Description Conductive Lubricant Conposition Technical Field The present
invention relates to a conductive lubricant conposition and, nore
particularly, to a conductive lubricant conposition suitable for a bearing

oil such as a fluid bearing oil or an oil-inpregnated sintered bearing oil.
Background Art In recent years, roller bearings such as fluid bearings and
oi | -inpregnated sintered bearings have often been enployed as bearings of

spindle motors for a magnetic diskpegaRipRtibgal disk, etc., since such
roller bearings realize silent operation and durablllty In the above
bearings, a shaft is not in direct contact wth the bearing inner surface
but is in contact therewith by the nediation of |ubricant, which sustains a
| oad applied to the shafl,qtdel oYL EEHUCA DY éémﬁgéfghg@tmeen the shaft and
the bearing. Thus, the performance of the bearings greatly depends on the
per formance of Iubrlcatlng oil. Requirenents in performance of the

| ubricating oil for wuse in the roller bearings include viscosity,

durabil'ity, Eﬁgqgagn%&%ggtlc property. Anong these requirenents, viscosity is

an essent deternlnlng el ectric power |oss and bearing

tothness of a Ty ?@é% véd%f% el LR %ydﬂﬁﬁhdﬂﬁygjld éht
i ncr easi ng rotatlo spee to a range of 10,000 to 50,000 rpnm) of spindle

not or s fOEoH5651Q1b%T%5@§thBQérﬁh%EQQulariy, to a conductive lubricant

composition suitable for a bearing oil such as a fluid

bearing o0il or an oil-impregnated sintered bearing oil.

Background Art

In recent years, roller bearings such as fluid bearings
and oil-impregnated sintered bearings have often been
employed as bearings of spindle motors for a magnetic disk,
an optical disk, etc., since such roller bearings realize
silent operation and durability.

In the above bearings, a shaft is not in direct contact
with the bearing inner surface but is in contact therewith by
the mediation of lubricant, which sustains a load applied to
the shaft, thereby reducing friction between the shaft and
the bearing.

Thus, the performance of the bearings greatly depends
on the performance of lubricating oil.

Requirements in performance of the lubricating oil for
use in the roller bearings include viscosity, durability, and
antistatic property.

Among these requirements, viscosity is an essential



apparatuses (particularly CD apparatuses, DVD apparatuses, - HDDs , and | aser
printers (polygon mrror), a lubricating oil of low viscosity is selected
.S0 as to reduce electric power |oss during high-speed operation. In
general, when the viscosity of lubricating oil decreases, the amunt of
vaporized oil increases. Thus, when a | owviscosity lubricating oil is

enpl oyed, loss of the lubricating oil increases, resulting in a

|ubricati ¢ dfid W A} ihRy Wledte 1035 §oWdAMBge d And G Mgy, Under such
ci rcunst ances, there have been proposed a | arge nunber of |ubricating base

oils for BRAYMIGSSYF H WGdIROLIbHAW VEECQSEéﬁeﬁedylegW-)bgL%ialﬂ Yenkor
exanpl e, ester conpounds (Japanese Patent Application Lai d-0open (kokal )

No. 11-313482d Rinche é%o%t%ﬁﬁ&rfjistﬁéé +2@0Q-6386Q ¢ P.0,XQoo GArbonate
esters (ditto hb.rboofilo 046, p. 1), uséNgF pol§?(x-olefin ) and an ester

i n conmbi nafly, @iy digt)0 NHOSp il mbA<fiRb.£dt ukeANth MG - o1 dheq USE Of
a diester and a polyol ester in conbination (ditto No. 2001-279284, p. 1),

neopent yl I r it ) - HRId L ester or
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acid, 2 sucpinlc acid, etc. ditto. Meanwhile, in a
rol ler bed Ngy &iafdidNd & LRaddh e LM elRlvcs nAated Bower

| ubricating oil film Therefore, static electricity tends to be generated
by anenqgg§ﬂadyﬂﬂdihﬂgyﬂgﬁgyatgﬁg%ggg&gﬁied electricity is

In general, when the viscosity of lubricating oil
decreases, the amount of vaporized oil increases.

Thus, when a low-viscosity lubricating oil is employed,
loss of the lubricating oil increases, resulting in a
lubrication failure, and in the worst case, damage to
bearings.

Under such circumstances, there have been proposed a
large number of lubricating base oils for bearings satisfying
both low viscosity and low volatility; for example, ester
compounds (Japanese Patent Application Laid-Open (kokai) No.
11-315292, p. 1), monoesters (ditto No. 2000-63860, p. 1),
carbonate esters (ditto No. 2001-107046, p. 1), use of
poly(a-olefin) and an ester in combination (ditto Nos. 2001-
172656, p. 1 and 2001-240885, p. 1), use of a diester and a
polyol ester in combination (ditto No. 2001-279284, p. 1),
neopentyl glycol esters (ditto No. 2001-316687, p. 1), an
aromatic ester or diester (ditto No. 2002-97482, p. 1),
monoesters (ditto No. 2002-146381, paragraph [0007]), and

specific diesters formed from oxalic acid, malonic acid,



di scharged, essential electronic parts and nmagnetic parts (e.g., M head of
a hagd di sk drive) nmay becone disordered. Thus, static charge of roller

. bearings for use in precision machines such as a nagnetic di sk apparat us
nmust be caused to flowto ground, to thereby protect electronic and
magneti c apparatuses against static electricity. Fromthis viewpoint, the

af orenenti oned conventional bearing lubricating oils still have the problem

that Lhey e or dblieidieal | Ml /Ol Hesicetd Vi y 1 il oh readily

i nduces géneration of static electricity, although t'h satisfy both | ow

vi'scosi ty and hawyalatd |ify.o |5 PrdeThd b 58 Ve, tdie ADOYE) PI DL &M ng

| ubricating oil to I ch conductive mcroparticles of a netal or a netal

oxi de have he dedqis 4 d&y Sud e BXHP L1 Jepghese Pat ent
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enpl oyed, mcroparticles present on the ng surface Tause anomdl ous

wear of tm%dgﬁgﬁsubfnffdﬁhﬁt?@EnaﬁﬁesEHHSQ%FBQ?a%QHO%1eét&ﬁ%&%9aﬁEng O

contai ning a net organic salt such as sulfonate, phenate, or “salicylate,

i nstead ofyisish aldd rfyi nas Al rn%Q%qﬁﬁ@j panese 3
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above met g(le, Y gane RAld Atd HAtd QiagenrGa dY Mdca Istaligd iy, only
when added in a large anount. In addition, during |long-termuse of the

lubricating oifhydhesati StAd fgaaentrProd edmd i oadd Ved Oride afn i nor gani ¢
salt (sludge), which is insoluble in oil
precision machines such as a magnetic disk apparatus must be
caused to flow to ground, to thereby protect electronic and
magnetic apparatuses against static electricity.

From this viewpoint, the aforementioned conventional
bearing lubricating oils still have the problem that they
have problematically large volume resistivity, which readily
induces generation of static electricity, although they
satisfy both low viscosity and low volatility.

In order to solve the above problem, a lubricating oil
to which conductive microparticles of a metal or a metal
oxide have been added is reported (see, for example, Japanese
Patent Application Laid-Open (kokai) No. 10-30096, p. 1 or
11-315292, paragraph [0023]). However, when a lubricating
0il containing such microparticles is employed,
microparticles present on the sliding surface cause anomalous
wear of the bearing during start and stop of the motor.

A lubricating oil containing a metal organic salt such

as sulfonate, phenate, or salicylate, instead of such

metallic particles, has also been proposed (see Japanese



The present invention has been acconplished in an attenpt for solving the
af orenenti oned problens, and an object of the present invention is to

. provide a conductive |ubricant conposition which, without inpairing roller
bearing oil performance, prevents anonal ous wearing, generation of sludge,
and occurrence of static electricity which would otherw se be generated by
novenment of fluid. Disclosure of the Invention The present inventors have

s it t feor tfjoned obj ect,
and | have TREERT ARR e O A AR e O L R g T O o
non-netal lic apfj.ahal C%%b&%%éwlﬁq}dﬂ%% tmléﬂﬂfén%]érp@mfl c

characteristics to fall wthin speC| ranges e present In tion has

been accorply shed it Ut asissaly S, W iaehP GOl 4 NGle ik esent

invention provides a conductlve nt conposition, ar act erized in

that the conpagj t] o SGUP | @g'ltm{q Gatig, Dassr O%He (A ﬁ@f&ﬁan a

silicone oil, and a non-netallic antistatic agent (B
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i nvention al so prOV|des a bearing ol conprising the |ubricant conp03|t|on.
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conposition of the present 1nvention conprises a lubricating base oil (A
and a NONu¢tempt for solving the aforementioned problems, and an

object of the present invention is to provide a conductive
lubricant composition which, without impairing roller bearing
0il performance, prevents anomalous wearing, generation of
sludge, and occurrence of static electricity which would

otherwise be generated by movement of fluid.

Disclosure of the Invention

The present inventors have carried out extensive
studies in order to attain the aforementioned object, and
have found that the above object can be attained by adding a
non-metallic antistatic agent to a lubricating oil, and
limiting specific characteristics to fall within specific
ranges. The present invention has been accomplished on the
basis of this finding.

Accordingly, the present invention provides a
conductive lubricant composition, characterized in that the
composition comprises a lubricating base oil (A) other than a

silicone 0il, and a non-metallic antistatic agent (B), and

exhibits a kinematic viscosity of 25 mm’/s or less at 40°C, a



metallic antistatic agent (B). The conposition nust satisfy at |east the
foll w ng characteristic requirenments (1) to (4). (1) The | ubricant
.conposition of the present invention essentially exhibits a kinematic
viscosity of 25 m 2/s or less at 40C, preferably 22 m2/s or |ess,
particularly preferably 10 m2/s or | ess. Wien the kinematic viscosity is
hi gher than 25 nm 2/s, the lubricating base oil has an excessively high
viscosity, . thereby.failin attain sufficient elect.ricity-saw.n ef fect.
(2) “The. | EPCESAE VL SROSET (ot 08 End gPESane (rvETt PO " tosaortioat ¥ Eexhi bi t s
a viscosi i.ndex _of 10Q,49r. highker 1 rably 120 hiigher . [
preferabl&xgégqérp FgﬁgFPaybgpgﬁgu 5r8§8§§6'0?xﬁiahg§iu eﬁgF gtvygggsity

index is %gmgrxt96no%Qgﬁmcggnggsgn tvb§qgs!ty with respect to tenperature
change i ncredases. (3) e Pubrieant conposition of the present invention

tiall iR ; it )4 t : - t hod) of
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150C or hi gher. the flash point | ge anount of

| ubricating,Baseifd the MRIiiZed 3% 14S@n t hereby shortening the life
time of the Tubricant conposition. (4) The abricant conposition of the
present invention essentially exhibits a volume resistivity of 1 x 1010
fl-cm or less at 25C. When the volune resistivity is in excess of 1 x 1010

0-cm  anglghaponeRe e TGS IR RAS’Re YRRRMSn the lubricating base oi

of the present
The conductive lubricant composition of the present

invention comprises a lubricating base o0il (A) and a non-
metallic antistatic agent (B). The composition must satisfy
at least the following characteristic requirements (1) to (4).

