2 5 AUG 2003 FP00-0147-00 DESCRI PTI ON REFRI GERATI NG MACHI NE O L 25 AUG 2003
COVPOSI TI ON TECHNI CAL FI ELD The present invention relates to a

-refrigerating 5 machine oil conposition, particularly relat
refrigerating machine oil conposition characterized in contgﬁ##90a47(n)
specific alicyclic dicarboxylic acid ester conpound. BACKGROUND ART 10
OnMng to the restriction of fluorocarbons for prevention of ozone | ayer
destruction and prevention of global warm ng, efforts are being nmade to

replace chlorine--containing refr ch as CFC
(chl orof I uor ocar bon) and HCFC (hydngﬁﬁg%ggﬁﬁorocarbon) 15 with

HFC( hydrof | u E%%%b ?ﬂﬁiﬁ MhEHﬁﬁﬁ'E%% EPrgog&ﬁthency of a refrigerating

system On t ot he since HFC refrigerants are al so the objects
under the reg@Eﬁﬁg Qg pPreventing gl obal warm ng? the application of
nat ur al refrlgerants sucﬁDas car bon di oxi de, ammoni a, hydrocarbons 20

have been research ng%ﬁQrﬁ!ﬂ%ﬁt%ﬁhréﬁ‘gt@éf Pbt 8 kereybelhlyby the

above- nent i oned re rigerants for the conventional refrlgerants vari ous

refrigerating aGhing;qi b%mga\é@t%ﬁn pdevelopadiyThesa tedf oger ating
machi ne oils nust satisfy a nunber of performance requirenents including

'Zggg' city (IeldicRlria?d ndChia@Rline! 8fiti 0MPBEiFisel Rhiaraktdigatedl ih 5 AUG

containing a specific alicyclic dicarboxylic acid ester
compound.
BACKGROUND ART

10 Owing to the restriction of fluorocarbons for
prevention of ozone layer destruction and prevention of
global warming, efforts are being made to replace
chlorine-containing refrigerants such as CFC
(chloroflucrocarbon) and HCFC (hydrochlorofluorocarbon)

15 withHFC (hydrofluorocarbon), andtorealizehighefficiency
of a refrigerating system. On the other hand, since HFC
refrigerants are also the objects under the restriction for
preventing global warming, the application of natural
refrigerants such as carbon dioxide, ammonia, hydrocarbons

20 have been researched.

In accordance with the efforts to substitute the
above-mentioned refrigerants for the conventional
refrigerants, various refrigerating machine oils have been
developed. These refrigerating machine oils must satisfy

25 a number of performance requirements including lubricity

{lubricating action), refrigerant miscibility, heat



FPOO- 0147-00 stability/hydrolysis resistance, electric insulating | Mgt

5 03
| | ow hygroscopicity and the |ike. Therefore, the conpounds containeg I n t%e

refrigerating machine oils are selected to neet the require far es
on the basis of 5 the type and the use of the refrigerants. g%ﬁﬁé§ﬁﬂgﬁg,

refrigerating machine oils for HFC refrigerants may contain oxygen
compounds such as esters, ethers and carbonates that are mscible with the
refrigerant, or they may contain al kyl benzene having inferior mscibility

with the 10 @%EH£¥¥§y?ﬁJ§PbQ%g%%”%e%ﬁ%ﬁkh%%t %ﬁ%%h%#%?gjhe@tt?%%gility and

hydrol ysi s resistanc nordérto achieve &

ol gprati nasistan wbhen GG, NV, DRET RIPL LG | SHEL ol e viagst LY o
such as polyql, aCBEAL S Hed 1P P S FERGLIOR 1 RET WEER; A0 & {phatd ¢
2% e et erat iy

pol yhydric al cohol and atty aci are 0Sé apanese Transl ation

For Patent ADSTICar on AN 26" aheness Rt Crn BT o gy TR Cat  on
No. Hej 3 12399% olPofdr 1RRORLL oBneref heatiive arans b ayshbag,

viscosity of such’kinds of ester refrigerating nachine ol Is'to select a

fatty acid hawmd @ refldg faeDele 8 16 NORFC MHTE ddb-drdtSs b Horfli0up-

However, in general, an ester 25 obtained froma fatty acidwth a small
al kyl group walgén 9 Solis Reah £4 akitleiry @bl Ry @ ¥atBohgsbstiange. 2 2 5

AUG 7003 FPOO-0147-0
are miscible with the refrigerant, or they may contain
alkylbenzene having inferior miscibility with the
10 refrigerant but having excellent lubricity, heat stability
and hydrolysis resistance.

In order to achieve a high efficiency of a
refrigerating system, the efforts have been made to lower
the viscosity of the refrigerating machine oil. The ester

15 refrigerating machine oils, such as polyol ester obtained
from the reaction between an aliphatic polyhydric alcohol
and a fatty acid, are disci;sed in Japanese Translation
Publication No. Hei 3-505602 (JP-A 3-505602) of
International Publication for Patent Application and

20 Japanese Patent Kokai (Laid-Open) Publication No. Hei
3-128991 (JP-A 3-128991). Oneeffectivemeans for lowering
viscosity of such kinds of ester refrigerating machine oils
is to select a fatty acid having a small number of carbon
atoms in its alkyl group. However, in general, an ester

25 obtained from a fatty acid with a small alkyl group would

have low heat stability and hydrolysis resistance.




Japanese Patent Kokai (Lai d-Open) Publication No. Hei 9-221690 (JP-AZ3 AUG 2003
9-221690) discloses an alicyclic polycarboxylic acid ester which is an

-ester refrigerating mnachine oil having excellent heat stabily é .
hydrol ysis 5 resi stance. However, problens still exist. The ﬁ?é@?%"] 99

with a refrigerant is insufficient when the nunber of carbon atons of the
termnal al kyl group on the ester site is large. On the other hand, the
heat stability/hydrolysis resistance of the refrigerating 10 machine oil is

nferior and the | Wugidoe bt SR KAS! @ 0 WM ASH THPE o Aceaidpn at ors

of the termnal alkyl" group on the pester sitfe I's sm erefore, an

ester refrig ' JreGh j45 4t f A ity (for
obtaining a ﬁgig%?l;% I CI erfgg)g){jmldf?qﬂi ghl%lul?réieﬁta;l, cél\klliil\geh lcei}lt

stabi i ty/ hydsol ysi%d:8801it 8858 &€e Pl diefilsl R &t e PR Midd Ak i and can
al so satisfy other required perfornmances has not be devel oped yet.

DI SCLOSURE Omaldth d\WENHAN nhexpeesent ndwe Rtz 11as, keahpeconplished to
solve 20 the above-nentioned technical problens. Thérefore, an™ obj ect of

the prgsent ifsginitaed.s Hewbkey, dprablehsi gerati egiskachrpe oil
conposition having excellent lubricity, refrigerant mscibility, heat
stabi | i ty/ hydiiddhisiist 1 gye W itane &e fol iepdrdnt iins Ulradd Y0 ahind twhandciod her 25
per formances, and can achieve a high efficiency of a refrigerating system
when it is usattbexgetfhearibhhatomsiFdE Ihe TeAEn2Q03 1kFO0;0346- 60 the
refrigerant or a natural refrigerant such as carbon di oxide
ester site is large. On the other hand, the heat
stability/hydrolysis resistance of the refrigerating
10 machine oil is inferior and the lubricity is insufficient
when the number of carbon atoms of the terminal alkyl group
on the ester site is small.
Therefore, an ester refrigerating machine oil that
has all of low viscosity (for obtaining a high efficiency),
15 high lubricity, high heat stability/hydrolysis resistance
and highrefrigerant miscibility, andcanalso satisfyother
required performances has not be developed yet.
DISCLOSURE OF THE INVENTION
The present invention has been accomplished to solve
20 the above-mentioned technical problems. Therefore, an
object of the present inventionis toprovidearefrigerating
machine oil composition having excellent lubricity,
refrigerant miscibility, heat stability/hydrolysis
resistance, electric insulating ability and other

25 performances, and can achieve a high efficiency of a

refrigerating system when it is used together with an HFC




and hydrocarbon. As the results of intensive researches conducted by 2 5 &6 2003
present inventors to achieve the above described object, 5 it is found

that an excellent refrigerating nachine oil conposition haviﬁggb@_ .
above-nenti oned various excellent perfornmances can be obtai 3”65}%8 a

base oil conprising a specific ester oil. The refrigerating nmachi ne oi
conposition according 10 to the present invention conprises an alicylic
di carboxylic acid ester conpound having an alicyclic ring and two ester

f f th
al i cycl fﬁp??ﬁﬂ?’*ﬂ%@éﬁﬁ (R RS g A BER SRR AR i g

1- 18 carbon 'gq q? cyclic dicarboxyllc acid ester conpound is
obt ai ned by u5|ng an al co conmponent conprising (a) at |east one aIcohoI

sel ected froma gr%%pt?%%éﬁw%fo&n@qscoho %kﬁ@-g@é}m@@e&ﬁ

carbon atons; 20 and east one a ected froma group

consi sting ofufedbtys €ohokEs:63ch ﬁhf@v?t)th% J@?ﬁ:@BQQEr'ﬂ)Qﬁ%H? fatty

al cohol in foregoing IS pre era east one al cohol Sel ect ed

from a5 group lt25150q'a§in$it ithG tofann Jrdeanen  r¥lcHiidd S | east
one al cohol selected froma group 4 2 AUG 200 147 00 consi sting of

I(tS);) Ibgt anol  agdosa A AR ngFeRe r@éovéhﬁeﬁ@iéﬂe&'@ﬁ%ué R fe{tegoi ng
performances can be obtained by using a base 0il comprising
a specific ester oil.
The refrigerating machine oil composition according

10 to the present invention comprises analicylic dicarboxylic
acid ester compound having an alicyclic ring and two ester
groups J_:epresented by formula (1) bonded to adjacent carbon
atoms of the alicyclic ring:

~COOR! (1)

15 whereinR' representsanalkyl grouphaving1-18 carbonatoms.
This alicyclic dicarboxylic acid ester compound is obtained
by using an alcohol componégt comprising:

(a) at least one alcohol selected from a group
consisting of fattyalcohols eachhavingl to 5carbon atoms;

20 and

(b) at least one alcohol selected from a group
consistingof fattyalcoholseachhaving6tol8carbonatoms.

The fatty alcohol in foregoing (a) is preferably:

(i} at least one alcchol selected from a group

25 consisting of n-butanol and n-pentanol; or

(ii) at least one alcochol selected from a group




at |east one al cohol selected froma group consisting of fatty al cadhbAlG 2003
preferably having 6 to 12 carbon atons and 5 nore preferably having 7 to 9
carbon atons. Furthernore, the ratio (nole ratio) between theppghtd147-00

al cohol (a) and fatty al cohol (b) enployed as the al cohol conponent is
preferably 1:99 to 99:1. The refrigerating machine oil conposition
according 10 to the present invention further preferably conprises an
epoxy conpound and/ or a phosphorus conpound. The epoxy conpound is

preferably atcdaasdt e SONMRANHLSRIACtAMH fisdPpean AP, consi sting of
phenyl gl yci dyl ether epoxy conpounds, glycidyl ester epoxy conpounds,

alicyclic epoxy commouwhis,lynand¢aer9xadiczadlalhpbréi £oBeddin®noestess,
anong which glycidyl ester epoxy conpounds and/or alicyclic epoxy

conpounds ar eatie s eher abkehoA Ekliedtedmpesit 40fré@s d@idigeindisg
machi nes according to the present invention conprises the 20

above-descri bt trekiicghpbaki pige fEcHb e didvicomeosbtliDdrRardonostbmng ddt he
present invention and a chlorine-free fluorocarbon. BEST MODE FOR CARRYI NG
OUT THE | NVEN xaN pitheef dredt] yridesi fgor? car ryiceglant dthwmspr esent invention 25
will be explained in detail hereinafter. The alicylic dicarboxylic acid
ester conpound 5 2 FnrAlt@rzd3%s, FEGOrat4 o (0o be catdondodtovd dre theeSent y
i nvention has an alicyclic ring and two ester groups represented by
formula (1) boimdehl da)adhdcEatty alarhal oild emptloyed asythe akdolgpl
component is preferably 1:99 to 99:1.
The refrigerating machine oil composition according
10 to the present invention further preferably comprises an
epoxy compound and/or a phosphorus compound. The epoxy
compound is preferably at least one compound selected from
agroupconsisting of phenylglycidyl ether epoxy compounds,
glycidyl ester epoxy compounds, alicyclic epoxy compounds
15 and epoxidized aliphatic acid monoesters, among which
glycidyl ester epoxy compounds and/or alicyclic epoxy
compounds are more preferable.
A fluid composition for refrigerating machines
according to the present invention comprises the
20 above-described refrigerating machine oil composition
according to the present invention and a chlorine-free
fluorocarbon.
BEST MODE FOR CARRYING OUT THE INVENTION
The best modes for carrying cut the present invention

25 will be explained in detail hereinafter.

The alicylic dicarboxylic acid ester compound




-COOR1L (1) 5 wherein Rl represents an al kyl group having 1-18 carbon ?QPEEGZM3
This alicyclic dicarboxylic acid ester conpound is obtained by using®n

.al cohol conponent conprising: (a) at |east one al cohol select froma

group consisting of fatty al cohols each having 1 to 5 carbonﬁgpgﬂ%yfrﬁﬁ

and (b) at | east one al cohol selected froma group consisting of fatty

al cohol s each having 6 to 18 carbon atons. Here, the exanples of the
alicyclic ring include cyclopentane ring, cyclopentene ring, cyclohexane

ring, 15 cyclohexene rin cycl oheptane rin cycl oheptene ring,, etc.,
Among whi ch GICIHREhd o T RABSEJE! BRERBRAOR| Fes ot Pl urdr bt & 1Mir t her
cycl ohexane ring.is preferable since the rise qQf its vi sity i.s small in
the use for &1HAEP ngﬁ{ogr%%rrespﬁeéf%%% 3‘[%8?1’?}13\‘%@@;%0% efotexene
ring 20 is preferable since the ris f.its total. acid value is small in
the use for &1°0Hg Lerte &S e?%’%o%dﬁﬁ%fs‘? T3 addition to the
alicyclic ring, the alicyclic dle&g&pxylic qihd ester conpound must have
two ester groups represented by rrmula (1)'."'The carboxylic acid ester’

29 oomOunS AT SO ) o U0 nhPLES LIRS ARl
i byl S ERCRRIe e LR TLeRL A LUE Ot e e
vi ewpoi nt of Jiaw LRIPH AL G ¢ TdliAiddhol component comprising:
fa) at least one alcohol selected from a group
consisting of fatty alcohols eachhaving l to 5 carbon atoms;

10 and

(b) at least one alcohol selected from a group
consistingoffattyalcoholseachhavingGix>18carbonatoms.

Here, the examples of the alicyclic ring include
cyclopentane ring, cyclopentene ring, cyclohexane ring,

15 cyclohexene ring, cycloheptane ring, cycloheptene ring,
etc., among which cyclohexane ring and cyclohexene ring are
preferable. Further,cyclogexaneringis;meferablesince
the rise of its viscosity is small in the use for a long
term or under severe conditions, whereas cyclohexene ring

20 is preferable since the rise of its total acid value is small
in the use for a long term or under severe conditions.

In addition to the alicyclic ring, the alicyclic
dicarboxylic acid ester compound must have two ester groups
represented by formula (1). The carboxylic acid ester’

25 compound only having one ester group is not preferable since

its miscibility with the refrigerant and heat



5 Further, the two ester groups represented by formula (1) nust be zggﬂﬁgﬂ3
to adj acent carbon atons of thealicyclic ring. The dicarboxylic aci P

‘conpound, wherein the ester groups are not bonded to adj acenjpggid-gHoNs
of the alicyclic ring, is not preferable since its heat 10

stability/ hydrolysis resistance and its lubricity are insufficient. The
orientation of the two adjacent ester groups represented by fornula (1)
may be in single cis-form single trans-formor mxed cis- and

trans-forms. JiQuwavery MiRIolysaanstdesahhen 4% ghyaRrieibaat sbabindty and
hydrol ysis resistance, cis-formis preferable, whereas when consi deration

is given to haterheahast ahtl ddnpdiveld Harsimg I o3 sbaacesead Jrbipsity,
trans-formis preferable. Anong R in fornmula (1) , the al kyl group

deriving fromot2@ddte dadiegdrme frald Wiakgdiolt (F) licw alerdldodtwgreoup havi ng
1 to 5 carbon atons. When consideration is given to the heat

stabi |l i ty/ hydialiysitsy.resi stance, this al kyl group preferably has 3 to 5
carbon atons. The al kyl group having 1-5 carbon atons may be straight or

branchd chai n al kyFlurZhegt, otips .twst eaitglat grdwap 3 raiptylsegrteupbyafernoukd er abl e
when consideration is given to the lubricity, whereas branched 7 2 5 AUG
2003 FPOO 014{Z-)0flushdienbahéyd tgr adpscant qamfar abbeswifehheenisiaweriati on i s
given to the refrigerant miscibility and heat stability/hydrolysis
resi stance. Hismg.onfhet dieaahpkediofathd atkgr cprpmendawgrdinsthe 5
carbon atons include nethyl group, ethyl group, straight
ester groups are not bonded to adjacent carbon atoms of the
alicyclic ring, is not preferable since its heat
10 stability/hydrolysis resistance and its lubricity are
insufficient.

The orientation of the two adjacent ester groups
represénted by formula (1) maybe insingle cis-form, single
trans-form or mixed cis- and trans-forms. However, when

15 consideration is given to heat stability and hydrolysis
resistance, cis-form is preferable, whereas when
consideration is given to both heat stability/hydrolysis
resistance and lubricity, trans-form is preferable.

