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particularly, the invention relafes to lubricéting oil
compositioﬁs favbrab;y used as lubficating oiis
particularly for movable portions includiﬁg slide and
rotation portiﬁns of watches, and watches using the

lubricating oil compositions.

BACKGROUND ART

Watches are broadly divided into mechanical watches

-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”%hose'which are
operated by the use of electric power. In both of the
electronic watches and the mechanical watches, train
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
was not invented in the initial stage. In order to make
smooth operation of the mechanical watches, lubricating
oil is poured into the movable portion of the rotary

device. In the mechanical watchés, a force from the

invention relates to lubricating oi

' hand
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portion such as a |l ever are conbined to display the
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spiral spring is always applied to the train wheel portions, so that
preci ous stone (ruby) is provided as tenon receiver of the train wheel
portions to BEddGRCTfrictional wear, and the rotary gear is nmade of a 5

relatively highly wear-resistant stable nmetal such as iQ?@.[H$Eequ$at,
with spread of batteries, electronic watches have been puil on e ket

and recently, the present applicant h%Z proposed wat ches which are
operated 10 for a certain period of ti by the use of primary battery and
wat ches which are continuously operated by the use of a conbination of

li ght power - YhEfht PBR1ING| Redlwayst hpplakdpaverhgerenkat g Llenent and

r echar geabl g ttery even if the battery is not changed. 15 Further, uses
of watches Have b¥eh widehBat BAEChanshesonkor raky)diivi pgoariguhas di vi ng
canme to be A €l t he gales of the watches, not only finished
articles of watches but<alSb Md8ubEa8iphehest pamsitosbecomesalces Thus,
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nmodes of matcﬁ%s, t Pﬁ%%% " A0 RS aF et AEY| Peart dshmadenoifsaur e

resi stanse, healti LS | ow-t enperature resistance, thermal inpact
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so that corrosiveness of lubricating oils to nmetals or plastics needs to
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watches have been put on the market, and recently; fhe |
present applicant has proposed watches which aré'operated

10 for a certain period of_time by the use of priﬁary |
battery and watches which are continuously operated by
the use of a combination of light power—-generation
element or thermal power—generation 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. In
the saies.of'the watches}mﬁot 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 haviﬁg excellent processability and then

25 plastic members have been used, so that corrosiveness of
lubricating oils to metals or plastics needs to be

reduced.



Co. This lubricating oil is a mxture of synthetic hydrocarbons with ether

and al cohol E The base oil 5 of the lubricating oil is a m xture of
al kyl - aryl oxé& glt)@Tene glycols, and to the base oil, 1.6 %of an

al kyl phenoxy acid, less than 1 %of 2,6-di-tert-butyl- g@e{g@?’rp%@yl ,
C3- Cl4 Zn-di al kyl dithi ophosphate, etc. are added as additives nt - Lube

MSDS avail able from 10 MOEBIUS Co., trapscribed from catalogue). In the use
of this currently used lubricating oil =~ (Synt-Lube available from MOEBI US
Co.), operation f ure of wat ch. such as stoppage occasionally takes

pl ace. The presen apffnlf?%ea‘htf WSl eRRYi kes suaedonsste tobkeehrand 151
repair the watgh g op;ratl on failure and investigated the operation
failure. As a result, more tTaHd 'ye%Y%t higee @vel palesenfrapphoeantsf ound

probl enms suclras oﬁ}pﬂg | ubrj ing oil into a gel and corrosion of
pl astic menbers or net SJIUB)J'I %)g]t%h el tmb’ﬁé‘équiufbfl%:amthgtmcl is a

medi um Vi scosidnbdadydreat,ng, illy kl jematic viscosity (JIS
K2283-1979) of 27 cSt at 50C aﬁé(f}b%gdan t Cgro%ﬁ’ﬁ t hBre Psysa phiabl em

that if the bubtiheatlivrg iQids: ;i Hsed II the t wheel portions, a
phenonenon of 25 spreadi ng- ount% of theg O%Jg?%xctlﬁ%go |E\‘ Urs by viscosity

decrease at értsnl@biytﬂemmyatemreegqjyc&gg ‘Iéqléoé%v ]_Leh g, above. roﬁlﬁrq t he

present appl i cantékylises a lubricating oil Vst efraPfc
SF- 720PCT 2 8102 PO@Bo&kyiasdasi e ) ks Iﬁ22}l8&-- 9):_ 45 cSt 50C,
3 5,349 e Taﬁi’f“‘t-‘é%m ds

13500 cSt at, --20C) for only the place of high drivitg Povet
Use of the |65megayﬁﬁ§e5pﬂ,oﬂ3hcgh Enyﬂﬂﬂﬂhyﬁ(Hithlophosphate, 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 MOEBTUS 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 lubrlcatlng 0il 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 viseosity
(JIS K2283-1979) of 27 csSt at 50°C and 2600 cSt at -20°C,
and there is a problem that if the lubricating o0il is
used for all the train wheel portions, a phenomenon of

25 .

spreading-out of the lubricating o0il 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
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In case of a |low tenperature 10 of -10C, there is anotherzngpgjhglﬁﬁy

driving becones infeasible because of ,viscosity increase of

t

| ubricating oil. Therefore, the present applicant uses a lubricating oil

of Iom1viscosLtyO%kinenatic viscosity (JI'S K2283 15 1.979):
840 cSt at - 26€F

16 ¢St at 50C,
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5 probl em of spreadi ng-out of the |ubricating ol

bl.ens such as a
place at

a high temperature of 80°C depending upon the gears of

the train wheel portions. In case of a low temperature

10 of -10°cC, 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 Vviscosity (kinematic viscosity (JIS K2283-

157 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.

In this

'case, however, the viscosity is strikingly lowered at a

high temperature of 80°cC, resulting in a problem of

20 spreading-out of the lubricating oil. In addition, the

watches have g3 problem at low temperatures, that is,

Operation failure takes place when the temperature

becomes lower than -10°cC.

Further, there are many kinds of lubricating oils,

25 namely, three kinds of medium-viscosity, high-viscosity

and low—viscosity lubricating 0ils, and they must be used

properly in the manufacture or repair of the watches. As



tenperatures, a problemof feeding oil to the place of [|ow driving power
at low tenperatures, a problemof gelation, a problem of change of
properties sBEHW28BCTcorrosi on of plastic menbers or metals and a probl em of
10 "too many kinds of lubricating oils used.. The present invention has

been made t-o sol ve such- probl-ens associated with the prj
described above, and it is an object @f the invention té)ﬂ)@ﬁ(/mgéa

| ubricating oil conposition which enables a watch to 15 operate in the
tenperature range of -30 to 80C with one kind of a lubricating oil, is
free from ch‘anﬁgsﬂit' pFBBEPt iLes a0Pers sd Hidnig yperf oadofg tide,oenahles a life
of watch baﬁgﬁl tg.last _ll]10ng and is favorable as a watch |ubricating
oil, and to provi d8-a"%aPthSusing the 20 conposition. It is. another object

of the invention 19 Pt vide a IEbricati n% oi |. conposition which is free
from change of properti&s®obér “4¢| GHgTEBFLYd uskdt by iermdbines caild fe of

wat ch batteryst@.las n is, favorable as a watch 25 lubricating oil,
and to provi de aevvat%: é%sig]?l%{} he%h85ﬁp8§iet VB 1 OBESErobURMm sOR URHE d SNVENTI| ON

SF- 720PCF 2 & 3 i | ubricating Qil conposition accordin
to the i nvepﬁrti o%%?nﬁr?é%%g(gl%gséﬁgi Egcgﬁﬁr ilélg’ﬁ@cétﬁfigg@lll adt drighn) | ag

e ven st s (D5 SonaoBhefleg sl Roalatt Ding B 20 "
kgggg?ig;g?J?ﬁgg?gﬂgbg%gﬁﬁmgﬂeétrE@%YtQﬁﬁeerhkgggagigrgki%%sg%y (JI'S
gelation, a problem of change of properties such as
gorrosion bf plastic members or metals and a problem of .
10 "too many kinds of lubricating oils used.. |
The_present invention has been madé 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 pefiod of time, enables a life of
watch battery to last long and is favorable as a watch
lubricating oil, and teo 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




apply hereinafter) of not nore than 1500 cSt and not less than 13 cSt at
-30 to 80C, a weight change of not nore 10 than 1.62 % by wei ght after

al l oned to St-@PET 90C 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 yacryl ate, pol ynethacrylate; polyisobgtyl ;

pol yal kyl styrene, polyester, isobutyléene 15 fumarat e, sgﬁe[ﬁge{ngigggte
ester, vinyl acetate funarate ester and an a-olefin copolyner is generally
enpl oyed. As the anti-wear agent (C), a neutral phosphoric ester and/or a
neutral phosphoridtfs fistsdr }ubiyeert g yoi Enpboyedi t 26nThechictshdl Wy i cati ng
oi | corrpositti on of the invention may further contain a netal geacti vat or
(D). The nekieallrﬂfeeébfiji%t‘iﬁm{ﬂs?% priedee abl y bempotsiagobepol ycd

The first Jubrjcating oil conposition of the 25

derivative of..
i nvention may r{pHefr ToMATIT LY ahitdexi HEPEOYEY . (Bheisesondmbubrti eat i ng

oi | conposigt i10 redi to. .the invention, conprises a base oil conprising
a paraffinic %fg(r\é(;dga"rb n 519 tE)2 %\ﬁ‘?lga%’flT‘é%%{f agerhr 6h $A- Z20PCT 7 2 8

O CT 2903 aalemg ¥y @A Vi id V. ..index .inprover (B) in an amount of 0.1 to
15 % by wei ght. The secon Ichtsjb"riMD at"?enlgg}bﬂ conposition of the invention

preferably has ahki remat Qu\ﬂﬁ%%%itrzg lcgjiblnpé nore than 1500 ¢St and- not
| ubr |

5
| ess than 13 ¢St at -30 to 80C. Thi AR Y ot 7 (SnpberPignhas

particul ar by kipeeheriabhy s id Ki EMRtED 34 SCOpd t Y ot nmpre.than 1500
cSt and not less than 13 ¢St at -30 to 80C and & eRE O9he "BhELY
apply hereinafter) of not more than 1500 cSt and not less

re
u

than 13 cSt at -30 to 80°C, a weight change of not more
19 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. |

%S the viscosity index improver (B), at least one
compound selected from polyacrylate, polymethacrylate, -
polyisobutylene, polYalkylstyrene, polyester;.isobuéylene

15 fumarate, styrene maleate ester, vinyl acetafe fuﬁarate
ester and an a—oiefin 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 oil composition of the
invention may further contain a metal deactivator (D).
The metél deactivator (D) is preferably benzotriazole or
a derivative thereof.
The first lubricatiﬁg 0il 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



i i 10 allowed to stand at
wei ght change of not nore than 10 % by weight after : _
QOC? The pa?affinic hydrocarbon oil (F) has no polarity and thereby is I
i nconpat i bl eSW728PGTher many materi al s, and besides this oil is chenically
inert and thereby hardly changed in properties. Therefore, the paraffinic

i i i f al i i il for
15 hydrocarbon oil (F) is favorable as a base oil o
matc%es havi ng plastic parts. In this,case, it is prefeﬁ§£{ﬁ§hgﬁgg ect a

. > . he
d havin no polar group as an additive, particularly, ast

Sﬁgggg?ty indeg inprgver (B). Wen a conmpound having a 20 pol ar group, such

as pol yacryl at@dr2pe| §nBi AEeFat éndies impedvas tIE Virscosidnounmdexs

i mprover (B) he second lubricating oil conposition preferably has a 4

total acid %u%b%? ﬁ% RoPYnBPéIhkan 0.2 ngKOH g. By the use of the secoE

| ubricating oil qgoSitio f ving such a total 25 acid nunber as a watc

| ubri cating oil,qﬁ%e Wt Phes 8 ﬁlCBElBEePéﬂeGO@P@ﬁl&l&@ngigeﬁm?gcﬁgdt;rﬁh

h i scosl I | pL oV (B), at least one conmpound se

Qil;agr§Iatg?ﬁ%%?%%g?ﬁ%%gg?ﬁ?giYSE%?ZGPé?nmeGLGCFE@%?SHGBZﬁﬁgFg§¥Leggier
ol yal kylsst , y l.alS tylen umarate, styren | ,
5in¥l aggta?gsﬁﬁégggéef§%§t%§£a%§3a§°§-gF@FlE%éBpgﬁy e gebertet |y

enpl oyed. CIBGthegmﬂp§tl@5§{@5§@g§ %?%3 gﬁéﬁégtgggP%%@gaggﬁing}po 5 pol ar

. oF "((x-olefin
Qopol ymer) ecaisems iy 5ok ﬁ;gﬁpﬁéh%?c%i@cgkﬁgi 6% peeflgal Ly dnert and
hardly changed in the properties. Next preferable’is an
conpound, arkdbGfexastpraferadt eléss aphdf aBopBLi §tCARROYRdgg°c 4nd &
‘weight dhange 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,
ahd'besides_this 0il is chemically inert and thereby
hardly changed in properties. Therefore, the paraffinic

15 hydrocarbon oil (F) is favorable as a base o0il of a
lubricating oil for watches having plastic parts. 1In
this case, it is preferable to select a compound ﬁaving
no polar group as an additive, particularly, as fhe
fiscosity 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
lubricatiﬁg 0il 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 timel

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

compound selected from polyacrylate, polymethacrylate,



The second. lubricating oil conposition of the .invention may further
contain an anti-wear agent (© in an ampunt of 0.1 to 8 %by weight. As
the anti-weasF-agegr¢T(C), a neutral phosphoric 15 ester and/or a neutral
phosphorous ester is generally enployed. The second |ubricating oil
conposition of the invention may further contain a netal deactivator (D).

. . . . £
As the metal deactivator (D), benzotrigazole or a 20 derhvat t o]
preferable. The second | ubricating 0|I£bonp05|t|on of t?ég @Kﬁ@éﬂﬁgﬁ may

further contain an antioxidant (E). The third lubricati n?noi I corrp(;i tizgn
o o ant | vt mgon (G o e o P botoBCEe) N oaB. T
Py Bl (e e o PAePRIEey SEMPL Srdireatimutile en
(O isin tﬁesqe&ﬁg?é“%far@.ci'?%et@ilé@(;‘b&?ﬁ??gltiiz\'{mgﬁgefﬂfirtrzlc)z{npgagf?lr.ef erably
O -R2-)n- /Y S RGith ST - AR pbhdRRL F Kk aPRyPugeolprehglako 18
atom. o Pt SRR b Petv e L‘i’ﬁﬁf%‘%é’ﬁcgﬁg%%g&gﬁmeae?mi. divalent
O A 4P RO Bl PRS0 2,31 e
incompatible with plastics, chemically inert and hardly
changéd 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 furthe# 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 oil composition.of the
invention may further contain a metal deactivator (D).
As the metal-deactivaﬁdr (D),-benzotriazole or a
20 derivative thereof is preferable.
The second lubricating oil composition of the
inventionrmay further contain an antioxidant {E) .
The third lubriéating 01l composition according to
the invention comprises a base oil comprising an ether
25 o0il (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



invention desirably has a total acid nunber of not nore 15 than 0.2
ngKOH/'g. In the first to the third lubricating oil  conpositions of the
invention, the antioxidant (E) is preferably a phenol type anti oxi dant

and/ or an ami ne type antioxidant. 20 The am ne type antjoxi '
preferably a di phenylam ne derivative. The phenol type 2%.@@%%@3 S

preferably at |east one conpound selected from2,6-di-t-butyl-p-cresol,
2,4,6-tri-t-butyl phenol and 4, 4' - et il enebi s(2,6-di-t- 25 butyl)phenol.
The first, the second and the third lubricating oil conpositions of the

i nvention ae fay € cating_oils _used for mvable portions of
wat ches. SF- 720P<:§Il§(r:iié'(3i gwgg&fjjragétBﬁ}Pleg\%atlghtggcgf_"&lgﬁg%&o%t'ﬂe tlp%\)?en%ti on is
a watch hawi q.gaia%}m).vabl e portion for which at |east one lubricating oil
conposition selected fromthe first, the second and the third lubricating

oi | conposi tionsrief dther SiNVes] i 9Peksr¥8€d.  BEST; RRYI NG QUT
THE | NVENTI ON The | ubricati ng gc?% %o?rpogi ti nuaggof1L i ng tlé(()gﬁtehgg\%@i\inventi on

and the watreipresarrddieogotmpOSEbl Dowahg £BrfAasaki bed in detail hereinafter.
The lubricating oil conposition of the invention needs to have a kinematic

vi scosi?y of notR'rds®-RAahn1B' cSt and not nore than 1500 cSt in the
operating tenperature range. 15 The operating tenperature of watch is
usual I'y fraerein 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

10- divalent aromatic hydrocarbon group of 6 to 18 carbon
atoms, and
| ﬁ is an ihteger 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 mgKOH/g.

In the first to the third lubricating oil
composifioné of the invention, the antioxidant {E) is
preferably a phenol type antioxidant and/or én amine type
antioxidant.

20 The amine type antioxidant is preferably a
diphenylamine derivative.

The phenol type antioxidant is préferably 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.



10C to 80C, so that the kinematic viscosity should be not nore than 1500
cSt at -10C and not less than 13 ¢St at 80C. However, the present tine at
whi ch use agpl7xattion has been extended, the kinematic viscosity is 20
preferably in the above range in the tenperature range of -30 to 80C. A
synthetic oil for use as a watch |lubricating oil usually has such a
ki nematic viscosity that the surface tension may becoﬂdﬁd@@ﬂbﬁﬁlﬁp to 40
mMVm |f the watch lubricating oil hd@ing this surface tension 25 is fed
to the train wheel portions and if the kinematic viscosity becones not
nore than 13 cSt, Thhevhtbhi eadongling ltsspirRads it f4omd he yovapl e
portion, and the performance of the watch cannot be naintained. To the
SF- 720PCT 11h2vEng e mored3ecomtutaron Adr thel ki nematd £ i SeOSi ty becones
not less than 1500 ¢cSt, the working resistance to novable portions
becones | ar ge"BR4SEhéNEaLeR eoewardtt igpe st le qraxbefitom thevat Lhs FUStLBe
| ubricated for a l.ong period of time 5 with a certain anmount of a
| ubri cati ng %???ngoaﬁﬂth?héhléﬁa&MQﬁﬁQﬂtﬂnﬂxpﬁﬁ adwpdaibrimed i 6 Ohe
shoul d bg s ent\l/\hen.230 % of a lubricating oil is placed in a container
havi ng a di anet ér orietEnt SRt -a depth of 10 cmand allowed to stand for
1000 hours at 90C in an open state, 10 the evaporation |oss of the
| ubricating oil is required to be not nore than 10 % by weight in order to
?Egrgag the watch in g@gqugﬁgttgg_&g SREY ge g% k1?[\t‘(-) 80C. . Wen
poration | oss 0 D 2 0—F-by——wetg rati on can be.
guar ant eed even itTha wahehe dhe | l.d .al one. A finished article of
Match i s manuf act urod by atPnfgodyhechi 3eid al, 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
éSt and not more than 1500 cSt 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 710°C and not less than 13 ¢St
at 80°C. However, the present time at whicﬁ'use
application has been extended,‘the kinematic viscosity is

20 preferably ‘in the above range in the temperature range of
-30 to B0°C. A synthetic oil for use as a watch
lubricating oil usually has such a kinematic viscosity
that the surface tension may become approx.‘éO to 40 mN/m.
If the watch lubricating o0il having this surface tension

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

performance of the watch cannot be maintained. To the



conbi ning an exterior part and a nodule,, and not only the finished
article but also the nodule alone is sold, so that the watch |ubricating
oi | should khgr_-gi@te not only 20 to tenperature but also to humdity.
Exanpl es of the watch materials include brass containing copper or zinc,

ni ckel, iron, and plastics such as pol yoxynet hyl ene (Tﬁ%&, ol.ycar bonat e
(PC), polystyrene (PS) and pol yphenyl ene et her (PPE). ﬁ]éﬂé%@@Bwatch
| ubricating oil is brought into contadt with these watch materials, the
| ubricating oil must not bring about corrosion of the materials, swelling

t her eof andcqmﬂnﬂnxwuxfcﬁh@lkmmgmaéft7Qp§@35ig¥2bg%ghg5TngQO§e§§a”D!eS of

-synthetic oils satisfying the above requirenents include an ester oil, a

paraffinic qﬂﬁﬂwﬁiﬂQxﬂS&ﬁItKéWWQrkfn@ifé£p®Ea@&é,tanﬂc@aﬁyér§82kion sed
ether oil or glycol oil. 5 1n the use of the currently used ether oil or
glycol oi | PEIEIeS ilergepragisl éme hettchedoms short eopesh e apeepk 81yl over ed
because these oils have noisture absorption properties. The present
appl i cant has eafn&&Har SUsdi & Juipricatischf of |a choppspéi DOG ONE @&inBi Ng an
et her oi ag ;a 10 base ail and has found that |owering of the noisture

resi stance panhbg PrEVETe GMRPTH |widhgl BT iert baw i ol oi $o thaposheion to -
the i mvent | NeFLR LRETLAR T The 16 [N A 119 (iek cShande phobhemi15 t hat
ow that | marStonser or T Pubr R Pt e S 78, 10 | Gk £1oRF such a
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‘wgtch 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 g watch
15 module is sold alone.

