preferably 80 or greater, more preferably
82-99, even more preferably 85-95, yet more preferably 87-93 and most preferably 90-93. If the %Cp value of the
lubricating base oil is less than the aforementioned lower limit, the viscosity-temperature characteristic, heat and oxidation
stability and frictional properties will tend to be reduced, while the efficacy of additives when added to the lubricating
base oil will also tend to be reduced. If the %Cp value of the lubricating base oil is greater than the aforementioned upper
limit, on the other hand, the additive solubility will tend to be lower.

[0133] The %Cy value of the lubricating base oil of the first embodiment is preferably 3-19, more preferably 5-15, even
more preferably 7-13 and most preferably 7.5-12. If the %Cy value of the lubricating base oil exceeds the aforementioned
upper limit, the viscosity-temperature characteristic, heat and oxidation stability and frictional properties will tend to be
reduced. If the %Cy is less than the aforementioned lower limit, the additive solubility will tend to be lower. The %C of
the lubricating base oil of the first embodiment is preferably not greater than 5, more preferably not greater than 2, more
preferably not greater than 1.5 and even more preferably not greater than 1. If the %C, value of the lubricating base oil
exceeds the aforementioned upper limit, the viscosity-temperature characteristic, heat and oxidation stability and frictional
properties will tend to be reduced. The %C, value of the lubricating base oil of the first embodiment may be zero, but
the solubility of additives can be further increased with a %C, value of 0.1 or greater.

[0134] The ratio of the %Cp and %Cy values for the lubricating base oil of the first embodiment is %Cp/%Cy of
preferably 5 or greater, more preferably 6 or greater and even more preferably 7 or greater. If the %Cp/%Cy ratio is less
than the aforementioned lower limit, the viscosity-temperature characteristic, heat and oxidation stability and frictional
properties will tend to be reduced, while the efficacy of additives when added to the lubricating base oil will also tend to
be reduced. The %Cp/%Cy ratio is preferably not greater than 35, more preferably not greater than 20, even more
preferably not greater than 14 and most preferably not greater than 13. The additive solubility can be further increased
if the %Cp/%Cy ratio is not greater than the aforementioned upper limit.

[0135] The %Cp, %Cy and %Cy values for the purpose of the invention are, respectively, the percentage of paraffinic

18



10

15

20

25

30

35

40

45

50

55

EP 2 009 084 B1

carbon atoms number with respect to total carbon atoms number, the percentage of naphthenic carbon atoms number
with respect to total carbon atoms number and the percentage of aromatic carbon atoms number with respect to total
carbon atoms number, as determined by the methods of ASTM D 3238-85 (n-d-M ring analysis). That is, the preferred
ranges for %Cp, %Cy and %C, are based on values determined by these methods, and for example, %Cy may be a
value exceeding 0 according to these methods even if the lubricating base oil contains no naphthene portion.

[0136] The sulfur content in the lubricating base oil of the first embodiment will depend on the sulfur content of the
starting material. For example, when using a substantially sulfur-free starting material as for synthetic wax components
obtained by Fischer-Tropsch reaction, it is possible to obtain a substantially sulfur-free lubricating base oil. When using
a sulfur-containing starting material, such as slack wax obtained by a lubricating base oil refining process or microwax
obtained by a wax refining process, the sulfur content of the obtained lubricating base oil will normally be 100 ppm by
mass or greater. The lubricating base oil of the first embodiment preferably has a sulfur content of not greater than 100
ppm by mass, more preferably not greater than 50 ppm by mass, even more preferably not greater than 10 ppm by
mass and most preferably not greater than 5 ppm by mass, from the viewpoint of further improving the heat and oxidation
stability and achieving low sulfurization.

[0137] From the viewpoint of cost reduction it is preferred to use a slack wax or the like as the starting material, in
which case the sulfur content of the obtained lubricating base oil is preferably not greater than 50 ppm by mass and
more preferably not greater than 10 ppm by mass. The sulfur content for the purpose of the invention is the sulfur content
measured according to JIS K 2541-1996.

[0138] The nitrogen content in the lubricating base oil of the first embodiment is not particularly restricted, but is
preferably not greater than 5 ppm by mass, more preferably not greater than 3 ppm by mass and even more preferably
not greater than 1 ppm by mass. If the nitrogen content exceeds 5 ppm by mass, the heat and oxidation stability will
tend to be reduced. The nitrogen content for the purpose of the invention is the nitrogen content measured according
to JIS K 2609-1990.

[0139] According to the first embodiment, a lubricating base oil having a kinematic viscosity at 100°C in one of the
following ranges is used after fractionation by distillation or the like.

(1) A lubricating base oil with a kinematic viscosity at 100°C of 1.5 mm2/s or greater and less than 3.5 mm2/s, and
more preferably 2.0-3.0 mm?2/s.

(1) A lubricating base oil with a kinematic viscosity at 100°C of 3.0 mm2/s or greater and less than 4.5 mm2/s, and
more preferably 3.5-4.1 mm?/s.

(1) A lubricating base oil with a kinematic viscosity at 100°C of 4.5-20 mm?2/s, more preferably 4.8-11 mm2/s and
most preferably 5.5-8.0 mm?2/s.

[0140] The kinematic viscosity at 40°C of the lubricating base oil of the first embodiment is preferably 6.0-80 mmZ2/s
and more preferably 8.0-50 mm2/s. According to the first embodiment, a lube-oil distillate having a kinematic viscosity
at 40°C in one of the following ranges is preferably used after fractionation by distillation or the like.

(IV) A lubricating base oil with a kinematic viscosity at 40°C of 6.0 mm2/s or greater and less than 12 mm2/s, and
more preferably 8.0-12 mm2/s.

(V) A lubricating base oil with a kinematic viscosity at 40°C of 12 mm2/s or greater and less than 28 mm?/s, and
more preferably 13-19 mm?/s.

(V1) A lubricating base oil with a kinematic viscosity at 40°C of 28-50 mm?2/s, more preferably 29-45 mm2/s and most
preferably 30-40 mm?2/s. By satisfying the aforementioned respective conditions for the saturated component content,
the proportion of cyclic saturated components among the saturated components, the viscosity index and iodine
value, the lubricating base oils (1) and (V) can provide a superior low-temperature viscosity characteristic and notably
lower the viscous resistance and stirring resistance compared to conventional lubricating base oils of the same
viscosity grade. Moreover, by including a pour point depressant it is possible to lower the BF viscosity at -40°C to
not greater than 2000 mPa-s. The BF viscosity at -40°C is the viscosity measured according to JPI-5S-26-99.

[0141] Also, by satisfying the aforementioned respective conditions for the saturated component content, the proportion
of cyclic saturated components among the saturated components, the viscosity index and iodine value, the lubricating
base oils (Il) and (V) can provide a superior low-temperature viscosity characteristic and improved low volatility and
lubricity, compared to conventional lubricating base oils of the same viscosity grade. For example, with lubricating base
oils (II) and (V) it is possible to lower the CCS viscosity at -35°C to not greater than 3000 mPa-s.
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[0142] Also, by satisfying the aforementioned respective conditions for the saturated component content, the proportion
of cyclic saturated components among the saturated components, the viscosity index and iodine value, the lubricating
base oils (l1l) and (VI) can provide a superior low-temperature viscosity characteristic and improved low volatility, heat
and oxidation stability and lubricity, compared to conventional lubricating base oils of the same viscosity grade.

[0143] The viscosity index of the lubricating base oil of the first embodiment will depend on the viscosity grade of the
lubricating base oil. The viscosity index for the lubricating oils (I) and (IV) is preferably 110-135, more preferably 115-130
and even more preferably 120-130. The viscosity index for the lubricating base oils (ll) and (V) is preferably 135-150.
Also, the viscosity index for the lubricating base oils (Ill) and (V1) is preferably 135-180 and more preferably 140-160. If
the viscosity index s less than the aforementioned lower limit, the viscosity-temperature characteristic, heat and oxidation
stability and low volatility will tend to be reduced. If the viscosity index exceeds the aforementioned upper limit, the low-
temperature viscosity characteristic will tend to be reduced.

[0144] The viscosity indexforthe purpose of the inventionis the viscosity index measured according to JIS K2283-1993.
[0145] The 20°C refractive index of the lubricating base oil of the first embodiment will depend on the viscosity grade
of the lubricating base oil, but the 20°C refractive index of the lubricating base oils (I) and (V) mentioned above, for
example, is preferably 1.440-1.461, more preferably 1.442-1.460 and even more preferably 1.445-1.459. The 20°C
refractive index of the lubricating base oils (II) and (V) is preferably 1.450-1.465, more preferably 1.452-1.463 and even
more preferably 1.453-1.462. The 20°C refractive index of the lubricating base oils (lll) and (V1) is preferably 1.455-1.469,
more preferably 1.456-1.468 and even more preferably 1.457-1.467. If the refractive index exceeds the aforementioned
upper limit, the viscosity-temperature characteristic, heat and oxidation stability, low volatility and low-temperature vis-
cosity characteristic of the lubricating base oil will tend to be reduced, while the efficacy of additives when added to the
lubricating base oil will also tend to be reduced.

[0146] The pour point of the lubricating base oil of the first embodiment will depend on the viscosity grade of the
lubricating base oil, but the pour point of the lubricating base oils (I) and (V) mentioned above is preferably not higher
than -15°C. The pour point of the lubricating base oils (I1) and (V) is preferably not higher than -15°C and more preferably
not higher than -17.5°C. The pour point of the lubricating base oils (lll) and (V1) is preferably not higher than -15°C. If
the pour point exceeds the upper limit specified above, the low-temperature flow properties of a lubricating oil employing
the lubricating base oil will tend to be reduced. The pour point for the purpose of the invention is the pour point measured
according to JIS K 2269-1987.

[0147] The CCS viscosity at-35°C of the lubricating base oil of the first embodiment will depend on the viscosity grade
of the lubricating base oil, but the CCS viscosity at -35°C for the lubricating base oils (I) and (IV) mentioned above, for
example, is preferably not greater than 1000 mPa-s. The CCS viscosity at -35°C for the lubricating base oils (IlI) and (V)
is preferably not greater than 3000 mPa-s, more preferably not greater than 2400 mPa-s, even more preferably not
greater than 2200 mPa-s and most preferably not greater than 2000 mPa-s. The CCS viscosity at -35°C for the lubricating
base oils (Ill) and (V1) is preferably not greater than 15,000 mPa-s, more preferably not greater than 10,000 mPa-s and
even more preferably not greater than 8000 mPa-s. If the CCS viscosity at-35°C exceeds the upper limit specified above,
the low-temperature flow properties of a lubricating oil employing the lubricating base oil will tend to be reduced. The
-CCS viscosity at -35°C for the purpose of the invention is the viscosity measured according to JIS K 2010-1993.
[0148] The density at 15°C (ps, units: g/cm?3) of the lubricating base oil of the first embodiment will also depend on
the viscosity grade of the lubricating base oil, but it is preferably not greater than the value of p as represented by the
following formula (3), i.e., p15 < p.

p =0.0025 x kv100+0.820 (3)

[In this equation, kv100 represents the kinematic viscosity at 100°C (mm2/s) of the lubricating base oil.]

[0149] If p45>p, the viscosity-temperature characteristic, heat and oxidation stability, low volatility and low-temperature
viscosity characteristic of the lubricating base oil will tend to be reduced, while the efficacy of additives when added to
the lubricating base oil will also tend to be reduced.

[0150] For example, the value of p4s5 for lubricating base oils (1) and (IV) is preferably not greater than 0.825 g/cm3
and more preferably not greater than 0.820 g/cm3. The value of p45 for lubricating base oils (I1) and (V) is preferably not
greater than 0.835 g/cm3 and more preferably not greater than 0.830 g/cm3. The value of p,5 for lubricating base oils
(Il and (V1) is preferably not greater than 0.840 g/cm3 and more preferably not greater than 0.835 g/cm3.

[0151] Thedensityat15°C forthe purpose of the inventionis the density measured at 15°C according to JIS K2249-1995
[0152] The aniline point (AP (°C)) of the lubricating base oil of the first embodiment will also depend on the viscosity
grade of the lubricating base oil, but it is preferably greater than or equal to the value of A as represented by the following
formula (4), i.e., AP > A.
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A=4.1 x kv100+97 (4)

[In this equation, kv100 represents the kinematic viscosity at 100°C (mm?2/s) of the lubricating base oil.]

[0153] If AP<A, the viscosity-temperature characteristic, heat and oxidation stability, low volatility and low-temperature
viscosity characteristic of the lubricating base oil will tend to be reduced, while the efficacy of additives when added to
the lubricating base oil will also tend to be reduced.

[0154] The value of AP for the lubricating base oils (I) and (1V) is preferably 108°C or higher, more preferably 110°C
or higher and even more preferably 112°C or higher. The value of AP for the lubricating base oils (Il) and (V) is preferably
113°C or higher, more preferably 116°C or higher, even more preferably 118°C or higher and most preferably 120°C or
higher. The value of AP for the lubricating base oils (Ill) and (V1) is preferably 125°C or higher, more preferably 127°C
or higher and even more preferably 128°C or higher. The aniline point for the purpose of the invention is the aniline point
measured according to JIS K 2256-1985

[0155] The NOACK evaporation amount of the lubricating base oil of the first embodiment is not particularly restricted,
and for example, the NOACK evaporation amount for lubricating base oils (I) and (1V) is preferably 20 % by mass or
greater, more preferably 25 % by mass or greater and even more preferably 30 or greater, and preferably not greater
than 50 % by mass, more preferably not greater than 45 % by mass and even more preferably not greater than 42 %
by mass. The NOACK evaporation amount for lubricating base oils (Il) and (V) is preferably 6 % by mass or greater,
more preferably 8 % by mass or greater and even more preferably 10 % by mass or greater, and preferably not greater
than 20 % by mass, more preferably not greater than 16 % by mass, even more preferably not greater than 15 % by
mass and most preferably not greater than 14 % by mass. The NOACK evaporation amount for lubricating base oils (1Il)
and (VI) is preferably 1 % by mass or greater and more preferably 2 % by mass or greater, and preferably not greater
than 8 % by mass, more preferably not greater than 6 % by mass and even more preferably not greater than 4 % by
mass. If the NOACK evaporation amount is below the aforementioned lower limit it will tend to be difficult to improve the
low-temperature viscosity characteristic. If the NOACK evaporation amount is above the respective upper limit, the
evaporation loss of the lubricating oil will be increased when the lubricating base oil is used as a lubricating oil for an
internal combustion engine, and catalyst poisoning will be undesirably accelerated as a result. The NOACK evaporation
amount for the purpose of the invention is the evaporation loss as measured according to ASTM D 5800-95.

[0156] The distillation properties of the lubricating base oil of the first embodiment are preferably an initial boiling point
(IBP) of 290-440°C and a final boiling point (FBP) of 430-580°C in gas chromatography distillation, and rectification of
one or more fractions selected from among fractions in this distillation range can yield lubricating base oils (lI)-(Ill) and
(IV)-(VI1) having the aforementioned preferred viscosity ranges.

[0157] For example, for the distillation properties of the lubricating base oils (I) and (IV), the initial boiling point (IBP)
is preferably 260-360°C, more preferably 300-350°C and even more preferably 310-350°C. The 10% distillation tem-
perature (T10) is preferably 320-400°C, more preferably 340-390°C and even more preferably 350-380°C. The 50%
distillation temperature (T50) is preferably 350-430°C, more preferably 360-410°C and even more preferably 370-400°C.
The 90% distillation temperature (T90) is preferably 380-460°C, more preferably 390-450°C and even more preferably
400-440°C. The final boiling point (FBP) is preferably 420-520°C, more preferably 430-500°C and even more preferably
440-480°C. T90-T10 is preferably 50-100°C, more preferably 55-85°C and even more preferably 60-70°C. FBP-IBP is
preferably 100-250°C, more preferably 110-220°C and even more preferably 120-200°C. T10-IBP is preferably 10-80°C,
more preferably 15-60°C and even more preferably 20-50°C. FBP-T90 is preferably 10-80°C, more preferably 15-70°C
and even more preferably 20-60°C.

[0158] For the distillation properties of the lubricating base oils (Il) and (V), the initial boiling point (IBP) is preferably
300-380°C, more preferably 320-370°C and even more preferably 330-360°C. The 10% distillation temperature (T10)
is preferably 340-420°C, more preferably 350-410°C and even more preferably 360-400°C. The 50% distillation tem-
perature (T50) is preferably 380-460°C, more preferably 390-450°C and even more preferably 400-460°C. The 90%
distillation temperature (T90) is preferably 440-500°C, more preferably 450-490°C and even more preferably 460-480°C.
The final boiling point (FBP) is preferably 460-540°C, more preferably 470-530°C and even more preferably 480-520°C.
T90-T10 is preferably 50-100°C, more preferably 60-95°C and even more preferably 80-90°C. FBP-IBP is preferably
100-250°C, more preferably 120-180°C and even more preferably 130-160°C. T10-IBP is preferably 10-70°C, more
preferably 15-60°C and even more preferably 20-50°C. FBP-T90 is preferably 10-50°C, more preferably 20-40°C and
even more preferably 25-35°C.

[0159] For the distillation properties of the lubricating base oils (lll) and (VI), the initial boiling point (IBP) is preferably
320-480°C, more preferably 350-460°C and even more preferably 380-440°C. The 10% distillation temperature (T10)
is preferably 420-500°C, more preferably 430-480°C and even more preferably 440-460°C. The 50% distillation tem-
perature (T50) is preferably 440-520°C, more preferably 450-510°C and even more preferably 460-490°C. The 90%
distillation temperature (T90) is preferably 470-550°C, more preferably 480-540°C and even more preferably 490-520°C.
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The final boiling point (FBP) is preferably 500-580°C, more preferably 510-570°C and even more preferably 520-560°C.
T90-T10 is preferably 50-120°C, more preferably 55-100°C and even more preferably 55-90°C. FBP-IBP is preferably
100-250°C, more preferably 110-220°C and even more preferably 115-200°C. T10-IBP is preferably 10-100°C, more
preferably 15-90°C and even more preferably 20-50°C. FBP-T90 is preferably 10-50°C, more preferably 20-40°C and
even more preferably 25-35°C.

[0160] By setting IBP, T10, T50, T90, FBP, T90-T10, FBP-IBP, T10-IBP and FBP-T90 within the preferred ranges
specified above for lubricating base oils (I)-(V1), it is possible to further improve the low temperature viscosity and further
reduce the evaporation loss. If the distillation ranges for T90-T10, FBP-IBP, T10-IBP and FBP-T90 are too narrow, the
lubricating base oil yield will be poor resulting in low economy.

[0161] The IBP, T10, T50, T90 and FBP values for the purpose of the invention are the running points measured
according to ASTM D 2887-97.

[0162] The residual metal content in the lubricating base oil of the first embodiment derives from metals in the catalyst
or starting materials that have become unavoidable contaminants during the production process, and it is preferred to
thoroughly remove such residual metal contents. For example, the Al, Mo and Ni contents are preferably not greater
than 1 ppm by mass each. If the metal contents exceed the aforementioned upper limit, the functions of additives in the
lubricating base oil will tend to be inhibited.

[0163] The residual metal content for the purpose of the invention is the metal content as measured according to JPI-
58-3 8-2003.

[0164] The lubricating base oil of the first embodiment, which satisfies the conditions for the saturated component
content, the proportion of cyclic saturated components among the saturated components, the viscosity index and the
iodine value, allows excellent heat and oxidation stability to be achieved, but it also preferably exhibits a RBOT life as
described below, depending on the kinematic viscosity. For example, the RBOT life for the lubricating base oils (I) and
(IV) is preferably 300 min or greater, more preferably 320 min or greater and even more preferably 330 min or greater.
Also, the RBOT life for the lubricating base oils (II) and (V) is preferably 350 min or greater, more preferably 370 min or
greater and even more preferably 380 min or greater. The RBOT life for the lubricating base oils (Ill) and (V1) is preferably
400 min or greater, more preferably 410 min or greater and even more preferably 420 min or greater. If the RBOT life
of the lubricating base oil is less than the specified lower limit, the viscosity-temperature characteristic and heat and
oxidation stability of the lubricating base oil will tend to be reduced, while the efficacy of additives when added to the
lubricating base oil will also tend to be reduced.

[0165] The RBOT life for the purpose of the invention is the RBOT value as measured according to JIS K 2514-1996,
for a composition obtained by adding a phenol-based antioxidant (2,6-di-tert-butyl-p-cresol: DBPC) at 0.2 % by mass to
the lubricating base oil.

[0166] The freezing point of the lubricating base oil of the first embodiment will depend on the viscosity grade of the
lubricating base oil, but as a preferred example of a lubricating base oil according to the first embodiment there may be
mentioned a lubricating base oil with a kinematic viscosity at 100°C of 3.5-6 mmZ2/s, a viscosity index of 130 or greater
and a freezing point of not higher than -25°C. The freezing point in this case is more preferably not higher than -26°C
and even more preferably not higher than -28°C. Under temperature conditions of about -30°C it is possible to obtain
sufficient low-temperature characteristics even if the freezing point of the lubricating base oil is above -25°C, but in order
to realize a lubricating oil with an excellent low-temperature viscosity characteristic at -35°C or lower (CCS viscosity,
MRV viscosity, BF viscosity) and especially a lubricating oil with vastly improved MRV viscosity at -40°C, it is important
for the freezing point to be not higher than -25°C, and preferably not higher than -26°C. Although the low-temperature
performance can be improved by lowering the freezing point of the lubricating base oil, the freezing point is preferably
-45°C or higher, more preferably -40°C or higher and even more preferably -35°C or higher from the viewpoint of lowering
the viscosity index and increasing economy. According to the invention it is possible to achieve high levels of both high
viscosity index and low-temperature characteristics by limiting the freezing point of the lubricating base oil to -35 to
-26°C, which is also particularly preferred to obtain a highly economical lubricating base oil. A lubricating base oil with
afreezing point of not higher than -25°C can be obtained by dewaxing treatment by the aforementioned solvent dewaxing
method or catalytic dewaxing method, but any dewaxing treatment process may be applied so long as the freezing point
of the lubricating base oil after dewaxing treatment is -25°C or lower.

[0167] The "freezing point" according to the invention is a temperature 1°C lower than the minimum temperature at
which flow of the sample is observed, as measured with the pour point measurementinterval according to JIS K2269-1987
(JIS Pour Point) (2.5°C) set to 1°C. Results with an interval of 2.5°C are obtained by the JIS Pour Point method, but
considering the measurement error and reproducibility of this method, it is not suitable for the present invention which
requires strict control of the critical point for the low-temperature characteristic. For a lubricating oil composition containing
the lubricating base oil of the first embodiment, the MRV viscosity at -40°C may be preferably not greater than 60,000
mPa-s, more preferably not greater than 30,000 mPa-s, even more preferably not greater than 20,000 mPa-s and most
preferably not greater than 15,000 mPa-s, and the yield stress may be 0 Pa (no yield stress). The MRV viscosity at -40°C
and yield stress according to the invention are, respectively, the viscosity and yield stress measured according to ASTM
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D 4684.

[0168] The lubricating base oil according to the first embodiment of the invention is preferably characterized by having
a kinematic viscosity at 100°C of 3.5-6 mm?2/s, a viscosity index of 130 or higher and a freezing point of not higher than
-25°C.

[0169] The kinematic viscosity at 100°C of this lubricating base oil is 3.5-6 mm2/s as mentioned above, but it is
preferably 3.7-4.5 mm2/s and more preferably 3.9-4.2 mm2/s. If the kinematic viscosity at 100°C of the lubricating base
oilis less than 3.5 mm2/s, the evaporation loss will be increased, while if it exceeds 6 mm?2/s the low-temperature viscosity
characteristic at -40°C will be significantly impaired.

[0170] There are no particular restrictions on the kinematic viscosity at 40°C of the lubricating base oil, but itis preferably
12-32 mm2/s, more preferably 13-19 mm2/s and even more preferably 15-17.5 mm2/s. If the kinematic viscosity at 40°C
of the lubricating base oil is less than 12 mm?2/s, the evaporation loss will tend to be increased, while if it exceeds 32
mm2/s the -40°C low-temperature viscosity characteristic will tend to be significantly impaired.

[0171] The viscosity index of this lubricating base oil is 130 or higher as mentioned above, but it is preferably 135 or
higher and more preferably 138 or higher. If the viscosity index is less than 130, the viscosity-temperature characteristic
will be inadequate. The viscosity index of this lubricating base oil is preferably not greater than 160 and more preferably
not greater than 150. If the viscosity index exceeds 160, the low-temperature viscosity characteristic will tend to be
inadequate. The freezing point of this lubricating base oil is not higher than -25°C as mentioned above, but it is preferably
not higher than -26°C and more preferably not higher than - 28°C. Under temperature conditions of about -30°C it is
possible to obtain sufficient low-temperature characteristics even if the freezing point of the lubricating base oil is above
-25°C, but in order to realize a lubricating oil with an excellent low-temperature viscosity characteristic at below -35°C
(CCS viscosity, MRV viscosity, BF viscosity) and especially a lubricating oil with vastly improved MRV viscosity at -
40°C, it is important for the freezing point to be not higher than -25°C, and preferably not higher than -26°C. Although
the low-temperature performance can be improved by lowering the freezing point of the lubricating base oil, the freezing
point is preferably -45°C or higher, more preferably -40°C or higher and even more preferably -35°C or higher from the
viewpoint of lowering the viscosity index and increasing economy. According to the invention it is possible to achieve
high levels of both high viscosity index and low-temperature characteristics by limiting the freezing point of the lubricating
base oil to -35 t0 -26°C, which is also particularly preferred to obtain a highly economical lubricating base oil. A lubricating
base oil with a freezing point of not higher than -25°C can be obtained by dewaxing treatment by the aforementioned
solvent dewaxing method or catalytic dewaxing method, but any dewaxing treatment process may be applied so long
as the freezing point of the lubricating base oil after dewaxing treatment is -25°C or lower.

[0172] The CCS viscosity at-35°C of this lubricating base oil may be preferably not greater than 2800 mPa-s, more
preferably not greater than 2200 mPa-s and even more preferably not greater than 2000 mPa-s.

[0173] Foralubricating oil composition containing this lubricating base oil, the MRV viscosity at-40°C may be preferably
not greater than 60,000 mPa-s, more preferably not greater than 30,000 mPa's, even more preferably not greater than
20,000 mPa-s and most preferably not greater than 15,000 mPa-s, and the yield stress may be 0 Pa (no yield stress).
[0174] For alubricating oil composition containing this lubricating base oil, the BF viscosity at -40°C may be preferably
not greater than 20,000 mPa-s, more preferably not greater than 15,000 mPa-s, even more preferably not greater than
10,000 mPa-s and most preferably not greater than 8000 mPa-s.

[0175] The 20°C refractive index of this lubricating base oil is preferably 1.450-1.465, more preferably 1.452-1.463
and even more preferably 1.453-1.462, in order to satisfy formula (2) above.

[0176] The pour point for this lubricating base oil is preferably not higher than -20°C, more preferably not higher than
-22.5°C, even more preferably not higher than -25°C, yet more preferably not higher than -27.5°C and most preferably
not higher than -30°C. If the pour point exceeds the aforementioned upper limit, the lubricating base oil and lubricating
oil compositions containing the lubricating base oil will tend to have a reduced low-temperature viscosity characteristic
at -35°C or lower.

[0177] The density at 15°C (p45, units: g/cm3) of this lubricating base oil is preferably not greater than 0.835 g/cms3,
more preferably not greater than 0.830 g/cm3, even more preferably not greater than 0.825 g/cm3, and preferably 0.810
g/cm3 or greater.

[0178] The NOACK evaporation amount of this lubricating base oil is not particularly restricted, but it is preferably not
greater than 20 % by mass, more preferably not greater than 16 % by mass and even more preferably not greater than
15 % by mass, and preferably 6 % by mass or greater, more preferably 8 % by mass or greater and even more preferably
10 % by mass or greater. If the NOACK evaporation amount is below the aforementioned lower limit it will tend to be
difficult to improve the low-temperature viscosity characteristic. Ifthe NOACK evaporation amountis above the respective
upper limit, the evaporation loss of the lubricating oil will be increased when the lubricating base oil is used as a lubricating
oil for an internal combustion engine, and catalyst poisoning will be undesirably accelerated as a result.

[0179] The aniline point (AP (°C)) of this lubricating base oil is preferably 113°C or higher, more preferably 116°C or
higher, even more preferably 118°C or higher and most preferably 120°C or higher.

[0180] Asregards the distillation property of this lubricating base oil, the initial boiling point (IBP) by gas chromatography
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distillation is preferably 300-380°C, more preferably 320-370°C and even more preferably 330-360°C. The 10% distillation
temperature (T10) is preferably 340-420°C, more preferably 350-410°C and even more preferably 360-400°C. The 50%
distillation temperature (T50) is preferably 380-460°C, more preferably 390-450°C and even more preferably 400-460°C.
The 90% distillation temperature (T90) is preferably 440-500°C, more preferably 450-490°C and even more preferably
460-480°C. The final boiling point (FBP) is preferably 460-540°C, more preferably 470-530°C and even more preferably
480-520°C. T90-T10 is preferably 50-100°C, more preferably 60-95°C and even more preferably 80-90°C. FBP-IBP is
preferably 100-250°C, more preferably 120-180°C and even more preferably 130-160°C. T10-IBP is preferably 10-70°C,
more preferably 15-60°C and even more preferably 20-50°C. FBP-T90 is preferably 10-50°C, more preferably 20-40°C
and even more preferably 25-35°C. By setting IBP, T10, T50, T90, FBP, T90-T10, FBP-IBP, T10-IBP and FBP-T90
within the preferred ranges specified above, it is possible to further improve the low temperature viscosity and further
reduce the evaporation loss. If the distillation ranges for T90-T10, FBP-IBP, T10-IBP and FBP-T90 are too narrow, the
lubricating base oil yield will be poor resulting in low economy.

