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where R to R4 each independently represent an alkyl group having 4 to 18 carbon atoms, and X' to X4 each independently
represent an oxygen atom or a sulfur atom.
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Description
Technical Field
[0001] The present invention relates to a grease composition having an excellent load-bearing characteristic.
Background Art

[0002] Inabearing, ajoint, a gear, a toothed wheel, and the like in an automobile, an agricultural machine, an industrial
machine, a construction machine, a precision instrument, and the like, various kinds of grease have heretofore been used
for lubricating their parts.

[0003] Inrecent years, along with an increase in output of an apparatus or machinery and a reduction in size thereof,
there has been a growing need for grease that properly exhibits its characteristics under a severe environment such as a
high load.

[0004] In,forexample, PatentDocument 1, thereis a description thata grease composition including a base oil, a lithium
soap-based thickener, a stearic acid metal salt, a molybdenum dialkyldithiocarbamate sulfide, and a zinc dialkyldithio-
carbamate sulfide shows an excellent wear-resisting characteristic and excellent actual machine durability. In addition, in
Patent Document 2, there is a description of a grease composition including a lubricating oil base oil, a urea-based
thickener, a metal dithiocarbamate, and a thiadiazole compound, the composition being usable for a long time period at
high temperature and a high load.

[0005] However, even in each of those grease compositions, load-bearing performance has still been insufficient, and
hence the development of a grease composition having a more excellent load-bearing characteristic has been required in
the market.

Citation List
Patent Document
[0006]

Patent Document 1: JP 2011-079902 A
Patent Document 2: JP 2018-009101 A

Summary of Invention
Technical Problem

[0007] Accordingly, an object of the present invention is to provide a grease composition having an excellent load-
bearing characteristic.

Solution to Problem

[0008] In view of the foregoing, the inventors of the present invention have made extensive investigations, and have
found that a grease composition including a specific molybdenum compound, a specific sulfur-based compound, and a
base oil has an excellent load-bearing characteristic. Thus, the inventors have completed the present invention. That is,
according to one embodiment of the present invention, there is provided a grease composition, including: a molybdenum
compound represented by the following general formula (1); a sulfurized olefin; and a base oil:

b e 1A
X
\N—““ e & e O/ ~ O'—'S—"C——"N/ ( 1 )
/ X2 \
R2 R3

[0009] where R to R4 each independently represent an alkyl group having 4 to 18 carbon atoms, and X' to X4 each
independently represent an oxygen atom or a sulfur atom.
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Advantageous Effects of Invention

[0010] According to the presentinvention, the grease composition having an excellent load-bearing characteristic can
be provided.

Description of Embodiments

[0011] A molybdenum compound to be used in the presentinvention is represented by the following general formula (1).

0 0K
X’l

\N———C———S-—Mo< ;Mo~——8—--—(lil,———N/ (1)

Rz X RS

[0012] R'toR#inthe generalformula(1)eachindependently representan alkyl group having4to 18 carbon atoms. R'to
R4 may be identical to or different from each other. Examples of the alkyl group having 4 to 18 carbon atoms include: linear
alkyl groups, such as a n-butyl group, a n-pentyl group, a n-hexyl group, a n-heptyl group, a n-octyl group, a n-nonyl group,
a n-decyl group, a n-undecyl group, a n-dodecyl group, a n-tridecyl group, and a n-tetradecyl group; and branched alkyl
groups, such as a secondary butyl group, an isobutyl group, a secondary pentyl group, a secondary hexyl group, a
secondary heptyl group, a secondary octyl group, an isooctyl group, a 2-ethylhexyl group, a secondary nonyl group, an
isononyl group, a secondary decyl group, an isodecyl group, a secondary undecyl group, an isoundecyl group, a
secondary dodecyl group, an isododecyl group, a secondary tridecyl group, an isotridecyl group, a secondary tetradecyl
group, and an isotetradecyl group. From the viewpoint of the load-bearing characteristic of the grease composition to be
obtained, R to R4 each independently represent preferably a linear or branched alkyl group having 4 to 14 carbon atoms,
more preferably a linear or branched alkyl group having 8 to 13 carbon atoms, still more preferably a linear or branched
alkyl group having 8 or 13 carbon atoms.

[0013] X' to X4 in the general formula (1) each independently represent an oxygen atom or a sulfur atom. From the
viewpoint of the load-bearing characteristic of the grease composition to be obtained, itis preferred thattwo or three of X1 to
X4 represent sulfur atoms, and the others thereof represent oxygen atoms, it is more preferred that two of X1 to X4
represent sulfur atoms, and the other two thereof represent oxygen atoms, and itis most preferred that X' and X2 represent
sulfur atoms, and X3 and X4 represent oxygen atoms.

[0014] The molybdenum compounds each represented by the general formula (1) may be used alone orin combination
thereof as the molybdenum compound to be used in the present invention. In addition, a commercially available product
may be used as the molybdenum compound to be used in the present invention, or the compound may be produced by a
known production method (e.g., a method described in JP S51-80825 A or JP H08-217782 A).

[0015] A sulfide of an olefin may be used as a sulfurized olefin to be used in the presentinvention without any particular
limitation, and the sulfide is, for example, a compound (sulfide) obtained by sulfurizing an olefin having 2 to 20 carbon
atoms or a dimer to tetramer thereof. From the viewpoint of the load-bearing characteristic of the grease composition to be
obtained, the sulfurized olefin is preferably a sulfide of an olefin having 2 to 20 carbon atoms, more preferably a sulfide ofan
olefin having 4 to 12 carbon atoms. At this time, a sulfur element content in the sulfurized olefin is not particularly limited.
However, from the viewpoint of the load-bearing characteristic of the grease composition to be obtained, the sulfur element
contentin the sulfurized olefin is preferably from 5 mass% to 50 mass%, more preferably from 10 mass% to 45 mass%, still
more preferably from 15 mass% to 40 mass%. In the presentinvention, the sulfur element contentin the sulfurized olefin is
measured by fluorescent X-ray analysis.

[0016] Abase oil tobe typically used in grease may be used as a base oil to be used in the present invention without any
particular limitation. For example, a mineral oil, a chemical synthetic base oil, animal and plant base oils, and a mixed base
oil thereof may be used. Examples of the mineral oil include a paraffin-based mineral oil and a naphthene-based mineral
oil, and distillate oils, refined oils, treated oils, and the like thereof may also be used.

