SF-848-PCT 1 TITLE *cO0(N) 2* PEAK- TORQUE DESCENDI NG COVPCSI TI ON, COVPONENT
HAVI NG SLI DI NG PORTI ON USI NG THE COMPCSI TI ON AND PRESS ﬂm"mmm WI NG
THE COWPOSI TION 5 FI ELD OF THE | NVENTI ON The present inv m s toa
peak- t or ¥&-8484«ehdi ng conposition for lowering a peak torqug,al a slide
initiation of a precision machine or conponent having a sliding portion,

10 particularly, a peak-torque descending conposition effective for

| owering the peak torque at an initiation of a watch cong,ﬂ”mm

having a sliding portion using the conposition, a proces ,"u‘ Wm' ng a
preci sion machi ne or conponent havi ngL8LEl i ding portion usipg.the
peak-torque descendi ng conposition, and a 15 precision machine or
conponent predagedoRPUENSESCENEISIG EOMEIYTTIdNE mRSNENTVIENYTI0e el ates
to a press fit method capable of preventing a deformation (referred to
so-cal | edsy; @Dm@rpo@mm@émetrh@tcmo@bﬁ@m ARPIERENS FOT METIW BUsORGa Netal
plate are lifted up when a netal shaft is pressed 20 into the netal plate.

BACKGROUND OF THE | NVENTI ON Pr i and conponents having a
sliding portion are nostly mggﬁ%ﬁ%?@%gfgﬁ@ pl astics. Consi derable

5

FIELD OF THE INVENTION

The present invention relates to a peak-torque descending
composition for lowering a peak torque at a slide initiation
of a precision machine or component having a sliding portion,

10 particularly, a peak-torgue descending composition effective
for lowering thepeak torqueataninitiationof awatch component,
a part having a sliding portion using the composition, a process
for producing a precision machine or component having a sliding
portion using the peak-torque descending composition, and a
15 precision machine or component produced by the process.

Further, the present invention relates to a press fit
method capable of preventing a deformation (referred to
so-called “a burr of metal”) that peripheral portions of a hole
on a metal plate are lifted up when a metal shaft is pressed

20 into the metal plate.

BACKGROUND OF THE INVENTION

Precision machines and components having a sliding

portion are mostly made of metals and plastics. Considerable



SF-848- PCT 2 nunbers of netallic conponents are made by i nbedding two or
nore tiny parts. The reasons why nade by inbedding are that there are the
cases oféhgg%%ggT%he parts slide one another in addition to the case that
t he part T e integrally 5 processed in a process for the production.
When netals are pressed into one another by pressure, adhesion and fusion
bond generally occur. A peak torque i3 produced when tried to slide a
portion of adhesion or fusion-bond. In the cases of precision nachines nmade
of a conbination of nmetallic and plastic conponents, 10 there are sone
cases Wher&ERHes peakng o b a‘f'orf‘Pl‘émFrh‘F%l%Wdﬁa%? RY| HEPURiNBet VBu_Fed to
an appropriate and stable |l evel of the peak torque which does not damage

t he pl astieredmponararts wi ffheareeasois what meHe pyasmbeddonpoaeat that
potentially damaged when the peak torque is too |arge. 15 The npbst common
wat ch as therecsd ahemaebeseot sl eestndg bdte deadtows 1Thie pnesenbthavenhi on i s
not limted to watch nechanism but can be used for, for exanple,

conmponentsid 0f i HeaF b Nhandaséhenbt kene VB ehas cahgolr g@dlnﬁt@gwaqqq/ into
mechani cal and 20 el ectroni c wat ches. e nmechani cal watches are operated

by spir ré@%é&@d%%éﬁ&%é?”f&ﬁ tl}(‘@f%?@éu&ﬁ?oﬁl G ¢ M@\E&fgsaré‘re

oper at ed ectric po bot e nechani cal and electronic
wat ches, pa e-tslsngd Ilsnt%l CS)Rl aglnotlrtl) r%onglrglsggr%,gaghesion and fusion bond

generally occur. A peak torque is produced when tried to slide
aportionof adhesionor fusion-bond. Inthecasesof precision
machinesmadeof acombinationofmetallicandplastic components,

10 there are some cases where the peak torgue at the initiation
of slide must be lowered to an appropriate and stable level
of the peak torque which does not damage the plastic component,
with a reason that the plastic component is potentially damaged
when the peak torgque is too large.

15 The most common watch as a precisionmachine is described
below. Thepresent inventionisnot limitedtowatchmechanism,
but can be used for, for example, components for bearing and
the like.

Watches are broadly divided into mechanical and

20 electronic watches. The mechanical watches are operated by
spiral spring as driving source, whereas the electric watches
are operated by electric power. In both of the mechanical and
electronic watches, a time is displayed by combining a gear

train wheel portion assembling rotating gearwheels to drive



train wheel portion assenbling rotating gearwheels to drive SF-848-PCT 3 an
hour hand, a m nute hand and a second hand and a sliding portion such as a
| ever. Nﬁhﬁbi % pl astics are used as mnmaterials for watches considering
processabi’l” % strength. The watch has a function to adjust a tinme. In
order to 5 adjust the tine, a slip nechanismis required to rotate an hour
hand and a mnute hand with fixing a s&cond hand at a constant |ocation
(e. g. , alocation of 12 o' clock) both in the mechanical and electric
wat ches. In a transm ssion, %%Sten]Of the watch, a magnetic rotor 10 is

rotated &% TP Hd¥Es PafiBEeoniendn?adid spanRetibaed a7d 3 n2l18inewi ng

sequence to drlve each hand. In the transm ssion system a notion is
transmi t ek Seejuesii¢lal 4y frbavehe ridglorls andipiashheel ara teadt Aswheel
(drive a second hand), a third wheel, a center wheel (drive a mnute
hand), a nmteit e déel wethclrand canisdue nilneed r ¢ cke s yab Al hoyrnlkdasitdyen&eneral |y
in the watch, when a crown is pulled to adjust the time, a clutch wheel is

connected to thedriyia waeeh, randeibh tHi Sdsiat & WieRr t hencseunyi s,
rotated, the clutch wheel is rotated. When the clutch wheel is rotated,

the h L9 o2 t 1 n t
the hour o RS0 2L 3 S skhOAln) B 8 DR 03800 L eﬂﬁa%?%%ﬁﬁ”‘”e
Since th

i hand h “whee
nand can S G5 8dt ﬂ%ﬁ?qﬁ%‘i"g 7 beariRg nesrRarEnd ot & ons 180 MULE

location (e.g., a locationof 12 o'clock) both in themechanical
and electric watches.

In a transmission system of the watch, a magnetic rotor

10 is rotated at 180 degrees per second. This is transmitted in
the following sequence to drive each hand. Inthe transmission
system, a motion is transmitted sequentially from the rotor,
a fifth wheel, a fourth wheel (drive a second hand), a third
wheel, a center wheel {(drive a minute hand), a minute wheel

15 and a hour wheel (drive a hour hand).

Generally in the watch, when a crown is pulled to adjust
the time, a clutch wheel is connected to the minute wheel, and
in this state when the crown is rotated, the clutch wheel is
rotated. When the clutch wheel is rotated, the hour wheel is

20 rotated through the minute wheel to be able to move the hour
hand. Also, the minute wheel rotates a center wheel pinion.
Since the minute hand is attached to the center wheel pinion,
the minute hand can be rotated. That is, by rotating the minute

wheel, the time can be adjustedwith engaging the hour and minute



wheel , the tine can be adjusted with engaging the hour and m nute

SF-848- PCT 4 hands simultaneously by rotating the crown. Since the train
wheel portion of the watch is engaged,- the rotor will be also rotated if

| eavi ng 2 -348-PET Therefore, the slip mechanismto rotate only necessary
gearwheel s is 5 provided not to rotate the rotor by conbining with a brake
mechani sm The watch is generally provided with a portion to perform slip
in the center wheel. The slip nmechani smessentially functions to adjust the
10 tinme, and an appropriate torque and no | arge value of the peak torque
at an iniltareds rotrat e es HeshyY efotyhend t heepe&RWhoerque is high, if a
less rigid plastic material and the |ike are used as parts fromthe rotor
to the third wiseglce tthe gearwheékeslnadetioh sfichha watehiaé enmgaghipped to
damage the watch. 15 There have been various proposals as structures of the
center whesl reibehwi 51 degaasvhesd a hody thayangnyhes st ps recitedu SHd re FOr
exanpl e, Japanese Patent No. 2808842 descri bes a process for producing a

wat ch compnent: bymd 1o P&F at b NBoBa V@t 671 y0garvhegk i gkarankase gamponent
when assenbling a watch 20 conprising the watch gearwheel having a slip

ti - ti d b
Component . Saonst {1hg 1he: wel oh Gear whsa 'oh oaRaPERbyygRo A Ak not hod

of lubrication on the surface portion opposite to the gearwheel
mechanism.

The watch is generally provided with a portion to perform
slip in the center wheel.
The slip mechanism essentially functions to adjust the
10 time, and an appropriate torque and no large value of the peak
torque at an initial rotation are desired. When the peak torque
is high, if a less rigid plastic material and the like are used
as parts from the rotor to the third wheel, the gearwheels made
of such a material are chipped to damage the watch.
15 There have been various proposals as structures of the
center wheel which is a gearwheel body having the slipmechanism.
For example, Japanese Patent No. 2808842 describes a
process for producing a watch component by incorporating a watch
gearwheel into a base component when assembling a watch
20 comprising the watch gearwheel having a.slip portion between
a gearwheel shaft and a gearwheel portion and the base component
supporting the watch gearwheel on a shaft, by employing a method
of lubrication on the surface portion opposite to the gearwheel

portion and proximate to the slip portion in the base component.



portion and proximate to the slip portion in the base conponent. SF-848-PCT
5 Inthisprocess, lubrication is carried out before incorporating the watch
gearwheel into the base conponent, and it is not carried out in other

st eps, artd-8#8CT f the condition of no lubrication before the

i ncorporation occurs, there is a possibility that 5 the resultant watch
conmponent becones an inferior article.5 Additionally, this method has a
problemin that handling of stickiness with oil and so on becones
conplicated since oil adheres to the conponents. Japanese Patent  No.
2795809 h@bb@é%@ﬁQQQﬁﬁy%%%ﬁhﬁ?%h?niéQﬂﬁﬂ%%%OFBPeéoﬁ%ﬂR%P?E@HaRhQGI and
so on of the watch, which is a structure of a part supporting the slip
portion. tAczesdchgearoheeel shiptiredireas sompdnehe, wandcht desorti bedriadt hi s
patent, the watch conponents having a slip mechani sm can be assenbl ed

wth a sldghtinfotiter seweyesind phergnenaof cadhesion @andof Lshoncdbiband of
netal s one another arise after the conponents are assenbl ed because the

netal s ang ¥azed,ong dyalt i@dn heurassemlidangs angotbeppeakyt prgue
becomes high when slipped in the initial stage. Thus, this nechani sm has a

ores | Al st ' mechani
P or vhel e Bl sl 06, OSRLIDE oo onBhRe A1 PRESILE SpBbPR iR SRR ot ent
Lai d- .. 123783/ 1994 d 196747/ 1993 1 | |
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In the slip mechani smof the watch ) _ ,
stickiness with 0il and so on beccmes complicated since o0il