[0181] This lubricating base oil can exhibit excellent heat and oxidation stability since its kinematic viscosity at 100°C,
viscosity index and freezing point satisfy the conditions specified above, but its RBOT life is preferably 350 min or longer,
more preferably 370 min or longer and even more preferably 380 min or longer. If the RBOT life of the lubricating base
oil is less than the specified lower limit, the viscosity-temperature characteristic and heat and oxidation stability of the
lubricating base oil will tend to be reduced, while the efficacy of additives when added to the lubricating base oil will also
tend to be reduced.

[0182] This lubricating oil composition preferably contains a pour point depressant and/or viscosity index improver
among the aforementioned additives, from the viewpoint of drastically improving the BF viscosity at -40°C or MRV
viscosity. The pour point of the lubricating oil composition containing a pour point depressant and/or viscosity index
improver is preferably -60 to -35°C and more preferably -50 to -40°C.

[0183] Thelubricatingbase oils according to the first embodiment exhibit excellent viscosity-temperature characteristics
and heat and oxidation stability, as well as improved frictional properties of the lubricating base oils themselves, making
it possible to achieve an increased friction reducing effect and thus improved energy savings. When additives are included
in the lubricating base oils of the first embodiment, the functions of the additives (improving heat and oxidation stability
by antioxidants, increased friction reducing effect by friction modifiers, improved wear resistance by anti-wear agents,
etc.) are exhibited at a higher level. The lubricating base oils of the first embodiment can be applied as base oils for a
variety of lubricating oils. The specific uses of the lubricating base oils of the first embodiment may be as lubricating oils
for an internal combustion engine such as a passenger vehicle gasoline engine, two-wheel vehicle gasoline engine,
diesel engine, gas engine, gas heat pump engine, ship engine, electric power engine or the like (internal combustion
engine lubricating oil), as a lubricating oil for a drive-train such as an automatic transmission, manual transmission,
continuously variable transmission, final reduction gear or the like (drive-train oil), as a hydraulic oil for a hydraulic power
unit such as a damper, construction machine or the like, or as a compressor oil, turbine oil, industrial gear oil, refrigerator
oil, rust preventing oil, heating medium oil, gas holder seal oil, bearing oil, paper machine oil, machine tool oil, sliding
guide surface oil, electrical insulation oil, shaving oil, press oil, rolling oil, heat treatment oil or the like, and using the
lubricating base oils of the first embodiment for these purposes will allow the improved characteristics of the lubricating
oil including the viscosity-temperature characteristic, heat and oxidation stability, energy savings and fuel efficiency to
be exhibited at a high level, together with a longer lubricating oil life and lower levels of environmentally unfriendly
substances.

[0184] When a lubricating base oil according to the first embodiment is used as the base oil for a lubricating oil, the
lubricating base oil of the first embodiment may be used alone, or the lubricating base oil of the first embodiment may
be used in combination with one or more other base oils. When a lubricating base oil of the first embodiment is combined
with another base oil, the proportion of the lubricating base oil of the first embodiment in the total mixed base oil is
preferably 30 % by mass or greater, more preferably 50 % by mass or greater and even more preferably 70 % by mass
or greater.

[0185] There are no particular restrictions on the other base oil used in combination with the lubricating base oil of the
first embodiment, and as examples of mineral oil base oils there may be mentioned solvent refined mineral oils, hydro-
cracked mineral oils, hydrorefined mineral oils and solvent dewaxed base oils having 100°C dynamic viscosities of 1-100
mm?2/s.

[0186] As synthetic base oils there may be mentioned poly-a-olefins and their hydrides; isobutene oligomers and their
hydrides; isoparaffins, alkylbenzenes, alkylnaphthalenes, diesters (ditridecyl glutarate, di-2-ethylhexyl adipate, diisodecyl
adipate, ditridecyl adipate, di-2-ethylhexyl sebacate and the like), polyol esters (trimethylolpropane caprylate, trimethy-
lolpropane pelargonate, pentaerythritol 2-ethyl hexanoate, pentaerythritol pelargonate and the like), polyoxyalkylene
glycols, dialkyldiphenyl ethers and polyphenyl ethers, among which poly-a-olefins are preferred. As typical poly-a-olefins
there may be mentioned C2-C32 and preferably C6-C16 a-olefin oligomers or co-oligomers (1-octene oligomer, decene
oligomer, ethylene-propylene co-oligomers and the like), and their hydrides.

[0187] There are no particular restrictions on the process for producing poly-a-olefins, and as examples there may be
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mentioned a process wherein an a-olefin is polymerized in the presence of a polymerization catalyst such as a Friedel-
Crafts catalyst comprising a complex of aluminum trichloride or boron trifluoride with water, an alcohol (ethanol, propanol,
butanol or the like) and a carboxylic acid or ester. The additives included in the lubricating base oil of the first embodiment
are not particularly restricted, and any additives that are commonly employed in the field of lubricating oils may be used.
As specific lubricating oil additives there may be mentioned antioxidants, ashless despersants, metal-based detergents,
extreme-pressure agents, anti-wear agents, viscosity index improvers, pour point depressants, friction modifiers, oiliness
improvers, corrosion inhibitors, rust-preventive agents, demulsifiers, metal deactivators, seal swelling agents, antifoam-
ing agents, coloring agents, and the like. These additives may be used alone or in combinations of two or more.

(Second embodiment)

[0188] The lubricating oil composition for an internal combustion engine according to the second embodiment is
characterized by comprising a lubricating base oil according to the firstembodiment described above, (A-1) a phosphorus-
based anti-wear agent at 0.02-0.08 % by mass in terms of phosphorus element, (B-1) an ashless antioxidant at 0.5-3
% by mass and (C-1) an ashless dispersant at 3-12 % by mass, based on the total amount of the composition. The
descriptions of the lubricating base oils according to the first embodiment will not be repeated here. The lubricating oil
composition for an internal combustion engine of the second embodiment may further contain the mineral base oils and
synthetic base oils mentioned above in the explanation of the first embodiment, in addition to the lubricating base oil
according to the first embodiment, and those mineral base oils and synthetic base oils will not be repeated here.
[0189] The lubricating oil composition for an internal combustion engine of the second embodiment comprises a
phosphorus-based anti-wear agentas component (A-1). As phosphorus-based anti-wear agents there may be mentioned
phosphorus-based anti-wear agents containing no sulfur as a constituent element, and anti-wear agents containing both
phosphorus and sulfur (phosphorus-sulfur-based anti-wear agents). As phosphorus-based anti-wear agents containing
no sulfur as a structural element there may be mentioned phosphoric acid, phosphorous acid, phosphoric acid esters
(including phosphoric acid monoesters, phosphoric acid diesters and phosphoric acid triesters), phosphorous acid esters
(including phosphorous acid monoesters, phosphorous acid diesters and phosphorous acid triesters), and salts of the
foregoing (such as amine salts or metal salts). As phosphoric acid esters and phosphorous acid esters there may
generally be used those with C2-C30 and preferably C3-C20 hydrocarbon groups.

[0190] As phosphorus-sulfur-based extreme-pressure agents there may be mentioned thiophosphoric acid, thiophos-
phorous acid, thiophosphoric acid esters (including thiophosphoric acid monoesters, thiophosphoric acid diesters and
thiophosphoric acid triesters), thiophosphorous acid esters (including thiophosphorous acid monoesters, thiophospho-
rous acid diesters and thiophosphorous acid triesters), salts of the foregoing, and zinc dithiophosphate. As thiophosphoric
acid esters and thiophosphorous acid esters there may generally be used those with C2-C30 and preferably C3-C20
hydrocarbon groups.

[0191] As phosphorus-based anti-wear agents there are preferred one or more phosphorus-based anti-wear agents
selected from the group consisting of phosphorus compounds represented by the following general formula (4-a), phos-
phorus compounds represented by the following general formula (4-b), and metal salts (excluding tungsten salts) or
amine salts thereof, as well as derivatives of the foregoing.

[Chemical Formula 1]
R!'—(x'),—P—Xx*—R?
(4-a)
x2_ RZ

[In the formula, R1 represents a C1-C34 hydrocarbon group, R2 and R3 each independently represent hydrogen or a
C1-C30 hydrocarbon group, X', X2 and X3 each represent an oxygen atom or sulfur atom, and p represents 0 or 1.]

[Chemical Formula 2]
xT
R*—(x*)q—P—x*—R"

(4-b)
x5—~R®
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[In the formula, R represents a C1-C30 hydrocarbon group, R3 and R8 each independently represent hydrogen or a
C1-C30 hydrocarbon group, X4, X5, X6 and X7 each represent an oxygen atom or sulfur atom, and q represents 0 or 1.]
[0192] As C1-C30 hydrocarbon groups for R1-R8 in general formulas (4-a) and (4-b) there may be mentioned, specif-
ically, alkyl, cycloalkyl, alkenyl, alkyl-substituted cycloalkyl, aryl, alkyl-substituted aryl and arylalkyl groups.

[0193] As examples of alkyl groups there may be mentioned alkyl groups such as methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl and octadecyl
(which alkyl groups may be straight-chain or branched).

[0194] As cycloalkyl groups there may be mentioned C5-C7 cycloalkyl groups such as cyclopentyl, cyclohexyl and
cycloheptyl. As examples of alkylcycloalkyl groups there may be mentioned C6-C11 alkylcycloalkyl groups such as
methylcyclopentyl, dimethylcyclopentyl, methylethylcyclopentyl, diethylcyclopentyl, methylcyclohexyl, dimethylcy-
clohexyl, methylethylcyclohexyl, diethylcyclohexyl, methylcycloheptyl, dimethylcycloheptyl, methylethylcycloheptyl and
diethylcycloheptyl (where the alkyl groups may be substituted at any position on the cycloalkyl groups).

[0195] As examples of alkenyl groups there may be mentioned alkenyl groups such as butenyl, pentenyl, hexenyl,
heptenyl, octenyl, nonenyl, decenyl, undecenyl, dodecenyl, tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl, hep-
tadecenyl and octadecenyl (where the alkenyl groups may be straight-chain or branched, and the double bonds may
be at any positions).

[0196] As examples of aryl groups there may be mentioned aryl groups such as phenyl and naphthyl. As examples
of alkylaryl groups there may be mentioned C7-C18 alkylaryl groups such as tolyl, xylyl, ethylphenyl, propylphenyl,
butylphenyl, pentylphenyl, hexylphenyl, heptylphenyl, octylphenyl, nonylphenyl, decylphenyl, undecylphenyl and do-
decylphenyl (where the alkyl groups may be straight-chain or branched and substituted at any positions on the aryl groups).
[0197] As examples of arylalkyl groups there may be mentioned C7-C12 arylalkyl groups such as benzyl, phenylethyl,
phenylpropyl, phenylbutyl, phenylpentyl and phenylhexyl (where the alkyl groups may be either straight-chain or
branched).

[0198] The C1-C30 hydrocarbon groups represented by R1-R® are preferably C1-C30 alkyl or C6-C24 aryl groups,
more preferably C3-C 18 and even more preferably C4-C12 alkyl groups.

[0199] As examples of phosphorus compounds represented by general formula (4-a) there may be mentioned phos-
phorous acid monoesters, monothiophosphorous acid monoesters, dithiophosphorous acid monoesters, (hydrocarbyl)
phosphonous acid, (hydrocarbyl)monothiophosphonous acid and (hydrocarbyl)dithiophosphonic acid having one C1-
C30 hydrocarbon group; phosphorous acid diesters, monothiophosphorous acid diesters, dithiophosphorous acid di-
esters, (hydrocarbyl)phosphonous acid monoesters, (hydrocarbyl)monothiophosphonous acid monoesters and (hydro-
carbyl)dithiophosphonous acid monoesters having two C1-C30 hydrocarbon groups; phosphorous acid triesters, mon-
othiophosphorous acid triesters, dithiophosphorous acid triesters, (hydrocarbyl)phosphonous acid diesters, (hydrocarbyl)
monothiophosphonous acid diesters and (hydrocarbyl)dithiophosphonous acid diesters having three C1-C30 hydrocar-
bon groups, and their derivatives, i.e. compounds containing hetero elements such as N, O and S in the hydrocarbon
groups, and tri(hexylthioethoxy)phosphorous acid esters, tri(octylthioethoxy)phosphorous acid esters, tri(dodecylth-
ioethoxy)phosphorous acid esters, tri(hexadecylthioethoxy)phosphorous acid esters, di(hexylthioethoxy)phosphorous
acid esters, di(octylthioethoxy)phosphorous acid esters, di(dodecylthioethoxy)phosphorous acid esters, di(hexadecylth-
ioethoxy)phosphorous acid esters, mono(hexylthioethoxy)phosphorous acid esters, mono(octylthioethoxy)phosphorous
acid esters, mono(dodecylthioethoxy)phosphorous acid esters and mono(hexadecylthioethoxy)phosphorous acid esters;
as well as mixtures of the foregoing.

[0200] According to the invention, the compound represented by general formula (4-a) is preferably a compound
wherein at least one of X'-X3 is an oxygen atom, and more preferably a compound wherein all of X1-X3 are oxygen
atoms, i.e. a compound represented by the following general formula (4-c).

[Chemical Formula 3]

R'=——(0),=~P—0—R?
(4-c)
0—R?

[In the formula, R represents a C1-C30 hydrocarbon group, RZ and R3 may be the same or different and each represents
hydrogen or a C1-C30 hydrocarbon group, and p represents 0 or 1.]

[0201] As examples of phosphorus compounds represented by general formula (4-b) there may be mentioned phos-
phoric acid monoesters, monothiophosphoric acid monoesters, dithiophosphoric acid monoesters, (hydrocarbyl)phos-
phonic acid, (hydrocarbyl)monothiophosphonic acid and (hydrocarbyl)dithiophosphonic acid, having one C1-C30 hydro-
carbon group; phosphoric acid diesters, monothiophosphoric acid diesters, dithiophosphoric acid diesters, (hydrocarbyl)
phosphonic acid monoesters, (hydrocarbyl)monothiophosphonic acid monoesters and (hydrocarbyl)dithiophosphonic
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acid monoesters having two C1-C30 hydrocarbon groups; phosphoric acid triesters, monothiophosphoric acid triesters,
dithiophosphoric acid triesters, (hydrocarbyl)phosphonic acid diesters and (hydrocarbyl)monothiophosphonic acid di-
esters and (hydrocarbyl)dithiophosphonic acid diesters having C1-C30 hydrocarbon groups, and their derivatives, i.e.
compounds containing hetero elements such as N, O and Sin the hydrocarbon groups, and tri(hexylthioethoxy)phosphoric
acid esters, tri(octylthioethoxy)phosphoric acid esters, tri(dodecylthioethoxy)phosphoric acid esters, tri(hexadecylth-
ioethoxy)phosphoric acid esters, di(hexylthioethoxy)phosphoric acid esters, di(octylthioethoxy)phosphoric acid esters,
di(dodecylthioethoxy)phosphoric acid esters, di(hexadecylthioethoxy)phosphoric acid esters, mono(hexylthioethoxy)
phosphoric acid esters, mono(octylthioethoxy)phosphoric acid esters, mono(dodecylthioethoxy)phosphoric acid esters
and mono(hexadecylthioethoxy)phosphoric acid esters; as well as mixtures of the foregoing.

[0202] According to the invention, the compound represented by general formula (4-b) is preferably a compound
wherein at least two of X4-X7 are oxygen atoms, and more preferably a compound wherein all of X4-X7 are oxygen
atoms, i.e. a compound represented by the following general formula (4-d).

[Chemical Formula 4]

0

RY—(0)q—P—0—RS®
(4-d)
0—RS

[In the formula, R4 represents a C1-C30 hydrocarbon group, R and Ré may be the same or different and each represents
hydrogen or a C1-C30 hydrocarbon group, and q represents 0 or 1.]

[0203] Metal salts or amine salts of phosphorus compounds represented by general formula (4-a) or (4-b) may be
obtained by reacting metal bases such as metal oxides, metal hydroxides, metal carbonates, metal chlorides and the
like, or nitrogen compounds such as ammonia and amine compounds containing only C1-C30 hydrocarbon or hydroxyl
group-containing hydrocarbon groups in the molecule, with the phosphorus compounds represented by general formula
(4-a) or (4-b), and neutralizing all or a portion of the residual acidic hydrogens. As metals for the metal base there may
be mentioned, specifically, alkali metals such as lithium, sodium, potassium and cesium, alkaline earth metals such as
calcium, magnesium and barium, and heavy metals such as zinc, copper, iron, lead, nickel, silver, molybdenum and
manganese. Preferred among these are alkaline earth metals such as calcium and magnesium, and molybdenum and
zinc, with zinc being particularly preferred.

[0204] These metal salts of phosphorus compounds will have different structures depending on the valency of the
metals and on the number of OH or SH groups in the phosphorus compounds, and therefore no limitations are placed
on the structures of the phosphorus compound metal salts. For example, when 1 mol of zinc oxide is reacted with 2 mol
of phosphoric acid diester (a compound with one OH group), a compound having the structure represented by the
following formula (4-e) may be obtained as the major component, although polymerized molecules may also be present.

» [Chemical Formula 5]

R—0—P—0——2n
(4-e)

[In the formula, each R independently represents hydrogen or a C1-C30 hydrocarbon group.]

[0205] Or when, for example, 1 mol of zinc oxide is reacted with 1 mol of phosphoric acid monoester (a compound
with two OH groups), a compound having the structure represented by the following formula (4-f) may be obtained as
the major component, although polymerized molecules may also be present.
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{Chemical Formula 6]

\Zn (4-f)

[In the formula, each R represents hydrogen or a C1-C30 hydrocarbon group.]

[0206] As specific nitrogen compounds there may be mentioned the monoamines, diamines, polyamines and al-
kanolamines mentioned above in the explanation for tungsten-amine complexes. Heterocyclic compounds such as N-
hydroxyethyloleylimidazoline and aminealkylene oxide addition products onto amine compounds may also be used. Of
these nitrogen compounds there may be mentioned as preferred examples aliphatic amines with C 10-C20 alkyl or
alkenyl groups such as decylamine, dodecylamine, tridecylamine, heptadecylamine, octadecylamine, oleylamine and
stearylamine (which may be straight-chain or branched).

[0207] According to the invention, the aforementioned phosphorus-based anti-wear agents may be used alone or in
combinations of two or more.

[0208] As phosphorus-based anti-wear agents for the invention there are preferred phosphorus compounds repre-
sented by general formula (4-c) and (4-d) above and their metal salts, and particularly preferred are zinc or calcium salts
of phosphorous acid diesters with two C3-C18 alkyl or aryl groups, phosphorous acid triesters with three C3-C18 alkyl
or aryl groups and especially C6-C12 alkyl groups, zinc or calcium salts of phosphoric acid monoesters with one C3-
C18 alkyl or aryl group, zinc or calcium salts of phosphoric acid diesters with two C3-C18 alkyl or aryl groups, phosphoric
acid triesters with three C3-C18 alkyl or aryl groups and preferably C6-C12 alkyl groups, zinc or calcium salts of (hydro-
carbyl)phosphonous acid with one C1-C18 alkyl or aryl group, zinc or calcium salts of (hydrocarbyl)phosphonous acid
monoesters with two C1-C18 alkyl or aryl groups, (hydrocarbyl)phosphonous acid diesters with three C1-18 alkyl or aryl
groups, zinc or calcium salts of (hydrocarbyl)phosphonic acid with one C1-C18 alkyl or aryl group, zinc or calcium salts
of (hydrocarbyl)phosphonic acid monoesters with two C1-C18 alkyl or aryl groups, and (hydrocarbyl)phosphonic acid
diesters with three C1-C18 alkyl or aryl groups.

[0209] The aforementioned (hydrocarbyl)phosphonic (phosphonous) acids, their metal salts, (hydrocarbyl)phosphonic
(phosphonous) acid monoesters, their metal salts and (hydrocarbyl)phosphonic (phosphonous) acid diesters preferably
have a total of C12-C30, more preferably C14-C24 and even more preferably C16-C20 hydrocarbon groups, from the
viewpoint of oil solubility and extreme-pressure property.

[0210] The phosphorus-based anti-wear agent content in the lubricating oil composition for an internal combustion
engine according to the second embodiment is 0.02-0.08 % by mass as mentioned above, but it is preferably 0.02-0.06
% by mass and most preferably 0.04-0.05 % by mass in terms of phosphorus element based on the total amount of the
composition. If the phosphorus-based anti-wear agent content is less than 0.02 % by mass in terms of phosphorus
element, the anti-wear property will tend to be insufficient. On the other hand, if the phosphorus-based anti-wear agent
content exceeds 0.08 % by mass in terms of phosphorus element, it will be difficult to maintain the performance of
exhaust gas aftertreatment devices for long periods.

[0211] The lubricating oil composition for an internal combustion engine of the second embodiment comprises an
ashless antioxidant as component (B-1). As ashless antioxidants there may be used any chain terminated ashless
antioxidants commonly employed in lubricating oils, such as phenol-based antioxidants or amine-based antioxidants.
[0212] As preferred examples of phenol-based antioxidants there may be mentioned 4,4’ -methylenebis(2,6-di-tert-
butylphenol), 4,4’-bis(2,6-di-tert-butylphenol), 4,4’-bis(2-methyl-6-tert-butylphenol), 2,2’-methylenebis(4-ethyl-6-tert-
butylphenol), 2,2’-methylenebis(4-methyl-6-tert-butylphenol), 4,4’-butylidenebis(3-methyl-6-tert-butylphenol), 4,4’-iso-
propylidenebis(2,6-di-tert-butylphenol), 2,2’-methylenebis(4-methyl-6-nonylphenol), 2,2’-isobutylidenebis(4,6-dimethyl-
phenol), 2,2’-methylenebis(4-methyl-6-cyclohexylphenol), 2,6-di-tert-butyl-4-methylphenol, 2,6-di-tert-butyl-4-ethylphe-
nol, 2,4-dimethyl-6-tertbutylphenol, 2,6-di-tert-a-dimethylamino-p-cresol, 2,6-di-tert-butyl-4 (N,N-dimethylaminomethyl-
phenol), 4,4’-thiobis(2-methyl-6-tert-butylphenol), 4,4’-thiobis(3-methyl-6-tert-butylphenol), 2,2’-thiobis(4-methyl-6-tert-
butylphenol), bis(3-methyl-4-hydroxy-5-tert-butylbenzyl)sulfide, bis(3,5-di-tert-butyl-4-hydroxybenzyl)sulfide, 2,2’-thio-
diethylenebis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate],

tridecyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate,  pentaerythrityl-tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)
propionate], octyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate, octadecyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl)propi-
onate, 3-methyl-5-tert-butyl-4-hydroxyphenyl-substituted fatty acid esters and the like. Any of these compounds may be
used alone, or two or more thereof may be used in combination.

[0213] As examples of amine-based antioxidants there may be mentioned phenyl-a-naphthylamine, alkylphenyl-o-
naphthylamine and dialkyldiphenylamine. Any of these compounds may be used alone, or two or more thereof may be
used in combination.
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[0214] The aforementioned phenol-based antioxidants and amine-based antioxidants may also be usedin combination.
[0215] The ashless antioxidant content in the lubricating oil composition for an internal combustion engine according
to the second embodiment is 0.5-3 % by mass as mentioned above, but it is preferably 0.8-2 % by mass, based on the
total amount of the composition. If the ashless antioxidant content is less than 0.5 % by mass, the oxidation life will be
inadequate. If the ashless antioxidant content exceeds 3 % by mass, there will be no effect of improved oxidation life
commensurate with the increased addition.

[0216] The lubricating oil composition for an internal combustion engine of the second embodiment comprises an
ashless dispersant as component (C-1). It also preferably contains an additional ashless dispersant. As such ashless
dispersants there may be mentioned alkenylsucciniimides and alkylsucciniimide s derived from polyolefins, and their
derivatives. A typical succiniimide can be obtained by reacting succinic anhydride substituted with a high molecular
amountalkenyl group or alkyl group, with a polyalkylenepolyamine containing an average of 4-10 (preferably 5-7) nitrogen
atoms per molecule. The high molecular weight alkenyl group or alkyl group is preferably polybutene (polyisobutene)
with a number-average molecular weight of 700-5000, and more preferably polybutene (polyisobutene) with a number-
average molecular weight of 900-3000.

[0217] As examples of preferred polybutenylsucciniimides to be used in the lubricating oil composition for an internal
combustion engine according to the second embodiment there may be mentioned compounds represented by the
following general formulas (5-a) and (5-b).

[Chemical Formula 7]

0 o
PIB : PIB

\ / (S-a)

N=(CH,CH,NH),, s~ CH,CH,—N

[Chemical Formula 8]

N-(CH,CH,NH),—H (5-b)

o)

[0218] The PIB in general formulas (5-a) and (5-b) represent polybutenyl groups, which are obtained from polybutene
produced by polymerizing high purity isobutene or a mixture of 1-butene and isobutene with a boron fluoride-based
catalyst or aluminum chloride-based catalyst, and the polybutene mixture will usually include 5-100 % by mole molecules
with vinylidene structures at the ends. Also, from the viewpoint of obtaining a sludge-inhibiting effect, n is an integer of
2-5 and preferably an integer of 3-4.

[0219] There are no particular restrictions on the method of producing the succiniimide represented by general formula
(5-a) or (5-b), and for example, polybutenylsuccinic acid obtained by reacting a chlorinated product of the aforementioned
polybutene, preferably highly reactive polybutene (polyisobutene) obtained by polymerization of the aforementioned
high purity isobutene with a boron fluoride-based catalyst, and more preferably polybutene that has been thoroughly
depleted of chlorine or fluorine, with maleic anhydride at 100-200°C, may be reacted with a polyamine such as diethyl-
enetriamine, triethylenetetramine, tetraethylenepentamine or pentaethylenehexamine. The polybutenylsuccinic acid may
be reacted with a two-fold (molar ratio) amount of polyamine for production of bissucciniimide, or the polybutenylsuccinic
acid may be reacted with an equivalent (equimolar) amount of polyamine for production of a monosucciniimide. From
the viewpoint of achieving excellent sludge dispersibility, a polybutenylbissucciniimide is preferred.
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[0220] Sincetrace amounts of fluorine or chlorine canremain in the polybutene used in the production process described
above as a result of the catalyst used in the process, it is preferred to use polybutene that has been thoroughly depleted
of fluorine or chlorine by an appropriate method such as adsorption or thorough washing with water. The fluorine or
chlorine content is preferably not greater than 50 ppm by mass, more preferably not greater than 10 ppm by mass, even
more preferably not greater than 5 ppm by mass and most preferably not greater than 1 ppm by mass.

[0221] In processes where polybutene is reacted with maleic anhydride to obtain polybutenylsuccinic anhydride, it has
been the common practice to employ a chlorination method using chlorine. However, such methods result in significant
chlorine residue (for example, approximately 2000-3000 ppm) in the final succiniimide product. On the other hand,
methods that employ no chlorine, such as methods using highly reactive polybutene and/or thermal reaction processes,
can limit residual chlorine in the final product to extremely low levels (for example, 0-30 ppm). In order to reduce the
chlorine content in the lubricating oil composition to within a range of 0-30 ppm by mass, therefore, it is preferred to use
polybutenylsuccinic anhydride obtained not by the aforementioned chlorination method but by a method using the afore-
mentioned highly reactive polybutene and/or a thermal reaction process.

[0222] As polybutenylsucciniimide derivatives there may be used "modified" succiniimides obtained by reacting boron
compounds such as boric acid or oxygen-containing organic compounds such as alcohols, aldehydes, ketones, alkyl-
phenols, cyclic carbonates, organic acids and the like with compounds represented by general formula (5-a) or (5-b)
above, and neutralizing or amidating all or a portion of the residual amino groups and/or imino groups. Particularly
advantageous from the viewpoint of heat and oxidation stability are boron-containing alkenyl (or alkyl) succiniimides
obtained by reaction with boron compounds such as boric acid.

[0223] As boron compounds to be reacted with the compound represented by general formula (5-a) or (5-b) there may
be mentioned boric acids, boric acid salts, boric acid esters and the like. As specific examples of boric acids there may
be mentioned orthoboric acid, metaboric acid and tetraboric acid. As boric acid salts there may be mentioned alkali
metal salts, alkaline earth metal salts and ammonium salts of boric acid, and as more specific examples there may be
mentioned lithium borates such as lithium metaborate, lithium tetraborate, lithium pentaborate and lithium perborate;
sodium borates such as sodium metaborate, sodium diborate, sodium tetraborate, sodium pentaborate, sodium hexab-
orate and sodium octaborate; potassium borates such as potassium metaborate, potassium tetraborate, potassium
pentaborate, potassium hexaborate and potassium octaborate; calcium borates such as calcium metaborate, calcium
diborate, tricalcium tetraborate, pentacalcium tetraborate and calcium hexaborate; magnesium borates such as mag-
nesium metaborate, magnesium diborate, trimagnesium tetraborate, pentamagnesium tetraborate and magnesium hex-
aborate; and ammonium borates such as ammonium metaborate, ammonium tetraborate, ammonium pentaborate and
ammonium octaborate. As boric acid esters there may be mentioned esters of boric acid and preferably C1-C6 alkyl
alcohols, and as more specific examples there may be mentioned monomethyl borate, dimethyl borate, trimethyl borate,
monoethyl borate, diethyl borate, triethyl borate, monopropyl borate, dipropyl borate, tripropyl borate, monobutyl borate,
dibutyl borate, tributyl borate and the like. Succiniimide derivatives reacted with such boron compounds are preferred
for superior heat resistance and oxidation stability.

[0224] Asexamples of oxygen-containing organic compounds to be reacted with the compound represented by general
formula (5-a) or (5-b) there may be mentioned, specifically, C1-C30 monocarboxylic acids such as formic acid, acetic
acid, glycolic acid, propionic acid, lactic acid, butyric acid, valeric acid, caproic acid, enanthic acid, caprylic acid, pelargonic
acid, capric acid, undecylic acid, lauric acid, tridecanoic acid, myristic acid, pentadecanoic acid, palmitic acid, margaric
acid, stearic acid, oleic acid, nonadecanoic acid and eicosanoic acid, C2-C30 polycarboxylic acids such as oxalic acid,
phthalic acid, trimellitic acid and pyromellitic acid or their anhydrides or ester compounds, and C2-C6 alkylene oxides,
hydroxy(poly)oxyalkylene carbonates and the like. Presumably, reaction of such oxygen-containing organic compounds
produces a compound wherein all or a portion of the amino groups or imino groups in the compound represented by
general formula (5-a) or (5-b) have the structure represented by general formula (5-c) below.