[0017] Examples of the chemical synthetic base oil include a synthetic hydrocarbon base oil, a monoester, a diester, a
polyol ester, an aromatic ester, a silicic acid ester, a polyalkylene glycol, polyphenyl ether, a silicone, a fluorine compound,
an alkylbenzene, and a GTL base oil. Examples of the synthetic hydrocarbon base oil include: poly-a-olefins each
obtained by polymerizing or oligomerizing 1-butene, 1-hexene, 1-octene, 1-nonene, 1-decene, 1-dodecene, or 1-
tetradecene; metallocene poly-a-olefins each obtained by performing polymerization or oligomerization under a metal-
locene catalyst; and hydrogenated poly-a-olefins obtained by hydrogenating those compounds. Examples of the diester
include diesters of dibasic acids, such as glutaric acid, adipic acid, azelaic acid, sebacic acid, and dodecanedioic acid, and
alcohols, such as hexanol, 2-ethylhexanol, octanol, decanol, dodecanol, and tridecanol. Examples of the polyol ester



10

15

20

25

30

35

40

45

50

55

EP 4 549 537 A1

include esters of polyols, such as neopentyl glycol, trimethylolethane, trimethylolpropane, pentaerythritol, dipentaery-
thritol, and tripentaerythritol, and fatty acids, such as caproic acid, caprylic acid, 2-ethylhexanoic acid, lauric acid, capric
acid, myristic acid, palmitic acid, stearic acid, and oleic acid. Examples of the aromatic ester include esters of aromatic
compounds, such as phthalic acid, isophthalic acid, trimellitic acid, and pyromellitic acid, and alcohols.

[0018] Examples of the animal and plant base oils include: plant oils and fats, such as castor oil, olive oil, cacao butter,
sesame oil, rice bran oil, safflower oil, soybean oil, camellia oil, corn oil, rapeseed oil, palm oil, palm kernel oil, sunflower oil,
cotton seed oil, and coconut oil; and animal oils and fats, such as beef tallow, lard, milk fat, fish oil, and whale oil.
[0019] In the present invention, from the viewpoint of the load-bearing characteristic of the grease composition to be
obtained, a base oil containing at least one kind selected from the group consisting of: a mineral oil; and a chemical
synthetic base oil is preferably used, abase oil containing atleast one kind selected from the group consisting of: a paraffin-
based mineral oil; a naphthene-based mineral oil; and a synthetic hydrocarbon base oil is more preferably used, and a
base oil containing at least one kind selected from the group consisting of: a paraffin-based mineral oil; a naphthene-based
mineral oil; polyalphaolein; and a metallocene polyalphaolefin is still more preferably used.

[0020] Inthe presentinvention, the viscosity of the base oil to be used is not particularly limited, and may be appropriately
adjusted in accordance with purposes. However, from the viewpoint of the load-bearing characteristic of the grease
composition to be obtained, for example, a base oil having a kinematic viscosity at 40°C of from 20 ¢St to 700 cSt is
preferably used, a base oil having a kinematic viscosity at 40°C of from 40 cSt to 600 cSt is more preferably used, and a
base oil having a kinematic viscosity at 40°C of from 50 cSt to 500 cSt is still more preferably used. In the presentinvention,
when two or more kinds of base oils are used, the viscosity of the base oil refers to the viscosity of a mixed base oil obtained
by mixing the two or more kinds of base oils.

[0021] Inaddition,inthe presentinvention, from the viewpoints of the load-bearing property of the grease composition to
be obtained, the wear resistance thereof at high temperature, and the corrosion resistance thereof, the base oil preferably
further contains at least one kind of aromatic ester selected from the group consisting of: a trimellitic acid ester; and a
pyromellitic acid ester, and the base oil more preferably contains at least one kind selected from the group consisting of: a
paraffin-based mineral oil; a naphthene-based mineral oil; and a synthetic hydrocarbon base oil, and at least one kind of
aromatic ester selected from the group consisting of: a trimellitic acid ester; and a pyromellitic acid ester. Examples of the
trimellitic acid ester out of those aromatic esters include a monoester, a diester, and a triester of trimellitic acid and an
alcohol having 4 to 18 carbon atoms, and examples of the pyromellitic acid ester include a monoester, a diester, a triester,
and a tetraester of pyromellitic acid and an alcohol having 4 to 18 carbon atoms. Of those, from the viewpoints of the load-
bearing property of the grease composition to be obtained, the wear resistance thereof at high temperature, and the
corrosion resistance thereof, at least one kind selected from the group consisting of: a triester of trimellitic acid and an
alcohol having 4 to 18 carbon atoms; and a tetraester of pyromellitic acid and an alcohol having 4 to 18 carbon atoms is
preferably used as the aromatic ester, and a triester of trimellitic acid and an alcohol having 4 to 18 carbon atoms is more
preferably used.

[0022] Whenthebase oiltobe usedinthe presentinvention contains atleast one kind selected from the group consisting
of: a paraffin-based mineral oil; a naphthene-based mineral oil; and a synthetic hydrocarbon base oil, and at least one kind
of aromatic ester selected from the group consisting of: a trimellitic acid ester; and a pyromellitic acid ester, a ratio between
the content of at least one kind selected from the group consisting of: the paraffin-based mineral oil; the naphthene-based
mineral oil; and the synthetic hydrocarbon base oil, and the content of at least one kind of aromatic ester selected from the
group consisting of: the trimellitic acid ester; and the pyromellitic acid ester is not particularly limited, and may be adjusted
in accordance with purposes. However, from the viewpoints of the load-bearing property of the grease composition to be
obtained, the wear resistance thereof at high temperature, and the corrosion resistance thereof, the ratio between the
content of at least one kind selected from the group consisting of: the paraffin-based mineral oil; the naphthene-based
mineral oil; and the synthetic hydrocarbon base oil, and the content of at least one kind of aromatic ester selected from the
group consisting of: the trimellitic acid ester; and the pyromellitic acid ester is preferably from 50:50 to0 99:1, more preferably
from 70:30 to 98:2, still more preferably from 80:20 to 97:3 in terms of mass ratio.

[0023] The grease composition of the presentinvention is a grease composition including the molybdenum compound,
the sulfurized olefin, and the base oil described above. The content of the molybdenum compound in the grease
composition of the present invention is not particularly limited, and may be adjusted in accordance with purposes.
However, from the viewpoint of the load-bearing characteristic of the grease composition, the content of the molybdenum
compound with respect to the total amount of the grease composition is preferably from 0.10 mass% to 20 mass%, more
preferably from 0.20 mass% to 15 mass%, still more preferably from 0.30 mass% to 10 mass%.

[0024] The content of the sulfurized olefin in the grease composition of the present invention is not particularly limited,
and may be adjusted in accordance with purposes. However, from the viewpoint of the load-bearing characteristic, the
content of the sulfurized olefin with respect to the total amount of the grease composition is preferably from 0.10 mass% to
20 mass%, more preferably from 0.20 mass% to 15 mass%, still more preferably from 0.30 mass% to 10 mass%.
[0025] A ratio between the content of the molybdenum compound and the content of the sulfurized olefin in the grease
composition of the present invention is not particularly limited, and may be adjusted in accordance with purposes.
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However, from the viewpoint of the load-bearing characteristic, the ratio between the content of the molybdenum
compound and the content of the sulfurized olefin in the grease composition is preferably from 0.1:10 to 10:0.1, more
preferably from 1:10 to 10:1, still more preferably from 1:5 to 5:1 in terms of mass ratio.

[0026] The content of the base oil in the grease composition of the present invention is not particularly limited, and may
be adjusted in accordance with purposes. However, from the viewpoint of the load-bearing characteristic, the content of
the base oil with respect to the total amount of the grease composition is preferably from 50 mass% to 99 mass%, more
preferably from 60 mass% to 98 mass%, still more preferably from 70 mass% to 97 mass%.