Among R! in formula (1), the alkyl group deriving from

20 the foregoing fatty alcohol {a) is an alkyl group having
1 to 5 carbon atoms. When consideration is given to the
heat stability/hydrolysis resistance, this alkyl group
preferably has 3 to 5 carbon atoms. | The alkyl group having
1-5 carbon atoms may be straight or branched chain alkyl

25 groups. Straight chain alkyl groups are preferable when

consideration is given to the lubricity, whereas branched




or branched chain propyl group, straight or branched chain butyl gr@upAghtdd]
strai ght or branched chain pentyl group, anong which n-butyl group and
"n-pentyl group are preferable fromthe viewpoint of the | ubREpg-g14MRYy €as

i so-butyl group 10 and iso-pentyl group are preferable fromthe vi ewpoint

of heat stability/hydrolysis resistance. Anong R1 in fornmula (1) , the

al kyl group deriving from the foregoing fatty al cohol (b) is an al kyl

group having 6 to 18 carbon atons. Wen consideration is given to the 15

refrigerant ghag¢hhillkiviyrdupsasd gyeferabpe Waenicf Liidddatidh 19glgennore
preferably 7 to 9 carbon atons. The al kyl group having 6-18 carbon atons
may be strai gbtthe beapthedanthai scabkylitgranpshestrai ght chain al kyl
groups are preferable when consideration is given to the lubricity, 20
wher eas- br anehedithay/hpdkylygi supssaseapcef erabl e when consideration is
given to the refrigerant mscibility and heat stability/hydrolysis
resi stance. FurtheThetdenatdlyd exgpmpipss afvithge mingylt kaoubd tavior atons are
not preferably since the refrigeration mscibility and the | ow tenperature
25 flwi dity &pe ¢arlern etonFhecdxaephetiofl gheupl lathyjroupspi atkadighd 6 to 18
carbon 8 25 AUG003 FP00-0147-00 atons include straight or branched chain
hexyl group, crsiraiaiind chabnaproeyl craup heprpl ghitoop brandieghichadnbr anched
chain octyl group, straight or branched chain nonyl group, straight or
branched chabutsécyroge oapd shirasigitt v byemediest chadivapengvdegyPugr oup,
straight or branched chain dodecyl group, straight or branched chain
tridecyl groapongiwrigdhp-butyl group and n-pentyl group are preferable
fromthe viewpoint of the lubricity; whereas iso-butyl group
10 and iso-pentyl group are preferable from the viewpoint of
heat stability/hydrolysis resistance.
Among R' in formula (1), the alkyl group deriving from
the foregoing fatty alcohol (b) is an alkyl group having
6 to 18 carbon atoms. When consideration is given to the
15 refrigerant miscibility, this alkyl group has preferably
6 to 12, more preferably 7 to 9 carbon atoms. The alkyl
group having 6-18 carbon atoms may be straight or branched
chain alkyl groups. Straight chain alkyl groups are
preferable when consideration is given to the lubricity,
20 whereas-branched chain alkyl groups are preferable when
consideration is given to the refrigerant miscibility and
heat stability/hydrolysis resistance. Further, the alkyl
groups having more than 18 carbon atoms are not preferably
since the refrigerationmiscibility and the low temperature

25 fluidity are inferior.

The exampleof thealkyl groups including 6 to 18 carbon




branched chain tetradecyl group, straight or branched chain pentad gyﬂquma
group, straight or branched chai n hexadecyl group, straight or brahChe
‘chai n heptadecyl group, straight or 10 branched chai n octadecypog‘Puz-06t C.
anong whi ch n-heptyl group, n-octyl group, n-nonyl group and n-decyl group
are preferable when consideration is given to both lubricity and
mscibility, wherein iso-heptyl group, 2-ethyl hexyl group and
3,5,5-trimethyl hexyl group are preferable when 15 consideration is given

to both m scididnd Wrandideealt retigid idryy /MRehdlasichdigsibanceyrdlis, alicyclic
di carboxylic acid ester conpoun according to the present invention is

prepared by usimgdHteor bpargrbaghalieohyitlarans, ateebght o)orankiteed
alicyclic 20 dicarboxylic acid ester conmpound can be: (A) an ester having

two ester grasin epEgseftath byt ridight ar(Hyandhed pbhéauhenyMpraim, one
ester group derives fromthe alcohol (a) and the other ester group derives

from the al cohedigHyor BraaBhed diainidecol griougst =t rabyhng ritvwaresiet gr oups
represented by fornmula (1) in a nolecule wherein both the 9 25 AU62003
FPOO- 0347- 00 agstierunpecypsgdenpy e tradmhdl] coohoindlzgd ahdinnogksioyr]l dravamg two
ester groups represented by formula (1) in a nolecule wherein both the
est er groups sierdightf romideecilecbhdiaifb)tridecyls @ura taakghiofox A) and
(B). Any one of the foregoing (A) , (B) and (C) can be used as the
alicyclic di dzransshad chaeh ¢ edgtagie codnpoomel, steaidghtiger branched chain
pentadecyl group, straight orbranched chainhexadecyl group,
straight or branched chain heptadecyl group, straight or
10 branched chain octadecyl group, etc, among which n-heptyl
group, n-octyl group, n—-nonyl group and n-decyl group are
preferable when consideration is given to both lubricity
and miscibility, wherein iso-heptyl group, Z2-ethylhexyl
group and 3,5, 5-trimethylhexyl group are preferable when
15 consideration is given to both miscibility and heat
stability/hydrolysis resistance.

The alicyclic dicarboxylic acid ester compound
according to the present invention is prepared by using the
foregoing alcohol (a) and alcohol (b). The alicyclic

20 dicarboxylic acid ester compound can be:

(A} an ester having two ester groups represented by
formula (1) in a molecule, wherein one ester group derives
from the alcohol (a) and the other ester group derives from
the alcohol (b);

25 (B} a mixture of an ester having two ester groups

represented by formula (1) in a molecule wherein both the




to the present invention, whereas (A or (C is preferable when takihf AUG 2003
into consideration the heat 10 stability/hydrolysis resistance. Wien (O is
‘used in the present invention, the ratio of (A) to (B) is nofppesdgisnper!y
limted, whereas fromthe viewpoint of heat stability/hydrolysis

resi stance, the content of (A) is preferably not |ess than 5% by nass,

nore 15 preferably not | ess than 10%y nass, furthernore preferably not

| ess than 15% by mass, and particularly preferably not |ess than 20% by

nmass, of the dgtedd @Rt delritA) f2pfl 4Bohol Wi ) earidieardld ot iaving
di carboxylic acid ester conmpound according to the present invention is

obt ai ned by us® ekte20gt¥Aporremresddtuls bef fakr@onal $1) one Hhicdiarad by usi ng
only one kind of alcohol 1s unfavorable in that it cannot simnultaneously

satisfy all theneen boRhnces «ftdiegtoupbadididey /Myl ehygsabeslesi stiance,
lubricity, and refrigerant mscibility. For exanple, if one kind of 25
al cohol in tha above-nentioned (a) is used alone, then the resulting
conpound is unfavorable in that not only its heat 10 2 5 AUG 2003
FPOO- 0247- 00 st abi [y /chydxdaluys ©fr d®i) skadcdBi)s i nferior but also its
| ubricity becones insufficient. If one kind of alcohol in the
above-nenti oned (bRnysounsedf dhentoregeime (@)herBhammd (Glheantlhe usesdil ting
conpound is unfavorable in that its 5 refrigerant mscibility becomes
i nsuf fici ent .asFuhelkdicywaiilcedidrertadtvlict heidiastrdrogghpoundiatastding
conpound according to the present invention is obtained by use of two or
more ki nds oftcalkbehptresent inyveydritnouvhergas (A} or (C) is preferable
when taking into consideration the heat
10 stability/hydrolysis resistance.
When {(C) is used in the present invention, the ratio
of (A) to (B) is not particularly limited, whereas from the
viewpoint of heat stability/hydrolysis resistance, the
content of (A) is preferably not less than 5% by mass, more
15 preferablynot less than 10% bymass, furthermore preferably
not less than 15% by mass, and particularly preferably not
less than 20% by mass, of the total amount of (A) and (B).
While the alicyclic dicarboxylic acid ester compound
according to the present invention is obtained by use of
20 two or more kinds of alcohols, one obtained by using only
one kind of alcohol is unfavorable in that it cannot
simultanecusly satisfy all the performances of heat
stability/hydrolysis resistance, lubricity, and
refrigerant miscibility. For example, if one kind of

25 alcohel in the above-mentioned (a) is used alone, then the

resulting compound is unfavorable in that not only its heat

10




I mportant that both of the alcohol in the above-nentioned 10 (a) and

also its

| ubricity becones insufficient. If two or nore kinds of 15

al cohols (b) are used alone, on the other hand, then the resulting
compound is unfavorable in that its refrigerant mscibility becones

i nsuf fici ent .seldp e B ereliys 1 di Eéé@@’é&hb% agi &f@f%rm%% @geordi ng

to the present invention, thée ratio (nole ratio) 20 of Rl deriving f

the al cohol (abrtiQ iRl QSEbMéQQJiﬁ"Eﬂ&eer?d Coﬁ@ox@@)kl'n%i BQtaP@éﬁbﬂkr@” y
limted. However, in"order to sinultaneously attain all the required

per f or mances tuengbe%nglehw%h@at o) fl@hs@tdambhby/ Bb{d&?é >b%r§ef e3ired,ance
and refrigerant mscibility, the ratio is preferably wth 25 a range

1:99 to 99: lthk ey .r AR inae cBipoulld kY unt 20RABIzqe, thht Lkt 5 AUG
2003 FP0O0-0147-00 above-nentioned ratio is preferably within a range of

60: 40 5t 0 99:rkf iTfed apite s 1 Withhibe cameadng@ seff FAQi3Att.0 99:1, and
nost preferably within a range of 80:20 to 99:1. On the other handz when
the heat stability/fFayadhelrysiisi e tBsi St Bhgel Bndiktulkboxiyily coseiggytast zed,

the foregoing ratio is preferably within a range of 1. 99 to 60: 40,
preferably \oidpiomral aa8gedofig kPheopbdsbt ianeddtdionmstopteiseay
within a range of 1:99 to 40:60. Further, it is natural that the alicyclic
di carboxylicuse of two or more kinds of alcohols, it is particularly

10

15

20

25

important that both of the alcohol in the above-mentioned
{a) and the alcohol in the above-mentioned (b) be used. If
two or more kinds of alcohols (a) are used alone, then the
resulti_n-g compound is unfavorable in that not only its heat
stability/hydrolysis resistance is inferior but also its
lubricity becomes insufficient. If two or more kinds of
alcohols (b) are used alone, on the other hand, then the
resulting compound is unfavorable in that its refrigerant
miscibility becomes insuffiéient.

In the alicyclic dicarboxylic acid ester compound
according to the present invention, the ratio (mole ratio)
of R! deriving from the alcohol (a) to R! deriving from the
alcohol (b) isnot particularly limited. However, in order
to simultaneocusly attain all the required performances
including lubricity, heat stability/hydrolysis resistance
and refrigerant miscibility, the ratio is preferably with

a range of 1:99 to 99:1.

Further, when the miscibility is emphasized, the

11
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al cohol in the above-nentioned (b) be used. If two or nore kinds of
ral cohol's (a) are used alone, then the resulting conpound is Q@Q#@ in
that not only its heat stability/hydrolysis resistance is in erlor

rom

of

t he

nore



10 acid ester conpound nmay have one or nore hydrocarbon groups onded%qﬁmgﬁzma
carbon atons of its alicyclic ring. The hydrocarbon groups are preferabl

"al kyl groups, and particularly preferably methyl group whenpqxxﬂakyﬁmgon
is given to its mscibility with a refrigerant. 15 The alicyclic

di carboxylic acid ester conpound according to the present invention having
t he above-described structure is prepared by enploying a conventional

met hod to esterifying predeterm ned acid and al cohol conponents preferably
i n the atnospbere-alenr dner £a2lh daprsatdr A5l NiWitbdena rahgeno £ 1e® :aggrospher e
of an esterification catalyst, or by heating the reactants w thout using
a catal yst. Thesacid noppomesnfefarly e tdlircyckhagdi ¢Arbmxyd it @g:d, ester
conmpound may be a cycl oal kane di carboxylic acid, a 25 cycl oal kene

di car boxyl i c anci ¢heomoan peefeaabydrwiehimes ecinddadf & X @9 :dst er
conpound having two ester groups bonded 12 2 5 k 115 2063 FPOO- 0147-00 to

t he adj acent Omalthen cathens hahdt, hehahi thel heati sgabiiete /hadrd lg@iEonent s can
be used singly or jointly as a mxture including two or nore of said

aci ds.5 For examsplséantelanyy tibhexhnedreamphadiizedaciile f6regoingratio

4-cycl ohexene- 1, 2-di carboxylic acid, 1-cyclohexene-1,2-dicarboxylic acid,
3-net hyl - 1, 2¢@meﬁ@@m]esdwcahmnmam@emﬁ 4;22to 60:40, morepreferably

4- et hyl - 1, 2- cycl ohexanedi car boxyl i ¢ aci d,

3- et hyl - 4- cyéltbiiaxansange- dif chr $dHxa i &0 0 d,amd the most preferably

4- et hyl - 4- cycl ohexene-| , 2- dlcarboxyllc acid and acid
within a range of 1:99 to 40:60.

Further, it isnatural that thealicyclicdicarboxylic

10 acid ester compound may have one or more hydrocarbon groups
bonded to carbon atoms of its alicyclic ring. The
hydrocarbon groups are preferably alkyl groups, and
particularly preferably methyl group when consideration is
given to its miscibility with a refrigerant.

15 | The alicyclic dicarboxylic acid ester compound
according to the present invention having the
above-described structure ig prepared by employing a
conventional method to esterifying predetermined acid and
alcohol components preferably in the atmosphere of an inert

20 gas such as nitrogen, or in the atmosphere of an
esterificationcatalyst, orbyheatingthe reactantswithout
using a catalyst.

The acid component for thealicyclicdicarboxylicacid
ester compound may be a cycloalkane dicarboxylic acid, a
25 cycloalkene dicarboxylic acid, or an acid anhydride thereof

that can formanester compound having two ester groups bonded

12




anhydri des thereof are disclosed. Anong these acids, 5 MG 2003
1, 2=cycl ohexanedi car boxyl i ¢ aci d, 3-nethy|-1,2-cyc|ohexanedicarboxyli%‘

acid, 4-methyl-1,2-cycl ohexanedi carboxylic acid and the aciqqﬁﬁ}%ﬂgﬁqﬁbdes
thereof are preferable fromthe viewpoint of restraining the rise of
viscosity when the ester conmpounds prepared fromthese acids are used for a

|l ong term or under severe conditions, and 1, 2-cycl ohexanedi carboxylic

acid is nore preferable due to the excellent mscibility. On the 20 other

hand, 4-cycl | i ~Cy¢h A2 di |
an cyc %e’élix,g%%%/%\f%#%@%%)ﬁ éﬁ%ﬁg'cﬂi theCyeh ohexepesdng: diggyhoxylic

acid, 4-methyl- exanedi car boxyl i c acid,

3-met hyl - 4- C%@i@&éﬁﬁ@ﬁéngsdé'eﬁ‘?“btéoﬁlehcsﬁ%%ye oﬁﬁ%‘ih*&ﬁ'y 4s &Y wighenene- 1,

2-di carboxylic acid and the acid 25 anhydrides thereof "are preferable from

the vi ewpoi nt; of) Ji@3f RPINIRI rlohe birs8als betidls.ackdrvakifpig, the use for a
13 2 5 AUG 2003 FPOO0147-00 long term or under severe conditions, and

4- cycl ohexene-, b~ ZrdictaReediica raeky1iis Feni@,preferable due to the
excellent mscibil'ity and the excell'ent heat stability/hydrolysis

resi stmnce. 2-HRN@nekeM@-R3RLEGkhadbokiyTlilc e ildje method for preparing the
alicyclic dicarboxylic acids and the acid anhydrides thereof, and the

aci ds or the 1aGiw 13naR@nedas 2-ehtarbes ydy caRy-idEt hod can be used. For
exanpl e, 4-cycl ohexene-1 , 2-di carboxylic acid can be obtained from 10 the

reaction bet g thyliadi, enevandhelzaied iaairboxMdr iadg d,i n a benzene sol vent
"t 100e 4-methyl-1, 2-cyclohexanedicarboxylic acid,
3-methyl-4-cyclohexene-1, 2-dicarboxylic acid,

10 4-methyl-4-cyclohexene-1,2-dicarboxylic acid and acid
anhydrides thereof are disclosed. Among these acids,
1,2—cyqlohexanedicarboxylic acid,
3-methyl-1,2-cyclohexanedicarboxylic acid,
4-methyl-1, 2-cyclohexanedicarboxylic acid and the acid

15 anhydrides thereof are preferable from the viewpoint of
restraining the rise of viscosity when the ester compounds
prepared from these acids ar; used for a long term or under
severe conditions, and 1, 2-cyclohexanedicarboxylic acid is
more preferable due to the excellent miscibility. On the

20 other hand, 4-cyclochexene—-1l,2-dicarboxylic acid,
1-cyclohexene-1, 2-dicarboxylic acid,
4-methyl-1, 2-cyclohexanedicarboxylic acid,
3-methyl-4-cyclohexene-1,2-dicarboxylic acid,
4-methyl-4-cyclohexene-1,2-dicarboxylic acid and the acid

25 anhydrides thereof are preferable from the viewpoint of

restraining the rise of total acid value in the use for a

13



In the al cohol conponent for the alicyclic dicarboxylic acid ester 5 AUG 2003
conpound according to the present invention, the foregoing alcohol (a) is
"a straight chain 15 al cohol having 1 to 5 carbon atons or a lppmehed7PRi n
al cohol having 3 to 5 carbon atons, for exanple, nethanol, ethanol,

n- propanol , n-butanol, n-pentanol, iso-propanol, iso-butanol, sec-butanol,
| so- pentanol, etc. Anong these al cohols, n-butanol and n-pentanol are
preferable fromthe 20 vi ewpoint of the lubricity, whereas iso-butanol and
I so- pent anol 1anhg peehebablhedéfoseibeevienaotbbnsf Bbaat

stability/ hydrolysis resistance. Further, the foregoing alcohol (b) is a
strai ght chaédrcyallehbgbnbav] ngabchebdRytachkeidi 9B rerpte tsvdisheduehai n

al cohol 25 having 6 to 18 carbon atonms, for exanple, n-hexanol,

n- hept anol , meothanekcebisnnandscibillécgnahd ohendreandkntléet5 AUG 2003
FPOO- 0147- 00 n-dodecanol, n-tetradecanol, n-hexadecanol, n-octadecanol,

| so- hexanol , s2abelhyl//hedaoblsid- peshgtahept anol, 2-nethyl heptanol,

i so- hept anol, 2-ethyl hexanol, 2-octanol, iso-octanol, 3,5,5-trinethyl
hexandl , iso-decanBhereb5issoetpiratdechanl 1insb- hexadecmabhod for
| so- oct adecanol , 2, 6-di net hyl -4-heptanol, etc., anong whi ch n-heptanol,

n-oct anol , npnenamndohgahbdenadiécypndicadécprbberyabteatidm thd theewgdidnts of
| ubricity and mscibility, whereas iso-heptanol, 2-ethyl hexanol and 3, 5,
5-trinethyl hekadoides bixerertf amdltthd rasrhdshervitbepeicitds avhydirddeelsi ity
and heat stability/hydrolysis resistance. The sum anmount of the al cohol
(a) and al corbkaippd by any method can be used. For example,
4-cyclohexene-1 ,2-dicarboxylic acid can be obtained from
10 the reaction between butadiene and maleic acid anhydride
in a benzene solvent at 100°C.

