SF-720PCT 1 TITLE 111 Ili | *159159* LUBRI CATING O L COWGCSI TI ON A VAT
USI NG THE SAME TECHNI CAL FIELD 5 The present invention rel ates tdﬁy?g %ﬁ/géz)
| ubri cati ng oBF-720B@fiosi ti ons and watches using the same. Mre

particularly, the invention relates to lubricating oil conpositions

favorably used as lubricating oils particularly forNMﬂmmmMmmﬂﬂ tions
i ncluding slide and 10 rotation portlon% of wat ches using the
| ubricating oil conpositions. BACKGROUND ART WAt ches ar e frspadl y di vi ded

into nechani cal watches 15 and el ectroni c watches. The nechani cal watches

are those which are operated by the use€lBILEpiral spring as driving
source, while the_electronic watches are those which are operated by the

use of electric %%§%¥CAT%N%OPELO?OMHQSI@ﬁ@@tﬁN@lWAﬂéﬁbW§§NﬁuTHHK§AME

nmechani cal watches, train 20 wheel portions wherein gears to drive the hour
hand, the mnute hand and the second hand gather and a novable portion

such as a |l ever are conbined to dia%t%ﬁgéﬂﬁéb%ﬁﬁﬂgln the field of watch
manuf acture, only the mechani cal enteg but anykelectroElc
watch 25 S not 4pye i a | n.order ta nake .snmoot
operation%ﬁithe n%@%aﬁ%%g?he %gﬁgggaﬁhbgfgéigﬁgt iU 5 FEur Gt o t he
novabl e porti@pmPbsi PEHOt 3hY watches using the same. More

particularly, the invention relates to lubricéting oil

compositions favorably used as lubricating oils

particularly for movable portions including slide and
10 rotation portibns of watches, and watches using the

lubricating oil compositions.

BACKGROUND ART

Watches are broadly divided into mechanical watches
15 and electronic watches. The mechanical watches are those
which are operated by the use of spiral spring as driving
source, while the electronic watches are those which are
operated by the use of electric power. 1In both of the
electronic watches and the mechanical watches, train
20 wheel portions wherein gears to drive the hour hand, the
minute hand and the second hand gather and a movable
portion such as a lever are combined to display the time.
In the field of watch manufacture, only the
mechanical watches were invented but any electronic watch
25 was not invented in the initial stage. 1In order to make
smooth operation of the mechanical watches, lubricating
oil is poured into the movable portion of the rotary

device. 1In the mechanical watchés, a force from the
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device. In the nechanical watches, a force fromthe IVIIIIAl aY~ *nnnnm
SF-720PCT 2 spiral spring is always applied to the train wheel portions,
so that preci SBg28P0e (ruby) is provided as tenon receiver of the train
wheel portions to reduce frictional wear, and the rotary gear is nade of a
5 relatively highly wear-resistant stable nmetal such as iron. After that,
w th spread of batteries, electronic watches have been put on the market,
and recently, the present applicant has proposed watches which are
operated 10 for a certain period of tine by the use of primary battery and
wat ches whi chSBtE2¢oRPFANGUSBy 23dperst prdy ed ke (ide dfraircottbiarat i on of

| i ght power-generation elepment or thermal power-generation el ement and
rechar geabl e BAFtEP)SevER FRAthBTBSLOSSyY St fot( Tapngdd PERFAe%e?S uses
of watches have been w den wat ches for, sky diving or scuba diving

! ed, ang
cane to be on-Sate. *PH° YRE 841 E8eof RS WRPCHe POTHICIGNIYP fiGHuFRd
hethuse or extEhErEana! uBLE0 MRANER LBRRSY oBR T i AR o i on of

because of exiension of usSés’or ‘sales

nodes  of %ﬁtCP@?ati@@l2?%%@21§F985?§r@%?sqgﬁkrQQa$%eh%%ﬁaq?iSt re

resi stance, heat resi oWt enperature resistance, et Ia§npact
resi stance angrdong life. As materials to manufacture watches, brass
havi ng excel | ent processability and then 25 plastic nmenbers have been used,

Eg that corrosivengessesfthhtpricahi Broblisotopaetakseqr Rhasti¢3 needs to
| watches have been put on the market, and recently, the
present applicant has proposed watches which are operated
10 for a certain period of time by the use of primary
battery and watches which are continuously operated by
the use of a combination of light power-generation
element or thermal power—gene:ation element and
rechargeable battery even if the battery is not changed.
15 Further, uses of watches have been widened, and watches
for sky diving or scuba diving came to be on sale. 1In
the sales of the watches,'ﬂot only finished articles of
watches but also modules thereof came to be on sale.
Thus, because of extension of uses or sales manner
20 and transfiguration of modes of watches, the watch
modules are desired to have moisture resistance, heat
resistance, low-temperature resistance, thermal impact
resistance and long life. As materials to manufacture
watches, brass having excellent processability and then
25 plastic members have been used, so that corrosiveness of
lubricating oils to metals or plastics needs to be

reduced.



reduced. SF-720PCT 3 The present applicant has used, as a lubricating oil
for watch, for exanple, Synt-Lube available from MOEBIUS Co. This

| ubricati ng obF-728P@Tm xture of synthetic hydrocarbons with ether and

al cohol groups. The base oil 5 of the lubricating oil is a m xture of

al kyl - aryl oxydi butylt ene glycols, and to the base oil, 1.6 %of an

al kyl phenoxy acid, less than 1 % of 2,6sdi-tert-butyl- 4-nethyl phenol,
C3-Cl4 Zn-di al kyl dithi ophosphate, etc. are added as additives (Synt-Lube
MSDS avail able from 10 MOEBIUS Co., transcribed from catal ogue). In the use
of this currently UBBJIPTEBRPEaRPRG16RNT (8@ntiSEGhe 2y |1atid Fatoim MRER] US
Co.), operatifn f ai wat ch _such as stoppage .occasionally takes

f
place. The p %Eeﬂ?LgéglFgﬁnFXGWﬁéese§MW5§¥HQ%i%ﬂﬂ%%@?%ﬁﬂﬁ%ﬂﬂ MOeP &S
ir th h f ti fail .and i tigated t , ti
fallure. s a¥esul G-o nRRCCRANES fadr 4 GoB A S ede N M aant f ound
bl ; i cat, Ll oint | d I f
Dl st i monberLnfCaRdEns s ATRcHEE Y B0 Brca Mduiat (A e Sk °

medi um  visscosEtypbubpiheatipg,gi b;iRavign ki ic _viscosity (JIS
K2283-1979) of 27 cStuat 50C g%dbigogsc%t%égkﬁ C%fcgn there is a problem

that if the lubyisaidgueilchs giseE150r 28Wl thhenkr aiiMiegl pord ionss a
phenonenon of 25 spreadi ng-out of the lubricating oil occurs by viscosity

decrease at aarhighkyeppenakyr acoli, 80€ssTensal vest be ahevepralen,the

present applicant wuses a lubricating oil of high viscosity (kinematlic
4-methylphenol, C3-Cl4 Zn-dialkyl dithiophosphate, etc.
are added as additives (Synt-Lube MSDS available from

10 MOEBIUS Co., transcribed from catalogue).

In the use of this currently used lubricating oil
(Synt-Lube available from MOEBIUS Co.), operation failure
of watch such as stoppage occasionally takes place. The
present applicant owns service stations to collect and

15 repair the watches of operation failure and investigated
the operation failure. As a result, more than 10 years
ago, the'present applicant found problems such as change
of the lubficating oil into a gel and corrosion of
plastic members or metals.

20 The above-mentioned lubricating oil is a medium-
viscosity lubricating oil having a kinematic viscosity
(JIS K2283-1979) of 27 cSt at 50°C and 2600 cSt at -20°C,
and there is a problem that if the lubricating oil is
used for all the train wheel portions, a phenomenon of

25 spreading-out of the lubricating oil occurs by viscosity
decrease at a high temperature of 80°C.

To solve the above problem, the present applicant

uses a lubricating oil of high viscosity (kinematic



SF- 720PCT 4 viscosity (JI'S K2283-1979): 45 ¢St at 50C, 13500 cSt at -200C)
for only the place of high driving power and avoids use of the lubricating
oi |l of high vEB¢G@6PEY for the place of |ow driving power because the whole
S viscosity is increased to raise power consunption. On this account, there
i's brought above a problem that spreading-out of the lubricating oil takes
place at a high tenperature of 80C depgndi ng upon the gears of the train
wheel portions. In case of a |ow tenperature 10 of -10C, there is another
problem that driving becones infeasible because of viscosity increase of
the |ubricatVh§cerLtyTHELEf 2e83rRE I esdm applatcdift’ Uses3 T ub%t catti ng
oil of lowvis 8§|ty ki nenpmatic viscosity é¥IS K2283 15 1979): 16 cSt at
50C, 840 cSt atV-90cf FoPn$MI§h€h@laﬁﬁa@é 1 Qo B i ich P Ptsierand ot or

section) to avoid,the prab en at .the |l qw tenperature of -10C. In
this cése DURVEP, ufﬁe g gg8sgPérl§a§ﬁpﬁkPH Yo SWated Icas it gher

t t 0] |t a robl em_of 20 sp ut of the
e of, 06 LesiL g 10 SO S oL 20 Shrcad g
tenpefatuﬁﬁs1v£ @$Si§ lgpﬁﬁé gggehak &%l%%nghy%Lf%ﬁ 5§1 the tenmperature

becones | ower an - Further, there are lbrlcatlng oils
25 nanely, three k@@d§h9§ g@QbHHEV'§ﬁ8§bt¥s Bkgﬁgﬁksgg%%%ya bla%he

| ow-viscosity lubricating oils, and they must be use properly In

manuf act ure Oihé@pﬁpfegﬁlhﬁeoﬂ@t6Ee%heA§u§ElngP§E il takes place at
a high temperature of 80°C depending upon the gears of
the train wheel portions. 1In case of a low temperature

10 of -10°C, there is another problem that driving becomes
infeasible because of viscosity increase of the
lubricating oil.

Therefore, the present applicant uses a lubricating
0il of low viscosity (kinematic viscosity (JIS K2283-

15 1979): 16 cSt at 50°C, 840 cSt at -20°C) for only the
place of low driving power (rotor section) to avoid the
problem given at the low temperature of -10°C. 1In this
'case, however, the viscosity is strikingly lowered at a
high temperature of 80°C, resulting in a problem of

20 spreading-out of the lubricating oil. 1In addition, the
watches have a problem at low temperatures; that is,
operation failure takes place when the temperature
becomes lower than -10°C.

Further, there are many kinds of lubricating oils,

25 namely, three kinds of medium-viscosity, high-viscosity
and low-viscosity lubricating oils, and they must be used

properly in the manufacture or repair of the watches. As



aresult, there is a possibility of wong use of the |lubricating oils. In
the use of the currently used lubricating oils, as described above, there
are various pBBHI2ORETsuch as a 5 problem of spreadi ng-out of the

| ubricating oil at high tenperatures, a problemof feeding oil to the place
of lowdriving power at |ow tenperatures, a problemof gelation, a
probl em of change of properties such asg corrosion of plastic nenbers or
netals and a problemof 10 too many kinds of lubricating oils used. The
present invention has been nade to solve such problens associated with the
prior art as 8e€FPbéd &B6¥E 1sarfd HasSidbidd tobjafctwising hes¢ mventhen to
provi de a Iugrbcating oil_ionposition whi ch enables a watch to 15 operate
in the tenperatFé°rEngE 671530 to 80C with one kind of a lubricating oil,

is free fromchange_o propert.i over a long perjad of tinme, enables a
life of watch batﬁ@rgh?ouﬁgspflgﬁﬁ SR TSt osas & URY Ifatding o1ls,

| ubricating oLl, ;an royi de a tch using the 20 c osition. It is
anot her objec%goggfgéagﬁgeﬁ Pgﬁ'téﬂ%ngF&E g%qﬁﬂﬂ%(ﬁﬁq WﬁIS%§h¢R%i%ion
which is fgee h i r | an eriod .of_tine

enabl es aSIif%£%?ﬂb&a??%ggg%?g?§%gggka§? ﬁ%ﬁbiﬁy%?%égtgﬁﬁbFEQIéﬂésh%gﬁatch

25 lubricatinge@bbraffdet0 R 8¥LEE 8 Wat GRS f:he + C 0sit.d on.
DI SCLOSURE CF TR | AVERGET ON SE. 55050 o Theelt&?in%gtoﬁ}lut;cﬁ ot gléo’iO of

corpoFition acewrdingihg pbheri A¥enbhor aRRRLISRS A RASE MilefYWIrising a
PoTYe gelation, a problem of change of properties such as
corrosion of plastic members or metals and a problem of
10 too many kinds of lubricating oils used.

The present invention has been made to solve such
problems associated with the prior art as described abdve,
and it is an object of the invention to provide a
lubricating oil composition which enables a watch to

15 operate in the temperature range of -30 to 80°C with one
kind of a lubricating oil, is free from change of
properties over a long period of time, enables a life of
watch battery to last long and is favorable as a watch
lubricating oil, and to provide a watch using the

20 composition.

It is another object of the invention to provide a
lubricating oil composition which is free from change of
properties over a long period of time, enables a life of
watch battery to last long and is favorable as a watch |

25 lubricating oil, and to provide a watch using the

composition.

DISCLOSURE OF THE INVENTION




ester (A), a viscosity index inprover (B) in an anobunt of 0.1'to 20 % by
wei ght and an anti-wear agent (C) in an 5 anmount of 0.1 to 8 % by wei ght.
The first | ubBF¢20PET oil conposition desirably has a kinematic viscosity
(JI'S K2283-1979, the sanme shall apply hereinafter) of not nore than 1500
cSt and not less than 13 ¢St at -30 to 80'C, a weight change of not nore
10 than 1.62 % by weight after allowed go stand at 900C and a total acid
nunber of not nore than 0.2 ngKOH g. As the viscosity index inprover (B)
at |east one conpound sel ected from pol yacrylate, polynethacrylate, -

pol yi sobutyl ene, pbR§afkyFst yrbréCcasdngestidr compsisiithiicene s fdineg at e,
styrene nal eafe ester, vinyl acetate fupmarate _ester and an (x-olefin
copol ymer is %Qﬁe?ﬂVﬁ?téﬁﬁlﬁ9@BFlsﬁ§ Phé3gM it MeSOTRISRINT)2 reheed r a
phosphoric ester an r a neutral phosphorqus ester is generally enployed.
20 The first ?EE?ché?ngaoVFSESﬁﬁGQiPpgﬁxoﬂmﬂﬁQqu“kﬁﬁi%ﬂ1QﬁnﬁmQﬁ@%e@f

contain a netal,deactjvator (D)., The netal deactivator (D) is preferably
benzotriazoleéb% §§ %grfvé i&glgﬁgrggﬁ.a?h@“fﬂr?FaFUEﬁ ity oit an

conposi ti an O%méﬂﬁt 4% bnyeggign% further contain an antioxidant (E)
The second lubricating oil conposition according to the invention

conprises a base otheCPPLEESIiNGracaPaRaf fiini I rhon Qi.l ) ving at
| east 30 carbon SF-7%0PCT 7 atoﬁscgnd g %F%C%S?%%S?% g& ?%%ﬁﬁégi%tgg%n an

?Lmunt of 0.4 kOndhath byvietebtcyThersegond sl-ubriscatinrg Qide coPOsi tion of
© apply hereinafter) of not more than 1500 cSt and not less
than 13 cSt at -30 to 80°C, a weight change of not more
10 than 1.62 % by weight after allowed to stand at 90°C and
| a total acid number of not more than 0.2 mgKOH/g.

As the viscosity index improver (B), at least one
compound selected from polyacrylate, polymethacrylate,"
polyisobutylene, polyalkylstyrene, polyester, isobutylene

15 fumarate, styrene maleate ester, vinyl acetate fumarate
ester and an a-olefin copolymer is generally employed.

As the anti-wear agent (C), a neutral phosphoric
ester and/or a neutral phosphorous ester is generally
employed.

20 The first lubricating o0il composition of the
invention may further contain a metal deactivator (D).
The metal deactivator (D) 1is preferably benzotriazole or
a derivétive thereof.
The first lubricatiﬁg oil composition of the
25 invention may further contain an antioxidant (E).

The second lubricating oil composition according to

the invention comprises a base oil comprising a

paraffinic hydrocarbon oil (F) having at least 30 carbon



invention preferably has a kinematic viscosity of not 5 nore than 1500 cSt:
and not less than 13 ¢St at -30 to 80C. This lubricating oil conposition
particul arly Sp720RCE@bl y has a kinematic viscosity of not nore than 1500
cSt and not |less than 13 cSt at -30 to 80C and a wei ght change of not nore
than 10 % by weight after 10 allowed to stand at 90C. The paraffinic
hydrocarbon oil (F) has no polarity and thereby is inconpatible with other
many materials, and besides this oil is chemically inert and thereby
hardly changed in properties. Therefore, the paraffinic 15 hydrocarbon oi
(F) is favorabfemasaBdbas¥isrpsatya indgsr ile@riovgroi (B o vat chiesamavefig
plastic parts, In_this case, it is preferable to select a conpound having
no pol ar grou%'éstanlédﬁiPVV@?lEQFticuIarIy, as the viscosity index

i mprover (B). Wen_a conpound. having a 20 pol ar group,, such as pol yacryl ate
or pol ynet hacryl at ?eiﬁggaeadla rﬂﬁgt9P§08§'t?oﬁﬁﬁ@%tﬂﬁﬁ¥64éﬁh@8), t he
second lubricating.oil conposition preferably has a total acid nunber of
not nore thanl%Y3n%ﬁ%E}F6?g%§abh¥ 83@ 8f%ﬁﬁéné§éébﬁ&%QRﬁ%R%HQ§uPQﬁ|
conpositian 1 0g h o] acid n er_,as watgh | ubrjcating oil,

t he watchgs ?%ké‘bteﬁ%ge%g?gdlég\%e%ﬁg ﬁSEQl%gr%i 5§a8f alt3i T RS t_r#eo Si%cosi ty

i ndex i nprov {B), Le ; n | fr y| ate,
poIynethacry?%%é?)Sﬁ?%iéPgégggggF;ﬁgggggyﬁgﬁg?%%%ﬁggl%%ﬁgggﬁé%gﬁ'polyester

i sobutyl ene {ramssilelyshyseaexBbRatecest8bosichyl rAceat® lunmiafe ester
and an a-olefin copolynmer is generally enployed. 'O these, nost preferable
is an al kyl cDIpOUDS hawd NngoBOless than 13 ¢St at -30 to 80°C and a
weight change of not more than 10 % by weight after
10 allowed to stand at 90°C.

The paraffinic hydrocarbon oil (F) has no polarity
and thereby is incompatible with other many materials,
and besides this oil is chemically inert and thereby
hardly changed in properties. Therefore, the paraffinic

15 hydrocarbon oil (F) is favorable as a base oil of a
lubricating oil for watches having plastic parts. In
this case, it is preferable to select a compound having
no polar group as an additive, particularly, as the
viscosity index improver (B). When a compound having a

20 polar group, such as polyacryléte or'polymethacrylate, is
used as the viscosity index improver (B), the second:
lubricating oil composition preferably has a total acid
number of not more than 0.2 mgKOH/g. By the use of the
second lubricating oil composition having such a total

25 acid number as a watch lubricating oil, the wafches can
be operated over a long period of time?

As the viscosity index improver (B), at least one

compound selected from polyacrylate, polymethacrylate,



5 polar group such as-polyisobutylene or an ethylene/a- ol efin copol yner
(a-ol efin copolyner) because it is inconpatible with plastics, chemcally
i nert and har8Fy20e0@nged in the properties. Next preferable is an

aromati c al kyl conmpound, and next preferable is an 10 aromatic conpound.
The second lubricating oil conposition of the invention may further
contain an anti-wear agent (C in an agount of 0.1 to 8 % by weight. As
the anti-wear agent (C), a neutral phosphoric' 15 ester and/or a neutral
phosphorous ester is generally enployed. The second |ubricating oil
conposi tion 0PCt¥eSOPRVEAENBR RAYYRUKYASE YESHEai PO viesttalr daabwiy beng D) .
As the netal deactivator (D), benzotriazole or a 20 derivative thereof is
preferabl e. THE"3EebRd PLBFEREt 'AYCEIE E6hFEsi Viloy loRoatate Mramyare may

further contain an anti oxi dangﬁ%E}). The_third |lubricating oil conposition
accordi ng to SYHeri AVEntl o BORPrHsESPRIERSE diFl JeoPpAldivnGm Btddr 25

anti vear agoht (Gors HonbuPFAFePRBLBhari 1 SCRar SRARSRT Ml no
phospnor ous S55 e 8555001 SOL B [40RET,Bepl Lhe-ALienr g (), 1
herars! coeh WEPLESSORELL b £OLLR RELTGINEY (3cHiele Q)
incompatible with plastics, chemically inert and hardly
changed in the properties. Next preferable is an
aromatic alkyl compound, and next preferable is an
10 aromatic compound.

The second lubricating oil composition of the
invention may further contain an anti-wear agent (C) in
an amount of 0.1 to 8 % by weight.

As the anti-wear agent (C), a neutral phosphoric’

15 ester and/or a neutral phosphorous ester is generally
employed.

The second lubricating o©0il composition of the
invention may further contain a metal deactivator (D).
As the metal deactivator (D), benzotriazole or a

20 derivative thereof is preferable.

The second lubricating oil composition of the
invention may further contain an antioxidant (E).

The third lubricating oil composition according to
the invention comprises a base 0il comprising an ether

25 oil (G), an anti-wear agent (C) and an antioxidant (E),

wherein the anti-wear agent (C) is a neutral phosphoric

ester and/or a neutral phosphorous ester and the content



18 carbon atons or a nonoval ent aromati c hydrocarbon group of 6 to 18
carbon atons, R2 is an al kylene group of 1 to 18 carbon atons or a 10

di val ent ar onsSf+4720Pgdr ocar bon group of 6 to 18 carbon atons, and nis 0 or
an integer of 1 to S. The third lubricating oil conposition of the
invention desirably has a total acid nunber of not nore 15 than 0.2
-ngKOH/ g. In the first to the third lubrgcating oil conpositions of the
invention, the antioxidant (E) is preferably a phenol type antioxi dant
and/or an amine type antioxidant. 20 The ami ne type antioxidant is
preferably a Oﬁib%%nﬁﬂéhfwéaéeﬁgﬁﬁﬁid@) Tise iphdéhel ranee arft iCxd damt8i %
preferably at |east one conpound selected from2,6-di-t-butyl-p-cresol,
2,4,6-tri-t-beY yYpheRbt and 4, 4' - met hyl enebi s(2, 6-di-t- 25 butyl)phenol .
The first, the second and the.third |ubricating oil, .conpositions of the
i nvention are favof%%l% 88T P rﬁggtPHSfSFP lysEgefor Srevaltésortlions of

wat ches. SF-720PCT_ 10 _The watch accordi.ng to the invention is a watch
ETRESaTUron Tor Ui R AP Bdst o5 e

havi ng a nova r%%? on whi cR-af"r-&8 I"'ubri cating oi

conposi tign sel ectgd frmahe_kirst, the second and the third |ubricating
oil conpositions of the 5 invention is used. BEST MODE FOR CARRYI NG OUT

THE | NVENTI ON;HOge | MbEL CRLRNG; O1 | nGOPROSLALO) 26CRER1P94E8ub8s 1 to
18 carbon atoms or a monovalent aromatic hydrocarbon
group of 6 to 18 carbon atoms,

R? is an alkylene group of 1 to 18 carbon atoms or a

10 divalent aromatic hydrocarbon group of 6 to 18 carbon
atoms, and

n is 0 or an integer of 1 to 5.

The third lubricating oil composition of the
invention desirably has a total acid number of not more

15 than 0.2 mgKCH/g.

In the first to the third lubricating oil
compositions of the invention, the antioxidant (E) is
preferably a phenol type antioxidant and/or an amine type
antioxidant.

20 The amine type antioxidant is preferably a
diphenylamine derivative.

The phenol type antioxidant is preferably at least
one compound selected from 2, 6-di-t-butyl-p-cresol,
2,4,6-tri-t-butylphenol and 4,4'-methylenebis (2, 6-di-t-

25 butyl)phenol.

The first, the second and the third lubricating oil

compositions of the invention are favorable as

lubricating oils used for movable portions of watches.



invention and the watch using the conposition are 10 described in detai
hereinafter. The lubricating oil conposition of the invention needs to
have a ki nemagF@g2gpPsctosity of not |less than 13 ¢St and not nore than 1500
cSt in the operating tenperature range. 15 The operating tenperature of
watch is usually from- 10C to 80C, so that the kinematic viscosity should
be not nore than 1500 cSt at -10C and,pot less than 13 ¢St at 80C
However, the present tinme at which use "application has been extended, the
ki nematic viscosity is 20 preferably in the above range in the tenperature
range of -30 to 80k watght herbedonl fror thee imyemtiatrch s laubvdtoat i ng oi
usual Iy has such a kinematic viscosity that the surface tension may becone
approx. 20 tol30IRMY f MoVebiRe PRAELERN divr edtliciy adi Ile®akh mpa his surface
tension 25 is fed to the train wheel portions and if the kinematic
viscosity becbeslndtIhBr 81LhGRAMPSSESE O $€ Yok dtomy thel If Spiteadshaut
fromthe novabl e ggrti%n ang t he ggrfornance of. the watch cannot be

mai nt ai ned. ToctRRY SERF28BBT R “EoltParlya G pd IkiGrEmaSic \Ang &3 tihe
becomes nat If§§en§hgg 1 Ooscgt, t he wor ki ng resistance to novabl e portions
becones | arge ‘and 8 'watch®does not operate properly. A watch nust be

| ubricated for a long period of time 5 with a certain anmount of a

| ubricating oil, so that the evaporation |oss of the lubricating oi

should be small. Wers23p oot Pok UBARRRELAIOOT! TiiB RL3ERETbR @ contai ner

having a dianmeter of 6 tmand a deptit of 10 ctmrand attowea—to-stand for
1000 hours at 90C THe armuepedasial€cil composition according to the

invention and the watch using the composition are

10 described in detail hereinafter.

