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, TITLE OF THE | NVENTI ON HEAT TREATMENT O L COVPOSI TI ON BACKGROUND OF THE

| NVENTION 5 FI ELD OF THE | NVENTI ON The present invention relates to
heat-treating oil conpositions, and nore particularly to heat-treating oil
conpositions for quenching a nmetal nmaterial which hardly cause fluctuation
in hardness or quenching distortion of the treated netal material even when

a large n ng?@fl als 10 are quenched therewith at the sane
T tine. DES@E’PEFI%@%@X% S Metal materials such as steel materials
are subjected to vari oug{ﬁgthth_mem{mr@H‘ug@MPm@N ng (‘hardening),

nornmal1zing in order to inprove properties
t hereof. Anong these heat 15 treatnents, in the quenching treatnent, for
exanple, a heated steel material having an austenite structure is cool ed at

an upper BACKCHOUNMIOE TREANVERDTONtO transformthe austenite structure
into a hardened structure such as martensite. The steel material subjected

to the qQUEIERD'O R THER IEMENTIOA! very high hardness. In the quenching
treatnment, as a coolant, there have 20 been generally used oil -based,

wat er - based (aTheopsessoltuinventivased)atos toehuhttroathasedl kReaiposith@is, ngnd

l'i quids. The quenching treatnent for the steel material is explained bel ow.
When t he heatepastfiadhriyaterhedt-ireating oilt cormpesitivast fdrr gakholing quindetad t he
coolant, the cooling rate of the steel material is not kept constant, and
usual | y vardtemaVwehithéddrdly camsegflibuegist agkardidsatori gquertchén @ distbetedn of
material is cooled through (1) the first stage (vapor blanket stage) in

whi ch t hethx érdateditreeiad| matereak evaewhan b largeapoumbdraektie ofdthhmateriale
heat-treating liquid, (2) the second stage (boiling stage) in which the
vaporl0 bl ameuen&leﬂm@nwaﬂdathbeh@me-mm@ati ng liquid is boiled, and (3) the

third stage convection stage) in which the tenperature of the steel
mt e i ol PEoGRTREEGY OF REEARED ARTS

Metal materials such as steel materials are subjected to various heat
treatments such as quenching (hardening), tempering, annealing and
normalizing in order to improve properties thereof. Among these heat

15 treatments, in the quenching treatment, for example, a heated steel material
having an austenite structure is cooled at an upper critical cooling rate or more
to transform the austenite structure into a hardened structure such as
martensite. The steel material subjected to the quenching treatment has a
very high hardness. In the quenching treatment, as a coolant, there have

20 been generally used oil-based, water-based (aqueous solution-based) or
emulsion-based heat-treating liquids. The quenching treatment for the steel
material is explained below. When the heated steel material is put into the
heat-treating liquid as the coolant, the cooling rate of the steel material is not
kept constant, and usually varies via the following three stages. That is, the

25 steel material is cooled through (1) the first stage (vapor blanket stage) in
which the steel material is enclosed with a vapor blanket (film) of the
heat-treating liquid, (2) the second stage (boiling stage) in which the vapor
blanket is broken and the heat-treating liquid is boiled, and (3) the third stage

(convection stage) in which the temperature of the steel material is decreased



. bl anket s

-1 to a tenperature lower than a boiling point of the heat-treating |iquid
so that heat is renoved fromthe steel nmaterial by convection of the

- heat-treating 1liquid. Among these three cooling stages, the cooling rate of
the second boiling stage is |largest. The conventional heat-treating oils
exhibit a rapid 5 rise-up of thermal transm ssion showi ng a cooling power
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oil 15 suitably used under the Intended heat-treating conditions.

sel ecti onjPfhbNRAARKERIthEE Esd ERAt thEMARPiAI toShd ectted Owitd thd Bilk TRAAS t&
sufficient hardness to the material quenched, or tends to generate

consi der abh@defd$ aovéOMardeethperathie diffafericeedih iangupfalcs tHeRedCOBHS e
classified into Types 1 to 3 according to JIS K2242. Anong them the

heat - t r eatidibifibh Scorsietoh BetveenatlenNsapo bl2hkét etdgreahdi f1ad baHinkl seapk. #2
oils of Type 1 and #1 and #2 oils of Type 2. In JIS K2242, as a neasure of

t he cool i Mgithaweh Dtemipbsaturt diffefrmrecthdathtichil tands eolsufi@gr tfrom theymal
required for cooling a netal material from 800C to 400C when neasured on
the JIB cetiesngrc transforsndtiOn sstoesssdoet tr differehypenl h#at aibrinkd&ged rateonr
shorter for Type 2 #1 oil, and 6.0 s or shorter for Type 2 #2 oil. The 25
shorter ctcinsigrmatennteaesbatieeeni hftdr theo obélmg ptages, aeshltingeieinmrease @sul t s
in higher hardness of the heat-treated material. In general, the hardness
and quenghenchigigsdistartion tdieredfe heat-treated material have a so-called

trade-of f ) ) )
Upon the heat treatment of metals, in particular, upon quenching

treatment thereof, it 1s important to select an appropriate heat-treating oil
15  suitably used under the intended heat-treating conditions. The selection of
inappropriate heat-treating oils tends to fail to impart a sufficient hardness to

the material quenched, or tends to generate considerable distortion therein.
The heat-treating oils are generally classified into Types 1 to 3 according
to JIS K2242. Among them, the heat-treating oils used for the quenching
20 treatment include #1 and #2 oils of Type 1 and #1 and #2 oils of Type 2. In
JIS K2242, as a measure of the cooling power of oils, it is prescribed that a
cooling time (s) required for cooling a metal material from 800°C to 400°C
when measured on the JIS cooling curve is 4.0 s or shorter for Type 1 #2 oil,
5.0 s or shorter for Type 2 #1 oil, and 6.0 s or shorter for Type 2 #2 oil. The
25  shorter cooling time means the higher cooling power and, therefore, results in
higher hardness of the heat-treated material. In general, the hardness and
quenching distortion of the heat-treated material have a so-called trade-off
relation to each other, i.e., the higher the hardness, the larger the quenching

distortion becomes.



relation to each other, i.e., the higher the hardness, the larger the
quenching distortion becones. 2 In addition, as an industrial index of a
~cool ing power of quenching oils, there has been extensively used the H

val ue whi ch has been frequently described in catal ogues, etc., distributed
by the respective oil nmekers and used as a neasure showing the cooling
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exanple, the JIST een extensively d for quenching gear
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generated therein hi's i s because the gear parts treated with the JI'S Type

1 oils sheyetalGhaHal tRehfR@d Withdthdol s SOD°OUWo 0°T & HiAR iduffashpedipgss in
sone kinds of the 15 gear parts, whereas the gear parts treated with the JIS

Type 2 #2 thélcobHig dtﬁve'p&@?ai'éﬂ Badoraass ta JISIKIBiANch M bhas Bedhl Widbls tugetli on

t hereof . Meanwhil e, nost of the parts for autonobiles such as speed change
gears and to sduet ilencadidgsp@aver ofide-¢it.odThe thsef¢hrisélatige snivabds qaéniliage
parts are stacked in one tray and subjected to quenching treatnent at the 20
sane tineoil on.theabasiscaf tleel Hotdlaet ay anqimedexhtagittdin she himedoté @ees v
guenching, the stacked parts to be quenched tend to undergo fluctuation in
har dnégs dwardnssoaniauetebingdistertaor bEtlenomtenapdeibeitvestedn tHoe exaaypleFor
exanpl e, ﬁon the collective quenching, the parts set in a | ower position of
the traytherdS Sype#d dil Yherbdear extensivelihaised Jor lyowachibig geanmpautspior

position of 25 the tray tend to show a | ower_ hardness.
automobiles which tend to be adversely influenced by distortion generated

therein. This is because the gear parts treated with the JIS Type 1 oils show
not only a too large distortion but also a too high hardness in some kinds of the

15 gear parts, whereas the gear parts treated with the JIS Type 2 #2 oil tend to
lack in hardness notwithstanding a small distortion thereof.

Meanwhile, most of the parts for automobiles such as speed change
gears and reduction gears are mass-produced, and a large number of these
parts are stacked in one tray and subjected to quenching treatment at the

20 same time, i.e.,, a so-called collective quenching. In such a collective
quenching, the stacked parts to be quenched tend to undergo fluctuation in
hardness or distortion due to the difference in positions in the tray. For
example, upon the collective quenching, the parts set in a lower position of the
tray tend to show a higher hardness, whereas those set in an upper position of

25 the tray tend to show a lower hardness.

