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GREASE COMPOSITION, VISCOUS AGENT, 
AND MECHANICAL ELEMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t of priority under 35 
U.S.C. 119 to Japanese PatentApplication Nos. 2007-031359 
?led Feb. 9, 2007, 2007-031360 ?led Feb. 9, 2007, 2007 
031361 ?led Feb. 9, 2007, 2007-031362 ?led Feb. 9, 2007, 
2007-262836 ?led Oct. 9, 2007 and 2007-262837 Oct. 9, 
2007, and the entire contents of the applications are incorpo 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a grease composi 
tion, a viscous agent and a mechanical element. 
[0004] 2. RelatedArt 
[0005] Lubricating grease used as a lubricant for mechani 
cal components generally contains viscous agent, base oil, 
and additives. Most part of characteristics of grease is often 
determined by types of the viscous agent, or types of the base 
oil, Wherein additives are used in order to impart character 
istics not su?iciently covered by them. 
[0006] With recent progress made in the industrial ?eld 
With respect to labor saving and technical innovation of 
machines, demands for more advanced performances have 
been arising for grease contributive to lubricated compo 
nents, so as to be adaptable to more severe environments of 
use, longer service life of machines, doWn-siZing of mechani 
cal components, and trends of maintenance-free concept. 
Accordingly, the grease used therefor has been expected to be 
more excellent in loW friction characteristics, and to have 
better heat resistance and longer service life. Lubricating 
characteristics of conventional grease have largely been 
affected by lubricating characteristics of the base oil itself, 
and still have a room for improvement in limited anti-friction 
performance, anti-Wearing performance, and anti-galling 
characteristics. Various proposals have been made on grease 
composition improved in speci?c performances through 
addition of speci?c viscous agent and so forth to the base oil 
(for example, Japanese Laid-Open Patent Publication, occa 
sionally referred to as “IPA” Nos. H7-34083, H8-209176 and 

2004-204218). 
[0007] By the Way, lubricant technologies at present have 
been entrusted to a mission of satisfying both of loW friction 
coe?icient and anti-Wearing performance at the same time, 
Wherein functional sharing has been established such that loW 
friction coe?icient is ensured by a loW-viscosity base oil at the 
start of operation or under loW load operation, loW friction 
coe?icient is also ensured by boundary lubrication ?lm under 
high load operation, Whereas anti-Wearing property (inevita 
bly degraded due to adoption of loW-viscosity base oil) is 
compensated by boundary ?lm lubrication technique based 
on formation of a reactive ?lm on iron-made surfaces. 

[0008] The situation up to the present is, hoWever, going to 
dramatically change. 
[0009] One of the reasons resides in doWn-siZing of appa 
ratus. DoWn-siZing of apparatus demands higher levels of 
resistance under conditions of higher temperature, extreme 
pressure and large shearing force. Mineral oils or loW-viscos 
ity synthetic base oils represented by PAO (poly-alpha-ole?n) 
used at present may vaporize or decompose under high tem 
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peratures, and even MOS2, believed to be desirable as a 
boundary lubrication ?lm, may decompose due to humidity 
and high temperatures. Such situation demands lubricant 
capable of satisfying both of boundary lubrication perfor 
mance and loW friction performance in a high temperature 
region at 1500 C. and above. 

[0010] Another reason resides in groWing consciousness on 
environment. Most of the boundary ?lm lubrication tech 
niques at present adopt environmentally-hazardous sub 
stances (sulfur, phosphorus, halogen) or substances of high 
concern (heavy metals), so that laWs such as ELV (End of Life 
Vehicles), WEEE (Waste Electrical and Electronic Equip 
ment), and ROHS (Restriction of the use of certain Hazardous 
Substances in electrical and electronic equipment) have been 
enacted one after another, calling for rapid and drastic tech 
nical improvement under groWing environmental conscious 
ness. 

[0011] Under such situation, and against the conventional 
lubrication technique mainly governed by ?uid lubrication 
and boundary lubrication, the present inventors have found 
out and reported desirable lubricating performance ascribable 
to speci?c structures of discotic molecules capable of shoW 
ing loW friction performance in an elastic ?uid lubrication 
region betWeen both lubrication regions, and of consequently 
realiZing anti-Wearing performance under high load opera 
tion (FUJIFILM RESEARCH & DEVELOPMENT No. 51, 
pp 80-85 (2006)). In general, in the ?eld of friction caused by 
machines under operation, general lubricating oils are 
elevated in the viscosity to as much as 1000 times or around 
due to high pressure. In contrast, the discotic molecule having 
radially-bound ?exible side chains may speci?cally be 
elevated in the viscosity only to as much as several hundred 
times or around, and still loWer viscosity (MiesoWicZ viscos 
ity ascribable to anisotropic alignment) may be obtained by 
virtue of alignment of anisotropic molecules, characteriZed 
by discotic geometry, in the vicinity of boundary in the aniso 
tropic ?eld characteriZed by shearing force. Elevation in vis 
cosity may, therefore, be suppressed all over again, to thereby 
realiZe loW friction. The substance may principally exhibit its 
function only With carbon, hydrogen and oxygen, Which is 
favorable from the environmental vieWpoint. Several propos 
als have been made on lubrication technique making use of 
such discotic compounds (IPA Nos. 2002-69472, 2003 
192677 and 2004-331950). 
[0012] By the Way, lubricating oils at present are basically 
loW in viscosity, Which is an essential feature for loWering 
torque in the early stage of operation, Whereas the grease 
composition enables early operation at loW torque despite its 
high viscosity. This is ascribable to thixotropic feature given 
by a netWork formation of viscous agent With the aid of metal 
soap or urea compounds mixed in the lubricating oil, thereby 
the grease composition may be understood as a highly-func 
tional composition capable of preventing leakage of the loW 
viscosity lubricating oil outside the sliding portion, and 
alloWing the loW-viscosity lubricating oil, containing an 
extreme pressure agents and so forth, to express its lubricat 
ing function at the sliding portion. The grease composition 
has, therefore, been exhibiting important functions in lubri 
cation and protection of contact portions of sliding compo 
nents such as roller bearing, slide bearing, sintered bearing, 
gear, valve, cock, oil seal, electric contacts and so forth, all of 
Which being not readily accesible for replacement of lubri 
cating oils. 
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[0013] However, the viscous agent in the grease composi 
tion cannot contribute to lubricating performance, that is to 
reduce friction, and suffers from an intrinsic problem of 
gradually degrading its viscosity-enhancing function under 
severe shearing, Which is intrinsically ascribable to its chemi 
cal structure. Another problem is such that the grease com 
position is not alWays optimally selected for lubrication of 
resin surfaces, despite its relatively larger opportunities of use 
for resin surfaces, but is used only after being appropriately 
adjusted in the content of extreme pressure agents (most of 
Which are substances of environmental impact) used for lubri 
cation of steel base. Therefore, drastic technical innovation 
may be necessary also for the grease composition. 