[0027] The grease composition of the present invention may be blended with any other additive in addition to the
molybdenum compound, the sulfurized olefin, and the base oil described above in accordance with purposes. Examples of
the additive that may be blended into the grease composition of the present invention include a thickener, an antiwear
additive (excluding the molybdenum compound represented by the general formula (1)), an extreme pressure agent
(excluding the sulfurized olefin), a friction modifier, a corrosion inhibitor, a detergent dispersant, an antioxidant, a rust
inhibitor, a viscosity index improver, an oiliness agent, a colorant, a surfactant, and a metal deactivator. Those additives
may be used alone or in combination thereof.

[0028] A known thickener may be used as the thickener without any particular limitation. Examples thereof include
lithium soap, lithium composite soap, calcium soap, calcium composite soap, and a urea-based compound. Those
thickeners may be used alone orin combination thereof. Of those, from the viewpoints of the load-bearing characteristic of
the grease composition to be obtained, the wear resistance thereof at high temperature, and the corrosion resistance
thereof, atleast one kind of thickener selected from the group consisting of: the lithium soap; the lithium complex soap; and
the urea-based compound is preferably used, and at least one kind of thickener selected from the group consisting of: the
lithium soap; and the lithium complex soap is more preferably used. The lithium soap is, for example, a lithium salt of a
monocarboxylic acid having 12 to 24 carbon atoms. The lithium complex soap is, for example, a composite obtained by
combining a lithium salt of a monocarboxylic acid having 12 to 24 carbon atoms and a lithium salt of a dicarboxylic acid
having 2 to 12 carbon atoms. Examples of the urea-based compound include: an aliphatic urea formed of a product of a
reaction between an aliphatic amine having 4 to 24 carbon atoms and a diisocyanate; an alicyclic urea formed of a product
of a reaction between an alicyclic amine having 6 to 24 carbon atoms and a diisocyanate; an aromatic urea formed of a
product of a reaction between an aromatic amine having 6 to 24 carbon atoms and a diisocyanate; and a mixture thereof.
[0029] When the grease composition of the present invention includes the thickener, the content of the thickener is not
particularly limited, and may be adjusted in accordance with purposes. However, from the viewpoint of the load-bearing
property of the grease composition to be obtained, the content of the thickener with respect to the total amount of the
grease composition is preferably from 1.0 mass% to 30 mass%, more preferably from 2.0 mass% to 20 mass%, still more
preferably from 3.0 mass% to 15 mass%.

[0030] Inaddition,inthe presentinvention, from the viewpoints of the load-bearing property of the grease composition to
be obtained, the wear resistance thereof at high temperature, and the corrosion resistance thereof, at least one kind of
thickener selected from the group consisting of: the lithium soap; the lithium complex soap; and the urea-based compound
is preferably incorporated at from 1.0 mass% to 30 mass%, is more preferably incorporated at from 2.0 mass% to 20
mass%, and is still more preferably incorporated at from 3.0 mass% to 15 mass% with respect to the total amount of the
grease composition.

[0031] A known antiwear additive may be used as the antiwear additive without any particular limitation. Examples
thereof include a zinc dialkyldithiophosphate, molybdenum disulfide, a molybdic acid amine salt, polytetrafluoroethylene,
chlorinated paraffin, tungsten disulfide, selenium disulfide, graphite fluoride, and zinc oxide. Those antiwear additives may
be used alone or in combination thereof. The zinc dialkyldithiophosphate out of the antiwear additives is, for example, a
zinc dialkyldithiophosphate having an alkyl group having 4 to 22 carbon atoms.

[0032] When the grease composition of the present invention includes the antiwear additive, the content of the antiwear
additive is not particularly limited, and may be adjusted in accordance with purposes. However, from the viewpoint of the
load-bearing property of the grease composition to be obtained, the content of the antiwear additive with respect to the total
amount of the grease composition is preferably from 0.10 mass% to 10 mass%, more preferably from 0.20 mass% to 8.0
mass%.

[0033] In addition, in the present invention, from the viewpoints of the wear resistance of the grease composition to be
obtained at high temperature and the corrosion resistance thereof, it is preferred that the zinc dialkyldithiophosphate
having alkyl groups each having 4 to 22 carbon atoms be free from being incorporated, or be incorporated at from 0.001
mass% to 3.0 mass% with respect to the total amount of the grease composition. In the presentinvention, when the content
ofthe zinc dialkyldithiophosphate is more than 3.0 mass%, the wear resistance of the grease composition to be obtained at
high temperature or the corrosion resistance thereof may reduce.

[0034] A known extreme pressure agent (excluding the sulfurized olefin) may be used as the extreme pressure agent
without any particular limitation. Examples thereof include: sulfur-based extreme pressure agents, such as a fatty acid
sulfide, thiadiazole, and a thioester; and phosphorus-based extreme pressure agents, such as a phosphoric acid ester, an
acid phosphoric acid ester, an amine salt of an acid phosphoric acid ester, and a phosphorous acid ester. Those extreme
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pressure agents may be used alone or in combination thereof. Examples of the phosphoric acid ester out of the extreme
pressure agents include t-butylphenyldiphenyl phosphate and di-t-butylphenylphenyl phosphate.

[0035] When the grease composition of the present invention includes the extreme pressure agent, the content of the
extreme pressure agent is not particularly limited, and may be adjusted in accordance with purposes. However, from the
viewpoint of the load-bearing property of the grease composition to be obtained, the content of the extreme pressure agent
with respect to the total amount of the grease composition is preferably from 0.10 mass% to 10 mass%, more preferably
from 0.20 mass% to 8.0 mass%.

[0036] In addition, in the presentinvention, from the viewpoints of the wear resistance of the grease composition to be
obtained at high temperature and the corrosion resistance thereof, itis preferred that the phosphoric acid ester be free from
being incorporated, or be incorporated at from 0.001 mass% to 3.0 mass% with respect to the total amount of the grease
composition. In the present invention, when the content of the phosphoric acid ester is more than 3.0 mass%, the wear
resistance of the grease composition to be obtained at high temperature or the corrosion resistance thereof may reduce.
[0037] A known friction modifier may be used as the friction modifier without any particular limitation. Examples thereof
include along-chain fatty acid and derivatives thereof, an aliphatic amine or an ethoxylated aliphatic amine, an etheramine,
an alkoxylated etheramine, an acylated amine, a tertiary amine, an aliphatic fatty acid amide, an aliphatic carboxylic acid,
an aliphatic carboxylic acid ester, a polyol ester, an aliphatic carboxylic acid ester-amide, imidazoline, and an acrylate-
based copolymer. Those friction modifiers may be used alone or in combination thereof.

[0038] Inthe presentinvention, of those, an acrylate-based copolymer including a unit (a) represented by the following
general formula (2) and a unit (b) represented by the following general formula (3) at a molar ratio of from 30:70 to 90:10,
and having a weight-average molecular weight of from 5,000 to 300,000 is preferably used.

