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SYNTHETICLUBRICANT 

TECHNICAL FIELD 

0001. The present invention relates to a synthetic lubricant 
including an ionic liquid as a main component, and particu 
larly relates to a synthetic lubricant which is excellent in 
friction adjusting performance and rust preventing perfor 
mance, composed of an ionic liquid as a main component. 

BACKGROUND ART 

0002 Traditionally, as a lubricating oil used in mechanical 
devices, power transmission devices, metal working oil, 
grease and the like, one or mixture of base oils that most 
closely matches a desired physical property has been selected 
and used among base oils such as poly-C-olefin, diester, 
polyolester, silicone and the like or a combination thereof as 
necessary. Furthermore, a plurality of lubricant additives, 
Such as antioxidant, Viscosity index improver, pour point 
depressant, friction modifier, extreme pressure agent, anti 
foaming agent, rust preventive agent, anticorrosion agent and 
the like, have been added to make a lubricating oil suitable for 
use environment. 
0003 Recently, as devices have higher performance and 
higher efficiency, there is a demand for a lubricant which is 
able to exhibit even higher oxidation resistance, higher 
evaporation resistance, stable lubricating performance over a 
long period, and as a means for solving the problem, it has 
been reported that ionic liquids (ambient temperature molten 
salts) composed of a combination of specific organic cation 
and inorganic anion may be used as a lubricant. Since ionic 
liquids have very low vapor pressure and stay liquid in a wide 
temperature range, and thus, have not only excellent stability 
and incombustibility, but also high viscosity index, it is 
known that ionic liquids have possibility as a new material for 
a lubricating oil (see Non-Patent Document 1). 
0004 Lubricating oil using these ionic liquids could con 

trol and improve properties required for lubricating oil. Such 
as oxidation resistance, Viscosity index, and pour point by 
adjusting molecular design of an ionic liquid itself, but prop 
erties other than above were difficult to gain by improving an 
ionic liquid itself. Therefore, it has been considered necessary 
to use various known additives. 
0005. However, many of these known additives are immis 
cible in ionic liquids, and thus, it is currently impossible to 
obtain lubricating oil additives which is practically usable for 
the synthetic lubricant including an ionic liquid as a main 
component. This has become an obstacle when an ionic liquid 
is put to practical use as a lubricating oil. 

RELATED ART 

Non-Patent Document 

0006 Non-Patent Document 1 R. A. Reichet al., Journal 
of the Society of Tribologists and Lubrication Engineers, 
July 2003, p. 16-21 

DISCLOSURE OF INVENTION 

Problems to Be Solved by the Invention 
0007 Thus, under such a background, an object of the 
present invention is to provide a synthetic lubricant obtained 
by blending an additive which is able to impart friction adjust 
ing performance and rust preventing performance which are 
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essential for practical use of a synthetic lubricant composed 
of an ionic liquid. The additive can be dissolved or dispersed 
in the ionic liquid even when blended with the ionic liquid, 
and thus, does not inhibit performances of the ionic liquid as 
a base oil, in particular, a fluorine-based ionic liquid which 
has low viscosity and is useful for lubricant use. 

Means for Solving the Problems 

0008 Present inventors have conducted intensive studies 
in consideration of these situations, and as a result, found out 
that a synthetic lubricant having excellent friction adjusting 
performance and rust preventing performance may be 
obtained by blending an imidazolium phosphate ester salt as 
an additive with a synthetic lubricant including a fluorine 
based ionic liquid as a main component, thereby completing 
the present invention. 
0009. The present invention includes the following 
aspects. 
0010 1A synthetic lubricant including a fluorine atom 
containing ionic liquid (A) as a main component, wherein the 
synthetic lubricant contains an imidazolium phosphate ester 
salt (B). 
0011 2 The synthetic lubricant according to 1, wherein 
a cation moiety of the fluorine atom-containing ionic liquid 
(A) is an imidazolium cation. 
0012. 3. The synthetic lubricant according to 1 or 2. 
wherein an anion moiety of the fluorine atom-containing 
ionic liquid (A) is a fluorine-containing imide anion repre 
sented by the following general formula (1): 

Chem. 1 

(CF2SO2)2N (1) 

0013 (wherein n is an integer of 0 to 15). 
0014. 4. The synthetic lubricant according to any one of 
1 to 3, wherein the anion moiety of the fluorine atom 
containing ionic liquid (A) is bis(fluorosulfonyl)imide orbis 
(trifluoromethanesulfonyl)imide. 
0015 5. The synthetic lubricant according to any one of 
1 to 4, wherein the imidazolium cation of the imidazolium 
phosphate ester salt (B) is a 1,3-disubstituted imidazolium 
cation. 
0016 6. The synthetic lubricant according to any one of 
1 to 5), wherein the phosphate ester anion of the imidazo 
lium phosphoric acid ester salt (B) is a phosphate ester anion 
having a diester structure. 
0017 7. The synthetic lubricant according to any one of 
1 to 6, wherein the imidazolium phosphate ester salt (B) is 
a compound represented by the following general formula 
(2): 

(2) 

0018 (wherein each of R1 and R2 is independently an 
alkyl group having 1 to 16 carbon atoms, and R3 is an alkyl 
group having 1 to 8 carbon atoms). 



US 2013/0053287 A1 

Effects of the Invention 

0019. According to the present invention, the friction 
coefficient, the abrasion amount of a material in contact with 
a lubricant, and the rust generation of a material may be 
reduced while maintaining characteristics of a fluorine atom 
containing ionic liquid, such as low volatility, a wide range of 
temperature stability and high viscosity index, by adding an 
imidazolium phosphate ester salt to an ionic liquid lubricant 
including a fluorine atom-containing ionic liquid as a main 
component. 
0020. In addition, even when the fluorine atom-containing 
ionic liquid is an imidazolium-based ionic liquid (having an 
imidazolium cation at the cation moiety thereof) which is 
useful as a lubricant, the imidazolium cation has an alkyl 
Substituent having a relatively low number of carbon atoms, 
and the hydrophobicity of the ionic liquid lubricating oil is 
low, the imidazolium phosphate ester salt of the present 
invention may be sufficiently dissolved, thereby exhibiting 
excellent friction adjusting performance and rust preventing 
performance. 
0021 Meanwhile, although the mechanism for exhibiting 
these effects has not been completely elucidated, it is pre 
Sumed that the imidazolium phosphate ester salt has high 
affinity with metal surface, compared to the fluorine atom 
containing ionic liquid which is a main component, and thus, 
it is possible for the salt to be stably adsorbed (remain) on the 
friction surface of the metal surface, resulting in efficiently 
improved friction properties. 
0022. Further, since the slight blending amount of the 
imidazolium phosphate ester salt has the effects, the effects 
on physical properties of the ionic liquid which is a main 
component are also Small. 

