s UWKKYZ[ \ e3e#: #4T 6T:P8J U L 2003 -1 DESCRI PTION LUBRI CATING O L FOR
REFRI'GERATOR, WORKI NG FLUI D COWPOSI TI ON FOR REFRI GERATOR, AND EHg@ FOR)3
LUBRI CATI NG ' 5 REFRI GERATOR TECHNI CAL FI ELD The present inventi‘on rel ates
to a lubricating oil 10 for conpressors such as those of autonntive air
conditioners, refrigerators, roomair conditioners, and | arge-scal
refrigerators for industrial use, and is intended to prOV|de |M Mmmmmmmmm
| ow viscosity lubricating oil for refrigerators conprising a

carboxylic acid 15 nonoal kyl ester w thyoutstanding hydrolytlc st abdoboat v .
~P. CKGROUND ART Unli ke the properties reqU|red of ordinary 20 lubricating
oiI's such as engine oils, transm ssiQhQbdoy hydraulic oils and turbine
oils, considerably di f f er ent per formance 1's reqU|red of oils used in the
conpressors of refrigerators because of the use of refrigerants in
refrigerators. Particularly, in cases where esters are 25 used as the
lubricating oi | {OBRIE@ATINE!EEOr FOR IR¥FRIGERATOR, WORIOXNG F.UEAUI Site
properties include lubricity as well as n130|b|I|ty with refrigerants,

el ectrical iooMHOETITIOND FoRe REFRAGERATORGhANBVEE TROD hpdROLYBRECAT ARG | i LY.
Conventionally used refrigerants for refrigerators -5 are fluorocarbons,
such as5t hose contai ning one or NnBEFREBERAITOR atons within the nol ecul e,
such as CFC-11 (trichl orononofl uoronet hane), CFC- 12

(di chl orodifluoromethane) and HCFC-22 (nonochl orodi f | uor onet hane). However,
it has become increasingly evident that such volatile 10 substmmmmmmm “
destroying the ozone | ayer and aPECHNIGAL dAIED gl obal war mi ng

various adverse effects on humans and the earth's environnent, so {kadst he
manufacture of CFC s is now prohibited, and there is an international
commtnent to steg wi se reducgtion in HCFC 15 | evel . Natural refrjgerants
such as hydrocarﬁ fs PreSPRGn 1BVERE 48N aRBLakfDNFS, aa%ﬁbF%ﬁﬁE&ﬁﬁﬁﬁﬂ

fl h HEC- 13 d t ead
chor i nir e <$b?¥$§g%%ﬁe§stﬁaﬁﬁmff{%aé§%égﬁiéﬁﬁg%?ﬁ§*$%%f%§on;”faiir "20

Because of aad JIsell| Lkt hatorgnuenthonal, ehLorel Lugrocer bgs, have with

| ubricatin based on "mn such mnéera ficating oils

were used i%xjglétlrs'c%%' %f@h%@r&%rée%&kgi—‘ﬁéﬁgﬁﬁa}u@ééCaéx'xcﬁ'gl@ I's for

refrigerators circulate in the refrigerator system?25 along with

refri gerant ndietcidar ¢8dphrbQiibha C8WPTESE851 tRNMubricating 611 203
refrigerators comprising a branched-chain carboxylic acid

15 monoalkyl ester with outstanding hydrolytic stability.
KGR D ART

Unlike the properties required of ordinary
20 Jubricating oils such as engine oils, transmission oils,
hydraulic oils and turbine oils, considerably different
performance is fequired of o0ils used in the compressors of
refrigerators because of the use of refrigerants in

refrigerators. Particularly, in cases where esters are

25 used as the lubricating oil for refrigerators, the



-3 then the good mscibility between chl orofl uorocarbons and ninefaIJ l

oi | -based lubricating oils prevented the refrigerant and |ubricatihg %'rIZUD3
from separating. However, replacenent fluorocarbons (hydrofluoro 5 carbons)
such as HFC- 134a have nuch hi gher nol ecular polarity than

chl orof | uorocar bons, they have poor mscibility with mneral oil-based

| ubricating oils. Poor mscibility between refrigerants and | ubricating
oils can result in the separation of the refrigerant and 10 | ubricating oi
during operation, |eading to seizure as,a result of insufficiently

| ubricated conpressors. This has led to the use of polyglycols
(pol yal kyl ene_gl ycal s, pol yet her.s) .or, esters ich ha god mscibility,
as Iubriceﬂﬁ%ﬂﬁaﬁqﬁ§ (f#é?rﬁégﬁ WP%%ufg ?gpfégéﬁgn?stﬁ%?oggrbons. However,

the el ectrigal.iNsulQf| %hprr%@_?ri ¥-gh R0l XQEX%Qgéai.l.siﬂsHiQ?]ngg] a?gd

al though they can be“used in autonotive air conditioners,
unsui t abl eéjqugp(_ﬁ.stﬁ, I e MRiGhC 166001 88T AlAr-QPPRESEQRs11 &) Because esters

have good ectrical insulating propertiés, they can be used in various
appl i cations. Paddrtidndilha18t 858d0keRe0R8REN s PBL OB gAPROYRE ENt - .

carboxylic acids (polyol esters) are actually being used. wever, anong
the pol 3ol A eorRa@bonel, 20cht bai EhbsehabAtaahbA¥Ybhe a8si dsrdave poor
hydrol yti c 1?2 ,;!'.11_ 200 -4 stability and are deconposed t hrough

hydr ol ysi s,chrditfee atfonise wpahyal tast mabieehlyl xsuersasf chcanthed and

strai ght-chain carboxylic acids, or polyol esters of branched-chain

car boxyl i ¢ @oiigh lareromiofd uosetetBaor) s0CFE-1RAe (Hydhbbybdtfiuabotity
thereof is still poor, requiring conplicated operations, such as the need
to nonitor mEthaned @ids HEFE-ddr (Pgnasbépbpdifhuoramatbanate dloweMgdr of
refrigerators. Thus, there is a need to develog esters with better

hydr ol yti c it &15i9 ihgFomehdperegsangdit pYafgrt15hateguel velatbpeesters
havi ng_better electric insulatin erties aEd niscigilit W th

ref ri g antIPARPBFE P& RAFFEGPY Pgr gBSbPFPPﬁ BMet @ t?lﬁ?y?laﬁﬂ‘;lr%ﬁ’i phatic
b i [ ter h t_oil t hyl -ethyl h |

15 Taut at 6.5 SR GRT B AL dnb0) SOBUDYP SCUAFERcoREpBEe O

convent | ona . SERAISEA 85,8338 Bkt LABRLSl o8 gREBSERG OIS and the

| i ke. However, Su alTphatic stral ain‘carboxylic aci d nonoesters
suffer frompogh IHOIH kecskabi! hby, ﬁéeﬁiﬁﬂsdpogﬁdntﬁ&_@' iitypwith

repl acement 20 fl uorocarbons, naking them unusable as lubricating oils for

refriger at Qe riidftiRREND B mmi Rmkh@ht o0k tbpewi 86 epbdiE L6 M R HEF@bAl
war m ng, there has been devel opnent of highefficiency equipnent for the

pur poses oflearar.gyN2bueaDSLeFal goran tis Validlo Uss thwabrso@irbaid | germicers i n
order to dioxide and ammonia, and replacement fluorocarbons such as
HFC-134a, are increasingly being used instead as chorine-
free refrigerants that will avoid destroying the ozone
layer.

20 Because of good miscibility that conventional
chlorofluorocarbons have with lubricating oils based on
mineral oils, such mineral oil lubricating oils were used
as lubricating oils for refrigerators. Lubricating oils

for refrigerators circulate in the refrigerator system

25 along with refrigerant discharged from the compressor, and



1i" ~~~1 L 2003 -5 reduce carbon dioxide emssion, which is a r%agﬁfé_ R
cause of warmng. To m nimze energy |l oss in such equi pnent, therd h 2003
been i nprovenents in the materials for the parts that are used, and it has
beconme essential to lower the 5 viscosity of lubricating oils to reduce
friction | oss during operation. Exanples of such |lowviscosity oils include
those with a kinematic viscosity (at 40 C of 32 mmi/s (VG32) , 15 mmR/s
(VGL5) , 10 mR/s (VGL0) , and some with even | ower viscosity properties.
There is thus 10 increasing demand for _gsters with |ower viscosity and
better hydrolytic stability. DI SCLOSURE OF THE I NVENTION 15 In view of the

f or egoi ng, bj.ect t he. pr ) 1,0V, | 0N rQVi l.ubri.,cati ng
oil for ref@%@r%@%r%g%%ar@%c&e@lz% s%utg%éd]r a%\}d()l}cgl?gl%/g%ﬁgr ? P%lr} a?ﬁgbj ect of

the prese”tmiﬂéfé‘%iﬁie‘ltitkza}ééa pfxﬁi’él%@ix{d)%ﬂl%c%&ié\bédt%@f igp@ting oi I for