[Chemical Formula 9]

-——N—-—

(|:= (5-¢)

R7
[0225] R7 in general formula (5-c) represents hydrogen, C1-C24 alkyl, C1-C24 alkenyl, C1-C24 alkoxy or a hydroxy
(poly)oxyalkylene group represented by -O-(R80),,H, R8 represents C1-C4 alkylene, and m represents an integer of

1-5. Preferred among these from the viewpoint of excellent sludge dispersibility are polybutenylbissucciniimides, com-
posed mainly of product from reaction of these oxygen-containing organic compounds with all of the amino groups or
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imino groups. Such compounds can be obtained by reacting, for example, (n-1) moles of oxygen-containing organic
compound with 1 mol of the compound represented by general formula (5-a), for example. Succiniimide derivatives
obtained by reaction with such oxygen-containing organic compounds have excellent sludge dispersibility, and those
reacted with hydroxy(poly)oxyalkylene carbonate are especially preferred.

[0226] The weight-average molecular weight of the polybutenylsucciniimide and/or its derivative as an ashless dis-
persant used for the invention is preferably 3000 or greater, more preferably 5000 or greater, even more preferably 6500
or greater, yet more preferably 7000 or greater and most preferably 8000 or greater. With a weight-average molecular
weight of less than 5000, the molecular weight of the non-polar group polybutenyl groups will be low and the sludge
dispersibility will be poor, while the oxidation stability will be inferior due to a higher proportion of amine portions of the
polar groups, which can act as active sites for oxidative degradation, such that the usable life-lengthening effect of the
invention may not be achieved. On the other hand, from the viewpoint of preventing reduction of the low-temperature
viscosity characteristic, the weight-average molecular weight of the polybutenylsucciniimide and/or its derivative is pref-
erably not greater than 20,000 and most preferably not greater than 15,000. The weight-average molecular weight
referred to here is the weight-average molecular weight based on polystyrene, as measured using a 150-CALC/GPC
by Japan Waters Co., equipped with two GMHHR-M (7.8 mmID X 30 cm) columns by Tosoh Corp. in series, with
tetrahydrofuran as the solvent, a temperature of 23°C, a flow rate of 1 mL/min, a sample concentration of 1 % by mass,
a sample injection rate of 75 pL and a differential refractometer (RI) as the detector.

[0227] According to the invention, the ashless dispersant used may be, in addition to the aforementioned succiniimide
and/or its derivative, an alkyl or alkenylpolyamine, alkyl or alkenylbenzylamine, alkyl or alkenylsuccinic acid ester, Mannich
base, or a derivative thereof. The ashless dispersant content in the lubricating oil composition for an internal combustion
engine according to the second embodiment is 3-12 % by mass as mentioned above, but it is preferably 4-10 % by
mass, based on the total amount of the composition. If the ashless dispersant content is less than 3 % by mass the
dispersibility of the combustion product will be insufficient, and if it is greater than 12 % by mass the viscosity-temperature
characteristic will be insufficient. The lubricating oil composition for an internal combustion engine according to the
second embodiment may consist entirely of the lubricating base oil, phosphorus-based anti-wear agent, ashless anti-
oxidant and ashless dispersant described above, but it may further contain the additives described below as necessary
for further performance enhancement.

[0228] Thelubricating oil composition for aninternal combustion engine according to the second embodiment preferably
contains a friction modifier to allow further improvement in the frictional properties. The friction modifier used may be
any compound ordinarily used as a friction modifier for lubricating oils, and as examples there may be mentioned ashless
friction modifiers that are amine compounds, fatty acid esters, fatty acid amides, fatty acids, aliphatic alcohols, aliphatic
ethers, hydrazides (such as oleyl hydrazide), semicarbazides, ureas, ureidos, biurets and the like having one or more
C6-C30 alkyl or alkenyl and especially C6-C30 straight-chain alkyl or straight-chain alkenyl groups in the molecule.
[0229] The friction modifier content of the lubricating oil composition for an internal combustion engine according to
the second embodiment is preferably 0.01 % by mass or greater, more preferably 0.1 % by mass or greater and even
more preferably 0.3 % by mass or greater, and preferably not greater than 3 % by mass, more preferably not greater
than 2 % by mass and even more preferably not greater than 1 % by mass, based on the total amount of the composition.
If the friction modifier content is less than the aforementioned lower limit the friction reducing effect by the addition will
tend to be insufficient, while if it is greater than the aforementioned upper limit, the effects of the phosphorus-based anti-
wear agent may be inhibited, or the solubility of the additives may be reduced.

[0230] Thelubricating oil composition for aninternal combustion engine according to the second embodiment preferably
further contains a metal-based detergent from the viewpoint of cleanability. The metal-based detergent used is preferably
at least one alkaline earth metal-based cleaning agent selected from among alkaline earth metal sulfonates, alkaline
earth metal phenates and alkaline earth metal salicylates.

[0231] As alkaline earth metal sulfonates there may be mentioned alkaline earth metal salts, especially magnesium
salts and/or calcium salts, and preferably calcium salts, of alkylaromatic sulfonic acids obtained by sulfonation of alkyl
aromatic compounds with a molecular weight of 300-1,500 and preferably 400-700. As such alkylaromatic sulfonic acids
there may be mentioned, specifically, petroleum sulfonic acids and synthetic sulfonic acids.As petroleum sulfonic acids
there may be used sulfonated alkyl aromatic compounds from mineral oil lube-oil distillates, or "mahogany acids" that
are by-products of white oil production. Examples of synthetic sulfonic acids that may be used include sulfonated products
of alkylbenzenes with straight-chain or branched alkyl groups, either as by-products of alkylbenzene production plants
that are used as starting materials for detergents or obtained by alkylation of polyolefins onto benzene, or sulfonated
alkylnaphthalenes such as sulfonated dinonylnaphthalenes. There are no particular restrictions on the sulfonating agent
used for sulfonation of these alkyl aromatic compounds, but for most purposes fuming sulfuric acid or sulfuric anhydride
may be used.

[0232] As alkaline earth metal phenates there may be mentioned alkaline earth metal salts, and especially magnesium
salts and/or calcium salts, of alkylphenols, alkylphenol sulfides and alkylphenol Mannich reaction products, examples
of which include compounds represented by the following general formulas (6-a), (6-b) and (6-c).
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[Chemical Formula 10]
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[Chemical Formula 12]
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z
Ru_%\i CH, 2\: R14 (6-c)
PN

[0233] Ingeneralformulas (6-a)-(6-c), R?, R0, R11, R12, R13 and R4 may be the same or different and each represents
a C4-C30 and preferably C6-C18 straight-chain or branched alkyl group, M1, M2 and M3 each represent an alkaline
earth metal and preferably calcium and/or magnesium, and x represents 1 or 2. As specific examples for R?, R10, R11,
R12, R13 and R4 in the above formulas there may be mentioned butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, eicosyl, heneicosyl, docosyl,
tricosyl, tetracosyl, pentacosyl, hexacosyl, heptacosyl, octacosyl, nonacosyl and triacontyl, which may be straight-chain
or branched. These may be primary alkyl, secondary alkyl or tertiary alkyl groups.

[0234] Asalkaline earth metal salicylates there may be mentioned alkaline earth metal salts, and especially magnesium
salts and/or calcium salts, of alkylsalicylic acids, examples of which include compounds represented by the following
general formula (6-d).

[Chemical Formula 13]
OH
Z
(R1%), M (&)
A
B co, |2

[0235] In general formula (6-d), RS represents a C1-C30 and preferably C6-C18 straight-chain or branched alkyl
group, n represents an integer of 1-4 and preferably 1 or 2, and M4 represents an alkaline earth metal and preferably
calcium and/or magnesium. As specific examples for R'5 there may be mentioned butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, eicosyl,
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heneicosyl, docosyl, tricosyl, tetracosyl, pentacosyl, hexacosyl, heptacosyl, octacosyl, nonacosyl and triacontyl, which
may be straight-chain or branched. These may be primary alkyl, secondary alkyl or tertiary alkyl groups.

[0236] Alkaline earth metal sulfonates, alkaline earth metal phenates and alkaline earth metal salicylates include not
only neutral (normal salt) alkaline earth metal sulfonates, neutral (nhormal salt) alkaline earth metal phenates and neutral
(normal salt) alkaline earth metal salicylates obtained by reacting the aforementioned alkylaromatic sulfonic acids,
alkylphenols, alkylphenol sulfides, alkylphenol Mannich reaction products and alkylsalicylic acids directly with alkaline
earth metal bases such as oxides or hydroxides of alkaline earth metals such as magnesium and/or calcium, or by first
forming alkali metal salts such as sodium salts or potassium salts and then replacing them with alkaline earth metal
salts, but also basic alkaline earth metal sulfonates, basic alkaline earth metal phenates and basic alkaline earth metal
salicylates obtained by heating neutral alkaline earth metal sulfonates, neutral alkaline earth metal phenates and neutral
alkaline earth metal salicylates with an excess of alkaline earth metal salts or alkaline earth metal bases in the presence
of water, and overbased(superbased) alkaline earth metal sulfonates, overbased(superbased) alkaline earth metal phen-
ates and overbased(superbased) alkaline earth metal salicylates obtained by reacting alkaline earth metal hydroxides
with carbon dioxide gas or boric acid in the presence of neutral alkaline earth metal sulfonates, neutral alkaline earth
metal phenates and neutral alkaline earth metal salicylates.

[0237] According to the invention, the aforementioned neutral alkaline earth metal salts, basic alkaline earth metal
salts, overbased(superbased) alkaline earth metal salts or mixtures thereof may be used. Of these, combinations of
overbased calcium sulfonate and overbased calcium phenate, or overbased calcium salicylate, are preferably used and
overbased calcium salicylate is most preferably used, from the viewpoint of maintaining cleanability for prolonged periods.
Metal-based detergents are generally marketed or otherwise available in forms diluted with gaslubricating base oils, and
for most purposes the metal content will be 1.0-20 % by mass and preferably 2.0-16 % by mass. The alkaline earth
metal-based detergent used for the invention may have any total base value, but for most purposes the total base value
is not greater than 500 mgKOH/g and preferably 150-450 mgKOH/g. The total base value referred to here is the total
base value determined by the perchloric acid method, as measured according to JIS K2501(1992): "Petroleum Product
And Lubricants - Determination of Neutralization Number", Section 7.

[0238] The metal-based detergent contentof the lubricating oil composition for aninternal combustion engine according
to the second embodiment may be as desired, but it is preferably 0.1-10 % by mass, more preferably 0.5-8 % by mass
and even more preferably 1-5 % by mass based on the total amount of the composition. The content is preferably greater
than 10 % by mass because no commensurate effect will be obtained with the increased addition.

[0239] Thelubricating oil composition for aninternal combustion engine according to the second embodiment preferably
contains a viscosity index improver to allow further improvement in the viscosity-temperature characteristic. As viscosity
index improvers there may be mentioned non-dispersant or dispersant polymethacrylates, dispersant ethylene-a-olefin
copolymers and their hydrides, polyisobutylene and its hydride, styrene-diene hydrogenated copolymers, styrene-maleic
anhydride ester copolymers and polyalkylstyrenes, among which non-dispersant viscosity index improvers and/or dis-
persant viscosity index improvers with weight-average molecular weights of 10,000-1,000,000, preferably
100,000-900,000, more preferably 150,000-500,000 and even more preferably 180,000-400,000 are preferred.

[0240] As specific examples of non-dispersant viscosity index improvers there may be mentioned homopolymers of
a monomer (hereinafter referred to as "monomer (M-1)") selected from among compounds represented by the following
general formulas (7-a), (7-b) and (7-c), and copolymers of two or more of monomer (M-1), or hydrides thereof. As specific
examples of dispersant viscosity index improvers, on the other hand, there may be mentioned compounds obtained by
introducing an oxygen-containing group into a copolymer of two or more monomers (hereinafter referred to as "monomer
(M-2)") selected from among compounds represented by general formulas (7-d) and (7-e) or their hydrides, and copol-
ymers of one or more of monomer (M-1) selected from among compounds represented by general formulas (7-a)-(7-c)
with one or more of monomer (M-2) selected from among compounds represented by general formulas (7-d) and (7-e),
or hydrides thereof.

[Chemical Formula 14]
R
CH,=C (7-a)
COOR"

[0241] Ingeneral formula (7-a), R'® represents hydrogen or methyl and R17 represents hydrogen or a C-18 alkyl group.
Specific examples of C-18 alkyl groups represented by R'7 include methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl and octadecyl (where
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the alkyl groups may be straight-chain or branched).

[Chemical Formula 15]
R'8
CH,=C (7-b)
R19

[0242] In general formula (7-b), R'8 represents hydrogen or methyl and R19 represents hydrogen or a C1-12 hydro-
carbon group. Specific examples of C1-12 hydrocarbon groups represented by R19 include alkyl groups such as methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl and dodecyl (which alkyl groups may be straight-
chain or branched); C5-7 cycloalkyl groups such as cyclopentyl, cyclohexyl and cycloheptyl; C6-11 alkylcycloalkyl groups
such as methylcyclopentyl, dimethylcyclopentyl, methylethylcyclopentyl, diethylcyclopentyl, methylcyclohexyl, dimeth-
ylcyclohexyl, methylethylcyclohexyl, diethylcyclohexyl, methylcycloheptyl, dimethylcycloheptyl, methylethylcycloheptyl
and diethylcycloheptyl (where the alkyl groups may be substituted at any position on the cycloalkyl groups); alkenyl
groups such as butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, undecenyl and dodecenyl (where the
alkenyl groups may be straight-chain or branched, and the double bonds may be at any position); aryl groups such as
phenyl and naphthyl; C7-C12 alkylaryl groups such as tolyl, xylyl, ethylphenyl, propylphenyl, butylphenyl, pentylphenyl
and hexylphenyl (where the alkyl groups may be straight-chain or branched, and substituted at any position of the aryl
groups); and C7-C12 arylalkyl groups such as benzyl, phenylethyl, phenylpropyl, phenylbutyl, phenylpentyl and phenyl-
hexyl (where the alkyl groups may be straight-chain or branched).

[Chemical Formula 16]
CH—CH

o=—c¢ c—0 (7-c)

/

xB x9

[0243] In general formula (7-c), X8 and X9 each separately represent hydrogen, a C1-C18 alkoxy group (-OR20:R20
= C1-18 alkyl group) or a C1-18 monoalkylamino group (-NHR21:R21 = C1-18 alkyl group).

[Chemical Formula 17]
R22
CH,=C . (7-d)
C00—(R®),,—Y'

[0244] In general formula (7-d), R22 represents hydrogen or methyl, R23 represents a C1-C18 alkylene group, Y
represents an amine residue or heterocyclic residue containing 1-2 nitrogen atoms and 0-2 oxygen atoms, and m is 0
or 1. Specific examples of C1-C18 alkylene groups represented by R23 include ethylene, propylene, butylene, pentylene,
hexylene, heptylene, octylene, nonylene, decylene, undecylene, dodecylene, tridecylene, tetradecylene, pentadecylene,
hexadecylene, heptadecylene and octadecylene (which alkylene groups may be straight-chain or branched). Specific
examples of groups represented by Y include dimethylamino, diethylamino, dipropylamino, dibutylamino, anilino, tolu-
idino, xylidino, acetylamino, benzoylamino, morpholino, pyrolyl, pyrrolino, pyridyl, methylpyridyl, pyrrolidinyl, piperidinyl,
quinonyl, pyrrolidonyl, pyrrolidono, imidazolino and pyrazino.
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[Chemical Formula 18]
. .
CH,= (7-¢)
Y2

[0245] Ingeneralformula (7-e), R24 represents hydrogen or methyl and Y2 represents an amine residue or heterocyclic
residue containing 1-2 nitrogen atoms and 0-2 oxygen atoms. Specific examples of groups represented by Y2 include
dimethylamino, diethylamino, dipropylamino, dibutylamino, anilino, toluidino, xylidino, acetylamino, benzoylamino, mor-
pholino, pyrolyl, pyrrolino, pyridyl, methylpyridyl, pyrrolidinyl, piperidinyl, quinonyl, pyrrolidonyl, pyrrolidono, imidazolino
and pyrazino.

[0246] Specific preferred examples for monomer (M-1) include C1-C18 alkyl acrylates, C1-C18 alkyl methacrylates,
C2-C20 olefins, styrenes, methylstyrenes, maleic anhydride esters, maleic anhydride amides, and mixtures of the fore-
going.

[0247] Specific preferred examples formonomer (M-2) include dimethylaminomethyl methacrylate, diethylaminomethyl
methacrylate, dimethylaminoethyl methacrylate, diethylaminoethyl methacrylate, 2-methyl-5-vinylpyridine, morpholi-
nomethyl methacrylate, morpholinoethyl methacrylate, N-vinylpyrrolidone, and mixtures of the foregoing.

[0248] The molar ratio of copolymerization for the copolymer of the one or more monomers selected from among (M-
1) compounds and one or more monomers selected from among (M-2) compounds will generally be, approximately,
monomer (M-1):monomer (M-2) = 80:20-95:5. Any production process may be employed, but usually a copolymer can
be easily obtained by radical solution polymerization of the monomer (M-1) and monomer (M-2) in the presence of a
polymerization initiator such as benzoyl peroxide.

[0249] Of the viscosity index improvers mentioned above, polymethacrylate-based viscosity index improvers are pre-
ferred from the viewpoint of a superior cold flow property.

[0250] The viscosity index improver content of the lubricating oil composition for an internal combustion engine ac-
cording to the second embodiment is preferably 0.1-15 % by mass and more preferably 0.5-5 % by mass based on the
total amount of the composition. If the viscosity index improver content is less than 0.1 % by mass, the improving effect
on the viscosity-temperature characteristic by its addition will tend to be insufficient, while if it exceeds 15 % by mass it
will tend to be difficult to maintain the initial extreme-pressure property for long periods.

[0251] If necessary in order to improve performance, other additives in addition to those mentioned above may be
added to the lubricating oil composition for an internal combustion engine according to the second embodiment, and
such additives may include anti-wear agents other than component (A-1), antioxidants other than component (B-1),
corrosion inhibitors, rust-preventive agents, demulsifiers, metal deactivators, pour point depressants, rubber swelling
agents, antifoaming agents, coloring agents and the like, either alone or in combinations of two or more.

[0252] As anti-wear agents other than component (A-1) there may be mentioned sulfur-based anti-wear agents such
as dithiocarbamate, zinc dithiocarbamate, molybdenum dithiocarbamate, disulfides, olefin sulfides and sulfurized fats
and oils.

[0253] As examples of antioxidants other than component (B-1) there may be mentioned copper-based and molyb-
denum-based metal antioxidants.

[0254] As examples of corrosion inhibitors there may be mentioned benzotriazole-based, tolyltriazole-based, thiadia-
zole-based and imidazole-based compounds.

[0255] Asexamples of rust-preventive agents there may be mentioned petroleum sulfonates, alkylbenzene sulfonates,
dinonylnaphthalene sulfonates, alkenylsuccinic acid esters and polyhydric alcohol esters. As examples of demulsifiers
there may be mentioned polyalkylene glycol-based nonionic surfactants such as polyoxyethylenealkyl ethers, polyox-
yethylenealkylphenyl ethers and polyoxyethyleneallcylnaphthyl ethers.

[0256] As examples of metal deactivators there may be mentioned imidazolines, pyrimidine derivatives, alkylthiadia-
zoles, mercaptobenzothiazoles, benzotriazole and its derivatives, 1,3,4-thiadiazolepolysulfide, 1,3,4-thiadiazolyl-2,5-
bisdialkyl dithiocarbamate, 2-(alkyldithio)benzimidazole and B-(o-carboxybenzylthio)propionitrile. Any publicly known
pour point depressants may be selected as pour point depressants depending on the properties of the lubricating base
oil, but preferred are polymethacrylates with weight-average molecular weights of greater than 50,000 and not greater
than 150,000, and preferably 80,000-120,000.

[0257] As antifoaming agents there may be used any compounds commonly employed as antifoaming agents for
lubricating oils, and as examples there may be mentioned silicones such as dimethylsilicone and fluorosilicone. Any one
or more selected from these compounds may be added in any desired amount.

[0258] As coloring agents there may be used any normally employed compounds and in any desired amounts, although
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the contents will usually be 0.001-1.0 % by mass based on the total amount of the composition.

[0259] When such additives are added to a lubricating oil composition of the invention, the contents will normally be
selectedinranges of 0.01-2 % by mass for anti-wear agents other than component (A-1), 0.01-2 % by mass for antioxidants
other than component (B-1), 0.005-5 % by mass for corrosion inhibitors, rust-preventive agents and demulsifiers, 0.005-1
% by mass for metal deactivators, 0.05-1 % by mass for pour point depressants, 0.0005-1 % by mass for antifoaming
agents and 0.001-1.0 % by mass for coloring agents, based on the total amount of the composition.

[0260] The lubricating oil composition for an internal combustion engine according to the second embodiment may
include additives containing sulfur as a constituent element as mentioned above, but the total sulfur content of the
lubricating oil composition (the total of sulfur from the lubricating base oil and additives) is preferably 0.05-0.3 % by
mass, more preferably 0.08-0.25 % by mass, even more preferably 0.1-0.2 % by mass and most preferably 0.12-0.18
% by mass from the viewpoint of solubility of the additives and of exhausting the base value resulting from production
of sulfur oxides under high-temperature oxidizing conditions.

[0261] The kinematic viscosity at 100°C of the lubricating oil composition for an internal combustion engine according
to the second embodiment will normally be 4-24 mm?2/s, but from the viewpoint of maintaining the oil film thickness which
prevents seizing and wear and the viewpoint of inhibiting increase in stirring resistance, it is preferably 5-18 mm?2/s, more
preferably 6-15 mm2/s and even more preferably 7-12 mm2/s.

[0262] The sulfated ash content in the lubricating oil composition for an internal combustion engine of the second
embodiment is preferably not greater than 1.2 % by mass, more preferably not greater than 1.0 % by mass and even
more preferably not greater than 0.9 % by mass from the viewpoint of maintaining the exhaust gas aftertreatment device
performance, while it is preferably 0.1 % by mass or greater, more preferably 0.4 % by mass or greater, even more
preferably 0.7 % by mass or greater and most preferably 0.8 % by mass or greater, in order to maintain engine cleanability
and oxidation stability. The "sulfated ash content" according to the invention is the sulfated ash content measured
according to "5. Sulfated Ash Test Method" of JIS K 2272-1985, "Crude Oil and Petroleum Products- Determination of
Ash and Sulfated Ash".

[0263] The lubricating oil composition for an internal combustion engine according to the second embodiment having
the construction described above has a satisfactorily long oxidation life and can adequately maintain the performance
of exhaust gas aftertreatment devices for prolonged periods, while exhibiting excellent viscosity-temperature character-
istics, frictional properties and low volatility. A lubricating oil composition for an internal combustion engine according to
the second embodiment having such excellent properties may be suitably used as a lubricating oil for internal combustion
engines including gasoline engines, diesel engines, engines for fuels comprising oxygen-containing compounds and
gas engines, for two-wheel vehicles, four-wheel vehicles, electric power generation and marine use, and the like, and
particularly, as a lubricating oil for internal combustion engines with exhaust gas aftertreatment devices, specifically
gasoline engines of vehicles with three-way catalysts, or as a lubricating oil for diesel engines of vehicles with diesel
particulate filters (DPF). It is also particularly suitable for use as a lubricating oil for internal combustion engines that run
on low sulfur fuel, such as gasoline, gas oil or kerosene with a low sulfur content of 50 ppm by mass or lower, even more
preferably 30 ppm by mass or lower and most preferably 10 ppm by mass or lower, or fuels with sulfur contents of 1
ppm by mass or lower (LPG, natural gas, essentially sulfur-free hydrogen, dimethyl ether, alcohol, GTL (gas-to-liquid
fuels) and the like).

(Third embodiment)

[0264] The lubricating oil composition for an internal combustion engine according to the third embodiment comprises
a lubricating base oil of the first embodiment described above, (A-2) an ashless antioxidant containing no sulfur as a
constituent element, and (B-2) at least one compound selected from among ashless antioxidants containing sulfur as a
constituent element and organic molybdenum compounds. The descriptions of the lubricating base oils according to the
first embodiment will not be repeated here. The lubricating oil composition for an internal combustion engine of the third
embodiment may further contain the mineral base oils and synthetic base oils mentioned above in the explanation of
the first embodiment, in addition to the lubricating base oil according to the first embodiment, and those mineral base
oils and synthetic base oils will not be repeated here.

[0265] The lubricating oil composition for an internal combustion engine according to the third embodiment comprises,
as component (A-2), an ashless antioxidant containing no sulfur as a constituent element. Component (A-2) is preferably
a phenol-based or amine-based ashless antioxidant containing no sulfur as a constituent element. As specific examples
of phenol-based ashless antioxidants containing no sulfur as a constituent element there may be mentioned 4,4’-meth-
ylenebis(2,6-di-tert-butylphenol), 4,4’-bis(2,6-di-tert-butylphenol), 4,4-bis(2-methyl-6-tert-butylphenol), 2,2’-methyl-
enebis(4-ethyl-6-tert-butylphenol), 2,2’-methylenebis(4-methyl-6-tert-butylphenol), 4,4’-butylidenebis(3-methyl-6-tert-
butylphenol), 4,4’-isopropylidenebis(2,6-di-tert-butylphenol), 2,2’-methylenebis(4-methyl-6-nonylphenol), 2,2’-isobutyli-
denebis(4,6-dimethylphenol), 2,2’-methylenebis(4-methyl-6-cyclohexylphenol), 2,6-di-tert-butyl-4-methylphenol, 2,6-di-
tert-butyl-4-ethylphenol, 2,4-dimethyl-6-tertbutylphenol, 2,6-di-tert-a-dimethylamino-p-cresol, 2,6-di-tert-butyl-4 (N,N-
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dimethylaminomethylphenol), octyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate, tridecyl-3-(3,5-di-tert-butyl-4-hy-
droxyphenyl)propionate, pentaerythrityl-tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate], octadecyl-3-(3,5-di-
tert-butyl-4-hydroxyphenyl)propionate, octyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate, octyl-3-(3-methyl-5-tert-
butyl-4-hydroxyphenyl)propionate, and mixtures of the foregoing. Among these there are preferred hydroxyphenyl group-
substituted esteric antioxidants that are esters of hydroxyphenyl group-substituted fatty acids and C4-12 alcohols ((octyl-
3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate, octyl-3-(3-methyl-5-tert-butyl-4-hydroxyphenyl)propionate and the like)
and bisphenol-based antioxidants, with hydroxyphenyl group-substituted esteric antioxidants being more preferred.
Phenol-based compounds with a molecular weight of 240 or greater are preferred for their high decomposition temper-
atures which allow them to exhibit their effects even under high-temperature conditions.

[0266] As specific amine-based ashless antioxidants containing no sulfur as a constituent element there may be
mentioned phenyl-a-naphthylamine, alkylphenyl-a-naphthylamines, alkyldiphenylamines, dialkyldiphenylamines, N,N-
diphenyl-p-phenylenediamine, and mixtures of the foregoing. The alkyl groups in these amine-based ashless antioxidants
are preferably C1-C20 straight-chain or branched alkyl groups, and more preferably C4-C12 straight-chain or branched
alkyl groups.

[0267] There are no particular restrictions on the content of component (A-2) in the lubricating oil composition for an
internal combustion engine according to the third embodiment, but it is preferably 0.01 % by mass or greater, more
preferably 0.1 % by mass or greater, even more preferably 0.5 % by mass or greater and most preferably 1.0 % by mass
or greater, and preferably not greater than 5 % by mass, more preferably not greater than 3 % by mass and most
preferably not greater than 2 % by mass, based on the total amount of the composition. If the content is less than 0.01
% by mass the heat and oxidation stability of the lubricating oil composition will be insufficient, and it may not be possible
to maintain superior cleanability for prolonged periods. On the other hand, if the content of component (A-2) is greater
than 5 % by mass no further effect will be achieved commensurate with the increased amount, and the storage stability
of the lubricating oil composition will tend to be reduced.

[0268] According the invention, a combination of 0.4-2 % by mass of a phenol-based ashless antioxidant and 0.4-2
% by mass of an amine-based ashless antioxidant, based on the total amount of the composition, may be used in
combination as component (A-2) in the lubricating oil composition for an internal combustion engine according to the
third embodiment, or most preferably, an amine-based antioxidant may be used alone at 0.5-2 % by mass and more
preferably 0.6-1.5 % by mass, which will allow excellent cleanability to be maintained for long periods. The lubricating
oil composition for an internal combustion engine according to the third embodiment comprises, as component (B-2),
at least one selected from (B-2-1) an ashless antioxidant containing sulfur as a constituent element and (B-2-2) an
organic molybdenum compound.

[0269] As (B-2-1) the ashless antioxidant containing sulfur as a constituent element there may be suitably used sul-
furized fats and oils, sulfurized olefins, dihydrocarbyl polysulfide, dithiocarbamates, thiadiazoles and phenol-based ash-
less antioxidants containing sulfur as a constituent element.

[0270] Asexamples of sulfurized fats and oils there may be mentioned oils such as sulfurized lard, sulfurized rapeseed
oil, sulfurized castor oil, sulfurized soybean oil and sulfurized rice bran oil; disulfide fatty acids such as oleic sulfide; and
sulfurized esters such as sulfurized methyl oleate.

[0271] As examples of sulfurized olefins there may be mentioned compounds represented by the following general
formula (8).

R25.S -R26 ®)

[In general formula (8), R25 represents a C2-C 15 alkenyl group, R28 represents a C2-C15 alkyl group or alkenyl group
and x represents an integer of 1-8.]

[0272] The compounds represented by general formula (8) above may be obtained by reacting a C2-C15 olefin or its
2-4mer with a sulfidizing agent such as sulfur or sulfur chloride. Examples of olefins that are preferred for use include
propylene, isobutene and diisobutene.