A finished articlelof watch is manufactured by
combining an exterior part and a module, and not only the
finished article but aléo 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.



| ubricating oil spreads out on the netal surface. The paraffinic

hydr ocarbon oil (PAO has a |l ow 20 dissolving power and rarely corrodes

pl astics. Wreryfpere, this oil is advantageous especially when nmany plastic
parts are used. The materials thensel ves of the plastic parts have

_lubricity, so that even if the base oil is inferior to the.est oil_in
‘the lubricity, there is no 25 difference in the |ubrici tyz 8h(§Cpeér25j83 ni c
hydr ocarbon oil, however, is unsuit e as a watch lubricating oil because
of its bad evaporation properties. The present applicant has earnestly

st udi ed | ubri catfixegpids SFE ZA0RGTetli: 2281 O @ﬁié&@@ﬁngogp@sgbbg@s cont ai ni ng
a paraffinic hydrocarbon oil as a base oil and has found that the
evapor at i oF §iggEnanss igunl Wie | apreviesr byi b) | owbagaariwhei cating oi
conposition to have specific fornmulation |like the second |ubricating 5 oil
conposi t i oRYSFARRERHY &itd oPAThe @stekicone iesk) fahdsal abricehty ywhen used
as a 'base oiC% r‘f’%?% has, such a high dissol ving power that occurrence of

sl udge can5€& it 1 & thcheeilmounts of the additives can

be. decrgased. By the use of 10 the ester oil, further, the resulting

| ubricating oil havitg %4t i%F ddtorgrisitishptsed REeF opbtt pesgéanobe  used
at high te r atur . t he_,a t of the wviscosity index inprover
can be incrgggs'eﬁlel n tl?;%ug)g}%el?%gcﬁ?é%%i“i‘?l%W\Te‘\:‘/e?‘?s%ﬁEaﬁﬁ?ellﬁal_s of

t he pl asti god2ar I ificald tricted because the ester oil has
a hi gh dissolvi ngtr ?)O%\A%rﬁe‘srﬁg{épgréeg%n é/a}|{o‘5‘p T M NS %&?‘ﬁ%@ﬂ‘?nst udi ed

| ubr i cat i ngropler¢@Res! e preUfl Ml : AhEHE Qllnde By PRga0LY and has

found that the _
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 formulatidn like the thifd
1ub;icating 0il composition of the invention.
In the use of the'silicone oil, 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 (PAO) 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 if the base o0il is
inferior to the ester oil in the lubricity, there is no
25 difference in the lubricity. The paraffinic hydrocarbon
0il, however, is unsuitable as a watch lubricating oil
because of its bad evaporation properties. The present

applicant has earnestly studied lubricating oil



[ [ [ 20 allowng a
materials of the plastic parts are not restricted by 2 ( _
| ubricating oil conposition to have specific formulation |like the first

i i by RIposi ti i i i bricating oil
| ubricatin - osition of the invention. First lu _ _
conpositio%fﬁﬁz% first lubricating oil conposition of the 25 invention
conprises a polyol ester (A) as a base oil, a viscosity index inprover

~an anti-wear agent (C), and optionally, a netal de i ggpr |Ia and
grl?) ant i oxi dant (E) . 8- 720PCT 14 2 0 G T 2003 Pol yol _es?EW 12he pol yol
ester (A) for use as a base oil in the first lubricating oil ponp05|t:on
IS specificwdmpqﬁitfﬁﬁéﬁc$ﬁﬂaiﬁﬁﬁgsgrygfgfgigpgah?ggoggrgghopﬁﬂg?% ggeygr
5 having two or nore hydroxyl groups in one nolecufe to react W ° 2
plural ki ndbasfe rorobas haci tisund e tl@@'@{ré§§§at§5ﬁ”ﬁks ef?fcigge polyol s
i ncl ude neopentyl glycol, trimethylolpropane, pentaerythrito 'an ;
di pent aer yt 1@ $le 1l dexhyiyesa kif o iveg nNDBiRS1 €a 8EhESo L DCLUEBLs$RL BRat €
aliphatic carboxylic acids, such as acetic acid, propionic acid, butyric
aci d, isobuF§¥W@W%ﬂﬁﬂeckﬁﬂQnﬂqrmuiathmvhik@ ioé dsebept angb i 88t ng .
oct anoi c. aci d,, nonanoi.c acid, decanoic acid, lauric acid, nyristic acid
and-paln%tiElécﬁﬁpﬂﬂﬁiﬂﬁﬂ%u%ﬁiQﬂﬁ;ﬂﬁﬁ@@i%@nboxyl|c acids, such as stearic
acid, acrylic ac'%, propi oni,c acid, crotonic acid and oleic acid;, and
cyclic carboxyl i@ gcfa&g,ersﬁ ada5dfz dias deirricity when used as a

" base o0il and has such a high dissolving power that
occurrencé of sludge can be inhibited, 8¢ that the
amounts of the additives can be decreased. By the ﬁse of

10 the ester oil, furthér, the resulting lubricatingroil
having satisfactory low-temperature properties can be
used at high temperatures, and hence the amount of fhe
viscosity index improver can be increésed. In the use of
the ester oil, howevei, the materials of the plastic

15 parts are specifically restricted because the ester oil
has a high dissolving power. The preseﬁt applicant has
earnestiy studied lubricating oil compositibns containing
an ester oil as a base oil and has found that the
materials of the plastic parts are not restricted by.

20 allowing a lubricating o0il composition to have specific
formulation like the first lubricating o0il composition of
the inventioﬁ.

First lubricating oil composition

The first lubricating oil composition of the
25 invention comprises a polyol ester (A) as a base 0il, a
viscosity index improver (B), an anti-wear agent (C), and
optionally, a metal deactivator (D) and |

an antioxidant (E).



20 toluic acid, napthoic acid, cinnamc acid, cyclohexanecarboxylic acid,
nicotinic acid, isonicotinic acid, 2-furoic acid, |--pyrrolecarboxylic
aci d, nonoet gyl7ogpeironat e and et hyl hydor genpht hal ate. Exanpl es of the acid
chlorides include chlorides of 25 the above-nenti oned nonobasi ¢ aci ds.
Exanpl es of the reaction products include a neopentyl gl yl ate
caprate m xed ester, a trinethylol prgopane val erate hébﬁaéggtéﬁﬁﬁied ester,
a SF-720PCT 15 2 8 OC T 2003 trimethylol propane decanoate octanoate m xed
ester, trimethylol propane nananoate, and a pentaerythritol heptanoate
caprate m xed ester. As the pol yobPoggbere&Aprfonjuse in the invention, a 5
pol yol ester having not nore than 3 hydroxyl groups is preferable, and a
perfect ester havfhg Relhpdr exykrgridipfbs paet asulablageprafieriablie The
kinematic viscosity of the polyol ester (A) is preferably not nore than
1500 cSt at f3per XBbW%ééPQinlﬁdéfﬁmpmmi@\i@m (iB) sPeeiViiisedslit yar ndex

i nprover (B) for use in the .first lubricating oil conposition of the

i nvention iseSE@ﬁaﬁFVlBHeap§F§H€FU§§I@@ﬁéénﬁﬁoﬁwp@ﬂﬁawﬁwwaﬁepolyol

pol ymet hacry e, pelyisobutyl epne,. polyal kyl styrene, 15 pol yester,
isobutylgﬁe %%%ﬁ? tgwgsP§r@ﬂéen§V9§P§YisﬂépPpstﬁyPnﬁcéK%M%$WLﬁméﬂate ester
and an a-ol ef] o r_at | east ane copol yner selected from,

copol yners g%% Cgagggxggﬁﬁbagaﬁﬁgﬁgﬁsgﬁpgﬁeogoﬁ8pﬁggﬁ}9aﬁiﬂ%ﬁnﬁ?nﬁC1d

met hacryl at efyi pyi gyErol i done copol yner and an :

Examples of the polyols include neopentyl glycol,
trimethylolpropane, pentaerythritol and dipentaerythritol.
10 Examples of the monobasic acids include:

Vsaturated aliphatic carboxylic acids, such as acetié
acid, pfopionic acid;-butyric acid; isobutyric acid,
- valeric acid, pivalic acid, heptanbic acid, octanoic aﬁid,
. nonanoic acid} decanoic acid, lauric¢ acid; myristic acid
15 and palmitic acid;
unsaturated aliphatic carboxylic acids, such as
stearic acid, acrylic aéid, propionic acid, crotonic acid
and oleic acid; and |
cyclic carboxylic acids, such as benzoic acid,

20 toluic acid, napthoic acid, cinnamic acid,
cyc;ohexanecarboxylic acid, nicotinic acid, isonicotinic
acid, 2-furoic acid, 1-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 inclide a

neopentyl glycol caprylate caprate mixed ester, a

trimethylolpropane valerate heptancate mixed ester, a



20 et hyl ene/ al kyl acryl ate copol yner. Exanples of the polyacryl ates and
pol ynet hacryl ates enployable in the invention include polyners of acrylic
acid or nethagcylopegaci d and polymers of al kyl esters of | to 10 carbon
atons. O these, polynethacrylate 25 obtained by polynerization of nethyl
nmet hacrylate is preferable. As the abovee viscosity index inpravers,
conpounds hitherto known are enpl oyable. SF-720PCT 162i}£]@ﬁ?2%0§003
Exanpl es of the pol yal kyl styrenes i ncltde pol ymers of nonoal kyl styrenes
having substituents of 1 to 18 carbon atons, such as
poIy-a--nethyﬁgmﬁﬁéwdplgmmpﬁﬂé}deﬁﬁﬂbdﬁéyd@ﬁﬁhoéEEYm§i§&h¥£Fé¥re”e and 5
pon-(3--eth%L$tyrene. Exanpl es of the polyesters include polyeSters
obt ai ned fr ofEpEERYdCLE rapeoolm oy, 1 drod 10 Sat e v ek pBe1 Such as
et hyl ene glycol, propylene glycol, neopentyl glycol and dipentaerythritol,
and pol ybasi 6P63RCAES, caipetrtes mixesd cesdd, nal oni ¢ acid, succinic acid
glutaric acid, ad%gic acid, fumaric acid and phthalic acid. Exanples of
the a--olefin cop yﬁE?spPﬂﬁpédéséﬁr'dﬁﬁyﬂéneﬂpﬂnpyieﬁeacbpméwmfmn, a
units derived fromethylene and recurring units

consi st o] rring_1
deri ved r!?r oéglig%gr Sﬁf/g&ng,&‘v&r‘?@ P e Privduct St yedsbyups is
copol yneri zag| -ol ef.i,;ns of tqQ 18 carhon atonms such as ethyl ene,
propyl ene, b%%% g%ébgﬁd %&Faaigﬁé%efﬁé§§5 NI duh Ibedarel sgnghy or in
conbi nati on i 20pakti¥A1QL1YPLE IS ¢ . ~

' The kinematic viscosity of the polyol ester (A) is

preferably not more than 1500 cSt at -30°C.

10 o | Viscosity index improver (Bj‘

The viscosity index improver (B) for use in the

r.first lubricating 0il composition of the invention is
usually one polymer selected from polyacrylate,
polymethacrylate, polyisobutylené, polyalkylst?rene,

15 polyester, isobutylene fumarate, styrene maleate eéter,
vinyl acetate fumarate éster and an a-olefin copolymer,
orAat least one copolymer selected from copolymers such
&s a polybutadiene/styrene copolymer, a polymethyl
methacrylate/vinylpyrrolidone copolymer and‘an

- 20 -ethylene/alkyl acrylate copolymer.

Examples of the polyacrylates and polymethacrylates
employablg in the invention include polymers of acrylic
acid or methacrylic acid and polymers of alkyl esters of
1 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.



In the present invention, the viscosity index inprover (B) is used in an
ampunt of 0.1 to 20 % by weight, preferably 0.1 to 15 % by wei ght, nore
preferably @Flyppck0 % by wei ght, based on 100 % by wei ght of the 25

| ubricating oil conposition. Wien the viscosity index inprover (B) is used
in the above anmount, a watch using the conposition can be operated

properly. SF-720PCT 17 2 8 0 C T 2003 .Anti-wear agent (Q)B‘I@u@’]ér%g[}&\ear
agent (C) for use in the first Iubridéting oi | conposition of the
invention is usually a neutral phosphoric ester and/or a neutral

phosphorous 5 est BramBiespbés tak tpd yadkyldt RSN G €L R S Jhet side
tricresyl phosphate, trixylenyl phosphate, trioctyl phosphate,

trinet hyl ol pP&pBRECBAEYPBRAVeenEs pleryly spiosptatentd rd s (Inany | phenyl )
phosphat e, trie%hyl 10 phosphate, tris(tridecyl) phosphate,

t et raphenyl dFpf 8B} 8hem§l y é8chdiggh®eplyavemethylstyrene,

t et raphenyl tet agbiidggég)gentaerythritol t et raphosphat e,
tetra(tridec?P;y4,4m? FoYY PPGenedilpnamAt pHedptrene and

B;:E;ghS?§KL%§$¥%§%%§é§é%h?%?g%Pgﬁzﬁgggﬁéyé? tristearyl phosphate,
O e e oL R B b 2t B oot
hosph e, trroeiy phoeanrrey e R P o RaNa e i 00, eripieny!
phosphite, -atoms, such as ethylene glycdl, propylene glycol,

necpentyl glycol.and dipentaerythritol, and polybasic

10 acids, such as oxalic acid, malonic acid, succinic acid,
Qlutaric acid, adipic acid, fumaric acid and phthalic
acid. .

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

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

These compounds can be used singly or in combination

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 5 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.



tris(nonyl phenyl) phosphite, triethyl phosphite, tris(tridecyl) phosphite,
t et raphenyl di propyl ene glycol di phosphite,

t et raphenyl tgt ragiictdecyl ) pentaerythritol 25 tetraphosphite,
tetra(tridecyl)-4,4"- isopropylidenedi phenyl phosphite,

bi s(tridecyl)pentaerythritol diphosphite, bis(nonylphenyl)pentaerythritol
di phosphite, tristearyl SF-720PCT is 2 8 0 C T 2003 phozg&%ﬂg, 003

di st earyl pentaerythritol diphosphiteﬂ7tris(2,4-di-t-bu p Jh%

phosphite, and a hydrogenated bisphenol A/ pentaerythritol phosphite

pol yner. These conpounds can beadsedwshpgbyeft ipjconbination 5 of two or
nore kinds. In the present invention, tThe antt-wear agent (C) is wused in
an anount of 0.1 Rhe &b bywewet ghdentpr ef eredt ude Lintend £4 py+wei ght, nore
preferably 0.5 to 1.5 % by weight, based on 100 % by wei ght of the

| ubri cati ng BT 1R Horp ozt t | ermpathieni eieo Aint e WoaveRgEsH iQ)ubﬁaQ!i?d aln the
above anmount, a watch using the conposition can be operated properly

Wit hout fri dt§WHRL RhespPhovetqlesfeatavdfor { Dyedhes hepabspeacbiuwat or (D)
that is 9pt%£ﬂglly used in 15 the first lubricating oil composition of the
invention is 6?%ferably benzotriazole or its derivative. Exanples of the
benzotriazol e derd,\

' includ : :
2-(2'-hydroxy-5'-ﬁ%%ﬁy¥%iéﬁ?ﬁ?ﬁé%ﬁﬁFQ%ﬁxHQQ%PQQ?iC esters include
hyd -3, & : | benzyl ).ph 1).b tri le, 20
> (2 by omy 56 BT SRS LSRN s Camd e dhbths. of

structures eRisgIRHLd ﬁr&é}ﬁlﬁ%}lﬂ@ﬂ%e qu{orysuﬂhaa E\!A;he{lelj.&leRﬂyB and R' are

each an al kyl group of _
phosphate, tris(nonylphenyl) phosphate, triethyl

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

15 bis(nonylphenyl)pentae;ythritol 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

200 trioleyl phosphite, trioctyl phosphite,
trimethylolpropane phosphite, triphenyl phosphite,
tris{nonylphenyl) phosphite, triethyi 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



1 to 18 carbon atons, such as 1-(N, N-bis(2- .
et hyl hexyl ) am nonet hyl ) benzotri azol e. 25 SF-720PCT 28 OCT2003 19 RN NR

pees [ [ nbi nati on of
H CH2NRRE. e conpounds can be used singly or in co _
?to or nDreE%1ﬁ%§. 5 1n the present invention, the netal deactivator (D)

[ [ [ f er abl 02 to
sed in an amount of usually 0.01 to 3 % by weight, pre

HS@:by wei ght, nore preferably 0.03 to 0.06 % by melght ﬁh£ﬁa oﬁﬂﬁao % by

wei ght of. the lubricating oil conp&§ition. When the nmetal deactivator 10

(D) is used in the above anmount together with the viscosity index inprover

(B) and t he phwtsiphviear, agestedrG)Lpertadd Opi oM ©f1 r@f@késﬁl?‘f@%as copper can be

ting ol l conposition invention is
et S e L
(ai iy Bg SoReBods S/ ee Hacomythriiot] qHiospine: oo baserof {he
lubricating oil bﬂgsglggm£g%nggt%aéxgg Jggg ;¥§gf§30r in combination
5 of two or more kinds.
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)'thatlis optionally used in

15 the first lubficating 01l composition of the inventien is

preferably benzotriazole or its derivative.

| Examples of the benzotriazole derivatives include

2—(2'—hydroxy—S'—methylphenyl)benzotriazole,2—(2'—

hydroxy—B',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

1 to 18 carbon atoms, such as 1-(N,N-bis(2-

cethylhexyl)aminomethyl)benzotriazole.
25



SF-720PCT 20 2 8 O C T 2003 changed in the properties. In this case, it is
preferable to add the netal deactivator (D). Antioxidant '(E) The

ant i oxi dant sEEpgrlgat is optionally used i ' n the 5 first lubricating oil
conposition of the invention is usually a phenol type antioxidant and/or an
am ne type antioxidant. The am ne type antioxidant is pgg&eogftﬁgmg%

di phenyl am ne derivative. 10 The phengl type, anti oxi dant-Fs f ly at

| east .one conpound sel ected fron12,%%di-t-buty|-p-cresol, 2,4,
6-tri-t-butyl phenol and 4,4 ' -nethylenebis (2, 6--di-t-- butyl)phenol. The
antioxidant (E) can be usedRsingly or in 15 conbination of two or nore
kinds. In the present invent\o t he Noxidant (E) is wused in an anount
of usually 0.01 to 3. by wei erabM™s 0.01 to 2 % by weight, nore
preferably 0.03 to 1.20 % based ?p 100 % by wei ght of the 20

| ubricating oil conposition. he antioxidant (E) is wused in the above
anount, the lubricating oil 1 thQn ,géﬁ be prevented from change of
properties over a long period of tinme. Ny a watch nodule that is used for
a long period of 25 tine, a lubricating oi cﬁf ption used therefor
should be prevented from oxidation so as not changed in the
properties over a'long perigpd of tinme. In order that the first |ubricating
oi | conmposition of the inveértion SF-720RCT

l\. N
N
N

H

wei ght ,

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 6.01 to 3 % by weight,
?referably 0.02 to 1 % by weight, more preferably 0.03 to
0.06 % by weight, based on 100 % by weight of.the
lubricatiné 0il 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.,

I5 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 o0il base of the

lubricating oil but also the metal part must not be



2 8 OCT 2003 21 nmay be stabilized over a long period of tine wthout
being oxidized, it is preferable to add the antioxidant (E). First

| ubricating ail;g@pgosition 5 The first lubricating oil composition of the
invention is desired to usually have a kinematic viscosity of not nore
than 1500 cSt and not less than 13 ¢St at -30 to 80C, a weight change of
not nmore, than 1.62 %by weight after allowed to stand 28 9TTapg(3d 10
total acid nunber of not nmore than 0.20ngKOH g. When theé™weight change,
nanmel y, evaporation |loss, as neasured after the conposition is allowed to
stand at 90€hiasigedt imDr@et Badbpk83 K by Meights de copposition exhibits
excel l ent operation stability at high 15 tenperatures. en the total acid
nunber is nopredeeabileancladgkEHi@t diheleadisi B &hange, of the consunption
el ectric current, and viscosity increase and corrosion of watch nenbers
can be prevented, so that such a Antbroxedamg of) conposition is favorable
as a watch 20 lubricating oil. The first lubricating oil conposition of the
invention is partte8l arkyopidnataliFe dbad lisbroiptdionag 16i lusddrim e ch

havi ng asmst gl. ggr .. Second | ubricating oil conposition 25 The second

| ubri cati-ng orf ohﬂB§FF?5hnﬁfOﬂﬁecqmmmﬂﬂﬁhwncﬁhﬂﬁks&mvﬁqﬁﬂdﬁfi@ic

hydr ocar bon OEL %gﬁ as g bise oil, a viscosity index inprover (B), and
optional |y, SF2720PCT B2°D8loEyPgo@atioxidant ‘and/or an amine type

antioxidant.

The amine type antioxidant is preferably a
diphenylamirie derivative.

10 The phenol type antioxidant is preferably at least
.one compound~se;ectéd from 2,6—di—t—butjl-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 present invention, the antioxidant (E) is
used in an amount'ofrbsually 0.01 to 3 % by weight,
preferably 0.01 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) is
used in the above amount, the lubricating oil composition
can be prevented from change of properties over a long
beriod 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



an anti-wear agent (C), a netal deactivator (D) and an antioxidant (F).
Paraf finic hydrocarbon oil (F) The paraffinic hydrocarbon oil (F) for use
as a base Sgpibgpprthe second lubricating oil conposition-of the
i nvention conprises an a-olefin polynmer of 30 or nore carbon atons,
preferably 30 to 50 carbon atons. The a-ol efin polyner Oéégigfﬁ'gﬁbﬁ car bon
atons is a polyner or copolyner, which conprises one or I s 10
sel ected from ethyl ene and a-ol efins &f 3 to 18 carbon atoms and has 30 or
nore carbon atons in total. Specifically, there can be nentioned a triner
of 1-deceasepayabérstmbidizédupdeeeneloagt peib0LrlrdadecaR o g trimer  of
1-tridecene, a triner of 1-tetradecene, a copolyner of 15 1-hexene and
1- pentene, ardingeoxidkeedThitpasaptenbeabydr @eanbantficl afhfe)kokakyse in the
invention is preferably a paraffinic hydrocarbon oil having 30 or nore
carbon atonsf{lahd a kinematic viscosity of not nmore than 1500 cSt at -30C.
20 Vi scosity index inprover éB) The viscosity index inprover (B) for use in
the second |ubricating SEESEodpbsichsangl oile domperstiitdrori s usual |y at
| east oneg conpou sel ected from pol yacryl ate, pol ynethacryl ate,
polyisobgtylene,qﬁ&?y%%%??s%%@%%%@tQ%gp@%%e@@@PQSiEEDGtyEehbefunarate,
styrene nalg%%? ester, . vingl aﬁetate funarat e ester and an a-olefin
copol yner . Thesd? b3l §7ebbutyFenesreliyebarabrekingpmazdpcT 23 2 8 OC T
2003 Exanpl es; poky. yl st yrenes, | yesters and the a-olefin
copol yner s ?ﬁ%ﬁ%ﬁ%hgﬁégédﬁégég%ﬁ ue%ina§g88 83tYana"noe fess than 13

c3t 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 losé, 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 hot more
than 0.2 mgKOH/g, there is no change of the consumption
electric current, and viscosity increase and corrosioﬁ of
watéh members can be prevented, $o that such a |
lubricating oil composition is favorable as a watch

20 lubricating oil.