"adheres to the components.
Japanese Patent No. 2795809 proposes a slip mechanism
10 applied for a minute hand wheel and so on of the watch, which
is a structure of a part supporting the slipportion. According
to the slip mechanism of the watch described in this patent,
the watch components having a slip mechanism can be assembled
with a slight force. However, phenomena of adhesion and fusion
15 bond of metals one another arise after the components are
assembled because the metals are grazed one another at the
assembling, and the peak torque becomes high when slipped in
the initial stage. Thus, this mechanism has a problem in that
the gearwheels are chipped in a watch using plastic gearwheels.
20 Japanese Patent Publication No. 16705/1996, Japanese
Patent Laid-Open Nos. 123783/1994 and 196747/1993 propose a
center wheel (also referred to second wheel) combining a metal
pinion and a resin gearwheel. In the slip mechanism of the watch

described in these patents, there are problems that the



described in these patents, there are problens that the SF-848-PCT 6
production of watch conponents takes nuch tinme and requires conplicated
procedures due to the conplex structure, and abrasion resistance is

i nferior Sr$d&PCde slip port ion is resin. Accordingly, the present
inventors have nmade intensive 5 studies to solve the above problens, and
as a result, they have found that by @ process conprising the steps of
imrersing a mnetal gearwheel or a netal pinion in a conposition containing
fromO0.01 to 5% by wei ght of an extrene pressure agent (antl-seizing agent)
conpri si ¥ 8 ULt C i sHatC g Nt 3 0- HRF e %t PO EreSter in

a solvent of a hydrocarbon and/or ether to adhere or absorb the
conposi t icempla ddteed wieredutdereéod , tonhiedi atwpyekheteaftere,t akidng out the
gearwheel or the pinion fromthe conposition, and drying, prior to

assenbl i ngpraddiergeasnbeshcbadyi havrngra igldPr heehapisirwoion he red ah .
gearwheel 15 and the netal pinion, a gearwheel body can be assenbl ed

wi t hout devel %a&ﬁdgﬁrﬁetm@a krbakesye; aledRokBi hiad Bia0e Whehs 544 pped
and chlpplng wheel teeth of the gearwheel even when the plastic gearwheel

d th N h
ot a1 Spl A ToL LT CRaREoU NoT CnEn D0 S deg r Faat hok L " °

press- fltted nto a hoIe of a netal | at e of whi ch scﬂiace IS Ireated as
in the afGH& R¥sih@HHES % 1500 HIR (TGRS (Hey RS FHUMI that a

burr phenomenon does not occur on a nmetal plate when a netal shaft of
whi ch metal gearwheel or a metal pinion in a composition containing

from 0.01 to 5% by weight of an extreme pressure agent
(anti-seizing agent) comprising a neutral phosphate ester
10 and/or neutral phosphite ester in a solvent of a hydrocarbon
and/or ether to adhere or absorb the composition to the surface
thereof, immediately thereafter, taking out the gearwheel or
the pinion fromthe composition, anddrying, prior toassembling
the gearwheel body havinga slipmechanismof themetal gearwheel
15 and the metal pinion, a gearwheel body can be assembled without
developing a large peak torque at an initial stage when slipped
and chipping wheel teeth of the gearwheel even when the plastic
gearwheel isused. Also, they have found that a burx phenomenon
does not occur on a metal plate when a metal shaft without such
20 surface treatment is press-fitted into a hole of a metal plate
of which surface is treated as in the above manner using the
composition. Further, they have found that a burr phenomenon
does not occur on a metal plate when a metal shaft of which

surface is treated as in the above manner using the composition



surface is treated as in the above manner using the conposition SF-848-PCT
7 is press-fitted into a hole of a netal plate w thout such surface
treatment. Based on these findings, the present invention has been

conpl et ed®F-84%Phrlesent invention is made to solve the problems of 5 the
prior art as described above, and an object of the invention is to provide
a peak-torque descendi ng conposition capable of assenbling a gearwhee

body having a slip mechani smwhich can be made fromnetallic naterials
with a sinple structure wherein a |arge peak torque is not produced in an
initial stapgeerheitoedirgped e ahaghetabpiage v hithgehsuiedes uafacaot

chi pped even when the gearwheel is plastic, a part having a sliding
portion tstedtrasnta. g@arsslteeh fiordd dinandaishethé kerassdmgihkencdreposasi on, a
process for produci ng a conmponent or precision nmachine having a sliding
portion usddyy ddigo BbEVE. conposition, and a conponent 15 or precision
machi ne produced by the process. Another object of the present invention is
to provide a pigs%ddde fPLBORAorP eV RALENGo! BE1 0LCLAL SBESL Olna BHI T
phenonenon on pressing a shaft into a netal plate. 20 DI OSURE THE

| NVENII ON ., The peak-torque descendi ng _conposition.of th resent . invention
cont aPns 0 OE LG s b LT Ure ToTe Arakan Ba bt 8338 r s LBk EhmH &hg

| east one menber selected fromthe group . o
is to provide a peak-torque descending composition capable of

assembling a gearwheel body having a slip mechanism which can
be made frommetallic materials with a simple structure wherein
a large peak torque is not produced in an initial stage when
10 slipped and wheel teeth of the gearwheél are not chipped even
when the gearwheel is plastic, a part having a sliding portion
such as a gearwheel portion and the like using the composition,
a process for producing a component or precision machine having
a sliding portion using the above composition, and a component
15 or precision machine produced by the process.
Another object of the present invention is to provide
a press fit method for preventing the occurrence of a burr

phenomenon on pressing a shaft into a metal plate.

20 DISCLOSURE OF THE INVENTION

The peak-torque descending composition of the present
invention contains 0.01 to 5% by weight of an extreme pressure
agent comprising at least one member selected from the group

consisting of neutral phosphate esters and neutral phosphite




consi sting of neutral phosphate esters and neutral phosphite SF-848-PCT 8
esters in a solvent conprising at | ease one nenber selected fromthe group
consistig&‘of hédrocarbons and et hers. The peak-torque descendi ng

conmposi t SEM84%PERe present invention nmay further contain at |east one
corrosion inhibitor 5 (antirust agent) selected fromthe group consisting
of ester corrosion inhibitors, corrosi®n inhibitors of partial esters of

i sodecyl succinate and et hyl ene oxide (ASA) and straight-chain fatty acid
corrosion inhibitors. For the peak-torque descendi ng conposition for drying
10 at noEfdetSePerattPldentt KOTHYI 15N pdi nteaoTe 1MW JHIMRATt SSlepiedierabl y
130C or below. The concentration of the corrosion inhibitor is preferably
from 0. 0% rtomm G.hed%dxyowpei gittis basieug onf 10986 byaneoght andf etherpeak-t or que
descendi ng conposition and is preferably 15 equal to or |less than the

concentration ghet B a@xiticaHR PIREIERI 1 raf mp ddter Pad tohaHd G e Sdh€i Ng
portion of the present invention is characterized in that the surface is

treated withdhe,, Regked prgue descendlno SAIPOSI E0r:oLi bhE dH €580 r

i nvention. part having a s ing portion, watch parts can be

s S G R R G T T R R S S
correcsion inhibitors, corrosion inhibitors of partial esters
of isodecyl succinate and ethylene oxide (ASA) and
straight-chain fatty acid corrosion inhibitors.

For the peak-torque descending composition for drying

10 at normal temperatures, the boiling point of the solvent is
preferably 130°C or below.

The concentration of the corrosion inhibitor is
preferably from 0.01 to 0.5% by weight based on 100% by weight
of the peak-torgue descending composition and is preferably

15 equal to or less than the concentration of the extreme pressure
agent.

The part having a sliding portion of the present invention
is characterized in that the surface is treated with the
peak-torque descending composition of the present invention.

20 As the part having a sliding portion, watch parts can
be mentioned.

The above part of the present invention includes, for

example, a gearwheel body having a slip mechanism and having

a metal gearwheel and a metal pinion, wherein at least one of




a netal gearwheel and a netal pinion, wherein at |east one of SF-848-PCT 9
the gearwheel and the pinion is surface-treated with the peak-torque
descending o) %tion of the present invention prior to assenbling the
gear wheel Eéﬁgﬁﬁg.g.,match parts) using the gearwheel and pinion. 5 The
process for producing a conponent or precision machine having a sliding
portion of the present invention conprises imrersing a part having a
sliding portion in the peak-torque descending conposition of the present
invention, adhering or absorbing the conposition onto the surface of the
part, 10 tﬁﬁeﬂ?é?@%ﬁeﬂhépéaﬁbérPlpéﬁmu}ﬁnﬁuRﬂﬂﬂﬁnﬁﬁ&&ﬁﬁ#uwxﬂhqmmgt|on“
fol | oned by drying, and assenbling a conponent or precision machine using
t he partspeahet@éﬁp@néﬁﬁC@ndpngctsmpnsdﬁdbmnefhahbngrasshtdingeantﬁﬂon of
the present invention is a conponent or precision 15 machine produced by
the aboveppiocessasSpeciing texanm eshok 1 bryasseqb) adteamanest visnglude a

gearwheel body for a watch having a slip nechanismand conprising a netal

gearmheelt@@dg@agﬁhgglpgﬁaoginﬁbgq, specific exanples of the precision
machi nes include a watch using the gearwheel 20 body. In the process for

rying 19 prof oraBry 8o oary G SRR aa O SRBAT A GFSC STt LLBaEraPry warm

air dryin@aving a sliding portion of the present invention comprises
immersing a part having a sliding portion in the peak-torque
descending composition of the present invention, adhering or
absorbing the composition onto the surface of the part,

10 immediatelythereafter,tékingoutthepartfromthecomposition,
followed by drying, and assembling a component or precision
machine using the parts.

The component or precision machine having a sliding
portion of the present invention is a component or precision

15 machine produced by the above process.

Specific examples of the assembled component include a
gearwheelbodyforawatchhavingaslipmechani&nandcomprising
a metal gearwheel and a metal pinion. Also, specific examples
of the precision machines include a watch using the gearwheel

20 body.

In the process for producing a component or precision
machine of the present invention, the drying is preferably a

drying at normal temperatures, and especially warm air drying

at normal temperatures is preferable.



at normal tenperatures is preferable. SF-848-PCT 10 The press fit method of
the present invention conprises, prior to pressing a netal shaft into a
met al pl j sing the netal plate or the shaft in the peak-torque
descendiﬁ%ﬁségﬂgﬁéition of the present invention and adhering or absorbing
5 the conposition onto the inner surface of a hole for press fit of the
metal plate or the surface of the shafl, imediately thereafter, taking
out the netal plate or the shaft fromthe conposition, and drying. 10 BEST
MODE FOR CARRYI NG OQUT THE, | NVENTI ON The peak-torque descendi ng composition,
the part havi ngt P& PERSG Ayt P&t Shohst g e SOEnpRERPILARN EHBO P BBESS for
produci ng a conponent or precision machine having a sliding portion using
t he conpadstitdnrio e ssiognponehsl oshpfecinticor mEtaachliatepr boneediny t he
process as well as the press fit method wusing the conposition of the
present ittwenhéoml apkaspectfibal sjafdesar thedpbekeworthe pealcdrerigite
descendi ng conposition of the present invention contains a specific

sol vent afhgo SPECHH ioF EXEEEserd0 iPHRSTULS 298 Hdhd #i it 1980 b DE
peak-torque descendi ng conposition of the present invention may fur?her
CONt Akn An SRR oL BRLONCAON M Loy i diOBEST e HE BOLKENE psed I

;
the present invention Is preferab ydrocarbons or et hers,
eSpeC|mla%r¥ﬁgeﬁé¥%f,plate or the surface of the shaft, immediately

thereafter, taking out the metal plate or the shaft from the

composition, and drying.

10 BEST MODE FOR CARRYING QOUT THE INVENTION

The peak-torque descending composition, the part having
a sliding portion using the composition, the process for
ﬁroducing a component or precision machine having a sliding
portion using the composition, and a component or precision
15 machine produced by the process as well as the press fit method
using the composition of the present invention are specifically
described below.
The peak-torque descending composition of the present
invention contains a specific solvent and a specific extreme
20 pressure agent. In addition, the peak-torgque descending
composition of the present invention may further contain a
specific corrosion inhibitor, if necessary.
The solvent used in the present invention is preferably

hydrocarbons or ethers, and is especially preferably



SF- 848- PCT 11 hydrocarbons. As the solvent, there can be used one or nore
hydr ocar bons, one or nore ethers, or a conbination of at |east one
hydrocarbon and at | east one ether. The hydrocarbons specifically include
strai ght aB#$-®(dd 5 hydrocarbons such as hexane, octane, heptane, nonane,
decane, wundecane and tridecane; branched saturated hydrocarbons such as
met hyl but ane, isopentane, neopentane, liisohexane, 2, 4-di nethyl hexane and
2,3,6-trinethyl heptane; unsaturated hydrocarbons wherein a part of said
straight or branched 10 saturated hydrocarbons includes an unsaturated
bond; cydtydrogriroeas bodss duich ssl vigydl ohideaise camebhy hepdl ohexanemand

1, 3-cycl ohexanedi ene; aromati c hydrocarbons such as benzene, toluene and

xyl ene; comtensecbqod yoyed be hyde asatdons osug hc @b i nademe o hapht dakene and
phenant hrene; and Spiro hydrocarbons 15 such as Spiro (4, 4) nonane. The

et hers i nglade,d hec £apOURgS Q@vh@gsgnogghgghggnd in a part of the above
hydr ocar bon conpounds. For exanp e, there can be nentioned diethyl ether,

et hyl butyl et haye 01, 0x8080 o gJaea&efjt%aﬁaﬂi%f 80%: MBI o 2 get yL T uran

and the I|ke ven rESENt T AVERtiTon can y one

as | ong t dISSO extrene ressu ent. However as a result
of coﬁp %f??ﬁf el qﬁ%fﬁ@evé? % » NPPafgs BT ound

t hat hydrocarbon of a non- polar solvent is nDst excel lent. This is because
when theqggqqgﬁgﬁyggggﬁgggywﬁ;knanchajsaturated hydrocarbons such

as methylbutane, isopentane, neopentane, isohexane,
2,4-dimethylhexane and 2,3, 6-trimethyl heptane; unsaturated
hydrocarbons wherein a part of said straight or branched

10 saturated hydrocarbons includes an unsaturated bond; cyclic
hydrocarbons such as cyclohexane, methylcyclohexane and
1,3-cyclohexanediene; aromatic hydrocarbons such as benzene,
toluene and xylene; condensed polycyclic hydrocarbons such as
indene, naphthalene and phenanthrene; and spiro hydrocarbons

15 such as spiro(4,4) nonane.