( H; H
Cc —C
| @)

[0039] RS inthe general formula (2) represents an alkyl group having 4 to 18 carbon atoms. Examples of such group
include: linear alkyl groups each having 4 to 18 carbon atoms, such as a butyl group, a hexyl group, an octyl group, a decyl
group, a dodecyl group, a tetradecyl group, a hexadecyl group, and an octadecyl group; and branched alkyl groups each
having 4 to 18 carbon atoms, such as an isobutyl group, an isohexyl group, an isooctyl group, an isodecyl group, an
isododecyl group, an isotetradecyl group, an isohexadecyl group, and an isooctadecyl group. From the viewpoints of the
load-bearing property of the grease composition to be obtained, the wear resistance thereof at high temperature, and the
corrosion resistance thereof, R5 in the general formula (2) represents preferably a linear or branched alkyl group having 6
to 16 carbon atoms, more preferably a linear alkyl group having 8 to 16 carbon atoms out of those groups.

‘<732ﬁ§—} 3)

[0040] RS&inthe general formula (3) represents an alkylene group having 2 to 4 carbon atoms. Examples of such group
include an ethylene group, a propylene group, an isopropylene group, a butylene group, and an isobutylene group. From
the viewpoints of the load-bearing property of the grease composition to be obtained, the wear resistance thereof at high
temperature, and the corrosion resistance thereof, R8in the general formula (3) represents preferably an ethylene group, a
propylene group, or an isopropylene group, more preferably an ethylene group out of those groups.

[0041] In the present invention, the acrylate-based copolymer that may be suitably used as a friction modifier is an
acrylate-based copolymer including the unit (a) represented by the general formula (2) and the unit (b) represented by the
general formula (3) at a molar ratio of from 30:70 to 90:10. Of such copolymers, from the viewpoints of the load-bearing
property of the grease composition to be obtained, the wear resistance thereof at high temperature, and the corrosion
resistance thereof, an acrylate-based copolymer including the unit (a) represented by the general formula (2) and the unit
(b) represented by the general formula (3) at a molar ratio of from 35:65 to 80:20 is preferred, and an acrylate-based
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copolymerincluding the units atamolar ratio of from 40:60 to 70:30 is more preferred. In addition, from the viewpoints of the
load-bearing property of the grease composition to be obtained, the wear resistance thereof at high temperature, and the
corrosion resistance thereof, the total of the abundance ratios of the unit (a) represented by the general formula (2) and the
unit (b) represented by the general formula (3) in all units for forming the acrylate-based copolymer is preferably from 50%
to 100%, more preferably from 75% to 100%, still more preferably from 90% to 100%, particularly preferably 100%.
[0042] Inaddition,inthe presentinvention, the acrylate-based copolymer that may be suitably used as afriction modifier
is an acrylate-based copolymer having the above-mentioned structure, and having a weight-average molecular weight of
from 5,000 to 300,000. Of such copolymers, from the viewpoints of the load-bearing property of the grease composition to
be obtained, the wear resistance thereof at high temperature, and the corrosion resistance thereof, an acrylate-based
copolymer having a weight-average molecular weight of from 10,000 to 250,000 is preferred, and an acrylate-based
copolymer having a weight-average molecular weight of from 15,000 to 200,000 is more preferred.

[0043] The above-mentioned acrylate-based copolymer may be produced by a known production method through use
of: a monomer that is turned into the unit (a) represented by the general formula (2) by a polymerization reaction; and a
monomer that is turned into the unit (b) represented by the general formula (3) by a polymerization reaction. As such
method, for example, the acrylate-based copolymer may be produced by a method including causing one kind or two or
more kinds of acrylate monomers each having an alkyl group having 4 to 18 carbon atoms, such as n-butyl acrylate,
isobutyl acrylate, n-pentyl acrylate, isopentyl acrylate, n-hexyl acrylate, isohexyl acrylate, n-heptyl acrylate, isoheptyl
acrylate, n-octyl acrylate, isooctyl acrylate, ethylhexyl acrylate, n-nonyl acrylate, isononyl acrylate, n-decyl acrylate,
isodecyl acrylate, n-dodecyl acrylate, isododecyl acrylate, n-tetradecyl acrylate, isotetradecyl acrylate, n-hexadecyl
acrylate, isohexadecyl acrylate, n-octadecyl acrylate, and isooctadecyl acrylate, the copolymers each serving as the
monomer that is turned into the unit (a) represented by the general formula (2) by the polymerization reaction in the
copolymer, and one kind or two or more kinds of hydroxyalkyl acrylate monomers, such as 2-hydroxyethyl acrylate, 2-
hydroxypropyl acrylate, 3-hydroxypropyl acrylate, 2-hydroxybutyl acrylate, and 4-hydroxybutyl acrylate, the copolymers
each serving as the monomer that is turned into the unit (b) represented by the general formula (3) by the polymerization
reaction in the copolymer, to react with each otherin such an amount that a molar ratio therebetween is from 30:70t0 90:10
through use of areaction initiator, a catalyst, a solvent, or the like as required at from room temperature to 150°C for from 10
minutes to 48 hours so as to achieve a weight-average molecular weight of 5,000 to 300,000.

[0044] When the grease composition of the present invention includes the friction modifier, the content of the friction
modifier is not particularly limited, and may be adjusted in accordance with purposes. However, from the viewpoint of the
load-bearing property of the grease composition to be obtained, the content of the friction modifier with respect to the total
amount of the grease composition is preferably from 0.10 mass% to 10 mass%, more preferably from 0.20 mass% to 8.0
mass%.

[0045] Inaddition,inthe presentinvention, from the viewpoints of the load-bearing property of the grease composition to
be obtained, the wear resistance thereof at high temperature, and the corrosion resistance thereof, the above-mentioned
acrylate-based copolymer is preferably incorporated at from 0.10 mass% to 10 mass%, is more preferably incorporated at
from 0.20 mass% to 8.0 mass%, and is still more preferably incorporated at from 0.30 mass% to 6.0 mass% with respect to
the total amount of the grease composition.

[0046] A known corrosion inhibitor may be used as the corrosion inhibitor without any particular limitation. Examples
thereof include a triazine-based compound, a benzotriazole-based compound, a tolyltriazole-based compound, and a
benzimidazole compound. Those corrosion inhibitors may be used alone or in combination thereof. Of those, from the
viewpoints of the load-bearing property of the grease composition to be obtained, the wear resistance thereof at high
temperature, and the corrosion resistance thereof, one or more kinds of corrosion inhibitors selected from the group
consisting of: a triazine-based compound; and a benzotriazole-based compound are preferably used. Examples of the
benzotriazole-based compound out of those corrosion inhibitors include 1,2,3-benzotriazole, 1,H-benzotriazole, 4-
methyl-1,H-benzotriazole, 4-carboxyl-1, H-benzotriazole, sodium tolyltriazole, 5-methyl-1,H-benzotriazole, benzotria-
zole butyl ether, silver benzotriazole, 5-chloro-1,H-benzotriazole, 1-chloro-benzotriazole, 1-di(octyl)aminomethyl-ben-
zotriazole, 2,3-dihydroxypropyl-benzotriazole, 1,2-dicarboxyethyl-benzotriazole, and (octyl)aminomethyl-benzotriazole.
[0047] When the grease composition of the present invention includes the corrosion inhibitor, the content of the
corrosion inhibitor is not particularly limited, and may be adjusted in accordance with purposes. However, from the
viewpoint of the load-bearing property of the grease composition to be obtained, the content of the corrosion inhibitor with
respect to the total amount of the grease composition is preferably from 0.0001 mass% to 1.0 mass%, more preferably
from 0.0002 mass% to 0.50 mass%.