(1) The lubricant composition of the present invention
essentially exhibits a kinematic viscosity of 25 mm?/s or
less at 40°C, preferably 22 mm?/s or less, particularly
preferably 10 mm?/s or less.

When the kinematic viscosity is higher than 25 mm?/s,
the lubricating base o0il has an excessively high viscosity,
thereby failing to attain sufficient electricity-saving
effect.

(2) The lubricant composition of the present invention
essentially exhibits a viscosity index of 100 or higher,
preferably 120 or higher, more preferably 125 or higher,
particularly 130 or higher.

When the viscosity index is lower than 100, change in
viscosity with respect to temperature change increases.

(3) The lubricant composition of the present invention

essentially exhibits a flash point (as determined through COC



invention preferably exhibits a pour point, as nmeasured in accordance wth
JI'S K2265, of -30C or lower, nore preferably -40C or lower. The |ubricating
. base oil, serving as conponent (A) enployed in the |ubricant conposition of
the present invention satisfying the above requirenents, preferably
contains a conpound fornmed of carbon, hydrogen, and oxygen (hereinafter the
conpound is referred to as "an oxygen- containi ng conpound"). Specifically,

t he oxyg é€§ggpjg£ngsgququ%_}§]:preferably an ether ether, an ester, or a
conpound "having a ~ caf bonate ety, with an ether conpound being

particularly Bhehethede SaRCHLLS CXMBLES OLyLhe, SBLET SompoNOT pligh i s

preferably enployed i nc esters produce hf'ough ndéensat 1 on

bet ween LE: Ak C h; as I o} trj ol propane,
o pontacr i reTy T LA CPRey Ve L PP, PG haeh HE e

condensat 4jon-Het ¥e§NtRe  §1i PaSE e @Fighé“f@b??cggi:péﬁmﬁ@giigi@ﬁ.SebaCi ¢ acid
and a nonohydroc ~al cohol; and nonoesters produced through a fatty acid

and a nonohydrig) @heohghrithRteLBRPoSPPPOHNG I EhRN pL-esalty 1aRkEnefiohhe
conpounds represented by the followng fornula (1), or a mxture thereof.

| .
R-O (R ~c . - N 4 - forgula (1)q10 gach of .R and
R5 repres%%%n%§%$%gég?%%ﬂglb§%ﬁg% Iﬁ?ﬁﬁaé%éﬁi{}é{: h%yf’El gr(i)gp, ?gl’&%. éCr7 C24
al kylaryl, group;-egch of R2 , R3, and R 4 represents a C2-Cl18 al kyl ene

When the volume resistivity is in excess of 1 x 10%°
Q-cm, antistatic performance decreases.

Moreover, the lubricating base o0il of the present
invention preferably exhibits a pour point, as measured in
accordance with JIS K2265, of -30°C or lower, more preferably

-40°C or lower.

The lubricating base o0il, serving as component (A)
employed in the lubricant composition of the present
invention satisfying the above requirements, preferably
contains a compound formed of carbon, hydrogen, and oxygen
(hereinafter the compound is referred to as "an oxygen-
containing compound");

Specifically, the oxygen-containing compound is
preferably an ether ether, an ester, or a compound having a
carbonate moiety, with an ether compound being particularly
preferred.

Specific examples of the ester compound which is
preferably employed include polyol esters produced through
condensation between a polyhydric alcohol such as neopentyl

glycol, trimethylolpropane, or pentaerythritol and a fatty



group; each of a, b, and c is 0 to 8 (preferably 0 to 5); and the sumof a
to c.sdis Oto 8 (preferably O to 5). The units (R2.0) , (R 3-0) , and (R
-4-0) may be identical to or different fromone another. The al kyl group
represented by RL or R5 may be linear, branched, or cyclic. Exanples of the
al kyl group include nethyl, ethyl, propyl, butyl, hexyl, 2-ethyl hexyl,
3,5,5- trinmethyl hexyl, heptyl, octyl, 3,7-dinethyloctyl, nonyl, 2-

pentylnonablddeayést8recbxbanéeaaenkougﬁdeexhenexeheaeBE£heenaed cycl ohexyl .
Anmong them 2-ethyl hexyl, 3,5,5- trimethyl hexyl, octyl, 3,7-dinethyloctyl,

nonyl, 2-qpgatyhBonyhd daenl asandigiechylundecasphcateapant bed arly
preferred Exanpl es of the al kylaryl group represented by R or R5 include

al kyl phenybnonpdrakkylieapbihybnd Exasekedref pibauakkykhronigst ¥ Fatihe
al kyl aryl group include the groups described 7 above. Anbng them octyl,

decyl, andcgdadgsyl aamenpaktiredl ankyhpreferred. The al kyl ene group
represented by R2, R3, or R4 may be linear, branched, or cyclic. Exanples of

the al kyl ene greepethes Fehhwle@e r@E@&ﬁb&@eanQUbfle&e,damgduﬂae
nonyl ene, decyl ene, dodecyle cyc opentylene and cycl ohexyl ene. O

these, ethbhygpessenpeapykente Yl YbRnag Hexmueae,(Ingnykreaemiahdredecyl ene are
particularly preferred. The ether conpound is preferably a nonoet her

conpound thepeesented by formula (I1). R6-O-R" (Il) In formula (I1), one of
R6 and R7 is a O to C24 al kyl

'-0- (R?-0) 2= (R’-0) = (R*~0) c-R*  (I)

In formula (I), each of R! and R® represents hydrogen, a
Cl-C24 alkyl group, a phenyl group, or a C7-C24 alkylaryl
group; each of Rz, R3, and R* represents a C2-Cl8 alkylene
group; each of a, b, and c is 0 to 8 (preferably 0 to 5); and
the sum of a to ¢ is 0 to 8 (preferably 0 to 5).

The units (R?*-0), (R®*-0), and (R*-0) may be identical to
or different from one another.

The alkyl group represented by R! or R® may be linear,
branched, or cyclic. Examples of the alkyl group include
methyl, ethyl, propyl, butyl, hexyl, 2-ethylhexyl, 3,5,5-
trimethylhexyl, heptyl, octyl, 3,7-dimethyloctyl, nonyl, 2-
pentylnonyl, decyl, 2-octylundecanyl, dodecyl, cyclopentyl,
and cyclohexyl. Among them, 2-ethylhexyl, 3,5, 5~
trimethylhexyl, octyl, 3,7-dimethyloctyl, nonyl, 2-
pentylnonyl, decyl, and 2-octylundecanyl are particularly
preferred.

Examples of the alkylaryl group represented by R! or R®

include alkylphenyl and alkylnaphthyl. Exampled of the alkyl

moiety of the alkylaryl group include the groups described



group, and the other is a O to C24 al kyl group, a phenyl group, or a C7 to
C24 al kyl aryl group. The ether conpounds represented by forrmulas (1) and
-(I'l) may be used singly or in conbination. These ether conpounds may be used
i‘'n conbination with the ester conpound. The ether conpound and/or the ester
conpound may be incorporated in a total amount of 20 to 80 mass% based on
the hydrocarbon base material. The lubricating base oil of the present

i nventi onaBBYye, CORhGHE, thém sk {yDN a@c$b§ Xy 98Ha&8ypt ah pkng conpound, any
of a variety of hydrocarbon conpounds. 1n this case, the lubricating base

oi I nust gattstMibbey pkeyermenti oned requirenments (1) to (4). No particul ar
limtation is i nposed on the hydrocarbon 8 conpound to be m xed with the

oxygen- cont ai nirpg @QUE?Q@E&@, g¥oupl eRprasehtedhydr ®éar RN spnpowrd, dees not
inpair the effects of the lubricating base oil of the present invention.

Exanpl es ointhe, hpdaaeaeBonogoapeund.i nEkaeel 8 ner athei 4sky{eng. gr8Qpneut r al
mneral oils), poly (a-olefin) (e.g., viscosity grade 4 nm2/s or 8 m2/s

(1000)), EhBYhaéeetH&Qﬁﬁb¢n9r@@?@bh@?rbut@ﬂ@n@Lkhb&@ﬂé@@??nb%ygeme,
propyl benzene and butyl benzene) . O these, poly(a -olefin) is preferred.

The Iubriaabym@nbasaogbbygénbhecth@pahtkméﬁanignq eyelletes dieneconeroi | .

The reason for exclusion is that, even though silicone oil satisfies the

af orement tpaed, r eguiynenent propifieeenebaick 1eaxhi bekylpae:, hebRilenkey. and
decylene are particularly preferred.

The ether compound is preferably a monoether compound
represented by formula (II).

R®-0-R”  (II)

In formula (II), one of R® and R’ is a Cl to C24 alkyl
group, and the other is a Cl to C24 alkyl group, a phenyl
group, or a C7 to C24 alkylaryl group.

The ether compounds represented by formulas (I) and
(II) may be used singly or in combination.

These ether compounds may be used in combination with
the ester compound.

The ether compound and/or the ester compound may be
incorporated in a total amount of 20 to 80 mass%$ based on the
hydrocarbon base material.

The lubricating base o0il of the present invention may
contain, in addition to the oxygen-containing compound, any
of a variety of hydrocarbon compounds.

In this case, the lubricating base o0il must satisfy the
above-mentioned requirements (1) to (4).

No particular limitation is imposed on the hydrocarbon



In the present invention, the non-netallic antistatic agent (B) to be added
to the lubricating base oil (A) is preferably an am ne derivative, a

- succinic acid derivative, a poly(oxyal kyl ene) glycol, or a polyhydric

al cohol partial ester. The antistatic agent is preferably incorporated in
an anount of 0.01 to 10 mass% on the basis of entire anount of the
conposition. Specific exanples of the am ne derivative include

pol y( oxyeémljk@@@a at kybanhNgsq r ePEgSent eéxp%%ﬁh@oﬁeéiﬁ%agcoﬁ@w}la«;ﬂ: sb
(CH2CH20) n R8N \ (CH2CH2O m H (wherein represents"a C to Cl18 al kyl

group), 9 %QM’}%W&@M@&M&%:&%&:&&D&@@@%@Q bypshe £kl eveggrEor mul a:
ROCON ( CH2 O" H\ (CH2CH2ZO m H (wherein RO represents a C to Cl18 al ky

group), ah tKONDEPSAELE: I oslysedot 1 08T at ROl yes byhenehvtReisHCh as
tetraet hyl enepentamne (TEPE) and a fatty acid. Of these, a condensate

produced éi@g@i&?%ﬁn@hétwf@caﬂﬂni SompShLar ellc1 EIami gerel giekerred
|

succinic a derivatives 1nclude polybutenylsuccinimde. The

PO V(e Shygelal mEtet gl 7L yep, QORI L8 pagatge, by forml
viscosity grade 4 mm?/s or 8 mm?/s (100°C)), ethylene-
propylene copolymers, and alkylbenzenes (e.g., propylbenzene
and butylbenzene). Of these, poly(a-olefin) is preferred.

