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GREASE COMPOSITION 

TECHNICAL FIELD 

The present invention relates to a grease composition Suit 
ably used for rolling bearings, especially those of the auto 
motive electrical equipment or automotive auxiliaries. 

BACKGROUND ART 

To satisfy the demands on cars for a smaller size and lighter 
weight on one hand and a larger living space on the other 
hand, the reduction of space for the engine room has been 
required, which leads to the reduction in size and weight of 
the automotive electrical equipment and the automotive aux 
iliaries in the engine room, Such as alternators, tension pulleys 
and the like. Also, in response to the demand for quietness, the 
engine room is closely sealed, so that the temperature in the 
operating environment will be high. In light of the above, the 
grease Suitable for the rolling bearings, especially for the 
rolling bearings of the automotive electrical equipment or 
automotive auxiliaries is required to be resistant to high tem 
peratures and have a long lubrication life. 

For the rolling bearings of the automotive electrical equip 
ment or automotive auxiliaries, alkyldiphenyl ethers (ADE) 
are conventionally used as base oil of the grease. A variety of 
ADE compounds with excellent heat resistance are proposed 
(JPSho50-73064A, JP Sho 50-73065A, JP Sho 55-73791A, 
JP 2007-39628A, WO 2005/040081A, WO 00/39061 A, and 
Masatsugu Kohno, “Practical applications and effects of phe 
nyl ether synthetic lubricating oils” Journal of economic 
maintenance tribology, vol. 417, pp. 18-23, Dec. 5, 2000, 
Lubrication Technology Inc. 
As mentioned above, however, further improvement in 

heat resistance and lubrication life of the grease composition 
used for the automotive electrical equipment or automotive 
auxiliaries is required in line with the recent tendency to 
reduce the size and weight of those mechanical members and 
seal them tightly. The conventional ADEs cannot meet those 
requirements. 

SUMMARY OF INVENTION 

Technical Problem 

An object of the invention is to provide a grease composi 
tion which is excellent in the heat resistance and the lubrica 
tion life. 

Solution to Problem 

After the inventors of the invention have intensively stud 
ied to achieve the above-mentioned object, it was found that 
a grease composition excellent in the heat resistance and the 
lubrication life can be obtained by using a particular alkyl 
diphenyl ether alone or in combination. The invention has 
been thus accomplished based on the findings. 

Namely, the invention provides a grease composition as 
shown below. 

1. A grease composition comprising a thickener and a base 
oil, wherein 

the thickener is a urea compound represented by the fol 
lowing formula (1): 

R" NHCONH R NHCONH R (1) 

wherein R is a bivalent aromatic hydrocarbon group having 
6 to 15 carbonatoms; and R' and R, which may be the same 
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2 
or different from each other, represent an alkyl group having 
8 to 22 carbon atoms, cyclohexyl group or an aryl group 
having 6 to 12 carbon atoms; and 

the base oil comprises at least one compound represented 
by the following formula (3): 

(3) 
N 
--(R7) 

21 
(R)- N4 

wherein RandR, which may be the same or different from 
each other, represent a branched alkyl group having 10 to 26 
carbon atoms, with the ratio of the number of moles of the 
alkyl groups represented by RandR where the carbonatom 
attached to the phenyl ring is a quaternary carbon atom being 
40 to 95 mol% with respect to the total number of moles of the 
above-mentioned branched alkyl groups; and mand n are real 
numbers of 0 or more so as to satisfy the condition of 1.0sm-- 
ns3.0. 

2. The grease composition described in the above-men 
tioned item 1, wherein the thickener is the urea compound of 
formula (1) where R is a bivalent aromatic hydrocarbon 
group having 6 to 15 carbonatoms, and RandR, which may 
be the same or different from each other, represent an alkyl 
group having 8 to 22 carbon atoms or cyclohexyl group. 

3. The grease composition described in the above-men 
tioned item 1, wherein the thickener is the urea compound of 
formula (1) where R is a bivalent aromatic hydrocarbon 
group having 6 to 15 carbonatoms, and RandR, which may 
be the same or different from each other, represent cyclohexyl 
group or an aryl group having 6 to 12 carbon atoms. 

4. The grease composition described in any one of the 
above-mentioned items 1 to 3, characterized in that the base 
oil comprises the compound represented by formula (3) 
which is obtainable by an addition reaction of a diphenyl ether 
with a branched C-olefin represented by formula (2): 

(2) 
R4 

Hic=t^ x-r 
R5 

(3) 
O 

N N 
(R'), H H(R'), 

21 21 

wherein RandR, which may be the same or different from 
each other, represent an alkyl group having 4 to 12 carbon 
atoms, and R. R. mandinare the same as those defined in the 
item 1. 

5. The grease composition described in any one of the 
above-mentioned items 1 to 3, characterized in that the base 
oil comprises the compound represented by formula (3) 
which is obtainable by an addition reaction of a diphenyl ether 
derivative represented by formula (4) with the branched 
C-olefin represented by formula (2): 
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O (4) 

-N (R')- 
2 

R4 (2) 
/ 

HCFC 
5 R 

O 
N N 

(R'),-H --(R) 
2 2 

wherein R and Rare the same as those defined in the above 
item 4, and R,R, mand nare the same as those defined in the 
item 1. 

6. The grease composition described in any one of the 
above-mentioned items 1 to 5, wherein the compound repre 
sented by formula (3) is contained in an amount of 20 to 95 
mass % based on the total mass of the grease composition. 

7. The grease composition described in any one of the 
above-mentioned items 1 to 6, which is used for rolling bear 
1ngS. 