SUMMARY OF THE INVENTION 

[0014] An object of a ?rst invention is to provide a grease 
composition having loW friction performance and loW Wear 
ing performance. 
[0015] An object of a second invention is to provide a novel 
grease composition capable of achieving desirable elastic 
?uid lubrication under high pressure and large shearing ?eld, 
and desirable lubricating performance at various interfaces, 
While maintaining its desirable thixotropic performance and 
lubricating performance. 
[0016] An object of a third invention is to provide a novel 
environmentally-compatible viscous agent, and is to provide 
a novel viscous agent capable of satisfying both of a desirable 
level of elastic ?uid lubrication under high pressure and large 
shearing ?eld, and desirable lubricating performance at vari 
ous interfaces, Without degrading its desirable thixotropic 
performance and lubricating performance. 
[0017] Other objects of the ?rst, second and third inven 
tions are to provide a mechanical element excellent in loW 
friction performance, anti -Wearing performance, and durabil 
ity. 
[0018] The ?rst invention provides a grease composition 
comprising at least one polymer having a mesogen structure 
in the principal chain or in the side chain(s) thereof, and at 
least one species of viscous agent. 
[0019] In the ?rst invention, the polymer may be selected 
from the formulae (l-l), (l-2), (2-1), (2-2a), (2-2b), (2-3a), 
(2-3b) and (2-4): 

(1-1) 

*—[-Ch|ain-]—* 
L 

(Ro)k 

[0020] Where in the formula (l-l), “Chain” is a repeating 
unit derived from a monomer composing the principal chain 
having at least L as a substituent; D represents a cyclic 
mesogen group; each R0 represents a substituent, k is an 
integer of 0 or larger and not larger than the maximum number 
of RO substitutable on the cyclic mesogen group, k (Ro)s 
maybe same With or different from each other; L indepen 
dently represents a divalent linking group; Wherein at least 
one of R0 and L has a C5 or longer alkylene chain, oligoalky 
leneoxy chain, oligosiloxy chain or oligoper?uoroalkyle 
neoxy chain therein; 
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L 

XTNYX I \ 

\ 

(112)“ 

[0021] 
unit derived from a monomer composing the principal chain 

Wherein in the formula (1 -2), “Chain” is a repeating 

having at least L as a sub stituent; each X independently 

represents N(Rl), S, or O, Which may be same With or differ 

ent from each other; Rl represents a hydrogen atom or alkyl 
group; each R2 represents a substituent, Which may be same 
With or different from each other; In represents an integer 

from 0 to 4 and n represents an integer from an integer 0 to 5, 

Wherein a plurality of (n)s in the formula may be same With or 

different from each other; each L represents a divalent linking 
group; Wherein at least one of R2 and L has a C5 or longer 

alkylene chain, oligoalkyleneoxy chain, oligosiloxy chain or 
oligoper?uoroalkyleneoxy chain therein; 

(1-3) 

[0022] Where in the formula (l-3), “Chain” is a repeating 
unit derived from a monomer composing the principal chain 

having at least L as a substituent; each R3 represents a sub 

stituent, Which may be same With or different from each other; 
m' represents an integer from 0 to 3 and n' represents an 

integer from 0 to 4, a plurality of (n')s in the formula may be 
same With or different from each other; L represents a divalent 

linking group; Wherein at least one of R3 and L has a C5 or 

longer alkylene chain, oligoalkyleneoxy chain, oligosiloxy 
chain or oligoper?uoroalkyleneoxy chain therein; 
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(2-1); 

(R0)k 

[0023] Where in the formula (2-1), D represents a cyclic 
meso gen group, each R0 independently represents a substitu 
ent, k is an integer of 0 or larger and not larger than the 
maximum number of RO substitutable on the cyclic mesogen 
group, k (Ro)s may be same With or different from each other; 
each L independently represents a divalent linking group; 
Wherein at least one of R0 and L has a C5 or longer alkylene 
chain, oligoalkyleneoxy chain, oligosiloxy chain or oligop 
er?uoroalkyleneoxy chain therein; 

[0024] Where in the formulae (2-2a) and (2-2b), each X 
independently represents N(Rl), S or O, Which may be same 
With or different from each other; Rl independently repre 
sents a hydrogen atom or alkyl group; each R2 represents a 
substituent, Which may be same With or different from each 
other; 1 represents an integer from 0 to 3, m represents an 
integer from 0 to 4, and n represents an integer from 0 to 5, a 
plurality of (m)s and (n)s in the formulae may be same With or 
different from each other; each L independently represents a 
divalent linking group, Which may be same With or different 
from each other; Wherein at least one of R2 and L has a C5 or 
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longer alkylene chain, oligoalkyleneoxy chain, oligosiloxy 
chain or oligoper?uoroalkyleneoxy chain therein; 

[0025] Where in the formulae (2-3a) and (2-3b), each R3 
represents a sub stituent, Which may be same With or different 
from each other; 1' represents an integer from 0 to 2, m' 
represents an integer from 0 to 3, and n' represents an integer 
from 0 to 4, a plurality of (m')s and (n')s in the formulae may 
be same With or different from each other; each L indepen 
dently represents a divalent linking group; Wherein at least 
one of R3 and L has a C5 or longer alkylene chain, oligoalky 
leneoxy chain, oligosiloxy chain or oligoper?uoroalkyle 
neoxy chain therein; and 

(Z-4) 

[0026] Where in the formula (2-4), each R4 represents a 
substituent, Which may be same With or different from each 
other; n" represents an integer from 0 to 4, Which may be same 
With or different from each other; L represents a divalent 
linking group; Wherein at least one of R4 and L has a C5 or 
longer alkylene chain, oligoalkyleneoxy chain, oligosiloxy 
chain or oligoper?uoroalkyleneoxy chain therein. 