The lubricating oil composition of the invention
needs to have a kinematic viscosity of not less than 13
cSt and not more than 1500 ¢St in the operating
temperature range.

15 The operating temperature of watch is usually from -
10°C to 80°C, so that the kinematic viscosity should be
not more than 1500 cSt at -10°C and not less than 13 cSt
at 80°C. However, the present time at which use
application has been extended, the kinematic viscosity is

20 preferably in the above range in the temperature range of
-30 to 80°C. A synthetic oil for use as a watch
lubricating oil usually has such a kinematic viscosity
that the surface tension may become approx. 20 to 40 mN/m.
If the watch lubricating oil having this surface tension

25 1is fed to the train wheel portions and if the kinematic
viscosity becomes not more than 13 cSt, the lubricating
0il spreads out from the movable portion, and the

performance of the watch cannot be maintained. To the



10 the evaporation loss of the lubricating oil is required to be not nore
than 10 % by weight in order to operate the watch in the operating
tenperature rengeordT-10 to 80C. Wien the evaporation loss is not nore
than 10 % by weight, the operation can be guaranteed even if a watch 15
nodul e is sold alone. A finished article of watch is manufactured by

conbi ning an exterior part and a nodul and not only the finished article
but al so the nodul e alone is sold, so {hat the watch | ubricating oi
shoul d be stable not only 20 to tenperature but also to humdity. Exanples
of the watch ®@tleranys ihctodekbnamsticontacrisngycbppemesr npitnd.ess ckel ,
iron, and plastics _such as pol yoxynet hyl ene (POM, polycarbonate (PC),

pol ystyrene (¢E§na%@o%o¢§%hegbﬁeﬁér§@ﬂ@rrFPPEﬁﬁnmﬁeﬁOtW@W@@hﬁapgﬂtions
lubricating oil is brought into contact with these watch materials, the

| ubri cating oP§CPHRT IBr#AY EBBUV3TEBr ABEPOROET OPRE kst @rioRIeE 1 Yswel | i ng
t hereof and occuryence of sl udge.. SF-720P 2 Exanpl es of synthetic oils
satisfying the ab VQBFQQHW?%Egﬁ?sl?REFﬁﬂEggn%Sgt@rggpg,pﬁrﬁggapﬁim%@e
hydrocarbgn oil. (PAO . _a silicone oil,_and a.currentl used et her oil or
gl ycol oiﬁ. 5”%?ﬁt%eé%§%a%? FARYREr P n?|§“8§é8°8%ﬁ8r°§#v o §$€5oﬁh%ﬁl,

T e ol SRERA0, (REITLPLURE 6BLTLARGAS 811 BUBLEA BECAURE yhese

oi | s have noisture absorption propertres. résent appli cant has

earnestly stugigd >3¢byigating, Okt -geMREsLtons goatalniing ;an gthern Qil as
a 10 base oil and has found that |owering of the noisture
having a diameter of 6 cm and a depth of 10 cm and -
éllowed to stand for 1000 hours at 90°C in an open state,
10 the evaporation loss of the lubricating oil is required
to be not more than 10 % by weight in order to operate
the watch in the operating temperature range of -10 to
80°C. When the evaporation loss is not more than 10 % by
weight, the operation can be guaranteed even if a watch
15 module is sold alone.

A finished article_of watch is manufactured by
combining an exterior part and a module, and not only the
finished article but also the module alone is sold, so
that the watch lubricating oil should be stable not only

20  to temperature but also to humidity.

Examples of the watch materials include brass
containing copper or zinc, nickel, iron, and plastics
such as polyoxymethylene (POM), polycarbonate (PC),
polystyrene (PS) and polyphenylene ether (PPE). When the

25 watch lubricating oil is brought into contact with these
watch materials, the lubricating oil must not bring about

corrosion of the materials, swelling thereof and

occurrence of sludge.



resi stance can be prevented by allowing a lubricating oil conposition to

have specific fornmulation like the third |lubricating oil conposition of

t he i nventi onSF{780P6€ use of the silicone oil, there is a problem 15 that
its lubricity is low and its dissolving power against the additives is so
| ow that inprovenent of |lubricity cannot be obtained. In addition, such a
| ubricating oil spreads out on the nmetah surface. The paraffinic

hydr ocarbon oil (PAO has a | ow 20 di ssol ving power and rarely corrodes

plastics. Therefore, this oil is advantageous especially when many plastic
parts are used. TheX#aBPePFaP§ eHakBeElrvEs cafl st watglsdniing tha tabdieme
lubricity, so that even if the base oil is inferior to the ester oil in

the |ubricity*CeReFEMFBtR01B51HPET 8PeRéSitn Aife IAUMEERAANThe paraffinic
hydrocarbon oil,, however, .is itabl e _as a wat.ch | ubricating oi
because of it%y%58C%€§88rgfhoﬁggﬁgpeﬁtFé&?cfﬂg Pregent” eﬁnﬁq%é%ﬂt%%s
earnestly studi i.cating._oi F-72QPCT 13 conpositions containing a
paraffinic h;gégga%ggéko?ﬁiagraghgggé ggﬂ'and has found that the

ROt 3 PP EhCEne CADC By VRLOURD BXAl) QD0 A USALNG oL

conposition to have speci ormul ation lI'ike the second Tubricati
conposi tion of;thechoyent50n. pThg 188t €hali khict §8lifsthas 1Y LI dy-phen used

as a base oil and has such a high dissolving power that occurrence of
sl udge can belowdiditedcatget BAEsENG 1 18MAURES mofi stthe cad@idd¥aS gran

be. decreased. By the use of 10 the ester oil, further, the resulting
| ubricating optopdaviag.sarhsf aeteeytl appllerpertahuike eproRe LS taa 1
lubricating oil compositions containing an ether oil as a
10 base o0il and has found that lowering of the moisture
resistance can be prevented by allowing a lubricating oil
composition to have specific formulation like the third
lubricating oil composition of the invention.
In the use of the silicone o0il, there is a problem
15 that its lubricity is low and its dissolving power
against the additives is so low that improvement of
lubricity cannot be obtained. 1In addition, such a
lubricating oil spreads out on the metal surface.
The paraffinic hydrocarbon oil (PAQO) has a low
20 dissolving power and rarely corrodes plastics. Therefore,
this oil is advantageous especially when many plastic
parts are used. The materials themselves of the plastic
parts have lubricity, so that even 1f the base oil is
inferior to the ester oil in the lubricity, there is no
25 difference in the lubricity. The paraffinic hydrocarbon
oil, however, is unsuitable as a watch lubricating oil
because of its bad evaporation properties. The present

applicant has earnestly studied lubricating oil



used at high tenperatures, and hence the anmobunt of the viscosity index

i nprover can be increased. In the use of the ester oil, however, the
mat eri al s of Sthexgr@ptic 15 parts are specifically restricted because the
ester oil has a high dissolving power. The present applicant has

earnestly studied lubricating oil conpositions containing an ester oil as
a base oil and has found that the nmatefials of the plastic parts are not
restricted by 20 allowing a lubricating oil conposition to have specific
formulation like the first lubricating oil conposition of the invention.
First |ubricaomeeoiticospesintioninghe perstiliobrei batiregagboncoipgosistizon of
the 25 invention conprises a polyol ester (A) as a base oil, a viscosity
i ndex i nprove?@¥B)oLarant e fweariagehbatCricafiarepeitéral Pyoprs e
deactivator (D) and an antioxidantﬁE%= SF- 720PCT 14 Pol yol. ester (A), The
pol yol ester §H) ForiTRECURA PHa’el 8V NPnat ABPTEFRSEBUR L 8OMRE Sditiion
conposition is ecifically, an. ester havi a ructure obhtai ned hy

S Towing a pOIY T e R L a0t BF TGP B YA OkEI CHPoRREoTA dHE G to
react withh one -or indsco ' cids or acid chlorides.
Exanpl es gf ?ﬁﬁpﬁ% yéﬁéﬁ?%%ﬁu%g %%%ggﬁggﬁkngéol, trimet hyl ol propane,

pentaerythritol agﬂu$! aesyih {gg*f héQ.gﬁBPPE§EyOLhEHeu§BBOQ§$gc aci ds
i nclude: saturated a I phati c carboxylic aclds, such as acetic acild,
propioni ¢ acighsdWyr ign@chss 588RULYREGha8i9s0lving power that
occurrence of sludge can be inhibited, so that the
amounts of the additives can be decreased. By the use of
10 the ester oil, further, the resulting lubricating oil
having satisfactory low-temperature properties can be
used at high temperatures, and hence the amount of the
viscosity index improver can be increased. In the use of
the ester oil, however, the materials of the plastic
15 parts are specifically restricted because the ester oil
has a high dissolving power. The present applicant has
earnestly studied lubricating oil compositibns containing
an ester oil as a base o0il and has found that the
materials of the plastic parts are not restricted by
20 allowing a lubricating oil composition to have specific
formulation like the first lubricating oil composition of

the invention.

First lubricating oil composition

The first lubricating oil composition of the
25 invention comprises a polyol ester (A) as a base oil, a
viscosity index improver (B), an anti-wear agent (C), and
optionally, a metal deactivator (D) and

an antioxidant (E).



valeric acid, pivalic acid, heptanoic acid, octanoic acid, .nonanoic acid,
decanoic acid, lauric acid, nyristic acid 15 and palmtic acid;
unsat ur at ed a$F{Jh@PCT carboxylic acids, such as stearic acid, acrylic
acid, propionic acid, crotonic acid and oleic acid; and cyclic carboxylic
acids, such as benzoic acid, 20 toluic acid, napthoic acid, cinnamc acid,
cycl ohexanecar boxylic acid, nicotinic agid, isonicotinic acid, 2-furoic
acid, |-pyrrolecarboxylic acid, nonoethyl nmalonate and et hyl

hydor genpht hal ate. Exanpl es of the acid_chlorides include chlorides of 25
t he above-nentioned nonobasic aci dBOLFRANPEESY oA he reaction products

i ncl ude a neopentyl glggol caprylate caprate m xed ester, a .

tri met hyl ol pr opane' ¥al B Y%lh%gFﬁﬁoéﬁé hPXelSEstér @ RaSE- PAgPER e

[ hyl ol . 1 xed er, i | ol
ananoat e, antL & pelvaBtEht FRoP L LhEprRRBALE Eapaie e Sarertn AG 1 he

pol yol ester i ibvention, .a 5. pol yql ester having not
nore than 3 hé%%%%;%agig pg %ggUSFSFSrg Fg}ngﬁdbg BéﬁpggpgéftéFﬂﬁé ng no
hydr oxyl @ro | Sq PRLLT gul I T i,n ti i Si of the
hydr oxyl, 81 oupay sqPet obl AEL RLSELELO B olie, IGNSRRl b U 3805 IEy of
Viscosity indexs&fp;over ohB) o Fhe1Mkae0Rihiisi BECRohIBLAYE ABqd ¥y uge dn
the .first lubricating oil. conposition of the invention is

chlorides.

Examples of the polyols include neopentyl glycol,
trimethylolpropane, pentaerythritol and dipentaerythritol.

10 Examples of the monobasic acids include:

saturated aliphatic carboxylic acids, such as acetié
acid, pfopionic acid, butyric acid, isobutyric acid,
valeric acid, pivalic acid, heptanoic acid, octanocic acid,

. nonanoic acid, decanoic acid, lauric acid, myristic acid
15 and palmitic acid;

unsaturated aliphatic carboxylic acids, such as
stearic acid, acrylic acid, propionic acid, crotonic acid
and oleic acid; and

cyélic carboxylic acids, such as benzoic acid,

20  toluic acid, napthoic acid, cinnamic acid,
cyclohexanecarboxylic acid, nicotinic acid, isonicotinic
acid, 2-furoic acid, l-pyrrolecarboxylic acid, monoethyl
malonate and ethyl hydorgenphthalate.

Examples of the acid chlorides include chlorides of

25 the above-mentioned monobasic acids.

Examples of the reaction products include a
neopentyl glycel caprylate caprate mixed ester, a

trimethylolpropane valerate heptanocate mixed ester, a



usual |y one pol yner selected from pol yacryl ate, pol ynethacryl ate,

polyi sobutyl ene, pol yal kyl styrene, 15 pol yester, isobutylene fumarate,
styrene nal edfile72@8RET, vinyl acetate fumarate ester and an a-olefin
copolynmer, or at |east one copol yner selected from copol yners such as a
pol ybut adi ene/ st yrene copol ymer, a pol ynmet hyl met hacryl ate/vinyl pyrrolidone
copol ymer and an 20 ethyl ene/al kyl acjyl ate copol ynmer. Exanples of the
pol yacryl ates and pol ynet hacryl ates enployable in the invention include
polymers of acrylic acid or nethacrylic acid and polyners of alkyl esters
of 1 to 10 cErHofthybrEPrepanfedecapepyfepRaenyppate idxegbtesitiead by

pol ynmeri zation of methyl nethacrylate is preferable. As the abovee

vi scosity i ndesTip VRt RTORBIBoUABEN ORI EnerlE RNBFA LaEE Yaiglidpdbl e.

SF- 720PCT 16 Exqggles of the ?Olﬁalk Ist¥renes i ncl ude polymers of
monoal kyl st yrEHes KVt hg" bt Pt eAEY §F°¥Tto 18 carbon atoms, such as

| y-a- nmet hyl styr , ol yi (3; net hyl s epe oly-a-ethylstyrene and 5
Dol - (3ot hyl st yr oo, a3t oF e be 181 yest chae) it e wlvé@&epgh -
bt ai ned h I i 1 1 at such as
gtagigﬁe g[;g%ﬁgh%¥§%§ %%Zﬁgfggéf?g@xégggnF&?ng?yggpggggldﬁ%gﬁ gefﬁ%hriéol,
d | ybasi | S S i i LCACH i nj Ci
Gl Ut o & aci & o T e o e g B550g DRy RaR 2 R M of
the a-ol efi n iGopod wEES] 4 ALY USlEe BBrable.

The kinematic viscosity of the polyol ester (A) is
preferably not more than 1500 cSt at -30°C.

10 Viscosity index improver (B)

The viscosity index improver (B) for use in the
. first lubricating oil composition of the invention is
usually one polymer selected from polyacrylate,
polymethacrylate, polyisobutylené, polyalkylstyrene,

15 polyester, isobutylene fumarate, styrene maleate eSter,
vinyl acetate fumarate ester and an a-olefin copolymer,
or at least one copolymer selected from copolymers such
as a polybutadiene/styrene copolymer, a polymethyl
methacrylate/vinylpyrrolidone copolymer and an

20 ethylene/alkyl acrylate copolymer.

Examples of the polyacrylates and polymethacrylates
employable in the invention include polymers of acrylic
acid or methacrylic acid and polymers of alkyl esters of
1l to 10 carbon atoms. Of these, polymethacrylate

25 obtained by polymerization of methyl methacrylate is
preferable. |

As the abovee viscosity index improvers, compounds

hitherto known are employable.



et hyl ene/ propyl ene copol yner consisting of recurring 15 units derived from
ethylene and recurring units derived fromisopropylene, and reaction
products obt aSpgd0PgT copol yneri zation of a-olefins of 2 to 18 carbon atons
such as et hyl ene, propyl ene, butyl ene and but adi ene. These conpounds can
be used singly or in conbination 20 of two or nore kinds. In the present
invention, the viscosity index inproveg (B) is used in an amount of 0.1 to
20 % by weight, preferably 0.1 to 15 % by weight, nore preferably 0.1 to
10 % by wei ght, based on 100 % by wei ght of the 25 |ubricating oi
conposi ti on. Wen Fhanpigeosft yhienaek yekbdvéy reBesi §ngdeds palhamembove
anount, a watch using_the conposition can be aqperated properly. SF-720PCT
17 Anti-wear 2GeRPRPe}kThatXREPSRebR Vdgent uPeL iftpendse afn I e 1§ st

| ubricating oil_ conposition of the invention is usually a neutral

phosphori ¢ est2FPaRd? bPME/ neHERaP SpRESYRETBIES Ny l6dv&e e Exanpl es of the

tral phosphoric,esters.include tricresyl osphate, trixylenyl
Bﬁgsgﬁatg, tf?%c¥9$hm%%%¥bﬁgY5?n?riﬁ@#ﬁ??6%6#§g§%§rﬁﬁgsﬁﬁﬁte, tri phenyl
hosphat e, trji C sphate, triethyl 10 phosphate,
Fri:?tridgcyl%§%£8@%%g$2?¥£%ggggbheny!dipropylene gl ycol di phosphat e,
tetrapheny|tetra(tEi£H$Yé§p@ﬁtéﬁéyﬁgﬂyégkngtHﬂgﬁﬁaghﬁggyesters

tetra(tridecyl)-4,4" -isopropylidenedi phenyl phosphate,
bi s(tridecyl)petd aesyt hrbhobodiyphasphakeconols having 1 to 10 carbon
atoms, such as ethylene glycol, propylene glycecl,
neopentyl glycol and dipentaerythritol, and polybasic
10 acids, such as oxalic acid, malonic acid, succinic acid,
glutaric acid, adipic acid, fumaric acid and phthalic
acid.

Examples of the a-olefin copolymers include an
ethylene/propylene copolymer consisting of recurring

15 units derived from ethylene and recurring units derived
from isopropylene, and reaction products obtained by
copolymerization of a-olefins of 2 to 18 carbon atoms
such as ethYlene, propylene, butylene and butadiene.

These compounds can be used singly or in combinaticn

20 of two or more kinds.

In the present invention, the viscosity index
improver (B) is used in an amount of 0.1 to 20 % by
weight, preferably 0.1 to 15 % by weight, more preferably
0.1 to 10 % by weight, based on 100 % by weight of the

25 lubricating oil composition.

When the viscosity index improver (B) is used in the

above amount, a watch using the composition can be

operated properly.



15 bi s(nonyl phenyl ) pentaerythritol di phosphate, tristearyl phosphate,
di stearyl pentaerythritol diphosphate, tris(2,4-di-t-butylphenyl)
phosphat e, angF&2bpdmrogenat ed bisphenol A/ pentaerythritol phosphate
pol ymer. Exanples of the neutral phosphorous esters include 20 trioleyl
phosphite, trioctyl phosphite, trimethylol propane phosphite, triphenyl
phosphite, tris(nonyl phenyl) phosphitgy triethyl phosphite,
tris(tridecyl) phosphite, tetraphenyldlpropylene gl ycol di phosphite,
tetraphenyltetra(tridecyl)pentaerythritol 25 tetraphosphite,
tetra(tridecyl)-4,4' - isopropyli derediygrnydgghosphite,
bls(trldecyl)pentaerythrltol di phosphite, bis(nonyl phenyl)pentaerythritol
di phosphite, trist&apyRnEE=- V?GPC?QEStpﬁﬁépﬁpﬁeUfﬁi§ﬂeéﬂy1 intsfer yt hri t ol
di phosphite, _tris(2,4-di-t-butylphenyl) phosphite, and a hydrogenated
bi sphenol A/p%HPﬁé 9?ﬁP9t891pHS ﬁ§ﬂél§64§ﬁéﬁheTHé§@”56Hﬁbdﬁﬂ§l%%mlh% Ased
singly or in co i nati g  nmore kinds. 1n the i nventi on,
the anti - mear 5@ ﬁ? ( OF? Oﬁéédeﬁﬁeanaﬁﬁd&ﬁtaoﬁﬁ@?ﬁ%%) ﬁhPW@H%ht
preferably. O 5 % by weight, nore preferably 0.5 to 1.5 % by wei ght,
based on fbo /SBy wei ght of the lubricating oil 10 conposition. Wen the
anti-wear agent ( d.in e Si,

C%xéﬁgfég 8E thg n ﬂQ?g?hg E“ofiaN% %% S ﬁ%ﬁb

COI’TpOSI tion can be rated pr oper ctl ona wear

deact i vat or (P}l'&bssg@t ahoggag%vatt%xg@)engh%h'o%p%te Onaéﬂlxe&aad 'n 15

the first lubricating oil conposition 0 nvention is
phosphate, trimethylolpropane phosphate, triphenyl

phosphate, tris(nonylphenyl) phosphate, triethyl

10 phosphate, tris(tridecyl) phosphate,
tetraphenyldipropylene glycol diphosphate,
tetraphenyltetra(tridecyl)pentaerythritol tetraphosphate,
tetra(tridecyl)—4,4'—isopropglidenediphenyl phosphate,
bis(tridecyl)pentaerythritoi diphosphate,

15 Dbis(nonylphenyl)pentaerythritol diphosphate, tristearyl
phosphate, distearylpentaerythritol diphosphate,
tris(2,4-di-t-butylphenyl) phosphate, and a hydrogenated
bisphenol A/pentaerythritol phosphate polymer.

Examples of the neutral phosphorous esters include

20 trioleyl phosphite, trioctyl phosphite,
trimethylolpropane phosphite, triphenyl phosphite,
tris (nonylphenyl) phosphite, triethyl phosphite,
tris(tridecyl) phosphite, tetraphenyldipropylene glycol
diphosphite, tetraphenyltetra(tridecyl)pentaerythritol

25 tetraphosphite, tetra(tridecyl)-4,4"'-
isopropylidenediphenyl phosphite,
bis(tridecyl)pentaerythritol diphosphite,

bis(nonylphenyl)pentaerythritol diphosphite, tristearyl



preferably benzotriazole or its derivative. Exanples of the benzotriazole
derivatives include 2-(2'-hydroxy-5'-nethylphenyl)benzotriazole, 2-(2"-
hydr oxy- 3', 5' Si780RC@- di et hyl benzyl ) phenyl ) benzotri azol e, 20

2-(21- hydroxy-3',5"-di-t-butyl phenyl)benzotriazol e, and conpounds of
structures represented by the followng formulas wherein R R and R' are
each an al kyl group of 1 to 18 carbon;@tons, such as 1-(N, N-bis(2-

et hyl hexyl ) am nonet hyl ) benzotri azol e. & SF-720PCT 19 NN H N CH2ZNRR' N
These conpounds can be used singly or.in conbination of two or nore kinds.
5 1n the pres@%@sphyéﬁtl6hstﬁﬁéY&@?ataééaébﬂﬂépérd@DﬁOﬂR@Mﬁ@ed in an anount
of usually 0.01 to 3 %b g preferably 0.02 to 1 % by weight, nore
preferably O. @%1%62 6-96” @”BV MéPBﬁPYlba§§858ﬁlI@0 @PﬁyamﬁxﬂﬁOQﬁnaﬁ%%

| ubri cating 0 i,on. \Wen gtivator 10 (D) is used in
the above a ?%E%fh%(pﬁPFﬁeFHEkr%FQ o PﬁpSﬁaéxpo%ﬁFﬁﬁér (B) and the
anti-wear agent C? corrosion  of netng sugh asgiopper can be prevented.

When the first |ubtieati ARG BRI E8nE88i PRoRSEF PRBILVNPEniof FO1INGdd Fbr a

wat ch usi g q%g?{ﬁé BRI bor& 95 nasid Wat ch Movenent TM (No. 2035, avail able
fromGtizen C

In the present invention, the anti-wear agent (C) is
used in an amount of 0.1 to 8 % by weight, preferably 0.1
to 5 % by weight, more preferably 0.5 to 1.5 % by weight,
based on 100 % by weight of the lubricating oil
10 composition. When the anti-wear agent (C) is used in the
above amount, a Watch using the composition can be

operated properly without frictional wear.

Metal deactivator (D)

The metal deactivator (D) that is optionally used in
15 the first lubricating oil composition of the invention is
preferably benzotriazole or its derivative.

Examples of the benzotriazole derivatives include
2-(2'-hydroxy-5'-methylphenyl)benzotriazole,2-(2"'~
hydroxy—3',5'—bis(d,a—dimethylbenzyl)phenyl)benzotriazole,

20 2-(2'-hydroxy-3',5'-di-t-butylphenyl)benzotriazole, and
compounds of structures represented by the following
formulas wherein R, R' and R" are each an alkyl group of
1l to 18 carbon atoms, such as 1-(N,N-bis(2-
ethylhexyl)aminomethyl)benzotriazole.

25



Co., Ltd., train wheel portions: nade of netal (mainly nmade of brass and
iron)), not only the oil base of the |lubricating oil but also the netal
part nust notSpe2&cT20PCT 20 changed in the properties. In this case, it
is preferable to add the netal deactivator (D). Antioxidant (E) The
antioxidant (E) that is optionally used in the 5 first |ubricating oi
conposition of the invention is usualb a phenol type antioxi dant and/ or
an amne type antioxidant. The am ne type antioxidant is preferably a

di phenyl am ne derivative. 10 The phenol type antioxidant is preferably at
| east one conpound sel ectedRfrom 2, 6-di-t-butyl-p-cresol,
2,4,6-tri-t-butyl phenol and 4,¥ t hyleméh{ s(2, 6-di-t- butyl)phenol. The
antioxidant (E) can be used syghdly in 1 onbi nati on of two or nore
kinds. In the present inventign, the|antioxidagt (E) is wused in an anount
of usually 0.01 to 3 % by wei ght,. eferably 0.01 to 2 % by weight, nore
preferably 0.03 to 1.20 % by i , sedon 100 % by wei ght of the 20

| ubricating oil conposition. \Wen the aan_ idant (E) is wused in the above
amount, the lubricating oil conposition can begprwented from change of
properties over a long period of tine. In a watch nodule that is used for
a long period of 25 tine, aplubricating oil conposition used therefor
should be prevented fron1OX|qu'on so gggnot to be changed in

’\ AN
N
_ N/

H

These compounds can be used singly or in combination
of two or more kinds.