The ethers include the compounds having an ether bond
in a part of the above hydrocarbon compounds. For example,
therecanbementioneddiethylether,methylbutylether,dioxane,
oxolane, 1,3-dioxolane, pyran, 2-octylfuran and the like.

20 The solvent used in the present invention can be any one
as long as it can dissolve an extreme pressure agent. However,
.asaresultofcomparingtheperformanceusingvarioussolvents,
it has been found that hydrocarbon of a non-polar solvent is

most excellent. This isbecausewhenthe extreme pressure agent



SF-848-PCT 12 is chem cally absorbed on a netal surface using a polar
solvent, the solvent is also absorbed on the netal surface, so that the
extrene pressure agent can not efficiently coat on the nmetal surface.

Ther ef or SF-84&BClent having a small polarity is better 5 for the
peak-torque descendi ng conposition. The extrene pressure agent used in the
present invention is neutral phosphati2 ester and/or neutral phosphite
ester. The neutral phosphate esters specifically include tricrezi
phosphate, trixylenyl phosphate, trioctyl phosphate, 10 tri nethyl ol propane

phosphat e,s thepheayll ypiosphat @ onta mstal oyl phenglinophpsphatey 1 tenet hyl
phosphate, tris (tridecyl) phosphate, tetraphenyl dipropyl eneglycol

di phosphaties solleehaphenyl sé efosodiad decyhy mens Rerwtiidd, oot ehhaphesphat e,
tetra (tridecyl) -4, 4'-isopropyridene di phenyl phosphate, bis 15

(tri decylax%@gagﬁdﬁélag@r&h%ah%% e?!f%cﬁ@ﬁ@){bzpééﬂi{' dn PeptReryihritol
di phosphate, tristearyl phosphate, distearyl penfaerythritol diphosphate,

tris (2,4 ucg aociebut )flh%r}%r}%lr)e o$g8§|8Q giatﬂflrg{f 8%%%;188#5?9@ l%l éA‘c

pentaeryt I phosphate e ne p %Ephlte
esters specificall |nclude rlole hos hite, .trioctyl phosphlte
trineghylﬁﬂﬁw ﬁgylﬁﬁﬁ§5%?Te R AARY) é%§|08 BSPAFL&  tris (nonyl phenyl)
phosphite, triethyl phosphite, tris (tridecyl) phosphite, tetraphenyl

di propyl enegl yddle @kphesphresseee ragsiignybetein & he pregeeyt)invention

is neutral phosphate ester and/or neutral phosphite ester.
The neutral phosphate esters specifically include
tricrezil phosphate, trixylenyl phosphate, trioctyl phosphate,

10 trimethylolpropane phosphate, triphenyl phosphate, tris
(nonylphenyl) phosphate, triethyl phosphate, tris (tridecyl)
phosphate, tetraphenyl dipropyleneglycocl diphosphate,
tetraphenyl tetra (tridecyl) pentaerythritol tetraphosphate,
tetra (tridecyl)-4,4'-isopropyridene diphenyl phosphate, bis

15 (tridecyl) pentaerythritol diphosphate, bis (nonylphenyl)
pentaerythritol diphosphate, tristearyl phosphate, distearyl
pentaerythritol diphosphate, tris (2,4-di-t-butylphenyl)
phosphate, hydrogenated bisphenol A pentaerythritol phosphate
polymer and the like.

20 The neutral phosphite esters specifically include
trioleyl phosphite, trioctyl phosphite, trimethylolpropane
phosphite, triphenyl phosphite, tris (nonylphenyl) phosphite,
triethyl phosphite, tris (tridecyl) phosphite, tetraphenyl

dipropyleneglycol diphosphite, tetraphenyl tetra (tridecyl)



SF-848- PCT 13 pentaerythritol tetraphosphite, tetra
(tridecyl)-4,4"-isopropylidene di phenyl phosphite, bis (tridecyl)

pent aerythritol di phosphite, bis (nonyl phenyl) pentaerythritol

di phosphiSE848-Pi(Sk earyl phosphite, distearyl 5 pentaerythritol di phosphite,
tris (2,4-di-t-butyl phenyl) phosphite, hydrogenated bi sphenol A
pentaerythritol phosphite polyner and3the |ike. These can be used al one or
in conbination with two or nore. 10 As the extrene pressure agents, there
can be nmentioned sul fur agents such as nol ybdenum dit hi ophosphat e,

nol ybdenusentd ¢ hy olcai bahat et rasiobsipyl eae saktai de, di-t-nonyl polysulfide,
di benzyl sulfide and the |ike, phosphate ester and phosphite ester.

However, tdeiqpaegeNts | nvensopsosyudiedeoniphesglexhbepnits, prassure agents,
and as a result, they have found that when the sulfur extrene pressure

agent, the acidigy PhﬁéH@é‘éﬁyﬁ%EP{oleéi{aﬁ@@pﬂﬁ%é?UB?sa%%ggéah%%hgﬂr)gf ore. in

phosphite ester extrenme pressure agent was used, rust ar

the present _ inventio t he .neutr.al phosphate ester and _neutra hosphite
20" o5t or FRRTHG, DREbT T Shee TN SR Iy LR CKatYSer P RE bF Bpett ot Bat Lal so
corrosion resistance are used. The concentration of the extrenme pressure
agenti|1R?ﬂ$a?ﬁ%&ﬁ?b?ﬁhegﬂggﬁéﬁﬁ%B%'cBﬁbﬁsﬁ r OndET R PHEYEREE O )t he
peak-torque descendi ng conposition consisting of the sol vent

phosphite, hydrogenated bisphenol A pentaerythritol phosphite

polymer and the like.
These can be used alone or in combination with two or
more.

10 As the extreme pressure agents, there can be mentioned
sulfur agents such as molybdenum dithiophosphate, molybdenum
dithiocarbamate, isobutylene sulfide, di-t-nonyl polysulfide,
dibenzyl sulfide and the like, phosphate ester and phosphite
ester. However, the present inventors studied on these extreme

15 pressure agents, and as a result, they have found that when
the sulfur extreme pressure agent, the acidic phosphate ester
extreme pressure agent or acidic phosphite ester extreme
pressure agent was used, rust arose. Therefore, in the present
invention, the neutral phosphate ester and neutral phosphite

20 ester having excellent in not only an anti-seizing property
but also corrosion resistance are used.

The concentration of the extreme pressure agent in the
peak-torque descending composition (in the case of the

peak-torque descending composition consisting of the solvent



SF-848- PCT 14 and the extrene pressure agent, the concentration is in
regard to the solvent) is preferably in the range of from0.01 to 5% by
wei ght. Even when the concentration of the extrene pressure agent is nore
t han 5% BY-848iRET, the effect does not change. 5 However, since the extrene
pressure agent undesirably deposits on a netal surface after evaporating
the solvent, it is preferred that thppupper limt of the concentration of
the extrenme pressure agent is 5% by weight. On the other hand, when the
concentration of the extrene pressure agent is |less than 0.01% by wei ght,
10 t he t eeatneatesaffeect peassotrebegatt aitrred cofhenéfraté oni i siisn rpoefrer r ed
that the lower limt of the concentration of the extrenme pressure agent is

0. 01% by rwet gbt so AseENti HRAG RhaMEL v tie text FeRgeps eSSLEe AJENttd $%
necessary to be added to the solvent in an anount of the 15 concentration

for the g?{%%f%}%t; an%g:% %thqreoéoheeﬁ?{q:gm%icgﬂ“'khe!w@y@rﬁe pird serder to

stabiliz ect e surface treatnent, it is nore preferable to

add to the solvent in an nt of. the cance t.jon ranging,fr 0. 1to
0. 5% by2%&lght 3 ﬁ*ﬂ@ecgb?ggg%#ff bt or Wi elgktetr%c#dedg)etso%t%ﬁeggga “t'or que
20 descendi ng conposition of the present invention, if necessary.  The
cor r o3i oFOWENEEI t DTS t@fef%é?F@%eﬁ'etst%iﬂea?E‘?“M?W%&ﬁbgﬁé’ﬁtsJitss st or ed

for a long tine after being treated wth the peak-torque descending
conposi t bore mFhel somiesicont t ehieliaPeratinget hheoéxenene i e Pyete rageht |

that the upper limit of the concentration of the extreme pressure
agent is 5% by weight. Onthe other hand, when the concentration
of the extreme pressure agent is less than 0.01% by weight,
10 the treatment effect cannot be attained. Therefore, it is
preferred that the lower limit of the concentration of the
extreme pressure agent is 0.01% by weight.
As mentioned above, the extreme pressure agent is
necessary to be added to the solvent in an amount of the
15 concentration for the solvent rénging from0.01 to 5% by wéight .
However, in order to stabilize the effect of the surface
treatment, it is more preferable to add to the solvent in an
amount of the concentration ranging from 0.1 to 0.5% by weight.
The corrosion inhibitor can be added to the peak-torque
20 descending composition of the present invention, if necessary.
The corrosion inhibitor is effective particularly when
the component is stored for a long time after being treated
with the peak-torque descending composition.

The corrosion inhibitor, like the extreme pressure agent,



SF-848-PCT 15 is chemcally absorbed to a netal surface, and as a result,
an adhered anount of the extrene pressure agent to the netal surface is
decreased and its treatnment function is |lowered. Therefore, it is
necessargrigasytrol the anmount of the corrosion 5 inhibitor to be added.
The corrosion inhibitors specifically include ester corrosion inhibitors
such as sorbitan nonoester and pentaerythritol nonoester; partial ester
(ASA) corrosion inhibitor of isodecyl succinate and ethylene oxi de,

sul fonate 10 corrosion inhibitors, amne salt corrosion inhibitors,

strai ght1Qhé‘hé‘mié&iYyagbgoggéa%boa h8hhbi torsaangd the bikke. reHowever, as a
result that the present inventors studled on each corrosion inhibitor, it

has been_found t hat éﬁﬁ% é?ﬁ% qhe o ent sl fRld ¥ Achd fRERASI on

i nhi bi t of 8 afe-eXxce ent i nventl on. The corr03|on

i nhi bi tor prefer added apou fro 0.01%¢t9 %.by wei ght
based onST6%@§Bylﬁe$ ¥66Fe h@ngpegﬁ FD? UEGBESCS |ﬁ8ncéﬁp03| ?on'yVhe °

t he ambunt of the corrosion inhibitor to be added is s an effect of
corr osi oRhgBefesPstidnte NES SRS Loker £AT T Oh e BPHBF Cﬁﬁe8519n|s t 00

| arge, the treatnment function of the extrene pressure agent is | owered.
Ther f or énhtthétoppér benmetidefl.t he corrosion inhibitor is preferably 0. 5%
by weight. Also, it is preferable that the anobunt of the corrosion
inhibitor is eghal cber6Eibassnhibitors specifically include ester

corrosion inhibitors such as sorbitan monoester and
pentaerythritol monoester; partial ester (ASA) corrosion
inhibitor of isodecyl succinate and ethylene oxide, sulfonate
10 corrosion inhibitors, amine salt corrosion inhibitors,
straight chain fatty acid corrosion inhibitors and the like.
However,aszaresultthatthepresentinventorsstudiajoneach
corrosion inhibitor, it has been found that ester, ASA and
straight chain fatty acid corrosion inhibitors are excellent
15 for the present invention.