[0048] Inaddition,inthe presentinvention, from the viewpoints of the load-bearing property of the grease composition to
be obtained, the wear resistance thereof at high temperature, and the corrosion resistance thereof, one or more kinds of
corrosion inhibitors selected from the group consisting of: the triazine-based compound; and the benzotriazole-based
compound are preferably incorporated at from 0.0001 mass% to 1.0 mass%, and are more preferably incorporated at from
0.0002 mass% to 0.50 mass% with respect to the total amount of the grease composition.

[0049] A known detergent dispersant may be used as the detergent dispersant without any particular limitation.
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Examples thereof include: an alkaline earth metal-based detergent, such as a sulfonate, a phenate, a salicylate, a
phosphonate, or a fatty acid salt of an alkaline earth metal, such as magnesium, calcium, or barium; a succinimide-type
dispersant obtained by a condensation reaction between an alkenyl succinic anhydride and a polyamine compound; a
succinic acid ester-type dispersant obtained by a condensation reaction between an alkenyl succinic anhydride and a
polyol compound; a succinic acid ester amide-type dispersant obtained by a condensation reaction between an alkenyl
succinic anhydride and an alkanolamine; a Mannich base-based dispersant obtained by condensing an alkylphenol and a
polyamine with formaldehyde; and boric acid-modified products thereof. Of those, from the viewpoints of the load-bearing
property of the grease composition to be obtained, the wear resistance thereof at high temperature, and the corrosion
resistance thereof, atleast one kind of detergent dispersant selected from the group consisting of: basic calcium sulfonate;
basic calcium salicylate; a basic fatty acid calcium; basic magnesium sulfonate; basic magnesium salicylate; and a basic
fatty acid magnesium is preferably incorporated, and at least one kind of detergent dispersant selected from the group
consisting of: basic calcium sulfonate; and basic calcium salicylate is more preferably incorporated. From the viewpoints of
the load-bearing property of the grease composition to be obtained, the wear resistance thereof at high temperature, and
the corrosion resistance thereof, the alkaline earth metal-based detergent out of those detergent dispersants is preferably
an alkaline earth metal-based detergent having a base number of from 50 mgKOH/g to 600 mgKOH/g, more preferably an
alkaline earth metal-based detergent having a base number of from 100 mgKOH/g to 550 mgKOH/g, still more preferably
an alkaline earth metal-based detergent having a base number of from 150 mgKOH/g to 500 mgKOH/g. In the present
invention, from the viewpoint of particularly improving the load-bearing property of the grease composition to be obtained,
the wear resistance thereof athigh temperature, and the corrosion resistance thereof, atleast one kind of basic calcium salt
selected from the group consisting of: basic calcium sulfonate having a base number of from 50 mgKOH/g to 600
mgKOH/g; and basic calcium salicylate having a base number of from 50 mgKOH/g to 600 mgKOH/g is preferably used, at
least one kind of basic calcium salt selected from the group consisting of: basic calcium sulfonate having a base number of
from 100 mgKOH/g to 550 mgKOH/g; and basic calcium salicylate having a base number of from 100 mgKOH)/g to 550
mgKOH)/g is more preferably used, and at least one kind of basic calcium salt selected from the group consisting of: basic
calcium sulfonate having a base number of from 150 mgKOH/g to 500 mgKOH/g; and basic calcium salicylate having a
base number of from 150 mgKOH/g to 500 mgKOH/g is still more preferably used.

[0050] When the grease composition of the present invention includes the detergent dispersant, the content of the
detergent dispersant is not particularly limited, and may be adjusted in accordance with purposes. However, from the
viewpoint of the load-bearing property of the grease composition to be obtained, the content of the detergent dispersant
with respect to the total amount of the grease composition is preferably from 0.10 mass% to 10 mass%, more preferably
from 0.20 mass% to 8.0 mass%.

[0051] Inaddition, inthe presentinvention, from the viewpoints of the load-bearing property of the grease composition to
be obtained, the wear resistance thereof at high temperature, and the corrosion resistance thereof, at least one kind of
detergent dispersant selected from the group consisting of: basic calcium sulfonate; and basic calcium salicylate is
preferably incorporated at from 0.10 mass% to 10 mass%, is more preferably incorporated at from 0.20 mass% to 8.0
mass%, is still more preferably incorporated at from 0.30 mass% to 6.0 mass% with respect to the total amount of the
grease composition.

[0052] Examples of the antioxidant include an amine-based antioxidant, a phenol-based antioxidant, a phenothiazine-
based antioxidant, and a phosphorous acid ester-based antioxidant. Those antioxidants may be used alone or in
combination thereof. When the grease composition of the present invention includes the antioxidant, the content of
the antioxidant is not particularly limited, and may be adjusted in accordance with purposes. However, for example, the
antioxidant may be incorporated at from 0.10 mass% to 10 mass% with respect to the total amount of the grease
composition.

[0053] Examples of the rustinhibitor include an oxidized paraffin wax calcium salt, an oxidized paraffin wax magnesium
salt, a tallow fatty acid alkali metal salt, alkaline earth metal salt, or amine salt, an alkenylsuccinic acid or an alkenylsuccinic
acid half ester (the molecular weight of an alkenyl group is from about 100 to about 300), a sorbitan monoester, a
pentaerythritol monoester, a glycerin monoester, nonylphenol ethoxylate, a lanolin fatty acid ester, and a lanolin fatty acid
calcium salt. The rust inhibitors may be used alone or in combination thereof. When the grease composition of the present
invention includes the rust inhibitor, the content of the rust inhibitor is not particularly limited, and may be adjusted in
accordance with purposes. However, for example, the rust inhibitor may be incorporated at from 0.10 mass% to 10 mass%
with respect to the total amount of the grease composition.

[0054] Inaddition, inthe presentinvention, from the viewpoints of the load-bearing property of the grease composition to
be obtained, the wear resistance thereof at high temperature, and the corrosion resistance thereof, a glycerin monoesteris
preferably incorporated as the rust inhibitor, at least one kind selected from the group consisting of: glycerin monooleate;
glycerin monostearate; and glycerin monolaurate is more preferably incorporated, and glycerin monooleate is still more
preferably incorporated. At this time, from the viewpoints of the load-bearing property of the grease composition to be
obtained, the wear resistance thereof at high temperature, and the corrosion resistance thereof, the glycerin monoesteris
preferably incorporated at from 0.20 mass% to 5.0 mass%, and is more preferably incorporated at from 0.50 mass% t0 3.0
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mass% with respect to the total amount of the grease composition.