EMBODIMENTS FOR CARRYING OUT THE 
INVENTION 

0023. Hereinafter, the present invention will be described 
in detail. 
0024. The synthetic lubricant of the present invention 
includes a fluorine atom-containing ionic liquid (A) as a main 
component and contains an imidazolium phosphate ester salt 
(B). 
0025. Meanwhile, the ionic liquid in the present invention 
refers to an ionic material which is in a molten state at ambient 
temperature (25°C.) and is composed of a cation moiety and 
an anion moiety. 
0026. As the fluorine atom-containing ionic liquid (A) of 
the present invention, a commonly known ionic liquid con 
taining a fluorine atom may be used, and the liquid may 
contain typically from 1 to 50 fluorine atoms and may have a 
fluorine atom on at least one of the cation moiety or the anion 
moiety, but, in particular, it is preferred that the ionic liquid 
contains a fluorine atom only on the anion moiety. 
0027. The ionic liquid (A) will be described in detail with 
respect to a cation moiety and an anion moiety, separately. 
0028. As the cation moiety of the ion liquid (A), cations 
used in typical ionic liquids may be used, but among them, it 
is preferred to have an organic cation selected from the group 
consisting of an onium cation of a 5- to 6-membered ring 
compound having 1 to 3 nitrogenatoms, a quaternary ammo 
nium cation and a quaternary phosphonium cation. 
0029. Examples of the onium cation of a 5- to 6-membered 
ring compound having 1 to 3 nitrogenatoms include anonium 
cation of a five-membered ring compound. Such as an imida 
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Zolium cation, a pyrrolidinium cation and the like, or an 
onium cation of a six-membered compound. Such as a pyri 
dinium cation, a piperidinium cation and the like. Among 
them, an imidazolium cation is preferred in that the cation has 
a low melting point and is easily transformed into the liquid 
phase. 
0030 The imidazolium cation is not particularly limited, 
but may be exemplified by an imidazolium cation having a 
structure of the following formula (3): 

Chem. 3 

S.-- N N 

)- 
R5 R4 

(3) 

0031 (wherein, each of R1 to R5 is independently a 
hydrogen atom, a halogen atom, an alkyl group, an alkenyl 
group, an alkynyl group, an alkoxyl group and an acyl group. 
which may be straight chained or branched and have 1 to 16 
carbon atoms, an amide group, a cyano group, a nitro group 
and an amino group, and the alkyl group, the alkenyl group, 
the alkynyl group, the alkoxyl group and the acyl group may 
include a heteroatom selected from N, S and 0, and may 
include a conjugated or independent double bond or triple 
bond). 
0032. When the substituents R1 to R5 are an alkyl group, 
an alkenyl group, an alkynyl group, an alkoxyl group or an 
acyl group, the number of carbon atoms thereof is preferably 
1 to 16, more preferably 1 to 12, and even more preferably 1 
to 6. Those substituents may be straight chained or have 
branched structure, but if the number of carbonatoms thereof 
is too high, the intermolecular interaction on side chains 
thereofacts, and thus, the Viscosity thereof tends to increase. 
0033. The above alkyl group, alkenyl group, alkynyl 
group, alkoxyl group and acyl group may include a heteroa 
tom selected from N, S and O, and the number of heteroatoms 
to be contained is not particularly limited. Further, the groups 
may include a conjugated or independent double bond or 
triple bond, and the number of unsaturated bonds thereof is 
not particularly limited as well. 
0034 Specific examples of the alkyl group include a 
methyl group, an ethyl group, a propyl group, an isopropyl 
group, a butyl group, an isobutyl group, a sec-butyl group, a 
tert-butyl group, a pentyl group, a hexyl group, a cyclopropyl 
group, a cyclopentyl group, a cyclohexyl group and the like. 
Further, examples of the alkenyl group include a vinyl group, 
an allyl group, a 1-propenyl group, an isopropenyl group, a 
2-butenyl group, an 1,3-butadienyl group, a 2-pentenyl 
group, a 2-hexenyl group and the like. In addition, examples 
of the alkynyl group include an ethynyl group, a 1-propynyl 
group, a 2-propynyl group and the like, examples of the 
alkoxyl group include a methoxy group, an ethoxy group, an 
n-propoxy group, an isopropoxy group, a t-butoxy group and 
the like, examples of the acyl group include an acetyl group, 
a propionyl group, a butyryl group, a benzoyl group and the 
like, and examples of the amino group also include an N.N- 
dimethylamino group, an N,N-diethylamino group and the 
like. Considering the industrial availability, analkoxyl group, 



US 2013/0053287 A1 

an acyl group, an amide group, a cyano group, a nitro group. 
an amino group and the like are preferred in that the groups 
may be easily Subjected to decomposition by enzymes to 
increase the biodegradability thereof. 
0035) Specific examples of the imidazolium cation repre 
sented by Formula (3) include dialkylimidazolium cation 
such as 1,3-dimethylimidazolium cation, 1-ethyl-3-meth 
ylimidazolium cation, 1-methyl-3-propylimidazolium cat 
ion, 1-butyl-3-methylimidazolium cation, 1-methyl-3-pen 
tylimidazolium cation, 1-hexyl-3-methylimidazolium cation, 
1-heptyl-3-methylimidazolium cation, 1-methyl-3-octylimi 
dazolium cation, 1-decyl-3-methylimidazolium cation, 
1-dodecyl-3-methylimidazolium cation, 1-ethyl-3-propy 
limidazolium cation, 1-butyl-3-ethylimidazolium cation and 
the like; and trialkylimidazolium cation Such as a 3-ethyl-1, 
2-dimethyl-imidazolium cation, 1.2-dimethyl-3-propylimi 
dazolium cation, 1-butyl-2,3-dimethylimidazolium cation, 
1,2-dimethyl-3-hexylimidazolium cation, 1,2-dimethyl-3- 
octylimidazolium cation, 1-ethyl-3,4-dimethylimidazolium 
cation, 1-isopropyl-2,3-dimethylimidazolium cation and the 
like. 

