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REFRI GERATI NG MACHINE O L @OVPCSI TI ON Techni cal Field The presengﬂinventron
relates to a refrigerating 5 machine oil conposition, and specificatty—it——

relates to a refrigerating nmachine oil conposition conprisin
alicyclic dicarboxylic acid ester conpound. Background Art InﬂMﬁ@@”ﬂWMﬁWMF,
the issues of refrigerant 10 substi%%%ioq%and refrigerating sy

efficiency inprovenent have been &f 58 t he standpoint of *159159
m ni m zi ng ozone Iagﬁr destruction andag$obal warnmng. In the area of

refrigerant REDRIGEGREINGHMAGHEIE QL B PR HECN n the substitution of

HFCs 15 (hydrof |l uorocarbons) for chlorine-containing refrigerants such as
CFCs (chl or cteclnrbeatbEAag}tdand HCFCs (hydrochl orof | uor ocarbons). On the
ot her hand, since HFC refrigerants could be subject to restrictions in
i ght of the probfeen Bregieatal 120eNaE AR ng LR at o r 8f Mefer R EIRG as
carbon dioxi de, ammoni a and hydrocarbons are al so being researched for
appl i%ed usemaEFHbres tignafaMBaER tiofyi RRANSPEMtidak bnisr &ekahamnci ng .
in parallel wth devel opnent of 25 refrigerating machine oils for these
substitute rtefrigeefmigeretingePachigensthi necBPPsiflien somgFising

an alicyclic dicarboxylic acid ester compound.
Background Art
In recent vyears, the issues of refrigerant
10 substitution and refrigerating system efficiency
improvement have been studied from the standpoint of
miniﬁizing ozone layer destruction and global warming.
In the area of refrigerant substitutes, progress 1is
being made in the substitution of HFCs
15 (hydrofluorocarbons) for chlorine-containing
refrigerants such as CFCs (chlorofluorocarbons) and
HCFCs (hydrochlorofluofocarbons). On the other hand,
since HFC refrigerants could be subject to
restrictions in light of the problem of global
20 warming, natural refrigerants such as carbdn dioxide,
ammonia and hydrocarbons are also being researched for

applied use.

Efforts toward such refrigerant substitution are

advancing . 1in parallel with development of
25 refrigerating machine oils for these substitute
refrigexants. Refrigerating machine oils must satisfy

AN

*G00001*



X1£9%¥1p¥?§1¥¥iﬁilllllIIHIIIIIHII~II~ 1 *000001* 2003* | wg'%gé 15'?1%)

9401 P. 14 FPOL-0111-00 a nunber of performance requirenents includin
lubricity, mscibility with refrigerants, heat and hydrolytic st%ﬁﬁ1T§@41‘oo
el ectric insulating property and |ow hygroscopicity, and therefore
conpounds satisfying 5 these requirenents are selected to match the type
and purpose of use of each refrigerant. Exanples of refrigerating machine
oils used for HFCs include oxygen-containing conmpounds such as esters,
ethers and ear bonabes t hatf arpeniferimbheew t hetghéreakmnitger anhs l utidngnd

al kyl benzenes which have inferior mscibility wwth the refrigerants but
have excel | edtbhkulditg t y mminsic Heat it pndwhidr of gk tgstrabitki t yheAtt t hadsane
time, efforts are being made to |ower the viscosity of refrigerating
machi ne oi | shytltrl v ¢ 16t goal 10f, aelieetiring hirghera tefrig cpeopyrdf and
refrigerating systenms. Known ester-based refrigerator machine oils include
pol yol est er dowbtaigretsdypieacyj oandf thalhedlatd ccopobylnyds | szl ediyahg and
fatty acids, as disclosed in Japanese Translation Publication No. HEl 20
3-505602 (JPthed3ebQaaD2)refiehntennat isorladctRrubl tcatiaaeh fire Papeat and
Application and Japanese Patent Kokai (Laid-Qpen) Publication No. HE
3-128991 (JPpArdosk2899l) usandoffor enettuctebnigkrbhe .vi Schsahplelk swveh
ester-based refrigerating machine oils it has been 25 found effective to
sel ect fattyrafrdgewiattidow sachine nobber alskyd dioupsifos useciadehe raw
mat eri al .

oxygen—-containing compounds such as esters, ethers and
carbonates that are miscible with the refrigerants,
10 and alkylbenzenes which have inferior miscibility with
the refrigerants but have excellent lubricity and heat

and hydrolytic stability.
At the sahe time, efforts are being made to lower
the viscosity of refrigeratihg machine oils with the
15 §oal of achieving higher efficiency of refrigerating
systems. Known ester-based refrigerator machine oils
include polyol esters obtained by reaction of
aliphatic polyhydric alcohols and fatty acids, as
disclosed in Japanese Translation Publication No. HEI
20 3-505602 (JP-A 3-505602) of International Publication
for Patent Application and Japanese Patent Kokai
(Laid-Open) Publication No. HEI 3-128991 (JP-A 3-
128991), and for reduction of the viscosity of such
ester-based refrigerating machine oils it has been

25 found effective to select fatty acids with low carbon

number alkyl groups for use in the raw material.
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with | ower alkyl

heat and hydrolytic stability of the obtained esters.
alicyclic polycarboxylic 5 acid esters, such as disclosed in Japanese

15@1?@ : NO. 6401, P, 15 .

15~~12~] NO 9401 P, 15 FPO1l-0111-00 However, ‘fatty "acids
groups generally produce the undesirable situation of
There are HiG&o &

| ow

Pat ent Kokai (Laid--QOpen) Publication No. HEl 9-221690 (JP-A 9-221690),
as ester-based refrigerating machine oils wth excellent heat and
hydrol ytic stability, but those with a |arge nunber of carbon atons in the

10 termi nal Bbwgvegrofiptliytaeidst Bithi teweavalhnsugfoepengeneseilbiyl ity

wth refrigerants, while those with a small nunber of carbon. atons in the
term nal al kyrogueep haee umdesiigratieat sat@abidimol wifi ¢ Lost abekitt yands wel |

as insuffici

ent lubricity. 15 There has yet to be devel oped, therefore,
est er - based mefirpgetatd mfatmchihe of | thhatbhasdnkedwestiessosi ty and hi gh

an

| ubricity for high efficiency, together with heat and hydrolytic stability

and mscibility Whehler efamiegeradrecs, hnluiWre & lsiccywalisf ywabyc20bodkel dther

requi red aspects of perfornmance. Disclosure of the Invention It is an
obj ecd of thecpdesesteirsyentiwah, whi cisbasskdeniaccoapthsbed Patkhght of

the aforenentioned problens of the prior art,
25 machi ne dkdékebdnpobhdidnOomhndh Pudd ievadeldrenfol uBEIICi2221 6%f r i geFANt

mscibility,

10

15

20

25

to provide a refrigerating

heat and hydrolytic stability 1(!03= i~230 i5Bi 13 NO. 9401 P.
16 FPO1-0119-DR1680), as ester-based refrigerating machine o0ils

with excellent heat and hydrolytic stability, but
those with a large number of carbon atoms in the
terminal alkyl group at the ester site have
insufficient miscibility with refrigerants, while

F=

those with a small number of carbon atoms in the
terminal alkyl group have inferior heat and hydrolytic
stability, as well as insufficient lubricity.

There has yet to be developed, thereforé, an
ester-based zrefrigerating machine oil that has low
viscosity and high lubricity for high efficiency,
together with heat and hydrolytic stability and
miscibility with refrigerants, while also satisfying
the other required aspects of performance.

Disclosure of the ‘Invention

It is an object of the pfesent invention, which
has been accomplished in light of the aforementioned
problems of the prior art, to provide a refrigerating

machine oil composition which has excellent lubricity,

refrigerant miscibility, heat and hydrolytic stability
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anrﬁ‘ Ue%E'e(':EZr’l céﬁﬂﬂrfﬁsul ating property and which also incr easeNs“‘ tﬂé efPf i 1c6| ency
of refrigerating systens, when used together with HFC refrigerants or
natural refrigerants such as carbon dioxi de and hydrocarbons. 5 H0k 0111-00
result of diligent research ained at achieving this object, the present
inventors have conpleted the present invention upon finding that the
af orenenti oned problens are solved by a refrigerant oil conposition
conprising an alicyclic dicarboxylic 10 acid ester conmpound wWith two ester
groups bondedntdo eheatatigehd)arentatangonpacpestyn ahd akhéydl i elsiong,
wherein the ratio of cis-forns and trans-forns for the orientation of the
two ester grameseafsdie e cyxiftciencar bokylrefacgdresieag cogpaand,i s
controlled to be 15 within a specific range. Nanely, the refrigerating
machi ne oi | eaeposutedn tofetieri mient | HACI sraf refergetat ioxg machraé oil
conposition conprising an alicyclic dicarboxylic acid ester conpound
cont ai ni ng amediicyecddrct $ i sigclanas t werBOnesitien igieowpsl rpiesenttashdy t he
following general forrmula (1) : -COORL (1) where Rl represents a
hydr ogar bon groupaef 1a 30resalhonsf 25dibiegemd esteakeagrodupsa adedato
nmut ual Iy adj acent carbon atons on the alicyclic ring, 4 2003= 1 23E
151413° NO. 9408ieRinky R0 GldjledP, Whetiei notdeenol atnvahtoref Basef orns
and trans- forns for the orientation of the two ester groups of
completed the present invention upon finding that the
aforementioned problems are solved by a refrigerant
oil composition comprising an alicyclic dicarboxylic
10 acid ester compound with two ester groups bonded to
mutually adjacent carbon atoms on the alicyclic ring,
wherein the ratio of cis-forms and trans-forms for the
orientation of the two ester groups of the alicyclic
dicarboxylic acid ester compound is controlled to be
15 within a specific range.
Namely, the refrigerating machine oil composition
of the invention 1s a refrigerating machine oil
composition comprising an alicyclic dicarboxylic acid
ester compound containing an alicyclic ring and two
20 ester groups represented by the following general
formula (1):
-COOR! (1)
where R! represents a hydrocarbon group of 1-30
carbons,

25 the two ester groups bonded to mutually adjacent

carbon atoms on the alicyclic ring,



00 ] 1 f
thgméfigVé i E'“lzl%carboxylic acid ester conpound is from 20N§0M95 887§g 5
Moreover, in the refrigerating machine oil conposition of the present
invention, the nolar ratio of cis-fornms and trans-forms for thefP01-0111-00
orientation of the two ester groups of the alicyclic dicarboxylic acid
ester conpound is preferably from25/75 to 75/25, 10 nore preferably from
30/70 to 70/30. In addition, the refrigerating machine oil conposition of
the present invention preferably also conprises at |east one selected from
the group ' consi sthagedoh phosphodiae acd diesodr sgiscfdims 1Bnghosphostc aci d
esters, amne salts of acidic phosphoric acid ester, chlorinated
phosphori c aftexins estoar stlaad ophesyldrious atfi dhestters. ekheadditdupy ¢fie
refrigerating machine oil conposition of the present invention preferably
al so 20 congteé sesialycldastdiorertset el edatidnetshe rgroaumpcaonsi 54 | figomf
phenyl gl yci dyl ether-type epoxy conpounds, al kylglycidyl ether-type epoxy
conpounds, Zzbyeddyb estern-.type epoxy conpounds, allyloxirane conpounds,
al kyl oxi rane conpounds, alicyclic epoxy 25 conpounds, epoxidized fatty acid
nonoesters and epoxeédiveed vepet aldhe oi kefrig2@@ting ~2m30h1bEE 14i1 N O.
44U1 P. 18 FPO01-0111-00 Best Mdde for Carrying Qut the Invention A
preferred nosiengesithenpreSetiiei presenan witdnt haw behexplodianedrahidet ail .
The refrigerating machine oil conposition of the

of cis-forms and trans-forms for the orientation of

the two ester groups of the alicyclic dicarboxylic
acid ester compound is preferably ffom 25/75 to 75/25,
10 more preferably from 30/70 to 70/30.

In addition, the refrigerating machine o0il
composition of the present invention preferably also
comprises at least one selected from the group
consisting of phosphoric acid esters, acidic

15 - phosphoric acid esters, amine salts of acidic
phosphoric acid ester, chlorinated phosphoric acid
esters and phosphorous acid esters.

In addition, the refrigerating machine oil
composition of the present invention preferably also

20 comprises at least one selected from the group
consisting of phenylglycidyl ether-type epoxy

compounds, alkylglycidyl ether-type epoxy compounds,

glycidyl ester-type epoxy compounds, allyloxirane
compounds, alkyloxirane compounds, alicyclic epoxy
25 compounds, epoxidized fatty acid monoesters and

epoxidized vegetable oils.
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5 ? %@n“ﬁdﬂ k@lgirefrigerating machi ne oil conposition co#ﬁT%gfngPaAg
alicyclic dicarboxylic acid ester conpound containing an alicyc#%%lgi 9100
and two ester groups represented by the foll ow ng general fornu (f? 1500
-000R ( 1) where R represents a hydrocarbon group of 1-30 carbons, the
two ester groups bonded to mutually adjacent carbon atons on the alicyclic
ring, 15 wherein the nolar ratio of cis-forns and trans- forns for the
orientation of the two ester groups of the alicyclic dicarboxylic acid
ester conpouRdstsMpdemt o20/Bor i reD/Q0t e ARVEDELPE ring referred to here
may be a 20 cyclopentane ring, cyclopentene ring, cyclohexane rin
cycl ohexene ring, Acydaffmptathenpidrg, foryEhehapresrn ki Agventipa Wkkl but is
preferably a cyclohexane ring or cycl ohexene ring. A cyclohexane ring is
preferred anmog bheespiedaese iof deaibw rise 25 in viscosity during use
under prolonged and severe conditions, while a cyclohexene ring is even
more 6 20U3L 1 2TRe9 rE¥:HlderdatNhg 948¢hPpel®ilFPOdmpdditdonprodf ethhed
because of its lowrise in total acid value during use under prolonged and
sever® condiihoastiAn als cgclrefdigarbbxybi craadiiheseél cowpmundtiarcor di ng
to the invention conprises the 5 aforenentioned alicyclic ring and two
ester groupscemepraeseéniged by ferimdycl(il) abowerboxydrilyy omeidstegster

compound containing an alicyclic ring and two ester
groups represented by the following general formula
(1):

10 —COOR* (1)

where R! represents a hydrocarbon group of 1-30

carbons,

the two ester groups bonded to mutually aajacent
carbon atoms on the alicyclic ring,

15 wherein the molar ratio of cis-forms and trans-
forms for the orientation of the two ester groups of
the alicyclic dicarboxylic acid ester compound is from
20/80 to 80/20.

The alicyclic ring referred to here may be &

20 cyclopentane ring, cyclopentene ring, cyclohexane
ring, cyclohexene ring, cycloheptane ring,
cyclocheptene ring or_the liké, but 1s preferably a
cyclohexane ring or cyclohexene ring. A cyclohexane
ring is preferred among these because of its low rise

25 in viscosity during use under prolonged and severe

conditions, while a cyclohexene ring 1is even more
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gréqppq;i 'smpﬁeléémﬁ the mscibility wwth refrigerants and tH@‘ Pl@a{t gnd19
hydrol ytic stability are insufficient, whereas if three ester 9?98$§o§??—00
10 present, the low tenperature flow properties are insufficient. The two
ester groups represented by formula (1) nust also be bonded to nutually
adj acent carbon atons on the alicyclic ring. If they are not bonded to 15
mutual | y adj acent carbon atons on the alicyclic ring, the heat and
hydrolytic stability and the lubricity_ are inadequate. An alic ch%%

di car boxyl | reeferestepecamssuret hAEEoRQMNG 4SE the FAFEAt i%eH 9 ntt Ukes bot h
the cis- and 20 trans- fornms for the orientation of the two adjacent ester
groups reprebenied byef ondelraprplonmad adrerheret 6oPAetitRPENti on, the
molar ratio of the cis-forms and trans-forms is from 20/80 to 80/ 20,
preferably from 5/ 7511oyZ5iR25 dadamboxYdriat e f90MRB0/TIRGE 70/ 30.
If the nolar ratio of cis-forns and trans- forns is smaller than 20/80 it
is not possidteotding7 20084 1PL28B 151ip5eniN®n 440X9MPDseFP01-H181- 00
obtain high lubricity, whereas if it is greater than 80/20 it is not
possidl e to Dty wémehtgbhnkdat adndychydr okynidc sndbi TWey. eR&e R |FrHePs
expl ai ned hereunder, one alicyclic dicarboxylic acid ester conmpound 5
accor di ng t a-dgreesonenti ay niyribelased lal dpeveor dAf nPRidr ©n6f 2wRBr nore
thereof may be used; however, when a refrigerating nmachine oil conposition
of the invepiéwp cinppireesertwo thenonésdibiéisnt wypes xffrigerants

and the heat and hydrolytic stability are

insufficient, whereas 1f three &estexr groups are
10 present, the low temperature flow properties are
insufficient.

The two ester groups represented by formula (1)
must also be bonded to mutuzlly adjacent carbon atoms
on the alicyclic ring. If they are not bonded to

15 mutually adjacent carbon atoms on the alicyelic ring,
the heat and hydrolytic stability and the lubricity
are inadequate.

An alicyclic dicarboxylic acid ester compound
according to the inventioh includes both the cié— an&

20 trans~ forms for the orientation of the two adjacent
ester groups represented by formula (1), but according
to the invention, the molar raztio of the cis-forms and
trans-forms is from 20/80 to 80/20, preferably from
25/75 to 75/25 and more preferably from 30/70 to

25 70/30. If the molar ratio of cis-forms and trans-

forms is smaller than 20/80 it is not possible to
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alﬁgl%1#%l%iygﬁ %xylic acid esters, the nolar ratio of 10 mﬁe’%Ms-gbr%E and
trans-forns refers to the nolar ratio of the total cis-forns and total
trans-forms in the conposition. RL in formula (1) represents a WiHoHriEorP0
group of 1-30, preferably 2-24 and nore preferably 3-18 15 carbons. The
hydr ocarbon group referred to here may be an al kyl group, al kenyl group,
cycl oal kyl group, alkylcycloal kyl group, aryl group, alkylaryl group,
aryl al kyl group or the like. Preferred anong these are al kyl group,

cycl oal kyl godte iandhabkylleyodicsltky,l @Degeesp I ontt He symeaiper ntheh heat
and hydrolytic stability. The al kyl group may be strai ght or branched
chain al kyl sgr/oup, iandias speciposs Exhaples tdieraimayhibg hertti oned
straight or branched chain propyl group, 25 straight or branched chain
butyl group, hsidraiighti ©rstbbancbed chai wifentyd gxoLpinsdraegbtnderhranched
8 200 3 3H 15B 1 5f? NO. 9401 P. 71 FP01-0111-00 chain hexyl group,

strai ght or Bmhanched iehailn hepilcaghbokyl isd r aizghitd or ebtarchedorpaiindoct yl
group, straight or branched chain nonyl group, straight or branched chain

decyl sgroup, sgldodidiiig or obreme hedivelnaiiord magecyd @rseidp, asdnaj ghir oa
branched chai n dodecyl group, straight or branched chain tridecyl group,
strai ght or hrarehed ehaitwct eir adeey| tiyeaemt shaai plet uswdbrasebedrghain
pent adecyl group, straight or branched chain hexadecyl group, straight or
branched when a refrigerating machine oil composition of the
invention comprises two or more different types of
alicyclic dicarboxylic acid esters, the molar ratio of
10 the cis-forms and trans-forms refers to the molar
ratio of the total cis-forms and total trans-forms in
the composition.
R' in formula (1) represents a hydrocarbon group
of 1-30, preferably 2-24 and more preferably 3-18
15 carbons. The hydrocarbon group referred to here may
be an alkyl group, alkenyl group, cyclecalkyl group,
alkylcycloalkyl group, aryl group, alkylaryl group,
arylalkyl group or the like. Preferred among these
are alkyl group, cycloalkyl group and alkylcycloalkyl
20 group from the standpoint of heat and hydrolytic
stability.
The alkyl group may be straight or branched chain
alkyl group, and as specific examples there may be
mentioned straight or branched chain propyl group,

25 straight or branched chain butyl group, straight or

branched chain pentyl group, straight or branched
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lozghéiAﬁ%Qp{%dé@yl group and straight or branched chain ow%gé@cylpggbup.
Anong these, preferred straight chain alkyl groups are those with 4 or
nmore carbons fromthe standpoint of heat and hydrolytic stabilit¥P0an@8111-00
those 15 with no nore than 18 carbons fromthe standpoint of refrigerant
mscibility. Preferred branched al kyl groups are those with 3 or nore
carbons fromthe standpoint of heat and hydrolytic stability, and those
with no nore than 18 carbons fromthe standpoint of 20 refrigerant
m scibility. chsigychealykylggyopp tliere gy be ivanichreel clhychopsitwl gr oup,
cycl ohexyl group, cycloheptyl group and the |like, with cycl ohexyl group
bei ng prefer gadud,r omst:lre istrendpoi nt bofarheadd andhBydr ol yét ¢l st afdiduid,y. 25
An al kyl cycl oal kyl group is one having an al kyl group bonded to a
~ cycloal kyl gsaumignd bRosershthedl kyHai® 2003/11Pg23tp]5%46ra Nght 9401 P, 22
FP01-0111-00 groups bonded to cycl ohexyl group are preferred from the
st andpoi nt obrkeatheaddehyin oigtivt strahid,i tytraRief es r edrahkybay ehaalky
groups are also those with a total of 6 or nore carbons fromthe
st andpoi nt otinkieatylds antblrydr odtytaTylst abbti t yraapdetihosgaWht hapeermie than
a total of 10 carbons fromthe standpoint of refrigerant mscibility and
| ow t enper at yreufl,owstranpsit i esr Anrabéigyel i endigar bexykigiaciygdoesgt er
conmpound 10 according to the invention can be obtai ned by the™ production

process desceithed gved oy bsianghadotedyr ketradecyl group, straight

or branched <chain pentadecyl group, straight or

branched chain hexadecyl group, straight or branched

10 chain heptadecyl group and straight or branched chain
octadecyl group.

' Améng these, preferred straight chain alkyl
groups are those with 4 or more carbons from the
standpoint of heat and hydrolytic stability, and those

15 with no more than 18 carbons from the standpoint of
refrigerant miscibility. Preferred branched alkyl
groups are those with 3 or more carbons from the
standpoint of heat and hydrolytic stability, and those
with no more than 18 carbons from the standpoint of

20 refrigerant miscibility.

As cycloalkyl group there may be mentioned
cyclopentyl group, cyclohexyl group, cycloheptyl group
and the like, with cyclohexyl group being preferred
from the standpoint of heat and hydrolytic stability.