[0027] As embodiments of the ?rst invention, there are 
provided the grease composition Wherein said at least one 
polymer has a Weight-average molecular Weight of 5,000 to 
200,000; the grease composition Wherein said at least one 
polymer is a polyester-base polymer comprising repeating 
units condensed by ester bonds; the grease composition com 
prising said at least one polymer in an amount of 0.1 to 30% 
by mass With respect to the total mass; the grease composition 
comprising said at least one polymer in a form of dispersed 
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particles having a mean particle size of 10 nm to 10 um; the 
grease composition further comprising at least one species of 
polymer different from said at least one polymer; and the 
grease composition, further comprising at least one species of 
compound represented by the formulae (4)ia, b, c, d, e, f and 
g beloW: 

[0028] Where in the formulae, each R4 represents a substi 
tuted alkyl group, phenyl group or heterocyclic group, and 
these may be substituted by at least one substituent compris 
ing a divalent C8 or longer alkylene group, oligoalkyleneoxy 
chain, oligosiloxy chain, oligoper?uoroalkyleneoxy chain or 
disul?de group. 
[0029] As one embodiment of the ?rst invention, the grease 
composition further comprising a base oil is provided. 
[0030] The base oil may be silicone oil, poly?uoroalkyl 
ether oil, diphenyl ether oil represented by the formula (9) or 
formula (10) as said base oil: 

[0031] Where in the formula (9), R2 and R3 independently 
represent a straight-chain-like or branched per?uoroalkyl 
group or partially substituted compound thereof, having 1 to 
25 carbon atoms, and ratio of the number of atoms of ?uorine/ 
carbon ofR2, R3 is 0.6 to 3, 

R41) 0 
(10) 
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[0032] Where in the formula (10), one of R4, R5 and R6 
represents a hydrogen atom, and the others independently 
represent straight-chain-like or branched alkyl groups, hav 
ing 1 to 26 carbon atoms; aromatic ester oil having at least 
three side chains each containing a carboester group, biode 
gradable oil or aromatic ester oil of Which hydrocarbon group 
has 6 to 15 carbon atoms. 
[0033] The base oil may be at least one species selected 
from 
[0034] (A) hydrides of alpha-alkylstyrene dimer to trimer, 
[0035] (B) hydrides of cyclopentadiene-base condensed 
ring hydrocarbons mainly composed of cyclopentadiens, and 
a trimer to hexamer mainly composed of at least either of 
alpha-ole?ns and monovinyl aromatic hydrocarbons, having 
a ratio (N D/ CD) of hydrogen content on the double bond of 
norbornene ring (ND) and hydrogen content on the double 
bonds of cyclopentadiene ring (CD) of 0.9 to 1.3, and 
[0036] (C) saturated hydrocarbon-base synthetic hydrocar 
bons having in the molecule thereof any cyclic structure 
selected from cyclohexane ring, decalin ring, bicycloheptane 
ring and bicyclooctane ring. 
[0037] As embodiments of the ?rst invention, there are 
provided the grease composition Wherein the viscous agent is 
an urea-base compound, and said at least one polymer has 
tautomeric group(s) in the principal chain and/ or side chain(s) 
thereof; and the grease composition Wherein the viscous 
agent is a lithium soap, and said at least one polymer has 
tautomeric group(s) in the principal chain and/ or side chain(s) 
thereof. 
[0038] The grease composition of the ?rst invention may 
shoW Worked penetration at 400 C. of 205 to 395. 
[0039] The second invention provides a grease composition 
comprising: 
[0040] at least one discotic compound having a discotic 
core therein, at least one viscous agent and a base oil, 
[0041] and shoWing Worked penetration at 400 C. of 480 or 
smaller. 
[0042] In the second invention, at least one discotic com 
pound may be selected from the formula (3-1) beloW: 
(3 - l ): 

[0043] Where in the formula, D represents a cyclic group 
bindable With m side chains, each X independently represents 
a single bond, NRl group (R1 represents a hydrogen atom or 
alkyl group having 1 to 30 carbon atoms), oxygen atom, 
sulfur atom, carbonyl group, sulfonyl group, or divalent link 
ing group composed of any combinations thereof, each R 
independently represents a substituted or non-substituted 
alkyl group, alkenyl group, alkynyl group, aryl group, hetero 
cyclic group, halogen atom, hydroxy group, amino group, 
mercapto group, cyano group, sul?de group, carboxyl group 
or salt thereof, sulfo group or salt thereof, hydroxyamino 
group, ureido group or urethane group, and m represents an 
integer from 2 to 11; 

(3'2) 
R11 

.1. 
A a 
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[0044] Where in the formula, each of X1, X2 and X3 inde 
pendently represents a single bond, NRl group (R1 represents 
a hydrogen atom or alkyl group having 1 to 30 carbon atoms), 
oxygen atom, sulfur atom, carbonyl group, sulfonyl group, or 
divalent linking grou composed of any combinations 
thereof, each of R11, R 2 and R13 independently represents a 
substituted or non-substituted alkyl group, alkenyl group, 
alkynyl group, aryl group, halogen atom, hydroxy group, 
amino group, mercapto group, cyano group, sul?de group, 
carboxyl group or salt thereof, sulfo group or salt thereof, 
hydroxyamino group, ureido group or urethane group; or 

(3-3) 
\ 

I — (R2 1 )a21 
/ 

X21 N X23 

Y \ I I — (R23)a23 

X22 
\ 

I — (R22)a2Z 
/ 

[0045] Where in the formula, each of X21, X22 and X23 
independently represents a single bond, NRl group (R1 rep 
resents a hydrogen atom or alkyl group having 1 to 30 carbon 
atoms), oxygen atom, sulfur atom, carbonyl group, sulfonyl 
group, or divalent linking group composed of any combina 
tions thereof, each of R21, R22 and R23 independently repre 
sents a substituent, and each of a2l, a22 and a23 indepen 
dently represents an integer from 1 to 5. 
[0046] In the second invention, the discotic compound may 
have a tautomeric group in the discotic core and/ or the side 
chain attached to the discotic core. 
[0047] Examples of the tautomeric group include the for 
mulae (a) to (c): 

[0048] Where in the formula (a), “A” represents a ring com 
posed of 5 to 7 atoms, Wherein one of, or tWo or more of the 
ring-composing atoms may have substituent (s), or may be 
condensed With other ring; 
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(b) 