0036 Among these imidazolium cations, from the view 
point of ease of synthesis, 1,3-disubstituted imidazolium cat 
ion and 1,2,3-trisubstituted imidazolium cation are preferably 
used, and 1,3-disubstituted imidazolium cation is particularly 
preferably used. Each substituent in these derivatives may be 
the same as or different from every other substituent, and may 
contain a multiple bond or a branched chain. 
0037. The above substituent is the same as the substituent 
in general formula (3), and is appropriately selected and used 
among them. 
0038 Examples of the above pyrrolidinium cation include 
N,N-dimethylpyrrolidinium cation, N-ethyl-N-methylpyrro 
lidinium cation, N-methyl-N-propylpyrrolidinium cation, 
N-butyl-N-methylpyrrolidinium cation, N-methyl-N-pen 
tylpyrrolidinium cation, N-hexyl-N-methylpyrrolidinium 
cation, N-methyl-N-octylpyrrolidinium cation, N-decyl-N- 
methylpyrrolidinium cation, N-dodecyl-N-methylpyrroli 
dinium cation, N-(2-methoxyethyl)-N-methylpyrrolidinium 
cation, N-(2-ethoxyethyl)-N-methylpyrrolidinium cation, 
N-(2-propoxyethyl)-N-methylpyrrolidinium cation, N-(2- 
isopropoxyethyl)-N-methylpyrrolidinium cation and the like. 
0039 Examples of the above pyrridinium cation include a 
pyrridinium cation Substituted with an alkyl group having 1 to 
16 carbonatoms, such as N-methylpyrridinium cation, N-eth 
ylpyrridinium cation, N-butylpyrridinium cation, N-propy 
lpyrridinium cation and the like. 
0040. Examples of the above piperidinum cation include 
N,N-dimethylpiperidinium cation, N-ethyl-N-methylpiperi 
dinium cation, N-methyl-N-propylpiperidinium cation, 
N-butyl-N-methylpiperidinium cation, N-methyl-N-pen 
tylpiperidinium cation, N-hexyl-N-methylpiperidinium cat 
ion, N-methyl-N-octylpiperidinium cation, N-decyl-N-meth 
ylpiperidinium cation, N-dodecyl-N-methylpiperidinium 
cation, N-(2-methoxyethyl)-N-methylpiperidinium cation, 
N-(2-methoxyethyl)-N-ethylpiperidinium cation, N-(2- 
ethoxyethyl)-N-methylpiperidinium cation, N-methyl-N-(2- 
methoxyphenyl)piperidinium cation, N-methyl-N-(4-meth 
oxyphenyl)piperidinium cation, N-ethyl-N-(2- 
methoxyphenyl)piperidinium cation, N-ethyl-N-(4- 
methoxyphenyl)piperidinium cation and the like. 
0041 Further, in the present invention, a quaternary 
ammonium cation and a quaternary phosphonium cation are 
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used besides the above onium cation of the 5- to 6-membered 
ring compound having 1 to 3 nitrogen atoms. 
0042 Examples of the above quaternary ammonium cat 
ion include N.N.N.N-tetramethylammonium cation, N.N.N- 
trimethylethylammonium cation, N.N.N-trimethylpropy 
lammonium cation, N.N.N-trimethylbutylammonium cation, 
N.N.N-trimethylpentylammonium cation, N.N.N-trimethyl 
hexylammonium cation, N.N.N-trimethylheptylammonium 
cation, N.N.N-trimethyloctylammonium cation, N.N.N-tri 
methyldecylammonium cation, N.N.N-trimethyldodecylam 
monium cation, N-ethyl-N,N-dimethylpropylammonium 
cation, N-ethyl-N,N-dimethylbutylammonium cation, 
N-ethyl-N,N-dimethylhexylammonium cation, 2-methoxy 
N.N.N-trimethylethylammonium cation, 2-ethoxy-N,N.N- 
trimethylethylammonium cation, 2-propoxy-N,N,N-trimeth 
ylethylammonium cation, N-(2-methoxyethyl)-N,N- 
dimethylpropylammonium cation, N-(2-methoxyethyl)-N. 
N-dimethylbutylammonium cation and the like. 
0043. Examples of the above quaternary phosphonium 
cation include quaternary phosphonium cation Substituted 
with an alkyl group having 1 to 16 carbon atoms, such as 
tetramethylphosphonium cation, tetraethylphosphonium cat 
ion, tetrabutylphosphonium cation and the like. 
0044) For the cation moiety of the ionic liquid (A), it is 
possible to use an anion used in a general ionic liquid, Such as, 
for example, Cl, Br, AlCl, AlCl, BF, PF, CIO, 
NO, CHCOO, CFCOO, CHSO, CFSO, 
(CFSO)N, (CFSO)C, AsF, SbF, NbF, TaF, 
F(HF), (CN)N, SCNT, CFSO, (CFSO)N, 
CF,COO, (CFSO) (CFCO)N and the like. 
0045 Among them, an anion having a halogen atom is 
preferred, a fluorine atom-containing anion is particularly 
preferred, and it is particularly preferred to use a fluorine 
containing imide anion represented by the following general 
formula (1) in that the resulting ionic liquid has a low solu 
bility in water and corresponds to the use purpose as a lubri 
Cant. 

Chem. 4 

0046 (In the formula, n is an integer of 0 to 15) 
0047 For the fluorine-containing imide anion represented 
by general formula (1), the melting point and viscosity of the 
resulting ionic liquid are changed by the number of carbon n 
in general formula (1), and thus, it is necessary to select a 
hydrocarbon group of a chain length which is adapted to use 
conditions of a device using a lubricant. For the purpose of 
developing a lubricant in the low temperature region, it is 
preferred that a low value of n is used. Specifically, a bis 
(fluorosulfonyl)imide anion or a bis(trifluoromethanesulfo 
nyl)imide anion is preferably used. The n is typically 0 to 15, 
preferably 0 to 8 and particularly preferably 0 to 4. 
0048. The preparation method of an ionic liquid is not 
particularly limited, and a method known in the art, Such as an 
anion exchange method, an acid ester method or the like may 
be applied. For example, the ionic liquid may be obtained by 
an anion exchange reaction using a halide salt of the used 
organic cation and an alkali metal salt of a perfluoroalkyl 
sulfonate anion. The halogen of the halide salt includes chlo 
rine or bromine. The alkali metal of the alkali metal salt 
includes sodium, potassium and the like. 
0049. As the imidazolium phosphate ester salt (B) in the 
present invention (with proviso that (A) is excluded), a salt 
including an imidazolium cation and a phosphate ester anion 
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may be used, and when used as a lubricant, it is preferred that 
a fluorine atom is not contained in that the affinity with metal 
surface is increased, and thus, it is possible for the salt to be 
stably adsorbed (remain) on the friction surface of the metal 
surface such that friction characteristics may be efficiently 
improved. 
0050 Examples of the imidazolium cation include a cat 
ion having a structure of the following general formula (4): 

(4) 