The lubricating base o0il of the present invention
excludes silicone oil.

The reason for exclusion is that, even though silicone
0il satisfies the aforementioned requirements, silicone oil
exhibits poor lubricity.

In the present invention, the non-metallic antistatic
agent (B) to be added to the lubricating base o0il (A) is
preferably an amine derivative, a succinic acid derivative, a
poly(oxyalkylene) glycol, or a polyhydric alcohol partial
ester. The antistatic agent is preferably incorporated in an
amount of 0.01 to 10 mass% on the basis of entire amount of
the composition.

Specific examples of the amine derivative include
poly (oxyethylene)alkylamines represented by the following

formula:

y (CH,CH,0), H
RN

\

(CH,CH,0),, H

(wherein R® represents a Cl to C18 alkyl group),



(r11)y Informula (I1l), RL to R5 have the sane neanings as defined in
relation to fornmula (I); each of d, e, and f is 0O to 50; and the sumof d
.tof is 9to 50. The units (R2-O, (R3-O, and (R4-O may be identical to

or different fromone another. Anong these conpounds, pol y(oxyethyl ene)

al kyl ether R10Q(CH2CH20O)"H (wherein R10 represents a C to Cl18 al ky

group, and n is a nunber of 1 to 10); poly(oxyethylene) al kyl phenyl ether

R11- Q O GRLHO) yEL hyhens) Ql@i—aﬂn:‘?‘désq:e ebdfrabkiyl tgéoyen&ﬂ&ﬁaresents an

2
aromatic reS|due and n is a nunber of % to 10); and pol y(oxyet hyl ene)
gl ycol fagdymarad ester R12COQ( CH2CH20 "H (wherel n Rl12 is a d to C18 al kyl
group, and n is a nunber of 1 to 10) are nore preferred. 10 Exanples of the
pol yhydri c al cohol pgﬁ% (Eﬁgp i nclude sorbitan fatty acid esters such as
sor bitan nonol eate 250t an diol eate represented by the follow ng
formula: CH2- RPe@d O CHOH CH - CHOH CH200CR 3 (wherein R13is a d to
C18 al kyl group, a each of nand m is a nunber of 1 to 10); glycerin
fatty acid esters su¢@HsSH,@)yideri n nonol eate and gl ycerin diol eate
represented by the followi ng fornmula: H2O00R14 CHOH CH2OH

(wherein R° represents a Cl to C18 alkyl group), and
condensates produced from a polyethyleneimine such as
tetraethylenepentamine (TEPE) and a fatty acid. Of these, a
condensate produced from TEPE and stearic acid is preferred.

Examples of preferred succinic acid derivatives include
polybutenylsuccinimide.

The poly(oxyalkylene) glycol is preferably a compound
represented by formula (III), or a mixture thereof.

R'-0- (R*-0) g~ (R*-0) e~ (R*-0) ¢-R® (III)

In formula (III), R' to R® have the same meanings as
defined in relation to formula (I); each of 4, e, and £ is 0
to 50; and the sum of d to £ is 9 to 50.

The units (R?*-0), (R?-0), and (R*-0) may be identical to
or different from one another.

Among these compounds, poly(oxyethylene) alkyl ether
R'°0 (CH,CH20)H (wherein R!° represents a Cl to C18 alkyl group,
and n is a number of 1 to 10); poly(oxyethylene) alkyl phenyl
ether RY™-Q-0O(CH,CH;0) H (wherein RY is a Cl to C18 alkyl
group, Q represents an aromatic residue, and n is a number of
1 to 10); and poly(oxyethylene) glycol fatty acid ester
R'2C0O0 (CH,CH20) sH (wherein R is a Cl to C18 alkyl group, and

n is a number of 1 to 10) are more preferred.

10



(wherein R14 is a C1 to C18 al kyl group, and each of n and m is a nunber of
1 to.10); and partial ester conmpounds produced froma polyhydric ester such
. as pentyl glycol, trimethylol propane, or pentaerythritol and a C to C24
fatty acid. Among |ubricant conpositions falling within the scope of the
present invention, a conposition including a nonoether having al kyl groups
(component A) and a condensate produced fromtetraethyl enepentam ne and a

fatty acid (e .gxamgi€arbe tREi fol GRYAPNENE1EBND I paplibiCcHLRERY preferred,
fromthe viewpoint of |ow viscosity, low volatility, heat resistance, and

anti statigidMmddr 6504y, fabe pdsleid vesed hershibinas heo b ot eRERbhenedtdl
additive is added, in accordance with needs, to the |lubricating base oil of

the presedidisvestton, dioléhes ebypréoemtad! wrtﬁanfowwgﬁ%t E8RmutRkch is
enpl oyed as uses of interest. Any of known additives may be used, and

exanpl es i ncl udharmtCH@Hants, oiliness agents, friction reducers, rust
preventi ves, mef al deadtivators, def oam ng agents, and viscosity index

i nprovers, as @escri bedChoO)dw. (1) Exanples of the antioxidants include

am ne- based an\i oxi dafts, phenol - based anti oxi dants, and sul fur conpounds.
Exanpl es of the @Aredp3Kd anti - oxi dants i ncl ude nonoal kyl di phenyl am nes
such as nonoctyl Hi phenyl amine and nonononyl di phenyl am ne;

di al kyl di phenyl cRich as 4,4' - dibutyl di phenyl am ne,

4,4'-dipenty|digﬁg§§?an!ne, 4,4' - di hexyl di phenyl am ne,

4, 4' - di hepinyéd g pherl?l agi aec14t4 €18 alkyl group, and each of n and m
is a number of 1 to 10); glycerin fatty acid esters such as
glycerin monoleate and glycerin dioleate represented by the

following formula:

CH,00CR"
CHOH
CH,OH

(wherein R is a Cl1 to C18 alkyl group, and each of n and m
is a number of 1 to 10); and partial ester compounds produced
from a polyhydric ester_such as pentyl glycol,
trimethylolpropane, or pentaerythritol and a Cl to C24 fatty
acid.

Among lubricant compositions falling within the scope
of the present invention, a composition including a monoether
having alkyl groups (component A) and a condensate produced
from tetraethylenepentamine and a fatty acid (e.g., stearic
acid (component (B)) is particularly preferred, from the
viewpoint of low viscosity, low volatility, heat resistance,
and antistaticity.

Preferably, an additive other than the aforementioned

11



di octyl di phenyl am ne, and 4, 4' -di nonyl di phenyl am ne;

pol yal kyl di phenyl am nes such as tetrabutyl di phenyl am ne,

. tetrahexyl di phenyl am ne, tetraoctyl di phenyl am ne, and

t et ranonyl di phenyl am ne; and naphtyl am nes such as a- napht hyl am ne,
phenyl - a- naphtyl am ne, butyl phenyl -a- naphtyl am ne,

pent yl phenyl - a- napht yl am ne, hexyl phenyl -a- naphtyl am ne,

hept yl phepyd @ 1@phs VA8 8¢, i QCAYEPReMIE s i PRPRE ¥4 &M B8, tRE
nonyl phenyl - a- naphtyl am ne. O these, dial kyl di phenyl am nes are preferred.

The above, @im L2 PASE b ASE | 6 PKI HBNESe NBYe HENUISESvSLPADLY, €6 tRep8BYI Nation of
two or nore species. Exanples of the phenol-based anti-oxidants include 12

monophenofd 6y ant ] aioXi 8aRE ScSHsHs #618n S-whi ERT i sbehyl ofea 8B HYERNEROI ,
2,6-di-tert-butyl -4-ethyl phenol, and 2,6-di- tert-butyl-p-cresol; and

di phenol i g, @dtd s@Xxi dants such as 4, 41- et hyl enebi s(2, 6-di -tert-butyl phenol)
and 2,2'- nethyl enebi s(4-ethyl-6-tert-butyl phenol). The above phenol - based

anti-oxidants fRy b€ Wa6HnsShAELYiveE hAyceaDbiBali oanaf ek¥RpPEsOre species.
Exanpl es of the sul fur conpounds include phenot hi azi ne,

pent aer ytitd 1 le t £ ¢ 2k Sd3nt 34U ¥l 1 hh &P opgOnes £) frPeE6{SnSreducers,
tert-butyl-4-hydroxybenzyl) sulfide, thiodiethylenebis(3-

(3, 5-di - tlardt bkt ovedt Iyds OXHEPLNYHS A c L 0Pt OPI} €de PHEMZn§- dhents, and
tert-butyl-4-(4,6-bis(octylthio)-1,3,5-triazine-2- nethylam no)phenol. The

anti oxi daptdSds B ¢ PREELT BRbYovOESS PRE ad&slct héd bardwnt of 0.01 to 10 mass%
based on the total anmount of the conposition, particularly preferably 0.03
to 5 mass% (1) Examples of the antioxidants include amine-based
antioxidants, phenol-based antioxidants, and sulfur compounds.
Examples of the amine-based anti-oxidants include
monoalkyldiphenylamines such as monoctyldiphenylamine and
monononyldiphenylamine; dialkyldiphenylamines such as 4,4'-
dibutyldiphenylamine, 4,4'-dipentyldiphenylamine, 4,4'-
dihexyldiphenylamine, 4,4'-diheptyldiphenylamine, 4,4'-
dioctyldiphenylamine, and 4,4'-dinonyldiphenylamine;
polyalkyldiphenylamines such as tetrabutyldiphenylamine,
tetrahexyldiphenylamine, tetraoctyldiphenylamine, and
tetranonyldiphenylamine; and naphtylamines such as a-
naphthylamine, phenyl-oa-naphtylamine, butylphenyl-a-
naphtylamine, pentylphenyl-oa-naphtylamine, hexylphenyl-o-
naphtylamine, heptylphenyl-a-naphtylamine, octylphenyl-a-
naphtylamine, and nonylphenyl-oa-naphtylamine. Of these,
dialkyldiphenylamines are preferred.
The above amine-based anti-oxidants may be used singly

or in combination of two or more species.