In order to prevent the parts treated in the stacked state from
undergoing fluctuation in hardness or distortion thereof upon the collective
quenching, there has been proposed the use of additional special devices such

as vibrators and injectors (for example, refer to claims of Japanese Patent



In .order to prevent the parts treated in the stacked state from undergoing
fluctuation in hardness or distortion thereof upon the collective
guenchi ng, there has been proposed the use of additional special devices
such as vibrators and injectors (for exanple, refer to clains of Japanese
Patent .3 Application Laid-open No. 286517/2003). However, the use of such

addit! onalap 100de6fis Lol bBEn 300 VAEU8 1970 AP PRI RS the S of Qubh HAaEsha, and

further i een y the convehtional apparat uses n

appl yi ng_$REceskindse gén&%\doq&% grrtsf]@sesﬁesaggggﬁ%h icbsﬁéanae@@tmr}%d to

devel op 5 techni ques for preventi e above ctuation 1 n hardness or

di stortiondeh BifgicuRks %Bgﬁ?tﬁfb Whhver thiénAUSPEREAts0S | Whew | dprlyirdd QoRfef ect

of these oils wthout need of any additional 1nvestnments for facilities.

Further, iiniBeofid&iaddirtBerdidat TheadfoRelt 16 MY -bebd d¥nardedPto WvkRpI8,
it is described that when a naterial is treated with two ki nds of base oils

10 whi gh havknidiesTorpraveaiong tie Abbvarlactidties enhardnéssHIp @issértidrodt thie
tenperature fromeach other (i.e., one base oil has a 5% distillation

t enper at urgaroé ts&edowithotiey qasdching ollhienlndy ehdeffditsdf thede oils e tipautat ur e
of nore than 350C) to evaluate the hardness and distortion thereof, the

mat eri al tneedt dchny additiomdlaneestnedtafonfpcalities.di still ati on tenperature of
15 350C or | ower shows a snaller distortion while maintaining a high
hardness (ref efuttheFi gstlieliterdtat: Seahdréatmeert' uVe).. 43 Mevrpp.t9eto 98,
techni ques described in the above literature have the follow nfg probl ens.
One of t hétpsoldsembedethatewhen ahmatetiel ds sreatedowiths tewakirsdsedf thpse valspage
of the SUI2 shaft part. The cooling process using the heat-treating 20 oil
procedfls tWbislighhavee thepsams anieeesity abut aed |M§rgnbg@ and S¥ondistifliasionst age
as descri bed above. Ip the case ?lf t?e parts having such a spa{j&_ shape, it

i s known tUREIDETAEULE Jremy jeAch: tbebr Uies, @ifsikrseall bas | aenteddisiillaionge in

vapor bl anket R5e3K 0P80/ ot Towdfand RRe o2haMKS! oA tion e hereth Bure.

of more than 350°C) to evaluate the hardness and distortion thereof, the
material treated with the base oil having a 5% distillation temperature of
15  350°C or lower shows a smaller distortion while maintaining a high hardness
(refer to Figs 12 and 13 of the literature). However, the techniques described

in the above literature have the following problems.
One of the problems resides in that the distortion is evaluated by
warpage of the SUJ2 shaft part. The cooling process using the heat-treating
20 oil proceeds through the vapor blanket stage, boiling stage and convection
stage as described above. In the case of the parts having such a shaft shape,
it is known that the distortion thereof is considerably influenced by change in
vapor blanket breaking time in the vapor blanket stage and, therefore, the
influence of a vapor blanket retention time (characteristic time (s) ) rather
25 than viscosity or boiling point of the heat-treating oil is more dominant for
distortion of the parts treated therewith. Although no vapor blanket
retention time is specified in the above literature, it is easily suggested from
composition of the base 01l used therein that the shorter vapor blanket

retention time results in a smaller distortion of the parts treated therewith,

.4-



i nfluence of a vapor blanket retention tinme (characteristic time (s) )
rather 25 than viscosity or boiling point of the heat-treating oil is nore
-dom nant for distortion of the parts treated therewith. Al though no vapor
bl anket retention tinme is specified in the above literature, it is easily
suggested from conposition of the base oil used therein that the shorter
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di stortion using the same nmatérial. If the distortion is evaluated W th

respech t@htheqoitemdinklof boel Ha@lnexphH@disteriibe, Ak F8gGHedith dvalustendet ed
that substantially no change in distortion between before and after the

quenchi ng Haréabsendnd sdizbseioreduslug the podhequesteidlg prfophet Hidtbricofis 10
The ot her problem encountered in the above literature resides in that the

oi | s st udiegdludtedesithnegpect toctlat S48C\pdrt glsed dor engluzaivgy tled haedihess] ftals of
the JIS Type 1 #2 oil, and such oils having a high cooling power are not
usual |y espdctedrthdtestiesantiadlyt nechaoge par distadtiorh beemeert delereaatved raftery
influenced by distortion generated therein. In general, the parts which
tend to béhaduenshing treatmient e obskrived divet torpdosrupamehinag pdopdrdy éhereaf.e
frequently treated with the heat-treating oils having a | ow cooling _power
whi chlfs capablTheptherepeehlpmgenediterediin sthier abovumliserpduing residesrini drat such
as JIS Type 2.#1 oil and, in some cases, JIS Type 2 #2 oil. For, exanpl e,
gears for theodlsotriiegd thareimbare agelaivelydrighireghngmosrerclose to that ofitBeType
2 #1 oil. ;Jgdf;r tﬁegg ZI(E); Ci cugtaln es,. in order tg evaluate the distartion,
the mat er iTAPs ¥Rk 01 GUGh LS H2H B \vthi [FROEDBRAEH 888 PoLdsYatYr t he
parts for used for the heat treatment of parts which tend to be adversely influenced by
distortion generated therein. In general, the parts which tend to be adversely
15 influenced by distortion generated therein are frequently treated with the
heat-treating oils having a low cooling power which is capable of preventing
these parts from undergoing distortion, such as JIS Type 2 #1 oil and, in some
cases, JIS Type 2 #2 oil. For example, gears for automobiles have been
extensively heat-treated with the JIS Type 2 #1 oil Under these
20 circumstances, in order to evaluate the distortion, the materials such as
SCM420 and SCr420 which have been widely used for the parts for
automobiles such as speed change gears, transmissions and reduction gears
are preferably heat-treated with the JIS Type 2 #1 oil.
The present inventors have already proposed the heat-treating oil
25 composition capable of not only preventing a metal material from undergoing
cooling unevenness when quenched therewith to ensure an adequate hardness
of the quenched metal material, but also reducing the quenching distortion

generated therein, which contains a mixed base o0il composed of a low-viscosity

base oil having a kinematic viscosity at 40°C of 5 to 60 mm2/s and a



aut.onobi | es such as speed change gears, transm ssions and reduction gears
are preferably heat-treated with the JIS Type 2 #1 oil. The present
‘inventors have al ready proposed the heat-treating oil 25 conposition
capabl e of not only preventing a nmetal material from undergoing cooling
unevenness when quenched therewith to ensure an adequate hardness of the

unevenness uhen quenched ¢ h nsur ate har dnes:
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me/s or 3umkardHf eHiwerdrai dRoRling 2RANES & tRbEHEn RPLARA! hididel By diepen
No. 327191/2002). However, according to the subséquent studies nade by the

present i presést Sinvehthads hedind opugh tfoahdwWibatt kehdicathe rieadtitigatihk il
conpositions containing the | owviscosity base oil in an anount of 50% by

wei ght 50r contpositione sohtdiddng nthex kvpvistosity theseabilvin JapaneamtPaf €0% by
Application are used for quenching the parts such as gears for autonobiles,
t he thus weight edr pants shawseribed im PExamplbsess.the0 aBukdARYpdfeséHRatent

| NVENTI ON The present invention has been nmade in view of the above

convent i orsippligatidyl eres usedh fabgeenchofg the ppressunh asngeats fom audomobpesyvihde a
quenching oil capable of exhibiting a |ess fluctuation in cooling power
upon col | dbuis\ieeatgdarats showi stemhighchdedness. quenchi ng oil conposition
capabl e of effectively 15 preventing occurrence of fluctuation in cooling
power upon collective quenching while maintaining the substantially sane

cool ing pa S t e 2 #1 oil used for quenching the parts
for a&ﬁonﬁ@%@&%%{@gwg&a@é\i gears and reduction gears which tend
to be adversely influen%ed by. di.stortion generated %hﬁre' n. 20 As a relsult
of intensive antPeRFEFRANBVPREGRRARREGM, W, ¥iev 1 S, pbove conventiona

problems. An object of the present invention is to provide a quenching oil
capable of exhibiting a less fluctuation in cooling power upon collective
quenching, in particular, a quenching oil composition capable of effectively

15 preventing occurrence of fluctuation in cooling power upon collective
quenching while maintaining the substantially same cooling power as that of
the JIS Type 2 #1 oil used for quenching the parts for automobiles such as
speed change gears and reduction gears which tend to be adversely influenced
by distortion generated therein.