0051 (wherein, each of R1 to R5 is independently a 
hydrogen atom, a halogen atom, a straight chained or 
branched alkyl group, an alkenyl group, an alkynyl group, an 
alkoxyl group and an acyl group, which may be straight 
chained or branched and have 1 to 16 carbonatoms, an amide 
group, a cyano group, a nitro group and an amino group, and 
the alkyl group, the alkenyl group, the alkynyl group, the 
alkoxyl group and the acyl group may include a heteroatom 
selected from N, S and O, and may include a conjugated or 
independent double bond or triple bond). 
0052. When the above substituents R1 to R5 are an alkyl 
group, an alkenyl group, an alkynyl group, an alkoxyl group 
or an acyl group, the number of carbon atoms thereof is 
preferably 1 to 16, more preferably 1 to 12, and even more 
preferably 1 to 6. Those substituents may be a straight chained 
or have branched structure, but if the carbon number thereof 
is too high, the intermolecular interaction on side chains 
thereofacts, and thus, the Viscosity thereof tends to increase. 
0053. The above alkyl group, alkenyl group, alkynyl 
group, alkoxyl group and acyl group may include a heteroa 
tom selected from N, S and O, and the number of heteroatoms 
to be contained is not particularly limited. In addition, the 
groups may include a conjugate or independent double bond 
or triple bond, and the number of unsaturated bonds thereof is 
not particularly limited as well. 
0054 Specific examples of the alkyl groups include a 
methyl group, an ethyl group, a propyl group, an isopropyl 
group, a butyl group, an isobutyl group, a sec-butyl group, a 
tert-butyl group, a pentyl group, a hexyl group, a heptyl 
group, an octyl group, a cyclopropyl group, a cyclopentyl 
group, a cyclohexyl group and the like. Further, examples of 
the alkenyl group include a vinyl group, an allyl group, a 
1-propenyl group, an isopropenyl group, a 2-butenyl group, 
an 1,3-butadienyl group, a 2-pentenyl group, a 2-hexenyl 
group and the like. In addition, examples of the alkynyl group 
include an ethynyl group, a 1-propynyl group, a 2-propynyl 
group and the like, examples of the alkoxyl group include a 
methoxy group, an ethoxy group, an n-propoxy group, an 
isopropoxy group, a t-butoxy group and the like, examples of 
the acyl group include an acetyl group, a propionyl group, a 
butyryl group, a benzoyl group and the like, and examples of 
the amino group also include an N,N-dimethylamino group, 
an N,N-diethylamino group and the like. Considering the 
industrial availability, an alkoxyl group, an acyl group, an 
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amide group, a cyano group, a nitro group, an amino group 
and the like are preferred in that the groups may be easily 
Subjected to decomposition by enzymes to increase the bio 
degradability thereof. 
0055 Specific examples of the imidazolium cation repre 
sented by the above formula (4) include dialkylimidazolium 
cation Such as 1,3-dimethylimidazolium cation, 1-ethyl-3- 
methylimidazolium cation, 1-methyl-3-propylimidazolium 
cation, 1-butyl-3-methylimidazolium cation, 1-methyl-3- 
pentylimidazolium cation, 1-hexyl-3-methylimidazolium 
cation, 1-heptyl-3-methylimidazolium cation, 1-methyl-3- 
octylimidazolium cation, 1-decyl-3-methylimidazolium cat 
ion, 1-dodecyl-3-methylimidazolium cation, 1-hexadecyl-3- 
methylimidazolium cation, 1-ethyl-3-propylimidazolium 
cation, 1-butyl-3-ethylimidazolium cation and the like; and 
trialkylimidazolium cation such as 3-ethyl-1,2-dimethyl-imi 
dazolium cation, 1.2-dimethyl-3-propylimidazolium cation, 
1-butyl-2,3-dimethylimidazolium cation, 1,2-dimethyl-3- 
hexylimidazolium cation, 1,2-dimethyl-3-octylimidazolium 
cation, 1-ethyl-3,4-dimethylimidazolium cation, 1-isopro 
pyl-2,3-dimethylimidazolium cation and the like. 
0056 Among these imidazolium cations, from the view 
point of ease of synthesis, a 1,3-disubstituted imidazolium 
cation and a 1,2,3-trisubstituted imidazolium cation are pref 
erably used, and a 1,3-disubstituted imidazolium cation is 
particularly preferably used. Each substituent in these deriva 
tives may be the same as or different, from every other sub 
stituent, and may contain a multiple bond or a branched chain. 
0057 The above phosphate esteranion may include any of 
a phosphate ester anion having a monoester structure or a 
phosphate ester anion having a diester structure, but a phos 
phate ester anion having a diester structure is preferred 
because of ease of synthesis. 
0.058 As the phosphate ester anion having a diester struc 
ture, the anion represented by the following general formula 
(5) is preferred. 

Chem. 6 

(5) 
O-R1 

O 

0059 (In the formula, each of R1 and R2 is independently 
an alkyl group having a carbon number of 1 to 8.) 
0060. The number of carbon atoms of the alkyl group of 
R1 and R2 is typically 1 to 8 and preferably 1 to 4. Each of R1 
and R2 may be the same as or different from every other R1 
and R2, but it is preferred that R1 and R2 are the same because 
of ease of synthesis. 
0061 Examples of the phosphate ester anion represented 
by general formula (5) include dimethyl phosphate anion, 
diethyl phosphate anion, dipropyl phosphate anion, dibutyl 
phosphate anion, dipentyl phosphate anion, dihexyl phos 
phate anion, diheptyl phosphate anion, dioctyl phosphate 
anion and the like, but among them, dimethyl phosphate 
anion, diethylphosphate anion, dipropyl phosphate anion and 
dibutyl phosphate anion are preferred. 
0062. As the imidazolium phosphate ester salt (B) in the 
present invention, a compound represented by the following 
general formula (2) is preferred in that the compound has a 
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low melting point and is also easily compatible with a fluorine 
atom-containing ionic liquid which is a main component. 

Chem. 7 

(2) 