5 In the present invention, the metal deactivator (D)
is used in an amount of usually 0.01 to 3 % by weight,
preferably 0.02 to 1 % by weight, more preferably 0.03 to
0.06 % by weight, based on 100 % by weight ofrthe
lubricating oil composition. When the metal deactivator

10 (D) is used in the above amount together with the
viscosity index improver (B) and the anti-wear agent (C),
corrosion of metals such as copper can be prevented.

When the first lubricating oil composition of the
invention is used for a watch using a metal part, e.qg.,

15 Watch Movement™ (No. 2035, available from Citizen Watch
Co., Ltd., train wheel portions: made of metal (mainly

made of brass and iron)), not only the oil base of the

lubricating oil but also the metal part must not be



the properties over a long period of tinme. In order that the first

| ubricating oil conposition of the invention SF-720PCT 21 may be stabilized
over a |ong peri7odpof tinme without being oxidized, it is preferable to add
the antioxidant (E). First lubricating oil conposition 5 The first

| ubricating oil conposition of the invention is desired to usually have a
kinematic viscosity of not nore than égoo cSt and not less than 13 ¢St at
-30 to 80C, a weight change of not noré"than 1.62 % by wei ght after
allowed to stand at 90C and a 10 total acid nunber of not nore than 0.2
ngKOH g. Whenchhegagi ght tbkapgepemamelsy, dwapdriat icasd,0ss, ias neasured
after the conposition is allowed to stand at 90Cis not nore than 1.62 %
by wei ght, therebdapabilti bn adxdhithiet sieérdeldeentt iopemat i @1 .stability at high
15 tenperatures. Wen the total acid nunber is not nore than 0.2 ngKOH g,
there is no change of the consunptifaiiceiiaant c(Burrent, and viscosity

i ncrease and corrosjon of . watch nmenbers can be prevented, so that such a .
| ubricating oi | cohpesfEFof*i€aPhviFableadsia RRFERN26 Wubisicchtimd i |. The
pr ef er abl € act bt Tt HB5E PRGLBEI 3 oF HRRELEH TGS REVAR Gat L Second
the | nventi R 4ERbYi Ses S aAr & Pon e CRYAOEAFDAR GIE CF) HOTE DL of |, a
viscosity indgx ioproygr (B), and optionally,
The amine type antioxidant is preferably a
diphenylamine derivative.
10 The phenol type antioxidant is preferably at least
one compound selected from 2,6-di~-t-butyl-p-cresol,
2,4,6-tri-t-butylphenol and 4,4'-methylenebis (2, 6-di-t-
butyl)phenol.
The antioxidant (E) can be used singly or in
15 combination of two or more kinds.
In the p;resent invention, the antioxidant (E) is
used in an amount of usually 0.01 to 3 % by weight,
preferably 0.0l to 2 % by weight, more preférably 0.03 to
1.20 % by weight, based on 100 % by weight of the |
20 lubricating oil composition. When the antioxidant (E) 1is
used in the above amount, the lubricating oil composition
can be prevented from change of properties over a long
period of time.
In a watch module that is used for a long period of
25 time, a lubricating oil composition used therefor should
be prevented from oxidation so as not to be changed in

the properties over a long period of time. In order that

the first lubricating oil composition of the invention



SF-720PCT 22 an anti-wear agent (C), a netal deactivator (D) and an

antioxidant (E). Paraffinic hydrocarbon oil (F) The paraffinic hydrocarbon
oil (F) for ugesagp@rbase 5 oil in the second lubricating oil conposition

of the invention conprises an a-olefin polyner of 30 or nore carbon

atons, preferably 30 to 50 carbon atonms. The a-olefin polyner of 30 or nore

carbon atons is a polyner or copolyne whi ch conprises one or nore
olefins 10 selected fromethylene and a-olefins of 3 to 18 carbon atons
and has 30 or nore carbon atons in total. Specifically, there can be
mentioned a tmayreve oftdbdetead, ovart ri iengopelivndedenemea wtirtihmert of
1-dodecene, a trimer of 1-tridecene, a trinmer of 1l-tetradecene, a

copol ymer of W&ing hexepezadd itpéat pnefeandlensol iekd. tTige apadapfidans
hydrocarbon oil (F) for use in the invention is preferably a paraffinic

hydr ocarbon of¥) - having 30 or nore carbon atoms and a kinematic viscosity

of not nore than 1500 cSt at -30C 20 Viscosity |ndex i nmprover (B) The
vi scosity index inprover o Uipdd R 1R © SR 1%t i ng ol

o s L SO 5

from pol ydcryl ate Ryl styrene,
pol yester, |sobutglene fu te,  SLyrene Hgle%te est matn%l acetate
fumarate ester’ and &’ at ole?l opo yer. & "REsE, Fylsobutylene is

preferable. Sﬁgl§9§¥§y2§f not more than 1500 ¢St and not less than 13
cSt at -30 to 80°C, a weight change of not more than
1.62 % by weight after allowed to stand at 90°C and a
10 total acid number of not more than 0.2 mgKOH/g.

When the weight change, namely, evaporation loss, as
measured after the composition is allowed to stand at
90°C is not more than 1.62 % by weight, the composition
exhibits excellent operation stability at high

15 temperatures. When the total acid number is not more
than 0.2 mgKOH/g, there is no change of the consumption
electric current, and viscosity increase and corrosion of
watch members can be prevented, so that such a
lubricating oil composition is favorable as a watch

20 lubricating oil.

The first lubricating dil composition of the
invention is particularly preferable as a lubricating oil
for a watch having a metal part.

Second lubricating oil composition

25 The second lubricating oil composition of the
invention comprises a paraffinic hydrocarbon oil (F) as a

base oil, a viscosity index improver (B), and opticnally,

25



Exanpl es of the pol yal kyl styrenes, the polyesters and the a-olefin

copol yners include the sane conpounds as enunerated above in the paragraph
of the viscosgty20rdex inprover (B) for use in the first lubricating oil 5
conposition of the invention. The viscosity index inprover (B) can be used
singly or in conbination of two or nore kinds. In the present invention,
the viscosity index inprover (B) is u%?d in an anount of 0.1 to 15 % by 10
wei ght, preferably 0.1 to 15 % by weight, nore preferably 0.1 to 10 % by
wei ght, based on 100 % by weight of the lubricating oil conposition. Wen
t he viscosityanndeki-veprogeentB)Cis asagtien tiecabiowd camoldnt and soosity
change of ‘the paraffinic hydrocarbon oil (F) due to the 15 tenperature
change can bearedegedanhd (B) watch using the conposition can be operated

properly. Anti-wear agent (C) The anti-wear agent .(C) that is optionally
used in the second | ubricat3 kRt biPieoRyaEPERBRACR! Othe (Fhvention 20 is

usual |y a neutral phosphoric, este nd/ or _a neutr hosphor ous ester.
ol b5 of the nelAs b PhbEbher: By BEPEREORRACThe | Ao tora SohSno HARS
esters inglude the s oynds, as numer ated above.i.n th ragraph of
The anti - wearS hhont oo (S5 ERaH 8RR T R EREST PRAT CrlBPre 4t Ry 26 eapon ¢ 1 on

of the invention. The aghi-eat agept b Ok canhenused Sinoly gloid

combi nation of two or nore F-7 t'he présent invention
the anti-wear.2gemM £QmkS preferably 30 to 50 carbon atoms.

The a-clefin polymer of 30 or more carbon atoms is a

polymer or copolymer, which comprises one or more olefins
10 selected from ethylene and a-olefins of 3 to 18 carbon

atoms and has 30 or more carbon atoms in total.

Specifically, there can be mentioned a trimer of l-decene,

a trimer of l-undecene, a trimer of l-dodecene, a trimer

of l-tridecene, a trimer of l-tetradecene, a copolymer of
15 l-hexene and l-pentene, and the like.

The paraffinic hydrocarbon c¢il (F) for use in the
invention is preferably a paraffinic hydrocarbon oil
having 30 or more carbon atoms and a kinematic viscosity
of not more than 1500 cSt at -30°C.

20 Viscosity index improver (B)

The viscosity index improver (B) for use in the
second lubricating oil composition of the invention is
usually at least one compound selected.from polyacrylate,
polymethacrylate, polyisobutylene, polyalkylstyrene,

25 polyester, isobutylene fumarate, styrene maleate ester,
vinyl acetate fumarate ester and an a-olefin copolymer.

Of these, polyisobutylene is preferable.



used in an amobunt of 0.1 to 8 % by weight, preferably 0.1 to 5 % by

wei ght, nore preferably 0.5 to 1.5 % by weight, based on 100 % by wei ght
of the |ubricgtyyep@i! 5 conposition. When the anti-wear agent (C) is used
in the above anmount, wear resistance can be inproved. Wen the second

| ubricating oil conposition of the invention is used for a watch using a
metal part in combination with a plasj{c part, e.g., \Watch MvenmentTM 10
(No. 7680, No. 1030, available from izen Vatch Co. Ltd., train whee
portions: plastic and netal gears are wused), it is preferable to add the
anti-wear agent (@Xasnplema@ftweerm@hﬂ’abhylssrmﬁhdsnothbepwéﬁ/ﬁstwmsal
deactivator (D) 15 The netal deactivator (D) that is optionally used in

t he secondI|ﬁﬂQmﬁh¢rﬂr@#¢ft@n®©g©lY@ﬁréflﬂﬁéuﬁﬁvéhﬁléﬁmel§omp@w@ﬁ§b@ﬁ
benzotriazole or its derivative. npl es of the benzotriazole derivatives
include the %%%%V%Sl%nhlh%rﬁﬁéﬂgéﬁﬁbeofntbﬁevbﬁﬁaéﬁéﬁh ingg*of the
net al deactlvator.é Lﬁ se in the flrs% Iubrgcatln% Qi | conposition of
t he inventi on:"PrHE Sre a ??v%f%rl?tﬁh%a 1petudBRTFAGEY 0PN

combi nati gn of tvvo or, hor e, k| nds, he present invention, the netal
deactivatdr (I s |kﬁealnmé1e ROUhY ™ bf preferably 0.01 to 3 % by

wei ght. - more prefefall y. 0,02 ¢ o k2 bynuelgbL . (81| bl mBE e, BLeLerahly 0. 03

to 0.06 % by wei ght, based rlca i ng
conposi tion. Jhen, té&nk?fna?@%pogfitﬁ@t@k ﬂse&tkyﬁlagr (D) is used in the

above ambunt, corrosion of nmetals such as copper can be prevented.
In the present invention, the viscosity index

\(e]

improver (B) is used in an amount of 0.1 to 15 % by

10 weight, preferably 0.1 to 15 % by weight, more preferably
0.1 to 10 % by weight, based on 100 % by weight of the
lubricating oil composition. When the viscosity index
improver (B) is used in the above améunt, viscosity
change of the paraffinic hydrocarbon oil (F) due to the

15 temperature change can be reduced and a watch using the
composition can be operated properly.

Anti-wear agent (C)

The anti-wear agent (C) that is optionally used in

the second lubricating oil composition of the invention
20 is usually a neutral phosphoric ester and/or a neutral
phosphorous ester.

Examples of the neutral phosphoric esters and the
neutral phosphorous esters include the same compounds as
enumerated above in the paragraph of the anti-wear agent

25 (C) for use in the first lubricating oil composition of
the invention.

The anti-wear agent (C) can be used singly or in

combination of two or more kinds.




When the second lubricating oil conposition of the invention is used for a
wat ch using a netal part in 5 conbination with a plastic part, e.g., the

af oresaid Wagehdpeenent' TI" (No. 7680, No. 1030), not only the oil Dbase
of the lubricating oil but also the netal part nust not be changed in the
properties. In this case, it is preferable to add the netal deactivator
(D). 10 Antioxidant (E) The anti oxi dan 4(E) that is optionally used in the
second lubricating oil conposition of the invention is wusually a phenol
type antioxidant and/or an am ne type antioxidant. 15 Exanples of the

am ne type antioxiBantseapdeshat phenolivtppe thnt poxiidases iawenide(@ hel sane
conpounds as enunerated above in the paragraph of the antioxidant (E)
optional |y uséde@niphanfpamsuntubfi fati 1§ 8i F Sonpedidtiton Prffarrdinvent i on.
20 The ant|OX|dant (E) can be used singly or in_conbination of two or nore
kinds. In the %r%sen?ylH@éﬁPFonmoFﬁepéﬁﬁ?éﬁb&énp @EFCE§ usedy ekEEount

of preferably l1to 3 nDre referably 0.01 to 2 % by wei ght,
still nore 25 %?%@e?%bﬂ % Oéyt eiG§6 9h l&ﬁFlcﬁé§€@ Sitl100 %6by
wei ght of sthe_ |lubric tlng o] osi_tion. \Wen t t|0X|da (E)
used in the abgdR® % ﬁéegF 505&*1 geﬁﬁb?gégg Agﬂ :ﬂQ|QﬂFcan

be prevent ed { 9%09%199 0fic BEOPELLLES 0uCr AR LANg Re.0 A
8 for

wat ch nodul e t i S use ong period 8 A yri cating oi
conposi tion used tWﬁEEfQﬁeSQQHEHd lubricating oil composition of the

invention is used for a watch using a metal part in
combination with a plastic part, e.g., Watch Movement™

10 (No. 7680, No. 1030, available from Citizen Watch Co.,
Ltd., train wheel portions: plastic and metal gears are
used), it is preferable to add the anti-wear agent (C) so
that the metal part should not be worn.

Metal deactivator (D)

15 The metal deactivator (D) that is optionally used in
the second lubricating cil composition of the invention
is preferably benzotriazole or its derivative.

Examples of the benzotriazole derivatives include
the same compounds as enumerated above in the paragraph

20  of the metal deactivator (D) for use in the first
lubricating oil composition of the invention.

The metal activator (D) can be used singly or in
combination of two or more kinds.
In the present invention, the metal deactivator (D)

25 is used in an amount of preferably 0.0l to 3 % by weight,
more preferably 0.02 to 1 % by weight, still more
preferably 0.03 to 0.06 % by weight, based on 100 % by

weight of the lubricating oil composition. When the



5 be prevented fromoxidation so as not to be changed in the properties
over a long period of tinme. Therefore, in order that the second

| ubri cati ng ogk-700pposition of the invention nay be stabilized over a | ong
period of time wthout being oxidized, it is preferable to add the 10
antioxidant (E). Second lubricating oil conmposition The second | ubricating
oil conposition of the invention is d§§ired to have a kinematic viscosity
of not nore than 1500 cSt and not les§S"than 13 cSt at -30 to 15 80C. Wen
the lubricating oil conposition having a kinematic viscosity of this range
is used for am@ntthdehatimgtorai(®)wheelusgor tinornhewdevel guastti.c, e.g.
Watch Movenent'' (No. 7630, available fromCtizen Watch Co., Ltd.), the
wat ch can be operaseéanppépepkylsThacieesndoRPer Wowm &t inkgvsiritadnposition
of the invention particularly preferably has a kinematic viscosity of not
nmore than 1500 cSth@ndthst SPessdt AakrigagsndarilagoyostCismd of g ght
change of not nore than, 10 % by weight after allowed tqQ stand at 90C. 25

y g
Wien the | ubriR®REThyCBi LScBRBOsIOroR WAVCHg U81iNGg Refgtidd WHaddosinty of the

b d a.wejght f the ab [ ... the watch
e oper ated BYBREVTY PR FRECt BnBAPSLare FAdige Sof 30 1 BOES SET20PCT 27

The second | | cati LlL.go Siti of, th i-nvent i o ntai ni ng, t he

anti - wear aggﬁ%t§§5M§ggﬂ%hg E§§a|5§§§ét&€at393fﬁy Bgtf35§$%gﬁgaéﬁgg

:D;Jgg't cat :O ng O%ées% foE gg%%‘?iﬁgr'f%b@gna ERhak,Ranh Jon (eThiRahi gy Mt & S
not be changed in the properties. In this case, it is
preferable to add the metal deactivator (D).

10 Antioxidant (E)

The antioxidant (E) that is optionally used in the
second lubricating oil composition of the invention is
usually a phenol type antioxidant and/or an amine type
antioxidant.

15 Examples of the amine type antioxidants and the
phencl type antioxidants include the same compounds as
enumerated above in the paragraph of the antioxidant (E)
optionally used in the first lubricating oil composition
of the invention.

20 The antioxidant (E) can be used singly or in
combination of two or more kinds.

In the present invention, the antioxidant (E) is
used in an amount of preferably 0.1 to 3 % by weight,
more preferably 0.01 to 2 % by weight, still more

25 preferably 0.03 to 1.20 % by weight, based on 100 % by

weight of the lubricating o0il composition. When the

antioxidant (E)} is used in the above amount, the



Third lubricating oil conposition The third lubricating oil conposition of
the invention conprises an ether oil (G as a base oil, an anti-wear
agent (C) andgpmrgpdioxidant (E). 10 Ether oil (G The ether oil (G for
use in the third lubricating oil conposition of the invention is
preferably an ether oil represented by the follow ng formul a:
R1-(-OR2-)-R1 15 wherein each Rl is i?gependently an al kyl group of 1 to
18 carbon atons or a nonoval ent aronat hydrocarbon group of 6 to 18
carbon atons, R2 is an al kylene group of 1 to 18 carbon atons or a

di val ent aronatbribydingapboncgmpopitfiod tanl®ecgmeoren2@®dations,; .camhaeis 0
or an integer of 1 to 5. Exanples of the alkyl groups of 1 to 18 carbon
atons indi catbdpbyp®itingl adernst hphg gemibd propyime.i sopropyl, n-butyl,
i sobutyl, sec-butyl, t-butyl, n-pentyl, 25 isopentyl, t-pentyl, neopentyl,
hexyl, isohexyl, h&ptylwatestppdupenyhatdesybsedndecyle, ldoded@riad iafecyl
tetradecyl, pentadecyl, hexadecyl, heptadecyl and octadecyl. SF-720PCT 28
Exanmpl es of thEPondvalBAlcakoRtt PélhFarBesiEern §redhd hefred aro st wlat bon
atons indicated by Rl include phenyl, tolyl, xylyl, benzyl, phenethyl,

1- phenyl ethy| P€ a e‘ﬁ%?ﬁyﬁﬂ“pﬂéh??&ﬁﬁ?l .SOSaEx)élﬂr?ﬁl &8 &F herasd) I*dhe
groups of 1 1£,45,63100D; 81 87B. 09U 6AL Y R NRINES MRS, 1n

order that the second lubricating o0il composition of the
invention may be stabilized over a long period of time
without being oxidized, it is preferable to add the

10 antiokidant (E).

Second lubricating oil composition

The second lubricating oil composition of the
invention is desired to have a kinematic viscosity of not
more than 1500 ¢St and not less than 13 cSt at -30 to

15 80°C. When the lubricating oil composition having a
kinematic viscosity of this range is used for a watch
having train wheel portions made of plastic, e.g., Watch
Movement™ (No. 7630, available from Citizen Watch Co.,
Ltd.), the watch can be operated properly. The second

20 . lubricating oil compositicn of the invention particularly
preferably has a kinematic viscosity of not more than
1500 cSt and not less than 13 cSt at -30 to 80°C and a

~weight change of not more than 10 % by weight after
allowed to stand at 90°C.

25 When the lubricating oil composition having a
kinematic viscosity of the above range and a weight
change of the above range is used, the watch can be

operated properly in the temperature range of -30 to 80%C.



propyl ene and butyl ene. Exanples of the divalent aromatic hydrocarbon
groups of 6 to 18 carbon atons indicated by R2 include phenylene 10 and
1, 2- napht hyl eqe7oJheret her oil represented by the above fornula has no
hydr oxyl group at the nol ecul ar end, and hence this oil is excellent in
the noi sture absorption resistance. Anti-wear agent (C) 15 The anti-wear
agent (C) for use in the third lubricating oil conposition of the
invention is usually a neutral phosphtric ester and/or a neutral
phosphorous ester. Exanples of the neutral phosphoric esters and the 20
neutral phosphor oushestetsndntlibdéechhénganelconppusds ias odfnuiher at ed above
in the paragraph of the anti-wear agent (C) for use in the first

| ubricating oihventposi toohadbhinghehenaehntir-orarThgeant i(Odeandagdre (C) can
be used singly or in 25 conbination of two or nore kinds. In the present

i nvention, thechatideeativgear (B) is fagedabacansampdmbréicaprigioerdll y 0.1
to 8 % by weight, nore preferably 0.1 to 5 % by weight, still nore

SF- 720PCT 29 beeferadtghousing 2. BetapyPastght, CREASEAaEA CTOVY 1% by  wei ght
of the lubricating oil conposition. Wien the anti-wear agent (C is used
in the abdve RhdthtC RHeaF (fedi st 4RBE)can be inproved. 5 Wen the third

| ubricating oil conpositi ,of Hh% .in¥gntionljs used for a watch using a
metal part in  conbi nati oniEEn AP EREINGZhl GOBOS R Novenent TM

The third lubricating oil composition of the

invention comprises an ether oil (G) as a base o0il, an
anti-wear agent (C) and an antioxidant (E).

10 Ether oil (G)

The ether oil (G) for use in the third lubricating
0il composition of the invention is preferably an ether
0il represented by the following formula:

Rl-(-0-R%-),-R1

15 wherein each R! is independently.an alkyl group of 1 to
18 carbon atoms or a monovalent aromatic hydrocarbon
group of 6 to 18 carbon atoms,

R? is an alkylene group of 1 to 18 carbon atoms or a
divalent aromatic hydrocarbon group of 6 to 18 carbon

20 afoms,,and |

n is 0 or an integer of 1 to 5.

Examples of the alkyl groups of 1 to 18 carbon atoms
indicated by R! include methyl, ethyl, propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, t-butyl, n-pentyl, |

25 isopentyl, t-pentyl, neopentyl, hexyl, isohexyl, heptyl,
octyl, nonyl, decyl, undecyl, dodecyl, tridecyl,
tetradecyl, pentadecyl, hexadecyl, heptadecyl and

octadecyl.



(No. 7680, No. 1030, available fromCitizen Watch Co., Lt
portions: plastic and netal gears are 10 used), it is pref

d., train whee
erable to add the

anti-wear ag 746pcpo that the netal part should not be worn. Antioxidant

(E) The antioxidant (E) for use in the third |ubricating
of the invention is usually a phenol type 15 anti oxi dant
type anti oxi dant. Exanples of the am ng,type anti oxi dants
type antioxidants include the sane con%%unds as enunerate
par agraph of the antioxidant (E) optionally used in the f

oi | conposition
and/ or an am ne
and the phenol
d above in the
irst lubricating

oi |l composition 2Axafipiée bAVEREi ABnoThEeAdt bosmdant GRHroanrberused

singly or in conbination of two or nore kinds. In the pre

sent invention,

t he anti oxi damtofld ®5 6usedlBncanbanpantmef ipdeterabl pyORI1ihelad% by

wei ght, 25 nore preferably 0.03 to 1.20 % by wei ght, base

d on 100 % by

wei ght of thecherylcatdhygloi kytphpobenicgh, Whenethel,adtipheingdmtth(yH) is

used in the above anount, the SF-720PCT 30 | ubricating oi

be prevent ed #dm chaHgel -bfchebpeethEs - over a | ong period
| ubricating oil conposition The third_ lubricating oil co
i nvention>i s desi retPiRl favel athot at k4tpaengrbEPSoPInét to

ngKOH g. When the | ubrjcating oi conposition having a to

of not nore t?&ﬁps(ﬂ%ﬁh@?ﬁ?ggbysﬁﬂsﬁﬂngi%r%ﬁ? Yho'&hafhgBY

consunpti on electric current, afd vi scosity increase of
propylene "and butylene.

conposition can
of tinme. Third
osition of the 5
Be CEERPTO. 2
ial aci d nunber
Flfhe

Examples of the divalent aromatic hydrocarbon groups

of 6 to 18 carbon atoms indicated by R? include phenylene

10 and 1,2-naphthylene.

The ether oil represented by the above f

ormula has

no hydroxyl group at the molecular end, and hence this

0l1l is excellent in the moisture. absorption resistance.

Anti-wear agent (C)

15 The anti-wear agent (C) for use in the t
lubricating o0il composition of the invention
neutral phosphoric ester and/or a neutral pho
ester.

Examples of the neutral phosphoric ester

20 neutral phosphorous esters include the same c
enumerated above in the paragraph of the anti
(C) for use in the first lubricating oil comp

the invention.

hird
is usually a

sphorous

s and the
ompounds as
—-wear agent

osition of

The anti-wear agent (C) can be used singly or in

25 combination of two or more kinds.