20 As a result of intensive and extensive researches to achieve the above
object, the inventors have found that the fluctuation in cooling power upon
collective quenching is caused by local difference in oil temperature due to
heating by the material to be treated, difference in flow rate of the oil between
upstream and downstream sides of the material to be treated, difference in oil

25 pressure, etc.,, and among them, the difference in flow rate of the oil has a
larger influence on the fluctuation in cooling power thereof.

In addition, as a result of further studies concerning the influence of
agitation on cooling power for obtaining a quenching o0il capable of exhibiting a

less fluctuation in cooling power due to the difference in flow rate of the oil, it



‘obj-ect, the inventors have found that the fluctuation in cooling power upon
col l ective quenching is caused by |ocal difference in oil tenperature due to
‘heating by the material to be treated, difference in flowrate of the oi

bet ween upstream and downstream sides of the material to be treated,
difference in oil 25 pressure, etc., and anong them the difference in flow

rate of tfig Oijechafefnd | A4thd NAHAEEHAR LI HEELURLAORoISAALA N ROWET

thereof. I'n a ion, as a result of rstudres concerning
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capabl e of exhibiting a Iess fluctuation i'n cooling power due to the
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heat-treating oil conposed of combination of a |owboiling base oil and a

hi gh- boi | icdgnpasd 6 Itheasomeertidiidli JESI Tygen2 #ndeigoifgthée A4 uctrdablitost i n
cool ing power and hardness owing to agitation as conpared to the

convenbi onaltudlly Pephrinitig @ollective t heenchisiga ¢fesgddrsofwithadhealdbpve oil
perform ng coll ective quenching of gears with the above oil conposition, it
has been fooungbsitiah, ithhat fuesent fommidethapethies tloan theatpd egrant adhn be gmesahfedr i ng
from in particular, fluctuation in hardness as well as di nensional
accuracy dromheuffeansg filom,piesearticulzent floctuad®rbeen hadoespl asheellorast he
basis of the above findings. 10 Thus, the present invention provides: (1) A
heat - t r eatdimensionalorgeeyradyonofc diner igeiang a hredrbsed cinventiont diasi rkpea

| ow- boi ling base oil having a 5%distillation tenperature of from 300 to
400C i n arrcapmphshgfl onothg basis ohthe sbovy findirgsut | ess than 50% by nass,

and a _hi gh- boi I,fng me oil having a 5%djstillation tenperature of 500C 15
or hidRer in anl BfbURe RIEseRE MVEREIOSMYIdeSass but not nore than 95% by

mass. (2) The hﬁ t-treati ail ¢
a I

n osition as described in th bove aspect
(D) wherein alloft dMAACRENE Ol BBNITHOBACHTRTISNE £hdoHiede PSS 1, |
is not |ess

containing a low-boiling base oil having a 5% distillation temperature of from
300 to 400°C in an amount of not less than 5% by mass but less than 50% by
mass, and a high-boiling base oil having a 5% distillation temperature of 500°C

15 or higher in an amount of more than 50% by mass but not more than 95% by
mass.

(2) The heat-treating oil composition as described in the above aspect (1),
wherein a content of said low-boiling base oil in the mixed base oil is not less
than 10% by mass but less than 50% by mass, and a content of said

20 high-boiling base oil in the mixed base oil is more than 50% by mass but not
more than 90% by mass.

(3) The heat-treating oil composition as described in the above aspect (1)
or (2), wherein said composition has a 300°C cooling time of 7.5 to 12.3 s as
measured by a cooling power test according to JIS K2242.

25 (4) The heat-treating oil composition as described in any one of the

above aspects (1) to (3), further comprising a vapor blanket breaking agent.

EFFECT OF THE INVENTION

In accordance with the present invention, there can be obtained a



than 10% by mass but | ess than 50% by mass, and a content of said 20

hi gh-boiling base oil in the m xed base oil is nore than 50% by mass but not
‘nmore than 90% by mass. (3) The heat-treating oil conposition as described in
t he above aspect (1) or (2), wherein said conposition has a 300C cooling
time of 7.5 to 12.3 s as neasured by a cooling power test according to JIS
K2242. 25 - ti Ay - ri i of
the - abovabhshife S bab iR OB T e NABIRAIE AR Dofey 08 1)
agent. EF . I R ' | ,
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a quenching oil capable of preventing the fluctuation in cooling power
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cooling power as that of the JIS Type 2 #1 5 oil used for quenching the
parts suchihasgfdrsq@éndhiagsht partnsudlnas guayobiraasmivdival féreadtonoliites
adverse influenced by distortion generated therein. BRI EF DESCRI PTI ON OF THE
DRAW NGS Rrhichltend t@ schévmise énfluencashbywdirggostioge genpeatedftheraxpl ai ni ng a
relation 10 between helix angle error A and pressure angle error B.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The heat-treating oil conposition of
the present invention is characterized by conprising a | owboiling base oil
havi ng a BREEEDESSRIFTION QR HpelE DRAWINGEr om 300C t o 400C (hereinafter
referred to as the "lowboiling base oil of the present invention") and a

hi gh- boi | i ng bd&sig- di Is machematicsgewashowingaa gear parpéraexnlainingspodasion

hi gher (hereinafter. referred to as, the "high-boiling base oil of the
presenf iﬁxfféW@Perhe)h.x apglerexror Aspdprassuraangle exrerber at ure” used herein
means the tenperature at which 5%of an oil is

DETAILED DESCRIPTION OF THE INVENTION
The heat-treating o1l composition of the present invention is
characterized by comprising a low-boiling base oil having a 5% distillation
15 temperature of from 300°C to 400°C (hereinafter referred to as the "low-boiling
base oil of the present invention") and a high-boiling base oil having a 5%
distillation temperature of 500°C or higher (hereinafter referred to as the
"high-boiling base oil of the present invention"). The term "5% distillation
temperature" used herein means the temperature at which 5% of an oil is
20 distilled off as measured by "Reference: Distillation Testing Method for
Petroleum  Fractions by Gas  Chromatography" of "Petroleum
Products-Distillation Test" according to JIS K2254.
When the 5% distillation temperature of the low-boiling base oil as a
constituent of the mixed base oil is out of the above-specified range of from
25 300°C to 400°C, the resultant oil composition fails to exhibit the aimed effects
of the present invention. In particular, when such a low-boiling base oil
having a 5% distillation temperature of lower than 300°C is used in a
predetermined amount or more, there tends to arise such a problem that a

large amount of lamp black is generated upon use.



20 distilled off as neasured by "Reference: Distillation Testing Method for
Petrol eum Fractions by Gas Chromat ography” of "Petrol eum
Products-Distillation Test" according to JIS K2254. Wen the 5% distillation
tenperature of the lowboiling base oil as a constituent of the m xed base
oil is out of the above-specified range of from 25 300C to 400C, the

| tant oil Lt failst hiipit b hes:ai-pwed ef h t
mventon. 1 n (ARt i) ofr, Mant BRERRG] R IBhIRROR LE Ry SRR "

distillat i}ggptempﬁga&dé@%ipés L oRistit hamt 30Gfe inSxatPBdsd Bilds 10w EAeh&R BhOEC,

anount or re tends to arise such a problemthat a |arge amount of

| anp bl ackheScq3ig f6R6r BPERe ¥eBultaft BNl ddigps¥itieh teand toeflutfigatedoupon

distillation tenperature of the high-boiling base oil as a constituent of
t he m xed d@,@}@@tioglqdegchgy%r t han 500C, the cooling power of the resultant
oi |l conposition tends to be fluctuated upon collective quenching. 5 The
conteng of the Thy bondentg ofasiee oldw-bpilide best -dit edd | tige ohéat-treafiagi toibbn of
the present invention is in the range of not |ess than 5% by nmass but |ess
t han 50% hym@ssition dthehd psesemfinveativnxadirbahe wirge dhaot téss tleamt5éhtbyof
the lowboiling base oil is |ess than 5% by mass, the resultant oil

conposi t i anagabhs less sherf 5QYeey masexdri the basie odithednifelddease @l. t Wehepr dwent
10 invention. On the other hand, when the content of the |ow boiljng base
oil is 50mnbenirassherlownhailingheaseapdiedssothand e mass, theaeedltant 91k he
resultant oil conposition tends tqQ becone too high.. From these vi ewpoints,
the cont erfompAsitipe faile J6i snHiciends exhibih thee apmsd. effegts 9§ Big present

conpositiaon of the present _invention is preferably jn.the range of not |ess
than 189% UPRVRRESNH,ON £he otherhand, whenfhe canteph of fhe Bewihoifing iase Atk

e N RS T N R T
Mass oil composition tends to become too high. From these viewpoints, the content
of the low-boiling base o1l in the heat-treating oil composition of the present
invention is preferably in the range of not less than 10% by mass but less than
156 50% by mass on the basis of the mixed base oil.