(3) 

Effects of Invention 

The invention can provide a grease composition excellent 
in the heat resistance and the lubrication life. The grease 
composition of the invention also exhibits improved resis 
tance to oxidation. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is H-NMR spectrum of a model compound. 
FIG. 2 is GPC spectrum of ADE 1 prepared in the example. 
FIG. 3 is 'H-NMR spectrum of ADE1 prepared in the 

example. 
FIG. 4 is GPC spectrum of ADE2 prepared in the example. 
FIG. 5 is H-NMR spectrum of ADE2 prepared in the 

example. 
FIG. 6 is GPC spectrum of ADE3 prepared in the example. 
FIG. 7 is H-NMR spectrum of ADE3 prepared in the 

example. 

DESCRIPTION OF EMBODIMENTS 

Thickener 
The fluidity of grease in the bearing under the circum 

stances of high temperature varies depending on the kind of 
thickener contained in the grease, which largely has an effect 
on the bearing lubrication life. In order to allow the grease to 
extend the lubrication life, the grease is required to constantly 
stay at the part to be lubricated without softening or leaking. 
The thickener used in the invention is a diurea compound 
represented by the following formula (1): 

R" NHCONH R2 NHCONH R (1) 

wherein R is a bivalent aromatic hydrocarbon group having 
6 to 15 carbonatoms; and R' and R, which may be the same 
or different from each other, represent an alkyl group having 
8 to 22 carbon atoms, cyclohexyl group or an aryl group 
having 6 to 12 carbon atoms. 

Representative examples of the group represented by R 
include those of the following structural formulas. Of the 
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4 
groups shown below, the group where two phenylene groups 
are bonded to methylene group, which is in the middle of the 
row is most preferable. 

CH, \- 

CH3 

R" and Rare each an alkyl group having 8 to 22 carbon 
atoms, preferably a straight-chain alkyl group having 8 to 18 
carbon atoms. The straight-chain alkyl group having eight 
carbon atoms or 18 carbon atoms is most preferable. Of the 
aromatic hydrocarbon groups having 6 to 12 carbon atoms, 
the aromatic hydrocarbon group having seven carbon atoms 
is preferable, and p-tolyl group is more preferable. 
When one of R' or R is an alkyl group having 8 to 22 

carbon atoms, and the other is cyclohexyl group, the ratio of 
the number of moles of cyclohexyl group to the total number 
of moles of R and R may preferably be 60 to 95%, more 
preferably 70 to 90%. 

It is preferable that R' and R be a straight-chain alkyl 
group having eight carbonatoms, a straight-chain alkyl group 
having 18 carbon atoms, cyclohexyl group or p-tolyl group. 

In particular, it is preferable that both of R' and R repre 
sent a straight-chain alkyl group having eight carbon atoms; 
or R' and R be the same or different and represent a straight 
chain alkyl group having 18 carbon atoms or cyclohexyl 
group; or both of R' and R represent p-tolyl group. 
When R' and R, which is the same or different, represent 

a straight-chain alkyl group having 18 carbonatoms or cyclo 
hexyl group, the ratio of the number of moles of cyclohexyl 
group to the total number of moles of the alkyl group having 
18 carbon atoms and the cyclohexyl group may preferably be 
60 to 95%, more preferably 70 to 90%. 
The most preferable diurea compounds include a diurea 

compound synthesized from diphenylmethane diisocyanate 
and octylamine, a diurea compound synthesized from diphe 
nylmethane diisocyanate and a mixture of cyclohexylamine 
and Stearylamine (molar ratio of cyclohexylamine to Steary 
lamine: 5:1), and a diurea compound synthesized from diphe 
nylmethane diisocyanate and p-toluidine. 
The thickener may preferably be contained in an amount of 

5 to 25 mass %, more preferably 10 to 20 mass %, based on the 
total mass of the grease composition according to the inven 
tion. When the content of the thickener is less than 5 mass %, 
the soft grease will cause the leakage, so that the satisfactory 
lubrication life may not be obtained. On the other hand, when 
the content of thickener exceeds 25 mass %, the poor fluidity 
will make it difficult for the grease to penetrate into a part to 
be lubricated, which cannot achieve the sufficient lubrication 
life. 
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Base Oil 
The base oil used in the invention comprises at least one 

compound represented by the above-mentioned formula (3). 
In the formula (3), mand n are real numbers of 0 or more so 

as to satisfy the condition of 1.0sm--ns3.0, and may prefer 
ably be real numbers between 2.0 and 3.0. When m+n-1.0, 
the evaporation loss of base oil will be too large. When 
m+n-3.0, the viscosity and the pour point of the resultant base 
oil unfavorably becomes too high. The base oil used in the 
invention may comprise a monoalkylated diphenyl ether of 
formula (3) where m+n=1.0, which may be contained in an 
amount of about 0.1 mol %, but preferably 20 mol% or less, 
based on the total number of moles of the compounds repre 
sented by formula (3). 
Rand R', which may be the same or different from each 

other, represent a branched alkyl group having 10 to 26 car 
bonatoms, with the ratio of the number of moles of the alkyl 
groups represented by R and R7 where the carbon atom 
attached to the phenyl ring is a quaternary carbonatom (here 
inafter also referred to as “ratio of quaternary carbon simply) 
being 40 to 95 mol %, preferably 45 to 90 mol %, more 
preferably 50 to 80 mol%, and still more preferably 50 to 65 
mol %, with respect to the total number of moles of the 
above-mentioned branched alkyl groups. When the ratio of 
quaternary carbon is less than 40%, the heat resistance and the 
lubrication life under high temperatures may not be sufficient. 
The heat resistance and the lubrication life under high tem 
peratures will not be poor when the ratio of quaternary carbon 
exceeds 95%, but 95% is the limit of the current technology. 
The number of carbon atoms of RandR may preferably 

be from 16 to 20. When the number of carbon atoms is less 
than 10, evaporation loss of the base oil will disadvanta 
geously be too large. When the number of carbon atoms 
exceeds 26, the viscosity and the pour point of the resultant 
base oil will become extremely high. 
RandR may be bonded to the phenyl ring at any position. 