[0273] Dihydrocarbyl polysulfides are compounds represented by the following general formula (9).

R27-S,-R28 9)

[In general formula (9), R27 and R28 each separately represent a C1-C20 alkyl group (including cycloalkyl groups), C6-
C20 aryl or C7-C20 arylalkyl group, which may be the same or different, and y represents an integer of 2-8.]

[0274] As specific examples for R27 and R28 there may be mentioned methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, tert-butyl, pentyls, hexyls, heptyls, octyls, nonyls, decyls, dodecyls, cyclohexyl, phenyl, naphthyl, tolyl, xylyl,
benzyl and phenethyl.

[0275] As specific preferred examples of dihydrocarbyl polysulfides there may be mentioned dibenzyl polysulfide, di-
tert-nonyl polysulfide, didodecyl polysulfide, di-tert-butyl polysulfide, dioctyl polysulfide, diphenyl polysulfide and dicy-
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clohexyl polysulfide.
[0276] As dithiocarbamates there may be mentioned, as preferred examples, compounds represented by the following
general formula (10) or (11).

[Chemical Formula 19]
S S
R2 R3t
>N—|(!—-[-S-——(CH2)3—S Ll—N/ (10)
R30 . y R32
[Chemical Formula 20]
s
R33
N
— — C——SR3" (11)
/N C—SR

R34

[0277] In general formulas (10) and (11), R29, R30, R31, R32 R33 and R34 each separately represent a C1-C30 and
preferably C1-C20 hydrocarbon group, R35 represents hydrogen or a C1-C30 hydrocarbon group and preferably hydrogen
or a C1-C20 hydrocarbon group, a represents an integer of 0-4, and b represents an integer of 0-6.

[0278] As examples of C1-C30 hydrocarbon groups there may be mentioned alkyl, cycloalkyl, alkylcycloalkyl, alkenyl,
aryl, alkylaryl and arylalkyl groups.

[0279] Asexamples of thiadiazoles there may be mentioned 1,3,4-thiadiazole compounds represented by the following
general formula (12), 1,2,4-thiadiazole compounds represented by general formula (13), and 1,4,5-thiadiazole com-
pounds represented by general formula (14).

[Chemical Formula 21]
N—N
RSG—SC% \S Sd—R37 (1 2)
)

[Chemical Formula 22}
R”———se—7/'——N

N )_ S — R39 (1 3)

\S
[Chemical Formula 23]
R“°—Sh

N
R—s, I \ (14)
o

[0280] In general formulas (12)-(14), R36, R37, R38, R39, R40 and R4! may be the same or different and each separately
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represents hydrogen or a C1-C30 hydrocarbon group, and c, d, e, f, g and h each separately represent an integer of 0-8.
[0281] Asexamples of C1-C30 hydrocarbon groups there may be mentioned alkyl, cycloalkyl, alkylcycloalkyl, alkenyl,
aryl, alkylaryl and arylalkyl groups.

[0282] As phenol-based ashless antioxidants containing sulfur as a constituent element there may be mentioned 4,4'-
thiobis(2-methyl-6-tert-butylphenol), 4,4’-thiobis(3-methyl-6-tert-butylphenol), 2,2’-thiobis(4-methyl-6-tert-butylphenol),
bis(3-methyl-4-hydroxy-5-tert-butylbenzyl)sulfide, bis(3,5-di-tert-butyl-4-hydroxybenzyl)sulfide, 2,2’-thio-diethylenebis
[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate] and the like.

[0283] Dihydrocarbyl polysulfides, dithiocarbamates and thiadiazoles are preferably used as component (B-2-1) from
the viewpoint of achieving more excellent heat and oxidation stability.

[0284] When (B-2-1) an ashless antioxidant containing sulfur as a constituent element is used as component (B-2)
according to the third embodiment, there are no particular restrictions on the content, but it is preferably 0.001 % by
mass or greater, more preferably 0.005 % by mass or greater and even more preferably 0.01 % by mass or greater,
and preferably not greater than 0.2 % by mass, more preferably not greater than 0.1 % by mass and most preferably
not greater than 0.04 % by mass, in terms of sulfur element based on the total amount of the composition. If the content
is less than the aforementioned lower limit, the heat and oxidation stability of the lubricating oil composition will be
insufficient, and it may not be possible to maintain superior cleanability for prolonged periods. On the other hand, if it
exceeds the aforementioned upper limit the adverse effects on exhaust gas purification apparatuses by the high sulfur
content of the lubricating oil composition will tend to be increased.

[0285] The (B-2-2) organic molybdenum compounds that may be used as component (B-2) include (B-2-2a) organic
molybdenum compounds containing sulfur as a constituent element and (B-2-2b) organic molybdenum compounds
containing no sulfur as a constituent element As examples of (B-2-2a) organic molybdenum compounds containing
sulfur as a constituent element there may be mentioned organic molybdenum complexes such as molybdenum dithio-
phosphates and molybdenum dithiocarbamates.

[0286] As specific examples of molybdenum dithiophosphates there may be mentioned compounds represented by
the following general formula (15).

[Chemical Formula 24]

R420\/ ’\u/\ \\/ | 15)
ANIANDZN

R43 Y4 o) R45

[0287] In general formula (A5), R42, R43, R44 and R45 may be the same or different and each represents a hydrocarbon
group such as a C2-C30, preferably C5-C18 and more preferably C5-C12 alkyl group or a C6-C18 and preferably C10-
C15 (alkyl)aryl group. Y1, Y2, Y3 and Y# each represent a sulfur atom or oxygen atom.

[0288] As preferred examples of alkyl groups there may be mentioned ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl and octadecyl, which may be
primary alkyl, secondary alkyl or tertiary alkyl groups, and either straight-chain or branched.

[0289] As preferred examples of (alkyl)aryl groups there may be mentioned phenyl, tolyl, ethylphenyl, propylphenyl,
butylphenyl, pentylphenyl, hexylphenyl, octylphenyl, nonylphenyl, decylphenyl, undecylphenyland dodecylphenyl, where
the alkyl groups may be primary alkyl, secondary alkyl or tertiary alkyl groups, and either straight-chain or branched.
These (alkyl)aryl groups include all substituted isomers with different substitution positions of the alkyl groups on the
aryl groups.

[0290] Preferred examples of molybdenum dithiophosphates include, specifically, molybdenum sulfide-diethyl dithio-
phosphate, molybdenum sulfide-dipropyl dithiophosphate, molybdenum sulfide-dibutyl dithiophosphate, molybdenum
sulfide-dipentyl dithiophosphate, molybdenum sulfide-dihexyl dithiophosphate, molybdenum sulfide-dioctyl dithiophos-
phate, molybdenum sulfide-didecyl dithiophosphate, molybdenum sulfide-didodecy! dithiophosphate, molybdenum
sulfide-di(butylphenyl)dithiophosphate, molybdenum sulfide-di(nonylphenyl)dithiophosphate, oxymolybdenum sulfide-
diethyl dithiophosphate, oxymolybdenum sulfide-dipropyl dithiophosphate, oxymolybdenum sulfide-dibutyl dithiophos-
phate, oxymolybdenum sulfide-dipentyl dithiophosphate, oxymolybdenum sulfide-dihexyl dithiophosphate, oxymolyb-
denum sulfide-dioctyl dithiophosphate, oxymolybdenum sulfide-didecyl dithiophosphate, oxymolybdenum sulfide-dido-
decyl dithiophosphate, oxymolybdenum sulfide-di(butylphenyl)dithiophosphate, oxymolybdenum sulfide-di(nonylphenyl)
dithiophosphate (where the alkyl groups may be straight-chain or branched, and the alkylphenyl groups may be bonded
at any position of the alkyl groups), as well as mixtures of the foregoing. Also preferred as molybdenum dithiophosphates
are compounds with different numbers of carbon atoms or structural hydrocarbon groups in the molecule.
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[0291] As specific examples of molybdenum dithiocarbamates there may be used compounds represented by the
following general formula (16).

[Chemical Formula 25]

46
N —-c// IJI‘/ \” \ N (16)

R47/ S \v*’/ \ / AN

R49

[0292] In general formula (16), R46, R47, R48 and R49 may be the same or different and each represents a hydrocarbon
group such as a C2-C24 and preferably C4-C13 alkyl group, or a C6-C24 and preferably C10-C15 (alkyl)aryl. Y5, Y6,
Y7 and Y8 each represent a sulfur atom or oxygen atom.

[0293] As preferred examples of alkyl groups there may be mentioned ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl and octadecyl, which may be
primary alkyl, secondary alkyl or tertiary alkyl groups, and either straight-chain or branched.

[0294] As preferred examples of (alkyl)aryl groups there may be mentioned phenyl, tolyl, ethylphenyl, propylphenyl,
butylphenyl, pentylphenyl, hexylphenyl, octylphenyl, nonylphenyl, decylphenyl, undecylphenyland dodecylphenyl, where
the alkyl groups may be primary alkyl, secondary alkyl or tertiary alkyl groups, and either straight-chain or branched.
These (alkyl)aryl groups include all substituted isomers with different substitution positions of the alkyl groups on the
aryl groups. As molybdenum dithiocarbamates having structures other than those described above there may be men-
tioned compounds with structures in which dithiocarbamate groups are coordinated with thio- or polythio-trimeric mo-
lybdenum, as disclosed in W098/26030 and W099/31113.

[0295] As examples of preferred molybdenum dithiocarbamates there may be mentioned, specifically, molybdenum
sulfide-diethyl dithiocarbamate, molybdenum sulfide-dipropyl dithiocarbamate, molybdenum sulfide-dibutyl dithiocar-
bamate, molybdenum sulfide-dipentyl dithiocarbamate, molybdenum sulfide-dihexyl dithiocarbamate, molybdenum
sulfide-dioctyl dithiocarbamate, molybdenum sulfide-didecyl dithiocarbamate, molybdenum sulfide-didodecy! dithiocar-
bamate, molybdenum sulfide-di(butylphenyl)dithiocarbamate, molybdenum sulfide-di(nonylphenyl)dithiocarbamate, ox-
ymolybdenum sulfide-diethyl dithiocarbamate, oxymolybdenum sulfide-dipropyl dithiocarbamate, oxymolybdenum
sulfide-dibutyl dithiocarbamate, oxymolybdenum sulfide-dipentyl dithiocarbamate, oxymolybdenum sulfide-dihexyl dithi-
ocarbamate, oxymolybdenum sulfide-dioctyl dithiocarbamate, oxymolybdenum sulfide-didecyl dithiocarbamate, oxymo-
lybdenum sulfide-didodecyl dithiocarbamate, oxymolybdenum sulfide-di(butylphenyl)dithiocarbamate, oxymolybdenum
sulfide-di(nonylphenyl)dithiocarbamate (where the alkyl groups may be linear or branched, and the alkyl groups may be
bonded at any position of the alkylphenyl groups), as well as mixtures of the foregoing. Also preferred as molybdenum
dithiocarbamates are compounds with different numbers of carbon atoms or structural hydrocarbon groups in the mol-
ecule.

[0296] As other sulfur-containing organic molybdenum complexes there may be mentioned complexes of molybdenum
compounds (for example, molybdenum oxides such as molybdenum dioxide and molybdenum trioxide, molybdic acids
such as orthomolybdic acid, paramolybdic acid and (poly)molybdic sulfide acid, molybdic acid salts such as metal salts
or ammonium salts of these molybdic acids, molybdenum sulfides such as molybdenum disulfide, molybdenum trisulfide,
molybdenum pentasulfide and polymolybdenum sulfide, molybdic sulfide, metal salts or amine salts of molybdic sulfide,
halogenated molybdenums such as molybdenum chloride, and the like), with sulfur-containing organic compounds (for
example, alkyl(thio)xanthate, thiadiazole, mercaptothiadiazole, thio carbonate, tetrahydrocarbylthiuram disulfide, bis(di
(thio)hydrocarbyldithio phosphonate)disulfide, organic (poly)sulfides, sulfurized esters and the like), or other organic
compounds, or complexes of sulfur-containing molybdenum compounds such as molybdenum sulfide and molybdic
sulfide with alkenylsucciniimides.

[0297] Component (B-2) according to the third embodiment is preferably the (B-2-2a) organic molybdenum compound
containing sulfur as a constituent element, in order to obtain a friction reducing effect in addition to improving the heat
and oxidation stability, with molybdenum dithiocarbamates being particularly preferred.

[0298] As the (B-2-2b) organic molybdenum compounds containing no sulfur as a constituent element there may be
mentioned, specifically, molybdenum-amine complexes, molybdenum-succiniimide complexes, organic acid molybde-
num salts, alcohol molybdenum salts and the like, among which molybdenum-amine complexes, organic acid molyb-
denum salts and alcohol molybdenum salts are preferred. As molybdenum compounds in the aforementioned molyb-
denum-amine complexes there may be mentioned sulfur-free molybdenum compounds such as molybdenum trioxide
or its hydrate (MoO3 - nH,0), molybdic acid (H, MoO,), alkali metal salts of molybdic acid (M,MoO,; where M represents
an alkali metal), ammonium molybdate ((NH4),MoO, or (NH4)g[M0705,4] - 4H,0), MoCls, MoOCl,, MoO,Cl,, MoO,Brs,
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Mo,05Clg or the like. Of these molybdenum compounds, hexavalent molybdenum compounds are preferred from the
viewpoint of yield of the molybdenum-amine complex. From the viewpoint of availability, the preferred hexavalent mo-
lybdenum compounds are molybdenum trioxide or its hydrate, molybdic acid, molybdic acid alkali metal salts and am-
monium molybdate.

[0299] There are no particular restrictions on nitrogen compounds for the molybdenum-amine complex, but as specific
nitrogen compounds there may be mentioned ammonia, monoamines, diamines, polyamines, and the like. As more
specific examples there may be mentioned alkylamines with C1-C30 alkyl groups (where the alkyl groups may be straight-
chain or branched) such as methylamine, ethylamine, propylamine, butylamine, pentylamine, hexylamine, heptylamine,
octylamine, nonylamine, decylamine, undecylamine, dodecylamine, tridecylamine, tetradecylamine, pentadecylamine,
hexadecylamine, heptadecylamine, octadecylamine, dimethylamine, diethylamine, dipropylamine, dibutylamine,
dipentylamine, dihexylamine, diheptylamine, dioctylamine, dinonylamine, didecylamine, diundecylamine, dido-
decylamine, ditridecylamine, ditetradecylamine, dipentadecylamine, dihexadecylamine, diheptadecylamine, dioctade-
cylamine, methylethylamine, methylpropylamine, methylbutylamine, ethylpropylamine, ethylbutylamine and propyl-
butylamine; alkenylamines with C2-C30 alkenyl groups (where the alkenyl groups may be straight-chain or branched)
such as ethenylamine, propenylamine, butenylamine, octenylamine and oleylamine; alkanolamines with C1-C30 alkanol
groups (where the alkanol groups may be straight-chain or branched) such as methanolamine, ethanolamine, propa-
nolamine, butanolamine, pentanolamine, hexanolamine, heptanolamine, octanolamine, nonanolamine, methanoleth-
anolamine, methanolpropanolamine, methanolbutanolamine, ethanolpropanolamine, ethanolbutanolamine and propa-
nolbutanolamine; alkylenediamines with C1-C30 alkylene groups such as methylenediamine, ethylenediamine, propyl-
enediamine and butylenediamine; polyamines such as diethylenetriamine, triethylenetetramine, tetraethylenepentamine
and pentaethylenehexamine; compounds with C8-C20 alkyl or alkenyl groups on the aforementioned monoamines,
diamines or polyamines such as undecyldiethylamine, undecyldiethanolamine, dodecyldipropanolamine, oleyldieth-
anolamine, oleylpropylenediamine and stearyltetraethylenepentamine; heterocyclic compounds such as N-hydroxyethy-
loleylimidazoline; alkylene oxide addition products of the foregoing, and mixtures of the foregoing. Primary amines,
secondary amines and alkanolamines are preferred among those mentioned above. The number of carbon atoms in
the hydrocarbon group of the amine compound composing the molybdenum-amine complex is preferably 4 or greater,
more preferably 4-30 and most preferably 8-18. If the hydrocarbon group of the amine compound has less than 4 carbon
atoms, the solubility will tend to be poor. Limiting the number of carbon atoms in the amine compound to not greater
than 30 will allow the molybdenum content in the molybdenum-amine complex to be relatively increased, so that the
effect of the invention can be enhanced with a small amount of addition.

[0300] As molybdenum-succiniimide complexes there may be mentioned complexes of the sulfur-free molybdenum
compounds mentioned above for the molybdenum-amine complexes, and succiniimides with C4 or greater alkyl or
alkenyl groups. As succiniimides there may be mentioned succiniimides having at least one C40-C400 alkyl or alkenyl
group in the molecule, or their derivatives, and preferably succiniimides with C4-C39 and more preferably C8-C18 alkyl
or alkenyl groups. If the number of carbon atoms of the alkyl or alkenyl group of the succiniimide is less than 4, the
solubility will tend to be impaired. Although a succiniimide with an alkyl or alkenyl group having more than 30 and 400
or less carbon atoms may be used, the number of carbon atoms of the alkyl or alkenyl group is preferably not greater
than 30 in order to obtain a relatively higher molybdenum content in the molybdenum-succiniimide complex, and allow
a greater effect according to the invention to be achieved with a smaller amount of addition.

[0301] As molybdenum salts of organic acids there may be mentioned salts of organic acids with molybdenum bases
such as molybdenum oxides or molybdenum hydroxides, molybdenum carbonates or molybdenum chlorides, mentioned
above as examples for the molybdenum-amine complexes. As organic acids there are preferred the phosphorus com-
pounds represented by general formula (4-c) or (4-d) mentioned in the explanation of the second embodiment, and
carboxylic acids.

[0302] The carboxylic acid in a molybdenum salt of a carboxylic acid may be either a monobasic acid or polybasic acid.
[0303] As monobasic acids there may be used C2-C30 and preferably C4-C24 fatty acids, which may be straight-
chain or branched and saturated or unsaturated. As specific examples there may be mentioned saturated fatty acids
such as acetic acid, propionic acid, straight-chain or branched butanoic acid, straight-chain or branched pentanoic acid,
straight-chain or branched hexanoic acid, straight-chain or branched heptanoic acid, straight-chain or branched octanoic
acid, straight-chain or branched nonanoic acid, straight-chain or branched decanoic acid, straight-chain or branched
undecanoic acid, straight-chain or branched dodecanoic acid, straight-chain or branched tridecanoic acid, straight-chain
or branched tetradecanoic acid, straight-chain or branched pentadecanoic acid, straight-chain or branched hexadecanoic
acid, straight-chain or branched heptadecanoic acid, straight-chain or branched octadecanoic acid, straight-chain or
branched hydroxyoctadecanoic acid, straight-chain or branched nonadecanoic acid, straight-chain or branched eicosa-
noic acid, straight-chain or branched heneicosanoic acid, straight-chain or branched docosanoic acid, straight-chain or
branched tricosanoic acid and straight-chain or branched tetracosanoic acid, and unsaturated fatty acids such as acrylic
acid, straight-chain or branched butenoic acid, straight-chain or branched pentenoic acid, straight-chain or branched
hexenoic acid, straight-chain or branched heptenoic acid, straight-chain or branched octenoic acid, straight-chain or
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branched nonenoic acid, straight-chain or branched decenoic acid, straight-chain or branched undecenoic acid, straight-
chain or branched dodecenoic acid, straight-chain or branched tridecenoic acid, straight-chain or branched tetradecenoic
acid, straight-chain or branched pentadecenoic acid, straight-chain or branched hexadecenoic acid, straight-chain or
branched heptadecenoic acid, straight-chain or branched octadecenoic acid, straight-chain or branched hydroxyocta-
decenoic acid, straight-chain or branched nonadecenoic acid, straight-chain or branched eicosenoic acid, straight-chain
or branched heneicosenoic acid, straight-chain or branched docosenoic acid, straight-chain or branched tricosenoic acid
and straight-chain or branched tetracosenoic acid, as well as mixtures of the foregoing. The monobasic acid may be a
monocyclic or polycyclic carboxylic acid (optionally with hydroxyl groups) in addition to any of the aforementioned fatty
acids, and the number of carbon atoms is preferably 4-30 and more preferably 7-30. As monocyclic or polycyclic carboxylic
acids there may be mentioned aromatic carboxylic acids or cycloalkylcarboxylic acids with 0-3 and preferably 1-2 C1-
C30 and preferably C1-C20 straight-chain or branched alkyl groups, and more specifically, (alkyl)benzenecarboxylic
acids, (alkyl)naphthalenecarboxylic acid, (alkyl)cycloalkylcarboxylic acids and the like. As preferred examples of mono-
cyclic or polycyclic carboxylic acids there may be mentioned benzoic acid, salicylic acid, alkylbenzoic acids, alkylsalicylic
acids, cyclohexanecarboxylic acid and the like.

[0304] As polybasic acids there may be mentioned dibasic acids, tribasic acids and tetrabasic acids. The polybasic
acids may be straight-chain polybasic acids or cyclic polybasic acids. In the case of a linear polybasic acid, it may be
straight-chain or branched and either saturated or unsaturated. As straight-chain polybasic acids there are preferred
C2-C16 straight-chain dibasic acids, and as specific examples there may be mentioned ethanedioic acid, propanedioic
acid, straight-chain or branched butanedioic acid, straight-chain or branched pentanedioic acid, straight-chain or
branched hexanedioic acid, straight-chain or branched heptanedioic acid, straight-chain or branched octanedioic acid,
straight-chain or branched nonanedioic acid, straight-chain or branched decanedioic acid, straight-chain or branched
undecanedioic acid, straight-chain or branched dodecanedioic acid, straight-chain or branched tridecanedioic acid,
straight-chain or branched tetradecanedioic acid, straight-chain or branched heptadecanedioic acid, straight-chain or
branched hexadecanedioic acid, straight-chain or branched hexenedioic acid, straight-chain or branched heptenedioic
acid, straight-chain or branched octenedioic acid, straight-chain or branched nonenedioic acid, straight-chain or branched
decenedioic acid, straight-chain or branched undecenedioic acid, straight-chain or branched dodecenedioic acid, straight-
chain or branched tridecenedioic acid, straight-chain or branched tetradecenedioic acid, straight-chain or branched
heptadecenedioic acid, straight-chain or branched hexadecenedioic acid, alkenylsuccinic acid, and mixtures of the
foregoing. As cyclic polybasic acids there may be mentioned alicyclic dicarboxylic acids such as 1,2-cyclohexanedicar-
boxylic acid and 4-cyclohexene-1,2-dicarboxylic acid, aromatic dicarboxylic acids such as phthalic acid, aromatic tricar-
boxylic acids such as trimellitic acid and aromatic tetracarboxylic acids such as pyromellitic acid.

[0305] As molybdenum salts of alcohols there may be mentioned salts of alcohols with the sulfur-free molybdenum
compounds mentioned above for the molybdenum-amine complexes, and the alcohols may be monohydric alcohol,
polyhydric alcohol or polyhydric alcohol partial ester or partial ester compounds or hydroxyl group-containing nitrogen
compounds (alkanolamines and the like). Molybdic acid is a strong acid and forms esters by reaction with alcohols, and
esters of molybdic acid with alcohols are also included within the molybdenum salts of alcohols according to the invention.
[0306] Asmonohydric alcohols there may be used C1-C24, preferably C1-C12 and more preferably C1-C8 monohydric
alcohols, and such alcohols may be straight-chain or branched, and either saturated or unsaturated. As specific examples
of C1-C24 alcohols there may be mentioned methanol, ethanol, straight-chain or branched propanol, straight-chain or
branched butanol, straight-chain or branched pentanol, straight-chain or branched hexanol, straight-chain or branched
heptanol, straight-chain or branched octanol, straight-chain or branched nonanol, straight-chain or branched decanol,
straight-chain or branched undecanol, straight-chain or branched dodecanol, straight-chain or branched tridecanol,
straight-chain or branched tetradecanol, straight-chain or branched pentadecanol, straight-chain or branched hexade-
canol, straight-chain or branched heptadecanol, straight-chain or branched octadecanol, straight-chain or branched
nonadecanol, straight-chain or branched eicosanol, straight-chain or branched heneicosanol, straight-chain or branched
tricosanol, straight-chain or branched tetracosanol, and mixtures of the foregoing.

[0307] As polyhydric alcohols there may be used polyhydric alcohols having 2-10 hydroxyl groups and preferably 2-6.
As specific examples of polyhydric alcohols having 2-10 hydroxyl groups there may be mentioned dihydric alcohols such
as ethylene glycol, diethylene glycol, polyethylene glycols (3-15mers of ethylene glycol), propylene glycol, dipropylene
glycol, polypropylene glycols (3-15mers of propylene glycol), 1,3-propanediol, 1,2-propanediol, 1,3-butanediol, 1,4-bu-
tanediol, 2-methyl-1,2-propanediol, 2-methyl-1,3-propanediol, 1,2-pentanediol, 1,3-pentanediol, 1,4-pentanediol, 1,5-
pentanediol and neopentyl glycol; polyhydric alcohols such as glycerin, polyglycerins (2-8mers of glycerin such as
diglycerin, triglycerin and tetraglycerin), trimethylolalkanes (trimethylolethane, trimethylolpropane, trimethylolbutane,
etc.) and their 2-8mers, pentaerythritols and their 2-4mers, 1,2,4-butanetriol, 1,3,5-pentanetriol, 1,2,6-hexanetriol,
1,2,3,4-butanetetrol, sorbitol, sorbitan, sorbitol-glycerin condensation product, adonitol, arabitol, xylitol and mannitol;
saccharides such as xylose, arabinose, ribose, rhamnose, glucose, fructose, galactose, mannose, sorbose, cellobiose,
maltose, isomaltose, trehalose and sucrose, and mixtures of the foregoing.

[0308] As partial esters of polyhydric alcohols there may be mentioned the polyhydric alcohols mentioned above as
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polyhydric alcohols having some of the hydroxyl groups hydrocarbylesterified, among which glycerin monooleate, glycerin
dioleate, sorbitan monooleate, sorbitan dioleate, pentaerythritol monooleate, polyethyleneglycol monooleate and poly-
glycerin monooleate are preferred.

[0309] As partial ethers of polyhydric alcohols there may be mentioned the polyhydric alcohols mentioned above as
polyhydric alcohols having some of the hydroxyl groups hydrocarbyletherified, and compounds having ether bonds
formed by condensation between polyhydric alcohols (sorbitan condensation products and the like), among which 3-
octadecyloxy-1,2-propanediol, 3-octadecenyloxy-1,2-propanediol, polyethyleneglycol alkyl ethers are preferred.
[0310] As hydroxyl group-containing nitrogen compounds there may be mentioned the examples of alkanolamines for
the molybdenum-amine complexes referred to above, as well as alkanolamides wherein the amino groups on the alkanols
are amidated (diethanolamide and the like), among which stearyldiethanolamine, polyethyleneglycol stearylamine, pol-
yethyleneglycol dioleylamine, hydroxyethyllaurylamine, diethanolamide oleate and the like are preferred.

[0311] When a (B-2-2b) organic molybdenum compound containing no sulfur as a constituent element is used as
component (B-2) according to the third embodiment, it is possible to increase the high-temperature cleanability and base
value retention of the lubricating oil composition, and this is preferred for maintaining the initial friction reducing effect
for longer periods, while molybdenum-amine complexes are especially preferred among such compounds.

[0312] The (B-2-2a) organic molybdenum compound containing sulfur as a constituent element and (B-2-2b) organic
molybdenum compound containing no sulfur as a constituent element may also be used in combination for the third
embodiment.

[0313] When an organic molybdenum compound is used as component (B-2) according to the third embodiment, there
are no particular restrictions on the content, but it is preferably 0.001 % by mass or greater, more preferably 0.005 %
by mass or greater and even more preferably 0.01 % by mass or greater, and preferably not greater than 0.2 % by mass,
more preferably not greater than 0.1 % by mass and most preferably not greater than 0.04 % by mass, in terms of
molybdenum element based on the total amount of the composition. If the content is less than 0.001 % by mass the
heat and oxidation stability of the lubricating oil composition will be insufficient, and it may not be possible to maintain
superior cleanability for prolonged periods. On the other hand, if the content is greater than 0.2 % by mass the effect
will not be commensurate with the increased amount, and the storage stability of the lubricating oil composition will tend
to be reduced. The lubricating oil composition for an internal combustion engine according to the third embodiment may
consist entirely of the lubricating base oil and components (A-2) and (B-2) described above, but it may further contain
the additives described below as necessary for further enhancement of function.

[0314] The lubricating oil composition for an internal combustion engine according to the third embodiment preferably
also further contains an anti-wear agent from the viewpoint of greater enhancement of the wear resistance. As extreme-
pressure agents there are preferably used phosphorus-based extreme-pressure agents and phosphorus-sulfur-based
extreme-pressure agents.

[0315] As phosphorus-based extreme-pressure agents there may be mentioned phosphoric acid, phosphorous acid,
phosphoric acid esters (including phosphoric acid monoesters, phosphoric acid diesters and phosphoric acid triesters),
phosphorous acid esters (including phosphorous acid monoesters, phosphorous acid diesters and phosphorous acid
triesters), and salts of the foregoing (such as amine salts or metal salts). As phosphoric acid esters and phosphorous
acid esters there may generally be used those with C2-C30 and preferably C3-C20 hydrocarbon groups.

[0316] As phosphorus-sulfur-based extreme-pressure agents there may be mentioned thiophosphoric acid, thiophos-
phorous acid, thiophosphoric acid esters (including thiophosphoric acid monoesters, thiophosphoric acid diesters and
thiophosphoric acid triesters), thiophosphorous acid esters (including thiophosphorous acid monoesters, thiophospho-
rous acid diesters and thiophosphorous acid triesters), salts of the foregoing, and zinc dithiophosphate. As thiophosphoric
acid esters and thiophosphorous acid esters there may generally be used those with C2-C30 and preferably C3-C20
hydrocarbon groups.