In the present invention, the anti-wear agent (C) is

used in an amount of preferably 0.1 to 8 % by

]

weight,

more preferably 0.1 to 5 % by weight, still more



10 the lubricating oil conposition and corrosion of watch nmenbers can be
prevented. The third lubricating oil conposition of the invention is
favorabl e as g hyppdgating oil for a watch having train wheel portions
consisting of plastic parts 15 or a watch having train wheel portions
consisting of netal parts. This lubricating oil conposition is
particularly favorable as a Iubricatin? oil for a watch having train wheel
portions consisting of netal parts. Wa %h 20 The watch of the invention is
a watch wherein at |east one lubricating oil conposition selected fromthe
first, the seconflesamdl{he.shtodll 6bri bat wadggaitl, beeeposint il@Ms 20foyt he
invention is used for the novable portion. 25 Enbodi nents of the watch of
the inventi owarghtfof tkgahpbeicthénfoblidwcngpeatiches.( 1When tHe (1)

wat ch using the first lubricating oil conposition of the invention for al
nmovabl e port idhsl~@FRa72ePeTt 31C{ 2} swated ési hfet Bboyecemdundhr Wt ng oi
conposition of the invention for all novable portions, (3) watch using the
third | ubricaf$sgseince ceapolet iBALEVEERe i nvention for all novable
portions, 5 (4) watch using three_kinds of the first lubricating oil
conposi tidns of tHE§MmyERE i bRlHRi EHOAFEaHEPEePEAt CPRPOBRE 1P8r R &ticon,

ki nematic viscosit¥ or the Ii%e for tgﬁg novabl e portions, respectively,

(5) watch usiTiy’Th %%nkfﬁdgsﬁ fRE &el 18°I0Br PcBEFRY 8PF Ecdfposi ti ons
of the 'nventéémbfwggbogrﬁith a plastic part, e.g., Watch Movement™

(No. 7680, No. 1030, available from Citizen Watch Co.,
Ltd., train wheel portions: plastic and metal gears are

10 used), it 1is preferable to add the anti-wear agent (C) so
that the metal part should not be worn.

Antioxidant (E)

The antioxidant (E) for use in the third lubricating

0il composition of the invention is usually a phenol type
15 antioxidant and/or an amine type antioxidant.

Examples of the amine type antioxidants and the
phenol type antioxidants include the same compounds as
enumerated above in the paragraph of the antioxidant (E)
optionélly used in the first lubricating oil composition

20 of the invention.

The antioxidant (E) can be used singly or in
combination of two or more kinds.

In the present invention, the antioxidant (E) is

used in an amount of preferably 0.01 to 2 % by weight,

25 more preferably 0.03 to 1.20 % by weight, based on 100

o\°

by weight of the lubricating oil composition. When the

antioxidant (E) is used in the above amount, the



different in the formulation, kinematic viscosity or the |ike for three
novabl e portions, respectively, {6) watch using three kinds of the third

| ubri cati ng gﬁhzgp@?ositions of the invention which are different in 15
the formulation, kinematic viscosity or the like for three novable
portions, respectively, and (7) watch using three kinds of the first, the
second and the third lubricating oillggnpositions of the invention for

t hree novabl e portions, respectively. There is no specific limtation on
t he wat ches, and any of mechanical watches and el ectroni c watches are
avai l abl e as faprasatbhey seedcambuobricdan rgnoiHe PeMeGEF fiddm |MWAENTE ON 25
The first lubricating oil conposition of the invention conprises the

pol yol ester ¢A)pasparbase over a lspegcipkirdcaimminttiofe.t he vi scosity i ndex

i nprover (B) and a specific amunt of the anti-wear agent (C), so that
this SF-720PCT 32 conposi flihgidexerars caftfigrg o ihatondrs doposi ti on enabl es a
life of watch battery to |ast |ong, enables a watch to operate in the
tenperature range hFe-BD1¥9 BoErwfeRipfAeCiki semePsa tighr iodattiveg oil, and is
free fromchange of 5 properties over a long period of tinme. Especially
when t he ﬁ%rs%nV%BFFeatFﬁgdSFFreéoﬁﬁogﬁﬁﬁoﬁ P teHe e Mumhe smafc ot

conprises the polyol] ester (A. having a kinematic .viscosity of not nore
than 1500 cSPgﬁ? thae, tﬁeméﬁégzgrty%Pﬁaef%@ggF5V&Fa€BPﬁ He 10 anti - wear
agent (C) and_the netal deactivator (D) and , which has a kinemati

V'scosi ty of FOICROFb. PRafo 1805 corotatacnof FesEinan 15T Dap o
80C, a me'ghtOPQaHQQOH/g is used, there is no change of the

consumption electric current, and viscosity increase of
10 the lubricating oil composition and corrosion of watch
members can be prevented.

The third lubricating oil composition of the
invention is favorable as a lubricating oil for a watch
having train wheel portions consisting of plastic parts

15 or a watch having train wheel portions consisting of
metal parts. This lubricating oil composition is
particularly favorable as a lubricating oil for a watch
having train wheel portions consisting of metal parts.

Watch

20 The watch of the invention is a watch wherein at
least one lubricating oil composition selected from the
first, the second and the third lubricating oil
compositions of the invention is used for the movable
portion.

25 Embodiments of the watch of the invention are, for
example, the following watches (1) to (7):

(1) watch using the first lubricating oil

composition of the invention for all movable portions,



of not nore than 1.62 % by weight after allowed to stand at 90C and a
total acid nunber of not nore than 0.2 15 ngKOH g i s used as a watch

| ubricating ogp.72bpere is an effect that a watch which is operated in the
tenperature range of only -10 to 80C by the use of three kinds of
currently used lubricating oils having different viscosities can be stably
operated in the tenperature 20 range o% -30 to 80C over a long period of
time by the use of only one kind of t % | ubricating oil conposition. Wen
the first lubricating oil conposition of the invention is used for a
novabl e portion of (a) wahchh udingt the ekcbhe wabeh cag igeatilly ext ended from
10 years 25 (duration of currently used watch) to 20 years. On this
account, wat chespoefuirnngfnmahat enarotian iforemddl soofabl® ppedrisnsuch as
sunllght power - generatlon watch (trade nane: Ecodrive, available from
Citizen Watch EtdwytCEFU$209C¢h33tbhéﬁnﬁpbﬁéW@ﬁi@@n@ﬂét|on wat ch
(trade nane: Ecothernn avai |l able from G tizen Watch Co., Ltd.) and

wri st wat ch g%%?@ﬂ?éEHOPhPéu@ﬁSuﬂpVﬁétPPPeﬁpﬁéaléaﬁmﬂ@béﬁéﬁéﬁédiHVbr 20

years with high reliabilijt and hence t can be 5 mmde i nt enance-free.
I'n addition, by vi £ Le"dFc ﬁousﬁﬁgrB ey ﬁﬁt@ﬁ ﬁgﬁbéﬁ§55n% HETH G IS y

f he | ub . . .
ext ended, _andat SOTBRATE: ﬁﬁeofiﬁuﬁﬁ%’r’??ﬁf@m&&e RiG HEPA e S er co
station because,of operatign 10;hakLuce 13 g&%ggp%rd%%f eased che second

| ubricating ol 0Si |nven °on rises the paraffinic

PKdrocarbon otﬁrég)mggab§g Bgrggggscaggggegggqgl§nd a speC|f|c amount of

(5) watch using three kinds of the second
100 lubricating o0il compositions of the invention which are
different in the formulation, kinematic viscosity or the
like for three movable portions, respectively,
{6) watch using three kinds of the third lubricating
oil compositions of the invention which are different in.
15 the formulation, kinematic viscosity or the like for
three movable portions, respectively, and
(7) watch using three kinds of the first, the second
and the third lubricating oil compositions of the
invention for three movable portions, respectively.
20 There is no specific limitation on the watches, and
any of mechanical watches and electronic watches are

available as far as they need a lubricating oil.

EFFECT OF THE TINVENTION

25 The first lubricating oil composition of the
invention comprises the polyol ester (A) as a base o0il, a
specific amount of the viscosity index improver (B) and a

specific amount of the anti-wear agent (C), so that this



viscosity index inprover (B), so that this conposition 15 exerts effects
that the conposition enables a life of watch battery to |ast |ong, enables
a watch to opgredgpcdp the tenperature range of -30 to 80C with one kind of
a lubricating oil, and is free fromchange of properties over a |long
period of tinme. 20 Especially when the second lubricating oil conposition
of the invention which conprises the ﬁgraffinic hydr ocarbon oil (F) of 30
or nore carbon atonms having a ki nemat viscosity of not nore than 1500
cSt at -30C, the viscosity index inprover (B), the anti-wear 25 agent (C
and t he netalcdeactitvatoretx&ytandffibcth hhstathki nemabikd tibscesiaiof e anot
nore than 1500 ¢St and not less than 13 ¢St at -30 to 80C, a wei ght change
of not nore lin df 6228 hybakighy abt bastal Lomgd toabiendaatwal@d Sk 720PCT
34 and a total acid nunmber of not nore than 0.2 ngKOH g is_used as a watch
| ubricating ciReratrerinshantenpersivhat rangdaaPEh-wAi €A B9 Gpedatednian t he
tenperature range of only -10 to 80C by the use of three kinds of
currently 5 UskEt 1ubrad cHiPRECHT B9 havi ng2Bff H&r EreeviseBsrhregec & be
stably operated in the tenperature range of -30.to 80C over a |long period
of time by t RFIREOFEDMPYon2 kPRE BF l?anFuBFweating oi | composition

When the second | ricati oil conposjition of the .10 invention is used
for a novabl e port79n of? RE Q@%r%if%ﬁ ngfﬁgaﬁé?gho? greatly

eatended. 1o ERE S (8 o gl EAER L X USIGMALED) o1 FRER 5. O
such as sunlighte poyer - 9enerats op; Meh&hi £148860sity of not more than
1500 cSt at -30°C, the viscosity index improver (B), the
10 anti-wear agent (C) and the metal deactivator (D) and
which has a kinematic viscosity of not more than 1500 cSt
and not less than 13 cSt at -30 to 80°C, a weight change
of not more than 1.62 % by weight after allowed to stand
at 90°C and a total acid number of not more than 0.2
15 mgKOH/g is used as a watch lubricating oil, there is an
effect that a watch which is operated in the temperature
range of only -10 to 80°C by the use of three kinds of
currently used lubricating oils having different
viscosities can be stably operated in the temperature
20 range of -30 to 80°C over a long period of time by the
use of only one kind of the lubricating oil composition.
When the first lubricating oil composition of the
invention is used for a movable portion of a watch,
duration of the watch is greatly extended from 10 years
25 (duration of currently used watch) to 20 years. On this
account, watchés requiring maintenance at intervals of iO

years, such as sunlight power-generation watch (trade

name: Ecodrive, available from Citizen Watch Co., Ltd.),



15 nane: Ecodrive, available fromGCtizen Watch Co., Ltd.), thernal
power - generation watch (trade nanme: Ecotherno, available fromCitizen
Watch Co., Ltgk)y@nerwistwatch guaranteed throughout the lifetime, can be
operated over 20 years with high reliability, and hence they can be 20
made mai ntenance-free. In addition, by virtue of no corrosion of watch
menbers or no viscosity-increase of tgﬁ | ubricating oil conposition, the
battery life is extended, and as a result, the nunber of watches
withdrawn to a service station because of operation 25 failure is markedly
decreased. Thehéhmad podbetegthagadibnceapodi t(itendef nbhe : Ervehicrom,
conprises the ether oil (G as a base oil, a specific amunt of the
anti-wear agemtailQbtenprosi GytazsSk- F20PETC85, néttral apldosphertivatest er
and/ or a neutral phosphorous ester and the antioxidant (E), so that this
conposi tion dwa¥arectdorhchaageudf tpropefeiténeoyvennabromyegatiostd wfer ti me
and is favorable as a watch lubricating oil. 5 Especially when the third

| ubricating ot9 YedhposithoRish FﬁélﬁﬁﬁéﬁFVona%ﬁiBﬁnéénﬁ¥ﬁ§é§aﬁhé“%ther

oil (O, %.1 to 8 @62% wei ght ﬁf a neutral ghos hogic .ester d/or a
neutral pRosphfi®uURcERteRAAEeThECEnt | {Redfd Béﬁg'( Y Yid HFe C4nti%xi dant
(E) and whi ch_ has a.tota% 19 ﬁcid gunber of not nore than 0.2 ngKQH g is
used as a wateht PebrT cati Kt ol PCRBFF8sPEn"8f VhEEER LenBers %68 Viscosi ty

nor ease of g WOELEALE 19011 1CRIRSLLL08,c20, DB gL ade and hence

duration of tHe wa s gr O~ years aration of

current|y usegd, yatgh), 18,40,20,Y88L81 M ehhi SuABEQURL: LMRLERES equiring

withdrawn to a service station because of operation

10 failure is markedly decreased.

The second lubricating oil composition of the
invention comprises the paraffinic hydrocarbon oil (F) of
30 or more carbon atoms and a specific amount of the
viscosity index improver (B), so that this composition

15 exerts effects that the composition enables a life of
watch battery to last long,_enables a watch to operate in
the temperature range of -30 to 80°C with one kind of a
lubricating oil, and is free from change of properties
over a long period of time.

20 Especially when the second lubricating oil
composition of the invention which comprises the
paraffinic hydrocarbon oil (F) of 30 or more carbon atoms
having a kinematic viscosity of not more than 1500 cSt at
-30°C, the viscosity index improver (B), tﬁe anti-wear

25 agent (C) and the metal deactivator (D) and which has a
kinematic viscosity of not more than 1500 ¢St and not
less than 13 cSt at -30 to 80°C, a weight change of not

more than 1.62 % by weight after allowed to stand at 90°C



mai nt enance at intervals of 10 years, such as sunlight power-generation
wat ch (trade nane: Ecodrive, available fromCtizen Watch Co., Ltd.),
t her nmal pomersggﬁgpéqlon wat ch (trade nane: Ecotherno, available from

Citizen 20 Watch Co., Ltd.) and wistwatch guaranteed throughout the
lifetime, can be operated over 20 years with high reliability, and hence
they can be made nmi ntenance-free. ddition, by virtue of no corrosion

of watch nmembers or no viscosity |ncr% se of the | ubricating oil 25
conposition, the battery life is extended, and as a result, the nunber of
wat ches wi t hdimavna toceaseavi denusbati ofi hecamsecof:hapeati arykicai Aquries i s
mar kedly decreased. SF-720PCT 36 EXAMPLE A. Exanple relating to the first
| ubri cati ng oisedcaspasveton obbtrheacnugnbidn ahereatichausieddetdte that
conposition Watch MyvenentsTM (No. 2035, available fromGCitizen Wtch
Co., Ltd., traiwawieethpohtionspenatedofinntbal tefpaicaltyreadenge rfass and
iron)) mere fabricated using, as watch Iubrlcatln&.oils, an ester oi

(pol yol esteronby hak@ op| 8P eprb¥ehhedubg Phethsppukinds of currently
(C4H9) 3 ZOCH2 C4H9 3% araffinic hydrocarbon oil (PAO., (1-pentene

t et r amer ydr?ﬂ% SRS b ?}lng QFFFCBﬁElHS|Plfé?ﬁﬁPﬁyW168P§§Fﬁﬁﬁaﬁ§”bé§%

i | d | d f d Lube, |
Compost L on,  T5% Ak PRBFECF o VEER] C&F BT [ THo” BOHEUNRL O Groct (%
currents of t@$%$h¥slé gn%ggi 8 %@tﬁﬁﬁé B§" enleasyr 8¢ oR%fO o209 Y L

operation at ordinary t ure fo
the lubricating oil composition.

When the second lubricating oil composition of the
10 invention is used for a movable portion of a watch,
duration of the watch is greatly extended from 10 years
(duration of currently used watch) to 20 years. On this
account, watches requiring maintenance at intervals of 10
years, such as sunlight power-generation watch (trade
15 name: Ecodrive, available from Citizen Watch Co., Ltd.),
. thermal power—generation watch (trade name: Ecothermo,
available from Citizen Watch Co., Ltd.) and wristwatch
guaranteed throughout the lifetime, can be operated over
20 years with high reliability, and hence they can be
20 made maintenance-free. In addition, by virtue of no
corrosion of watch members or no viscosity increase of
the lubricating oil composition, the battery life is
extended, and as a result, the number of watches
withdrawn to a service station because of operation
25 failure is markedly decreased.
The third lubricating oil composition of the
invention comprises the ether oil (G) as a base oil, a

specific amount of the anti-wear agent (C) comprising a



1000 hours, and the neasured val ues were conpared. As a result, in the use
of the ester oil, PAO and 20 the currently used oil, no difference in the
consunption ¢tesppie current was observed after the operation. On the

ot her hand, in the use of the silicone oil, increase of the consunption
electric current was observed. |Increase of the consunption electric
current neans 25 shortening of the bat?gry life, so that the silicone oi
was found to be unsuitable as a watch rubricating oil. The results are set
forth in Table 1. SF-720PCT 37 Table 1 Consunption electric current (M)
G| Typel nitimdufaerplBhapgeAtceptance adddgenanhnevdlrado pérastohencrid eri on
Ester O 10.970.970.000. 20AA P A (0. 970. 970. 000. 20AA Si | i cone

0i | 0. 981. 320. 840 208BI Cheeant yousddnd. 470, 920. 608 L20AA soidomumatd t iam
experiment to conpare evaporation |loss of the ester oil with that of PAO
and t hereby des ef Aefel BORhFRANAASCSUBEPPEEtaSSt RESHase lONT WeY ik rafed out
in the followng manner. An ester oil (polyol ester base oil, represented
by the formifEe2eipl® EeVeARD)8) 2Radi WG tehkilHemdcaREing oil.

5 Especially when the third lubricating oil
composition of the invention which comprises the ether
oil (G), 0.1 to 8 % by weight of a neutral phosphoric
ester and/or a neutral phosphorous ester as the anti-wear
agent (C) and the antioxidant (E) and which has a total

10 acid number of not more than 0.2 mgKOH/g is used as a
watch lubricating oil, corrosion of watch members or
viscosity increase of the lubricating oil composition can
be inhibited, and hence duration of the watch is greatly
extended from 10 years (duration of currently used watch)

15 to 20 years. On this account, watches requiring
maintenance at intervals of 10 years, such as sunlight
power-generation watch (trade name: Ecodrive, available
from Citizen Watch Co., Ltd.), thermal power-generation
watch (trade name: Ecothermo, available from Citizen

20 Watch Co., Ltd.) and wristwatch guaranteed throughout the
lifetime, can be operated over 20 years with high
reliability, and hence they can be made maintenance-free.
In addition, by virtue of no corrosion of watch members
or no viscosity increase of the lubricating oil

25- composition, the battery life is extended, and as a
result, the number of watches withdrawn to a service
station because of operation failure is markedly

decreased.



viscosity of not nore than 1500 cSt at -30C and PAO (1 10 hexene triner
hydri de base oil represented by the fornula H(-CH2-CH(C4H9)-)3H) having a
kinematic visgpshpcpf not nore than 1500 cSt at -30C were prepared. To
each of them a nethacryl ate conpound (pol ynethacryl ate having a
ki nematic viscosity of 1550 cSt at 100C) and an olefin 15 conpound
(ethyl ene/ (x-ol efin copol yner having a,kinematic viscosity of 2000 cSt at
100C) were added as viscosity index iﬁ%rovers in such anpbunts that the
resulting conposition would have a kinematic viscosity of not nore than
1500 cSt at -30C and not |less than 15 cSt at 80C. SF-720PCT 38 Thus,
| ubricating oil conpositions each having a kinematic viscosity of desired
range were prepared. Then, using the | @&XAMPAtH ng oil conpositions and a
currently used oil, Watch MovenentsTM (No. 2035, available 5 from Citizen
Watch Co., Ltd., thaiBrasmld petatibms:tenteeofinstalubmacabyngadeélof brass
and |ron)) mere fabricated, and they wer e contlnuously operated at 70C and
0.5 atm for 100Cd%Res e € |
and after the operation. 10 As a result, in case of the Iubrlcatlng oi
conpositiéns using the ester oil and SOHEOSHHGR |y used oil, change of the
consunption electrjic current was ot ed_after_ the test t he ot her
hand. Tn case of HHESK AT Rg ol YO ConRaNs ¢ POALGEPAG BAGY FarREE T
i ncrease of the consunpt ctrlc ur ent S obser ved ft er the test.
R Brbbine of

Then, a chand@ %?h tnd i Eari ﬁ 511 m@gﬁDS ﬁlfed was
observed. As g 15yl faql o552t the EEBE' 9% 8 9L, SRS Usamdisi ng

as watch lubricating oils, an ester oil (polyol ester

10 base o0il represented by the formula
(C4Hg) 3CCH,0CH,C (C4Hg) 3), a paraffinic hydrocarbon oil
(PAO) (l-pentene tetramer hydride base o0il), a silicone
0il (dimethyl polysiloxane base o0il) and a currently used
0il (aforesaid Synt~Lube, lubricating o0il composition,

15 available from MOEBIUS Co.). The consumption electric
currents of the thus fabricated watches were measured
before and after operation at ordinary temperature for
1000 hours, and the measured values were coﬁpared.

As a result, in the use of the ester oil, PAO and

20 the currently used o0il, no difference in the consumption
electric current was'observed after the operation. On
the other hand, in the use of the silicone o0il, increase
of the consumption electric current was observed.
Increase of the consumption electric current means

25 shortening of the battery life, so that the silicone oil
was found to be unsuitable as a watch lubricating oil.

The results are set forth in Table 1.



the ester oil, alnost the same anmount of the lubricating 20 oil
conposition as that initially fed remained, and viscosity change was not
observed. On ¢he @sder hand, in case of the lubricating oil conposition
usi ng PAQ, . evaporatl on and vi scosi ty increase were observed. Further, the
| ubricating oil conposition using the 25 ester oil, the lubricating oil
conposition using PAO and the current y used oil mere all owed to stand at
90C, and their weight changes were neasured. As a result, the currently
used oil was found to have a weight |oss of SF-720PCT 39 1.62 % by wei ght,
the lubricating oil conposition using Telbdeester oil was found to have a
wei ght | ossfof 0.75 % by [sehghinptand hedtuhld eatddegtol L AG0posi t1on using
PAO was fOLnd to have a veight | oss of 8.35 % by weight. 5 Hromthe above

results, it b@_[% conf impedi i Ak gt ‘\-élﬂgﬁbgt PEr 0ag Abidity
Phe o s EDard- 43052}

can be obtailn evggpu@tl 98p y wei|ght
at  90C. The_eMapQ;aLLon_lgss_gi_Lhe_LubLLca‘-nﬂ conmposiftion-using PAO
was |arge, 3B85t#atOthis | JbPi@ating?1870i 1 |cOmYS: S|t|8n2@as fquRé to be
unsuitable as_a watch lubricating oil. Thd result|s are set florth in Tagble

2. Table 2|@GoAasunption elleftPiicEyape2Vi scdgsitt-Yhudgnm®nt2Ocur r gnBA( u
A rationchange loss QI typelnitial AfterChgnge(w 9%- val ueoperfati on Estgr

0i 1 0. 970. 9905020 @1eAAPOA9RI. §0T. 570. 578.035HB 0.20 BB
Currently used| 0.97 0.97 0.00 0.20 AA
oil .

Next, an experiment to compare evaporation loss of

the ester oil with that of PAO and thereby determine
5 which was superior as the base o0il was carried out in the
following manner.

An ester oil (polyol ester base o0il, represented by
the formula C(~CH;~-0~CO-C4Hg)4) having a kinematic
viscosity of not more than 1500 cSt at -30°C and PAO (1-

10 hexene trimer hydride base oil represented by the formula
H(-CH;-CH (C4Hg) -) 3H) having a kinematic viscosity of not
more than 1500 cSt at -30°C were prepared. To each of
them, a methacrylate compound (polymethacrylate having a
kinematic viscosity of 1550 cSt at 100°C) and an olefin

15 compound (ethylene/d—olefin copolymer having a kinematic
viscosity of 2000 cSt at 100°C) were added as viscosity
index improvers in such amounts that the resulting
composition would have a kinematic viscosity of not more

than 1500 ¢St at -30°C and not less than 15 cSt at 80°C.



i ncrease Currently0.980.990.011. 62noneAA used oil Next, an experinent to
sel ect an ester oil having a 15 structure nost suitable for a watch was
carried out kgt7ﬂgg%£ollomjng manner. Using the follow ng ester oils, Watch
Movenent s” ( No. 035, available fromCtizen Watch Co., Ltd., train whee
portions: made of netal (mainly made of brass and iron)) 20 were
fabricated. SF-720PCT 40 As diesters (adipic diesters), dioctyl adipate,

di octyl sebacate, diisodecyl adipate, decyl adipate and a diner acid

di octyl ester (kinematic viscosity measured at 100C. 270 cSt) were used.
As pol yol est®iss, aldoneeopentyl ogl yeohpoapt ybatecaapr abeingxead ester
(kinematic viscosity neasured at 100C. 2.5 cSt), a trinethyl ol propane
val er at e heptlaimoatat it xetdsess ety ¢Ki desntred vasgesweyenpaspeeedat 100C. 3.0
cSt), a trinethylol propane decanoate octanoate m xed ester 10 (kinematic
vi scosity neasured'tetn, 100Ging. BheStybricat ey hgl bl peopanetaangneade aand a
pentaerythritol heptanoate caprate m xed ester gkinenatic vi scosi t
measured at 100Ees: Iy cstgdwet &, uBedch THeversit e ngNaat €8s wavailable
continuously operated at 15 70C for 1000 hours at a rate of 64 tinmes to
nmeasure eonshifit i Oht BFRtFECRUFPent 5t Bef oF E2ARdVREREr PPRELCHSEr ARSn. As

aresult, in any case of th ol yol sters, change qf the consunption
el ectric curﬁE%%“%b%ln a&nfypmaée o% rass and q oﬁg) were %ggr cated,

and they were continuously operated at 70°C and 0.5 atm.
for 1000 hours to measure consumption electric currents
before and after the operation.