Examples of R and R' include 1-butyl-1-methylheptyl 
group, 1-methyl-1-pentyloctyl group, 1-hexyl-1-methyl 
nonyl group, 1-heptyl-1-methyldecyl group, 1-methyl-1-oc 
tylundecyl group, and 1-decyl-1-methyltridecyl group. Of the 
above groups, 1-methyl-1-octylundecyl group is preferred. 
As the compound represented by formula (3), a reaction 

product of diphenyl ether with 2-octyldodecene is particu 
larly preferred. 
The compound represented by formula (3) can be obtained 

by addition reaction between diphenyl ether and a branched 
C-olefin represented by formula (2): 

(2) 

wherein R* and R may be the same or different from each 
other and each represent a straight-chain or branched alkyl 
group having 4 to 12 carbon atoms. 

Also, the compound represented by formula (3) can be 
obtained by addition reaction between a diphenyl ether 
derivative represented by formula (4) and a branched C-olefin 
represented by formula (2): 
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(4) 
O 

N 

21 

wherein R. R. RandR, m and n are the same as those as 
previously defined. 

For example, the compound of formula (3) used in the 
invention can be obtained by a Friedel–Crafts reaction 
between diphenyl ether or the diphenyl ether derivative (4) 
and a branched C-olefin or alkyl chloride in the presence of 
aluminum chloride as a catalyst. It is possible to obtain an 
alkylated diphenyl ether predominantly comprising adducts 
of dialkyl or higher by distilling off the unreacted materials 
and low-boiling fractions such as monoalkylated diphenyl 
ether where one alkyl group is added, and the like. 

It is possible to determine the total number of added alkyl 
groups and the number of branched alkyl groups where the 
carbonatomattached to the phenyl ring is a quaternary carbon 
atom by following the calculations indicated below, based on 
the 'H-NMR spectrum of a model compound as shown in 
FIG 1. 

In FIG. 1, the chemical shifts a (6.5 to 7.3) indicate the 
peaks of hydrogen atoms of the phenyl ring. 
The chemical shifts b (2.8 to 3.3) and b (2.2 to 2.7) 

indicate the peaks of hydrogen atoms bonded to the carbon 
atoms attached to the phenyl ring. 
The chemical shifts c (0.5 to 1.9) indicate the peaks of 

hydrogen atoms of the alkyl groups. 
Based on the ratios of peak areas a,b,b and c obtained by 

integration, calculations are carried out in accordance with 
the following equations: 

The total number of added alkyl groups (m+n)=10(b+ 
b+c)/(average number of hydrogen atoms in 
alkyl group)a+b+b+c? 

The number of added quaternary alkyl groups (X)= 
(m+n)-(b+b)/2x (10-(m+n)) 

The base oil used in the invention may further comprise in 
addition to the above compound represented by formula (3) 
other base oil compounds typically used for the base oil of 
grease. 

Examples of other usable base oil components include 
ester-based synthetic oils such as diesters and polyol esters, 
synthetic hydrocarbon oils such as poly C-olefin, silicone 
synthetic oils, and fluorine-containing synthetic oils. In par 
ticular, the ester-based synthetic oils and synthetic hydrocar 
bon oils are preferable. Of the ester-based synthetic oils, 
preferably used are complex ester oils that are synthesized 
from a polyol (e.g., pentaerythritol), a monovalent fatty acid 
(e.g., a straight-chain or branched Saturated or unsaturated 
fatty acid having 6 to 22 carbon atoms, such as caprylic acid, 
nonanoic acid or the like) and a polybasic acid (e.g., a 
straight-chain or branched Saturated or unsaturated dibasic 
fatty acid having 3 to 10 carbon atoms, such as adipic acid or 
the like). Especially, complex ester oils synthesized from 
adipic acid, heptoic acid, caprylic acid, capric acid and pen 
taerythritol are preferably used. 
When the base oil used in the invention comprises other 

base oil components in addition to the compound represented 
by formula (3), the content of the compound represented by 
formula (3) may be preferably in the range of 10 to 80 mass %, 
and more preferably 20 to 60 mass %, based on the total mass 
of the base oil. In this case, the lubrication life can be extended 
and the torque at low temperatures can be improved. 
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The compound represented by formula (3) may be prefer 
ably contained in an amount of 20 to 95 mass %, and more 
preferably 40 to 90 mass %, based on the total mass of the 
grease composition according to the invention. This can lead 
to excellent lubrication life. 

The kinematic viscosity of the base oil at 40° C. is not 
particularly limited, but preferably in the range of 30 to 300 
mm/s, more preferably 50 to 200 mm/s. When the kine 
matic viscosity of the base oil at 40° C. exceeds 300 mm/s, 
the low-temperature fluidity will become unsatisfactory. 
When the kinematic viscosity of the base oil at 40°C. is less 
than 30 mm/s, evaporation will impair the heat resistance. 
Additives 
The grease composition of the invention may further com 

prise additives generally used in a variety of lubricating oil 
and grease compositions. Examples of such additives include 
an antioxidant, a rust preventive, a load carrying additive, a 
metallic corrosion inhibitor such as benzotriazole or the like, 
an oiliness improver Such as fatty acids and fatty acid esters, 
and a solid lubricant such as molybdenum disulfide or the 
like. In particular, the antioxidant, the rust preventive and the 
load carrying additive may preferably be contained. 