[0317] There are no particular restrictions on the extreme-pressure agent content, but it is preferably 0.01-5 % by
mass and more preferably 0.1-3 % by mass based on the total amount of the composition.

[0318] Among the extreme-pressure agents mentioned above, zinc dithiophosphates are especially preferred for the
lubricating oil composition for an internal combustion engine according to the third embodiment. As examples of zinc
dithiophosphates there may be mentioned compounds represented by the following general formula (17).

[Chemical Formula 26]

R5%0 ' S R52

N A

& zh P (17)
e \S/ & \o

R51 R53
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[0319] RS0, R51, R52 and R53 in general formula (17) each separately represent a C1-C24 hydrocarbon group. The
hydrocarbon groups are preferably C1-C24 straight-chain or branched alkyl, C3-C24 straight-chain or branched alkenyl,
C5-C13 cycloalkyl or straight-chain or branched alkylcycloalkyl, C6-C18 aryl or straight-chain or branched alkylaryl, and
C7-C19 arylalkyl groups. The alkyl groups or alkenyl groups may be primary, secondary or tertiary.

[0320] Specific examples for RS0, R51, R52 and R33 include alkyl groups such as methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl,
nonadecyl, eicosyl, heneicosyl, docosyl, tricosyl and tetracosyl; alkenyl groups such as propenyl, isopropenyl, butenyl,
butadienyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, undecenyl, dodecenyl, tridecenyl, tetradecenyl, pen-
tadecenyl, hexadecenyl, heptadecenyl, octadecenyl (such as oleyl), nonadecenyl, eicosenyl, heneicosenyl, docosenyl,
tricosenyl and tetracosenyl; cycloalkyl groups such as cyclopentyl, cyclohexyl and cycloheptyl; alkylcycloalkyl groups
such as methylcyclopentyl, dimethylcyclopentyl, ethylcyclopentyl, propylcyclopentyl, ethylmethylcyclopentyl, trimethyl-
cyclopentyl, diethylcyclopentyl, ethyldimethylcyclopentyl, propylmethylcyclopentyl, propylethylcyclopentyl, dipropylcy-
clopentyl, propylethylmethylcyclopentyl, methylcyclohexyl, dimethylcyclohexyl, ethylcyclohexyl, propylcyclohexyl, ethyl-
methyleyclohexyl, trimethylcyclohexyl, diethylcyclohexyl, ethyldimethylcyclohexyl, propylmethylcyclohexyl, propylethyl-
cyclohexyl, di-propylcyclohexyl, propylethylmethylcyclohexyl, methylcycloheptyl, dimethylcycloheptyl, ethylcycloheptyl,
propylcycloheptyl, ethylmethylcycloheptyl, trimethylcycloheptyl, diethylcycloheptyl, ethyldimethylcycloheptyl, propyl-
methylcycloheptyl, propylethylcycloheptyl, di-propylcycloheptyl and propylethylmethylcycloheptyl; aryl groups such as
phenyl and naphthyl; alkylaryl groups such as tolyl, xylyl, ethylphenyl, propylphenyl, ethylmethylphenyl, trimethylphenyl,
butylphenyl, propylmethylphenyl, diethylphenyl, ethyldimethylphenyl, tetramethylphenyl, pentylphenyl, hexylphenyl, hep-
tylphenyl, octylphenyl, nonylphenyl, decylphenyl, undecylphenyl and dodecylphenyl; and arylalkyl groups such as benzyl,
methylbenzyl, dimethylbenzyl, phenethyl, methylphenethyl and dimethylphenethyl. The aforementioned hydrocarbon
groups include all possible straight-chain and branched structures, and the positions of the double bonds of the alkenyl
groups, the bonding positions of the alkyl groups on the cycloalkyl groups, the bonding positions of the alkyl groups on
the aryl groups and the bonding positions of the aryl groups on the alkyl groups may be as desired.

[0321] As specific preferred examples of the aforementioned zinc dithiophosphates there may be mentioned zinc
diisopropyldithiophosphate, zinc diisobutyldithiophosphate, zinc di-sec-butyldithiophosphate, zinc di-sec-pentyldithio-
phosphate, zinc di-n-hexyldithiophosphate, zinc di-sec-hexyldithiophosphate, zinc di-octyldithiophosphate, zinc di-2-
ethylhexyldithiophosphate, zinc di-n-decyldithiophosphate, zinc di-n-dodecyldithiophosphate and zinc diisotridecyldithi-
ophosphate, as well as mixtures thereof in any desired combination.

[0322] The process for production of the zinc dithiophosphate is not particularly restricted, and it may be produced by
any desired conventional method. Specifically, it may be synthesized, for example, by reacting an alcohol or phenol
containing hydrocarbon groups corresponding to R%0, R51, R52 and R33 in formula (17) above with diphosphorus pen-
tasulfide to produce a dithiophosphoric acid, and neutralizing it with zinc oxide. The structure of the zinc dithiophosphate
will differ depending on the starting alcohol used. The content of the zinc dithiophosphate is not particularly restricted,
but from the viewpoint of inhibiting catalyst poisoning of the exhaust gas purification device, it is preferably not greater
than 0.2 % by mass, more preferably not greater than 0.1 % by mass, even more preferably not greater than 0.08 % by
mass and most preferably not greater than 0.06 % by mass in terms of phosphorus element based on the total amount
of the composition. From the viewpoint of forming a metal salt of phosphoric acid that will exhibit a function and effect
as an anti-wear additive, the content of the zinc dithiophosphate is preferably 0.01 % by mass or greater, more preferably
0.02 % by mass or greater and even more preferably 0.04 % by mass or greater in terms of phosphorus element based
on the total amount of the composition. If the zinc dithiophosphate content is less than the aforementioned lower limit,
the wear resistance improving effect of its addition will tend to be insufficient.

[0323] The lubricating oil composition for an internal combustion engine according to the third embodiment preferably
further contains an ashless dispersant from the viewpoint of cleanability and sludge dispersibility. Specific and preferred
examples of ashless dispersants are the same as the ashless dispersants mentioned as examples for component (C-
1) in the explanation of the second embodiment, and will not be repeated here.

[0324] The ashless dispersant content of the lubricating oil composition for an internal combustion engine according
to the third embodiment is preferably 0.005 % by mass or greater, more preferably 0.01 % by mass or greater and even
more preferably 0.05 % by mass or greater, and preferably not greater than 0.3 % by mass, more preferably not greater
than 0.2 % by mass and even more preferably not greater than 0.015 % by mass, as nitrogen element based on the
total amount of the composition. If the ashless dispersant content is not above the aforementioned lower limit, a sufficient
effect on cleanability will not be exhibited, while the content preferably does not exceed the aforementioned upper limit
in order to avoid impairing the low-temperature viscosity characteristic and demulsifying property. When using an imide-
based succinate ashless dispersant with a weight-average molecular weight of 6500 or greater, the content is preferably
0.005-0.05 % by mass and more preferably 0.01-0.04 % by mass in terms of nitrogen element based on the total amount
of the composition, from the viewpoint of exhibiting sufficient sludge dispersibility and achieving an excellent low-tem-
perature viscosity characteristic.

[0325] When a high molecular weight ashless dispersant is used, the content is preferably 0.005 % by mass or greater
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and more preferably 0.01 % by mass or greater, and preferably not greater than 0.1 % by mass and more preferably
not greater than 0.05 % by mass, in terms of nitrogen element based on the total amount of the composition. If the high
molecular weight ashless dispersant content is not above the aforementioned lower limit, a sufficient effect on cleanability
will not be exhibited, while the content preferably does not exceed the aforementioned upper limit in order to avoid
impairing the low-temperature viscosity characteristic and demulsifying property.

[0326] When a boron compound-modified ashless dispersant is used, the content is preferably 0.005 % by mass or
greater, more preferably 0.01 % by mass or greater and even more preferably 0.02 % by mass or greater, and preferably
not greater than 0.2 % by mass and more preferably not greater than 0.1 % by mass, as boron element based on the
total amount of the composition. If the boron compound-modified ashless dispersant content is not above the aforemen-
tioned lower limit, a sufficient effect on cleanability will not be exhibited, while the content preferably does not exceed
the aforementioned upper limit in order to avoid impairing the low-temperature viscosity characteristic and demulsifying
property.

[0327] The lubricating oil composition for an internal combustion engine according to the third embodiment preferably
contains an ashless friction modifier to allow further improvement in the frictional properties. Specific examples, preferred
examples and contents for ashless friction modifiers are the same as for ashless friction modifiers according to the
second embodiment described above, and will not be repeated here.

[0328] The lubricating oil composition for an internal combustion engine according to the third embodiment preferably
further contains a metal-based detergent from the viewpoint of cleanability. Specific examples, preferred examples and
contents for metal-based detergents are also the same as for metal-based detergents according to the second embod-
iment described above, and will not be repeated here.

[0329] The lubricating oil composition for an internal combustion engine according to the third embodiment preferably
contains a viscosity index improver to allow further improvement in the viscosity-temperature characteristic. The specific
examples and contents for viscosity index improvers are the same as for the viscosity index improvers of the second
embodiment, but for the third embodiment it is preferred to use a non-dispersant viscosity index improver and/or a
dispersant viscosity index improver with a weight-average molecular weight of not greater than 50,000, preferably not
greater than 40,000 and most preferably 10,000-35,000. Polymethacrylate-based viscosity index improvers are preferred
from the viewpoint of a superior cold flow property.

[0330] If necessary in order to improve performance, other additives in addition to those mentioned above may be
added to the lubricating oil composition for an internal combustion engine according to the third embodiment, and such
additives may include corrosion inhibitors, rust-preventive agents, demulsifiers, metal deactivators, pour point depres-
sants, rubber swelling agents, antifoaming agents, coloring agents and the like, either alone or in combinations of two
or more. Specific examples of these additives are the same as for the second embodiment and will not be repeated here.
[0331] Thelubricating oil composition for an internal combustion engine according to the third embodiment may include
additives containing sulfur as a constituent element, but the total sulfur content of the lubricating oil composition (the
total of sulfur from the lubricating base oil and additives) is preferably 0.05-0.3 % by mass, more preferably 0.1-0.2 %
by mass and most preferably 0.12-0.18 % by mass, from the viewpoint of solubility of the additives and of exhausting
the base value resulting from production of sulfur oxides under high-temperature oxidizing conditions.

[0332] The kinematic viscosity at 100°C of the lubricating oil composition for an internal combustion engine according
to the third embodiment will normally be 4-24 mm?2/s, but from the viewpoint of maintaining the oil film thickness which
prevents seizing and wear and the viewpoint of inhibiting increase in stirring resistance, it is preferably 5-18 mm2/s, more
preferably 6-15 mm2/s and even more preferably 7-12 mm2/s.

[0333] The lubricating oil composition for an internal combustion engine according to the third embodiment having the
construction described above has excellent heat and oxidation stability, as well as superiority in terms of viscosity-
temperature characteristic, frictional properties and low volatility, and therefore exhibits an adequate long drain property
and energy savings when used as a lubricating oil for an internal combustion engine, such as a gasoline engine, diesel
engine, oxygen-containing compound-containing fuel engine or gas engine for two-wheel vehicles, four-wheel vehicles,
electric power generation, ships and the like.

(Fourth embodiment)

[0334] Thelubricating oil composition for a wet clutch according to the fourth embodimentis characterized by comprising
a lubricating base oil according to the first embodiment described above, (A-3) an ashless antioxidant at 0.5-3 % by
mass and (B-3) an ashless dispersant at 3-12 % by mass, based on the total amount of the composition. The descriptions
of the lubricating base oils according to the first embodiment will not be repeated here. The lubricating oil composition
for a wet clutch of the fourth embodiment may further contain the mineral base oils and synthetic base oils mentioned
above in the explanation of the first embodiment, in addition to the lubricating base oil according to the first embodiment,
and those mineral base oils and synthetic base oils will not be repeated here.

[0335] As the (A-3) ashless antioxidant in the lubricating oil composition for a wet clutch according to the fourth
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embodiment there may be used any chain terminated ashless antioxidants commonly employed in lubricating oils, such
as phenol-based antioxidants or amine-based antioxidants. Specific examples of phenol-based antioxidants and amine-
based antioxidants are the same as for the second embodiment described above and will not be repeated here.
[0336] The ashless antioxidant content in the lubricating oil composition for a wet clutch according to the fourth em-
bodiment is 0.5-3 % by mass as mentioned above, but it is preferably 0.8-2 % by mass, based on the total amount of
the composition. If the content of the ashless antioxidant is less than 0.5 % by mass, the heat and oxidation stability will
be insufficient and it will be difficult to inhibit production of sludge and varnish due to deterioration. If the ashless antioxidant
content exceeds 3 % by mass, there will be no effect of improved heat and oxidation stability commensurate with the
increased addition. The lubricating oil composition for a wet clutch of the fourth embodiment comprises an ashless
dispersant as component (B-3). Specific examples of ashless dispersants are the same as for the second embodiment
and will not be repeated here.

[0337] The ashless dispersant content in the lubricating oil composition for a wet clutch according to the fourth em-
bodiment is 3-12 % by mass as mentioned above, but it is preferably 4-10 % by mass, based on the total amount of the
composition. If the ashless dispersant content is less than 3 % by mass the dispersibility of the combustion product will
be insufficient, and if it is greater than 12 % by mass the viscosity-temperature characteristic will be insufficient.
[0338] The lubricating oil composition for a wet clutch according to the fourth embodiment may consist entirely of the
lubricating base oil of the first embodiment, the (A-3) ashless antioxidant and (B-3) ashless dispersant described above,
but it may further contain the additives described below as necessary for further performance enhancement.

[0339] The lubricating oil composition for a wet clutch according to the fourth embodiment preferably contains a
phosphorus-based anti-wear agent (including phosphorus-based extreme-pressure agents) from the viewpoint of further
improving the fatigue life, extreme-pressure property and antiwear property. As such phosphorus-based anti-wear agents
there are preferably used phosphorus-based anti-wear agents containing no sulfur as a constituent element, and anti-
wear agents containing both phosphorus and sulfur (phosphorus/sulfur-based anti-wear agents).

[0340] Asphosphorus-based anti-wear agents there may be mentioned phosphoric acid, phosphorous acid, phosphoric
acid esters and phosphorous acid esters with C1-C30 and preferably C3-C20 hydrocarbon groups, and salts of the
foregoing. As phosphorus/sulfur-based anti-wear agents there may be mentioned thiophosphoric acid, thiophosphorous
acid, thiophosphoric acid esters and thiophosphorous acid esters with C1-C30 and preferably C3-C20 hydrocarbon
groups, salts of the foregoing, and zinc dithiophosphate.

[0341] Asexamples of C1-C30 hydrocarbon groups there may be mentioned alkyl, cycloalkyl, alkylcycloalkyl, alkenyl,
aryl, alkylaryl and arylalkyl groups.

[0342] As examples of alkyl groups there may be mentioned alkyl groups such as ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl and octadecyl (which
alkyl groups may be straight-chain or branched).

[0343] As cycloalkyl groups there may be mentioned C5-C7 cycloalkyl groups such as cyclopentyl, cyclohexyl and
cycloheptyl.

[0344] As examples of alkylcycloalkyl groups there may be mentioned C6-11 alkylcycloalkyl groups such as methyl-
cyclopentyl, dimethylcyclopentyl, methylethylcyclopentyl, diethylcyclopentyl, methylcyclohexyl, dimethylcyclohexyl,
methylethylcyclohexyl, diethylcyclohexyl, methylcycloheptyl, dimethylcycloheptyl, methylethylcycloheptyl and diethylcy-
cloheptyl, (where the alkyl groups may be substituted at any position on the cycloalkyl groups).

[0345] As examples of the alkenyl groups there may be mentioned alkenyl groups such as butenyl, pentenyl, hexenyl,
heptenyl, octenyl, nonenyl, decenyl, undecenyl, dodecenyl, tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl, hep-
tadecenyl and octadecenyl (where the alkenyl groups may be straight-chain or branched, and the double bonds may
be at any positions).

[0346] As examples of aryl groups there may be mentioned aryl groups such as phenyl and naphthyl.

[0347] Asexamples ofalkylarylgroupsthere may be mentioned C7-C18 alkylaryl groups such as tolyl, xylyl, ethylphenyl,
propylphenyl, butylphenyl, pentylphenyl, hexylphenyl, heptylphenyl, octylphenyl, nonylphenyl, decylphenyl, undecylphe-
nyl and dodecylphenyl (where the alkyl groups may be straight-chain or branched and substituted at any positions on
the aryl groups).

[0348] Asexamples of arylalkyl groups there may be mentioned C7-C12 arylalkyl groups such as benzyl, phenylethyl,
phenylpropyl, phenylbutyl, phenylpentyl and phenylhexyl (where the alkyl groups may be either straight-chain or
branched).

[0349] Itis preferred to use at least one phosphorus-based anti-wear agent selected from among phosphorous acid,
phosphorous acid monoesters, phosphorous acid diesters, phosphorous acid triesters and salts of the foregoing, in the
lubricating oil composition for a wet clutch of the fourth embodiment. As phosphorus/sulfur-based anti-wear agents there
are preferably used one or more compounds selected from among thiophosphorous acid, thiophosphorous acid mo-
noesters, thiophosphorous acid diesters, thiophosphorous acid triesters, dithiophosphorous acid, dithiophosphorous
acid monoesters, dithiophosphorous acid diesters, dithiophosphorous acid triesters, trithiophosphorous acid, trithiophos-
phorous acid monoesters, trithiophosphorous acid diesters and trithiophosphorous acid triesters, as well as salts of the
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foregoing.

[0350] As specific preferred examples of phosphorus-based anti-wear agents there may be mentioned monobutyl
phosphate, monooctyl phosphate, monolauryl phosphate, dibutyl phosphate, dioctyl phosphate, dilauryl phosphate,
diphenyl phosphate, tributyl phosphate, trioctyl phosphate, trilauryl phosphate, triphenyl phosphate, monobutyl phos-
phite, monooctyl phosphite, monolauryl phosphite, dibutyl phosphite, dioctyl phosphite, dilauryl phosphite, diphenyl
phosphite, tributyl phosphite, trioctyl phosphite, trilauryl phosphite, triphenyl phosphite, and salts of the foregoing, among
which phosphorous acid ester-based anti-wear agents and especially phosphorous acid diester-based anti-wear agents
are preferred.

[0351] As specific preferred examples of phosphorus/sulfur-based anti-wear agents there may be mentioned monobutyl
thiophosphate, monooctyl thiophosphate, monolauryl thiophosphate, dibutyl thiophosphate, dioctyl thiophosphate, di-
lauryl thiophosphate, diphenyl thiophosphate, tributyl thiophosphate, trioctyl thiophosphate, triphenyl thiophosphate,
trilauryl thiophosphate, monobutyl thiophosphite, monooctyl thiophosphite, monolauryl thiophosphite, dibutyl thiophos-
phite, dioctyl thiophosphite, dilauryl thiophosphite, diphenyl thiophosphate, tributyl thiophosphite, trioctyl thiophosphite,
triphenyl thiophosphite and trilauryl thiophosphite having 1-3, preferably 2 or 3 and especially 3 sulfur atoms in the
molecule, as well as salts of the foregoing, among which thiophosphorous acid ester-based anti-wear agents and es-
pecially trithiophosphorous acid ester-based anti-wear agents are preferred.

[0352] Asexamples of salts of (thio)phosphoric acid esters and (thio)phosphorous acid esters there may be mentioned
salts obtained by reacting with (thio)phosphoric acid monoesters, (thio)phosphoric acid diesters, (thio)phosphorous acid
monoesters, (thio)phosphorous acid diesters and the like with nitrogen compounds such as ammonia or amine com-
pounds containing only C1-C8 hydrocarbon or hydroxyl-containing hydrocarbon groups in the molecule, or metal bases
such as zinc oxide or zinc chloride, and neutralizing all or a portion of the remaining acidic hydrogens.

[0353] As specific nitrogen compounds there may be mentioned ammonia; alkylamines such as monomethylamine,
monoethylamine, monopropylamine, monobutylamine, monopentylamine, monohexylamine, monoheptylamine, mo-
nooctylamine, dimethylamine, methylethylamine, diethylamine, methylpropylamine, ethylpropylamine, dipropylamine,
methylbutylamine, ethylbutylamine, propylbutylamine, dibutylamine, dipentylamine, dihexylamine, diheptylamine and
dioctylamine (where the alkyl groups may be straight-chain or branched); alkanolamines such as monomethanolamine,
monoethanolamine, monopropanolamine, monobutanolamine, monopentanolamine, monohexanolamine, monohep-
tanolamine, monooctanolamine, monononanolamine, dimethanolamine, methanolethanolamine, diethanolamine, meth-
anolpropanolamine, ethanolpropanolamine, dipropanolamine, methanolbutanolamine, ethanolbutanolamine, propa-
nolbutanolamine, dibutanolamine, dipentanolamine, dihexanolamine, diheptanolamine and dioctanolamine (where the
alkanol groups may be straight-chain or branched); and mixtures of the foregoing.

[0354] As phosphorus-based anti-wear agents to be used for the invention there are preferred phosphorous acid
diester-based anti-wear agents such as di-2-ethylhexyl phosphite from the viewpoint of improving the fatigue life and
heat and oxidation stability, trithiophosphorous acid triester-based anti-wear agents such as trilauryl trithiophosphite
from the viewpoint of improving the fatigue life, and zinc dialkyldithiophosphates from the viewpoint of improving the
wear resistance.

[0355] There are no particular restrictions on the content of the phosphorus-based anti-wear agent according to the
invention, but from the viewpoint of the fatigue life, extreme-pressure property, wear resistance and oxidation stability,
it is preferably 0.01-0.2 % by mass and more preferably 0.02-0.15 % by mass in terms of phosphorus element based
on the total amount of the composition.

[0356] A sulfur-based anti-wear agent containing no phosphorus as a constituent element may also be used in the
lubricating oil composition for a wet clutch according to the fourth embodiment. As such sulfur-based anti-wear agents
there are preferred sulfurized fats and oils, olefin sulfides, dihydrocarbyl polysulfides, dithiocarbamates, thiadiazoles,
benzothiazoles and the like, among which one or more sulfur-based anti-wear agents selected from among sulfurized
fats and oils, olefin sulfides, dihydrocarbyl polysulfides, dithiocarbamates, thiadiazoles and benzothiazoles are preferred.
[0357] Specific examples of sulfurized fats and oils, olefin sulfides, dihydrocarbylpolysulfides, dithiocarbamates and
thiadiazoles are the same as for the third embodiment and will not be repeated here. There are no particular restrictions
on the sulfur-based anti-wear agent content of the lubricating oil composition for a wet clutch according to the fourth
embodiment, but from the viewpoint of fatigue life, extreme-pressure property, wear resistance and oxidation stability,
it is preferably 0.01-3 % by mass, more preferably 0.1-3 % by mass, even more preferably 0.5-2.5 % by mass and most
preferably 1.5-2.5 % by mass as sulfur element based on the total amount of the composition. The lubricating oil com-
position for a wet clutch according to the fourth embodiment preferably contains a friction modifier to allow further
improvementin the frictional properties. Specific examples of friction modifiers are the same as forthe second embodiment
and will not be repeated here.

[0358] The friction modifier content of the lubricating oil composition for a wet clutch according to the fourth embodiment
is preferably 0.01 % by mass or greater, more preferably 0.1 % by mass or greater and even more preferably 0.3 % by
mass or greater, and preferably not greater than 3 % by mass, more preferably not greater than 2 % by mass and even
more preferably not greater than 1 % by mass, based on the total amount of the composition. If the friction modifier

47



10

15

20

25

30

35

40

45

50

55

EP 2 009 084 B1

content is less than the aforementioned lower limit the friction reducing effect by the addition will tend to be insufficient,
while if it is greater than the aforementioned upper limit, the effects of the phosphorus-based anti-wear agent may be
inhibited, or the solubility of the additives may be reduced.

[0359] The lubricating oil composition for a wet clutch according to the fourth embodiment preferably further contains
a metal-based detergent from the viewpoint of cleanability. Specific examples, preferred examples and contents for
metal-based detergents are the same as for the second embodiment described above, and will not be repeated here.
The lubricating oil composition for a wet clutch according to the fourth embodiment preferably contains a viscosity index
improver to allow further improvement in the viscosity-temperature characteristic. Specific examples, preferred examples
and contents for viscosity index improvers are the same as for the second embodiment described above, and will not
be repeated here.

[0360] If necessary in order to improve performance, other additives in addition to those mentioned above may be
added to the lubricating oil composition for a wet clutch according to the fourth embodiment, and such additives may
include antioxidants other than component (A-3), corrosion inhibitors, rust-preventive agents, demulsifiers, metal deac-
tivators, pour point depressants, rubber swelling agents, antifoaming agents, coloring agents and the like, either alone
or in combinations of two or more. As examples of antioxidants other than component (A-3) there may be mentioned
copper-based and molybdenum-based metal antioxidants. Specific examples of these additives are the same as for the
second embodiment and will not be repeated here.

[0361] When such additives are added to a lubricating oil composition of the invention, the contents will normally be
selected in ranges of 0.01-2 % by mass for antioxidants other than component (A-3), 0.005-5 % by mass for corrosion
inhibitors, rust-preventive agents and demulsifiers, 0.005-1 % by mass for metal deactivators, 0.05-1 % by mass for
pour point depressants, 0.0005-1 % by mass for antifoaming agents and 0.001-1.0 % by mass for coloring agents, based
on the total amount of the composition.

[0362] There are no particular restrictions on the kinematic viscosity at 100°C of the lubricating oil composition for a
wet clutch of the fourth embodiment, butitis preferably 2-20 mm2/s, more preferably 4-15 mm2/s and even more preferably
5-10 mm?/s.

[0363] The lubricating oil composition for a wet clutch of the fourth embodiment having the construction described
above has sufficiently high heat and oxidation stability, and also excellent viscosity-temperature characteristics, frictional
properties and low volatility. The lubricating oil composition for a wet clutch of the fourth embodiment having such
excellent properties can sufficiently prevent production of insoluble components such as sludge and varnish caused by
deterioration, and the clogging of wet clutches that occurs as a result of the insoluble components, and is therefore
suitable as a lubricating oil to be used in 4-stroke internal combustion engines for motorcycles with wet clutch mechanisms.
The lubricating oil for a wet clutch according to the invention can also be suitably used in transmission devices such as
automatic transmissions, continuously variable transmissions and dual-clutch transmissions.

(Fifth embodiment)

[0364] The lubricating oil composition for a drive-train according to the fifth embodiment comprises a lubricating base
oil of the first embodiment described above, (A-4) a poly(meth)acrylate-based viscosity index improver and (B-4) a
phosphorus-containing compound. The descriptions of the lubricating base oils according to the first embodiment will
not be repeated here. The lubricating oil composition for a drive strain of the fifth embodiment may further contain the
mineral base oils and synthetic base oils mentioned above in the explanation of the first embodiment, in addition to the
lubricating base oil according to the first embodiment, and those mineral base oils and synthetic base oils will not be
repeated here.

[0365] By combining the (A-4) poly(meth)acrylate-based viscosity index improver with the lubricating base oil of the
first embodiment described above in the lubricating oil composition for a drive-train of the fifth embodiment, it is possible
to effectively exhibit a viscosity index-improving effect, a viscosity-suppressing effect at low temperatures and a pour
point-lowering effect, in addition to the original excellent viscosity-temperature characteristic of the lubricating base oil,
and thus to achieve a high level of low-temperature characteristics.

[0366] There are no particular restrictions on the poly(meth)acrylate-based viscosity index improver used for the fifth
embodiment, and non-dispersant or dispersant poly(meth)acrylate compounds commonly employed as viscosity index
improvers for lubricating oils may be used. Polymers of compounds represented by the following general formula (18)
may be mentioned as non-dispersant poly(meth)acrylate-based viscosity index improvers.

{Chemical Formula 27]
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CHy

CH=C (18)

COOR%

[0367] In general formula (18), R34 represents a C1-C30 alkyl group. The alkyl group represented by R54 may be
either straight-chain or branched. Specific examples include methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl,
decyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, eicosyl,
heneicosyl, docosyl, tricosyl, tetracosyl, pentacosyl, hexacosyl, heptacosyl, octacosyl, nonacosyl and triacontyl (which
alkyl groups may be either straight-chain or branched).

[0368] As preferred examples of dispersant poly(meth)acrylate-based viscosity index improvers there may be men-
tioned, specifically, copolymers obtained by copolymerizing one or more monomers selected from among compounds
represented by general formula (18) above, with one or more nitrogen-containing monomers selected from among
compounds represented by general formula (19) or (20) below.

[Chemical Formula 28]
R55 -
CH2=(|) (19)

COO0—(R%),—X*
[Chemical Formula 29]

R57
CHZ:J; (20)

X2

In general formulas (19) and (20), R55 and R57 each separately represent hydrogen or methyl. R56 represents a C1-C30
alkylene group, of which specific examples include methylene, ethylene, propylene, butylene, pentylene, hexylene,
heptylene, octylene, nonylene, decylene, undecylene, dodecylene, tridecylene, tetradecylene, pentadecylene, hexade-
cylene, heptadecylene, octadecylene, nonadecylene, eicosylene, heneicosylene, doeosylene, tricosylene; tetraco-
sylene, pentacosylene, hexacosylene, heptacosylene, octacosylene, nonacosylene and triacontylene (where the
alkylene groups may be either straight-chain or branched). The letter "a" represents an integer of 0 or 1, and X! and X2
each separately represent an amine residue or heterocyclic residue containing 1-2 nitrogen atoms and 0-2 oxygen
atoms. Specific preferred examples for X! and X2 include dimethylamino, diethylamino, dipropylamino, dibutylamino,
anilino, toluidino, xylidino, acetylamino, benzoylamino, morpholino, pyrolyl, pyrrolino, pyridyl, methylpyridyl, pyrrolidinyl,
piperidinyl, quinonyl, pyrrolidonyl, pyrrolidono, imidazolino and pyrazino.