The content of the high-boiling base oil in the heat-treating oil
composition of the present invention is in the range of more than 50% by mass
but not more than 95% by mass on the basis of the mixed base 0il. When the
content of the high-boiling base oil is 50% by mass or less, the hardness of the

20 material treated with the resultant oil composition tends to become too high.
On the other hand, when the content of the high-boiling base o0il is more than
95% by mass, the cooling power of the resultant oil composition tends to be
fluctuated upon collective quenching.

The distillation properties of the heat-treating oil composition of the

25 present invention other than the above 5% distillation temperature are not
particularly limited. However, the heat-treating oil composition of the
present invention preferably exhibits an initial boiling point of 250 to 350°C, a

50% distillation temperature of 360 to 460°C and a 95% distillation

temperature of 400 to 500°C. The heat-treating oil composition satisfying the



‘but.- not nore than 95% by nmass on the basis of the m xed base oil. Wen the

content of the high-boiling base oil is 50% by mass or |ess, the hardness of
‘the 20 material treated with the resultant oil conposition tends to becone

too high. On the other hand, when the content of the high-boiling base oil

Is nmore than 95% by nmass, the cooling power of the resultant oil

- CONposi ti %&&nﬁﬁtfa@mﬁnny gﬁ&lﬁea&ﬁp b@pﬁfbxféeﬂté&q%bme uddB R hgggeJéﬁtionzof

distillation properties o e heat-treating oil composition of the 5

present i nyedy bAtkotHefloRdiwhbfeaabieeh &l egtink! il bOMpbsitReRr StisfPirdl ha10t
- particularly Timted. However, the heat-treating oil conposition of the

present i natsiviel BOYPERAATAN LY tevnlplebafifreadnd r85% alistillationgtepoperiatafe 250 Heo
350C, a 50%distillation tenperature of 360 to 460C and a 95% distillation
t enper at urgreobné&d fremS0adergdiaghesdestiveairiorgasd linchaphisdssi of that mstenial t he
-9 above initial boiling point can be prevented from undergoi ng generation
of | aBp Wiragted thwmrefmtdm whereas the heat-treating oil conposition
satisfying the above 50% distillation terrﬁerature and 95%distillation

Y

t enper at ure canAbeheplavboileng fhrasen ethdardythe ghighcleaidingebase otlaveed nnhthadness
of the material 5 treated therewith, As the |ow boiling base oil and_the
hi gh- boi | iPR§spRat einyientionedtheret Haay pbesasedi miagrabroils nrd swtheticusds.
mneral oils and synthetic oils. . Exanples of the mneral oils ipclude any
fractions Beemples pArtdrer mngaakeilsninedida a6 $rackions: Rede-asapasatiimbasad of | s
SUHASTCHIEC AR S CR GRS N RIS
solverl, T LARLES, JBYSL APl op rering et ypoctacking, Exareles of e
P Lo 0 RSO, o R R Phb RSB
base oi | Wdﬁ&%ré&ﬁﬂ&?t !E\}'(ﬁ!rr}/ples of the synthetic oils include alkyl benzenes, alkyl
naphthalenes, a-olefin oligomers and hindered ester oils.

In the heat-treating oil composition of the present invention, the

15 low-boiling base oil and the high-boiling base o1l may be respectively
constituted of one of the above mineral oils, combination of any two or more of
the mineral oils, one of the above synthetic oils, combination of any two or
more of the synthetic oils, or combination of at least one of the mineral oils and
at least one of the synthetic oils.

20 Also, the heat-treating oil composition of the present invention may
contain, in addition to the above mixed base oil, other base oils unless the
addition thereof adversely affects the aimed effects of the present invention.

The heat-treating oil composition of the present invention may further
contain a vapor blanket breaking agent in order to shorten the vapor blanket

25 stage. Examples of the vapor blanket breaking agent include high-molecular
polymers, more specifically, such as ethylene-a-olefin copolymers, polyolefins
and polymethacrylates; high-molecular organic compounds such as asphaltum;

and oil-dispersible inorganic materials. These vapor blanket breaking agents

may be used alone or combination of any two or more thereof.
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-constituted of one of the above mneral oils, conbination of any two or nore
of the mneral oils, one of the above synthetic oils, conbination of any
‘two or nore of the synthetic oils, or conbination of at |east one of the
mneral oils and at |east one of the synthetic oils. 20 Also, the
heat-treating oil conposition of the present invention may contain, in

-addition to the?ﬁl@%}sgtéﬂtx A blan®bl Brefing Mdrt MNHRSBedtGeaBifigidil ON
ely affects t The

t her eof advers e alnmed effects of the present invention.

heat - t r eat idigp MitioRORPESUAIOTrodd 1t {21 0%ESE Madsnyed phreferaBly fraht Befo 6%sE ai N
- a vapor bl anket breaking agent in order to shorten the vapor bl anket 25

stage. Exampkss Whddehe antendlofitkevapseblanket dgeakingagditieis %y byrmhecod ar
pol ymers, nore specifically, such as ethylene-a-ol efin copolyners,

pol yol ef i nmorendhpoéffectt bAcaddisioas pf hihghveapbe dlhaketrigeaking crgemtncsn sheeh as
asphaltum and oil-dispersible inorganic materials. These vapor bl anket
br eaki By agificentipyetiabitedd aWireeeas, wiweni thei contehtaof/ theo vapomilenket
thereof. -10 The content of the vapor bl anket breaking agent in the '
heat - t r eatbregkong agempdsi 10%n biys masmldry lessonthe txes y heat¢reatihg oil
preferably from3 to 6% by nass. Wen the content of the vapor bl anket

br eaki ng aefanpositionogasy bemysventednizpm unfergding @xcedsiyeldngrieane dn vispositapor
bl anket breaki ng agent can he 5 sufficiently exhibited. \Wereas, when the
cont ent ofl-?-héa@aﬁgblbm ak adeanateanissgsitpenndi ean b, bhetefere mrhibited frope
resultant heat-treating oil conposition cap be prevented from undergoi pg
excessi ve PIBBcARIETIORA dsebgr?rgﬁ%eﬁ ereqfan ésehh%rtftrgﬁt%e%fi&%wgﬁwg of Yy,

ond cop beLtNererore LI Lo rom ool o delororated L Rl oRer U Ss e
ot 1 RSB B SRR Tl s RS SRR TR o1,
et 00 0SSR o SRR S, AP gP B i
boiling stage, resulting in reduction of quenching distortion caused owing to
fluctuation in cooling power. Further, the above heat-treating oil composition
15 enables the temperature range of the boiling stage to be broadened, thereby
ensuring a suitable hardness of the material treated therewith.
The heat-treating oil composition of the present invention preferably has
a 300°C cooling time of 7.5 to 12.3 s as measured by the cooling power test
according to JIS K2242. The term "300°C cooling time" used herein means
20 the time (s) required for cooling a test piece from 800°C to 300°C using the
heat-treating oil composition as measured by the cooling power test according
to JIS K2242. When the 300°C cooling time is shorter than 7.5 s, the
hardness of the material treated tends to become too high. On the other hand,
when the 300°C cooling time is longer than 12.3 s, the treated material tends
25 to lack in hardness. From these viewpoints, the 300°C cooling time of the
heat-treating oil composition of the present invention as measured by the
cooling power test according to JIS K2242 is more preferably in the range of

from 7.5 to 10.0 s.

In addition, the heat-treating oil composition of the present invention
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fluctuation in cooling power. Further, the above heat-treating oil
conposition 15 enables the tenperature range of the boiling stage to be
"broadened, thereby ensuring a suitable hardness of the material treated
therewith. The heat-treating oil conposition of the present invention
preferably has a 300C cooling time of 7.5 to 12.3 s as neasured by the

- cool i ng poyRire L83 glogfﬁgig}eﬁngt%cgy%k&iﬁ?%‘&2100’5@9& Bofh 'BHIG0CRRA2/E9 WHEN

used herei'n neans required for cooling a test piece from

800C to0 3GQE KinkRatid9ischsidy at 1OBECH thb |he§@4fp@§tiiﬁ%6ﬂ @d%n b ¢6l sEMndZe
< cooling power test according to JIS K2242. Wen the 300C cooling time is

shorter thanmbre, Thet heatédndatssalotah e Prbesntrld frogatetldregbisy eRcdiwme
too high. On the other hand, when the 300C cooling tine is |onger than 12.3

s, the treaaceshseainchamindsenssd Zringrishal the charpdsésen cin b dditgddy lowesml. nt s,
t he 300C cooling tinme of the heat-treating oil conposition of the present

i nvent bon @Qa tieastiwee hand, twieen ¢the kimemptivensdossty atcto0W nfjthe hahBStk2248: i s
nore preferably in the range of from7.5 to 10.0 s. In addition, the

heat - t r eatéithgompbsitmizsh@ mom2/sfortlhss, ghe deertedmetariancan exhibitpa ehffiaehty has
a kinematic vi scositg at 100C of from5 to 50 m®2/s. When the kinenatic

vi scosi t y kardness andcaa broprevensed ifram diding sleperiprated ingdedergamcy. diromor e,
the treated material .can he ﬂ[ evented from undergocj ng excessive increase in
har dness, t@e§efYiemmeinisskther kinpmabapusresibh atah0RE o @%ﬁvat'ém%s al on

t he ot her hand, .when the kinenmtic viscosity at 2,00 of tﬂe heat - t.r.eati ng

oi | conposiARRAFiHen=f thephlesppt prrentiqn s moggiaierabhy inthe 1angs of fram £

suf fici ent grdng s, and can be prevented from being deteriorated in
det er ¢&ncyt® ¥ BHPBhese vi ewpoi nts, the kinematic viscosity at 100C of the

reat;Lreal 10 okl O Rl okl E1SBlmA RUREN 1k Bofs BEHIALLY
conposi t i Ollﬁa9f atlgl? &rn%ﬁﬁptviﬁgﬁﬁtéc?ﬂtives ordinarily used in the conventional
heat-treating oils, if required. Examples of the additives include surfactants,
deteriorated-acid neutralizing agents, antioxidants and brightness improving
15 agents.