Those optional additives may generally be contained in an 
amount of 0.2 to 5 mass % based on the total mass of the 
grease composition according to the invention. 
The antioxidant includes amine-based antioxidants and 

phenol-based antioxidants. 
Examples of the amine-based antioxidants include N-n- 

butyl-p-aminophenol. 4,4'-tetramethyl-di-aminodiphenyl 
methane, C.-naphthylamine, N-phenyl-C-naphthylamine, 
phenothiazine, alkyldiphenylamine and the like. In particular, 
alkyldiphenylamine is preferably used. 

Examples of the phenol-based antioxidants include 2,6-di 
t-butyl-p-cresol (BHT), 2,2'-methylenebis(4-methyl-6-t-bu 
tylphenol), 4,4'-butylidenebis(3-methyl-6-t-butyl-phenol), 
2,6-di-t-butyl-phenol. 2,4-dimethyl-6-t-butylphenol, t-butyl 
hydroxyanisole (BHA), 4,4'-butylidenebis(3-methyl-6-t-bu 
tylphenol), 4,4'-methylenebis(2,3-di-t-butyl-phenol), 4,4'- 
thiobis(3-methyl-6-t-butylphenol), octadecyl-3-(3,5-di-t- 
butyl-4-hydroxyphenyl)propionate and the like. In particular, 
octadecyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate is 
preferably used. 
The combination of the amine-based antioxidant and the 

phenol-based antioxidant is preferred. In particular, alkyl 
diphenylamine may preferably be used in combination with 
octadecyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate. 
The antioxidants may be contained in an amount of 0.5 to 

6 mass % with respect to the total mass of the grease compo 
sition of the invention. 
The rust preventive includes inorganic and organic rust 

preventives. Examples of the inorganic rust preventive 
include inorganic metallic salts such as Sodium silicate, 
lithium carbonate, potassium carbonate, Zinc oxide and the 
like. In particular, zinc oxide is preferable. Examples of the 
organic rust preventive include organic sulfonates Such as 
Zinc sulfonate, calcium Sulfonate and the like; benzoates Such 
as Sodium benzoate, lithium benzoate and the like; carboxy 
lates such as Sodium sebacate and the like. Succinic acid and 
derivatives thereof Such as Succinic anhydride, Succinic acid 
half-ester and the like; sorbitan esters such as sorbitan 
monooleate, Sorbitan trioleate and the like; fatty acid amine 
salts prepared from Saturated or unsaturated fatty acids hav 
ing 4 to 22 carbonatoms, preferably 8 to 18 carbonatoms and 
the Saturated or unsaturated amines having 1 to 42 carbon 
atoms, preferably 4 to 22 carbon atoms, and the like. In 
particular, it is preferable to use Succinic acid derivatives, 
organic sulfonates and fatty acid amine salts are preferable, 
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8 
and more preferable to use a succinic acid half-ester, a Zinc 
Sulfonate (particularly, Zinc dinonylnaphthalenesulfonate), 
and a mixture comprising an amine salt prepared from a fatty 
acid having eight carbon atoms and an amine having 12 
carbon atoms and an amine Salt prepared from a fatty acid 
having 18 carbon atoms and mixed amines having 12 to 20 
carbon atoms. 

The inorganic and organic rust preventives may preferably 
be used in combination. It is preferable to use zinc oxide 
together with a Succinic acid half-ester, Zinc dinonylnaphtha 
lenesulfonate, and a mixture comprising an amine salt pre 
pared from a fatty acid having eight carbon atoms and an 
amine having 12 carbon atoms and an amine salt prepared 
from a fatty acid having 18 carbon atoms and mixed amines 
having 12 to 20 carbon atoms. 
The content of the rust preventives may preferably be in the 

range of 0.2 to 10 mass % based on the total mass of the grease 
composition of the invention. 

Examples of the load carrying additive include Zinc dialky 
ldithiocarbamate (ZnDTC) and zinc dialkyldithiophosphate 
(ZnDTP). In particular, zinc dialkyldithiophosphate 
(ZnDTP) is preferred. 

Preferably, the load carrying additive may be contained in 
an amount of 0.2 to 5 mass % based on the total mass of the 
grease composition of the invention. 
Worked Penetration 
The worked penetration of the grease composition accord 

ing to the invention may preferably be 200 to 310. When the 
worked penetration exceeds 310, leakage of grease will fre 
quently occur at high-speed rotation, which may not lead to 
the satisfactory lubrication life. On the other hand, when the 
worked penetration is less than 200, the satisfactory lubrica 
tion life may not be obtained due to the poor fluidity. 

Bearings 
Suitable bearings where the grease composition of the 

invention is enclosed are those for automotive electrical 
equipment or automotive auxiliaries, such as the alternator, 
electromagnetic clutch for the automobile air conditioner, 
intermediate pulley, idler pulley, tension pulley and the like. 

In particular, it is preferable that the composition of the 
invention consist essentially of a thickener, a base oil and 
additives, where the thickener consists of the compound rep 
resented by formula (1) and the base oil consists of the com 
pound represented by formula (3). 

Furthermore, it is particularly preferable that the composi 
tion of the invention consist essentially of a thickener, a base 
oil and additives, where the thickener consists of a urea com 
pound represented by formula (1) where R is a bivalent 
aromatic hydrocarbon group having 6 to 15 carbon atoms, 
and R' and R, which may be the same or different from each 
other, represent an alkyl group having 8 to 22 carbonatoms or 
cyclohexyl group, and the base oil consists of the compound 
represented by the above-mentioned formula (3a). 