0063 (In the formula, each of R1 and R2 is independently 
an alkyl group having 1 to 16 carbonatoms, and R3 is an alkyl 
group having 1 to 8 carbon atoms.) 
0064 Specific examples of the compound represented by 
general formula (2) include a dimethyl phosphate anion 
based salt such as 1,3-dimethylimidazolium dimethyl phos 
phate, 1-ethyl-3-methylimidazolium dimethyl phosphate, 
1-methyl-3-propylimidazolium dimethyl phosphate, 1-butyl 
3-methylimidazolium dimethyl phosphate, 1-methyl-3-pen 
tylimidazolium dimethyl phosphate, 1-hexyl-3-methylimi 
dazolium dimethyl phosphate, 1-heptyl-3- 
methylimidazolium dimethyl phosphate, 1-methyl-3- 
octylimidazolium dimethyl phosphate, 1-methyl-3- 
nonylimidazolium dimethyl phosphate, 1-decyl-3- 
methylimidazolium dimethyl phosphate, 1-methyl-3- 
undecylimidazolium dimethyl phosphate, 1-dodecyl-3- 
methylimidazolium dimethyl phosphate, 1-hexadecyl-3- 
methylimidazolium dimethyl phosphate, 1,3- 
diethylimidazolium dimethyl phosphate, 1-ethyl-3- 
propylimidazolium dimethyl phosphate, 1-butyl-3- 
ethylimidazolium dimethyl phosphate, 1-ethyl-3- 
pentylimidazolium dimethyl phosphate, 1-ethyl-3- 
hexylimidazolium dimethyl phosphate, 1-ethyl-3- 
heptylimidazolium dimethyl phosphate, 1-ethyl-3- 
octylimidazolium dimethyl phosphate, 1-ethyl-3- 
nonylimidazolium dimethyl phosphate, 1-decyl-3- 
ethylimidazolium dimethyl phosphate, 1-ethyl-3- 
undecylimidazolium dimethyl phosphate, 1-dodecyl-3- 
ethylimidazolium dimethyl phosphate, 1-ethyl-3- 
hexadecylimidazolium dimethyl phosphate, 1-butyl-3- 
dodecylimidazolium dimethyl phosphate, 1-butyl-3- 
hexadecylimidazolium dimethyl phosphate and the like, a 
diethyl phosphate anion-based salt such as 1,3-dimethylimi 
dazolium diethyl phosphate, 1-ethyl-3-methylimidazolium 
diethyl phosphate, 1-methyl-3-propylimidazolium diethyl 
phosphate, 1-butyl-3-methylimidazolium diethyl phosphate, 
1-methyl-3-penty limidazolium diethyl phosphate, 1-hexyl 
3-methylimidazolium diethyl phosphate, 1-heptyl-3-meth 
ylimidazolium diethyl phosphate, 1-methyl-3-octylimidazo 
lium diethyl phosphate, 1-methyl-3-nonylimidazolium 
diethyl phosphate, 1-decyl-3-methylimidazolium diethyl 
phosphate, 1-methyl-3-undecylimidazolium diethyl phos 
phate, 1-dodecyl-3-methylimidazolium diethyl phosphate, 
1-hexadecyl-3-methylimidazolium diethyl phosphate, 1,3- 
diethylimidazolium diethyl phosphate, 1-ethyl-3-propylimi 
dazolium diethyl phosphate, 1-butyl-3-ethylimidazolium 
diethyl phosphate, 1-ethyl-3-penty limidazolium diethyl 
phosphate, 1-ethyl-3-hexylimidazolium diethyl phosphate, 
1-ethyl-3-heptylimidazolium diethyl phosphate, 1-ethyl-3- 
octylimidazolium diethyl phosphate, 1-ethyl-3-nonylimida 
Zolium diethyl phosphate, 1-decyl-3-ethylimidazolium 
diethyl phosphate, 1-ethyl-3-undecylimidazolium diethyl 
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phosphate, 1-dodecyl-3-ethylimidazolium diethyl phos 
phate, 1-ethyl-3-hexadecylimidazolium diethyl phosphate, 
1-butyl-3-dodecylimidazolium diethyl phosphate, 1-butyl-3- 
hexadecylimidazolium diethyl phosphate and the like, a 
dipropyl phosphate anion-based salt such as 1,3-dimeth 
ylimidazolium dipropyl phosphate, 1-ethyl-3-methylimida 
Zolium dipropyl phosphate, 1-methyl-3-propylimidazolium 
dipropyl phosphate, 1-butyl-3-methylimidazolium dipropyl 
phosphate, 1-methyl-3-pentylimidazolium dipropyl phos 
phate, 1-hexyl-3-methylimidazolium dipropyl phosphate, 
1-heptyl-3-methylimidazolium dipropyl phosphate, 1-me 
thyl-3-octylimidazolium dipropyl phosphate, 1-methyl-3- 
nonylimidazolium dipropyl phosphate, 1-decyl-3-meth 
ylimidazolium dipropyl phosphate, 1-methyl-3- 
undecylimidazolium propyl phosphate, 1-dodecyl-3- 
methylimidazolium dipropyl phosphate, 1-hexadecyl-3- 
methylimidazolium dipropyl phosphate, 1,3- 
diethylimidazolium dipropyl phosphate, 1-ethyl-3- 
propylimidazolium dipropyl phosphate, 1-butyl-3- 
ethylimidazolium dipropyl phosphate, 1-ethyl-3- 
pentylimidazolium dipropyl phosphate, 1-ethyl-3- 
hexylimidazolium dipropyl phosphate, 1-ethyl-3- 
heptylimidazolium dipropyl phosphate, 1-ethyl-3- 
octylimidazolium dipropyl phosphate, 1-ethyl-3- 
nonylimidazolium dipropyl phosphate, 1-decyl-3- 
ethylimidazolium dipropyl phosphate, 1-ethyl-3- 
undecylimidazolium dipropyl phosphate, 1-dodecyl-3- 
ethylimidazolium dipropyl phosphate, 1-ethyl-3- 
hexadecylimidazolium dipropyl phosphate, 1-butyl-3- 
dodecylimidazolium dipropyl phosphate, 1-butyl-3- 
hexadecylimidazolium dipropyl phosphate and the like, and a 
dibutyl phosphate anion-based salt Such as 1,3-dimethylimi 
dazolium dibutyl phosphate, 1-ethyl-3-methylimidazolium 
dibutyl phosphate, 1-methyl-3-propylimidazolium dibutyl 
phosphate, 1-butyl-3-methylimidazolium dibutyl phosphate, 
1-methyl-3-penty limidazolium dibutyl phosphate, 1-hexyl 
3-methylimidazolium dibutyl phosphate, 1-heptyl-3-meth 
ylimidazolium dibutyl phosphate, 1-methyl-3-octylimidazo 
lium dibutyl phosphate, 1-methyl-3-nonylimidazolium 
dibutyl phosphate, 1-decyl-3-methylimidazolium dibutyl 
phosphate, 1-methyl-3-undecylimidazolium dibutyl phos 
phate, 1-dodecyl-3-methylimidazolium dibutyl phosphate, 
1-hexadecyl-3-methylimidazolium dibutyl phosphate, 1,3- 
diethylimidazolium dibutyl phosphate, 1-ethyl-3-propylimi 
dazolium dibutyl phosphate, 1-butyl-3-ethylimidazolium 
dibutyl phosphate, 1-ethyl-3-penty limidazolium dibutyl 
phosphate, 1-ethyl-3-hexylimidazolium dibutyl phosphate, 
1-ethyl-3-heptylimidazolium dibutyl phosphate, 1-ethyl-3- 
octylimidazolium dibutyl phosphate, 1-ethyl-3-nonylimida 
Zolium dibutyl phosphate, 1-decyl-3-ethylimidazolium dibu 
tyl phosphate, 1-ethyl-3-undecylimidazolium dibutyl 
phosphate, 1-dodecyl-3-ethylimidazolium dibutyl phos 
phate, 1-ethyl-3-hexadecylimidazolium dibutyl phosphate, 
1-butyl-3-dodecylimidazolium dibutyl phosphate, 1-butyl-3- 
hexadecylimidazolium dibutyl phosphate and the like, and 
among them, it is preferred to contain a dipropyl phosphate 
anion-based salt or a dibutyl phosphate anion-based salt in 
that the salt has excellent compatibility with the ionic liquid 
and lubrication characteristics. 