10 As a result, in case of the lubricating oil
compositions using the ester oil and the currently used
0il, change of the consumption electric current was not
observed after the test. On the other hand, in case of
the lubricating oil composition using PAO, marked

15 increase of the consumption electric current was observed
after the test. Then, a change of the amount of the
lubricating oil composition fed was observed. As a
result, in case of the lubricating oil composition using
the ester oil, almost the same amount of the lubricating

20 o0il composition as that initially fed remained, and
viscosity change was not observed. Oh the other hand, in

" case of the lubricating oil composition using PAO,
evaporation and viscosity increase were observed.
Further, the lubricating oil composition using the

25 ester oil, the lubricating oil composition using PAC and
the currently used oil were allowed to stand at 90°C, and
their weight changes were measured. As a result, the

currently used oil was found to have a weight loss of



20 observed after the operation and the watches operated well. On the

ot her hand, in case of the diesters, increase of the consunption electric
current was o@sepyedr after the operation. Fromthe above results, it has
been confirmed that the polyol ester oil is excellent as a 25 watch

lubricating oil. The results are set forth in Table 3. SF-720PCT 41 Tabl e
3 Consunption electric Typernpoundcurégnt (u A) DiesterbD octyl
adi pat e+0. 35 Di octyl sebacat e+0.28 Diisodecyl adi pate+0.30 Di decyl
adi pat e+0. 23 Diner acid dioctyl ester+0.25 Polyol Neopentyl glycol
caprylate caprékesnbyedeeghe; tOelQuestientingmetilylcepoegianeval sired e
+0. 05 Judgnent BB BB BB BB

the ester 0il was found to have a weight loss of 0.75 %

by weight, and the lubricating oil composition using PAQO
was found to have a weight loss of 8.35 % by weight.

5 From the above results, it has been confirmed that high-
temperature operation stability can be obtained if the
evaporation loss is not more than 1.62 % by weight at
90°C. The evaporation loss of the lubricating oil

composition using PAO was large, so that this lubricating

10 o0il composition was found to be unsuitable as a watch

lubricating oil. The results are set forth in Table 2.
Table 2
Consumption electric Evapo- Viscosity [Judgment
current (,Ll A) ration Change
' loss

0il type Initial |After Change (Wt%)

value operation
Ester oil 0.97 0.99 g.02} 0.75 none AA
PAO 1.00 1.57 0.57] 8.35 BB

increase

Currently 0.98 0.99 0.01) 1.62 none AA
used oil

Next, an experiment to select an ester oil having a
15 structure most suitable for a watch was carried out in
the following manner.
Using the following estér oils, Watch Movements™ (No.
2035, available from Citizen Watch Co., Ltd., train wheel
portions: made of metal (mainly made of brass and iron))

20 were fabricated.



BB AA AA heptanoate m xed ester Trinethyl ol propane decanoate +0.04 AA
octanoate m xed ester Trinethyl ol propane nonanoate +0.05 AA Pentaerythritol
hept anoat e cagfabgpirxed ester +0.06 AA Next, an experinment to determ ne
t he opti num anount of the viscosity index inprover was carried out in
the follow ng manner. SF-720PCT 42 To a trinethyl ol propane val erate
hept anoate m xed ester (kinematic visggsity nmeasured at 100C. 2.5 cSt) as
a polyol ester having a kinematic viscosity of less than 1500 cSt at -30C,
pol yacryl ate (neutralization value: 5 0.1, kinematic viscosity neasured at
100C. 850 cSt), potyaeéhesryl ahaipneutitaktzakhondyakuel @dlpakighematic
viscosity nmeasured at 100C. 850 cSt), polyisobutylene (kinematic viscosity
measured at 190&-t¢D0OelbStrtepoblyakkdestyyr edepgpel, yetihglcstly merieatd et i ¢
viscosity 10 measured at 100C. 600 cSt), polyester (polyethylene
fumarate, ki nendtmervastdsdiychpadsastdrat(kifegats00vdScpsity measured
at 100°C: 270 cSt) were used. As polyol esters, a
5 neopentyl glycol caprylate caprate mixed ester (kinematic
viscosity measured at 100°C: 2.5 cSt), a
trimethylolpropane valerate heptancate mixed ester
(kinematic viscosity measured at 100°C: 3.0 cSt), a
trimethylolpropane decanocate octancate mixed ester
10 (kinematic viscosity measured at 100°C: 4.3 cSt),
trimethylolpropane nanancate and a pentaerythritol
heptancate caprate mixed ester (kinematic viscosity
measured at 100°C: 5.0 cSt) were used.
The resulting watches were continuously operated at
15 70°C for 1000 hours at a rate of 64 times to measure
‘consumption electric currents before and after the
operation.
As a result, in any case of the polyol esters,
change of the consumption electric current was not
20 observed after the operation and the watches operated
well. On the other hand, in case of the diesters,
increase of the consumption electric current was observed
after the operation. From the above results, it has been
confirmed that the polyol ester o0il is excellent as a

25 watch lubricating oil. The results are set forth in

Table 3.



i sobutyl ene fumarate (kinematic viscosity neasured at 100C. 1000 cSt),
styrene nal eate ester (kinematic viscosity neasured at 100C. 3000 cSt) or
vi nyl acet at eSE-5206r@mrate ester (kinematic viscosity neasured at 100C

1800 cSt) was added as a viscosity index inprover in anpunts of 0 % by
weight, 0.1 %by weight, 5 %by weight, 10 % by weight, 20 % by wei ght, 25
% by wei ght and 30 % by weight. Thus, 4{ubricating oil conpositions were 20
prepared. Then, the kinematic viscosities of the lubricating oil and the
| ubricating oil conpositions were neasured to judge whether the kinematic
viscosity neasured at -30C was not nore than 1500 cst and whet her the
kinematic 25 viscosity neasured at 80C was not less than 13 cSt. Further,
using the lubricating oil and the |ubril@lieng ojl conpositions _watches
were fabricated, and opgration of the watches was Ut 1 Sk 720PgRn43
As a result, \When each \iscosity index inprover was|elgfietid n an anount of
0.1 to 20 % by weight, tihe kinematic viscosity of fthe above-nenti oned
desired range|Tgpal d be jobt ai ned Cofpomriche obser vat jarrmntoper atfi on of 5
the watches, it was fourjd that the watches using th | ubricating oil
conposi tions gach contaijning 0.1 to 20 % by wei ght| of Atyhe viscgsity index
i nprover operated propdrly, but the lubricating oifl containing{Q % by

wei ght of the|Risebskty |Phdekyi msti®@ée ran down at [BOQ-HP and t heBRat che
could not oprate well. When the anount of the visclpsity index ijnprover was
25 % by weighf or 30 % [byoweyyhiegbatcaeel ubri cati ng joi+0.@sposi tijoBs coul d
not be

Diisodecyl adipate +0.30 BB
Didecyl adipate +0.23 BB
Dimer acid dioctyl ester +0.25 BB
Polyol Neopentyl glycol caprylate +0.10 AA

caprate mixed ester
ester

Trimethylolpropane valerate +0.05 AA

heptanoate mixed ester

Trimethylolpropane decancaté | +0.04 AR

octanoate mixed ester

Trimethylolpropane nonanocate | +0.05 AA

Pentaerythritol heptanocate +0.06 AR

caprate mixed ester

Next, an experiment to determine the optimum amount
5 of the viscosity index improver was carried out in the

following manner.



fed at ordinary tenperature in the fabrication of watch because of too

hi gh viscosity. Fromthe above results, 15 it has been confirnmed that it is
preferabl e togadegpde viscosity index inprover in an anmount of 0.1 to 20 %
by weight. The results are set forth in Table 4. SF-720PCT 44 Table 4

Vi scosity indexAmount to obtai nEval uati on of watch i nproveroperation proper
viscosityOM % ---------------- 0. 1’\-292(\1 %------mm - 25wt % or nore
Pol yacryl ateO.l -'20wt%-ailure at 80C - =-------monunn-- good operation
---------------- non- pr oduci bl e Pol ynmet hacryl at e0. 1*- 20wt %-ai | ure at 80C
---------------- ghoda opetattionleipropane- valerathoheptadveaitlel eixed

Pol yi sobut yl ene0. 1' - 20wt %-ai lure at 80C ----------------- good operation
------------- estenonkpredatibl eiPobygaktkyhsbynerdd a1 120WCHRI. [SuresS tat 8HC

a polyol ester having a kinematic viscosity of less than
1500 cSt at -30°C, polyacrylate (neutralization value:

5 0.1, kinematic viscosity measured at 100°C: 850 cSt),
polymethacrylate (neutralization value: 0.1, kinematic
viscosity measured at 100°C: 850 cSt), polyiscbutylene
(kinematic viscosity measured at 100°C: 1000 cSt),
polyalkylstyrene (polyethylstyrene, kinematic viscosity

10 measured at 100°C: 600 cSt), polyester (polyethylene
fumarate, kinematic viscosity measured at 100°C: 500 cSt),
isobutylene fumarate (kinematic viscosity measured at
100°C: 1000 cSt), styrene maleate ester (kinematic
viscosity measured at 100°C: 3000 cSt) or vinyl acetate

15 fumarate ester (kinematic viscosity measured at 100°C:
1800 cSt) was added as a viscosity index improver in

Q o)

amounts of 0 % by weight, 0.1 % by weight, 5 % by weight,

oL

10 % by weight, 20 % by weight, 25 % by weight and 30 %
by weight. Thus, lubricating oil compositions were
20 prepared.

Then, the kinematic viscosities of the lubricating
0il and the lubricating o0il compositions were measured to
judge whether the kinematic viscosity measured at -30°C
was not more than 1500 cst and whether the kinematic

25 viscosity measured at 80°C was not less than 13 cSt.
Further, using the lubricating oil and the lubricating
0il compositions, watches were fabricated, and operation

of the watches was observed.



----------------- good operation -- -------------- non-producible

Pol yeser 0. 17- 20wt %-ai lure at 80C ----------------- good operation
------------- SF-7208Pr Produci bl e I 'sobutyl ene fumarate0. 1”- 20w %-ai | ure at
80C ---------------- good operation ---------------- non- produci bl e Styrene
mal eate ester0.l-20w %-ailure at 80C ----------------- good operation --
-------------- non- pr oduci bl e Vi nyl ag&}ateo. 1n-20m %-ai l ure at 80C
fumarate estergood operation ---------T%------ non- pr oduci bl e SF-720PCT 45

Next., an experiment to find a suitable anti-wear agent and the anount
t hereof was carri et autrddulthe wioh | @ntingy imaset ty Tondekr inptbykel paepane
val erate heptanoate m xed 5 ester (kinematic viscosity neasured at 100C:
3.0 cSt) as added in an amount of 0.1 to 20 % by weight, the
" kinematic viscosity of the above-mentioned desired range
could be obtained. From the observation of operation of
5 the watches, it was found that the watches using the
lubricating oil compositions each containing 0.1 to 20 %
by weight of the viscosity index improver operated
properly, but the lubricating oil containing 0 % by
weight of the viscosity index improver ran down at 80°C
10 and the watche could not oprate well. When the amount of
the viscosity index improver was 25 % by weight or 30 %
by weight, the lubricating oil compositions could not be
fed at ordinary temperature in the fabrication of watch
because of too high viscosity. From the above results,
15 it has been confirmed that it is preferable to add the

viscosity index improver in an amount of 0.1 to 20 % by

weight. The results are set forth in Table 4.
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As a result, in the watches using the lubricating oil conpositions each
containing the netal type anti-wear 10 agent, the sulfide type anti-wear
agent, the aq?Q7QQQ§phorous ester type anti-wear agent or the acid
phosphoric ester amne salt anti-wear agent, corrosion and gelation took
pl ace, and operation failure occurred. 1In the watch using the lubricating
oil conposition 15 containing the acid, phosphoric ester type anti-wear
agent, corrosion and gelation took plﬁge at high tenperatures, and
operation failure occurred. The watches using the |ubricating oi
conposi tions each cont ai ah ngxpbeinedtr ab fphasphenieaskeantypeeant i - wear
agent or the neutral 20 phosphorous ester type anti-wear agent in an anpunt
of nore thamde’t ynaetight amodnhothapee ft has 8a%rhydweiughtin weree free from
frictional wear and operated well. In case of addition of 0 % by wei ght,
however, wearfebbkwimpdy avenaad.the watch stopped. When the neutra
phosphoric 25 ester type anti-wear agent or the neutral phosphorous ester
type anti-wear agert IwasribmeledyialaacnpbanvadtrabeehepRancstes myxwei ght ,
any change in the frictional wear tendency was not observed in conparison
with the casedieBFl KDEpRItLy RYAFPFORYORCBSUFBE Réi 4RL. Crr omlt kS tdbde
results, it has qgﬁ confirned, that referable . to agd as an

I

anti-wear ageht®® cTPraf DPRBSPROR EE?%@ 16r VERECSHEL P lﬁﬁ&sﬁﬁﬁ?bus_
Tabl e S, Tabl BE AR - kar > Saeht BVl Bt 18N foPYwALARO PIFSUGBRERY Samount |

methacrylate (kinematic viscosity measured at 100°C: 1550
cSt, neutralization value: 0.1) was added as a viscosity

10 index improver. Thus, a lubricating oil composition
having a kinematic viscosity of not more than 1500 cSt at
-30°C and not less than 13 cSt at 80°C was prepared.

Then, to the composition, a metal type anti-wear

agent (zinc diethyl dithiophosphate (ZnDTP) selected from

15 metal type anti-wear agents such as ZnDTP and molybdenum
diethyl dithiophosphate (MoDTP)), a sulfide type anti-
wear agent (distearyl sulfide that is an alkyl sulfidé),
a neutral phosphoric ester type anti-wear agent
(tricresyl phosphate selected from neutral phosphoric

20 ester type anti-wear agents such as tricresyl phosphate
and trixylenyl phosphate), an acid phosphoric ester type
anti-wear agent (lauryl acid phosphate), a neutral
phosphorous ester type anti-wear agent (trioleyl
phosphite), an acid phosphorous ester type anti-wear

25 agent (dilauryl hydrogenphosphite) or an acid phosphoric
ester amine salt (lauryl acid phosphate diethylamine

salt) was added as an anti-wear agent in an amount of O



Met al typeCccurrence of operationBB failure Sulfide typeCccurrence of
operation_BB failure Neutral phosphoricOm % occurrence of operation_ BB
ester typefal§§5 oPeTl -8W % good operati onAAAA More than 8wt % equal

wear resistance % phosphori cQccurrence of operation_$B ester typefailure
Neut r al phosphorousCMﬁ@ﬁ occurrence of operation_BB ester typefailure
0.17-8wm % good operati onAAAA More than 8wt % equal wear  resistance Acid
phosphor ousQccurrence of operation_ BB &ter typefailure Acid

phosphori cCccurrence of operation BB ester amne saltfailure Next, an
experinment tocdind anpavatlighte range,oflubichienyoball aenghoritiemoHf the

| ubricating oil conposition was carried out in the follow ng manner. To
each of a neopentyprgbyeet.caprylate caprate m xed ester (kinematic
viscosity neasured at 100C. 2.5 <c¢St), a trinethylol propane val erate

hept anoat e m xed 1Bhest ens{kgnehat lobvisebdsnpyomdasomedsat iddGC: WatricSt ),
" SF- 720PCT 48 a trinet hyl ol propane decanoate octanoate m xed ester

(ki nemati c viMevshentsgBaslired2885100€a1i4aBleSfyom Citizen Watch Co.,

5 Ltd., train wheel portions: made of metal (mainly made of
brass and iron)) were fabricated, and operation of the
watches was observed.

As a result, in the watches using the lubricating
0oil compositions each containing the metal type anti-wear

10 agent, the sulfide type anti-wear agent, the acid
phosphorous ester type anti-wear agent or the acid
phosphoric ester amine salt anti-wear agent, corrosion
and gelation took place, and operation failure occurred.
In the watch using the lubricating oil composition

15 containing the acid phosphoric ester type anti-wear agent,
corrosion and gelation took place at high temperatures,
and operation failure occurred. The watches using the
lubricating oil compositions each containing the neutral
phosphoric ester type anti-wear agent or the neutral

20 phosphorous ester type anti-wear agent in an amount of
more than 0 % by weight and not more than 8 % by weight
were free from frictional wear and operated well. In
case of addition of 0 % by weight, however, wear took
place and the watch stopped. When the neutral phosphoric

25 ester type anti-wear agent or the neutral phosphorous
ester type anti-wear agent was added in an amount of more

than 8 % by weight, any change in the frictional wear

tendency was not observed in comparison with the case of



trimet hyl ol propane nananoate and a pentaerythritol heptanoate caprate

m xed ester (kinematic viscosity 5 nmeasured at 100C. 5.0 cSt) which were
classifiedilggkuégéyol esters, valeric acid was added in such an anmount
that the resulting conposition would have total acid nunbers of 0.2, 0.5,
1.0 or 1.2 ngKOH g. Thus, lubricating oil conpositions were prepared. 10
Then, using the lubricating oil conpoz& ions, Watch MovenentsTM (No. 2035,
avai lable from GCitizen Watch Co., Ltd!)| train wheel portions: nmade of
nmetal (mainly made of brass and iron)) were fabricated, and they were
continuously apeitaied af $0€ lapdwaibnol di Fyonf t86 %oboe 1BsiQ@Q,hdwrs at a
rate of 64 tinmes to nmeasure consunption electric currents before and after
t he operati orhaAsoeen esahfirnadanyatase o phefkubbileationgddi las an
conpositions each having a total acid nunber of not less than 0.5 ngKOH g,
i ncrease of tdwt corsampigont etket néet28lcphpephowas ebserved, tawed corrosion
of watch nmenbers and viscosity increase were also observed. On the other
hand, in caseewirahechotpboneid AsEBEr 18f 20. 2MAYROHE, Ondi tReB “cHahge of
t he consunption electric current, viscosit i ncrease nor _corrosion of the
menbers was OBsEed. BBSFFemrthe %BﬁvéeFegaFFE,lPtTﬁQ%ebéen confirmed that
the polyol ester-containing lubricating oil conposition having a total
acid nunber of not nore than 0.2 ngKOH g SF- 720PCT 49 is suitable as a
watch lubricating oil. The results areT%%aef%rth in Table 6. Table 6

i i 1 Total —acid nunmhaor (e kKOEL
Lubricating oi " Anti-wear agent | ‘EvAluatzn of watch Optimum |Judgment
amnount

Metal type Occurrence of operation — BB
failure

Sulfide type Occurrence of operation — BB
failure

Neutral phosphoric Owt%: occurrence of operation — BB

ester type failure
0.1~8wt%:good operation AA AA
More than 8wt%: equal wear — —

resistance

Acid phosphoric Occurrence of operation —_ BR

ester type failure

Neutral phosphorous |[Owt%: occurrence of operation — BR

ester type failure
0.1~8wt%: good operation ARQ AA
More than 8wt%: equal wear — —
resistance

Acid phosphorous Occurrence of operation — BB

ester type failure

Acid phosphoric Occurrence of operation — BB

ester amine salt failure

Next, an experiment to find an available range of
10 the total acid number of the lubricating cil composition

was carried out in the following manner.

To each of a neopentyl glycol caprylate caprate
mixed ester (kinematic viscosity measured at 100°C: 2.5
cSt), a trimethylolpropane valerate heptanoate mixed

15 ester (kinematic viscosity measured at 100°C: 3.0 cSt),



conposition ------------------------ Change of consunption electric current
(A Type of base Oil------------------------ Judgnent 0.20.51.01.2
Neopentyl gl by i P5+0. 26+0. 27+0. 35 capryl ate caprate ----- ----- ------
----- AABBBBBB m xed ester 0.20.51.01.2 Trinethyl ol propane

+0. 02+0. 25+0. 25+0. 32 val erate heptanoate ----- ------- ------ -------
AABBBBBB m xed ester 0.20.51.01.2 TTirE§honIpropane +0. 10+0. 27+0. 27+0. 31
decahoat e octanoate -----

a trimethylolpropane decanocate octancate mixed ester
(kinematic viscosity measured at 100°C: 4.3 cSt),
trimethylolpropane nananoate and a pentaerythritol
heptancate caprate mixed ester (kinematic viscosity

5 measured at 100°C: 5.0 cSt) whichlwere classified into
polyol esters, valeric acid was added in such an amount
that the resulting composition would have total acid
numbers of 0.2, 0.5, 1.0 or 1.2 mgKOH/g. Thus,
lubricating oil compositions were prepared.

10 Then, using the lubricating oil compositions, Watch
Movements™ (No. 2035, available from Citizen Watch Co.,
Ltd., train wheel portions: made of metal (mainly made of
brass and iron)) were fabricated, and they were
continuously operated at 60°C and a humidity of 95 % for

15 1000 hours at a rate of 64 times to measure consumption
electric currents before and after the operation.

As a result, in any case of the lubricating oil
compositions each having a total acid number of not less
than 0.5 mgKOCH/g, iﬁcrease of the consumption electric

20 current was observed, and corrosion of watch members and
viscosity increase were also observed. On the other hand,
in case of the total acid number of 0.2 mgKOH/g, neither
change of the consumption electric current, viscosity
increase nor corrosion of the members was ocbserved.

25 From the above results, it has been confirmed that
the polyol ester-containing lubricating oil composition

having a total acid number of not more than 0.2 mgKOH/g



-------------------- AABBBBBB m xed ester 0.20.51.01.2 Trinethyl ol propane

+0. 12+40. 25+0. 27+0. 33 nonanoate ----- ------- ------ ------- AABBBBBB
0.20.51.01. 2 e @rFyt hritol -- -- ------ -- +0. 08+0. 26+0. 28+0. 30
hept anoate caprate ----- ------- ------ ------- AABBBBBB mi xed ester 5
SF- 720PCT 50
49
is suitable as a watch lubricating cil. The results are

set forth in Table 6.

Table €
Lubricating oil Total acid number (mgKOH/g)
compositicn
[Change ~ of  consumption]
electric current(u A)
Type of base oil -fdaéﬁéﬁf-_-; _______________

Neopentyl glycol

caprylate caprate

S e R T o P

mixed ester

Trimethylolpropane

F - — e e m b e e e e - - e e == =

valerate heptancate

e T T Y URUS (UG P U L UV

mixed ester

Trimethylolpropane

decahoate octanoate

mixed ester

Trimethylolpropane
(+0.12 [+0.25 |+0.27 [+0.33 ]
nonanoate
| "AA [ TBB ] BB [ BB |
0.2 0.5 1.0 1.2
Pentaerythritol

heptanoate caprate

mixed ester




Next, comparison in performance between a currently wused oil (aforesaid
Synt - Lube available from MOEBIUS Co.) and the first lubricating oi
conposition o$ rhhgpdpvention was made in the follow ng manner using an 5
el ectronic ch nade of nmetal. To a polyol ester having a kinematic
viscosity of not nore than 1500 ¢St at -30C (neopentyl glycol caprylate
caprate m xed ester (kinematic viscosig& nmeasured at 100C. 2.5 cSt) or
trimethyl ol propane 10 val erate heptanoate m xed ester (kinematic viscosity
measured at 100C. 3.0 cSt)), 0.1 to 20 % by weight of a viscosity index

i nprover (aforesaiepo| yastphat eon pal paetbaskykat eetpekyl sobuindenal.y

pol yal kyl styrene, polyester, isobutylene fumarate, styrene nal eate ester
or 15 vinyl agcetateifunaratresestiesyntOLibeoada%lby lweifghin OOERTIUSAMG - Wwear
agent (neutral phosphoric ester (trioleyl phosphate) or neutral
phosphor ous est@rtlierfxybenybbrphesphit ell)l, cOnmpokitiy omeioghtthef an
anti oxi dant (phenol type antioxidant (2,6-di-t-butyl-p-cresol) or am ne
type 20 anti oxhdemti¢di paenphdai he dbei Valilewingr agangzgmetsingr gamox L57,
avail able from G ba Specialty Chenmicals Co.)) and 0.05 % by weight of a
net al deaétlv%%%@tr?%éﬁZB@FF%ZEP@? @ér Be&@ded. Thus, lubricating oi

conposi tions each havin f inenatlc viscosity. of not 25 nore.than 1500 cSt
at -30C and not | esS Thgﬂ Y3l ceptgr hgygenda F@ﬁpaéﬁﬁnﬁésﬁpsﬁﬁﬁ'ﬁﬂﬁe t han

SF720PCT 51 ot WoFe (RN 05 3UnGRELFG wareCor SFabel e JarERL | ubri cat i ng

oil's. caprylate caprate mixed ester (kinematic viscosity
measured at 100°C: 2.5 cSt) or trimethylolpropane

10 valerate heptanoate mixed ester (kinematic viscosity
measured at 100°C: 3.0 cSt)), 0.1 to 20 % by weight of a
viscosity index improver {aforesaid polyacrylate,
polymethacrylate, polyiscbutylene, polyalkylstyrene,
polyester, isobutylene fumarate, styrene maleate ester or

15 wvinyl acetate fumarate ester), 0.1 to 8 % by weight of an
anti-wear agent (neutral phosphoric ester (trioleyl
phosphate) or neutral phosphorous ester (trixylenyl
phosphite)), 0.5 % by welight of an antioxidant (phenol
type antioxidant (2, 6-di-t-butyl-p-cresol) or amine type

20 antioxidant (diphenylamine derivative, trade name:
Irganox L57, available from Ciba Specialty Chemicals
Co.)) and 0.05 % by weight of a metal deactivator
(benzotriazole) were added. Thus, lubricating oil
compositions each having a kinematic viscosity of not

25 more than 1500 ¢St at -30°C and not less than 13 cSt at

80°C, a weight change of not more than 1.62 % by weight

after allowed to stand at 90°C and a total acid number of



Then, using the lubricating oil conpositions and a currently used oil
(aforesaid Synt-Lube available from 5 MOEBIUS Co., total acid nunber: 1.24
ngKCH g) , va&ﬂh7%9%?ﬁentSTM (No. 2035, available fromdGtizen Watch Co.
Ltd., train eel portion: made of netal (mainly made of brass and iron))
were fabricated, and they were continuously operated under the conditions
of -30C, 10 10C, ordinary tenperature, 80C, or 45C and a humdity of 95
for 1000 hours to measure consunption dectric currents before and after
the operation. Further, train wheels endurance test of hand rotations
correspondi Nnthd® m@fe yERES 003 GROHREH Wdkeabrepdiraadr yst @apehature at a 15
rate of 64 tinmes using 20 sanples. As a result, in any case of the
currently useddimicatciomposiisons using the polyol ester oil as a base oil,
i ncrease of the consunption electric current was rarely observed, and the
wat ches operat ed piioper lysi) thme chslerofathegcait enpipoasedoasl and a
(lubricating oil conposition), the watch operated properly at -10C and
ordi nary tenperatentl hutsed opped(aforgeeidABy80ELUbPReavRaBrbd &t ifrgroi |
conposi tion ran down and the consumption electric current value increased.
In case of aMBERBENp&raturecvdl 48cidnduabharn di £€¢ BEKOE /%) ,cHRESS on and
viscosity increase attributable to the |lubricating oil conposition were

observed, and!3HEIFESE of NP he?VdonstliptioRiel EEPT E1EdrRENIaYZPUEecur T ed.
In the SF-72 a;r 5 %rfjn M@e ls e 9u5§n%e Lest corr sQong% tQ ZOC%ears,
the watch opgfé%euz%r%d%rWy ?grp?ﬁ tiie %3?r8%p8ﬁé|§g f's E% {f88Fs “thut
the watch St%%%%%zgn&r§§5ﬁﬁﬁ §8£é9§9899£99ed, and they were

continuously operated under the conditions of —30°C,.—

10 10°C, ordinary temperature, 80°C, or 45°C and a humidity
of 95 %, for 1000 hours to measure consumption electric
currents before and after the operation. Further, train
wheels endurance test of hand rotations corresponding to
20 years was carried out at ordinary temperature at a

15 rate of 64 times using 20 samples.