[0049] Where in the formula (b), “B” represents a ring com 
posed of 5 to 7 atoms, Wherein one of, or tWo or more of the 
ring-composing atoms may have substituent (s), or may be 
condensed With other ring; and 

HN 

N», 

[0050] Where in the formula (c), each Z independently rep 
resents any of oxygen atom, sulfur atom, and iNRi, Which 
may be same With or different from each other; and R repre 
sents a hydrogen atom, or alkyl group Which may be substi 
tuted. 
[0051] The tautomeric group in the side chain may be a 
tautomeriZable ureylene group. 
[0052] In the second invention, at least one discotic com 
pound may have at least one substituent attached to said 
discotic core. The substituent may have 
[0053] an organopolysiloxane group represented by the 
formula (6) beloW therein: 

[0054] Where in the formula (6), each R independently rep 
resents a substituted or non-sub stituted monovalent hydrocar 
bon group having 1 to 18 carbon atoms, Which may be same 
With or different from each other; each R1 independently 
represents an alkyl group having 1 to 6 carbon atoms, Which 
may be same With or different from each other; x represents 
an integer from 5 to 120, and y represents 0 or 1; 
[0055] a poly?uoroalkyl group or poly?uoroalkyl ether 
group represented by the formula (7) beloW therein: 

(6) 

(7) 

I 
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[0056] Where in the formula (7), each Rf represents a per 
?uoroalkyl group having 1 to 15 carbon atoms, each of m, n, 
p and q represents 0 or an integer of 1 or larger, m+n+p+q is 
2 to 200; r is 0 or 1, F0 gives s:1 and Rf represents a 
per?uoroalkyl group having 12 or more carbon atoms, and s 
represents 0 or 1 if 1:1, or 
[0057] an ester bond represented by the formula (8) 

[0058] Where in the formula (8), n represents an integer of 
2 or larger. 
[0059] The third invention provides a viscous agent Which 
is a discotic compound having, in the molecule thereof, a 
discotic core and three or more side chain groups radially 
extended from said discotic core, Wherein said discotic core 
and/ or said side chain groups has at least one tautomeric 
group therein, and 
[0060] at least one side chain group of said three or more 
side chains has, at the end portion thereof, a long chain group 
in Which 20 or more atoms selected from the group consisting 
of oxygen, carbon, nitrogen, silicon and sulfur atoms are 
linked in a straight-chain-like manner or in a branched man 
ner. 

[0061] In the third invention, said discotic core may have at 
least one tautomeric group represented by the formula (a), (b) 
or (c) beloW therein: 

[0062] Where in the formula (a), “A” represents a ring com 
posed of 5 to 7 atoms, one of, or tWo or more ring-composing 
atoms may have substituent (s), or may be condensed With 
other ring, and “A” and/ or ring condensed thereWith comprise 
at least tWo side chain groups; 

[0063] Where in the formula (b), “B” represents a ring com 
posed of 5 to 7 atoms, one of, or tWo or more ring-composing 
atoms may have substituent (s), or may be condensed With 
other ring, and “B” and/ or ring condensed thereWith comprise 
at least three side chain groups; 

(C) 
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[0064] Where in the formula (c), each Z independently rep 
resents an oxygen atom, sulfur atom, or iNRi, Which may 
be same With or different from each other; and R represents a 
hydrogen atom, or alkyl group Which may be substituted. 
[0065] In the third invention, at least one of said three or 
more side chain groups has a discotic group containing at 
least one tautomeric group represented by the above 
described formula (a) or (b), or tautomeriZable ureylene 
group, urethane group, amide group or ureido group. 

[0066] The long chain group may be a group having a C13 
or longer straight-chain-like or branched alkyl group or alky 
lene group therein. The long chain group may be a group 
having: 
[0067] an organopolysiloxane group represented by the 
above described formula (6), or 

[0068] a poly?uoroalkyl group or poly?uoroalkyl ether 
group represented by the above described formula (7). 
[0069] The discotic compound may have a divalent group 
represented by the above mentioned formula (8) beloW, 
betWeen said long chain group and said discotic core. 

[0070] As embodiments of the third invention, there are 
provided the viscous agent Wherein tWo or more molecules of 
said discotic compound form a complex; the viscous agent 
Wherein at least one of said three or more side chain groups is 
capable of forming an intra-molecular or inter-molecular 
hydrogen bond; the viscous agent Wherein said discotic com 
pound has, in the molecule thereof, tWo or more tautomeric 
groups, each of said tautomeric groups comprises at least one 
species selected from the group consisting of residues of 
melamine, isocyanric acid, uracil, barbituric acid, trimellitic 
acid, purine, thymine, adenine, cytocine and their residues, 
and is capable of forming a plurality of intra-molecular or 
inter-molecular hydrogen bonds; and the viscous agent 
Wherein said discotic compound is a polymer having said 
discotic core in the principal chain and/or side chain(s) 
thereof. 

[0071] The third invention also provides a grease compo 
sition comprising the viscous agent. 
[0072] In another aspect, the ?rst, second and third inven 
tion provides a mechanical element comprising at least tWo 
surfaces movable at peripheral speeds different from each 
other, and the grease composition of the ?rst invention, the 
second invention or the third invention. 

[0073] At least one of said tWo surfaces may be composed 
of a resin, or diamond-like carbon or ceramic. 

PREFERRED EMBODIMENT OF THE 
INVENTION 

[0074] Paragraphs beloW Will detail the present invention. 
In this patent speci?cation, any numerical ranges expressed 
using “to” mean the ranges including the numerical values 
placed therebefore and thereafter as the loWer limit and upper 
limit, respectively. 