25 An alkylcycloalkyl group is one having an alkyl group

bonded to a cycloalkyl group, and those with alkyl
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alé%ﬁglw%ﬁﬁdéﬁ'o ere RL has the sanme definition as RL in fornuJ
above) and an alicyclic dicarboxylic acid or its acid anhydride

car boxyl

groups on 15 nutually adjacent carbon atons on the alic

According to the invention, the two RlL groups of the alicyclic
di carboxylic acid ester conpound nmay be the sane or different,

al cohol
al cohol

conponent used preferably includes 20 (a) at |east one
selected from the group consisting of aliphatic al cohol

a o'

fg O.tlrcl OE% '.0.0
but the

type of
s of 1-5

carbons, andgfonpast beasedon® t gpeleheilVdordiowk| eseedTaiorethe fgpBup

consi sti

ng of aliphatic alcohols of 6-18 25 carbons, in order t

0 obtain

adequat e heathend dwandpyint ¢0 2083tl P83 ISZINGtytiNO, onabipitys.
FP01-0111-00 stability and lubricity, as well as excellent refr
m sci bility. PYkdr ey abeylypeloélkalcaholuty omg @lsboveese wskl, at he

obt ai ned alicyclic

i ger ant

di carboxylic acid ester conpound tends to have 5

i nferior heatoand hyfirel yti nostabilrboynsasioesd Ittes starsdfdint enf hebkicity.
When only one type of alcohol from (b) above is used, the obtai
alicyglic diuearboxytédtyatidsesbedl iconpound thods wathave mnosef
refrigerant mscibility. 10 Wile the alicyclic dicarboxylic aci
conpound accardimngt 0 the& | nvent cenbicsspr efesmbl yheobtsdiamatpaisitng %o or
nore different alcohols, it is particularly preferred to use both an

al cohol

fromre&krigerant miscibility and low temperature

preoperties.

ned
fhenent
d ester

flow

An alicyclic dicarboxylic acid ester compound

10

15

20

25

according to the invention can be obtained by the
production process described below, using a monohydric
alcohol (R'0OH, where R' has the same definition as RY
in formula (1) above) and an alicyclic dicarboxylic
acid or its acid anhydride with two carboxyl groubs on
mutually adjacent carbon atoms on the alicyclic ring.
According to the invention, the two R' groups of the
alicyclic dicarboxylic acid ester compound may be the
same or different, but the alcohol component used
preferably includes

(a) at least one type of alcohol selected from
the group consisting of aliphatic alcohols of 1-5
carbons, and

(b) at least one type of alcohol selected from

the group consisting of aliphatic alcohols of 6-18

carbons,

in order to obtain adequate heat and hydrolytic

10
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anémgﬁ Qpé%ﬂéﬁlwion1(b) above. Even if two or nore 15 diffégéﬁplalgoﬁgls

from(a) alone are used, the obtained alicyclic dicarboxylic acid ester
conpound tends to have inferior heat and hydrolytic stability, Eafd —0111-00
insufficient lubricity- Also, even if two or nore different alcohols from
(b) alone are used, the 20 obtained alicyclic dicarboxylic acid ester
conpound tends to have insufficient mscibility wwth refrigerants. In an
alicyclic dicarboxylic acid ester conpound obtained using the

af or ement i onedadliddngl cengonehekrigstya) amdl (bRllt heaR dexteédentom the
ali phatic alcohol (a) is an alkyl group of 1-5 carbons, but is 11 2 0 0 3
23B 15el1l 17f2fNOged40t PmixcilPOItY111- 0Bhgnef erdiyl y care al kypegrofip of
3-5 carbons fromthe standpoint of heat and hydrolytic stability. The

al kyl group ef.cdhblcdmvons(ainyalbevst tai ghedor theamdied nehad hiaykyicgr oup,
but straight chain alkyl group is 5 preferred fromthe standpoi nt of
lubricity, wiikerbbxydched ebhadn asbdr gr capposngr efeenesl f tom t heve
standpoi nt of refrigerant mscibility and heat and hydrolytic stability.
As specific exdrplies ohealtkybngr obhpdrofiytis $0abalbdys deriwedlf ramthe

al cohol conponent (a) there may be nentioned nethyl group, ethyl group,
strai ght oribsafched ealtailnuipriopyty gr odpenstrayghneort wreancheal cehaln but yl
group, straight or branched chain pentyl group and the |ike, anobng which
n-butyl groupramd nkl5 pEmeye ghsup e pretker edbftrdomeiche =t aogpbiat of

dicarboxylic acid ester <compound tends to have
insufficient refrigerant miscibility.

10 While. the alicyclic dicarboxylic acid ester
compound according to the 1invention 1s preferably
obtained using two br more different alcohols, it is
particularly preferred to use both an azlcohol from (a)
and an alcohol from (b) above. Even 1f two or more

15 different alcohols from (a) alone are used, the
obtained alicyclic dicarboxylic acid ester compound
tends to have inferior heat and hydrolytic stability,
and insufficient lubricity. Also, even if two or more

different alcohols <from (b) alone are used, the

20 obtained alicyclic dicarboxylic acid ester compound
tends to have insufficient miscibility with
refrigerants.

In an alicyclic dicarboxylic acid ester compound
obtained using the zforementioned alcohol components
25 (2) and (b), the R! derived from the aliphatic alcochol

(a) is an alkyl group of 1-5 carbons, but is

11
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Iugwﬁgi#VfE&ﬁ%ﬂQ}iso-butyl group and i so-pentyl group areNBTéwgrrgd2ﬁrom
t he standpoi nt of heat and hydrolytic stability. Furthernore, i§,®3_0111_00
alicyclic dicarboxylic acid 20 ester conpound obtai ned using al St
conponents (a) and (b), the RL derived fromthe aliphatic alcohol (b) is
an al kyl group of 6-18 carbons but is preferably an alkyl group of 6-12
carbons, and nore preferably an alkyl group of 7-9 carbons, fromthe
standpoint of 25 mscibility. The al kyl group of 6-18 carbons may be
strai ght or prafiemadloghain abkiylgroupuprbrf std=i gkerbpa20Ired | MBe15e4!
7~ NO. 94'11 P. 25 FPO01-0111-00 chain alkyl group is preferred fromthe
st andpoi nt of tahdbeiicitt y o fwhihketbr andhedydhailgtalckystgbadptivs préherred
fromthe standpoint of mscibility and heat and hydrolytic stability.

Al kyl group adkhlmareuhant 51418 carbons imgyndte miefeirghed dechuzrechiady
result in inferior refrigerant mscibility and | ow tenperature flow
properties. dsaspeciYky¢l eganpbes Wwit akkybightupchefis- a8ky¢ardsong dési ved
fromthe al cohol conponent (b) there 10 nay be nentioned straight or
branched chaphnefexyledyr @pm stuhad ghett zorddwyianc hedlf chiaibribepyyl gnolgp,
straight or branched chain octyl group, straight or branched chain nonyl
group, straighinehelr arthead chdikyl depydumgr oup, stefeghedor fbomnchied chain

undecyl group, 15 straight or branched chai n dodecyl group, straight or
branched chainahtipdacy e@rfoupefstipairghtt omibrabdiedy chaidn hebtadeny!
group, straight or branched chain
hydrolytic stability.
As specific examples of alkyl groups of 1-5
10 carbons derived from the alcohol compoﬁent {(a) there
may be mentioned methyl group, ethyl group, straight
or braﬁched chain propyl group, straight or branched
chain butyl group, straight or branched chain pentyl
group and the like, among which n-butyl group and n-
15 pentyl group are preferred from the standpoint of
lubricity, while iso-butyl group and iso-pentyl group
are preferred from the standpoint of heat and
hydrolytic stability.
Furthermore, 1in an alicyclic dicarboxylic acid
20 ester compound obtained using alcohol components (a)
and (b), the R!' derived from the aliphatic alcohol (b)
is an alkyl group of 6-18 carbons but is preferably an
alkyl group of 6-12 carbons, and more preferably an
alkyl group of 7-9 carbons, from the standpoint of

25 miscibility. The alkyl group of 6-18 carbons may be

straight or branched chain alkyl group, but straight

12
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péﬂﬁéﬁégéfﬁéﬁ%dﬁ, strai ght or branched chai n hexadecyl gr%ﬂéﬁdgtraléht or
branched chai n hept adecyl group and 20 strai ght or branched chain octadecyl
group, anong which r_-heptyl group, n-octyl group, n-nonyl gro UhigdLi1=00
n-decyl group are preferred fromthe standpoint of lubricity and
mscibility, while iso-heptyl group, 2- ethylhexyl group and
3,5,5-trinethyl hexyl group are 25 preferred fromthe standpoint of both
mscibility and heat and hydrolytic stability. 13 2003= i MH 155418;' NO.
9401 P. 26 RGO 041kyDO0 groeirer¥edrakieyerdc fdicdarPoxysFendepdnégsodr
conpounds according to the invention are ester conpounds obtained using
al cohol s of Itvieriaf oy enenthiidreed ¥ apncbrponeritsimndaakydhol grofipt he s5
af orenenti oned (b) conponents, and they include the following. (A Esters
wher ei n one pafe fidrer ¢ dvofestmerthgr cspsndpepneserft ed sy lfiehier vl ahdr melad (1) in
the sane nolecule is a group derived froman (a) conponent, and 10 the
other is a gmumhgeéroveditr emadi(h)tyconpdhénl; geBlupMwit it esont edber s
wherein the two ester groups represented by general forrmula (1) present in
t he sane noliecuterdpvasboih grouppredrernred f bene(ar tChsponsntslt and esters
wherein the two ester groups 15 represented by general formula (1) present
in the sane inmdreicit e rafe iettargr onps cdédilvded faond (low corppeenttsre (C)

M xtures of (A and (B). Any of (A to (C) above may be used as preferred
alicyclic difdavbpadperaces. ester conpounds accordi ng

As specific examples of alkyl group of 6-18

carbons derived from the alcchol component (b) there

10 may be mentioned straight or branched chain hexyl
group, straight or branched chain heptyl group,

straight or branched chain octyl group, straight or

branched chain nonyl group, straight or branched chain

decyl group, straight or branched chain undecyl group,

15 straight or branched chein dodecyl group, straight or
branched chain tridecyl group, straight or branched

chain tetradecyl group, straight or branched chain
pentadecyl group, straight or branched chain hexadecyl

group, straight or branched chain heptadecyl group and

20 straight or branched chain octadecyl group, among
which n-heptyl group, n-octyl group, n-nonyl group and

n-decyl group are preferred from the standpoint of

lubricity and miscibility, while iso-heptyl group, 2-
ethylhexyl group and 3,5,5-trimethylhexyl group are

25 preferred from the standpoint of both miscibility and

heat and hydrolytic stability.




Q tF(nganeA ?on but (A) or (C is particularly preferrNan%lromthzc:6
standp0|nt of heat and hydrolytic stability. In the case of (C)
proportion of (A) and (B) is not particularly restricted, but (A@PQ%;Olll 00
present at 25 preferably 5% by mass or greater, nore pref erably | og by
mass or greater, even nore preferably 15% by mass 14 2 0 0 3 1 2 3 H 15D
18 NO. 9401 P, 27 FP01-0111-00 or greater and nost preferably 2H by nass
or greater, wth respect to the total of (A) and (B) fromthe standpoint
of heat and hydr oPykifersteabi | iatlytcYo¥ia he ARragdnent s efcifdor nekaegl) for
the 5 preferred alicyclic dicarboxylic acid ester conpound of the
i nvention, thempatingly noaacorating) ofoRl1 thaeri vedehtooman atecohektet (a)
conponent and R1 derived froman al cohol of (b) conmponent is not
particul arl ycoepbunetsed, hmhbtained preferadly i altbkrol® rangé of the9 to
99/1 since this will allowthe lubricity, heat and hydrolytic stability
and refrigeedotrenesdiibniddy t®) aldomposattsfi @dd Febavhodtandpoi bhef ocused
on the mscibility, the ratio (nolar ratio) of Rl derived froman (a)
al cohdl 15 afidrRheaeriorsd f riom acbhpoaknalbel asdprEfey akbhy ludet heheange of
60/40 to 99/1, nore preferably in the range of 70/30 to 99/1 and nost
preferably ifiot hewdagge of 80/20 to 99/1. From a standpoint nore focused
on the heat and hydrolytic stability and lubricity, the 20 aforenentioned
ratio is preferabl®)i Edthersangesofin 1698 tef 6@h40, twdr e speef egablysi n t he
range of 1/99 to

represented by general formula (1) in the same
molecﬁle is a group derived from an (a) component, and
10 the other 1s a group derived from a (b) component;
(B) Mixtures of esters wherein the two ester
groups represented by general formulz (1) present in
the same molecule are both groups derived from (a)
components, and esters wherein the two ester groups
15 represented by geheral formula (1) present in the same
molecule are both groups derived from (b) components;
(C) Mixtures of (A) and (B).
Any of (A) to (C) above may be used as preferred
alicycliec dicarboxylic acid ester compounds according
20 to the invention, but (A) or (C) is particularly
preferred from the standpoint of heat and hydrolytic
stability.
In the case of (C), the proportion of (&) and (B)
is not particularly restricted, but (A) is present at

25 preferably 5% by mass or greater, more preferably 10%

by mass or greater, even more preferably 15% by mass

14
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50;%0'aﬁg %&éﬁl%?eferably in the range of 1/99 to 40/60. #%é4g||c@cﬂﬂc i
di carboxylic acid ester conpound 25 nmay of course contain one o 82r8 ggano !
one hydrocarbon groups on the carbon atons of the alicyclic ringE 5V56634
i 2 3 0 1591119~ NO. 9401 P 28 FPOL1-0111-00 Al kyl groups are preferred as
such hydrocarbon groups, wth nmethyl group being particularly preferred l
from the standpoint of mscibility. An alicyclic dicarboxylic acid ester
conpound 5 according to the invention has the structure described above,
and such estar zoepbeadsngr @qsitefaredPIAPL L es? @t | PYcBBF6ncaf dueeimescri bed
acid conponent and al cohol conponent by a common process, preferably in
an inert gayidthogssmecudle athai thadgeln add Wi h 2@l hdBli nfrem tthee
presence of an esterifying catalyst or wthout a catalyst. As acid
conponent s fsrandwo ahtcyél headi eadhdwdricd vidsi dstestekitynpound there may be
menti oned cycl oal kanedi carboxylic acids, cycloal kenedi carboxylic 15 acids
and their acid arfwdrittes, Rthecempohentestef fHwoupsaar el bonfted ttherut ual ly
adj acent carbon atons on the alicyclic ring, and any one or mxture of two
or rfore of pireeermay | iusedl L SpddichirbalXyl itches eldnye dieer meotripoued
-1, 2-cycl ohexanedi car boxylic acid, 4 20 cycl ohexene-|, 2-di carboxylic acid,
1- cycl ohexenret 1,t%he di avbokybhe athd, 3amebhyl(molar ratio) of R!
cycl ohexa. -i edi carboxylic acid, 4-nethyl-1,2- cycl ohexanedi carboxylic acid,
3-net hyl - 4- deodiohedenfrom  an  &alcohol of (a) component and R
derived from an alcohol of (b) component 1s not
particularly restricted, but it is preferably in the
10 range of 1/99 to 99/1 since this will allow the
lubricity, heat and hydrolytic stability and
refrigerant miscibility to all be satisfied.
From a standpoiht focused on the miscibility, the
ratio (molar ratio) of R! derived from an (a) alcohol
15 and R! derived from a (b) alcohol is preferably in the
range of 60/40 to 99/1, more preferably in the range
of 70/30 to 99/1 and most preferably in the range of
80/20 to 99/1. From a standpoint more focused on the
heat and hydrolytic stability and 1lubricity, the
20 aforementioned ratio 1is preferably in the range of
1/99 to 60/40, more preferably in the range of 1/389 to
50/50 and most preferably in the range of 1/99 to

40/60.
The alicyclic dicarboxylic acid ester compound
25 may of course contain one or more than one hydrocarbon

groups on the carbon atoms of the alicyclic ring.

15
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1,§warcg#6%Q;%%%}acid, 4- et hyl - 4- cycl ohexene-1, 2 25 dicarg%Qvac gcﬂg and
their acid anhydrides. O these, 1, 2-cycl ohexanedi carboxylic acid,
3-methyl - 16 2003 1J238 15 1 9r? NO 9401 P. 29 FPOL-0111-00  FP01-0111-00
1, 2, - cycl ohexanedi car boxylic acid, 4-methyl-1,2- cycl ohexanedi carboxylic
acid and their acid anhydrides are preferred fromthe standpoint of
mnimzing rise in viscosity of the prepared ester conpound during its 5
use under prolonged and severe conditions, with 1,2 cycl ohexanedi carboxylic
aci d bei ng mostypreftenped afmy pidferxed| fensughsdivisitaaarban ¢heups her
hand, 4- cycl ohexene-1, 2-dicarboxylic acid, 1-cyclohexene-I, 2-

di car boxyl i oviich d med=lngl hydrdu?2 beiocgcl phekanedecdiyboryeteraeidd, from

3- et hyl - 4- cycl ohexene- 1, 2-di carboxylic acid and

4- met hyl - 4- cyied ohexp8poin2- odi cdrsaoylliiccyaci d and their acid anhydrides are
preferred fromthe standpoint of mnimzing risein the total acid val ue
during use under zf ol shgedcatnd 18isevboayddnrdi tacqins, adiidr compound

4- cycl ohexene-1, 2-di carboxylic acid being nost preferred for its excellent
m scidility ansbheatgand hypdr alnutdrct isdrabid st yhe Atcwcdinng tdeddeibeent i on,
when one of the aforenentioned alicyclic dicarboxylic acids is used as 20
the acid comglosresnt, hhd naluath r atstoef comspdaonds aade t parpdwads by t he

alicyclic dicarboxylic acid nust be between 20/80 and 80/20, preferably
bet ween 25/ s taadli £ 76425 pnandf nurhe ppekercahibedetnedn 3GhFoOnand 744 30.
There are r_o particular restrictions on the
alcohol component by a common process, preferably in
an inert gas atmosphere such as nitrogen and with
10 heating in the presence of an esterifying catalyst or
without a catalyst.

As acid components for the alicyclic dicarboxylic
acid ester compound there may be mentioned
cycloalkanedicarboxylic acids, cycloalkenedicarboxylic

15 acids and their acid anhydrides, wherein two ester
groups are bonded to mutually adjacent carbon atoms on
the alicyclic ring, and any one or mixture of two or
more of these may be used. Specifically there may be
mentioned 1,2-cyclohexanedicarboxylic acid, 4~

20 cyclohexene-1,2-dicarboxylic acid, l-cyélohexene—l,z—
dicarboxylic acid, 3-methyl-1, 2-
cyclohexanedicarbo#ylic acid, 4-methyl-1, 2-
cyclohexanedicarboxylic acid, 3-methyl-4-cyclohexene-
1,2-dicarboxylic acid, 4-methyl-4-cyclohexene-1, 2-

25 dicarboxylic acid and their acid anhydrides. of

these, 1,2-cyclohexsnedicarboxylic acid, 3-methyl-

16




20038 18238 1589 . . . . NO, § .
ZSZ%fgdu%t?Jﬁ éﬁ%cess for these alicyclic dicarboxylic acp%§4ghd ?hgpr

anhydri des, and any conventional 17 2003 1P23E 1N2 H NO 9401 P__30
FPOL1-0111-00 publicly known process may be enpl oyed. As a specif5801_0111‘00
exanpl e, 4-cycl ohexene-1, 2--di carboxylic acid may be obtained by reacting
but adi ene and nal ei ¢ anhydride in a benzene solvent at 100C. 5 The al cohol
conponent of the alicyclic dicarboxylic acid ester conpound of the
invention may be a straight chain al cohol of 3-18 carbons, a branched
chai n al cohol, 8f -8yt8 obardsoresl isra rpoxyki ®al cohslidef 5- M0-mstnoisl, 2~
Specifically there may 10 be nentioned straight or branched chain propanol
(i ncl udi ng nepcoparaknet-imetrtipdxatlnanoicicdt engl, thetiraiaghitd amHiydanichesl chain
but anol (i ncluding n- butanol, 1-methyl propanol, 2-nethyl propanol, etc.),
strai ght or dranghed«haidy penmardie (Ehehddpigtn db péntiadeling rise
1- met hyl but anol , 2-nmet hyl but anol, 3- nethyl butanol, etc.), straight or
branched chain vhexasdlty(iofclid norepdexdnestet- nempplpentdralng 2-ts
nmet hyl pent anol, 3-nethyl pentanol, etc.), straight or branched chain
hept &ol (i nesadiungier- hepd donbedl 2201 neehygkbexamal it Zsmet hylihbxdnd
3- met hyl hexanol , 4- nethyl hexanol, 5-nethyl hexanol, 2, 4-di nethyl pentanol,
etc.), straightlonekraerdied rdhaiylicctandd benalgudisgt preceamed, for
2- et hyl hexanol , 1-nethyl heptanol, 2- methyl heptanol, etc.), straight or
branched chai s 25 nosbBheht (imicd aidd hhi by nonamal , thenevhyeoctlaarod, 3,5, 5-
trimet hyl hexanol, 1-(2'-m ethyipropyl)-3-nethyl butanol,
cyclohexene-1,2-dicarboxylic acid, 1l-cyclohexene-1,2-

dicarboxylic acid, 4-methyl-1,2-
10 cyclohexanedicarboxylic acid, 3-methyl-4-cyclohexene-
1,2-dicarboxylic acid and 4—methyl—4—cyclohexene—l,2—
dicarbokylic acid and their acid anhydrides are
preferred from the standpoint of minimizing rise in
the total acid wvalue during use under prolonged and
15 severe conditions, with 4-cyclohexene-1,2-dicarboxylic
acid being most preferred for its excellent
miscibility and heat and hydrolytic stability.
According to the invention, when one of the
aforementioned alicyclic dicarboxylic acids is used aé
20 the acid component, the molar ratio of cis-forms and
trans-forms in the alicyclic dicarboxylic acid must be
between 20/80 and 80/20, preferably between 25/75 and