refrigerators wt 20 hydrolytic stabil'ity. As a result of extensive
research tor@eP] §¥Lakhead onaienid unef Hhi etlom IR ARASRL. i nventors has
found that certain aliphatic branched-chain carboxylic acid nonoal kyl
esters, prepared iywdher £stasliddamin tOrF10fo rbadireReci (hiyeralfipbabi-c sat ur at ed
branched-chai n carboxylic i1 J UL 2GD3 - 6 acid and a specific
nonohydrsi ¢ ghtiodwed) flch ex€elF@Mm34ah Hapdy adudH Giisfhaly midlygcugébect ri cal
insulating properties and mscibility with refrigerants, and al so reduce

t he vi scosipylarfitybthamatehigmmfludmycardarisgerdieyr havengoblrese 5 fi ndi ngs
have led to the conpletion of the present invention. Thus, the lubricating
oi | for refmigethibrty acctr diingpenad tdid greesshtl ubnianttiioy oddpri sksomat | east
one aliphatic saturated branched-chain carboxylic acid 10 nonoal kyl ester

r epr esent edb§cipel ¥ oy Retreen reiviggranterand lubrigafisgePAlR1ICRE C1- C18
straight-chain al kyl or C3-C e branched chain alkyl; R2 is hydrogen, C -C18
strai ght - chﬁ?ﬁugﬁ:k e EereR Hroth He deh HSFHIGR 5@PR t he provi so t hat

the 15 .t ot nunber. of carbon .atons cont.ai ned | s_represented by
h

| n,.t he taI kgl.
Rl and 'R i $"BP R TGt B WE PR S War' SGEH PR §475FGneRed- chai n
| kyl d i - - i - - hed- chai | kyl
oL G Rl SRS il gdanched chan ok

or C3-Clo cyclo as a een~found that (1) at

| east one aliphatg; Saiiu atgd ¢y Z&g]oﬁ%ueicgﬁ( %ocl%rgt%gggglisc (gg?gggggrlegg_t er

represented by the aforenentione achi ev I ent

advant ages yhesoLs &thd Iy SHRYALd 0 Mddy (inich #aReeRidoanal | ubricating
oil for refrigerators, such as a fatty acid polyol ester, a phthalic acid

ester, an ahi€&yihiTli € caadaobricabiny eSiley ta HROwadwWitat her, a
hydr ocarbon oil, a polyal kyl ene glycol or the |ike. For

15 replacement fluorocarbons. However, the electrical
insulating property of polyglycols is a problem, and
although they can be used in automotive air conditioners,
they are unsuitable for use in hermetic refrigerator
compressors.

20 Because esters have good electrical insulating
properties, they can be used in various applications.
Particularly, esters of neopentyl polyol and monovalent
carboxylic acids (polyol esters) are actually being used.

However, among the polyol esters, esters of

25 straight-chain carboxylic acids have poor hydrolytic



10 exanpl e, better hydrolytic stability is achieved in lubricating oils
based on both conponents (1) and (Il1), and the reduction in the viscosity
is achieved in lubricating oils based on conponents (1) and (11). Thus, the
present invention also provides a 15 lubricating oil for refrigerpfopsi 2003
characterized in that it conprises a mxture of a) at |east one allphatlc
saturated branched-chain carboxylic acid nonoal kyl ester represented by the
formula (1) and 20 b) at | east one nmenber selected fromthe group
consisting of i) fatty acid polyol estejs, ii) phthalic acid esters,
iii)alicyclic dicarboxylic acid esters, 25 iv) polyvinyl ethers, ~r ! ~

~ 3 I Kk I mh th
el S5 -3 e e ettt CROLKBHKHLATEIGLEC) goguiner el o Lhe,
It has al so.heetedaundipat dde b ﬁ&fx'tugegl bef Bearehehoghators of the

present invention, particularly its conmponent, namely at |east one

al i phatic S@éwﬁm@&fﬁwwwmcc%aaéyl b %ewoﬁmae@lakxlp@s;er _ _
represented 10 by the aforenentioned formul a has good m scibility with

refri ger antisraraidd -Haarm wa&wxqfllmoa@aaebame_r B&&hgeﬁaaas, Bhsh tdwt a
m xture of at |east one such ester and a refrigerant, particularly a

hydr of | Gor octes o rcdfyriige rsaabhi 1a¢lys theraofioiki Bgilllup8okr reqtirgrgat ors.
15 Accordingly, the present invention also provides a working fluid

conposi t i oredmpl e trady eratrertd onsonmpricki Bg Che aketle&st monetaki phatic

sat urat ed branched-chai n carboxylic acid nonoal kyl ester represented by the
fornul a (1)and nmdic funss sivringy essegblangnd] mpinteaénegeptinrepdir of
(particularly_ at |east one hydrofluorocarbon refrigerant). Additionally,

the presentT§iHASIRGG P LS ovF'B‘é§ , athBFRi by 2| weed chapfiRYelan gekrers
br anched- c R 4P S5 ThAeD SROLY A SHaRBOEY CURere rCprbda Bt he  — -
2003 10 need to develop esters having better electric insulating
properties and miscibility with refrigerants, and better
hydrolytic stability.
On the other hand, aliphatic carboxylic acid
monoesters such as coconut 0il methyl ester, 2-ethylhexyl
15 laurate, 2-ethylhexyl palmitate and isobutyl stearate have
conventionally been used as base o0ils in metal processing
oils and the like. However, such aliphatic straight-chain
carboxylic acid monocesters suffer from poor hydrolytic
stability, and have poor miscibility with replacement
20  fluorocarbons, making them unusable as lubricating oils
for refrigerators.
Furthermore, in light of the recent problem of
global warming, there has been development of high-
efficiency equipment for the purposes of energy

25 conservation in various types of refrigerators in order to



_g_ above formula ( 1) , and b) at |east one nenber selected frog1 L 2003
‘group consisting of i) fatty acid polyol esters, -- ii) phthalic dcl

iii) alicyclic 5 dicarboxylic acid esters, iv) polyvinyl ethers, V)
bon oils and vi) polyal kyl ene glycols, and (I1) a refrigerant
(particularly, at |east one hydrofluorocarbon refrigerant). 10 Furthernore,
the present invention provides a nethod for |lubricating a refrigerator,

esters,
hydr ocar

parti cul

arly a method for lubricating refrigerators using at | east

hydr of | uoro carbon refrigerant, characggjized by the use of the 15

aforenmentioned lubricating oil for refrigerators. Furthernore, the

i nvention prOV|des use of, an s ghatic satuhgt d. branched-chain c
&d

aci d nonoalﬁ?*“%%fgf P@pFé?%ﬁ

for refr
using a
refriger
25 a) at

By SBH8"¢ of 19)2 82 8°F B 1 29

|geralg_r8r§,ntp rtchim a8 0lo sburlc CLPP% il me%r rq:fhr%%lrators

refrlger particu arIy at o east one rocarbon

anth)aveswe'nawﬁomﬁe%ssgnt thBVRALLAR, P %f’eﬁhé{s&a’?é?

| east one a atic saturated branc chain

one
pr esent
boxylic
g oi

| xture of
~~J3 -10

carboxyl i ¢ 3] &s@N0ahkyk teRhLE bé%BﬁléSQQESHtPé{ltE@ forarlgnd 1) and b) at

| east one menmber sélected fromthe group consisting of

esters, s
esters,

glycols
| ubri cat

10

15

20

25

1) fatty acid polyol

S iidsddtiel b @%Ql@&'ﬁ:@h% olilk) t8l Ledetecrai L boxybss acid
y

iv) polyvinyl ethers
agiudindgb bpeakitAgnoi |Eié2ﬁp1@§ I e o riow-parddodiltss lof 18s a

ing oil for refrigerators using a refrigerant
include those with a kinematic viscosity (at 40 °C) of 32
mm?’/s (VG32), 15 mm®’/s (VG1l5), 10 mm?’/s (VG10), and some
with even lower viscosity properties. There is thus

increasing demand for esters with lower viscosity and

better hydrolytic stability.

DI F THE INVENTI

In view of the foregoing, an object of the present

invention is to provide a lubricating oil for

drocarbon oils and vi) polyal kyl ene

refrigerators that overcomes such drawbacks. A particular

object of the present invention is to provide a low-
viscosity lubricating oil for refrigerators with better
hydrolytic stability.

