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GREASE COMPOSITION AND ROLLING 
APPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a division of patent application 
Ser. No. 10/378,060, ?led Mar. 4, 2003, the entire disclosure 
of Which is incorporated herein by reference. Priority is 
claimed based on Japanese Patent Application Nos. 2002 
062069, ?led Mar. 7, 2002; 2002-073110, ?led Mar. 15, 
2002; 2002-252665, ?led Aug. 30, 2002; and 2002-286026, 
?led Sep. 30, 2002. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a grease composi 
tion, Which hardly disperses and has excellent high-tempera 
ture performance. Moreover, the present invention relates to 
a rolling apparatus, Which has loW torque and excellent 
acoustic performance and generates a feW dusts, and in 
particular, the present invention relates to a rolling appara 
tus, Which is preferably used in electronic intelligence 
equipment, semiconductor manufacturing machines and 
others. 

[0003] Furthermore, the present invention relates to a 
grease composition having excellent lubricating ability and 
heat resistance. Still further, the present invention relates to 
a rolling apparatus, Which has excellent lubricating ability 
and is long-lived under high-temperature conditions, and in 
particular, it relates to a rolling apparatus, Which is prefer 
ably used as a rolling or sliding portion of machines used 
under high-temperature and high-speed conditions including 
car electrical components such as alternators or electromag 
netic clutches; auxiliary equipment for car engine such as 
idler pulleys; and business machines such as copying 
machines or printers. 

[0004] Furthermore, the present invention relates to a 
grease composition having excellent rust protection, 
extreme-pressure property, Water resistance and lubricating 
life, and a rolling apparatus Which is long-lived although it 
is used under stringent conditions. 

[0005] Furthermore, the present invention relates to a 
grease composition having excellent heat resistance, lubri 
cating ability and rust protection. Still further, the present 
invention relates to a rolling apparatus Which has excellent 
lubricating ability and is long-lived under high-temperature 
conditions, and it particularly relates to a rolling bearing, 
Which is preferably used in electrical machines for a car 
engine Which are required for heat resistance, load carrying 
capacity and durability. 

[0006] Furthermore, the present invention relates to a 
grease composition having excellent lubricating ability and 
electric conductivity. Still further, the present invention 
relates to a rolling apparatus, Which has excellent electric 
conductivity and is long-lived under high-temperature con 
ditions, and in particular, it relates to a rolling apparatus, 
Which is preferably used as a rolling or sliding portion of 
machines used under high-temperature and high-speed con 
ditions including car electrical components such as alterna 
tors or electromagnetic clutches; auxiliary equipment for car 
engine such as idler pulleys; and business machines such as 
copying machines or printers. 
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DESCRIPTION OF THE RELATED ART 

[0007] (1) A rolling apparatuses (e.g. rolling bearings, 
linear guide apparatuses, ball screWs, etc.), Which are used 
in electronic intelligence equipment such as a hard disk 
drive (hereinafter referred to as HDD) or laser beam printer 
(LBP), semiconductor manufacturing machines and others, 
are required to have various performances such that these 
apparatuses generate a feW dusts, have loW torque and 
excellent acoustic performance, and are long-lived. 

[0008] Moreover, With the development of high-precision 
electronic intelligence equipment and semiconductors in 
recent years, the use conditions (temperature, speed, etc.) of 
rolling apparatuses, Which are used in electronic intelligence 
equipment and semiconductor manufacturing machines, 
have become increasingly strict. Under such strict use con 
ditions, the above stated various types of performance are 
required to be excellent. 

[0009] For example, in the case of electronic intelligence 
equipment such as HDD used under a clean atmosphere, if 
a gaseous oil or the ?ne particles of grease are released from 
the inside of a bearing When a rolling apparatus rotates, the 
?ne particles pollute a recording medium or the like and 
cause operation errors. Therefore, it is most important to 
suppress the amount of dusts generated. 

[0010] As a grease composition enclosed in such a rolling 
bearing for HDD, Undock C (Trade name), Which is a grease 
comprising a mineral oil as a base oil and a sodium complex 
soap as a thickener, is Well knoWn, and this product has been 
used over 20 years because it causes a small amount of dusts. 

[0011] When excellent performance of loW torque and loW 
noise is required, a grease comprising a lithium soap as a 
thickener and an ester oil as a base oil has been used at times. 

[0012] Moreover, Japanese Patent Laid-Open No. 2000 
109874 discloses a ?uoro grease composition obtained by 
mixing a silicone oil into a ?uoro grease consisting of a 
?uoro oil and a thickener. This ?uoro grease composition 
has a property such that oil does not leak so much from the 
grease. 

[0013] Furthermore, Japanese Patent Laid-Open No. 
2001-187892 discloses a grease composition comprising a 
silicone oil as a base oil, polytetra?uoroethylene as a thick 
ener, silica aerogel and an extreme-pressure additive. This 
grease composition has a property such that it has excellent 
loW-temperature ?oW property, Wear resistance, heat resis 
tance and loW torque property at a loW temperature. 

[0014] HoWever, in the above sodium complex soap 
mineral oil grease, the dispersibility of the thickener is 
insufficient and so it hardly becomes homogenous, and 
thereby problems regarding acoustic and vibration perfor 
mances occur in the early stage of rotation of the rolling 
bearing. In addition, since this grease has strong hygroscop 
icity and gets hard over time, and thereby the How property 
in the rolling bearing decreases, this grease also has a 
problem of causing insuf?cient lubrication and readily gen 
erating abnormal sounds from the cage. 

[0015] Therefore, When excellent performance of loW 
torque and loW noise is required, the above described lithium 
soap-ester oil grease has been used at times. HoWever, since 
this grease easily disperses (causes a large amount of dusts), 
there is a great risk that the grease might pollute a recording 
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medium or the like When it is used in a rolling bearing for 
HDD. Moreover, since the temperature used for the rolling 
bearing for HDD is more and more increased, the above 
described lithium soap-ester oil grease cannot be applied in 
some cases. 

[0016] Further, the grease compositions as disclosed 
above in Japanese Patent Laid-Open Nos. 2000-109874 and 
2001-187892 comprise a very expensive silicone oil or 
?uoro oil, these grease compositions are expensive When 
compared With common greases. 

SUMMARY OF THE INVENTION 

[0017] Thus, it is a ?rst object of the present invention to 
solve the above described problems of the prior art tech 
niques and to provide a grease composition Which is hardly 
dispersed and has excellent high-temperature performance. 
Moreover, it is also the ?rst object of the present invention 
to provide a rolling apparatus, Which has loW torque and 
excellent acoustic performance, and generates a feW dusts. 