As a result, in any case of the currently used oil
compositions using the polyol ester oil as a base oil,
increase of the consumption electric current was rarely
observed, and the watches operated properly.

20 In case of the currently used o0il (lubricating oil
composition), the watch operated properly at -10°C and
ordinary temperature but stopped at -30°C. At 80°C, the
lubricating oil composition ran down and the consumption
electric current value increased. In case of a

25 temperature of 45°C and a humidity of 95 %, corrosion and
viscosity increase attributable to the lubricating oil
composition were observed, and increase of the

consumption electric current value occurred. In the



to 20 years. 5 Next, conparison in performance between a currently used
oil (aforesaid Synt-Lube available from MOEBIUS Co., |lubricating oi

conposi tion) _ng first lubricating oil composition of the invention
was nmade in the ol I owi ng manner using a nmechanical watch and a watch 10
having a plastic part in the train wheel portions. To a polyol ester having
a kinematic viscosity of not nore thap, 1500 ¢St at -30C (neopentyl gl ycol
capryl ate caprate m xed ester (kinematf< viscosity neasured at 100C. 2.5
cSt) or trimethyl ol propane 15 val erate heptanoate m xed ester (Kkinematic
viscosity neasidiedviadée 1806,d3rAnesSt test0cdriresgOnWiby wei gt yefars,

viscosity index inprover (aforesaid polyacrylate, polynethacrylate,
pol yi sobut yl enes wot ylal dyésayeenproppollyesber thiesohney cene ekpoarditrey to
styrene nmal eate ester or 20 vinyl acetate fumarate ester), 0.1 to 8 % by
wei ght of an l@&ny¢amearbagebbe(wabthabtphpspheti thesteme( toirpleemdnding
phosphate) or neutral phosphorous ester (tristearyl phosphite)), 0.5 % by
wei ght of an Bht3GxyemAs- (phenol type anti oxi dant
(2,6-di-t-butyl -4-net hyl phenol) or am ne 25 type anti oxi dant (di phenyl am ne
derivative, trade Nfife: COPRRARDROLOET BGAHFPEBRBCEr BRLCEBR SpesralenyFly
Chem cal s Co. and O Og % by, weight of a netal deactivator
(benzotriazol%gg@wﬁigeiﬁi?Feq%hg,s Bbreaei AYaoiPPEE- 736BCHOEB IESMSSsiti ons
each havi ng inematic viscosity of _not., nore %ha .1%%0 cst .at  -.30C and
not | ess thant 13 €Sl 4% BOE, CATRRT bht RhanG8 6Ponot =for 6 PRARST 165 o6 by
wei ght —after, i | oL o 85a0gr a1 806, 800 2oh 0435 AGhE THMRRE of
following manner using a mechanical watch and a watch
10 having a plastic part in the train wheel portions.
To a polyol ester having a kinematic viscosity of
not more than 1500 cSt at -30°C (neopentyl glycol
caprylate caprate mixed ester (kinematic viscosity
measured at 100°C: 2.5 cSt) or trimethylolpropane
15 valerate heptanocate mixed ester (kinematic viscosity
measured at 100°C: 3.0 cSt)), 0.1 to 20 % by weight of a
viscosity index improver (aforesaid polyacrylate,
polymethacrylate, polyisobutylene, polyalkylstyrene,
polyester, isobutylene fumarate, styrene maleate ester or
20 vinyl acetate fumarate ester), 0.1 to 8 % by weight of an
anti-wear agent (neutral phosphoric ester (triphenyl
phosphate) or neutral phosphorous ester (tristearyl
phosphite)), 0.5 % by weight of an antioxidant (phenol
type antioxidant (2,6—di¥t—butyl—4—methylphenol) or amine
25 type antioxidant (diphenylamine derivative, trade name:
Irganox L06, available from Ciba Specialty Chemicals

Co.)) and 0.05 % by weight of a metal deactivator

(benzotriazole) were added. Thus, lubricating oil



5 not nore than 0.2 ngKOH/ g were prepared as watch |lubricating oils. Then,
using the Iubricating oil conpositions, Watch MovenentsTM using a plastic

part (No. 768,

wheel 10 portlon

wat ches, No.

el ectric currents before and after the operation. Further, train wheels

030, available fromGtizen Watch Co., Ltd., train
(fastic gear is used.) and Watch MovenentsTM (nmechani ca

6650, No. 8200) were fabricated, and they were continuously
operated under the conditions of -30C_,-10C, ordinary tenperature, 80C, or
45C and a humdity of 95 % for 1000 fdurs to neasure consunption 15

endur ance t eséompd s espomsi @agchohd0inyear Rinasacacr vedcouti tat odr dicrary

tenperature at a rate of 64 tinmes using 20 sanples. As a result, in any

test, change

observed, and the watches

ofr¢ hehaonsuoft c®n aR0-8DECt rhd nukr értsvahae WAS asat at

conposi tion Watch MyvenmentsTM (available fromCitizen Watch Co. Ltd.
train wheel poFtsbnallomee b praseie) W8re apdbpi tated asiifgnamaest et oi |
(di hexyl %UCC|nate) a SF-720PCT 54 paraffinic hydragcarbon oil (PAO

(tetramer

consunption

of qoiaé&%%)tha% §i £ 28REH0F) W?H?nﬁ?ﬁ?ﬁrﬁél #8i Wgk&Re) and a
currently use 01I aforeSfld Synt - Lube, available from MOEBIUS Co.).

T reh

S-of the thus 5 fabricated watches were

nmeasur ed before aqﬂlafte

10

15

20

25

en, using the lubricating oil compositions, Watch

Movements™ using a plastic part (No. 7680, No. 1030,
available from Citizen Watch Co., Ltd., train wheel
portion: plastic gear is used) and Watch Movements™
(mechanical watches, No. 6650, No. 8200) were fabricated,
and they were continuocusly operated under the conditions
of -30°C, -10°C, ordinary temperature, 80°C, or 45°C and
a humidity of 95 %, for 1000 hours to measure consumption
electric currents before and after the operation..
Further, train wheels endurance test corresponding to 20
years was carried out at ordinary temperature at a rate
of 64 times using 20 samples.

As a result, in any test, change of the eonsumption
electric current value was not observed, and the watches

operated properly.

B. Example relating to the second lubricating oil

composition of the. invention and watch using the

composition

Watch Movements™ (available from Citizen Watch Co.,
Ltd., train wheel portions: made of plastic) were

fabricated using an ester o0il (dihexyl succinate), a

operated properly. 25 B. Exanple relating to the
second |UbrIC%QI®g diveighrposangencdf nbhempneehhibonlahd@ wabyh wesiahg t he

The



operation at ordinary tenperature for 1000 hours, and the neasured val ues
were conpared. As a result, in the use of PAO and the currently wused oil,
no differencegp.hyd consunption electric 10 current was observed after the
operation. On the other hand, in the use of the ester oil and the silicone
oil, increase of the consunption electric current was observed. Increase
of the consunption electric current ne§ﬂs shortening of the battery life,
so that the ester oil and 15 the silicone oil were each found to be
unsuitable as a plastic watch lubricating oil. The results are set forth
in Table 7. Tedtef7iConshpptboarebacbhiilc (eaoh entetuaterOdf tiyprlidurid)al

After ChangeAccept ance Judgnent val ueoperationcriterion Ester

oi | 0. 971. 250.289i POBB ¥ ALD0(970eOFOL000126AAC8Ehe¢oREd a currently

0i 1 0. 981. 320. 340. 20BB Currently used 0.970.970. 000. 20AA oi|l 20 SF-720PCT 55
Next, an expetserneil olzbppaseldvaporaliba,| 8ysédable Faxomol®EBADSaNd

t hereby determ ne the nunber of carbon atons of PAO preferably enpl oyable
as the base dt?- was The consumption electric currents of the thus

5 fabricated watches were measured before and after
operation at ordinary temperature for 1000 hours, and the
measured values were compared.

As a result, in the uée of PAO and the currently
used o0il, no difference in the consumption electric
10 current was observed after the operation. On the other
hand, in the use of the ester oil and the silicone o0il,
increase of the consumption electric current was observed.
Increase of the consumption electric current means
shortening of the battery life, so that the ester oil and

15 the silicone 0il were each found to be unsuitable as a

plastic watch lubricating oil. The results are set forth
in Table 7.
Table 7
Consumption electric current (u A)
0il type Initial |After Change Acceptance |Judgment
value operation criterion

Ester oil 0.97 1.25 0.28 0.20 BB

PAO 0.97 0.97 0.00 0.20 AA

Silicone oil 0.98 1.32 0.34 0.20 BB

Currently used 0.97 0.97 0.00 0.20 AL

oil

20



carried out in the follow ng manner. 5 To each of PAO having a kinematic
viscosity of 2 ¢St at 100C (referred to as "PA02"), PAO having a kinematic
vi scosity of %’9§P@f 100C (referred to as "PA03"), PAO having a kinenmatic
viscosity of o at 100C (referred to as "PA04") and PAO having a

ki nematic viscosity of 5 10 cSt at 100C (referred to as "PA05"), a

nmet hacryl ate conpound (polynethyl nethacrylate (kinematic viscosity
nmeasured at 100C. 1550 cSt), trade nam® Acl ube 707, available from Sanyo
Kasei K. K.) and an ol efin conmpound (ethylene/(x-olefin copolyner

(ki nematic viscosiNgxtld dmasibesi atnd 008 c3RPAreStyapbiadeoRan®s skiuc it
HC2000, available fromMtsui Chemcals, Inc.) were added as viscosity

i ndex i nproversridus UKo aamdint Set8ay tbeermessl thegnanppesbiri earwaw d have

a kinematic viscosity of not nore than 1500 cSt at -30C and not |ess than

15 ¢St 20 at B0dhs ThUsPAD ubrefatabyyoeiptoppbdet onshhabesg odésiwiaed

ki nematic viscosity were prepared. Then, using the |ubricating oil

conposi ti ons cawried can’t emt | yheisédl bovipaf vapsakd Synt-Lube, avail able from

MOEBIUS Co.), Watch Movenents' (available fromCtizen 25 Watch Co., Ltd.,

train wheél portidifs:earilecfPRY aiaVERg dekénempticaydcoahtlyt REy 2webE

continuously operated at _70C and 0.5 atm for 1000 hours to neasure

consunption & edGic ctRFeRtedpePord ahBOaft er PRRehBpérdt RokinsmpatiorPCT 56
sing, PA04, the

As a result, in case of the lubricating oil _conpgsition y " ,
| ubri cating o‘fllscccb?fptdéi‘?’%oi Csi fg &Qﬁcaﬁﬁegﬁﬁr 8n58nf‘?onPépg, )ehdfGe of
the consumptlon el ecti! Gt IENG; YRS PPL QPSerygd aLtehobRe (rererred
to as "PAO4") and PAO having a kinematic viscosity of 5
10 ¢St at 100°C (referred to as "PROS"), é methacrylate
compoﬁnd (polymethyl methacrylate (kinematic viscosity
measured at 100°C: 1550 cSt), trade name: Aclubé 707,
available from Sanyo Kasei K.K.) and an olefin compound
(ethylene/a-olefin copolymer (kinematic viscosity
15 measured at 100°C: 2000 cSt), trade name: Lucant HC2000,
available from Mitsui Chemicals, Inc.) were added as
viscosity index improvers in such amounts that the
resulting composition would have a kinematic viscosity of
not more than 1500 cSt at -30°C and not less than 15 cSt
20 at 80°C. Thus, lubricating oil compositions having
desired kinematic viscosity were prepared.
Then, using the lubricating oil compositions and a
currently used o0il (aforesaid Synt-Lube, available from
MOEBIUS Co.), Watch Movements™ (available from Citizen
25 Watch Co., Ltd., train wheel portions: made of plastic)
were fabricated, and they were continuously operated at

70°C and 0.5 atm. for 1000 hours to measure consumption

electric currents before and after the operation.



5 test. On the other hand, in case of the lubricating oil conposition
using PAO2 and the lubricating oil conposition using PAO3, marked increase
of the consugptshepcel ectric current was observed after the test. Then, a
change of the anmount of the lubricating oil 10 conposition fed was
observed. As a result, in case of the lubricating oil conposition using
PAO4 and the lubricating oil conp05|t$§n usi ng PAO5, al nost the sane
anount of the lubricating oil conposition as that initially fed renained,
and viscosity change was not 15 observed. On the other hand, in case of the
| ubricating oil chspastésobtusingcBAERodndhiehé ubulhciacdtigng idi

conposi tion using PAO3, evaporation and viscosity increase were observed.
Furt her, wei ghtmehahgesnofisihe PAbBAI cahiendubiric2@ ingmeddi tdooms suisi igh PAO
and the currently used oil after they were allowed to stand at 900C were
measured. As @sSipgsbBh9> ané thereanvgngded oill,wadahgendft dheave a wei ght

| oss of 1.62 % by weight, the lubricating oil conposition using PAO2 was
found to havec%nﬁkmbﬁ%opogéeﬁFrES 6UYF B ZNaWeP@ﬁtObﬁﬁéVE@bﬁﬁﬁﬁﬁrﬁf@nI

conpositiqQn usin found to have a | oss of 8.35 %
merght the tob lca ?ngﬁﬁlPtESHDBQPFVOﬁnu§?ﬁ§ %ﬁoﬁhﬁaQWQﬁﬁﬁ§9%9£uﬁk4 a

wei ght loss of 0.70.%Db d_t ubr i atln .SF- 72QPCT 57 oi
conposi tion USTHY° PADE® ma%sfg EAﬁg geWél by ca 68§ 6f-0.30 % by

wel ght . Fro”‘é&@p@??¥f £e§§£§§b %bggaﬁarﬁgge %?ahégegft

hi gh-tenperatu opera fon's can Soned o f ?he evapor ati on
loss is not moresihenior d4182:P:iBY MWeLEAt 8Ls98Gserved after the test.

Then, a change of the amocunt of the lubricating oil

10 composition fed was observed. As a result, in case of
the lubricating oil composition using PAO4 and the
lubricating oil composition using PAO5, almost the same
amount of the lubricating oil composition as that
initially fed remained, and viscosity change was not

15 observed. On the other hand, in case of the lubricating
0il composition using PAO2 and the lubricating oil
composition using PAO3, evaporation and viscosity
increase were observed.

Further, weight changes of the lubricating oil

20 compositions using PAO and the currently used oil after
they were allowed to stand at 90°C were measured. As a
result, the currently used oil was found to have a weight
loss of 1.62 % by weight, the lubricating oil composition
using PAO2 was found to have a weight loss of 15.6 $ by

25 weight, the lubricating oil composition using PAO3 was
found to have a weight loss of 8.35 % by weight, the
lubricating oil composition using PAO4 was found to have

Q.

a weight loss of 0.70 % by weight, and the lubricating



As for the PAO used in this exanple, the nunber of carbon atons increased
in order of PAO2 to PACG. The nunber of carbon atons of PA0O4 was 30, so
that the nur’rtgq:’_n(fpgpar bon atons of PAO suitable as a base oil of a watch
10 lubricating oil proved to be not less than 30. The results are set
forth in Table 8. Table 8 Consunption electric Evapo- current (g Ayration
|l oss oil Typelnitial After change(wt%%g scosity Judgnent

val ueoper ati onchange P A O 20.971. 590.6215. 6i ncreaseBB P A O.

30.971. 470. 508. 35i ncreaseBB P A O 40.981. 000. 020. 70noneAA P A O

50. 971. 010. 038 Bornwmed Clon ens i yguBRAS50w880£680d0td. 62reneAkedightl5 Next ,
an experinent to determ ne the optinum anount of the viscosity index

i nprover was keggiet ©udlih bheveiohtowi Agomahher abPyearparaffsi niid has
hydr ocarbon oil (PAGCS) having |less than 30 carbon atons and a ki nematic
vi scosity of H&oD Smipgpst that high-temperature operation stability

can be obtained if the evaporation loss is not more than
5 1.62 % by weight at 90°C.

As for the PAO used in this example, the number of
carbon atoms increased in order of PAOZ2 to PAOS5. The
number of carbon atoms of PAO4 was 30, so that the number
of carbon atoms of PAO suifable as a base o0il of a watch

10 lubricating oil proved to be not less than 30. The

results are set forth in Table 8.

Table 8
Consumption electric|Evapo-
current (u A) ration
loss

0il Type Initial {After change | (wt%) [Viscosity |Judgment

value |operation change
PAOZ2 0.97 1.58 0.62 15.6 increase | BB
PAOS3 0.97 1.47 0.50 8.35 increase | BB
PAOA4 L 0.98 1.00 0.02 0.70 none AA
PAOS 0.97 T.01 0.03 | 0.30 | none AR
Currently used 0.98 0.99 0.01 1.62 none AR
oil

15 Next, an experiment to determine the optimum amount

of the viscosity index improver was carried out in the
following manner.
To a paraffinic hydrocarbon oil (PAO5) having less

than 30 carbon atoms and a kinematic viscosity of 1500



58 cSt at -30C, polyacrylate (polynethyl acrylate, Kkinematic viscosity
nmeasured at 100C. 850 cSt, neutralization value: 0.1), polynethacryl ate
(pol ynet hyl ngihagpont ate, kinematic viscosity neasured at 100C. 1550 5
cSt, neutralization value: 0.1), polyisobutylene (kinematic viscosity
measured at 100C. 1000 cSt), polyal kylstyrene (polyethylstyrene, kinematic
viscosity neasured at 100C. 600 cSt),%golyester (pol yet hyl ene fumarat e,

ki nematic viscosity neasured at 100C 0 cSt), 10 isobutylene funarate
(kinematic viscosity neasured at 100C. 1000 cSt), styrene nual eate ester

(kinemati c \vdcesi tA30MEaswellyatri0dC: ZPODyeSthydravipybtacet at e
fumarate ester (kinematic viscosity neasured at 100C. 1800 cSt) was added

as a Vi scosi thirendexi d mproves ity méa anpedt st 0100°0%s b§5%ecdht, 0.1 % by
weight, 5 % by weight, 10 % by weight, 15 % by weight, 20 % by wei ght and
30 % by wei getutrEiliszatiimricatiay ©il) coppbenetbasrkebe prepamedhythen,
ki nematic viscosities of the lubricating oil 20 and the lubricating oi
conposi t i ons M GReEAtred te]afde Whethetty BeRPREREL #E VPEchsi Ly >0

neasured at -30C was not, nore than, 1500.cst and. whether the kinematic
vi scosi ty’me ’e@%ﬂtﬁéifaﬁﬁﬁ?ﬁnv?%%%zt%a )13p%%¥?S°?HF¥L§?? usi ng the

| ubricatl 1o opl SBANE JPUER 280U SoTBORILL olgoquatpes were
3gfghrisfﬁzig%gb&%ﬁﬁg%&g&%%%ﬁ @%§lyé@%§?¥%§%@ﬁe?HPEHémQEiQ'%ig80%§t%)by
measured at 100°C: 600 cSt), polyester (polyethylene
fumarate, kinematic viscosity measured at 100°C: 500 cSt),
10 isobutylene fumarate (kinematic viscosity measured at
100°C: 1000 cSt), styrene maleate ester (kinematic
viscosity measured at 100°C: 3000 cSt) or vinyl acetate
fumarate ester (kinematic viscosity measured at 100°C:

1800 cSt) was added as a viscosity index improver in

‘15  amounts of 0 % by weight, 0.1 % by weight, 5 % by weight,

o

10 $ by weight, 15 % by weight, 20 % by weight and 30
by weight. Thus, lubricating oil compositions were
prepared.
Then, kinematic viscosities of the lubricating oil
20 and the lubricating oil compositions were measured to
judge whether the kinematic viscosity measured at -30°C
was not more than 1500 cst and whether the kinematic
viscosity measured at 80°C was not less than 13 cSt.
Further, using the lubricating oil and the lubricating
25 o0il compositions, watches were fabricated, and operation
of the watches was observed.
As a result, when each viscosity index improver was

added in an amount of 0.1 to 15 % by weight, the desired



ki nematic viscosity could be obtained. Fromthe observation of operation
of the watches, it was found that the watches using the lubricating oi
conpositionsEﬂg%ﬂﬁngntaining 0.1 to 15 % by weight of the viscosity 5

i ndex i nprover operated properly, but the lubricating oil containing 0 %
by wei ght of the viscosity index inprover ran down at 80C and the watche
could not operate well. Wen the annu&% of the viscosity index inprover
was 20 % by weight, the lubricating off conpositions could not be 10 fed
at ordinary tenperature in the fabrication of watch because of too high
vi scosity. Wiemdmet sdouhécosithecoriacbsai bytander.i nprewercheas 30 % by
wei ght, the viscosity index inprover could not be dissolved in the base
oil. Fromtheladbereat esul b8, operhasoheen cthnfivanetdetd thatvaist fiosirar ef er abl e
to add the viscosity index inprover in an anmount of 0.1 to 15 % Next, to
a paraffini ¢ tyalr oclae bont chés (RPADBY hhei hgbr30abdingore lcavhposattammsand a
kinematic viscosity of less than 1500 cSt at -30C, a viscosity:index

i mprover 20 (eadlyleoriainiedi . topel Vhek, Pki nerahtcoli seesiviipcopddasur ed at
100C. 2000 cSt) was, added in an anount of 0.1 to 15 % by wei ght. Thus, a
| ubri cati Ag oitde® oHPREPY$HnCRATRh§daPkPREMaYr cPVEsEBSI LPEf CRGE NPpcd It han
1500 cSt at -30C and, not | ess than é3 Ca; gt 80C was 25 prepared. Then,
using the | ubffSER I P EoMPoertPBh, OhareR V&ﬁG@ﬁéﬁV'lggﬁ i FEBYE VS om
Citizen Watch Co., Ltd. ain__wheel portjons; de of plastic S
fabricated, and S %0&0%%?a§§ n ngcbﬁecﬁ/ﬁ@hnﬁgsO%E%&\%%ﬁféﬁs a
result, the When the amount of the viscosity index improver was 20 $

by weight, the lubricating oil compositions could not be
10 fed at ordinary temperature in the fabrication of watch
because of too high viscosity. When the amount of the
viscosity index improver was 30 % by weight, the
viscosity index improver could not be dissolved in the
base o0il. From the above results, it has been confirmed
15 that it is preferable to add the viscosity index improvér
in an amount of 0.1 to 15 %.
Next, to a paraffinic hydrocarbon oil (PAO5) having
30 or more carbon atoms and a kinematic viscosity of less
than 1500 ¢St at -30°C, a viscosity index improver

20 (ethylene/a-olefin copolymer, kinematic viscosity

measured at 100°C: 2000 cSt) was added in an amount of

\el

0.1 to 15 % by weight. Thus, a lubricating oil
composition having a kinematic viscosity of not more than
1500 ¢St at -30°C and not less than 13 cSt at 80°C was
25 prepared.
Then, using the lubricating oil composition, Watch
Movement™ (available from Citizen Watch Co., Ltd., train

wheel portions: made of plastic) was fabricated, and



wat ch operated well. Fromthe above results, it has been confirmed that by
the use of a lubricating oil conposition having been 5 controlled to have a
ki nemati c vi sgesbpycef not nore than 1500 cSt at -30C and not |ess than 13
cSt at 80C by adding 0.1 to 15 % by weight of a viscosity index inprover
to a paraffinic hydrocarbon oil (PAO having 30 or nore carbon atons and
havi ng smal|l evaporation |loss, a 10 maggh havi ng a pl astic novabl e portion
can be operated well. There are watch havi ng a novabl e portion made of

pl astic and netal and watches having a novable portion nmade of netal only,
so that it isopecessanyofothddwahnch5wast obseareagentAsora aeamtlal, the
deactivator. Next, an experinment to find a suitable anti-wear agent and

t he anount theéateh omeretedi wdlout in the following manner. To a
paraffinic hydrocarbon oil (PAO4) having 30 or 20 nore carbon atons and a
ki nematic viscosityrem tegsabpua res500test 14t hagobeea wosdasmed it

i nprover (ethylene/a-olefin copolyner, kinenmatic viscaosit nmeasur ed at
100C. 1000 ctY WRS Ad8e8fi A ARPEAAGARLNEF 013, £OREOFS tdy hadiigrt Pemius, a

| orical 19 oLl 20, comosk hen. 1evingg el e iS008 Ly of Nl oL
S, 20PCT 01 TU50: <40 ADC; LUSELSRL N ob L SOMRR! Lons 2 1ot bpe
ZnDTP and qugggin& §9if£gelgygeby weight of a viscosity index
improver to a paraffinic hydrocarbon oil (PAO) having 30
or more carbon atoms and having small evaporation loss, a
10 watch having a plastic movable portion can be operated
well.