(1) First Invention 

[Grease Composition] 

[0075] A grease composition of the ?rst invention com 
prises at least one species of polymer having a mesogen 
structure in the principal chain or in the side chain(s) thereof, 
and a viscous agent. 
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Polymer: 
[0076] At least one species of the polymer contained in the 
grease composition of the ?rst invention has a mesogen struc 
ture in the principal chain or in the side chain(s) thereof. The 
term “mesogen structure” means a fundamental unit capable 
of forming a mesophase (a liquid crystal phase) (see Liquid 
Crystal Handbook, edited by the Liquid Crystal Working 
Group, the 142th Commission of Organic Material for Infor 
mation Science in Japan Society for the Promotion of Sci 
ence, in 1989) and has a almost same meaning as the term 
“liquid crystal molecule”. Liquid crystal compounds are cat 
egoriZed into thermotropic liquid crystal having a thermody 
namically-stable liquid crystal phase at a temperature Within 
a certain range under a pressure Within a certain range, and 
lyotropic liquid crystal having a liquid crystal phase at a 
temperature Within a certain range under a pressure Within a 
certain range in a solvent With a concentration. HoWever, all 
of compounds having a mesogen structure and a ?exible side 
chain(s) therein don’t alWays have any liquid crystal phase. 
And the polymer to be used in the ?rst invention is not 
required to be selected from liquid crystal polymers. And the 
polymer is not required to shoW a liquid crystal phase at a 
temperature at Which it is used actually. 
[0077] The mesogen structure capable of forming a liquid 
crystal phase can be divided into a cyclic structure, a linking 
group, and side substituent(s). The cyclic structure includes 
those having a six-membered ring such as benZene ring and 
cyclohexane ring; those having directly combined to cyclic 
structures such as biphenyl and terphenyl; those having rings 
combined via a linking group such as tolane and hexaphenyl 
ethynylbenZene; condensed rings such as naphthalene, 
quinoline, anthracene, triphenylene and pyrene; and those 
composed of heterocycles containing nitrogen, oxygen, sul 
fur or the like in the ring, such as aZacroWn, porphyrin and 
phthalocyanine. Examples of the linking group include single 
bond, ester, amide, ureido, urethane, ether, thioether, disul 
?de, imino, aZomethine and vinyl, and acetylene. The side 
substituent may affect the liquid crystallinity through its siZe, 
dipole moment and position of substitution, examples of 
Which include halogen, nitro group, cyano group, alkoxy 
group, alkyl group and heterocyclic group. Further details of 
the above-described matter can be found in “Ekisho Binran 
(Handbook of Liquid Crystal)”, Chapter 3 “Bunshi KoZo to 
Ekisho-sei (Molecular Structure and Liquid Crystallinity)”, 
p. 259, edited by Editorial Committee on Handbook of Liquid 
Crystal, published by MaruZen Co., Ltd. (2000). 
[0078] The cyclic structure is preferably discotic. The 
mesogen structure having a discotic cyclic structure is pref 
erable because the anti-breakage property under shearing 
force, necessary for maintaining a function of improving 
viscosity index, can be improved by virtue of its loW friction, 
and at the same time, it contributes to improvement in the 
anti-Wearing property and reduction in the friction coe?icient 
of the lubricating oil under extreme pressures. Geometric 
feature of the discotic structure can typically be expressed as 
folloWs, making reference to a hydrogen substituted com 
pound having an original form thereof. First, a molecular siZe 
may be determined as folloWs. 
[0079] 1) To create a possible planar, desirably an exact 
planar, molecule structure for a target molecule. For creating, 
standard bond-length and bond-angle values based on orbital 
hybridiZation are desirably used, and such standard values 
can be obtained With reference to the 15th chapter in the 
second volume of “Chemical Handbook, revised version 4, 
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Foundation Section (Kagaku Binran Kaitei 4 Kisohen)” com 
piled by The Chemical Society of Japan, published by 
MARUZEN in 1993. 

[0080] 2) To optimiZe a molecular structure using the 
above-obtained planar structure as a default by molecular 
orbital method or molecular mechanics method. Examples of 
such methods include Gaussian92, MOPAC93, CHARMm/ 
QUANTA and MM3, and Gaussian92 is desirably selected. 
[0081] 3) To move a centroid of the optimiZed structure to 
an origin position and to create a coordinate having an axis 
equal to a principal axis of inertia (a principal axis of a inertia 
tensor ellipsoid). 
[0082] 4) To set a sphere de?ned by van der Waals radius in 
each atom positions thereby draWing a molecular structure. 

[0083] 5) To calculate lengths along to three coordinate 
axes on van der Waals surface thereby obtaining “a”, “b” and 

[0084] Using “a”, “b” and “c” obtained trough the steps 1) 
to 5), “a discotic structure” can be de?ned as a structure Which 

satis?es a§b>c and aZbZa/2, and a preferred example of the 
discotic structure is a structure Which satisfying a§b>c and 
a§b§07a or b/2>c. Speci?c examples of the compound 
include derivatives of core compounds typically described in 
“Kikan Kagaku Sosetsu (Quarterly Chemical RevieWs) 
No.22 “Ekisho no Kagaku (Chemistry of Liquid Crystal)”, 
Chapter 5, Chapter 10, Section 2, edited by the Chemical 
Society of Japan (1994, published by Japan Scienti?c Soci 
eties Press), research report by C. Destrade et al., Mol. Cryst. 
Liq. Cryst., Vol. 71, p. 111 (1981), research report by B. 
Kohne et al., AngeW. Chem., Vol. 96, p. 70 (1984), research 
report by J. M. Lehn et al., J. Chem. Soc. Chem. Commun., p. 
1794 (1985), and research report by J. Zhang, J. S. Mooreet 
al., J.Am. Chem. Soc.,Vol. 116, p. 2655 (1 994). The mesogen 
structure is exempli?ed by benZene derivatives, triphenylene 
derivatives, tolxene derivatives, phthalocyaninederivatives, 
porphyrinderivatives, anthracenederivatives, aZacroWn 
derivatives, cyclohexane derivatives, beta-diketone-base 
metal complex derivatives, hexaethynylbenZene derivatives, 
dibenZopyrene derivatives, coronene derivatives and pheny 
lacetylene macrocycle derivatives. Still other examples 
include cyclic compounds described in “Kagaku Sosetsu 
(Chemical RevieWs), No. 15, Atarashii HokoZoku no Kagaku 
(N eW Chemistry of Aromatic Compounds)” (1977, edited by 
the Chemical Society of Japan, published by University of 
Tokyo Press), and their heteroatom-substituted electron 
structural isomers. Similarly to the above-described metal 
complexes, the discotic core may be those capable of forming 
an assembly of a plurality of molecules With the aid of hydro 
gen bond, coordinate bond and so forth, so as to give discotic 
molecules. The discotic liquid crystal compound is a com 
pound having one residue of these compounds as the center 
core of the molecule, and a straight-chain alkyl group or 
alkoxy group, substituted benZoyloxy group and so forth, as 
the side chains radially attached to the center core. 