It is more preferable that the composition of the invention 
consist essentially of a thickener, a base oil and additives, 
where the thickener consists of a urea compound represented 
by formula (1) where R is a bivalent aromatic hydrocarbon 
group having 6 to 15 carbonatoms, and RandR, which may 
be the same or different from each other, represent cyclohexyl 
group or an aryl group having 6 to 12 carbon atoms, and the 
base oil consists of the compound represented by the above 
mentioned formula (3a). 
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EXAMPLES 

Test Grease 

Preparation of Test Grease 
Diphenylmethane diisocyanate (1 mol) was reacted with a 

predetermined amine (2 mol of octylamine, Stearyl amine, 
cyclohexylamine, orp-toluidine) in a base oil to obtain a base 
grease. To the base grease thus obtained, the base oil and 
additives were added and the resultant mixture was subjected 
to milling to such a degree that the worked penetration (JIS 
K2220) of the resultant mixture reached 300, thereby prepar 
ing a grease composition. 
The formulations for test greases are shown in the follow 

ing Table 1. The components used for the preparation of the 
test greases are shown below. 

The term “mass %' in Tale 1 means the percentage by mass 
based on the total mass of each test grease. 
<Base Oils.> 
ADE 1: Ether Oil Synthesized from Diphenyl Ether and 

2-Octyldodecene 
(Synthesis Method) 

After 1900 g (11.2 mol) of diphenyl ether and 33 g (0.25 
mol) of anhydrous aluminum chloride were placed into a 
10-L four-necked flask equipped with a stirrer, dropping fun 
nel, thermometer and condenser, the mixture was heated to 
110° C. to dissolve the anhydrous aluminum chloride. With 
the temperature of the reaction system being maintained at 
110°C., 4700 g (16.8 mol) of 2-octyldodecene was dropwise 
added over a period of 4.5 hours to carry out the addition 
reaction. After completion of the dropwise addition, the mix 
ture was stirred at 110° C. for 30 minutes and then allowed to 
stand at room temperature until the reaction mixture was 
cooled to 90° C. Then, with the addition of 320 g of an 
alkaline neutralizer, the stirring was continued for 30 min 
utes. Subsequently, with the addition of 160 g of activated 
clay, the stirring was further continued for one hour at 90° C. 
Then, the reaction mixture was subjected to filtration under 
reduced pressure to remove the aluminum chloride and other 
acidic matters produced as by-products. Then, the unreacted 
materials and monoalkyl adduct of diphenyl ether were dis 
tilled off under reduced pressure (2.5 to 3.5 torr) at tempera 
tures between 250° C. and 324°C. Thus, 3640 g of alkylated 
diphenyl ether predominantly comprising dialkyl adduct was 
obtained. However, part of the monoalkyl adduct still 
remained. The GPC spectrum and H-NMR spectrum of the 
thus obtained compound (referred to as ADE1) are shown in 
FIG. 2 and FIG. 3, respectively. 
(GPC) 

Retention time of monoalkyl adduct: 41.704-43.643 15.9 
mol % 

Retention time of dialkyl adduct: 40.028-41.704 50.5 mol 
% 

Retention time of trialkyladduct: 37.043-40.02833.6 mol 
% 
(H-NMR) 

Suppose the value obtained from the area 8–6.5-7.3 ppm 
by integration to be one, 

the value obtained from the area 6–2.8-3.3 ppm by inte 
gration was 0.07, 

the value obtained from the area 6–2.2-2.7 ppm by inte 
gration was 0.09, and 

the value obtained from the area 8–0.5-1.9 ppm by inte 
gration was 10.93. 
(Kinematic viscosity at 40° C.): 151 mm/s 
(The number of carbon atoms of alkyl groups, and straight 
chain or branched): 20 carbon atoms, branched. 
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10 
(Ratio of monoalkyl adduct): 15.9 mol % 
(The total number of moles of added alkyl groups): 2.13 
(Ratio of quaternary carbon): 57.5 mol % 
ADE 2: Ether Oil Synthesized from Diphenyl Ether and 

2-Octyldodecene 
(Synthesis Method) 

After 385 g (2.3 mol) of diphenyl ether and 6.7 g (0.05 mol) 
of anhydrous aluminum chloride were placed into a 2-L four 
necked flask equipped with a stirrer, dropping funnel, ther 
mometer and condenser, the mixture was heated to 110°C. to 
dissolve the anhydrous aluminum chloride. With the tempera 
ture of the reaction system being maintained at 110°C., 950 
g (3.4 mol) of 2-octyldodecene was dropwise added over a 
period of 4.5 hours to carry out the addition reaction. After 
completion of the dropwise addition, the mixture was stirred 
at 110° C. for 30 minutes and then allowed to stand at room 
temperature until the reaction mixture was cooled to 90° C. 
Then, with the addition of 67 g of an alkaline neutralizer, the 
stirring was continued for 30 minutes. Subsequently, with the 
addition of 35 g of activated clay, the stirring was further 
continued for one hour at 90° C. Then, the reaction mixture 
was subjected to filtration under reduced pressure to remove 
the aluminum chloride and other acidic matters produced as 
by-products. Then, the unreacted materials and monoalkyl 
adduct of diphenyl ether were distilled off under reduced 
pressure (0.1 to 0.5 torr) attemperatures between 250° C. and 
324°C. Thus, 800 g of alkylated diphenyl ether predomi 
nantly comprising dialkyl adduct was obtained. The GPC 
spectrum and H-NMR spectrum of the thus obtained com 
pound (referred to as ADE2) are shown in FIG. 4 and FIG. 5, 
respectively. 
(GPC) 

Retention time of monoalkyl adduct: 42.048-43.696 2.1 
mol % 

Retention time of dialkyl adduct: 40.126-42.048 54.9 mol 
% 

Retention time of trialkyladduct: 37.562-40.12643.0 mol 
% 
(H-NMR) 