There are watches having a movable portion made of
plastic and metal and watches having a movable portion
made of metal only, so that it is necessary to add an

15 anti-wear agent or a metal deactivator.

Next, an experiment to find a suitable anti-wear
agent and the amount thereof was carried out in the
following manner.

To a paraffinic hydrocarbon oil (PAO4) having 30 or

20 more carbon atoms and a kinematic viscosity of less than
1500 cSt at -30°C, a viscosity index improver
(ethylene/a-olefin copolymer, kinematic viscosity
measured at 100°C: 1000 cSt) was added in an amount of
0.1 to 15 % by weight. Thus, a lubricating oil

25 composition having a kinematic viscosity of not more than
1500 ¢St at -30°C and not less than 13 cSt at 80°C was

prepared.




anti-wear agent (distearyl sulfide that is an alkyl 5 sulfide), a neutral

phosphoric ester type anti-wear agent (tricresyl phosphate selected from

neut r al phosp$@52§PC ster type anti-wear agents such as tricresyl phosphate
p

and trixyl eny

osphate), an acid phosphoric ester type anti-wear agent

(lauryl acid phosphate), a neutral 10 phosphorous ester type anti-wear

agent (triol eyl
agent (dilauryl

hydr ogenphosphite) or

phosphite), an acid pgﬁsphorous ester type anti-wear
aci d phosphoric ester amne salt

(lauryl acid phosphate diethylanne salt) was added as an anti-wear agent
in an amount of O MBehp 48 %QYl\ﬂbkﬁlbbt\ﬂhgho\Mr YoRgokhe iapuRt metaus,

| ubricating oil

conpositions were prepare

Then, using the lubricating oi

conposi ti ons, t W& céint Moweaenhgde ( NanD2Z@35e 1avaiekbalfirent memali tiygen Wat ch
Co., Ltd., train wheel portions: nmade of nmetal (mainly nade of 20 brass
and iron)) wexetiabeicatedntanduopenat ZaRTEf ahbeMomatfches wad fdlkertwgse As
aresult, in the watches using the lubricating oil conpositions each
cont ai ni ng t nketeearypeennt (dhedeargdgenulitile sheti de bype ldmli - wear
agent, the acid 25 phosphorous ester tgpe anti-wear agent or the acid

§

phosphori @ est@ffi@dfhe Jareubrei- RBEFP
pl ace, and opgration failure occurre

F SRS cﬁh%ﬁplaamea?ﬁgﬁatlﬁﬁefaemdnﬁmaﬂop

oi | conpositi
anti - wear ageent
and operation 1

ERE, SE6FPK0SYER 2akd —yeledt iawerttook
t he wat ch usin% the lubricating
O SPSC&: T ype

ion.and | ati I . hi gh t ,
ST or S Batr T SHoe PrBORALENES lis g LEAGY Pl FERERG 61 |

¢onpositi0ns §ﬁ§hthQ}féH§fgpﬁQ§pH§%E5?'an acid phosphoric ester type

anti-wear agent (lauryl acid phosphate), a neutral

10 phosphorous ester type anti-wear agent (trioleyl

phosphite), an acid phosphorous ester type anti-wear

agent (dilauryl hydrogenphosphite) or an acid phosphoric

ester amine salt (lauryl acid phosphate diethylamine

salt) was added as an anti-wear agent in an amount of 0

15 to 10 % by weight with varying the amount. Thus,

lubricating oil compositions were prepared.

Then, using the lubricating oil compositions, Watch

Movements™ (No. 2035, available from Citizen Watch Co.,

Ltd.

, train wheel portions: made of metal (mainly made of

20 brass and iron)) were fabricated, and operation of the

watches was observed.

As a result, in the watches using the lubricating

0il compositions each containing the metal type anti-wear

agent, the sulfide type anti-wear agent, the acid

25 phosphorous ester type anti-wear agent or the acid

phosphoric ester amine salt anti-wear agent, corrosion

and gelation took place, and operation failure occurred.

In the watch using the lubricating oil composition



5 phosphoric ester type anti-wear agent or the neutral phosphorous ester
type anti-wear agent in an anmount of nore than 0 % by wei ght and not nore
than 8 % by j re free fromfrictional wear and operated well. In
case of addition of % by wei ght, -however, wear took 10 place and the

wat ch stopped. Wen the neutral phosphoric ester type anti-wear agent or
the neutral phosphorous ester type anjj-wear agent was added in an anount
of nore than 8 % by wei ght, any chan in the frictional wear tendency
was not observed in conparison with the case of 15 addition of 8 % by

wei ght . Fr omddre: axhoMeg reisall 88idi phobpdobeen eearfd royeek tdradi4ed S8 agent,
preferable to add as an anti-wear agent the neutral phosphoric ester or
the neutral @hosphosousnésielrathomntaobuplaocé 6tl1htigh8tembyraneirghst,. The
results are set forth in Table 9. 20 SF-720PCT 63 Table 9 Anti-wear

agent Eval uat iaord afpaie thdpt f aiwduelgoeatr aedunt Thet abtthpeCusungente of
operation-BB failure Sulfide typeCccurrence of operation-BB failure Neutral
phosphor i cOm1ab wicealr ¥redcel bf cBBopet apioncdahl gpatasnéngt gpeOnsuBweds good
oper ati onAAAA More than 8wt % equal wear-- resistance Acid

phosphor i e Oc AN 3 %‘b@%ﬂme BEnti-wear agent or the neutral

phosphorous ester type anti-wear agent in an amount of
more than 0 % by weight and not more than 8 % by weight
were free from frictioﬁal wear and operated well. In
case of addition of 0 % by weight, however, wear took

10 place and the watch stopped. When the neutral phosphoric
ester type anti-wear agent or the neutral phosphorous
ester type anti-wear agent was added in an amount of more
than 8 % by weight, any change in the frictional wear
tendency was not observed in compariéon with the case of

15 addition of 8 % by weight. From the above results, it
has been confirmed that it is preferable to add as an
anti-wear agent the neutral phosphofic ester or the
neutral phosphorous ester in an amount of 0.1 to 8 % by
weight. The results are set forth in Table 9.

20



failure ester type Om % occurrence of-BB Neutral operation failure
O 1-8wm % good oper ati onAAAA phosphorous nore than 8w % equal wear-- ester
t yper esi st anc‘sq:_gdptlphosphorous@currence of operation-BB ester typefailure

Aci d phosphoricGccurrence of operation-BB ester amine saltfailure Next, an
experinment to find an avail able range of 5 the total acid nunber of the
| ubricating oil conposition was carrigd out in the follow ng manner. To

each of a paraffinic hydrocarbon oil (PAO having 30 carbon atons and a
ki nematic viscosity of less than 1500 cSt at -30C (PAO4, trade nane:
PAO401, available 10 from Chevron Co.) and a paraffinic hydrocarbon oil
(PAO SF-720PCT 64 having nore than 30 carbon atons and a ki nematic
viscosity of less than 1500 cSt at -30CapRAOB, trade nane: PACGBO0L,

avai |l abl e frorh GedFeRafmdentvifscosalvatibndex Watphover s [t imphe fiedaynehnet i n
copol yners, trlade 5 name: Lucant HC2000, avail able fromakdwui Chem cal s,
Inc., trade ncMEtaiiEy%%t4HC1001OEE&%féﬂéeeo%'éﬁHr%kEBHi Jleujbdfh,Bénb.)
wer e added infanounts of 0.1 tdslb1%dby weight. Thus, lubricating oil
conposi tions E%&WWM&” 1500cSt
at -30C 10 and°Hot*4%s¥PEhan 192ESH " H"60L W€ pr Bparel. — BB
arlure -
Neutral phosphoric|Owt%: occurrence of — BB
operation failure
ester type 0.1~8wt%: good operation AA AA
Mcocre than 8wt%: egqual wear — —
resistance .
Acid phosphoric Occurrence of coperation — BB
failure
ester type
: Owt%: occurrence of — BB
Neutral operation failure
. 0.1~8wt%: good operation AA AA
phosphorous
more than 8wt%: equal wear — -
ester type resistance
Acid phosphorous ' |Occurrence of operation — BR
ester type failure
Acid phosphoric Occurrence of operation _ BB
ester amine salt failure

Next, an experiment to find an available range of

5 the total acid number of the lubricating oil composition
was carried out in the following manner.

To each of a paraffinic hydrocarbon oil (PAO) having

30 carbon atoms and a kinematic viscosity of less than

1500 ¢St at -30°C (PAO4, trade name: PA0401, available

10 from Chevron Co.) and a paraffinic hydrocarbon oil (PAO)



Then, to each of the lubricating oil conpositions, valeric acid was added
in such an anmount that the resulting conposition would have a total acid
nunber of 0.&p.79pczT1.0 or 1.2 ngKOH g. Thus, lubricating oil 15
conpositions were prepared. Then, using the lubricating oil conpositions,
Watch Movenents' (No. 2035, available fromGtizen Watch Co., Ltd., train
wheel portion: nmade of netal (mainly ng?e of brass and iron)) were
fabricated, and they were 20 continuouslTy operated at 60C and a hum dity of
95 % for 1000 hours at a rate of 64 tinmes to nmeasure consunption electric
currents bef atevamg mbrerthhe 8peratrbon. aAsma wesult kinemany case of the

| ubricating oil conpositions each having a total acid nunber of not |ess
25 than 0.5 mgKSebgitynefehdsesoththelb6Asulpt etn-80EEt r(iPAOEYr rtertdenas
observed, and corrosion of watch nmenbers and viscosity increase were al so
observed. On nareeothePShandavaihabasefopbmt Reevoval Cacild mimsersidfy 0. 2
mgKOH g, neither SF-720PCT 65 change of the consunption electric current,

vi scosity in@N§§§el%@¥O%%¥$oé?éhygﬁnﬁﬁé‘ﬁéﬁﬁéﬂsCW@§1dm§éﬁve¢IaFkbn1the

above resylts, it has been confirmed that the paraffinic hydrocarbon
oi | - cont aPni MPATebriea@PhgiofPO0s a¥apoaPLtroATRBVMAGSY It GP&M1&EII$ nunber of

osul US aro- SHCTorTHTh T3BFe. KBCSTabIEl 16 16V EABPRAR FRGTOMSN aci d
nunber (ngkl}ﬁggmfggqg§ifﬁgﬂ) were added in amounts of 0.1 to 15 % by
weight. Thus, lubricating oil compositions each having a
kinematic viscosity of not more than 1500 ¢St at -30°C
10 and not less than 13 cSt at 80°C were prepared.

Then, to each of the lubricating oil compositions,
valeric acid was added in such an amount that the
resulting composition would have a total acid number of
0.2, 0.5, 1.0 or 1.2 mgKOH/g. Thus, lubricating oil

15 compositions were prepared.

Then, using the lubricating oil compositions; Watch
Movements™ (No. 2035, available from Citizen Watch Co.,
Ltd., train wheel portion: made of metal (mainly made of
brass and iron)) were fabricated, and they were

20 continuously operated at 60°C and a humidity of 95 $ for
1000 hours at a rate of 64 times to measure consumption
electric currents before and after the operation.'

As a result, in any case of the lubricating oil
compositions each having a total acid number of not less

25 than 0.5 mgKOH/g, increase of the consumption electric
current was observed, and corrosion of watch members and
viscosity increase were also observed. On the other hand,

in case of the total acid number of 0.2 mgKOH/g, neither



ud- gne- - nt

PAO 50. 20. 51. 1?%9
+0. 04+0. 29+0. 29+0. 33
used oi l

t he second | ubricating oi
foll owi ng manner using an

currently

p@&26+0.23+0.34

. ~XBBBBBB Next ,

Base

conparison in performance between a
(aforesaid Synt-Lugg avai l abl e from MOEBI US Co.)
conposi ti on“of

el ectroni c watch made of netal

oi |

Change of consunption electric current (mA)
PAM40. 20. 51. 01. 2 +0. 03- -

T- - BBBBBB

and

the 15 invention was made in the
SF- 720PCT 66 To

a paraffinic dysli@casborhei toh Bumbeloaf ecachenc aterent30valsdJmyrie.y trade
name PA0501, available from
increase nor corrosion of the members was observed.

10

15

From the above results,

it has been confirmed that

the paraffinic hydrocarbon oil-containing lubricating oil

composition
0.2 mgKOH/g

results are

having a total acid number of not more than

is suitable as a watch lubricating oil.

set forth in Table 10.

The

Table 10
Lubricating oil Total acid number (mgKOH/g)
composition
[Change  of consumption electric current
(uA)
[Judgment T T T T T T T TTTTTTTTTTTTT
Base oil
PAOA4 0.2 0.5 1.0 1.2
+0.03  [+0.26 ~ J+0.23 [ +0.34
Y- - N BB | BB
PAOS 0.2 0.5 1.0 1.2
(+0.04 "7 [+0.29 T TJ+0.29 T T +0.33
Y- - T BB | BB
Next, comparison in performance between a currently

used oil

and the second lubricating oil composition of the

invention was made in the following manner using an

electronic watch made of metal.

(aforesaid Synt-Lube available from MOEBIUS Co.)



Chevron Co.) having a kinematic viscosity of not nore than 1500 cSt at
-30C, 0.1 to 15 % by weight of a 5 viscosity index inprover (aforesaid

pol yacryl at e, Sppgb?@?thacrylate pol yi sobut yl ene, pol yal kyl styrene,

pol yester, isobutylene fumarate, styrene naleate ester or vinyl acetate
fumarate ester), 0.1 to 8 % by wei ght of an anti-wear agent (neutral
phosphoric ester (trioctyl 10 phosphatg neutral phosphorous ester
(trioleyl phosphite)), 0.5 % by weigh of an antioxi dant (phenol type
antioxidant (2,6-di-t-butyl-p-cresol) or amne type antioxidant

(di phenyl am ne dertyaiiyeratfadecnapBrochigan0¥ilS{nuaveid alH esfdun G ba
Specialty Chemicals 15 Co.)) and 0.05 % by wei ght of a netal deactivator
(benzotri azol &)omer e3addednoFaustredbr neati BGO60IL, esrpdsidlicoriramch havi ng
a kinematic viscosity of not nore than 1500 cSt at -30C and not |ess than
13 cSt at 8Othewrowri ght) changegod Kothemsiéct ascd® i%yby fwsioghtmc2@® af t er |
allowed to stand at 90C and a total acid number of not nore than 0.2
mKOH g wer e phapat 2e0asSthadeh=3Pubri Catli g &Pl $. bYhewiahsi o the
Iubricatigg oi] conpositions and a currently used o0il (aforesaid Synt-Lube
avai | abl e>f r ot S2BSMEEBRIRBSE0I MPEBYEF 48FATREABEr POLYRLTNgROA g), Wt ch
Movenment sTM (No, 2035, a i]lable Lron1C|t| en Watch Co. Ltd., train whee
portion: nadép?ﬁymﬁﬁ%ﬁcf #hfy RBY¥EI8PPUR §§eanﬁoﬁﬁéﬁﬁylﬁéﬁéepébrlcated

dth 720PCT 67 t der t di t f
300, <7106, BEISArS t chiRhat it B a0e = oR CaCeKISHn BB 0TG5 3% or

1000 hour's t a, fIRasUL £, COPSURRLLODL ! 8SLLLS, 0.1 to § % by weight of an

anti-wear agent (neutral phosphoric ester (trioctyl

10 phosphate) or neutral phosphorous ester (trioleyl
phosphite)), 0.5 % by weight of an antiokidant {(phenol
type antioxidant (2,6-di~t-butyl-p-cresol) or amine type
antioxidant (diphenylamine derivative, trade name:
Irganox L57, available from Ciba Specialty Chemicals

15 Co.)) and 0.05 % by weight of a metal deactivator
(benzotriazole) were added. Thus, lubricating oil
compositions each having a kinematic viscosity of not
more than 1500 cSt at -30°C and not less than 13 cSt at
80°C, a weight change of not more than 10 % by weight

20 after allowed to stand at 90°C and a total acid number of
not more than 0.2 mgKOH/g were prepared as watch
lubricating oils.

Then, using the lubricating oil compositions and a

currently used oil (aforesaid Synt-Lube available from

25 MOEBIUS Co., total acid number: 1.24 mgKOH/g), Watch
Movements™ (No. 2035, available from Citizen Watch Co.,
Ltd., train wheel portion: made of metal (mainly made of

brass and iron)) were fabricated, and they were



|

currents before and after the operation. Further, train 5 wheels endurance
test corresponding to 20 years was carried out at ordinary tenperature at
a rate of 64 ¢ mpgpcpsing 20 sanples. As a result, in any test of the

| ubricating oll conpositions each using the paraffinic hydrocarbon oil as
10 a base oil, increase of the consunption electric current was rarely
observed, and the watches operated properly. 1In case of the currently used
oil, the watch operated properly at -10C and ordinary tenperature but

stopped at -30C. At 80C, the currently used 15 lubricating oil conposition
ran down and ¢det tonsuspyi operetedt nhdecuthentonadlueonscogassd.”d,n case of
a tenperature of 45C and a humdity of 95 9% corrosion and - viscosity

i ncrease attribitabbedivathetempeirsaticag 80 C, compdsi’Ci endwer duabistirtped,
and increase of the 20 consunption electric current value occurred. In the
durability test 2or%espondlfgOt borosyear veaphsenarelkurgsdrst €d aataper |y for
the time corresponding to 10 years, but the watch stopped at the tine

cor r espondi ngCrmt s yeafare 28nferf teEoRPar PBERALACPer f SHFEREE /bthidh a
currently _used oil (aforesaid Sgnt-Lube avai l able from MOEBIUS Co.) and
the second | UM$e5E i A9 BFRREBNDS FtFSﬁrSFpPHQlPHvéﬁt?ﬁnyﬁ€§sm¥$§ in the
foll ow ng manner using a SF-72QPCT 68 _nechani cal tch_and a ch .havi ng
train wheel pottiord g%Bn@FS?F YIBFYnkELPeparts San 8I5§FFC%§$§%¥£IH$%1
paraffinic hydrocarbon_oil unber of carbon atons: 30 or nore, trade nane
PAO501, avai [P 20s Shba £0¢

As a result, in any test of the lubricating oil

compositions each using the paraffinic hydrocarbon oil as

10 a base o0il, increase of the consumption electric current
was rarely observed, and the watches operated properly.

In case of the currently used oil, the watch

operated properly at -10°C and ordinary temperature but
stopped at -30°C. At 80°C, the currently used

15 lubricating oil composition ran down and the consumption
electric current value increased. In case of a
temperature of 45°C and a humidity of 95 %, corrosion and
viscosity increase attributable to the lubricating oil
composition were observed, and increase of the

20 consumption electric current value occurred. In the
durability test corresponding to 20 years, the watch
operated properly for the time corresponding to 10 years,
but the watch stopped at the time corresponding to 20
years.

25 Next, comparison in performance between a currently
used oil (aforesaid Synt-Lube available from MOEBIUS Co.)
and the second lubricating oil composition of the

invention was made in the following manner using a




5 Chevron Co.) having a kinematic viscosity of not nore than 1500 cSt at
-30C, 0.1 to 15 % by weight of a viscosity index inprover (aforesaid

pol yacryl at e,qp_psip¢iget hacryl ate, pol yi sobutyl ene, polyal kyl styrene,

pol yester, isobutylene fumarate, styrene maleate ester or 10 vinyl acetate
fumarate ester), 0.1 to 8 % by weight of an anti-wear agent (neutral
phosphoric ester (trioctyl phosphate) or neutral phosphorous ester
(trioleyl phosphite)), 0.5 % by meigH? of an anti oxi dant (phenol type
antioxidant (2,6-di-t-butyl-p-cresol) or am ne type 15 anti oxi dant

(di phenyl am ne=dleiived 1 vieat ¢ agled naneatchr panoxgl@6aiavankahl edtdrarn@ ba
Specialty Chemicals Co.)) and 0.05 % by wei ght of a netal deactivator
(benzotri azolensestei ragldefl. mdbhas, phubsi eadi phasetlic pempesiti ons each havi ng
a kinematic viscosity of not 20 nore than 1500 ¢St at -30C and not |ess
than 13 cSt at 80K a mwigyghfirchangedoécavbonpeelt hanmberiywby cawiogm (1. 62
% by weight) after allowed to stand at 90C and a total acid nunber. of not
nmore than 0. 2HRKCOH 3P weF enobe epbFede asanat BACPOBr i adfitagPeel $X0F5 Then
using the lubricating oil conpositions, Watch  MyvenentsTM using neta

parts and’pl &S EParte- { Ne2V78802 kNoe™ap36, VAGaPFableofr BRACCICITEen Wat ch

SF- 720PCT 69 WA M Font VT Shehali baF wa? cheEy HELo8850 Ro. 8200)
were fabricated, an tth mergmconéipu u I¥ ogerateg augdﬁr_the condi tions
of 30, - 108 L4 Hat y I ERpEPRT LR BOLSL BT ARCPAMIP A RARFAY Ly of 95 for
> 1000 hoursﬁé{§H¥%ﬁg5%§fgﬁgﬁpﬁ$99i§$88£§i8n89rﬁST&ﬁlkylstyrene,
| ' polyester, isobutylene fumarate, styrene maleate ester or
10 vinyl acetate fumarate ester), 0.1 to 8 % by weight of an
anti-wear agent (neutral phosphoric ester (trioctyl
phosphate) or neutral phosphorous ester (trioleyl
phosphite)), 0.5 % by weight of an antioxidant (phenol
type antioxidant (2,6-di-t-butyl-p-cresol) or amine type
15 antioxidant (diphenylamine derivative,'trade name :
Irganox L06, available from Ciba Specialty Cheémicals
Co.)) and 0.05 % by weight of a metal deactivator
(benzotriazole) were added. Thus, lubricating oil
compositions each having a kinematic Viscosity'of not
20 more than 1500 cSt at -30°C and not less than 13 cSt at
80°C, a weight change of not more than 10 % by weight
(1.62 % by weight) after allowed to stand at 90°C and a
total acid number of not more than 0.2 mgKOH/g were
prepared as watch lubricating oils.
25 Then, using the lubricating oil compositions, Watch
Movements™ using metal parts and plastic parts (No. 7680,

No. 1030, available from Citizen Watch Co., Ltd., train

wheel portions: plastic and metal gears are used) and



before and after the operation. Further, train wheels endurance test
corresponding to 20 years was carried out at ordinary tenperature at a

rate of 64 ti

t he consunpti‘on

fg 20 sanples. 10 As a result, in any test, change of
electric current value was not observed, and the watches

operated properly. C. Exanple relating to the third lubricating oil 15
conposition of the invention and watch using the conposition An experi nent
to find a suitable type of the anti - WeAr agent and the anmount thereof was
carried out in the following manner. 20 To an ether oil (al kyl-substituted
di phenyl et hefatch naskeemanes™Mphessahi ghh uhat kB33, avai kabbe heems200)

Mat sumura G| Research Corp.) as a base oil, a netal type anti - wear agent
(ZnDTP sel ectypgl-d rmﬁ)ﬁﬁt@te@yp@n@nthey\ea{area@ﬁtin&b&bl@rsoﬁgaﬁﬁe@nd MoDTP) ,
a sulfide type anti-wear 25 agent (distearyl sulfide that 1s an al kyl

sul fide), a weldr athehosphoticnestér-89Pe, antD Gpaprdgentry(tricresy
phosphat e sel ected fromneutral phosphoric ester type anti-wear agents
such as tricresgdephosphat 80 3Gd SF- 720PCInd0at hiixyHéhyl ofh8éphkat €or an aci d
phosphoric ester type anti-wear agent (lauryl acid phosphate), a neutral
phosphor ofs est@} hgipes ath@|m%ﬁ‘#rag@ﬁ{lSEWPFéP@yﬁleﬁﬁééﬁhpﬂérenéﬁ acid
phosphorous ester type anti-wear 5 agent  (dilauryl hydrogenphosphite) or an
aci d phosphord&f Ot ot et shl'e ?P%ﬁ?9F°%0|dFBHBQBHatéréFEtwﬁﬁg%ﬁne

salt) was added as an anti-wear ggent in_an a58unt of

endurance test corr

ponding to years was carried out

at ordinary temperature at a rate of 64 times using 20

samples.

10

As a result, in any test, change of the consumption

electric current value was not observed, and the watches

operated properly.

15

C. Example relating to the third lubricating oil

composition of the invention and watch using the

composition

An experiment to find a suitable type of the anti-

wear agent and the amount thereof was carried out in the

following manner.