Examples of the surfactants include salicylates, sulfonates, sulfinates,
vetc., of alkali earth metals or alkali metals. Examples of the preferred alkali
earth metals include calcium, barium and magnesium. Examples of the
preferred alkali metals include potassium and sodium. The content of the

20 surfactant is in the range of usually from 0.1 to 10% by mass and preferably
from 0.2 to 7% by mas;s on the basis of a whole amount of the heat-treating oil
composition.

Examples of the deteriorated-acid neutralizing agents include
salicylates, sulﬁnateé, sulfonates, etc., of alkali earth metals. Examples of the

25 preferred alkali earth metals include calcium, barium and magnesium.
Examples of the antioxidants include those conventionally known in the art
such as amine-based antioxidants and hindered phenol-based antioxidants.
Examples of the brightness improving agents include those conventionally

known in the art such as oils and fats, fatty acids derived from fats and oils,
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-may al so contain various additives ordinarily used in the conventional
heat-treating oils, if required. Exanples of the additives include
‘surfactants, deteriorated-acid neutralizing agents, antioxidants and
brightness inmproving 15 agents. Exanples of the surfactants include
salicylates, sulfonates, sulfinates, etc., of alkali earth netals or alkali

Dar tum and Raies ik P StaEhifiad BRIy ARG b

bari um and nmaghesi um e preferre ncl ude
pot assi umyapf sadisum The content of the 20 surfactant is in the range of
< usually from 8.1 to 10% by mass and preferably from0.2 to 7% by mass on

the basis of amholigeAMRERIng oflneopdkitidrealfi Pe OplesefOMR2EioAN .cabX BBP! €S
of the deteriorated- acid neutralizing agents include salicylates,

sul fi nat eguitably 0G3dE®Sin Hdat:treatialKprocessdd Nsutht alss calx@ipirgs qierichéng,25
preferred alkali earth netals include cal cium barium and nagnesi um

Exanpl s ehrhdidtading®yudathing med vdeuthogaendtingfor thalpurpksovfiimpréviagar t
such as am ne-based anti oxi dants and hi ndered phenol - based anti oxi dants.
Exanpl es opfropdgidy ofpnetedsaatenpals\sucl ssgenelsmianetiable t hose conventional |y
known in the art such as oils and fats, fatty acids derived fromfats and
oils, -12 alkenyl succinimde and substituted hydroxy aromatic carboxylic
ester derivatives. The heat-treating oil conposition of the present
i nventi on Fg8AMRLESui t abl y used in heat-treating processes such as
carburizing quenching, 5 carbonitriding quenching and vacuum quenchi ng for
the purpose of Thpprrseny inyentpen wildegdesqribad ipanarg detaikhy relgsriggde the
materi al s. EXAMPLES The present inventigon will be described in nore detail
by ref@rrifoldoving arampes; o HOWR YRS &é}ﬂal@@e Ngsad Fhat theseHamBlos @y t hat
these exa?ﬂhsetsi*a%irv% aorpci fiot intended to limit the invention thereto. Meanwhile,

various properties of the heat-treating oil compositions were measured by the

following methods.

(1) Evaluation 1: Change in hardness due to agitation (test piece: round bar)

15 Using a modified apparatus of a testing machine for evaluating a cooling
power according to JIS K2242, the change in hardness due to agitation was
evaluated. The apparatus was of a closed type capable of controlling an
atmosphere therein, and had such a structure capable of heating a steel piece
fitted to a silver alumel piece portion thereof and then quenching the thus

20 heated steel piece in an oi1l. It took about 2 s until the steel piece heated in a
heating oven was transported and put into the oil. Thus, in the apparatus
used, since the temperature drop due to the transportation was small, the
hardness of the material treated therein was slightly higher as compared to
those treated in the other apparatuses under the same conditions. The

25 material and measuring conditions were as follows.

Test piece: SCM420 round bar having a size of ¢16 mm x 30 mm in
length was used.

Heat-treating conditions: Heated at 860°C for 30 min in a pure nitrogen

atmosphere.
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~illustrative and not intended to limt the invention thereto. Meanwhile,
various properties of the heat-treating oil conpositions were neasured by
the follow ng nmethods. (1) Evaluation 1: Change in hardness due to
agitation (test piece: round bar) 15 Using a nodified apparatus of a testing
machi ne for evaluating a cooling power according to JI'S K2242, the change

.in hard d i tatian: - il osed
|0 har dness_ducfihdibbabhAnide cral ahat e, ARRAFALITANAS (413 fhibl 05°

type capabl e of contro an atnosphere t and such a structure

capabl e ofy Ra) WEHBut hgRhatRnaEErebhbiditholt® s Shlyer al umel piece portion
- thereof and then quenching the thus 20 heated steel piece in an oil. It took

about 2 s unti |E¢/£‘l§‘1a%io%er1‘h‘%it;%§€¥>{&étv%js b, to MRdVd S AY eBn¥@SInt 412AgRAr t ed
and put into the oil. Thus, in the apparatus used, since the tenperature

drop due tdirddifod flasiepRrand 4 88ctIGHS oS thed tut pleee wiay phlagedolo hbeswmt €1 al
treated therein was slightly higher as conpared to those treated in the

ot her appdratdusss thewbef at hem$dh B2k positionwfa radias 25 thatection imbekmeadar i ng
conditions were as follows. Test piece: SCM420 round bar having a size of
X16 mm x FRockwelhhakdnegsiGracale FBAC) peederitredami P Z2246.t | The hardaesdofat 860C
for 30 mn in a pure nitrogen atnosphere. 13 O l-cooling conditions: Cool ed
at an oi | wanpmasunee apeigltO@sitdonSonithe section ¢o calcubatet amgiverageoralue
(corresponding to 30 cn’s). Evaluation: The test piece was cut into hal ves
at its certheredfn an axial direction thereof, and a section of the cut piece
was pol i st}ed to measure a 5 hardness thereof at a md (1/_2)_po§itio,n of a
radi us of EhEvaleatien2iGhargern aecuracramddeandness dyeds aeitadion GepiRmece:
prescribed in JIS Z2245. The hardness of it was neasured at eight positions
on thdVsed®8h to cal cul ate an average val ue thereof.

The test piece made of the below-mentioned material was heat-treated
under the following conditions to evaluate a gear profile accuracy and a
hardness thereof. As evaluation items of the gear profile accuracy , as shown
in Fig. 1, there were measured a pressure angle error (tooth profile error) B
15 and a helix angle error (tooth trace error) A on the gear surface. The amount
of change in pressure angle error and the amount of change in helix angle
error were respectively indicated by the amount of change in each error
between before and after the quenching treatment. Further, the hardness
was evaluated by a Vickers hardness (HV according to JIS Z2244) as measured
20 at a deddendum of the gear as well as an effective case depth (according to JIS
G0557). Meanwhile, as the criteria for the effective case depth, there was
used HV513 prescribed in the old JIS.
Test piece: SCM420 differential drive pinion (module 2.43)
Heat-treating conditions: After the test piece was heated in a heating
25 chamber of a heat-treating furnace at 950°C, a carburizing atmospheric gas
was fed thereinto at a carbon potential (CP) of 1.0% by mass. The test piece
was held in the carburizing atmosphere for 150 min (carburizing step). Then,
after the CP value was adjusted to 0.8% by mass, the test piece was further

held in the atmosphere for 60 min (diffusion step). Thereafter, the test piece
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(2) -Eval uati on2= Change in accuracy and hardness due to agitation (test

pi ece: 10 gear) The test piece made of the bel ownentioned material was
heat-treated under the following conditions to evaluate a gear profile
accuracy and a hardness thereof. As evaluation itens of the gear profile
accuracy , as shown in Fig. 1, there were neasured a pressure angle error