Suppose the value obtained from the area 8–6.5-7.3 ppm 
by integration to be one, 

the value obtained from the area 6–2.8-3.3 ppm by inte 
gration was 0.09, 

the value obtained from the area 6–2.2-2.7 ppm by inte 
gration was 0.11, and 

the value obtained from the area 8–0.5-1.9 ppm by inte 
gration was 12.42. 
(Kinematic viscosity at 40° C.): 180 mm/s 
(The number of carbon atoms of alkyl groups, and straight 
chain or branched): 20 carbon atoms, branched. 
(Ratio of monoalkyl adduct): 2.1 mol % 
(The total number of moles of added alkyl groups): 2.35 
(Ratio of quaternary carbon): 52.9 mol % 
ADE 3: Ether Oil Synthesized from Diphenyl Ether, 

1-Dodecene and 1-Tetradecene 
(Synthesis Method) 

After 1600 g (9.4 mol) of diphenyl ether and 15 g (0.11 
mol) of anhydrous aluminum chloride were placed into a 
10-L four-necked flask equipped with a stirrer, dropping fun 
nel, thermometer and condenser, the mixture was heated to 
90°C. to dissolve the anhydrous aluminum chloride. With the 
temperature of the reaction system being maintained at 110° 
C., a mixture of 1810 g (10.8 mol) of 1-dodecene and 1810 g 
(9.23 mol) of 1-tetradecene was dropwise added over a period 
of 4.5 hours in a stream of nitrogen to carry out the addition 
reaction. After completion of the dropwise addition, the mix 
ture was stirred at 110°C. for 30 minutes and then allowed to 
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stand at room temperature until the reaction mixture was 
cooled to 90°C. Then, with the addition of 68 g of an alkaline 
neutralizer, the stirring was continued for 30 minutes. Subse 
quently, with the addition of 68 g of activated clay, the stirring 
was further continued for one hour at 90° C. Then, the reac 
tion mixture was subjected to filtration under reduced pres 
Sure to remove the aluminum chloride and other acidic mat 
ters produced as by-products. Then, the unreacted materials 
and monoalkyl adduct of diphenyl ether were distilled off 
under reduced pressure (3.0 to 4.0 torr) at temperatures 
between 250° C. and 324° C. Thus, 6000 g of alkylated 
diphenyl ether predominantly comprising dialkyl adduct was 
obtained. The GPC spectrum and H-NMR spectrum of the 
thus obtained compound (referred to as ADE3) are shown in 
FIG. 6 and FIG. 7, respectively. 
(GPC) 

Retention time of monoalkyl adduct: 43.766-45.224 1.8 
mol % 

Retention time of dialkyl adduct: 42.157-43.766 34.2 mol 
% 

Retention time of trialkyladduct: 37.328-42.157640 mol 
% 
(H-NMR) 

Suppose the value obtained from the area 8–6.5-7.3 ppm 
by integration to be one, 

the value obtained from the area 6–2.8-3.3 ppm by inte 
gration was 0.16. 

the value obtained from the area 6–2.2-2.7 ppm by inte 
gration was 0.17, and 

the value obtained from the area 8–0.5-1.9 ppm by inte 
gration was 10.30. 
(Kinematic viscosity at 40° C.): 103 mm/s 
(The number of carbon atoms of alkyl groups): 12 and 14 
(Ratio of monoalkyl adduct): 1.8 mol % 
(The total number of moles of added alkyl groups): 2.82 
(Ratio of quaternary carbon): 37.6 mol % 
The kinematic viscosity of base oil was determined in 

accordance with JIS K2220 23. 
The ratio of monoalkyl adduct was determined from the 

GPC spectrum. A gel permeation chromatography (GPC) 
system made by Shimadzu Corporation was used. The con 
figuration of the GPC system included CBM-20A (system 
controller), DGU-20A (3-way online degassing unit), 
LC-20AD (high-precision solvent delivery unit), SIL-20A 
(auto-sampler), RID-10A (differential refractive index detec 
tor), and SPD-20A (UV-VIS detector). The measurement was 
conducted under the conditions that three columns KF-803L 
were employed, with tetrahydrofuran (THF) being used as the 
mobile phase at a flow rate of 30 MPa. The detector SPD-20A 
was used. 

The total number of added alkyl groups (i.e., the sum of 
m+n in formula (3)), and the addition number of branched 
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alkyl groups where the carbon atom attached to the phenyl 
ring is a quaternary carbon atom were determined from 
the H-NMR spectrum. The H-NMR spectrum was obtained 
using a commercially available nuclear magnetic resonance 
spectrometer JNM-ECX 400 (made by JEOL Ltd.). The mea 
Surement was conducted at 80°C., using no solvent and no 
standard Substance. 
<Thickeners> 

Aliphatic diurea: diurea compound synthesized from 
diphenylmethane diisocyanate and octylamine 

Alicyclic-aliphatic diurea: diurea compound synthesized 
from diphenylmethane diisocyanate, and a mixture of cyclo 
hexylamine and stearylamine where the ratio by mole of 
cyclohexylamine to Stearylamine was 5:1. 

Aromatic diurea: diurea compound synthesized from 
diphenylmethane diisocyanate and p-toluidine. 
<Additives 

Antioxidant A: amine-based antioxidant (alkyldipheny 
lamine) 

Antioxidant B: phenol-based antioxidant (octadecyl-3-(3, 
5-di-t-butyl-4-hydroxy-phenyl)propionate) 

Rust preventive A: succinic acid half-ester 
Rust preventive B: zinc dinonylnaphthalenesulfonate 
Rust preventive C: mixture comprising an amine salt pre 

pared from a fatty acid having eight carbon atoms and an 
amine having 12 carbon atoms and an amine salt prepared 
from a fatty acid having 18 carbonatoms and amines having 
12 to 20 carbon atoms. 