Examples of the phenol-based anti-oxidants include

12



(2) Exanples of the oiliness agents aliphatic saturated and unsaturated
nonocar boxyl i c acids such as stearic acid and oleic acid; polynerized fatty
. acids such as diner acid and hydrogenated dinmer acid; hydroxyfatty acids
such as ricinoleic acid and 12-hydroxystearic acid; aliphatic saturated
and unsatur ated nonoal cohols such as lauryl alcohol and oleyl alcohol;
aliphatic saturated and unsaturated nonoam nes such as stearyl am ne and

ol eyl am fsn it ali PhALhCs eéﬁ%ﬁﬁ’{@s@@ﬁ y@Séityr@ie@eﬂpnﬂﬁ?g?amdes such as

| auryl am eyl am d oi | iness agent(s) are preférably

i ncor por a 91 10- % opn&he Eoyal anmount
of the %én%]o}}s%%%]&f’pa??%}g y pre# elr a% %/T@ﬁ %ﬁl?%?&éﬁmi‘rsl&o §( é) agxarrpl es of

the fri Ctﬂéa&iqw&n b165ScHOL6h; NBYq P&i plRdmb PYEa ) PEL YdLq 29€81 SugRNgEal |y

enpl oyed as ess agents or extrene pressure agents, nore particularly,

phosphat &  £&1 & f@%éﬁi§ﬁété—&ﬁ - POPEPHRL 1688861 ) 3lHq Syl buL-cont ai ni ng

extreme pressure agents e phosphate esters include phosphate esters, acid

ot QST BheTpL i Eobeor AN pseginrol e ESters reprenent o,
170 The above phenol-based anti-oxidants may be used singly
or in combination of two or more species.

Examples of the sulfur compounds include phenothiazine,
pentaerythritol-tetrakis(3-laurylthiopropionate), bis(3,5-
tert-butyl-4-hydroxybenzyl) sulfide, thiodiethylenebis(3-
(3,5-di-tert-butyl-4-hydroxyphenyl)) propionate, and 2, 6-di-
tert-butyl-4-(4,6-bis(octylthio)-1,3,5-triazine-2-
methylamino)phenol.

The antioxidant(s) are preferably incorporated in an
amount of 0.01 to 10 mass% based on the total amount of the
composition, particularly preferably 0.03 to 5 mass$%.

(2) Examples of the oiliness agents aliphatic saturated
and unsaturated monocarboxylic acids such as stearic acid and
oleic acid; polymerized fatty acids such as dimer acid and
hydrogenated dimer acid; hydroxyfatty acids such as
ricinoleic acid and 12-hydroxystearic acid; aliphatic
saturated and unsaturated monoalcohols such as lauryl alcochol
and oleyl alcohol; aliphatic saturated and unsaturated
monoamines such as stearylamine and oleylamine; and aliphatic
saturated and unsaturated monocarbamides such as laurylamide

and oleylamide.

The oiliness agent(s) are preferably incorporated in an
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OHRI50 I . . . MR 160~F=u R150-p=0 (VI) I (OH2 R 150 R160 P . . .(V

1) R170 R150. . . . (M 11) P-OH R 1V (wherein R 15 to R 17, which nay be
.identical to or different fromone another, each represents a C4 to C30

al kyl group, an aikenyl group, an alkylaryl group, or an arylal kyl

group). Exanples of the phosphate esters include triaryl phosphat es,

trial kyl phosphates, trial kylaryl phosphates, triarylalkyl phosphates, and

trialk hfi 4 I L \nC! ' | ,ph hat e,
L1 or ooyl RBROREE D ), ROTFO hend A ONE BT HAE Pt AR RRY PE R e,

LUty cqlitsphels Sl dibubyy phorsbatey 61ed o phesy) phosphate,
hoshhat o, 11 behyFERaRy™ BhoShhat g ot R aaT Bharyi “PoRRpRa B P!
bUtylphen¥ﬁpfg§g5”W%clude agents generally employed as oiliness agents
or extreme pressure agents, more particularly, phosphate
esters, amine salts of phosphate ester, and sulfur-containing
extreme pressure agents.
The phosphate esters include phosphate esters, acid

phosphate esters, phosphite esters, and acid phosphite esters

represented by the following formulas (IV) to (VIII):

R'°0 N
R16O—/P=O - (1)
R0
OH
15 .
R O\1|3=O - e e (W)
R'60”
15A_p__ .
R7°0—P=0 < - (VD)
(OH),
R'°0
R16O>P . (VII)
R”o/
R°0
~P-OH = o (VI
R'60

(wherein R'® to R'?, which may be identical to or different
from one another, each represents a C4 to C30 alkyl group, an
aikenyl group, an alkylaryl group, or an arylalkyl group).
Examples of the phosphate esters include triaryl
phosphates, trialkyl phosphates, trialkylaryl phosphates,

triarylalkyl phosphates, and trialkenyl phosphates. Specific
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phosphat e, di butyl phenyl phenyl phosphate, tributyl phenyl phosphate,

tri hexyl phosphate, tri(2-ethyl hexyl) phosphate, tridecyl phosphate,

. trilauryl phosphate, trinyristyl phosphate, tripalmtyl phosphate,
tristearyl phosphate, and trioleyl phosphate. Exanples of the acid
phosphat e esters include 2- ethyl hexyl acid phosphate, ethyl acid phosphate,
butyl acid phosphate, ol eyl acid phosphate, tetracosyl acid phosphate,

e A T e A T A i e O

phOSPhitebéf%fiSdlgﬁéHgﬁoé%%§%£¥£e,P £f Tiéﬁphéf%Pugﬁgggﬂ??g?iE?ibh%b@he”y'

phosphite, cres tri (nonyl pheny

tri(2-ethyhbexyly ,p@@ﬁg?;ﬂfbuﬁ§idﬁg%EpHQgﬁphEEE?glrB%?HéM%%P?ﬁ%%EhE%e,

triisooctyl phosphite, enyl ~ 1 sodecyl osphi I st osphite,

and triol phi f i o] 1 S i ude
di but yl ﬁ%%?%gg% %%%E%%F¥g?p%§§ggfy%gﬁggggg%gbpﬁgggﬁﬁyg,ﬁﬁ?%Pég?E'hydrogen

phosphitedi@&ﬁ%f%ﬁgéﬁbygﬁ899ﬂ §ﬂ8§pﬂg£@;pﬁ?gp%£¥ﬁe§gganpﬂxﬁgggen phosphi te.

Anong t hese phos esters, tricresy osp e triphéenyl phosphate

are prefeﬁﬁ@QphE%éﬂpH?ﬁr@ﬁylﬁﬁeﬁ?ﬁP?ﬁeﬂ@icﬁhégﬁﬁbégi”€r§é£h§apgéﬁy&he

phosphat e est'ers 1 nclude nonosubsStituted ‘am nes, disubsti d am nes, and

E{;;UbSti§H6§ﬂha@€1n@?ipf@ﬁ§bpﬁéﬁylrEﬂégéﬁQEég Byt 2pAh31 (hXpheRYBPNHB-p -
phosphate, dibutylphenyl phenyl phosphate, tributylphenyl
phosphate, trihexyl phosphate, tri(2-ethylhexyl) phosphate,
tridecyl phosphate, trilauryl phosphate, trimyristyl
phosphate, tripalmityl phosphate, tristearyl phosphate, and
trioleyl phosphate.

Examples of the acid phosphate esters include 2-
ethylhexyl acid phosphate, ethyl acid phosphate, butyl acid
phosphate, oleyl acid phosphate, tetracosyl acid phosphate,
isodecyl acid phosphate, lauryl acid phosphate, tridecyl acid
phosphate, stearly acid phosphate, and isostearyl acid
phosphate.

Examples of the phosphite esters include triethyl
phosphite, tributyl phosphite, triphenyl phosphite, tricresyl
phosphite, tri(nonylphenyl) phosphite, tri(2-ethylhexyl)
phosphite, tridecyl phosphite, trilauryl phosphite,
triisooctyl phosphite, diphenyl isodecyl phosphite,
tristearyl phosphite, and trioleyl phosphite.

Examples of the acid phosphite esters include dibutyl
hydrogen phosphite, dilauryl hydrogen phosphite, dioleyl

hydrogen phosphite, distearyl hydrogen phosphite, and
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(wherein R38 represents a C3 to C30 al kyl group or al kenyl group, a C6 to
C30 aryl group or arylalky | group, or a C2 to C30 hydroxyal kyl group; p is
.1, 2, or 3; when a plurality of RiBs are present, these R18s may be

identical to or different from one another). The C3 to C30 al kyl or al kenyl
group represented by R1I8 in fornmula (1 X) may be |linear, branched, or
cyclic. Exanples of the nonosubstituted am nes include butylam ne,

pentyl am hé‘rﬁ?(lyl WgerfY %’hﬁﬁ ylam ne, octyl am ne, | auryl am ne,

stearyl anql%e am nee , an enzyl ami ne. Exanpl es of the disubstituted
am nes i ncl Udezgn ufyd g e ReOtyLl et o8, £ Bpxy| A REspALE¥cLARexy! am ne
di octyl am ne, §“€rylan1ne steary%anlne dio eyY ﬂ$ne?p élbehgglanlne

st earyl mynogihangl hA&S YA FONORt figngl am ne,  hexyl nonopr opanol ami ne,
benzylrmnoet%anol a?ﬁmndé@p phenyl nonoet hanol am ne, and tol ylnonopr opanol .

Exanpl es of  tife,heissbst i {nd espi gni Ak Hlem t 4D YEATE By LRI PRALY!

amne, trihexylamne, tricyclohexylamne, trioctylamne, trilaurylam ne,

tristear Wrydditatd rd Sl eyd %é‘ﬁudé@néﬂé&%@ﬁ’iﬁﬂé&arﬁir@é&" monoet hanol am ne,
di | aur ylnmonopr opanol am ne, di octyl nonoet hanol am ne

di hexyl mMQRINRANQl @R N1 ki HUL I JONORE OPaO] AR &Y ami i £Y | G BEhagpeL am ne,

st earyl di pr opanol am ne, Iauryldlethanolanlne oct yl di propanol am ne
butyl di ethanol sdteg BenzyAfli 4 hane) ani ne, phenyl di et hanol am ne,
t ol yl di pronanol am ne, xyl yl di et hanol am ne, triethanol am ne, and

tri propanol amﬁlepNH;I_'g\e..s(LH){ ur-containing extreme pressure nmay be any

(wherein R'® represents a C3 to C30 alkyl group or alkenyl
group, a C6 to C30 aryl group or arylalkyl group, or a C2 to
C30 hydroxyalkyl group; p is 1, 2, or 3; when a plurality of
R}®s are present, these R8s may be identical to or different
from one another).