As a result of extensive research to achieve the
aforementioned object, the present inventors has found
that certain aliphatic branched-chain carboxylic acid
monoalkyl esters, prepared by the esterification of a

specific aliphatic saturated branched-chain carboxylic



10 (particularly at |east one hydrofluorocarbon refrigerant). BRI EF

"DESCRI PTION OF THE DRAW NG Figure 1 is a schematic diagramof a , . J
refrigerator 15 used in the present invention. DETAILED DESCRIPT?CN @# 3
| NVENTI ON The conponents of the lubricating oil for 20 refrigerators
(hereinafter referred to as "refrigerator oil") according to the present

invention wll be described in further detail below Aliphatic saturated
branched-chai n carboxylic 25 acid nonoal kyl ester represented by the
formula (1) ~~,l~ ~~"~3 -11 The g%Lphatic saturated branched-chain
carboxylic acid nonoal kyl ester of the present invention is -- represented

by the f i f I 1), ab 5 Lnt I 1 t al nb

Dy e 0 SRRSO RGBS T Bl Ml Dol ot
13, di h i f bl t 1 [ ali d-ch
L3 LS SASES 0P G3,Sa S ) EREpRecDegneRa chat

are CL 1o ChlShialal <Ahal Baabis-or <ot OlecbEaaghedegban ol

Especially, esters o or rmul wherelin one o RZis ClL to C5

strai ght - chaidhqliky) £ 163143y dMGhedoehabbrabkyhodld Lhe ehdse of R
and RZ is d to 15°Cl7 (particularly ClL to C9) stralght-cﬁaln al kyl or C3
r

to C17 gpargirailiyfd Yhaded 1Yo Rhan leftdon aEkyheapeeabse preferred. The
al i phatic saturated branched-chain carboxylic acid nonoal kyl ester

repr esent edyerddied.ormul a (1) above 20 (hereinafter referred to as
"Present ester") of the present invention can be produced by various
nmet hods. For exarlus, $iheh labrést¢i ngapibe fprodafetslgbyatarssterification
reaction of a correspondi ng carboxylic acid and a correspondi ng al cohol
(dehydr at | aeapdas dtd die rere@ende-inyenshehogenprieasr abicleanstobna
correspondi ng

aliphatic saturated branched-chain carboxylic acid

]
R'—CH-C—OR®> (1
12

wherein R' is C,-C,, straight-chain alkyl or C,-C,, branched-
chain alkyl; R® is hydrogen, C,-C,;;, straight-chain alkyl or
C;-C,s branched-chain alkyi; with the proviso that the

15 total number of carbon atoms contained in the alkyls
represented by R* and R®* is 2 to 18 and that when R’ is
hydrogen, R* is a branched-chain alkyl; and R® is C,-C,,
straight-chain alkyl, C;-C,, branched-chain alkyl or C,;-Cy

cycloalkyl.



~7 ~ ~1 ~ 2~0~ -12 carboxylic acid halide and a correspondi ng athth?ZmB
an ester interchange reaction or the |ike. Present ester can al so be
produced by hydrogenating a correspondi ng al kyl ester of an aliphatic
unsaturated 5 branched-chain carboxylic acid, alkenyl ester of an aliphatic
sat urated branched-chain carboxylic acid or alkyl or al kenyl ester of an

al i phatic unsaturated branched-chain carboxylic acid. CGenerally, Present
ester is produced by esteri 10 fication of a correspondi ng carboxylic acid
and a correspondi ng al cohol. Mre specifically, Present ester can be
produced by esterifying an aliphatic saturated branched-chain carboxylic
acid represented by the formula (2) 0O R-CHCOH'2 R 15 wherein R and RZ
are as defined above and a nonohydric al cohol represented by the formula
(3) RB-OH ( 3 ) 2 j i f ve.b n met hod, 1f
J a L 20p3 - 13 63%?2%%%?5“5?¥%§53§F9§g%Qﬁg SF?rgfnée?ﬁ%tﬁégpresence or

absence of an G3l&ld fgapafﬂa%&mln&%di-@hagﬁgtcggsam§c0ifnoaaam§1,t gas such

as nitrogen. I'n the present 1nvention, R are groups 5 derived from
an al i phat i £s gt %&51%&{@29Wﬁ:@a'a'fo%ﬁlgﬁéibhédafbgr_nﬁﬁﬂr gsgnted by the -
formula (2), and represents Cl to C18 straight-chain alkyl or C3 to Ce
br anched- chadHi aalkid), dedlapinds edivanitpdeeg@henChstd ThHesibahghioghai n

al kyl or C3 to Cl18 branched-chain alkyl, 10 with the proviso that the total
nunber of cartton(Et)ors contaaitiethaln lubeiakkyhg oépr €sentefirbgeRAtand, Rz i s
2 to 18. Aliphatic saturated branched,i-chain carboxylic" acid represented
by the formich (@ aAFakan@as ghlyled ebsitphat acpb&hal atedcbdaashed, chai n
carboxylic acid represented by the fornula gZ) i ncl ude i sobutanoic acid

( 2- met hy| pragpanici ey Hdiql dicanhepmlilisuegidi esgerd, a3pPreyYHynpht ahbeE, agi d,

i sohexanoi ¢ acid, 2ethyl butanoic acid, 2,3-dinethylbutanoic acid, 2-nethyl
20 pent anoiYIKIGRTRAbIRIdtafoRO LG HY L enReOhYFRLxaRotReatike . For

2- et hyl t i id, 2,4-di hyl. i iid, 3pethyl h i id,
G oot M PR oSl e (HE t tar, R B P AP LRy F ReRSErEed R
2- met hyl hept i id, . | t i id, i i i

2 et o PR S A oA SRR, BEhopbRRBOUEIORRATTLY (s anor
acid, -~ 7a&&&h@%§réc4tfo%og%caaa@ ¢i8Gh itg- gghéhﬂﬁg@a@ gnacid,

2- met hyl nonanoi ¢ aci d, 1soundecanoi ¢ aci d, Fsododecanoic acid,

Isotri decaqqi&i%%&néj Rhe! ey eoagbﬂen%nggs YLHQHSB@') ¢ acid,

i sopent adecanoi ¢ aci I s- ohexadecanoi ¢ aci d, - hexyl decanoi ¢ aci d,

i sohept adecanoi ¢ Bfig, tHoadetanavendtbd, al s8npradeaasohc aci d, and
i soi cosanoi ¢ aci d.
15 lubricating oil for refrigerators, characterized in that

it comprises a mixture of
a) at least one aliphatic saturated branched-chain
carboxylic acid monoalkyl ester represented by the formula
(1) and
20 b) at least one member selected from the group consisting

of

i) fatty acid polyol esters,

ii) phthalic acid esters,

iii) alicyelic dicarboxylic acid esters,

25 1v) polyvinyl ethers,



Preferably, recomreded are C4 to Cl15 branched-chain carboxylic acidf—sqﬁb 2003
‘as i sobutanoic acid, 2-nethyl 10 butanoic acid, 3-nethylbutanoic ac 4, vV ¢

i sohexanoi ¢ acid, 2 ethyl butanoic acid, 2,3-dinethyl butanoic acid,

2- met hyl pentanoi ¢ aci d, isoheptanoic acid, 2-nethyl hexanoic acid,

2- et hyl pentanoi ¢ acid, 2,4-dinethyl pentanoic acid, 3nethyl hexanoic acid,

5- net hyl hexanoi ¢ aci d, isooctanoic 15 acid, 2-ethyl hexanoic acid,

2- met hyl hept anoi ¢ acid, 2 propyl pentanoic acid, isononanoic acid,
2-met hyl octanoi ¢ acid, 2-ethylheptanoicgacid, 3,5,5-trinethyl hexanoic acid,

i sodecanoi ¢ acid, 2-ethyl octanoic acid, 2-nethyl nonanoic acid,

isoundecanoi% a%' isogodecagoicaggid, 20 isotridecanoic acid,

|
i sot et radecan |CY§%P8?r 9Beﬁ%yfhonanoic acid, and isopentadecanoi c acid.

Furthernnre,gﬁ§fb§%§§lg %égégggggéﬂ%bsuch as Cekanoic C8 acid (product of

Exxon Chem c ano roduct of Exxon Chem cal), and

Cekanol ¢ Cliaclich Thel Rade! ki EXKENcLREBhEAL) 4Ry e&ﬁﬁoﬁgggjlﬁﬁ #s the

17 J1i ~ 2003 -15 aliphatic saturate ranched- chal n car I ¢ acids
representedy by .t ke fsordgulod 62).. oThe af orenentioned aliphatic saturated .
branched chain carboxylic acids represented 1.5y the formula (2) can 5 be
used sipgly or at least two of themmay be used. In order to obtain an
ester with better hydrolytic stability and refrigerant mscibility, it is
preferable to usatamaal iafilsat beetafonatieghhtanhbetlubbhacatiagboxy!| fer aci d
with two alkyls at the a, position of the carboxyl group, 10 nanely a

br anched- chafirigedadops ofathe presknthiRtenhioRZ paptisehar3t i1bs Cl7
straight-chain alkyl or C3 to Cl, branched-chain alkyl. It is particularly
pr ef er abl e aannesedrananedych&i Aeagtborel péinbatisci patmreakedne of R1 and RZ
isad toC5 15 straight-chain alkyl or C3 to C5 branched-chain al kyl, and
the ot her &FraRehash akpins carbpxydic] acigppanpgprekit apflerirepresented

21 k1 LGcdit (KR (< oxemi ReF: FREPHL ooy hpRBuYar) BEsg b bey o
2oL DU S 25 adl TELALMS 2050y e £ RELRMgEN a0l ¢ acid
2 et hyl oot A B R R e o B T ieanai ¢ aci d
are 17 4$§té¥xg%d a refrigerant, particularly a hydrofluorocarbon

refrigerant, acts as a working fluid for refrigerators.