[0369] Specific preferred examples of nitrogen-containing monomers represented by general formula (19) or (20)
include dimethylaminomethyl methacrylate, diethylaminomethyl methacrylate, dimethylaminoethyl methacrylate, diethyl-
aminoethyl methacrylate, 2-methyl-5-vinylpyridine, morpholinomethyl methacrylate, morpholinoethyl methacrylate, N-
vinylpyrrolidone, and mixtures thereof.

[0370] A poly(meth)acrylate-based viscosity index improver used for the fifth embodiment may be either dispersant
or non-dispersant as mentioned above, but preferably a non-dispersant poly(meth)acrylate-based viscosity index im-
prover is used, and more preferably one of the following (A-4-1)-(A-4-3).

(A-4-1) A polymer composed mainly of a monomer of general formula (18) wherein R54 is methyl or a C12-C15

straight-chain alkyl group.
(A-4-2) A polymer composed mainly of a monomer of general formula (18) wherein R34 is methyl or a C12-C15,
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C16 or C18 straight-chain alkyl group.

(A-4-3) A polymer of a monomer of general formula (18) wherein R%4 is methyl or a C12-C15, C16, C18 straight-
chain alkyl group and a monomer of general formula (18) wherein R54 is a C20-C30 straight-chain or branched alkyl
group.

[0371] Of polymers (A-4-1)-(A-4-3) above, polymers (A-4-2) and (A-4-3) are especially preferred from the viewpoint
of improving the fatigue life. Polymer (A-4-3) preferably contains a monomer of general formula (18) wherein R54 is a
C22-C28 branched alkyl group (more preferably a 2-decyltetradecyl group) as a structural unit.

[0372] The weight-average molecular weight of the poly(meth)acrylate-based viscosity index improver used for the
fifth embodiment is not particularly restricted but is preferably 5,000-100,000, more preferably 10,000-60,000 and even
more preferably 15,000-24,000. If the weight-average molecular weight of the poly(meth)acrylate-based viscosity index
improver is less than 5,000 the viscosity increase effect due to addition of the viscosity index improver will be insufficient,
while if it is greater than 100,000 the fatigue life, wear resistance and shear stability will be inadequate. The weight-
average molecular weight referred to here is the weight-average molecular weight based on polystyrene, as measured
using a 150-CALC/GPC by Japan Waters Co., equipped with two GMHHR-M (7.8 mmID X 30 cm) columns by Tosoh
Corp. set in series, with tetrahydrofuran as the solvent and a differential refractometer (RI) as the detector, and with a
temperature of 23°C, a flow rate of 1 mL/min, a sample concentration of 1 % by mass, a sample injection rate of 75 p.L.
[0373] The poly(meth)acrylate-based viscosity index improver content in the lubricating oil composition for a drive-
train according to the fifth embodiment is preferably 0.1-20 % by mass and more preferably 1-15 % by mass based on
the total amount of the composition. If the poly(meth)acrylate-based viscosity index improver content is less than 0.1 %
by mass the viscosity-increasing effect and the cold flow property-improving effect of the addition will tend to be insufficient,
while if it is greater than 20 % by mass the viscosity of the lubricating oil composition will be increased, making it difficult
to achieve fuel savings and tending to lower the shear stability. When a poly(meth)acrylate-based viscosity indeximprover
is added to the lubricating base oil, the poly(meth)acrylate-based viscosity index improver will generally be dissolved in
5-95 % by mass of a diluent and the mixture added to the lubricating base oil, for improved lubricity and handleability,
and the poly(meth)acrylate-based viscosity index improver content in this case refers to the total amount of the poly
(meth)acrylate-based viscosity index improver and the diluent.

[0374] The lubricating oil composition for a drive-train according to the fifth embodiment further includes a phosphorus-
containing compound as component (B-4). As phosphorus-containing compounds there are preferably used phosphorus-
based extreme-pressure agents and phosphorus-sulfur-based extreme-pressure agents. The specific examples and
preferred examples of phosphorus-based extreme-pressure agents and phosphorus-sulfur-based extreme-pressure
agents are the same as the examples of phosphorus-based anti-wear agents mentioned for the fourth embodiment and
will not be repeated here. There are no particular restrictions on the phosphorus-containing compound content according
to the fifth embodiment, but from the viewpoint of the fatigue life, extreme-pressure property, wear resistance and
oxidation stability, it is preferably 0.01-0.2 % by mass and more preferably 0.02-0.15 % by mass in terms of phosphorus
element based on the total amount of the composition. If the phosphorus-containing compound content is below the
aforementioned lower limit, the lubricity will tend to be insufficient. Also, when the lubricating oil composition is used as
a lubricating oil for a manual transmission the synchro property (lubrication which allows gears with different reduction
gear ratios to engage smoothly for function) will tend to be insufficient. On the other hand, if the phosphorus-containing
compound content is greater than the aforementioned upper limit the fatigue life will tend to be inadequate. Also, when
the lubricating oil composition is used as a lubricating oil for a manual transmission, the heat and oxidation stability will
tend to be insufficient.

[0375] The lubricating oil composition for a drive-train according to the fifth embodiment may consist only of the
lubricating base oil, the (A-4) poly(meth)acrylate-based viscosity index improver and the (B-4) phosphorus-containing
compound described above, but it may further contain the various additives mentioned below as necessary.

[0376] The lubricating oil composition for a drive-train according to the fifth embodiment also preferably comprises a
sulfur-based extreme-pressure agent in addition to the aforementioned phosphorus-sulfur-based extreme-pressure
agent, from the viewpoint of yet further improving the fatigue life, extreme-pressure property and wear resistance. The
specific examples and preferred examples of sulfur-based extreme-pressure agents are the same as the examples of
sulfur-based anti-wear agents mentioned for the fourth embodiment and will not be repeated here.

[0377] There are no particular restrictions on the sulfur-based extreme-pressure agent content of the lubricating oil
composition for a drive-train according to the fifth embodiment, but from the viewpoint of fatigue life, extreme-pressure
property, wear resistance and oxidation stability, it is preferably 0.01-3 % by mass, more preferably 0.1-3 % by mass,
even more preferably 0.5-2.5 % by mass and most preferably 1.5-2.5 % by mass as sulfur element based on the total
amount of the composition. If the sulfur-based extreme-pressure agent content is below the aforementioned lower limit,
the lubricity will tend to be insufficient. Also, when the lubricating oil composition is used as a lubricating oil for a manual
transmission, the synchro property (lubrication which allows gears with different reduction gear ratios to engage smoothly
for function) will tend to be insufficient. On the other hand, if the sulfur-based extreme-pressure agent content is above
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the aforementioned upper limit, the fatigue life will tend to be inadequate. Also, when the lubricating oil composition is
used as a lubricating oil for a manual transmission, the heat and oxidation stability will tend to be insufficient. When the
lubricating oil composition for a drive-train according to the fifth embodiment is to be used as a lubricating oil for a final
reduction gear it will be necessary to ensure an even superior extreme-pressure property, and therefore the sulfur-based
extreme-pressure agent content is preferably 0.5-3 % by mass and more preferably 1.5-2.5 % by mass as sulfur element
based on the total amount of the composition

[0378] The lubricating oil composition for a drive-train of fifth embodiment contains (A-4) a poly(meth)acrylate-based
viscosity index improver as mentioned above, but it may further contain a viscosity index improver other than the (A-4)
poly(meth)acrylate-based viscosity index improver (this will hereinafter also be referred to as "component (C-4)"). As
component (C-4) there may be mentioned dispersant ethylene-a-olefin copolymers and their hydrides, polyisobutylene
or its hydrides, styrene-diene hydrogenated copolymers, styrene-maleic anhydride ester copolymers and polyalkylsty-
renes.

[0379] When using component (C-4), the content thereof will normally be selected within a range of 0.1-10 % by mass
based on the total amount of the composition.

[0380] The lubricating oil composition for a drive-train according to the fifth embodiment also preferably comprises (D-
4) an ashless dispersant from the viewpoint of yet further improving the wear resistance, heat and oxidation stability and
frictional properties. As examples of (D-4) ashless dispersants there may be mentioned the following nitrogen compounds
(D-4-1)-(D-4-3). These may be used alone or in combinations of two or more.

(D-4-1) Succiniimides having at least one C40-400 alkyl or alkenyl group in the molecule, or derivatives thereof.
(D-4-2) Benzylamines having at least one C40-400 alkyl or alkenyl group in the molecule, or derivatives thereof.
(D-4-3) Polyamines having at least one C40-400 alkyl or alkenyl group in the molecule, or derivatives thereof.

[0381] More specifically, examples of the (D-4-1) succiniimides include compounds represented by the following gen-
eral formula (21) or (22).

[Chemical Formula 30]
0
RSB
N=(CH,CH,NH)—H (21)
o]
[Chemical Formula 31]
o 0
R59 RSO

(22)
N—(CH,CHoNH), ——CH,CH,—N

0] o)

[0382] Ingeneralformula(21), R58 represents a C40-400 and preferably C60-350 alkyl or alkenylgroup, and j represents
an integer of 1-5 and preferably 2-4.

[0383] In general formula (22), R59 and R0 each separately represent a C40-C400 and preferably C60-C350 alkyl or
alkenyl group, and k represents an integer of 0-4 and preferably 1-3.

[0384] The aforementioned succiniimides include "mono type" succiniimides represented by general formula (21), in
a form with succinic anhydride added to one end of a polyamine by imidation, and "bis type" succiniimides represented
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by general formula (22), in a form with succinic anhydride added to both ends of a polyamine, and either of these or
mixtures of both of these may be used for the lubricating oil composition for a drive-train according to the fifth embodiment.
[0385] Specific examples of the (D-4-2) benzylamines include compounds represented by the following general formula
(23).

[Chemical Formula 32]

R81
g
/ \ CHoNH——(CH,CH,NH)—H (23)

[0386] In general formula (23), R®! represents a C40-C400 and preferably C60-C350 alkyl or alkenyl group, and m
represents an integer of 1-5 and preferably 2-4.

[0387] The benzylamine may be obtained, for example, by reacting a polyolefin (for example, a propylene oligomer,
polybutene or ethylene-a-olefin copolymer) with a phenol to produce an alkylphenol, and then reacting this with formal-
dehyde and a polyamine (for example, diethylenetriamine, triethylenetetramine, tetraethylenepentamine or pentaethyl-
enehexamine) by Mannich reaction.

[0388] Specific examples of the (D-4-3) polyamines include compounds represented by the following general formula
(24).

R62-NH- (CH,CH,NH),-H (24)

[0389] In general formula (24), R52 represents a C40-C400 and preferably C60-C350 alkyl or alkenyl group, and m
represents an integer of 1-5 and preferably 2-4.

[0390] The polyamine may be obtained, for example, by chlorination of a polyolefin (for example, a propylene oligomer,
polybutene or ethylene-a-olefin copolymer) followed by reaction with ammonia or a polyamine (for example, ethylene-
diamine, diethylenetriamine, triethylenetetramine, tetraethylenepentamine, pentaethylenehexamine or the like).

[0391] The nitrogen compound may have any nitrogen content, but from the viewpoint of wear resistance, oxidation
stability and frictional properties, the nitrogen content is usually preferred to be 0.01-10 % by mass and more preferably
0.1-10 % by mass.

[0392] As examples of derivatives of the aforementioned nitrogen compounds there may be mentioned "acid-modified
compounds" obtained by reacting the aforementioned nitrogen compounds with C2-C30 monocarboxylic acids (fatty
acids and the like) or C2-C30 polycarboxylic acids such as oxalic acid, phthalic acid, trimellitic acid or pyromellitic acid,
and neutralizing or amidating all or a portion of the remaining amino and/or imino groups; "boron-modified compounds"
obtained by reacting the aforementioned nitrogen compounds with boric acid and neutralizing or amidating all or a portion
ofthe remaining amino and/orimino groups; sulfur-modified compounds obtained by reacting the aforementioned nitrogen
compounds with sulfur compounds; and modified compounds obtained by combining two or more types of modification
selected from among acid modification, boron modification and sulfur modification of the aforementioned nitrogen com-
pounds.

[0393] When the lubricating oil composition for a drive-train according to the fifth embodiment contains (D-4) an ashless
dispersant, there are no particular restrictions on its content but it is preferably 0.5-10.0 % by mass and more preferably
1-8.0 % by mass based on the total amount of the composition. If the ashless dispersant content is less than 0.5 % by
mass the effect of improving the fatigue life and extreme-pressure property will tend to be insufficient, while if it is greater
than 10.0 % by mass the cold flow property of the composition will be excessively impaired. Particularly when the
lubricating oil composition for a drive-train according to fifth embodiment is used as a lubricating oil for an automatic
transmission or continuously variable transmission, the content of the ashless dispersant is preferably 1-6 % by mass
based on the total amount of the composition. When the lubricating oil composition for a drive-train according to the fifth
embodiment is used as a lubricating oil for a manual transmission, the content of the ashless dispersant is preferably
0.5-6 % by mass and more preferably 0.5-2 % by mass based on the total amount of the composition.

[0394] The lubricating oil composition for a drive-train according to the fifth embodiment also preferably comprises a
metal-based detergent from the viewpoint of yet further improving the frictional properties. Specific examples and pre-
ferred examples for metal-based detergents are the same as for the second embodiment described above, and will not
be repeated here.

[0395] When the lubricating oil composition for a drive-train according to the fifth embodiment contains a metal-based
detergent, there are no particular restrictions on its content, but it is preferably 0.005-0.5 % by mass, more preferably
0.008-0.3 % by mass and even more preferably 0.01-0.2 % by mass as metal element based on the total amount of the
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composition. If the metal-based detergent content is less than 0.005 % by mass as metal element the improving effect
on the frictional property will be insufficient, and if it exceeds 0.5 % by mass an adverse effect may be exhibited on the
wet clutch friction material. When the lubricating oil composition for a drive-train according to the fifth embodiment is to
be used as a lubricating oil for an automatic transmission or continuously variable transmission, the metal-based detergent
content is preferably 0.005-0.2 % by mass and more preferably 0.008-0.02 % by mass in terms of metal element based
on the total amount of the composition. Particularly when the lubricating oil composition for a drive-train according to
the fifth embodiment is to be used as a lubricating oil for a manual transmission, the metal-based detergent content is
preferably 0.05-0.5 % by mass, more preferably 0.1-0.4 % by mass and even more preferably 0.2-0.35 % by mass in
terms of metal element based on the total amount of the composition. The lubricating oil composition for a drive-train
according to the fifth embodiment also preferably comprises an antioxidant from the viewpoint of yet further improving
the heat and oxidation stability. As antioxidants there may be used any ones commonly employed in the field of lubricating
oils, but particularly preferred ones are phenol-based antioxidants and/or amine-based antioxidants, and especially
combinations of phenol-based antioxidants and amine-based antioxidants. Specific examples of phenol-based antioxi-
dants and amine-based antioxidants are the same as for the second embodiment described above and will not be
repeated here.

[0396] There are no particular restrictions on the antioxidant content of the lubricating oil composition for a drive-train
of the fifth embodiment, but it is preferably 0.01-5.0 % by mass based on the total amount of the composition.

[0397] The lubricating oil composition for a drive-train according to the fifth embodiment also preferably comprises a
friction modifier from the viewpoint of yet further improving the wet clutch frictional properties for gearboxes. As friction
modifiers there may be used any compounds commonly employed as friction modifiers in the field of lubricating oils, but
preferred for use are amine compounds, imide compounds, fatty acid esters, fatty acid amides, fatty acid metal salts
and the like having at least one C6-C30 alkyl or alkenyl and especially C6-C30 straight-chain alkyl or straight-chain
alkenyl group in the molecule.

[0398] Examplesofamine compoundsinclude C6-C30 straight-chain or branched and preferably straight-chain aliphat-
ic monoamines, straight-chain or branched and preferably straight-chain aliphatic polyamines, or alkylene oxide addition
products of these aliphatic amines. As imide compounds there may be mentioned succiniimides with C6-C30 straight-
chain or branched alkyl or alkenyl groups, and/or the same modified with a carboxylic acid, boric acid, phosphoric acid,
sulfuric acid or the like. Examples of fatty acid esters include esters of C7-C31 straight-chain or branched and preferably
straight-chain fatty acids with aliphatic monohydric alcohols or aliphatic polyhydric alcohols. Examples of fatty acid
amides include amides of C7-C31 straight-chain or branched and preferably straight-chain fatty acids with aliphatic
monoamines or aliphatic polyamines. As fatty acid metal salts there may be mentioned alkaline earth metal salts (mag-
nesium salts, calcium salts, etc.) and zinc salts of C7-C31 straight-chain or branched and preferably straight-chain fatty
acids.

[0399] Preferred among these according to the fifth embodiment are ones containing one or more selected from among
amine-based friction modifiers, ester-based friction modifiers, amide-based friction modifiers and fatty acid friction mod-
ifiers, and most preferred from the viewpoint of further improving the fatigue life are ones containing one or more selected
from among amine-based friction modifiers, fatty acid friction modifiers and amide-based friction modifiers. From the
viewpoint of notably improving the anti-shudder life when the lubricating oil composition for a drive-train according to
the fifth embodiment is to be used as a lubricating oil for an automatic transmission or continuously variable transmission,
it is most preferred to include an imide-based friction modifier.

[0400] According to the fifth embodiment, the one or more compounds selected from among the friction modifiers
mentioned above may be used in any desired amounts. There are no particular restrictions on the friction modifier
content, but it is preferably 0.01-5.0 % by mass and more preferably 0.03-3.0 % by mass based on the total amount of
the composition. When the lubricating oil composition for a drive-train according to the fifth embodiment is to be used
as a lubricating oil for an automatic transmission or continuously variable transmission, it will be necessary to further
improve the frictional properties, and therefore the friction modifier content is preferably 0.5-5 % by mass and more
preferably 2-4 % by mass based on the total amount of the composition. When the lubricating oil composition for a drive-
train according to the fifth embodiment is used as a lubricating oil composition for a manual transmission, the content
of the friction modifier is preferably 0.1-3 % by mass and more preferably 0.5-1.5 % by mass based on the total amount
of the composition.

[0401] If necessary in order to improve performance, other additives in addition to those mentioned above may be
added to the lubricating oil composition for a drive-train according to the fifth embodiment, and such additives may
include corrosion inhibitors, rust-preventive agents, demulsifiers, metal deactivators, pour point depressants, rubber
swelling agents, antifoaming agents, coloring agents and the like, either alone or in combinations of two or more. Specific
examples of these additives are the same as for the second embodiment and will not be repeated here. When such
additives are added to a lubricating oil composition for a drive-train of the fifth embodiment, the contents will normally
be selected in ranges of 0.005-5 % by mass for corrosion inhibitors, rust-preventive agents and demulsifiers, 0.005-1
% by mass for metal deactivators, 0.05-1 % by mass for pour point depressants, 0.0005-1 % by mass for antifoaming
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agents and 0.001-1.0 % by mass for coloring agents, based on the total amount of the composition.

[0402] Alubricating oil composition for a drive-train according to the fifth embodiment having the construction described
above can exhibit high levels of wear resistance, anti-seizing property and fatigue life for prolonged periods even with
reduced viscosity, and can achieve both fuel efficiency and durability in drive-trains while also improving the cold start-
ability. There are no particular restrictions on drive power transmission devices to which the lubricating oil composition
for a drive-train according to the fifth embodiment may be applied, and specifically there may be mentioned gearboxes
such as automatic transmissions, continuously variable transmissions and manual transmissions, as well as final reduc-
tion gears, power distribution/regulating mechanisms and the like. The following preferred modes of the invention will
now be described: (1) a lubricating oil composition for an automatic transmission or continuously variable transmission,
(I1) a lubricating oil composition for a manual transmission and (lll) a lubricating oil composition for a final reduction gear.
[0403] The kinematic viscosity at 100°C of the lubricating base oil according to the firstembodiment in the (1) lubricating
oil composition for an automatic transmission or continuously variable transmission is preferably 2-8 mm?2/s, more pref-
erably 2.6-4.5 mmZ2/s, even more preferably 2.8-4.3 mm?2/s and most preferably 3.3-3.8 mmZ2/s. If the kinematic viscosity
is below this lower limit the lubricity will tend to be insufficient, while if it is greater than the upper limit the cold flow
property will tend to be insufficient. The kinematic viscosity at40°C of the lubricating base oil according to first embodiment
in the (l) lubricating oil composition for an automatic transmission or continuously variable transmission is preferably
15-50 mm?2/s, more preferably 20-40 mm2/s and even more preferably 25-35 mm2/s. If the kinematic viscosity is below
this lower limit the lubricity will tend to be insufficient, while if it is greater than the upper limit the fuel savings will tend
to be insufficient due to increased stirring resistance.

[0404] The viscosityindex ofthe lubricating base oil according to the firstembodimentin the (1) lubricating oil composition
for an automatic transmission or continuously variable transmission is preferably 120-160, more preferably 125-150 and
even more preferably 130-145. A viscosity index within this range will allow the viscosity-temperature characteristic to
be further improved. The phosphorus-containing compounds in the (I) lubricating oil composition for an automatic trans-
mission or continuously variable transmission are preferably one or more selected from among phosphoric acid, phos-
phoric acid esters, phosphorous acid, phosphorous acid esters, thiophosphoric acid, thiophosphoric acid esters, thio-
phosphorous acid, thiophosphorous acid esters, and salts of the foregoing, more preferably one or more selected from
among phosphoric acid, phosphoric acid esters, phosphorous acid, phosphorous acid esters, and salts of the foregoing,
and even more preferably one or more selected from among phosphoric acid esters, phosphorous acid esters and salts
of the foregoing.

[0405] The phosphorus-containing compound contentof the (1) lubricating oil composition for an automatic transmission
or continuously variable transmission is preferably 0.005-0.1 % by mass, more preferably 0.01-0.05 % by mass and
even more preferably 0.02-0.04 % by mass, in terms of phosphorus element based on the total amount of the composition.
If the phosphorus-containing compound content is below the aforementioned lower limit the lubricity will tend to be
insufficient, while if it is greater than the aforementioned upper limit the wet frictional properties and fatigue life will tend
to be insufficient.

[0406] The BF viscosity at -40°C of the (l) lubricating oil composition for an automatic transmission or continuously
variable transmission is preferably not greater than 20,000 mPa-s, more preferably not greater than 15,000 mPa's, even
more preferably not greater than 10,000 mPa-s, yet more preferably not greater than 8,000 mPa-s and most preferably
not greater than 7,000 mPa-s. If the BF viscosity exceeds the aforementioned upper limit, the cold startability will tend
to be insufficient.

[0407] The viscosity index of the (I) lubricating oil composition for an automatic transmission or continuously variable
transmission is preferably 100-250, more preferably 150-250 and even more preferably 170-250. If the viscosity index
is below the aforementioned lower limit, the fuel savings will tend to be insufficient. A composition wherein the afore-
mentioned upper limit is exceeded will have an excessive poly(meth)acrylate-based viscosity index improver content,
and the shear stability will tend to be insufficient.

[0408] The kinematic viscosity at 100°C of the lubricating base oil of the first embodiment in the (Il) lubricating oil
composition for a manual transmission is preferably 3.0-20 mm2/s, more preferably 3.3-15 mm2/s, even more preferably
3.3-8 mm?2/s, yet more preferably 3.8-6 mm2/s and most preferably 4.3-5.5 mm?2/s. If the kinematic viscosity is below
this lower limit the lubricity will tend to be insufficient, while if it is greater than the upper limit the cold flow property will
tend to be insufficient.

[0409] The kinematic viscosity at 40°C of the lubricating base oil according to the first embodiment in the (ll) lubricating
oil composition fora manual transmission is preferably 10-200 mm2/s, more preferably 15-80 mm2/s, even more preferably
20-70 mm?2/s and most preferably 23-60 mm?2/s. If the kinematic viscosity is below this lower limit the lubricity will tend
to be insufficient, while if it is greater than the upper limit the fuel savings will tend to be insufficient due to increased
stirring resistance.

[0410] The viscosity index of the lubricating base oil of the first embodiment in the (Il) lubricating oil composition for
a manual transmission is preferably 130-170, more preferably 135-165 and even more preferably 140-160. A viscosity
index within this range will allow the viscosity-temperature characteristic to be further improved.
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[0411] As phosphorus-containing compounds to be added to the (lI) lubricating oil composition for a manual transmis-
sion, there are preferred one or more selected from among thiophosphoric acid, thiophosphoric acid esters, thiophos-
phorous acid and thiophosphorous acid esters, there are more preferred one or more selected from among thiophosphoric
acid esters and thiophosphorous acid esters, especially preferred is zinc dithiophosphate.

[0412] The phosphorus-containing compound content of the (ll) lubricating oil composition for a manual transmission
is preferably 0.01-0.2 % by mass, more preferably 0.05-0.15 % by mass and even more preferably 0.09-0.14 % by mass,
in terms of phosphorus element based on the total amount of the composition. If the phosphorus-containing compound
content is below the aforementioned lower limit the lubricity and synchro property will tend to be insufficient, while if it
is greater than the aforementioned upper limit the heat and oxidation stability and fatigue life will tend to be insufficient.
[0413] The BF viscosity at -40°C of the (ll) lubricating oil composition for a manual transmission is preferably not
greater than 20,000 mPa-s, more preferably not greater than 15,000 mPa's, even more preferably not greater than
10,000 mPa-s, yet more preferably not greater than 9,000 mPa-s and most preferably not greater than 8,000 mPa-s. If
the BF viscosity exceeds the aforementioned upper limit, the cold startability will tend to be insufficient.

[0414] The viscosity index of the (ll) lubricating oil composition for a manual transmission is preferably 100-250, more
preferably 140-250 and even more preferably 150-250. If the viscosity index is below the aforementioned lower limit,
the fuel savings will tend to be insufficient. A composition wherein the aforementioned upper limit is exceeded will have
an excessive poly(meth)acrylate-based viscosity index improver content, and the shear stability will tend to be insufficient.
[0415] The kinematic viscosity at 100°C of the lubricating base oil of the first embodiment in the (lll) lubricating oil
composition for a final reduction gear is preferably 3.0-20 mmZ2/s, more preferably 3.3-15 mm2/s, even more preferably
3.3-8 mm?/s, yet more preferably 3.8-6 mm2/s and most preferably 4.3-5.5 mm2/s. If the kinematic viscosity is below
this lower limit the lubricity will tend to be insufficient, while if it is greater than the upper limit the cold flow property will
tend to be insufficient.

[0416] The kinematic viscosity at 40°C of the lubricating base oil of the first embodiment in the (lIl) lubricating oil
composition for a final reduction gear is preferably 15-200 mm2/s, more preferably 20-150 mm?2/s and even more pref-
erably 23-80 mm?/s. If the kinematic viscosity is below this lower limit the lubricity will tend to be insufficient, while if it
is greater than the upper limit the fuel savings will tend to be insufficient due to increased stirring resistance.

[0417] The viscosity index of the lubricating base oil of the first embodiment in the (lll) lubricating oil composition for
a final reduction gear is preferably 130-170, more preferably 135-165 and even more preferably 140-160. A viscosity
index within this range will allow the viscosity-temperature characteristic to be further improved.

[0418] As phosphorus-containing compounds to be added to the (lll) lubricating oil composition for a final reduction
gear there are preferred one or more selected from among phosphoric acid esters, phosphorous acid esters, thiophos-
phoric acid esters, thiophosphorous acid esters and salts of the foregoing, there are more preferred one or more selected
from among phosphoric acid esters, phosphorous acid esters and their amine salts, and there are even more preferred
one or more selected from among phosphorous acid esters, amine salts thereof and phosphoric acid esters.

[0419] The phosphorus-containing compound content of the (lll) lubricating oil composition for a final reduction gear
is preferably 0.01-0.2 % by mass, more preferably 0.05-0.15 % by mass and even more preferably 0.1-0.14 % by mass,
in terms of phosphorus element based on the total amount of the composition. If the phosphorus-containing compound
content is below the aforementioned lower limit the lubricity will tend to be insufficient, while if it is greater than the
aforementioned upper limit the fatigue life will tend to be insufficient.

[0420] The BF viscosity at-40°C of the (llI) lubricating oil composition for a final reduction gear is preferably not greater
than 100,000 mPa-s, more preferably not greater than 50,000 mPa-s, even more preferably not greater than 20,000
mPa-s and yet more preferably not greater than 10,000 mPa-s. If the BF viscosity exceeds the aforementioned upper
limit, the cold startability will tend to be insufficient

[0421] The viscosity index of the (lIl) lubricating oil composition for an automatic transmission or continuously variable
transmission is preferably 100-250, more preferably 120-250 and even more preferably 125-250. If the viscosity index
is below the aforementioned lower limit, the fuel savings will tend to be insufficient. A composition wherein the afore-
mentioned upper limit is exceeded will have an excessive poly(meth)acrylate-based viscosity index improver content,
and the shear stability will tend to be insufficient.

Examples

[0422] The present invention will now be explained in greater detail based on examples and comparative examples.
[Examples 1-3]

[0423] The fraction separated by vacuum distillation in a process for refining of a solvent refined base oil was subjected

to solvent extraction with furfural and then hydrotreatment, which was followed by solvent dewaxing with a methyl ethyl
ketone-toluene mixed solvent. The wax portion obtained by further deoiling of slack wax removed during the solvent
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dewaxing (hereunder, "WAX1") was used as feedstock oil for the lubricating base oil. The properties of WAX1 are shown
in Table 1.

[Table 1]
Starting wax WAXA1
Kinematic viscosity at 100°C (mm2/s) | 6.8
Melting point (°C) 58
Oil content (% by mass) 6.3
Sulfur content (ppm by mass) 900

[0424] WAX1 was hydrocracked in the presence of a hydrocracking catalyst, under conditions with a hydrogen partial
pressure of 5 MPa, a mean reaction temperature of 350°C and an LHSV of 1 hr-1. The hydrocracking catalyst was used
as the sulfurized form of a catalyst comprising 3 % by mass nickel and 15 % by mass molybdenum supported on an
amorphous silica-alumina support (silica:alumina = 20:80 (mass ratio)).

[0425] The decomposition product obtained by the hydrocracking was subjected to vacuum distillation to obtain a
lube-oil distillate at 26 % by volume with respect to the feedstock oil. The lube-oil distillate was subjected to solvent
dewaxing using a methyl ethyl ketone-toluene mixed solvent under conditions with a solvent/oil ratio of 4 and a filtration
temperature of -25°C, to obtain lubricating base oils (D1-D3) for Examples 1-3 having different viscosity grades.