The corrosion inhibitor is preferably added in an amount
of from 0.01% to 0.5% by weight based on 100% by weight of the
peak-torque descending composition. When the amount of the
corrosion inhibitor to be added is small, an effect of corrosion

270 resistance is not exerted. On the other hand, when it is too
large, the treatment function of the extreme pressure agent
is lowered. Therefore, the upper limit of the corrosion
inhibitor is preferably 0.5% by weight. Also, it is preferable

that the amount of the corrosion inhibitor is equal to or less



SF-848- PCT 16 than that of the extrene pressure agent. The peak-torque
descendi ng conposition of the present invention may further contain
additives such as anti-oxidant and the like in the range which do not

di sturb Klpegbpesti ves 5 of the invention. As the anti-oxidant, phenol
anti-oxidant and/or am ne anti-oxidant are preferable. The am ne
anti-oxidant is preferably di phenyl ajgne derivatives. 10 Also, the pheno
anti-oxidant is preferably at |east one conpound selected from 2, 6-

di -t-butyl-p-cresol, 2,4,6-tri-t-butyl phenol and 4,4'-nethylene bis

(2, 6-di - tphut ¥ tphenelhe EIQ ek rarspin- desgend] ng conposi tion of the
present 15 invention is a treating solution effective for the netal parts

descri bed ' f ' |
as describe agﬁgfﬁegﬂetgﬁgﬂg'BQS%EBQ99§Sggnﬁﬁg?ﬁgkﬁLgﬁ?ﬁgghEﬂﬁﬁgggéﬁding

method in whicC € metal "part 1s ime

conposition. In order to treat the entire surface of the part 20, wi thout
unevennes&Vent 1o B?@féPFEéth%?nTﬁén6%§§3§%y??nﬁﬁéhufs ﬁpgﬁ_§ﬁﬂfgﬁpion. The
simlar result can al so be attained b oscillation. However, the
sonicati@@di§hﬁ0¥ék9r%ﬂéﬁﬁbF@nﬂﬁathﬁﬁed%s%?¢I%&??HF?ﬁj¥h€b@§§§%ﬁe%hat t he
part is small and further in a tubular shape. The treating tine is
suffii ewtf ttdrebénfvegrhion.

As the anti-oxidant, phenol anti-oxidant and/or amine
anti-oxidant are preferable.

The amine anti-oxidant is preferably diphenyl amine
derivatives.

10 Also, the phenol anti-oxidant is preferably at least one
compound selected from 2,6- di-t-butyl-p-cresol,
2,4,6-tri-t-butyl phenol and 4,4'-methylene bis
(2,6-di-t-butyl) phenol.

The peak-torque descending composition of the present

15 invention is a treating solution effective for the metal parts
as déscribed above.

The treating methods of the metal parts include a method
inwhich themetal part is immersedin the peak-torque descending
composition. In order to treat the entire surface of the part

20 without unevenness, it is preferred that the part is immersed
with sonication. The similar result can also be attained by
oscillation. However, the sonication is more preferable than
the oscillation in the case of that the part is small and further

in a tubular shape. The treating time is sufficient to be from



SF- 848- PCT 17 about 30 seconds to about 5 mnutes. After treating the netal
part with the peak-torque descending conposition, drying at nornal
tenperatures, preferably air-drying at nornmal tenperatures is carried out.
5 The no$ﬁ3h83Qﬂperature used herein is ref erred to the tenperature
ranging from15 to 25C. In the case of using the solvent which is hard to
dry, it is necessary that the tenperature of warm air is elevated and that
the tine period for drying is prolonged. Therefore, it is advantageous
that the conpound which is easy 10 to dry is used as the solvent. The

sol vent syitabbe LQE.HAYI PY aBbud BORARLtk@Tperature is a solvent having a
boiling point of 130 or |less. The solvents include hydrocarbons having a

borling point ppled30-0lel £55. AURRO-LICOYA! Gearoons WegtLonedapove, such

15 as nonane, ‘hexane; TS ane, hepta i sohept ane benzene; and
ethers such as dieth et her.

| ether, ethylvinyl ether ggtiso ropyl net hyl
Further,d?ﬁc?ﬂglggeﬁgWBPséE??ﬁceg¥Vé§9n€ﬁtn@Fq§i %mpé%é%%gﬁﬁﬁh t he
peak-torque descending conposition in the present 20 invention, hot-air
dryi ng ceheferahiyi @t 0dEYHRY et YA Ind AIRe Tt Sdct CRFER Sthaut-
peak-torque descending conposition. In the case of using the solvent which
is hard Thedoymailtt émpe redoessas §d hieate itrhies refiperadiod i LeBPesREUrs
el evated and that the tine period for drying is prolonged. Thus, it is
ranging from 15 to 25°C. In the case of using the solvent which
is hard to dry, it is necessary that the temperature of warm
air is elevated and that the time period fordrying is prolonged.
Therefore, it is advantageous that the compound which is easy
10 todry is used as the solvent. The solvent suitable for drying
at a normal temperature is a solvent having a boiling point
of 130° or less.
The solvents include hydrocarbons having a boiling point
of 130° or less among the hydrocarbons mentioned above, such
15 as nonane, hexane, isohexane, heptane, isoheptane and benzene;
and ethers such as diethyl ether, ethylvinyl ether and
isopropylmethyl ether.
Further, in the step for surface treatment of a metal
part with the peak-torque descending composition in the present
20 invention, hot-air drying can be carried out after treating
the metal part with the peak-torque descending composition.
In the case of using the solvent which is hard to dry, it is

necessary that the temperature of hot air is elevated and that

the time period for drying is prolonged. Thus, it is



SF- 848- PCT 18 advant ageous that the conpound which is easy to dry is used
as the solvent. The tenperature of hot air is desirably in the range of
from 120 to 150C considering safety. The boiling point of a solvent capable
of dryi ngrg48/PaT 5 30 mnutes at hot-air tenperature ranging from 120 to
150C is 180C or less. As such solvents, there can be nentioned n-decane
(boiling point; 174C) and the like ingstraight chain hydrocarbons. The
part having a sliding portion of the present invention 10 is
surface-treated with the peak-torque descendi ng conposition of the present
i nvent i ofgyIheapabtisheMhagtige stodpagngowhion inckadesta demr iheekedbody
having a slip nmechanism nade of a netal gearwheel and a netal pinion, for

exanpl €. .2 YRLCOoRGEL: Wefied N dise paimbest dox 01t Nes Phak 0Pabsysunl ace
treated with the peak-torque descending conposition at |east prior to

bt oci oi o FRERNAE RAvERGMaLe)i BPng 0oyt Ton SPoF AESpPEEERE - nvent fon -

beak-1 or que. GeBBENEh TEL BRI Panaor® L e brids L eRERans SARgiTng or

absorbing the conposition on the surface of the part, innediatel

t her af t 80, mienbesngtt hetpait teBRETREUICoRPHFITIdor . oftolYShWe® W%’Fyi ng at

a nornmal tenperature, preferably with air at a normal tenperature, and

assenbl i pg 180°C or less. As such solvents, there can be mentioned
n-decane (boiling point; 174°C) and the like in straight chain
hydrocarbons.

Theparthavimgaslidingportionofthepmesentinvention

10 is surface-treatedwith the peak-torque descending composition
of the present invention.

The part having a sliding portion includes a gearwheel
body having a slip mechanism made of a metal gearwheel and a
metal pinion, for example, a watch part wherein the gearwheel

15 orthepinionissurfacetreatedwiththepeak—torquedescending
composition at least prior to assembling the gearwheel body.

The process for producing a component or a precision
machine having a sliding portion of the present invention
comprises immersing a part, for example, a watch part, in the

20 peak-torque descending composition of the present invention,
adhering or absorbing the composition on the surface of the
part, immediately thereafter, removing the part from the

composition, followed by drying at a normal temperature,

preferably with air at a normal temperature, and assembling




SF-848- PCT 19 a watch conmponent or watch (precision nmachine) using the
dried part. As already nentioned above, the above drying can be al so
carried out with hot air at from 120 to 150C. The conponent or precision
machi ne §pgypec@rsliding 5 portion of the present invention includes a
conponent or precision nmachi ne produced by such a process, for exanple, a
gearwheel body for a watch having a slgi p nechani sm nade of a netal
gearwheel and a netal pinion or a watch using this gearwheel body for a
wat ch. 10 The press fit nethod of the present invention, on pressing a

metal shafl,ddit ecapbBbak FalfcicqppECses opreytpusky usivey sinrgdrtibe net al
plate or the shaft in the peak-torque descending conposition of the

present npyenti i AbsUR g thbe s rmesiingnc At ansonner
surface 8$¥g'hd%£a%gggg é@§n€%? 15 of the netal platgxégponto t he surface
of the shaft, immediately thereafter

. t , ta? g,out, .t metal plate or the
shaft freAFthed eBRpBAED] BRT RIFI Gled T6T ?&i&&. gérforning such surface
treatment, no |l arge stress arises even when ghe tal, shaft _.i wﬂ%essed
into the netal TheafemPanantherePEFELSHRPr MfREAGTE &qug)%ﬁs%%é§ tal does
not occur. EXAMPLE The present invention is explained with reference to
t he fl | poirngoexafipkes, phesentie LNMeSrTLiogn 1ing eq i TBP It hede
SF- 848- PCT

precision machine produced by such a process, for example, a
gearwheel body for a watch having a slip mechanism made of a
metalgearwheelandan@talpinionorawatchusingthisgearwheel
body for a watch.

10 The press fit method of the present invention, onpressing
ametal shaft into ametal plate, comprises previously immersing
the metal plate or the shaft in the peak-torque descending
composition of the present invention, adhering or absorbing
the composition onto an inner surface of a hole for press fit

15 of the metal plate or onto the surface of the shaft, immediately
thereafter, taking out the metal plate or the shaft from the
composition, followed by drying. By performing such surface
treatment, no large stress arises even when the metal shaft

ispressedintothen@talplate,andtherefore,burrphenomenon

20 of the metal does not occur.

EXAMPLE
The present invention is explained with reference to the

following examples, but the invention is not limited to these



20 exanples. In the Exanples, as a part to be treated using the
peak-torque descendi ng conposition of the present invention, a center
wheel used for Watch #10 produced by Citizen Watch 5 Co., Ltd. was chosen.
The cent gf.gqggmtTof #10 of a gearwheel body conprises a gearwheel having a
structure referred to H spring and a center wheel pinion. Both the
gearwheel and pinion are made of netg]s. The pinion is made of iron and
the gearwheel is made of brass. In order to assenbl e the gearwheel body,
10 it is enough that the gearwheel with H spring structure is fitted into
the pinigp.whBspressure. Problematic adhesion and fusion bond arise on
fitting into. The HBX|nun1peak torque at an initial stage i s produced when

intended to rotate, and jpi,nian W4 hadhesiony qf ign, bond. That

I
is, the WBX|nun1pea ?orq§§ef5 produces at t he flrst tlne s i p. Further,
plastlc gear wheel s re ala used for, % Mf ﬁb ntr atln% %he center
wheel , tﬁ@angééﬁuﬁs §EEEPAERIYOMRP B ?ﬂa A '§€%§Fe FVRE SgEawheel  or
t he pinion. However, the both may be treated. 20 In the watch, the effect
of Iomerﬁngeﬂﬁ@rpééﬁeﬂoFQGé fer @%FP@H@ﬂQ ﬁF@ﬁuﬁﬁgnbﬂh€l§éﬁF€rVﬁﬁé%1 havi ng
a slip portionis treated with the peak-torque descendi ng conposition of
the fpresent Lhdentaonch@reB48-TPETcRhter wheel of #10 of a gearwheel

body comprises a gearwheel having a structure referred to H
spring and a center wheel pinion. Both the gearwheel andpinion
are made of metals. Thepinion ismade of iron and the gearwheel
is made of brass. In order to assemble the gearwheel body,

10 it is enough that the gearwheel with H springstructureis fitted
into the pinionwith pressure. Problematicadhesionand fusion
bond ariseon fitting into. The maximumpeak torque at an initial
stage ié produced when intended to rotate gearwheel and pinion
with adhesion or fusion bond. That is, the maximum peak torque

15 produces at the first time slip. Further, plastic gearwheels
are also used for this watch.