The C3 to C30 alkyl or alkenyl group represented by R'®
in formula (IX) may be linear, branched, or cyclic.

Examples of the monosubstituted amines include
butylamine, pentylamine, hexylamine, cyclohexylamine,
octylamine, laurylamine, stearylamine, oleylamine, and
benzylamine. Examples of the disubstituted amines include
dibutylamine, dipentylamine, dihexylamine, dicyclohexylamine,
dioctylamine, dilaurylamine, distearylamine, dioleylamine,
dibenzylamine, stearylmonoethanolamine, decylmonoethanolamine,
hexylmonopropanolamine, benzylmonoethanolamine,
phenylmonoethanolamine, and tolylmonopropanol. Examples of
the trisubstituted amines include tributylamine, tripentyl
amine, trihexylamine, tricyclohexylamine, trioctylamine,

trilaurylamine, tristearylamine, trioleylamine,
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conmpound having a sulfur atomin the nolecule thereof, so long as the
conpound can be dissolved or uniformy dispersed in a |ubricating base oi
. and can exhibit extrene pressure performance and excellent friction
tharacteristics. Exanples of the sul fur-containing conpound incl ude
sulfidized fats and oils, sulfidized fatty acid, sulfidize esters,

sul fidized ol efins, dihydrocarbyl polysulfides , thiadiazole conmpounds,

thiophos@y@qé fgﬁ&ﬁé]ﬂ&gﬁﬁéiiﬁiﬁgéthgﬁghéﬁg&@hosphates), al ky

t hi ocar banoyl conmpounds, t amat e conpounds, thi oterpene conpounds,

and di al 'iyilhlauxt 'M@%%ﬁ&%%yM%&EA%%ﬁi ats and oils are

produced through reaction of a tat or an ol (e.qg., , Whale oil,

veget abl &i il y1¥ndp SpDMdlamMAd), Sk y BlofostldaB &M &I ni ng conpound.
Al t hough no particular Timtation is i1nposed on the sulfur content, the

content pIel\er &l th 2n d Ladh dRSSPR - SPES o x@mh£se | ncl ude sul fidized lard,
sulfidized Trape seed oil, sulfidized castor oil, sulfidized soy bean oil,

17 and suldydi et S PARN O] | o cEXBIR SSpo o1 diRi Sall fi di zed fatty acids

include ‘sulfidized oleic acid. Exanples of the sulfidized esters include

sul i di zed, fpidid + 14 631 S, syl i aaskiogtdlaesier of rice bran fatty

aci d. Exanpl'es of the sulfidized ol efins include conpounds represented by

:Qeczgl L%qe%fﬁ&ggn 'ir%\lgc‘oﬁgillﬁiia(}on@oma% r,ei n R 19 represents a C2
group, represents a to al kyl group or al kenyl
group; and,,idiethanolamine, triethanolamine, and tripropanolamine.

The sulfur-containing extreme pressure may be any
compound having a sulfur atom in the molecule thereof, so
long as the compound can be dissolved or uniformly dispersed
in a lubricating base o0il and can exhibit extreme pressure
performance and excellent friction characteristics.

Examples of the sulfur-containing compound include
sulfidized fats and oils, sulfidized fatty acid, sulfidized
esters, sulfidized olefins, dihydrocarbyl polysulfides,
thiadiazole‘compounds, thiophosphate esters (thiophosphites
and thiophosphates), alkyl thiocarbamoyl compounds,
thiocarbamate compounds, thioterpene compounds, and dialkyl
thiodipropionate compounds.

The sulfidized fats and oils are produced through
reaction of a fat or an oil (e.g., lard, whale o0il, vegetable
oil, or fish o0il) with sulfur or a sulfur-containing compound.
Although no particular limitation is imposed on the sulfur
content, the content preferably 5 to 30Amass%.

Specific examples include sulfidized lard, sulfidized

rape seed oil, sulfidized castor oil, sulfidized soy bean oil,
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an integer of 1 to 8). These conmpounds are produced reaction between a C2 to
Cl5 olefin or a diner to tetramer thereof and a sulfidizing agent such as

. sul fur or sulfur chloride. Preferred olefins are propyl ene, isobutene, and
di i sobut ene. Exanpl es of the di hydrocarbyl polysulfides include conpounds
represented by the followng fornmula (XI): R21 S, -R22 ... (xi ) (wherein R
21 and R 22, which may be identical to or different fromeach other, each

represent§n@.g&lfpdgggdakk¥g BF9HPo9i . cyclic al kyl group, a C6 to C20 aryl
group, a C7/ to C20 alkyl aryl group, or a C7 to C20 arylalkyl group; and r

is an integergpRimp1t8 8k tMBenyeachiobqRritiyandiRs22naiuakkyl group, the
conpound is called al kyl sulfide. Exanples of the group represented by R 21

or R 22 igy1fpafpba 6Xk)ci pelyde pRidples &M ¥he eI ORY zed SOPESPY! . n 18
butyl, isobutyl, sec-butyl, tert-butyl, pentyl groups, hexyl groups, heptyl

groups, Ofﬁdiu@é0§@§f1899¥8 HELHPS, ogesb aﬂaO§9§fngQ@aybcgpquegter
cycl ohexyl, cyclooctyl, phenyl, “naphthyl, tolyl, xylyl, benzyl, and

phenetyl . ogng@éegrgﬁ pgg{9r5@gdd|hydrocarbyl polysulfldes i ncl ude di benzy
pol ysul fi des, dinonyl polysulfides |, di phenyl pol ysul fides, and

di cycl ohexy! pgkxﬁghégds@ thgxéﬂmkﬁﬁlQEdpbﬁé%ihgd1BB&ﬁQbaé%h?o%Q@B0U”d5
include 1,3,4-thiadiazole, 1,2,4-thiadiazole conpound, and 1,4, 5-
thi adi azo}gprepereent 8¢ biet Be1iolinYl parharaulR) ¢XI1): NN

R19-5,-R? o (X)

(wherein R'? represents a C2 to Cl5 alkenyl group, R?°
represents a C2 to Cl1l5 alkyl group or alkenyl group; and q is
an integer of 1 to 8).

These compounds are produced reaction between a C2 to
Cl5 olefin or a dimer to tetramer thereof and a sulfidizing
agent such as sulfur or sulfur chloride. Preferred olefins
are propylene, isobutene, and diisobutene.

Examples of the dihydrocarbyl polysulfides include
compounds represented by the following formula (XI):

R*-5,-R?? -+ (XI)

(wherein R?' and R??, which may be identical to or different
from each other, each represents a Cl to C20 alkyl group or
cyclic alkyl group, a C6é to C20 aryl group, a C7 to C20 alkyl
aryl group, or a C7 to C20 arylalkyl group; and r is an
integer of 1 to 8).

When each of R?' and R?*? an alkyl group, the compound is
called alkyl sulfide.

Examples of the group represented by R?! or R?? in

formula (XI) include methyl, ethyl, n-propyl, isopropyl, n-
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23-sf - 11 11 - 24 RCCS-R 9 SCN 23-sf 11 11 - 24 R-N S--P (XI 1)
\C9%. S NGCGSFf -R13 11 11 24 N-S-R9 S (wherein each of R 23 and R 24
. represents a hydrogen atom a O to C20 hydrocarbon group; and each of f and
g is an integer of O to B). Specific exanples of preferred thiadiazole
conpounds include 2,5-bis(n-hexyldithio)-1,3,4-thiadiazole, 2,5-bis( n-
octyldithio)-1,3,4-thiadiazole, 2,5-bis(n-nonyldithio)-1,3,4 - thiadiazole,

2, 5-bi s( ﬁbl#e% 1321% %%%%??%héé %&_ﬂ%%{ﬂ%ﬂ" 9% iéf}*kg%?%l , L BLAEY 28 8ups, hexyl

3, 5-bi s( adi azo

B e P e

1, 2, 4-t hi adi azol e, 1,1! 3, 3-tet vyl but

b 2 LN Gl az0) Caodecy P! §EGuPEXYLILI BNGAgY, Ze ?%a?{;]@gi/f,zobﬁenyl,

4,5-bi s(n>octyl di thi o)1, i adl azol €,” 4,
Lot amot RTBLTT ATt R oy 1 5V 5T L by Bl 4B oo PHerfetyl.

Examples of preferred dihydrocarbyl polysulfides
include dibenzyl polysulfides, dinonyl polysulfides, dodecyl
polysulfides, dibutyl polysulfides, dioctyl polysulfides,
diphenyl polysulfides, and dicyclohexyl polysulfided.

Examples of preferred thiadiazole compounds include

1,3,4-thiadiazole, 1,2,4~thiadiazole compound, and 1,4,5-

thiadiazole represented by the following formula (XII):

K
23 _ a_p24
R?—§;-G_C—SzR

I
R?—8-N C—SzR™ - (XID

(wherein each of R??® and R* represents a hydrogen atom, a Cl
to C20 hydrocarbon group; and each of f and g is an integer
of 0 to 8).

Specific examples of preferred thiadiazole compounds
include 2,5-bis(n-hexyldithio)-1,3,4-thiadiazole, 2,5-bis(n-
octyldithio)-1, 3,4-thiadiazole, 2,5-bis(n-nonyldithio)-1,3,4-
thiadiazole, 2,5-bis(1,1,3,3-tetramethylbutyldithio)-1, 3, 4-
thiadiazole, 3,5—bis(n—hexyldithio)—1,2,4—thiadiazole, 3, 5-

bis(n-octyldithio)-1,2,4-thiadiazole, 3,5-bis(n-nonyldithio)-
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Exanpl es of the thiophosphate esters include alkyl trithiophosphites, aryl
or al kyl arylthi ophosphates, dilauryl dithiophosphate zinc salts, with

. lauryl trithiophosphites and triphenyl thiophosphate being particularly
preferred. Exanpl es of the al kyl thiocarbanoyl conmpounds include conpounds
represented by the following fornula (XIll): RR5 S 11 S R27 11 R26/ N-C- Sh
C- NR28 (X111) (wherein each of R25 to R28 represents a Cl to C20 al kyl