Ip the alcohol component for the alicyclic
dicarboxylic acid ester compound according to the present
invention, the foregoing alcohol (a) is a straight chain

15 alcoheol having 1l to 5 carbon atoms or abranched chainalcohol
having 3 to 5 carbon atoms, for example, methanol, ethanol,
n-propanel, n-butanol, n—péhtanol, iso-propancl,
iso-butanol, sec-butanocl, iso-pentancl, etc. Among these
alcohols, n-butancol and n-pentanocl are preferable from the

20 viewpoint of the lubricity, whereas iso-butanol and
iso-pentanol are preferable from the viewpoint of heat
stability/hydrolysis resistance.

Further, the foregoingalcohol (b) is a straight chain
alcoholhaving6tol8carbonatomsorabranchedchainalcohol

25 having 6 to 18 carbon atoms, for example, n-hexanol,

n-heptanol, n-octancl, n-nonancl, n-decanol, n-undecanol,

14




| conponents in the esterification is, for exanple, 1.0 to 1. 5 75 AUG 2003
equi val encies, pref erably 1. 05 to 1. 2 equivalencies with 15 respect to

-1 equi val ency of the acid conponent. Further, the alicyclic dFPGg*b‘inﬁ
acid ester conpound according to the present invention can al'so be

obtained by transesterification using | ower alcohol esters of the
above-nenti oned acids and/or acetic esters or 20 propionic acid esters of
correspondi ng al cohols instead of the above-nentioned acid and al cohol

conponents. The Pl dihe astarif ﬁaf,ggtadgegabxsyﬁdd%@d&ean&ﬁ,w S

S
. ) .
acids (e.g., alun1nun1gér|vat|ves, tin derivatives, fitaniumderivatives,

etc.); alkal i-gaell?éxaéﬂl.t,ssiréf%&gyi hééaﬁeqi, 2 Qi Hslétaﬂe&g?simaﬁwlkoxi des,

etc.); and sdlfonlc acl , para- toluenesul fonic aci

et hanesul f o palAS AUGALRERED, 0PAL A0 At dhard | Widerdtich, etc,) . The
anount of the catalyst to bé used is, for exanple, about 0.1 to 1 % by

mass of the jtQfaf-tafNt 305, 5he AigutiRhe Helahd Nclikd e ddp1aci d and
al cohol conponents. Wen taking into consideration the 5 effect of the

catal yst to tihe-heatrsdfedindit,y/ikpdhalbseranfsi st tfdddimal,i cyclic
di carboxylic acid ester conmpound obtained fromthe esterification, Lew s

aci ds such ag, @ldimdtnpida-ngitaned, tdut.derdnald wasi.cl id-aiptandgler i vati ves
and the like are preferable, and tin derivatives 10 are particularly

preferabl e frppdtheol enpabiin®l drrpat-decahdledfé @ireifyrablBNErbRngles at ure
for esterification is, for exanple,
viewpoints of lubricity and miscibility, whereas
iso-heptanol, 2-ethyl hexanol and 3,5, 5-trimethyl hexanol
10 are preferable from the viewpoints of miscibility and heat
stability/hydrolysis resistance.

T_hé sum amount of the alcohol (a) and alcohol (b)
components in the esterification is, for example, 1.0 to
1.5equivalencies, preferably1.05to1l.2equivalencieswith

15 respect to 1 equivalency of the acid component .

Further, the alicyclic dicarboxylic acid ester
compound according to the é&esent invention can also be
obtained by transesterification using lower alcohol esters
of the above-mentioned acids and/or acetic esters or

20 propionic acid esters of corresponding alcchols instead of
the above-mentioned acid and alcohol components.

The examples of the esterification catalysts include
Lewis acids {e.g., aluminum derivatives, tin derivatives,
titanium derivatives, etc¢.); alkali metal salts (e.g.,’

25 sodium alkoxides, potassium alkoxides, etc.); and sulfonic

acids (e.g., para- toluenesulfonic acid, methanesulfonic

15



150C to 230C, and the tinme for conpleting the reaction is generally §5tﬁU62%3
30 hours. After the esterification, the excessive raw materials are

renoved by vacuumdistillation or atnospheric distillation. ﬁ?EEQQHﬁﬂLbﬁ’
met ho

the ester conpound is refined with a conventional refining such”as
liquid-liquid extraction, vacuumdistillation, or adsorption refining 20
nmet hods such as activated carbon treatnent. There is no particul ar
restriction on the content of the alicyclic dicarboxylic acid ester

compound i n e d rehiirGeiatiog M e OirhaCOIPON UOBBACOLH g L, the

present invention. However, in order to make the alicyclic 25 dicarboxylic

acid ester coppound exhi bt Ekﬁm%?éioﬂﬁoueebf@r68n99§1b§théé”Bf”EhéhereOf
is preferably 5% by nass 16 2 5 AUG 2003 FP00O-0147-00 or nore, nore

preferably 10%dy m@een®’ of0EBe LHNINSEEPIL1 s P BI@AY 0 dBSsy Or
nore, and the nost preferably 50 % by mass or nore, of the total anount of

the refrigerahidiho INRGigMRitls .CORREAI EhRANgOifR8 2bheYakiatdbgarpexylic
acid ester conmpound in the refrigerating machine oil conposition according

to thej preseHfdotveH itoRe ichtRilividd Pl IthausrG s taidiase WiHydsl yd e base
oil of the refrigerating nmachine oil conposition according to the present

i nvention, theslstald &f $he@ildaiiRaxydd iccathdk Elsiesc Lo spaeRtdiyolred used
singly or in conbination with an oxygen-contali ning synthetic oil such as

esters (for etaxied fomwlthesteiteriddrEitorsstiang,s eldids saidierad han t he
alicylic dicarboxylic acid esters specified

aluminum derivatives, tin derivatives, titanium

derivatives andthe like arepreferable, andtinderivatives

10 are particularly preferable from the viewpoint of reaction
efficiency.

Ihé temperature for esterification is, for example,
150°C to 230°C, and the time for completing the reaction
is generally 3 to 30 hours.

15 After the esterification, the excessive rawmaterials
are removed by vacuum distillation or atmospheric
distillation. Subsequently_, the ester compound is refined
with a conventional refining method such as liquid-liquid
extraction, vacuum distillation, or adsorption refining

20 methods- such as activated carbon treatment.

There is no particular restriction on the content of
the alicyclic dicarboxylic acid ester compound in the
refrigerating machine oil composition according to the
present invention. However, in order to make the alicyclic

25 dicarboxylic acid ester compound exhibit its various

performances, the content thereof is preferably 5% by mass

16




, e
| In the present invention, polyglycols, polyvinyl ethers, 15 ketones, U6 2003

pol yphenyl ethers, silicone, polysiloxanes, or perfluoro ethers. The¥é‘39

no particular restriction on the amount of the oxygen-contaifgbRE. hetic

oil to be incorporated into the refrigerating nachine oil cdﬁ%@gﬁf¥gaaﬁ

However, in 20 order to inprove thermal efficiency and attain heat

stability/ hydrolysis resistance of the refrigerating machine oil, the

content of the oxygen-containing synthetic oil is preferably not nore than

150 parts by %ggggkagggﬁgﬁégeBgfggf%ﬁﬁy%gﬂ?haggrgrt 1 dSndWe Wei ght

W th respect y Wwel e alrcyclic dicarboxylic acid

ester compourg e A & &, AU 20035 sFECR.OL4720 Tt 61 -4l mBedi ne o |

conposi tion tot resent invention conprising t cyclic

di car boxylic i LS8 m6 oyad daf1 Leguhkeds ¢ %&ygfé}m i ni ng
synt hetic oilﬁfs princi%a FE useéﬁgschaB Ease oil. T el?e Higeratln
machi ne oi | cpIPOsid iPM AGEPHidg o the present invention can be suitably

used w thout any other additives, or, if required, used with various

addi tiges incorporafrda i heyel e dilka@bdRiy 1@ {41 d Bk B ySut N e nerRd
resi stance and 10 |oad capacity of the refrigerating machi ne oi

conposi tion @&Eﬁ%@f&:ﬂrﬂ; LIRS i1 1 dBHRIEd O ortad @Rt i e phasphor us
conmpound sel ected Troma group consisting of phosphoric esters; acidic

phosphoric espessenttnidiRerialds i&f prandiipalnRosrker ke asbaks, oghloragat ed
phosphoric esters and
the base 0il of the refrigerating machine oil composition
according to the present invention, the alicyclic
10 dicarboxylic acid ester compound may be used singly or in
combination with an oxygen-contalning synthetic oil such
aseste;s(forexample,polyolesters,complexesters,etc.)
other than the alicyiic dicarboxylic acid esters specified
in the present invention, polyglycols, polyvinyl ethers,
15 ketones, polyphenyl ethers, silicone, polysiloxanes, or
perfluoro ethers.

There is no particula; restriction on the amount of
the oxygen-containing synthetic 0oil to be incorporated into
the refrigerating machine oil composition. However, in

20 order to improve thermal efficiency and attain heat
stability/hydrolysis resistance of the refrigerating
machine oil, the content of the oxygen-containing synthetic
0oil is preferably not more than 150 parts by weight and more
preferably not more than 100 parts by weight with respect

25 to 100 parts by weight of the alicyclic dicarboxylic acid

ester compound.

17



15 phosphorous esters can be incorporated into the refrigerating na%%iﬁ%ZWH
oil conposition according to the present invention. These phosphorus
-conpounds are esters of phosphoric acid or phosphorous aC|d§?§b P nm
or a polyether type al cohol; or are derivatives thereof pecifica

t he phosphoric esters include, for exanple, tributyl phosphate, trlpentyl
phosphate, trihexyl phosphate, triheptyl phosphate, trioctyl phosphate,
trinonyl phosphate, tridecyl phosphate, triundecyl phosphate, tridodecyl

phosphate, tritridequl rOPPSPHAL€;nd maldhihet 69@%@&@@{8}%%@%1&?“ adecyl
phosphate, trihexadecyl hosphate tri hept adecyl "phosphat e,

2003 FP00'014£:Q%etPf@%%%QGQﬁbeBHQ%Rh%bﬁpr&%hﬁbe¥hepBQ§E@%HQC triphenyl
phosphate, tricresyl phosphate, trixylyl phosphate, cresyl diphenyl

phosphat e, XxWi\ar@oaRany aehasa@%% @eﬂgbnﬁdl Ia!ﬁa lEh%eaﬂlcyeta phasphori c

esters include, for éxanple, nonobutyl acid ph osp hat e, nDnopentyI acid

phosphate, MR -cR%ad niRBOSPRaRheL 1 BDHPNEDS yﬂrﬂ%ib@i"?ﬂf@é& ,agrghooctyl
acid phosphateé,” nonononyl acid phosphate, nonodecyl aci phosphat e,

nonourglecyl agisd Rhasphake, r&PRogedeeyhg agheh phesphat eompeBetibgdecyl acid

phosphat e, nonotetradecyl 10 acid phosphate, nonopentadecyl acid

phosphate, nRrehexadeey tae grekesphaneentibahepnadecBuiacid y phesphat e,

nonooct adecyl acid phosphate, nonool eyl acid phosphate, dibutyl acid

phosphat e, di panihdutacndpbaseiatadi tdivikesybracid phesiihaidy, ubdwepiith acid

phosphate, dioctyl 15 acid phosphate, dinonyl acid phosphate, didecyl acid
various additives incorporated therein.

In order to further improve the wear resistance and
10 load capacity of the refrigerating machine o0il composition
according to the present invention, at least one phosphorus
compound selected from a group consisting of phosphoric
esters, acidic phosphoric esters, amine salts of acidic
phosphoric esters, chlorinated phosphoric esters and
15 phosphorous esters can be incorporated into the
refrigerating machine oil composition according to the
present invention. These pggsphorus compounds are esters
of phosphoric acid or phospheorous acid and an alkanol or
a polyether type alcohol; or are derivatives thereof.
20 Specifically, the phosphoric esters include, for
example, tributyl phosphate, tripentyl phosphate, trihexyl
phosphate, triheptyl phosphate, triecoctyl phosphate,
trinonyl phosphate, tridecyl phosphate, triundecyl
phosphate, tridodecyl phosphate, tritridecyl phosphate,
25 tritetradecyl phosphate, tripentadecyl phosphate,

trihexadecyl phosphate, triheptadecyl phosphate,

18



phosphat e, di undecyl acid phosphate, didodecyl acid phosphate, ditri§ﬁ§$U52m3
aci d phosphate, ditetradecyl acid phosphate, dipentadecyl acid phosphate

~di hexadecyl acid phosphate, diheptadecyl acid phosphate, di l~.@si d
20 phosphate, dioleyl acid phosphate and the |ike. The aninequgﬁﬁgxg}@ﬁ

aci di ¢ phosphoric esters include, for exanple, salts of the above acidic
phosphoric esters and am nes such as nethylam ne, ethylam ne, propylam ne,
but yl am ne, pentyl am ne, hexyl am ne, heptyl am ne, octylam ne, 25

di met hyl am ne,r j@jatdndai hRtanY kaToney 1dihdisyhaFeNe tri 'h@rlwl ani ne,
di hexyl am ne, diheptyfgg}%E?S%Fgctylanine,yigb%5 XLGQOGS éggi>0 47-00

tripentyl am phosphald)yt andnesyl phpspRykam e, xy Hy puéybaatae,cresxrl
tripentylam ne, trihexylamne, tripeptylamne and trioctylam ne. The

chlorinat ed phi@whgN ghespesste] nel1ydedi ppengx i sphdtid sndi ehéarior opyl 5
phosphate, Iris chloroethyl phosphate, tris chlorophenyl phosphate,

pol yoxyal ky| epelds]dh & phb spRat ky bilphesphiahrie afsk kambi ke moHubyhaisphor ous
esters include, for exanple, dibutyl phosphite, dipentyl phosphite,
di hexyd phosphiittephodpheapty|mqrivgsgit ¢le acdidophygkpphtephmdmohek pbadid
phosphite, 10 di decyl phosphite, diundecyl phosphite, didodecyl phosphite,

di ol eyl phos phiticsphditieh e mpinoheptlyilt ecidi phespha teh o swmictoss t ywlr idutd/|
phosphite, tripentyl phosphite, trihexyl phosphite, triheptyl phosphite,

trioctyl phedhpsphate,r momoplonyiosotiidt @hosphddey| momesisivtle aclisl t ri undecyl
phosphite, tridodecyl phosphite, trioleyl phosphite, triphenyl phosphite,
tricresyl phehssnhetand mopeundecyl acid phosphate, monododecyl acid
phosphate, monotridecyl acid phosphate, monotetradecyl
10 acid phosphate, monopentadecyl acid phosphate,
monohexadecyl acid phosphate, monoheptadecyl acid
phosphafe, moncoctadecyl acid phosphate, moncoleyl acid
phosphdte, dibutyl acid phosphate, dipentyl acid phosphate,
dihexyl acid phosphate, diheptyl acid phosphate, dioctyl
15 acid phosphate, dinonyl acid phosphate, didecyl acid
phosphate, diundecyl acid phosphate, didodecyl acid
rhosphate, ditridecyl acid—ﬁhosphate, ditetradecyl acid
phosphate, dipentadecyl acid phosphate, dihexadecyl acid
phosphate, diheptadecyl acid phosphate, dioctadecyl acid
20 phosphate, dioleyl acid phosphate and the like. The amine
saltsofacidicphosphoricestersinclude, for example, salts
of the above acidic phosphoric esters and amines such as
methylamine, ethylamine, propylamine, butylamine,
pentylamine, hexylamine, heptylamine, octylamine,
25 dimethylamine, diethylamine, dipropylamine, dibutylamine,

dipentylamine, dihexylamine, diheptylamine, dioctylamine,

19




| i ke. The m xtures of the above conpounds can be used. In a case whe
t hese phosphorus conpounds are incorporated into the refrigerating

SR

-0il conposition 20 according to the present invention, the %ﬁQHFPlﬁﬁ*kﬁe
phosphorus conmpounds to be incorporated is not particularly "Timted,

whereas in genera
preferably within a range of 0.01

the content of the incorporated phosphorus conpounds is
to 5. 0 % by mass and nore preferably

within a range of 0. 02 25 to 3.0 % by nmass, of the total anobunt of the

refrigeratingrSggggkp%%gg%ag?gggg$$iQﬂiﬁéietriﬁpgp§9£ﬁin@nnunt of the base

20 2 5 A

u 7/ P and al | Tncorporated additives).