[Examples 4-6]

[0426] After mixing and kneading 800 g of USY zeolite and 200 g of alumina binder, the mixture was molded into a
cylindrical shape with a diameter of 1/16 inch (approximately 1.6 mm) and a height of 6 mm. The obtained molded article
was calcined at 450°C for 3 hours to obtain a support. The support was impregnated with an aqueous solution of
dichlorotetraamineplatinum(ll) in an amount of 0.8 % by mass of the support in terms of platinum, and then dried at
120°C for 3 hours and calcined at 400°C for 1 hour to obtain the target catalyst.

[0427] Next, 200 ml of the obtained catalyst was packed into a fixed-bed circulating reactor, and the reactor was used
for hydrocracking/hydroisomerization of the paraffinic hydrocarbon-containing feedstock oil. As the feedstock oil for this
step there was used an FT wax with a paraffin content of 95 % by mass and a carbon number distribution of 20-80
(hereunder, "WAX2"). The properties of WAX2 are shown in Table 2. The conditions for hydrocracking were a hydrogen
pressure of 3 MPa, a reaction temperature of 350°C and an LHSV of 2.0 h-1, to obtain a cracking/isomerization product
oil wherein the content of fractions with boiling points of 380°C or lower (decomposition product) was 30 % by mass
(cracking severity: 30%) with respect to the starting material.

[Table 2]
Starting wax WAX2
Kinematic viscosity at 100°C (mm2/s) | 5.8
Melting point (°C) 70
Oil content (% by mass) <1
Sulfur content (ppm by mass) <0.2

[0428] The cracking/isomerization product oil obtained in the hydrocracking/hydroisomerization step was then sub-
jected to vacuum distillation to obtain a lube-oil distillate. The lube-oil distillate was subjected to solvent dewaxing using
a methyl ethyl ketone-toluene mixed solvent under conditions with a solvent/oil ratio of 4 and a filtration temperature of
-25°C, to obtain lubricating base oils (D4-D6) for Examples 4-6 having different viscosity grades.

[Examples 7-15]
[0429] The fraction separated by vacuum distillation in a process for refining of a solvent refined base oil was subjected
to solvent extraction with furfural and then hydrotreatment, which was followed by solvent dewaxing with a methyl ethyl

ketone-toluene mixed solvent. The wax portion obtained by further deoiling of slack wax removed during the solvent
dewaxing (hereunder, "WAX3") was used as starting material for the lubricating base oil. The properties of WAX3 are
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shown in Table 3.

[Table 3]

Starting wax WAX3

Kinematic viscosity at 100°C (mm2/s) | 6.3

Melting point (°C) 53
Oil content (% by mass) 19.9
Sulfur content (ppm by mass) 1900

[0430] WAX3 was hydrocracked in the presence of a hydrocracking catalyst, under conditions with a hydrogen partial
pressure of 5 MPa, a mean reaction temperature of 350°C and an LHSV of 1 hr-1. The hydrocracking catalyst was used
as the sulfurized form of a catalyst comprising 3 % by mass nickel and 15 % by mass molybdenum supported on an
amorphous silica-alumina support (silica:alumina = 20:80 (mass ratio)).

[0431] The decomposition product obtained by the hydrocracking was subjected to vacuum distillation to obtain a
lube-oil distillate at 26 % by volume with respect to the feedstock oil. The lube-oil distillate was subjected to solvent
dewaxing using a methyl ethyl ketone-toluene mixed solvent under conditions with a solvent/oil ratio of 4 and a filtration
temperature of -25°C, to obtain lubricating base oils (D7-D9, D10-D12, D13-D15) for Examples 7-9, 10-12 and 13-15
having different viscosity grades.

[0432] The results of evaluation testing of the properties and performance of the lubricating base oils of Examples
1-15 are shown in Tables 4-6. The results of evaluation testing of the properties and performance of the high viscosity

index base oils R1-R9 as Comparative Examples 1-9 are shown in Tables 7-9.

[0433] Only Examples 3, 7, 8, 10 and 11 are in accordance with the present invention.
[Table 4]
Example 1 Example 4 Example 7 Example 8 Example 9

Base oil D1 D4 D7 D8 D9
Crude wax WAXA1 WAX2 WAX3 WAX3 WAX3
Base oil Saturated 98.2 99.2 96.8 99.6 95.8
composition components content
(based on total % by mass
amount of base Aromaticcomponents | 0.9 0.3 3.1 0.3 3.9
oil) o

content % by mass

Polar compounds 0.9 0.5 0.1 0.1 0.3

content % by mass
Saturated Cyclic saturated 5.6 1.0 14.2 10.8 17.5
components components content
composition % by mass
(based ontotal " . i saturated 94 4 99.0 85.8 89.2 825
amount of

components content
saturated o

% by mass
components)
Acyclic Straight-chain 01 0.1 0.1 0.1 0.2
saturated paraffins content % by
components mass
composition Branched paraffins 92.6 98.1 83.0 88.7 78.8
(based on total o

content % by mass
amount of base
oil)
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(continued)
Example 1 Example 4 Example 7 Example 8 Example 9
Base oil D1 D4 D7 D8 D9
Crude wax WAX1 WAX2 WAX3 WAX3 WAX3
El-MSsaturated | Monocyclic saturated | 1.3 0.0 51 3.2 5.5
components components content
composition % by mass
analysis Cyclic | "gio dlic saturated 1.8 0.4 55 3.8 6.2
saturated
components content
components N
o % by mass
composition
(based on total Bicyclic or greater 4.3 1.0 9.1 7.6 115
amount of saturated
saturated components content
components) % by mass
Monocyclic saturated | 0.7 0.0 0.9 0.8 0.9
components content/
bicyclic saturated
components content
(mass ratio)
Monocyclic saturated | 0.3 0.0 0.6 0.4 0.5
components content/
bicyclic or greater
saturated
components content
(mass ratio)
n-d-M Ring %Cp 92.2 94.5 87.9 97.0 85.0
analysis %Cy 78 55 113 3.0 10.8
%Cp 0.0 0.0 0.9 0.0 4.2
%Cp/%Cy 11.8 17.2 7.8 32.3 7.9
Sulfur content ppm by <1 <1 <1 <1 <1
mass
Nitrogen content ppm by <3 <3 <3 <3 <3
mas
Refractive index (20° C) nyg 1.4497 1.4502 1.4535 1.4480 1.4577
Kinematic viscosity (40° C) mm2/s 10.4 10.6 9.70 10.0 9.30
Kinematic viscosity (100° C) | mmZ2/s 2.8 2.8 2.7 2.8 2.6
kv100
Viscosity index 125 115 125 125 114
N-0.002 X kv100. 1.444 1.445 1.448 1.442 1.452
Density (15°C) glcm3 0.809 0.809 0.816 0.803 0.822
Pour point °C -22.5 -22.5 -25 -25 -27.5
lodine value 0.88 0.51 2.10 1.80 1.95
Aniline point °C 114 114 116 115 109
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(continued)
Example 1 Example 4 Example 7 Example 8 Example 9
Base oil D1 D4 D7 D8 D9
Crude wax WAXA1 WAX2 WAX3 WAX3 WAX3
Distillation [BP[° C] °C 336 340 328 315 325
properties TI0[°C] | °C 360 362 358 342 351
T50[°C] | °C 388 387 394 390 393
T90[°C] | °C 426 423 426 426 428
FBP[°C] | °C 467 462 453 458 468
CCS viscosity (-35° C) mPa-s <1000 - <1000 <1000 <1000
NOACK evaporationamount | % by 35.7 34.2 39.5 40.2 38.8
(250° C, 1hr) mass
RBOT life (150° C) min 330 - 350 340 325
Residualmetals | Al ppm by <1 <1 <1 <1 <1
content mass
Mo ppm by <1 <1 <1 <1 <1
mass
Ni ppm by <1 <1 <1 <1 <1
mass
[Table 5]
Example 2 | Example 5 | Example Example Exampl e
10 11 12
Base oil D2 D5 D10 D11 D12
Crude was WAX1 WAX2 WAX3 WAXS3 WAX3
Base oil Saturated components 98.6 99.5 97.7 98.2 95.2
composition content % by mass
ébased.lon total Aromatic components 0.8 0.2 21 1.0 3.4
ase oil) content % by mass
Polar compounds 0.6 0.3 0.2 0.8 1.2
content % by mass
Saturated Cyclic saturated 5.6 1.2 13.7 12.2 36.1
components components content %
composition by mass
(basedto': total " A cyclic saturated 95.4 98.8 86.3 87.8 63.9
amount o components content %
saturated b
y mass
components)
Acyclic Straight-chain paraffins 0.1 0.1 0.1 0.1 0.2
saturated content % by mass
°°mp°”$,”ts Branched paraffins 94.0 98.2 84.2 86.1 59.9
composition content % by mass
(based on total
amount of base
oil)
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(continued)
Example 2 | Example 5 | Example Example Exampl e
10 11 12

Base oil D2 D5 D10 D11 D12
Crude was WAX1 WAX2 WAX3 WAX3 WAX3
EI-MS Monocyclic saturated 21 0.0 4.8 3.3 10.9
saturated components content %
components by mass
composition I gy lic saturated 1.9 0.4 4.0 3.1 9.8
analysis Cyclic o

components content %
saturated

by mass
components
composition Bicyclic or greater 3.5 1.2 8.9 8.9 25.2
(based on total | saturated components
amount of content % by mass
saturated Monocyclic saturated 1.1 0.0 1.2 1.0 1.1
components) components content/

bicyclic saturated

components content

(mass ratio)

Monocyclic saturated 0.6 0.0 0.5 0.4 0.4

components content/

bicyclic or greater

saturated components

content (mass ratio)
n-d-M Ring %Cp 89.1 93.3 91.3 95.0 89.6
analysis %Cy 10.6 6.7 8.7 5.0 7.3

%Cp 0.3 0.0 0.0 0.0 3.1

%Cp/%Cy 8.4 13.9 10.5 19.0 12.3
Sulfur content ppm by 2 <1 <1 <1 <1

mass
Nitrogen content ppm by <3 <3 <3 <3 <3
mass

Refractive index (20° C) nyg 1.4537 1.4538 1.4565 1.452 1.4605
Kinematic viscosity (40° C) mm?2/s 17.3 16.7 16.6 17.6 16.89
Kinematic viscosity (100° C) | mm2/s 41 3.9 4.0 41 4.0
kv100
Viscosity index 143 131 144 140 140
N,o-0.002 X kv100 1.445 1.446 1.449 1.444 1.452
Density (15° C) g/cm3 0.825 0.815 0.821 0.811 0.827
Pour point °C -20 -20 -22.5 -22.5 -25
lodine value 0.63 0.21 1.35 1.57 1.73
Aniline point °C 120 121 121 119 124
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(continued)
Example 2 | Example 5 | Example Example Exampl e
10 11 12
Base oil D2 D5 D10 D11 D12
Crude was WAX1 WAX2 WAX3 WAX3 WAX3
Distillation 1BP[° C] °C 353 350 356 353 350
properties TI0°C] | °C 386 384 398 386 390
T50[° C] °C 432 431 431 433 435
T90[° C] °C 470 467 479 469 471
FBP[® C] °C 499 495 508 500 508
CCS viscosity (-35° C) mPa-s 1890 1910 1810 2060 2100
NOACK evaporation amount | % by mass | 13.5 14.9 12.5 13.5 13.8
(250° C, 1 hr)
RBOT life (150° C) min 380 398 390 385 375
Residual Al ppm by <1 <1 <1 <1 <1
metals content mass
Mo ppm by <1 <1 <1 <1 <1
mass
Ni ppm by <1 <1 <1 <1 <1
mass
[Table 6]
Example 3 Example 6 Example 13 | Example 14 | Example 15
Base oil D3 D6 D13 D14 D15
Crude wax WAX1 WAX2 WAX3 WAX3 WAX3
Base oil Saturated 97.8 99.3 95.7 97.4 92.2
composition components content
(based on total % by mass
a:nount of base Aromaticcomponents | 1.3 0.2 4.0 1.5 6.1
oil) content % by mass
Polar compounds 1.1 0.5 0.3 1.1 1.7
content % by mass
Saturated Cyclic saturated 13.0 1.4 241 201 35.8
components components content
composition % by mass
(based ontotal  [" . vjic saturated 87.0 98.6 75.9 79.9 64.2
amount of
components content
saturated o
% by mass
components)
Acyclic Straight-chain 01 0.1 0.1 0.1 0.2
saturated paraffins content % by
components mass
composition Branched paraffins | 84.8 97.8 725 77.7 59.0
(based on total o
content % by mass
amount of base
oil)
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(continued)
Example 3 Example 6 Example 13 | Example 14 | Example 15
Base oil D3 D6 D13 D14 D15
Crude wax WAX1 WAX2 WAX3 WAX3 WAX3
El-MSsaturated | Monocyclic saturated | 5.9 0.0 11.8 7.6 12.7
components components content
composition % by mass
analysis Cyclic | "gio dlic saturated 4.8 0.6 8.5 5.8 10.9
saturated
components content
components N
o % by mass
composition
(based on total Bicyclic or greater 71 1.4 12.3 12.5 23.1
amount of saturated
saturated components content
components) % by mass
Monocyclic saturated | 1.4 0.0 1.4 1.3 1.2
components content/
bicyclic saturated
components content
(mass ratio)
Monocyclic saturated | 0.8 0.0 1.0 0.6 0.5
components content/
bicyclic or greater
saturated
components content
(mass ratio)
n-d-M Ring %Cp 94.9 95.3 88.1 95.00 88.9
analysis %Cy 5.1 47 11.8 5.0 8.3
%Cp 0.0 0.0 0.1 0.0 2.8
%Cp/%Cy 18.6 20.3 7.5 19.0 10.7
Sulfur content ppm by 2 <1 2 <1 <1
mass
Nitrogen content ppm by <3 <3 <3 <3 <3
mass
Refractive index (20° C) nyg 1.4583 1.4593 1.4600 1.4590 1.4660
Kinematic viscosity (40° C) mm2/s 38.2 37.2 30.4 35.0 33.9
Kinematic viscosity (100° C) | mmZ2/s 7.2 7.0 6.0 6.8 6.5
kv100
Viscosity index 155 152 148 154 148
n,o-0.002 x kv100 1.444 1.445 1.448 1.446 1.453
Density (15° C) glcm3 0.826 0.826 0.833 0.825 0.837
Pour point °C -15 -15 -15 -17.5 -20
lodine value 0.56 0.19 0.77 0.95 1.03
Aniline point °C 133 133 128 131 125
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(continued)
Example 3 Example 6 Example 13 | Example 14 | Example 15
Base oil D3 D6 D13 D14 D15
Crude wax WAX1 WAX2 WAX3 WAX3 WAX3
Distillation IBP[° C] °C 424 421 416 425 421
properties T10F°C] | °C 453 450 446 449 445
T50[°C] | °C 485 483 473 473 472
T90[°C] | °C 513 510 508 493 492
FBP[°C] | °C 541 537 536 539 546
CCS viscosity (-35° C) mPa-s 9900 14500 7200 8800 9200
NOACK evaporationamount | % by 2.0 2.0 3.7 3.2 3.5
(250° C, I hr) mass
RBOT life (150° C) min 440 433 430 435 418
Residualmetals | Al ppm by <1 <1 <1 <1 <1
content mass
Mo ppm by <1 <1 <1 <1 <1
mass
Ni ppm by <1 <1 <1 <1 <1
mass
[Table 7]
Comp.Ex.1 | Comp.Ex.2 | Comp.Ex.3
Base oil R1 R2 R3
Crude wax - - -
Base oil composition | Saturated components content % by mass 93.8 99.3 99.6
(based on total . Aromatic components content % by mass 6.0 0.5 0.3
amount of base ail)
Polar compounds content % by mass 0.2 0.2 0.1
Saturated Cyclic saturated components content % by 46.5 42.1 45.7
components mass
composition (based Acyclic saturated components content % by 53.5 57.9 54.3
on total amount of
mass
saturated
components)
Acyclic saturated Straight-chain paraffins content % by mass 0.4 0.1 0.1
components Branched paraffins content % by mass 49.8 57.4 54.0

composition (based
on total amount of
base oil)
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(continued)
Comp.Ex.1 | Comp.Ex.2 | Comp.Ex.3

Base oil R1 R2 R3
EI-MS saturated Monocyclic saturated components content % 16.2 14.6 19.2
components by mass
compositionanalysis Bicyclic saturated components content % by 10.0 10.2 14.0
Cyclic saturated mass
components
composition (based Bicyclic or greater saturated components 30.3 127.5 29.9
on total amount of content % by mass
saturatcd Monocyclic saturated components content/ 1.6 1.4 1.4
components) bicyclic saturated components content (mass

ratio)

Monocyclic saturated components content/ 0.5 0.5 0.6

bicyclic or greater saturated components

content (mass ratio)
n-d-M Ring analysis | %Cp 75.4 72.9 72.6

%Cn 23.2 26.0 27.4

%Cp 14 1.1 0.0

%Cp%Cy 3.3 2.8 27
Sulfur content ppm by mass <1 <1 <1
Nitrogen content ppm by mass <3 <3 <3
Refractive index (20° C) nyg 1.4597 1.4606 1.4611
Kinematic viscosity (40° C) mm2/s 9.4 9.7 12.6
Kinematic viscosity (100° C) kv100 mm2/s 26 2.6 3.1
Viscosity index 109 98 105
Nyp-0.002 X kv100 1.455 1.455 1.455
Density (15° C) glem3 0.829 0.831 0.835
Pour point °C -27.5 -17.5 -27.5
lodine value 5.10 5.40 5.80
Aniline point °C 104 104 107
Distillation IBP[° C] °C 243 249 288
properties T10[° C] °C 312 317 350

T50[° C] °C 377 386 389

T90[° C] °C 418 425 428

FBP[° C] °C 492 499 529
CCS viscosity (-35° C) mPa-s <1000 <1000 <1000
NOACK evaporation amount (250° C, 1 hr) % by mass 51.9 62.7 58.7
RBOT life(150° C) min 280 265 270
Residual metals Al ppm by mass <1 <1 <1
content Mo ppm by mass <1 <1 <1

Ni ppm by mass <1 <1 <1
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[Table 8]
Comp.Ex.4 | Comp.Ex.5 | Comp.Ex.6

Base oil R4 R5 R6
Crude wax - - -
Base oil composition | Saturated components content % by mass 94.8 94.8 99.9
(based on total . Aromatic components content % by mass 52 5.0 0.1
amount of base oil)

Polar compoundscontent % by mass 0.0 0.2 0.0
Saturated Cyclic saturated components content % by 46.8 42.3 46.0
components mass
composition (based Acyclic saturated components content % by 53.2 57.7 54.0
on total amount of

mass
saturated
components)
Acyclic saturated Straight-chain paraffins content % by mass 0.1 0.1 0.1
compon.e.nts Branched paraffins content % by mass 50.3 54.6 53.8
composition (based
on total amount of
base oil)
EI-MS saturated Monocyclic saturated components content % 16.9 16.1 20.1
components by mass
composmonanalysm Bicyclic saturated components content % by 13.3 12.2 14.2
Cyclic saturated

mass
components
composition (based Bicyclic or greater saturated components 29.9 26.2 25.9
on total amount of content % by mass
saturated Monocyclic saturated components content/ 1.3 1.3 1.4
components) bicyclic saturated components content (mass

ratio)

Monocyclic saturated components content/ 0.6 0.6 0.8

bicyclic or greater saturated components

content (mass ratio)
n-d-M Ring analysis | %Cp 78.0 78.1 80.7

%Cy 20.7 20.6 19.3

%Ca 1.3 0.7 0.0

%Cp/%Cy 3.8 3.8 4.2
Sulfur content ppm by mass 2 1 <1
Nitrogen content ppm by mass 4 3 <3
Refractive index (20° C) nyg 1.4640 1.4633 1.4625
Kinematic viscosity (40° C) mm2/s 18.7 18.1 19.9
Kinematic viscosity (100° C) kv100 mm2/s 41 4.0 4.3
Viscosity index 121 119 125
Nn,o-0.002 x kv100 1.456 1.454 1.454
Density (15° C) glcm3 0.839 0.836 0.835
Pour point °C -22.5 -27.5 -17.5
lodine value 278 2.65 2.55
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(continued)
Comp.Ex.4 | Comp.Ex.5 | Comp.Ex.6

Base oil R4 R5 R6
Aniline point °C 112 112 116
Distillation IBP[° C] °C 325 309 314
properties T10[° C] °C 383 385 393

T50[° C] °C 420 425 426

T90[° C] °C 458 449 459

FBP[° C] °C 495 489 505
CCS viscosity (-35° C) mPa-s 3500 2900 3000
NOACK evaporation amount (250° C, 1 hr) % by mass 16.1 16.5 14.5
RBOT life(150° C) min 300 330 340
Residual metals Al ppm by mass <1 <1 <1
content Mo ppm by mass <1 <1 <1

Ni ppm by mass <1 <1 <1

[Table 9]
Comp. Ex. 7 | Comp. Ex. 8 | Comp. Ex. 9

Base oil R7 R8 R9
Crude wax - - -
Base oil Saturated components content % by mass 93.3 99.5 99.5
zzT;ZISZi;ZEJb:tS;d Aromatic components content % by mass 6.6 0.4 0.4
base oil) Polar compounds content % by mass 0.1 0.1 0.1
Saturated Cyclic saturated components content % by 47.2 42.7 46.4
components mass
zzT;ZISZi;ZEJb:tS(;d Acyclic saturated components content % by 52.8 57.3 53.6
saturated mass
components)
Acyclic saturated Straight-chain paraffins content % by mass 0.1 0.1 0.1
components Branched paraffins content % by mass 49.2 50.9 53.2

composition (based
on total amount of
base oil)
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(continued)
Comp. Ex. 7 | Comp. Ex. 8 | Comp. Ex. 9
Base oil R7 R8 R9
EI-MS saturated Monocyclic saturated components content % | 17.4 17.5 23.0
components by mass
compo.sition . Bicyclic saturated components content % by 13.5 13.2 14.2
analysis Cyclic
saturated mass
components Bicyclic or greater saturated components 29.8 25.2 23.5
composition(based | content % by mass
on total amount of | \15n0cyclic saturated components content/ 1.3 1.3 1.6
saturated bicyclic saturated components content (mass
components) ratio)
Monocyclic saturated components content/ 0.6 0.7 1.0
bicyclic or greater saturated components
content (mass ratio)
n-d-MRinganalysis | %Cp 78.4 83.4 80.6
%Cn 211 16.1 19.4
%Cp 0.5 0.5 0.0
%Cp/%/Cy 3.7 5.2 4.2
Sulfur content ppm by mass <1 <1 <1
Nitrogen content ppm by mass <3 <3 <3
Refractive index (20° C) nyg 1.4685 1.4659 1.4657
Kinematic viscosity (40° C) mm2/s 37.9 32.7 33.9
Kinematic viscosity (100° C) kv100 mm2/s 6.6 6.0 6.2
Viscosity index 129 131 133
Nyp-0.002 X kv100 1.455 1.454 1.453
Density (15° C) glcm3 0.847 0.838 0.841
Pour point °C -17.5 -17.5 -17.5
lodine value 5.30 4.52 3.95
Aniline point °C 126 123 123
Distillation IBP[° C] °C 317 308 310
properties T10[° C] °C 412 420 422
T50[° C] °C 477 469 472
T90[° C] °C 525 522 526
FBP[° C] °C 576 566 583
CCS viscosity (-35° C) mPa-s >10000 >10000 >10000
NOACK evaporation amount (250° C, 1 hr) | % by mass 6.0 9.7 8.2
RBOT life (150° C) min 380 390 370
Residual metals Al ppm by mass <1 <1 <1
content Mo ppm by mass <1 <1 <1
Ni ppm by mass <1 <1 <1
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[Light stability evaluation test]

[0434] First, as measuring samples there were prepared each of the lubricating base oils of Examples 1-3 and Com-
parative Examples 1, 2, 4, 5, 7 and 8, and compositions obtained by adding a phenol-based antioxidant (2,6-di-tert-
butyl-p-cresol: DBPC) at 0.2 % by mass to each of the lubricating base oils. Next, a sunshine weather meter testapparatus
was used for 70 hours of irradiation of each lubricating base oil or composition using light with a wavelength range of
400-750 nm, to a mean temperature of 40°C. The color tone of each lubricating base oil before and after irradiation was
evaluated by the Saybolt color units based on ASTM D 156-00. The results are shown in Tables 10-12.

[Table 10]
Example 1 Comp.Ex.1 | Comp. Ex.2
Base oil D1 R1 R2
Before irradiation >+30 +26 >+30
Saybolt color units No DBPC addition | <-16 <-16 <-16
After irradiation
DBPC addition +28 +5 +11
[Table 11]
Example 2 | Comp.Ex.4 | Comp.Ex.5
Base oil D2 R4 R5
Before irradiation +26 +24 +25
Saybolt color units No DBPC addition | <-16 <-16 <-16
After iradiation
DBPC addition +23 +6 +5
[Table 12]
Example 3 | Comp.Ex.7 | Comp.Ex.8
Base oil D3 R7 R8
Before irradiation +24 +22 +23
Saybolt color units No DBPC addition | <-16 <-16 <-16
After irradiation
DBPC addition +20 +6 +9

The results shown in Tables 4-9 indicate that the lubricating base oils of Examples 1-15 had higher viscosity indexes
and superior viscosity-temperature characteristics compared to the lubricating base oils of Comparative Examples 1-9.
Also, based on RBOT life comparison between Examples 1,4 and 7-9 and Comparative Examples 1-3, between Examples
2, 5 and 10-12 and Comparative Examples 4-6 and between Examples 3, 6 and 13-15 and Comparative Examples 7-9
shown in Tables 4-9, and light stability test comparison between Example 1 and Comparative Examples 1 and 2, between
Example 2 and Comparative Examples 4 and 5, and between Example 3 and Comparative Examples 7 and 8 shown
in Tables 10-12, the lubricating base oils of Examples 1-15 had longer usable lives at each viscosity grade, and exhibited
superiority in terms of heat and oxidation stability and antioxidant-addition effect.

[Example 16]

[0435] WAX1 was hydrocracked in the presence of a hydrocracking catalyst in the same manner as Example 16,
under conditions with a hydrogen partial pressure of 5 MPa, a mean reaction temperature of 350°C and an LHSV of 1
hr1. The hydrocracking catalyst was used as the sulfurized form of a catalyst comprising 3 % by mass nickel and 15 %
by mass molybdenum supported on an amorphous silica-alumina support (silica:alumina = 20:80 (mass ratio)).

[0436] The decomposition product obtained by the hydrocracking was then subjected to vacuum distillation to obtain
alube-oil distillate with a kinematic viscosity at 100°C of 4 mm2/s. The lube-oil distillate was subjected to solvent dewaxing
using a methyl ethyl ketone-toluene mixed solvent with a solvent/oil ratio of 4, to a freezing point of -29°C for the obtained
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solvent dewaxed oil, to obtain a lubricating base oil (D16) for Example 16. The dewaxing temperature was -32°C.
[Example 17]

[0437] After mixing and kneading 800 g of USY zeolite and 200 g of alumina binder, the mixture was shaped into a
cylindrical shape with a diameter of 1/16 inch (approximately 1.6 mm) and a height of 6 mm. The obtained molded article
was calcined at 450°C for 3 hours to obtain a support. The support was impregnated with an aqueous solution of
dichlorotetraamineplatinum (Il) in an amount of 0.8 % by mass of the support in terms of platinum, and then dried at
120°C for 3 hours and calcined at 400°C for 1 hour to obtain the target catalyst.

[0438] Next, 200 ml of the obtained catalyst was packed into a fixed-bed circulating reactor, and the reactor was used
for hydrocracking/hydroisomerization of the paraffinic hydrocarbon-containing feedstock oil. In this step, WAX2 was
used as the feedstock oil. The conditions for hydrocracking were a hydrogen pressure of 3 MPa, a reaction temperature
of 350°C and an LHSV of 2.0 h-1, to obtain a cracking/isomerization product oil wherein the content of fractions with
boiling points of 380°C or lower (decomposition product) was 30 % by mass (cracking severity: 30%) with respect to the
starting material.

[0439] The decomposition product obtained by the hydrocracking was then subjected to vacuum distillation to obtain
alube-oil distillate with a kinematic viscosity at 100°C of 4 mm2/s. The lube-oil distillate was subjected to solvent dewaxing
using a methyl ethyl ketone-toluene mixed solvent with a solvent/oil ratio of 4, to a freezing point of -25°C for the obtained
solvent dewaxed oil, to obtain a lubricating base oil (D17) for Example 17. The dewaxing temperature was -25°C.

[Example 18]

[0440] WAXS3 was hydrocracked in the presence of a hydrocracking catalyst in the same manner as Example 18,
under conditions with a hydrogen partial pressure of 5 MPa, a mean reaction temperature of 350°C and an LHSV of 1
hr1. The hydrocracking catalyst was used as the sulfurized form of a catalyst comprising 3 % by mass nickel and 15 %
by mass molybdenum supported on an amorphous silica-alumina support (silica:alumina = 20:80 (mass ratio)).

[0441] The decomposition product obtained by the hydrocracking was then subjected to vacuum distillation to obtain
alube-oil distillate with a kinematic viscosity at 100°C of 4 mm2/s. The lube-oil distillate was subjected to solvent dewaxing
using a methyl ethyl ketone-toluene mixed solvent with a solvent/oil ratio of 4, to a freezing point of -29°C for the obtained
solvent dewaxed oil, to obtain a lubricating base oil (D 18) for Example 18. The dewaxing temperature was -32°C.
[0442] The results of evaluation testing of the properties and performance of the lubricating base oils of Examples
16-18 are shown in Table 13. The results of evaluation testing of the properties and performance of the high viscosity
index base oils R10-R12 as Comparative Examples 10-12 are shown in Table 14.

[0443] Only Example 18 is in accordance with the present invention.