S onar bt L%n%é&in ST ude% R SRR Pl B eﬁ%ﬁ%}n de,
bi s(di but.yl ), t [ fid
, ! SE)i Is( glj{)’uétm 9?1}?{0 car aérr%?/l ?rgehe)gffélg%ﬂeg%l tihlé(;g;(r: ano ?Qé’%‘?'sﬁrn Idee

and bi s(octyl f }Fig,g%})al h ar bamate
conpoundoﬁo?lrp%ltgnﬁ?aé%n?auid%h%)EI(L:Hdidfk %I acar afrak%gé anpl es of the

t hi ot er peng, IE@T&?’M I duc spherus pentasul fide
and pi nene. es F?,hgd@?%iﬁ?fgi% o%{(gr%pE% o][?:{asif r(;grrgo?linds i ncl ude

di lauryl thi | di st ropi onate. Anong them

t hi adi azo e corrpo M%d%&f&)d P flyg‘{eﬂ%éieg%éjie erred, fromthe viewpoint

£ B SR RN Ao chakerl ehztis psagy st
i ncor por &t { {op s HPHEY , Ofr Pt O 101 D1 MBSPPRIRASHL Gh L Hes | 04 2] 2 gpPYNT Of
dithiophosphate zinc salts, with lauryl trithiophosphites and
triphenyl thiophosphate being particularly preferred.
Examples of the alkyl thiocarbamoyl compounds include
compounds represented by the following formula (XIII):
R25__ % % _R?*7
N—C—8;—C—N_ 5 e (XD
Rze/ R :
(wherein each of R?»® to R*® represents a Cl to C20 alkyl group,
and h is an integer of 1 to 8).
Examples of preferred alkyl thiocarbamoyl compounds
include bis(dimethylthiocarbamoyl) monosulfide,
bis(dibutylthiocarbamoyl) monosulfide,
bis(dimethylthiocarbamoyl) disulfide .
bis(dibutylthiocarbamoyl) disulfide, bis(diamylthiocarbamoyl)
disulfide, and bis(octylthiocarbamoyl) disulfide.
| Examples of the thiocarbamate compound compounds
include zinc dialkyl thithiacarbamate. Examples of the
thioterpene compounds include a reaction product of

phosphorus pentasulfide and pinene. Examples of the dialkyl

thiodipropionate compounds include dilauryl thiodipropionate
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the conposition, particularly preferably 0.05 to 5 nmass. Wen the amount is
| ess. than 0.01 nass, inprovenent of friction characteristics by virtue of a
. synergistic effect wth other conponents may be insufficient, whereas when
the anpbunt is in excess of 10 mass, inprovenent of the effect commensurate
with addition may fail to be attained. (4) Exanples of rust preventives

whi ch may be enployed include al kyl and al kenyl succinate derivatives such

as dodecghyly §§g§%p§§etﬁgﬁjég§ é?%o L cadecenyl succinic anhydride, and

dodecenyl succi nam partial esters such as sorbitan

monool eat e, 9'Mﬁ&ﬁ%”thgfﬂno%f‘é&aé‘@ﬁepé&hﬁguﬁ{& r Q'bQRE‘gP' g8l ¢igq@m nes such

as rosin am nes d N ol eyl sarcosi ne; and di al kyl phosphite am ne salts.

The rust r r rper nt of 0.01 to
PE cfﬁg@ lﬁlgeé% Of‘f ng n@fj&at@%&’%}ﬂ?@ perafefehd pP8s &{1PY

5 mass% base conposi tion, partlcularly

pr ef erab' yelgf 40c&, MBS dr)c ﬁ?g@éfe 51 9f 1 Lhe ﬁé%t%ﬁfity gf,l}?@tc“ ey

be enpl in the 1 nvention include nzotri azol es I ad
gal l'ic aciyl g8t ré&l&QtT- netal deactivator(s) are preferably incorporated
in an amount of 0.01 to 0.4 nass@bbased on the total amount of the

conposi ti on, pfﬁélﬁyiéﬂan%@affﬁéusp D- Bt 9:0:2riBE) MnchBhokutan! e5 of the

defoam ng agent which nay be enployed in e invention incfude liquid

silicone,a@anthd s ofe6 Tyl Stdi LONRassd | HVEOST ik CORE t@ﬂylpgﬂnaaﬁfybete may be
enpl oyed. The defoam ng agent(s) are preferably incorporated in

the composition, particularly preferably 0.05 to 5 mass$%.

When the amount is less than 0.01 mass%, improvement of
friction characteristics by virtue of a synergistic effect
with other components may be insufficient, whereas when the
amounf is in excess of 10 mass%, improvement of the effect
commensurate with addition may fail to be attained.

(4) Examples of rust preventives which may be employed
include alkyl and alkenyl succinate derivatives such as
dodecenyl succinate half esters, otcadecenyl succinic
anhydride, and dodecenylsuccinamide; polyhydric alcohol
partial esters such as sorbitan monooleate, glycerin
monoolate, and pentaerythritol monooleate; amines such as
rosin amines and N-oleylsarcosine; and dialkyl phosphite
amine salts.

The rust preventive(s) are preferably incorporated in
an amount of 0.01 to 5 mass% based on the total amount of the
composition, particularly preferably 0.05 to 2 mass$%.

(5) Examples of the metal deactivator which may be
employed in the invention include benzotriazoles,

thiadiazoles, and gallic acid esters.
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an anount of 0.0005 to 0.01 nass% based on the total amount of the
conposition. (7) Exanples of the viscosity index inprover which nmay be

. enployed in the present invention include olefin copolyners such as
poly(alky | nethacryl ate), pol yal kyl styrene, pol ybut ene

et hyl ene- propyl ene copol yner, styrene-diene copol yner, and
styrene-mal eic anhydride ester copolyner. The viscosity index inprover(s )

are preferabl y?hé NGOLRPr aLedr} D 80r pIPUD g?ﬁrgfér%g%%ﬁﬁﬁeé§§%9?§8§ 9p the

total amount of the conposition, particu y pre _ _ ( nMass %
The condugf i y &ﬁ‘@?éf’a@i?fowoé!&'ﬂ&sg% $%§ @rgge@ﬁe_tgygmt 58811{\%_ gyi tably
enpl oyed as a.%earlng ol such as a ul %earlng oil or an oll-inpregnated

si ntered feariaoobleidie PiRELBtLLPYENLLOR Ly NoX)1 e dRosTibiedsin mor e

detail by way of exanp not be construed as limting the

i nvention ther@Fp.E;améggﬁaggegggt'%§O§&ihﬁg%%g§£iggighlﬁagggg det er m ned

t hrough the follow ng ods. I ne C viscoslity termned at 40'C

|0 accor dagoeo Al K22R%ent 2an A cosuL Y1 Ladey Deterohoedah feger dance

with JIS ash poin CoC termned 1 n accordance with

JI'S K226§neéﬁ'lg?ﬂfcgﬁéptf£@$f€§1ﬂfgoﬁg,a&ﬁ@rﬂ@f§§c¥§19tél§a§2399 (5)
Vol unme resistivity
employed.

The defoaming agent(s) are preferably incorporated in
an amount of 0.0005 to 0.01 mass% based on the total amount
of the composition.

(7) Examples of the viscosity index improver which may
be employed in the present invention include olefin
copolymers such as poly(alkyl methacrylate), polyalkylstyrene,
polybutene, ethylene-propylene copolymer, styrene-diene
copolymer, and styrene-maleic anhydride ester copolymer.

The viscosity index improver(s) are preferably
incorporated in an amount of 0.1 to 15 mass% based on the
total amount of the composition, particularly preferably 0.5
to 7 mass%.

The conductive lubricant composition of the present
invention is suitably employed as a bearing oil such as a
fluid bearing o0il or an oil-impregnated sintered bearing oil.

The present invention will next be described in more
detail by way of examples, which should not be construed as
limiting the invention thereto.

1. Characteristics of lubricating oils were determined

through the following methods.
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Determ ned in accordance with JI'S C2102 (6) Thin fil mresidue test (percent
_oil fetention, heat resistance evaluation) A contained and a thernostat air
bath, which are stipulated in the lubricating oil stability test (JIS
K2504), were enployed. A sanmple (1 g) was left to stand at 800C for 1,000
hours, followed by nmeasuring the anount of remaining oil. Percent oi
retention was_obtained fromthe anount. Appearance of the oil sanple after
a 1, 000- héht KeBEMaRsCoBs8FP&dtYand formation of sludge insoluble in the oi
was checked. During the test, air was continuously fed at 10 L/hr to the
t her nost at ai r DpaermipedseitudOdf aln apargsdanqhevw tbhpdlfidE2pBaduced in the
follow ng Production Exanples were identified to have a purity of 99% or
hi gher on{2{ h¥1pgePdtyf 18dB&ak area obtai ned by use of a gas 23
chromat ograph (Hitachi: mdel 263-70, colum: _OV-1 packed colum (2 m,
product of GL SEr&RFnpAclP. afReTdenGet Hidhof ISe &€k 8Sonmpound was det er ni ned
by use of a nuclear magnetic resonance apparatus (1H NVR 13C- NVMR GSX400,
product of 3)EBLaspiROYNt3 (CRLLMGERPEH Exanpl es Producti on Exanple 1

2-Cctyl -1-dodecanol (300 g), 1-bronooctane. (300 . . tetrabutyl ammoni um

bromi de (30 g)Peéﬁﬂméﬁegqg§06§995ﬂQHﬁP Wﬁ&PoQﬂ&e%égﬁétion (500 g) (sodium

hydroxide( }580ur point
Determined in accordance with JIS K2269

(5) Volume resistivity

Determined in accordance with JIS C2102
(6) Thin film residue test (percent oil retention, heat
resistance evaluation)

A contained and a thermostat air bath, which are
stipulated in the lubricating oil stability test (JIS K2504),
were émployed. A sample (1 g) was left to stand at 80°C for
1,000 hours, followed by measuring the amount of remaining
oil. |

Percent o0il retention was obtained from the amount.

Appearance of the oil sample after a 1,000-hour test
was observed, and formation of sludge insoluble in the oil
was checked.

During the test, air was continuously fed at 10 L/hr to
the thermostat air bath.

2. Structural analysis
The compounds produced in the following Production

Examples were identified to have a purity of 99% or higher on

the basis of a peak area obtained by use of a gas
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di ssolved in water (350 g)) were placed in a 2-L glass fl ask,

and the

m xture was allowed to react under stirring for 20 hours at 50C. After

. conpl etion of reaction, the reaction mxture was transferred to a
Separating funnel, and the aqueous |ayer was separated through filtration.
The remai ning organic |layer was washed five tinmes with water (500 nL). The
organic |layer was distilled under reduced pressure, to thereby separate an

th j t he; i t 1 . = 9 7-CH3
S0, XA L LA oo LA L0, RSO By, Bt

1- br onode, 3 , raput yl i rom.d
sodi um hf/%li( dggsrg? ht?%ﬁal(lggoég)é@%%%%y%ﬁ%k?dé%l%%)s%

S0%s aqueous
d?gs6(§ed in

wat er (35Qa&))c8&ﬁ§ﬁéﬁéa&§§ &@t@rﬁiﬁeglowsuééaék,aZﬁuémg &hﬁagiagr%gae was

) ( _ hours at 50C. After
reaction, & fen L8881 490, P X0 YT ¢ AR, BPADRURT T €8x i 60 2

al lowed to react under stirring for

etion of

BaLat! Bg Lrggel , and

t he aqueous | ayer was separated through filtration. ?ﬁe remai ni ng organic
| ayer wespyashed five tines with water (500 ni). The organic |ayer was
distilled under reduced pressure, to thereby separate an ether conpound
having the fpliQWefPonSkksabuss. CH3- (CH2) 7- CH (CH2) 5- CH3 CH2- O (CH2) 9- CH3

Production Example 1

2-Octyl-1-dodecanol (300 g), l-bromooctane (300 g),

tetrabutylammonium bromide (30 g), and an aqueous sodium

hydroxide solution (500 g) (sodium hydroxide (150 g)

dissolved in water (350 g)) were placed in a 2-L glass flask,

and the mixture was allowed to react under stirring for 20

hours at 50°C.