The first lubficating 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 o0il (F) as a

base o0il, a viscosity index improver (B), and optionally,



enuner at ed above in the paragraph of the viscosity index inprover (B) for
use in the first lubricating oil 5 conposition of the invention. The
viscosity i ngexydpprover (B) can be used singly or in conbination of two
or nore kinds. In the present invention, the viscosity index inprover (B)
is used in an amount of 0.1 to 15 % by 10 wei ght, prefeza@lﬁ %mw by
wei ght, nore preferably 0.1 to 10 % wei ght, based o CO i ght of
the lubricating oil conposition. W the viscosity index inprover (B) is
used in the-above ampbunt, viscosity change of the paraffinic hydrocarbon
oil (F) due aro arftel edenppeat ul@) changetgandbeceeduesd apng anwakgh using
the conposition can be operated properly. Anti-wear agent (C) The
anti-wear agéfticxiganthatEis optionally used in the second lubricating oil
conposition of the invention 20 is usually a neutral phosphoric ester

and/ or a neutral phosphof@rafasiekc Fxhrptascwf ¢hk Butral phosphoric
esters and the neutral phosphorous esters include the sanme conpounds as
enumer at ed above 19 B byt aphy SFocaebamt 91 e bF) afentu2s &€)af basase in
the firsg Iuhr catitg_g?oil composition of the invention. The anti-wear
agent (C c&rtibelis sﬁ?@‘}gg}u?%lc%Bh‘B‘? natt opomposblier abrehRi nds.

SF- 720PCT 2 T,2003. 1 n the presept invention, the anti-wear agent
(O is usegtr%ne%é:gioglnocun %fs%s. 1a190(9?3°f/§€3ynv@? Wrer o Ef &P aBFymOre to 5 %

by wei ght, 'Eérr%otff efehabl *J%J;Eefgb'\ly 53000y ¥l gfﬂ'bon atoms.

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

polymer or copolymer, which comprises one or more olefins

10 selected from ethylene and oa-clefins 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 tiimer
of 1-tridecene, a trimer of l-tetradecene, a copolymer of

15 1-hexene and l-pentene, and the like.

The paraffinic hydrocarbon oil (F) for use in the
invention is preferably a paraffinic hydrocarbon o0il
having 30 or more carbon atoms and a kinematic viscosity
of not more than 1500 <St 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.

O0f these, polyisobutylene is preferable.



based on 100 % by weight of the lubricating oil 5 conposition. \Wen the
anti-wear agent (C) is used in the above anpbunt, wear resistance can be
i mproved. V\@%#g?pcs.lsecond | ubricating oil conposition of the invention is
used for a watch using a netal part in conbination with a plastic part,
e.g., Watch Movenents' 10 (No. 7680, No. 1030, available fromCtizen Watch
Co., Ltd., train wheel portions: plastic and metal de& §@iell88d), it is
“preferable to add the anti-wear agent23(C) so that the netal part should
not be worn. Metal deactivator (D) 15 The netal deactivator (D) that is

optional ly used ERanih@ssSezontd %lggﬁﬁﬂ%@é,e%?mﬂési% lf%%EQJ?si nvention

is preferably benzotriazole or its vat i

benzot ri azokeddehiev ai-HoAest iim i yridies saE Gmaunds; @ ed  gbove
in the paragraph 20 of the netal ydeacti vator (D) lr'?ordrﬁge@k?&ﬁﬁtgﬁga i?gt

| ubri cat i ngeoumegereosisticore dfn tihe ipneritayh Jdhech@ta sagsivat 9hgkl) can
be used singly or in conbination of two or nore kinds. In the present
invention, thereseal (@dadidrwatssr iD)the25 isstusiatb e mgost of preferably
0.01 tob§3 % by weight, nore preferably 0.02 to I % by weight, still nore
preferably GOBOS3t3-906 % Mheandinglemtisased on 100 % by wei ght of the

| ubricating oil conposition. Wien the SF-720PCT 25 2 8 OCT 2003 net al
deactivator (D) F&Cu¥ddcositthe 1as6ve igmapner or rewi dre ofsedtaisgduch as
copper can b% greven ed. \Wen the second lubricating oil conposition of the

u

i nvention i $Tud€d PIPRARCEh Fsithe £dtoHe geids n

| In the present invention, the viscosity index

improvér'(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 am&unt, viscosity
change of the paraffinic hydrocarﬁon 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 0il 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.



5 conbination with a plastic part, e.g.; the aforesaid Wtch Mwvenent(tm
(No. 7680, No. 1030), not only the oil base of the lubricating oil but

al so the HEngOFéﬁI must not be changed in the properties. In this case,

it is preferable to add the netal deactivator (D). 10 Antioxidant (E) The
antioxidant (E) that is optionally used in the second Iuari mlgﬁu il
conposition of the invention is wusually a phenol type éh i % da nd/ or
an amne type antioxidant. 15 Exanﬁﬁes of the am ne type antioxi dants and
the phenol type antioxidants include the sanme conpounds as enunerated
above in the paragtaphpeksthe ambieptidant ti) a0ptipnal Iy, dsed (':{1 e first
| ubricating oil conposition of the invention. 20 The anﬁfOX|d5n % ) can
be used singky ¢on Bn amombitnatd @n 10ftd WO 0LYTRIE Joihd rgsent
invention, the antioxidant (E) is wused in anm;lrm%—lnt %‘répﬂ;beéég?%’zlg'% 1to3
% by wei ght9 Snér bypwefighabl mole0 briefe 61y Ove ghs 1.8 id by Dh&i Bt
preferably 0.03 to 1.20 % by wei ght, based on 100 % by weight o t he

| ubricati nNg2®ff €BnpOSi fi by, Weliemtt log téret iloskrdantt i(fg) disl used in the above
amount ,. the SF-720PCT 26 28 OCT 2003 |ubricating oil conposition can be
prevented FPBRPEREAGE - offhEroféet iped lowern ra dgsmg piéhi ot ofsdd nen thea wat ch
nodul e thatbis used for a long period of "tine, a lubricating oil

conposi ti of ﬂg%da?ﬂgpgfowe§ﬁo F§ 1 55 aheSp Cave ced MTOHaski dati on so as not

han i r rti r. l.on ri f ti . Therefore, in
to be changed 'ﬁhégetﬂqugcgngsl%%%lc%ti%ggogﬁ a%%ﬁ%sféfg% ofeiﬁgo ©

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 énd metal gears are
used}, -it is preferable to add the anti-wear agent (C) so
that the metal part should not_be worn.

Metal deactivafor {D)

15 ' The metal §eactivator (D) that is optionally used in
the second lubricating oil 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 0.01 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

\C

weight of the lubricating oil composition. When the



order that the second lubricating oil conposition of the invention may be
stabilized over a long period of tine wthout being oxidized, it is
preferabl e tgradgpthe 10 antioxidant (E). Second |ubricating oi

conposition The second |ubricating oil conposition of the invention is
desired to have a kinematic viscosity of not nore tha é580 St _and not

| ess than 13 ¢St at -30 to 15 80C. Wen the Iubricatingz i (}%ﬁé@@ﬂtion
having a kinematic viscosity of thi32§ange is used for a watch having
train wheel portions nade of plastic, e.g., Watch Movenent' (No. 7630,
avai l abl e froetdtdeeatVabebrCop) ikt dskd the tWat g can JLper at ed
properly. The second 20 lubricating oil conposition of the inVention
particul arl ycopreséeabby hasaisksnemnbic cvbpeesihy ok viRfed han 1500
cSt and not less than 13 cSt at -30 to 80C and a wei ght change of not nore
than 10 % by wei ghtenftke satbtndetiuboistandgabi®0Compbsheant b lwyhyicating
oi |l conpositjon having a kinematic viscosity of the above range and a

wei ght chanteVeftide aboveedafge Rswatel, ushegwat oeteanphet dper at ed
properlysin t{ﬁktengerature range of -30 to 80C. - SF- 720PCT 28 OCT2003 27
The second |UBPPERRTHYR o¥+ER0RPBEREESR BRTEReS - DRVetibeonforeisaiini ng t he

anti-wear a and the ta activator (D) is favorable as a ,

lubricati ngq’g“infd(%?"%m%?ch‘ ?;'rntﬁg melar &Qﬁpginnéﬁnﬁﬂﬁzft ithe wiith a 5

plastic partp{& 9,5 r hird. | ubri ing oil conposition The third

| ubri cating cﬂ§éconﬂ%§?t?%ﬁg¥#a€ﬁ%g 615749050 ERePRetal part must
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 én amine type
antioxidant;' -

15 Examples of the amine type antioxidants and the
phenol type antioxidants inclu&e'the same compounds as
enumerated above in the paragraph of tHe antioxidant (E)
optionally used in the first lubricating oii composition
of the invenﬁion.

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

In the present inventioh, 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
welght of the lubricating oil composition. When the

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



i ntion conprises an ether oil (G as a base oil, an anti-wear agent (C)
Qﬂéeaﬁ antioQPdant (E). 10 Ether oil (G The ether oil (G for use in the
third lubricati gpe&l conposi tion of the invention is preferably an ether ]
oi | representedﬂ%y the followng fornmula: Rl- (-O-R2-) n-Rl 15 wherein eac
Rl is independently an al kyl group of 1 to 18 carbon atons or a nonoval ent
aromatic hydrocarbon group of 6 to 18 carbon atons, R%! sO{ﬁTaﬂ@gBene f
group of 1 to 18 carbon atons or a d?@alept aromat i ¢ hydrocar bonh group o
6 to 18 carbon 20 atoms, and nis O or an integer of 1 to S. Exanples of
the al kyl groupgiehting0oi8 CRHROR AL ca'nn%ecgﬁﬁegre%é%l fﬂbg& %q?eanﬁgg hyl,
ethyl, propyl, isopropyl, n-butyl, isobutyl, séc-butyl, t--Dbuty ’I
n-pentyl, 25c€sppeptyliet- pericylh, 13eePeRiYloq REXWind Sohexyl, heptyd,
octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, penta efy o
hexadecyl, heptadéoyh matichombddéeylhaSFiE2QB6E Zc& QCLo2Q0328 Jaxaypl es o
t he nonoval ent aromatic hydrocarbon groups of 6 to 18 carbon atons

i ndi cat ed bytPEEPnéléﬁbrigﬁéﬁyg,Oﬁdlybmpmﬁhyupnbmmeﬂ,tnﬁﬂﬁﬂaﬂnéhould
1-phenyl et hyl -and 1-methyl-1-phenylethyl. 5 Exanples of the ahkx{ene
‘groups of 1 P® BBe¥&PbEH TapEnexiAatésnedobysRaotndlcude metmyeenean

et hyl ene, p{ﬁgylene agd but yl ene.

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

10  antioxidant (E).

Second lubricating ¢il composition

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

15 80°C. When the lubficatihg ©il composition having a
kKinematic viscosity of this range is used for a watch
having train wheel portions made of plastic, e.g., Watch
Movement™ (Nb. 7630, available from Citizen Watch Co.,
Ltd.), the watch can be operated properly. The second

20 . lubricating oil composition of the invention particularly
preferably has a kinematic viscosity of not more than
1500 cSt and not less than 13 ¢St 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 ranée is used, the watch can be

COperated properly in the temperature range of -30 to 80°C.



Exanpl es of the. divalent aromati c hydrocarbon groups of 6 to 18 carbon
atons indicated by R2 include phenylene 10 and 1, 2-naphthyl ene. The et her
oi | represen?qgﬂ{%ﬁctﬁlhe above formula has no hydroxyl group at the

nol ecul ar end, an ence this oil is excellent in the noisture-absorption
resi stance. Anti-wear agent (C) 15 The anti-wear agent 2%@ I in the
third lubricating oil conposition of the invention is u I @-Ea tral
phosphoric ester and/or a neutral phosfhorous ester.. Exanples of the
neutral phosphoric esters and the 20 neutral phosphorous esters include
the same conpoundghas RIHSTRY atigsh ahavie, d rbitlheccf}f?ﬁ@g{@f’&hoéft o anti -wear
agent (C) for use in the first lubricating oil ‘conposition O t he

i nvention. ThHevamitii-oseatorageinti )it e Used, 5&%&‘:&’ PEy | g 2pp 60D nat i on
of two or nore kinds. In the present invention, the anti-wear agent (C) is
used in an amstatl ofequtefvertait y(M). 1id ofBrdpdylaeighd  1upPiEaPLgfeLaply 0.1
to 5 %by weight, still nore SF-720PCT 29 28 OCT 2003 preferably 0.5 to 1.5
% by wei ght, feds@d werk chom<%krisy a weitghit pofrit hien | edit Dedt 1en ol tig0gposi ti on.
When the _anti-wear agent (C) is used in the above anpbunt, wear resistance
can be i nproVe@Sts ONREFt: He -thir eabri cating oi | conposition of the
invention is used for a-watch using a netal part in conbination with a
plastic part, e.g., WatchUMNkenEHricanNmg 788D, composdBOonavail abl e from

Gtizen Watch Co.

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
A.oil cpmposition of the invention is preferably an ether
oil represented by the following formula:

Rl- (~0-R2-) _—R1 |

15 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,

R2 is an alkylene group of 1 to 18 carbon atoms or.a
d;valent aromatic hydrocarbon group of 6 to 18 carbon

20 atoms, and |

n is.O 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.



Ltd., train wheel portions: plastic and netal gears are 10 used), it is
preferable to add the anti-wear agent (C) so that the netal part shoul d
not be wornspgﬁ¢ﬁ§fdant (E) The antioxidant (E) for use in the third

| ubricating .0l tonposition of the invention is usually a phenol type 15
anti oxi dant and/or an am ne type anti oxi dant. Exanplgz oféiie L he type
antioxidants and the phenol type antioxidants inclu 8t@ azﬁﬁéonpounds
as enunerated above in the paragraph®f the antioxidant (E) optionally
used in the first lubricating oil conposition 20 of the invention. The
antioxidant (E) eaamhe dis gl i onpi i on- of,_two _or nore kinds.
In the present inveggﬁbn,qgazhgﬂf¥%§§%%ntnf é@gE%ge%y?ﬁogﬁrgﬁBunt of
preferably @r@lpo o % byo Weg o xbor S yi.0. 93 : % by

wei ght, based on 100 by wei ght of thea?ﬂﬂgiggg%ﬁéégélb o%po%??#%ﬁg When t he
ant i oxi dant phEnyils uzed/din *ﬁ&beGM@nﬁﬁDPnéheﬁé@h@f;7205E3h89e€h910 CT
2003 lubricating oil conposition can be prevented fromchange o

properties @y lamedriy Jpertmwiteroflétiimel . Third | ubricating oil conposition
The thirg | ubricating oil conposition of the 5 invention is desired to have
a "total”acid nufFémpdfesnstt they e tihelrerte oG gf Wies 1hechubbhcati ng
oil conposition having a total acid nunber of not nore than 0.2 ngKOH g

i s used, th&rEMSs MG IGRRE Bf B*he ncdassumsttihon eslectatioy anma ent

and-vi scosity increase of .10 the lubricating oil conposition and corrosion
of watch rﬁ%opfiene and butylene. - g P

Examples of the divalent aromatic hydrocarbon groups
of 6 to 18 carbon atoms indicated by R? include phenylene
10 and 1,2-naphthylene. |
The ethe; 0oil represented by the above formula has
no hydroxyl group at the molecular eﬁd, and hence this
oil is exCellent in the moisture. absorption resistance.

Anti-wear agent (C)

15' The anti—wgaf agent (C) for use in the third
lubricating oil composition of the invention is usually a
neutral phosphoric ester and/or a neutral phosphorous |
ester. . |
| Examples of the neutral phosphoric esters and the

20 neutral phosphorous esters include the same compounds as
enumerated above in the paragraph of the anti-wear agent
(C) for use in the first lubricating o0il composition of
the invention.

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



menbers can be prevented. The third lubricating oil conposition of the
invention is favorable as a lubricating oil for a watch having train wheel
portions cogpishppg of plastic parts 15 or a watch having train whee
portions consisting of nmetal parts. This lubricating oil conposition is
particularly favorable as a lubricating oil for a wat hmﬁwggﬁ trai n wheel
portions consisting of netal parts. Watch 20 The méZE% t anvention IS
a watch wherein at |east one Iubrica?ing oi |l conposition selected fromthe
first, the second and the third lubricating oil conpositions of the

i nvention i prasegdabar Dhe mevablses RYr tieQdht25 daedidpentd of the watch of
the invention are, for exanple, the follow ng watches (1) to %): (1)

wat ch usi ngwehehti pét thebiubaticag ieigl cidorpagiddian of. t gdhvention for al
movabl e portions, SF-720PCT 31 260CT2C03 (2) watch using the second '
| ubri cati ngadti~weanpegentondCof itshesiedveant ithie fadioval lammmabl evaorti ons, (3)
wat ch using the third lubricating oil conposition of the invention for al
nmovabl e por ¥¢dhstaBcesranabeh inpireyedhr ee kinds of the first |ubricating

oi | congpsitions of the invention which are different in the fornulation,
ki nemat i°c vi scostE§oFPEnEREFRe lPbricakias mivalsicmpssitiions off adpecti vel v,
.(5) watch gsin tthree kinda %f the second 10 | ubricating oil-conpositions
of. the inventt ol whl'ch®al&®diPrefeHEtFR 8 NCornieidloPaad et i c

viscosity Oéoﬁﬂfnation with a plastic part, e.g., Watch Movement™
(No. 7680, No. 1030, available from Citizen Watch Co.,
Ltd., train wheel porti&ns:.plastic and metal gears are
10  used), it is preferable to add the anti-wear agenf {C) so
that the metal part should not be worn.

Antioxidant (E)

The antioxidant (E) for use in the third lubricating

‘0ll composition of the invention is usuaily a phenol typé
15 antioxidant and/or an amine type antioxidant.