[0055] Examples of the viscosity index improver include a poly(C1 to 18)alkyl methacrylate, a (C1 to 18)alkyl
acrylate/(C1 to 18)alkyl methacrylate copolymer, a diethylaminoethyl methacrylate/(C1 to 18)alkyl methacrylate copo-
lymer, an ethylene/(C1 to 18)alkyl methacrylate copolymer, polyisobutylene, a polyalkylstyrene, an ethylene/propylene
copolymer, a styrene/maleic acid ester copolymer, a styrene/maleamide copolymer, a styrene/butadiene hydrogenated
copolymer, and a styrene/isoprene hydrogenated copolymer. Those viscosity index improvers may be used alone or in
combination thereof. When the grease composition of the present invention includes the viscosity index improver, the
content of the viscosity index improver is not particularly limited, and may be adjusted in accordance with purposes.
However, for example, the viscosity index improver may be incorporated at from 0.10 mass% to 10 mass% with respect to
the total amount of the grease composition.

[0056] Examples of the oiliness improver include a fatty acid, an oil and fat, and a hydrogenated product or a partially
saponified product thereof, an epoxidized ester, a polycondensate of hydroxystearic acid or an ester of the polyconden-
sate and a fatty acid, a higher alcohol, a higher amide, a glyceride, a polyglycerin ester, a polyglycerin ether, and a-olefin
oxide adducts of those compounds. Those oiliness improvers may be used alone or in combination thereof. When the
grease composition of the present invention includes the oiliness improver, the content of the oiliness improver is not
particularly limited, and may be adjusted in accordance with purposes. However, forexample, the oiliness improver may be
incorporated at from 0.10 mass% to 20 mass% with respect to the total amount of the grease composition.

[0057] The grease composition of the present invention may be used without any particular limitation in applications
where grease is used, and the composition may be used in, for example, various sliding members, such as a bearing, a
joint, agear, and a toothed wheel, in arailroad, an aircraft, a ship, a home appliance, an automobile, production equipment,
a machine tool, a construction machine, a home appliance, and a precision machine.

Examples

[0058] The presentinvention is more specifically described below by way of Examples. In the following Examples, the
term "%" is by mass unless otherwise stated.

[0059] A molybdenum compound, a sulfurized olefin, an acrylate-based copolymer, an extreme pressure agent, a
corrosion inhibitor, a rustinhibitor, a detergent dispersant, an antiwear additive, and a base oil used in the presentinvention
are as described below.

<Molybdenum Compound>

[0060] Molybdenum compound 1: molybdenum compound represented by the general formula (1) in which R to R4
each represent a butyl group, X! and X2 each represent a sulfur atom, and X3 and X4 each represent an oxygen atom
[0061] Molybdenum compound 2: molybdenum compound represented by the general formula (1) in which R and R2
each represent a 2-ethylhexyl group, R3 and R4 each represent an isotridecyl group, X' and X2 each represent a sulfur
atom, and X3 and X4 each represent an oxygen atom

<Sulfurized Olefin >

[0062] Sulfurized olefin 1: sulfide of an olefin having 8 carbon atoms (sulfur element content: 30 mass%)
<Acrylate-based Copolymer>

[0063] Acrylate-based copolymer 1: acrylate-based copolymer consisting of a unit (a) represented by the general
formula (2) in which RS represents a dodecyl group and a unit (b) represented by the general formula (3) in which Ré
represents an ethylene group, having a molar ratio between the unit (a) and the unit (b) of 60:40, and having a weight-
average molecular weight of 150,000

<Extreme pressure agent>

[0064] Extreme pressure agent 1: t-butylphenyldiphenyl phosphate

<Corrosion Inhibitor>

[0065] Corrosion inhibitor 1: methyl-1H-benzotriazole
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<Rust Inhibitor>
[0066] Rust inhibitor 1: glycerin monooleate
<Detergent Dispersant>
[0067]

Detergent dispersant 1: basic calcium sulfonate having a base number of 400 mgKOH/g
Detergent dispersant 2: basic calcium salicylate having a base number of 170 mgKOH/g

<Antiwear Additive>
[0068]

Antiwear additive 1: molybdic acid diisotridecylamine salt
Antiwear additive 2: zinc didodecyldithiophosphate

<Base QOil>
[0069]

Base oil 1: mixture of 90 mass% of a naphthene-based mineral oil (base oil) having a kinematic viscosity at 40°C of 130
¢St and 10 mass% of lithium 12-hydroxystearate (thickener)

Base oil 2: tris(2-ethylhexyl) trimellitate

Base oil 3: mixture of 88 mass% of a poly-a-olefin (base oil) having a kinematic viscosity at 40°C of 65 cSt and 12
mass% of lithium 12-hydroxystearate (thickener)

Base oil 4: mixture of 88 mass% of a mixed base oil having a kinematic viscosity at 40°C of 320 ¢St (mixed base oil
formed of 14.5 mass% of a poly-a-olefin having a kinematic viscosity at 40°C of 18 ¢St and 85.5 mass% of a
metallocene poly-a-olefin having a kinematic viscosity at 40°C of 602 cSt) and 12 mass% of lithium 12-hydro-
xystearate (thickener)

Base oil 5: mixture of 88 mass% of a mixed base oil having a kinematic viscosity at 40°C of 460 cSt (mixed base oil
formed of 6.0 mass% of a poly-a-olefin having a kinematic viscosity at 40°C of 18 ¢St and 94.0 mass% of a
metallocene poly-a-olefin having a kinematic viscosity at 40°C of 602 cSt) and 12 mass% of lithium 12-hydro-
xystearate (thickener)

<Grease Composition Production 1>

[0070] The molybdenum compound, the sulfurized olefin, the acrylate-based copolymer, the extreme pressure agent,
the corrosion inhibitor, the detergent dispersant, the antiwear additive, and the base oil were mixed at mass ratios shown in
Tables 1 to 3 to produce grease compositions of Examples 1 to 6 and Comparative Examples 1 to 10.

<Load-bearing Test and Load-bearing Characteristic Evaluation>

[0071] Each of the produced grease compositions was subjected to a load-bearing test under a high-load environment
on the basis of a method described in ASTM D2596. Specifically, a shell-type high-speed four-ball tester (manufactured by
Kobelco Machinery Engineering Co., Ltd.) was used, and aload was increased from an initial load of 100 kgfin increments
of 10 kgf under the conditions of the number of revolutions of 1,770 rpm and 27°C+8°C, followed by the measurement of
the load at which test balls fused to each other as a withstand load. In addition, the composition was evaluated for its load-
bearing characteristic on the basis of the measured withstand load and the following evaluation criteria. The evaluation
results are shown in Tables 1 to 3.

Criteria for Load-bearing Characteristic Evaluation
[0072]

©®: The withstand load is 450 kgf or more.
.. The withstand load is 400 kgf or more and less than 450 kgf.
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X: The withstand load is less than 320 kgf.