75/25, and more preferably between 30/70 and 70/30.
There are no particular restrictions on the
25 production process for these alicyclic dicarboxylic

acids and their anhydrides, and any conventional

17
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18Zg@03”¥§%1f%é@51 NO. 9401 P. 31 FPO1-0111-00 etc.), strgpg%wlorpbr%nched
chai n decanol (including n-decanol, iso-decanol, etc.), straight or
branched chain undecanol (including n-undecanol, etc.), straightf0d0111-00
branched chai n dodecanol (including n 5 dodecanol, iso-dodecanol, etc.),
straight or branched chain tridecanol, straight or branched chain
tetradecanol (including n-tetradecanol, iso- tetradecanol, etc.), straight
or branched chain pentadecanol, straight or branched chai n hexadecanol 10
(i ncludi ng npexadégakalown soedexasecayobe emplpyedstrdighi @wedi Abhched
chai n heptadecanol, straight or branched chain octadecanol (including
n- oct adecanoéxamp $6- Ocuadgeandlexeeies-1),, 2-cyid otiexandi ¢  seilylaygl obexanol ,
di et hyl cycl ohexanol, and the 15 |ike. As nentioned above, a preferred
al cohol conpsesinedsey aceridimg botideehBvant arliesd @nmidd pastigne type
of al cohol selected from the group consisting of aliphatic alcohols of 1-5
20 carbons, angefb)rnat sheashtona type°©f al cohol selected from the group
consi sting of aliphatic alcohols of 6-18 carbons. As al cohols of (a) above
theresmay be nenttieed a2%gidni ghtofifanenal cohet s othd-5 carheps: aad
branched chain al cohols of 3-5 carbons.. As specific exanples 19 2003
23H 156; 213 NQaP¥0%yPic acid ester compound of the invention may

be a straight chain alcohel of 3-18 carbons, a

branched chain alcohol of 3-18 carbons or a

cycloalcohol of 5-10 carbons. Specifically there may
i0 be mentioned straight or Dbranched chain propanol
(including n-propanol, l1-methylethanol, etc.),
straight or Dbranched chain Dbutanol ({including n-

butanol, 1-methylpropanol, 2-methylpropancl, etc.),
straight or branéhed chain pentanol (including n-
15 pentanol, l-methylbutanol, 2-methylbutanol, 3-
methylbutanol, etc.), straight or ©branched chain
hexanol {(including n-hexanol, l-methylpentanol, 2-
methylpentanol, 3-methylpentanol, eté.), straight or
branched chain heptanol (including n-heptanol, 1-
20 methylhexanol, 2-methylhexanol, 3-methylhexanol, 4=
methylhexanol, 5-methylhexanol, 2,4-dimethylpentanol,
etc.), straight or branched chain octanol (including
n-octanol, 2-ethylhexanol, l-methylheptanol, 2-
methylheptanol, etc.), straight or branched chain
25 nonanol (including n-nonanol, l-methyloctanol, 3,5,5-

trimethylhexanol, 1-(2'-methylpropyl)-3~methylbutanocl,

18
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P. 3
32 FPCf O%l %d) t here may be nentioned net hanol, ethanol, £45;opanoﬂ

n- but anol , n-pentanol, iso-propanol, iso-butanol, sec- butanol

i so- pentanol, anong whi ch n-butanol and n- pentanol are preferreggP}oﬂ}}%eoo

standpoint of 5 lubricity, while iso-butanol and iso-pentanol are
preferred fromthe standpoint of heat and hydrolytic stability. On the

ot her hand, as al cohols of (b) above there nmay be nentioned straight chain

al cohol s of 6-18 10 carbons and branched chai n al cohols of 6-18 carbons.
As speci fi c eb@npl es ttdrergdh trag rb TNt R oRh e Fiifex@@ef ol n- Haystlawbing

n-oct anol, n-nonanol, n-decanol, n- undecanol, n-dodecanol, n- tetradecanol,

n- hexadecanai-desrnoét adesandksangd. hexhfol ; Zshﬁﬁh9$hexahohraDQhEd

met hyl hept anol , 2-net hyl heptanol, iso-heptanol, 2- ethyl hexanol, 2-octanol,

i so-oct anol ,cI3i5 5- undeerhpllhexahigicludbrgecanoindesenpét r adedandl,, i so-

hexadecanol , iso-octadecanol and 2, 6-di net hyl -4- heptanol, w th n-heptanol,

n-oct anol , mmomiagiot avd P2 deednoth b ndptedareled fimomudiengt andpoi nt
of both lubricity and miscibility, and iso-heptanol, 2- ethyl hexanol and
3, 5, 5-tri netdpddmxamb)l BeinglodquaErerk edetrom, t et stisgidpod nt baferydtdd
mscibility and heat and hydrolytic stability. 25 Wen the aforenentioned

aci d conpon@itaiand #tridhoknodnponeftrarghtusedofor kstvrchkdcat iamir20 2003r

230 15 22 NO 9401 1 P, 33 FPO1-0111-00
tetradecanol (including n-tetradecanol, isc-

tetradecanol, etc.), straight or branched chain
pentadecanol, straight or branched chain hexadecanol
10 {including n-hexadecancl, iso-hexadecanol, etc.),
straight or branched chain heptadecanol, straight or

branched chain octadecanol (including n-octadecanol,

iso-octadecanol, etc.), cyclohexanol,
methylcyclohexanol, dimethylcyclohexanol, and the
15 like.

As mentioned above, a preferred alcohol component
used according to the inventioh is
(a) at least one type of alcochol selected from
the group consisting of aliphatic alcohols bf 1-5
20 carbons, and
{(b) at least one type of alcohol selected from
the groub consisting of aliphatic alcohols of 6-18
carbons.
As alcohols of (a) sbove there may be mentioned
25 straight chain alcohols of 1-5 carbons and branched

chain alcohols of 3-5 carbons. As specific examples

19
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reactlo cohol conponent is used at 1.0-1.5 equivaleént and
preferably 1. 05 1.2 equivalents to 1 equivalent of the acid conponent
exanple. Furthernore, instead of the aforenmentioned acid 5 co ngﬁ@ﬁfgié%aoo
al cohol conponents, |ower alcohol esters of these acid conmponents and/or
acetic acid esters and propionic acid esters of these al cohols may be
used to obtain alicyclic dicarboxylic acid ester conpounds according to
the invention by ester exchange 10 reaction. Specific exanpl es of
esterifying Wataéysby te beenbdedetiomettherialvenetbanohel aderogsing laci ds
such as alum num derivatives, tin derivatives and titanium derivatives;
al kal i et aln-sahtsnsluchnapesnddingh,15 si-kuxopkeso Andipotassenmlal ksed-des; and
sul fonic acids such as para-toluenesul fonic acid, nethanesuifonic acid
and sul furi &wrcitlol TArdadsorpeoft saastler idmomy witatchl ysbubtsed lnayndoay— f or
exanpl e, about 0.1-1%by mass with respect to the total of the acid
conponent 2@ etk tohdr€omporeiir readv ndten al shel n consipetat | o of the
effect on the heat and hydrolytic stability of the obtained alicyclic
di cardoxyl i dwasttcesyer whdnpoundo-doutmncl acadd suthoapeanaabln rum
derivative, tin derivative or titaniumderivative is preferred, 25 and tin
derivati ves paref @arédcudram ytpe efséamegpfimom of héesttansipodi htydefo Lyeaet i on
efficiency. 21 20(i3L 1 238 15H 2N NO. 0401 P. 34 FP01-0111-00 The
tenperature Sybihetesterification is typically 150-230C, and the reaction
is usually

On the other hand, as alcohols of (b) above there

may be mentioned straight chain alcohols of 6-18
10 carbons and branched chain alcohols of 6-18 carbons.
As specific examples there may be mentioned n-hexanol,
n-heptanol, n-octancl, n-nonanol, n-decanol, n-

undecanol, n-dodecanol, n-tetradecanol, n-hexadecanol,

n-octadecanol, iso-hexanol, 2-methylhexanol, 1-
15 methylheptanol, 2-methylheptanol, iso-heptanol, 2-
ethylhexanol, Z2=-octanol, iso-octanol, 3,5,5-

trimethylhexanol, 1so-decanol, iso-tetradecanol, iso-
hexadecanol, iso-octadecanol and 2,6-dimethyl-4-

heptenol, with n-heptanol, n-octanol, n-nonanol and n-

20 decanol being preferred from the standpoint of both
lubricity and miscibility, and iso-heptanol, 2-
ethylhexanol and 3,5,5-trimethylhexanol being

preferred from the standpoint of both miscibility and
heat and hydrolytic stability.
25 When the aforementioned acid component and

alcohol component are used for esterification

20




73 NO. 9401
conpletléqzbH %130 hours. After conpletion of the esterlfﬁcaélon ?egétlon
5 the excess raw materials are distilled off under reduced pressure or
under ordinary pressure, and then a conmon purification nmethod §8Bh-8311-00
liquid/liquid extraction, reduced pressure distillation, adsorption
purification treatnent with active carbon or the like, 10 may be enpl oyed
to purify the ester conpound. By using as the acid conponent of the raw
material for the esterification reaction an alicyclic dicarboxylic acid
with a nol arrésattbonf 20480 dlocB PO cadmgrorpirst f asnsuand tatns-fornsy it is
possible to 15 obtain an alicyclic dicarboxylic ester wwith a nolar ratio

of 20/80 to SQl2P=1entei safdr peededalianst f0brs.2 Vhen wialticyctbi d
di carboxylic anhydride is used as the acid conponent of the raw material,

the reacti onoquiyz 8680 b€ ¢akr aed Duwonpdssnipr eker i dxesimedadi tions to 20
obtain an alicyclic dicarboxylic acid ester with the cis-formtrans-form
mol ar ratio withimutbeeraoge, shescidied cabovke AT atemadyi prepared i s-form
alicyclic dicarboxylic acid ester and trans-form alicyclic dicarboxylic

aci dsester rmpdsOnbe Maxer 25)wbhblt heiompmieartg,at i bswakt higlddmw Ir ange
specified above. 22 2003 i~230 15a~23 NO 940i P. 35 FP01-0111-00 There

are no particatars rest ritgidsensaend heompontant ofndheraldescicc acid
di carboxylic acid ester conpound in the refrigerating machi ne oi
conposi tion egifetheahaverbipanilkutadiid iss pees es bt yepeesgrbhall sSHay
be used to obtain alicyclic dicarboxylic acid ester
compounds according to the invention by ester exchange
10 reaction.

Specific examples of esterifying catalysts to be
used for the invention include Lewis acids such as
aluminum derivatives, tin derivatives and titanium
derivatives; alkali metzal =salts such as sodium

15 alkoxides and potassium alkoxides:; and sulfonic acids
such as para-toluenesulfonic acid, methanesulfonic
acid and sulfuric acid. The amount of esterifying
catalyst used may be, for example, about 0.1-1% by
mass with respect to the total of the acid component

20 and alcohol component raw materials. In consideration
of the effect on the heat and hydrolytic stability of
the obtained alicyclic dicerboxylic acid ester
compound, a Lewis acid such as an aluminum derivative,

tin derivative ox titanium derivative is preferred,

25 and tin derivatives are particularly preferred from

the standpoint of reaction efficiency.
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2003 15238 156204 10, ¢ _
5 63(ﬁh§§25r1%¥g%ter, nore preferably 10% by mass or greaéér}ogveﬁ éére

preferably 30% by mass or greater and nost preferably 50% by ma g[ ~00
greater based on the total of the refrigerating nmachine oil coﬁ%8 iP%%%,
in order to bring out the excellent 10 performance of the alicyclic
di carboxylic acid ester conpound. The alicyclic dicarboxylic acid ester
conpound in the refrigerating nmachine' oil conposition of the 1invention
is used prinmarily as a base oil. Wile the 15 alicyclic dicarboxyljc acid
ester conpound majhée usedpenibuecas fhe bdshe oi leFHRriheceieigersting
machine oil conposition of the invention, it may al so be used in
conbi nat i on wiphcaxygenlcortAioting s3md hethe orkgctipol udisng Wwstaskky ot her
than the alicyclic dicarboxylic 20 acid ester conpound specified by the
i nvention, suehplasepblydl test3dr hicarmds .conpl ex esters, pol ygl ycol s,
pol yvi nyl ethers, ketones, polyphenyl ethers, silicones, polysiloxanes and
perfl uoroet hers. .pTbere came e jpar t ofultéwe restercfioation teacBmanmount of
oxygen-cont ai ni ng synthetic oils included. Fromthe standpoint of
achi evi ng i npevearakskn r2d8 2008er233s6~i228 NOisgd40l Rl 3L FROK&EX11- 00
thermal efficiency as well as heat and hydrolytic stability of the
refrigerati ngedebin@reissurovwew ecndeot lwerdigweygerne ceonsarai ngnsiyrithatic oil s
are preferably present at no greater than 150 parts by weight, and 5 nore
preferably no greates than 100apacths rhythwed ghiuch t @s100 ippritds’ Iyguied ght  of
the alicyclic dicarboxylic

extraction, reduced pressure distillation, adsorption

purification treatment with active carbon or the like,
10 may be employed to purify the ester compound.

By using as the acid component of the raw
materiai for the esterification reaction an alicyclic
dicarboxylic acid with a molar ratic of 20/80 to 80/20
for cis-forms and trans-forms, it 1is possible to

15 obtain an alicyclic dicarboxylic ester with a molar
ratio of 20/80 to 80/20 for cis-forms and trans-forms.
When an alicyclic dicarboxylic anhydride is used as
the acid component of the raw material, the reaction
may also be carried out under prescribed conditions to
20 obtazin an alicyclic dicarboxylic acid ester with the
cis-form/trans-form molar ratio within the range
specified above. An already prepared cis-form
alicyclic dicarboxylic acid ester and trans-Iorm
alicyclic dicarboxylic acid ester may also be mixed
25 with their molar ratios within the range specified

above.
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aci ésggﬁﬁééﬁﬁ§tnd. The refrigerating machi ne oil conposimpowoéf fhéS

i nvention conprises an alicyclic dicarboxylic acid 10 ester conpound and
i f necessary oxygen-containing synthetic oils, and these are use@PPilrfaitillgo
for the base oil. The refrigerating machine oil conposition of the
invention may al so be suitably used with no further additives, or if
necessary, it may be used in 15 a form conbined with various additives.
For further enhancenent of the abrasion resistance and | oad resistance of
the refrigerati ngtThamehi aeeoi Incconpost ttobaof thetiriveribnen, di nEye
further include at | east one type of phosphorus 20 conpound sel ected from
the group cansiséhtg of phesphoricyalid esteusboasildicc phosphasdieaci d
esters, amne salts of acidic phosphoric acid ester, chlorinated
phosphori ¢ aginbesher snanthphesphoreus tiae dneskens. oTheswmshiiys
conpounds are esters of 25 phosphoric acid or phosphorous acid with

al kanol s and £ pehyetihtserad omol Butori wef kv atieres dd16f epfe st 2Q@35 g MB 158
24" NO. 9401 P. 37 FP01-0111-00 As specific exanpl es of phosphoric acid

esterss thens Miuske sentdranecet)i bidind phegehabey tibpephy! maphosphate,
tri hexyl phosphate, triheptyl phosphate, trioctyll phosphate, trinonyl

phosphate, tgdedecyt, Sephosphst €, pieirendecy) phosSpRALRsd rbdodeter
phosphate, ‘tritridecyl phosphate, tripetradecyl phosphate, "tripentadecyl

phosphat e, taridhexadecyrohosgbayesod rbheptadecylt Rieshat epatekogipadecyl
phosphat e,
the total of the refrigerating machine oil
composition, in order to bring out the excellent
10 performance of the alicyclic dicarboxylic acid ester
compound.

Thé alicyclic dicarboxylic acid ester compound in
the refrigerating machine o0il composition of the
invention is used primarily as a base o0il. While the

15 alicyclic dicarboxylic acid ester compound may be used
alone as the base o0il for the refrigerating machine
0il composition of the invention, it may also be used
in combination with oxXygen-containing synthetic oils
including esters other than the élicyclic dicarboxylic

20 acid ester compound specified by the invention, such
‘as polyol esters and complex esters, polyglycols,
polyvinyl ethers, ketones, polyphenyl ethers,
silicones, polysiloxanes and perfluoroethers.

There are no particular restrictions on the

25 amount of oxygen-containing synthetic o0ils included.

From the standpoint of achieving improvement in
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r#Hﬁ&yﬁwéﬁ&éﬁ%ﬁie, triphenyl phosphate, tricresyl 10 phosPhatd! tFix§1 enyi
phosphat e, cresyl di phenyl phosphate and xyl enyl di phenyl phosphate. As
acidic phosphoric acid esters there may be nmentioned nonobutyl FR&}¢0111-00
phosphat e, nonopentyl acid phosphate, nonohexyl acid phosphate, nonoheptyl
aci d phosphate, 15 nonooctyl acid phosphate, nonoootyl acid phosphate,
nonodecyl acid phosphate, nonouodecyl acid phosphate, nonododecyl acid
phosphat e, nonotridecyl acid phosphate, nonotetradecyl acid phosphate,
monopent adecteagda U phbsphatecynoashexadecyds adiech 20 apivds plyatre, lytic

nonohepr adecyl acid phosphate, nonooctadecyl acid phosphate, nonool eyl

acid phosphats;idi byt Wit achd phasphadest digentyhiae doiphosphetver,di hexyl
aci d phosphate, diheptyl acid phosphate, dioctyl acid phosphate, dinonyl

acid 25 phosphate, ocdivdesylccacid mhasphghehediundedy aredpreifesphalye,

di dodecyl acid phosphate, ditridecyl acid 252 00 3i 2 3 6 15D 24r? NO
940 P. 38 RRAsHA1:00 phogphaler dihesr adecybaacs d pghosphghe, and

di pent adecyl” acid phosphate, di hexadecyl acid phosphate, diheptadecyl

aci d phosphatsie dipetradaeyly ach dgrehesphagieaandodi elaeys asi dweliadphat e, As
amne salts 5 of acidic phosphoric acid ester there may be nentioned am ne

salts of theaboye aeidis phospharitc €8t ehe aldicymi Nesdivalivasylic
nmet hyl am ne, ethyl am ne, propylam ne, butylam ne, pentylam ne, hexyl am ne,

hept yl ani ne,; - Q¢tyd 88t neomgbidihy! ani ne, diethyl amne, 10 di propyl am ne,
di butyl am ne, di pentyl am ne,

The refrigerating machine oil composition of the

invention comprises an alicyclic dicarboxylic acid
10 ester compound and 1if ﬁecessary oxygen-containing

synthetic oils, and these are used primarily for the

base oil. The refrigerating machine o0il composition

of the invention may zalso be suitably used with no

further additives, or 1f necessary, 1t may be used in
15 a form combined with various additives.

For further enhancement of the abrasion
resistance and load resistance of the refrigerating
machine o©il composition of the invention, 1t may
further include at least 6ne type of phosphorus

20 compound selected <from the group consisting of
phosphoric acid esters, acidic phosphoric acid esters,
amine salts of acidic phosphoric acid ester,
chlorinated phosphoric acid esters and phosphoroﬁs
acid esters. These phosphorus compounds are esters of

25 phosphoric acid or phosphorous acid with alkanols and

polyether alcohols, or derivatives thereof.
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diﬂ@%@”ggé%éﬁﬁgymeptylanine, di octyl amne, trine thylaningq %P}et%yﬁénine,
tripropylamne, tributylamne, tripentylam ne, trihexylam ne,
triheptylam ne and trioctylam ne. As chlorinated 15 phosphoric aéP§lsdddps00
there may be nentioned tris dichloropropyl phosphate, tris chloroethyl
phosphate, tris chlorophenyl phosphate and pol yoxyal kyl ene
bi s[di (chl oroal kyl)] phosphate.. As phosphorous acid esters there may be
menti oned di butyl phosphite, 20 di pentyl phosphite, dihexyl phosphite,

di heptyl phosphiie, shect§lcphospiples difnophbsphospld t eciddieetyts
phosphi te, diundecyl phosphite, didodecyl phosphite, dioleyl phosphite,

di phenyl phosphi¢emaydi seesydnphosahi teibltiydut phophbaplkei t ecripepenlyl 25
phosphite, trihexyl phosphite, triheptyl phosphite, trioctyl phosphite,

trinonyl ph EbRathli degyhex?A 2@h0sPhkt2,3 &ABpRSyhi ghoddfat®, 39
FPOL- 0111- 00 phosphite, triundecyl phosphite, tridodecyl phosphite,

triol eyl phosphbteyitriphenyhapBosphisenangltriskesyhatphosphiteecH xt ur es
of these may al so %e used. when such phosphorus conpounds are added to the

5 refgigeratjngs gpRENENE teilurtpOsi phospodt éhe timvertdgn dieyghate, no
particular restrictions on their content, but such phosphorus conpounds

Wi Il usuall y:peraddedyto apkespratepf O0.6MieOabycyiss atbpsefesably
0.02- 3.0% by nass, based on the total of the refrigerating 10 machi ne oi

conposi ti on {basedranethe totmonfhdte, baseinkekadrdydl | agd $pvess, For
enhanced heat and hydrolytic stability of the
triheptadecyl phosphate, = trioctadecyl phosphate,
trioleyl phosphate, triphenyl phosphate, tricresyl
10 phosphate, trixylenyl phosphate, cresyldiphenyl
phosphate and xylenyldiphenyl phosphate. As acidic
phosphofic acid esters there may be mentioned
monobutyl acid phésphate, monopentyl acid phosphate,
monohexyl acid phosphate, monoheptyl =acid phosphate,
15 monooctyl acid phosphate, monononyl acid phosphate,
monodecyl acid phosphate, monoundecyl acid phosphate,
monododecyl acid phosphate, monotridecyl acid
phosphate, monotetradecyl acid phosphate,
monopentadecyl acid phosﬁhate, monohexadecyl acid
20 phosphate, monoheptadecyl acid phosphate,
monooctadecyl acid phosphate, monooleyl écid
phosphate, dibutyl acid phosphate, dipentyl acid
phosphate, dihexyl acid phosphate, diheptyl acid
phosphate, dioctyl acid phosphate, dinonyl acid
25 phosphate, didecyl acid phosphate, diundecyl acid

phosphate, didodecyl acid phosphate, ditridecyl acid
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ref@ﬁ&%ﬂggﬁméS%Qéhine oi | conposition of the invention, the&lay Pal b be

i ncl uded one or nore 15 epoxy conpounds selected fromthe group consisting
of the following (i) to (viii) : (i) phenylglycidyl ether-type €poty0111-00
conpounds (ii) alkylglycidyl ether-type epoxy conpounds (iii) glycidyl
ester-type epoxy conpounds 20 (iv) allyloxirane conpounds (v) alkyl oxirane
conpounds (vi) alicyclic epoxy conpounds (vii) epoxidized fatty acid
nonoesters (viii) epoxidized vegetable oils 25 Specific exanples of (i)
phenyl gl yci dyo Hﬁlte,tYBQtEE-QéMe@ngobl@ﬂ§ I pred sisken Phenyd it LYd c @t hers
and 27 200 3_ ) 3B 151~25 NO. 9401 P. 40 FPOl-Olll-QO

aukyl phenyl ¢l ycg dyl gheggﬁ-at@ere, dheexaldedyphenylglivei cylpRidigi st ey have
1-3 al kyl groups of 1-13 carbons, anong whi'ch preferred éxanples 1 nclude
those with ong, abkyhe@haup ofcf510 eALRYIStS SUCH; 88+ RabULY! phenyd gl yci dyl
ether, i- butyI%%enngP?cidylcether? seg?%htylphen§lglycidgF ethéi,
tert-butyl phonylglyebdyn Lthedieyp s0Y! PR dyhsetRghe sa
hexylphenylglyc%%%? ethé%z hep%%lphenyl§?§2¥%yl ether?_outyfpﬁ%ﬁb %chidyl
ethers 10 nqy!l Q@fa%fkglpws%\ﬁloﬁdﬂ%rqp&degﬁéy' ehepyl ghycidyh e ilieeq |
Specific exanples of (ii) alkylglycidyl ether- type epoxy conpouné% i ncl ude

decyl gl yci dyn gtidetq) 4ndeeyi gt yahdyk eldiefic dodesyh gt yei dyk ether g

amines such as methylamine, ethylamine, propylamine,

butylamine, pentylanine, hexylanine, heptylamine,
'octylamine, dimethylamine, diethylamine,

10 dipropylamine, dibutylamine, dipentylamine,
dihexylamine, diheptylamine, dioctylamine,
trimethylamine, triethylamine, tripropylamine,
tributylamine, tripentylamine, trihexylamine,
triheptylamine and trioctylamine. As <chlorinated

15 phosphoric acid esters there may be mentioned tris

dichloropropyl phosphate, tris chloroethyl phosphate,
tris chlorophenyl phosphate and polyoxyalkylene
bis[di {chleoroalkyl)] phosphate. As phosphorous acid
esters there may be mentioned dibutyl phosphite,
20 dipentyl phosphite, dihexyl phosphite, diheptyl
phosphite, dioctyl phosphite, dinonyl phosphite,
didecyl phosphite, diundecyl phosphite, didodecyl
phosphite, dioleyl phosphite, diphenyl phésphite,
dicresyl phosphite, tributyl phosphite, tripentyl
25 phosphite, trihexyl phosphite, triheptyl phosphite,

trioctyl phesphite, trinonyl phosphite, tridecyl
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15‘@#?%4@%ﬁbﬂ@%ﬁéyl et her, tetradecyl glycidyl ether, 2- ethWyl Kékyl gt.yéddyl

et her, neopentyl glycoldiglycidyl ether, trinethyl ol propane triglycidyl
ether, pentaerythritol tetraglycidyl ether, 1,6-hexanediol di ogryeidylii-00
et her, sorbitol polyglycidyl ether, 20 polyal kyl enegl ycol nonogl yci dyl et her
and p olyal kvl er_eglycol diglycidyl ether. Specific exanples of (iii)
glycidyl ester-type epoxy conpounds include conpounds represented by the
foll owi ng general fornmula (2) 28 2(if!3. t i23B 15~426 NO, 9401 P. 41 FPO

1-0111° 00 RoGeQUREE OL0; (RhecubergoBoteresant saydudl ogapban gLoup of

1-18 carbong formul a ove, epresents a hy group of

Al POnS RNl AR SURDS BYALOCADANIALAUPSoR UBRE CIEY.RE IRGLLRTG Al k!

groups of 1- cardons, “atkenyl gro z arbons, gr oups

O 10 e bor BB OV ShOALIN ¢ AU PUDREBL BakB ASRLOR LAY, IL0uPS Ot

6- 10 carbons; a aryl groups o carbons an kyl groups of

7- 18 carbons. Prﬁggi%eguqu%gFggﬁéﬁ}$;ecgﬁgéhnggoggﬁks%Saééiﬁngégons,

al kenyl groups of carbo grou and a 55 W th

iR e e s e B NE R S S e e
gl yci dyl bengﬂgkg’ag¥y%hg¥$é£@{éﬁpy§ykestrictions on their content,
but such phosphorus compounds will usually be added to
a content of 0.01-5.0% by mass and preferably 0.02-
3.0% by mass, based on the total of the refrigeratinb
10 machine o0il composition (based on the total of the
base oil and all additives).