Examples of the amine type antioxidants ana 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 (B) 1is
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 %
by weight of the lubricating oil composition. When the

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



i ke for three novabl e portions, respectively, (6) watch using.three kinds
of the third lubricating oil conpositions of the invention which are
different g¢ps99pdp the formulation, kinematic viscosity or the like for

t hree novabl e portions, respectively, and (7) watch using three kinds of
the first, the second and. the third lubricating oil itions of the

i nvention for three novabl e portion§ respectively. é%%ﬁzﬁﬁi]égﬁao specific
limtation on the watches, and any % mechani cal wat ches and el ectronic

wat ches are available as far as they need a lubricating oil. EFFECT OF THE
| NVENTI ON R3bFheatingt of Ubebmpbkngionl caanpespire@anebd ke om MHHJON
conpri'ses the polyol ester (A) as a base oil, a specific anpbunt of the

vi scosi ty ¢hdexopaptoeero¢8r andoag spedihi cfammmet of the anti-wear agent
(O, so that this SF-720PCT 32 2 8 OCT 2003 conposition exerts effects that
t he conposition enabl eghard il rifcakdingh didt toempasd tiiast | ong, enables a
watch to operate in the tenperature range of -30 to 80C with one kind of -
a lubricating ofre GmirdslebsicptbRpchihgeonbosipiopepti 8heover a | ong
period.of tinme. .Especially when the first lubricating oil conposition of
the i nPentTORCWhEeh %%ng?? £edt he PeF§or tespdr acAR Ravpsy @kintdmatic

Vi scosity o] r han 0 cSt,at -30C, the viscosity index inprover
(B), the @%%nﬁ?ﬁmgréa@%ﬁég?é aﬁBePhEﬁﬁeMFﬁra&a‘&ﬂP&a% (D) and whi ch
has a ki neggtdgs Vi Sy - pot .ppre_than 1500 cS and not |l ess than 13
cSt at -30 toé8%%f§g8m%%gﬁ€&cﬁaﬁ8é°6f“ﬁ%? ﬁBP@thS% ROE2MTHy WA yht af t er
alyomed 10y St aMEKOH/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
membérs can be prevgnted. |
The third lubricating oil composition of the
invention is favorable as a lubricating oil for a watch
having train wheel port£ons consisting of plastic parts
15 or a watch having train wheel portions cénsisting'of
metal parts. This lubricating oil composition is
particularly favoréble as a lubricating oil for é 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,



at 90C and a total acid nunber of not nore than 0.2 15 ngKOH g is used as a
wat ch lubricating oil, there is an effect that a watch which is operated

in the tenpegfadej}gCTrange of only -10 to 80C by the use of three kinds of
currently used lTubricating oils having different viscosities can be stably

operated in the tenperature 20 range of -30 to 80C over { od of
time by the wuse of only one kind of the |ubricating oﬁjgcégggéﬁﬁj n- \Wen
the first lubricating oil conpositionlf the invention is used for a
novabl e portion of a watch, duration of the watch is greatly extended from

10 years 25 (dur@2) ofaedh Cs{egt te USEEoMAL el rE LaROnYeEES. On this
account, watches requiring maintenance at intervals of "10 years, such as

sunl i ght powssmgenet adn oot wahe hifveatonnase: 2 ECofbyYB] capak-kabl,g from
Citizen Watch Co., Ltd.), SF-720PCT 33 2 8 OC T 2003 therm

power - gener ati on (&t chai{¢h adei manehe Bclot her bobriasaihgbbelfrom Ctizen
Watch Co., Ltd.) and wistwatch guaranteed throughout the lifetine, can be
oper at ed ovefOMBRRE LR of t Bhéi yhvertiabi foryalandohehte pheyieas,be 5 made
mai nt enapce-free., In addition, by virtue of no corrosion of watch nmenbers
or no vigcosity ilfth #Rechfusime thare clhindg of | thenpbesti bubribethatt ery
life is extended, and as-a result, the nunber of watches w thdrawn to a
service stat9on PERUEEEHINDpRt atPom AR Ri PAr BhishnaFRedi fTasensadad. The

ar ar i ni o, Ht GRPBbHR Gy PR St P REPEL Eir Bon BPombtandod speci f ¢
‘amount  of tﬁﬁhré@fﬁﬁvﬂﬂﬂéi iég?fqyggpég%ivg?yghat this conposition
' . {5) watch using three kinds of the second
10 lpbricatiﬁg oi;.compositions of the invention which are
different in the formulation, kinematic viscosity or the
Jike for three-movable portions, respectively,
{6) watch using three kinds of the third luﬁricating
oil compoéifions of the invention'which'are different in ..
15 the formulation, kinematic Viscosity or the like for
thfee movable‘portions, respectivelf, and
{7} watch using three kinds of the firsﬁ, the second
and the third lubricating oil compositions of the |
invention fbr 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 INVENTION

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

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



15 exerts effects that the conposition enables a life of watch battery to
| ast | ong, enables a watch to operate in the tenperature range of -30 to
80C wi th oneyKi (9f a lubricating oil, and is free from change of
properties Over a’long period of tine. 20 Especially when the second

| ubricating oil conposition of the invention which conpri sesq; he
paraffinic hydrocarbon oil (F) of 30 or nore carbon atgléré} @1@ |rﬂﬁ]%
ki nematic viscosity of not nore than 3500 cSt at -30C, the viscosity index

i nprover (B), the anti-wear 25 agent (C) and the netal deactivator (D) and

whi ch has a cdgasmadien vésepst | ¥rploho! HDECLhBARARA0: ¢ Pl At o '6,555

than 13 cSt at -30 to 80C, a wei ght change of not

wei ght aft erlisld avedvdtcistBadcaty 908 Brs¥20B6d, 2c3a1 E<Ta20Q3 .34 and a
total acid nunber of not nore than 0.2 rrgKO—l/%r ig auseﬁ gs a \%ét g%

| ubri cati ng agidnatichelrre tise anexﬁﬁaéﬁatuf@atanﬁe\A@fchm,htghgbscoggrtgt ¢ N the
tenperature range of only -10 to 80C by the use of ‘three kinds of
currently 5 xiget dfuber ikbekrhepoihg davj nandi fsefest ¥viemoshhihgs e&n be
stably oger ated in the tenperature range of -30 to 80C over a |ong period
of tinme Py FHERE IS AVSL onel kiadpetiodhef| tbneécating oi |l conposition.
Wien the second | ubricating oil conposition of the. 10 invention is used
for a novabl e poMSRGFIGH LY iem, theufFirsonlepritet machils greatly
ext ended fr%rgmlo %j%ars (duration of currently used watch) to 20 years. On
this accounC oL &ui Frhgt e Rt b rantiGh FamREvaes bhelpolyedrs, such
-as sunlight -gen ion tch (trade 15 nape: Ecodrive, available from
G tizen 8\at Ce%%%g:r ,(gltf)t 3{&)@%1ng7 I8 flemat £8 v;scos:.ty _of not more than

1500 ¢St 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 ¢St 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 lubricatihg cil 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, watches requiring maintenance at intervals of iO

years, such as sunlight power-generation watch (trade

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



t hermal power-generation watch (trade nanme: Ecotherno, available from

Citizen Watch Co., Ltd.) and wistwatch guaranteed throughout the lifetineg,
can be operestpe_glz@@f 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 the lubricating alé) ﬁa\g}[} ition, the
battery life is extended, and as a result, the nunbe f ﬁiﬂa

withdrawn to a service station becaus® of operation 25 failure is markedly
decreased. The third lubricating oil conposition of the invention

conpri ses ththedhel wikefGedSrar Dasewoith atr588Chhhe : 2BBERNL S he
anti-wear agent (C) conprising a SF-720PCT 35 2 8 0 C T 2003 neutral

phosphori c estairlandd of rem neiit 1 2én phesphoceus Leat er aaAdyt-he taaticexi dant
(E), so that this conposition is free fromchange of properties over a
l.ong peri od Bfarantrednthicudlavor abhe asfatwaechchubbecapengted over
Especially when the third lubricating oil conposition of the invention

whi ch conpridbsygades efiidr high ¥ iability, 8assbhenepghheyf canndet r al
phosphoric ester and/or a neutral phosphorous ester as the anti-wear agent
(O and fhe ™fl§ 3% RN e herani chnhadditienal by1ginthe admber of not
nore than 0.2 KH g is used as watch | ubricating oil, corrosion of

wat ch menber?’ SJ\ﬁIgc%gi‘”@t‘F CPERRLr Bf OF¥ heC | UbFreatFHglBrreasspesi ti on can
be inhibited, a nce duration of the watch js.greatl ext ended from 10
years (dur asjlho"nrhg?g}glucfarete*nrﬁ Vi e%c’%?%ﬁl‘i%’ﬁh?og%ﬁ?g?} &ntenits account

vat ches requii difedTPl HENAN0E Alsh DE &7 VAL 51 Qfnd® ¥EALSL RUEN as sunlight
withdrawn to a service station.because of operation

10 failure is markedly decreased. | |

The second lubricating oil composition of the
inventibn comprises the paraffinic hydrocarbon oil (F) of
30 or more carbon atoms and a spécific amount of fhe
viscosity index improver (B), sb that this compositioh

15 éxerts effécts 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 cSt and not
less than 13 cS8t at -30 to 80°C, a weight change of not

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



-generation watch (trade nane: Ecodrive, available fromCtizen Watch
gg$?rL?§')’ t her mal pomér-generation watch (trade nane: Ecotherno,
avai |l abl e frg 'ﬁ' en 20 Watch Co., Ltd.) and wistwatch guaranteed
t hr oughout tﬁ%%'eﬁeti nme, can be operated over 20 years with hi gh _ .
reliability, and hence they can be nmade nai ntenance-fge@.gg-p tion, by
virtue of no corrosion of watch nenbers or no viscosft cr east of the
lubricating oil 25 conposition, the btery life is extended, and as a f
result, the nunber of watches withdrawn to a ?%VI ce stati ogogegguze o]

ion f r r ease
EiikgtEo A agggﬁiﬂg§$£?a%?ﬁgy?%g§%£ ??rg rlcgﬁTH mg%@ﬁﬁ@%ﬂﬁion of

hb 2035
the inventi ansedchsvad Gha tSH nEuJBPEﬁéEO Sbiionr,h SNQ‘AG 3.+
available fromGitizen Watch Co. ﬂﬁ& train tIE portlng%? ek

i nlay weettkeh ofh DEasss eré@@a)lﬂefﬁefﬁgﬁ @éé@ﬁr SO0y %&'WatCh
rﬁL?:cg??ngEZ|ls an ester o??g(polyol ester %ase 0|F repPesented by the
formula ( CAHE)BCOHR GRHAT TAHSY 3he m@@r@fftm@e hwﬁesaa?_oeue lePt(lF)’AO)
(1-pentene tetraner hydride base oil), a silicone oil (dinethy
pol ysi | oxanéSsgs el wWitdcaintha eils elm‘kynqus@ﬂff@rén(:afr@é@é@hdl&ént:‘ahu%
| ubricating oil conposition, 15 avail able from MOEBI US Co.). g
consunptlon%ﬁqgﬁﬁlqpeQQEQQHﬂ% thettﬁmp¢m@tma©rraagedomatsbe&owemécﬂeasure

ration at ordinary tenperature for
before and after‘mﬁ%ng period of t;mg byrgae use of only one kind of

the lubricating 0il 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 ﬁaintenance at intervals of 10
years, sﬁch 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
coxrosion of watch members or no viscosity increase of
phe lubricating oil composition, the battery life is
extended, and as a result, the number of watcﬁesA
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 o0il, a

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



1000 hours, and the neasured values were conpared. As a result, in the use
of the ester oil, PAO and 20 the currently used oil, no difference in the
consunpti on gt es ﬁéf:current was observed after the operation. On the
other hand, 1n the use of the silicone oil, increase of the consunption
electric current was observed. |Increase of the consunption electric

current means 25 shortening of the battery life, sot bhhgone oi
was found to be unsuitable as a watch3dubricating 0|I§FEHEE?122QUSS are set

forth in Table 1. SF-720PCT 2 8 O C T 2003 Consunption electric current

uA) O | Typsdwizallpbssic Shangedscephanse JULSSerEMt oh
\(/al Leopera%/igg)ﬁncri Cor on Beter O To 075 ot 000 Sohec b RAEPRI5°850. 000. 20AA

Silicone oi l€xt984. 820, 346. 208B Cuasent y) Psed Qh&@%t@f@-@&qugi\eighl Next ,
an experinment. to conpare evaporation loss of the ester oil with that of
PAO and t herigbyf ks ef ndmectsande chf wasopelpei ¢9roasr t helbageperhowasrcarri ed
out in the follow ng manner. An ester oil (polyol ester base oil,
represent ed e 130 fio? A w0 b Br2a © CO/VEUEN) Wbhavating &ibematic
‘viscosity of not more than 1500 ¢St at -30C and PAO (1- 10 hexene triner
hydri de gase oi | FBficseht e’ sn tHee fehind alubricating oil

composition of the invention which comprises the ether
oil (G), 0.1 to 8 % by weight of a neutral phosphoric
ester aﬁd/dr a neutral phosphorous ester as the anti-wear
agent (C) and the antioxidanﬁ {E) and which has a total

10  acid number.of not more than 0.2 mgKOH/g is used as a
watch lubricatiné 0il, corrosion of watch members or
viscosity inc:ease df the lubricating oil composition can
be inhibited, and_henge duration of the watch is greétly
extended from 10 years (duraticn of currentiy used watch)

iI5 to 20 years. On this account, Wétches requiring
maintenance at intervals éf‘lo years, such as sunlight
power—-generation watch (frade name: Ecodrive, available
froﬁ 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.



H(-CH2-CH (C4H9) -) 3H) having a kinematic viscosity of not nore than
1500 cSt at -30C were prepared. To each of them a nethacrylate conpound
(polynethagﬁujgﬁ@ghaving a kinematic viscosity of 1550 cSt at 100C) and an
ol efin 15 conmpound (ethyl ene/ (x-olefin copol ymer having_a kinematic
viscosity of 2000 cSt at 100C) were added as viscosity 2i@dek T i ers in
such amounts that the resulting conposition would have a kinenmatic
viscosity of not nore than 1500 cSt36at -30C and not |ess than 15 cSt at
80C. 37 Table 1 SF-720PCT 2 8 O C T 2000 38 Thus, lubricating oi
conpositions each having a kinemati.c viscosity of desired range were
prepared. Then, using the lubricating oil conpositions and a currently
used oil, Watch Movenents' (No. 2035gxammifable 5 fromCtizen Watch Co.
Ltd., train wheel portions: made of metal (mainly made of brass and iron))
vere fabricated?. BHaMPhey redaé iognttionwdies|fy repenaied @t ifCand 0.5 atm
for 1000 hours to measure consunption electric currents before and after

t he oper ation. gompesitignpf the dagendfi arherdubrateat ILﬂEg_r@ |thé)OI’T'pOSi tions
using the ester oil and the currently used oil, change of the consunption
el ectri'c current was not observedE2fResithentest. On the other hand, in

case of the Iuﬁgkggthgg oi | .composition using PAQ .marked 15 increase of.
the consunption' erectrird BgrFent Wes SHservayaidakde tiron éxitidden, a

change of nt the_ _lubricati.ng oil. conposition fed was observed.
As a r esuﬁ????nﬂegééeggfi'fhgrfaﬁf)lr iw%‘fﬁlngx’dﬁl.%fpd%qqq o gyl

(mainly made of brass and iron)) were fabricatéd using,

as watch lubricating cils, an ester oil (pdlyol-ester
10  base oil represented by the formula
(C4Hg) 3CCHpOCHLC (Cy4Hg) 3), a paraffinic hydrocarbon oil
(PAO) (l-pentene tetramer hydride base ©0il}, a siliéone
0il (dimethyl polysiloxane base 0il} and a cufrently used
0il (aforesaid SYnt—Lube, lubricating oil 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 éster 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,
conposition as that

al nost the sane anmount of the lubricating 20 oi
initially fed remai ned, and viscosity change was not

observed. ,fer hand, in case of t he | ubricating oil conposition
usi ng PAQG, evapora ion and viscosity increase were observed. Further, the
| ubricating oil conposition using the 25 ester 0|I t he Iubrlcatlng oi
conposition using PAO and - the currently used oil stand at

90C, and
used oil

% by wei ght,

to have a
conpositio
5 Fromthe
operation
‘than 1.62

conpositioF

conpositio

their wei ght changes were mPasured. As a re
was found to have a weight

gu t, QMEe currently

| oss of SF-720PCT 39 2 8 O CT 2003 1. 62

the lubricating oil conpegbgboq u5|ng the ester oil was found

u OI.L;II UII
neBrs v

Ight Toss of @ I )1 n
n usi ng PAO ° oﬂn% tonﬁgggagrﬁglgﬁFQFoss of* 8.135 % by wei ght.

abgyeq ults Hasbeen ﬁnnf-rned_tiwm_bmgh__tenperature
5t la%g:il i t’@é 1eaf oit gl g%;ﬁ:ft t he " RVED P AF PRI Es § TRIgERRN thyr e
eva&gpttlon | 0SEL ¥ 4% ljubri cating oi
h§t A()ma; @a?@e s% 2hat fhPsODulpri 6aBbng 10 AR
N was found to
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results ar
el ectri ckv
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Tab®e 2] @pasunpiionoo 0.20
hpo- Vi scosi tyJudgnent ¢urrent (12 A)rationchange
FiMidoE8angE(

typelnitia
FAQL. 001.5

%9 . yg UpopeR Rt o FStgr ot H 05876990826
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0.97 0.97 0.00 0.20
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15

Next, an experiment to compare evaporation loss of

the ester oil with that of PAOC and thereby determine

~which was superior as the base 0il was carried out in the

following manner.

An ester oil (polyol ester base oil,

‘ represented by
the formula C(—CHz—O—CO~C4H9)4) having a kineﬁatic
viscosity of not more than 1500 ¢St at -30°C and PAO (1-
hexene trimer hydride'base 0il represented by the formula
H(-CHz-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
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 cSt at -30°C and not less than 15 cSt at go0°C.



Currently0.980.990. 011. 62noneAA used oi |l Next, an experiment to select an
ester oil having a 15 structure nost suitable for a watch was carried ouE
in the foll gpi nner. Using the follow ng ester oils, Watch Mvenents
(No. 2035, aval a e fromCtizen Watch Co., Ltd., train wheel portions:

Tabl e 2
SP-720PCT 40 2.8 OCT 2008 AS. di et o 2ngald|r o) g 20, et BB A e

di octyl sebacate, diisodecyl adipate,3%idecyl adipate and a diner acid
di octyl ester (kinematic viscosity measured at 100C. 270 cSt) were used.

As polyol estens, BubrpeepeRtybidl ¥em ogaﬁﬁﬁh%t%a%ﬁph%%ngl xed ester
(kinematic V|sc05|ty nmeasured at 100 .5 ¢St a trinethylol propane

val er at e hepkanemateiai xtdcester ofkb@@ﬂﬁbdcréhg%O&bEé peagpuhed at 100C: 3.0
cSt), a trinethylol propane decanoate octanoate m xed ester 10 (kinematic
viscosity neasuréﬂh@m,lwﬁgﬁg 4h8 tbyicatiingnetibykohpoepaiensaranpa e and a
pentaerythritol ftanoate caprate m xed ester (kinematic viscosity
measured at 2@0CenEly ¢Sey akle Webdh NMheemestlsti nMyjowabOBEs wersdlable
contlnuo%§ y _operated at 15 70C for 1000 hours at a rate of 64 tinmes to
measur e congﬁﬂ%t?bﬁléﬁﬁcW?FéthPren#§dbef@rélandhaﬁﬂepomhaonapenmadem1 As

of t e polyol esters, change of the consunption
aresult, €q¥ ﬁgieﬁ@§ln Y %ad% of brass and 1é%n)) were fabricated,

el ectric cur?
and they were continuously operated at 70°C and 0.5 atm.
for 1000 hours to measure consumption electric currents
before and after the Qpération.

_10 As a result, in.case of the lubricating oil
coﬁpdsitions using the ester oil and the currently used
oil, change'of the consumption elgctric 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 é
result, in case of the lubricating oil compositién 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. Oﬁ the other hand, in

- case of the lubricating oil composition using PAO,
evaporation and viscosity increase were observed.
Further, the lubricating 0il composition using the

25 ester oil, the lubricating oil composition using PAO and

the currently used o0il were allowed to sténd 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

' ' ' tion electric
other hand, in case of the diesters, increase of the consunp .
current was Q@ipsesg 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

] ] ' ] I acate
3 Type Diester Polyol ester | Conpound Dioctyl adipat Q @ Y @%%
Di iggdecyl adi pat e Di decyl adipate Di 8fler acid dioctyl esger &éo nt yl

gl ycol caprylate caprate m xed ester Trinethyl ol propane val erate

hept anoat e nilxé@ éstgr w2iQh@,Cthe200d GRRSURY ifan éﬂﬂﬂgéﬂéiéﬁ”£§iﬁg(u A)
+0. 35 +0. 28

: the ester oil was found to have a weight locss of 0.75 %
by weight, and the lubricating oil composition using PAO
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 mofe than 1.62 % by weight at
90°C. The evaporation loss of the lubricating oil |
cémposition using PAO was large, so that this lubricating

10 .oil composition was found to be-unsuigable as a watch

‘lubricating oil. The results are set forth in Table 2.

Table 2

Consumption electric E_vapo- Viscosity jJudgment
current (uz A) ration change
_ ’ . . Jloss
0il type - {Initial |After Change| (wt%)
: © fvalue operation ‘ .
Ester oil 0.97 0.99 0.02| 0.75 none " RBA
PAO 1.00 1.57 0.571 8.35 : BB
: ' _ increase ‘
JjCurrently 0.98 0.99 ‘0.01} 1.862 none . Al
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 Wateh Co., Ltd., train wheel
portions: made of metal {(mainly made of brass and iron))

20 were fabricated.



+0. 30 +0.23 +0.25 Judgnent BB BB BB BB BB +0.10 +0.05 Trinethyl ol propane
decanoate octanoate m xed ester +0.04 AA AA Trinet hyl ol propane nonanoat e

Pent aeryt hri z%ﬂﬁfﬁ?noate caprate m xed ester +0.05 +0.06 Next, an
experi ment téf) ne the opti numanmount 5 of the viscosity |ndex
I nprover was carried out in the follow ng manner. SF- 720PCT 42 280CT

2003 To a trinethyl ol propane val erate heptanoate nixeg;B %enatic.
viscosity measured at 100C. 2.5 cSt) 4% a pol yol est V|ng a kinematic
viscosity of less than 1500 cSt at -30C, polyacrylate (neutralization

value: 5 0.1, KingeiigsudsgophlypiBaghogdent) 1095850 $5tlate,

dioctyl sebacate, diisodecyl adipate, didecyl adipate and
a dimer acid dioctyl ester {(kinematic viscosity measured
at 100°C: 270 cSt) were'uéed. As polyol esters, a

5 neopentyl glycol caprylate caprate mixed ester (kinematic
viscosity measured at 100°C: 2.5 cSt), a
trimethylolpropane valerate heptanoate mixed ester
(kinematic viscosity measured at 100°C: 3.0 cSt}), a
trimethylolpropane decanoate octanoate mixed ester

10 (kinematic viscosity measured at 100°C: 4.3 cSt),
triméthylolpropane nananoate'aﬁd.a pentaerythritol
heptanoate 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 fesult, 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 eleétric current was observed
after the operation. From the ébove 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.



pol ynmet hacryl ate (neutralization val ue:
pol yi sobut yl ene
p tyrene (pol yethyl styrene,
?%%Egdﬁggg cSt), polyester (polyethylene
i sobutyl ene fumarate (kinematic
styrene nul eate é%

at 100C. 850 cSt),
1000 cst),
nmeasur ed at

viscosity. neasured at 100C. 500 cSt)
vi scosity nmeasured at 100C. 1000 cSt),
vi scosity neasured at 100C. 3000 cSt)46r vi nyl
(kinematic viscosity neasured at 100C:
i ndex inprover in amounts of 0 o by weight,

0.1 by

0.1, kinematic

f umar at e,

wei ght,

vi scosity neasured
(kinematic viscosity nmeasured at 100C:
ki nematic viscosity 10

Ki nematic

G0CT paogtic
acetate 15 funmarate ester
1800 cSt) was added as a viscosity
5 % by wei ght,

10 % by wei ght, 20 % by weight, 25 % by weight and 30 % by wei ght. Thus,
lubricating oil conpositions. were 20 paepargd. Then, the kinematic

viscosities of the | ubr
were neasured to judge
was not nore.f han 1500

at 80C was notrhess tha
the lubricatijng oil co
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each vi scositly i ndex in

cating oIl and the TubriC3
whet her the kinematic visc
st and whet her the ki nemat|
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Fved. SF-720PCT 43 2 8.0 C*
rover was added in an ano

bASuRbt 1 5/
DS1 Ly peasure
c 25 viscos
‘@uLP ﬁ'catin
hr1 cat ed, an
[ 2003 As ar

LhEOF 0.1 t

y neasured
oil and
operation
esul t, when

20 % by

wei ght, the [Kiireytstud c

\isecagilt ydipattdhe above-ment

op@ﬂ§§e3|reaa@ﬁpge

coul d be obtained. Fronjthe observation of operati¢n of 5 the watches, it
was found thgt the wat clIlESHSIMBetiEtd UDTTTAt TNy Jiiobygﬁuo;tiU@&sCQCh
containing 0.|1 to 20 % )
Diisodecyl adipate - +0.30 BB
Didecyl adipate +0.23 BB
Dimer acid dioctyl ester +0.25 BB
Folyol Neopentyl glycol caprylate +0.10 AA
caprate mixed ester -
ester :
Trimethylolpropane valerate +0.05 AR
heptanocate mixed ester
Trimethylolpropane decanoate | +0.04 Al
octancate mixed ester
Trimethylolpropane nonanocate | +0.05 ARL
Pentaerythritol heptanoate +0.06 AA

caprate mixed ester

Next, an experiment to determine the optimum amount

5 of the viscosity index improver was carried out in the

following manner.