[0018] (2) Cars (passenger cars) tend to be directed 
toWards doWnsiZing, Weight saving and the expansion of the 
living space, and therefore cars are forced to reduce their 
engine room space. For this reason, the doWnsiZing and 
Weight saving of electrical components or auxiliary equip 
ment for car engine are increasingly progressing. In addi 
tion, cars are required for silence improvement, the herme 
ticity of the engine room is progressing, and thereby the 
temperature in the engine room becomes higher. Accord 
ingly, the above described components or equipment for cars 
are also required for high-temperature resistance property. 
For example, bearings for electrical fan motors had previ 
ously been used at a bearing temperature of 130° C. to 150° 
C., but in recent years, the same bearings have been required 
to resist a high temperature of 180° C. to 200° C. 

[0019] As described in Japanese Patent Publication No. 
2977624, bearings used under high-temperature environ 
ment of 150° C. or higher have previously been dealt With 
by ?lling the inside of the bearing With a grease obtained by 
mixing a lithium soap and a urea compound into a synthetic 
oil type lubricating oil. HoWever, under a high-temperature 
condition of 160° C. or higher, even this grease generates 
seiZure in an early stage, and so a grease having further 
higher heat resistance is required. 

[0020] On the other hand, in OA machines, especially in 
copying machines or the like, since color ?ne particles 
(toner) consisting of a thermoplastic resin and a coloring 
agent is fused by heating and then ?xed on a paper by 
pressure, a heater is inserted into the axis of a roller, and 
therefore the temperature of the rolling bearing of a bearing 
portion sometimes rises to 140° C. to 200° C., depending on 
the models. Therefore, for such rolling bearings, a grease 
having excellent heat resistance should be used. 

[0021] For example, a ?uoro grease comprising polytet 
ra?uoroethylene (PTFE) as a thickener and a per?uoropoly 
ether oil (PFPE oil) as a base oil has excellent heat resis 
tance, and so a rolling bearing ?lled With this ?uoro grease 
can be used under high-temperature environment of 160° C. 
or higher. 

[0022] HoWever, since it is dif?cult to add additives that 
can be mixed into common greases into the above described 
?uoro greases, these greases are likely to have poor lubri 
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cating ability, rust protection and a metallic corrosion pre 
venting property. Moreover, the ?uoro greases have another 
disadvantage in that these greases are more expensive than 
synthetic oil type greases by approximately 5 to 20 times. 

[0023] Japanese Patent Laid-Open No. 11-181465 
describes a grease composition, heat resistance of Which is 
improved by blending a ?uoro oil With a urea grease. 
HoWever, since a mineral oil or synthetic oil that is a base 
oil of the urea grease has a poor affinity for a ?uoro oil, the 
above grease composition has a high oil separation percent 
age, and therefore this grease composition has a disadvan 
tage in that the use of the grease composition is inappropri 
ate for a bearing used in components Which rotate at a high 
speed. 
[0024] Thus, it is a second object of the present invention 
to solve the above described problems of the prior art 
techniques and to provide a grease composition having 
excellent lubricating ability and heat resistance. Moreover, it 
is also the second object of the present invention to provide 
a rolling apparatus, Which has excellent lubricating ability 
and is long-lived under high-temperature conditions. 

[0025] (3) With the development of mechanical technol 
ogy in recent years, mechanical devices tend to be directed 
toWards doWnsiZing, Weight saving and high-speed rotation. 
Mechanical portions such as a bearing and a gear become 
increasingly exposed at a high temperature. Therefore, in 
such mechanical portions, a grease used at a high tempera 
ture is used. Moreover, a grease used at a high temperature 
is used also for bearings Which are used under high-tem 
perature conditions, such as bearing integrated into iron 
manufacturing machines (e.g. continuous casting machines, 
rolling mill for iron and steel, etc.,) various heat processing 
apparatus or driers. 

[0026] Examples of such a high-temperature grease 
include a metallic soap grease Which uses, as a thickener, a 
metallic soap such as Ca, Al, or Li, and a complex metallic 
soap; an organic grease Which uses an organic compound 
such as polyurea, a terephthalamic acid metal salt or a ?uoro 
resin; and an inorganic grease Which uses an inorganic 
compound such as bentonite. 

[0027] HoWever, each of these greases also has a disad 
vantage. For example, the metallic soap grease such as an 
alminum complex grease has excellent lubricating ability, 
but it cannot maintain the grease structure for a long time 
under high-temperature conditions. The grease comprising 
polyurea is likely to cause hardening phenomenon, and the 
grease comprising a terephthalamic acid metal salt has large 
oil separation. Further, the grease comprising bentonite has 
insufficient rust protection, extreme-pressure property and 
Water resistance. 

[0028] As a grease Which solves the above problems, a 
grease obtained by adding dibasic acid esthers into organic 
be itonite to enhance rust protection is knoWn (Japanese 
Patent Laid-Open No. 6-200273). There is also knoWn a 
grease obtained by adding the metal salt of carboxylic acid 
With a substitution at condensed ring into organic bentonite 
to enhance a metallic corrosion preventing property (J apa 
nese Patent Publication No. 2711150). 

[0029] HoWever, the grease described in the above Patent 
Publication still has a problem regarding insuf?cient 
extreme-pressure property and Water resistance. 
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[0030] Thus, it is a third object of the present invention to 
solve the above described problems of the prior art tech 
niques and to provide a grease composition having excellent 
rust protection, extreme-pressure property, Water resistance 
and lubricating life. Moreover, it is also the third object of 
the present invention to provide a rolling apparatus, Which 
is long-lived although it is used under strict conditions. 

[0031] (4) As stated above, With the development of 
mechanical technology in recent years, mechanical devices 
tend to be directed toWards doWnsiZing, Weight saving and 
high-speed rotation, and rolling bearings used in electrical 
machines surrounding a car engine also tend to have a high 
temperature. On the other hand, resources and poWer saving 
efforts are required, and maintenance-free mechanical 
devices are also required. Accordingly, rolling bearings are 
required not only for heat resistance but also for reliability 
and durability. 

[0032] Presently, in rolling bearings used under high 
temperature environment over 180° C., a ?uoro grease, clay 
mineral grease or the like is generally charged. HoWever, 
although these greases are excellent in heat resistance, they 
have a disadvantage in that they have poor lubricating 
ability, load carrying capacity and rust protection. 

[0033] As a grease satisfying conditions such as rust 
protection, heat resistance and load carrying capacity, a 
calcium sulfonate complex grease Which comprises, as a 
thickener, a calcium sulfonate complex containing calcium 
carbonate is knoWn (Japanese Patent Publication No. 
5-8760). HoWever, When this calcium sulfonate complex 
grease is used under high-temperature conditions over 180° 
C., it does not have the same level of heat resistance as a 
?uoro grease. 