20

To an ether o0il (alkyl-substituted diphenyl ether,

trade name: Morescchighlube LB32, available from

Matsumura Oil Research Corp.) as a base o0il, a metal type

anti-wear agent (ZnDTP selected from metal type anti-wear

agents such as ZnDTP and MoDTP), a sulfide type anti-wear

25 agent (distearyl sulfide that is an alkyl sulfide), a

neutral phosphoric ester type anti-wear agent (tricresyl

phosphate selected from neutral phosphoric ester type

anti-wear agents such as tricresyl phosphate and




to 10 Thus, lubricating oil conpositions were prepared as watch

| ubricating oils. 10 Then, using the lubricating oil conpositions, Watch
Movenent sTM (dyR7-@Q3p, available from Gtizen Watch Co., Ltd., train whee
portions: made of netal (mainly made of brass and iron)) were fabricated,
and operation of the watches was observed. 15 As a result, in the watches
using the lubricating oil conpositionﬁ]each containing the netal type
anti-wear agent, the sulfide type anti-wear agent, the acid phosphorous
ester type anti-wear agent or the acid phosphoric ester am ne salt
anti-wear agentixgbstipsipho20hatd) gebkat kohdt paksphace- asdeaperaiad on
failure occurred. 1In the watch using the lubricating oil conposition
cont ai ni ng t hntactweghospdot i ¢lestel aype phbbphear)agennguteerdr osi on and
gel ation took place at high tenperatures, and operation failure occurred.
The wat ches ushogphdeo2s ¢sibetr caypaganti-weapospenondteacheydnt ai ni ng t he
neutral phosphoric ester type anti-wear agent or the neutral phosphorous
ester type ahiessktagenmni achR BRABERNCBPUSHBEECLhAKPE %y ~Weirght and not
nore than _8 % by melght SF-720PCT 71 were free fromfrictional wear and

oper at ed vel 12940 %?Yéd@Y?F%ﬁeﬁPh959@B§eﬁeP§h?n REWEV BAOSRELT 1ok

pl ace and the match sfo ped VM n th neutra hor i, c er .type
Bnti-vear ageRitSh TR MetFal (HRBEERoroHS ngEPE?Q?yﬁéeéﬁt}’ﬁaWéé‘re agent vas
added in an a t of 8 @6 y.change i he
frictional meg?Hg ﬁﬁ%ﬁ%%ga%sano?no%servgg Sﬁga%Psgﬁ amPHnEhe case of

addi;ion of § Yoy %@igﬁﬂusFrPﬂﬁfbgagpggeoifsgbﬁﬁosEEions were

prepared as watch lubricating oils.

10 Then, using the lubricating oil compositions, Watch
Movements™ (Nco. 2035, available from Citizen Watch Co.,
Ltd., train wheel portions: made of metal (mainly made of
brass and iron)) were fabricated, and operation of the
watches was observed.

15 As a result, in the watches using the lubricating
0il compositions each containing the metal type anti;wear
agent, the sulfide type anti-wear agent, the acid
phosphorous ester type anti-wear agent or the acid
phosphoric ester amine salt anti-wear agent, corrosion

20 and gelation took place, and operation failureloccurred.

. In the watch using the lubricating oil composition
containing the acid phosphoric ester type anti-wear agent,
corrosion and gelation took place at high temperatures,
and operation failure occurred. The watches using the

25 lubricating oil compositions eéch containing the neutral
phosphoric ester type anti-wear agent or the neutral
phosphorous ester type anti-wear agent in an amount of

Q

more than 0 % by weight and not more than 8 % by weight



has been confirmed that it is preferable to add as an 10 anti-wear agent
the neutral phosphoric ester or the neutral phosphorous ester in an amount
of 0.1 to 8 Y%bpypopeirght. The results are set forth in Table 11. Table 11
Anti-wear agent Eval uation of watchOptinumJudgnment anount Metal
typeCccurrence of operation-BB failure Sulfide typeCccurrence if
operation-BE failure Neutral Om % occur [ence of operation-BB failure
phosphori c0. 1"- 8wt % good operationAAAK ester typenore than 8w % equal
wear - - resistance Acid phosphoricCccurrence of operation-BB ester

t ypef ai | ure Neotealf@ae%f roocdnriendencll oparmatdran-B2 phasphesoust arhur e
ester type0.1"-8wt % good operati onAAAA nore than 8wm % equal wear--

resi stance Actdecoir ende tabnopdr &t i%o BB quilubsphdrousfar | weaesteskt ype

Aci d phosphoricGccurrence of operation-BB ester amnefailure salt 15
SF- 720PCT place and the watch stopped. When the neutral phosphoric

ester type anti-wear agent or- -the neutral phosphorous
5 ester type anti~wear agent was added in an amount of more

than 8

ove

by weight, any change in the frictional wear
tendency was pot observed in comparison with the case of
addition of 8 % by weight. From the above results, it
has been confirmed that it is preferable to add as an

10 anti-wear agent the neutral phosphoric ester or the
neutral phosphorous ester in an amount of 0.1 to 8 % by

weight. The results are set forth in Table 11.

Table 11
Anti-wear agent Evaluation of watch Optimum Judgment
amount

Metal type Occurrence of operation - BB
failure

Sulfide type Occurrence if operation — BB
failure

' Neutral ) Owt%: occurrence of operation — BB
failure
phosphoric 0.1~8wt%: good operation AR AA
ester type more than 8wt%: equal wear — —_
resistance

Acid phosphoric |Occurrence of operation — BB

ester type failure

Neutral Owt%: occurrence of operation — BB

phosphorous failure

ester type 0.1~8wt%: good operation AA Al
more than 8wt%: equal wear - —

resistance

Acid Occurrence of operation — BB

phosphorous failure

ester type

Acid phosphoric |Occurrence of operation — BB

ester amine failure

salt

15



72 Next, an experinent to find an avail able range of the total acid nunber
of the lubricating oil conposition was carried out in the follow ng
manner. An etdies,@idt (Morescohi ghl ube LB22 (trade nane), 5 available from
Mat sunura Q| Research Corp.) as base oils, an anti-wear agent (trioctyl
phosphate) and an antioxidant (2,6-di-t- butyI p-cresol) were added. Then,

| auric acid was added in such an annun; that the resulting conposition
woul d have a total acid nunber of 10 0:% 0.5, 1.0 or 1.2 ngKOH g. Thus,

| ubricating oil conpositions were prepared. Then, using the lubricating

oi | conpositions, Néttch arlvbyepenisdivM (No. £ 2035anayabl abbeef Famg@ tifzen
Watch Co., Ltd., train wheel portion: made of netal (mainly nmade of 15
brass and irat)e twerel fabtrd catelder anfl theylwerécaconti nudusbypopdrdiced at
60C and a hum dity of 95 %for 1000 hours at a rate of 64 times to neasure
consunpti on wsectaniciedireent snbefier fohhdwahgemabheroperation. As a result,
in any case of the lubricating oil 20 conpositions each having a total acid
nunber of not |es&in tdidre0. &L hgGH gscontelehisee oFBEAe (toadanpeinen el ectric
current was observed, and corrosion of watch nenbers and viscosity

i ncrease @er@%ﬁ%&??k%e?%%@ M@ﬁSP%BrBtﬁé# R&§§2 T Chn CO4de Jofe s e totailaci d

nunmber of 0.2 nei t her Chan e.of the co tion electric
current, V|séﬁgq1 %a%%@%%r 5%?5€Y%an?SPﬂ@tﬁingggsaﬂas obser ved.

From the above resuI has bee |rned th t he et her orI- ontarnrng
| ubricating 61" EipEE E gz §ﬁ1526 MEfebO) LO2CLA8EAY" THAN

lauric acid was added in such an amount that the
resulting composition would have a total acid number of

10 0.2, 0.5, 1.0 or 1.2 mgKOH/g. Thus, lubricating oil
compositions were prepared.

Then, using the lubricating oil compositions, Watch
Movements™ (No. 2035, available from Citizen Watch Co.,
Ltd., train wheel portion: made of metal (mainly made of

15 Dbrass and iron)) were fabricated, and they were
continuously operated at 60°C and a humidity of 95 % for
1000 hours at a rate of 64 times to measure consumption .
electric currents before and after the operation.

As a result, in any case of the lubricating oil

20 compositions each having a total acid number of not less
than 0.5 mgKOH/g, increase of the consumption electric
current was observed, and corrosion of watch members and
viscosity increase were also observed. On the other hand,
in case of the total acid number of 0.2 mgKOH/g, neither

25 change of the consumption electric current, viscosity
increase nor corrosion of the members was observed.

From the above results, it has been confirmed that

the ether oil-containing lubricating oil composition



5 having a total acid nunber of not nore than 0.2 ngKOH/ g is suitable as a
wat ch lubricating oil. The results are set forth in Table 12. Table 12
Total acid nuwhesof=20.51.01.2 (ngKCH / g) Change of
consunpti on+0. 02+0. 29+0. 27+0. 35 el ectric current (,u A)
---------------------------------------------- Judgment AABBBBBB Next ,
conparison in perfornmance between a cu&iently used oil (aforesaid
Synt - Lube avail able from MOEBIUS Co.) "and the third lubricating oi
conposition of the 10 invention was made in the foll ow ng manner using an
el ectroni c watxhimpde obtaktatidToumheest hér noicl mptreadéamna®e 2 mgKOH/g

Mor escohi ghl ube LB15, available from Matsumura QG| Research Corp.) as a
base oil, 0.4st9uBtabby aei ghvabthahubnirakeas agént Theutreslults are
phosphoric ester étrioctyl phosphate) or neutral phosphorous ester

(triol eyl phosphifeyihahd Bablantfexi dant (2, 6-di-t-butyl-p-cresol) were
added. Thus, lubricating oil conpositions each having a total acid nunber
of not nore than 0.2 ngKOH g were prepared as 20 watch lubricating oils.
Then, usigg the lubricating oil conpos%ééfgslfnd a

Total acid numberj 0.2 6.5 1.0 1.2

(mgKOH/g) .
Change of consumption |+0.02 [+0.29 |+0.27 +0.35
electric current (u A)

Judgment AR BB BB BB

Next; comparison in performance between a currently
used o0il (aforesaid Synt-Lube available from MOEBIUS Co.)
and the third lubricating oil composition of the

10 invention was made in the following manner using an
electronic watéh made of metal.

To an ether oil {(trade name: Morescohighlube LB15,
available from Matsumura Oil Research Corp.) as a base
oil, 0.1 to 8 % by weight of an anti-wear agent {(neutral

I15 phosphoric ester (trioctyl phosphate) or neutral
phosphorous ester (trioleyl phosphite)) and an
antioxidant (2,6-di-t-butyl-p-cresol) were added. Thus,
lubricating oil compositions each having a total acid
number of not more than 0.2 mgKOH/g were prepared as

20 watch lubricating oils.

Then, using the lubricating oil compositions and a
currently used oil (total acid number: 1.24 mgKOH/g),
Watch Movements™ (No. 2035, available from Citizen Watch

Co., Ltd., train wheel portions: made of metal (mainly



currently used oil (total acid nunmber: 1.24 ngKOH g), Witch MyvenentsTM
(No. 2035, available fromGCtizen Watch Co., Ltd., train wheel portions:
made of netauﬂﬁqgﬂqby SF- 720PCT 74 made of brass and iron)) were
fabricated, and they were continuously operated under the conditions of
-10C, ordinary tenperature, 60C, or 45C and a humdity of 95 for 1000
hours to neasure consunption electric ? currents before and after the
operation. Further, train wheels endu 4nce test corresponding to 20 years
was carried out at ordinary tenperature at a rate of 64 tines using 20
sanpl es. As andd@subf ,bifisanyntiestonf )t herkhifadrlichriecat iang t®ei lwere

conpositions using the ether as a base oil, change of the consunption
el ectric curremtimbaesivasoparetyd ohdervetde apddiheonat olfes lgger,at ed
properly. In case of the currently used oil, the watch operated properly

at - 10C, or ddrdinerenperpenaeuand 600C, bor #A°€asedok &uisdiéyperfat ure of
45C and a humdity of 95 % corrosion and viscosity increase attributable
to the current?ydusker 1000ikavragtei neasnpescensimpgionolssecked.c and
increase _of the consunption electric current value occurred. In the train
wheel s endur after st Rofrelpdndi A§TES PbeyerpEat20Nt he FALER ropdrtaticy

properly for the tine corresponding to 10 ars, but the watch stopped at
the time corr%ﬁﬁﬁiﬁﬁ?ﬁéh¥?P§g §%§FS;OR§§§PO%§ﬁﬁarFQO%OiMe@ﬁé H&f or mance
between the third lubricating,oil_coppositions of the_inventi was 25
mede in the f611GW e Harfer CUSTAG S REREAFCAT “waEch 4RECa Mt Mifihg

trai n wheel w%gggqﬁ)qgﬁgféépg of netal
As a result, in any test of the third lubricating
10 o©0il compositions using the ether as a base o0il, change of
the consumption electric current value was rarely
observed, and the watches operated properly. In case of
the currently used oil, the watch gperated properly at =
10°C, ordinary temperature and 60°C, but in case of a
15 temperature of 45°C and a humidity of 95 %, corrosion and
viscosity increase attributable to the currently used
‘lubricating oil composition were observed, and increase
of the consumption eléctric current value occurred. 1In
the train wheels endurance test corresponding to 20 years,
20 the watch operated properly for the time corresponding to
10 years, but the watch stopped at the time corresponding
to 20 years.
Next, comparison in the performance between the
third lubricating oil compositions of the invention was
25 made in the following manner using a mechanical watch and
a watch having train wheel portions consisting of metal

parts and plastic parts.



parts and plastic parts. SF-720PCT 75 To an ether oil (trade nane:

Mor escohi ghl ube LB32, available from Matsumura Q| Research Corp.) as a
base oil, 0.4rH6 ﬁb?@by wei ght of an anti-wear agent (neutral phosphoric
ester (trloctyl %osphate) or neutral 5 phosphorous ester (trioleyl
phosphite)) and an antioxidant (2,6-di-t-butyl-p-cresol) were added. Thus,
| ubricating oil conpositions each haV|nﬁ a total acid nunber of not nore
than 0.2 ngKOH g were prepared as | ubricating oils. 10 Then, using
the lubricating oil conpositions, Watch MvenentsTM using netal parts and

plastic parts (No.TJ680,etNor 3030, tawakl abhe: fM@me@Jcbha%m%fecaB%% Ltd.,
train wheel portions: plastic and netal gears are used) "and Watch

Movenent sTM (arexhbab tal fnahchessulNara6650, RNeea8280 okp Were falydLcat ed,
and they were continuously operated under the conditions of -30C, -10C,
ordinary terpekatQrk, t80€, 3oby46€ighd afhuni dinty-aka?5abent LRQKthaurs to
measure consunption electric currents before and after the operation.

Furt her, tkmaRh%ﬁHhQKﬂQWﬁ§¢%rehunﬂaﬂtgltpbbspbate$pomdn9gtt9120 years was
carried o at ordinary tenperature at a rate of 64 tinmes using 20

sanpl es. PHLTRNLOH apyerestriehangerbpsphétednsenptron el ectric

current val ue S not obs gd and the_watches 25 operated properly.
SE- 720PCT 76% O}PS %TP.TaI ﬁ% 1 butyl p-cresol) were added. Thus,

lubricating oil compositions each having a total acid
number of not more than 0.2 mgKOH/g were prepared as
watch lubricating oils.

10 Then, using the lubricating oil compositions, Watch
Movements™ using metal parts and plastic parts (No. 7680,
No. 1030, available from Citizen Watch Co., Ltd., train
wheel portions: plastic and metal gears are used) and
Watch Movements™ (mechanical watches, No. 6650, No. 8200)

15 were fabricated, and they were continuously operated
under the conditions of -30°C, 410°C, ordinary
temperature, 80°C, or 45°C and a humidity of 95 %, for
1000 hours to measure consumption electric currents
before and after the operation. Further, the train

20 wheels endurance test corresponding to. 20 years was
carried out at ordinary temperature at a rate of 64 times
using 20 samples.

As a result, in any test, change of the consumption

electric current value was not observed, and the watches

25 operated properly.



1. Alubricating oil conposition conprising a base oil conprising a polyol
ester (A), a viscosity index inprover (B) in an anount of 0.1 to 20 % by
wei ght and arpS;gpldT Wwear agent (C) in an anount of 0.1 to 8 % by weight.
2. The lubricating oil conposition as claimed in claiml1, which has a
ki nematic viscosity of not nore than 1500 cSt and not |ess than 13 cSt at
-30 to 80C, a 10 wei ght change of not Jgore than 1.62 % by wei ght after
allowed to stand at 90C and a total aci™d nunber of not nore than 0.2
ngKOH g. 3. The lubricating oil conposition as clained in 15 claiml1,
wherein the polaygolisestlerin{edd) is: a pol yol ester having no hydroxyl group at
the nol ecul ar end. 4. The lubricating oil conposition as clained in claim
1, wherein the vidcosi ty liubdexcamproverl (B)mpcs AtioR0cdmastsome &ohpeand
sel ected from pol yacryl ate, pol ynethacryl ate, polyi sobutyl ene,
pol yal kyl st yrodre compalifeigtera palabol yvésier f (ivar at eviscysehy mmteate ester,
vinyl acetate fumarate ester and an a-olefin copolynmer. 25 5. The X
| ubricating éiMPrEdifFosiB)i o & e 9h Ocl aimm 40 wheyevaighe andi anear
agent (C)_is a neutral phosphoric ester and/or_a neutral phosphorous
ester. X &F- PPORCFERE &9°ie (CUbritah it cohpdsittondas kyavmidhin
claim1, further conprising a netal deactivator (D). 7. The lubricating oil
conposition as claimed in 5 claim6, wherein the netal deactivator (D) is
benZOtriaZO!e or %.der%%%thﬁ%ggggg%ﬁé é%l'gg%ﬂégﬁéféﬁiﬁg éﬁéiﬁggpggition
as clained in

claim 1, which has a kinematic viscosity of not more than

1500 ¢St and not less than 13 ¢St at -30 to 80°C, a

10 weight change of not more than 1.62 % by weight after
allowed to stand at 90°C and a total acid number of not

more than 0.2 mgKOH/g.

3. The lubricating cil composition as claimed in
15 «claim 1, wherein the polyol ester (A) is a polyol ester

having no hydrokyl group at the molecular end.

4. The lubricating oil composition as claimed in
claim 1, wherein the viscosity index improver (B) is at
20 least one compound selected from polyacrylate,
polymethacrylate, polyisobutylene, polyalkylstyrene,
polyester, isobutylene fumarate, styrene maleate ester,

vinyl acetate fumarate ester and an oa-olefin copolymer.

25 5. The lubricating oil composition as claimed in
claim 1, wherein the anti-wear agent (C) is a neutral

phosphoric ester and/or a neutral phosphorous ester.



claiml or 6, further conprising an antioxidant (E). 10 9. A lubricating

oil conposition conprising a base oil conprising a paraffinic hydrocarbon
oi | (F) having % (#past 30 carbon atonms, and a viscosity index inprover

(B) in an anoun 0.1 to 15 % by weight. 15 10. The l|ubricating oi
conposition as clainmed in claim9, which has a kinematic viscosity of not
nmore than 1500 ¢St and not | ess than cSt at -30 to 80C. 20 11. The

| ubricating oil conposition as clained’in claim9, which has a kinenmatic
viscosity of not nore than 1500 cSt and not less than 13 cSt at -30 to 80C

and a weight change ofrmot1umrecdhang 101 %6 Bympesght oaf her c1akhewednt o
stand at 90C. 25 12. The lubricating oil conposition as clained in claim

10 or 11, whiclsimsl o fotaheactodmpunbengoh metalbreacthantdr2 (MKOH g.
SF-720PCT 78 13. The lubricating oil conposition as claimed in claim9,
wherein the viscosity index inprover (B) is at |east one conpound sel ected
from pol yacryl ate, 5 pol ynethacryl ate, polyisobutyl ene, polyal kyl styrene,
pol yester, isobutylene Tharhrel catinenel hafeapesesien, asvihglingdetiat e
fumarate ester and an a-olefin copolynmer. 14. The Iubrlcatlng oi

conposi tién laimifedvierein ehaiRe alfﬁ?ﬁﬁﬁﬁvééﬁﬁr|§| ngSan anti - wear
agent (C in _an anount of 0.1 to 8 @6b¥ |g 15 The lubricating oi
conposi ti on REMMAL RE P He or a derivative hereof

8. The lubricating oil composition as claimed in
claim 1 or 6, further comprising an antioxidant (E).
10
9. A lubricating oil composition comprising a base
0il comprising a paraffinic hydrocarbon oil (F) having at N
least 30 carbon atoms, and a viscosity index improver (B)
in an amount ¢f 0.1 to 15 % by weight.
15
10. The lubricating oil composition as claimed in
claim 9, which has a kinematic viscosity of not more than

1500 ¢St and not less than 13 cSt at -30 to 80°C.

20 11. The lubricating oil composition as claimed in
claim 9, which has a kinematic viscosity of not more than
1500 cSt and not less than 13 cSt at -30 to 80°C and a
weight change of not more than 10 % by weight after
allowed to stand at 90°C.

25

12. The lubricating oil composition as claimed in

claim 10 or 11, which has a total acid number of not more

than 0.2 mgKOH/g.



claim 14, wherein the anti-wear agent (C) is a neutral 15 phosphoric ester
and/ or a neutral phosphorous ester. 16. The lubricating oil conposition as
claimed in clei¥ 14, further conprising a netal deactivator (D). 20
17. The lubricating oil conposition as clainmed in claim16, wherein the
nmetal deactivator (D) is benzotriazole or a derivative thereof. 18. The

| ubricating oil conposition as clai med7 25 any one of clainms 9, 14 and
16, further conprising an antioxidant’(E). SF-720PCT 79 19. A lubricating
oi | conposition conprising a base oil conprising an ether oil (G, an
anti-wear agent (C) and an antioxidant (E), wherein the anti-wear agent
(© is a neutral phosphoric ester and/or a neutral 5 phosphorous ester and
t he content of thdzantiHwednuagerdtid)oils compdel t amgeaof cDaimeéd 8n% by
wei ght. 20. The lubricating oil conposition as clainmed in claim19, :
wherein the etlledm dl,| W@reon arhethescoslti0indpx essptedeby (Bhe ifolkltowi ng
formula: Rl1-(-OR2-)n-R1 wherein each Rl is independently an al kyl group
of 1 to 18 d&dsdn atomeroungodeiedend aronappeyhgdydbebebon group of 6
to 18 carbon atonms, 15 R2 is an al kylene group of 1 to 18 carbon atons or a
di val ent ar oRSiYEF R TeaHoh JPOUPL BPLEEY NS, cRP bYRLKHLBREICRRd n is O or
an integer of 1 to 5. 20 2 The | ubgicating oil 03| ion as clainmed in
claim 19, whiPOHYesEer 4 otsh %EY%F?]%n{)‘é‘FaB?t%OtSY%F%ngh‘ﬁﬂ eate ester,

vinyl acetate fumarate ester and an a-olefin copolymer.

14. The lubricating oil composition as claimed in
10 claim 9, further comprising an anti-wear agent (C) in an

Q

amount of 0.1 to 8 % by weight.

15. The lubricating oil composition as claimed in
claim 14, wherein the anti-wear agent (C) is a neutral

15 phosphoric ester and/or a neutral phosphorous ester.

16. The lubricating oil composition as claimed in

claim 9 or 14, further comprising a metal deactivator (D).

20 17. The lubricating oil composition as claimed in
claim 16, wherein the metal deactivator (D) is

benzotriazole or a derivative thereof.

18. The lubricating oil composition as claimed in
25 any one of claims 9, 14 and 16, further comprising an

antioxidant (E).



0.2 ngKOH/ g. 22. The lubricating oil conposition as clainmed in 25 any one
of clains 8, 18 and 19, wherein the antioxidant (E) is a phenol type

ant i oxi dant gﬂgéfU am ne type antioxidant. 'V SF-720PCT 80 23. The

| ubricating ol '€ ﬁ%@sition as claimed in claim?22, wherein the am ne type
antioxidant is a diphenylam ne derivative. 5 24. The |ubricating oi
conposition as clained in claim22, wherein the phenol type antioxidant is
2,6-di- t-butyl-p-cresol, 2,4,6-tri-t-gbtylphenol or 4,4 nethyl enebis(2,
6-di -t-butyl)phenol. 10 25. The lubricating oil composition as clained in
any one of clainms 1l to R4y &t 115 USED ESfpds MPVak! eompeiking af baswat ch.

26. A watch having a novable portion for which the 15 lubricating oi
conmposi tion ofilambrhe Oinglan Btlet 0024 (G5, uspdanti-wear agent (C)
and an antioxidant (E), wherein the anti-wear agent (C) )/
is a neutral phosphoric ester and/or a neutral
5 phosphorous ester and the content of the anti-wear agent

Q

(C) is in the range of 0.1 to 8 % by weight.

20. The lubricating oil composition as claimed in
claim 19, wherein the ether o0il (G) is an ether oil
10 represented by the following formula:
Rl- (-0-R2~),-R!
wherein each Rl is independently an alkyl group of 1 to
18 carbon atoms or a monovalent aromatic hydrocarbon
group of 6 to 18 carbon atoms,
15 R2 is an alkylene group of 1 to 18 carbon atoms or a
divalent aromatic hydrocarbon group of 6 to 18 carbon
atoms, and

n is 0 or an integer of 1 to 5.

20 21. The lubricating oil composition as claimed in
claim 19, which has a tcotal acid number of not more than

0.2 mgKOH/g.

22. The lubricating oil composition as claimed in
25 any one of claims 8, 18 and 19, wherein the antioxidant
(E) is a phenol type antioxidant and/or an amine type

antioxidant.



10

15

SF-720PCT

80

23. The lubricating oil composition as claimed in
|

claim 22, wherein the amine type antioxidant is a

diphenylamine derivative.

24. The lubricating oil composition as claimed in
claim 22, wherein the phenol type antioxidant is 2, 6-di-
t-butyl-p-cresol, 2,4,6-tri-t-butylphenol or 4,4'-

methylenebis (2, 6-di-t-butyl)phenol.

25. The lubricating oil composition as claimed in
any one of claims 1 to 24, which is used for a movable

portion of a watch.

26. A watch having a movable portion for which the
lubricating oil composition of any one of claims 1 to 24

is used.