In treating the center wheel, the effect is attained by
treating at least either the gearwheel or the pinion. However,
the both may be treated.

20 In the watch, the effect of lowering the peak torqﬁe is
extremely high when the center wheel having a slip portion is
treated with the peak-torque descending composition of the

present invention.



Exanples 1 and 2, and Conparative Exanples 1 and 2 (Selection of a solvent
suitable for the peak-torque descending conposition) Hexane as a

hydr ocar bon sol vent (Exanple 1), diethyl ether 5 as an ether sol vent

( Exanpl eSB48ipR0pr opyl al cohol as an al cohol solvent (Conparative Exanple
1) and ethyl acetate as an ester solvent (Conparative Exanple 2) were
prepared. 0.1% by weight of tri-n-butyl phosphite belonging to neutral
phosphite ester was added as an anti-sticking agent 10 to each of the
above solvents to obtain 4 types of peak-torque descending conpositions.
Next, thexphpiepn wagngl agedniincampezket veomkaimpileg tihandpeak-t or que
descending conposition, and sonicated for 3 mn. Subsequently, the pinion
was take : e 4481 @il tdudr hedcwhbiingot air
at from ?Egy%‘ég%gg}‘:ﬁfg S%lqgi:églt ﬁleai%?%iégﬁuts% ealtpgd Wi l?ﬁqlt he peak-tor gue
descending conggsition. Next, the center wheel having the slip portion for
Vat ch #18°BP8aatéd™y Gitizen Watch Co. , Ltd. was made using the pinion
obtained by treating as descri bed above and the arwheel witho 20 the
treat nent. TheH§FF‘Beta§rth¥d6?C?ﬁ@oPﬁt?éVr?é’dFe(%’éﬁ‘f‘gfemecﬁﬁyﬁsgiﬁfed

using a torque neter. The peak (maxinmun) value_of slip torque_ when the
wheel5 i nasiaal £yhbegam tentnohsanasethe HEaBGPEHL\AEIGRICL fE 4TadlEeER 1f ound

that the wheel teeth of the plastic gearwheels SF-848-PCT 22
solvent (Comparative Example 1) and ethyl acetate as an ester

solvent (Comparative Example 2) were prepared.
0.1% by weight of tri-n-butyl phosphite belonging to
neutral phosphite ester was added as an anti-sticking agent
10 to each of the above solvents to obtain 4 types of peak-torque

descending compositions.

Next, the pinion was placed in a beaker containing the
peak-torque descending composition, and sonicated for 3 min.
Subsequently, the pinion was taken out from the beaker using

15 a strainer, and dried with hot air at from 120 to 150°C to yield
the piniontreatedwith the peak~torque descending composition.

Next, the center wheel having the slip portion for Watch
#10producedbyCitizenWatchCo.,Ltd.wasmadeusingthepinion
obtainedbytreatingasdescribedaboveandthegearwheel without

20 the treatment.

The slip torque of the thus made center wheel was measured
using a torque meter. The peak (maximum) value of slip torque
when the wheel initially began to move was the measured value.

It has been found that the wheel teeth of the plastic gearwheels



used for the gear train portion are chipped when the slip torque is over
15 g. As the results of the neasurenent of the slip torque, the peak

(maxi mun) values of the slip torque were 10 g in the 5 case of using
hexane, Jp.gqsiprthe case of diethyl ether, 15 g in the case of isopropyl

al cohol, and 14 g in the case of using ethyl acetate as the solvent. From
the above, it has been found that theouse of hydrocarbon or ether is
better as the solvent. 10 Exanples 3 and 4, and Conparative Exanples 3 and
4 (Selection of an extreme pressure agent suitable for the peak-torque
descendi Q?e&%’lﬂo-%héig%&)r A2 80 Xt BT RLESSLSe @ORN, thé isarieztbrphesphat e
15 (Exanple 3) belonging to neutral phosphate ester, trixylenyl phosphite
(Exanpleig) ngo g; g to neutral phosphite ester, nolybdenum
dithiophospﬁa e ? ﬁﬁarative Exanmpl e 3) having sulfur in the nolecule, and
di benzyl sulfide (Conparative anpl e_4) _having su r.hn_t l.ecul e
wer e added eacﬁsiﬁh%gpﬁ 3%%%u%§E§?eoW%@€ §emgpgh?%tggﬁoﬁ%2 ¢ éhis a
hydrocarbon solvent to prepare 4 %ypes of ,peak-torque des endin%

conposi t tbAspealextmaxifumi madiiame hitdcedliR BObEERe e%%rﬁt(gignilﬁg ffe

peak-torque descendi ng conposition, and sonicated for 3 mn. SF-848-PCT 23
5 case of using hexane, 11 g in the case of diethyl ether,

g in the case of isopropyl alcohol, and 14 g in the case of
using ethyl acetate as the solvent.
From the above, it has been found that the use of
hydrocarbon or ether is_better as the solvent.
10

Examples 3 and 4, and Comparative Examples 3 and 4

(Selection of an extreme pressure agent suitable for the
peak-torque descending composition)
As an extreme pressure agent, tricrezil phosphate
15 (Example 3) belonging to neutral phosphate ester, trixylenyl
phosphite (Example 4) belonging to neutral phosphite ester,
molybdenum dithiophosphate (Comparative Example 3) having
sulfur in the molecule, and dibenzyl sulfide (Comparative
Example 4) having sulfur in the molecule were added each in
20 an amount of 0.3% by weight to nonane which is a hydrocarbon
solvent to prepare 4 types of peak-torque descending
compositions.
Next, the pinion was placed in a beaker containing the

peak-torque descending composition, and sonicated for 3 min.



Subsequently, the pinion was taken out fromthe beaker using a strainer,
and dried with hot air at from 120 to 150C to yield a pinion treated with
t he peak-torque descendi ng conmposition. Next, the center wheel having a
slip pordg g4s.pefr Vatch 5 #10 produced by Citizen Watch Co. , Ltd. was made
using the pinion obtained by treating as descri bed above and t he gearwheel
without the treatment. The peak (mexgmum) value of the slip torque of the
thus nade center wheel was neasured in the same manner as in Exanple 10
1. As nmentioned in Exanple 1, it has been found that the wheel teeth of the

plastic gear S ¢sad d i dihg 98ar thikehnoper Frem tREepeakPpeags ihen t he
slip torque 15 over 15 g. As the results of neasurenent of the slip torque,

the peak (maxi mun) val ues of .the slip tqrq r - 15
were godd Si ﬁaélnlerca@%g %’S@aﬁﬁ)ﬁ%}ﬁ‘% }R%J?(ta?l:[%qe: ﬁ?% %ﬁ%érg?ﬁcelcgial%?gh

hum dity test was carried out wher he gear,wheel : r the
ci r cunstamd&ios LASET gAY LD aFLhreePﬁf"?V °Rd edﬁj?f/cce)?d\é\ga/cﬁ%&%%%y%ﬁfh. As
result, no discoloration was observed in the cases o rts, using

f the 20 p
neutral phosphia®t edthe caidafeut s pRYIPFateS %PeP?rt\}\HBrg% ?5¢Bl orati on
was observed in the cases using nol ybdenum dit hi oghosphate and di benzyl

sul fist e. # F0 pmotiheedboy €1 tilzehdta thdefiof edrid + 1iae paLnprdSpPRt ol est er or
neutral phosphite ester is excellent as the extreme SF-848-PCT 24
obtainedbytreatingasdescribedaboveandthegearwheelwithout
the treatment.

The peak (maximum) value of the slip torque of the thus
made center wheel was measured in the same manner as in Example

10 1. As mentioned in Example 1, it has been found that the wheel
teeth of the plastic gearwheels used for the gear train portion
are'chipped when the slip torque is over 15 g.

As the results of measurement of the slip torque, the

peak (maximum) values of the slip torque were 12 g or less and
15 were good in all cases examined.

Next, the high temperature and high humidity test was
carriedout where the gearwheel was storedunder the circumstance
at 45°C and at a relative humidity of 95% for one month. As
a result, no discoloration was observed in the cases of the

20 partsusingneutralphosphiteesterandneutralphosphateester,
| whereas discolorationwas observed inthe casesusingmolybdenum
dithiophosphate and dibenzyl sulfite.

From the above, it has been found that neutral phosphate

ester or neutral phosphite ester is excellent as the extreme



pressure agent. Exanples 5 to 12, and Conparative Exanples 5 to 7
(Experinment to obtain an opti mum concentration of the extreme 5 pressure
agent) Tristearyl phosphite which is a neutral phosphite ester was added
in an angeiglig picP. 005% by wei ght (Conparative Exanple 5) , 0.01 % by
wei ght (Exanple 5) , 0.05% by weight (Exanple 6) , 0.1% by weight (Exanple
7), 0.25% by wei ght (Exanple 8), 0.5%10 by wei ght (Exanple 9), 1% by
wei ght (Exanple 10) , 3% by wei ght éxanple 11), 5% by wei ght (Exanple
12), 7% by weight (Conparative Exanple 6) or 10% by wei ght (Conparative
Exanpl e /)L Q000888 Whi ch is a hydrocarbon sol vent to prepare
peak- torque descendi ng conpositions. 15 Next, the pinion was placed in a
beaker containing the peak-torque descendlng conposition, and sonicated
for 3 min. Subsequently, the pinion was taken out fromthe beaker using a
strai ner and drled mnth hot aLr at fronkl 0to 150% to yield a pinion
treated e deak RAgEOL oPES RS ~Next, the center
wheel haV|ng a S|Ip portlon for vatch #10 produced by G tizen Watch Co. ,
Ltd. was(Federiseng thebgiadiroan %?hm%occb%&?ré‘falfi’ﬁbo%§fdé§€r?Béﬁeﬁ‘ﬁove and
t he gearwheel without the treatnent. The peak (maxi nunm) value of the slip
torque oprébeurbusg8Rt848- PCT 25 made center wheel was neasured in the sane
manner as in Exanple

Tristearyl phosphite which is a neutral phosphite ester

was added in an amount of 0.005% by weight (Comparative Example
5), 0.01% by weight (Example 5), 0.05% by weight (Example 6),
0.1% by weight (Example 7), 0.25% by weight (Example 8), 0.5%

10 by weight (Example 9), 1% by weight (Example 10), 3% by weight
(Example 11), 5% by weight (Example 12), 7% by weight
(Comparative Example 6) or 10% by weight (Comparative Example
7) to nonane which is a hydrocarbon solvent to prepare
peak-torque descending compositions.

15 Next, the pinion was placed in a beaker containing the
peak-torque descending composition, and sonicated for 3 min.
Subsequently, the pinion was taken out from the beaker using
a strainer, and dried with hot air at from 120 to 150°C to yield
a pinion treated with the peak-torque descending composition.

20 Next, the center wheel having a slip portion for Watch
#10 produced by CitizenWatch Co., Ltd. wasmade using the pinion
obtainedbytreatingasdescribedaboveandthegearwheelwithout
the treatment.

The peak (maximum) value of the slip torque of the thus



1. As nentioned in Exanple 1, it has been found that the wheel teeth of
the plastic gearwheels used for the gear train portion are chipped when
the slip torque is over 15 g. 5 As the results of neasurenment of the slip
torque, hgsg-piche added anount of tristearyl phosphite was 0.005% by

wei ght, the peak value of the slip torque becane 20 g or nore which was
the val ue exceeding the neasurable |bgit of the torque neter. Wen the
added amounts of tristearyl phosphite were 0.01% O0.05 % 10 and 0. 1% by

wei ght, the peak values of the slip torque were 12 g, 10 g and 9.8 g,
respectiyely. When {hecaddednamaurtdofn tiHd shRamyinphosphi heyenel d. 25%
0.5% 1% 3% 5% 7% and 10% by weight, the peak values of the slip torque
were 10 g or, | N | a1l b ' fatthege wh&d pns, when
the addelr afsune o e ERTR o5 b 16 uags Jos By Ml oit cr morer ¢ he
extremne ressyre agent deposited on_the rf Thi yﬁg: t he
treated FaroM 5?%%35‘&tjicgg%ﬁﬁ‘éa?§28egs%$\ Otrﬁg§e fnrylflg?gge ufsgg&%s t he
part for the watch. 20 Correspondi nglé, wehn only %he gearwheel was treated
or botA®R EhEPHRArwRRRl tBREhR bPAABR Wer8VEFedred, the sinmilar results
were obtained as that in the case where only the pinion was treated. From
t hesé resul ts,As tthmgsdsedn sf ofnnepharemeat off 6Be edhPbECHBYAI NedeHhen at

| east either one was treated. SF-848-PCT 26 Wien the center wheel treated
Wi th t herextdRi®] pRESSUrEf tristearyl phosphite was 0.005% by weight,

- the peak value of the slip torque became 20 g or more which
was the value exceeding themeasurable limit of the torquemeter.
When the added amounts of tristearyl phosphitewere 0.01%, 0.05%

10 and 0.1% by weight, the peak values of the slip torque were

12 g, 10 g and 9.8 g, respectively. When the added amount of

oe

;3

o

tristearyl phosphite were 0.25%, 0.5%, 1 , 5%, 7% and 10%
by weight, the peak values of the slip torque were 10 g or less
in all cases.