[0034] Thus, it is a fourth object of the present invention 
to solve the above described problems of the prior art 
techniques and to provide a grease composition having 
excellent heat resistance, lubricating ability and rust protec 
tion. Moreover, it is also the fourth object of the present 
invention to provide a rolling apparatus, Which has heat 
resistance so that it can be used under high-temperature 
conditions over 180° C., as Well as having excellent load 
carrying capacity, durability and rust protection, and par 
ticularly to provide a rolling bearing Which is preferably 
used in electrical machines surrounding a car engine. 

[0035] (5) Cars (passenger cars) tend to be directed 
toWards doWnsiZing, Weight saving and the expansion of the 
living space, and therefore cars are forced to reduce their 
engine room space. For this reason, the doWnsiZing and 
Weight saving of electrical components or auxiliary equip 
ment for car engine are increasingly progressing. In addi 
tion, cars are required for silence improvement, the herme 
ticity of the engine room is progressing, and thereby the 
temperature in the engine room becomes higher. Accord 
ingly, the above described components or equipment for cars 
are also required for high-temperature resistance property. 

[0036] At present, as a grease composition used for the 
rolling bearing of each of the above components, a grease 
composition comprising a synthetic oil as a base oil and a 
urea compound as a thickener is mainly used, and this urea 
compound-synthetic oil grease has excellent lubricating 
ability up to a temperature of 170° C. to 180° C. HoWever, 
under high temperature conditions of 200° C. or higher, the 
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evaporation of the base oil, the hardening of the grease 
associated thereWith, and the softening of the grease by the 
construction of the thickener occur, and therefore there is a 
risk that a rolling bearing ?lled With the urea compound 
synthetic oil grease might generate seiZure in an early stage. 

[0037] Moreover, as described in Japanese Patent Laid 
Open No. 11-72120, in the rolling bearing used in each of 
the above components, there are some cases Where hydrogen 
generates by Water present in the bearing, and the generated 
hydrogen enters in a bearing steel constituting an inner ring, 
an outer ring and rolling elements, thereby causing a ?aking 
of formed White structure due to hydrogen brittleness. This 
is considered to occur as a result of the phenomenon that a 
direct electric current is generated by metallic contact by 
vibration or the like at a portion betWeen the inner and outer 
rings Which becomes isolated by the oil ?lm of a lubricant, 
and that hydrogen ions thereby generate from the Water 
present in the bearing. The generation of hydrogen and the 
?aking of formed White structure thereby can signi?cantly 
be controlled by the impartation of electric conductivity to 
a grease. 

[0038] On the other hand, in OA machines, especially in 
copying machines or the like, since color ?ne particles 
(toner) consisting of a thermoplastic resin and a coloring 
agent is fused by heating and then ?xed on a paper by 
pressure, a heater is inserted into the axis of a roller, and 
therefore the temperature of the rolling bearing of a bearing 
portion sometimes rises to 140° C. to 200° C., depending on 
the models. Therefore, for such rolling bearings, a grease 
having excellent heat resistance should be used. 

[0039] Moreover, as described above, since the inner and 
outer rings of a rolling bearing become isolated by the oil 
?lm of a lubricant, static electricity generates by rotation. 
Since the radiation noise has adverse effects such as distor 
tion on the copying screen of a copying machine, as 
described, for example, in Japanese Patent Publication No. 
63-24038, there is taken a countermeasure of charging a 
grease With electric conductivity in a rolling bearing to 
electrify the portion betWeen inner and outer rings, thereby 
eliminating static electricity. 

[0040] For example, a ?uoro grease comprising polytet 
ra?uoroethylene (PTFE) as a thickener and a per?uoropoly 
ether oil (PFPE oil) as a base oil has excellent heat resis 
tance, and so a rolling bearing ?lled With this ?uoro grease 
can be used under high-temperature conditions of 180° C. or 
higher. 
[0041] HoWever, since it is difficult to add additives that 
can be mixed into common greases into the above described 
?uoro greases, these greases are likely to have poor lubri 
cating ability, rust protection and a metallic corrosion pre 
venting property. Moreover, the ?uoro greases have another 
disadvantage in that these greases are more expensive than 
synthetic oil type greases by approximately 5 to 20 times. 

[0042] Japanese Patent Laid-Open No. 11-181465 
describes a grease composition, heat resistance of Which is 
improved by blending a ?uoro oil With a urea grease. 
HoWever, since a mineral oil or synthetic oil that is a base 
oil of the urea grease has a poor affinity for a ?uoro oil, the 
above grease composition has a high oil separation percent 
age, and therefore there is a disadvantage that the use of this 
grease composition is inappropriate for a bearing used in 
components Which rotate at a high speed. 
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[0043] Thus, it is a ?fth object of the present invention to 
solve the above described problems of the prior art tech 
niques and to provide a grease composition having excellent 
lubricating ability and electric conductivity. Moreover, it is 
also the ?fth object of the present invention to provide a 
rolling apparatus, Which has excellent electric conductivity 
and is long-lived under high-temperature conditions. 

[0044] (6) As stated above, grease composition are clas 
si?ed into the folloWing 4 types according to the types of a 
thickener: 

[0045] a metallic soap grease comprising a metal 
lic soap such as Li, Ca, Na or A1; 

[0046] (ii) a complex metallic soap grease compris 
ing a complex metallic soap such as Li, Ca, Na and 
A1; 

[0047] (iii) an organic grease comprising an organic 
compound (an organic thickener) such as polyurea, a 
terephthalamic acid metal salt or a calcium sulfonate 
complex; and 

0048 iv an inor anic rease com risin an inor g g P g 
ganic compound (an inorganic thickener) such as 
bentonite or silica gel. 

[0049] HoWever, as described in the “Lubrication Control 
Manual Book” edited by the Japan Lubricating Oil Society 
and the Lubrication Control Diffusion Task Force (the 
Japanese Lubricating Oil Society, published Mar. 20, 1990) 
and “A Brief History of Lubricating Greases” Written by 
Arthur T. Polishuk (LleWellyn & McKane, Inc., published 
1998), it has previously been thought that, When different 
types of grease compositions are mixed, the properties of the 
grease compositions are altered and deteriorated in many 
cases. This deterioration naturally occurs When 2 types from 
among the above 4 types of grease compositions are mixed, 
but it could also occur When 2 types of metallic soap greases 
are mixed, in Which the type of metals is different. 

[0050] When a signi?cant deterioration occurs in a grease, 
the grease structure is destroyed, signi?cant softening of the 
grease or decrease of the dropping point occurs, and the 
grease is lique?ed at times. Moreover, there are also cases 
Where additives Which are added to a grease composition, 
act on one another and reduce the performance of the grease 
composition. For these reasons, it has generally been 
believed that the mixing of grease compositions should be 
prevented as much as possible. 