[Table 13]
Example 16 | Example 17 | Example 18

Base oil D16 D17 D18
Crude wax WAX1 WAX2 WAX3
Base oil composition (based on total amount | Saturated 98.6 99.5 97.5
of base oil) components content

% by mass

Aromatic 0.8 0.2 2.4

components content

% by mass

Polar compounds 0.4 0.3 0.1

content % by mass
Saturated components composition (based Cyclic saturated 6.1 1.2 13.0
on total amount of saturated components) components content

% by mass

Acyclic saturated 93.9 98.8 87.0

components content

% by mass
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(continued)
Example 16 | Example 17 | Example 18

Base oil D16 D17 D18
Crude wax WAX1 WAX2 WAX3
Acyclic saturated components composition Straight-chain 0.1 0.1 0.1
(based on total amount of base oil) paraffins content %

by mass

Branched paraffins 92.5 98.2 84.7

content % by mass
EI-MS saturated components composition Monocyclic 2.3 0.0 4.5
analysis Cyclic saturated components saturated
composition (based on total amount of components content
saturated components) % by mass

Bicyclic saturated 2.3 0.4 4.0

components content

% by mass

Bicyclic or greater 3.8 1.2 8.5

saturated

components content

% by mass

Monocyclic 1.0 0.0 1.1

saturated

components content/

bicyclic saturated

components content

(mass ratio)

Monocyclic 0.6 0.0 0.5

saturated

components content/

bicyclic or greater

saturated

components content

(mass ratio)
n-d-M Ring analysis %Cp 92.1 93.3 91.6

%Cy 7.9 6.7 8.4

%Ca 0.0 0.0 0.0

%Cp/%Cy 1.7 13.9 10.9
Sulfur content ppm by mass <1 <1 2
Nitrogen content ppm by mass <3 <3 <3
Refractive index (20° C) nyq 1.4549 1.4538 1.4559
Kinematic viscosity (40° C) mm2/s 16.3 16.7 16.8
Kinematic viscosity (100° C) kv100 mm2/s 3.9 3.9 4.0
Viscosity index 140 131 140
Ny-0.002 x kv100 1.447 1.446 1.448
Density (15° C) glcm3 0.819 0.816 0.820
Freezing point °C -29 -25 -29
Pour point °C -27.5 -20 -25
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(continued)
Example 16 | Example 17 | Example 18
Base oil D16 D17 D18
Crude wax WAX1 WAX2 WAX3
lodine value 0.63 0.21 1.35
Aniline point °C 119 121 118
Distillation IBP[° C] °C 347 353 374
properties T10[° C] °C 391 386 402
T50[° C] °C 437 432 421
T90[° C] °C 463 469 464
FBP[° C] °C 487 497 501
CCS viscosity (-35° C) mPa-s 1820 1970 1790
NOACK evaporation amount (250° C, 1 hr) % by mass 12.4 14.9 14.0
RBOT life (150° C) min 380 398 390
Residual metals Al ppm by mass <1 <1 <1l
content Mo ppm by mass <1 <1 <1
Ni ppm by mass <1 <1 <1
[Table 14]
Comp.Ex.10 | Comp.Ex.11 | Comp.Ex. 12
Base oil R10 R11 R12
Crude wax - - -
Base oil composition (based on total Saturated 94.8 94.8 99.9
amount of base oil) components
content % by mass
Aromatic 5.2 5.0 0.1
components
content % by mass
Polar compounds 0.0 0.2 0.0
content % by mass
Saturated components composition (based | Cyclic saturated 46.8 42.3 46.0
on total amount of saturated components) | components
content % by mass
Acyclic saturated 53.2 57.7 54.0
components
content % by mass
Acyclic saturated components composition | Straight-chain 0.1 0.1 0.1
(based on total amount of base oil) paraffins content %
by mass
Branched paraffins | 50.3 54.6 53.8

content % by mass
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(continued)
Comp.Ex.10 | Comp.Ex.11 | Comp.Ex. 12

Base oil R10 R11 R12
EI-MS saturated components composition | Monocyclic 16.9 16.1 20.1
analysis Cyclic saturated components saturated
composition (based on total amount of components
saturated components) content % by mass

Bicyclic saturated 13.3 12.2 14.2

components

content % by mass

Bicyclic or greater 29.9 26.2 25.9

saturated

components

content % by mass

Monocyclic 1.3 1.3 1.4

saturated

components

content/bicyclic

saturated

components

content (mass ratio)

Monocyclic 0.6 0.6 0.8

saturated

components

content/bicyclic or

greater saturated

components

content (mass ratio)
n-d-M Ring analysis %Cp 78.0 78.1 80.7

%Cn 20.7 20.6 19.3

%Ca 1.3 0.7 0.0

%Cp%Cy 3.8 3.8 4.2
Sulfur content ppm by mass 2 1 <1
Nitrogen content ppm by mass 4 3 <3
Refractive index (20° C) nyg 1.4640 1.4633 1.4625
Kinematic viscosity (40° C) mm?2/s 18.7 18.1 19.9
Kinematic viscosity (100° C) kv100 mm2/s 41 4.0 4.3
Viscosity index 121 119 125
N,-0.002 X kv100 1.456 1.454 1.454
Density (15° C) glcm3 0.839 0.836 0.835
Freezing point °C -24 -29 -20
Pour point °C -22.5 -27.5 -17.5
lodine value 2.78 2.65 2.55
Aniline point °C 112 112 116

72




10

15

20

25

30

35

40

45

50

55

EP 2 009 084 B1

(continued)
Comp.Ex.10 | Comp.Ex.11 | Comp.Ex. 12

Base oil R10 R11 R12
Distillation IBP[° C] °C 325 309 314
properties T10[° C] °C 383 385 393

T50[° C] °C 420 425 426

T90[° C] °C 458 449 459

FBP[° C] °C 495 489 505
CCS viscosity (-35° C) mPa-s 3500 2900 3000
NOACK evaporation amount (250° C, 1 hr) | % by mass 16.1 16.5 14.5
RBOT life (150° C) min 300 330 340
Residual metals Al ppm by mass <1 <1 <1
content Mo ppm by mass <1 <1 <1

Ni ppm by mass <1 <1 <1

[0444] The results shown in Tables 13 and 14 indicate that the lubricating base oils of Examples 16-18 had higher

viscosity indexes and superior low-temperature viscosity characteristics (CCS viscosity at -35°C) compared to the lu-
bricating base oils of Comparative Examples 10-12. Also, based on the RBOT life comparison between Examples 16-18
and Comparative Examples 10-12 shown in Tables 13 and 14, the lubricating base oils of Examples 16-18 had longer
usable lives at each viscosity grade, and exhibited superiority in terms of heat and oxidation stability and antioxidant-

addition effect.

[Examples 20-22, Comparative Examples 13-15]

[0445]

of the obtained lubricating oil compositions are shown in Tables 15 and 16.

(Pour point depressant)

A1-1: Polymethacrylate

(Viscosity index improver)

B 1-1: Dispersant polymethacrylate
(Metal-based detergent)

C1-1: Calcium sulfonate
(Dispersing agent)

D1-1: Alkenylsucciniimide and boric acid-modified alkenylsucciniimide

(Anti-wear agent)

E1-1: Secondary alkyl-type zinc dithiophosphate

(Antioxidant)

F1-1: Alkyldiphenylamine and molybdenum-amine complex.

For Examples 20-22 and Comparative Examples 13-15, lubricating oil compositions having the compositions
shown in Tables 15 and 16 were prepared using the lubricating base oils D16-D18 and R10-R12, respectively, and a
package additive for OW-20 engine oil containing the additives indicated below (OW-20 additive PKG). The properties

[Table 15]
Example 20 | Example 21 Example 22
D16 100 - -
Base oil composition [% by mass] D17 - 100 -
D18 - - 100
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(continued)
Example 20 | Example 21 Example 22
Base oil remainder remainder remainder
Lubricating oil composition [% by mass]
0W-20 additive PKG | 18.0 18.0 18.0
Kinematic viscosity at 100°C [mm?2/s] 8.9 8.8 8.7
Viscosity index 220 218 225
Freezing point [°C] -45 -42.5 -45
MRYV viscosity at -40°C [mPa-s] 11000 12000 10600
Yield stress at -40°C [Pa] 0 0 0
[0446] Only Example 22 is in accordance with the present invention.
[Table 16]
Comp. Ex. 13 | Comp. Ex. 14 | Comp. Ex. 15
R10 100 - -
Base oil composition [% by mass] R11 - 100 -
R12 - - 100
Base oil remainder remainder remainder
Lubricating oil composition [% by mass]
0W-20 additive PKG | 18.0 18.0 18.0
Kinematic viscosity at 100°C [mm?2/s] 8.6 8.8 8.7
Viscosity index 199 201 206
Freezing point [°C] -45 -40 -42.5
MRYV viscosity at -40°C [mPa-s] 24000 23100 21000
Yield stress at -40°C [Pa] 350 350 350

[0447]

temperature viscosity characteristics.

Claims

The results in Tables 15 and 16 indicate that the lubricating oil compositions of Examples 20-22 had high
viscosity indexes, low MRV viscosities at -40°C and yield stresses of 0 Pa, and therefore exhibited very excellent low-

1. Alubricating base oil characterized by comprising saturated components of 90 % by mass or greater, wherein the

proportion of cyclic saturated components among the saturated components is not greater than 40 % by mass and
wherein the proportion of bicyclic or greater saturated components among the saturated components is 5 % by
mass or greater and not greater than 11 % by mass, and by having a viscosity index of 110 or higher and an iodine
value of not greater than 2.5 g |,/ 100g,

wherein the mass ratio of monocyclic saturated components and bicyclic or greater saturated components among
the cyclic saturated components satisfies the condition represented by the following inequality (1):

Ma/Mg < 3 (1)

wherein My represents the mass of monocyclic saturated components and Mg represents the mass of bicyclic or
greater saturated components,

wherein the proportion of branched paraffins in the lubricating base oil is 54 to 99 % by mass,

wherein the lubricating base oil is (I) a lubricating base oil with a kinematic viscosity at 100°C of 1.5 mm2/s or greater
and less than 3.5 mm2/s and a viscosity index of 110-135, (l1) a lubricating base oil with a kinematic viscosity at
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100°C of 3.0 mm2/s or greater and less than 4.5 mmZ2/s and a viscosity index of 135-150, or (lll) a lubricating base
oil with a kinematic viscosity at 100°C of 4.5 to 20 mm?2/s and a viscosity index of 135-180, and
wherein the pour point of the lubricating base oil is not higher than -15°C.

A lubricating base oil according to claim 1, characterized in that the proportion of bicyclic or greater saturated
components among the saturated components is 0.1 % by mass or greater.

A lubricating base oil according to claim 1 or 2, characterized by having an aromatic components content of 0.1-7
% by mass.

A lubricating base oil according to any one of claims 1 to 3, characterized by having a kinematic viscosity at 100°C
of 3.5-6 mm2/s, a viscosity index of 130 or higher and a freezing point of -25°C or lower.

A process for production of a lubricating base oil according to any one of claims 1 to 4, the lubricating base oil having
a kinematic viscosity at 100°C of 3.5-6 mm2/s and a viscosity index of 130 or higher, which is characterized by
including:

afirst step of preparing a hydrocracking catalyst comprising a support having the percentage of NH; desorption
amount at 300-800°C of not greater than 80% with respect to the total NH; desorption amount, based on NH5
desorption temperature dependence evaluation, and at least one metal among metals of Group Vla and at least
one metal among metals of Group VIl of the Periodic Table supported on the support,

asecond step of hydrocracking of a feedstock oil comprising 50% by volume or greater slack wax in the presence
of the hydrocracking catalyst, at a hydrogen partial pressure of 0.1-14 MPa, a mean reaction temperature of
230-430°C, an LHSV of 0.3-3.0 hr-! and a hydrogen/oil ratio of 0.089 - 2.49 m3/¢ [50-14,000 scf/b]

a third step of distilling separation of the cracked product oil obtained in the second step to obtain a lube-oil
distillate, and

a fourth step of dewaxing treatment of the lube-oil distillate obtained in the third step to allow a freezing point
to be -25°C or lower.

A lubricating oil composition characterized by comprising a lubricating base oil according to any one of claims 1
to 4, and by having a MRV viscosity at -40°C of 20,000 mPa-s or lower.

A lubricating oil composition for an internal combustion engine, characterized by comprising:

a lubricating base oil according to any one of claims 1 to 4,

a phosphorus-based anti-wear agent of 0.02-0.08 % by mass in terms of phosphorus element,
an ashless antioxidant of 0.5-3 % by mass, and

an ashless dispersant of 3-12 % by mass,

based on the total amount of the composition.

A lubricating oil composition for an internal combustion engine according to claim 7, characterized by being used
as a lubricating oil in an internal combustion engine for a vehicle with an exhaust gas aftertreatment device, and by
having a sulfated ash content of 1.2 % by mass or less.

A lubricating oil composition for an internal combustion engine, characterized by comprising:

a lubricating base oil according to any one of claims 1 to 4,

an ashless antioxidant containing no sulfur as a constituent element, and

at least one compound selected from among ashless antioxidants containing sulfur as a constituent element
and organic molybdenum compounds.

10. A lubricating oil composition for a wet clutch, characterized by comprising:

a lubricating base oil according to any one of claims 1 to 4,
an ashless antioxidant of 0.5-3 % by mass, and

an ashless dispersant of 3-12 % by mass,

based on the total amount of the composition.
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A lubricating oil composition for a wet clutch according to claim 10, characterized by being used in a 4-stroke
internal combustion engine for a motorcycle.

A lubricating oil composition for a drive-train, characterized by comprising:

a lubricating base oil according to any one of claims 1 to 4,
a poly(meth)acrylate-based viscosity index improver, and
a phosphorus-containing compound.

A lubricating oil composition for a drive-train according to claim 12, characterized in that the proportion of bicyclic
or greater saturated components among the saturated components in the lubricating base oil is 3 % by mass or
greater.

A process for production of a lubricating base oil according to any one of claims 1 to 4, the lubricating base oil having
a kinematic viscosity at 100°C of 3.5-6 mm2/s and a viscosity index of 130 or higher, which is characterized by
including:

a first step of hydrocracking and/or hydroisomerization of a feedstock oil containing paraffinic hydrocarbons in
the presence of a catalyst, and

a second step of dewaxing treatment of the product obtained from the first step or of the lube-oil distillate
collected by distillation from the product to allow a freezing point to be -25°C or lower.

Patentanspriiche

1.

Schmierstoffgrunddl, dadurch gekennzeichnet, dass es gesattigte Komponenten in einer Menge von 90 Massen-
prozent oder mehr umfasst, wobei der Anteil von cyclischen gesattigten Komponenten unter den geséattigten Kom-
ponenten nicht mehr als 40 Massenprozent betragt und wobei der Anteil von bicyclischen oder gréReren gesattigten
Komponenten unter den gesattigten Komponenten 5 Massenprozent oder mehr und nicht mehr als 11 Massenpro-
zent betragt, und dadurch, dass es einen Viskositatsindex von 110 oder héher und eine lodzahl von nicht mehr als
2,5 g 1,/100 g aufweist,

wobei das Massenverhaltnis von monocyclischen gesattigten Komponenten und bicyclischen oder grofieren gesat-
tigten Komponenten unter den cyclischen gesattigten Komponenten die durch die folgende Ungleichung (1) wie-
dergegebene Bedingung erfilllt:

Ma/Ms < 3 (1)

wobei M, die Masse von monocyclischen geséattigten Komponenten bedeutet und Mg die Masse von bicyclischen
oder gréfReren gesattigten Komponenten bedeutet,

wobei der Anteil von verzweigten Paraffinen in dem Schmierstoffgrunddl 54 bis 99 Massenprozent betragt,

wobei das Schmierstoffgrundél (l) ein Schmierstoffgrunddl mit einer kinematischen Viskositat bei 100 °C von 1,5
mm?2/s oder mehr und weniger als 3,5 mm2/s und einem Viskositatsindex von 110-135, (I1) ein Schmierstoffgrunddl
mit einer kinematischen Viskositat bei 100 °C von 3,0 mm2/s oder mehr und weniger als 4,5 mm2/s und einem
Viskositatsindex von 135-150 oder (lll) ein Schmierstoffgrunddl mit einer kinematischen Viskositat bei 100 °C von
4,5 bis 20 mm?2/s und einem Viskositatsindex von 135-180 ist, und

wobei der Pourpoint des Schmierstoffgrunddls nicht héher als -15 °C ist.

Schmierstoffgrunddl nach Anspruch 1, dadurch gekennzeichnet, dass der Anteil von bicyclischen oder gréReren
gesattigten Komponenten unter den geséattigten Komponenten 0,1 Massenprozent oder mehr betragt.

Schmierstoffgrunddl nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass es einen Gehalt an aromatischen
Komponenten von 0,1-7 Massenprozent aufweist.

Schmierstoffgrunddl nach einem der Anspriiche 1 bis 3, dadurch gekennzeichnet, dass es eine kinematische

Viskositat bei 100 °C von 3,5-6 mm?2/s, einen Viskositatsindex von 130 oder hoher und einen Gefrierpunkt von -25
°C oder niedriger aufweist.
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Verfahren zur Herstellung eines Schmierstoffgrunddls nach einem der Anspriiche 1 bis 4, wobei das Schmierstoff-
grunddl eine kinematische Viskositat bei 100 °C von 3,5-6 mm2/s und einen Viskositatsindex von 130 oder héher
aufweist, welches dadurch gekennzeichnet ist, dass es einschlief3t:

einen ersten Schritt der Herstellung eines Hydrocrack-Katalysators umfassend einen Trager mit einem Pro-
zentsatz der NH;-Desorptionsmenge bei 300-800 °C von nicht mehr als 80 % bezogen auf die Gesamt-NH5-Des-
orptionsmenge, auf der Basis einer Evaluierung der NH5-Desorptionstemperaturabhéngigkeit, und wenigstens
ein Metall von Metallen der Gruppe Vla und wenigstens ein Metall von Metallen der Gruppe VIII des Perioden-
systems, auf dem Trager aufgetragen,

einen zweiten Schritt des Hydrocrackens eines Einsatzmaterialéls umfassend 50 Vol.-% oder mehr Paraf-
fingatsch in Gegenwart des Hydrocrack-Katalysators, bei einem Wasserstoffpartialdruck von 0,1-14 MPa, einer
mittleren Reaktionstemperatur von 230-430 °C, einer LHSV von 0,3-3,0 h-1 und einem Wasserstoff/Ol-Verhaltnis
von 0,089-2,49 m3/I [50-14000 scf/b],

einen dritten Schritt der destillativen Trennung des in dem zweiten Schritt erhaltenen gecrackten Produktéls,
um ein Schmieroldestillat zu erhalten, und

einen vierten Schritt der Entwachsungsbehandlung des in dem dritten Schritt erhaltenen Schmierdldestillats,
um zu ermdoglichen, dass ein Gefrierpunkt -25 °C oder niedriger ist.

Schmierélzusammensetzung, dadurch gekennzeichnet, dass sie ein Schmierstoffgrundél nach einem der An-
spriche 1 bis 4 umfasst und eine MRV-Viskositat bei -40 °C von 20000 mPa@®s oder niedriger aufweist.

Schmierélzusammensetzung fir einen Verbrennungsmotor, dadurch gekennzeichnet, dass sie umfasst:

ein Schmierstoffgrunddl nach einem der Anspriiche 1 bis 4,

einen AntiverschleiBwirkstoff auf Phosphorbasis in einer Menge von 0,02-0,08 Massenprozent, bezogen auf
das Phosphorelement,

ein aschefreies Antioxidationsmittel in einer Menge von 0,5-3 Massenprozent, und

ein aschefreies Dispergiermittel in einer Menge von 3-12 Massenprozent,

bezogen auf die Gesamtmenge der Zusammensetzung.

Schmierélzusammensetzung fiir einen Verbrennungsmotor nach Anspruch 7, dadurch gekennzeichnet, dass sie
als ein Schmierdl in einem Verbrennungsmotor flr ein Fahrzeug mit einer Abgasnachbehandlungsvorrichtung ver-
wendet wird und dadurch, dass sie einen Sulfataschegehalt von 1,2 Massenprozent oder weniger aufweist.

Schmierélzusammensetzung flr einen Verbrennungsmotor, dadurch gekennzeichnet, dass sie umfasst:
ein Schmierstoffgrunddl nach einem der Anspriiche 1 bis 4,
ein aschefreies Antioxidationsmittel, das keinen Schwefel als konstituierendes Element enthalt, und
wenigstens eine Verbindung ausgewahlt aus aschefreien Antioxidationsmitteln, die Schwefel als ein konstitu-
ierendes Element enthalten, und organischen Molybdéanverbindungen.
Schmierélzusammensetzung flr eine Nasskupplung, dadurch gekennzeichnet, dass sie umfasst:
ein Schmierstoffgrunddl nach einem der Anspriiche 1 bis 4,
ein aschefreies Antioxidationsmittel in einer Menge von 0,5-3 Massenprozent, und
ein aschefreies Dispergiermittel in einer Menge von 3-12 Massenprozent,

bezogen auf die Gesamtmenge der Zusammensetzung.

Schmierélzusammensetzung flr eine Nasskupplung nach Anspruch 10, dadurch gekennzeichnet, dass sie in
einem 4-Takt-Verbrennungsmotor fiir ein Motorrad verwendet wird.

Schmierélzusammensetzung flr einen Antriebsstrang, dadurch gekennzeichnet, dass sie umfasst:
ein Schmierstoffgrunddl nach einem der Anspriiche 1 bis 4,
einen Viskositatsindexverbesserer auf Poly(meth)acrylat-Basis, und

eine phosphorhaltige Verbindung.

Schmierélzusammensetzung fir einen Antriebsstrang nach Anspruch 12, dadurch gekennzeichnet, dass der
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Anteil von bicyclischen oder gréReren gesattigten Komponenten unter den gesattigten Komponenten in dem
Schmierstoffgrunddl 3 Massenprozent oder mehr betragt.

14. Verfahren zur Herstellung eines Schmierstoffgrundéls nach einem der Anspriiche 1 bis 4, wobei das Schmierstoff-

grundél eine kinematische Viskositat bei 100 °C von 3,5-6 mm2/s und einen Viskositatsindex von 130 oder héher
aufweist, welches dadurch gekennzeichnet ist, dass es einschliel3t:

einen ersten Schritt des Hydrocrackens und/oder der Hydroisomerisierung eines Einsatzmaterialdls, das par-
affinische Kohlenwasserstoffe enthélt, in Gegenwart eines Katalysators, und

einen zweiten Schritt einer Entwachsungsbehandlung des aus dem ersten Schritt erhaltenen Produkts oder
des durch Destillation aus dem Produkt gesammelten Schmierdldestillats, um zu ermdéglichen, dass ein Ge-
frierpunkt -25 °C oder niedriger ist.

Revendications

Huile lubrifiante de base caractérisée en ce qu’elle comprend des composants saturés de 90 % en masse ou plus,
dans laquelle la proportion des composants saturés cycliques parmi les composants saturés n’est pas supérieure
a 40 % en masse et dans laquelle la proportion des composants saturés bicycliques ou supérieurs parmi les
composants saturés est de 5 % en masse ou supérieure et non supérieure a 11 % en masse, et en ce qu’elle
présente un indice de viscosité de 110 ou supérieur et un indice d’iode non supérieur & 2,5 g 1,/100 g,

dans laquelle le rapport en masse des composants saturés monocycliques et des composants saturés bicycliques
ou supérieurs parmi les composants saturés cycliques satisfait la condition représentée par 'inégalité suivante (1) :

Ma/Mg & 3 (1)

dans laquelle M, représente la masse des composants saturés monocycliques et Mg représente la masse des
composants saturés bicycliques ou supérieurs,

dans laquelle la proportion des paraffines ramifiées dans I'huile lubrifiante de base est de 54 a 99 % en masse,
dans laquelle I'huile lubrifiante de base est (I) une huile lubrifiante de base avec une viscosité cinématique a 100°C
de 1,5 mm?2/s ou supérieure et inférieure a 3,5 mm2/s et un indice de viscosité de 110 & 135, (lI) une huile lubrifiante
de base avec une viscosité cinématique & 100°C de 3,0 mm2/s ou supérieure et inférieure a 4,5 mm?2/s et un indice
de viscosité de 135 a 150, ou (lll) une huile lubrifiante de base avec une viscosité cinématique a 100°C de 4,5 a
20 mm?/s et un indice de viscosité de 135 & 180, et

dans laquelle le point d’écoulement de I'huile lubrifiante de base n’est pas supérieur a -15°C.

Huile lubrifiante de base selon la revendication 1, caractérisée en ce que la proportion des composants saturés
bicycliques ou supérieurs parmi les composants saturés est de 0,1 % en masse ou supérieure.

Huile lubrifiante de base selon la revendication 1 ou 2, caractérisée en ce qu’elle a une teneur en composants
aromatiques de 0,1 a 7 % en masse.

Huile lubrifiante de base selon 'une quelconque des revendications 1 a 3, caractérisée en ce qu’elle a une viscosité
cinématique & 100°C de 3,5 & 6 mm2/s, un indice de viscosité de 130 ou supérieur et un point de congélation de
-25°C ou inférieur.

Procédé de production d’'une huile lubrifiante de base selon I'une quelconque des revendications 1 a 4, I'huile
lubrifiante de base ayant une viscosité cinématique & 100°C de 3,5 & 6 mm2/s et un indice de viscosité de 130 ou
supérieur, qui est caractérisée en ce qu’il comprend :

une premiére étape de préparation d’un catalyseur d’hydrocraquage comprenant un support ayant le pourcen-
tage de quantité de désorption de NH; & 300 a4 800°C non supérieur & 80 % en ce qui concerne la quantité
totale de désorption de NH3, sur la base de I'évaluation de la dépendance de la désorption de NH; vis-a-vis de
la température, et au moins un métal parmi les métaux du groupe Vla et au moins un métal parmi les métaux
du groupe VIl du tableau périodique supporté sur le support,

une seconde étape d’hydrocraquage d’une huile d’alimentation comprenant 50 % en volume ou supérieur de
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gatsch en présence du catalyseur d’hydrocraquage, a une pression partielle d’hydrogéne de 0,1 a 14 MPa, une
température réactionnelle moyenne de 230 4 430°C, une VSLH de 0,3 & 3,0 h- et un rapport d’hydrogéne/huile
de 0,089 & 2,49 m3/1 [50 a 14 000 scf/b],

une troisieme étape de séparation par distillation de I'huile produite craquée obtenue dans la seconde étape
pour obtenir un distillat d’huile lubrifiante, et

une quatriéme étape de traitement de déparaffinage du distillat d’huile lubrifiante obtenu dans la troisiéme étape
pour permettre qu'un point de congélation soit de -25°C ou inférieur.

Composition d’huile lubrifiante caractérisée en ce qu’elle comprend une huile lubrifiante de base selon 'une quel-
conque des revendications 1 a 4, et en ce qu’elle a une viscosité au mini viscosimeétre rotatif (MRV) a -40°C de 20
000 mPa@®@s ou inférieure.

Composition d’huile lubrifiante pour un moteur a combustion interne, caractérisée en ce qu’elle comprend :

une huile lubrifiante de base selon I'une quelconque des revendications 1 a 4,

un agent anti-usure a base de phosphore de 0,02 a 0,08 % en masse en termes d’élément phosphore,
un antioxydant sans cendre de 0,5 a 3 % en masse, et

un agent de dispersion sans cendre de 3 a 12 % en masse,

sur la base de la quantité totale de la composition.

Composition d’huile lubrifiante pour un moteur a combustion interne selon la revendication 7, caractérisée en ce
qu’elle est utilisée comme huile lubrifiante dans un moteur a combustion interne pour un véhicule avec un dispositif
apres traitement des gaz d’échappement, et en ce qu’elle a une teneur en cendre sulfatée de 1,2 % en masse ou
moins.

Composition d’huile lubrifiante pour un moteur a combustion interne, caractérisée en ce qu’elle comprend :

une huile lubrifiante de base selon I'une quelconque des revendications 1 a 4,

un antioxydant sans cendre ne contenant pas de soufre comme élément constitutif, et

au moins un composé sélectionné parmi les antioxydants sans cendre contenant du soufre comme élément
constitutif et des composés de molybdene organique.

Composition d’huile lubrifiante pour un embrayage a bain d’huile, caractérisée en ce qu’elle comprend :

une huile lubrifiante de base selon I'une quelconque des revendications 1 a 4,
un antioxydant sans cendre de 0,5 a 3 % en masse, et

un agent de dispersion sans cendre de 3 a 12 % en masse,

sur la base de la quantité totale de la composition.

Composition d’huile lubrifiante pour un embrayage a bain d’huile selon la revendication 10, caractérisée en ce qu’il
est utilisé dans un moteur a combustion interne a 4 temps pour une motocyclette.

Composition d’huile lubrifiante pour une transmission, caractérisée en ce qu’elle comprend :

une huile lubrifiante de base selon I'une quelconque des revendications 1 a 4,
un agent d’amélioration de I'indice de viscosité a base de poly(méth)acrylate, et
un composé contenant du phosphore.

Composition d’huile lubrifiante pour une transmission selon la revendication 12, caractérisée en ce que la proportion
des composants saturés bicycliques ou supérieurs parmi les composants saturés dans I'huile lubrifiante de base
est de 3 % en masse ou plus.

Procédé de production d’'une huile lubrifiante de base selon I'une quelconque des revendications 1 a 4, I'huile
lubrifiante de base ayant une viscosité cinématique & 100°C de 3,5 & 6 mm2/s et un indice de viscosité de 130 ou

supérieur, qui est caractérisé en ce qu’il comprend :

une premiére étape d’hydrocraquage et/ou d’hydroisomérisation d’une huile d’alimentation contenant des hy-
drocarbures paraffiniques en présence d’un catalyseur, et
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une seconde étape de traitement de déparaffinage du produit obtenu a partir de la premiére étape ou a partir
du distillat d’huile lubrifiante recueilli par distillation a partir du produit pour permettre qu’un point de congélation
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soit de -25°C ou inférieur.
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