: : : : : he
by weight of the viscosity index inprover operated properly, but t
Iﬁbricgting oil containing O % by weight of the viscosity index inprover

##%B t of
ran down a and the watche could not oprate well. Wen the amoun
t he viscos$ y |£§g% i mprover-was 25 % by weight or 30 % by wei ght, the

| ubricating oil conpositions could not be fed at ordinary tenperature in

the fabrication of watch because of too high viscosit 8 Eﬂg Q@ Jabove
results, 15 it has been confirmed tH&t it is preferabl% to QHL tﬁe
viscosity index inprover in an anmount of 0.1 to 201% by weight. The

lts are set Thoit i dip, E%Hh. /2 QP ' ' Y, éndex . 1 mrover
Lgfyacrylate PolynetﬁaérflateQB§P§$§g%%tfﬁ%ﬁgM%%ﬁgiéins?g?é%%x | yeser
| sobut yl enestiamaratie.cixriene Ry ORS AL apgd Ak e ;%'g@%_@gﬁfe“ er

44 2 8 O C T 2003 Table 4 Arount to obtain proper Viscosi %
0.1~20wt oal0poly2dwe¥ter 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 10C°C: 850 cSt), polyisobutylene
(kinematic viscosity measured at 100°C: 1000 cSt),
polyalkylstyrene (polyethylstyrene, kinematic viscosity

10 'measured at 100°d: 600 cSt), polyester (polyethylene_
fumarate, kinematic viscosity.measured at 100°C: 500 cst),
isobutylene fumarate (kinematic viscosity measured at

.1OO°C: 1600 cSst), styréne 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
émohnts of 0 § by weight, 0.1 % by weight, 5 & by weight,
10 % by weight, 20 % by weight, 25 3% by weight and 30 %
by weight. Thus, lubricating 0il compositions were

20 .prepafed.

Then, the kinematic viscosities of the lubricating
0il 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

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.



0. 17-20wt % Eval uati on of watch operation Om% 0.1"-20Wm%---- 1 25wt %
or-nore Failure at 80C good operation non-producible Failure at 80C good

operati on nag- (%(HJ]]CI ble - - Failure at 80C good-operation
non- pr oduci (g}‘eﬁ allure at 80C goodoperation- - non-producible
0.1"-20Wm % 0. 1720wt % 0. 17-20wm o 0. 1-20wt % Failure at 80C good

operation - rnon-producible ---- Fai I3ure at 80C goog @F@C‘ﬂf'ma
- rnon-produci ble- -- Failure at 80C 4

As a result, when each viscosity index improver was
added in an amount of 0.1 to 20 % by weight, the
'kinématic 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 compbsitions each containing 0.1 to 20 %
by weight of the viséosity index improver operated
properly,.but the lubricating oil cdntaining 0 % by
weight of the viscosity index improver ran down af g80°cC
10 and the watche could not oprate well. When theramount of
the viscosify»index imprbver.Was 25 % by weight-or 30 %
by wéight, the lubriéating'oil compositions could not be
-fed at ordinary Femperature-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.



good -operation' - - - rnon-producible ---- Failure at 80C good operation-
- rnon-producible -~ SF-720PCT 45 2 0 O C T 2003 Next, an experinent to
find a suitagﬁg%gﬂét-mear agent and the anount thereof was carried out in
the follow ng nhrier. To a trinethyl ol propane val erate heptanoate m xed 5
ester (kinematic viscosity neasured at 100C. 3.0 cSt) as a polyol ester
having a kinematic viscosity of less than 1500 cSt at 3 80G( 7. g[]ﬂ@ 20 % by
wei ght of polynethyl nethacrylate (k#hematic viscosity neasured at 100C:
1550 cSt, neutralization value: 0.1) was added as a viscosity 10 index

i nprover. Thus, a lubricating oil co iitd gn  having a kinematic viscosity
of not nore than 1500 ¢St at -30C and not less than 13 cSt at 80C was
prepared. Then, to the conposition, a netal type anti-wear, agent (zinc

di et hyl dithi ophogphadssit4nBlEdx Setectggtrpm=315L o —type—ant—wear
agents such as Zn[HEbfﬁuirﬁolybdenun1di tﬁ??gd?%ﬁﬁggﬁ%%éﬁﬁﬁéfi otP) 2t
sul fide type anti- wear agent (distear ro§g£ﬂhg%ogmg§ e .
a neutral phosphoric ester type anti-wear agent (tricresyl phosphate
sel ected from neutlral phosphoric 20 ester type anti-wear.1agapls Such as”
tricresyl phosphatfe and trixylenyl phlosphate), an acfd-phasphoric.ester
type anti-wear agent (lauryl acid phosphate), a neut'éﬁwtﬁwﬁgﬁﬁﬁﬁous egqter
type anti-wear aggpélydaryobeyT — phoSPHT el @l act 0 P t%bl&idgéuaa %%gfg +ype
anti - wear

e),

e o e o e = = -

non-producible
Polymethac;ylate 0.1~20wts% Failure at 80°C

good operation

non—-producible
Polyisobutylene 0.1~20wt$% Failure at 80°C

Polyalkylstyrene 0.1~20wt$s Failure at 80°C

non-preducible

Polyeser 0.1~20wt% Failure at 80°C

non-producible

Isobutylene fumarate [g.1~20wts Failure at 80°C

non-producible

Styrene maleate ester [p,1~20wt$ Failure at 80°C

non-producible

Vinyl acetate 0.1~20wt% i 9
oy 3° Failure at 80C
ester _ bbé&'éﬁé%;Eish """""

non-producible




i i i hosphoric ester am ne
25 agent (dilauryl hydrogenphosphite) or an acid p _
saltg(lauﬁyl acié phosphate diethylam ne salt) was added as an anti-wear

[ 0 SF-720PCT 46 2 8 OCT 2003 to 10 % by weight. Thus,
ﬁggP}c;?iﬁg gﬁﬁvggﬁgtsitions were prepared. Then, using the |ubricating
oi | conpositions, Watch MyvenentsT" (No. 2035, available fromGtizen

Watch Co., Ltd., train wheel portions: nmade of metal Qhﬁi@[yTWﬁ%gBOf
brass and iron)) were fabricated, and 4peration of the watches 5
observed. As a result, in the watches using the lubricating oi

iti i i - 10 agent t he
conposi tions each \gont ai fii ng, the; netal . fype anti-wear ent,
suFPide type anti-wear agenp,ﬁtﬁ% aC|d.phg%Bﬁo?oﬁ§%g§?é? gpéﬁtﬁﬁigrrgg{on
2nd el ati on Took bl ace o dioRet SEhaPLDE, 2 R oate TR the et ch
and gel ation took place, and operation failure occurred. " | A ateh
using the | ubfdlcladvingy aidnigoaposi tion 15 containing the ac:d p Ofph? A
ester type anti-wear agent, corrosion and gelation took place a g

tenperatures, andooperatinetHyld L5 eopesalrsL£lerINE MOLELSSA é'ﬂ%x%pg est er
| ubricating oil conpositions each containing the neutra phosphor ;
type anti5me&ﬁtayﬂﬁkkﬂemaﬁiamnisebsﬁﬂypﬁ@@@@@é@u§te§©@Pc;y@@oaggg)gg%
agent in an anmount of nore than 0.a by wei ght and not nore than o by .

i e thasning vee ak i merda oper et ecoset§ . ok N1e§3senah
wei ght  ver e % PE¢ oA however, wear took place and the watch stopped.

ition of %.by wei ght, ‘ 00k i
Sﬁgln t he neuS‘rBﬁI)0 );fl)’l‘?&s oritd 75 dstlerte ya frky -weskghtagent pel ykdenpeut r al
phosphor ous estar E&p anti-wear agent was added in an annuntoof nor e
I acrylate (kinematic viscosity measured at 100°C: 1550

cSt, neutralization value: 0.1) was added as a viscosity

10 index improyer. Thus, a lubricating oil composition

| having a kinematic viscosity of not more than.lEOO c3St at
-30°C and not less than 13 cSt af 80°C was prepared.

- Then, to the composition, a metal type anti—wea;

agent (éinc 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 {tricleyl
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 0



[ [ I cti dency was not
than 8 % by wei ght, any change in the frictional wear ten
observed i% conpari son with the case of SF-720PCT 2 8 O C T 2003 47

iti [ [ firmed
ddition of 9 ight. Fromthe above results, it has been con (
?hat it is psgﬁjlezgggﬁ to add as an anti-wear agent the neutral pDOSphOI‘I o
ester or the neutral phosphorous ester in an anount of 0.1 to 8 %by 5

wei ght. The results are set forth in Table 5. Table 5 At (JW&ap(j)3
agent Eval uati on of wat chOpti numludgneAé anount Met al typeCQccurrence of
operation_BB failure Sulfide typeCccurrence of operation-BB failure Neutral

; . ; A But %
hosphori c 6 10CgURLe _op i 0 estarn, 4 yRef ai l ure .Q 17 - Bt
ngzg gpéré??%%AgAi Ngrggﬁﬁg% SwF&?gqu§?§ﬁ§%%'F@éfﬁtaﬁ@gg&ﬁl 1ons

[ [ [ Neut ra
hosphori cOceeireepeepategperati onBB ester typefailure N
Bhosghorouscwwgﬁ occurrence of operationBB ester typefailure 0.1 --8wm%

good oper at i onAAABh &by eus hadg BMé%auBﬂﬂ@htmﬁaro&@sb%hiﬁ%ﬁtégh%, Watch

phosphorousCccurrence of operati onBB ester typefailure Aci
phosphor i cOdéeverertsBf (Bper 2086nBBvailable from 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 lubricéting
0il compositions each containing the metal type anti-wear

10 égént,‘the sulfide type anti-wear agent, the acid
phoéphorous ester type anti-wear agent or the acid
phosphoric ester amine salt anti-wear agent, corrosion
anq 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,
éérrqsion and gelation took place at high temperatures,
and operation failure occurred. The watches using the
lubricating oil compositions each containing the neutral
phoéphoric 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 weli. 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
estef 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



ester amne salt.failure Next, an experinent to find an avail abl e range of
10 the total acid nunber of the lubricating oil conposition was carried out

in the foll '?wner. To each of a neopentyl glycol caprylate caprate
m xed estero%ﬁk" ic viscosity measured at 100C. 2.5 cSt), a

trimet hyl ol propane val erate heptanoate m xed 15 ester 2&@2@%%@(@ scosity
nmeasured at 100C. 3.0 cSt), 'SF-720PCT 48 280CT2003 a opane
decanoat e octanoate m xed ester (kirmatic viscosity neasured at 100C. 4.3
cSt), trinethylol propane nananoate and a pentaerythritol heptanoate

caprate m x ¢ e nat it ured at 100C 0.cSt) which
vvelroe cl assi ﬁjeﬁs%%no(%o onﬁygs‘"'\t/%r@%va%l%??rgﬁgi?da%geaﬁagﬂl?:ﬁ sdch Zin

anount thathddhedaswdi HOPAsi{ | t nunbers of
0.2, 0.5, 1.0 or 1.2 rrgKfO}ﬂ-Ll;g ThuésE A %Q%g??%%g%uiﬁg g%rr%é EPoRE were

pr epar ed. l&nTﬁie{weawgt;geﬁﬁletﬂélh{é&@éI\gpm&pl@QPPé’SéétQPsorV‘éhi%h Movenent s
(No. 2035, available fromGtizen Watch ., tralrn whee porti ons:
made of net aleutmsE Iniphamsieodudrasseanth i 4®NAnoWeF ecfapricageq, s g, t hey.
were continuously. operated at 60C and a humdity of 95 %for 000

hours atda matighif. 64The messult sreasursetcofsopt ivnragl €cs (i c currents
before and after the operation. As.a result, in any case of the |ubricating
oil conpositions each having a total acid nunber of not less than 0.5
ngKOH g, increase of the consunption electric 20 current was observed, and
corrosion of watch nmenhers and _ vi scoEgPdeij hcrease were al so observed. On

the ot her 'hand,AntJ.-wear agent Evaluation of watch Optimum {Judgment
amount
Metal type Occurrence of operation _— BB
: : failure
Sulfide type Occurrence of- operatlon — BB
- {failure
Neutral phosphoric Owt%: occurrence of operation — BR
|lester type © failure :
0.1~Bwt%:good operation An - AR
More than 8wt$%: equal wear — —
- resistance
Acid phosphoric Ogccurrence of operation — BB
ester type failure
Neutral phosphorous [Owt%: occurrence of operation - ' BB
ester type failure :
0.1~Bwt%: good operation AA AR
More than 8wt%: equal wear - —
' resistance
Acid phosphorous Occurrence of operation — BB
ester type failure
Acid phosphorice Occurrence of operation C BR
ester amine salt . failure ‘

Next, an experiment to find an available range of
10 the total acid number of the lubricating oil 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
c3t), a trimethylolpropane valerate heptancate mixed

15 ester (kinematic viscosity measured at 100°C: 3.0 c5t),



in case of the total acid nunber of 0.2 ngKOH g, neither change of the
consunption electric. current, viscosity increase nor corrosion of the
menber s wag, ?éﬁ,r d. 25 Fromthe above results, it has been confirnmed that
t he pol yol é—'o ontaining lubricating oil composition having a total
acid nunber of not nore than 0.2 ngKOH g SF-720PCT 49 2 8 O C T 2003 is

suitable as a watch lubricating oil. The results are Zék[Jﬂa?Qﬂﬂﬂn Tabl e 6.
Lubricating oil conposition Type of48ase oil Table 6 Total acid nunber

(mgKOH g) Change of -consunption electric current (u A) Judgnment --

S ¢ ¥ %Qi%et%ﬁjol%mtdéc&kgg% %‘és@é‘g&%d“é’é?%r Y +0 0. 05.2735

capryl ate caprate - ~-
(kinematic viscosity measured at 100°C: 4.3 c5t),

trimethylolpropane nananocate and a pentaerythritol
heptancate caprate mixed ester (kinematic viscosity

5 measured at 100°C: 5.0 c3t) which were classified into
pélyol esters, valeric acid was added in such aﬁ amount
that the resulting comp051t10n would have total acid
numbers of 0.2, 0.5, 1.0 or 1.2 mgKOH/g Thus,
lubrlcatlng 0il compositions were prepared.

10 | Then, using the lubricating oil compositions, Watch
Movements™ (No..2035, available from Citizen'Watéh Co.,
Ltd., train wheel portions: made of metal (mainiy 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 ané after the operation.

. as a result, in any case of the lubriéating oil
compositions each having a total acid number of-not less
than 0.5 mgKOH/g, iﬁérease of the consumption electric

20 'current was observed, and corroéion 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 observed.

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 mgKCH/g



0.20.5 1.01 2 Trinet hyl ol propane. +0.02+0. 25-

hept anoate AABB -$B -- BBT -
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1.01 2 TrinelagggﬁgFopane. _
BBB 0.20.5 1.01.2 Pentaerythritol
caprate m xed ester

performance between a currently
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is suitable as a watch lubricating oil.

set forth in Table 6.

5 SF-720PCT 2 8 O C T 2003 50 Ne
(aforesaid

decahoat e 6ctanoa'te ni xed ester-B-B-
+0. 124+0. 27+0. 33 nonanoate AA --
. 28+0. 30 hept anoate

2 & HER2008

26- +5

The

+0. 25+0. 32 val erate

m xed ester 0.20.5 1.01.2 Trinethyl ol propane
- - B- BB- -

$B -

results are

Table 6
Lubricating oil Total acid number (mgKOH/g)
composition 7
[Change "™~ "of " "~ " Consumption]
electric current (u A)
Type of base oil (Judgment =~ T T T T TomTe oA
0.2 0.5 1.0 1.2
Neopentyl glyecol
‘ +0.05 [+0.26 1%0.27 [+0.35"]
caprylate caprate
- - BE | BB |
mixed ester
_ ' 0.2 0.5 1.0 1.2
Trimethylolpropane
+0.02 [10.25 |0.25 [40.327]
valerate heptanocate
| AR [ TBB T BB | BB ]
mixed ester
0.2} 0.5 1.0 1.2
Trimethylolpropane ' '
[+0.710 [+0.27 1%0:27 [+0.31"]
decahoate octanoate ’
AR [ TBR 1T BB | BB |
mixed ester
0.2 0.5 1.0 1.2
Trimethylolpropane :
+0.12 [+0.25 146,27 [40.337 1
nonanoate
" AA [ TBB 1T BB | BB ]
' 0.2 0.5 1.0 1.2
Pentaerythritol
+0.08 [+0.26 1+0.28 "[+0.307"
heptanoate caprate
AR | BB ]7C BB | BB ]
mixed ester




and the first lubricating oil conposition of the invention was made in the
follow ng manner using an 5 electronic watch made of netal. To a pol yol
ester havingfﬁtgéaﬁggtic viscosity of not nmore than 1500 cSt at -30C
(neupentyl gl'ycol™ Taprylate caprate m xed ester (kinematic viscosity
measured at 100C. 2.5 cSt) or trinethylol propane 10 vagfra Tegﬁ@ oate

m xed ester (kinematic viscosity neasured at 100C. . 3. éﬁiﬁs, JYJt 0 20 %
by weight of a viscosity index inprov&E (aforesaid polyacrylate,

pol ynmet hacryl ate, polyi sobutyl ene, polyal kyl styrene, pol yester,

i sobutyl ene fumar afe8st Stod &l ea acetate f rate
ester), 0.1 to 8 % by meiéﬁ?ng aﬁ ign ?%ﬁggﬁggé%n g%ﬁ%%?ralcﬁﬁggBﬁggic
ester (triol eyed phiasphete)e 911 Bes s el RBOSRRGE 9451 ESE LN (kXY ENY
phosphite)), 0.5 % by meigﬁi o% anpaﬂtioxidan§ (pﬁéﬁoffé?y%ghgépgoﬁFhant
(2, 6--di-t-butnd fherkisndt) bubaidaeihypei 20canbboxt dant o £dighenyl ani ne

derivative, trade nane: Irganox L57, available from C ba Specialty
Chenical s  Co.nverdnicbr0. W05 Maye wen ghive of oal oviny deactivatohg an
(benzotrigzole) wer e added. Thus, lubricating oil conpositions each having
a ki nemat ?c ARSIl ofwatoth 22deref thanal500 ¢St at - 30C and not | ess

than 13 cSt -at 8QC, a weight change of not nore than 1.62 % by wei ght
after allowed to sttadd PALYSUC affPa hating ai kimembeic ofi $FoF2OPCHE2 8 D C

015, Then.  (netio TRAH (KU o1 coMposl (R emeoRil aalrapient |y Uoed
ils. , y use
oi | (af0resa%%ﬁ®gféﬁé”%%ﬁ¥g¥éEﬁ%é%érég%er (kinematic viscosity
measured'at 100°C: 2.5 cst) or trimethylolpropane
10 valerate hept;noate mixed gster (kinematic visCosity,
measured at 100°C:. 3.0 cSt)), 0.1 to 20 % by weight of a
viscosity index improver (aforesaid polyacrylate,
polymethacrylate, polyisobutylene, polyalkyistyrene,
polyester, isobutylene fumarate, styrene maleate ester or
15  winyl acetate fumarate ester), 0.1 to 8 & by weight of an
anti-wear agent (neutral phosphoric ester (trioleyl
phosphate) or neutral phosphorous éster (trixylenyl
:phosphite)), 0.5 % by weight 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-0105 % by weight of a metal deactivator
{(benzotriazole) were added. Thus, lubricating oil
compositions each having a kinematic viscosity of not
25 more than 1500 cSt 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



5 MCEBIUS Co., total acid number.: 1.24 ngKOH g), Watch Movenents" ( No.
2035, available fromC tizen Watch Co., Ltd., train wheel portion: made of
net al (nainlygpm@hpq? 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 100%§0ﬁr&rtmasure
consunption electric currents before and after the op t 5h her,
train, wheels endurance test of hand r¥tations corresponding to 20 years
was carried out at ordinary tenperature at a 15 rate of 64 tinmes using 20

sanpl es. ‘As anogsuidre ithadn0 .CRSRYKUH AN &S ety dseds ql k. gonposi tions

using the polyol ester oil as a base oil, increase of the consunption
el ectric currénbniastiaugeloj lghser ved, and t he wat ches operated properly. 20
In case of the currently used oil (lubricating oil conposition), the watch

operated properly dbten,106iagd ther diurariyatame rditlure s Stopped g 5 30C
At 80C, the lubricating oil conposition ran down and the consunption
el ectric currERETERMY LSee@ddd. (alfipmeasd DS 28 ttenmerat Luiel ©f £ 456 and a

hum dity 99 Egér sion and viscosity increase attributable to the
| ubricatimg of PEEEIRpESI-vi bR tRdr @cdish ek :arld 2 argkase/ of, teetch

consunption e ric.cyrrent l.ue occurred. In the SF-720PCT 52 2 8 OC T
2000 train mhggﬁémgﬁaﬁraﬁ§8‘té§§%toﬁﬁéﬁ%ﬁﬁﬁﬁufﬁ%ﬁZbiyéﬁﬁsﬁaudﬁaQwiph

operated propgghky f .he LI corresponding to 10 years, but the watch
st opped at theE§fﬁe9%8;Be¥%8%§iRﬁrtﬂ8n20 Sf et | (megiidar imvide | »f

performance beiuegNafdCYLEEN! Yere fabricated, and they were

continuously cperated under the conditions of —30°C,'~

10 10°C, ordinary temperature; 80°cC, or 45°C and a humidity

of 95 %, for -1000 hqurs to measure consﬁmption electric

| currents before and.after the operation. Further, train
wheels endurance test'of hand rotations correspoﬁding to
20 years was_Car;iéd out at ordinary temperatﬁre at a

15 rate of 64 times using 20 samples.