Table 1
Example Example Example Example Example Example
1 2 3 4 5 6
Molvbdenum com- 2.0 2.0 1.0 3.0 2.0 2.0
pound 1 mass% mass% mass% mass% mass% mass%
Molvbdenum com- 1.2 1.2
pound 2 mass% mass%
. i 20 2.0 3.0 2.0 1.0 1.0
Sulfurized olefin 1 mass% mass% mass% mass% mass% mass%
Acrvlate-based co- 1.0 15 0.50 0.50 0.50
polymer 1 mass% mass% mass% mass% mass%
Extreme pressure 1.0 1.0 1.0 1.0
agent 1 mass% mass% mass% mass%
Greagg Corrosion inhibitor 1
composition
Detergent dispersant
1
. . 1.0
Antiwear additive 1 o
mass%
. . 2.0 2.0 1.0
Antiwear additive 2 mass% mass% mass%
Base oil 2
Base oil 1 Balance Balance Balance Balance Balance Balance
Withstand load (kgf) 320 420 420 400 470 470
and-bear- Result of load-bear-
ing test ing characteristic A @) O @) ® ©

evaluation

11
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Table 3
Comparative Comparative Comparative
Example 8 Example 9 Example 10
Molvbdenum compound 1
Sulfurized olefin 1 2.0 mass% 2.0 mass% 2.0 mass%
Acrylate-based copolymer 1 1.0 mass% 1.0 mass% 1.0 mass%
Extreme pressure agent 1 2.0 mass% 2.0 mass%
Greas.ej Corrosion inhibitor 1
composition
Detergent dispersant 1 1.0 mass%
Antiwear additive 2
Base oil 2 5.0 mass% 10.0 mass%
Base oil 1 Balance Balance Balance
Withstand load (kgf) 250 300 300
Load-bear-
ing test Result of load-bearing charac- % % %
teristic evaluation

<Grease Composition Production 2>

[0073] The molybdenum compound, the sulfurized olefin, the acrylate-based copolymer, the extreme pressure agent,
the corrosion inhibitor, the detergent dispersant, the antiwear additive, and the base oil were mixed at mass ratios shown in
Table 4 to produce grease compositions of Examples 7 to 13.

<Load-bearing Test and Load-bearing Characteristic Evaluation>

[0074] Each of the produced grease compositions was subjected to a load-bearing test under a high-load environment
on the basis of a method described in ASTM D2596. Specifically, a shell-type high-speed four-ball tester (manufactured by
Kobelco Machinery Engineering Co., Ltd.) was used, and aload was increased from an initial load of 100 kgfin increments
of 10 kgf under the conditions of the number of revolutions of 1,770 rpm and 27°C+8°C, followed by the measurement of
the load at which test balls fused to each other as a withstand load. In addition, the composition was evaluated for its load-
bearing characteristic on the basis of the measured withstand load and the following evaluation criteria. The respective
measurement results and evaluation results are shown in Table 4.

Criteria for Load-bearing Characteristic Evaluation
[0075]

©®: The withstand load is 450 kgf or more.

o: The withstand load is 400 kgf or more and less than 450 kgf.
A: The withstand load is 320 kgf or more and less than 400 kgf.
X: The withstand load is less than 320 kgf.

<Wear Resistance Test and Wear-resisting Characteristic Evaluation>

[0076] Each of the produced grease compositions was subjected to a wear resistance test under a high-load
environment in conformity with ASTM D2266. Specifically, the composition was subjected to the test with a shell-type
high-speed four-ball tester (manufactured by Kobelco Machinery Engineering Co., Ltd.) under the conditions of 75°C
+2°C, the number of revolutions of 1,200 rpm, and a test time of 60 minutes, and its wear scar diameter after the test was
measured. In addition, the composition was evaluated for its wear-resisting characteristic by the following evaluation
criteria on the basis of the measured wear scar diameter. The respective measurement results and evaluation results are
shown in Table 4.
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Criteria for Wear-resisting Characteristic Evaluation
[0077]

©: The wear diameter is less than 0.45 mm.

o: The wear diameter is 0.45 mm or more and less than 0.50 mm.
A: The wear diameter is 0.50 mm or more and less than 0.65 mm.
X: The wear diameter is 0.65 mm or more.

<Corrosion Resistance Test and Corrosion Resistance Evaluation>

[0078] Each of the produced grease compositions was evaluated for its corrosion resistance in conformity with ASTM
D4048. Specifically, awashed copper plate was immersed in the grease composition, and was held at 100°C for 24 hours.
After that, the copper plate was removed and washed, and then which one of classifications 1a to 4c the color tone of each
copper plate after the immersion corresponded to was judged by comparison to a copper plate corrosion standard plate. In
addition, the composition was evaluated for its corrosion resistance by the following evaluation criteria on the basis of each
judgment result. The respective judgment results and evaluation results are shown in Table 4.

Criteria for Corrosion Resistance Evaluation
[0079]
©®: The judgment result is from 1a to 1b.
o: The judgment result is from 2a to 2e.

A: The judgment result is from 3a to 3b.
X: The judgment result is from 4a to 4c.

Table 4
Example | Example | Example | Example | Example | Example | Example
7 8 9 10 11 12 13
Molvbdenum 2.0 2.0 2.0 2.0 2.0 2.0 2.0
compound 1 mass% mass% mass% mass% mass% mass% mass%
Sulfurized 2.0 2.0 2.0 2.0 2.0 2.0 2.0
olefin 1 mass% mass% mass% mass% mass% mass% mass%
Q:Q:Zt; | 10 1.0 1.0 1.0 1.0 1.0 1.0
mer 1 poly mass% mass% mass% mass% mass% mass% mass%
Grease Extreme pres- 1.0
composition | sure agent 1 mass%
Corrosion in- 0.001 0.001 0.001
hibitor 1 mass% mass% mass%
Detergent dis- 0.50
persant 1 mass%
Antiwear ad- 2.0 2.0
ditive 2 mass% mass%
Base oil 2 3.0 5.0 10 3.0
mass% mass% mass% mass%
Base oil 1 Balance Balance Balance Balance Balance Balance Balance
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(continued)

Example | Example | Example | Example | Example | Example | Example
7 8 9 10 11 12 13
Withstand 500 420 420 420 450 500 480
load (kgf)
Load-bear- | Resultof load-
ing test bearing char-
ng ® 0O O o © ® ®
acteristic eva-
luation
Wear scar
diameter 0.42 0.43 0.64 0.51 0.45 0.44 0.44
High-speed | (mm)
four-ball | Result of
wear test _resisti
wear-resisting ® ® A A @) © ®
characteristic
evaluation
Test result 2c 2c 1b 1b 2e 2e 1b
Corrosion Result of cor-
resistance i is-
et rosion resis o o ® ® o o ®
es tance evalua-
tion

<Grease Composition Production 3>

[0080] The molybdenum compound, the sulfurized olefin, the acrylate-based copolymer, the extreme pressure agent,
the corrosion inhibitor, the rust inhibitor, the detergent dispersant, and the base oil were mixed at mass ratios shown in
Table 5 to produce grease compositions of Examples 14 to 18.