[0051] Grease compositions used in rolling apparatuses 
such as a rolling bearing, a ball screW, a linear guide 
apparatus and a linear bearing are required to have various 
performances such as lubricating performance, load carrying 
capacity, heat resistance, Water resistance, loW torque and 
feW dusts generating property. To obtain such a grease 
component having many excellent performances, a method 
for mixing grease components each having one of the above 
performances is considered to be effective. HoWever, prob 
ably because it has generally been believed that the mixing 
of grease components comprising different types of thick 
ener is not good, the above method has seldom been used. 

[0052] A feW examples include Japanese Patent Publica 
tion No. 6-31375 disclosing the combined use of an N-sub 
stituted terephthalamic acid metal salt and polyurea, Japa 
nese Patent Laid-Open No. 7-268370 (& US. Pat. No. 
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5,948,737A) disclosing the combined use of a hydrogen 
addition grease and a ?uoro grease or ?uoro oil, and 
Japanese Patent Laid-Open No. 2001-3074 disclosing the 
combined use of a sodium soap and a lithium soap. 

[0053] Although tWo types of thickener are used in com 
bination, if the excellent performances of both thickener 
consist With each other, the above described grease compo 
nent having many excellent performances can be obtained. 
Thus, the present invention adopts a method involving the 
combined use of tWo different types of thickener to achieve 
the above described ?rst to ?fth objects. 

DETAILED DESCRIPTION OF CERTAIN 
EMBODIMENTS 

[0054] (1) The grease composition of the present invention 
is a grease composition in Which tWo different types of 
thickeners are used in combination, and the grease compo 
sition of the present invention has many excellent perfor 
mances. A large number of combinations of tWo types of 
thickeners can be conceived, but in the present invention, as 
a ?rst thickener, a ?uoro resin is used. That is to say, the 
grease composition of the present invention is a grease 
composition comprising a base oil and a thickener, Wherein 
the above thickener consists of a ?uoro resin and a second 
thickener component. 

[0055] As described later, as the second thickener com 
ponent, a metallic soap, a complex metallic soap, an N-sub 
stituted terephthalarnic acid metal salt, organic bentonite, a 
calcium sulfonate complex or carbon black is used. 

[0056] It should be noted that a different type of a third 
thickener may also be used in combination to such an extent 
that it does not impair the purpose of the present invention. 

[0057] (2) To achieve the above ?rst object, the present 
invention has the folloWing features. That is to say, the 
grease composition of the present invention comprises a 
metallic soap as the above second thickener component. 

[0058] Since this grease composition comprises both a 
?uoro resin and a metallic soap as a thickener, it hardly 
disperses and has excellent high-temperature performance. 
Moreover, this grease composition imparts excellent acous 
tic performance and torque performance to a rolling appa 
ratus in Which the grease composition is enclosed. 

[0059] The above thickener preferably comprises 10 to 
80% by mass of the ?uoro resin and 90 to 20% by mass of 
the metallic soap. 

[0060] If the composition of the thickener is out of the 
above range, there is a risk that the grease composition 
might generate an increased amount of dusts or have insuf 
?cient high-temperature performance. Moreover, there is 
also another risk that When the grease composition is 
charged in a rolling apparatus, the acoustic performance of 
the rolling apparatus might decrease, or torque might 
increase. 

[0061] In order to decrease the amount of dusts generated 
from the grease composition and to enhance the high 
temperature performance so as to enhance the acoustic 
performance and torque performance of a rolling apparatus 
in Which the grease composition is enclosed, the thickener 
more preferably comprises 20 to 70% by mass of the ?uoro 
resin and 80 to 30% by mass of the metallic soap. 
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[0062] Furthermore, the content of the above described 
thickener is preferably 10 to 33% by mass based on the total 
mass of the composition. 

[0063] If the content of the thickener is less than 10% by 
mass, the grease composition becomes too soft and thereby 
the amount of dust generated increases, and if the content is 
more than 33% by mass, the grease composition gets so 
hardened that it becomes dif?cult for the grease composition 
to exert suf?cient lubricating ability, resulting in a risk of 
decreasing acoustic durability. Taking into consideration the 
amount of dusts generated, acoustic durability and Worked 
penetration, the content of the thickener is more preferably 
15 to 30% by mass based on the total mass of the compo 
sition. 

[0064] The above base oil preferably comprises 20 to 70% 
by mass of a per?uoropolyether oil and 80 to 30% by mass 
of at least one of either a mineral oil or synthetic oil. 

[0065] Since the grease composition of the present inven 
tion comprises the per?uoropolyether oil as a base oil and 
the ?uoro resin as a thickener, it has excellent high-tem 
perature performance. Accordingly, a rolling apparatus in 
Which the grease composition of the present invention is 
enclosed is long-lived under high-temperature conditions. 
Moreover, since the viscosity of the base oil of the grease 
composition is controlled at loW, the grease composition is 
also excellent in loW-temperature ?oW property. 

[0066] The grease composition described in Examples 1 to 
4 of Japanese Patent Laid-Open No. 7-268370 contains a 
small amount of ?uoro oil, the same high-temperature 
performance as in the present invention cannot be obtained. 

[0067] Moreover, since the grease composition of the 
present invention comprises, as a base oil, at least one of 
either the mineral oil or synthetic oil, various additives can 
be added thereto, thereby imparting various performances 
such as lubricating ability, rust protection and a metallic 
corrosion preventing property to the grease composition. 
Furthermore, since the grease composition comprises, as a 
base oil, at least one of either the mineral oil or synthetic oil, 
the grease composition of the present invention is loW 
priced When compared With the conventional grease com 
positions comprising a silicone oil or ?uoro oil as a base oil. 

[0068] If the content of at least one of either the mineral 
oil or synthetic oil is less than 30% by mass, there is a risk 
of not obtaining suf?cient additive effects When additives are 
added to the grease composition. Moreover, When the con 
tent of at least one of either the mineral oil or synthetic oil 
is less than 30% by mass, the content of the per?uoropoly 
ether oil exceeds 70% by mass, and the grease composition 
thereby becomes expensive. In contrast, if the content of at 
least one of either the mineral oil or synthetic oil exceeds 
80% by mass and that of the per?uoropolyether oil is less 
than 20% by mass, the grease composition has insuf?cient 
high-temperature performance. 

[0069] Moreover, it is preferable that the above per?uo 
ropolyether oil has a kinematic viscosity at 40° C. of 20 to 
400 mm2/s, and at least one of either the above mineral oil 
or synthetic oil has a kinematic viscosity at 40° C. of 50 to 
500 mm2/s. 