Rust preventive D: Zinc oxide 
Load carrying additive: zinc dialkyldithiophosphate 

(ZnDTP). 
<Test Methods 

Bearing Lubrication Life Test (in Accordance with ASTM 
D3336) 

This test is designed to evaluate the bearing lubrication life 
under high temperatures by rotating the inner ring of the 
bearing. The amount of time passing before overcurrent of the 
motor took place and the amount of time passing before the 
bearing temperature increased by +15°C. were counted while 
the rolling bearing was operated under the following condi 
tions, and the shorter one was regarded as the lubrication life. 
The results are shown in Table 1. 

Bearing: 6204 metal sealed bearing 
Test temperature: 180° C. 
Number of revolutions: 10,000 rpm 
Test loads: axial load of 66.7 N and radial load of 66.7 N 

Evaluation: o, lubrication life of 800 hours or more. 
X; lubrication life of less than 800 hours. 

TABLE 1. 

Comp. Comp. Comp. 
Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 1 Ex. 2 Ex. 3 

Thickener Aliphatic diurea 11 11 
(mass %) Alicyclic-aliphatic 15 15 

diurea 
Aromatic diurea 2O 2O 2O 

Base Oil ADE1 bal bal bal. 
(mass %) ADE.2 bal. 

ADE3 bal. bal. bal. 
Additives Antioxidant A 1.5 1.5 1.5 1.5 1.5 1.5 1.5 
(mass %) Antioxidant B 1.2 1.2 1.2 1.2 1.2 1.2 1.2 

Rust preventive A 1.5 1.5 1.5 1.5 1.5 1.5 1.5 
Rust preventive B 2.0 2.0 2.0 2.O 2.0 2.0 2.0 
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TABLE 1-continued 

Ex. 1 Ex. 2 Ex. 3 Ex. 4 

Rust preventive C 1.O 1.O 1.O 1.O 
Rust preventive D O.S O.S O.S O.S 
Load carrying O.85 O.85 O.85 O.85 
additive 

Bearing Life (hour) 810 11SO 1OOO 98O 
Lubrication Evaluation C3 C3 C3 C3 

Life Test 

When using the grease compositions of Examples 1 to 4 
where the base oil is ADE 1 or ADE 2 in which the ratio of the 
quaternary carbon is larger, the bearing lubrication life is as 
long as 800 hours or more in any case, which indicates excel 
lent seizure life. 
When using the grease compositions of Comparative 

Examples 1 to 3 where the base oil is ADE3 in which the ratio 
of the quaternary carbon is Smaller, the bearing lubrication 
life is as short as 800 hours or less in any case, which indicates 
poor seizure life. 
The invention claimed is: 
1. A grease composition comprising a thickener and a base 

oil, wherein; 
the thickener is a urea compound represented by formula 

(1): 
R" NHCONH R NHCONH R (1) 

wherein R is a bivalent aromatic hydrocarbon group having 
6 to 15 carbonatoms; and R' and R, which may be the same 
or different from each other, represent an alkyl group having 
8 to 22 carbon atoms, cyclohexyl group or an aryl group 
having 6 to 12 carbon atoms; and 

the base oil comprises at least one compound represented 
by formula (3): 

(3) 
N 
--(R7) 
2 2 

wherein Rand R', which may be the same or different from 
each other, represent a branched alkyl group having 10 to 26 
carbon atoms, with the ratio of the number of moles of the 
alkyl groups represented by RandR where the carbonatom 
attached to the phenyl ring is a quaternary carbon atom being 
40 to 95 mol% with respect to the total number of moles of the 
branched alkyl groups; and m and n are real numbers of 0 or 
more so as to satisfy the condition of 1.0sm--ns3.0. 

2. The grease composition of claim 1, wherein the thick 
ener is the urea compound of formula (1) where R is a 
bivalent aromatic hydrocarbon group having 6 to 15 carbon 
atoms, and R' and R, which may be the same or different 
from each other, represent an alkyl group having 8 to 22 
carbon atoms or cyclohexyl group. 

3. The grease composition of claim 1, wherein the thick 
ener is the urea compound of formula (1) where R is a 
bivalent aromatic hydrocarbon group having 6 to 15 carbon 
atoms, and R' and R, which may be the same or different 
from each other, represent cyclohexyl group or an aryl group 
having 6 to 12 carbon atoms. 

4. The grease composition of claim 3, wherein the base oil 
comprises the compound represented by formula (3) which is 

Comp. Comp. Comp. 
Ex. 1 Ex. 2 Ex. 3 

1.O 1.O 1.O 
O.S O.S O.S 
O.85 O.85 O.85 

390 700 500 
X X X 
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obtained by addition reaction of a diphenyl ether with a 
branched C-olefin represented by formula (2): 

(2) 
R4 

Hic=t^ x-r 
R5 

(3) 
O 

N N 
(R'), H H(R'), 

2 21 

wherein R* and R, which may be the same or different 
from each other, represent an alkyl group having 4 to 12 
carbon atoms, R and R", which may be the same or 
different from each other, represent a branched alkyl 
group having 10 to 26 carbonatoms, with the ratio of the 
number of moles of the alkyl groups represented by R 
andR where the carbonatomattached to thephenyl ring 
is a quaternary carbon atom being 40 to 95 mol % with 
respect to the total number of moles of the branched 
alkyl groups; and mand n are real numbers of 0 or more 
so as to satisfy the condition of 1.0sm--ns3.0. 