[0085] Preferable examples of the residue to be the center 
core of the planar- and discotic-structured molecule include 
those represented by any one of formulae [1] to [74] beloW. It 
is to be noted that n represents an integer of 3 or larger, and * 
means a position bindable With the side chain. All position 
does not necessarily have the side chain, if * is 3 or larger. M 
represents a metal ion or tWo hydrogen atoms, so that [5] and 
[6] may contain a center metal or not. 
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[0086] The core preferably has a n-conjugation skeleton 
containing polar elements. Among those listed in the above, 
preferable examples are [1], [2], [3], [6], [1 1], [12], [21], [23], 
[28] and [56], more preferable examples of these are [1], [2], 
[3], [11] and [21], and particularly preferable examples are 
[2], namely 1,3,5-tris(arylamino)-2,4,6-triaZine ring, and [3], 
namely triphenylene ring, Which correspond to those repre 
sented by formula (1-2) and formula (1-3), synthetically 
available at loW costs. And preferable examples also include 
the following [a] to [h]. 

[a] 

O *—2 O 

* * 
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[0087] The side chain of the polymer may have a group 
other than the mesogen group. For example, the side chain 
may have a substituent (s) attached to the discotic moiety of 
the mesogen group, Which corresponds to R0 in the formula 
(1-1), R2 in the formula (1-2) or R3 in the formula (1-3) 
described later. Examples of the substituent include an alkyl 
group, alkoxy group, alkoxycarbonyl group, alkylthio group 
and acyloxy group. The side chain may also have an aryl 
group and heterocyclic group therein. The side chain may be 
substituted also by the substituents described in C. Hansch, A. 
Leo, R. W. Taft, Chem. Rev., 1991, Vol. 91, p. 165-195 
(American Chemical Society), Wherein the representatives 
include alkoxy group, alkyl group, alkoxycarbonyl group, 
and halogen atom. The side chain may further contain func 
tional groups such as ether group, ester group, carbonyl 
group, cyano group, thioether group, sulfoxide group, sulfo 
nyl group, and amide group. 
[0088] For more detail, the side chain may be exempli?ed 
by alkanoyloxy group (e.g., hexanoyloxy, heptanoyloxy, 
octanoyloxy, nonanoyloxy, decanoyloxy, undecanoyloxy), 
alkylsulfonyl group (e.g., hexylsulfonyl, heptylsulfonyl, 
octylsulfonyl, nonylsulfonyl, decylsulfonyl, undecylsulfo 
nyl), alkylthio group (e.g., hexylthio, heptylthio, dode 
cylthio), alkoxy group (e.g., butoxy, pentyloxy, hexyloxy, 
heptyloxy, octyloxy, nonyloxy, decyloxy, undecyloxy, meth 
oxyethoxy, ethoxyethoxy, methoxydiethyleneoxy, triethyl 
eneoxy, hexyloxydiethyleneoxy), 2-(4-alkylphenyl)ethynyl 
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group (alkyl group is typically methyl, ethyl, propyl, butyl, 
pentyl, hexyl, heptyl, octyl, or nonyl), 2-(4-alkoxyphenyl) 
ethynyl group (alkoxy group is any one of those exempli?ed 
for the above-described alkoxy group), terminalvinyloxy 
(e.g., 7-vinylheptyloxy, 8-vinyloctyloxy, 9-vinylnonyloxy), 
4-alkoxyphenyl group (alkoxy group is typically any of those 
exempli?ed for the above-described alkoxy group), alkoxym 
ethyl group (alkoxy group is typically any of those exempli 
?ed for the above-described alkoxy group), alkylthiomethyl 
group (alkylthio group is typically any of those exempli?ed 
for the above-described alkylthio group), 2-alkylthiomethyl 
(alkylthio group is typically any of those exempli?ed for the 
above-described alkylthio group), 2-alkylthioethoxymethyl 
(alkylthio group is typically any of those exempli?ed for the 
above-described alkylthio group), 2-alkoxyethoxyethyl 
group (alkoxy group is typically any of those exempli?ed for 
the above-described alkoxy group), 2-alkoxycarbonyl ethyl 
group (alkoxy group is typically any of those exempli?ed for 
the above-described alkoxy group), cholesteryloxycarbonyl, 
beta-sitosteryloxycarbonyl, 4-alkoxyphenoxycarbonyl 
group (alkoxy group is typically any of those exempli?ed for 
the above-described alkoxy group), 4-alkoxybenZoyloxy 
group (alkoxy group is typically any of those exempli?ed for 
the above-described alkoxy group), 4-alkylbenZoyloxy group 
(alkoxy group is typically any of those exempli?ed for the 
above-described 2-(4-alkylphenyl)ethynyl group), 4-alkoxy 
benZoyl group (alkoxy group is typically any of those exem 
pli?ed for the above-described alkoxy group), per?uoroalkyl 
group (alkyl group is typically any of those exempli?ed for 
the above-described alkyl group), and polysiloxane group. 
[0089] Of those described in the above, the phenyl group 
may be any other aryl groups (e. g., naphthyl group, phenan 
thryl group, anthracene group), or may further be substituted 
in addition to the above-described substituents. The phenyl 
group may also be any one of heteroaromatic rings (e.g., 
pyridyl group, pyrimidyl group, triaZinyl group, thienyl 
group, furyl group, pyrrolyl group, pyraZolyl group, imida 
Zolyl group, triaZolyl group, thiaZolyl group, imidaZolyl 
group, oxaZolyl group, thiadialyl group, oxadiaZolyl group, 
quinolyl group, isoquinolyl group). 
[0090] The number of carbon atoms in a single side chain is 
preferably 1 to 30, and more preferably 1 to 20. 
[0091] The polymer may further have in the side chain(s) 
thereof an organopolysiloxane group represented by the for 
mula (6) beloW. Such polymer is preferably used in combi 
nation With a base oil containing silicone oil. 

[0092] In the formula (6), each R independently represents 
a substituted or non-substituted monovalent hydrocarbon 
group having 1 to 18 carbon atoms, Which may be same With 
or different from each other; each R1 independently repre 
sents an alkyl group having 1 to 6 carbon atoms, Which may 
be same With or different from each other; x represents an 
integer from 5 to 120, and y represents 0 or 1. 
[0093] The polymer may further have in the side chain(s) 
thereof a poly?uorinated alkyl group or poly?uorinated alkyl 
ether group represented by the formula (7) beloW. Such poly 
mer is preferably used in combination With a base oil con 
taining poly?uorinated alkyl ether oil. 