Fof enhanced heat and hydrolytic stability of the
refrigerating machine oil composition of the
invention, there may also be included one or more

15 epoxy compounds selected from the group consisting of
the following (i) to (viii):
(i) phenylglycidyl ether-type epoxy compounds
(ii) alkylglycidyl ether;type epoxy compounds
(iii) glycidyl ester-type epoxy compounds
20 (iv) allyloxirane compounds
(v) alkyloxirane compounds
(vi) alicyclic epoxy compounds
(vii) epoxidized fatty acid monoesters
(viii) epoxidized vegetable oils
25 Specific examples of (i) phenylglycidyl ether-

type epoxy compounds include phenylglycidyl ethers and
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I8 /~) -
beﬁ@éa%e ‘&19é$§@| acrylate, glycidyl nethacrylate and theJ@HKél 20 4
Speci fic exanples of (iv) allyloxirane conpounds include 1,2-epoxystyrene

and al kyl -1, 2- epoxystyrene. Specific exanmples of (v) alkyloxirangpgq- 0111-00
conmpounds include 1, 2-epoxybutane, 1,2-epoxypentane, 1,2- epoxyhexane,

1, 2- epoxypept ane, 1, 2-epoxybctane, 1,2- 29 2(13 23B 15 20 NO 9411 P. 42
F?01-0111-00 epoxynonane, 1,2-epoxydecane, 1, 2- epoxyundecane, 1, 2-
epoxydodecane, 1, 2-epoxytridecane, 1,2- epoxytetradecane,

1, 2- epoxypentadag 141yERQ Xhexad q?ﬂ%, 1, 2- epoxyhe tadecane 1,2 5
epoxyoctadecane %%%y%onade ane an% epoxyei cosa & As (VIF%

I I b
A ont conpos i T He oty G Gap e ouety TATE af o ML BN} cgepePsuch as

at ons conposi ng t

10 conpounds Qﬁprfs At ed ?%o @g foé&gn ngwggnﬁbal f0£$ﬁ%$ d(3§amgzeg (3)

Specific exanples of “such allc clic ep
1, 2- epoxycyc £pOXYGYC t ane
3, 4- epox_ ycy%?ﬁﬁ'xyin%%ﬁ ep§¥§%y%? éﬁ‘“ﬁérssxyiééb CBFEPBS4-

epoxygycl ohexylsget hyl) dlpatQ, xvn or nan bIS(3 4- epoxy 6-
nethylcyclohexy nethylfﬁad|pa é“ﬁéy{éhgﬁﬁfg?yClgy? %h

R R o R S

1 2'ep0XY'2'g@ﬁE@¥|CyClOhexaggrt45899§¥%%ﬁyl§%§%idyl ether,

pentylphenylglycidyl ether, hexylphenylglycidyl ether,

heptylphenylglycidyl ether, octylphenylglycidyl ether,

10 nonylphenylglycidyl ether and decylphenylglycidyl
ether.

Spécific examples of (ii) alkylglycidyl ether-
type epoxy compounds include decylglycidyl ether,
undecylglycidyl ether, dodecyllecidyl ether,

15 tridecylglycidyl ethér, tetradecylglycidyl ether, 2-
ethylhexylglycidyl ether, neopentylglycoldiglycidyl
ether, trimethylolpropane triglycidyl ether,
pPentaerythritol tetraglycidyl ether, 1, 6-hexanedicl
diglycidyl ether, sorbitolpolyglycidyl ether,

20 polyalkyleneglycol monoglycidyl ether and
polyalkvleneglycol diglycidyl ether.

Specific examples of (iii) glycidyl ester-type
epoxy compounds include compounds represented by the

following general formula (2):
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epoxycyéﬁgﬁeigﬁ@ﬁ Speci fic exanpl es of (vii) epoxidized fatltly%&ldid P 36l 2110

i 23B i 5027 NO. 940 i P. 43 FP01-0111-00 nonoesters incl ude esters of

epoxi di zed fatty acids of 12-20 carbons and al cohols of 1-S carb

phenol s or

oi I s include epoxy conpounds of vegetable oils such as soybean oil,

| inseed oil and cottonseed oil. Anong the aforenenti oned epoxy conpounds,
10 phenngIyC|dyé_e er_ @©pox _QQQPO s, glycidyl ester epoxy conpounds,
alicyclic epoxy conppunds an zed fatty acidy\nonoesters are
preferred for further inproved haég and hydrol yti ability, with

gl ycidyl ester epoxy”conpounds and™alicyclic epoxy 15 conmpounds being even

nore preferred. Wien these epoxy conpounds are incorporated in a

T no parti TR 1 oet rTCET OREIGR | Chel JYSUITT B cORPANE bR 1 he” BBoxy

are no partlcul ar restrlc 1 ons on

preferably 0.2-2.0% by mass, based on the total anobunt of the

unt of the base oi

el Tgbrali g mohyne it omatrygn (the 1ol sroun o e bese o

and all incorporated

af or esent i ongdoyghesphoris £oppgHads and qgoxgcﬁogeggg%%r@%n éﬁoups

10

15

20

there may be mentioned alkyl groups of 1-18 carbons,
alkenyl groups of 2-18 carbons, cycloalkyl groups of
5-7 carbons, alkylcycloalkyl groups of 6-18 carbons,
aryl groups of 6-10 carbons, alkylaryl groups of 7-18
carbons and arylelkyl groups of 7-18 carbons.
Preferred among these are alkyl groups ef 5-15
carbons, alkenyl groups of 2-15 carbons, phenyl groups
and alkylphenyl groups with 2lkyl groups of 1-4
carbons.

Specific preferred examples among these glycidyl
ester epoxy compounds include glycidyl-2,2-dimethyl
octanoate, glycidyl benzoate, glycidyl-tert-butyl
benzoate, glycidyl acrylate, glycidyl methacrylate and
the like.

Specific examples of (iv) allyloxirane compounds
include 1, 2-epoxystyrene and alkyl-l,Z—epoxystyrene.

Specific examples of (v) alkyloxirane compounds
include 1,2-epoxybutane, 1,2-epoxypentane, 1,2-

epoxyhexane, 1,2-epoxyheptane, 1,2-epoxyoctane, 1,2~

N
w

conmpound i s @gg 4,20 to a content of preferably 0.1-5.0% by mass and nore

al kyl phenols. Particularly preferred for use are butyl, h%&%'?oo
benzyl, cycl ohexyl, nethoxyethyl, octyl, 5 phenyl and butyl phenyl esters
of epoxystearic acid. Specific exanples of (viii) epoxidized vegetable




IN0E. THAR 1 REg AL Y
31 b1/ 55 WB27 No. 9401 P 44 FPOL-0111-00 course, be NsbtilinP. 42
conbination. In order to further inprove performance, the refrigerating
machi ne oil conposition of the invention nmay be incorporated, asgEouwiredgo
with hitherto 5 publicly known additives for refrigerating machine oils,
for exanple, phenol-type antioxidants such as di-tert-butyl-p-cresol and
bi sphenol A; am ne-type antioxidants such as phenyl - a--napht hyl am ne and
N, N- di (2-napht hyl) - p- phenyl enedi am ne; wear resistance 10 agents such as
zi nc dithiopgggg@@dﬁaﬁg;rqq@_gﬁggygéta@gpnq§2sggg ﬂéﬁé%ﬁému?d paraffin
and sul fur conpounds; oiliness inprovers such as fatty acids;’ ahgifoaning
agents such @gosybicerRadypes; metaly, jnaebiyet ouscsueh as benzojrhazol e;

viscosity index 15 inprovers; pour-point depressants; detergent

d spersancs sagBeddkcald fer a1 g 0t RTINS O motepthan one
e e O bR ar v etk bl Lo, ggneral (he 2 coptent 1
by s, of Lhedelsbodmun of Uietalyigeratingomehi e, ol compos i or
25 The K nemBhig, Khgaashly of (he refrigerating mehine ol of the

As (vi) alicyclic epoxy compounds there may be
mentioned compounds wherein carbon atoms composing the

epoxy group are directly part of the alicycle, such as

10 compounds represented by the following general formula g
(3):
C
C|:>o (3)

Specific examples of such alicyclic epoxy

compounds include 1l,2-epoxycyclohexane, 1,2~
15 epoxycyclopentane, 3,4-epoxycyclohexylmethyl-3, 4-

epoxycyclohexane carboxylate, bis (3, 4-

epoxycyclohexylmethyl) adipate, exo-2, 3-

epoxXynorbornane, bis (3,4-epoxy~6~

methylcyclohexylmethyl) adipate, 2=(7~
20 oxabicyclo[4.1.0]hept—B—yl)—spiro(l,3—dioxane—5,3’—

(7)oxabicyclo({4.1.0lheptane, 4~ (1’ -methylepoxyethyl)-

1l,2-epoxy-2-methylcyclohexane, 4-epoxyethyl-1,2-
epoxycyclohexane.

Specific examples of (vii) epoxidized fatty acid
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NO. Qialﬁéﬁ Agﬂ/éPC&-07.11-OO linmted, but the kinematic vi&d&dkityP. ab)40C
is preferably within a range of 3 to 100 nu-n2/s, nore preferably 4 to 50
m2/s and nost preferably 5 to 40 m®2/s. Further, the kinematic ViEe0sity-o0
at 100Cis 5 within arange of 1 to 20 mm /5 and nore preferably 2 to 10
mM/s. One of the effects achieved by the invention is that satisfactory
heat and hydrolytic stability can be obtai ned even when the viscosity is
low, and this effect is nore notably achieved in the 10 case where the

ki nemati ¢ vi moosietsit eats 401 8dwi EBEBra ofFany %&Jié&&”fﬁ@%ﬁy ' me/ s,
nore preferably 5 to 25 m2/s, even nore p%gferably 51to Oa§%§?53§and
most preferabby2d txbon@lésd Alixehdiie ¥l 0B Leshlftivi ty i fhe
refrigerating 15 machine oil conposition of the invention IS Nno
particul arl yalkyibaeéndaw. i s preferabl 3 Iﬁgg§f dr Qg% 1'-_ nor e
preferably at least 1.0 x 1012 0-cm an dg;nnst ﬁ?e?erabf%pafuf%ag%ri.o X
1013 C2. cmbuParti awxanl,y,bawep | heyrebrkggrati RN oil_2
conposition is used for a hernggic t§pe ref??ée?%%ﬁhg ﬁglﬁVné?cgy%igh
eIectRic_insm%@ﬁymgaﬁaobﬁwyﬂﬁﬁgﬁyqtégtéggr@guég&%gstéﬁgquggg to the
present invention, the volune resistivity I1s représented by Re val ue
[S2-cml  at 25C nepsdi€dc ne.a0gor dange Witih 331 S 5 "Electric
Insulating O Testing Method.™ The noi!quréﬁcoﬁégﬁ%géfe hg%%§%q%ﬁﬁaiing
machine 33 JiPO08Fc1udd8 eb2BAB MapAhitds For 40egetable oils such as

soybean oil, 1linseed 0il and cottonseed oil].

Among the aforementioned epoxy compounds,
10 phenylglycidyl ether epoxy compounds, glycidyl ester
epoxy  compounds, alicyclic epoxy compounds and

epoxidized fatty acid monoesters are preferred for

further improved heat and hydrolytic sfability, with

glycidyl ester epoxy compounds and alicyclic epoxy
15 compounds being even more preferred.

When these epoxy compounds are incorporated in a
refrigerating machine o0il composition according to the
invention, there are no particular restrictions on
their addition content but the epoxy compound is added

20 to a content of preferably 0.1-5.0% by mass and more
preferably 0.242.0% by mass, based on the total amount
of the refrigerating machine oil composition (the
total amount of the base o0il and all incorporated
additives).

25 Two or more different types of the aforementioned

phosphorus compounds and epoxy compounds may, of
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FP01-0111808 g%ﬁ7@onposition of the invention is not particuilabdly IPi mddt ed,

but is preferably no greater than 200 ppm nore preferably no greater than
100 ppm and nost preferably no greater than 50 ppm of the totakFpamounii5gg
of the refrigerating machine oil conposition. Alow noisture content is
particularly required when the refrigerating machine oil conposition is

used for a hernetic type refrigerating nmachi ne, because of its effects on
the heat and hydrolytic stability and the 10 electric insulating property

of the oil. Hwrtsdalbacidedalyecembtihe triefiri gerating machine oil
conposition of the invention is also not particularly limted, but when

the oil conpositi @hi sordsed tdh aflﬁﬁﬁmggergﬁlbpgvgac ie?f?o%nain%eqi pesg to
prevent 15 netals fromcorrosion, the total acid value is preferably no

greater thanr@rk gl thgandcAphe oRnel@mlyi foogreat ef th
ngKOH g. According to thge i nvention, thenta%all acI?d va%g flggreggggélent ed

as the totahagci haal 4a ERRBH:RGA,N fifgor%%feaelr‘@iat,h I 5 K 29&%@9 to,

"Petrol eum Products and Lubricating oils -- utralization Value Testing

Met hod". Thepash icant entindin t heyd of 14 9&r akdpg P@fpggrgﬁgirth{lgc?%ggkéi on of

the invention is not particularly limted, but in e ve®t he
heat and 25 Bydgol yEbe séabhbid hdif$1 0t bpand, 4 e. ratjqon _of
sludge and the like, it is péeférgily no g¥%§tg?ﬁggﬁgi%%§g§2%%“§%25shK)
94011 P. 47 aFP@EQLEL(QA thadr dA0) PPahaand ity ef e abl ¥, no.grggher than

50
antioxidants such as phenyl-a-naphthylamine and N,N-

di{2-naphthyl)-p-phenylenediamine:; wear resistance
10 agents such as zinc dithiophosphate; extreme pressure
agents such as chlorinated ©paraffin and sulfur
compounas; ciliness improvers such as fatty acids; !
antifoaming agents such as silicone types; metal

inactivators such as benzotriazole; viscosity index

15 improvers; pour-point depressants; detergent
dispersants and the like, either alone or in
combinations of more than one type. The total amount

of the additives added into the refrigerating machine
oil is not particularly limited, but in general the

20 content 1is preferably not more than 10% by mass and
more preferably not more than 5% by mass, of the total
amount of the refrigerating machine oil composition
(1.e., the total amount of the base o0il and all
incorporated additives).

25 The kinematic viscosity of the refrigerating

machine oil of the invention is not particularly
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ppn¥'Abé§r ng io the invention, the ash content is represth? é@ by’-t he ash
content value [ppn) as neasured in accordance with JIS K 2272 "Testi ng
Met hod for Ash 5 Content and Sul furic Acid Ash Content in Crude @B&GL-@Nd -00
Petrol eum Products”. Refrigerants that may be used in refrigerating
machi nes that enploy refrigerating nmachine oil conpositions according to
the invention include HFC 10 refrigerants, fluorine-containing ether
refrigerants such as perfluoroethers; fluorine-free ether refrigerants

such as di netihiyli tetcher syuandthat ukahemaefiid geriagdss stigh as capben dicoxi de,
hydrocarbons and the like, and these refrigerants can be used alone or 15

in conblnatlpm&fe&g&ﬂ@yn@l&mgjprannfgngénd§fot3thg I@@rm&gvgntsm As HFC
refrigerants there may be mentioned hydrofl uorocarbons having 1- % and

preferably lpeef2ratanbon akonss @pecd f haexaay gﬁ:éf‘ék&'gf HECSté‘JEE as 20
di fl uoronet hane (HFC-32), trifluoronethane (HFC 23 pentafluoroet ane

(HFG 125), 1md?P2s2-tetrhatheor OQtHbanElnéIhEglé34)LS(l]oél'lté){ tetyrfduog get hane
(HFC-134a), 1,1, 1- trifl uoroethane (HFC- 143a) |fﬁuoroethane

(HFC-352a), andnihXturesngl bwo 101 J10re kinhds Qhat hese éﬁ:e'quab e
refrigerant is selected in accordance with the intended use an

required perternemcennayd as ogé 2(9@31H6A2%@fje‘@8t329mwg Ul yP 4§
FP01-0111-00 preferred exanples there may be nentioned H alone
HFC- 23 al oneintERtr134% akonehatiFGd25s8L808ry@ heat and hydrolytlc
stability can be obtained even when the viscosity is
low, and this effect is more notably achieved in the
10 case where the kinematic viscosity at 40°C is within =a
range of preferably 5 to 35 mm?/s, more preferably 5
to 25 n;mz/s, even more preferably 5 to 20 mm?/s, and

most preferably 5 to 15 mm?/s.
Also, the volume resistivity of the refrigerating
15 machine o0il composition of the invention is not
particularly limited, but is preferably at least 1.0 x
10 Q-cm, more.preferably at least 1.0 x 102 Q-cm and
most  preferably at least 1.0 x 10*®* Q-cm.
Particularly, when the refrigerating machine oil
20 composition is used for a hermetic type refrigerating
machine, a high electric insulating property tends to
be reguisite. According to the present invention, the
volﬁme resistivity is represented by the value [Q-cm]
at 25°C measured in accordance with JIS C 2101

25 "Electric Insulating 0il Testing Method.”

The moisture content of the refrigerating machine
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mitune B EEER ) e 32 = 60-80% by mass/40-20% by massht 44 xtfur &0 of
HFC- 32/ HFC- 125 = 40-70% by nass/ 60 5 30% by mass; a m xture of
HFC- 125/ HFC- 143a = 40-60% by mass/ 60-40% by mass; a mi xture of FP01-0111-00
HFC- - 134a/ HFC- 32/ HFC- 125 = 60% by nass/ 30% by mass/| G% by nass; a m xture
of HFC- 134a/ HFC- 32/ HFC- 125 = 40-70% by mass/ 15-35% by mass/ 5-40% by nass;
and a m xture of HFC 125/ HFC 10 134a/ HFC- 143a = 35-55% by mass/ 1- 15% by
mass/ 40- 60% by mass. .. More specific exanples include a m xture of
HFC- 134a/ HFGo 82 =y BHY6 byn mads; tee nil pvend ioh HEC- n82/ HRG-11RSuta 8Dy 40% by
mass; a m xture of HFC 32/ HFC- 125 = 50/50% by mass (R410A); a m xture of
HFC- 32/ HFC 1bid28ed, 43 %5%ilsy prasfef B419B)jo agmextere o atdFCO 0125pmFC- 143a
= 50/ 50% by mass (R507C) ; a mxture of HFC 32/ HFC 125/ HFC- 134a =
30/ 10/ 60% bymomss;paefiextbig wd HH2B2¢HFGH2E/ HRO 184a, 23428/ G286by nass
(R407C); a m xture of 14FC- 32/ HFC- 125/ HFC- 134a = 20 25/ 15/ 60% by nass
(R407E); andpBefiextble ofc HEGatleS/ i 13dapbiC- b43ahe 44141529 byn aSS
(R404A). Exanples of natural refrigerants include carbon dioxide,
hydr ot ar bonsoand hieher ¢ f kege Aahydgoaerdiadme r ef i gergnisirtefeired & oldere i s
preferably a gas at 25 25C under 1 atm Specifically such gases include
al kanes, cychoatkanes aodtahkenes ofazAitioubacagbonsqudbed Owleld 2t1BeH 1 58
i30 ;i NO 9401 P. 49 FPO1-0111-00 and preferably 1 to 4 carbons, as wel
as m xtures réhetgoetatSpecifachexanplids obmposh thydr ocar hored r €btri ger ant s
i ncl ude net hane, ethylene, ethane, propylene, propane, cycl opropane,
but ane, isollwéenmetic type refrigerating machine, because of its

effects on the heat and hydrolytic stability and the
10 electric insulating property of the oil.

The total acid value of the refrigerating machine
oil composition of the invention is also not
particularly limited, but when the oil composition is
used in a refrigerating machine or in pipes to prevent

15 metals from corrosion, the total acid value 1is
preferably no greater than 0.1 mngKOH/g, and more
preferably no greater than 0.05 mgKOH/g. According to
the invention, the total acid value is represented as
the total acid value measured in accordance with JIS K

20 2501 ™“Petroleum Products and Lubricating O0ils --
Neutralization Value Testing Method”.