15 Accordingly, the present invention also provides a

working fluid composition for refrigerators, comprising

(I) at least one aliphatic saturated branched-chain

carboxylic acid monoalkyl ester represented by the formula

(1) of the present invention and (II) a refrigerant

20 (particularly at least one hydrofluorocarbon refrigerant).

Additionally, the present invention provides a
working fluid composition for refrigerators, comprising
(I) a) at least one aliphatic saturated branched-chain

25 carboxylic acid monoalkyl ester represented by the



-mpreferable. In particular, 2-ethylhexanoic acid is reconnendablﬁ because
‘of its |ow metal corrosion property. Monc~h~rdric al cohol -represkhtddlbg003
the formula @1 5 On the other hand, R3 in the present invention is a group
derived froma nonohydric al cohols represented by the fornula (3). Exanples
t hereof include O to CZo (particularly C3 to Cl12) straight-chain alkyl, C3
to Czo (particularly C3 to Cl2) branched-chain alkyl, or C3 to o 10
(particularly C6 to Ce) cycloal kyl. Specific exanples of R3 include

i sopropyl, isobutyl, sec-butyl, tert-bugyl, isopentyl, isohexyl, isoheptyl,
2 met hyl hexyl , 2-ethyl hexyl, 1-nethyl heptyl, 2-nethyl heptyl, isooctyl,

i sononyl , 3’5’5't%kﬁﬁ%h¥bgﬁﬁih’(%)G'QRHEthy|'4 15 heptyl, isodecyl,

c

i soundecyl, isodode , I'Sotridecyl, "I'sSotetradecyl, isopentadecyl,

i sohexadecyl , ig)oh%@t | ond adegylacdPranadesyl grgpi cosyl, nethyl,

ethyl, npropyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, nnonyl,

n-decyl, n-undecylsonRidedagybr 0yt Ehe@egYhe18 BO1{6] raslesys, n-pentadecyl,

n- hexadecyl, n-heptadecyl, 'n octadecyl, n-nonadecyl, n-icosyl, cyclohexyl,

. met hyl cycl ohexyl , jandpHitaat kvl exeHoBexkks, Paii) cal agyylpsef erred exanpl es

of R3 include C3 to Clz straight- or branched-chain (particularly branched)

al kyl os C6 to CBdiTacpekealikyhcidaestevkariyv) BolwviGiyl sétleexdf - or

br anched 17 J U1 2003 -1~ chain alkyl), such as isobutyl, sec-butyl,

cycl ohexyl, nhept w), hiysiwbeptrion 2iéshgahdexy) , pdlyelkyl édaptglycdébwoct yl ,

i sononyl, 3,5,5-trinethyl hexyl, 2,6-dinethyl-4-heptyl, i sodecyl and

soi ~ndecyl . 5 Examd es of nonohydric al cohols represented by the fornmula

(3) include C1 to C20 straight-chain alcohols, C3 to CZa branched-chain

al cohol s, affl)C3 trefyigesaittoalRagtdionl agdyei fitc LERERPPBS of strai ght - chain

al cohol s incl ude_ et hanol, ethanol, n-propanol, n-butanol, n-pentanol, n 10

hexanol , n-EhdloreraRAIhdIet 5198578 HI1-, n-decanol, n undecanol ,

n-dodeggnol, n-tridecanol, n-tetradecanol, n pentadecanol, n-hexadecanol,

n- oct adecanol, n-nonadecanol, n-icosanol and the |ike. Specific exanples of

branched-chai n al |nclu 15 ] [0 . 1.80 - ec- nol
S e AR LAY bACBYE s A6kt

tert-butanol, isopenta S I sohept ano exano

YR A At b T e T P Tt S
lubricating refrigerators using at least one hydrofluoro-
carbon refrigerant, characterized by the use of the

15 aforementioned lubricating oil for refrigerators.
Furthermore, the present invention provides use of
an aliphatic saturated branched-chain carboxylic acid
monoalkyl ester represented by the formula (1) as a
lubricating oil for refrigerators, particularly as a

20 luburicating oil for refregirators using a refrigerant

(particularly at least one hydrofluorocarbon refrigerant).

Similarly, the present invention provides use of a
mixture of

25 a) at least one aliphatic saturated branched-chain



20 i sododecanol, isotridecanol, isotetradecanol, isopenta decanol,

i sohexadecanol , isooctadecanol, isononadecanol, iso-icosanol and the |iKke.
Speci fi ¢ exanpl es of cycl oal cohol s include cycl ohexanol, 17 JUL 2003
met hyl cycl ohexanol , di net hyl cycl ohexanol and 25 so on. Z 7 J UL 2003 -18
Anong the above al cohols, straight-chain alcohols and cycl oal cohols are
preferred in terns of better lubricity, and preferred exanpl es thereof
include C3 to Cl2 straight-chain-alcohols and C6 to C8 cycl oal cohols, such
as 5 n-propanol, n-butanol, n-pentanol,,n-hexanol, n-heptanol, n-octanol,
n- nonanol , n-decanol, n-undecanol, n-dodecanol, and cycl ohexanol. In terns
of better refri erant g}sc‘,ﬁiug)icliir'g1 =Yy Wdésotl,é@ié: Srtasbeinltié[ 2 tehe ot her
hand, branched- harh %l ¢ohol e d%eferred.‘?ﬁé?erre e%%nﬁﬁes t her eof
include C3 to C C - in al cohols such as isopropanol, isobutanol,
sec- but anol , is%%ggég%opfpi%?%ylhexanol, 1- net hyl hept anol , isooctanol,

i sononanol ’b)3’ 5 @-jrégggt&;{é nﬁ%’ﬁ‘g@%ﬁ&@d%ﬁ@ p%yé;f\g(%ta |, 15 isodecanol,

and i soundecanol. Tn view of ance o properties

required of .refrige{at PhgObt Si) StiCh@Sdibrdiydn d&fddgerant mscibility,
hydrol ytic stability and el ectrical 7nsulating properties, nore preferable

as the 20 al cohpis pRPREBPEAL£ELDYed hierd Orimil)a {1F)cy@ile CAildirbbkylic
strai ght-chain or branched-cha~.n (preferably branchedchain) al cohols or C6

to Ce cycl oal cohoeid, estehs asivEapsDpanet] otdodnd angl hyekeodatianol |

cycl ohexanol, nheptanol, isoheptanol, 2-ethyl hexanol, 1-nethyl heptanol, 25
i sooct anol , isonbhanahd @b, pelyadietIsndexlamdls 2, 6 1 7 J UL 2003 -19
di met hyl - 4- hept anol, isodecanol and isoundecanol. Al cohols represented by

the fornml &g 3 lodrineting edtledaro refirddefriatarisonPrefdéchdariydagi dual |y or

inthe formof a mixture of at least two of them _
lubricating oil for refrigerators using a refrigerant

10 (particularly at least one hydrofluorocarbon refrigerant).

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a schematic diagram of a refrigerator

15 used in the present invention.

DETATILED DESCRIPTION QF THE INVENTION

The components of the lubricating oil for
20 refrigerators (hereinafter referred to as “refrigerator
011”) according to the present invention will be described

in further detail below.

Aliphatic saturated branched-chain carboxylic

25 id monoalkyl r repr n he formul 1



5 Specific exanples of such a m xture of al cohols include 7
i sobut anol / 2- et hyl hexanol , i sobutanol/n-octanol, isobutanol/isononano
i sobut anol /3,5, 5-tri net hyl hexanol , isobutanol/isodecanol,

i sobut anol / n-decanol , isobutanol/nundecanol, i sobutanol/isoundecanol,
i sobut anol / n- dodecanol, 10 2-ethyl hexanol / n-oct anol ,

2- et hyl hexanol /i sononanol, 2 et hyl hexanol /3,5, 5-trimethyl hexanol,

2- et hyl hexanol / i sodecanol, 2-ethyl hexanol/n-decanol,

2- et hyl hexanol / nundecanol , 2-et hyl hexanp] /i soundecanol

2- et hyl hexanol / ndodecanol , n-octanol /i sononanol, n-octanol/3,5,5 15
tri met hyl hexanol, n-octanol/isodecanol, n-octanol/n decanol,

n- oct anol / n-undecanol , n-octanol /i soundecanol, noctanol / n-dodecanol,

i sononanol /3, 5, 5"1%% r@]:[i%ahﬁ)@r%tuf mgllc!h'eﬁo-%%%iiﬂo}:arbo lic
i sononanol / n-decanol , 1 sononanol / nundecanol, 1 sononanol |souﬁ¥ecanol,

i sononanol / = A9 de&adi0l ky 2 & bk 5t HEHRdRe@Rek/dntedacagol

3,5, 5-trimet hyl hexanol /~ n-decanol , 3,5,5-trimethyl hexanol / n-undecanol ,
3,5, 5 1ri metdyideaatned /by i enoird Fodmla (1) above.