.(tooth pf0%%&%&%@%&%@@ggfgﬁ{a{aé B Sofin he(ﬁeQPP%ctertﬂ%(ﬁCr, %ﬁeA on

t he gear surtace. anoun ange |1 n pressure angle error and t

amount of  GgHiG 1dld6t BY AL PthERERbsYIRITS hEAREAdY &t X CPILRA 6608, byie
-amount of change 1n each error between before and after the quenching

treat nent. fysd (Rakind6r BgudNess stepp eval uated by a Vickers hardness (HV
according to JIS Z2244) as neasured 20 at a deddendum of the gear as well as

an effective caseildeplifg(cegditichsCdoted hSan GIbemperdtars\bf 1 80°@fort Hénin
criteria for the effective case depth, there was used HV513 prescribed in

t he ol d5J| Sindeestesk agitatiBENB@Eredp i dingrtoi 20 culrs)\vendoundenstirong wlgitaZiohl)
Heat-treating conditions: After the test piece was heated in a heating 25
chamber of (eodrespondiegttorid ¢mfmace at 950C, a carburi zi ng at nospheric gas
was fed thereinto at a carbon potential (CP) of 1.0% by mass. The test piece
was hel d i {3} Boateation Bz Engluatnes phfnetadtonl Bodistert{amnbonicellagtive ep) . Then,
after the CP value was adjusted to 0.8% by nass, the test piece was further
hel d in thaluenebims &est praces@eaw)n (diffusi on step). Thereafter, the test

pi ece -14 was al]owed tq stand intihgﬁ) furnace untjl cooling the test pjece

to 860C, and futahEestipiece madexd the delow tpentionesd prateeianyan heatclyeateds cp
Cool e 8 A thegRIGMRE FORURIORs 6 atuate Ny tuatUE: IHERO AIaTRgRe
(correspond g £, 30 Sahe ANGSE GLHYRIAR S35 %ha § SRALEERIATIG O 55
(tooth trace error).
Test piece: SCM420 differential drive pinion (module 2.43)
Heat-treating conditions:
15 Carburizing step: 950°C x 100 min; CP = 1.0% by mass
Diffusion step: 950°C x 70 min; CP = 0.8% by mass
Soaking or equalizing step: 860°C x 30 min; CP = 0.8% by mass

Oil-cooling conditions: Oil temperature: 130°C; Cooling time: 4 min
20 Properties of the low-boiling base oils used in Examples and

Comparative Examples are shown in Table 1, and properties of the

high-boiling base oils used therein are shown in Table 2.
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(3): Evaluation 3: Evaluation of fluctuation in distortion upon collective
quenching (test piece: gear) The test piece nade of the bel ow nentioned
‘material was heat-treated 10 under the follow ng conditions to eval uate
fluctuation 6a in anount of change in each of a pressure angle error (tooth
profile error) and a helix angle error (tooth trace error). Test piece:

. SCva20 differential drive pinion (nodule 2.43) Heat-treating conditions: 15
Carburizing step: 950C x 100 min; CP = 1.0% by mass Diffusion step: 950C x
70 mn; CP = 0.8% by mass Soaki ng or gawglg i ng step: 860C x 30 mn; CP =

- 0.8%by mass QG l-cooling conditions: Ol tenperature: 130C, Cooling tine: 4

mn 20 Properties of the Iow—boiling base oils used in Exanples and
Con‘paratl ln Eveam |no grnghﬂ\mm Aahl A 1 Aand _rP)LennrflnSi f

hi gh- boi | L’g).ﬂl] Blaﬁeﬁ ded therein are |sheadn | nL1hhle 33 _|1slfap) FL15
Low- boi | i fi§ireasatioviscosity lat 20°C3 mma/s) - § 3Ki2Aelr&0i44 Vikd53ilt 7.956 4a®T8me/ s)
22.23 301«%&%5&&7@25@ a@718)0°f§l(ﬁﬁﬁﬁﬁsb §i35|<708i412841t 390¢ gﬁm’&@z 55443537275
. . I n
properties rggl%tp%rr )5% d:j&ﬁlttﬁlﬁ?éﬁg%&? 3@ 3%4 T 7%. SAZEfZejrrpe_%ﬁ)ur e
50% di sti |1 b2 424 3B Z n{ 329282+ eRpeFrat-ut %‘u‘)u HstHptien—479
463 430.51406 292 terrper a @,élstﬁlatmn 358 §’7 ( 318.5 75 278.5
temperature
50% distillation 423 424 | 3829 } 329 | 2825
temperature
95% distillation 479 463 430.5 | 406 292
temperature
Terminal point 496 474 435 472 295

5
TABLE 2

High-boiling base oil H-1 H-2 H-3
Kinematic viscosity at 40°C (mm?2/s) | 408.8 | 89.41 | 75.23
Kinematic viscosity at 100°C (mm2/s) | 30.86 | 10.7 | 9.286
Distillation Initial boiling 465 405 335
properties (°C) point

5% distillation 530 463 447

temperature

50% distillation 597 506 487

temperature

95% distillation - 578 528

temperature

Terminal point - 610 540
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Term nal point 496 474 435 472 295 5 TABLE 2 High-boiling base oil H1 H2
H 3 Kinematic viscosity at 40C (nmm2/s) 408.8 89.41 75.23 Kinenmatic
viscosity at 100C (nmmR/s) 30.86 10.7 9.286 Distillation Initial boiling 465
405 335 properties (C) point 5%distillation 530 463 447 tenperature 50%
distillation 597 506 487 tenperature 95%distillation - 578 528
.tenperature Term nal point - 610 540 -16 EXAMPLES 1 TO 8 AND COVPARATI VE
EXAMPLES 1 TO 13 The respective conponents were bl ended with each other at a
m xing ratgRAMPHES DTHRBIAND COMNPARNTIVIEEEXANIPAES POl 1F0Nposi ti ons.
'The thus 5 prepared heat-treating oil conpositions were subjected to the

above Eval uati ofThd respaetive eutigonanes sheubldmicloith GacH otipddittd ixidghe
heat-treating oil conpositions obtained in Exanple 3 and Conparative

Exanpl e 5 wat® dhovimen Tabldp e6tpedpie héwt-abaviaghibtarapoasioasandhewhhigat i on
3. The results are showmm in Table 4. 10 .17 TABLE 3-1 Exanpl es
5 prepared heat-treating oil compositions were subjected to the above Evaluation
1. The results are shown in Table 3. In addition, the heat-treating oil
compositions obtained in Example 3 and Comparative Example 5 were further
subjected to the above Evaluation 2 and Evaluation 3. The results are shown

in Table 4.

10
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12345678 Lowboiling base L-1 25 - - - - - - - oil (mass %9 L-2 - 25

- - -- L-3--25919293949 L-4- - - - - - - L-5- - -
ngh boi l'i ng base H174 74 74 90 80 70 60 50 oil (mass 9 H2 - - - - - -
- - H3- - - - - - Surfactant 1 (mass %9 11111111 Vapor blanket
breaklng- - - - - - agent A*2 (mass % Vapor bl anket breaking - - - - -

- - agent B'3 (mass % Hardness (H‘B%I‘éﬂlghf’“t 32.7 33.0 34.9 33.5 34.0
379383392 a itation under 3 7.2 35.5 36.3 40.3 40.4 41.3

agitation Difference in hardness 2 6 2.2 2.32.02.32.42.12.1 (HRC 300C
cooling time (s) 9 20 9 04 820 881 838846 7857 6 -18 TABLE 3-2 m

arative Exanples 1 2 3 456 7 § Lowboiling bdéxamples 97 oil (mass % L-2
100 - - -|- - L-3 - - 95 - - T ] 2 1 31 415 T 6Tl 7138
Low-boiling base |L-1 25 - - . . . . X
oil (mass %) L-2 - 25 - . - : : ;
L-3 - - 25 9 19 29 39 49
L4 2 I R A

L-5 - - - - - - - -
High-boiling base [H-1 74 1 74 | 74 | 90 80 | 70 | 60 | 50
oil (mass %) H-2 - - - - - - - -
Surfactant*! (mass %) 1 1 1 1 1 1 1 1
Vapor blanket breaking . - - - - - - -
agent A*2 (mass %)
Vapor blanket breaking
agent B*3 (mass %)
Hardness (HRC) |without |32.7|33.0|34.9|33.5|34.0|37.9|38.3|39.2
agitation
under 35.31356.2|37.2|35.5]36.3]40.3|40.4|41.3
agitation
Difference in hardness 26 | 22 | 23|20 (23|24 21| 21
(HRQ)
300°C cooling time (s) 9.2919.04829/881/8.38|846]|7.85| 7.6
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L-4------25 L-5- - - - - - 25 Hgh-boiling base H1 - 50 74 74 74

oil (mss %9 H2 - - - 9949 H3- - - - - 25 - - Surfactant*1l (mass % - -
11111 Vapor blanket breaking 3 - - - - - agent A*2 (mass % Vapor
bl anket breaking - - 5 - - - agent B*3 (mass % Hardness (HRC) wi thout 36.7