The ash content of the refrigerating machine o0il
composition of the invention is not particularly
limited, Dbut 1in order to improve the heat and

25 hydrolytic stability of the oil and reduce generation

of sludge and the like, it is preferably no greater




'n' g%égl‘ qélobutane met hyl cycl opr opane and m xt ur ed'Oof4%wo PordTror e
of these conpounds. Propane, butane, isobutane and m xtures thereof are
preferred anong these. The refrigerating machine oil conpositiorFmdltdiEer1-00
10 invention normally exists in the formof a refrigerating nachine fluid
conposition mxed with a refrigerant as descri be above when it is used in
the refrigerating machine. According to the fluid conposition, the m xing
ratio of the refrigerating 15 machi ne oil conposition to the refrigerant is

not particularky 160 béﬂdtmerer@trgf&fagmf fglee%ecreazt'@ﬂaﬁa%' ne oil
1to 50

conposition is preferably within a range of arts by wei ght and

more  preferghblhy W ABEB rdirRNGE 0Fhe i AQD: R L SLRY ‘é(%'hg%n@é’n\@ 0;400

parts by weight of the refri'gerant. The refrigerating nachi ne oi

corposi il on Pbpther ey OmEagshe cisedats A b ] g chLabobea

refrigerant conpressors in all types of refrigerati

its excelIenanelaec%af&rpwp%&hem@ r@nﬁzww\%gwﬁg gfecc'htc%l £dPeash a7

refri ger ati ng machi nes 1 n t he conposli tion ma used 1 nclude,

2003=5238 15-3QtNQt 9404 %Ul%?lF(PO;&CQaln%QQ %B%Ct'ek'tcalrllytr%%e 1659

conditioner for roons, a package air conditioner, a cold-storage chest
(refrigeratogng P@&ﬁ@ﬂéﬂﬂﬂpf@ﬁ@ﬁfseondltlOner a dehumdifier, a freezer

a freeze and refrigeration warehouse, an 5 autonmatic vendi ng nachlne a
showcase, a cool i RGfrARRMAUSEEnER CHEY G RIsAA Sinelfer MPerating
machines that employ refrigerating machine oil
compdsitions according to the invention include HFC
10 refrigerants, fluorine-containing ether refrigerants
such as perfluoroethers; fluorine-free ether
refrigerants such as dimethyl ethers; and natural
refrigerants such as carbon dioxide, hydrocarbons and
the like, and these refrigerants can be used alone or
15 in combinations including two or more kinds of the
refrigerants.

As HFC refrigerants there may be mentioned
hydrofluorocarbons having 1-3 and preferably 1 or 2
carbon atons. Specific examples include HFCs such as

20 difluoromethane (HFC-32), trifluoromethane (HFC-23),
pentafluoroethane (HFC-125), 1,1,2,2-tetrafluoroethane
({HFC-134), 1,1,1,2-tetrafluorcethane (HFC-134a),
1,1,1-trifluocroethane (HFC-143a), 1,1-difluorocethane
(HFC-152a), and mixtures of two or more kinds of these

25 HFCs. The refrigerant is selected in accordance with

the intended use and the required performance, and as
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ref%?ﬁ%rﬁﬂkﬁg”&é%ﬁlne oil conposition of the invention is mosti(prePeribly

used in refrigerating nmachines equipped with hernetic conpressors.
refrigerating 10 machine oil conposition of the invention may be %%Qﬁ
all types of conpressors including reciprocating types,

centrifuga

in which the conposition of the inventionis 15 used wll
equi pped with a conpressor, a condenser,

rotary types

The

—ao‘#" 400

types. The construction of the preferred refrigerating cycle

typically be
an expander and an evaporator,

and, if necessar¥racdri o] or y , far .exa e, hj. gh-
S5 EAEY r ol | Qi anie CONPRESSOr By he Jen s ons ”;g?%ggg

pressure contai ner-system conpressor ereln-“a notor

and a

rotator and aaB$ALOr HFE S04 aﬂ&ge,ShﬁtErC—fliBtéltaedai%n%%g:gi‘ﬁ%?gg;@ﬁw; a

conpr essor

section connected to the notor ar€

cont ai ner hdﬁﬁﬁ@uger%@ﬁﬁ%%fﬁ'ggé Ebﬁﬂeéﬂéo-éH%tpghﬂgégggﬁﬁééﬁédwyn t he

refrigerant gas ejected fromt

conpressor se

8.2001 23H 15 31-~?

sedl ed contaier, o pRhavpiacse soUAl et ySLEM 8,200 1 o3 10 ST

10

15

20

25

9431 P. 51 FPO1-011
and acstator, rot at. i .shaft. fitted i e r nd a _conpressor
section conné%?%dg% E%EQ, 2 %lXtugﬁ1Ofrﬁﬁé%%£g}§t§Téégéoﬁtépﬁégghéhding a

refrigeratingJBchs §e4§s 0f nggg;MAHHfg
the conpressor section is directly ejec

(0] e notor are house

125 = 60% by mass/30% by mass/10% by mass; a mixture
of HFC-134a/HFC-32/HFC-125 = 40-70% by mass/15-35% by
mass/5-40% by mass; and a mixture of HFC-125/HFC-
134a/HFC-143a = 35-55% by mass/1-15% by mass/40-60% by
mass.  More specific examples include a mixture of
HFC-134a/HFC-32 = 70/30% by mass; a mixture of HFC-
32/HFC-125 = 60/40% by mass; a2 mixture of HFC=-32/HFC-
125 = 50/50% by mass (R410A); a mixture of HFC-32/HFC-
125 = 45/55% by mass (R410B); a mixture of HFC-
125/HFC~143a = 50/50% by mass (R507C); a mixture of
HFC-32/HFC-125/HFC-134a = 30/10/60% by mass; a mixture
of HFC-32/HFC-125/HFC-134a = 23/25/52% by mass
(R407C) ; a mixture of HFC-32/HFC-125/HFC-134a =
25/15/60% by mass (R40TE); and a mixture of HFC-
125/HFC-134a/HFC-143a = 44/4/52% by mass (R404A).
Examples of natural refrigerants include carbon
dioxide, hydrocarbons and the 1like. A hydrdcarbon
refrigerant referred to here is preferably a gas at
25°C under 1 atm. Specifically such gases include

alkanes, cycloalkanes and alkenes of 1 to 5 carbons

36
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An fhsulgting Tp?n1used as the electric insulating systen1wggéwialpf%$ t he

notor section may 10 be a crystalline plastic filmwith a glass transition
poi nt of 50C or higher, specific preferred exanples of which i ncFRg-0hel-00
or nore types of insulating films selected fromthe group consisting of

pol yet hyl ene terephthal ate, polybutyl ene terephthalate, 15 pol yphenyl ene
sul fide, polyether-ether-ketone, polyethylene naphthal ate, polyam dei m de
and polyam de, or conposite filns prepared by |am nating high glass
transition peinat pesifiedadyler slontd ow gtaslsonsy ans twed 1pai it nfiixomE,epecause
of their resistance to 20 deterioration in tensile strength and electric

i nsul ating prgeardgf. The rBpgnetf i r eenbinphess used sdeh t hggmBlcar-bwect i on
is preferably one with an enanel coating having a glass transition point
of 120C or hieghergesarctis as anabndkayenethanepol yeshelenpgl yest@nn?b i m de,
pol yam de or pol yam deim de, or an enanel coating which is a conposite
coating of aphoglylgrass Ro@Raled =cfcP36rdp8h32 NBut94@} PisbButane
FPOL1-0111-00 transition point upper layer on a low glass transition point

under bayer. Ad-doreasdte coatyed cenammle Wi resethieics dTRyp R RNt i oped t hose
wi th a pol yam dei m de wupper |ayer coated on a polyester imde underlayer 5

(AI/El), andmtihase e tdfatpol yammteren de uhpee layfyourtat edpeppankgl yester
under| ayer (AX/PE). The drying agent packed in the drier is preferably
synthetic zbakiahe,coipobsiagearend kaliixtnetal Shéieatre/aldm pakerred

among these.

The refrigerating machine o0il composition of the

10 invention normally exists in the form of a
refrigerating machine fluid composition mixed with a
refrigerant as describe above when it is used in the
refrigerating machine. According to the fluid
composition, the mixing ratio of the refrigerating

15 machine o0il composition to the refrigerant is not
particularly limited, but the amount of the
refrigerating machine oil composition is preferably
within a range of 1 to 560 parts by weight and more
preferably within a range of 2 to 400 parts by weight

20 to 100 parts by weight of the refrigerant.

The refrigerating machine oil composition of the
invention <can be wused as a 1lubricating oil for
refrigerant compressors in all types of refrigerating
machines, because of its excellent electric properties

25 and low hygroscopicity. The refrigerating machines in

which the composition may be used include,
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2003k ‘:(f,??E 1 Ht o , NO. 94f01 :
conpound “sal't h a carbon di oxi de gas absorption 10 vol ume of no greeater
than 1.0% at a pore size of 3.3 Angstrons or snaller and a carbon _di oxi de
gas partial pressure of 250 mmHg at 25C. Specific exanpl es i ncFE8é-Phel-00
trade nanes XH 9, XH 10, XH 11 and XH 600 by Union Showa Co., Ltd. 15
" Exanpl es The present invention will now be explained in further detail by
way of exanples and conparative exanples, with the understanding that the
invention is in no way limted thereby. 20 Exanples 1-32 and Conparative
Exanpl es 1- Saipleaoillys wer eapr epaned tfiomdzxaipt esodm32 andaCongar ati ve
Exanpl es 1-32, using each of the following base oils and additives. The
contents (%D magediafiorddie addiddlvestordde ekanpl es (thassdranwthe tot al
25 sanple oil weight) and the properties of each of the obtained sanple
oil's (kinema c yieeRsitiveat AOC anshd#9i2003| 1a23B<HmidLiN@, 9401 P. 53
FPO1-0111-00 100C, total acid value) are shown in Tables 1-11. [Base G )
Base O 1. Bsd&sepbtai nedrireemel, 2ndcyee pheyapedicar boxytheuaej d :and
i -heptanol 5 (Ester 1: 100% by nmass, cis-formtrans-formratio (nolar

rati @ = 55/ARoBR6ecO heddiky emaki ameopd &roshdwZase, a cooling
cycl ohexanedi carboxylic acid and 2-ethyl hexanol (Ester 2: 100% by nass,

cis-formtragss{espusaki o M) (mehanitali o) AAHA2) etc. The

refrigerating machine oil composition of the invention

is most preferably used in refrigerating machines

equipped with hermetic compressors. The refrigerating

10 machine oil composition of the invention may be used

with all types of compressors including reciprocating

types, rotary types and centrifugal types.

The construction of the preferred refrigerating

cycle in which the composition of the invention 1is

15 used will typically be egquipped with a compressor, a

condenser, an expander and an evaporator, and if
necessary a drier.

The compressor may be, for example, a high-

pressure container-system compressor wherein a motor

20 comprising a rotator and a stator, a rotating shaft

fitted in the rotator, and a compressor section

connected to the motor are housed in a sealed

container holding a refrigerating machine oil, and

high-pressure refrigerant gas ejected from the

25 compressor section is collected in the sealed

contziner, or a low-pressure container-system
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BasZeU('d': I'ﬁ’\%fd I‘:LS'Hé'éﬂﬁ obt ai ned from 1, 2- cycl ohexanedi car boxyl i 4&ild dnddl
3,5,5- trinethyl hexanol (Ester 3: 100% by mass, cis-fornmftraps-formratio
15 (nolar ratio) = 39/61) Base G| 4: Ester obtained from1, 2- FP01-0111-00
cycl ohexanedi carboxylic acid and i-nonanol (Ester 4: 100% by mass,
cis-formtrans-formratio (nmolar ratio) = 66/34) 20 Base G| 5: Ester
obtained from 1, 2- cycl ohexanedi carboxylic acid and i-decanol (Ester 5:
100% by mass, cis-formtrans-formratio (nolar ratio) = 49/51) Base G| 6:

Ester obtai neshris a8 sdr CYRLebEXeNE-n@fod, oflbeaihony!d ¢ n ept anol
(Ester 6: 100% b}{/ rnat?ssr cis- forrﬂtrnéms for?n?at |so )§41d ZIO&?%%?Egg %5

331r'i NO 94k y 542 EBQLtALLL-O0:rd Pl 8 chatIOk T 3%@539 o2 e{@w Hevanol

Ester obtained from 4- cycl ohexéne- 1, 2- dlcarboxyllc aclid an

(Ester 7: 10 e JBSS, r r qDI e TRLLQ
95/55) Base %%?n%%y Est er S%E?érogleglré%%ér]néglégyg oalteligne%t% | Tar Boxyfjl c acid

and 3,5, 5- truﬂﬁhby£8§%@80koﬂé§¥ﬁgr8hoﬂ8$ﬁ%b$ @%%%1 fﬁ ldE’ iﬂ%orm

ratio (mnolar ratio) = 67/3 10 Base Ester alne

cycl oke7, anedi;gar bgxyl ig; @gl Qgga pt I te 4% by
mass, ester 10: 1% by na%g Sre%s "0l £ A1Ge PahiE 5gg) e]%%% d Prof
the compressor section is directly ejected out of the

sealed contzainer.
An insulating film used as the electric
insulating system material for the motor section may
10 be a crystalline plastic film with a glass transition
point aof 50°C or higher, specific preferred examples
of which include one or more types of insulating films

selected from the group consisting of polyethylene

terephthalate, . polybutylene terephthalate,
15 polyphenylene sulfide, polyether-ether-ketone,
polyethylene naphthalate, polyamideimide and

polyimide, or composite films prepared by laminating
high glass transition point resin layers on low glass
transition point films, because of their resistance to
20 deterioration in tensile strength and electric
insulating property. The magnet wire which is used
for the motor section is preferazbly one with an enamel
coating having a glass transition point of 120°C or
higher, such as a monolayer of a polyester, polyester
25 imide, polyamide or polyamideimide, or an enamel

coating which 1s a composite coating of a high glass
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YSQé%yFnégéﬁlé%ggTornitrans-forn1ratlo (mol ar ratio) 53/470N018(0Base &l
10: Ester obtained from 1, 2- cycl ohexanedi carboxylic acid, i-butanol and 2-

et hyl hexanol (Ester 2: 51% by mass, ester 9: 36% by mass, ester 125, 1%%§?y00
mass, cis-fornmtrans-formratio (nolar ratio) _ 20 37/63) Base G F }1

Ester obtained from 1, 2- cycl ohexanedi carboxylic acid, i-butanol and 3,5, 5-
trimet hyl hexanol (Ester 3. 27% by nass, ester 9: 18% by mass, ester 13:

25 55% by mass, cis-formtrans-formratio (nmolar ratio) = 62/38) 42 2 00

3 23H 158i 3NG.r 29401+ & - ERO 1- S i | : ter .obtai.ned from
i o SooihE %p%%% (g&éP' & l&%d8§§ﬁ5|tﬁﬁ§ﬁl B 36%

1, 2- cycl ohexanedi car boxylic acid, n-butanol and r-

b , t Qs ; 0 , '« :45% , :
T oL Bl iR e, 98 oot DO crgnen g,

cis-formtrans-formratio

obt ai ned frognéreychakexgpe- : gi, gar Lc .acid, i-butanol and,

n- hept anol (Ester 16:92596b;n%%§§?hg§t2$%%%% i&ﬁg§ ﬁhsEPH¥§PéﬁelT8de73%)by
=.56/44) Base _oil 14:

mass, cis-fog ans-= m k-9 4( ar r.ati,o
Bheraneabarn £htaa ngé, Za-dgjcal Beosxtyﬁ)li c 4cid¢, * PrEGEAARYETand

Est er obtai ned from 4-cycl ohexene-

To% b, e, AT LRI TanT AR, TRER, AL AR BB iR, SRAEL 1
coated on a polyester underlayer (AI/PE). The drying
agent packed in the drier is preferably synthetic
zeolite comprising an alkali metal silicate/aluminate
compound salt with a carbon dioxide gas absorption

10 volume of no greater than.l.o% at a pore size of 3.3
Angstroms or smaller and a carbon dioxide gas partial
pressuré of 250 mmHg at 25°C. Specific examples
include the trade names XH-9, XH-10, XH-11 and XH-600
by Union Showa Co., Ltd.

15 Examples

The present invention will now be explained in
further detail by way of examples and comparative
examples, with the understanding that the invention is
in no way limited thereby.

20 Examples 1-32 and Comparative Examples 1-32

Sample oils were prepared for Examples 1-32 and
Comparative Examples 1-32, using each of the following
base olls and additives. The contents (% by mass) of
the additives in the examples (based on the total

25 sample o0il weight) and the properties of ezch of the

obtained sample oils (kinematic Viscosity at 40°C and
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15 raflof?qﬁéé QZ@3 ) Base O 15: Ester obtained from 4-cychbiéklene 53
1, 2-di carboxylic acid, i-butanol and 3,5,5- trinethyl hexanol (Ester 8: 26%
by mass, ester 16: 17@6by mass, ester 20 20: 57% by nass, FP01-0111-00
cis-formtrans-formratio (nolar ratio) = 42/58) Base Ol 16; Ester

obtai ned from 4-cycl ohexene- 1, 2-di carboxylic acid, n-butanol and i-decanol
(Ester 21. -22% by nass, ester 22: 46% by mass, ester 25 23:. 32% by nass,
cis-formtrans-formratio (nolar ratio) = 40/60) 43 20(i?= 11238 1533 NO
9401 P, 56 EPORCQ1kbt) Based Grh1dd) Esteshebhaiinedfnem 4,21

cycl ohexanedi carboxylic acid and i-heptanol (Ester 1: 100% by nass,
cis-formtrans-fonmasat igi1)(nol ar ratio) = 90/10) 5 Base O | 18: Ester
obtained from 1, 2- cycl ohexanedi carboxylic acid and i-heptanol (Ester |:
100% by nass, cissh@en tr@ns-fonm ratgg e nol 86tk ahkq) —fJIQ!n%?O) Pa§5 al
19: Ester obtained from I, 2= 10 cycl ohexanedi carboxylic acid a

2- et hyl hexang cQE&%&%né@1éﬂ¥B@i&lﬂ@5§¢1§'§n80“nﬁébﬁgﬁoﬁor”‘rat'o (ol ar
ratio) = 90/10) Base O 20: Ester obtained from

cycl ohexanedigaebexyhi:c aciod ang 2reiy| h@&aél%r%/t(ﬂ—:ai{ﬁffc?rm 10024 by mass,
cis-formtrans-formratio (nolar ratlo) = 10/

(molar ratio) = 55/45)

Base 0il 2: Ester obtained from 1,2-

cyclohexanedicarboxylic acid and 2~ethylhexanol

(Ester 2: 100% by mass, cis-form/trans-form ratio

10 (molar ratio) = 58/42)
Base 0il 3: Ester obtained from 1,2-
cyclohexanedicarboxylic acid and 3,5,5-
trimethylhexanol

(Ester 3: 1008 by mass, cils-form/trans-form ratio
15 (molar ratio) = 39/61)

Base 0il 4: Ester obtained from 1,2-

cyclohexanedicarboxylic acid and i-nonanol

(Ester 4: 100% by mass, cis-form/trans-form ratio
(molar ratio) = 66/34)
20 Base 0il 5: Ester obtained from 1,2-

cyclohexanedicarboxylic acid and i-decanol
(Ester 5: 100% by mass, cis-form/trans-form ratib
(molar ratio) = 49/51)

Base 0Oil 6: Ester obtained from d4-cyclohexene-

25 l,2-dicarboxylic acid and i-heptanol

(Ester 6: 100% by mass, cis-form/trans-form ratio
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S06E B0 1ERA .
Baggjéiﬁzéaﬁsgg#%r obtained froml1, 2- cyclohexanedicarboxyN9§4gEidPaRé
3,5,5- trinmethyl hexanol 20 (Ester 3: loot by mass, cis-forntrans-form
ratio (nolar ratio) = 90/10) Base oil 22: Ester obtained from 1Fp01-0111-00
cycl ohexanedi carboxylic acid and 3,5,5- trinethyl hexanol 25 (Ester 3: 100%
by mass, cis-formltrans-formratio (nolar ratio) = 10/90) 44 2003& , 238

i 534 NO, 9401 P. 57 FPO1-0111-00 Base O 23: Ester obtained from1, 2-

cycl ohexar edi carboxylic acid and i-nonanol (Ester 4: 100% by mass,
cis-formtrapnscformaaibp =(mwl/@sS)rati o) = 90/10) 5 Base O | 24: Ester

obtai ned from 1, 2- cycl ohexanedi carboxylic acid and i-nonanol (Ester 4:
100% by mass, ci sgd$&nmdirang-f opgteat icbt{mear fmadm o)y -z vkl/dHBxdase O |

25. Ester obtainedfrom I, Z- 10 cycl ohexanedi carboxylic acid and i-decano
(Ester 5. 100%.hy; MRsSoxGh sl @Al hars 2Ry atdand ol ar ratio) = 90/ 10)
Base G| 26: Ester obtained from 1, 2- cycl ohexanedi carboxylic acid and

i - decanol 15g9;£§§éﬁf P 19@@/%byb§738ﬁas§iS-&Qrsmfbfcaxm%rfa@lrsmfro&txdora(tnm ar
ratio) = 10/90) Base Ol 27: Ester obtained from 4-cycl ohexene-

1, 2- dj car boxyhd  Aci gt ap¢l L- heptsanol

Base 0il 8: Ester obtained from 4-cyclohexene-

1,2-dicarboxylic acid and 3,5,5-trimethylhexanocl
(Ester 8: 100% by mass, cis-form/trans-form ratio
(molar ratio) = 67/33)

10 BRase 0il 9: Ester obtained from 1,2-

cyclohexanedicarboxylic acid, i-butanol and n-heptznol
(Ester é: 24% by mass, ester 10: 1% by mass, ester 11l:

73% by mass, cis-form/trans-form ratio (molar ratio) =

53/47)

15 Base 0il 10: Ester obtained from 1,2-
cyclohexanedicarboxylic acid, i-butanol and 2=
ethylheXanol

(Ester 2: 51% by mass, ester 9: 36% by mass, ester 12:
13% by mass, cis-form/trans-form ratio (molar ratio) =
20 37/63)

Base 0il 11: Ester obtained from 1,2-

cyclohexanedicarboxylic acid, i-butanocl and 3,5,5-
trimethylhexanol
(Ester 3: 27% by mass, ester 9: 18% by mass, ester 13:

25 55% by mass, cis-form/trans-form ratio (molar ratio) =

62/38)
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10035 | £93 9upl . P
(Egﬁé?‘§23q&g@6g§ mass, cis-fornmtrans-formratio 20 (nnlgg ﬂg%log éB
90/ 10) Base Q| 28: Ester obtained from 4-cycl ohexene- 1, 2-dicarboxylic
acid and i-heptanol (Ester 6: 100% by nass, cis-fornftrans-forn1F%@iéOlll_oo
(ol ar ratio) = 10/90) 25 Base oil 29: Ester obtained from 4-cycl ohexene-