tri met hyl hexanol / n- dodecanol . Wen at |east two al cohols, particlarly two
al cohol s, 25 are Isethd EEild WIS, Y e lnngeternof BREBENr atbAsof  ~
i JJ L 200 -20 95:5 to 5:95, nore preferably 90:10 to 10:90, and e~ren
mor e pref erabl thed i3yt Bprdsenteen by Rl andeRofi s efndfgendily i $oi bility,
hydrol ytic stability and lubricity is particular-ly 5 inportant, the

conmbi ned use3 ofand sitnr sdugtt -astesan Rl éshprefadablyr@ndive .. itinaighdohol is
preferred. Wen a straight-chain alcohol is used in conbination with a

br anched- cHaf rezar@irsi;chain flkstlonmended that the content of a Cl2 to CZO
straight-chain alcohols be 5 to 50 10 nold of the total alcohol for the
sake of better r&riQdreghienhietiana iastentd oty dre Forrudpall) i pherein

Esterificati,on I.n_garryi out, the esterification reaction, the 15 anpunts
of theldtar¥i AGME e?“f%l@lgé:roecsu PR YR aéPcSEBV‘iFeBFegénttoecﬁ:lby t he

formula (3) 'S ysed, for e le, in an anmount of 1 to 1.5 equivalents,
preferably q% %éufﬁ?%ﬂnﬁi} gﬁts, per equival ent of the carboxylic acid

epresented by t i ol ( Dol B HPHMne3! 1) COllaBLER Bfic Okl Ned
by an ester interchange reaction in which, in place of the car oxylrc acid
represent edrioynbh@? f 0L el (8) QErdigheleehidl F1aRneRNgde8yct he fornula
(3), a |l ower alcohol ester of said carboxylic acid and/ or a to C4 | ower
al kanoi ¢ aghshrdbh&sidiaiaf Akl cofikl thepesent ed RY dme #orguka {8) such as
~ 7 J UL 20D3 -21 an acetic acid ester or a propionic acid ester of said
al cohol s |tcy, s (paietcabhely hat tbhe, acs traingh o ctehiol aaaylorenics te g used
in the esterification reaction are 5 as free of inpurities as possible.

| npurities (prttudsrlestlad Gotpotndhrivetterd-citadm e@dkydi miregadempounds (such
as sul fur-containing compounds, nitrogen-containing conmpounds, and

phosphor us-RERfE TR conpounds), and oxygencont ai ni ng conpounds (such as
peroxi des and carhonyl 10 conpounds). Exanples of esterification catalyst
include Lewi s aci® ahiphatimisatyratied Syprched-gbpys. c3pRex¥+iCexanpl es
of Lew s acids,include alum num derivatives,,tip degivatjve and titanium
Ger vat | vo RS e BOPPE LT AnBreom: EoBrRPRERT e BPS Fortd “ThurThRg koxi des
and po&assi m al.koxi.des. ecifi es oftsuIE% igﬁeinclude

exanml ni,c a
par a-t 0l'uen é%ﬁ?%ﬁﬁ(;%ﬁﬂr'%QﬁgfﬁgﬁﬁﬁLI%(nﬁﬁ?sggid?sana guP?urlc acid. Acidic

lon exchange. L&SINS; fAth @i i YRF LrdfRNAY BIeTh rP3ubOon&BnbEL T aady!

titanates, titanium
example, such an ester can be produced by an

UL 209

esterification reaction of a corresponding carboxylic acid
and a corresponding alcecohol (dehydration condensation), a

25 de-hydrohalogenation reaction of a corresponding



20 oxide, sodiumCl to C4 al koxi des, sodi um hydroxide, C3 to Cl2 tin fatty
acids, and tin oxide are preferred. These nay be used, for exanpl §,;7 i angn3
amount of about 0.05 to 1 Wt~ relative to the total anobunt of the

carboxylic acid represented by the fornmula (2) and the al cohol represented
25 by the formula (3). 1 ?J UL 2003 -22 The esterification tenperature
may be 100 to 230C, and the reaction is normally conpleted within 3 to 30
hours. In the esterification, a water-erit-raining agent such 5 as benzene,
tol uene, xylene and cycl ohexane can be ysed to accelerate the distillation
of the water produced by the reaction. Since the wat er absor pti on,

hydrol ytic siabliyiye A0t leEidd calg | UG R RPLLLER M | Lobe

adversely 1 ted 1n the event t oxygen- i ning corfpounds such as

oxi des, perQgtgpslﬁ{g&éﬁgﬁ%g“@eé%yﬁggyQﬁ§t§k§3ﬁ9&ﬁ9d as a result of the
e

oxi dati ve degradati on of starting materials, the ester fornmed and the

organi c solvent (pai&n€ddEd Eith agedy Jod WrddthRRd 8y heRbigeRatiagt he

reaction is preferably carried out in a nitrogen or oOtheéer inert gas

at mospher e 8rcbirdspdbi®itg Gk Hl Ia&ar Aft ein tda phamletingatoratba reacti on,
the excess starting naterlals are distilled off at reduced or nornal

pressur & Theaeshed- & ire ot fane Bariplr iflikechily ez t2@ odnwant i onal
purification method, such as liquid-liquid extraction, distillation under
reduced presabiplstibcsorpiraredbrarediakrithadn leagdtoxydtied acadbomr and so
forth. The ester that is obtained nmay sonetines be contam nated by various
i npurities abkehddn@Ebente @ster cfu@n ¢ ipheddss unsgdrafedriti es i ncl ude
acidic 17 ~JL1L ? Q03 -23 conpounds nmet al compounds (organonet al
conpounds apERReRedEhal tedab@eRicuRE)d- het ero at om cont ai ni ng conpounds

(such as sul fur- contalnln ounds, nltrogencontalnlng conpounds and
phosphor us- cont ai $f %ﬁﬂﬁ;nﬁég% R¥n§SESkPGuUnds (such

id d. b d h I d
yarol Y ¢ GHEBFTEyL f i %@%1) S”Cb@%@%rc'tf'éﬁaﬁe Fer bl stability,
and can 300 FRUSERRILOU DN LRl CANBATRILE, O PEODUEAL o0 0L, ST udge.

10 Exanples™0 cess renovin fpoun I'nc

separation gf, %éegﬁfécfgc«ﬁ by i g ﬂar@ e %tlllgh%tm@ sattt}%%ah

neutralization wt s "and t or ough washing with water,
purificati oprahdéieddaos Heisridial i adld eEddrsddn@ed 8J0\HRY aCI dS- As to

formula (2)

||
(|:H C—OH (2)

15 wherein R' and R? are as defined above and a monohydric
alcohol represented by the formula (3)

R*-OH (3)

20 wherein R® is as defined above by a known method,



15 the processes for renoving netal conpounds, netal catalysts are, r\gﬂlo\gﬁ&l
optionally after having been hydrolyzed, by filtration, optional I‘lyr f

by purification treatnment of the product with adsorbents that are effective
for renoving netals. Al kali netals used for 20 neutralization can be
removed by thorough washing with water, optionally followed by purification
of the product with an adsorbent that is effective for renoving netals. As
to the processes for renoving hetero atom conpounds, there may be nentioned
a sufficient neutralization with 25 use of alkalis and washing wth water
for renoving sul fur ~ 7 ~ UL 2003 -24 containing catal ysts and

phosphor us-¢ 0l at.al.yst.s, rifi i it h rpbent that is
ef fective f%rsé.gregﬂn%/llqgg&%}f g?eo%%tngﬁ%?l%é:ﬁﬁlrg?glo? Flp\ré%%e gggé %‘rg (?gm)vi ng

per oxi des %é&?&@ laﬁ%}%d&%lo%d%art%q%@ QFluQnt Eﬁﬁﬁgﬁﬂéry Lp netal

hydri des s as sodi um e and |1 thium al um num hydride. Specific
exanpl es ofyd hig,ads ghentirised diftrdehh purification include natural and

synt hetic adsorbents, such as activated carbon, activated alumna, silica
gel, 10 silica alifrti pddomt ahvenmyonze@¥ i 468 RATBEBEGBupsal Ci a, _

di at omaceous earth and hydrotalcite, as well- as nonsul foni c aci d-based ion
exchange r esdfisved YEdietdre d1igieitalsishem randds bifahahe8y¥8hAehi ¢ adsor bent s.
Al t hough the ampunt thereof to be used will vary depending on the 15 type
of adsor bentarimmxdnoirdcie! fepffedentedvby, theefferabliy @205 &ond5RW ~,
relative to the theoretical yield of the ester is usually recommended.