Further, in prdgftlPahihlNeEr i p0hOYeahlge NeBEi8ERPLhiNe, @and hydrolysis
the refrigerati ng machine oil  conposition according to the

resi st ance,

present invepiiRBpPRYahthshgha St £PHBEYS8ndhe | €aT{e QNE SPOKY &QMPOUN
selected froma group consisting of: (1) phenylglycidyl ether epoxy

conpounds,  §Rysphk¥! gleytiedyl i RiRIe £POX ¥ xaRBNRYUNGS: s df Sh18k¥pirdply1est er
epoxy conpounds, 10 (4) aryl o-xirane conpounds, (5) alkyl oxirane
conpognds, {Rysphht¥f!t£i€RMILIGHNBHNGhosphhtepoxirdiszed1babbyeagild

nonoesters,
epoxy conpo
al kyl phenyl

10

15

20

25

and (8) epoxidized vegetable oils. 15 (1) Phenyl gl ycidyl ether
U?H@sﬁﬁﬂte £PBLKBkeRY keTenplHifd pai hyh Pdwswl Ky V] gibsphlge or
g

yci dyl ethers. The al kyl phenyl gl yci dyl
and the like. The phosphorous esters include, for example,

dibutyl phosphite, dipentYl phosphite, dihexyl phosphite,
diheptyl phosphite, dicctyl phosphite, dinonyl phosphite,
didecyl ‘phosphite, diundecyl phosphite, didodecyl
phosphite, dioleyl phosphite, diphenyl phosphite, dicresyl
phosphite, tributyl phosphite, tripentyl phosphite,
trihexyl phosphite, triheptyl phosphite, trioctyl
phosphite, trinonyl phosphite, tridecyl phosphite,
triundecyl phosphite, tridodecyl phosphite, trioleyl
phosphite, triphenyl phosphite, tricresyl phosphite and the
like. The mixtures of the ;bove compounds can be used.
In a case where these phosphorus compounds are
incorporated into the refrigeratingmachine oil composition
according to the present invention, the amcunt of the
phosphorus compounds to be incorporated is not particularly
limited, whereas in general the content of the incorporated
phosphorus compounds is preferably within a range of 0.01
to 5.0 % by mass and more preferably within a range of 0.02
to 3.0 % by mass, of the total amount of the refrigerating

machine 0il composition (i.e., the total amount of the base
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et hers nmentioned here include, for exanple, those having 1 to 3 alkyl i
groups each having 1 to 13 carbon atons, anong 20 which those havi ng 55§MUIW3
~al kyl group with 4 to 10 carbon atons, for exanple, n- buty@gﬂﬁﬂﬁhgbxﬁjdyl
ether, i-butyl phenyl glycidyl ether, sec-butyl phenyl gl ycidyl ether,
tert-butyl phenyl gl yci dyl ether, pentyl phenylglycidyl ether,

hexyl phenyl gl yci dyl ether, 25 heptyl phenyl gl yci dyl et her,

octyl phenyl gl yci dyl ether, nonyl phenyl gl yci dyl ether, dexyl phenyl gl yci dyl
ether and 21,2) 5, A4G, 2003, EPERLPAAda 0Rabei bike are preferable. (2)

Al kyl gl yci dyl ether epoxy conpounds can be concretely exenplified by

decyl gl yci dyl et hefyrtHBEESHIHe Wy Fut REF i npedeehd ved ¥t aBlineky S
tridecyl glycidyl ether, tetradecylglycidyl ether, 2- ethyl hexylglycidyl

et her, neopeﬂﬁalg*]a;fa@i 5 06 Vied glyd t Bler thd Herelieraltangpasehing yaindyl
ether, pentaerythritoltetraglycidyl ether, 1,6- hexanedi ol diglycidyl
ether, sorbitehpokyglysiahdoiiief tolthdplreskiyt eneghycohimnoghyehdyl et her,
pol yal kyl enegl ycol di gl yci dyl ether and the like. (3 ) dycidyl ester epoxy
conpoBnds casolprisacitelielast exemnpdiy edmppunidesedepodddtrame @ geenped by
formula (2) 15 RCGCG-CCo (2) wherein Ris a hydrocarbon group having 1
to 18 carbonconsisting of:

(1) phenylglycidyl ether epoxy compounds,
(2) alkylglycidyl ether epoxy compounds,
{3) glycidyl ester epoxy compounds,

10 {4) aryl oxirane compounds,
(5) alkyl oxirane compounds,
(6) alibyclic epoxy compounds,
(7) epoxidized fatty acid moncesters, and
(8} epoxidized vegetable oils.

15 {1) Phenylglycidyl ether epoxy compounds can
concretely exemplified by phenylglycidyl ether or
alkylphenylglycidyl ethers:‘ The alkylphenylglycidyl
ethers mentioned here include, for example, those having
1 to 3 alkyl groups each having 1 to 13 carbon atoms, among

20 which those having one alkyl group with 4 to 10 carbon atoms,
for example, n- butylphenylglycidyl ether,
i-butylphenylglycidyl ether, sec-butylphenylglycidyl
ether, tert-butylphenylglycidyl ether,
pentylphenylglycidyl ether, hexylphenylglycidyl ether,

25 heptylphenylglycidyl ether, octylphenylglycidyl ether,

nonylphenylglycidyl ether, decylphenylglycidyl ether and
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atons. In formula (2), the hydrocarbon group having 1-18 20 carbon afd&nai6 2003
represented by Ris, for exanple, an al kyl group having 1-18 carbon atons;

~an al kenyl group having 2-18 carbon atons; a cycloal kyl gro vi-ng o= 7
carbon atons; an al kyl cycl oal kyl group having 6-18 carbon aﬁﬁﬁﬁﬁﬁﬁﬁgéi9|
group having 6-10 carbon atons; an al kylaryl group having 7-18 22 2 5 AUG
2003 FP0O0-0147-00 carbon atons; and an aryl al kyl group having 7-18 carbon
atons, anong which an al kyl group having 5-15 carbon atons; an al kenyl
group having 2-15 .carbon atons; phenyl group; and an al kyl phenyl group
havi ng an al kKy® paﬁgvpﬁﬁg%?ﬁ%&grbon 5 atons are preferable. The

§|yfdty|b' ‘Sél‘é.x§:”§c\'§ﬁ&ﬁl@??s&é‘gﬂéh@%ﬁirat%%?xégﬁr%ﬁg?%ﬁﬁéﬁia%'g%%? buyl
Q{ill?rig?gexﬁghp§ﬁfg§r%g%&gglgéﬁgrg%tﬁ?% e%gﬁ%ﬁ%$§e%Qbf fﬁéeggﬁgrztg{ene,
exe%pli%iedpg§%¥§%¥é§3§§ggga%§ﬁ%§¥29§%%§§g§%&ggg%ﬁ %ﬁggggoxyhexane, Y
I 2. cpbxyunadeags YIEISRAINI ey FerkaetRTRIRIRNg, sy 2o decane

RS A e e S R e R R R e
1, 2- epoxyi cogan@ A 1TNS doh@ret riglycidyl ether,
pentaerythritoltetraglycidyl ether, 1,6-
hexanedioldiglycidyl ether, sorbitolpolyglycidyl ether,
10 polyalkyleneglycolmonoglycidyl ether,
polyalkyleneglycoldiglycidyl ether and the like.

(,37} Glycidyl ester epoxy compounds can be concretely

exemplified by the compounds represented by formula (2):

rR—C—0O—C—C—C
i : NS
O Q_

15 @)

wherein R is a hydrocarbon group having 1 to 18 carbon
atoms.
In formula (2}, the hydrocarbon group having 1-18
20 carbon atoms representedby R is, for example, analkyl group
having 1l-18 carbon atoms; analkenyl group having 2-18 carbon
atoms; a cycloalkyl group having 5-7 carbon atoms; an
alkylecycloalkyl grouphaving6-18 carbonatoms; anaryl group

having 6-10 carbon atoms; an alkylaryl group having 7-18
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(6) Alicyclic epoxy conmpounds are represented by formula (3) wher ei n 2toh&U6 2003
carbon atons form ng an epoxy group directly constitute an alicyclic ring:
23 2 5 AUG 2003 FPO0O-0147-00 3 (3) Alicyclic epoxy conpounds ERgQia47-00
concretely exenplified by 1,2-epoxycycl ohexane, 1, 2-epoxycyclopentane, 5
3, 4- epoxycycl ohexyl net hyl - 3, 4- epoxycycl ohexanecar boxyla te,

bi s( 3, 4- epoxycycl ohexyl net hyl ) adi pate, exo-2, 3- epoxynor bor nane,

bi s( 3, 4- epoxy- 6- net hyl cycl ohexyl nmet hyl ) adi pat e,

2- ( 7- oxabi cy@aebénla e pand ayl ry8ld 1ok 1lg Bodp beariegS] 31 8 cadbbon atoms,

-[ 7] oxabi cycl o[ 4. 1. 0] ) hept ane,

4-(1' - met hyl epexyetdilch- hn2 a@pely gZongt hpvdiyel Ghedamarbon atoms; an

4- epoxyet hyl -1, 2- epoxycycl ohexane and the like. (7) Epoxidi zed fatty acid
nonoest er s can keeyvdogecoebd elaw i nex2Apb idd rdsbrbg tbhe ; e phes yaf gaouppaetidli zed
fatty acid having 15 12 to 20 carbon atons and a phenol, an al kyl phenol or
an al cohol Ravahgylphengl gapbprhaationsanlallpar groubdving ¥4 canbor |
benzyl, cycl ohexyl, nethoxyethyl, octyl, phenyl and butyl phenyl esters of
epoxi b zed stteomsi aracipdefiewaprlef.erably used. 20 (B) Epoxidi zed veget abl e
oil can be concretely exenplified by the epoxy conpounds of vegetable oils
such as soybean olThe pirefesdbdel examriles odedlyicidydd esiter igpexy

compounds include glycidyl-2,2-dimethyloctanocate,
glycidyl benzoate, glycidyl-tert-butyl benzoate, glycidyl
acrylate, glycidyl methacrylate and the like.
10 {4) Aryl oxirane compounds can be concretely
exemplifiedby l, 2-epoxy styrene, alkyl-1, 2-epoxy styrene.
(5) Alkyl oxirane compounds can be concretely
exemplified by 1,2;epoxybutane, 1, 2-epoxypentane,
1,2-epoxyhexane, 1,2-epoxyheptane, 1,2-epoxyoctane,
15 1, 2-epoxynonane, 1l,2-epoxydecane, 1l,2-epoxyundecane,
1, 2-epoxydodecane, 1,2-epoxytridecane, 1,2-
epoxytetradecane, 1,2-epox;§entadecane,
1, 2-epoxyhexadecane, 1,2-epoxyheptadecane,
1, 2-epoxyoctadecane, 1,2-epoxynonadecane,
20 1,2-epoxyicosane and the like.
{6) Alicyclic epoxy compounds are represented by

formula (3) wherein the carbon atens forming an epoxy group

directly constitute an alicyclic ring:
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In order to further inproving heat stability and hydrolysis resistangg,AU6 2003
the preferable ones anong the 24 25 AUR003 FPOO- o 147-00 above-listed

-epoxy conpounds are phenyl gl yci dyl ether epoxy conmpounds, glmts(i,@_hlmgsd@r
epoxy conpounds, alicyclic epoxy conpounds and epoxi di zed fatty aci
nonoesters, anong glycidyl ester epoxy conpounds and alicyclic epoxy
conpounds 5 are nore preferable. Wen these epoxy conpounds are
incorporated into the refrigerating machine oil conposition according to
the present inventiopn—¢he anmount of the epoxy conpounds to be
incorporated is not fpartcularly linmted, whereas in general 10 the content
of the incorporated|epox npounds is preferably wthin a range of 0.1 to
5.0% by mass and nor f er abl within a range of 0.2 to 2.0% by nass, of
the total anount of the-refri‘ddrating machine oil conposition (i.e., the
total anmount of the base oil and all incorporated additives) . 15 As a

matter of course, AWcQE1fBr epkkipdeofiboahakecadeper tbadrphesghor us
conmpounds and epoxy comnpounds may be used jointly. Further, in order to

inprove the peempligneasbyt he2-epbkiyggeabhegamachi ne oil conposition
according to the 20 present. invention may be incorporated, as required,
wi t h her et of ar, e -kpewgcgddiobieneankor a refrigerating machine oil, for
exanpl e, phenol -type antioxidants such as di-tert-butyl-p-cresol and
bi sphdnol A; 3adi-epokypeclahekgindahyd-Sydhkepsxpheaylohexaneaphidodydia ne and
25 N, N-di (2- napht hyl ) - p- phenyl enedi am ne; wear inhibitors
te, bis (3, 4-epoxycyclohexylmethyl)adipate,
exo-2, 3-epoxynorbornane,
bis (3, 4-epoxy-6-methylcyclohexylmethyl)adipate,
2-(7-oxabicyclo[4.1.0]hept-3-yl)-spiro(l,3-dioxane-5, 3’
10 —[7]oxabicyclo[4.1.0])heptane,
4= (1’ -methylepoxyethyl) -1, 2-epoxy~2-methylcyclohexane,
4-epoxyethyl-1, 2-epoxycyclohexane and the like.
(7) Epoxidized fattyacidmonoesterscanbe concretely
exemplified by the esters of an epoxidized fattyacid having
15 12 to 20 carbon atoms and a phenol, an alkylphenol or an
alcchol having 1 to 8 carbon atoms. In particular, butyl,
hexyl, benzyl, cyclohexyl, methoxyethyl, octyl, phenyl and
butylphenyl estersofepoxidizedstearicacidarepreferably
used.
20 (8) Epoxidized vegetable 0il can be concretely
exemplified by the epoxy compounds of vegetable oils such
as soybean o0il, linseed o0il, cotton seed o0il and the like.

In order to further improving heat stability and

hydrolysis resistance, the preferable ones among the
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such as zinc dithi ophosphate; extreme pressure agents such 25 25AU&R003

FPOO 0147-00 as chlorinated paraffin; oiliness inprovers such as fat2§ AUG 2003
~acids; anti foam ng agents such as silicone-type ones; netal FPo®LyTay@’ S
such as benzotriazole; viscosity index inprovers; pour-point depressants;
detergent dispersants 5 and so on. These additives may be incorporated

into the refrigerating nmachine oil singly or jointly. The total anount of
the additives added into the refrigerating nachine oil is not particularly

limted, whe@ase-nigeBalodComsOnhent rehereenfld1s,dqirdilesahey epoix ynor e
than 10% by mass and 10 nore preferably not nore than 5% by mass, of the

total anount cofbolifgeefdl@erdil B taBCdHdEey ebhpeanpssidldrydlie epolxe t ot al

anount of the base oil and all incorporated additives). .The kinenmatic
vi scosity of coh@onatisi gadabpogidaebidn€atayl aefidt henpeesemts,i avemig on i s not
particularly” limted, 15 whereas the kinematic viscosity at 40C can

preferably belwcthivl e treangeoxf c8mpouhf8 amid i cynok isc ppekgcabippuhdso 50
mR/s and the nost preferably 5 to 40 mR/s. Further, the kinematic

vi scosh ty at at@0@ocenppeckerbbey be within a range of 1 to 20 mm2/s and
nore preferably 2 to 10 nmm2/s . Further, 20 one of the effects achi eved by
the present invent Wbenithesmepogyodonpaunds #iid itngphpdratedi sntedihst ance
can be obtained even when an ester having a | ow viscosity is used. Such
ef fect is norefrédgerkibhnyg merhénedoid CREPEEIE IpReRECOREINg fondthie
viscosity at 40Cis preferably within a range 25 of 5 to 35 mmR/s, nore
preferably 5PEEsSERtnHpYSRtiQR; Hé}err@rn@un;sreﬁg*r%|e§’0wt6°?290ﬁﬁﬁi2/%9 bP&hd the

nost preferably 5 to 15 , . ,
incorporatedisnotparticularlylimited, whereas ingeneral

10 thecontent of the incorporatedepoxycompounds ispreferably
within a range of 0.1 to 5.0% by mass and more preferably
within a range of 0.2 to 2.0% by mass, of the total amount
of the refrigerating machine oil composition (i.e., the
total amount of thebase 0oil andall incorporated additives).

15 As amatter of course, two or more kinds of above
described phosphorus compounds and epoxy compounds may be
used jointly. )

Further, in order to improve the performances, the
refrigerating machine oil composition according to the

20 present. invention may be incorporated, as required, with
heretofore known additives fora refrigérating machine o0il,
for example, phencl-type antioxidants such as
di-tert-butyl-p-crescl and bisphencl A; amine-type
antioxidants such as phenyl-a@-naphthylamine and

25 N,N~-di (2-naphthyl)-p-phenylenediamine; wear inhibitors

such as zinc dithiophosphate; extreme pressure agents such

25




26 2 5 AUG 2003 FP0O-0147-00 Further, the volune resistivity of the 925 Ay 200
refrigerating mnachine oil conposition according to the present invention
“is not particularly limted, whereas it can preferably be 5 nepghstden !