<Load-bearing Test and Load-bearing Characteristic Evaluation>

[0081] Each of the produced grease compositions was subjected to a load-bearing test under a high-load environment
on the basis of a method described in ASTM D2596. Specifically, a shell-type high-speed four-ball tester (manufactured by
Kobelco Machinery Engineering Co., Ltd.) was used, and aload was increased from an initial load of 100 kgfin increments
of 10 kgf under the conditions of the number of revolutions of 1,770 rpm and 27°C+8°C, followed by the measurement of
the load at which test balls fused to each other as a withstand load. In addition, the composition was evaluated for its load-
bearing characteristic on the basis of the measured withstand load and the following evaluation criteria. The respective
measurement results and evaluation results are shown in Table 5.

Criteria for Load-bearing Characteristic Evaluation
[0082]

©: The withstand load is 450 kgf or more.

o: The withstand load is 400 kgf or more and less than 450 kgf.
A: The withstand load is 320 kgf or more and less than 400 kgf.
X: The withstand load is less than 320 kgf.

<Wear Resistance Test and Wear-resisting Characteristic Evaluation>

[0083] Each of the produced grease compositions was subjected to a wear resistance test under a high-load
environment in conformity with ASTM D2266. Specifically, the composition was subjected to the test with a shell-type
high-speed four-ball tester (manufactured by Kobelco Machinery Engineering Co., Ltd.) under the conditions of 75°C
+2°C, the number of revolutions of 1,200 rpm, and a test time of 60 minutes, and its wear scar diameter after the test was
measured. In addition, the composition was evaluated for its wear-resisting characteristic by the following evaluation

15
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criteria on the basis of the measured wear scar diameter. The respective measurement results and evaluation results are
shown in Table 5.

Criteria for Wear-resisting Characteristic Evaluation
[0084]

©: The wear diameter is less than 0.45 mm.

o: The wear diameter is 0.45 mm or more and less than 0.50 mm.
A: The wear diameter is 0.50 mm or more and less than 0.65 mm.
X: The wear diameter is 0.65 mm or more.

<Corrosion Resistance Test and Corrosion Resistance Evaluation>

[0085] Each of the produced grease compositions was evaluated for its corrosion resistance in conformity with ASTM
D4048. Specifically, a washed copper plate was immersed in the grease composition, and was held at 100°C for 24 hours.
After that, the copper plate was removed and washed, and then which one of classifications 1a to 4c the color tone of each
copper plate after the immersion corresponded to was judged by comparison to a copper plate corrosion standard plate. In
addition, the composition was evaluated for its corrosion resistance by the following evaluation criteria on the basis of each

20

25

30

35

40

45

50

55

judgment result. The respective judgment results and evaluation results are shown in Table 5.

Criteria for Corrosion Resistance Evaluation

[0086]

®: The judgment result is from 1a to 1b.
o: The judgment result is from 2a to 2e.

A: The judgment result is from 3a to 3b.
X: The judgment result is from 4a to 4c.

Table 5
Example Example Example Example Example
14 15 16 17 18

Molvbdenum compound 1 2.0mass% | 2.0mass% | 2.0mass% | 2.0mass% | 2.0 mass%
Sulfurized olefin 1 2.0mass% | 2.0mass% | 2.0mass% | 2.0mass% | 2.0 mass%
Acrylate-based copolymer 1 | 1.0mass% | 1.0mass% | 1.0mass% | 1.0mass% | 1.0 mass%
Extreme pressure agent 1
Corrosion inhibitor 1 0.001 0.001 0.001 0.002 0.002

mass% mass% mass% mass% mass%
Rust inhibitor 1 1.0mass% | 1.0 mass%

Greas.c-.: Detergent dispersant 1 0.50 0.50 0.50 0.50
composition mass% mass% mass% mass%

Detergent dispersant 2 m(;::%
Base oil 2 3.0mass% | 3.0mass% | 3.0mass% | 3.0mass% | 3.0 mass%
Base oil 1
Base oil 3 Balance Balance Balance
Base oil 4 Balance
Base oil 5 Balance
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(continued)

Example Example Example Example Example
14 15 16 17 18
Withstand load (kgf) 460 400 460 500 420
Load-bear-
ing test Result of load-bearing char- © o ® © o
acteristic evaluation
High-speed | Wear scar diameter (mm) 0.41 0.46 0.42 0.42 0.43
four-ball Result of wear-resisting ® o ° ® ®
wear test characteristic evaluation
resistance Result of corrosion resis- ® ° ° ® °
test tance evaluation

[0087] Itwas shown thatthe grease composition of the presentinvention was excellentin load-bearing characteristic by
including the molybdenum compound represented by the general formula (1), the sulfurized olefin, and the base oil. In
addition, it was shown that when the acrylate-based copolymer, the corrosion inhibitor, or the like was further incorporated,
a grease composition excellent in all of a load-bearing property, wear resistance at high temperature, and corrosion
resistance was obtained.

Claims

1. A grease composition, comprising:

a molybdenum compound represented by the following general formula (1);
a sulfurized olefin; and

a base oil:
R S x* x4 S R4
X']
\N-——-lcl—-——s-——l\/llloi tnLL-—s—-»ﬂ—-—-N/ (1)
R? X R®

where R' to R4 each independently represent an alkyl group having 4 to 18 carbon atoms, and X' to X4 each
independently represent an oxygen atom or a sulfur atom.

2. Thegrease composition according to claim 1, wherein the sulfurized olefin is a sulfide of an olefin having 2 to 20 carbon
atoms, and a sulfur element content in the sulfurized olefin is from 5 mass% to 50 mass%.

3. The grease composition according to claim 1 or 2, further comprising an acrylate-based copolymer, which includes a

unit (a) represented by the following general formula (2) and a unit (b) represented by the following general formula (3)
at a molar ratio of from 30:70 to 90:10, and has a weight-average molecular weight of from 5,000 to 300,000:

E Hy H
¢ —C
| @)
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where R5 represents an alkyl group having 4 to 18 carbon atoms;

Ha
C..._

——Q——R®—QOH

= O—-=OX

0
where R® represents an alkylene group having 2 to 4 carbon atoms.

The grease composition according to claim 1 or 2, further comprising at least one kind of corrosion inhibitor selected
from the group consisting of: a triazine-based compound; and a benzotriazole-based compound.

The grease composition according to claim 1 or 2, further comprising atleast one kind of detergent dispersant selected
from the group consisting of:

basic calcium sulfonate; basic calcium salicylate; a basic fatty acid calcium;
basic magnesium sulfonate; basic magnesium salicylate; and a basic fatty acid magnesium.

The grease composition according to claim 1 or 2, wherein the base oil contains at least one kind selected from the
group consisting of: a paraffin-based mineral oil; a naphthene-based mineral oil; and a synthetic hydrocarbon base oil.

The grease composition according to claim 6, wherein the base oil further contains at least one kind of aromatic ester
selected from the group consisting of: a trimellitic acid ester; and a pyromellitic acid ester.

The grease composition according to claim 1 or 2, further comprising at least one kind of thickener selected from the
group consisting of: lithium soap; lithium complex soap; and a urea-based compound.
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