36.1 41.1 32.3 31.6 31.7 X *4 X *4 agitation under 40.7 40.4 43.1 36.1 34.8
. 34.7 X *4 X *4 agitation Difference in hardness 4.0 4.3 2.0 3.8 3.2 3.0 -
(HRC) 300C cooling time (s) 8.34 7.25 5.14 9.07 9.72 9.38 - -19 TABLE 3-3
 Com arative Exanples 9 10 11 12 13 'l;mxﬂm)elzng base L-1 - - - - oil (mass

+ % L-2 - - - L-3- 60708099 L-4- - L-5 - - - Hgh-boiling
base H1 99 39 29 19 - oil (nass % H-2-----

Comparative Examples

1 2 3 4 5 6 7 8
Low-boiling base |L-1 - 97 - - - - - -
oil (mass %) L-2 100 | - -
L-3 - - 95 - - - -
L-4 - - - - - - 25 -

L-5 - - : - - - - 25
High-boiling base [H-1 - - - - 50 74 74 | 74
oil (mass %) H-2 - - - 99 | 49 - - -

H-3 - - - - - 25 - -
Surfactant*! (mass %) - - - 1 1 1 1 1
Vapor blanket breaking - 3 - - - - - -
agent A*2 (mass %)
Vapor blanket breaking - - 5
agent B*3 (mass %)

Hardness (HRC) |without |36.7 |36.1|41.1(32.3|31.6(31.7| X* | x*
agitation
under 40.7 | 40.4 | 43.1 { 36.1 | 34.8 | 34.7 | X™ | X™4
agitation

Difference in hardness 40 | 43 | 20 | 3.8 | 3.2 | 3.0

(HRC)

300°C cooling time (s) 8.34 | 7.25 | 5.14 | 9.07 | 9.72 | 9.38
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-H3 - - - - Surfactant*1 (mass %9 1 1 1 1 1 Vapor bl anket breaking - - -
agent A*2 (mass % Vapor bl anket breaking - agent B*3 (nmass % Hardness
" (HRC) without 30.5 40.2 40.1 41.4 42 a itation under 34.2 42.4 41.9 42.9
43.5 agitation Difference in hardness 3.7 2.2 1.8 1.5 1.5 (HRC) 300C
cooling tinme (s) 10.1 7.4 6.6 5.9 6.0 Note: 5 *1: Surfactant "Ca Sul fonate
78W available from The Lubrizol Corp. *2: Vapor blanket breaking agent A
"I dem tsu Pol ybut ene 2000H' available fromldemtsu Kosan Co., Ltd. *3:
Vapor bl anket breaki ng agent B "NCS50PABRBIabl e from Ni ppon Chenical s
Sales Co., Ltd. 10 *4: x : Quenching test was not possible because of a too
| arge anmount of |anp black generated. -20 TABLE 4 Exanple Com Ex. 3 5
Low boi | i pg——2 9F—hbase—et+—1—2 rass—94——3—25
Comparative Examples
9 10 11 12 13

Low-boiling base [L-1
oil (mass %) L-2 - - - - -
L-3 - 60 70 80 99
L-4 - - - - -
L-5 - - - -
High-boiling base |H-1 99 39 | 29 19
oil (mass %) H-2 - - - -
H-3 : - - - :
Surfactant™! (mass %) 1 1 1 1 1
Vapor blanket breaking - - - - -
agent A*2 (mass %)
Vapor blanket breaking
agent B*3 (mass %)

Hardness (HRC) {without | 30.5|40.2 | 40.1 | 41.4 | 42
agitation
under 34.2 42,4419 | 429 | 43.5
agitation
Difference in hardness 37122 |18 | 1.5 | 15
(HRC)
300°C cooling time (s) 10.1 | 74 { 6.6 | 5.9 | 6.0
Note:
5 *1: Surfactant "Ca Sulfonate 78 W" available from The Lubrizol Corp.

*2: Vapor blanket breaking agent A "Idemitsu Polybutene 2000H"
available from Idemitsu Kosan Co., Ltd.
*3: Vapor blanket breaking agent B "NC505" available from Nippon
Chemicals Sales Co., Ltd.
10 *4: X:Quenching test was not possible because of a too large amount of

lamp black generated.
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L-4 -

A2 -

L-

5 -

Hi gh-
Additives Surfactant*1 (mass %9 1 1
Vapor bl anket breaking agent B*3 - -

boiling H1 74 50 base oil H2 -
(mass 9% Vapor

49 (mas

s %W H3 - -

bl anket breaki ng agent
Eval uati on 2 Change in pressure

angle error (m under 2.85 2.32 weak agitation Change in pressure angle

error (m under 3.39 1.78

angle 0.5

4 0.54

strong agitation Difference in change in pressure
error (m due to chamgpripyagitation intensity Change in

helix angle error (m under 5.90 4.54 weak agitation Change in helix angle

error (m under 7.27 10.00

strong agitation Difference in change in helix

angl e errp+—34-3% 546-—{m—dueto—-change+hr—agHtatieontntenrsty—beddend
har dness |(HV) under weak 293 274 agitation Deddendum h£ Le (I:*W)l E Er
strong 310 309 agitation Difference in deddendum hardness 3HV)| 17 85 due
t o change|Liow-bgilirgt i dnrli ntensity Effective case depth (jom) -undef weak 0, 77
0.353 base oil L-2 - -
(mass %) L-3 25
L-4 -
L-5 - -
High-boiling {H-1 74 50
base oil H-2 - 49
(mass %) H-3 ) 3
Additives Surfactant™ (mass %) 1 1
(mass %) Vapor blanket breaking agent A*2 - -
Vapor blanket breaking agent B*3 - -
Evaluation 2 |Change in pressure angle error (um) under 2.85 2.32
weak agitation
Change in pressure angle error (um) under 3.39 1.78
strong agitation
Difference in change in pressure angle 0.54 0.54
error (um) due to change in agitation
intensity
Change in helix angle error (um) under 5.90 4.54
weak agitation
Change in helix angle error (um) under 7.27 10.00
strong agitation
Difference in change in helix angle error 1.37 5.46
(um) due to change in agitation intensity
Deddendum hardness (HV) under weak 293 274
agitation
Deddendum hardness (HV) under strong 310 309
agitation
Difference in deddendum hardness (HV) 17 35
due to change in agitation intensity
Effective case depth (mm) under weak 0.77 0.53
agitation
Effective case depth (mm) under strong 0.90 0.73
agitation
Difference in effective case depth (mm) due | 0.13 0.20
to change in agitation intensity
Evaluation 3 |Fluctuation 6o in change in pressure angle 2.6 3.8
error (um)
Fluctuation 6c in change in helix angle 6.0 11.2
error (um)
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agitation Effective case depth (mm) under strong 0.90 0.73 agitation
Difference in effective case depth (nm due 0.13 0.20 to change in
‘agitation intensity Evaluation 3 Fluctuation 66 in change in pressure angle
2.6 3.8 error (pm Fluctuation 6a in change in helix angle 6.0 11.2 error
(m -21 In the Evaluation 1, the difference in hardness between the test
piece treated without agitation and that treated under agitation is
preferably small. The heat-treating oil conposition exhibiting such a small

difference in Sphgkdressudiion NetRE AiffdHeBES 1R hAPd 8O BetvetiBiHe fekstipldéat i on in
*a cooling power thereof upon collective quenching. It was confirmed that

the heat -tgeated@igidut MM hh@Rhab bicaito@tnider BXrari@Sislpreferdbdy bmall.
exhibited the difference in hardness as small as |less than 3 HRC and,

t her ef or e, Thb hsad-toe 90 oflaohiptgitipwerhibifihgasuchm shellcdifferoficpart s exposed
to severe inpact |oad such as gears 10 for transm ssions of autonobiles, the
har dness ohatdmss gfahe sestrigiatedlani shvws a sagill Aucomticn pr efeephhg powess t han
40 HRC in view of a good inpact resistance thereof. The heat-treating oil
conposi t i otterebf apoe doilectireaquémshingt oli8wak lconfimnied| thed thhdeabdventinag dess
val ue. Further, the heat-treating oil conpositions obtained in Exanples 1 to
8 15 al | eothpositionsmbiameddsdixagpies to &radl exhibited thesdiflgranceins and,
therefore, the test piece heat-treated with_ the heat-treating_oil_.

conposi t i ohardnassad anall asdgsmtamaridRésand dherafore: showathagood geoling

fo 13 exni BOVEG ABGOR BHorT ! H4TieeBPOEss TR FBRe: IDSdioRens iTpl ece
treat el% W I’orxl' t%gr(igmri]ses%ﬁst cr) éattltiorrlxgoboliels, the hardness of these parts treated without
agitation is preferably less than 40 HRC in view of a good impact resistance
thereof. The heat-treating oil compositions obtained in Examples 1 to 8 all
fulfilled the above hardness value.