15 Upon cbservation of these pinions, when the added amount
of tristearyl phosphite was 7% by weight or more, the extreme
pressure agent deposited on the surface. This showed that the
treated pinions are poor in appearance, and they can not be
used as the part for the watch.

20 Correspondingly, wehn only the gearwheel was treated or
both of the gearwheel and the pinion were treated, the similar
results were obtained as that in the case where only the pinion

was treated. From these results, it has been found that the

effect can be obtained when at least either one was treated.



agent at a concentration of fromO0.01 to 5% by weight, which was a
conformng article in the above experinent, was installed in Watch #10
produced by G tizen Watch Co. , Ltd. and the operation 5 was confirned, no
| acki ngdscﬁ_ yhpelr teeth occurred and the operation was good in all cases
exam ned. P—romthe above results, it has been found that the concentration
of the extrene pressure agent is prehgrably in the range of from0.01 to
5% by wei ght, nore preferably in the 10 range of fromO0.1 to 0.5% by

wei ght. Exanples 13 to 15 and Conparative Exanples 8 to 9 (Selection of an

corrosion i ”hkﬁiérﬁrt.h%uizéﬁ@leﬁ f9Ee 1 here Peak~LaIUa cdescentlbngr98POSI ti On)
15 To nonane ich is a hydrocarbon solvent, 0.25% by weight of trioleyl

phosphite which is neutral phosphi ter adde : ext
pressur @ &gehtdt %&%et‘ﬁ , léjsrP}nft ?d:%?no?i'g\rﬁlla%f)nﬁic’b??]o‘?él%gﬁf aegf?%teﬁ]rsi t ol
nmonobutyl ester, ASA corrosion ,inhibitor represented by the J;o%ho i ng
cheni cal vd®enePRf OPDiRg @4tiiC sl B W BRGVAS IS SIPH Yt Shai AT F ??A aci ds,
sul fonate corrosion inhibitor [trade name: NA-SUL 729, nmker: King Ltd.,
USA], orimWenehddldproduosd by Gihi 26t BrtEhCade hethe 2nRATSUPPSERS! Oftaker :
King Ltd. , USA] was added each in an anmount of 0.25 % by weight to
prepar e Bas ypest vfmpeakndot gukidgsoéndineg 1SEER4S- P@’PUZF%%@&itth%ns. H3C

operation was good in all cases examined.

From the above results, it has been found that the
concentration of the extreme pressure agent is preferably in
the range of from 0.01 to 5% by weight, more preferably in the

10 range of from 0.1 to 0.5% by weight.

Examples 13 to 15 and Comparative Examples 8 to 9

(Selection of an corrosion inhibitor suitable for the
peak-torque descending composition)

15 To nonane which is a hydrocarbon solvent, 0.25% by weight
oftrioleylphosphitewhichisneutralphosphiteesterwasadded
as the extreme pressure agent, and further, as an corrosion
inhibitor, pentaerythritol monobutyl ester, ASA corrosion
inhibitor represented by the following chemical formula,

20 stearic acidbelonging to straight chain fatty acids, sulfonate
corrosion inhibitor [trade name: NA-SUL 729, maker: King Ltd.,
USA], or amine salt corrosion inhibitor [trade name: NA-SUL
EDS, maker: King Ltd., USA] was added each in an amount of 0.25%

by weight to prepare 5 types of peak-torque descending



0O H-CGCOH 0OH2 HCC/ C-0HO- CH2 5 Next,
a beaker containing the

straine
treated
wheel h
, Ltd.

and the
slipto
manner

t he whe
are chi
nmeasur e

was nade using the pinion obt

as |

pped when the slip torque is over 15 g. As the results of

ment of the slip torque, in the 20 cases using pentaerythritol
nonobutyl ester, the above ASA SF-848- PCT 28 corrosion inhibitor, and
stearic acid belonging to stmaight4¢chain fatty acids, all the peak val ues

of the slip torque V\ﬁgé C C— OH
29 Hy
H,C——C C OH
N /
O—CH2
5 Next, the pinion was placed in a beaker containing the

10

15

20

peak-torque descending composition and sonicated for 3 min.
Subsequently, the pinion was taken out from the beaker using
a strainer, and dried with hot a~ir at from 120 to 150°C to yield
a pinion treated with the peak-torque descending composition.

Next, the center wheel having the slip portion for Watch
#10 produced by CitizenWatch Co., Ltd. was made using the pinion
obtainedbytreatingasdescribedaboveandthegearwheel without
the treatment.

The peak (maximum) value of the slip torque of the thus
made center wheel was measured in the same manner as in Example
1. As mentioned in Example 1, it has been found that the wheel
teeth of the plastic gearwheels used for the gear train portion
are chipped when the slip torque is over 15 g.

As the results of measurement of the slip torque, in the

cases using pentaerythritol monobutyl ester, the above ASA

t he pinion was placed in
peak-torque descendi ng conposition and soni cat ed
for 3 mn. Subsequently, the pinion was taken out fromthe beaker using
r _?EQ$foed with hot air at from120 to 150C to yield a pinion
%§ he peak-torque descendi ng conposition. 10 Next, the center
aving the slip portion for vaggh #10 produced by G tizen Watch Co.
ined by treating as described above
gearwheel without the treatnment. The peak (maximunm value of the
r : hus 15 nmade center wheel was neasured in the sane
&%%%Q%igggP%' 1. As nentioned in Exanple 1, it has been found that
el teeth of the plastic gearwheels used for the gear train portion

a



10 g or less, whereas the peak values were 15 g or nore in the cases using
sul fonate and am ne salt corrosion inhibitors. 5 Fromthe above, it has
been found that ester, ASA and straight chain fatty acid corrosion

i nhi bit yisgg-pcyui table for the peak-torque descending conposition.
Exanples 16 to 18 10 (Experinment to obtain an opti mum anount of an
corrosion inhibitor to be added) Tojgonane which is a hydrocarbon solvent,
0.25 % by weight of trioleyl phosphite which is neutral phosphite ester
was added as an extrene pressure agent, and further, as an corrosion 15

i nhi bi t 0f, . POt ST ¥k 10l r MoNEb Ui vl 2 £5¢ efcdSoelstegiing B sandightof 0. 1%
(Exanple 16), 0.25% (Exanple 17) and 0.4% by weight (Exanple 18) to

repare t ypes -t or S i L E 1O LBeepi ni on
Pr ep chraai/ fagcfetgﬁg@lﬁdg LUe e ][sggﬁ P L SOBBOSHE I NS, tBeXle HBeep

was pl a n a er cohtaining 20 peak-torque descendi ng

conposi tjon and_sonicated for_.3 mn. q I I-i.on t aken
out from¥®He Pedksr u@%ﬁea% e &St ,Vgg%%%dg:gg% %St%r}ﬁro?{og:er lg}[’\@§$0m 120
to 150C to yield a pinion treated with th? peak-t or,que .descendin
conposi t¢anes Nesingt felEentk? WMEeP™RAG [ Fh§°§FPE%§%tﬁ§§#§%hoﬂéhch
SF- 848- PCT 29 #10 produced by Ctizen Watch Co. , Ltd. was nade using the
pi ni @ obt ai nédomythe exhdvry akt dezerPoerabeved ahat hesgesr whedl 2ift hout
t he treatnent.

straight chain fatty acid corrosion inhibitors are suitable

for the peak-torque descending composition.

Examples 16 to 18

10 (Experimenttoobtainanoptimumamountofancorrosioninhibitor
to be added)

To nonane which is a hydrocarbon solvent, 0.25% by weight
oftrioleylphbsphitewhichisneutralphosphiteesterwasadded
as an extreme pressure agent, and further, as an corrosion

15 inhibitor, pentaerythritol monobutyl ester was added in an
amount of 0.1% (Example 16), 0.25% (Example 17) and 0.4% by
weight(Example18)toprepare3typesofpeak—torquedescending
compositions.

Next, the pinion was placed in a beaker containing the

20 peak-torque descending composition and sonicated for 3 min.
Subsequently, the pinion was taken out from the beaker using
a strainer, and dried with hot air at from 120 to 150°C to yield
a pinion treated with the peak-torque descending composition.

Next, the center wheel having the slip portion for Watch



The peak (maxinmum value of the slip torque of the thus 5 nade center
wheel was neasured in the sanme manner as in Exanple 1. As nentioned in
Exanple 1, it has been found that the wheel teeth of the plastic
gearmheqhﬁsmﬁﬁanor the gear train portion are chipped when the slip
torque i's over 15 As the results of measurement of the slip torque, when
10 the concentration of the corrosioaginhibitor was 0.10 or 0.25% by

wei ght, the peak torque value was 1079 or | ess. However, when it was 0.4%
by wei ght, the peak torque value was 14 g. Fromthese, it has been found

t hat theﬁgﬁ%ﬁg%fgﬂé FOSE OB, WAhDELOr 119 bea adderd isingehergbhyogqual to

or |less oncentration of fhe extrene pressure agent. Al so,
since the effeq% of corr.osion .resi % ert LR d-he1amunt « h@Rgi ng from
2 t a théu
0. 01 tcPtases 9y%&%ﬂﬁ{nq?5g38552 %?%%ﬁﬁﬁiié? phgrconcentratlon of the
corrosion inhibitor is from0.01 to 0. 5%by weight and is equal to or
| ess thabhehereameemtrati on 20 of the extreme pressure agent. Exanple 19
(Sel ection of a solvent capable of being dried with hot air at from 120 to
150C Wi t hi n 10Thé metass )(m8R-i8UBPCE 3@ 0f 2596 b3A Mitghtduwst ofr tBRey P UBhosphi te
which is neutral phosphite ester was added as an extrene pressure agent to
each 5 of nhexanat{dwivhkry pos Mea HAHED innomasemneboahhry Ppoilnt Ex4BOCE |
decane (boilingpoint: 174C) anddodecene (boiling point: 216C)
1. As mentioned in Example 1, it has been found that the wheel
teeUuoftheplasticgearwheelsusajforthegeartrainportion
are chipped when the slip torque is over 15 g.
As the results of measurement of the slip torque, when
10 the concentration of the corrosion inhibitor was 0.1% or 0.25%
by weight, the peak torque value was 10 g or less. However,
when it was 0.4% by weight, the peak torque value was 14 g.
From these, it has been found that the amount of corrosion
inhibitor to be added is preferably equal to or less than the
15 concentration of the extreme pressure agent.
Also, since the effect of corrosion resistance exerts
in the amount ranging from0.01to 0.5% by weight, it ispreferred
that the concentration of the corrosion inhibitor is from 0.01

to 0.5% by weight and is equal to or less than the concentration

20 of the extreme pressure agent.

Example 19

(Selection of a solvent capable of being dried with hot air

at from 120 to 150°C witkin 10 minutes)



5 as hydrocarbon solvents to prepare peak-torque descending conpositions.
Next, the pinion was placed in a beaker containing the peak-torque
descendi ng conposition, and sonicated for 3 mn. Subsequently, the pinion
was tak _gh#_l,trfomthe beaker using 10 a strainer, and dried with hot air
at from12 0 150C for 10 min to yield a pinion treated with the
peak-torque descendi ng conposition. ,fhe obtai ned pinions were observed
under a microscope. As the results, "The pinions were all dried when hexane
(boiling 15 point: 68C) , nonane (boiling point: 150C) , and decane

(boi l'ing point; A74 ersed £o5 ot he15ghueph cHOWRYEh, ik méhergase of
usi ng dodeceneO '(%Sm Icﬁ?yn\g%ﬁ?ihlr#t :%(%ZEGCS) fgr ?he gollvent, thel soll\l/eﬁt remai ned

and dryi coul d not_ be conpleted. | %Qg product i op. of ?h@ Baéaé of the
- e € t h .

pr esent ﬁ%@%wﬂ%%,e%tteﬁ §'aﬁg%%§es§rays 58 5 Eonplete drying for a short tirme.
| f the solvent remained, the parts are adhered in the assqngli@g step of
the centef hexesle, (bahiPHPPEITsOBHN nFCHEEHBALEERI Prhdtet 6rd, C !
considering actual use conditions, it is preferred that the boiLing poi nt
of the s@bwent (bsil8AG paridtess?4TH- 848dPATcehebkamipl i1 po bink: Edpar at i ve
Exanpl e 10 (Experiment when a part having a sliding portion was treated
Wi t h & hea perkdtotgteoescendhng conposphirenpeskAtswiduehidegdeaddmal| i ding in
a wat ch conponent was

compositions.