0065. The blending amount of the imidazolium phosphate 
ester salt (B) is, for example, preferably 0.001 parts by weight 
to 5 parts by weight, particularly preferably 0.01 parts by 
weight to 2 parts by weight, and more particularly preferably 
0.05 parts by weight to 1 part by weight, based on 100 parts by 
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weight of the ionic liquid (A). When the blending amount of 
the compound (B) is too small, the function as a lubricating 
oil additive tends to be difficult to be exhibited. When the 
amount is too large, the compound (B) tends not to be uni 
formly distributed or dissolved in the lubricant. 
0066. In the present invention, including the ionic liquid 
“as a main component' indicates that a synthetic lubricant 
contains typically 50 wt % or more, preferably 70 wt % or 
more, and particularly preferably 80 wt % or more of the ionic 
liquid. 
0067. The synthetic lubricant of the present invention is 
obtained by, for example, a method of appropriately blending 
the ionic liquid (A) with the imidazolium phosphate ester salt 
(B), and if necessary, stirring the resulting mixture while 
heating, and the like. 
0068. The ionic liquid composition obtained may be in a 
solution state where the imidazolium phosphate ester salt (B) 
is dissolved in the ionic liquid (A), and may beina State where 
the imidazolium phosphate ester salt (B) is dispersed in the 
ionic liquid (A). 
0069. In addition, the synthetic lubricant of the present 
invention may include, if necessary, various additives known 
in the related art, Such as a lubricating oil base oil, an extreme 
pressure agent, an oiliness agent and the like in Such an 
amount that the effects of the present invention may not be 
impaired. 
0070 The synthetic lubricant thus obtained, including the 
ionic liquid (A) and the imidazolium phosphate ester salt (B), 
may vary depending on use conditions of the lubricant and the 
like, but it is preferred that the following lubrication perfor 
mance is satisfied. 
0071. If the object is to use a lubricant having low viscos 

ity, the typical viscosity of the synthetic lubricant at 25°C. is 
preferably 30 mPa's or less, and more preferably 20 mPa's or 
less. When the Viscosity is too high, energy loss caused by the 
viscosity of the lubricant itself tends to be generated. Further, 
the lower limit of the viscosity is typically 2 mPas, and when 
the viscosity is less than the lower limit, the synthetic lubri 
cant tends to be easily scattered because of low viscosity. 
0072 The viscosity index of the synthetic lubricant is 
preferably 180 or more, more preferably 200 or more, and 
particularly preferably 220 or more. Here, the viscosity index 
is an index showing the relationship between temperature and 
Viscosity, and a calculating method for viscosity index is 
stipulated in the Japanese Industrial Standards (JIS)K2283 (a 
testing method for kinematic viscosity of crude oil and petro 
leum products and a calculating method for Viscosity index of 
petroleum products). 
0073 Meanwhile, the higher the viscosity index is, the 
Smaller the change in Viscosity by temperature is, indicating 
that the lubricant is excellent as a lubricant. 
0074 The lubricant may be considered in the case where 
the height of absolute viscosity is of importance depending on 
its use, or in the case where other physical properties such as 
contact angle with a metal and the like are regarded as more 
important than the absolute viscosity. At that time, depending 
on necessary physical properties, the organic cation is 
selected from an imidazolium cation, a pyrridinium cation, a 
quaternary ammonium cation and a quaternary phosphonium 
cation, and physical properties are controlled by changing 
Substituents, if necessary. Even in this case, the viscosity 
index is regarded as an important physical property. When the 
Viscosity index is less than the lower limit, the ratio of change 
in Viscosity by temperature tends to be too high. 
0075. The synthetic lubricant of the present invention has 
excellent viscosity characteristics that the ionic liquid has, 
and combines various physical properties such as non-vola 
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tility, thermal stability and the like with lubricating ability and 
rust preventive property, which may not be obtained by the 
ionic liquid alone, and thus, may be widely used as a lubricant 
for mechanical devices such as automobiles, electronic prod 
ucts and the like, power transmission devices, and precision 
machines, a metal working oil and a lubricant under special 
environments. 

Example 

0076. Hereinafter, the present invention will be described 
in more detail with reference to Examples, but the present 
invention is not limited to the following Example as long as 
the gist thereof is not deviated. Meanwhile, in Examples, 
“part and “%” mean on the basis of weight unless otherwise 
stated. 

Preparation Example of Fluorine Atom-Containing 
Ionic Liquid (A) 

Preparation Example 1 

Synthesis of 1-ethyl-3-methylimidazolium 
bis(fluorosulfonyl)imide (A-1) 

(0077. 6.28 g (76.5 mmol) of 1-methylimidazole was 
placed in a flask equipped with a reflux condenser, 33.01 g 
(302.9 mmol) of ethyl bromide and 8.20g of acetonitrile were 
added thereto, and reaction was performed at 40°C. for 8 hr 
to obtain 13.41 g (70.2 mmol, yield 91.8%) of 1-ethyl-3- 
methylimidazolium bromide. 11.04 g (57.8 mmol) of the 
obtained 1-ethyl-3-methylimidazolium bromide and 13.29 g 
(60.6 mmol) of potassium salt of bis(fluorosulfonyl)imide 
were reacted in 20g of water at 50° C. for 4 hr, and then 50 ml 
of methylene chloride was added thereto to separate a meth 
ylene chloride layer. The methylene chloride layer was 
washed with water, followed by drying under reduced pres 
sure to obtain 15.85 g (54.4 mmol, yield 94.2%) of 1-ethyl 
3-methylimidazolium bis(fluorosulfonyl)imide. 

Preparation Example 2 

Synthesis of 1-ethyl-3-methylimidazolium 
bis(trifluoromethanesulfonyl)imide (A-2) 

0078 11.04 g (60.6 mmol) of the 1-ethyl-3-methylimida 
Zolium bromide obtained by the same method as in Prepara 
tion Example 1 and 20.33 g (63.66 mmol) of potassium salt of 
bis(trifluoromethanesulfonyl)imide anion were reacted in 20 
g of water-methylene chloride at 40° C. for 4 hr, then the 
aqueous layer was separated by a separatory funnel and 
washed with water, followed by drying under reduced pres 
sure to obtain 22.53 g (57.6 mmol, yield 95%) of 1-ethyl-3- 
methylimidazolium bis(trifluoromethanesulfonyl)imide. 

Preparation Example 3 

Synthesis of 1-methyl-3-octylimidazolium 
bis(trifluoromethanesulfonyl)imide (A-3) 

0079 Except that 1-ethyl-3-methylimidazolium bromide 
in Preparation Example 2 was changed into 16.7 g of 1-me 
thyl-3-octylimidazolium bromide, synthesis was performed 
in the same manner as in Preparation Example 2 to obtain 
26.2 g (yield 91%) of the desired 1-methyl-3-octylimidazo 
lium bis(trifluoromethanesulfonyl)imide. 
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Preparation Example of Imidazolium Phosphate 
Ester Salt (B) 

0080. The following imidazolium phosphate ester salt (B) 
was synthesized in accordance with WO2008-114584 and 
Feul vol. 87 page 79-84 2008. 

Preparation Example 4 

Synthesis of 1-ethyl-3-methylimidazolium dimethyl 
phosphate (B-1) 

0081 17.5g of trimethylphosphate was placed in 10.0 g of 
1-ethylimidazole, followed by heating at 80° C. for 72 hr. 
After heating, the mixture was cooled to room temperature 
and was washed with 50 ml of toluene five times. 1-Ethyl-3- 
methylimidazolium dimethyl phosphate in the lower layer 
was dried under vacuum at 60° C. to obtain 24.4 g of the titled 
material. 

Preparation Example 5 

Synthesis of 1-dodecyl-3-methylimidazolium 
dimethyl phosphate (B-2) 

0082 Except that 10.0 g of 1-ethylimidazole in Prepara 
tion Example 4 was changed into 10.0 g of 1-dodecylimida 
Zole and 17.5g of trimethyl phosphate was changed into 7.1 
g, operation was performed in the same manner to obtain 15.4 
g of the titled material. 