. 0x1011 S2 -cm nore preferably not less than 1 .0x1012 O -cm and the

nost preferably not |less than 1.0x1013 D-cm Particularly, when the
refrigerating machine oil conposition is used for a hernetic type
refrigerating machine, high electric insulating ability tends to becone

requisite. L ER1bPenREE Y rd ARG QN indh YRbYEBrESEeth id ¥dtty
represented by the value at 25C nmeasured in accordance with JIS C 2101

"Electric | n%‘é'i%ltsi;%lgfciélf@ﬁ{d BgelRENAhN as 18 icoMeRtyf oMt eindtn 1t he

refrigerating machine oil conpoSition according to thé present invention is

not 15 partijeldcaibitbirdl keedh waebeasotlr @2 1R ekakablsy the i2QRppm or |ess,
nore preferably 100ppmor | ess, and the nost preferably 50 ppmor |ess, of

the total amyupiro®erishe poef+poendedF dRENIS Gt FPIROIiSPRTsants
Particularly, when the refrigerating machine oil conposition is used for a
20 hergreti c tayje scebhi. geTiod s Gadiicthi vies wa ¥y @ il rpordted it redgi red
due to its effects on the heat stability/hydrolysis resistance and
el ectric i nswedtrimgragaink machfineheidi lsinkunt er jotilker 1tvat afhacitdtwal ue of
the refrigerating 25 machine oil conposition according to the present
i nvention i smeantpaf the wdarilty vieismadaed iHaowehtey refhitgetrAtingmarhihe AUG
2033
0il is not particularly limited, whereas in general the
content thereof is preferably not more than 10% by mass and
10 more preferably not more than 5% bymass, of the total amount
of therefrigeratingmachineoil composition(i.e., thetotal
amount .o‘f the base 0il and all incorporated additives).
The kinematic viscosity of the refrigerating machine
0il of the present invention is not particularly limited,
15 whereas the kinematic viscosity at 40°C can preferably be
within a range of 3 to 100 mm’/s, more preferably 4 to 50
mm’/s and the most preferably 5 to 40 mm?/s. Further, the
kinematicviscosityat 100°Ccanpreferablybewithin a range
of 1 to 20 mm*/s and more preferably 2 to 10 mm?/s. Further,
20 one of the effects achieved by the present invention is that
good heat stability/hydrolysis resistance can be obtained
even when an ester having a low viscosity is used. Such
effect is more remarkably achieved in the case where the
kinematic viscosity at 40°C is preferably within a range

25 of 5 to 35 mm’/s, more preferably 5 to 25 mm?/s, furthermore

preferably 5 to 20 mm’/s, and the most preferably 5 to 15
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FP0O0O- O147-00 conposition is used in a refrigerating machi ne or pipegsfﬁggmn
preventing netals fromcorrosion, the total acid value can preferably be

- 0. 1ngKOH g or less, and nore preferably 0.05mgKOH g or | essgpgy-b9£7-00
present invention, the total 5 acid value is represented by the val ue of
the total acid value neasured in accordance with JIS C 2501 "Petr ol eum
Products and Lubricating Gls -NeutralizationValue Testing Method". The
content of ash in the refrigerating nachine oil 10 conposition according
to the preseppzjdvention is not particularly limted, whereas, in order to
i nprove the heat stability/hydrolysis resistance of the oil and suppress

the generation of pgltdge, ¥hd P61 ih&GedilstGan thf f alablybei §8@ARAhgOr | ess,
and nore preferably 50ppmor less. In the present 15 invention, the ash

content is rRREASABISA B¥mbBEi¥abuea@forditey asht ke HreiYerasvead ioh _
accordance wth JIS C 2272 "Testing Method forAshContent and Sul furic Acid

Ash Content ikhn&F yskertQduiand Patinqltedn Fheduak it Toen mfdfiegenant pet 0 be
used in the refrigerating 20 machine-wherein the refrigerating nachine oi

conpogy ti on naecosdi Nehdp 1t 1preQekh, | Y LalpOHf éSaWBPthd@ &t hen
refrigerants, fluorine-containing ether refrigerants such as

per fl uoroet her, 9x1 bRk nenid eBeahdef pPreffidr@®lanhst Sleds thandi nbkhyt® et hers;
and natural refrigerants such as carbon 25 di oxi de, hydrocarbons and so on.

The refriger dhiEn carahe i cuged 131, Nghenothieoirattlky gasad i figx acd inkclbddi ng t wo
or nore 28 2 5 AUG 2003 FPOO-0147-00
compositionisusedforahermetictyperefrigeratingmachine,
high electric insulating ability tends to become requisite.
10 In the present invention, the volume resistivity is
represented by the value at 25°C measured in accordance with
JIS C 2101 “Electric Insulating 0il Testing Method.”
The content of water in the refrigerating machine oil
composition according to the present invention is not
15 particularly limited, whereas it can preferablyfbe 200ppm
or less, more preferably 100ppm or less, and the most
preferably 50 ppm or less,‘;f the total amount of the
refrigeratingmachineoil composition. Particularly, when
the refrigerating machine oil composition is used for a
20 hermetic type refrigerating machine, a low water content
is required due to its effects on the heat
stability/hydrolysis resistance and electric insulating
ability of the oil.
Further, the total acid value of the refrigerating

25 machine 0il composition according to the present invention

is not particularly limited. However, when the oil
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kinds of the refrigerants. HFC refrigerants are, for exanple, 25 AUG 2003
hydr of | uocarbons having 1-3 and preferably 1 or 2 carbon atons, for
-exanpl e, difluoromethane (HFC-32), trifluoronmethane (HFC 23)rpdn-0147-00

pent af | uor oet hane (HFC-125), 1,1, 2,2-tetrafl uoroethane (HFC 134),
1,1,1,2-tetrafl uoroet hane (HFC-134a), 1,1,1-trifluoroethane (HFC 143a),
1,1-difluoroethane (HFC-152a) or a mxture of two or nore kinds of these
HFCs. The refrigerant is selected in accordance with the use and 10 the
requi site pecbapRBRESSn FPhs@¥Where 51 Eatihg $chitien8t & ifds 23 single
HFC- 134a; single HFC- 125, a m xture of HFC 134a/ HFC 32 =

60- 80%bymasshH4avEA Y Ry RstSa 1 A FrshiUeSr r 85 1 6 C- 3 IH6€al2hc d 4% 1A% an
bymass/ 60- 30% bynass; "a m xture of HFC 125/ HFC- 143a =. 40- 60% by

nmass/ 60- 40% pyckassb1@ Be Ul xhykenply bFCiédd4a/ HhE- RétEForé2erab@ by

mass/ 30% by nmass/10% by mass; a m xture of HFC 134a/ HFC- 32/ HFC- 125 =

40- 70% by nmassbihgRbHy §Yo FaSS - 40% bilenpsssedndirararitiat e thef total

HFC- 125/ HFC- 134a/ HFC- 143a = 35-55% by mass/ 1-15% by nass/ 40- 60% bymass are
prefermabl e. Wehia speaefis exarpdastd byciheem i ioff ehef thkG1134d/dHFC 32 =
70/ 30% by mass, a mxture of HFC 32/ HFC--125 = 60/40% by mass; a m xture
of HFC 32/ HvG1h25mea5Qre0% hy agassdaRé20A) thaJosxCueéoaf * PEECoIZ2ud-C- 125
45/ 55% by nmass (R410B); a m xture of HFC 125/ HFC-143a = 50/ 50% by nass
(R507C); a nipxbune tefar2bl b S Higo1 25 /HHiFd th3xal za t3Ai0rl 04 50&dTieys triess; a

m xture of HFC 32/ HFC- 125/ HFC- 134a = 23/ 25/ 52% by mass (R407C); a 29 2 5
AUG 2U33 FPOBe@b4# 00 mi xture of HFC 32/ HFC- 125/ HFC- 134a = 25/ 15/ 60% by
mass

The content of ash in the refrigerating machine oil
10 composition according to the present invention is not
particularly limited, whereas, in order to improve the heat
stabilir.ty/hydrolysis resistance of the oil and suppress the
generationof sludge or the 1like, it canpreferablybe 100ppm
or less, and more preferably 50ppm or less. In the present
15 invention, the ash content is represented by the value of
the ash content measured in accordance with JIS C 2272
“TestingMethodforAshConte;tandSulfuricAcidAshContent
in Crude 0il and Petroleum Product”,
The refrigerants to be used in the refrigerating
20 machine wherein the refrigerating machine oil composition
according to the present invention is used may be HFC
refrigerants, fluorine~containing ether refrigerants such
as perfluoroethers; fluorine-free ether refrigerants such
as dimethyl ethers; and natural refrigerants such as carbon

25 dioxide, hydrocarbons and so on. The refrigerants can be

used singly or jointly as a mixture including two or more
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'(R407E); and a m xture of HFC 125/ HFC- 134a/ HFC- 143a 44/ 4/ 52% by nmass AUG 2003
(R404A) Further, the exanple of the natural refrigerants 5 include c%?bo

.di oxi de, hydrocarbons and so on. The hydrocarbon refrigeran > reis
preferably a gas at 25C under 1 atm for exanple, alkane, c&gﬂﬁgﬂﬂgﬁéﬁ%r

al kene having 1 to 5 carbon atons and preferably 1 to 4 carbon atons or a
m xture thereof. The exanpl es of the hydrocarbon 10 refrigerant include
nmet hane, ethyl ene, ethane, propyl ene, propane, cyclopropane, butane,

| sobut ane, cycl gbut an nmet.hyl cycl gpropane and the m xtures of two or nore
kinds of th QgéoﬁgoghasFeiﬁ%ﬂ§¥ Egh propane, butane, isobutane and the

mxtures, Cher eof akecniefelabl g A8 ot eI amAL ROamRER e Obne
o2, U1 COROSEL o0 ol o8 FELLL 95T SIS BAC L Lol
rachi e, The 341,8:SheL RSk Lr0eSal. 190, TRehkatatl, SpmRosky on to the
500 pat i< by PABTBALUGRACKBAG pIBFEr SBPY” wit Bt B 28 FALaE SPTIYEEYD parts |
machine oi | CBRWOAPE on ladedr & ngta0 20TR0e 5 Ee BREOT01R) 00 to the
D e e R8s Bafy e (PG 10, kb
(HFC-152a) or a mixture of two or more kinds of these HFCs.
The refrigerant is selected in accordance with the use and
10 the requisite performances. For example, single HFC-32;
single HFC-23; single HFC-134a; single HFC-125, a mixture
ofHFC-134a/HFC-32=60—80%bymass/40-20%bymass;amixture
of HFC-32/HFC-125=40-70% by mass/60-30% bymass; amixture
of HFC-125/HFC~143a = 40-60% by mass/60-40% by mass; a
15 mixture of HFC-134a/HFC-32/HFC-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 mas;/5—40% by mass; and a mixture
of HFC-125/HFC-134a/HFC-143a = 35-55% by mass/1-15% by
mass/40-60% bymass are preferable. More specific examples
20 include- a mixture of HFC-134a/HFC~32 = 70/30% by mass, a
mixture of HFC-32/HFC-125 = 60/40% by mass; a 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
25 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
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machi nes, since the present refrigerating machine oil conposition h%fSAUGZMH
excellent electric characteristic and a low 5 hygroscopicity. Such
refrigerating machines in which the present refrigerating mggpage197l00
conposition is used can be concretely exenplified by an air conditioner
for roons, a package air conditioner, a cold-storage chest (refrigerator),
an air conditioner for vehicles, 10 dehum difier, a freezer, a freeze and
refrigeration warehouse, an automatic vendi ng machi ne, a showcase, a

cool i ng appamaktsrienocghartcab/pkant ssanecsesan. =Fusyhersost g mefsisi gerating
machi ne oil conposition according to the present invention is particularly
preferabl e t qra@7@$edaha i5Smkigtuiraesdt HRG-MRGMKFES 1BA%)/AFCa 1AL C
conpressor. Furthernore, the refrigerating machine oil conposition
accordi ng toa4ttlra /present map¥enkboaagan be used in all types of conpressors
including a reciprocating type one, a rotating type one and a centrifugal
type one. 20 Atypi caktrEapptheobxamplegerathagnayckali nedthighrahes
conposition of the present invention can favorably be used is one
conprifsi ng aiccdpdessarboa dondédeer hydmoespanasoandrsohani.snThan
evaporator, and, if necessary, a dryer. Exanples of conpressor include (1)
a hi gh- presstwerozarbesseefryperanhpuessdie xons irstaipmale] psedase ssel

stored with a refrigerating machi ne oil which accommbdates a notor 31 25
AU62003 FPOR50t4inded T atnmestsr ekaapi et il leante A cycdbarl kaner ot atlikegmes haf t
fitted in the rotor, and a conpressor section connected to the notor by
way of the rdeaingg §had carhheratons apdgrefessyke 1 to 4 carbon atoms

or a mixture thereof. The examples of the hydrocarbon

10 refrigerant include methane, ethylene, ethane, propylene,
propane, cyclopropane, butane, isobutane, cyclobutane,
methyl;yclopropane and the mixtures of two or more kinds
of these compounds, among which propane, butane, isobutane
and the mixtures thereof are preferable.

15 The refrigerating machine oil composition according
to the present invention normally exists in the form of a
fluid composition for a ref;igerating machine mixed with
a refrigerant as describe above when it is used in the
refrigerating machine. The ratio of the refrigerating

20 machine. 0il composition to the refrigerant is not
particularly limited, whereas the amount of the
refrigerating machine 0il composition is preferably within
a range of 1 to 500 parts byweight andmore preferablywithin
a range of 2 to 400 parts by weight per 100 parts by weight

25 of the refrigerant.

The refrigerating machine oil composition according
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refrigerant gas discharged fromthe conpressor section 5 resides in t He AUG 200
cl osed vessel; and (2) a | ow pressure vessel type conpressor conprising a

‘cl osed vessel stored with a refrigerating nachine oil which a
notor conposed of a rotor and a stator, a rotating shaft fit?@gerﬂ]ﬁplpf;l?@S
rotor, and a conpressor section connected to the notor 10 by way of the
rotating shaft, whereas a high-pressure refrigerant gas di scharged from

t he conpressor section is directly expelled to the outside of the closed

vessel . As an.d ngd ?tr'e@ant' L%Hﬁ@ﬂoﬁsc&? 1 eGld g5l Hsllu@iiéﬁtlﬁﬁ%ﬂ”
material for the no section, crystalline plastics 15 fil aving a

glass transitfon rree:rfa%rea«tawtec@ﬁpﬁggs@fshirgfaqu, t9Pes! bE CAd # i gd LAt X! €,
at | east one kind of insulating filnms selected fromthe group consisting of

pol yet hyl ene hesiepiedial afse R WrEd e dr Qe i @fachine oil
pol yphenyl enesul fides, polyetherether ketones, 20pol yethyl enenapht hal ates,

pol yam de-i m &fpo Sitch Oh )b ExRT1 itde LOBPOSE hﬁafﬁaldt&rq@taudﬁsﬂdfaylwatl ng a
film having a low glass transition tenperature with a resin |ayer having

a hi ghsgl ass Hyqsddamicitenpesathr ee of egpr et enaachiamgd dyedhschcenéhey are
hard to deteriorate in terns of 25 tensile strength characteristics and

el ectrical i nstesdningefehaeaatdnigshachindsa agngio sl trieonidedued ¢dxe not or
section, 32 2 5 AUG 2003 FPOO 0147-00 enanel coatings having a gl ass
transition tempevatuetedly ed@O6] Dfidd ghean ®ixycomiindlemear foof rgahyest er s,
pol yester a package air conditioner, a cold-storage chest
(refrigerator), an air conditioner for wvehicles, a
10 © dehumidifier, a freezer, a freeze and refrigeration
warehouse, an automatic vending machine, a showcase, a
cooling. épparatus in chemical plants and so on. Further,
the refrigerating machine oil composition according to the
present invention is particularly preferable to be used in
15 refrigerating machines having a hermetic compressor.
Furthermore, the refrigerating machine o0il composition
according to the present inv;ntion can be used in all types
of compressors includingareciprocatingtypeone, arotating
type one and a centrifugal type one.
20 A-typical example of refrigerating cycle in which the
composition of the present invention can favorably be used
is one comprising a compressor, a condenser, an expansion
mechanism, an evaporator, and, if necessary, a dryer.
Examples of compressor include (1} a high-pressure

25 vessel type compressor comprising a closed vessel stored

with a refrigerating machine 0il which accommodates a motor
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I m des, polyam des, polyam de-imdes, and the |ike; and conposite en%ﬁ$l
coatings obtained by form ng a higher |ayer 5 having a higher gl ass AUG 2003
“transition tenperature on a |lower |ayer having a |ower gl as%‘l"(ﬁ(?‘ﬁiihm(ﬂﬁ'
tenperature are preferably enployed. Exanples of enanel wire wth

conposite coating include ones in which a |ower |ayer nmade of pol yester

imde 1is coated wth an upper |ayer made of polyam de-imde (AI/El) , 10

and a |l ower |ayer made of polyester is coated with an upper |ayer nade of

pol yam de-i medRpbAbGPEY - a R abkyacsphoyed A A MAHNGHAgeNtriRaeked into
the dryer is a synthetic zeolite conposed of a conposite salt consisting

of alkali netaltrsd Fb€8E fandcahfabhsARIRcthD At 4h O3t €8 tW KB RS, @ pore
di aneter of 3.3 angstrons or |ess and, at 25C and a carbon di oxi de parti al

pressure of BHOwEYHELf atgar BeRadifyl dRa0ds aRsHddd 08 6ARACKILs@lurk 0% or
| ess. Specific exanples thereof include product names XH 9, XH 10, XH 11,

and XH 600 meegtagkvhad BusUdigehdheerl 2K the CEPMELESE sHie ipmesent

invention will be explained in detail by the follow ng Exanpl es and
Conpabat i ve Exatpkesin btk ¢hesedreserll ;i anentd)on lidvinied suitd e ds@ 1t hese
Exanpl es. 25 Exanples 1-20 and Conparative Exanples 1-13 The foll owi ng base
oi | s and addiypeesompresbbencambBis Pnd AWG B eI 10 A Al Wi tihthe

proportions shown in Tables 1-8 to prepare sanple oils of Exanples 1-20
and Conpar at re€érEgarptéaglrbshineespett iwleigh Fbeopmopgatkisesa ofnogaah of the
obt ai ned sanpl e

composed of a rotor and a stator, a rotating shaft fitted

in the rotor, and a compressor section connected to themotor

10 - by way of the rotating shaft, whereas a high-pressure
refrigerant gas discharged from the compressor section is
directly expelled to the outside of the closed vessel.

As an insulating film used as an electric insulating
systemmaterial for the motor section, crystalline plastics

15 films havingaglass transitiontemperatureof 50°C orhigher,
specifically, for example, at least one kind of insulating
films selected from the gr01_.1p consisting of polyethylene
terephthalates, polybutylene terephthalates,
polyphenylene sulfides, polyether ether ketones,

20 polyethylene naphthalates, polyamide-imides, and
polyimides; and composite films obtained by coating a film
having a low glass transition temperature with a resin layer
having a high glass transition temperature are preferably
employed since they are hard to deteriorate in terms of

25 tensile strength characteristics andelectrical insulating

characteristics. Asamagnetwireusedfor themotor section,
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oils are shown in Tables 1-8 (kinematic viscosities at 40C 5 and 1('.}056,A 6 7003
total acid value) [Base G|] Base Ol 1: esters obtained from U6 209

. 4-cycl ohexene-1|, 2-di carboxylic acid, n-butanol and n-hept angJP&JqQ ﬁ,?bz{ 1
15% by mass; ester 5: 5% by mass;-ester 7. 80% by mass) Bas 033708 ¢r s
obt ai ned from 4-cycl ohexene-|, 2-dicarboxylic acid, i-butanol and

n- heptanol 15 (ester 2: 26% by mass; ester 6. 2% by mass; ester 7. 72% by
mass) Base Q| 3: esters obtai ned from 4-cycl ohexene-1, 2-dicarboxylic

aci d, n-butanol e hexanol ester 3. .13% S ester 5. 6%
by mhse: st BRABCL 1R T YTy  Bhde IGF SaL FBBEAF OBy E BNREUSEHGR OF
4-cycl ohexene-1, . 2-dj carboxylic acid, |-but anol and 2-et hyl 9Texanol

(ester 4: 24988\ pdshighefere - rzf%?B? AWEES ok PRHLYSS LREGy B Mﬁ§§)°—r34 2 5
AUG 2003 FPOO-0147-00

st ers obtained fr 4- ohexene

2-d car boxy| FBLdER 0, P9 L BTRATBF PR BEELTST - HiRanoP P fobbr LAkER0REY mhss:
ester 6: 8% megggfte %%ta%relscoaStzl{lgs obtainedby forming a higher layer
5 havingahigher glass transition temperatureona lower layer
having a lower glass transition temperature are preferably
employed. Examples of enamel wire with composite coating
include ones in which a lower layer made of polyester imide
iscoatedwith an upper layer made of polyamide-imide (AI/EI),
10 and a lower layer made of polyester is coated with an upper

layer made of polyamide-imide (AI/PE).