5. The grease composition of claim 3, wherein the base oil 
comprises the compound represented by formula (3) which is 
obtained by addition reaction of a diphenyl ether derivative 
represented by formula (4) with a branched C-olefin repre 
sented by formula (2): 

O 
N 

(R').-H. 
2 

R4 

HCFC 

(4) 

(2) 

R5 

O 
N N 

(R').-H. H(R'), 
2 21 

wherein R and R, which may be the same or different 
from each other, represent an alkyl group having 4 to 12 
carbon atoms, R and R", which may be the same or 
different from each other, represent a branched alkyl 
group having 10 to 26 carbonatoms, with the ratio of the 
number of moles of the alkyl groups represented by R 
andR where the carbonatomattached to thephenyl ring 

(3) 
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is a quaternary carbon atom being 40 to 95 mol % with 
respect to the total number of moles of the branched 
alkyl groups; and mand n are real numbers of 0 or more 
so as to satisfy the condition of 1.0sm--ns3.0. 

6. The grease composition of claim 5, wherein the com 
pound represented by formula (3) is contained in an amount 
of 20 to 95 mass % based on the total mass of the grease 
composition. 

7. The grease composition of claim 1, which is used for 
rolling bearings. 

8. The grease composition of claim 2, wherein the base oil 
comprises the compound represented by formula (3) which is 
obtained by addition reaction of a diphenyl ether with a 
branched C-olefin represented by formula (2): 

(2) 

wherein R and R, which may be the same or different 
from each other, represent an alkyl group having 4 to 12 
carbonatoms, and RandR, which may be the same or 
different from each other, represent a branched alkyl 
group having 10 to 26 carbonatoms, with the ratio of the 
number of moles of the alkyl groups represented by R 
andR where the carbonatomattached to thephenyl ring 
is a quaternary carbon atom being 40 to 95 mol % with 
respect to the total number of moles of the branched 
alkyl groups; and mand n are real numbers of 0 or more 
so as to satisfy the condition of 1.0sm--ns3.0. 

9. The grease composition of claim 1, wherein the base oil 
comprises the compound represented by formula (3) which is 
obtained by addition reaction of a diphenyl ether with a 
branched C-olefin represented by formula (2): 

(2) 
R4 

Hic=t/ al 
R5 

(3) 
O 

N N 
(R'), H H(R'), 

21 21 

wherein R and R, which may be the same or different 
from each other, represent an alkyl group having 4 to 12 
carbonatoms, and RandR, which may be the same or 
different from each other, represent a branched alkyl 
group having 10 to 26 carbonatoms, with the ratio of the 
number of moles of the alkyl groups represented by R 
and R7 where the carbonatomattached to the phenyl ring 
is a quaternary carbon atom being 40 to 95 mol % with 
respect to the total number of moles of the branched 
alkyl groups; and mand n are real numbers of 0 or more 
so as to satisfy the condition of 1.0sm--ns3.0. 

10. The grease composition of claim 2, wherein the base oil 
comprises the compound represented by formula (3) which is 
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16 
obtained by addition reaction of a diphenyl ether derivative 
represented by formula (4) with a branched C-olefin repre 
sented by formula (2): 

O 
N 

(R').-H. 
2 

R4 

HCFC 

(4) 

(2) 

R5 

O 
N N 

(R').-H. H(R'), 
2 21 

wherein RandR which may be the same or different from 
each other, represent an alkyl group having 4 to 12 
carbon atoms, R and R", which may be the same or 
different from each other, represent a branched alkyl 
group having 10 to 26 carbonatoms, with the ratio of the 
number of moles of the alkyl groups represented by R 
and R7 where the carbonatomattached to the phenyl ring 
is a quaternary carbon atom being 40 to 95 mol % with 
respect to the total number of moles of the branched 
alkyl groups; and mand n are real numbers of 0 or more 
so as to satisfy the condition of 1.0sm--ns3.0. 

11. The grease composition of claim 1, wherein the base oil 
comprises the compound represented by formula (3) which is 
obtained by addition reaction of a diphenyl ether derivative 
represented by formula (4) with a branched C-olefin repre 
sented by formula (2): 

N O 

(R'), H 
2 

R4 

O 
6 N N 7 

"t J. 
wherein RandR which may be the same or different from 

each other, represent an alkyl group having 4 to 12 
carbon atoms. R and R", which may be the same or 
different from each other, represent a branched alkyl 
group having 10 to 26 carbonatoms, with the ratio of the 
number of moles of the alkyl groups represented by R 
and R7 where the carbonatomattached to the phenyl ring 
is a quaternary carbon atom being 40 to 95 mol % with 
respect to the total number of moles of the branched 
alkyl groups; and mand n are real numbers of 0 or more 
so as to satisfy the condition of 1.0sm--ns3.0. 

12. The grease composition of claim 11, wherein the com 
pound represented by formula (3) is contained in an amount 
of 20 to 95 mass % based on the total mass of the grease 
composition. 

(3) 

(4) 

(2) 

(3) 
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13. The grease composition of claim 10, wherein the com 
pound represented by formula (3) is contained in an amount 
of 20 to 95 mass % based on the total mass of the grease 
composition. 

14. The grease composition of claim 9, wherein the com 
pound represented by formula (3) is contained in an amount 
of 20 to 95 mass % based on the total mass of the grease 
composition. 

15. The grease composition of claim 8, wherein the com 
pound represented by formula (3) is contained in an amount 
of 20 to 95 mass % based on the total mass of the grease 
composition. 

16. The grease composition of claim 4, wherein the com 
pound represented by formula (3) is contained in an amount 
of 20 to 95 mass % based on the total mass of the grease 
composition. 

17. The grease composition of claim 3, wherein the com 
pound represented by formula (3) is contained in an amount 
of 20 to 95 mass % based on the total mass of the grease 
composition. 

18. The grease composition of claim 2, wherein the com 
pound represented by formula (3) is contained in an amount 
of 20 to 95 mass % based on the total mass of the grease 
composition. 

19. The grease composition of claim 1, wherein the com 
pound represented by formula (3) is contained in an amount 
of 20 to 95 mass % based on the total mass of the grease 
composition. 
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