Formula (6) 
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[0094] In the formula (7), each Rf represents a per?uoro 
alkyl group having 1 to 15 carbon atoms, each of m, n, p and 
q represents 0 or an integer of 1 or larger, m+n+p+q is 2 to 
200; r is 0 or 1, F0 gives s:1, and Rf represents a per?uoro 
alkyl group having 12 or more carbon atoms, and s represents 
0 or 1 if F1. 

[0095] The polymer is also preferable if it has in the side 
chain(s) thereof an ester bond and/or divalent group repre 
sented by the formula (8) beloW. The ester bond or the diva 
lent group represented by the formula (8) beloW may be 
betWeen the principal chain and a group having the mesogen 
structure, or may be in any substituent attached to the 
mesogen structure group. 

[0096] In the formula (8), n represents an integer of 2 or 
larger. n is preferably 2 to 20, and more preferably 3 to 8. 

[0097] A spacer linking the principal chain With the 
mesogen structure in the side chain(s) (corresponded to a 
linking group L in the formula (1-1) to formula (1-3), 
described later) may generally be exempli?ed by alkylene 
group, per?uoroalkylene group, alkenylene group, alky 
nylene group, phenylene group, polysiloxane group, and 
divalent linking groups obtainable by combination of these 
groups. They may further be linked by a divalent linking 
group such as oxy group, carbonyl group, ethynylene group, 
aZo group, imino group, thioether group, sulfonyl group, 
disul?de group and ester group based on combinations 
thereof, amide group, and sulfonamide group. The substitu 
ents on the spacer may be exempli?ed by alkyl group, 
cycloalkyl group, aromatic rings such as phenyl group, het 
erocyclic group, halogen atom, cyano group, alkylamino 
group, alkoxy group, hydroxyl group, amino group, thio 
group, sulfo group, and carboxyl group. 
[0098] The group linking the mesogen With the spacer 
structure may be exempli?ed by divalent linking groups such 
as oxy group, carbonyl group, ethynylene group, aZo group, 
imino group, thioether group, sulfonyl group, and disul?de 
group and ester group based on combinations thereof, amide 
group, and sulfonamide group. 

[0099] The spacer preferably exhibits liquid crystallinity in 
the temperature range of practical use, because alignment of 
the mesogen group in the direction of sliding may be expect 
able for the effect of MiesoWicZ’ loW viscosity. For this pur 
pose, the smallest number of atoms composing the spacer 
betWeen the mesogens may preferably be 8 to 15, from the 
vieWpoint of formation of liquid crystal phase by the discotic 
mesogen. From the vieWpoint of expression of the liquid 
crystal phase, divalent groups capable of yielding relatively 
?exible spacer structure, including alkylene groups such as 
undecylene group, per?uoroalkylene group, triethyleneoxy 
group, oligoalkylene oxylene group such as dipropyleneoxy 
group, oligoper?uoroalkylene group, and oligosiloxane 
group, may be preferable. 

Formula (8) 
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Formula (7) 

I 

[0100] The polymer preferably has, in the principal chain or 
in side chain(s) thereof, a tautomeric group. The mesogen 
structure in the side chain(s) preferably has the tautomeric 
group therein. 
[0101] TautomeriZation Will noW be explained. A phenom 
enon of isomeriZation such that a certain compound can exist 
in forms of tWo isomers readily interconver‘tible therebe 
tWeen, is called tautomeriZation, and each of the individual 
isomers is called tautomer. The polymer may have a tauto 
meric group, and preferably, the tautomeric group is a group 
represented by the formula (a) or (b). 

HN 

N=( 
/ 

[0102] In the formula (a), “A” represents a cyclic group in 
Which 5 to 7 atoms are embedded, provided that, among the 
atoms, one or more atoms may have a sub stituent (s), and the 
“A” may be condensed With another cyclic group. 

0)) 

[0103] In the formula (b), “B” represents a cyclic group in 
Which 5 to 7 atoms are embedded, provided that, among the 
atoms, one or more atoms may have a sub stituent (s), and the 
“B” may be condensed With another cyclic group. 
[0104] Among those, the tautomeric group represented by 
the formula (c), Which is an example of the formula (a), is 
preferred. 

(C) 
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[0105] In the formula (c), plural “Z” independently repre 
sents an oxygen atom, sulfur atom or iNRi, plural “Z” 
maybe same or different from each other, and R represents a 
hydrogen atom or a substituted or non-substituted alkyl 

group. 

[0106] A compound having a functional group capable of 
such tautomeriZation can form, through a hydrogen bond, a 
relatively stable complex structure together With other com 
pound having similar tautomeric structures, such as the same 
amidine structure or keto-enol tautomers (carbamoyl group, 
carboxyl group). For example, the tautomeric group repre 
sented by the above-described formula (a) forms complex 
With amidino group, carbamoyl group and carboxyl group 
respectively as represented by the formulae (a)-l to (a)-3 
beloW. 

[0107] A typical example is a base pair formed, through 
hydrogen bonds, by a purine base and a pyrimidine base 
composing nucleic acids (DNA and RNA). 

Aug. 14, 2008 
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[0108] Normal pairs in DNA is a base pair betWeen adenine 

(A) as a purine base and thymine (T) as a pyrimidine base, and 
a base pair betWeen guanine (G) as a purine base and cytosine 
(C) as a pyrimidine base, Wherein the former is stabiliZed by 
tWo hydrogen bonds, and the latter is stabiliZed by three 
hydrogen bonds. This sort of base pair is called a complemen 
tary base pair, forming the hydrogen bonds While keeping the 
planarity thereof, so that planar discotic compounds are 
expected to ensure a Wide range of planarity in a supermo 

lecular manner. 

[0109] Speci?c examples of the tautomeric group repre 
sented by the above-described formula (a) include, but are not 
limited to, those shoWn beloW. 