After completion of reaction, the reaction mixture was

transferred to a separating funnel, and the aqueous layer was

separated through filtration. The remaining organic layer

was washed five times with water (500 mL).

The organic layer was distilled under reduced pressure,

to thereby separate an ether compound having the following

structure.

CH;-(CH,)9-CH-(CH,),-CHs
|

CH,-O-(CH,),-CH;

Production Example 2

2-Hexyl-1l-decanol (300 g), l-bromodecane (300 qg),

tetrabutylammonium bromide (30 g), and a 30% aqueous sodium

hydroxide solution (500 g) (sodium hydroxide (150 gq)

dissolved in water (350 g)) were placed in a 2-L glass flask,
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Production Exanple 3 2-Cctyl-1-dodecanol (300 g), 1-bronodecane (300 g),

t et rabut yl anmoni um brom de (30 g), and a 30% aqueous sodi um hydroxi de

. solution (500 g) (sodium hydroxide (150 g) dissolved in water (350 g)) were
placed in a 2-L glass flask, and the mxture was allowed to react under
stirring for 20 hours at 50C. After conpletion of reaction, the reaction

m xture was transferred to a separating funnel, and the aqueous | ayer was

separat ed,br oHoh  LLbEal Lag. A THBEATBLNLDGCE! dARke LRXEL nMagayashed f1ve

times with water organi c | ayer was reduced

pressure,hoégséagr @%&separate an et her conpound having the foll ow ng
structure. -? )g-CH (CH2) 7 -CH3 CH2- O (CH2)9-CH3 4. Base oils and

addi ti ves Basep@i [Py ARY; i he. _f.ol ;o 2R and
Conparative EXQ%%FES%§9€§%?§F?d%?n§$§%?§§qi 22& %éaggﬁﬁﬁﬂ?g§§SeC0n§§ﬁnds oi

Baseco”POHPQnéi‘QEPSii ggdai Ee?hka‘é‘g@ @ﬁHﬁ%hO”aﬁég%Eeaéuﬁ%‘éc‘i RRYNG A 5
synt hesi zed 1 n ol - 2Producti on npl e BaseCompound synthésrzed I n
separated through filtration. The remaining organic layer
was washed five times with water (500 mL).
The organic layer was distilled under reduced pressure,
to thereby separate an ether compound having the following
structure.

CH;-(CH,),-CH-(CHy)s-CH

CH,-0-(CH,)y-CH;,

Production Example 3

2-0Octyl-1-dodecanol (300 g), l-bromodecane (300 qg),
tetrabutylammonium bromide (30 g), and a 30% aqueous sodium
hydroxide solution (500 g) (sodium hydroxide (150 g)
dissolved in water (350 g)) were placed in a 2-L glass flask,
and the mixture was allowed to react under stirring for 20
hours at 50°C.

After completion of reaction, the reaction mixture was
transferred to a separating funnel, and the aqueous layer was
separated through filtration. The remaining organic layer
was washed five times with water (500 mL).

The organic layer was distilled under reduced pressure,
to thereby separate an ether compound having the following

structure.
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oi | A-3Production Exanple 3 BaseNeopentyl glycol dipelargonate oil B

BaseDi octyl sebacate oil C Base 1-Dodecene diner, polya-olefin oil D

. High-pure mneral oil obtained Basethrough hydroreformation of oil Eparaffin
crude oil 26 Table 2 AdditiveConpounds Anti- oxi dant Phenyl a-naphtyl am ne

Rust Sor bi t an nonool eate preventive Frictiondi (nono)net hyl acid phosphate

nodi fier Aamne salt [nmono : di = 50:50(nmol)] FrictionDi-t-nonyl

pol ysul fi de n@p[%_f(djg?)gli?;mc'}@g@cheut ral barium sul fonate agent A(base val ue
1) Antistaticpol ybutényl succi ni m de agent B

Anti staticTetraet hyl e ept gy ne-steari ¢ agent Cacid condensate
Yl eNEREH L S CHE, 9

4. Base oils and additives
Base 0ils and additives employed in the following

Examples and Comparative Examples are listed in Tables 1 and

2.
Table 1
i;i? Compounds
Base Compound synthesized in
oil A-1 Production Example 1
Base Compound synthesized in
oil A-2 Production Example 2
Base Compound synthesized in
oil A-3 Production Example 3
cii?iB Neopentyl glycol dipelargonate
OBialseC Dioctyl sebacate
Base . - .
oil D 1-Dodecene dimer, polyoa-olefin
High-pure mineral oil obtained
Base .
oil E through hy@roreformaplon of
paraffin crude oil
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. aforenenti oned
shown in Tables 3. 27 Table 3-1 Lubricant

Exanples 1 to 12 and Conparative Exanples 1 to 6 Lubricant conpositions were
the fornmulations listed in Tables 3, and the
ics (1) to (6) were determ ned. The results are
1Ex. 2Ex. 3EX.
A-298. 898. 8 Base oi |

E Anti-oxidant1111
Rust preventive Friction nodifier A Fabteéidn nodifier B Antistatic agent A

prepared in accordance with
characteri st

4Ex. 5Ex. 6 (parts by nass)
A- 398. 8 Base oi

B98. 8 Base oi |

conposition Ex.
Base oil A-199.8 Base oil

098.8 Base oil D Base oi

Antistatic agent [BaddiAnivest

at i ¢ agent O@cHpaathdd. 20. 2

(Tot al ) 1001001001
9.798. 3878. 4111. 1

UUTREEYT K
3854324408

nemati c Vi SCOoSIity (nmme/s)
Phenyl a-naphtylamine

Rust
preventive

Sorbitan monooleate

Friction
modifier A

di (mono)methyl acid phosphate
amine salt
di 50:50 (mol) ]

[mono

Friction
modifier B

Di-t-nonyl polysulfide

Antistatic
agent A

Neutral barium sulfonate
(base value 1)

Antistatic
agent B

polybutenylsuccinimide

Antistatic
agent C

Tetraethylenepentamine-stearic
acid condensate

Examples 1 to 12 and Comparative Examples 1 to 6

Lubricant compositions were prepared in accordance with

the formulations listed in Tables 3,

characteristics (1)

to (6) were determined.

The results are shown in Tables 3.
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at. 400C Vi scosity index138129129146136153 Rash point 212209207218220220 (000
met hpd) (C) Pour point (C)-30-45-45-27.5-40-50> Volune resistivity

. (x1010Ccm 0. 210. 120. 10. 380. 220. 14 Thin filmresidue test (8000, 500 hr)
94.54 88.53 95.34 98.47 94.63 99.5 Percent oil retention (mass%
NoNoNoNoNoNo Appear ance (sludge) 28 Table 3-2 Lubricant conposition EX.

7Ex. 8Ex. 9Ex. 10Ex. 11Ex. 12 (parts by nass) Base oil A-1 Base oil

A- 268. 868. 897. 7567. 767. 75 Base 0il 531 3-1

Lubricant
composition
(parts by mass)

Ex. 1

Ex. 2

Ex. 3

Ex. 4

Ex. 5

Ex. 6

Base oil A-1

99.8

Base oil A-2

98.8

98.8

Base oil A—3

98.8

Base oil B

98.8

Base oil C

98.8

Base oil D

Base oil E

Anti—oxidant

Rust preventive

Friction modifier A

Friction modifier B

Antistatic agent A

Antistatic agent B

0.2

Antistatic agent C

0.2

0.2

0.2

0.2

0.2

(Total)

100

100

100

100

100

100

Kinematic viscosity (mm?/s)
at 40°C

9.79

8.387

8.41

11.73

8.75

11.6

Viscosity index

138

129

129

146

136

153

Flash point
(COC method) (°C)

212

209

207

218

220

220

Pour point (°C)

-21.5

-50>

Volume resistivity (x10'°Q-cm)

0.21

0.12

0.1

0.38

0.22

0.14

Thin film residue test

(80°C, 500 hr)

Percent oil retention (mass%)
Appearance (sludge)

94.54
No

88.53
No

95.34
No

98.47
No

94.63
No

99.5
No
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Base oil B3098. 7530 Base oil C Base oil D3030 Base oil E Anti-oxidant111111
Rusts preventivelll Friction nodifier AO.050.050.05 Friction nodifier

- B0.050.05 Antistatic agent A Antistatic agent B Antistatic agent

C0. 20. 20. 20. 20. 20. 2 (Total ) 100100100100100100 Ki nermatic viscosity (mmR/s)

8. 588. 718. 8519. 0098. 498. 95 at 40C Viscosity index131112123132131112 Fl ash
poi nt 214205204210211204 (COC nethod) (C) Pour point (C)-45-45-50-40-45-45
Vol ume resistivity (x1010(}cm) 0. 150724 04350. 360. 01220. 014 Thin film
residue test (80C, 500 hr) 95 91.44 94,97 94,06 _94. 83

Lubricant
composition
(parts by mass) Ex. 7 Ex. 8 Ex. 9 Ex. 10 Ex. 11 Ex. 12

Base oil A—1

Base oil A-2 68.8 68.8 97.75 67.7 67.75

Base oil A-3

Base oil B 30 98.75 30

Base oil C

Base oil D 30 30

Base oil E

Anti—-oxidant 1 1 1 1 1 1

Rust preventive 1 1 1

Friction modifier A 0.05 0.05 0.05

Friction modifier B 0.05 0.05

Antistatic agent A

Antistatic agent B

Antistatic agent C 0.2 0.2 0.2 0.2 0.2 0.2
(Total) 100 100 100 100 100 100
Kinematic viscosity (mm?/s)
at 40°C 8.58 8.71 8.851 9.009 8.49 8.95
Viscosity index 131 112 123 132 131 112
Flash point
(COC method) (°C) 214 205 204 210 211 204
Pour point (cc) ~45 -45 -50 -40 -45 -45
Volume resistivity (x10'°Q-cm) 0.15 0.27 0.0135 0.36 0.0122 0.014