[0070] If the kinematic viscosity at 40° C. of each of the 
above compounds exceeds the above upper limit, there is a 
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risk that the loW-temperature ?oW property of the grease 
composition might be insuf?cient and that abnormal sounds 
might be generated When the rolling apparatus is activated at 
a loW temperature. To the contrary, if the kinematic viscosity 
of each of the above compounds is less than the above loWer 
limit, it is not appropriate in terms of evaporation loss or 
lubricating ability. That is, if the viscosity of a base oil is too 
loW, it becomes dif?cult to form lubricating oil ?lm Which is 
enough to prevent metallic contact betWeen the raceWay 
surface and the rolling elements When the bearing is rotated 
at a high temperature. 

[0071] In order to reduce this problem Wherever possible, 
it is more preferable that the above per?uoropolyether oil 
has a kinematic viscosity at 40° C. of 30 to 200 mm2/s, and 
at least one of either the above mineral oil or synthetic oil 
has a kinematic viscosity at 40° C. of 70 to 400 mm2/s. 

[0072] Furthermore, it is preferable that the grease com 
position of the present invention has a Worked penetration of 
190 to 250. 

[0073] In order to suppress dusts generated from a rolling 
apparatus in Which the grease composition is enclosed, it is 
preferable to harden the grease composition. HoWever, if the 
grease composition is too hard, the How property in the 
rolling apparatus decreases, resulting in insuf?cient lubrica 
tion and then ready generation of abnormal sounds from a 
cage. Therefore, the Worked penetration of the grease com 
position is preferably 190 to 250. If the Worked penetration 
is less than 190, the grease composition is so hard that the 
rolling apparatus ?lled With the grease composition has 
decreased acoustic and torque performances. If the Worked 
penetration exceeds 250, the amount of dusts generated from 
the rolling apparatus increases. 

[0074] Still further, the rolling apparatus of the present 
invention directed toWards achieving the above ?rst object is 
a rolling apparatus comprising an inner member having a 
raceWay surface on the outer surface; an outer member 
Which has a raceWay surface opposed to the raceWay surface 
of the inner member and is disposed outside of the inner 
member; and a plurality of rolling elements Which are 
disposed betWeen the tWo raceWay surfaces so as to ?exibly 
roll therebetWeen, Wherein a space, Which is formed 
betWeen the inner member and the outer member and in 
Which the rolling elements are disposed, is ?lled With the 
above described grease composition comprising a metallic 
soap as the second thickener component. 

[0075] Since the rolling apparatus With the above con?gu 
ration is ?lled With a grease composition comprising both a 
?uoro resin and a metallic soap as thickeners, the rolling 
apparatus has loW torque and excellent acoustic perfor 
mance, generating a small amount of dusts. 

[0076] Moreover, a grease composition comprising a com 
plex metallic soap as the above second thickener component 
can also achieve the above ?rst object. That is to say, the 
grease composition of the present invention comprises a 
complex metallic soap as the above second thickener com 
ponent. 

[0077] Since this grease composition comprises both a 
?uoro resin and a complex metallic soap as thickeners, it 
hardly disperses and has excellent high-temperature perfor 
mance. Moreover, this grease composition imparts excellent 
acoustic performance and torque performance to a rolling 
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apparatus in Which the grease composition is enclosed. The 
grease composition comprising the complex metallic soap as 
the second thickener component has high-temperature per 
formance more excellent than the grease composition com 
prising the metallic soap as the second thickener component. 
HoWever, regarding acoustic performance, the grease com 
position comprising the metallic soap as the second thick 
ener component is more excellent than the grease compo 
sition comprising the complex metallic soap as the second 
thickener component. 

[0078] Moreover, a rolling apparatus ?lled With this grease 
composition can achieve the above ?rst object. That is to 
say, the rolling apparatus of the present invention comprises 
an inner member having a raceWay surface on the outer 
surface; an outer member Which has a raceWay surface 
opposed to the raceWay surface of the inner member and is 
disposed outside of the inner member; and a plurality of 
rolling elements Which are disposed betWeen the tWo race 
Way surfaces so as to ?exibly roll therebetWeen, Wherein a 
space, Which is formed betWeen the inner member and the 
outer member and in Which the rolling elements are dis 
posed, is ?lled With the above described grease composition 
comprising a complex metallic soap as the second thickener 
component. 

[0079] (3) To achieve the above second object, the present 
invention has the folloWing features. That is to say, the 
grease composition of the present invention comprises an 
N-substituted terephthalamic acid metal salt as the above 
second thickener component. 

[0080] The above base oil preferably comprises a per?uo 
ropolyether oil and at least one of either a mineral oil or 
synthetic oil. 

[0081] Since the grease composition of the present inven 
tion comprises the per?uoropolyether oil as a base oil and a 
?uoro resin as a thickener, it has excellent heat resistance. 
Moreover, since the viscosity of the base oil is controlled at 
loW, the grease composition is also excellent in loW-tem 
perature ?oW property. Furthermore, since the grease com 
position comprises, as a base oil, at least one of either the 
mineral oil or synthetic oil, various additives can be added 
thereto. Accordingly, the grease composition of the present 
invention is excellent in lubricating ability, rust protection 
and a metallic corrosion preventing property. 

[0082] Further, since the grease composition comprises at 
least one of either the mineral oil or synthetic oil as a base 
oil, and the N-substituted terephthalamic acid metal salt as 
a thickener, the grease composition of the present invention 
is loW-priced When compared With ?uoro greases. 

[0083] Still further, the above thickener preferably com 
prises 40 to 80% by mass of the ?uoro resin and 60 to 20% 
by mass of the N-substituted terephthalamic acid metal salt. 

[0084] When the content of the N-substituted terephtha 
lamic acid metal salt is less than 20% by mass and the 
content of the ?uoro resin exceeds 80% by mass, it results 
in the high cost of the grease composition. To the contrary, 
When the content of the N-substituted terephthalamic acid 
metal salt exceeds 60% by mass and the content of the ?uoro 
resin is less than 40% by mass, the heat resistance of the 
grease composition is insuf?cient. In order to reduce this 
problem Wherever possible, it is more preferable that the 
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thickener comprises 50 to 70% by mass of the ?uoro resin 
and 50 to 30% by mass of the N-substituted terephthalamic 
acid metal salt. 

[0085] Moreover, the above base oil preferably comprises 
10 to 90% by mass of the per?uoropolyether oil and 90 to 
10% by mass of at least one of either the mineral oil or 
synthetic oil. 

[0086] If the content of at least one of either the mineral 
oil or synthetic oil is less than 10% by mass, suf?cient 
additive effects cannot be obtained When additives are added 
to the grease composition. If the content of at least one of 
either the mineral oil or synthetic oil is less than 10% by 
mass, the content of the per?uoropolyether oil exceeds 90% 
by mass, thereby resulting in the high cost of the grease 
composition. To the contrary, if the content of at least one of 
either the mineral oil or synthetic oil exceeds 90% by mass 
and the content of the per?uoropolyether oil is less than 10% 
by mass, the heat resistance of the grease composition is 
insufficient. 