Preferably employed as a drying agent packed into the
dryer is a synthetic zeolite composed of a composite salt
consisting of alkali metal silicates and alkali metal

15 aluminates which has a pore diameter of 3.3 angstroms or
less and, at 25°C and a carbon dioxide partial pressure of
250 mmHg, a carbon dioxide gas absorption capacity of 1.0%
or less. Specific examples therecof include product names
XH-9, XH-10, XH-11, and XH~600 manufactured by Union Showa
20 K.K.
[EXAMPLES]

The present invention will be explained in detail by

the following Examples and Comparative Examples, but the

present invention is not limited to these Examples.

25 Examples 1-20 and Comparative Examples 1-13

The following base o0ils and additives were blended
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5 by mass) Base Ol 6: a m xture of
4- cycl ohexene-1|, 2-di carboxylic acid
-from 4-cycl ohexene- 1, 2-di car boxylic

an ester obtained from
and i -butanol and an ester

obta?ééwﬁzma
acid

and 2-et hyl hexanol . &~ 6:
Base oil 7: an ester obtggﬁghéigzﬁk)
4- cycl ohexene- 1, 2-di carboxylic acid and n-butanol (ester-5: 100% by mass)
Base oil 8: an ester obtained from 15 4-cycl ohexene-1, 2-di carboxylic acid
and i-butanol (ester 6: 100% by mass) Base O 1 9: an ester obtained from

g oherenty RhEROPAT Ao el (st i o)

I
20 Base O | 10: an ester obt ohexene xylic acid

50% by mass; ester 8. 50% by nass)

From 4 cycl oenont- P o Brear boryl (e ac AP bay anpl " Bags 3ot o0 A e
10" 26% 35 2 & ROB 3005 Fpo 0RATB0 by tres) e hase 6 T TD eararB Shi af ned
L2 0V RS bl PR 6 A0k AT pEROE
5 and 100°C, total acid wvalue}.
(Base 011l]
Base 0il 1: esters obtained from
4-cyclohexene-1, 2-dicarboxylic acid, n-butanol and
n-heptanol
10 {ester 1: 15% by mass; ester 5: 5% by mass; ester 7: 80%
by mass)
Base 0il 2: esters obtained from
d-cyclohexene—-1,2-dicarboxylic acid, i-butanol and
n-heptanol
15 (ester 2: 26% by mass; ester 6: 2% by mass; ester 7: 72%
by mass)
Base 0il 3: esters obtaineé-from
4-cyclohexene-1,2-dicarboxylicacid, n-butanocl and2-ethyl
hexanol
20 (ester 3: 13% by mass; ester 5: 6% by mass; ester 8: 81%
by mass)
Base 0il 4: esters obtained from
4-cyclohexene-1,2-dicarboxylicacid, i-butanol and2-ethyl
hexanol
25 (ester 4: 24% by mass; ester 6: 2% by mass; ester 8: 74%

by mass)
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by mass) Base G| 13: esters obtained from 4-cycl ohexene-1, 2-di car
acid, n-butanol, and i-decanol 10 (.ester 5: 20% by nass; ester
‘mass; ester

13% by mass;

14: 33% by mass) Base O | 14: esters obt ai ned frP 0-0147
1, 2-cycl ohexane dicarboxylic acid, n-butanol, and n-heptanol ?Q

ster

R

180

ester 19: 6% by mass; ester 21: 81% 15 by mass) Base oil 15:

esters obtained from 1, 2-cycl ohexane di carboxylic acid, i-butanol, and

n- hept anol (ester 16 25% by nmass; ester 20: 2% by nass; ester 21: 73% by
mass) 20 Basqa . st e8¢, dd AP 2 cycl ohexane di car boxylic
acid, n-buta -etel%rtl%r%gxaﬁ (ester 14% by mass; ester 19: 4%

by mass;

est

3%%@ %%%% ter
1, 2- cyclohexane 25 %ﬁ%xmy f%’am(§g§l%ié%ﬁilg Eugggé %?#éhex

(ester

18: 23%byndmss; ester 20: 4% by nass; ester 22: 73% 36 2 5 AUG 2033

FPOO- 0147-00 by nmass) Base O 18: esters obt ai ned from 1, 2-cycl ohexane

di carboxyl i ¢ afubr isbucansl,. yagd; 2egthy! ehegerrsw nd 88!

s
ester 20: 12% by mass; ester 22: 50% by mass)” Base ef 19: a nlxt
an estgr obt the[qag‘g)om

10

15

20

25

Base 0il 6: a mixture of an ester obtained from

4-cyclohexene-1, 2-dicarboxylic acid and i-butanol and an
ester obtained from 4-cyclohexene-1,2-dicarboxylic acid
and Z2-ethyl hexanol

{ester 6: 50% by mass; ester 8: 50% by mass)

Base 0il 7: an ester obtained from

4—cyclohexene-1,2—dicarboxylic acid and n-butanol
{ester 5: 100% by mass)

Base 0il B: an ester obtained from

4-cyclohexene-1, 2-dicarboxylic acid and i-butanol

(ester 6: 100% by mass)

Base 0il 9: an ester obtained from

4-cyclohexene-1,2-dicarboxylic acid and n~heptanol
{ester 7: 100% by mass)

Base 0il 10: an ester obtained from

4-cyclohexene-1, 2-dicarboxylic acid and 2-ethyl hexanol
{ester 8: 100% by mass)

Base 0il 11: esters obtained from

4-cyclohexene-1,2-dicarboxylic acid, i-butancl, and
3,5,5-trimethyl hexanol

(ester 6: 18% by mass; ester 9: 56% by mass; ester 10: 26%

35

d8r S8% Py mass;

ure of



1, 2-cycl ohexane dicarboxylic acid and i-butanol and an ester obtai BédAUG 2083
from1l, 2-cyclohexane dicarboxylic acid and 2-ethyl hexanol 10 (ester

‘50% by mass; ester 22: 50% by mass) Base O 1 20: an ester Obt%g@ﬁq{i%@

1, 2-cycl ohexane dicarboxylic acid and n-butanol (ester-19: I )
Base G| 21: an ester obtained from1, 2-cycl ohexane 15 dicarboxylic acid
and i-butanol (ester 20: 100% by mass) Base G| 22: an ester obtained from
1, 2-cycl ohexane dicarboxylic acid and n-heptanol (ester 21: 100% by mnass)
20 Base O | Zi% ster obtained from1, 2-cycl ohexane dicarboxylic acid
and 2-ethyl hexanol ‘(ester 22: 100% by mass) Base G| 24: esters obtained

from1, 2-cyclgghexang qdi czg&@%l HtaGindq ey anol, and 3, 5, 5-trinethyl
hexanol 25 -ESTET—20——1 8% by masos eglt er 23: 56% by nmass; ester 24: 26%

by mass) 37 245_ eFJiO@ Qﬁ%ér%%)%aﬁ% (%él ; gslels obtajped from

1, 2-cycl ohexane car oxyl i c aci ut ano |-nonanol ester 20: 7%
by mass; ester_gaarfhi% by mass; ester 26: 50% by mass) 5 Base Ol 26:
esters obtained from 1, 2-cycl ohexane di car boxylic acid, n-butanol, and

| -decagol  (esteytekd6:20%Dy RS e88E8 127 434 BP1hadBSSesBaLeI2 2801
by mass)

Base 0il 13: esters obtained from

4-cyclohexene~1, 2-dicarboxylic acid, n-butanol, and
i-decanol

10 {(ester 5: 20% by mass; ester 13: 47% by mass; ester 14: 33%
by mass)

Base 0il 14: esters obtained from 1,2-cyclohexane

dicarboxylic acid, n-butanol, and n-heptanol
(ester 15: 13% by mass; ester 19: 6% by mass; ester 21: 81%

15 by mass)

Base 0il 15: esters obtained from l,2~-cyclohexane

dicarboxylic acid, i-butanol, and n-heptanol
(ester 16: 25% by mass; ester 20: 2% by mass; ester 21: 73%
by mass) '

20 Base 0il 16: esters obtained from 1,2-cyclohexahe

dicarboxylic acid, n-butanol, and 2-ethyl hexanol
{ester 17: 14% by mass; ester 19: 4% by mass; ester 22: 82%
by mass)

Base 0il 17: esters obtained from 1,2-cyclohexane

25 dicarboxylic acid, i-butanol, and 2-ethyl hexanol

{ester 18: 23% by mass; ester 20: 4% by mass; ester 22: 73%
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'3396by nmass) Base oil 27: a diester obtained from 10 25 AUG 2003

4-cycl ohexene-1|, 2-di carboxylic acid and a m xture al cohol f
n-tetradecanol and i-decanol (nole ratio = 50:50) Base Ol ﬁ%dﬁfﬁﬁﬁr
obtained from 1, 2-cycl ohexane dicarboxylic acid and a nlxture a

3, 5, 5-trimethyl hexanol and 2-ethyl hexanol (nole ratio 50: 50) 15 Base
oil 29: a diester obtained from 1, 2-cycl ohexane dicarboxylic acid and a

m xt ure al cohol of 3, 5, 5-trimethyl hexanol and cycl ohexanol (nole ratio =
50: 50) Base g& s)a di ester obtained from 1, 2-cycl ohexane dicarboxylic
acid and a mxture alcohol of 3, 5 5-trimethyl 20 hexanol- and

2, 6-di met hyl gl-hepfianglg . (@%E%r%abeaInég ¥bnBas e -Gylc13texard ester

obt ai ned fr om1; 2=Ccyctohexane dicarboxylic acid and a m xture al cohol of

n- nonanol  ands; T Wy, NabARGhoATDLG aLiok y 15%:HBholl Oycl ohexene

di carboxylic acid esters 1 to in Base Ols 251 to 13 ] 38 2 5 AUG 20P
FPCO-0147- 00 e%t“fC@@RZsE%tﬁgg r&asBl et dHYh: BERPmas Rlestebylyyl Ester
3: RL: n- butyI Ester 4: R : butyl Ester 5: Rl: n-butyl Ester 6: R:

i -butyd grougosRdy Realentyl group group, R2: n-heptyl group

Base 0il 19: a mixture of an ester obtained from

1,2-cyclohexanedicarboxylicacidandi-butanol andanester
obtained from 1, 2-cyclohexane dicarboxylicacidand 2-ethyl
hexanol

10 (ester 20: 50% by mass; ester 22: 50% by mass)

Base 0il 20: an ester obtained from 1,2-cyclohexane

dicarboxylic acid and n-butanol
(ester 19: 100% by mass)

Base 0il 21: an ester obtained from 1,2-cyclohexane

15 dicarboxylic acid and i-butanol

{ester 20: 100% by mass)

Base 0il 22: an ester obtained from 1,2-cyclohexane

dicarboxylic acid and n-heptanol
(ester 21: 100% by mass)

20 Base 0il 23: an ester obtained from 1,2-cyclohexane

dicarboxylic acid and 2-ethyl hexanol
(ester 22: 100% by mass)

Base 0il 24: esters obtained from 1,2-cyclohexane

dicarboxylic acid, i-butanol, and 3,5, 5~-trimethyl hexanol
25 {ester 20: 18% by mass; ester 23: 56% by mass; ester 24:

26% by mass)
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group, R2: 2-ethyl hexyl group group, R2: 2-ethyl hexyl group group, gﬁ Ug 2003
n-butyl group group, R2: i-butyl group 10 Ester 7.: Rl: n-heptyl [ﬁ v
R2: n-heptyl group Ester 8: Rl: 2-ethyl hexyl group, R2: 2-et 3

Ester 9: R : i-butyl group; R2: 3, 5, 5-trinmethyl hexyl groupqxﬁnfgghzgkpRl
3, 5, 5-trinethyl hexyl group; R2 : 3,5,5-trinethyl hexyl group 15 Ester 11:
R1: i-butyl group; Ester 12: Rl: i-nonyl group; Ester 13: Rl: n-butyl
group; Ester 14: Rl: i-decyl group; R2 : i-nonyl group R2: i-nonyl group

s to 20 n Basegifcoy f5h¥rs 95‘8?9%%% BT o005 FRBEE A 06 cooro

Ester 15: Rldhgggyﬁxgw&oge 993%’:!', g 8“53 nbAkAk116: R & i-butyl

group; R2: roup tsfe utyl group; R2: 2-ethyl hexyl
group 5 Ester eéger% 'T%bifﬂ/)ﬁaﬁsrmé%fteWESZ ﬁ@ﬂwﬁéﬁl‘s ;0L QLD KL ehel9: RL:
n- but yl group, R2: butyl“group Ester : -but'yl group: : |-butyI
group by mass)

5 Base 0il 26: esters obtained from 1, 2-cyclohexane

dicarboxylic acid, n-butanol, and i-decanol
{ester 19: 20% by mass; ester 27: 47% by mass; ester 28:
33% by mass)

Base 0il 27: a diester obtained from

10 4-cyclohexene-1, 2-dicarboxylic acid and a mixture alcohol
of n-tetradecanol and i-decanol (mole ratio = 50:50}

Base 0il 28: a diester obtained from 1,2-cyclohexane

dicarboxylic acid and a mixture alcohol of 3,5, 5-trimethyl
hexanol and 2-ethyl hexanol (mole ratio = 50:50)

15 Base 0il 29: a diester obtained from 1,2-cyclohexane

dicarboxylic acid and a mixture alcohol of 3,5, 5-trimethyl

hexanol and cyclohexanol (mole ratio = 50:50)

Base 0il 30: a diester obtained from 1,2-cyclohexane

dicarboxylic acid and a mixture alcohol of 3,5, 5-trimethyl
20 hexancol- and 2, 6-dimethyl-4-heptanol (mole ratic = 50:50)

Base 0il 31: a diester obtained from 1,2-cyclohexane

dicarboxylic acid and a mixture alcohol of n-nonanol and
2,6-dimethyl-4-heptanol (mocle ratio = 50:50)
[Cyclohexene dicarboxylic acid esters 1 to 14 in Base 0ils

25 1 to 13}
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Ester 21: Rl1: n-heptyl group; R2: n-heptyl group Ester 22: Rl: 2-et hglshgmmm
group; R2: 2-ethyl hexyl group 10 Ester 23: R : i-butyl group; R2
-5-trimethyl hexyl group Ester 24: R: 3, 5, 5-trinmethyl hexyl £p8H
3,5,5-trinmethyl hexyl group Ester 25: R1: i-butyl group; R2: |-nony

15 20 Ester 26: Rl: i-nonyl group; R2: i-nonyl group Ester 27: :
n--butyl group; R2: i-decyl group Ester 28: Rl: i-decyl group; R2. i -decyl
group [Additives] Additive 1. glycidyl-2,2-dinmethyloctanoate Additive 2:
tricresyl phosphate Next, the followng tests were carried out in respect
to each of the above-described sanple oils. (Refrigerant Mscibility Test)
In accordance with " Refrd ant M SCI bility Testing 40 2 5 AUG 2003

FPOO- 0147-00 Me - K-2211 "Refrigerating nachine oil," 10g of
each of the sanple ojls was bl ended with 40g of HFC 134a refrlgerant to
observe whet hert he nple oils and the refrigerant were mscible with
each other at -10€ or~8Q2Rérate from each other or in the state of a
white suspension. The results are shown in Tables 1-8. (Electric
Insulating Ability Test) The volune resistivity at 25C of each of the
sanple oils was neasured in accordance with JIS-C- 2101 "El ectric

Ester 1: R': n-butyl group, R%: n-heptyl group

5 Ester 2: R': i-butyl group, R’: n-heptyl group
Ester 3: R': n-butyl group, R®: 2-ethylhexyl group
Ester 4: R!: i-butyl group, R°: 2-ethylhexyl group
Ester 5: R': n-butyl group, R*: n-butyl group
Ester 6: R': i-butyl group, R?: i-butyl group

10 Ester 7 R!: n-heptyl group, R?: n-heptyl group
Ester 8: R': 2-ethylhexyl group, R®: 2-ethylhexyl group
Ester 9: R': i-butyl group; R%*: 3,5, 5-trimethylhexyl group
Ester 10: R': 3,5,5-trimethylhexyl group; R*:
3,5,5-trimethylhexyl group

15 Ester 11: R': i-butyl group—; R?: i-nonyl group
Ester 12: R': i-nonyl group; R?: i-nonyl group
Ester 13: R!: n-butyl group: R?: i-decyl group
Ester 14: R': i-decyl group; R?: i-decyl group
[Cyclohexane dicarboxylic acid esters 15 to 28 in Base 0Oils

20 14 to 26]
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10 Insulating Ol Testing Method." The results are shown in Tabl es 215 &b 2003
(Heat Stability/Hydrolysis Resistance Test |I) 90g of each of the sanple
-0ils wherein the water content had been adjusted to 1000ppm y# F) 9-0EiBbHed
and sealed in 15 an autoclave together with 10g of HFC 134a refrigerant
and catalysts (iron, copper and alum numw res), and subsequently heated
at 200C. Two weeks |l ater, the appearances of the sanple oils and the
appearance of the catalysts were observed, and the volune resistivity of
the 20 sanple oils and the total acid values of the sanple oils were
measured. The results are shown in Tables 1-8. (Lubricity Test) The sanple
oils were each applisd to 8008t journal for neasuring the anount of the
test journal (pin) py 25 having the test machine run in at a test oi
tenperature of 100 er a load of 150 | b for 1 mnute and then run 41 2 5
AUG 2003 FPOO- 0147- ’ E arz0ad of 250 I'b for 2 hours in accordance with
ASTM D 2670 "FALEX WEAR T g " The results of the neasurenent are shown
in Tables 1-8. (Heat Stablllty/FNdronsis Resi stance Test 1) 5 In
accordance WiBdtet S 2640n-BAtglofreaph 6f:thehesappl groiups were wei ghed
and col l ected info a 50-ml beaker, which was subsequently sealed with an
al umi num f oi |Esinsk théen Rwad -bettyli arauplk5eE: t hehapsyat gequppped with a
rotating plate. After the |lapse of 7 days, the appearances of the sanple
10 oils, the Kétrmmulic Ri:seebutylobroug; s@ﬁpl@ ethglhexg0Cgroup