1, 2-di carboxylic acid and 2-ethyi hexanol 45 2 0 0 3 =~ ~ 2 3 0 115 34 NO
9401 P. 58 FPOL1-0111-00 (Ester 7: 100% by nass, cis-formtrans-formratio
(nolar ratio) = 90/10) Base O | 30: Ester obtained from 4-cycl ohexene-

1, 2- di car boxyl i c Besd an@i2- et Hhexadmotes (EgPepired100%toy masls,2-
cis-formtrans-formratio (nolar ratio) = 10/90) Base O 31: Ester
obt ai ned fr onyd:clekahexiémerbbx3-ldic ardbioky |t chatimo hAngnd i-decanol
3,5,5-trimethyl hexanol (Ester 8: 100% by mass, cis-formtrans-formratio
10 (nol ar ratiojer F 18)% Bage mh$s 32eskEstrer 1 Hbt APRedo ¥ r naB4, Ccyedtarexene-
1, 2-di carboxylic acid and 3,5,5-trinethyl hexanol (Ester 8: 100% by mass,
cis-formtrans:fo4serabiyo méaw} ar ci atifoyms tT@NSG) ol Basa i@ | @R afEst er

obtained from 1, 2- cycl ohexanedi carboxylic acid, i-butanol and n-heptanol
(Ester 9: 25%tyoymssgegster 10: 2% by mass, ester 11: 73% by nass,
cis-formtrans-formratio (nolar ratio) _ 90/10) 20 Base Q| 34: Ester

obtained from1, Z8ase 0il 13: Ester obtained from 4-cyclohexene-

1,2-dicarboxylic acid, i-butanol and n-heptanol

(Ester 16: 25% by mass, ester 17: 2% by mass, ester

18: 73% by mass, cis-form/trans-form ratio (molar
10 ratio) = 56/44)

Base 01l 14: Ester obtained from 4-cyclohexene-

1,2-dicarboxylic acid, i-butanol and 2-ethylhexanol

(Ester 7: 51% by mass, ester 16: 38% by mass, ester

19: 10% by mass, cis-form/trans-form ratio (molar
15 ratio) = 37/63)

Base 0il 15: Ester obtained from 4-cyclohexene-

1,2-dicarboxylic acid, i-butanol and 3,5,5-

trimethylhexanol

(Ester 8: 26% by mass, ester 16: 17% by mass, ester
20 20: 57% by mass, cis~-form/trans-form ratio (molar

ratio) = 42/58)

Base ©0il 16: Ester obtained from 4-cyclohexene-

1,2-dicarboxylic acid, n-butanol and i-decanol
(Ester 21: 22% by mass, ester 22: 46% by mass, ester

25 23: 32% Dby mass, cis-form/trans-form ratio (molar

ratio) = 40/60)
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9E 18
cy é#oﬁ%xgnéhﬂ% @oxyllc acid, i-butanol and n-heptanol (Estlefdld: P1okbby
mass, ester 10: 2% by mass, ester 11: 72% by nmass, cis-formtrans-form
ratio (molar ratio) _ 10/90) 25 Base G| 35: Ester obtained frorg 10111 00
cycl ohexanedi carboxylic acid, i-butanol and 2- 46 200:= 1>~2 38 1

h!0, 9401 P. 59 FP01-0111-00 ethyl hexanol (Ester 2: 50% by nass, ester 9:
3896 by nmass, ester 12; 12% by nmass, cis-formtrans-formratio (nolar

ratio) _ 90/10) 5 Base Q| 36: Ester obtained froml1, 2-

cyclohexanedicarbggg@ c agid, |Ibutanggt@@d 2-, xangl _(Est 2: 51%
by mass, ester 9: ter 11%ﬂ§¥%%ﬂé§30|s} %rn1?r%ns form

ratio (WD|arc&%ﬁb%kxanéﬁléé¥ﬁgg%utanogi %Zg E'égﬁt%%tﬁlned Lo b %Ester

cyclohexanedlcarboxyllc acid trlnethylhexanol

3. 26% by maggstesten .9 1%%%)b est P6% by_nass,
cis-formtrans-formratio (nDIa ?%io %ﬁ§%/fﬁﬁn O 1O58: Btie
obtained fromyd;3y ¢ rbexylic acid, i-butanol and 3,5, 5-

trlnethylhexg%ol 20 %ES?Q éygfby mass, ester 9: 16% by nass, ester 13:

57a by nmass, cis- ggggitr%ﬂg_foqm;%ﬂiégégplaroggghg) MWE¥Qm 1 o-

cyclohexanedicarboxylic acid and i-heptanol

(Ester 1: 100% by mass, cis-form/trans-form ratio

(molar ratio) = 10/90)
Base 0il 19: Ester obtained from 1,2-
10 cyclohexanedicarboxylic acid and 2-ethylhexanol

(Ester . 2: 100% Dby mass, cis-form/trans-form ratio
(molar ratio) = 90/10)

Base 0il 20: Ester obtained from 1,2~

cyclohexanedicarboxylic acid and 2-ethylhexanol

15 (Ester 2: 100% by mass, cis-form/trans-form ratio
(molar ratio) = 10/50)

Base 011l 21: Ester obtained from 1,2-
cyclohexanedicarboxylic acid and 3,5,5-
trimethylhexanol

20 (Ester 3: 100%¥ by mass, cis-form/trans-form ratio
(molar ratioc) = 90/10)

Base 0il 22: Ester obtained from 1,2~
cyclohexanedicarboxylic acid and 3,5, 5-
trimethylhexanol

25 (Ester 3: 100% by mass, cis-form/trans-form ratio
(molar ratio) = 10/20)
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T003E 18930 1 \ 0 1
Baé%o%irﬂggzl%gé%r obtained froml1, 2- cyclohexanedicarboxylmbggéidf' b1

n- but anol and i-decanol 25 (Ester 5: 33% by nass, ester 14. 20% by nass,
ester 15: 47% by mass, cis-formtrans-formratio (nmolar 47 20fi BP01-2181-00
15a X53 NO, 9401 P. 60 FP01-0111-00 ratio) = 90/10) Base Q| 40: Ester
obtained from 1, 2- cycl ohexanedi carboxylic acid, n-butanol and i-decanol
(Ester 5: 34% by mass, ester 14: 20% by nass, ester. 5 15: 46% by nass,
cis-formtrans-formratio (nolar ratio) = 10/90) Base Ol 41: Ester

obt ai ned from 4-gygsehexene- 1,2%:di cadoxylicoBehinel- butraagl and o-

n- hept anol (Ester  16: 26% Dy mass, ester 17: 2% by mass, ester 10 18: 72%
by mass, ciyjoroméxansdieaiooalild d el add@ti ooma®Pl 10) Base oil 42:

Est er obtained from 4-cycl ohexene- 1, 2-di carboxylic acid, i-butanol and
n-heptanol (Edesr 164;27% by MB§S, mester &{s-2%rhy tMRSS~ RSLEr rak o8 71%
by mass, cis-fornmltrans-formratio (nolar ratio) = 10/90) Base oil 43:
Ester obtai ne@ f4om4tey¢l eheyener 1, 2-di carboxylic acid, i-butanol and

2- et hyl hexanol (Ester 7: 52% by nass, ester 16: 40% by mass, ester 20 19:
8% by, mass, cis-fpygdtrapsiformgrati adimlar okehifdd= 9¢44R) Base O . 44:
Ester obtai ned from4-cyclohexene- 1, 2-dicarboxylic acid, i-butanol and

2- et hyl hexargjc 1 diEsk&hedi caPYoRY 1MRS S iR tA1d 6nddy mass, ester

(Ester 4: 100% by mass, cis-form/trans—-form ratio

(molar ratio) = 10/90)
Base 0il 25: Ester obtained from 1,2~
10 cyclohexanedicarbeoxylic acid and i-decanol
(Ester 5: 100% by mass, cis-form/trans—-form ratio
(molar ratio) = 90/10)
Base 0il 26: Ester obtained from 1,2-

cyclohexanedicarboxylic acid and i-decanol
15 (Ester 5: 100% by mass, cis-form/trans-form ratio
(molar ratio) = 10/90)

Base 0il 27: Ester obtained from 4-cyclohexene-

1,2-dicarboxylic acid and i-heptanol
(Ester 6: 100% by mass, cis-form/trans-form ratio
20 (molar ratio) = 350/10)

Base 0il 28: Ester obtained from 4-cyclohexene-

1,2-dicarboxylic acid and i-heptanol

(Ester 6: 100% by mass, cis-form/trans-form ratio
(molar ratio) = 10/90)
25 Base 0il 29: Ester obtained from 4-cyclohexene-

1,2-dicarboxylic acid and 2-ethylhexanol
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2003 (B30 1583 _ _ 0. 941 3
25“1(9:1': gﬂ%%y' rrallsﬁs, cis-formtrans-formratio (nolar ratloyoqulg%) b§18

2003T 1. 23H 15E136 NO. 9401 P. 61 FPO-0111-00 Base G| 45: Este
obt ai ned from 4-cycl ohexene- 1, 2-di carboxylic acid, i-butanol anf %59511f00
trimet hyl hexanol (Ester 8. 26% by nass, ester 16: 18% by mass, ester 5 20:
56% by mass, cis-formtrans-formratio (nolar ratio) = 90/10) Base G| 46:
Ester obtained from 4-cycl ohexene- 1, 2-dicarboxylic acid, i-butanol and
3,5,5- trinethyl hexanol 10 (Ester 8: 27% by nmass, ester 16: 17% by nass,
ester 20: 5Ebtayr meEss, L08Sf oy tmans, f othFraers/ taehar forat i pt2010/ 90)
Base G| 47: Ester obtained from 4-cycl ohexene- 1, 2-dicarboxylic acid,
n- but anol anichd Fatecambio 15=( BSYé&P)21: 20% by nmass, ester 22: 47% by nass,
ester 23: 33%by mass, cis-formtrans-formratio (nolar ratio) = 90/10)
Base O | 48: Est &asbt aiined3dr oMsteqycdohaxend- firdm ddcavbdrpexensci d,
n- but anol and i-decanol 20 (Ester 21: 21% by nass, ester 22:. 46% by mass,
ester 23: 33%-yi aesisox ¢l $ef acitit cads 2-@tmylatexar(aibl ar ratio) = 10/90).
[ 1, 2- cycl ohexanedi carboxylic acid esters 1-5, 9-15] 25 The
1, 2- ¢ycl ohex@wttcarboxyld¢s achyl esdess ofisthermpbvenbageroi | satis, 9-12,
17-26 and 33-40 have a 49

(molar ratio) = 10/90)

Base ©0il 31: Ester obtained from 4-cyclohexene-

1,2—dicarb02ylic acid and 3,5,5-trimethylhexanol
(Ester 8: 100% by mass, cis-form/trans-form ratio

10 (molar ratio) = 90/10)

Base 01il 32: Ester obtained from 4-cyclohexene-

1,2—dicérboxylic acid and 3,5, 5-trimethylhexanol
(Ester 8: 100% by mass, cis-form/trans—form ratio
(molar ratio) = 10/90)

15 Base 01l 33: Ester obtained from 1,2-

cyclohexanedicarboxylic acid, i-butanol and n-heptanol
(Ester 9: 25% by mass, ester 10: 2% by mass, ester 11:
73% by mass, cis-form/trans-form ratio (meolar ratio) =
90/10)

20 Base 0il 34: Ester obtained from 1,2~

cyclohexanedicarboxylic acid, i-butanol and n-heptanol
(Ester 9: 24% by mass, ester 10: 2% by mass, ester 1ll:
72% by mass, cis—form/trans—form ratio {(molar ratio) =
10/90)

25 Base 0il 35: Ester obtained from 1,2-

cyclohexanedicarboxylic acid, i-butanol and 2-
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o B JFLELINE 3 6 no. 04 1 P, 62 FPOL--0111-00 structul® Y¥lbrekedted by
the follow ng general formula (4) COORZ (4) COORS where R2 and_R3 of each
ester are the following. 5 Ester 1 R2: i-heptyl group, R3: i-hepE§PlgPolp00
Ester 2 R2: 2-ethyl hexyl group, R3: 2-ethylhexyl group Ester 3 R2:
3,5,5-trimethyl hexyl group, R3: 3,5,5-trimethyl hexyl group 10 Ester 4 R2:
i -nonyl group, R3: i-nonyl group Ester 5 R2: i-decyl group, R3: i-decyl
group Ester 9 R2: i-butyl group, R3: i-butyl group Ester 10 Rz: i-butyl
group, R3: nrhoptiyéxgreup Ester 11 R2: n-heptyl group, R3: n-heptyl group
15 Ester 12 R2: i-butyl group, R3: 2-ethyl hexyl group Ester 13 R2: i-butyl
group, R3: 3JEsxeP-21trbost byl hevgsd, orotgr ESt eB8i4bR2masshutet egr diffy, R3:
n-butyl group 20 Ester 15 R2: n-butyl croup, R3: i-decyl group..
[ 4- cycl ohexengy I 2- flhgar bexy-ifo gtk asd ef srh-8ati6 2BplEreratio) =
4- cycl ohexene- 1, 2-di carboxylic acid esters of 50 2003'c 1MD 156 36x? NO.
ﬁ401 P. 63 JtP0lpP111-00 the above base oils 6-8, 23-16, 27-32 and 41-48
ave a

5 Base 0il 36: Ester obtained from 1,2~
cyclohexanedicarboxylic acid, i-butanol and 2-
ethylhexanol

(Ester 2: 51% by mass, ester 9: 38% by mass, ester 12:
11% by mass, cis-form/trans-form ratio (molar ratio) =

10 10/90)

Base 0il 37: Ester obtained from 1,2-

cyclohexanedicarboxylic acid, i-butanol and 3,5,5-

trimethylhexanol

(Ester 3: 26% by mass, ester 9: 18% by mass, ester 13:
15 56% by mass, cis-form/trans-form ratio (molar fatio) =

90/10)

Base 0il 38: Ester obtained from 1,2-

cyclohexanedicarbexylic acid, i-butanol and 3,5,5-
trimethylhexXanol

20 (Ester 3: 27% by mass, ester 9: 16% by mass, ester 13:
57% by mass, cis-form/trans-form ratio (molar ratio) =
10/90)

Base 0il 39: Ester obtained from 1,2-

cyclohexanedicarboxylic acid, n-butanol and i-decanol
25 (Ester 5: 33% by mass, ester 14: 20% by mass, ester

15: 47% by mass, cis-form/trans-form ratio (molar
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NG 2 a6t
st#&@%ﬁjﬁ@ﬁebﬁﬂ%@éént ed by the follow ng general formula (5N0;4000RE. ((8)
COORS 5 where R' and R5 of each ester are the following. Ester 6 R
i -heptyl group, R5: i-heptyl group Ester 7 R4: 2-ethyl hexyl grogpoiR9111-00
2-et hyl hexyl group Ester 8 R: 3, 5, 5-trinethylhexyl group, R5 : 10
-3,5,5-trinmethyl hexyl group Ester 16 R4: i-butyl group,. R5: i-butyl group
Ester 17 R : i-butyl group, R: n-heptyl group Ester 18 R4: n-heptyl
group, R5: n-heptyl group Ester 19 R i-butyl group, R5: 2-ethylhexyl 15
group Ester 2Q:R4 i= Ry mloygroup, RS: 3, 5, 5- trinethylhexyl group Ester
21 R4: n-butyl group, R5: n-butyl group Ester 22 R4: n-butyl group, Rb:

[ AQd1 11 vas) - Addi L B By gt Y v et et aaPirog o) THeRUP 1, 2-
d yci dyl - 2, 2-di Lact 1, 200344 ?P236, 15,37 Xny NC P. 64
FPO1- 0111- o0C§E§??ﬁ@§3%%;ﬁ§3‘fb§%®?eln§0%§% de Tﬁ]gu’flo?ﬁgwéﬁa Fleogtegéx%érle t hen

carried out 18Gceacd ofaihe paple, oidstdlf BXamloRs by SR.2ud Saymarative

5 15: 46% by mass, cis-form/trans-form ratio (molar

ratio) = 10/90)

Base 0il 41: Ester obtained from 4-cyclohexene-

1,2~dicarboxylic acid, i-butanol and n-heptanol
(Ester 16: 26% by mass, ester 17: 2% by mass, ester
10 18: 72% by mass, cis-form/trans-form ratio (molar

ratio) = 90/10)

Base 0Oil 42: Ester obtained from 4-cyclohexene-

1,2-dicarboxylic acid, i-butanol and n-heptanol
(Ester 16: 27% by mass, ester 17: 2% by mass, ester
15 18: 71% by mass, cis-form/trans-form ratio (molar

ratio) = 10/90)

Base 0il 43: Ester obtained from d4-cyclohexene-

1,2-dicarboxylic acid, i-butanol and 2-ethylhexanol
(Ester 7: 52% by mass, ester 16: 40%¥ by mass, ester
20 19: 8% by mass, cis-form/trans~-form ratio (molar

ratio) = 90/10)

Base 0il. 44: Ester obtained from 4-cyclohexene-

1,2-dicarboxylic acid, i-butanol and 2-ethylhexanol
(Ester 7: 50% by mass, ester 16: 41% by mass, ester

25 19: % by mass, cis-form/trans-form ratio {molar

ratie) = 10/90)
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5 {Hgfrr qﬁangﬁql@lscibility Test) In accordance with the "Rem%ﬁé@raﬁ% b1
M SC|b|I|ty Testing Method" of JIS-K-2211 "Refrigerating machine oils", 1
g of each of the sanple oils was blended with 29 g of HFCl34a refgdpesrani-og
to observe whether the 10 sanple oils and the refrigerant were m scible
with each other at 0C, or whether they separated or formed a turbid
state. The results are shown in Tables 1 to 11. (Electric Insulating
Property Test) 15 The volune resistivity of each of the sanple oils at 25C

uas measured |n ageoedance Wigh SL8C W0l isEheatp hosykatbag Rl L

Testing Method." The resulftS— are shown in Tables 1

stabil ity Te@»&%%ﬁo%a,lglcport@a(gf eacfuﬂutsnslsamggdo"s Br gpar ed
with a nmoisture content of 1000 ppm by nass was wei out into’an

aut ocl ave mhtgg eal.ed after addition of 10 g of HFC134a refrigerant
and catalysts |ro copper and alunlnun1mnres) The 25 autocl ave was then

heated at 20 f h th

sgﬁp?e oi | 5 Q%Eg_rgz%z\geg °1 1~ 2§E5i56| %}”%\% A %ﬁéiqgli%?ﬁoet he

catal ysts ma§oobsggvedbyanﬂagge vghgn% /égén%tyor%nd gtal ci d_val ue of
f%i Fes Shotnd i M9

each of the Sanple oils was méasured. ts are Bfes 1 to

11.  (Lubricity;Jest) g9 Agmear tester enploying a vane (SKH51) as the
upper test spec%nZn ang/ gesk (FC250 HRC40) as the

Base 0Oil 46: Ester obtained from 4-cyclohexene-

1l,2-dicarboxylic acid, i-butanol and 3,5,5-
trimethylhexanol
10 (Ester 8: 27% by mass, ester 16: 17% by mass, ester

20: 563 by mass, cis-form/trans-form ratio (molar
ratio) = 10/90)

Base 0il 47: Ester obtained from 4-cyclohexene-

l,2-dicarboxylic acid, n-butancl and i-decanol

15 (Ester 21: 20% by mass, ester 22: 47% by mass, ester
23: 33% by mass, cis-form/trans—-form ratio (molar
ratio) = 390/10)

Base 0il 48: Ester obtained from 4-cyclohexene-

l,2-dicarboxylic acid, n-butanol and i-decanol
20 (Estexr 21: 21% by mass, ester 22: 46% by mass, ester
23: 33% Dby mass, cis-form/trans-form ratio (molar

ratio) = 10/90)
[1,2~cyclohexanedicarboxylic acid esters 1-5, 9-15]

25 The 1,2-cyclohexanedicarboxylic acid esters of

the above base olls 1-5, 9-12, 17-26 and 33-40 have a
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I?j: ' 1204 i
|OV\9B(I‘ teszt slp%mﬁrren was nounted inside a sealed container. NO. 9%60 1| |
portion of the sanple oil was introduced into the wear testing zone, and 5
after 10 evacuating the air fromthe system HFCl34a refrigeramPQe0l11-00 |
i ntroduced and the system was heated. After adjustnent of the system |
tenperature to 100C and the refrigerant pressure to 1.5 MPa, a stepw se
| oad was applied up to 100 kgf at a | oad step of 10 15 kgf (2 m nute
steps). After a 60 mnute test for each sanple oil, the wear width of the
vane and thgtweatueptdpotstheedi dky Weree frebsaw mdg Joreredulfbsnarle shown
in Tables 1 to 8. (Heat/Hydrolytic stability Test 11) 20 A 90 g portion of
each of the (ggnple oils prepared with a noisture content of 1000 ppm by
mass was wei ghed out into an autoclave which was sealed after addition of
10 g of HFCl34a refri ger O catal ysts (iron, copper and al um num

wi res) The 25 autoc en heated at 200C for 2000 hours, after
of each of the sanple oils (83 2003= 230 158387

whi ch the appe
NO. 9401 P. 66 (FPOL-IQ111-00 and the catal ysts was observed, and the vol une

resistivity and tofal ag@O®RYUe of each of the sanple oils was neasured.
The results are shown in Tables 9 to 11. 5 54 2003= 1 238 158 38;} NO

9401 P. 67 JRQk GPLEQDR® of each ester are the following.
5 Ester 1 R?: i-heptyl group, R’: i-heptyl group
Ester 2 R?: 2-ethylhexyl group, R>: 2-ethylhexyl
group
Ester 3 R?: 3,5,5-trimethylhexyl group, R®:
3,5,5-trimethylhexyl group
10 Ester 4 R%: i-nonyl group, R’: i-nonyl group
Ester 5 R%: i-decyl group, R®: i-decyl group
Ester 9 R?: i-butyl group, R’: i-butyl group
Ester 10 R?: i-butyl ¢group, R’: n-heptyl group

Ester 11 R%; n-heptyl group, R®: n-heptyl group

15 Ester 12 RZ: i-butyl group, R’: 2-ethylhexyl
group
Ester 13 R?*: i-butyl group, R’: 3,5,5-

trimeﬁhylhexyl group
Ester 14 R?: n-butyl group, R®: n-butyl group

20 Ester 15 R?: n-butyl group, R®: i~decyl group.
[4-cyclohexene-1,2-dicarboxylic acid esters 6-8, 16—

23]

The 4-cyclohexene-1l,2-dicarboxylic acid esters of
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2: %gaixaé%”e Exanpl e Exanpl e Exanpl e Exanpl e Exanpl e Ng(¥0£ 4P56é