Further, the heat-treating oil compositions obtained in Examples 1 to 8

15  all exhibited a 300°C cooling time ranging from 7.5 to 10.0 s and, therefore, the
test piece heat-treated with the heat-treating oil compositions showed an
adequate hardness. On the other hand, the heat-treating oil compositions
obtained in Comparative Examples 2, 3 and 10 to 13 exhibited a 300°C cooling
time of less than 7.5 s, and the test piece treated with such heat-treating oil

20 compositions showed a too high hardness.

Next, in the Evaluation 2 using the heat-treating oil compositions
obtained in Example 3 and Comparative Example 5, the heat-treating oil
composition obtained in Example 3 was the substantially identical in the
difference in amount of change in pressure angle error (um) due to change in

25 intensity of agitation, to that of the heat-treating oil composition obtained in
Comparative Example 5, but was considerably small in the difference in
amount of change in helix angle error (um) due to change in intensity of

agitation as compared to that of the heat-treating oil composition obtained in

Comparative Example 5. More specifically, although the difference in amount

.22.



20- conposi tions showed a too high hardness. Next, in the Evaluation 2 using
the heat-treating oil conpositions obtained in Exanple 3 and Conparative

- Exanple 5, the heat-treating oil conposition obtained in Exanple 3 was the
substantially identical in the difference in anount of change in pressure
angle error (m due to change in 25 intensity of agitation, to that of the

heat - t reag{&ylga}s '%1&8@?9%@%&{’%1‘8?‘(%’7%aifﬁctog%'@ﬂﬁ{%ﬁfiiMﬂugﬁ@éHf’bﬁ the but was

consi dera In th erence In anount of” change in helix angle

error (M agitGtiba paafgehd Redt1@88nYoiPEompasitRis AT ths pieshR @ ehfiohlatd of
the heat-treating oil conposition obtained in Conparative Exanple 5. Mire

speci fi cahllyss aiftdmitghn Hieehdh ijualieneeeh lgthy flod2valbciehafgiee i N hel i x angl e
error (gm is a factor strongly influenced by the agitation speed, the

heat - t r eahbag t@iatimosip esinpositiornis tdréedir esent i nvention had a | ess

i nfl uence on such a quality even when the flow velocity of the

heat - t& eat i ng dil$o, ab maesionifiwmedsthadrthe destopitics dredted wash dbafhieatddedtivag t he
test piece treated with the heat-treating oil conposition obtained in
Exanpl e 3oHlcomgusiticie dbtaidadindiximple hkhewed waded ung dlartoess whigher t han
that treated with the heax-treating oi |l conposition obtained in Conparative
Exanpl e 5wesriflespealioner highershanshay preated muthithe heatdmatingail t he
heat-treating ojil canposition obtained . in Ex 10_exhi biited a | ess

di f f er encEOMROpIfIONGRRiaaRRlH Qaﬂm%@él"@@x%fapﬁqqgl@é@f%isﬁoilﬁ%@i ithe S Eﬁpq ation
2 oML S0t Ty B0 S, O SOTRORL SR BB SR R PIR
1 b SR B FBERS e o e TBleB Bl Part ors e HEGRaRRR M i ng of 1 15
oi 1" comobheRald s adidis ¥ Bhhai € B ArEhSCshbinel i s BFpdE oboBRL ™
depth i defy t‘bﬂllpér%tﬂzre ﬂ%ﬁie Bhaq‘htep&{)ré),fit WX confirmed that the change in
flow velocity of the heat-treating o1l composition obtained in Example 3 had a
less influence on the deddendum hardness as compared to the heat-treating oil
15 composition obtained in Comparative Example 5.
Further, the heat-treating oil composition obtained in Example 3 also
exhibited an effective case depth identical to or higher than that of the
heat-treating o1l composition obtained in Comparative Example 5. Besides,
the heat-treating oil composition obtained in Example 3 had a less influence on
20  the effective case depth due to change in flow velocity thereof as compared to
the heat-treating oil composition obtained in Comparative Example 5.
In the Evaluation 3, it was confirmed that the heat-treating oil
composition obtained in Example 3 showed a less fluctuation in amount of
change in helix angle error upon actual collective quenching as compared to
25 the heat-treating oil composition obtained in Comparative Example 5. In
addition, in the Evaluation 2, the heat-treating oil composition obtained in
Example 3 exhibited the substantially same difference in amount of change in

pressure angle error to that of the heat-treating oil composition obtained in

Comparative Example 5. However, upon actual collective quenching, it was
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heat-treating oil conposition obtained in Conparative Exanple 5. Besides,
the heat-treating oil conposition obtained in Exanple 3 had a | ess influence
~on 20 the effective case depth due to change in flow velocity thereof as
conpared to the heat-treating oil conposition obtained in Conparative
Exanple 5. In the Evaluation 3, it was confirmed that the heat-treating oi

conposi ti 9%%@5 A6t ke ﬁééﬁ@%&atﬁmé&@‘gﬁﬂxﬁs t5615 obidiabd ¢ FY A hfleagOUNt  Of

change in angl e error upon actu col*ectlve guenchi ng ‘as conpared to
25 the hegpphr&aly Bahfite CQMRRSMGLAALRBLIAI ABTuhD oCERRES AN PRedst@EBNEID. | N
addition, 1n the Evaluation 2, the heat-treating oil conposition obtained in
Exanpl e 3egenohtidy doatpaed wufdsitafthalbeytspeating bileoannsition abtaiaeddh change in
pressure angle error to that of the heat-treating oil conposition obtained

i n  ConpaCaimpaeradfieniikemple Bowever, upon actual collective quenching, it was
-23 confirmed that the heat-treating oil conposition obtained in Exanple 3
apparently exhibited a |l ess fluctuation in anbunt of change in pressure
angle error as conpared to that of the heat-treating oil conposition

obt ai ned INDUSHPdAL AVRTECAIIATY. 5 | NDUSTRI AL APPLI CABI LI TY The
heat-treating il conposition of the present invention hardly causes
fluctuation in 'D%@rhﬁ?ésfsre@mnqlmh@qmn@ﬂgp@tcg the presgntginyensionnhardly spuseseat ed

therewith _even when | arge nunber .of the netal nmaterials are quenched 10
{ her ow t hIBCtRHa0R apDariRgss hapendhngdistortige of & wefplgpaterdaliitgatedcni ng oi |l

OO R R e o e s LT el SESLERGB T Vb
o5 8 Ol 5 VP B SR DG LR ¥ RSl
composition capable of exhibiting a less fluctuation in cooling power upon
collective quenching while maintaining the substantially same cooling power
as that of the JIS Type 2 #1 oil which has been ordinarily used for quenching

the parts for automobiles such as gears.

15

-24.



-24 VWHAT IS CLAIMED IS: 1. A heat-treating oil conposition conprising a

m xed base oil containing a lowboiling base oil having a 5% distillation
“tenperature of from300 to 400C in an anount of not |ess than 5% by nmass
but | ess than 50% by mass, 5 and a high-boiling base oil having a 5%
distillation tenperature of 500C or higher in an amobunt of nore than 50% by

mass but RPLAPIE dMAMVETVGEY mass. 2. The heat-treating oil conposition
according to claim1l, wherein a 10 content of said |ow boiling base oil in

* the m xed base 10iAl hé#t-fi@htin@Ssil EdiaPosiei¥nlBompBESH LA iniked bakbail &PYatingBss,

* and a content of said high-boiling base oil 1n the mxed base oil is nore

than 50% hylowdbsilbng bk 6idrieatingna B BistitRsion Jempeeatigat of fak i 3QD abl
conposition according to claim1l or 2, wherein 15 said conposition has a
300C cool #og°Ciineamwfamdontt of 4@t Bess thand¥shy edadyybat lessothiarg 5p%nby rhasd,
according to JIS K2242. 4. The heat-treating oil conposition according to
any on® ofndl aimghibdibng, basturil hewiegmpb¥s dregiliatiap semipeaatete of 2aKiGgr
agent. 20 -25

J higher in an amount of more than 50% by mass but not more than 95% by

mass.

2. The heat-treating oil composition according to claim 1, wherein a
10  content of said low-boiling base oil in the mixed base oil is not less than 10% by
mass but less than 50% by mass, and a content of said high-boiling base oil in

the mixed base oil is more than 50% by mass but not more than 90% by mass.

3. The heat-treating oil composition according to claim 1 or 2, wherein
15 said composition has a 300°C cooling time of 7.5 to 12.3 s as measured by a

cooling power test according to JIS K2242.
4. The heat-treating oil composition according to any one of claims 1 to 3,

further comprising a vapor blanket breaking agent.

20
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