5 Ester 18: R': i-butyl group; R?: 2~ethylhexyl group
Ester 19: R': n-butyl group; R?: n-butyl group
Ester 20: R': i-butyl group; R®: i-butyl group
Ester 21: R': n-heptyl group; R?: n-heptyl group
Ester 22: R!: 2-ethylhexyl group; R®: 2-ethylhexyl group
10 Ester 23: R': i-butyl group; R®: 3,5, 5-trimethylhexyl group
‘Ester 24: R!: 3,5,5-trimethylhexyl group; R?:
3,5,5-trimethylhexyl group
Ester 25: R': i-butyl group; R?: i-nonyl group
Ester 26: R': i-nonyl grouﬁ} R’: i-nonyl group
5 Ester 27: R': n-butyl group; R?: i-decyl group
Ester 28: R!': i-decyl group; R®*: i-decyl group
[Additives]

Additive 1: glycidyl-2,2-dimethyloctanocate

Additive 2: tricresyl phosphate

20 Next, the following tests were carried out in respect
to each of the above-described sample oils.
{Refrigerant Miscibility Test)

In accordance with “Refrigerant Miscibility Testing

40




and the total acid values of the sanple oils were evaluated. Thus ogtaiqed
results are shown in Tables 1, 4, 5, and 7. 42 2 5 AUG 2003 FPCO- 0142040 1003
[ Tabl e 1] Exanpl e 1Exanpl e 2Exanpl e3Exanpl e4Exanpl e 5 Base QO i“PﬁO%ﬁi’f'OE} (%
by nmass) (100) (100) (100)(100)(100) Additive ----- (% by nass)

Ki nemat i c40C( nm®2/ s) 10. 510. 316. 515. 112. 8 Vi scosi t y100UC
(mm/s) 3. 02.53.23.02.7 Total Acid Value (ngKOH g)0.000.000. 000. 000. 00

M scibilityM sci bl eM sci bl eM sci bl eM sci bl eM sci ble Vol unme Resistivity (S2

e P e
ggs{gtéﬁLZof a?&g?h%gggmﬁagpgg%ﬁaﬁggpgfggggggﬂggﬁggﬁggﬁgqgﬁéﬁggigeChange
em L. 0 x 01T G L T OTs 3, TORIC OTR Skl Lt

refrigerant were miscible with each other at -10°C, or

5 separate fromeachotherorinthestateofawhitesuspension.
The results are shown in Tables 1-8.
(Electric Imsulating Ability Test}
The volume resistivity at 25°C of each of the sample
0ils was measured in accordance with JIS-C-2101 “Electric
10 Insulating 0il Testing Methed.” The results are shown in
Tables 1-8.
(Heat Stability/Hydrolysis Resistance Test I}
90gofeachofthesampleoilswhereinthewatercontent
had been adjusted to 1000ppm were weighted and sealed in
15 an autoclave together with 10g of HFC 134a refrigerant and
catalysts (iron, copper and aluminum wires), and
subsequently heated at 200°C. Two weeks later, the
appearances of the sample oils and the appearance of the
catalysts were observed, and the volume resistivity of the
20 sample oils and the total acid values of the sample oils
were measured. The results are shown in Tables 1-8.
(Lubricity Test)
The sample o0ils were each applied to a test journal
for measuring the amount of the test journal (pin) worn by

25 having the test machine run in at a test oil temperature

of 100°C under a load of 150 1b for 1 minute and then run
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Total Acid Val ue(ng(KOH gl. 250. 900. 350. 300. 32 FALEX Test, a, 0,s,t of }JTTA[W'Z{]IB
worr6v) 1718222124 Heat Stability /Appearance of Sande 01N0 Chang

-ChangeNo ChangeNo ChangeNo Change Hydrol ysis Kinematic Vi 5003"#50 0147-00

15. 915. 425. 022. 518. 9 Resi stance40C(mm2/s) Test |1 Total Acid
1.571.321.451.281.58 (ngKOH/ g) 5 43 2 5 AUG 2033 FPOO 0147-00 [ Tabl e 2)
Exanpl e 6Exanpl e 7Exanpl e8 Base Ol 6 4 4 (% by nass) (100) (99. 8) (99)
Additive -1 2 (% by mass) (0.2)(1) Kinematic40C (mR/s) 13.315.115.1

Viscosityl OQade¥TR/ 532483 O30 150fH Atiothrak Hea dAKEEK & Qy 090 200 00
M scibilityM scibleM scibleMscible Volune Resistivity(Q-cm2.8 x 10126. 2
X 10"2.8 X 1@1l2670 “FALEX WEAR TEST.” The results of the measurement

are shown in Tables 1-8.

(Heat Stability/Hydrolysis Resistance Test II}

5 In accordance with JIS-K-2540, 30 g of each of the
sample cils were weighed and collected into a 50-ml beaker,
which was subsequently sealedwith an aluminum foil and then
was left inal1l50°C thermostat equippedwitharotatingplate.
After the lapse of 7 days, the appearances of the sample

10 oils, the kinematic viscosity of the sample oils at 40°C,

and the total acid values of the sample cils were evaluated.

Thus obtained results are shown in Tables 1, 4, 5, and 7.
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Heat Stability /Appearance of Same ONo ChangeNo ChangeNo Change Wdrfbmum
Appear ance CulLess d ossyNo ChangeNo Change Resi stanceof Catal yst Tes

. ChangeNo ChangeNo Change Al No ChangeNo ChangeNo Change Vol u%}gﬁibihbvdéy((‘)
cm 3.9 X 10101.0 X 10124.8 x 10 ToW MIVAA~( g)0.690. 050.52 F

Test,a,,,,,1 t oF, b,a wem mv25209 44 2 5 AUG 2003 FPOO 0147-00 [Tabl e 3]
Corrpar ative Conparative Conparative Conparative Exanpl e 1Exanpl e 2Exanpl e
3Exanple 4 Base Gl 7 8 9 10 (% by nass)(lOO)(lOO)(lOO)(lOO) Additive ----
(% by nass) QWL c4000 (mm®2/s)6.79.111.017.7

Vi scosityl1l00 1 92.12.73. 4

Example 1 Example 2 Example3 Example4 Example 5
|Base Oil 1 2 3 4 5
(% by mass) {100} (100) (100 (100) {100}
Additive - - - - -
(% by mass)
|Kinematic 40°C (mm?2.~s) 105 10.3 16.5 15.1 12.8
Viscosity 100°C (mm?%./s) 30 25 3.2 3.0 27
Total Acid Value (mgKOH.”g) 0.00 0.00 0.00 0.00 0.00
IMiscibility Miscible Miscible Miscible Miscible Miscible
Volume Resistivity (Q -cm) 1.2x10" 1.0x 10" 1.5%x107 | 30x10" 1.0 x 10%
|Heat Stability /  |Appearance of Sample OF No Change | No Change | No Change | No Change | No Change
Hydrolysis Appearance |Cu No Change | No Change | No Change | No Change No Change
Resistance of Catalyst
Test I Fe No Change No Change No Change | No Change No Change
Al . No Change | No Change | No Change | Mo Change No Change
Volume Resistivity(R -cm) 1.0x10" 55x%10" 2.5x10" 7.0x10" 42 x10"
Total Add Vahue(mgkOH/p) 1.25 0.90 0.35 0.30 0.32
|FALEX Test Amourt of Journal Wormmg) 17 18 22 21 24
Heat Stability / Appearance of Sample O3 No Change No Change | No Change | No Change No Change
Hydrolysis i ic Vi i
Foictas :g;;";::z":sc"s“" 159 154 250 225 189
TestIl Total Acid Value
(mgKOH.g) 1.57 132 145 1.28 1.56

[9]]
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Total Acid Value (ngKOH g)0.000.000. 000.00 M scibilityM sci bl eM sci l?ISeEﬁ@ﬁm

Phase SeparationSeparation Volunme Resistivity

(Qm 1.7x10123. 4x10114. 6x10128. 9x1011 Heat Stability /Appear gpgy@145a59§e

01No ChangeNo ChangeNo ChangeNo Change Hydrol ysis Appearance CulLess

G ossyLess G ossyNo ChangeNo Change Resi stanceof Catal yst Test

| FeBl ackenedPartially No ChangeNo Change Bl ackened Al No ChangeNo ChangeNo

ChangeNo Change Vol une Resistivity(4 -cm32 x 10142.5 x 10106. 8X10' 14. 8 X

1010 Tohl Add [fabid pFCOM2. 331. 181. 360. 30 FALEX TestA a t of j,, m
2445 25 AJS2003ER

(%

a.n?lAQExarrpl e
JompleRdliti ve ---
4

worr( ng) 28301 Q0. 0147.00 [Tahle 42 Ex
10Exanpl e 11} Base Q1 11 12 13 (%by (51 Qe Q)
by mas S) [Base Oil 6 4
{% by mass) {100) {99.8) (99)
Additive - 1 2
(% by mass) 02 m
Kinematic 40°C{mm?2.s) 133 15.1 15.1
Viscosity 100°C(mm?.~'s) 28 3.0 30
Total Acid Value (mgKOH.g) 0.00 0.00 0.00
Miscibility Miscible Miscible Miscible
Volume Resistivity (R *cm) 28x10% | 6.2x10" 2.8x10"
Heat Stability / Appearance of Sample OF No Change | Mo Change | No Change
Hydrolysis Appearance Cu Less Glossy | No Change | No Change
Resistance of Catalyst
Test | Fe No Change | No Change | No Change
Al No Change | No Change No Change
Vohmme Rasistivity( Q -cm) 3.9%10" 1.0x 10" 48x10"
Total Acid Valueimgh{OH/g) 0.69 0.05 0.52
FALEX Test Arourtt of Journal Womime) 25 20 g

44



Ki nemati c40C (nm2/s) 15. 316.511. 9 Vi scosityl00C( m®/s) 3. 03. 32. 7 Tot al7 pane 2003
Val ue (ngKOH g) 0. 000. 000. 00 M scibilityM sci bl eM sci bl eM sci bl e
Vol uuneResi stivity(Q - cnm9.9x10129. 0x10121. 8x1012 Heat St abifphy-0147-00
/ Appear ance of Sanpl e 01No ChangeNo ChangeNo Change Hydrol ysis Appearance

CuNo ChangeNo ChangeNo Change Resi stanceof Catal yst Test

| FeNo ChangeNo

ChangeNo Change Al No ChangeNo ChangeNo Change Vol une Resistivity(Q-cm1.8
X 10122.0 X 10123.6 X 1012 TaWAddVé&xj r eCOAj) 0. 450. 390. 69 FALD( Test Mount of

.lounnl YYen{prM)d 33419 Heat Stability /Appe canoe of Sanple of No ChangeNo
ChangeNo Change Hydralysis Kinennti

Resi st ance40(

AU G 7003 F
15Exanpl e 16

Viscasity 23 224 518 1

jved6 2 5

N2l s) Test |1 Total Aci|@otvatative | Corapprative § Somparativery) Repangy i
PO 0147-00 [ Table 5] Ex3 nﬁaﬁplﬂ‘Z :Xmlﬂ I M p |l e
BRes@ O | 14 7 8 9 10
(% by mass) {100) {100) {100) {100)
Additive - - - -
(% by mass)
|Kinematic 40°C{mm?2,”s) 6.7 9.1 11.0 11.7
Viscosity 100°C {(mm?.~'s) 1.9 21 27 34
Total Acid Value {mgKOH.”g) 0.00 0.00 0.00 0.00
Mischifity Miscible Miscible Phase Phase
Separation Separation
Volume Resistivity ({2 -cm) 1.7 x 10" 34x10" 46x10" 8.9 10"
Heat Stability / Appearance of Sample O No Change No Change | No Change No Change
Hydrolysis Appearance |Cu Less Glossy | Less Glossy | No Change | No Change
Resistance of Catalyst
Test I _|Fe Biackened Partially No Change No Change
Blackened
Al No Changs | No Change | No Change | No Change
Volume Resistivity( 2 - om) 32x10" | 25x10° | @&8x10" 4.8x10"
: Total Acid Valuelmg(OH/p 233 1.18 1.36 0.30
FALEX Test Amount of Journal Wornime) 28 30 17 24
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15 16 17 18 (% by mass) (100) (100) (100) ( 100) (100) Additi ve

Ki nemat i c40C( m®/s) 11. 010. 917. 015. 612. 7 Vi scosityl00C

(me/s)3.12.63.33.12.7 Total

Aci d Val ue (ngKOH g)0-000. 000. 00g
M sci bilityM sci bl eM sci bl eM sci bl eM sci bl eM sci bl e Vol une ReS| stivi

(% b{ SmblisH03

obPr 00,

cm6.5 X 10127.0 X 10128.7 x 10i24.9 X 10192.9 x 1013 Heat Stability
[ Appear ance of Sanple 01No ChangeNo ChangeNo ChangeNo ChangeNo Change
Hydr ol ysi s Appearance CuNo ChangeNo ChangeNo ChangeNo ChangeNo Change
Resi st anceof Qaiikygt Test |FeNo ChangeNo ChangeNo ChangeNo ChangeNo Change

Al No ChangelNg
-em 9.2 x 10"

Heat Stabilit

ChangeNo Chan
Resi st ance404

No Change Vol une Resistivity(Q
E1apio9) [OEamela)9 ) ERaweAtild V. e
NWW\ 1. 090. 818rs802i0. 390. 29 FALEX Test ,, 12Wyya"13d r\W222118-1723
(P bAmBear ance of Sanpl e oNd1@hangeN®oChangeta CtlangeNo
lgRitiddy dr ol ysi s Ki nemat | CAQ/I scositly 12.013.118.914. 113. 8
O bymRé)s) Test 11Tot al id Val Ue 3.053.|473. 293.]1153. 54
|Kinematic 40°C(mm?Z.s) 5.3 16.5 11.9
Viscosity 100°C(mm2.7s) 30 33 27
Total Acid Value (mgKOH.”g) 0.00 0.00 0.00
Miscibility Miscible Miscible Miscible
Volume Resistivity (2 *cm) 9.9x10"? 9.0x 10" 1.8x10"
Heat Stability /  |Appearance of Samgle OF No Change | Mo Change | No Change
Hydrolysis Appearance |Cu No Change | No Change | No Change
Resistance of Gatalyst
Test | Fe No Change | No Change | No Change
Al No Change | No Change | Mo Change
Volume Resistivity( @ -om) 1.8x 10" 2.0x10" 36x10%
Tokal Acid Vauokngl OH/g) 045 0.39 0.69
FALEX Test Amourtt of Journal Worn{meg) 15 14 19
Heat Stability / | Appearance of Sample Of No Change | No Change | No Change
Hydrolysis - Kinematic Viscosity 232 24.5 18.1
Resistance 40°C{mm®/s)
TestIl Total Acid Value 1.61 1.38 1.29
{meKOH.~g)
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’——AI
(myKOH/ g) 47 2 5 AUG 2003 FPOO- 0147-00 (Table 6] Exanple 17Conparative
Conpar at i ve Conparative Conparative Exanpl e 5Exanpl e 6Exanpl e 7Exanplé 86 2003
Base G| 19 20 21 22 23 (% by mass) (100) (100) (100) (100) (100) ﬁ‘f‘ﬂbtdﬂﬁ-bb—"
(% by mass) Kinematic 40C (m®/s) 14.17.29.811.818.2 Viscosity
100C( MR/ s) 2. 92. 02. 22.83. 4 Total Acid Val ue (ngKOH g) 0. 000. 000. 000. 000. 00
M scibilityM sci bl eM scbl eM sci bl ePhase Phase Separati onSeparati on Vol une
Resistivity(9 -cm3.1 X 10135.8 X 10129.1 x 10111.0 x 10139.7 x 1012 Heat
Stability /Apsxﬁgnilg}zee of Sanpl e 01No ChangeNo ChangeNo ChangeNo ChangeNo

Change Hydrol ysSis pear ance
Example 12 | Example 13 | Example 14 ! Example 15 | Example 16
{Base Qil 14 15 16 17 18
(% by mass) {100) (100 {100} (100} C100)
Additive - - - - -
(% by mass)
|Kinematic 40°C{mmZ./s) 11.0 10.9 17.0 15.8 12.7
Viscosity 100°C (mm?2.7's) kN 26 33 3 2.7
Total Acid Value (mgKOH.”g) 0.00 000 0.00 0.00 0.00
Miscibility Miscble Miscible Miscible Miscible Miscible
Volume Resistivity (2 -cm) 85x107 | 70x10” | 87x10% | 49x10" | 29x10"
Heat Stability / Appearance of Sample O No Change No Change | No Change | No Change | No Change
Hydrolysis Appearance |Cu No Change No Change | No Change | No Change | No Change
Resistance of Catalyst
Test ] Fe No Change No Change | No Change | No Change No Change
Al No Change No Change | No Change | No Change No Change
Volume Resistivity(Q - cm) 9.2x10" 1.1x10% 2.5x 10" 5.6 x 10" 4.9 x10%
Tokal Acid ValslmgKOH/p) 1.09 0.81 0.31 0.39% 0.29
|F_ALB( Test Amount of Journsl Wornimg) 22 21 18- 17 23
Heat Stability / | Appearance of Sample OR No Change | No Change | No Change | No Change | No Change
Hydrolysis - Kinematic Viscosity 12.0 1241 189 171 13.8
Resistance 40°C {mm?/s) . .
Test Il Total Acid Vakie - 305 347 3.29 315 354
{mgKOH.”g)
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CuLess @ ossylLess G ossylLess G ossyNo ChangeNo Change Resi stanceof Cat @ltygtg 2003
| FeNo ChangeBl ackenedPartially No ChangeNo Change Bl ackened Al No