Parti cul ar IsgpresasterC,plei Ci.edtbpigbknghahe atkybrer Lsdob€ad s sel ect ed
fromthe group consisting of activyated 20 carbon, activated alum na, silica
gel , act|varanehedr,chaddt ial&yl hfidr beareserts lavdzegemni@ %ei Bsbased ion
exchange resins and synthetic hydrotalcites at roomtenperature to 110C
pref er abl y Yo dmsdiditd g $FCC:nEe thePrRrrlefnetatd i es a) through

D 7 300 S S PR S (P it PECRRCORr BRERPRCRFOPE (¢
dabl t e t L moKOH g, f b . h 05
KON o P ATEP RO (T SHRTY RGE-REFD SERaRloR RLROLHS. ZACE o8l aci d

nunber of not nmore than 5 0.1 ngKOH/ g will rnake it easier to achi eve good
hydrol ytic stability, with mninmal netal corrosion property. b) Ash content
or sul f at edh 133h L0 . 8% 36 118G Jhia e pLegent esters is

recomendably not nore than 30 ppm p y not nore
even 10 norgg¥éafaitad onatheFcgndhan (2)ppm An ash content or sulfated ash
content of not nore than 30 ppmw || easily allow better hydrolytic
stabil ity and t hasramiplsdslifl ithe &l iphagdll esedratpdTheapckesénthesh er s
recomendabl y have a sul fur 15 content of not nore than 50 ppm preferably
not nore thmrboxylic acid represented by the formula (2) include
isobutanoic acid (2-methylpropanoic acid), 2-methyl-
butanoic acid, 3-methylbutanoic acid, isohexanocic acid, 2-
ethylbutanoic acid, 2,3-dimethylbutancic acid, 2-methyl-

20 pentanoic acid, isocheptanoic acid, 2-methylhexanoic acid,
2-ethylpentanoic acid, 2,4-dimethylpentanocic acid, 3-
methylhexanoic acid, 5-methylhexanoic acid, isooctanoic
acid, 2-ethylhexanoic acid, 2-methylheptanocic acid, 2-

propylpentanoic acid, isononanoic acid, 2-methyloctancic

25 acid, 2-ethylheptanocic acid, 3,5,5-trimethylhexanoic acid,



30 ppm and even nore preferably not nore than 10 ppm A sul fur content of
‘not greater than 50 ppmwi Il readily allow better hydrolytic st&Ri ULy 2gp3d
thermal stability to be achieved. 20 d) The present esters reconmendably
have a phosphorus content of not nore than 50 ppm preferably not nore than
30 ppm and even nore preferably not nore than 10 ppm A phosphorus content
not greater than 50 ppmw | readily allow better hydrolytic stability and
thermal 25 stability to be achieved. 1r JUI 2003 2F e) The present
esters recommendably have a hydroxyl value of not nore than 5 ngKOH g,
preferably not nore than 3 ngKO—l/g A hydroxyl value of not greater than 5

MO g Wi 1l 4 r{]&&é!%l e C 2 g:@ ‘F‘(%tc%n\é‘éiz LESS Eyﬁéﬂﬁgfﬁbﬁéﬁglﬁ and

will aIIowlbetter Pectrica ating properties

to be achi eygds f:)so%e‘?fa?l%q@ a%'iher %sb@%&%ﬁﬂ@léé' ¥cbéve a peroxide val ue
of not nore than 1.0 neq/ kg, preferfably not nore than 0.5 neq/kg. A

per oxi de Vaﬂé&rqfdéwnc&rce%'fcﬁﬁtﬂ%&tét@a&l@cﬁﬁ@&&@a&ﬁ' bepdnt@iresult in
better thermal stability. g) The present ester recormendably have a

carbonyl valdiardfi deicidr 4 sopamtadecapoetbebahlly nebhaRa8etdndid. Aziapd even
nore preferably not nore than 1.0. A carbonyl value of not greater than 5.0
w || reSul 24hexdydideryanth d leridgl isbhkpbltatigcahpidhachde of the present
esters are recomendably such that they have a Hazen nunber of not greater
than 100, preefeertaidecamnati ogaedidgr isbapndfecandieveaidpr engr ef er abl y not
greater than 30. A Hazen nunber of not greater than 20 100 will result in
better theraliansamndiia pcifr.esent ester Specific exanpl es of present esters
obtained in the nmanner described above include at |east one nenber 25

sel ected from t h&rGisEREInsirecrrgedrd 356r bpytc Cu brandhed-dopa - 27
e s P RS bR AR AR, 1
(2-et h%he)@{xéan'osi%b‘étc%%oatseme(t% LRuhAgR! ¥l ol SORLREN0ALE, 180QCtyL
ethylbutanoic acid, 2,3-dimethylbutancic acid, 2-methyl-
pentanoic acid, isocheptanoic acid, 2-methylhexanocic acid,
2-ethylpentanoic acid, 2,4-dimethylpentanocic acid, 3-
methylhexanoic acid, 5-methylhexanoic acid, isooctanoic
15 acid, 2-ethylhexanocic acid, 2-methylheptanoic acid, 2-
propylpentanoic acid, isononancic acid, 2-methyloctanoic
acid, 2-ethylheptanoic acid, 3,5,5-trimethylhexanocic acid,
isodecanocic acid, 2-ethyloctanocic acid, 2-methylnonanocic
acid, isoundecanoic acid, isododecanoic acid,
20 isotridecanoic acid, isotetradecanocic acid, 2-pentyl-
nonanoic acid, and isopentadecanocic acid.
Furthermore, mixtures of fatty acids such as
Cekanoic C8 acid (product of Exxon Chemical), Cekanoic C10
acid (product of Exxon Chemical), and Cekanoic C13 acid

25 (product of Exxon Chemical) may also be used as the



5 i sobutanoate, isononyl isobutanoate, (3,5,5trinethylhexyl) isobutanoate,
(2, 6-di net hyl -4-heptyl) isobutanoate, isodecyl isobutanoate, isbuind&typpg3

i sobut anoate, (n-propyl) isobutanoate, (n-butyl) isobutanoate, (npentyl)

i sobut anoate, (n-hexyl) isobutanoate, (n-heptyl) 10 isobutanoate, (n-octyl)
i sobut anoate, (n-nonyl) isobutanoate, (n-decyl) isobutanoate, (n-undecyl)

i sobut anoat e, (n-dodecyl) isobutanoate, isopropyl 2nethyl butanoate,

i sobutyl 2-nethyl butanoate, (sec-butyl) 2-nethyl butanoate, isopentyl
2-met hyl but anoat e, cycl ohexyl 15 2-nethy butanoate, isoheptyl

2- met hyl but anoate, (2 ethylhexyl) 2 met beutanoate (1 met hyl heptyl)

2 hyl b 2 Ib
(3.5, 8111 %&wﬁw i S°°°cz>4@etﬁs#'%ga n? o Lo e R
hylbug%po %é§n% ﬁ% é% %Qutanoate i soundecyl

hyl buta oa e n- prop ut'anoate, (n-butyl)

- et

- et

nethylbutanoat t | a y i
- met (n h:r%r%n;tl%n@ﬁ ax pHbaaa Estu@atea xkgnched
- et

hbeutanoate 2-meth y utanoate (n-oct

hyl butappaf Q:zar(t%ﬂ}ﬂmé hddEtyhdkareat By Q:Bédﬁgﬂnhla (2) can
- met hyl but anoat e, 5 undecyl ) 2-nethyl butanoate, (n-dodecyl)

2- met hyEbutighaadey s:.nng'y SrUalt QB3 t %ol sEptapi mdyebByliBeianoat e,

i sobutyl 2-ethyl butanoate, (sec-butyl) 2-ethyl butanoate, |sopentyl

2- et hyl but anoat e, 1rcyddadiexyy obtatihy bhukatneat @ithsbeepeyl higdebhytbat anoat e,
(2-ethyl hexyl) 2-ethyl butanoate, (1-nethylheptyl) 2 5 ethyl butanoate,

i sooctyl 2-sgtdbyillbittyarmoat eefirsigeraylt Beskybbdti&goatié, ig3pseberabhet hgl hexyl )
2- et hyl but anoate, (2,6-di methyl-4-heptyl) 2-ethyl butanoate, isodecyl

2et hyl but antze ean isdldiidddd satawiafegbrroghed-chaproppirPozEl hgl datdnoat e,
(n-butyl) 2-ethyl butanoate, (n-pentyl) 2 10 ethylbutanoate (n-hexyl)

2- et hyl but ariddt &swq plkapisy @t Xhet Ry Postidiont of c:ﬁeogpyrbpxylegnwgut anoat e,

(n-nonyl) 2ethy|butanoate (n decy§%ﬁ eth Ibuta oate, . (n- un ec
2et hyl bt arfts BeROAEescE ﬁpoﬁg}ﬁ R