As a result, in any case of the currently used oil
cbmpositipns using'ﬁhe 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 oil (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



used oil (aforesaid Synt-Lube available from MOEBIUS Co., lubricating oil
conposition) and the first lubricating oil conposition of the invention
was nade in 1*1?201:?(9}' owi ng manner using a nechanical 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 than 1500 cSt at -30C (neopentyl glycol

capryl ate caprate m xed ester (kinematic viscosity ne r a'?km}g)c: 2.5
cSt) or trinethyl ol propane 15 val er at® hept anoate m xegﬂs[?gr-r I'nemati c

viscosity .neasured at 100C. 3.0 cSt)), 0.1 to 20 % by weight of a
viscosity indexin MHOVES &300FS58 y . pal acryl ate,
£564 0e @8£¥é§£8ndbg§y¥ge56 GRhES

pol yi sobutyl ene, pol yal kyl styrene, polyester, 1s0 ene f

styrene ml adiee \estell @50 ad WhoBEELA Lol UMMEAL EneSEEEYeofohdil 1 bY
wei ght of an anti-wear agent (neutral” phosphoric ester (triphenyl

phosphat e) A0 nmsrsl phosponessciess €sphéd | st eahyl 1 RB0EBRLEE L bl rd % by
wei ght of an antioxi dant (phenol type anti oxi dant 7

(2, 6-di -t-bhyl2U-yasr®ed phenol ) or amine 25 type anti oxi dant (di phenyl ani ne
derivati ge, trade nanme: Irganox LO6, available from Ciba Specialty

Cheni cal Co.)) N&¥d 0. TR s ek ightraf farmeted betkcséénas oturrently
(benzotriazol e), were added. Thus, lubricating oil SF-720PCT 53 2 8 OC T
2003 conpositi6he dactR IRiATH & JiHerfithe avatbalbly HFomoOERDUS Chan 1500
cSt at -3001%%drir(13%t less than 13 cSt at  80C  a weight change of not nore.
than 1.62 % by weightd &terC TG sanfdthe Bbcshntubriesslingei d

gsllmg?r of 59t R A0 KT Q Mer e prepared as waf ch | ubricating
following manner using a mechanical watch and a watch
10 having a plastic part in khe train wheel portions.'

To a polyol ester having a kinematic viscosity of
not more than 1500 ch at —30°C (neoﬁentyi giycoi
caprylate caprate mixed ester (kinematic viécosity
measured at 1006C: 2.5 cst) or trimethylolprépane

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, polyalkylstfrene,
polyester, isobutylene fumarate, styrene maleate ester or

20 vinyl acetéte 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



Then, using the lubricating oil conpositions, Watch Movenents' using a

pl astic part (No. 7680, No. 1030, available fromGtizen Watch Co., Ltd.,
trai n wheel gﬁqgﬁpéfon: pl astic gear is used) and Watch Movenents
(mechani cal watches, No. 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 91Q0 0 neasure
consunption 15 electric currents bef&?e and after thg' §p§0;?:%[?1{]3 Furt her,
train wheels endurance test corresponding to 20 years was carried out at

ordi nary ten@@mpmﬂieiahsaeéahehaﬁﬁn§4atkﬁﬁ@mﬂ%&ﬂgvggcégque%f A% result,
i n-any test, change of the consunption 20 electric current value was not

observed, andcraetianche8) operated3prapanbyno251BssExanpl €3relsgting to the
second lubricating oil conposition of the-invention and watch using the
conposi ti on &t€h Movehent schéageai bdbhetf moreCehanen. ¥t ghpGoweighitd.
train wheel portions: nmade of plastic) were fabricated using an ester oil
(di hexyl sucdiraf e3llevet- 7o0Ptang4a20900T 2003apaoasii aicdd hydbesardron oi
(PAO (tgtraner_of 1-q§cene) a silicone oil (dimethyl polysiloxane) and a
currencl Yy RRed'WFE FarbdrRsai BOKQH! 9L ubse BvaPrastieadr wALMIEBI US Co.).
The consunpti&gkflectric ffrrents of the thus 5 fabricated watches were

measur ed before and a9 et Dperation at ordinary tenperature for 1000

hours, and th? 'ﬁ%ﬁﬂvEﬁ%f@%u@éemfﬁgrfggpfﬂgdéil compositions, Watch

Mqvementsm using a plastic part (No. 7680, No. 1030,
available from Citizen Watch Co., Ltd., train wheel
10 portion: plastic gear is used) and Watch Movements™
(meqhanical #atches, No. 6650, No. 8200) were fébricated,
and they were continuously operated under the cdnditions
Qf -30°C, -10°C, ofdinary temperature, éO?C,'or 45°C and
a humidity of 95 %, for 1000 hours to measure consum@tion
15 electric currents before and after the opefation.-
Further, train wheels endurance test corresponding to 20
years was carried out at ordinary Cemperature at a rate
of 64 times using 20 samples.
As a result, in any fest, change of the éonsumption
20  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

25 composition

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

fabricated using an ester oil {dihexyl succinate), a



' d oil, no difference
As a result, in the use of PAO and the currently use , _
I n the consunption electric 10 current was observed after the operation. On

' [ ilicone oil
t he ot her the use of the ester oil and the si ,
i ncrease of IE’,?F?(e%(lz)gll’:rsurrption el ectric current was observed. Increase of the

consunption electric current means shortening of the battery life, so that

i il i table as a
the ester oil and 15 the silicone oil were each foun %U@Tu g
plastic watch lubricating oil. The rédults are set fEZt ' n ?ag e 7. Table

7 Consunption electric current (u A Ol typelnitial After ChangeAcceptance

Judgnent vapaeepé¢laticongtirbenirednEstiar @dd. Ytk A0 20BBy . o)
PACI%. 970. 970. oog. 20AA Silicone oil 0.981. 320. 340.%%%‘3 Currentcliy d

. i t
d0. 970. 970s000<c20AACGILl (AAMSENF20RGH y28 10XE 003, Rb Next r&: fgpPeri men
tjgecorrpare evaporation | osses of various PAO 5%3 t her eby dret ermhe the

nunber of cBFBEnOiat dpEouesPAO yetelaley evalidydlle Mo ModREes 0i | was
carried out .in the follow ng manner. 5 To each of PAO having a kinematic
viscosity of°2) cst Thgt copeanpréber rd¢ctaias clRARRIY)s FA@HAWIME a ki nemati ¢
5 fabricated watéhes were measured before and after
6peration at ordinary temperature for 1000 hours, and the
measured values were compared. |
As a result, in the'uée of PAO and the currently
-used 0il, no difference in the consumption electric
10 current was observed after the operation. On the other
hand, in the use of the ester o0il and the silicone oil,
“increase of the consumption electric current was cbserved.
Increase of the consumption electric current means
shértening of the battery life, so that the ester oil aﬁd

15 the silicone oil ﬁere each found to be unsuitable as a

plastic watch lubricating oil. The results are set forth

in Table 7.
Table 7
Consumption electric current (z 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 AR
Silicone oil .98 | 1.32 0.34 [ 0.20 BB
Currently used 0.97 0.97 0.00 0.20 -t AA

0il

20



viscosity of 3 cSt at 100C -(referred to as "PA03"), PAO having a
kinematic viscosity of 4 ¢St at 100C (referred to as "PAMM") and PAO
havi ng a ki g@[@ob@:ﬁi scosity of 5 10 cSt at 100C (referred to as "PAO5"),
a net hacryl at e conpound (pol ynmet hyl nethacrylate (kinematic viscosity

measured at 100C. 1550 cSt), trade nane: Aclube 707, ﬁv&am};f éghr om Sanyo
Kasei K K.) and an ol efin conpound (ethylenefa-olefi Ity ki nematic
viscosity 15 neasured at 100C. 2000 &8t), trade name: Lucant HC2000,

avai l able fromMtsui Chemi cals, Inc.) were added as viscosity index

i nprovers in sucNeafpuahs ekplr it + H@%Hr&ﬂ%% cetq;%o%gioon Vﬁﬁ%%g?gaé tﬁ
at - a s an

kinematic viscosity of not nore than 1500 "¢

15 ¢St 20 ava80GusTRAS, ahdbrireatdng it e GOMOSiHd i jred
ki nematic viscosity were prepar eéj.wwen, u%?%éhg{lﬁnuﬁlc%i%‘gﬁgﬂl
conposi ti ondtamd af E8Pr emelferaddd: <eigl dyaflesa dndy Baddhe 1 ag%l abl e
from MOEBIUS Cp.), Watch Movenents'"' (available fromdCitizen Wat ch
Co., Ltd., ERAFhSGhest porthenSolimdemf nplmsii.c) were fabricated, and
t hey wer.e continuously operated at 70C and 0.5 atm for 1000 hours to
measur e “consunpt T 9nS@&lefr PROc havdimgs ab&fioemadrid afitserostihg eperation.

SF-720PCT 2,8 ? ggg 300% 56 As a result, in case of the lubricating oil
conposi ti on®list Ny PAGESIERECALEA @8t "FROB") c ARFodiaviioy ausiingerRAGE: and t he

ot on Puler IERIRE00 LU T o et e g
Olts ComPoSkiy Oy Us! RenEARZ: AdsLRR YT gAYl ng. oLl jGmRos] Lion using
to as "PAO4") and PAO. having a kinematic viscosity of 5
10 ?St at 100°C (referred to as "PAOS"), é methacrylate
- compound (polyﬁethyl methacrylatg (kigematic viscosity
meééured_at 1QO°CE 1550 cSt), trade name: Aclubé 707,
~available frbm Sanyo Kasei K.K.):aﬁd an olefin-coﬁpound
(ethylene/o-olefin copolymer (kinemafic viscosity |
15 measured at 100°C: 2000 cSt), trade name: Lucant HC2000,
available from Mitsui Chemicals, Inc.) were added as
vigcosity index improvers in such amounts that the’
;esulting compggition would have a kinematic viscosity of
not more than 1500 cSt at -30°C and ﬂot less than 15 cst
20 at 80°cC. Thus, lubricating oil -compositions having
- desired kinematic viscosity were prepared.

Then, using the lubricating oil compositions and a
currently used .oil (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.



[ [ the test. Then, a change of
nsunption electric current was observed after
fge aggunt of the lubricating oil 10 conposition fed was obsezfveda fﬁea
result, in cage.mppcthe |ubricating oil conposition using PAO tanf the
| ubricating oil conposition using PACS, alnost the sane anount o

i it initi i vi scosity
icating oil conposition. as that initially fedr [ \ (
Lﬁggbgamasgnot 15 gEserved. On the othgg hand, Ip|Casg?gfg???;ﬁmgi:ﬁgtkggg
i onposi tion using PAO2 and the | ub#®cating oi conmpo _ ,
gbgpgrgPion and viscosity increase were observed. Further, weight changes

[ [ [ hid [ ; : rrently used oi
f the lubricatinhonia 28seDOPOshttLns Ygi PHePARBRD LRG cULy
gfter they were g?lomed to stand at 90C were neasureg. As 4 result, the

currently useePmpPOs ivasorh ousiing ophaw g ah%ﬁ%SBEiCEﬁgﬁﬁgg%%'Eﬁ??bggﬁﬁﬁﬁﬁPtioss
icating oil conposition using 2 was und to h
E)Pellsugr:% by '-:Esgi%i RS ame thdréomtrényionl p@ﬁnp@?ﬁhgglnogﬂtggt iPﬁgSO;N?s
. ight loss of 8.35 % by weight, e u
fcgungsit? i gﬁvff‘s‘?a’?%delm@@g omeal ¢ etimic t ouhoeet wanehght ob8ssvel Qr¥BrYchy
merght apd the cating SF-720PCT 57 2 8 OO T 2003 oil conposition

d | ubr j :
using PAC T oundt dHatkendiand, inssasé Of36h&o bybweighingFoam t he

S ' i i gh-tenperature operation
above result as, been confirmed that high-t P¢ r
stability c§§ﬁ§$4¥§¥ﬁquﬁfiqgt?ﬁp%v%ﬂér%h?ohubésgatsn@oolhnre than 5 1.62

: i i ol e, the number of
Z/()alro)l;o\r,\\e;?gﬁrs Q%On r eaii"st:%)d; (I’?IISOJ';[’ her]ﬁgq% 'giﬁe)—‘grff%d %%;eeéggpoﬁuﬁh@r of carbon
atons of PAO%dMShﬁﬁ%idﬁ)éngtffgaéﬁ%ggﬁt was observed after the test.

Then, a change of the amount 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:compgsition.using EAQS, almost the same
amouﬁt of the lubricatihg oil compésitibnias that |
initially fed remained, and viscosity change waé not

15 observed. On the othér'hand, in case of the lubricating
oil composition using PAO2 and the lubricating oil
composition using PAO3, evaporation andiviscosity
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 féund 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 compositiﬁn using PAO3 was

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

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



[ [ h 10 lubricating oi
of carbon atons of PAO suitable as a base oil of a watc (
proved to be not less than 30. The results are set forth in Table B. Table

[ ' - [ i | Type Initial
8 Consunpt i ORpe cEvapo- current (u.A)jration loss Ol
Af ter cggngegfaFaftggscosity Judgnent PAO2val ue operation 0.6215. 6change

BB 0.971.59i ncrease PAGCB0.971. 470. 508. 35i ncr easeBB

|
PA040. 981. 000. 020. 70noneAA PAO 50.971.010.030.30p0ne %yr
used0. 980. 990. 011. 62noneAA oi | 15 Nex$7 an experlneanZO éy?gﬁgppg t he

[ [ [ [ [ rried out in the
opti mum amount of the viscosity index inprover was ca (
fol | owi ng meangr coffipoa ipabafl Lising PrE06AI0GRQd t%E‘h%g)&P%?_ g.,l,ess than

30 carbon atoms and a kinematic viscosity of 1500 003
loss of 0.30 % by weight. From the above results, it has
been confirmed 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
caibon atoms increased in order of PAO2 to PAO5. The
number of carbon atoms of PAO4 was 30, so that the nuﬁber
of carbon atoms of PAO suifablé as a base ¢0il 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 (g .A) ration
i ) . loss _
0il Type Initial jAfter change | (wt%) |Viscosity [Judgment

valne Joperation ' _ change
PAO?2 0.97 1.59 0.62 15.6 increase | BB
PAO3 0.97 1.47 0.50 8.35 increase [ BB
PAOA4 L 0.98 1.G0 0.02 0.70 none AA
PAOS G.97 1.01 0.03 .30 none AR
Currently used 0.98 0.99 0.01 l.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 gpejfpperyl ate, kinematic viscosity neasured at 100C: 1550 5
cSt, neutralization value: 0.1), polyisobutylene (kinematic viscosity

measured at 100C. 1000 cSt), polyal kyl styrene (pol yet hﬁﬁla{:ge,zpﬁﬁgenati C
viscosity neasured at 100C. 600 cSt), polyester (poly I rate,
ki nematic viscosity neasured at 100C:38500 cSt), 10 isobutylene funarate
(kinematic viscosity neasured at 100C. 1000 cSt), styrene nual eate ester

(ki nematic ocditsetsi-30 sapyigth @ty 10AC (FO0 &) 1 oégcyﬂl# acetate
fumarate-ester (kinematic viscosity neasured at '100C "1 %0' cSt) was
added as a Vigeogittiy ideodiny aversired St agunts ®50 09 by wei ght, 0.1%
by weight, 5 %by weight, 10 % by weight, 15 % by wei ght, 20 % by wei ght
y weig y weigh 0 Dy wel ght y o
and 30 % byReWérghAd zathes, valbrdcdlilng qidl ymongrosd +y Dise \Aﬁﬂ@lyrﬂéﬁﬁfa‘ied-
Then, kinenatic viscosities of the lubricating oil 20 and the lubricating
oi | conposi PEERECHYLE tReaddmnematd c jwidymaitat era sineekinened o tCyi $668i ty
measur ed; at -gOC wgs gqt more than 1500 cst and whether the kinematic
vi scosi ty nE8Sur B§UEF 8GO jusss G Han EPlaStsobrurtdrer, using the
“lubricating Qi eﬁggith%'|UbrL%$tiQ%H%5 oi | conpositions, watches were
fabricated, ‘and operat i o o5 thPSRaIRES Afas Bh<er V0 /5t resul t, when
~each -vi scoshLy,LAgex - gpLQver s _.added in an anpunt of 0.1 to 15 % by
VROt “Cneb Ly A Ay ML e b S 1%
measured at 100°C: 600 ©St), polyester (polyethylene
fumarate, kinematic viscosity measured at 100°C: 500 cSst),
10 isobutylene fumarate (kinematic viscosity measured at
IQO°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:
1300'cSt) was added as a viScosity index improver in
‘15 - amounts of 0 % by weight, 0.1 % by weight, 5 % by weight,
10 % by weight, 15 % by weight, 20 % by weight and 30 %
by_weight. Thus, lubricating oil compositions were
prepared. N
Then, kinematic viscosities of the lubricating oil
20 rand 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 oil 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 oil
conposi ti on$4 73@ g containing 0.1 to 15 % by weight of the viscosity 5

i ndex inpro ]é'r B Fat ed properly, but the lubricating oil containing 0 %
by wei ght of the viscosity index inprover ran down at ﬁgg @Eg-it vat che
could not operate well. Wen the anpbunt of the viscosi i over
was 20 % by weight, the lubricating58il conpositions could not be 10 fed
at ordinary tenperature in the fabrication of watch because of too high

viscosity. VhaBmhhecamubb sQft t e u1W $EOHL iddeX IFRYPE]e Was 30 % by
wei ght, the viscosity index inprover could not be dissolved in the base

oi | . From t besakowe ibasulrt opeirathan REerHONHTIRG 15 it Rals idoisg preferable
to add the viscosity index inprover in an amount of 0.1 to 15 % Next, to

a paraf fini thhydrbeawborheis! WSRARS)HeaViulg i 3@ 0k RAINe AL eions and a
kinematic viscosity of less than 1500 cSt at -30C, a viscosity index
i nprover 20eatbt bphépehfxgollefli rrocdfol?y mer wekighematii ¢ hd sciasidyityreasur ed
at 100C:._2000 cSt) was added in an amount of 0.1 to 15 % by wei ght. Thus,
a | ubricati h§derl iInpseyesi Orer tad my o ekdlnve mititc thies dosinticaifimptonbr e
than 1500 cSt at -30C and not |ess than 13 'cSt at 80C was 25 prepared.
Then, usi ngSPREALABALECAL FngYoie i@ thihsn vivaosH t wevsifehtimp Xeer | abl e
fromdCitizen Watch CO"&#L’%" train wheel portions: nade of plastic) was
fabri cat ed, T8Rd“8F1726pP 676 EME 23S N60 Eatitn e ratE wirth- was
observed. Aﬁhgnr%ﬁglngEH 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 cil. From the above results, it has been confirmed
I5 that it is preferable to add the viscosity index improver
in an amount of 0.1 to 15 %.
Next, to a paraffinic hydrocarbon oil (PAOS5) having
30 or more carbon atoms and a kinematic viscosity of less
than 1500 ¢St at -30°C, a viscosity index improver
20 (ethylene/oa-olefin copolymer, kinematic viécosity
measured at 100°C: 2000 cSt) was added in an amount of
0.1 to 15 % by weight. 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
25 prepared.
Then, using the lubricating oil composition, Watch
Movement™ (available from Citizen Watch Co., Ltd.