[0087] Moreover, the content of the above thickener is 
preferably 5 to 40% by mass based on the total mass of the 
composition. 
[0088] If the content is less than 5% by mass, it becomes 
dif?cult to maintain a grease state, but if the content exceeds 
40% by mass, the grease composition gets so hardened that 
it becomes dif?cult for the grease composition to exert 
suf?cient lubricating ability. 

[0089] Furthermore, it is preferable that the above per 
?uoropolyether oil has a kinematic viscosity at 40° C. of 20 
to 400 mm2/s, and at least one of either the above mineral 
oil or synthetic oil has a kinematic viscosity at 40° C. of 20 
to 400 mm2/s. 

[0090] If the kinematic viscosity at 40° C. of each of the 
above compounds exceeds 400 mm2/s, oil ?lm gets rela 
tively thick and torque becomes large in a rolling apparatus 
?lled With the grease composition of the present invention. 
Further, there is a risk that the loW-temperature ?oW prop 
erty of the grease composition might be insuf?cient and that 
abnormal sounds might be generated When the rolling appa 
ratus is activated at a loW temperature. HoWever, if the 
kinematic viscosity of each of the above compounds is less 
than 20 mm2/s, it is not appropriate in terms of evaporation 
loss or lubricating ability. That is, if the viscosity of the base 
oil is too loW, it becomes dif?cult to form lubricating oil ?lm 
Which is enough to prevent metallic contact betWeen the 
raceWay surface and the rolling elements When the bearing 
is rotated at a high temperature. 

[0091] In order to reduce this problem Wherever possible, 
it is more preferable that the kinematic viscosity at 40° C. of 
both parties is set at 30 to 200 mm2/s. 

[0092] Furthermore, the grease composition of the present 
invention comprises additives, and the content of the addi 
tives is preferably 20% or less by mass based on the total 
mass of the composition. 

[0093] Further, the rolling apparatus of the present inven 
tion directed toWards achieving the above second object is a 
rolling apparatus comprising an inner member having a 
raceWay surface on the outer surface; an outer member 
Which has a raceWay surface opposed to the raceWay surface 
of the inner member and is disposed outside of the inner 
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member; and a plurality of rolling elements Which are 
disposed between the tWo raceway surfaces so as to ?exibly 
roll therebetWeen, Wherein a space, Which is formed 
betWeen the inner member and the outer member and in 
Which the rolling elements are disposed, is ?lled With the 
above described grease composition comprising an N-sub 
stituted terephthalamic acid metal salt as the second thick 
ener component. 

[0094] Since the rolling apparatus With the above con?gu 
ration is ?lled With a grease composition comprising both a 
?uoro resin and an N-substituted terephthalamic acid metal 
salt as thickeners, it is long-lived under high-temperature 
conditions. 

[0095] This rolling apparatus, especially a rolling bearing, 
can preferably be used in car electrical components, auxil 
iary equipment for car engine, or business machines used 
under high-speed and/or high-temperature environment. 

[0096] (4) To achieve the above third object, the present 
invention has the folloWing features. That is to say, the 
grease composition of the present invention comprises 
organic bentonite as the above second thickener component. 

[0097] Since this grease composition comprises the mix 
ture of a ?uoro resin and organic bentonite as a thickener, it 
has excellent rust protection, extreme-pressure property, 
Water resistance and lubricating life. 

[0098] The above thickener preferably comprises 5 to 95 % 
by mass of the ?uoro resin and 95 to 5% by mass of the 
organic bentonite. 

[0099] If the composition of the thickener is out of the 
above range, there is a risk that the rust protection or 
lubricating life of the grease composition might become 
insuf?cient. To ensure suf?cient rust protection or lubricat 
ing life, it is more preferable that the thickener comprises 10 
to 90% by mass of the ?uoro resin and 90 to 10% by mass 
of the organic bentonite. Since the grease composition 
described in Examples 5 and 6 of Japanese Patent Laid 
Open No. 7-268370 does not contain a ?uoro resin, the same 
rust protection or lubricating life as in the present invention 
cannot be obtained. 

[0100] The content of the above thickener is preferably 3 
to 40% by mass based on the total mass of the composition. 

[0101] If the content is less than 3% by mass, it becomes 
dif?cult to maintain a grease structure, but if the content 
exceeds 40% by mass, the grease composition gets so 
hardened that it becomes dif?cult for the grease composition 
to exert suf?cient lubricating ability. 

[0102] Moreover, the rolling apparatus of the present 
invention directed toWards achieving the above third object 
is a rolling apparatus comprising an inner member having a 
raceWay surface on the outer surface; an outer member 
Which has a raceWay surface opposed to the raceWay surface 
of the inner member and is disposed outside of the inner 
member; and a plurality of rolling elements Which are 
disposed betWeen the tWo raceWay surfaces so as to ?exibly 
roll therebetWeen, Wherein a space, Which is formed 
betWeen the inner member and the outer member and in 
Which the rolling elements are disposed, is ?lled With the 
above described grease composition comprising organic 
bentonite as the second thickener component. 
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[0103] The rolling apparatus With this con?guration is 
long-lived, although it is used under stringent conditions. 

[0104] (5) To achieve the above fourth object, the present 
invention has the folloWing features. That is to say, the 
grease composition of the present invention comprises a 
calcium sulfonate complex as the above second thickener 
component. 

[0105] Since this grease composition comprises both the 
?uoro resin and the calcium sulfonate complex as thicken 
ers, it has excellent heat resistance, lubricating ability and 
rust protection. 

[0106] The above thickener preferably comprises 5 to 95% 
by mass of the ?uoro resin and 95 to 5% by mass of the 
calcium sulfonate complex. 

[0107] If the composition of the thickener is out of the 
above range, there is a risk that the heat resistance, lubri 
cating ability and rust protection of the grease composition 
might become insufficient. In order to reduce this problem 
Wherever possible, it is more preferable that the above 
thickener comprises 10 to 90% by mass of the ?uoro resin 
and 90 to 10% by mass of the calcium sulfonate complex. 

[0108] Moreover, the content of the above thickener is 
preferably 10 to 40% by mass based on the total mass of the 
composition. If the content is less than 10% by mass, it 
becomes difficult to maintain a grease state, but if the content 
exceeds 40% by mass, the grease composition gets so 
hardened that it becomes dif?cult for the grease composition 
to exert suf?cient lubricating ability. 

[0109] Furthermore, the above base oil has a kinematic 
viscosity at 100° C. of preferably 3 to 60 mm2/s, and more 
preferably 5 to 40 mm2/s. 