2, 3-di net hyl but t 5 but

2. 3 di ot hy ; a””*aicl%t % ’é&;raagg@ PRty Rbbehnhie By Sonexyl

di met h éué% %&ty 2, 3- dlnethylbutanoate (2- et hyl hexyl)
anoa H

I\)I\JNI\)I\)I\J

, dlnethyl heptyl) 2, 3-di net hyl but anoat e, isooctyl
, 3- di net hyl bUt anqat;f lard 33 @'e'f@r%h.ezgobugéngﬁgﬁched chain
3,5,5-trinethyl hexyl 2 3-di net hyl but anoate, (2, 6-dinethyl-4-heptyl)

di
di met hydug q@@,adl%gda@ykuhac% dneeblry RBU RO 8.5 hseunesay,)
dlnethylbutanoate (n-propyl) 2,3-dinethyl butanoate, (n- butyl)
di

d

I met hyd it iafHt dha i =R&RAY lor & 3tdi o Uisndtcaiehaén 60kREXyhhd25
i met hyl but anoate, (n-heptyl) 2, 3-dinethyl but anoat e, 17J UL Z003

(n- oct yihe Hthal reft IR} BndaRDate,a (- bongl,) BpBdi peelgrbol unoatts,
-decyl) 2, 3-di net hyl but anoate, (nundecyl) 2, 3-dinethyl butanoate,
(n- dodecyIX%Z Sdraéghykbbaanoalbylieop¢9p¥1CRTJmquﬁ[naﬁﬁﬁnamﬁx Chsebutyl 5
2- met hyl pent anoate, (sec- butyl} 2- met hyl pent anoat e, isopentyl
2- et hyl perfisanbapechegcFBRERyR Eﬁ%thylpentanoate i sohept yl
2- met hyl pent anoat e, (2ethy|hexy 2- et hyl tan ate, lheptyl)
2met hyl pent anoat eSp SSdd L Y2 BEREn 65t 2 Bﬁ&ibg%

(2. 6 et a”°a<54 Ry B 5 “égﬁ?é Sl %ﬁg&%ﬁ%@%&hé bt Bnoat e,
i soundecyl Orgg{lﬁer?cear}}oqcf%ﬁgdz( %e e %)l)ne?ta P@yg?,ggt apgoate, (n-butyl)

2nethy|pentan n- pen ent'anoa n-hexyl) 15

2- et hy! pe%me t *Leel%d 2% rzietd*i GRAYD g%aﬁo(@aeeay' >-

2- met hyl pe n-nony rret hyl pentanoat e ecyl)
2- met hyl pend @R Searddi-dinfacy/ 2 -ahy heprhasqat amen gadecyl)

met hyl pent anoat e, isopropyl 2-nethyl hexanoate, isobutyl
t hyl hexswQs erd@ir(sies dalily)| 2 -2tmgtlbythavaaoaked i gepent yl

2-
2-me
2- met hyl hexanoat e, cycl ohexyl 2-nethyl hexanoate, isoheptyl

2- met hgbhexexitatlnor(ahcitd\ddieky land2 2rpemtivi ecanoatie, acidmatrbyl heptyl)
2met h

(3,5,

2- ne

2,3
2,3
2,3
(
2, 3-
2, 3-
2, 3-
2, 3-
- 29
(n

yl hexanoate, isooctyl 2-nethyl hexanoate, isononyl 2methyl hexanoat e,
5-trinmet hyl hexyl) 2-nethyl hexanoate, 25 (2, 6-dinethyl -4-heptyl)
t hyl hexanoate, isodecyl 2



i 7 J U~ 2003 -30 net hyl hexanoate, isoundecyl 2-nethyl hexanoate -

‘(n-proopyl) 2-nethyl hexanoate, (n-butyl) 2-nethyl hexanoat e, (n-per@I%UL 2003

2- met hyl hexanoat e, (n-hexyl) 2-nethyl hexanoate, (n-heptyl)

2- net hyl hexanoate, (n-octyl) 2-nethyl hexanoate, (n-nonyl) 5

2- met hyl hexanoat e, (n-decyl) 2-nethyl hexanoate, (n undecyl)

2- met hyl hexanoat e, (n-dodecyl) 2-nethyl hexanoate, isopropyl

2- et hyl pent anoat e, isobutyl 2-ethyl pentanoate, (sec-butyl)

2- et hyl pentanoate, isopentyl 2-ethyl pentanoate, cycl ohexyl

2-ethyl pentanoate, isoheptyl 2-ethylpentanoate, 10 (2-ethylhexyl)

2- ethylpeanqg%; 25_ | t soQctyl

2- et hyl pentanoat e, |sonon?%rggg%ﬁl%énga%%§¥lﬂg?%ﬂ§9§ ?%ﬁe?ﬁylhexyl)

2- et hyl pent,anQatfndaA 16 (ﬂelz%h@é oF h%et ¥ %e%yﬂyl;eﬁ%gmeat %robé?gfcw

2et hyl pent anoat e, isoundecyl 2-ethyl pentanoate, (n-propyl)

2- et hyl pentanoate, (n-butyl) 2-ethyl pentanoate, (n-pentyl)

2- et hyl pent anoate, (n-hexyl) 2- ethylpentanoate (n- heptyl)

2- et hyl pentMgrashRiri SH - Alsp 2

2- et hyl pentanoate, (n- decyl) 2- ethylpentanoate (nundecyl)

2- et hyl pent anoat @n (thededgeyd hatdet BY| pentisaoateser?) isenitomd is a

2, 4- di et hyl pent anoat e, isobutyl 2,4 dinmethyl pentanoate, (sec-butyl)

2, 4- di met hyd e alegstvesd ifsope st won2hddatiicetbygbpehtaneptesenyed dbexyl

2, 4di met hyl pent anoat e, isoheptyl 2, 4-di nethyl pentanoate, (2ethyl hexyl)

4-di met hynfp%rﬁcmmdtae () 1- nExhpphept Yhereod ruchidettyltpeRtanoat e,
octyl 2,4-di net hyl pent anoat e, ~ T ~u~ Zoo -31_isononyl

,52 di met hy Rﬁe‘fﬁ%ﬁa’tréy @3, 5o5Ct) i fEEAYPREXGRiD %flléh’%et%yltﬁ’eﬁfeoanoat e,
2, 6-di t hyl - 4- hept t t t
di Irrerrfhy%/ q’fﬁ@%& |%og%ﬁ(q§e€y£g§‘2° ?ﬁ:?ﬁ%‘lbzgﬂg’%at%’f GnthrGpyl) 2: 4-
| t.e | | t t tyl
o o b ARG Sy R P et anoat &, (? heptyl)

4-
di
4-
’Ed?ke”?LCYLEﬁ?tan SRR S S e e SR

, 4- di met hyl Q@q&gﬂqat cyl me an ropyl

t hyl hexanoat e, |sobut'?iﬂﬂgﬁhylﬁgégﬁgg?e E?égg Efy??gﬁ?%%iprhgxanoate
sopentyl Zneat NOPQtheM Xyh ReehyhBpxgnoapepcth bﬁ@%
2-ethy|hexanoé¥§; ( -ethylhe%%l) ethylhexgnoa?e§ 1 15 ne?hyl eptyl)

2- et hyl hexanasddtyli S deringny?-, eBhgl, Bexaimataylhagpdnyd , 8-aihythekanoat e,
(3,5,5-trinmethyl hexyl) 2ethyl hexanoat e, (2,6-dinethy|-4-hepty|)

2- et hylLhexdraeityd, , iissmezepll ,2-istlupkbeeyanoatedodeovhdetybt2idédyl hexanoat e,
(n-propyl) 2-ethyl hexanoate, (n-butyl) 2-ethyl hexanoate, 20 (n-pentyl)

2- et hyl hexdrsdiet radedydxy isopentagekwtandgobexademept yi oReptagedtwkanoat e,
(n-octyl) 2-ethyl hexanoate, (n-nonyl) 2-ethyl hexanoate, (n-decyl)

2- et hyl hexalrﬁf%ﬂcetack%dé@wpnzd@pw}lfhéﬁahéaﬁgl (ﬁeﬁbﬂbeyﬁ‘}hylr n-

2- et hyl hexanoate, isQpro 2- nethxlheptanoate i sobuty

nethylheéPﬁﬁﬁQt l;?? éec“b@P?F ZhﬁepﬁﬁVﬁepFaHSBFﬁl'l§oﬁ%ﬁ¥§l ?{ 1|I ~
~ -32
fEthe o £ df%v@“ﬁ%t e&?\%?%“:ﬁlo RethoRRLe ﬁgfgéanoﬁevhyl heptyl)
EhyPheg{%e %ghefﬁé%gﬁggglheﬁﬁﬂgﬁ (tiac%ate -

me
me
e
2, 6- d|rmﬂtagtégégﬁgty%pn%nggggxhhegtggggyg b?eggﬁg 2: nethylheptanoate
ou 2ne
me
me

2,
[

2
(
2,
5
2
2
2
2
2-
|

i soundecyl 2-met hyl hept anoat e propyl hyl hept ahoate, (n-butyl)
t hyl hem&f}%@clﬁh&gﬂt y|a}1d2dﬁﬁb|ﬁ}ﬁ&m%Pb§BBék§l ( pyeddularly

t hyl hept anoat e, heptyl) 2-nmethyl heptanoate, (n-octyl)

2- et hyl hepraraated (dicdﬂ@l)éls) of- Bt iwdhepd anoabec, ( Btdasyht- or

2- met hyl hept anoat e, (n-undecyl) 2-nethyl heptanoate, (n-dodecyl)