Base 0|I Base oil Base oil Base oil Base oil Base oil Base 1 2 3 4 5 oil 6
Additive Type - - - - - - Content - - - - (; b mass) Kinematic #80C-9213-00
18.2 28.5 25.6 29.5 12.7 viscosity 100" C 2.8 3.5 4.7 4.5 4"7 2.8 (mR/YS)
Total acid value 0.01 0.01 0.01 0.01 0.01 0.01 (mKQHg) Mscibility

m scible mscible mscible mscible mscible mscibl e Volune resistivity
3.34.9817.99.235(C2 cm A1073 x 1013 x 1013 x 1013 x 1012 x 1012

Heat / Appeaftancgbotenbage ©d 1m0 618 nol3-hydy okt B2sanpl @leids dhangea change
change change change change ¢ Appearance Cu no no no no no no stability of

change chan s hepgeechapge seharda wharge foltavahysyenerid MoMIH NO no
change change change change chan e change A no no no no no no change

change changgschange change change Volume 4.9 6.3 1.9 3.5 4.4 1.7
resistivity x 1012 1012 x 1013 x 1013 g 1012 x 1011 (0O-cm Total acid 0.60
0-65 0.55 0.49 0.61 O. 4&06%“ (mgKOH g)

(5)
[:::[:COORS

S where R' and R® of each ester are the following.
Ester 6 R°: i-heptyl group, R®: i-heptyl group
Ester 7 R': 2-ethylhexyl group, R®: 2~-ethylhexyl
group
Ester 8 R': 3,5,5-trimethylhexyl group, R®:
16 3,5,5—t£imethylhexyl group
Ester 16 R%: i-butyl group, R®: i-butyl group
Ester 17 R i-butyl group, R°: n-heptyl group
Ester 18 R‘: n-heptyl group, R®’: n-heptyl group
Ester 19 R‘: i-butyl group, R®: 2-ethylhexyl
15 group
Ester 20 R': i-butyl group, R%: 3,5,5-
trimethylhexyl group
Ester 21 R‘: n-butyl group, R’: n-butyl group
Ester 22 R*: n-butyl group, R®: i-decyl group

20 Ester 23 R*: i-decyl group, R®: i-decyl group

[Additives]

Additive 1: Phenylglycidyl ether

Additive 2: Glycidyl-2,2-dimethyloctanoate
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2003% 18 SH374 NO. 9401 P,
Lu/taor(i’?:iltﬁﬁg%vel:iJI Wi dth 335 330 320 315 340 295 test (um) Wear 9 galpth 1814

;
1.1 1..512.41..1 (}un) 55 20(13= i~238 15B138S; HO 940i P. 68
FPO1--0111-00 (Table 2) Exanple E:.anple Exanple Exanpl e Exanplgpﬁiéﬂblé"oo
7 8 9 10 11 12 Base oil Base all Base oil Base oil Base oil Base oil Base
oil 789 10 U12 Additive Type - - - - - - Content - - - - - (3 by mass)
Kinematic 40' C 16.5 29.5 10.8 12.7 12.7 12.6 viscosity 100 c 3..3 4..7
2.6 2..7 2.7 2.8 (mR/s) Total acid value 0..01 0.01 0.00 0.00 0.00 0.00
(mKOH ) M scibipghaytrmyscibl eyailsticlemaricecidd e m sci bl e m sci bl e miscible
Volume resistivity 2.2 3.2 7.53.2 3.7 3.6 (S2 Gy x 1013 j 101J T 1012 x
1013 x 1013 x 1019, &eatol 1ApPpeqr e ©f wearanothennocasrined hydtolfdxd c
sanpl e oil change change change change change change stability Appearance

Cu no no no -0 BE | ©fechangelehangel shange Ehangel ehange3ehanged
catal yst Fe no no no no no no change change change change change change Al

No N0 N0 NO N HPr 2 ERFBOExGHRPIGE ahalge change change change

5 (Refrigerant Miscibility Test)
In accordance with the "Refrigerant Miscibility
Testing Method" of JIS-K-2211 YRefrigerating machine
oils", 1 g of each of the sample oils was blended with
29 g of HFC134a refrigerant to observe whether the

10 sample oils and the refrigerant were miscible with
each other at 0°C, or whether they separated or formed
2 turbia state. The results are shown in Tables 1 to
11.

(Electric Insulating Property Test)

15 The volume resistivity of each of the sample oils
at 25°C was measured 1in accordance with JIS-C-2101
“Electric Insulating 0il Testing Method.” The results
are shown in Tables 1 to 1l.

(Heat/Hydrolytic stability Test I)

20 A 90 g portion of each of tﬁe sample oils
prepared with a moisture content of 1000 ppm by mass
was weighed out into an autoclave which was sealed
after addition of 10 g of HFCl34a refrigerant and
catalysts (iron, éopper and aluminum wires). The

25 autoclave was then heated at 200°C for 2 weeks, after

which the appearance of each of the sample oils and
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vollivé Wi381%31 3 5.2 3.6 5.8 resistivity x 1012 x 10" x 161%0x 1622
1012 A 1012 (S2 cnm) Total acid 0.52 0.63 0..79 0.31 0.41 0.48 value
(mgKOH ) Lubricity wear width 300 270 250 295 285 320 test (UmMrFpdaain111-00
depth 1..2 1 0.8 1..1 1.2 1.2 (pn) 56 20013= 1 238 1585:39 NO. 9401 P. 69

FP01-0111-00 (Table 3) E~.anpl e Exanpl e Exanpl e Exanple Conp_ Conp. 13 14
15 16 Exanple Exanple 1 2 Base oil Base oil Base oil Base oil Base oi
Base oil Base oil 13 14 15 16 17 IB Additive Type - - - - Content - -

- ( by ”ass}gﬁ%n%g%é%?§¥%(%é§ FodérIedd. dnllihel 2 ukde Qreyiseosity 100 C
2,.52,.73 2 2.7 (m2/s) Total acid value 0.00 0.00 0.000.00

0.01 0.00 m 1 | I B e |
mscible m smg 9\70 u?r%hraes\{ats%évq ?3 t1%Ja(£;CHn égltig%Zn%%gﬁgél O[‘?lsﬁl(:l ‘gé%m X

1012 x 1012 .5, 1013 1042 % MMk A3kt {nAPREFEaNGE (@f 10 no no no

no no
(Lubricity Test)

5 A wear tester employing a vane (S5KH-51) as the
upper test specimen and a disk (FC250 HRC40) as the
lower test specimen WwWas mounted inside a sealed
container. A 600 ml portion of the sample o0il was
introduced into the wear testing =zone, and after

10 evacuating the zir from the system, HFCl34a
refrigerant was introduced and the system was heated.
After adjustment of the system temperature to 100°C
and the refrigerant pressure to 1.5 MPa, a stepwise
load was applied up to 100 kgf at a load step of 10

15 kgf (2 minute steps). After.a 60 minute test for each
sample o0il, the wear width éf the vane and the wear
depth of the disk were measured. The results are
shown in Tables 1 to 8.

(Heat/Hydrolytic stability Test II)

20 A 90 g portion of each of the sample oils
prepared with a moisture content of 1000 ppm by mass
was weighed out into an autoclave which was sezled
after addition of 10 g of HFCl34a refrigerant and
catalysts (iron, copper and aluminum wires). The

25 autoclave was then heated at 200°C for 2000 hours,

after which the appearance of each of the sample oils
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f s B +n

hyﬂﬂgfy5?3%éﬁ%ﬁ@ oi | change change change change change chg%ééolc P. b8
Appearance Cu no no no no no no stability of change change change change
change change | catalyst Fe no no no no no partiall change chargelebanygeoo
change change y blackene d A no no no no no no change change change
change change change Volunme 5.6 3.4 2.3 4.5 5.4 1.0 resistivity ?I 1011 x
loll x 1012 1012 x 1012 x 1010 (S2 cm Total acid 0.86 0.35 0.39 0,61 0.60
0.86 val ue (ngKCPVg) Lubricity Wear width 275 295 305 290 390 340 test

Vear d 1 . whsl. J¥q57 2061311223 9 NO
ggg)l i\ ar70 %&&l 61?.1 %altazl%psb A Qs ?obs(e" xFQdCO QQQCOt%é Gvolﬁﬁne’*

cxanpl e Example 4t§§]1‘3ggéﬁdaﬁ%r{@le %ﬁamee%welg sBﬁ&ﬂé)" Base

oi| Base oil” Base oi e oil Base o Base oi | 21 22 23724
Additive TYR®R 15 -wais™ measd@UEM The results (PPYsHBRS) in Tables 9

to 11.
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0 £ 1B
|%Mé§t#¥)%&5gﬁ%% 2 18.2 28.5 28.5 25.6 25.6 viscosity 10&084§1 % §74 7
4.7 4..5 4.5 (mR/s) Total acid value 0.01 0,.01 0.01 0.01 0.01 é
KOH g) Mscibility mscible mscible mscible m sci bl e niscible ﬁ?@%lgi 1-00
volume resistivity 4.6 4.6 7.4 7.48.18.1 cm x loll 1013 x 1013 x 1013 x
1013 X 1013 Heat / Appearance of no no no no no no hydrolytic sanple oi
chance change change change change change stability Appearance Cu no no no
no no no | of change change change change change change catalyst Fe no
partially nopasiéally no partially change bl ackened change bl ackened

change bl ackened Al _no no Ro-po-ho—nRo—change—chapge—eh vfeP%ﬁ%e—eFange
change Volunme 6.3 2.1 2.2 9. EBTRS ?5’“1%1&? ‘{"fayplfcfga“&?li mple (1’013 x
1010 1 10i 8 x 1011 (cm Tota aili-,- 074 0l91 3. l:') oigg '705 val ue (m
KOH g) Lubficity BAEaroi dth 4Bes386![Bts 2P 3385“;’.%?565& f’éls?as 5p’?’TJr 9&?{% dept h
2.91..52151.02 1.5 582083, 11)723B1158 apk2 407 s
FPO1- 0111- OCPAdETaBI b 5)T¥PBIp | Cofp.|Conp Coms— Compo Canp - -
Content - = - - - -
(3 by mass)
Kinematic 40° C 12.3 18.2 28.5 25.6 29.5 12.7
viscosity 100° ¢ 2.8 3.5 4.7 4.5 4.7 2.8
(run’/s)
Total acid value 0.01 0.01 0.01 0.01 0.01 0.01
(mgKOH/g)
Miscibility miscible|miscible|miscible|misciblelmiscible[miscibl
€
Volume resistivity 3.3 4.9 8.1 7.9 9.2 3.5
(R-cm) » 10" | x 10 | x 10" | x 108 | x 10 | x 10%
Heat / |{Appearance of no no " no no no no
hydrolyti| sample oil change | change | change | change | change | change
c Appearance|Cu no no no no ~ho no
stability of change | change [ change | change | change | change
I catalyst |[Fe no no no no no no
change | change | change | change | change | change
al no ne no no no no
change | change | change | change [ change | change
Volume 4.9 6.3 1.9 3.5 4.4 1.7
resistivity | x 10' | x 10% | x 10" | x 10¥® | x 10% | x 10"
(2 cm)
Total acid 0.60 0.65 0.55 0.49% 0.61 0.48
value
(mgKOR/g)
Lubricity| Wear width 333 320 320 315 340 295
test (pm)
Wear depth 1.3 1.4 1.1 1.5 1.4 1.1
{am)
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ko 2 e

M’r%ﬁelﬂéi%%éq%%%ﬁanpl e Exanpl e Exanple Exanple 9 10 11 1§0.19:§0i4 Easbg oi |
Base oil Base oil Base Base oil Base oil Base oil 25 26 oil 27 28 29 30
Additive Type - - _ content - - - - by mass) Kinematic 40' CFP§150391500
12.8 12.5 18.9 17.7 viscosity 100 C 4.7 4"7 2.8 (nm/s) 2.8 3.6 3.4 Total
acid value 0.,01 0.01 0.01 0.01 0.01 0.,01 (ngxoH g) Mscibility mscible
m scible mscib]. mscible mscible mscible e Volune resistivity 8.3 8.3
3.1 3.16.16.1(n" cm x 1011 a 1012 loll x 1012 v 10i2 x 1012 Heat /
Appear ance ofT&blsozno no no hydrolytic sarrpl e oil change change change

than a change chance—stabiHi ' "““Mfﬂ“m S—Ro—Hod fo—po—He h '
change change Chan e change ch r'?g LeckAmai € | EatRR §s fo®
part i all y tho parfi all \ chanae e bl ad I\engeul q ckene
d A no no no n&3to°hb chancaés"cﬁéhgés RarE® et fd | une
3.17.91/1 104615 res] ti\]it;',\iOIZXﬁOI( 2 1411 X
101e Additive " Type - - - ~ - -
Content - - - - - -
(% by mass)
Kinematic 40° C 16.5 29.5 i0.¢8 12.7 12.7 12.86
viscosity 100° ¢ 3.3 4.7 2.6 2.7 2.7 2.8
{rm’ /s )
Total acid value 0.01 0.01 0.00 0.00 0.00 0.00
{mgKOH/g)
Miscibility miscible|miscible|miscible{misciblemiscible|miscible
Volume resistivity 2.2 3.2 7.5 3.2 3.7 3.6
(- cm) x 10 | = 10 | x20* | w 10Y | x 109 | x 10V
Heat / |Appearance of no no no no no ne
hydrxolytic| sample o0il change change change change change change
stability |Appearance|Cu ne no no no no no
I of change | change | change change | change | change
‘catalyst |Fe no no neo no no no
change | change | change change | change | change
Al no no no no no ne
change | change | change change | change [ change
Volume 4.7 9.3 1.3 5.2 3.6 5.8
resistivity | x 10% | x 10" | x 10'2 | x 10% | x 10% | x 10%2
(2-cm) '
Total acid 0.52 0.63 0.79 0.31 0.41 0.4¢8
value
{mgKOE/g)
Lubricity Wear width 300 270 250 295 285 320
test {pam) ) ) '
Wear depth 1.2 1 0.8 1.1 1.2 1.2
(pm) '
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03
(n' VS5 30 %538 4 0. 63 0.86 0.51 0.78 0.55 0.79 val ue (mNQ«%ﬁi?lLubr.@g.ty
Sear w dt b 360 350 380 300 410" 250

2.5 1.1

(Pm 59 2 0 i
(Tabl e 6) Conp. Ccnp. Conp. Conp

Conp

test (pm Wear depth 2.6 1.4 2.

3t i1-23H 1 56'4 ~ 0 NG 840'1 P. 72 FP@foéIPﬂléooo
Conp. Exanpl e Exanpl e Exanpl e

Exanpl e Exanple Exanple 15 i6 17 18 19 20 Base oil Base oil Base oil Base
oil Base oil Base Base oil 31 32 33 34 oil 35 36 Additive Type - -
Content - - (~ by rrass) Ki nematic 40 ¢ 29.5 29.3 10.9 10.8 12.7 12.8
viscosity 10@;614 B¥4.7 2.6 2.6 2.7 (mm/s) 2.7 Total acid value 0.01 0.01
0.00 0.00_0.00 0.00 ( Kﬂ'l/)'\/lQ(‘lhl|lf m-scibl m-scible—misei-ble
miscible [miscibl mscible e| AP FERYES tEr‘Wptl? B%3FPES 3 PU: 7| §°%P9 B. 5
(0-cn) x [1012 :i 1013 x 1012|x 1012 x 013 v 1013 FRat ?zaﬂb]peea?"ﬁﬂﬁlee of no
nNo Nno no |no ! 2_
Base oil Base oil[Base oil|Base oil|Base oil[Base oil|Base oil
13 14 15 16 17 18
Additive Type - - - - - -
Content - - - - - -
{$ by mass)
Kinematic 50° ¢ 10.3 12.9 15.2 11.17 12.5 12.0
viscosity 100° ¢ 2.5 2.7 3.0 2.6 2.9 2.7
(mm’ /)
Total acid value 0.00 0.00 0.00 0.00 0.01 0.00
(mgKOH/g)
Miscibility miscible|miscible|miscible|miscible|miscible|miscible
Volume resistivity 1.8 1.2 1.9 2.6 2.7 1.5
(22 cm) x 102 | x 10%% | = 10 | x 10 | x 10% x 10%3
Heat / | Appearance of no no no no no no
hydrolyti sample oil change change change change change change
c Appearance| Cu no no no no no no
stability of change | change ! change | change | change change
I | catalyst | Fe no no no no no partiall
change change change change change Y
blackene
d
Al no no no no no no
change | change | change | change | change change
Volume 5.6 3.4 2.3 4.5 5.4 1.0.
resistivity | » 107 | x 10% | x 10! | x 10" | z 10 % 10%0
(Q-cm)
Total acid 0.8¢6 0.35 0.38 0.61 0.60 0.86
value
(mgKOoH/ g)
Lubricity| Wear width 275 295 305 290 390 340
test (um)
Wear depth 1.0 0.5 1.2 0.9 2.6 1.3
(pm) J
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QLOFJﬁQBB ééﬁ%ﬁ oi | change chap a change change change cwgnbé sfabollty
Appearanc Cu no no no no no no | e of change change change change change
change catalyst Fe no partiall no partiall no partiall change yFehan§ély-00
change y bl ackene bl ackene bl ackene d d d Al no no no no no no chap e

change change change change change Volunme 3.8 7.5 1.1 1.6 4.9 8.7
resistivity x 1011 1010 x 1012 x | 01" x 1012 101, x 10 (O-cm Total acid

0:64 0.85 0.,81 1.12 0.29 0.67 value (nmgKOH g) Lubricity War w dth 375
260 365 265 3L P854)test (pm) Wear depth 2.1 0.8 1.9 0..9 2.3 1..0 (Fun)

. 60 2003-_23B 15e 41 NO_ 941 P 73 FPQ1-0111-00 (Tahl e 7) (‘nrm Co
Conp. Copp. Conp. Conp. Er anPfMe- BxdfffPe ExeTHt e E%EWpIe Extnpl| e CE%aane
21 22 23|24 25 26 Base oi| Ba¥émpid EBFgéc di F-aBase [ EBad e of| E«Bwde %F‘F‘PlBa%e
oi | 37 B8 il 39 40 41 42 Additivie Type - S 7
Base oil Base oil|Base oil |Base oil|Base oil |Base oil[Base oil
19 20 21 22 23 24
Additive Type - - - - - _
Content - ~ - - - -
(% by mass)
Kinematic 40° ¢ 18.2 18.2 28.5 28.5 25.6 25.6
viscosity 100° ¢ 3.5 3.5 4.7 4.7 4.5 4.5
(mm’/s)
Total acid value 0.01 0.01 0.01 0.01 0.01 0.01
{mgKOH/g)
Miscibility miscible|miscible miscible| miscible {miscible|miscible
Volume resistivity 4.6 4.6 7.4 7.4 8.1 8.1
{92+ cm) x 107 | x 10 | x10Y | x 10 | x 10 | x 10"
Heat / Appearance of no no no no no no
hydrolytic| sample oil change change change change change change
stability |[Appearance| Cu no no no no no no
I of change change change change change change
catalyst | Fe no partially no partially no partially
change |blackened| change |blackened| change |blackened
Al no no no ho no no
change change change change change change
Volume 6.3 2.1 2.2 9.8 2.8 2.5
resistivity x 1077 x 10 x 10" % 10%° % 102 % 10H
(Q-cm)
Total acid 0.74 0.91 0.52 0.89 0.56 0.79%
value
(mgKOH/g)
Lubxicity Wear width 400 | 340 395 330 385 310
test {(pm)
Wear depth 2.9 1.5 2.5 1.0 2.4 1.5
(um)

58




1003 (R
Contzoeongt_' ig2-38b1y55§A%s) Kinematic 40 C 12.6 12.6 12.5 12.5 10. 30a%02 P. 7!
viscosity 100 C 2..7 2..7 2"8 2.8 2.5 2,.5 (m®/5) F Total acid val ue
0..00 0.00 0.00 0.00 0.00 0.00 (MKOHg) Mscibility mscible mscible
mscibl nmiscible miscible niscible e Volune resistivity 2.8 3.9F803~8§1%1-00
1.0 2.1 (L2 cm x 1013 X 1013 x 1013 x 1013 1012 _ 10lz Heat / Appearance
of no no no no no no hydrolyti sanple oil change change change change
change change c¢ Appearance Cu no no no no no no stability of change change
change change ghapge Zhange | catalyst Fe no paxtiall no partially no
partially change y change bl ackened change bl ackened blackene d Al no no

no no no mo change change changapchAngs, Changg, Clrange Vo e 4—p—-—34—6- 7
8.4 5594 resistivity x 10]2aupldli¥e 2012210107 108 X780 | (%Pcm)
Total acifl "0.39 0.76 0.53 0.p3 .90 135 yalue (ngRGH o) " Liby | Erdy vear
wi dth 405290 41628101370 280[saEeSE1[FHE VEATsdEPT T, & Lt 2ot it 20 9
ol
(pm : 25 26 oil 27 28 29 30
Additive Type - - - T
Content - - - - - -
(% by mass) )
KJ:.nematic 40° ¢ 28.5 29.5 12.8 12.5 18.9 17.7
viscosity 100° ¢ 1.7 4.7 2.8 2.8 3 -
/o) . .6 3.4
Total acid value 0.01 0.01 0.01 0.01 0.01 0.0
(mgKoH/q) - >
Miscibility mis.cible miscible |miscib) | miscible miscible|miscible
e
Volume resistivity 8.3 8.3 3.1 3.1 6.1 6
(Q-cm) x 10% z 10% | x 10?2 x 10" ¢ 107 x 1.0112
Heat / Appearance of no no no no ‘-no -
hydrelytic sample oil chan o
1y . ge change | change change ch
stability |[Appearance| Cu no no no nog :de Ch:“‘-’e
o
I toi change change change change change change
ca ]
alyst | Fe no partiall no partially no partially
change y change [blackened change |blackened
blackene
d
Al no no no no no no
change change | change change chan
h
Volume 3.1 7.9 1.1 1.: 4 :E CJ%Z?C
Iesistivity x 10% i 10%° x 101 % 1010 . 107 "
o b4 ¥ 10 A 10
Total acid 0.63 0.86 0.31 0.7
. . .78 . )
- 0.55 0.79
{(mgKOH/g)
Lubricity Wear width 390 350
380 3
e o . 00 410 290
L Wear depth 2.6 1.4 2.2 1.2 2.5 1.1
(pm) ' ~
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'ﬁgfgééﬁﬂ%é,413? 9401 P. 74 FPOL-0111-00 (Table 8) NCohygi Cony.)

Conmp. Conp. Conp. Conp. Exanple Exanpl e Exanpl e Exanpl e Ea anpl e Exanpl e
27 28 29 30 31 32 Base oi

Base oil

Base oi

oil 43 44 oil 45 46 47 48 Additive Type -
Kinematic 40 ¢ 12.8 22.7 15.3 15.4 11.9 11.
3..12.7 2.7 (mR/s) Total

(nmyKoE/ g) M scibility mscible mscible mscib
01.

| Base Base oil

Cont ent
Vi scosity 100 C2-7 2.

8

acid value 0.00 0.00 0.00 O'.