Preparation Example 6 

Synthesis of 1-hexadecyl-3-methylimidazolium 
dimethyl phosphate (B-3) 

0083 Except that 10.0 g of 1-ethylimidazole in Prepara 
tion Example 4 was changed into 10.0 g of 1-hexadecylimi 
dazole and 17.5 g of trimethyl phosphate was changed into 
5.7g, operation was performed in the same manner to obtain 
13.2 g of the titled material. 

Preparation Example 7 

Synthesis of 1-ethyl-3-methylimidazolium diethyl 
phosphate (B-4) 

0084 Except that 10.0 g of 1-ethylimidazole in Prepara 
tion Example 4 was changed into 10.0 g of 1-methylimida 
Zole and 17.5g of trimethyl phosphate was changed into 26.7 
g of triethyl phosphate, operation was performed in the same 
manner to obtain 33.1 g of the titled material. 

Preparation Example 8 

Synthesis of 1-ethyl-3-dodecylimidazolium diethyl 
phosphate (B-5) 

0085 Except that 10.0 g of 1-ethylimidazole in Prepara 
tion Example 4 was changed into 10.0 g of 1-dodecylimida 
Zole, 17.5g of trimethyl phosphate was changed into 9.3 g of 
triethyl phosphate, and 50 ml of toluene was changed into 15 
ml of dibutyl ether, operation was performed in the same 
manner to obtain 7.2 g of the titled material. 
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Preparation Example 9 

Synthesis of 1-butyl-3-ethylimidazolium dibutyl 
phosphate (B-6) 

I0086 33.3 g of tributyl phosphate was placed in 10.0 g of 
1-ethylimidazole, followed by heating at 120° C. for 120 hr. 
After heating, the mixture was cooled to room temperature 
and was washed with 50 ml of hexane six times. 1-butyl-3- 
ethylimidazolium dibutyl phosphate in the lower layer was 
dried under vacuum at 60° C. to obtain 25.0 g of the titled 
material. 

Preparation Example 10 

Synthesis of 1-butyl-3-dodecylimidazolium dibutyl 
phosphate (B-7) 

I0087. Except that 10.0 g of 1-ethylimidazole in Prepara 
tion Example 9 was changed into 10.0 g of 1-dodecylimida 
Zole and the amount of tributyl phosphate was changed into 
13.5g, operation was performed in the same manner to obtain 
6.5g of the titled material. 

Preparation Example 11 

Synthesis of 1-butyl-3-hexadecylimidazolium 
dibutyl phosphate (B-8) 

I0088 Except that 10.0 g of 1-ethylimidazole in Prepara 
tion Example 9 was changed into 10.0 g of 1-hexadecylimi 
dazole and the amount of tributyl phosphate was changed into 
10.9 g, operation was performed in the same manner to obtain 
8.7 g of the titled material. 

Preparation Example 12 

Synthesis of 
1-(O.O.dimethylphosphoryl)-3-n-octylimidazolium 

PF salt 
I0089) 3 mol of dimethyl phosphate chloride ester was 
added to 1 mol of 1-octylimidazole, 100 ml of methylene 
chloride was placed therein, followed by stirring under reflux 
for several days to concentrate methylene chloride, washing 
with a solvent, and drying to obtain 1-(O.O.dimethylphos 
phoryl)-3-n-octylimidazolium chloride. 1 mol of KPF and 
300 ml of water were placed in 1 mol of 1-(O.O.dimeth 
ylphosphoryl)-3-n-octylimidazolium chloride, followed by 
stirring at room temperature for 5 hr, separating the liquid, 
and then drying the lower layer to quantitatively obtain 1-(O. 
O.dimethylphosphoryl)-3-n-octylimidazolium hexafluoro 
phosphate. 

Examples 1 to 5 

(0090 Synthetic lubricants in Examples 1 to 5 were 
obtained by adding each of 0.5 parts by weight of imidazo 
lium phosphate ester salt (B-1, 4 to 7) to 100 parts by weight 
of the ionic liquid (A-1) obtained in Preparation Example 1 
and Sufficiently mixing and stirring the mixture with heating 
to 40° C. 

Comparative Example 1 

0091. A synthetic lubricant was obtained in the same man 
ner as in Examples 1 to 5, except that the imidazolium phos 
phate ester salt (B) was not used in the ionic liquid (A-1). 
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Example 6 

0092. A synthetic lubricant in Examples 6 was obtained by 
adding 0.5 parts by weight of imidazolium phosphate ester 
salt (B-5) to 100 parts by weight of the ionic liquid (A-2) 
obtained in Preparation Example 2 and sufficiently mixing 
and stirring the mixture with heating to 40°C. 

Comparative Example 2 

0093. A synthetic lubricant was obtained in the same man 
ner as in Example 6, except that the imidazolium phosphate 
ester salt (B) was not used in the ionic liquid (A-2). 

Examples 7 to 13 
0094 Synthetic lubricants in Examples 7 to 13 were 
obtained by adding each of 0.5 parts by weight of imidazo 
lium phosphate ester salt (B-2 to 8) to 100 parts by weight of 
the ionic liquid (A-3) obtained in Preparation Example 3 and 
Sufficiently mixing and stirring the mixture with heating to 
40° C. 

Comparative Example 3 

0095. A synthetic lubricant was obtained in the same man 
ner as in Examples 7 to 13, except that the imidazolium 
phosphate ester salt (B) was not used in the ionic liquid (A-3). 

Example 14 

0096. A synthetic lubricant in Examples 14 was obtained 
by adding 0.5 parts by weight of imidazolium phosphate ester 
salt (B-6) to 100 parts by weight of the ionic liquid (A-1) 
obtained in Preparation Example 1 and sufficiently mixing 
and stirring the mixture with heating to 40°C. 

Comparative Example 4 

0097. A synthetic lubricant in Comparative Example 4 
was obtained by adding 0.5 parts by weight of 1-(O.O.dim 
ethylphosphoryl)-3-n-octylimidazolium PF salt (hereinaf 
ter, described as PO(OMe)OIIPF) to 100 parts by weight 
of the ionic liquid (A-1) obtained in Preparation Example 1 
and Sufficiently mixing and stirring the mixture with heating 
to 40° C. 

Comparative Example 5 

0098. A synthetic lubricant was obtained in the same man 
ner as in Example 14, except that the imidazolium phosphate 
ester salt (B-6) was not used in the ionic liquid (A-1). 