Next, the pinion was placed in a beaker containing the
peak-torque descending composition, and sonicated for 3 min.
Subsequently, the pinion was taken out from the beaker using

10 a strainer, and dried with hot air at from 120 to 150°C for
10 min to yield a pinion treated with the peak-torque descending
composition.

The obtained pinions were observed under a microscope.

As the results, the pinions were all dried when hexane (boiling
15 point: 68°C), nonane (boilingpoint: 150°C), anddecane (boiling
point: 174°C) were used for the solvent. However, in the case
of using dodecene (boiling point: 216°C) for the solvent, the
solvent remained and drying could not be completed. In the
productionofthepartsofthepresentinvention,itisnecessary
20 to complete drying for a short time. If the solvent remained,
thepartsareadheredintheassemblingstepcﬁfthecenterwheel,
and the parts can not be produced. Therefore, considering

actual use conditions, it is preferred that the boiling point

of the sclvent is 180°C or less.



surface-treated using the peak-torque descendi ng conposition containing
nonane used in Exanple 19 as a solvent in the sane manner as in Exanple
19. Next, the surface-treated switching | ever was 10 incorporated into the
wat ch, Figﬁgﬂ@1assenb!ing was conpl eted. Switching operation was repeated
1000 tinmes ile applying 3 g load to the |lever portion (Exanple 20)
Al so, for conparison, the simlar experinent was carried out using a
conventional watch w thout the surface treatnent (Conparative Exanple 10).
15 As the results, the initial state could be maintained in a state where
abrasion scarcely arose in the watch incorporated the surface-treated
swtching | ever. However, the sliding portion was scarred in the case of
t he conventiopal , watch, 20 Fron%thEXgR g,lbt_has been found that the

SOP e A2 EHpeT al-se—ef fective for treating the
conponent having a sliding portion. SF-848-PCT 32 Exanples 21 to 23 To
nonane mh$éherém%ﬁﬁyﬂ?%%é%55H*S@PW&W€,atﬁﬁéﬁéﬁﬂ pBﬁB%gﬁivasmﬁfgﬁtﬁé a
neutral phosphite ester was added in an anount of 0.25% by weight as an
extreme pielsstuhe pgehttoapde5deareREiNIasOMRESAGHOHdi on i nhi bitor,
pentaerythritol nonobutyl ester, ASA corrosion inhibitor represented by
t he above chemicakittloinyl hbever sleding aci d belteohgicrgprassty aiafht chain
fatty acids

surface-treated using the peak-torgque descending composition

containing nonane used in Example 19 as a solvent in the same
manner as in Example 19.
Next, the surface-treated switching lever was

10 incorporated into the watch, of which assembling was completed.
Switching operation was repeated 1000 times while applying 3
g load to the lever portion (Example 20). Also, for comparison,
the similar experiment was carried out using a conventional
watch without the surface treatment (Comparative Example 10).

15 As the results, the initial state could be maintained
in a state where abrasion scarcely arose in the watch
incorporated the surface-treated switching lever. However,
the sliding portion was scarred in the case of the conventional
watch.

20 From the above, it has been found that the peak-torque
descending composition is also effective for treating the

component having a sliding portion.



was added each in an amount of 0.25% by weight to prepare 3 types of
peak-torque descending conpositions. 10 Next, the pinion was placed in a
beaker containing the peak-torque descending conposition, and sonicated
for 3 nmgp.gqdpesequently, the pinion was taken out fromthe beaker using a
strainer, and dried with warmair at from20 to 25C to yield a pinion
treated with the peak-torque descendisng conposition. 15 Next, the center
wheel having the slip portion for Watch #10 produced by Citizen Watch Co.

, Ltd. was nmade using the pinion obtained by treating as described above
and the @ggmg@@g[zyn@@oyg the treatnent. The peak (maxi mum value of the
slip torgque of the thus 20 nade center wheel was neasured in the sane

manner as in Example.,d. NS | ONedd i BcEXBBR! 8olveht , hagibeeyif ound t hat
t he wheel tegﬁﬂ d# ?%e‘ﬁﬁ%%tic geargheefs used ?o?ethe geér t?éin portion

are chi pped en the slip torque i r . h e

neasuredgm?s%QlFﬁép@}$$:T%Fhﬁgyﬁfﬁg'%%$§E%35%Te§§egegﬁgv§ g%? g% the slip

torque were 10 g or less in all cases usinﬁﬂgentaer thritol nobﬁtyl
gto

ester, taeoabbvel ABA eHrRBstHINT nf b7 T of *BhT'StRET T T AT A% B8l ondl

straight chain fatty acids. 5 Exanples 24 to 26 To nonane which is the
hydrdbarﬁmntheryenqtheppgk@yﬁoninhlbitor,pentaerythritolmonobutyl

ester,ASAcorrosioninhibitorrepresentedbytheabovechemical
formula,orstearicacidbelongingtostraightchainfattyacids
was added each in an amount of 0.25% by weight to prepare 3
types of peak-torque descending compositions.

10 Next, the pinion was placed in a beaker containing the
peak-torque descending composition, and sonicated for 3 min.
Subsequently, the pinion was taken out from the beaker using
a strainer, and dried with warm air at from 20 to 25°C to yield
a pinion treated with the peak-torque descending composition.

15 Next, the center wheel having the slip portion for Watch
#10producedbyCitizenWatchCo.,Ltd.wasmadeusingthepinion
obtainedbytreatingasdescribedaboveandthegearwheelwithout
the treatment.

The peak (maximum) value of the slip torque of the thus

70 made center wheel was measured in the same manner as in Example
1. As mentioned in Example 1, it has been found that the wheel
teeth of the plastic gearwheels used for the gear train portion
are chipped when the slip torque is over 15 g.

As the results of measurement of the slip torque, the



phosphite which is neutral phosphite ester was added in an anount of 0.25%
by weight as the extrene pressure agent, and further, 10 as the corrosion

i nhibitor, pentaerythritol nonobutyl ester, ASA corrosion inhibitor

repr esergeg49Pame above chemical fornula, or stearic acid belonging to
straight chain fatty acids was added each in an anount of 0.25% by wei ght
to prepare 3 types of peak-torque dggcendi ng conpositions. 15 Next, the
gearwheel of the center wheel was placed in a beaker containing the
peak-torque descendi ng conposition and sonicated for 3 mn. Subsequently,
the gearybgelvamsed alenheuklipr oortihe beakerl usiong l@sst dai aél, candsdri ed
wth warmair at from20 to 25C to yield a pinion treated with the

peak-t or gue 48368 NG SORBASHLLON. e NaxXt,, thBeaisent eisAeerobawvhng t he
slip port?o%g%%¥1Vhtch #10 produced9by Citizen Watch Co., Ltd. was nade

usi ng the ear wheel .o | e - i e L a apd+the pinion
wi t hout %’ﬁ%g %é%fnae’%?.gs‘%-%ig-a%é# %%qt?lhgqﬁgzﬁg( ?‘rg%ib%ﬁ%t 52?32 of the slip

t orque of th thus nade center wheel was neasured in the same manner as in
Exanpl e 231%As nentioned in Exanple 1, it has been found that the wheel
teeth of the plastic gearwheels used for the gear train portion 5 are

chi pped when the slip torque is over 15 g. As the results of neasurenent of

the slip torque, the peak values of the slip torque were 10 g or less in
all caseBxamples 24 to 26

To nonane which is the hydrocarbon solvent, trioleyl
phosphitewhichisneutralphosphiteesterwasaddedinanamount
of 0.25% by weight as the extreme pressure agent, and further,

10 as the corrosion inhibitor, pentaerythritol monobutyl ester,
ASA corrosion inhibitor represented by the above chemical
formula, or stearic acidbelonging to straight chain fatty acids
was addéd each in an amount of 0.25% by weight to prepare 3
types of peak-torque descending compositions.

15 Next, the gearwheel of the center wheel was placed in
a beaker containing the peak-torgue descending composition and
sonicated for 3 min. Subsequently, the gearwheel was taken out
from the beaker using a strainér, and dried with warm air at
from 20 to 25°C to yield a pinion treated with the peak-torque

20 descending composition.

Next, the center wheel having the slip portion for Watch
#10 produced by Citizen Watch Co., Ltd. was made using the
gearwheelobtainedbytreatingasdescribedaboveandthepinion

without the treatment.



usi ng pentaerythritol nonobutyl ester, the above ASA corrosion inhibitor
and stearic acid belonging to straight chain fatty 10 acids. Exanple 27
The m nute wheel of Watch Movenent Type No. 20 produced by Citizen Watch
Co. Ltd.SK-848BEd by inserting a pinion into 15 a gearwheel. A volunme of
about 1 liter in a 2 liter glass beaker was filled with the peak-torque
descendi ng conposition wherein 0.5% 38y weight of tristearyl phosphate was
di ssolved in nonane, and the pinion was imersed therein for 10 seconds.
Then, 20 imredi ately, the pinion was taken out fromthe beaker and dried
by air at nor rfile remyer@BRiown)s vAgUENOE| Eet rild B &R rdNfeRtt RBS BPRFon was
i mersed in the peak-torque descending conposition, the conposition was
not heatgsde anrettdrewhealores meassedd nnttiee seowpoanbeore Nas FroempBofai cat ed.
The tine required for drying SF-848-PCT 35 the above pinion was about 20
mn. The; normlLeTBREAL U &:@imptdatl, 1 dvdseabpotindtGatVhee wheelhus
treated pinion was inserted into an untreated gearwheel, no burr occurred.
No inferjo rid Q rr i il beprtests. |f
t he bur rju?)éc%lt%jrosfI ghgfqﬁseélrﬁ h%t%gw\?lﬁteégls Pé\@%riﬁggg,&ﬁg shap% of the part

was changed and t huys reppr kabl.e defect .ari i tch perfornmance
%r?n&uh?g? O‘fyﬁgﬁe £i glp gor%ue 1% '3 1 % P

resultin
As the results of measurement of the slip torque, the
peak values of the slip torque were 10 g or less in all cases
using pentaerythritol monobutyl ester, the above ASA corrosion

inhibitor and stearic acid belonging to straight chain fatty

10 acids.

Example 27

The minute wheel of Watch Movement Type No. 20 produced
by Citizen Watch Co. Ltd. is made by inserting a pinion into

15 a gearwheel.

A volume of about 1 liter in a 2 liter glass beaker was
filledwith the peak~torque descending compositionwherein0.5%
by weight of tristearyl phosphate was dissolved in nonane, and
the pinion was immersed therein for 10 seconds. Then,

20 immediately, the pinion was taken out from the beaker and dried
by air at normal temperatures using an electric fan. When the
pinionwasinmersadinthepmak—torquedescendingcompositionL
the composition was not heated, and the pinion immersed in the

composition was not sonicated. The time required for drying



to lead the problemin that the part can not be used in quality. 10
However, using the peak-torque descendi ng conposition of the present

i nvention enabled the use without total inspection. Wen the part is not
tr eat ed gE-848-PloT peak-torque descendi ng conposition of the present
invention, the burr arises. Theref ore, the present applicants have

i nspected the total parts 15 in the3past, and used by selecting the parts
with mnimal burr. The ratio of occurrence of inferior articles was 3% at
that tine, and the parts could not be used for mass production w thout

i nspect it a2dvXaaplien28aTheopininh mias t Feat edrinalt hemsanetwaangt as in
Exanple 27, except that the pinion imersed in and taken out fromthe

peak-tor i hg hdd on was dried with hot air at 100C for 13
ninutestﬁgﬁhgggﬁgp§%$ ?ﬁggpg?r drying) to shorten SF-848-PCT 36 the drying

tinme. Wen t h%%ﬁehnughéQ:%%ltsecgt%c}oﬁ%w@énm%niﬁé“@ﬂé@gniceta% @ r&ipt Lgat ed

gearwheel , no burr oCcurre ertor article due to the burr was found

inone mllion tests. It has been found that uctivity t he
i nut e w%%%¥%h%@%'rﬁﬁe?u§?wﬁ?ﬁﬁﬁf?%'t @ h%%eﬁ}?r r@?géfge§%%igé %géthe
drying at normal tenperatures, but the performance between them was not
di f f ér erRur 1 OWEFFECMOFLTHENE NVENTEON tests.