5 0.

9 2

Base OkEO?nggéi 00

00 0.00

0. 00

m sci ble m scible mscible
31834 (S2cm x 1012 x 1072 x

e Volune regitstin tg) 1 .
1012 x 1043-x-1013 x 1013 __Heat /[ Appearance of Nno no no no no no
hydrol ytiic sanple oil change |ctirge| chemrge [clamge Fhegige dn SEFP LY
Appearan¢e Cu no no no no no |Renplef Eedrige Rxhmpige| Efaipla Qh@@@@ ehange
change ¢atalyst Fe no partialllho parfifallly nd partiadly| change y,ghange
bl ackenefl chang&2#i &ékened Ifeae kaAEpade 0oi 1Aa1t0 o D] BAG T TACRATE A o o3
32 33 34 0il
Additive Type - - - - - - = %
Content - - - - - -
(% by mass)
KJ'.nematic 40° ¢ 28.5 29.3 10.6 10.8 12.7 12.8
Vviscosity 100° 4.7 4 . .
(mmz/s) c . .7 2.6 2.6 2.7 2.7
Total acid value 0.01 0.01 0.00 ]
. . .00 0. .
(mgKOH/g) °° oo
Miscibility miscible|/miscible [miscible|miscible miscibl miscible
: . . . e
Volume resistivity 6.3 6.3 7.0 7.8 2.9 3.5
(Q-cm) 2 101 | 510 | x 10% | x 10% | x 1007 | y 1003
Heat / |Appearance of no no no no no - no
hycrovly‘tlc sample oil change | change change change | change | change
stability |Appearanc| Cu no no no no no no
1 e of change chapge change change | change | change
catalyst | Fe no partiall no partiall no partiall
change y change y change y
blackene blackene blackene
d d d
Al no no no no no no
change | change change change | change change
Volume 3.8 7.5 1.1 1.6 4.9 8.7
resistivity | % 20" | » 10" | ¥ 102 | » 10" | x 10'2 | x 101"
(£2-cm)
Total acid 0.64 0.65 0.81 1.12 0.29 0.87
value ' .
_ {mgKOH/g)
Lubricity | Wear width 375 260 365
3 265
e i 3390 285
Wear depth 2.1 0.8 1.9 0.9
. . . 2.3 1.0
L (pm)
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chagloge chﬁ?ngeI Sﬁiﬁgﬁge change change ne Volune 4.2 4.7 1.8 1. 61029‘@$| st vﬁ}ty

1011 x 101 1017 x 1011 0" <cn) Total acid 0.32 0.84 0.45 0.78 15 value (m
KOH g) Lubricity Lear width 905 300 395 310 5 test (pm War dep§gO% 8111040
2.9 1.3 2.8 0.8 (Nm 62 2003 1 23B 156 423; NO 9401 P. 75 FPOL1-0111- 6
(Tabl e 9) Er_anple Exanple E anple E~; anple E7.anp] a Exanple 17 18 19 20

21 22 Base oil base oil Base oil Base oil Bdse oil Base oil Base oil 1 2 3

y 56 Additive Type Additive Additive Additive Additive Additive Additive
112232 Condiend 9;.20.20, .20.20,.20..2 (%by nmass) Kinematic 40
C12.3 18,2 28525 6 29 .5 12 7 viscosjty 100 C2.8 3..54.7 4.5 4.7 2.8

(m®2/s) Total acid value 0.01 Gempl |0,C08. 0, c6fp.0f Oforth.01| doKPH omp.
M scibility mscible mscibl el fiaspish| BramplecijEbbreplel Subidle B:s6plel |eczampleulre
resistivity—3.34981 79 9223 5 (r2Z cn) 31003 »41018 1B13 |V 1413 k 10
x 101L Heat / Apﬁiﬂél' ahlce of nd@asro°hdBre: Abl NnGase Base oll |Base oil]| Base oil
37 38 oil 39 40 41 42
Additive Type - - - - - -
Content - C - - - - -
(% by mass)
K.inematic 40° ¢ 12.6 12.6 12.5 12.5 10.3 10.2
v1scgsity 100° ¢ 2.7 2.7 2.8 2.8 2.5 2.5
(mn?/ 5) “
Total acid value 0.00 0.00 0.00 0.00 0.00 0.00
(mgKOH/g)
Miscibility miscible miscible [miscibl | miscible |miscible|miscible
e
Volume resistivity 2.8 3.9 3.5 3.7 1.0 2.1
Q- cm) x 100 | x 107 | x 307 | x 107 |y 10% | 3 1o
Heat / | Appearance of no ne no " no no no
hydrelyti sample oil change change | change change change change
c -{Appearance{ Cu no no no no no no
stability of change change | change change change change
I catalyst | Fe no partiall no partially no partially
change y change |blackened| change |blackened
blackene
d
al no no no no no no
change | change | change change change change
Volume 4.5 1.1 6.7 8.4 5.5 9.4
resistivity | z 10" | x 10" | x 10" | x 10'° | y 10 x 10°
{R-cm)
Total acid “0.38 0.76 0.53 0.93 0.90 1.35
value
{mgKoH/q) .
Lubricity| Wear width 405 290 410 3lo 370 280
test {um)
Wear depth 2.7 1.1 2.5 1.1 2.1 0.9
L (pm)
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hydrolyti
Appearanc Cu no no no no no no |

change catalyst Fe no no no no no no

{B238 |5Ea14
l%&gééﬁﬂg§0|l Chan a change change change change chafgd(]st 8bifdity

e of change change chancre Chan e Chan a
change change chan a chang

change Al no no no no no no

x 101

lce cnm) Total
Heat / Appearance of no no no no no no

change change ghangeg¢hange

of change change change Chan a change change

change change change change change c
Volunme 1.0 1.1 5.2 6.7 6.3 6.8 resistivity x 1013 x 1013 x 1073 x 10"
acid 0.97 0.32 0.19 0.25 0.21 0.18
hydrol yti c sanpl e oi

stability Appearanc Cu no no no no no no |

catal yst Fe nc,

§P69969?1—00
ange

1012
val ue (nmgKCH g)
change change

e

no no no no

no change change change changecewhangecoehangeofd. Mo dagp NO[ NP0 NOcoxpnange
change chancre change change thampYe| EMeblenEE:8mpied. Badpld A5:3mpred Siafipie
resistivify x 2012 x 1012 - 10132% 10" 32¢E 1D129X 1012%p (rR oM |[Tot ac¢i d
0.97 0.82(0..39 828800 .29 0. Bkse val Bes{ pYKOH2s} 682:20613mabe 230 sLob1A2] NO
4401 P. 7g 43 44 oil 45 46 47 48
Additive Type - - - - - -
Content - - - - - -
(3 by mass)
Kinematic 40° ¢ 12.8 12.7 15.3 15.4 11.9 11.8
viscgsity 100° C 2.7 2.7 3.0 3.1 2.7 2.7
(mm®/s)
Total acid value 0.00 0.00 0.00 0.00 0.00 0.00
(mgKOH/qg)
Miscibility miscible miscible imiscibl | miscible |miscible| miscible
e
Volume resistivity 1.0 1.5 9.9 2.3 1.8 3.4
($2- cm) = 107 | x 10" | x 10% = 1oV’ x 10" i 10"
Heat / Appearance of no no no no no no
hydrolytic| sample oil change ¢hange | change change change change
stability |Appearance| Cu no no no ne no no
I of change change | change change change change
catalyst | Fe no partiall no partially neo partially
change y change |blackened change |blackened
blackene
d
Al ne no no no ne no
change change change change change change
Volume 4.2 4.7 1.8 1.6 3.6 1.2
resistivity x 101 x 101° x 1077 x 10t % 10%2 x 10"
{Q2-cm)
Total acid 0.32 0.84 0.45 0.78 0.69 1.15
value
{mgKOH/qg)
Lubricity Wear width 405 300 385 310 410 285
test . (am) '
Wear depth 2.8 1.0 2.4 1.3 2.8 0.8
_ {um)
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23 24 25 26 27 28 Base oil
7 8 9 10 11 12 Additive Type Additive Additive Additive

23122Dbcontent 0.2 0..20.20.20.20..2

Base oil
Additive Additive

Base oi |

Base oi |

Base oi |

Base QO |

E?ngbﬁ‘f?— 00

mass) Kinematic 90 C 16.5 29.5 10.8 12.7 viscosity 100 C 12.7 12.6
acid value 0,01 0.01 0.00 0..00

(rnn2/s) 3.3 4.7 2.6 2.7 2.7 2.8 Total
(mKON ) Mscibility mscible mscible mscible mscible
(c2 Gm x

0.00 0.00

m sci ble m scifdigleVolune resistivity 2.2 3.2 7.5 3 .2 3.7 3.6

ézlﬁabl e 10) Exanpl e Exanpl e Exanpl e Exanpl e j NExHipl ePEXanpl e
Base oi l j _

C
ge

1017 x 1013——{-1012 x 1013 x 1013 }: 1013 Heat / Appearance of no no no no
no no hydrolyti sanple oil chdrgerlehangwleharayeld¢ Mmﬁl&rﬁﬁmﬁec@gﬂﬁj
Appear anc I no no-no no no o IStabililty of ehap|e smhan e Ahar aghan
change chan e Y keaeadiyst | Fe |hosenollkrsacoin(eane oil|abaRgesciapae Lan
change chgn_e than e Al no nd no!no 2 3 4 5 6
Additive Type Additive|Additive|Additive|additive|additive Additive
1 1 2 2 3 2
Content 0.2 0.2 0.2 0.2 0.2 0.2
(% by mass)
Kinematic 40° ¢ 12.3 18.2 28.5 25.6 29.5 12.7
vt;;?;:;y 100" ¢ 2.8 3.5 4.7 4.5 4.7 2.8
Total acid yalue 0.01 0.01 0.01 0.01 0.01 0.01
{mgKoH/g)
Misecibility misciblelmiscible miscible|miscible|miscible miscible
Volume resistivity 3.3 4.5 8.1 7.9 9.2 3.5
(R cm) » 10%° x 10%° z 10V x 107 z 101 x iO’Z

Heat / Appearance of no no no no no --nc
hydrolytic| sample oil change | change | change change | change change
stability |Appearanc| cu no no no no no no

I . e of change change change change change change
catalyst | Fe no no no no no no
change | change change | change change change
Al no no no no no no
change | change | change change | change change
Volume 1.0 1.1 5.2 6.7 6.3 6.8
resistivity | x 107 | x 10" | x 10" | x 10™ | x 102 | g o™
(Q:cm)
Total acid 0.47 0.32 0.12 0.25 0.21 0.18
value
(mgKOH/g)

Heat / |Appearance of no no no no no no
hydrolytic| sample o0il change | change | change ¢hange | change change
stability (Appearanc| cu no no no no no nog

I1 e of change | change change change | change change
catalyst | Fe no no no no no no
change change change change change change
Al no no no ho no ne
change | change change change | change change
Volume 8.7 8.3 3.2 4.3 5.3 8.7.
resistivity | x 20%? | x 102 107 | x 10" | x 10% x 10%2
(R cm) '
Total acid 0.87 0.82 0.34 0.38 0.29 0.41
value
{mgKOH/g)
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%%ﬂﬁJuyﬁgngg4@%ange chap a chap a change change volune T0994]2 4%qu'8
804 8.6 resistivity x 1012 x 1012 x 1012 x 1012 x 1012 12 (f2-cm
: ' (mKOH g) Heat / pear ance

[ : 0-31 0.43 0.12 0.15 val ue 0. 22 jance
of no ﬁglﬁoonggno no hydrolyti sanple oil change change_thanfe ﬁgnﬁgé
change change c¢ Appearance Cu no no no no no no stability of ¢ g

L
| catalyst |Fe no no no no no no
change change change charge change | A? Mo o Mo e D e Moae e

chan e chan e change change change cCgrgﬁe 471621837909 2

change change edwngeighan e chan e cid 0. 36
resi’;’tivi tA}gy 1012 1015] 201Z x 1012 x 1012 x 1012 (Q cm Total aci | 9101

Tot al

o

- -V N =, I, | 2
0,.39 0.78 0..31 0.90 0..92 |vaimsie [ eI @xafé{he (égﬁmﬁ{eéfgigm%pgeogx-gr‘n’m??
P. 77 FP(1-0111-00 (Table 11)2Exahpl® E |: argl € |Exap 2 28
Base oil Base oillBase oil|Base oil] Base oil | Base oil [Base oil
7 8 S 10 11 12
Additive Type Additive|Additive|Additive Additive | Additive |Additive
2 3 1 2 2 2
Content 0.2 0.2 0.2 0.2 0.2 0.2
l (3 by mass)
[xinematic 90° ¢ 16.5 29.5 10.8 12.7 12.7 12.6
viscosity 100° C 3.3 3.7 2.6 2.7 2.7 2.8 |
(mm?/s)
Total acid value 0.01 0.01 0.00 0.00 0.00 0.00
(mgKoH/q)
Miscibility miscible|miscible|miscible miscible | miscible |miscible
Volume resistivity 2.2 3.2 7.5 3.2 3.7 3.6
(Qcm) x 107 | x 10® J x 10%2 2z 101 x 10" x 108
Heat / |Appearance of| no no no no no no
hydrolyti sample oil change change change change change change
c Appearance|Cu no no no no no no
stability of change | change change change change change
I catalyst |Fe no no no no no no
change change c¢hange change change change
al no no . no no no no
change | change change change change change
Volume 7.9 4.2 4.6 7.8 9.4 8.6
Tesistivity | x 10% | x 107 | x 192 % 10" 2 10" x 10
(Q-cm)
Total acid 0.29 0.31 0.43 0.12 0.15 | 0.22
value
(mgKOH/g)
Heat / |Appearance of no no no ho no no
hydrolyti| sample oil change | change change change change change
< Appearance|Cu no no no no no no
stability of change | change change change change changeW
Ir catalyst |Fe no no no nc no no
change | change change change change change
Al no no no no ne no
change | change change change change change
Volume 4.7 1.6 2.1 8.3 7.9 9.2 |
resistivity | x 10" | z 10% | ; 1012 x 10 z 10% x 10"
(2 cm)
Total acid 0.36 0.39 0.78 0.31 0.40 0.42 |
value
L (mgKOHR/ g)
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29 éﬂmf ﬁg éﬁégxﬁ oi|l Base oil Base oil Base O Base oil 1301%(15 26 77

Additive Type Additive Additive Additive Additive 1 3 3 3 Content 0.2 0 2

0-2 0.2 (8 by mass) Kinematic 40 C 10.3 12.9 15.2 11.7 wviscosity 100
.5 2.7 3.0 (m®2/ 2..6 S) Total acid value 0..00 O .00 0.00 0.00 P(Or}l‘@élvl 00

j Mscibility m scible mscible mscible m scible vol ume resistivity 1.9
1.21.9 2.6 () cm x 1012 x 1012 Hloll 1013 Heat / Appearance of no no

no no hydrolytic sanple oil chan e change than e change stability
Appearanc Cu pmosfipenpifno i e of change change change chap e catalyst Fe no
no no no L change change chan e chap e A no no no no chan e change

ot 20+ x 1012 x

change change VYolume 8.9 8.5 5.9 7. BianpRST SEEMILY E’zam&:?é')_&‘\: Bl
10"~ (S2 cm Total acid 0.61 0,11 0.89 0|29 spvallue (ROKOH G2 Heat /
Appear ance of ng ro NOBMA@ oil Base oil | Base oil | Base 0il | Base oil
13 14 15 16
Additive Type Additive | Additive | Additive Additive
1 3 3 3
Content 0.2 0.2 0.2 0.2
(% by mass)
Kinematie 40° ¢ 10.3 12.9 15.2 11.7 |
viscosit . '
(mmz/s)y 100° ¢ 2.5 2.7 3.0 2.6 |
Total acid value 0.00 0.00 0.00 0.00 —J
{mgKoH/g)
Miscibility miscible | miscible | miscible miscible
Volume resistivity 1.9 1.2 1.8 2.6
(Q-cm) x_10%2 x 10" x 10" x 10V

Heat / |Appearance of no no no no
hydrolytic| sample oil change change change change
stability |rppearanc|cu no no no no

I . e of change change change change
catalyst | Fe no no no no
change change change change
Al no no no no
change change change change
Volume B.a 8.5 5.9 7.3
resistivity x 10! x 10 A 10%2 x 10
{Q- cm) .
Total acid 0.€1 0.11 0.09 0.29
value
(mgkKoH/qg)

Heat / |Appearance of no no no no
hydrolytic| sample oil change change change change
stability Appearanc| Cu no no no no

IX e of . change change change change
catalyst | Fe no no no no
change change change change
Al no no no no
change change change change
Volume 8.5 6.9 7.9 9.2
resistivity | x 10% x 10! % 102 x 10
(Q- cm)
Total acid 0.83 0.2338 0.42 0.36
value
L¥7 {mgKOH/q)
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hydrolyfﬁc san%?@ oi | change chan e change change stabilitwlgé%ear%néBCu

no no no no |l e of change change change chan e catalyst Fe no no no no
chan e chan e change change Al no no no no change change change ERHENG&11-00
Volume 8.9 6.9 7.9 9.3 resistivity x 1011 x 1011 F 1012 x 1012 (S2 cm
Total acid 0.83 0.38 0.42 0.36 value (nmgkKOH ) 65 2003E i~236 155143 NO.
9401 P. 78 FPOL-0111-00 As shown in Tables 1 to 11, all of the sanple

oils of Exanples 1 to 32 representing refrigerator nmachine oi

conposi tions of tRe isivewri gm eXbbbesed sof fiki entllly ¢ Dwthiescoshpyeand
satisfactory bal ance 5 between refrigerant mscibility, electric insulating
property, heailando fiydhoinplesstlabitioi t p2andeprbsécting Fdwisi gopfis ng
their usefulness for providing high efficiency to refrigeration systens-
O the sanplmacbihe, ¢hbsecwfpdxhnpbes bt @h32 UsvEEL EPAX Ve 89pouLgds 10
(additives 1-3) exhibited very excellent heat and hydrolytic stability. In
contrast, theusanmpliendillys abwCompacasive Ixand£sidriordS2y WLl inegdequate

in any aspect

5 between refrigerant miscibility, electric insulating

property, heat and hydrolytic stability and lubricity,

thus confirming their usefulness for providing high

efficiency to réfrigeration systems. Of the sample

©ils, those of Examples 17 to 32 using epoxy compounds

10 (additives 1-3) exhibited very excellent heat and
hydrolytic stability.

In contrast, the sample o0ils of Comparative

Examples 1 to 32 were inadequate in any aspect

including the refrigerant miscibility, electric
15 insulating property, heat and hydrolytic stability and
lubricity.

Industrial Appliéability
As explained above, the present invention can be
used togefher with HFC refrigerants and natural
20 refrigerants such as carbon dioxide and hydrocarbons,
to give a refrigerant machine oil composition with
excellent lubricity, miscibility with refrigerants,
heat and hydrolytic stability and electric insulating
property, which can also provide high efficiency to

25 refrigeration systems.
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i ncl udi ngﬂztjﬁe1 5rTéﬁri gerant miscibility, electric 15 insul atin§ prlopert y19
heat and hydrol ytic stability and lubricity. Industrial Applicability As

expl ai ned above, the present invention can be used together mjtthFq—Oll
refrigerants and natural 20 refrigerants such as carbon dioxide ¢ 1-00

hydr ocarbons, to give a refrigerant machine oil conposition with
excellent. lubricity, mscibility wwth refrigerants, heat and hydrol ytic

stability and electric insulating property, which can al so provide high
efficiency to 25 refrigeration systens:,$fs2003= 1238 15F440 NO. 940i P.
79 FP01-0111-00 CLAIMS 1. A refrigerating machine oil conposition
conprising an alicycli@ di gaFboxyhi¢ jaci d . __conpound contai ning an
alicyclic ring and two ester 5 gr gupé eprlggzesﬁguel& bg&fﬁe SRR gt Qener al
formula (1) conRidd) whereaRl-Lepresen drocarbon group of 1-30
carbons, 10 said two ester groﬁpscgonégd t%§%§Fg§FV 18dj ateh® &FWYR atons
on the alicyebmpdur, cwheLaid ddhe,pol a4 fo_of .cis-forms and trans-
forms for the ofientation of sai% o efs %fé%ﬁr?%uprs”bgr agdi dtwei @rdiar

di carboxylic i i fr 0/80 to 80/20. 2. A
| Xyl g@@m@ﬁﬁskgbrﬁg%&QQQg.b?ongﬁE fgﬂf%w1ng' general formula

refrigerating machine oil conposit
(1) :

-COOR* (1)
where R' represents a hydrocarbon group of 1-30
carbons,

10 said two ester .groups bonded to mutually adjacent
carbon atoms on the alicyclic ring,

whérein the molar ratio of cis-forms and trans-
forms for the orientation of said two ester groups of
sald alicyclic dicarboxylic acid ester compound is

15 from 20/80 to 80/20.

2. A refrigerating machine oil composition
according to claim 1, wherein the molar ratio of cis-
forms and trans-forms for the orientation of said two
ester groups of said alicyclic dicarboxylic acid ester

20 compound is from 25/75 to 75/25.

3. A refrigerating machine oil composition
according to claim 1, wherein the molar ratio of cis-
forms and trans-forms for the orientation of said two
ester groups of said alicyclic dicarboxylic acid ester

25 compound is from 30/70 to 70/30.

4. A refrigerating machine 0il composition
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accordingﬂ%g %%%f%11, wherein the nolar ratio of cis- forns Mn#iitrafs-§lor ms

for the orientation of said two ester groups of said alicyclic

di carboxylic acid ester 20 conpound is from25/75 to 75/25. 3. AFPol—o 11-00
refrigerating machine oil conposition according to claim1l, wherein thé

nmol ar ratio of cis- forns and trans-forns for the orientation of said two
ester groups of said alicyclic dicarboxylic acid ester 25 conpound is from
30/70 to 70/30. 4. Arefrigerating machine oil conposition 67 2003 11230
15e' 44 NO. 940dcFrdbngFROL-dAklk 00 \aerterk di ckai,m . which further
conprises at |east one sel ected from the grgﬁﬁhgénls‘f?? ir#g?ec?f a;tho]sepﬁ%t}i C

ccid esters, s dcephosiortenaid csiens, Apne: ol oL ALALS
phosphorous ami essersras ' Actale ograking mehie o1 Lgamoson
Lhe o oup cossists ng:of sty ghski 8 heriyne sagry compounds 1o
compoinds,” aptylpisene somosgsre shiyLexiians somands, alleycl ¢ epory

oils. 15 68 5. A refrigerating machine olil composition

according to claim 1, which further comprises at least

one selected from the group consisting = of
phenylglycidyl ether-type epoxy compounds
10 alkylglycidyl ether~type epoXy compounds, glycidyl

ester-type epoxy compounds, allyloxirane compounds,
alkyloxirane compounds, alicyclic epoxy compounds,
epoxidized fatty acid monocesters ang epoxidized
vegetable oils.

15
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