Thin film residue test
(80°C, 500 hr)
Percent oil retention (mass%) 95.2 91.44 94.97 94.06 94.83 91.27
Appearance (sludge) No No No No No No
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91.27 Percent oil retention (nmass% NoNoNoNoNoNo Appearance (sl udge) 29
Tabl,e 3-3 Lubricant Conp. Conp. Conp. Conp. Conp. Conp. conposition Ex. 1EX.
. 2Ex. 3Ex. 4Ex. 5Ex 6 (parts by mass) Base oil A-1 Base oil A-2 Base oil

‘A- 39998. 8 Base oil B9998.8 Base oil C Base oil D98.8 Base oil E98.8
Anti-oxidant111111 Rust preventivell Friction nodifier A Friction nodifier B
Antistatic agent A0.20.2 Antistatic agent BO.2

Table 3-3
Lubricant
composition Comp. Comp. Comp. Comp. Comp. Comp.
(parts by mass) Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex.5 Ex. 6
Base oil A-1
Base oil A-2
Base oil A-3 99 98.8
Base oil B 99 98.8
Base oil C
Base oil D 98.8
Base oil E 98.8
Anti-oxidant 1 1 1 1 1 1
Rust preventive 1 1
Friction modifier A
Friction modifier B
Antistatic agent A 0.2 0.2
Antistatic agent B 0.2
Antistatic agent C 0.2
(Total) 100 100 100 100 101 101
Kinematic viscosity (mm?/s)
at 40°C 8.34 11.81 8.41 8.73 9.686 8.135
Viscosity index 129 146 129 136 85 80
Flash point
(COC method) (°C) 210 218 208 218 202 156
Pour point (°C) =45 ~-275 —45 -40 -50 =15
Volume resistivity (x10'°Q-cm) 8 12.00 0.73 0.7 0.02 0.0185
Thin film residue test
(80°C, 500 hr)
Percent oil retention (mass%) 99.42 98.2 99.31 97.86 67.15 20.88
Appearance (sludge) No No Yes Yes No No

30




Antistatic agent CO.2 (Total )100100100100101101 Ki nematic viscosity (m2/s)
8.3411.818.418. 739. 6868. 135 at 40C Viscosity index1291461291368580 Fl ash

. poi‘nt 210218208218202156 (COC met hod) (C) Pour point

(O -45-27.5-45-40-50-7.5 Volune resistivity

(x1010f 2cm) 812. 000. 730. 70. 020. 0185 Thin fil mresidue test (80C, 500 hr)
99.42 98.2 99.31 97.86 67.15 20.88 Percent oil retention (nass%

NoNoYesYéﬁﬁQNQt@ggﬁprggggi@%ngQ@9¥30 I ndustrial Applicability As described
her ei nabove, 11 i bricant conposition of the present invention,
W thout i npairpaBgdesekliBedbaartigaBblepethar BBRERCtEFR ALBYaRErANoMal ous
wear, generation of sludge, and occurrence of static electricity
composition of the present invention, without impairing
roller bearing oil performance, can prevent anomalous wear,
generation of sludge, and occurrence of static electricity
which would otherwise be generated by movement of fluid.
Therefore, the conductive lubricant composition is suitable

for a bearing o0il such as a fluid bearing o0il or an oil-

impregnated sintered bearing oil.

31




whi ch woul d otherw se be generated by novenment of fluid. Therefore, the
conductive lubricant conposition is suitable for a bearing oil such as a

fluid bearing oil or an oil- inpregnated sintered bearing oil. 31 Clains 1.
‘A conductive lubricant conposition, characterized in that the conposition
conprises a lubricating base oil (A) other than a silicone oil, and a

non-netallic antistatic agent (B) , and exhibits a kinematic viscosity of
25 m/s or less at 40*C, a viscosity jipdex of 100 or higher, a flash

poi nt, as determ ned through the COC nethod, of 150'C or higher, and a
volume resistivity of 1 x 101() Qcmor less at 250C. 2. A conductive

| ubricant conposition as described in claiml1, which exhibits a kinematic

viscosity of 20 ”Tﬁlé%rg%l?énfé%ﬂﬁbf‘il%i% mf%( | Lidea tADELERDLY n

conposition as descri alm Its a viscosity Index of

120 or highet cnd cAnSOURUELh VEohUPILEan: 2OUPPShELRY BRsdeseii g in cl aim

1, which exhibits a pour point o C or A conductive | ubri cant

cOMpOSt t 1 a@s €e36rLDEELL Bongl AL Tandthl choRORBELSESCAahibLEGRE NG base of|

(A) forne rogen, ahd oxygen, mass% of at

| east . : Dot . i d
eas O“Quﬁgﬁngﬁﬂ,sgﬁécigﬁléi Q‘Q”?g ?@§t§819f89§%§gg b¥e25?@g§§%Q5P'C acl

derivative, a y(oxyal ene gly % and a p dric a parti al
Pt e AP o LA i IS 01 QGO ey gt ve
point, as determined through the COC method, of 150°C or
higher, and a volume resistivity of 1 x 10 Q-cm or less at
25°C.

2. A conductive lubricant composition as described in
claim 1, which exhibits a kinematic viscosity of 20 mm?/s or
less at 40°C.

3. A conductive lubricant composition as described in
claim 1, which exhibits a viscosity index of 120 or higher.

4. A conductive lubricant composition as described in
claim 1, which exhibits a pour point of -40°C or lower.

5. A conductive lubricant composition as described in
claim 1, which comprises a lubricating base oil (A) formed of
carbon, hydrogen, and oxygen, and 0.01 to 10 mass$%$ of at
least one compound selected from among an amine derivative, a
succinic acid derivative, a poly(oxyalkylene) glycol, and a
polyhydric alcohol partial ester, serving as a non-metallic
antistatic agent (B).

6. A conductive lubricant composition as described in
claim 1, wherein the lubricating base o0il (A) contains an

ester compound.
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claim1l1, wherein the lubricating base oil (A) contains an ester conpound.
32 7. A conductive lubricant conposition as described in claim®6, wherein

. theé ester conmpound is at | east one conpound selected fromanong a pol yol
ester produced through condensation reaction between a pol yhydric al cohol
and a fatty acid, a diester produced through condensation reaction between
a di basic acid and a nonohydric al cohol, and a nonoester produced through

condensati on r@aCtAO@bﬁﬁﬁ&€P@ealuE@iéyn@Céghﬁ@§1@18Pn9§YHéé€r§b€8h9£ 8. A
conductive lubricant conposition as described in claiml, wherein the

| ubri catifpa DAseE, Ojhe £ nCOAE2E BB ANcoRbBBAACEPAENHca 9t BneOREHEbLY:E
| ubri cant conp05|t|on as described in claim8, wherein the ether conpound

is a compasindcteqr essmt 8flonfYaf oMb £5terRyr8aiBE&a R Br6R3H0 b- (RGO c -RS
(I') (wherein each of RL and™R5 represents hydrogen, a Cl-C24 al kyl group, a

phenyl gresRdeREafibx- E@écehgulséyhesﬁoappol9ﬁ98r9& R2coR31 and B4
represents a C2-Cl18 al kyl ene group; each of a, b, and c is 0 to 8; the sum

of a to crast 4£0i8;, aaldetbBEruUptb8uERE- Bhroli E%ndaﬂgaeﬁénokea%xlaa
identical to ~or dlfferent from one anot her. . A conductive |ubricant

conposi tiparwsedescaibgdici Acelabida MBRGR! ar&eea@&83519oaaauad is a
nonoet her conpound represented by formul a %II) R6-O-R7 (Il1) (wherein one
of R6 andn&oéstar GbrbQuEéd Bhk¥hgHr 8URdedBEtiBE reaction between a

fatty acid and a monohydric alcohol.

8. A conductive lubricant composition és described in
claim 1, wherein the lubricating base oil (A) contains an
ether compound.

9. A conductive lubricant composition as described in
claim 8, wherein the ether compound is a compound represented
by formula (I):

R'-0- (R?*-0) 2~ (R’-0) p~ (R*~0) c-R® (1)

(wherein each of R! and R® represents hydrogen, a C1-C24
alkyl group, a phenyl group, or a C7-C24 alkylaryl group;
each of R?, R’, and R* represents a C2-C18 alkylene group;
each of a, b, and ¢ is 0 to 8; the sum of a to ¢ is 0 to 8;
and the units (R?*-0), (R’-0), and (R'-0) may be identical to
or different from one another.

10. A conductive lubricant composition as described
in claim 9, wherein the ether compound is a monoether
compound represented by formula (II):

RS-0-R’  (II)

(wherein one of R® and R’ is a Cl to C24 alkyl group, and the

other is a Cl to C24 alkyl group, a phenyl group, or a C7 to
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other is a d to C24 al kyl group, a phenyl group, or a C7 to 33 C24

al kyl aryl group). 11. A conductive |ubricant conposition as described in

. claim5, wherein the lubricating base oil (A) is an ether conpound and the
non-netallic antistatic agent (B) is an amne derivative. 12. A conductive

| ubricant conposition as described in claimb5, wherein the am ne derivative

serving as the non- netallic antistatic agent (B) is a condensate produced

from te et nt_auy and a fatty acid. 13. A conductive |ubricant
GRS

conposition as desc | aim 1, wherein the lubricating base oil (A

further contans g %‘i’%ﬁ:&ﬁcribzg‘ éﬁ%’@%&ﬁc‘ (g%ﬁ‘rpo&%tiﬁt‘l%‘i’m“%té Voeeééwﬂﬁccﬁritn

conposi tion as ‘describe er contalins at lTeast one

addi ti ve o138leq o4, 11N ATHNY A AL OXIIaNoc L 01 [A1EPS BgeDinep friction

reducer, a rust ‘preventive, a net ( _ r,a defoamng agent, and a
o oA TN, OB SO SO 400, 2 5P ke
amine derivative.

12. A conductive lubricant composition as described in
claim 5, wherein the amine derivative serving as the non-
metallic antistatic agent (B) is a condensate produced from
tetraethylenepentamine and a fatty acid.

13. A conductive lubricant composition as described in
claim 1, wherein the lubricating base o0il (A) further
contains a hydrocarbon compound.

14. A conductive lubricant composition as described in
claim 1, which further contains at least one additive
selected from among an antioxidant, an oiliness agent, a
friction reducer, a rust preventive, a metal deactivator, a
defoaming agent, and a viscosity index improver.

15. A bearing oil comprising a conductive lubricant

composition as recited in claim 1.
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