If the burr occurs when the minute wheel is produced,
the shape of the part was changed and thus a remarkable defect
arises in watch performance resulting in inferior operation
to lead the problem in that the part can not be used in quality.

10 However, using the peak-torque descending composition of the
present invention enabled the use without total inspection.

When the part is not treated with the peak-torque
descending compositionof the present invention, theburrarises.
Therefore, thepresent applicants have inspectedthe total parts

15 in the past, and used by selecting the parts with minimal burr.
The ratio of occurrence of inferior articles was 3% at that
time,andthepartscouldnotbeusedformassproductionwithout

inspection.

20 Example 28

The pinion was treated in the same manner as in Example
27, except that the pinion immersed in and taken out from the
peak-torque descending composition was dried with hot air at

100°C for 13 minutes using a dryer (hot air drying) to shorten



The peak-torque descending conmposition of the present invention contains
from0.01 to 5% by weight of an extrene pressure agent conprising at |east
one nmenber selected from the group consisting of neutral phosphate esters
and neutSFag48LBCIhosphite esters in a solvent conprising at |east one nmenber
selected fromthe group consisting of hydrocarbons and ethers. Therefore,
a part having a sliding portion whicBécan be made fromnetallic materials
with a sinple structure wherein no | arge peak torque produces at an
initial stage when slipped. The 20 part is, for exanple, a watch part, and
t here cammdeaimpisenbl ace. a gearwheel body having a slip nmechani smwhich can
be made from netallic materials with a sinple structure wherein no |arge
peak torque prgiuceshakhar khebicad ptagenwhes shéppedsantedhentonanno
defect of wheel teeth even when a plastic gearwheel is used. SF-848-PCT 37
|n the gearwneel bodpledhie 6 eSERt baveptian havingedier abovecstip
mechani s sed as part having a sliding portion, for exanple a watch
part, the sliding portion thereof .is treated. W e peak r
descendi@&ﬁcﬁﬁnﬁhﬁt Y 5P guﬁre§8h9%§ ﬁ%@gﬁgﬁgkgs%ﬁére?grg%gnggﬁgrge peak
torque occurs at an initial = stage whe i pped. and fect ee

t eet B hakowe@ukhad m%%%npﬁﬂgﬂcﬁlgFﬁgtPg ghgr&ﬁggﬁeigﬁ%gg%.ﬁﬁghg%ﬁ¥%g to the

process for producing a conponent or precjsion machjne having a sliding
portion bmprh@egﬂeséhﬁ}HmOaﬂﬁv@ﬁVFﬁﬁ,r%ﬁ%?kﬁeFﬁth%ﬁ%BﬁﬁﬁiaFSQHB?aheated or
t he peak-torque

temperatures, but the performance between them was not

different.

10 EFFECT OF THE INVENTION

The peak-torque descending composition of the present
invention contains from 0.01 to 5% by weight of an extreme
pressure agent comprising at least one member selected from
the group consisting of neutral phosphate esters and neutral

15 phosphite esters in a solvent comprising at least one member
selected from the group consisting of hydrocarbons and ethers.
Therefore, a part having a sliding portion which can be made
frommetallicmaterialswith a simple structure whereinno large
peak torque produces at an initial stage when slipped. The

20 part is, for example, a watch part, and there can be assembled
a gearwheel body having a slip mechanism which can be made from
metallic materials with a simple structure wherein no large
peaktorqueproducesataninitialstagewhenslippedandwherein

no defect of wheel teeth even when a plastic gearwheel is used.



descendi ng conposition is not heated when the part having a sliding
portion is imersed in the peak-torque descending conposition. Therefore,
t he conponent or precision machine having a sliding portion without

devel opiS¥Fg848-PETge peak torque 15 at an initial stage when slipped can be
produced efficiently. The conponent or precision nmachine having a sliding
portion of the present invention can3be efficiently produced by the above
production process. As shown in the above exanples, for exanple, in the 20
gearwheel having a slip nechani sm conposed of a gearwheel and a pinion,
which is a prdei shengrachinee lh@eidyg of $ihiediprg SFort il en(Bietrc f acofifbnent ) |
at least prior to assenbling, the gearwheel or the pinion was

sur f ace-tLabsde Witih hdeh Pedkm hiekgues descentng ngonpos it hgrpaaft idre

i nvention, and the precision SF-848-PCT 38 machi ne (watch) was produced

using sych. a,p éie Ther ef 98¢, Bnheantieri iyhgek teoll thdheamde tframertal | ic
material'sin a |nﬁ1e structure with no conplex structure, and a watch

5" or que b dlERd SR T [ St e P SR R e Rt ser ot “whee!
e L 0 2 AL R Bt FUEH I e, surface
conposition of the invention could provide a watch excellent in |long term
oper at i ostad® whedri sdilidred winchnredsfctaptnyn 6Lt hees ila??lg‘?%%?’f%% even
when even when a plastic gearwheel is used.
According to the process for producing a component or
precision machine having a sliding portion of the present
10 invention,eitherthecomponentisnotheatedorthepeak—torque
descending composition is not heated when the part having a
sliding porfion is immersed in the peak-torque descending
composition. Therefore, the component or precision machine
havingeaslidingportionwithoutdevelopingaalargepeaktorque
15 at an initial stage when slipped can be produced efficiently.
The component or precision machine having a sliding
portion of the present invention can be efficiently produced
by the above production process.
As shown in the above examples, for example, in the
20 gearwheel having a slip mechanism composed of a gearwheel and
a pinion, which is a precision machine having a sliding portion
(watch component), at least prior to assembling, the gearwheel

or the pinion was surface-treated with the peak-torque

descending composition of the invention, and the precision




charged with | oad. According to the present invention, there can be
provided a press fit nethod wherein the occurrence of a burr phenonenon

is prevented when a shaft is pressed into a netal plate. 15 SF-848-PCT 39
What is SF848sCTs: 1. A peak-torque descendi ng conposition containing
fromO0.01 to 5% by wei ght of an extrene pressure agent conprising at |east
one nenber selected fromthe group coygsi sting of neutral 5 phosphate esters
and neutral phosphite esters in a solvent conprising at |east one nenber
selected fromthe group consisting of hydrocarbons and ethers. 2. The
peak-t orgaendescenditap) caapopirbdanedcaetdignguchOat pacicai nTheretiock,f urt her
containing at |east one corrosion inhibitor selected fromthe group

consi sti 0g.Ofr &SLREE1 PRIl 8k n&Sd erSnOhet SDUEEYatRUCH INAL £ :aBdmtiRy| ene
oxi de (ASA), and straight chain fatty acids. 15 3. The peak-torque

descendi ng_cooposit ] rdi L1 2waahse eign tihe Roisl ng
poi nt ofS?ﬁggggfééiigﬁéﬂg%%ggqﬁ% B%?S&kﬁingﬁgapegfitorqééedescenépng
conposition according, 20 to cl ai or _2.. rein_the boi.li i_nt of the
sol vent Pgeri§6690¥egb?8h}1%¥ Q%%ﬂ%%ﬁkpf8y&§g%dﬁg%ﬁﬁﬁpHED35%%%%§%F§h
accordi ng o _

5 torque produced at an initial stage when slipped and no defect

of wheel teeth occurred even when a plastic gearwheel is used.
Further, the surface treatment of a sliding part of a
watch with the peak-torque descending composition of the
invention could provide a watch excellent in long termoperation
10 reliabilitywith less scraping of the sliding surface even when
charged with load.
According to t.he present invention, there can be provided
a press fit method wherein the occurrence of a burr phenomenon
is prevented when a shaft is piessed into a metal plate.

15




to claim2, wherein the concentration of the corrosion inhibitor SF-848-PCT
40 is fromO0.01 to 0.5% by wei ght and equal to or |ess than the
concentration of the extrenme pressure agent. 6. A part having a sliding
porti on QE84YIPCT 5 surface-treated with the peak-torque descending
conposition according to any of clainms 1 to 5. 7. The part according to
claim6, which is a watch part. 10 839The part according to claim®6, which
is a gearwheel body having a slip nmechani sm made of a netal gearwheel and
a netal pinion, and wherein at |east prior to assenbling the gearwheel
body, thg gearsvheelingsd tihe: pinion is surface-treated 15 with the
peak-torque descendi ng conposition according to any of clains 1 to 5. 9. A

process for produci Rg 3 ;GAFRERRR! JRfs JTREIrY QbmyBRCH It e i higg
imrersing a part having s sliding portion 20 in the peak-torque descendi ng

conposi tion acegordi to an ' t ST Wgt he
conposi t%%‘ﬁ“ nﬁg tt%ggglyrvf%%%hggf ‘ﬁ]gkggfg“? %}egsngl?rﬁ%gggg'?eﬁr?&?gki rﬁ% out the
part fromthe conposition, foll d by dryin and. | i nponent
or preci%ﬁéﬁaﬁﬁéﬁ“ﬁ%ﬁmg?ﬁjegﬁ@tﬁ§ﬁ$3“%éb§ 5ﬁgﬁcaigl§§f§g%flmgh@rg9

5 phosphate esters and neutral phosphite esters in a solvent

comprisingatleastonememberselectedfromthegroupconsisting

of hydrocarbons and ethers.

2. The peak-torque descending composition according
10 to claim 1, which further containing at least one corrosion
inhibitor selected from the group consisting of esters, partial

esters of isodecyl succinate and ethylene oxide (ASA), and

straight chain fatty acids.

15 3. The peak-torque descending composition according

to claim 1 or 2, wherein the boiling point of the solvent is

180°C or below.

4. The peak-torque descending composition according
70 to claim 1 or 2, wherein the boiling point of the solvent is

130°C or below.

5. The peak-torque descending composition according

toclahnZ,whereintheconcentrationofthecorrosioninhibitor



10. The process for producing the conponent or precision machi ne according
to claim9, wherein the drying is carried out at nornal tenperatures. 5
11. A conponent or precision machine which is obtained by the process
accordi ngF8a8-PIGIF M 9 or 10. 12. A press fit method conprising in pressing a
nmetal 10 shaft into a netal plate, previously imersing the netal plate or
the shaft in the peak-torque descendigpg conposition according to any of
claime 1 to 5 to adhere or absorb the conposition onto an inner surface of
a hole for press fit of the netal plate or the surface of the shaft, then
i mredi at & yErémko ngL alg 0.Ise by wetiajh tplaatde eauatlheoshaf L ebsonhihethe

conposi tion, and drying.

concentration of the extreme pressure agent.

6. A part having a sliding portion which is
5 surface-treated with the peak—torque descending composition

according to any of claims 1 to 5.

7. The part according to claim 6, which is a watch
part.
10
8. The part according to claim 6, which is a gearwheel
body having a slip mechanism made of a metal gearwheel and a
metal pinion, and wherein at least prior to assembling the
gearwheel body, the gearwheel or the pinion is surface-treated
15 with the peak-torque descending composition according to any

of claims 1 to 5.

9. A process for producing a component or precision

machine comprising immersing a part having s sliding portion

20 in the peak-torgque descending composition according to any of
claims 1 to 5 toadhere or absorb the compositiononto the surface

of the part, then immediately, taking out the part from the
composition, followed by drying, and assembling a component

or precision machine using the part.
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10. The process for producing the component or
precision machine according to claim 9, wherein the drying is

carried out at normal temperatures.

11. A component or precision machine which is obtained

by the process according to claim 9 or 10.

12. A press fit method comprising in pressing a metal
shaft into a metal plate, previously immersing the metal plate
or the shaft in the peak-torque descending compositionaccording
to any of claims 1 to 5 to adhere or absorb the composition
onto an inner surface of a hole for press fit of the metal plate
or the surface of the shaft, then immediately, taking out the

metal plate or the shaft from the composition, and drying.