[0110] Still further, the rolling apparatus of the present 
invention directed toWards achieving the above fourth object 
is a rolling apparatus comprising an inner member having a 
raceWay surface on the outer surface; an outer member 
Which has a raceWay surface opposed to the raceWay surface 
of the inner member and is disposed outside of the inner 
member; and a plurality of rolling elements Which are 
disposed betWeen the tWo raceWay surfaces so as to ?exibly 
roll therebetWeen, Wherein a space, Which is formed 
betWeen the inner member and the outer member and in 
Which the rolling elements are disposed, is ?lled With the 
above described grease composition comprising a calcium 
sulfonate complex as the second thickener component. 

[0111] The rolling apparatus With this con?guration has 
heat resistance so that it can be used under high-temperature 
environment over 180° C., and the rolling apparatus also has 
excellent load carrying capacity, durability and rust protec 
tion. Among rolling apparatuses, a rolling bearing compris 
ing a plurality of rolling elements Which are disposed 
betWeen an inner ring and an outer ring so as to ?exibly roll 
therebetWeen is particularly preferable. 

[0112] (6) To achieve the above ?fth object, the present 
invention has the folloWing features. That is to say, the 
grease composition of the present invention comprises car 
bon black as the above second thickener component. 

[0113] The above base oil preferably comprises a per?uo 
ropolyether oil and at least one of either a mineral oil or 
synthetic oil. 
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[0114] Since the grease composition of the present inven 
tion comprises the per?uoropolyether oil as a base oil and 
the ?uoro resin as a thickener, it has excellent heat resis 
tance. Moreover, since the viscosity of the base oil of the 
grease composition is controlled at loW, the grease compo 
sition is also excellent in loW-temperature ?oW property. 

[0115] Moreover, since the grease composition of the 
present invention comprises carbon black as a thickener, it 
has excellent electric conductivity. 

[0116] Furthermore, since the grease composition com 
prises, as a base oil, at least one of either the mineral oil or 
synthetic oil, various additives can be added thereto, and the 
grease composition is thereby excellent in various perfor 
mances such as lubricating ability, rust protection and a 
metallic corrosion preventing property. 

[0117] Still further, since the grease composition com 
prises at least one of either the mineral oil or synthetic oil as 
a base oil and carbon black as a thickener, the above grease 
composition is loW-priced When compared With the conven 
tional ?uoro greases. 

[0118] The above thickener of the grease composition of 
the present invention preferably comprises 40 to 80% by 
mass of the ?uoro resin and 60 to 20% by mass of the carbon 
black. If the content of the carbon black is less than 20% by 
mass, the electric conductivity becomes insuf?cient. When 
the content of the carbon black is less than 20% by mass, the 
content of the ?uoro resin exceeds 80% by mass, resulting 
in the high cost of the grease composition. To the contrary, 
if the content of the carbon black exceeds 60% by mass and 
the content of the ?uoro resin is less than 40% by mass, the 
heat resistance of the grease composition becomes insuffi 
cient. In order to reduce this problem Wherever possible, it 
is more preferable that the thickener comprises 50 to 70% by 
mass of the ?uoro resin and 50 to 30% by mass of the carbon 
black. 

[0119] Moreover, the content of the above thickener is 
preferably 5 to 40% by mass based on the total mass of the 
composition. If the content is less than 5% by mass, it 
becomes dif?cult to maintain a grease state, but if the content 
exceeds 40% by mass, the grease composition gets so 
hardened that it becomes dif?cult for the grease composition 
to exert suf?cient lubricating ability. 

[0120] Furthermore, the above base oil of the grease 
composition of the present invention preferably comprises 
10 to 90% by mass of the per?uoropolyether oil and 90 to 
10% by mass of at least one of either the mineral oil or 
synthetic oil. 

[0121] If the content of at least one of either the mineral 
oil or synthetic oil is less than 10% by mass, the carbon 
black easily coagulates and so it does not become a grease 
state, and further, suf?cient additive effects cannot be 
obtained When additives are added to the grease composi 
tion. Moreover, When the content of at least one of either the 
mineral oil or synthetic oil is less than 10% by mass, the 
content of the per?uoropolyether oil exceeds 90% by mass, 
and the grease composition thereby becomes expensive. In 
contrast, if the content of at least one of either the mineral 
oil or synthetic oil exceeds 90% by mass and that of the 
per?uoropolyether oil is less than 10% by mass, the grease 
composition has insufficient heat resistance. 

Oct. 6, 2005 

[0122] Furthermore, it is preferable that the above per 
?uoropolyether oil has a kinematic viscosity at 40° C. of 20 
to 400 mm2/s, and at least one of either the above mineral 
oil or synthetic oil has a kinematic viscosity at 40° C. of 20 
to 400 mm2/s. If the kinematic viscosity at 40° C. of each of 
both types of the above oils exceeds 400 mm2/s, oil ?lm gets 
relatively thick and electric resistance value increases in the 
rolling apparatus supplied With the grease composition of 
the present invention. Further, there is a risk that the 
loW-temperature ?oW property of the grease composition 
might become insuf?cient and that abnormal sounds might 
be generated When the rolling apparatus is activated at a loW 
temperature. 

[0123] HoWever, if the kinematic viscosity of each of the 
above compounds is less than 20 mm2/s, it is not appropriate 
in terms of evaporation loss or lubricating ability. That is, if 
the viscosity of the base oil is too loW, it becomes difficult 
to form lubricating oil ?lm Which is enough to prevent 
metallic contact betWeen the raceWay surface and the rolling 
elements When the bearing is rotated at a high temperature. 

[0124] In order to reduce this problem Wherever possible, 
it is more preferable that the kinematic viscosity at 40° C. of 
both base oils is set at 30 to 200 mm2/s. 

[0125] Moreover, it is preferable to set the DBP oil absorp 
tion of the above carbon black at 100 ml/100 g or more, the 
primary particle siZe at 100 nm or shorter, and the speci?c 
surface area at 50 m2/g or larger. 

[0126] Furthermore, the grease composition of the present 
invention comprises additives, and the content of the addi 
tives is preferably 20% or less by mass based on the total 
mass of the composition. 

[0127] Still further, the rolling apparatus of the present 
invention directed toWards achieving the above ?fth object 
is a rolling apparatus comprising an inner member having a 
raceWay surface on the outer surface; an outer member 
Which has a raceWay surface opposed to the raceWay surface 
of the inner member and is disposed outside of the inner 
member; and a plurality of rolling elements Which are 
disposed betWeen the tWo raceWay surfaces so as to ?exibly 
roll therebetWeen, Wherein a space, Which is formed 
betWeen the inner member and the outer member and in 
Which the rolling elements are disposed, is ?lled With the 
above described grease composition comprising carbon 
black as the second thickener component. 