, Ltrain

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 viscosi of not nore than 1500 cSt at -30C and not |ess than 13
cSt at 80C ;ﬁgﬁﬁﬁhg 0.1 to 15 % by weight of a viscosity index inprover

to a paraffinic hydrocarbon oil (PAO having 30 or nore ¢ s and
havi ng small evaporation |loss, a 10 watch having a pIasfﬁ%Tnggﬁﬂb portion

can be operated well. There are wat éAes having a novabl e portion nade of
pl astic and netal and watches having a novable portion nmade of netal only,

SO that it icpedeGadraiok taAdl 2 Ly YldeMRAY . agant, of g fetal,

deactivator. Next, an experiment to find a suitable anti -wear’ agent and
the amount thereobpsas tear kicgd out in'the follow ng manner. To a :
paraffinic hydrocarbon oil (PA04) having 30 or 20 nore carbon atons and a

ki nemati ¢ vi scosiFtrpmoftheea®olvkareshi®d,cSt Mas HMen &IHSGHR Ve Hdex
i nprover (ethylene/a--olefin copolyner, kinematic viscosity neasured at

100C. 1000 &8t yheasisadeed ai v iamuumyg afil Gongos ks o Maweighteedhus, a
“lubricating oil 25 conposition having a kinematic viscosity of not nore
than 1500 €SntarllzgCtandtavet al éssemiadn cl ¥FicStositt 8E wast nprepatiesn
SF-720PCT 61 2 2 OCT 2003 Then, to the lubricating oil coan§ition, a netal
type anti-wéaPOagéht atznBPPCsepected fegm wéral 13y mbt at 80°C by

adding 0.1 to 15 % by weight of a viscosity index
improver to a paraffinic hydrocarbon oil (PAb) having 30
or more carbon atoms and having small evaporaticon 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 {PA0O4) having 30 or

20 more carbon atoms and a kinematic viscosity of less than
1500 ¢St 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 cSt at -30°C and not less than 13 cSt at 80°C was

prepared.

o



anti-wear agents such as ZnDTP and MoDTP), a sulfide type anti-wear agent
(distearyl sulfide that is an alkyl 5 sulfide), a neutral phosphoric ester
type anti-wear agent (tricresyl phosphate selected fromneutral phosphoric
ester type ﬁﬁﬂ?ﬂaﬁﬁr agents such as tricresyl phosphate and trixylenyl
phosphate), an acid phosphoric ester type anti-wear agent (lauryl acid

phosphate), a neutral 10 phosphorous ester type anti; triol eyl
phosphite), an acid phosphorous estebltype anti-mear?wgggng?amg uryl

hydr ogenphosphite) or an acid phosphoric ester am ne salt (lauryl acid

phosphat e di et hy ine.__salt) S.added as.an_apti-wear _agent in.an anount
of 0 15 to 10 @6E§g§éiSﬁt%&%t%“@5%3Fgé“€h8lgnﬁﬁﬂP9S$ﬁ68Pf FuBEGdt i ng oi

5 iei Gft "W VAPV SN ing o
VAL oh Movorthes TN (Rae 2895 v A TR S ket FF o hen R L,

train wheel apeiti;ens: aBBAGsOEuEB! als CRRIrR ¥nABAGDeR) 20 10LASF ad dyyan))
wer e fabricgted, and gggrafioﬁ of Fhe matcﬁes was %bsgrsggilﬁg gkﬁggult,

in the watchasiusbag thenkuhnicathng]l euhreaepeskii 98sagaghxeantaining the
netal type anti-wear agent, the sulfide type anti-wear agent, the acid 25
phosphoriousse$tedel ype arutregaphagehbrioc tBecacCt§pephasphakhe esfeert am ne
salt anti-wear agent, corrosion and gelation took place, and operation
failure occérrédresyn thesmphbtk ssilegtede flrobr heatirad phbspbmpdsi tion
SF-720PCT 62 2 8 O C T 2000 containing the acid phosphoric ester type
anti-wear ag8hEr t¥BPréstenvgad geratisomsucboRspkaderasyhi ghospimedrat ures,

and trixylenyl phosphate), 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.,
Ltq., 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
oil 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

e
S



and operation failure occurred. The watches using the |lubricating oil
conpositions each containing the neutral 5 phosphoric ester type anti-wear
agent or the _neutral phosphorous ester type anti-wear agent in an anpunt

of nore thalrBOB&hy wei ght and not nmore than 8 % by weight were free from
frictional wear and operated well. In case of addition of 0 % by weight,

however, wear took 10 place and the watch stopped. W t I
phosphoric ester type anti-wear agefAf or the neutral e@ﬁo@&ﬂm@ ester

type anti-wear agent was added in an amount of nore than 8 % by weight,

ary, change LantheELchondle veay o kadancicaes, el obseryed L cqperi son

with the case o Ition y Wel g it

has been copbi-taedohhahdl %eh%tm)?&f eLaR ?lta%ea%q AL A lWefle Agent the
neutral phosphoric ester or the 'neutral phosphorous estér in an anmount of

0.1 to 8 % byd wek@htiohheahesukt $cane reet.. f ahleh at Tkl @950 2@ HeF- 720PCT
63 Table 9 2 0 OCT 2003 Anti-wear agent Eval uati on of Wat chOpti nrumJudgnent

amount Met alubype@edugr encecohpopetabnenBBchaidowte iguhnfy de et yee®acur rence
of operationBB failure Neutral phosphoricOm % occurrence of BB operation
failure Sestphotppe@it- 8atér ggpe aperaticamAddhnibioe trhen nBuwt%a lequal wear -
' 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 thé 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 agernt 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 9.

20



resi stance Acid phosphoricCccurrence of operation- failure ester type Om %
occurrence of-BB Neutral operation failure 0 . 1-8w % good operati onAAAA
phosphorous nore than 8w % equal wear ester typeresistance Acid
phosphor ousGc&ififi@nce of operationBB ester typefailure Acid

phosphori cCccurrence of oper ationBB ester amne saltfailure Next, an
experinent to find an avail able range of 5 the total acid nunber of the
| ubricating oil conposition was carg3ed out in ther@I@@ﬂf (Jgnner. To
each of a paraffinic hydrocarbon oil (PAO having 30 carbon atons and a
ki nematic viscosity of less than 1500 cSt at -300C (PAO4, trade nane:
PA0401, avail able 10 from Chevron Co.) and a paraffinic hydrocarbon oil
(PAO) SF-720PCT 64 28 OCT2003 havi ngxgglig ghan 30 car bon atom; and a

ne  (bAQLD +

ki nematic vts Qs é]‘_" S tHrap—+h S o+ ; 7
PA0501, avai|l abl e from eevro gSaJ)Ju*a \\j}fa}sic%fsﬁafﬁl ndex An{\girmtéve ‘?ud HRERE

(et hyl ene/ a-olefin copolyner trade 5 pname: |ucant HC2000 _a allahIP filr om

Mtsui Chenill&F3l t¥Psc. tradgcﬁ TRENCEUREMPHIETOO. avhi labl e {rBBn M t sui
Chenical' s, Ilnc.) were added i|A® ts of 0.1 to 15 %9 by wei ght. Thus,

| ubri cati ng |6kl fiotaposkt | ons |@achrtrgengt aoperation — BB
failure :
Neutral phosphoric|0wt%: occurrence of — BE
operation failure
ester type 0.1~8wt%: good operation AR AA

More than Bwt%: equal wear — —

resistance _

Acid phosphoric Occurrence of operation — BB

failure
ester type

Owt%: occurrence of — BR
Neutral operation failure
. 0.1~8wt%: good operation An - | AA
phosphorous

more than Bwt%: equal wear — —
ester type 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
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 (PAQ4, trade name: PA0O401, available

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



ki nematic viscosity of not nore than 1500 cSt at -30C 10 and not |ess than
13 cSt at 80C were prepared. Then, to each of the lubricating oi
conpositiong val eric acid was added in such an anmount that the resulting
conposi t i onSWdPHCRave a total acid number of 0.2, 0.5, 1.0 or 1.2
ngKOH g. Thus, lubricating oil 15 conpositions were prepared. Then, using

the lubricating oil conpositions, Watch Movenents''' ' s vai | abl e
fromdCitizen Watch Co., Ltd., train6dheel portion: na&éyg}cﬁg%@ﬂ (mai nly

made of brass and iron)) were fabricated, and they were 20 continuously

operated at n80engNfodNUldl B O FacktAns 1000 NOURAL 2 rate of 64

. C
times to neasure-consunption electric currents before and after the

operation. f$saok8syl b 1RsANYNHE3SE o thg 'a“%g—‘ﬁ“;n”%@é@ sitions

each having a total "acid nunber of not |ess g, increase

of the consHapki:oPABSeqt N b&aGUELARL Mas ehsaingd.cand cardQsian, of watch
menbers and viscosity increase were al so observed. On the other hand, in

case of theitdeal iapirdveusbde tefy1@n2 /KAd G RRIGIIOMSR,730RC 2 8 OC T
2003 65 change of the consunption electric current, viscosity increase nor
corrosi dn ofhamhe BerbertsHEAS00hsemadd abRreorfitdre Miloue. r@sinilcs 14t has been
confirnmed that the paraffinic hydrocarbon oil-containing |ubricating oi
5 conpositi éAChaviiigda pemel: aeicdrtumid0lof avetilrdrle tham 01iZ sgkKOH/ g i s
suitable as _a watch lubricating oil. The results are set forth in Table
10. Tabl e 16hgpicals, Inc.) were added ig amounts of 0.1 to 15 % by ‘
weight. Thus, lubricating ©il compositions each having a
kinematic viscosity of not more tﬁan 1500 cSt at -30°C
10  and not less than 13 ¢St at 80°C wefe 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 lubricatinQ 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
cﬁrrent was observed, and corrosion of watch members and

viscosity increase were also observed. On the other hand,

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

Jae



Lubricating oil Total acid nunber (ngKOH g) conposition Change of
consunption electric current ase oil (u A) Judgnent

------------------------------ PAO' 40. 20. 51. 01. 2 +0. 03x- 0. 26+0.23 ---------
--------- SE720eCT. ... .... AABBBBBB PACK0. 20.51.01. 2
+0. 04+0. 294029 +0.33 oo mmmmmeee aoaaoo oo AABB: - B- BBB Next ,

conparison in performance between a currently used o@ﬂ(ﬁ}[oﬂ—eggl]d
Synt - Lube avail able from MOEBIUS Co.45 and the second |ubricating oil
conposition of the 15 invention was made in the foll ow ng manner using an

el ectroni ¢ ¥@£§ ?ﬂ%ﬁﬁ%ﬁé ggﬁéum §foZZQf£§tggc cBr T 39g§o£9 paraffinic

hydrocar bon oi carb nore, trade na PAO501,

avai | abl e fir‘?@ie&@é’%@f‘ @r}og%hngfatkénﬁ@ﬁ%éﬁs%éﬁ%b&%r%dno" more than
1500 cSt at -30C, 0.1 to 15 % by wei ght of

From the above results, it has been confirmed that
the paraffinic hydrocarbon oil-containing lubricating oil

5 composition having a total acid number of not more than
0.2 mgKOH/g 1s suitable as a watch lubricating oil. The

results are set forth in Table 10.

Table 10
10

Lubricating oil Total acid number (mgKOH/g)

composition
|Change of consumption electric current
(u A)
 Judgment T TTTTTTTTT

Base oil .

PAOA 0.2 0.5 1.0 1.2
+0.03 ~ [+0.26 ] +0.23 [ +0.34
a2 | BB ] BB | BB

PAOS 0.2 G.5 1.0 1.2
+0.04  [+0.29 T [+0.29 T T[+0.33
" aA [ BB T BB | T BB

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

15 invention was made in the following manner using an

electronic watch made of metal.



5 viscosity index inprover (aforesaid' polyacrylate, polynethacrylate,
pol yi sobutyl ene, pol yal kyl styrene, polyester, isobutylene fumarate,
styrene nal§p5 er or vinyl acetate funarate ester), 0.1 to 8 % by
wei ght of an ‘anti-wear agent (neutral phosphoric ester (trioctyl 10
phosphate) or neutral phosphorous ester.(trioleyl phosphite)), 0.5 % by

wei ght of an anti oxi dant (phenol e antioxi dant ( :
6-di -t--butyl-p-cresol) or am ne typ ant i oxi dant (g &Qn@?a?rpqg
derivative, trade nane: Irganox L57, available from C ba Specialty

Chenmicals 15 Co.%d @nﬁaﬁa@§1&QQYh%@tQBérQ$naoﬂEt@ﬁuﬁ@éﬁtbfa&QEbon
(benzotriazol e) were added. Thus, lubricating oil conpositions each having

a ki nemati cavos€0SB0yoof mapt, ﬂpaeethaﬂnelﬁﬁewﬁt ataiB8k1andrpat | ess than
13 cSt at 80C, a weight change of -not nore than 10 % by wei ght 20 after

al l oned t o Ghewndoat COOL hadiagt at Rinankdiaunbecositynot notembhan 0.2
ngKOH/ g were prepared as watch lubricating oils. Then, using the

| ubricatingtlvin ¢dWPoshti ahs-3AdCa Oclrtentbys ubgdweaghtabﬁresald Synt - Lube
avai l able from 25 MOEBIUS Co., total acid nunber: 1.24 ngKOH g), Watch
Nbvenen@s'"V¥$@OSQDBSln%%él%@Brévﬁroﬁ@Eptﬁééhdvm@éhacbylatﬁtd train wheel
portion: made, of netal (mainly nmade of brass and'iron)) were fabrlcated

and they wdelgreybaperiare, EB%YF%BBHEY%QB%erEPéMa&hM PtyRen8onditi ons of

30C, 10C, ord ar erat 0 r 45C and a hum of 95 for 1000
hours to nﬂ%% %Sy% ggﬁ%??gﬁfﬁch??WﬁraEﬁrr@ﬁ¥§eﬁﬁfﬁ?g@ 8 SFFEF PRe

operati on- &}Eﬁfeéce££9énfumarate ester), 0.1 to 8 % by weight of an

anti-wear ageﬁt (neutral phosphoric ester (trioctyl

10 phosphate) or neutral phosphorous ester (trioleyl
phosphite)), 0.5 % by weight of an antio#idant {(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 ¢St 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 o0il 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



5 wheel s endurance test corresponding to 20 years was. carrled out ‘at
ordinary tenperature at a rate of & tines using 20: sanples As.a r"UIt in
any test ofsﬁggoﬁ@?rlcatlng oi | conpositions.each using the paraff{nlc
hydr ocarbon™oi'f"as" 10 a base oil, ‘i ncrease of the. consunptlaﬁ electric
current’” was rarely observed, and t he wat ches-operated- proper Y.
the currently used oil, the match erated proper1 y: at9-d ﬁ 2qg§hnary

t enperature but stopped at -30C. At Boc, the currently” use‘_15 icating-
oi | conposition ran down and the consunption elettri-c'.current val'ue’
increased. d¢éncaseoatlq opekrpeeat ungeef +#8Ccandid ilbwa dirt ¥30rc95%. "
corrosion and viscosity increase attributable to the [ubriccating oi
conposi ti onltwC e obdénued, tanderncnease 80 Ct her2@scensunpki-durelagatyr i €
current value occurred. In the durability test corresponding to 20 years,
the watch obepatéd propeppy hourshEOtmﬁesemer@Qp@w@pMQODOeI@cyeaﬂs but
the watch stopped at the time corresponding to 20. years. 25 Next,
conparlson¢Wﬁ@@ﬁiérﬁﬁﬁ@éebéﬂﬂeéﬁtare@hﬁe@?ﬁ?ata§@d oFMrGéﬁéne§£a}ﬂ

Synt - Lube avai l able from MOEBIUS Co.) and- t he second | ubri cati-ng oi
conp05|t|cwWQﬁe%ﬁeePﬁVéﬁPF8ntﬁé§ ﬁﬁaéeFﬁOPﬁénﬂbFFbﬁungeﬁﬁﬁn§@5u5|ng a

SF- 720PCT .68 nechani ¢ gﬁ and a, watch having train w% %I ortions
consi sting of*hetdl °p rF gh lBPﬁgtFEmﬁﬁF?§ureT8 a pé?&FfP 4 rbon

oi | (nunberugf EBOsamples

As a result, in any teet'of the,lubricetiﬁg_bii

COmpositions each ueing the paraffinic hydreeerben‘oii as

10 -a base oil, increase of éhe eoﬁSumption-eieetric'current
was rarely observed and the watches operated éroperly

In case of the currently used 011 the watch

.operated properly at -10° C_and ordinary temperature but
stopped at —BOAC. At 80°C, the currenrly used |

15 —lubricatipg 0il composition ran deown and the consumption
'elecrric current value increesed. In case of a
temperature of 45°C and a huﬁidity'of 95 %, corrosion and
viscosity iﬁcrease.attfibutable 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, coﬁparison in performance between a currently

used o0il (aforesaid Synt-Lube available from MOEBIUS Co.)
and the second lubricating oil composition of the

invention was made in the following manner using a

‘1.Ai. case of -



atons: 30 or nore, trade nane PAGG01, available' from -5 Chevron Co )

havi ng a kinematic vi sc05|ty of not More' than ..1500 cSt “at -30/C, 0.1 to
15 %y wei g%}._t ?(ch . viscosity index inprover (aforesal d- pQL.yacryI ate,
pol ymet hacr '3 —Jf)ol yi sobutyl ene, polyal kyl styrene, pol yest, er:i%sobutyl ene
fumarate, styrene nal eate ester or 10.vinyl acetate fumarate:‘ r), 0.1-to
8 by. weight of an anti-wear agent -(neutral phosphorr Erioctyl.
phosphate) or neutral phosphor ous eséger (trioleyl ozgﬁé) 635 %by
wei ght of an antioxidant (phenol type anti oxidant. (2 6 '

di-t- butybﬂkéﬁ@ﬁp&alowa@ahn@naygewéécﬁnhaeihaa@&aﬁalah@@y|§&k@

e

~@ons “‘a
derivative, trade nanme: |rganox L06, .availablée from C'ba: Speci, aI ty T .
Chenical s &m9)senty 0o H5m BY. puet ghtnaf paagetal pdeagti vat or. C
(benzotriazole) were added. Thus, lubricatingoil conmposi t ons each haVI ng
a kinematic viscbsidypafahdinP0 hnpaimtdma]noﬂﬁeﬁ)lc%uabea:%f: aadbont .| ess
than 13 cSt at 80C, a weight change of not nore than 10 % by wei ght (1.62
% by wei ght%t@mt’e er3@l ¢owedreo sradd mem@0Er8AROla avetidbbiei dxnmfber Jof not
more than 0.2 ngKOH g were prepared as watch | ubricating oils...25 Then,

usi ng tRe 1YY ERR i 7Y bullla'ébmoéu kipasatiat ¥hscRBVErentsnot  mdgeng met al

parts and plastlc arts No. 1030, available from G tizen Watch
Co., Ltd., hapnt> e‘éﬁp‘?ﬂ;tléﬂs ,pPast e &Ad* r’rﬁ’ﬁ’alwedéé%sogré used) and
SF- 720PCT 69, 2 8 03 Wat ch I\/bv? ani cag wat ches, No. 6650,
No. 8200) i€ Fh |%% &Y, l%BHOYﬁEy agPEEEBﬁ HB 8y Ye BE?ated

polymethacrylate, polyisobutylene, polyalkylstyrene,
' polyester,'isobutylene~fumarate;VStyrene'méiéété eéﬁer or
1Q vinyl acetate fumarate eéter)' 0.1 to §° by welght of an
-anti—wear agent (neutral phosphorlc ester (trloctyl
phosphate) or neutral phosphorous ester‘(trioleyl
phbsphite)), 0:5 % by weigﬁt‘éf an antioxidant {phenol
type antioxidant.{2,Gedi—t—butylfp—cresol)'ot amine type
15 antipxidant (dibhenylaminé derivative, trade name: I
| Irganox L06, avaiiable from Ciba Specialty.Chémicais
Co.)) and 0.05 % by weight of a metal deactivator
(benzotriaque):were added. Thus, lubricating oil
compositions each ha%ing a kinematic viscositf'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 % byrweight) after allowed to stand at 90°C and a
total acid number of not more than 0.2 mgKOH/g were
.prépared 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

Ly



under the conditions of -30C, -10C, ordinary tenperature, 80C, or 45C and
~a humdity of 95 % for 5 1000 hours to neasure consunption electric
currents %ﬁfﬁ 9d after the operation. Further, train wheels endurance
t est corresg d Rg to 20 years was carried out at ordinary tenperature at
a rate of 64 tinmes using 20 sanples. 10 As a result, in any test, change
of the consunption electric current value was not observ%gg aﬂgrézqn t ches
operated properly. C. Exanple relatif® to the third | ubrimcdt
conposition of the invention and watch u5|ng the conposition An experlnent

to find a suhtahl Aol ¥AENE~t NfcALL:USaL-R0RAL aNd ¢ BesRIOWL thefpof was

carried out in the | om ng manner. T an ét o'l “(al kyl tituted

di phenyl et heke f&b@@@a@éﬁe aNEr%ﬁ%ghh@QEUQ%nEgﬁaougi? gQE%tf%Pm
Mat sunura O | Research Cbrp as a base oil, a netal anti1-wear agent

(ZnDTP sel eathedrf than pehali tiype amt F3vear —ageat,so%u%a@@ ZnDTP and MDTP),
a sulfide type anti-wear 25 agent (distearyl sulfide that is an al kyl

sul fide), atempateahrpho8pRori oregBér hyigeaaRtinidear agews Gtrigsesyl
phosphat e sel ected from neutral phosphoric ester type anti-wear agents
such as Xri éPB8yhophesphameaandeSEon20RETi30 tiexykénykupkespkat e), an acid
phosphoric ester type anti-wear agent (lauryl acid phosphate), a neutral
phosphorousb§§9é? tDPeafher- wbgr 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. |

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

operated properly.