Fluorine 

atOn 

containing imidazolium 
ionic 
liquid (A) 

Example 1 A-1 
Example 2 A-1 
Example 3 A-1 
Example 4 A-1 
Example 5 A-1 
Comparative A-1 
Example 1 
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0099. The following lubrication performance evaluation 
and rust preventing performance evaluation were performed 
on the synthetic lubricants obtained. The results are shown in 
Table 1. 
0.100 Lubrication Performance Evaluation 
01.01 <Friction Coefficient> 
0102) A lubricating oil friction tester (manufactured by 
Kyoshin Inc., “KT-1203) was used to measure a friction 
coefficient under the following conditions. Meanwhile, the 
value of the friction coefficient was shown as an average value 
obtained by excluding the initial measurement value (from 0 
to 30 sec) from the total coefficient data obtained during the 
measurement time under the following conditions. 
0103 Measuring Conditions 
0104 Experimental material: 3/16 inch-SUJ-2 steel ball, 
SCM435 bearing steel plate (cp25 mmx5 mm, HRC>40, 
RZ-0.8 (Lm)) 
0105. Applied load: 0.1 kgf 
0106 Friction speed: 5 mm/sec 
01.07 Double stroke: 5 mm 
0.108 Data recording interval: 4 sec 
0109 Measuring temperature: Examples 1 to 5 and Com 
parative Example 1: from room temperature to 150°C. (step 
wise heating) 

0110 : Examples 6 to 14 and Comparative Examples 2 
to 5; from room temperature to 200°C. (stepwise heat 
ing) 

0111. Measuring time: for 20 min 
0112 <Friction Volume> 
0113. The friction volume was obtained by the following 
equation from the wear scar diameter (minor axis: a, major 
axis; b) of the SUJ-2 steel ball after the completion of the 
friction test. 
0114. Friction volume=JLa3b/32D (D: steel ball diameter) 
(Unit: um) 
0115 Criteria 
10116 A... Less than 4,000 um 
0117 B. . . 4,000 um or more and less than 10,000 um 
0118 C. ... 10,000 um and more andless than 20,000 um 

0119) D. . . 20,000 umor more 
I0120 Rust Preventing Performance Evaluation 
I0121. It was decided whether rust was generated on the 
wear scar produced on the test steel plate after the completion 
of the friction test. 
0.122 Criteria 
I0123 A... Rust not acknowledged even though the wear 
scar on the test steel plate was magnified and observed 
0.124 B. . . Rust acknowledged when the wear scar on the 
test steel plate was magnified and observed 
0.125 C. . . Rust acknowledged with naked eyes on the 
wear scar on the test steel plate 

TABLE 1 

Lubrication performance evaluation 

Friction volume Rust 

Measurement preventing 
phosphate ester salt Friction value performance 
(B) coefficient (m) Evaluation evaluation 

B-1 O.153 19,000 C B 
B-4 O.142 8,000 B A. 
B-5 O.126 9,000 B A. 
B-6 O.152 3,600 A. A. 
B-7 O.152 2,900 A. A. 

O.183 22,000 D C 
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TABLE 1-continued 
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Fluorine Lubrication performance evaluation 

atOn- Friction volume Rust 

containing imidazolium Measurement preventing 
ionic phosphate ester salt Friction value performance 
liquid (A) (B) coefficient (im) Evaluation evaluation 

Example 6 A-2 B-5 O.14 2,600 A. A. 
Comparative A-2 O.186 50,000 D C 
Example 2 
Example 7 A-3 B-2 O.171 8,400 B A. 
Example 8 A-3 B-3 O.15 6,600 B A. 
Example 9 A-3 B-4 O.154 2,700 A. A. 
Example 10 A-3 B-5 O.146 3,100 A. A. 
Example 11 A-3 B-6 O.131 1,700 A. A. 
Example 12 A-3 B-7 O.13S 1,300 A. A. 
Example 13 A-3 B-8 O.134 630 A. A. 
Comparative A-3 O.212 51,000 D C 
Example 3 
Example 14 A-1 B-6 O.118 1,800 A. A. 
Comparative A-1 PO(OMe),OIPF 0.155 30,000 D B 
Example 4 
Comparative A-1 O.188 30,500 D C 
Example 5 

* InTable, – indicates no addition, 

0126 From the result in Table 1, it can be understood that 
the synthetic lubricant in which imidazolium phosphate ester 
salt was blended with the ionic liquid in Examples has better 
friction performance and rust preventing performance than 
those of the synthetic lubricant in which imidazolium phos 
phate ester salt was not blended in Comparative Examples. 
0127. Further, from Comparative Example 4, it can be 
understood that the imidazolium phosphate ester salt of the 
present invention having a phosphate ester structure on the 
anion moiety has better effects as a frictionadjuster thanasalt 
having a phosphate ester structure on the cation moiety. 
0128. This indicates that the imidazolium phosphate ester 
salt of the present invention is a useful compound as a friction 
adjuster and a rust preventive agent of a synthetic lubricant 
including an ionic liquid as a main component. 
0129. Although the present application has been described 
with reference to detailed and specific embodiments thereof, 
it is obvious to those skilled in the art that various changes or 
modifications may be made without departing from the spirit 
and scope of the present invention. 
0130. The present application is based on Japanese Patent 
Application (Patent Application 2010-019934) filed on Feb. 
1, 2010, the content of which is incorporated herein by refer 
CCC. 

INDUSTRIAL APPLICABILITY 

0131 The lubricant composition of the present invention 
has essential lubrication performance when the composition 
retaining characteristics of an ionic liquid as a base oil of a 
lubricating oil is put to practical use, which is improved by 
additives, and is useful as a lubricant for mechanical devices 
Such as automobiles, ships, electronic products and the like, 
power transmission devices, and precision machines and a 
lubricant under special environments. 

1. A synthetic lubricant including a fluorine atom-contain 
ing ionic liquid (A) as a main component, wherein the Syn 
thetic lubricant contains an imidazolium phosphate ester salt 
(B). 

2. The synthetic lubricant according to claim 1, wherein a 
cation moiety of the fluorine atom-containing ionic liquid (A) 
is an imidazolium cation. 

3. The synthetic lubricant according to claim 1, wherein an 
anion moiety of the fluorine atom-containing ionic liquid (A) 
is a fluorine-containing imide anion represented by the fol 
lowing formula (1): 

(CF2SO2)2N (1) 

wherein n is an integer of 0 to 15. 
4. The synthetic lubricant according to claim 1, wherein the 

anion moiety of the fluorine atom-containing ionic liquid (A) 
is bis(fluorosulfonyl)imide or bis(trifluoromethanesulfonyl) 
imide. 

5. The synthetic lubricant according to claim 1, wherein the 
imidazolium cation of the imidazolium phosphate ester salt 
(B) is a 1,3-disubstituted imidazolium cation. 

6. The synthetic lubricant according to claim 1, wherein the 
phosphate esteranion of the imidazolium phosphate ester salt 
(B) is a phosphate ester anion having a diester structure. 

7. The synthetic lubricant according to claim 1, wherein the 
imidazolium phosphate ester salt (B) is a compound repre 
sented by the following formula (2): 

(2) 
O-R3 

Rla 1N-R2 
N N oO-P-O-R3 

O 

wherein each of R1 and R2 is independently an alkyl group 
having 1 to 16 carbon atoms, and R3 is an alkyl group 
having 1 to 8 carbon atoms. 