[0128] Since the rolling apparatus With this con?guration 
is ?lled With the grease composition comprising both the 
?uoro resin and the carbon black as thickeners, it has 
excellent electric conductivity and is long lived under high 
temperature conditions. 

[0129] This rolling apparatus, especially a rolling bearing, 
can preferably be used in car electrical components such as 
alternators and electromagnetic clutches, or auxiliary equip 
ment for car engine such as idler pulleys. Moreover, it can 
preferably be used also for business machines such as 
copying machines and printers. 

[0130] (7) Examples of the rolling apparatus of the present 
invention directed toWards achieving the above described 
?rst to ?fth object includes various apparatuses such as 
rolling bearings, ball screWs, linear guide apparatuses and 
linear bearings. 
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[0131] The term “inner member” for the rolling apparatus 
of the present invention is used to mean a bearing inner ring 
When the rolling apparatus is a rolling bearing. Likewise, the 
term “inner member” is used to mean a screW shaft When the 

rolling apparatus is a ball screW, a guide rail When it is a 
linear guide apparatus, and a shaft When it is a linear bearing, 
respectively. The term “outer member” is used herein to 
mean a bearing outer ring When the rolling apparatus is a 
rolling bearing. Likewise, the term “outer member” is herein 
used to mean a nut When the rolling apparatus is a ball screW, 
a slider When it is a linear guide apparatus, and an outer 
casing When it is a linear bearing, respectively. 

[0132] (8) Each of the components of the grease compo 
sition of the present invention Will be explained beloW. 

[0133] Fluoro Resin: 

[0134] The type of the ?uoro resin used as a thickener in 
the present invention is not particularly limited, and pre 
ferred examples include polytetra?uoroethylene (PTFE); a 
copolymer of tetra?uoroethylene and another ethylene 
unsaturated hydrocarbon monomer, the entire or a part of 
Which is ?uorinated (hereinafter referred to as a tetra?uo 
roethylene copolymer); and others. 

[0135] Examples of the tetra?uoroethylene copolymer 
include the folloWing (1) to (4): 

[0136] 1) Denatured polytetra?uoroethylene obtained by 
copolymeriZing one or more types of comonomers selected 

from a group consisting of per?uoroalkyl-tri?uoroethylene 
ether, vinylidene ?uoride, hexa?uoroisobutene, chlorotrif 
luoroethylene and per?uoroalkylethylenes (e.g.per?uoro 
propene, etc.) With PTFE at a ratio of 0.01 to 3 mole %, and 
preferably 0.05 to 0.5 mole %. 

[0137] (2) A tetra?uoroethylene (TFE) thermoplastic 
copolymer obtained by copolymeriZing at least one type of 
per?uoroalkylvinyl ether (Wherein the per?uoroalkyl group 
contains 1 to 6 carbon atoms) With TFE at a ratio of 0.5 to 
8 mole %. Examples of such a copolymer include a copoly 
mer of per?uoropropylvinyl ether and TFE, a copolymer of 
per?uoromethylvinyl ether and TFE, a copolymer of per 
?uoroethylvinyl ether and TFE, and others. 

[0138] (3) A TFE thermoplastic copolymer obtained by 
copolymeriZing per?uoro ole?n containing 3 to 8 carbon 
atoms With TFE at a ratio of 2 to 20 mole %. Examples of 
such a copolymer include a copolymer of hexa?uoropropene 
and TFE, and the like. Other comonomers having a tri?uo 
roethylene ether structure may also be copolymeriZed With 
this copolymer, if the ratio is less than 5 mole %. 

[0139] (4) A TFE thermoplastic copolymer obtained by 
copolymeriZing per?uoromethylvinyl ether (0.5 to 13 mole 
%) With one or more types of monomers of ?uoride repre 
sented by the folloWing formulas (I) to (III): 

(I) 

(II) 
RF— CH : CH2 
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(III) 

(|:F— (|:—OR 
O ,0 
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[0140] Wherein R in formula (III) is a per?uoroalkyl 
group containing 1 to 5 carbon atoms and it is 
preferably CF3. Each of X1 and X2 is independently 
a per?uoroalkyl group containing 1 to 3 carbon 
atoms or F, and it is preferably CF3. 

[0141] Moreover, RF in Formulas (I) and (II) is at least 
one of the folloWing (i), (ii) and (iii): 

[0142] a per?uoroalkyl group containing 2 to 12 
carbon atoms, 

[0143] (ii) a compound having a chemical structure 
represented by the folloWing formula (IV), Wherein r in 
the formula (IV) is an integer of 1 to 4, and r‘ is an 
integer of 0 to 3: 

aencwcmoxeeexm (W) 

[0144] (iii) a compound having a chemical structure 
represented by the folloWing formula (V): 

[0145] Wherein structural units (OCFX) and (OCF2 
CFY) in formula (V) are statistically distributed 
along a chain. T is a per?uoroalkyl group containing 
1 to 3 carbon atoms, and it arbitrarily has one H or 
Cl. X and Y is F or CF3, and Z is —CFX— or —CF2 
CFY—. Further, each of q and q‘ is an integer of 0 
to 10, and the values are identical With or different 
from each other, Wherein the number average 
molecular Weight of the monomer of a ?uoride is 200 
to 2,000. 

[0146] In (1), (2), (3) and (4) above, the preferred ranges 
of the value of the molecular formulas, copolymeriZation 
ratio and number average molecular Weight are de?ned as 
above described. If these values are less than the loWer limit 
of the above range, thickening ability sufficient to convert 
the grease composition into a grease state is not imparted to 
the tetra?uoroethylene copolymer. In contrast, if these val 
ues are more than the upper limit of the above range, the 
grease composition gets so hardened that it becomes difficult 
for the grease composition to exert suf?cient lubricating 
ability. 
[0147] Speci?c examples of such a ?uoro resin include 
polytetra?uoroethylene (PTFE), per?uoroalkoxy alkane 
(PFA), a per?uoroethylene propene copolymer (PEEP), an 
ethylene-tetra?uoroethylene copolymer (FTFE), polyvi 
nylidene ?uoride (PVDF), a polychlorotri?uoroethylene 
per?uoro dioxol copolymer (ECTFE), a polytetra?uoroeth 
ylene-per?uoro dioxol copolymer (TFE/PDD), polyvinyl 
?uoride (PVE) and others. Of these, PTFE is the most 
preferable because of its excellent mass productivity. 

[0148] Metallic Soap and Complex Metallic Soap: 

[0149] An example of a metallic soap used as a thickener 
(second thickener component) together With a ?uoro resin in 
the present invention includes an aliphatic monobasic metal 






