C. Example relating to the third lubricating oil

15 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: Morescohighlube LB32, available from
Matsumura Oil Research Corp.) as a base oil, 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 sﬁlfide), a
neutral phosphoric ester type anti-wear agent (tricresyl
phosphate selected from neutral phosphoric ester type

anti-wear agents such as tricresyl phosphate and

. =
e



phosphite), an acid phosphorous ester type anti-wear agent (d| 1 auryl
hydr ogenphosphi t e) or an acid phosphoric ester amne salt: (ra‘;yl -acid
phosphat e d€§7§¥ﬁ§ salt) was added as -an antl-mear' ‘ '

anmount , 70 Thus | ubricating oil

~wat ch I ubr| cating, oils 10-Then, using the |ubricat
Watch Movenents''' (No. 2035, avallable fron1C|t|z[
train wheel portions: made of . neté@ (nalnly nad

L ti s | i n~% -hf"'
netal type anti-wear agen?ha?%z s%ﬁflgedt%%g%%%O&a% %E%gge% % ] .
phosphor ousagst eebY¥PagaRL! \me@rrgqg%tld%hfo@ehe%dfj h%ﬂ*&%llc eéster anine.
salt anti-wear agent, corrosion 20 and -gel ation took place;. and.: operiglon
failure occgheeghorbust betwat eypusiang ithealrubigesat i fwrl@lleyqorrpﬂs' on:

contai ning the acid phosphoric ester type .anti-wear agent), ..Corfosion and

gel ati on topkopbadeedt hinghctenpeoaplhoedus, @ede&pe@@tsemthembu -~occurred.
The wat ches using the 25 lubricating oil conpositions-each: conta|n1ng t-he
‘neutral 5 phagphori(didsteylt inpelr@memph@aphager)t ogy amhecneiuphalsphmmsqohor ous
ester type anti-wear agent in _an anount of :nore than -0 % by wei ght- and not
‘nmore t han 8e§t§y ﬁ@pgﬁtsg¢t7g@pgryl acid phosphate dlethylamlne

~in the “ﬁt09§§x9§bﬂgltBﬁoE

salt) was added as an antl wear agent 1n an amount of 0

to 10 %. Thus, lubrlcatlng 0il compqs;tlons‘we;ew..:e"

prepafed as watch 1uhricating oile:

10 . Then, using the lubrlcatlng 011 compe51tlons; Watch
Movements_-(Net 2035 avallable from Cltlzen Watch Co v
.Ltd., train”wheel_port;one:.made.of:metal (ma;nly_made.of

" brass anq.iren))'were-fabricated; and eperation cf'the
watches was observed |

15 As.a teeult in the watches using the lubrlcatlng
7011 comp051tlons each contalnlng the metal type anti-wear
agent, the suifide type anti-wear agent, the acid
phesphorous_ester type‘anti—wear agent or the acid
phesphoric ester anine salt anti-wear agent, corrosion

20 and gelation took place,'and operation failure‘occurred.

. 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 eech containing the neutral
phosphoric ester type anti-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



71 2 8 OCT '"2003 .were free fromfrictional wear and operated well. In
case of addition of 0 % by wei ght, however, wear took place and the watch
st opped. V\hS _gbgggeutral phosphoric ester type anti-wear agent or the
neutral pho Eh 5 ester type anti-wear agent was added in an anount of
nmore than 8 % by weight, any change in the frictional wear tendency was
not observed in conparison with the case of addition " I ght. :
Fromthe above results, it has been7donfirmed that Ich s@gq—%ﬂgl e to add
as an 10 anti-wear agent the neutral phosphoric ester or the neutral

phosphor ous wegierr dee & AMBURictforh il Jdhu 8 Mo é’\fé&% 0 ﬂ? regylts are
set forth in Table 11. Table 11 Anti-wear agent I”—_pva uation o

wat chQpt i Mualseg M ta RIRUN Mt %W%j&{}{@,ﬂ%ﬁv@ﬁﬁrt@éé@nﬁ%f ailure
Sul fide typeQccurrence if operation-BB failure Neutral Om % occurrence of

oper at i on- BBlfaid wrel phes plaardrc Gthppdit %Wigaodrapeaial i emAMMS £SEEF 1 c
typenore than Bwt % equal wear-- resistance Acid phosphoricQccurrence of
oper at i on- BBsé&strert yipygp efrdiil-wes: iNengareal Ont %he actirit e ephnd s siper @it & onBB
phosphorousfailure ester type0O.|”-8w % good operati onAAAA nore than Bwt %
equal wenr - &ster 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
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 AR
ester type more than Bwt%: equal wear — —
N 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 An AA
more than 8wti: equal wear — —

resistance

Acid Occurrence of operation — BB

phosphorous failure

ester type

Acid phosphoric [Occurrence of operation — BB

ester amine failure

salt

15

aw



resi stance Aci dCccurrence of operation-BB phosphorousfailure ester type
Aci d phosphoricoccurrence of operation-BB ester amnefailure salt 15

5F- 720PCT 7§E2 & OCT 2003 Next, an experinment to find an avail abl e range of
the total aghid? er of the lubricating oil conposition was carried out
in the follow ng manner. An ether oil (Morescohighlube LB22 (trade nane), 5
avail able from Matsunura Q| Research Corp.) as base iliHaTaE gti-mear
agent (trioctyl phosphate) and an an¥ioxi dant (2, 6- -8: tly UG cresol)
were added. -Then, lauric acid was added in such an anount that the

resul ti ng conposjtion u totalk:agid.n K 1 , &5, 1.0 or
1.2 ngKCng.n?hu%%k?hb%?c%gF§8Y§$ﬁt g%n%éggtggnggggggggseggggé.O%hen, usi ng

the lubricath89c6th1CoARAShLBBS, oYAEER 1uMNRYEIRALS o(ilfﬂoco%%%%i@%?i | abl e
fromGCitizen Watch Co., Ltd., train wheel portion” made of netal (mainly

made of 15 baessaandelren}l) ivetgef @bnieat ad, mandet-hey were continuously
operated at 60C and a .humdity of 95 %for 1000 hours at a rate of 64

times to nmeasur eAcoashapt boh. (Mekeetbhéghlubents2beflaradandaafkter the
operation. As a result, in any case of the lubricating oil 20 conpositions
each havi ngawaibahleafirdnniatieumofran®ill desearch Corp.) as base oils,
an anti-wear agent (trioctyl phosphate) and an
antioxidant (2, 6-di-t-butyl-p-~cresocl) were added. Then,
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 porticn: made of metal (mainly made of
15 brass 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 ecil
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 résults, it has been confirmed that

the ether oil-containing lubricating oil composition

- e
g



than 0.5 ngKOH g, increase of the consunption electric current was
observed, and corrosion of watch nenbers and viscosity increase were al so
observed. C§thgp her hand, in case of the total acid nunber of 0.2
nmgKOH g, neit her change of the consunption electric current, viscosity
i ncrease nor corrosion of the nenbers was observed. Fromthe above
results, it has been confirmed that 5he ether oil-cont i@”@@]lﬂﬁ@&aling
oi | conposition SF-720PCT 73 2 8 O C'T 2003 having a total acid nunber of
not nore than 0.2 ngKOH' g is suitable as a watch lubricating oil. The
resul ts arehasengfertbtabh dabbenhdbeFablfend? hotral taeind onemaeyrdd2P. 51.01. 2
(nmgKOH / g) Change of consunption+0.02+0. 29+0. 27+0. 35 el ectric current (uA)
........... is-suitable-as-a-watch- lubricating- oiB-. JTtgnert=ABBRBBE Next ,
conparison in performance between a currently wused oil (aforesaid
Synt - Lube a%@F| &prehf tonT#PEBI UB-Co.) and the third |ubricating oi
conposition of the 10 invention was nmade in the foll owi ng manner using an
el ectronic watch made of netal. To an ether oil (trade nane:
Nbresco@ighlube LB15,

Table 12

Total acid number{ 0.2 0.5 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 éomposition of the

10 invention was made in the following manner using én
electronic watﬁh made of metal.

To an ether oil (trade name: Morescohighlube LB15,
available from Matsumura 0il Research Corp.) as a basé
oil, 0.1 to 8 % by weight of an anti—ﬁear agent (neutral .

l15 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., tréin wheel portions: made of metal (mainly



avai l able from Matsumura O | Research Corp.) as a base oil, 0.1 to 8 % by
wei ght of an anti-wear agent (neutral 15 phosphoric ester

(trioctyl -pkb%g or neutral phosphorous ester (trioleyl phosphite))
and an antioxi (2,6-di-t-butyl-p-cresol) were added. Thus,

| ubricating oil conpositions each having a total acid nunber of not nore

than 0.2 ngKOH g were prepared as 20 watch | ubricati ‘ESODICST , using
the lubricating oil conpositions and 74 “currently us oi'lI” (total acid
nunber: 1.24 ngKOH g), Watch MovenentsTM (No. 2035, available fromCitizen

Watch Co., maldd off idshasl at)ong -dede, of - JEtal J iﬂll%y Fe J20PCT 74
an

2 8 OCT 2003 nade of brass and iron)) were fabricated, they were

conti nuous| ycopamaicd Undgie e antidt atte Aondikdions Wi nggy-t enperat ure,
60C, or 45C and a humdity of 95 for 1000 hours to neasure consunption
electric 5 cwdiewrtrs befmpeerand af t6)° A he0pesa iom Funddeiityrékn wheel s
endurance test corresponding to 20 years was carried out at ordinary

t enper at ur e %9at %a fate WI0Ghaumes o usiamR) samingstichs aiddastdid, in any
test of the third lubricating 10 oil conpositions using the ether as a base
0i |, chahgeC8frefes Rsinfptansh ates rihe apamitioral uedwashens et yain
observed, and the watches operated properly. In case of the currently used
0i |, the wat'CRSdFePRBF PSSt forrergondimg rdr 2 emparatia® and 60C,

but in case of a ?5 te;ctrrpe%atu e of 45C and a hum dity of 95 corrosion and
,viscosity CChcredse %4t FEHE B0 YR TRATER 13F Fsedte i iht e |

conposi ti on,uete obseryed.and increase
As a result, in any test of the third lubricating
10 o0il compositions using the ether as a base 0il, change of
the consumption electric current value was rarely
observed, and the watches operated properly. .In case of
the currently used o0il, the watch operated 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 endurancé 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 o0il compositions of the invention was
25 made in the following manner using a mechanical watch and
a watch having train wheel portions cdnsisting of metal

parts and plastic parts.



of the consunption electric current value occurred. In the train wheels
endur ance test corresponding to 20 years, 20 the watch operated properly
for the tingFggm@ggponding to 10 years, but the watch stopped at the tine
corresponding to 20 years. Next, conparison in the perfornmance between the
third lubricating oil conpositions of the invention was 25 nmade in the
foll ow ng manner using a nmechanical watch and a watch qugmg;tr i whee
portions consisting of metal parts dAd pl astic parts. =720 5280
C T 2003 To an ether oil (trade nane: Mrescohi ghlube LB32, available from

Mat sunura O | ReSeanehe€dip. bids (@ hase nagid: Mbrkd@H8 Hhpoeigdy of an
anti-wear agent (neutral phosphoric ester (trioctyl phosphate) or’ neutral

5 phosphor oayaédabr e( tfiricol et spivasphictid) Reanthrah Y .OXidAN base
(2,6-di-t-butyl-p-cresol) were added. Thus, lubricating oil conpositions
each havi ng®altofall &¢i @ *nimvberightnetf mor erttiamwer? apd@H Ghaveres prepar ed
as watch lubricating oils. 10 Then, using the lubricating oil

conposi t i onBRCARPER1CVERERENt (hogsiyAg Distsaihatant ©rameuplrast i ¢ parts (No.
7680, gp. 1530 avail able fromdGtizen Watch Co., Ltd., train wheel
portions® pPASPPEORRYSHESAPTgdard cdry lupd@priride)Varal Mvenent s

(mechani cal tche .,,06650,. No, 82Q0) 15 were fabricated, and they were
continuousl?ﬂgﬁg%éagagbd%dgfdﬂﬁg'PSEai“Pﬁﬁ?aﬁleSWGFe-f@@ﬁdormﬁﬂﬂ%k

t enper at ur ey . 45C.and _a _hum dity of 95 % .for 1000 _hours to neasure
consunpti on gﬁg%%g?%néugggn?gmpos1tloﬁé €ach having a total acid

number of not more than 0.2 mgKOH/g were prepared as
watch lubficating oils.

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

15 were fabricated, and-they were continuously operated
under the conditions of ~30°C, -10°C, ordinary
temperature, B80°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.

2y



before and after the operation. Further, the train 20 wheel s endurance test
corresponding to 20 years was carried out at ordinary tenperature at a
rate of 64 tines wusing 20 sanples. As a result, in any test, change of the
. consunption electric current value was not observed, and the watches 25
operated properly. 76 2 S O C T 2003 AIMS 1. A Iubrlcatl ngTAmI

conposition conprising a base off cofiprising a pol yol s e@G( )Zﬂﬁﬁu ng. a
ki nematic viscosity of not nore than 1500 cSt at -30C,, a viscosity index

i nprover -(B) ifALAAME&nount of 0.1 to 20 % by weight and an anti-wear agent
(9 in ant. ammibelalinly b 88hipesifoahbontitinl nat 888t oiRprRTg'a . (O
eu

is .a., neutral ?sphorlc ester and/or tr osphorous "este sald
conposi tion h&ANG! £adeh ekl #‘@W"ﬁc@skwf@ﬂtlﬁo‘ﬁsmtv fanoi 3oore thamd not

less than 13 G%o@tosﬁgtt-@oaﬁc aaw%b@hg iFdeR Iy .%\m}t(ﬁmegnagmja i 2% by

wei ght after all owed to stan acid not nore
than 0.2 myko@fg9:-T to 220 T%e hypreight madbian @@hpwglatrlagea\é (Chiimedn n

claim1, Wher%irﬁohh@ cﬁobyplto@%e (v%idh?t %ﬁ@ké’ﬂl tﬁétsﬁ{tu Wép s;ﬂé)rr ey oxy!

group "at the nol ecul ar end ubricating oll ‘conposition a alned in
claim1, wherdfn2. twkvabows@whpﬁgeﬁatﬁprawﬂ!m(@ neusral |nhesohoreus

conpound sel eqisadr] ggm %Irugsgm@a ﬁa»ﬁﬁh éfﬁ&ﬁéﬁ{é’tlié‘tﬁ &Qitg'épﬁui YhGRE

pol yal kyl styr yest e I sobutyl ene fumar at ren eate ester,

vinyl acet at o thaid EPQ @St andhnat nsa.they 1 3 eSbeltyro to, @0°CTireweiaht
lubricating oich @ e ﬁd;toﬁu%ﬁs & 1k PG 2o wsrfhiat éHéF*&?Fowsa%aé{Hﬂkﬂ 2

met al ' deactlvator c(;[2 he lubricatin nposition as clalmed in
claim 4, wher &t nd a total amd number of not more than 0.2 mgKOHIg

+ .- 2+ The lubricating oil composition as claimed in
~claim 1, wherein the polyol ester (B) is a polyol ester

having no hydroxyl group at thé molecular end.

.3, The lubricating oil composition as claimed in
claim 1, wherein the viscosify index improver (Bi is at
. least one cdmpouﬂd selected from polyacrylate,
'polymethacrylate, pelylsobutylene, polyalkylstyrene,
: polyester, J.sobutylene fumarate, styrene maleate ester,

vinyl acetate fumarate ester and an e-olefin copolymer.

4. The lubricating oil composition as claimed in clalm 1, further
containing a metal deactivator (D).

5. THe lubricating oil composition as claimed in claim 4, wherein -
the metal deactivator (D) is benzotriazole or a deriva,ti\.rei
thereof.



the netal deactivator (D) is benzotriazole or a derivative thereof. 77 28
OCT 2003 6. The lubricating oil conposition as clainmed in claiml or 4,,
further containnig. an antioxidant (E). 7. A lubricating oil conposition
conprising a base oil conprising a paraffinic hydrocarbon oil (F) having
at | east 30 carbon atons and..a kinematic viscosity of not nore than 1500

cSt at -30C, and a viscosity index Wrrprover (B) in 0.1 to 15
% by weight.and an anti-wear agent (C).in an amuzf@o(?cg??q@ 8% by

wei ght, wherein the anti-wear agent (C is a - neutral phosphoric, ester

and/ or @ Nyt rous._ester...said ¢ osit.ion having a kinematic
vi scosity o? ng{’b%(r?“zﬂﬁga%‘]l%‘ﬁﬁp" é{lognasngfa%_mt M d &% at.-30 to
80C, a wei fmthenandaihnigian antiexidant 18)% by wei ght after allowed to

stand a, 90C and a total acid nunber of not nore than 0.2 ngKOH g.. The
| ubricati ng oil conposition as claimed in claim, 7, wherein- the viscosity
v

i ndex i'hpr Gvbtbrigyting el dampbsitiencompeeliingse| ke il comprigiagyacr vl ate,
pol ymet hacgy ) ' eng, ,\pplyal kyl styrene, polyester, -
i sobut yl eng kﬁ%rrfg?'gt ngﬁ‘ggtﬁh‘iﬁ Qr@l 4P aéé‘[‘%r?t jf%/"f‘@tl %Qcéf‘é%‘/%“f%mﬁt e ‘est er
and an a-of8flia kinspokticeviscdsity T notbmiogat it cid0E @06k tisgrcas cl ai ned’
in claim 7gndf 4réi 0 L0 ng. tal,deactivator (D). 10. The '
| ubricating oi _%‘g%gg@ﬂ'ﬁdng’gg&éﬂﬁ%d@%'%l% lﬂ'@?uﬂ/&u&)!eq}# f‘l’ierqerr%'al :
deact i vat oPY (Wpight padzenrantioleaoragene(CVdhi me drheuadiof 4.4, e %
| ubri cati ngyOiyef O d | ai ped in any ope clains " nd 9,
further contai n?%_ én%%ﬂrl]%ll%(}gi gljfrﬁc %@?Fa‘ea?% #%"g &85‘ AV 0K “neutral
phosphoric . ester and/or a neutral phosphorous ester. said :
gompositipn having a kinematig viscosity of not more than 1500
"¢St and not less than 18 ¢St at =30 to 80°C, a weight change of
not more than 10 % by weight after allowed to-stand at 90°C,
and a total acid number of not more than 0.2 maKOH/g.

& The lubricating oil composition as claimed in claim . 7, wherein
~ the viscosity index improver (B) is at least one compound
selected from polyacrylate, polymethacrylate, polyisobutylerie,
polyalkyistyrene, polyester, isobutylene fumarate, styrene

maleate ester, vinyl acetate fumarate ester and an o-olefin
copolymer. '

9. The lubricating oil composition as claimed in claim 7.
further containing a metal deactivator (D).

’.1q. The lubricating oil bomposition as claimed in claim 9, whersin the metal
deactivator (D) is benzetriazole or a derivative thereof.

- .11, The lubricating oil composition.as claimed in any one of cléims

q ‘and. ‘9., further containing an anti-oxidarif {E).



i2 Alubricating oil conposition conprising a base oil conprising an ether
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 of the anti- wear agent (C) is in '"the

range of 0.'1 to 8 % by weight, said corrp05|t| on havi t cid
nunber of. not nore than 0. 2. ngKCHTel 13. The | ubri zigl ﬁgg 2@@ nposi tion

as clainmed in claim12, wherein the ether -oil (G is an ether oil

RSB SN g i tpangen

i s indepent y an n atons or & rmnoval ent
aromat i-c hyah-etheboil (@r)ousm (a‘ntt?maﬁliagealrtb((ﬁw) ancnhan satioxidanki(kyh ene
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6 to 18 car |nte er
| ubri cat i ngamdiorcanpesirai mhm@rmuae@smr artgd the eentani ﬂfstheeant.ﬂ t and 12,

wherein neycaDtagu i (Bhnl fud IENOIN 80P @18 A1 BEkeift Okaf an ne

type anti ox d Icatli conposi ti-on as clal ned claim
14, wher elcnmn@satmnehayp'eg anttiodal degid numbel sfemptamiate thani Oa% ve. 79
280CT %k éhelubrlcatlng oi |l conposition as clainmed In claim14,
wherei n the eno( type antioxidant is 2, 6-di-t-butyl-p-cresol, 2,
4,6-tri-t-butyl phenol or 4,4 -nmethyl' enebis(2,6-di-t- butyl)phenol. .17 The

01 oo OB KA GG g bRl Glarial M2, | o 16, v ol
wherelnlthe ether 0il (G) is an ether oil
represented by the £ollowing formula:
Rl;(_O_R;“)naR1
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 ato@s or a
divalent aromatic hydrocarbon group of 6 to 18 carbon
atoms, and |

n is 0 or an integer of 1 to 5.

. 14, The lubricating oil compésition as claimed-in any one of claims

6, 11 and 12, wherein the antioxidant (E) is a
phenol type antioxidant and/or an amine type antioxidant.

15.The Idbricating oil composition as claimed in claim 14
wherein the amine type antioxidant is a diphenylamine

derivative.



MA wat ch having a novabl e portion for which the |ubricating oil
conposition of any one of claims | to 16 is, used. ABSTRACT LUBRI CATI NG
O L COWOSI TI ON AND WATCH USI NG THE SAME The first lubricating oil
conposition of the invention conprises a polyol ester (A) as a base oil, a
specific amount of a viscosity indexygnprover (B) and a specific amount of
an ‘anti-wear agent (C), and the second |ubricating oiEécﬂ}ﬁ&éiZ{]ﬂﬂﬁ of the
i nvention conprises a paraffinic hydrocarbon oil (F) having at |east 30
carbon atons and a specific anount of a viscosity index inprover (B), so
‘that thegg:He¢ A exert effects that they enable a |life of watch
battery to ﬁgé;{)%rhggnﬁﬂef'[en%%é’osé“%t as t“daéﬁéfjat‘@ clainhd 4, enper at ur e
range of ~3wvhereingtherphennl ttixpena nkioxsld £ ¢ qsly,b(t?i_g?_ttj mﬁjd“ ggg they are
free from @ange‘toé‘tgir_?_%erti s _over a long period of .t1ne. ?ﬁe hi rd

| ubricating oil ConposHtIs¥iRje i nfdnt i oft 4omathytenehisd@@rdiet- (Q as
a base oi | byBpdeifalc anount of an anti-wear agent (C) conprising a
neutral phosphoric ester and/or a neutral phosphorous ester, and an
antioxidant (E), so that this conposition.is free from change of

proper't i ¥& Theedubricatiggoeili odmyfodition a8dciasmbav i e ot B hLAs

| ubricating @!. I@emé&h.sog tgfcef invention is a watch having a rnovabl e
portion for which at s¥ dRgd d8hpbaeYahieseridea off a awatate above
conpositions is. used. _

1 . - - . -
35 watch having a movable portion for which the lubricating oil
composition of any one of claims 1 to 16 is used. |