Test

- ChangeNo ChangeNo ChangeNo ChangeNo Change Vohane Reasti vi h(S@Q@ndfzy?(m

10119.1 x 10107.5 x 10108.7 x 10112.8 x 1012 Toted AddVaa(m
(OFVe) 0. 622. 151. 231. 590. 28 FAL(c) C Test A, ,
W, ,, G'gl 2532292119 48 2 5 AUG 2003 FPOO- 0147-00 (Table 7] Exa
18Exanpl e 19Exanpl e 20 Base Q|

Additive ---

cm 2. 8x10137,0x10133.5x1013 Heat

ount of

1b11

i W

Aci d Val ue (ngKOH g) 0. 000. 000. 00
M sci bi lityMgblel &M sci bl eM sci bl e Vol une Resistivity(Q

St

hlllf\l /I\l

fa%ald

npl e

24 25 26 (% by nmass) (100) (100) (100)
(% by mass) Ki nemati c40RC (m®/s) 12.617.212.5 Viscosityl OOC
(m/s)2.73.42.8 Tot al

L VaTaval ml\ln

ChangeNo ChangeNo Change Hydrol ysis jee!a | Gamearative | Comparative [ Comparative | Comp arative
Example 5 Example 6 Example 7 Exarmple 8
Base Oil 19 20 21 22 23
(%9 by mass) (100) (100 (100) (100) (100}
Additive - - - - -
(% by mass)
Kinematic 40°C(mm?2./s) 14.1 12 9.8 11.8 182
Viscosity 100°C{mm?/'s) 29 20 2.2 28 34
Total Acid Value (mgKOH.” g} n.00 0.00 0.00 0.00 0.00
Miscibility Mischble Miscible Miscile Phase Phase
Separation Separation
Volume Resistivity (Q -om) _ 31x10” | 58x10% | 94x10" | 10x10” | 8.7x10"
Heat Stability / | Appearance of Sample O No Change | No Change | No Change | No Change |No Change
{Hydrolysis Appearance [Cu Less Glossy | Less Glossy | Less Giossy | No Change | Ne Change
jResistance of Catalyst :
Test 1 Fe No Change | Blackened Partially No Change | No Change
Blackened
Al No Change | No Change | No Changs | No Changs j No Change
Volume Resistivity( 2 - om) 7.2x10" 9.1x10" 7.5%10° | 8.7x10" 28x107
Total Acid VausimglOH/g) 0.62 215 1.23 1.59 0.28
FALEX Test Amourt. of Journal Worn(me) 25 3z 29 2 19
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CuNo ChangeNo ChangeNo Change Resi stanceof Catal yst Test

| FeNo Chan

ChangeNo Change Al No ChangeNo ChangeNo Change Vol unme Resistivity(Q

X 10121.2 X 10136.7 X 1012 TcWAddVAdhl | cCWg10. 390. 410. 53 FALE}%
of Jot" wontny) 181618 Heat Stability /Apl.

of Sanple G No Chan

?Sm 10

POROEIEREL v,

Change Hydrolysis Kinematic Viscosity 14.018.513.9 Resi stance409C(m#®/ s)

Test RTot al

(Tabl e 8]

Aci d Val ue 3.323.122.98 (ngKOH g) 49 25 AV670n,

FPQOO- 0

147-00

Conpar ati ve Conparative Conparative Conparative Conparative
Exanpl e 9Exarrp[lr§)1g,0,§xarrpl e llExanpl e 12Exanple 13 Base G| 27 28 29 30

Example 18 | Example 19 | Example 20
Base Oil 24 25 26
(9% by mass) (100} (100) {100)
|Additive - - -
(% by mass)
Kinematic 40°C{mm?./s) 12.6 172 125
Viscosity 100°C{mm?./s) 2.7 34 28
Total Acid Value (mgKOH.”g) 0.00 0.00 0.00
Miscibility Miscible Miscible Miscible
Volume Resistivity (Q -cm) 2.8x10" 7.0x 10" 35x10"
Heat Stability / Appearance of Sample O1 No Changs | No Change | No Change
[Hydrolysis Appearance |Cu No Change | Mo Change | No Change
Resistance of Catalyst
Test [ Fe No Change | No Change | No Change
Al No Change No Change | No Change
Volume Resistivity(52 < om) 45x10" 1.2x10" 6.7 % 10"
Total Acid VauokmgkOH/p) 0.39 0.41 0.53
|[FALEX Test Amount of Journal Wornimg) 18 16 18
Heat Stability /  |Appearance of Sample O No Change | No Change .| Ne Change
Hydrolysis Kinematic Viscosity 140 18.5 139
_|Resistance 40°C (mm?/s) :
TestIl Total Acid Value 332 312 258
(mgKOH,.~g)
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31 (% by mass) (100) (100) ( 100) ( 100) (100) Additi ve

Ki nemati c40C (mmR/s) 28. 423. 2135. 727. 021. 0

Vi scosi tyl00C( m®2/s) 5. 24. 19. 24. 64. 1 Tot al

-cm 1.5 x 10133.8 x 10134.1 x 10135.2 x 10135.8 x | ox'

Aci d Val ue

- (% by mass) 25 aysm

i, FP00-0147-00
(mgKOH g) 0. 000. 000. 000. 000. 00 M sci bilityPhase Phase Phase Phase Phase

Separ ati onSepar ati onSepar ati onSepar ati onSeparati on Vol une Resistivity (9

Heat Stability

| Appeaar = of Sanpl e of No ChangeNo ChangeNo ChangeNo ChangeNo Change

Hydrol ysi s Apgaaslargle CuNo ChangeNo ChangeNo ChangeNo ChangeNo Change
Resi st anceof
Al No ChangeNg
oni )5.3 x 101

Aci dVAnknd(

resul ts st at gddditie Tabl es

of the

Cat al ySi Test LEeNo Cha gpl\ln Cha ngpl\ln nngpl\ln Angpl\ln Change
ChangeNo ChangeNo Chandeiorachgr)Femagtativg piomaretip $ Compprativg (JComparative
22 0 x 101FA 9 x 10123 1| kxanpleD | Example10) | Exampenil | Example 12 | Exarnple 13
e060. 480. 390. 580. 98 FALE( 2Test|A, .28 t if j&,,,], el K)
W, , (,, W8224¢2018:80 2 5 AUG 2903 APOU90147- 0019t i|s &B®wn|cl 8891 v | by (1ope
1 to 8 that| the sanple-oilg in-Exafples 1 o 26
(% by mass)
fKinematic 40°C{(mm?2/s) 284 23.2 135.7 27.0 210
Viscosity 100°C (mm?.~s) 52 4.1 9.2 46 4.1
Total Acid Value (mgiKOH.”g) .00 0.00 0.00 0.00 0.00
Miscibility Phase Phase Phase Phase Phase
Separation | Separation | Separation | Separation | Separation
Volume Resistivity (S -cm) 15x10° | 38x10" 41x10"7 | 52x10" 5.8 x 10"
Heat Stability / | Appearance of Sample OF Mo Change | No Change | No Change | No Change | No Change
Hydrolysis Appearance |Cu No Change | No Change | No Change | No Changs | No Change
Resistance of Catalyst
Test I Fe No Change | No Change | No Changs | No Change | No Change
Al No Change No Change No Change | No Change No Change
Vohume Resistivity( 2 -om) 5.3x10" 20x10" 49x10% | 31x10" 1.8 x 10"
. Total Acid Vauslmg{OH/g) 1.05 048 0.39 0.56 0.98
[FALEX Test | Amount of Joumal Womime) 16 22 28 20 19
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refrigerating machine oil conposition according to the present inventigq
have the excellent and well -bal anced 5 perfornmances including ki nerdad iAd 003
viscosity, refrigerant mscibility, electric insulating abilj ) .
hydrol ysis resistance, heat stability and lubricity when it F?%HQ%HFTOO
together with an HFC refrigerant. It is also clarified by the results shown
in Table 10 2 that nore excellent heat stability/hydrolysis resistance

can be obtai ned when a glycidyl ester epoxy compound is incorporated as an

additive; and nore I i £} i e hor us
conpound i s used asfggngggP?i€g§é€%§¥j TR?%E%iE%L?g%E%@I akgggggcribed

above, the refrigegatidg {RchifgQ Ioiqm%iéﬁﬁﬁﬁbf@mwgzé % NE, Present

i nvention does not only have excellent performances I ncluding lubricity,

m sci bi ity whdbe e G81@Hn R30St Abirdd o sl st 20 resi shance,

electric insulating ability and so on but can also realize high efficiency

of a refrigergtéHensysiRnma ndhe hied rd.geratd g Amehider 0bd 1 £0PPgsi tion
is used with HFC refrigerants or natural refrigerants such as carbon

di oxi dB, hyds@EHs BREYSc & O il 1L n 2 Sk ivlerddt AVB2008H A M-dfr fgerant

refrigerating machine oil conposition conprising a refrigerant selected

fromthe gratupseimsl sty Nglfctiyids ofd UrDCiHPUbIBf ¥ i P Slysis
fluorine-containing ether refrigerants, fluorine-free ether refrigerants,

natural refrigesintsneand hdad yrapitheveahdandbancakiycywhehi ¢t O casdb@xylic
acid ester conpound having an alicylclic ring and two ester groups
together with an HFC refrigerant.
It is also clarified by the results shown in Table
10 2 that more excellent heat stability/hydrolysis resistance
can ber obtained when a glycidyl ester epoxy compound is
incorpqréted as an additive; and more excellent lubricity
can be obtained when a phosphorus compound is used as an
additive.
15 INDUSTRIAL APPLICABILITY
As described above, the refrigerating machine oil
composition according to the ;resent inventiondoes not only
have excellent performances including lubricity,
miscibility with refrigerants, heat stability/hydrolysis
20 resistance, electric insulating ability and so on but can
also realize high efficiency of a refrigerating system when
the refrigerating machine o0il composition is used with HFC

refrigerantsornatural refrigerants suchascarbondioxide,

hydrocarbons and so on.

25
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represented by formula (1) bonded to adjacent carbon atons of the a!g’rimlli .?0‘33
ring: -COOR (1) wherein R represents an al kyl group having 1-18 c on
atons, said alicyclic dicarboxylic acid ester conpound bei ng obtai ned by
usi ng an al cohol conponent conprising: (a) at |east one al cohol selected
froma group consisting of fatty al gﬁf}ﬂl\g each having 1 to 5 carbon atons;
and (b) at |east one al cohol sel ect ?n a group consisting of fatty

al cohols each having 6 to 18 carbon atons; wherein the nole rati o between
said fatty al cohgl (a) and fatty al cohol (b) enployed as said_al cohol
conponent- r an§egitigerting: maching @beompagition qoptrisigraiefiigerant selepfed Sjom the
conposi t| | | : ] L d . at : | 5. at
oast - anBapaRaRbe g eftilalbo R HhilrnBbdiainf QRS coliericls
pent anol flu@ineAfreeéthegeifiagdrags, mathraine frigdrarto apb st tues thareafi ahdnam dlaytdliai m 1,
wherein gaid fatty . alcohol (a) is at |east, an, alcohol selected froma
group coa'é’f“g‘f’?‘% eid §6t9{)Lﬁ°87?8¥‘n‘gnlEPVF‘§go-a"pélﬂﬁyéﬂlﬁl nng mﬁ r&Or FHET KIPYRS
machi ne f?e'pl‘esﬁﬁ@@% i rhfifla B9 HBHGHINS agﬂcédt%hmoﬁ’atdi\&%ﬁh@al%bﬂc tiapty al cohol
(b) is at least an al cohol selected froma group consisting of fatty

al cohol s each—(f20WRng 6 to 12 carbdn atons. 5. A refrigerating machine oil
conposition according to clai , _Whergin sajd,fat | cohal.,(b). is. at
enet - an"areBhar serterd oy obvh gPae PR TTs nfibdn (B0ES SrgCAlimeTisicn
havi ng 7dicarb8xgiar Reid e tconfpdurd Shefis obfRed byAusif I irg ald@hbn Goffpohiédie oi |
conposition according to claim1, further conprising an epoxy conpound. 7.
A refri gefTBRISE-machi ne oil conposition according to claim6, wherein said

epoxy CO”DOUE‘% a:t et oh€ ARlohB eI ERIP AR a SEbGF bElidting B Pr A, WRHERNELAL | N9
of phenyl gl ycidy
having 1 to 5 carbon atoms; and
(b) at least one alcohol selected from a group consisting of fatty alcohols each
having 6 to 18 carbon atoms;
wherein the mole ratio between said fatty alcohol (a) and fatty alcohol (b) employed as

said alcohol component ranges from 1:99 to 99:1.

2. A refrigerating machine oil composition according to claim 1, wherein said fatty
alcohol (a) is at least an alcohol selected from a group consisting of n-butanol and n-

pentanol.

3. A refrigerating machine oil composition according to claim 1, wherein said fatty
alcohol (a) is at least an alcohol selected from a group consisting of iso-butanol and iso-

pentanol.

4. A refrigerating machine oil composition according to claim 1, wherein said fatty
alcohol (b) is at least an alcohol selected from a group consisting of fatty alcohols each

having 6 to 12 carbon atoms.

5. A refrigerating machine oil composition according to claim 1, wherein said fatty
alcohol (b) is at least an alcohol selected from a group consisting of fatty alcohols each

having 7 to 9 carbon atoms.
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et her epoxy conpounds, glycidyl ester epoxy conpounds, alicyclic epox
conpounds and epoxi di zed al i phatic acid nonoesters. 8. A refrigeratigé AUG 2003
machi ne oil conposition according to claim®6, wherein said epoxy conpound

Is at | east one conpound sel ected froma group consisting of glycidyl ester
epoxy conpounds and alicyclic epoxy conpounds. 9. A refrigerating nmachine

oil conposition according to claiml1, further conprising a phosphorus

conmpoundg, 10. aAJglidh.g: (tign for refrigerating machi nes conprising the
refrigerating ﬁawé%r%é&gﬁagé%ﬁﬁscpmmﬂn%é‘é‘?"d‘?‘lﬁé 1@ §laimdli, fwrthescgmprising

chl ori neam epaxyfdoupoandir bon. 11. A refrigerating machine oil conposition
according to claiml1l, wherein said alicyclic dicarboxylic acid ester
conmpound is an alicyclic dicarboxylic acid ester having two ester groups

represenved by kfi ( : |n.one ester..qroup .is derived fromthe

fatty al cohol éa) ggﬁéﬁghﬁé‘l"&’#ﬁ ‘g‘J’er%?SB§°Po?fﬁoﬁdé’9&f8rﬁR%u6,fWﬁwmweldf Loy

al cohol $asypound is At teast orgecanpound salebicd Srdih |a gﬁﬂw%ﬁstiétﬂlg ag_&%giigi}%j&? claim
' und 1's m Xt

1, wherei ' Lcyclig dicarboxylic acid ester conp ture of
an al i cyéctﬁ?rcszé?’g?%3@8@9(’%}/1‘1%3%&‘&‘%&33&%?xmwnﬁglndmhemli@repgxpuqnspmmmseﬁ&nt ed
by for mipexididedwiipbdticodcd ARhbdesggs from said fatty al cohol (a) and an
alicyclic dicarboxylic acid ester having two ester groups represented by

formula (1) which are derived fromsaid fatty al cohol (b). 13. A

refrigergti nga paEh| ' mpesi tion. according to claim1, wherein said
alicyclic di ca?%%%rlglﬁgg g&:ﬁcgl?'gso?leﬁmg’é’mﬂﬁﬂcqrg‘n& tericlaing e vdferd s@dEpawys 2003

(a) an &omppuond ¢s di kastbeneytimtpan GeRStear frdlaV - rou
represeq%gd by forrrull? (1) TﬂpV\herei n one ‘;elgtde?‘g’é‘?\é%b‘g?@f%ggﬁ@éﬁﬁﬂ 8 sai d
fatty al€ohoroRgundsand alicyslieepoxysompoundsoup is derived fromsaid fatty

al cohol (b); and (b) a mxture of an alicyclic dicarboxylic acid ester

havi ng two ester groups represented by fornmula (1) which are derived from

said fatty al’ceHogeratig machimoikompadiiion addbrAsD@ it ,%hﬂerec%hf‘gfns %‘éﬂ' ng two
ester g ohERG %gnt d by formula (1) which are derived fromsard fatty
Ehfphos torslad

al cohol I gerating machine oil conposition according to claim
13, wherein a content

10. A fluid composition for refrigerating machines comprising the refrigerating

machine oil composition according to claim 1 and a chlorine-free fluorocarbon.
1. A refrigerating machine oil composition according to claim 1, wherein said
alicyclic dicarboxylic acid ester compound is an alicyclic dicarboxylic acid ester having
two ester groups represented by formula (1), wherein one ester group is derived from the
fatty alcohol (a) and the other ester group is derived from the fatty alcohol (b).

12. A refrigerating machine oil composition according to claim 1, wherein said
alicyclic dicarboxylic acid ester compound is a mixture of an alicyclic dicarboxylic acid
ester having two ester groups represented by formula (1) which are derived from said fatty

alcohol (a) and an alicyclic dicarboxylic acid ester having two ester groups represented by
formula (1) which are derived from said fatty alcohol (b).

13. A refrigerating machine oil composition according to claim 1, wherein said

alicyclic dicarboxylic acid ester compound is a mixture of:
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| ess than 5% by mass

[ l'icyclic dicarboxylic acid ester (a) is not I¢
81]: tsﬁladt gt :al yam)unt of said alicyclic dicarboxylic acid ester (a) add Alf H03

m xture (b). 54

(a) an alicyclic dicarboxylic acid ester having two ester groups represented by
formula (1), wherein one ester group is derived from said fatty alcohol (a) and the other
ester group is derived from said fatty alcohol (b); and

(b) a mixture of an alicyclic dicarboxylic acid ester having two ester groups
represented by formula (1) which are derived from said fatty alcohol (a) and an alicyclic
dicarboxylic acid ester having two ester groups represented by formula (1) which are
derived from said fatty alcohol (b).

14. A refrigerating machine oil composition according to claim 13, wherein a content
of said alicyclic dicarboxylic acid ester (a) is not less than 5% by mass of the total amount

of said alicyclic dicarboxylic acid ester (a) and said mixture (b).
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