‘NH ‘\NH \NH NH 
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[0110] The discotic compound having the tautomeric 
group, such as 1,3,5-trianilino-2,4,6-triaZine derivative can 
form similar complementary base pairs With heterocyclic 
compounds such as cyanuric acid, melamine, adenine, gua 
nine, cytocine, thymine and its derivatives such as barbituric 
acid and uracil, so that such compounds used as the viscous 
agent in combination may supposedly contribute to effective 
formation of a netWork, and to achieve an excellent viscosity 
enhancing effect on the base oil. 
[0111] Amount of addition of the viscous agent capable of 
forming the complementary base pairs With the polymer may 
preferably fall Within the range from 1 to 500 mol %, more 
preferably 10 to 200 mol %, of the tautomeric group in the 
polymer. 
[0112] In particular, the present inventors have found out 
that the grease composition comprising a polymer having in 
the side chain(s) thereof the tautomeric group as the mesogen 
structure, in combination With the urea-base viscous agent, 
shoWed a tendency of successfully obtaining loW friction 
coe?icient, even under a relatively small content of the poly 
mer. The urea compound used as the viscous agent has a 
tautomeriZable ureylene group, and is expected to form a 
multi-point-type stable hydrogen bond With melamine or any 
core having an analogous structure, similarly to isocyanuric 
acid, uracil and barbituric acid. Since such a grease contains 
viscous agent in a larger amount, the polymer having the 
tautomeriZable discotic mesogen structure therein may form 
a complex With urea and part of Which may deposit on urea, so 
that also the discotic polymer may concomitantly be intro 
duced into the boundary under shearing force in a relatively 
e?icient manner, and may be expected to further loWer the 
friction. 
[0113] Examples of the polymer include those comprising 
the repeating unit represented by the formula (1-1) beloW. 

L 

(Ro)k 
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[0114] In the formula (1-1), “Chain” is a repeating unit 
derived from a monomer composing the principal chain haV- -continued 
ing at least L as a substituent; D represents a cyclic mesogen [e] 
group; each R0 independently represents a substituent, k is an 
integer not larger than the maximum number of RO sub stitut 
able on the cyclic mesogen group, k (Ro)s may be same With 
or different from each other; L independently represents a 
divalent linking group; Where at least one ofRO and L has a C5 
or longer alkylene chain, oligoalkyleneoxy chain, oligo siloxy 
chain or oligoper?uoroalkyleneoxy chain therein, and pref 
erably has an oligoalkyleneoxy chain, oligosiloxy chain or 
oligoper?uoroalkyleneoxy chain therein. k represents an 
integer of 0 or larger. 

[0115] The cyclic mesogen group D in the formula may 
preferably be a cyclic mesogen group represented by any of 
the formulae [a] to [h] beloW: 

[b] 
O 

\ N i N / 

o I|\I 0 ¢ % 

[c] 
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[0116] Where in the formulae, each * means a site bindable 

With L and/ or R0. 

[0117] The number of carbon atoms in oligoalkyleneoxy 

chain, oligosiloxy chain or oligoper?uoroalkyleneoxy chain 

owned by the repeating unit is preferably 6 to 20, Wherein the 
alkylene groups contained therein may be exempli?ed by 
ethylene group, propylene group, butylene group and so 
forth, and Wherein 2 to 7, and more preferably 3 to 5 alkyle 

noxy group may preferably be contained in the chain. 

[0118] 
posing the principal chain, and is more speci?cally exempli 

In the formula, “Chain” is a monomer residue com 

?ed by (meth)acrylic monomer residue, methylsiloxane resi 
due, ethylenoxy residue produced by ring-opening reaction 
of oxirane, and so forth. 

[01 19] 
resented by the formula (l- l ), those comprising the repeating 

Of the polymers comprising the repeating unit rep 

unit represented by the formula (1 -2) or formula (1 -3) beloW 
are preferable. 

(1-2) 

[0120] 
derived from a monomer composing the principal chain hav 

In the formula (l-2), “Chain” is a repeating unit 

ing at least L as a substituent; each X independently repre 

sents N(Rl), S, or O, Which may be same With or different 

from each other; Rl represents a hydrogen atom or alkyl 

group; each R2 represents a substituent, Which may be same 

With or different from each other; m represents an integer 

from 0 to 4, and n represents an integer from 0 to 5, a plurality 

of (n)s in the formula may be same With or different from each 

other; each L represents a divalent linking group; Where at 

least one of R2 and L has a C5 or longer (preferably C5 to C20) 

alkylene chain, oligoalkyleneoxy chain, oligosiloxy chain or 
oligoper?uoroalkyleneoxy chain therein, and preferably has 
an oligoalkyleneoxy chain, oligosiloxy chain or oligoper?uo 
roalkyleneoxy chain therein. 
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[0121] In the formula, X is preferably N(Rl), that is, a 
polymer represented by the formula (1 -2a) beloW: 

(l-Za) 

Where, symbols in the formula (l-2a) are synonymous to 
those in the formula (l-2), 

(1-3) 

Where in the formula (1 -3), “Chain” is a repeating unit derived 
from a monomer composing the principal chain having at 
least L as a substituent, each R3 represents a substituent, 
Which may be same With or different from each other; m' 
represents an integer from 0 to 3, and n' represents an integer 
from 0 to 4, a plurality of (n')s in the formula may be same 
With or different from each other, L represents a divalent 
linking group; Where at least one of R3 and L has a C5 or 
longer (preferably C5 to C20) alkylene chain, oligoalkyle 
neoxy chain, oligosiloxy chain or oligoper?uoroalkyleneoxy 
chain therein, and preferably has an oligoalkyleneoxy chain, 
oligosiloxy chain or oligoper?uoroalkyleneoxy chain 
therein. 
[0122] The number of carbon atoms composing the C5 or 
longer (preferably C5 to C20) alkylene chain, oligoalkyle 
neoxy chain, oligosiloxy chain or oligoper?uoroalkyleneoxy 
chain in R2, R4 and L is preferably 6 to 20, Wherein the 
alkylene group contained therein may be exempli?ed by eth 
ylene group, propylene group, butylene group and so forth, 
Wherein the number of alkyleneoxy group contained in the 
chain is preferably 2 to 7, and more preferably 3 to 5. 
[0123] Of the polymers, those containing the repeating unit 
represented by the formula (1 -2)' or formula (1 -3)' beloW are 
preferable. The symbols in the formulae beloW are synony 
mous to those in the formulae (1 -2) and (l -3). R5 represents a 
hydrogen atom or methyl group: 
































































































































