2met hyl heptaraaihesdideinoppardipotpyllpebranahtd) a3bputyr C, to C,

2- propyl pent anoat e, (sec-butyl) 2-propyl pentanoate, 15 isopentyl

2- pr op¥ b pertyariastlky 1c glaotiacpll a2 1yt 6pytpetit asbed sgh § s gl pindnched-

2- propyl pent anoat e, (2ethyl hexyl) 2-propyl pentanoate, (1-nethyl heptyl)

2propyl pent anoat e, isooctyl 2-propyl pentanoate, isononyl 2propyl pentanoat e,

(3,5,5-trinmethyl hexyl) 2

2-
2-
2-
2-
(
2-
2-



20 propyl pentanoate, (2,6-dinmethyl-4-heptyl) 2 propylpentanoateq fgﬂﬂ§€%b3
‘2- propyl pent anoat e, isoundecyl 2-propyl pentanoate, (n-propyl)

2- propyl pent anoat e, (nbutyl) 2-propyl pentanoate, (n-pentyl)

2- propyl pent anoat e, (n-hexyl) 2-propyl pentanoate, (n-heptyl) 2 25
propyl pent anoate, (n-octyl) 2-propyl pentanoate, (n-nonyl) ~r ! J~ 20@8
-33 2-propyl pentanoate, (n-decyl) 2-propyl pentanoate, (nundecyl)

2- propyl pent anoat e, (n-dodecyl) 2propyl pentanoate, isopropyl

2- et hyl oct anoat e, isobutyl 2ethy|octang$ﬁe, (sec-butyl) 2-ethyl octanoate,
i sopentyl 2 5 ethyl octanoate, cycl ohexyl 2-ethyloctanoate, isoheptyl 2

et hyl oct anoat e, (2-et.hyl hexyl) 2-.ethyl octanoat nmet hyl hept yl )

o 61 by oct A AT OE: B FoEvdar oo Bty CHELORBIELL aoat e,
(3,5,5-trinet hexyl ) 2 yl oct 2, 6-di | - 4- hep

et hyl oot A - SE il B ISt 2 B TRtk sl P 8bdeunt,

2- et hyl oct anoat g, l(,n'ﬂrﬂwﬁriﬁe%@ﬁlh%)%%r)oét,%’—dﬁfﬁémﬁzyl—)}— sBEDY| octanoate,
(n-pentyl) 2-ethyloctanoate, (n-hexyl) ~2-ethyl octanoate, (n-hepfyl)

2- et hyl oct anQtery1( RrRE i durd /I oct anoate, (n-nonyl) 2-ethyl octanoate,
(n-decyl) 2-ethyloctanoate, 15 (n-undecyl) 2-ethyloctanoate, (n-dodecyl)
2- et hyl gct anoat e Exas@ledPVf Zofhiprienaneahelsi gepveb¥bnledEbpytRONanoat e,
(sec-butyl) 2-nethyl nonanoate, isopentyl 2-nethyl nonanoate, cycl ohexyl

2- met hyl noreswatles (3Hohepilylde? Oyetdytosapasgrt -¢Rath hyldstyls, C,

2- met hyl nonanoate, (1-nmethyl heptyl) 2 20 net hyl nonanoate, isooctyl

2- met hyl nonanay} erarssraindha metllodhadsgn@aide C; ( 8o 5C.5- ¢y cwed hydneksy! )

2- met hyl nonanoate, (2, 6-dinmethyl-4-heptyl) 2-nethyl nonanoate, isodecyl
2nmet hyl nonanoat e Spesdfiide eamplest pfl s¢ranghtechghnpadgohdpls include

2- met hyl nonanoate, (n-butyl) 2-nmethyl nonanoate, (n-pehtyl§ 25

2- met hyl nomgid@nel ( ethanal), a-peopanednafokluéanch, happgpfanol, my |+ |
?003 -34 2-net hyl nonanoate, (n-octyl) 2-nethylnonanoate, (n-nonyl)

2- met hipno A OrheRiAne L. l‘?ét"ﬁ}"l)aHGr]lanBéfY‘Q?a(‘ﬁﬁndBEQ? anol,'n?
2-met hyl nonanpat e, .and (pn-dodecyl) 2nethyl nonanoate. . 5 Anmong the above
coters, 1 odBRRTR o A PRRTT b8t LSRG ARGTy N CEERRAPPEGChNG™ T over
nmetal corrqsi r nty an t 2 strai - in or -chain

al kyl este sé'ngérll %;5{ (;%ICBHC%%X% c)%lngjétét Z’r S%Iggg%ggﬁé?hegaﬁg{’%gégg ,f§uch as
i sopropyl Ziatdydhernanegt &nelq jhsobutyl 2-ethyl hexanoate, (sec-butyl)

2- et hyl hexanoate, 1sopentyl 2-ethyl hexanoate, cycl ohexyl 2-ethyl hexanoate,

i soheptyl 2-ethyl FAR @xalng] s Weh@rshhnéat Brhhexa088h81s include
(1-net hyl heptyl) 2-ethyl hexanoate, isooctyl 2-ethyl hexanoate, isononyl

2- et hyll bexanadr@pat1(,3,iscbutandt, hglkele kit andiet hgkhexatansée,
(2, 6-dinethyl -4 heptyl) 2-ethyl hexanoate, isodecyl 2-ethyl hexanoate,

i soundecyl izgtdntdar®igndaichex@nalr,opgoheptanbyl, hexmabhythekxandbdlit y23

2- et hyl hexanoate, (n-pentyl) 2-ethyl hexanoate, (n-hexyl) 2-ethyl hexanoate,
(n-hept yl ) sthatlihaxzacdnodi-eme thylheptengl) 2-webhiybhbepbanck, (n-nonyl)

2- et hyl hexanoate, (n-decyl) 2-ethyl hexanoate, (n-undecyl) 2-ethyl hexanoate,
(n - dodecylisceahianglhedgee@ransdd £hé PrikgimpihyhbexapdbngZshch

2- et hyl hexanoate esters, it i.s recommended, .in view of excellent

refri ger antdifeddvdit4thprrengda dsedecpest /i ASEPAERPR§ Bt operties, to use at

I?
| east gae ié%&od%é%dbl}—qg%tridecanol, isotetradecanol, isopenta-

decanol, isohexadecanol, isooctadecanol, isononadecanol,
iso-icosanol and the like.

Specific examples of cycloalcochols include
cyclohexanol, methylcyclohexanol, dimethylcyclohexanol and

25 SO on.



-35 nenber selected fromthe group consisting of isopropyl 2ethy|hexanoate
i sobutyl 2-ethyl hexanoate, (sec-butyl) 2ethylhexanoate, cyclohexXyi JUL 2003
2- et hyl hexanoate, (n-heptyl) 2ethyl hexanoate, isoheptyl 2-ethyl hexanoate,
(2-ethyl h~xyl) 5 2-ethyl hexanoate, (1-nethyl heptyl) 2-ethyl hexanoate,

i sooctyl 2-ethyl hexanoate, isononyl 2-ethyl hexanoate,

(3,5,5-trinethyl hexyl) 2-ethyl hexanoate, (2, 6-dinethyl-4heptyl)

2- et hyl hexanoat e, isodecyl 2-ethyl hexanoate and i soundecyl

2- et hyl hexanoate. 10 The esters of the_Pgesent i nventi on recomrendably have
a volunme resistivity of 1x1011 ~cm or nbre, preferably 1x1012 ncm or nore,
and nore preferab 1x1013 f.~cm or vol u istivit Iess t han
1011 Teom 1 5 oo ToREITHE FH A0 1L T raten CahatAs B SPPR o1

properties. Prefer ester of the r.es i NV iQn. separates from
refriger ant® ?%Y‘% n%ie?%l? hfse oelfb?? C%PV\BI’ ecpar |c%:ﬂ|taD e5C or | ower, and

t
even or e PAGELSELY 30 Biokfeic SR ar‘%f?cﬁ%ﬁe pEegnto [aent | on
me/s at 406y pd NgPEDSR A n- £XRATTY 4NE ESLEI ¢l Q:ﬁl%é"’lt&ﬁtél@p%ru@hur%s in

the presence of water will result in 25 °deconposition into t'he

cor r espaendi ﬂg?tsas@@e;yl | - Btthand n-gderftahdl L héddno36 a-eebehnolt is
re

known t hat rigerator |ubri cat'i ng oils are exposed to very high

t enper at ur e5-68t&esl pynfridwdnsm, diHddraridle epamdidcanodf, fodpuesaabs., The

presence of water in the refrigerator system m ght result in the 5

hydr ol ysi s afdt&echshexarset ving as the lubricating oil. It is considered

that minimal increase in the total acid nunber follow ng heat treatnent of

the ester is indiIatteensfof uppriessakinidesiand suismedbiilgher agdabi lity. Wen

conpared by this method, polyol esters which can bé used 10 as

| oW Vi scosi tlyd?@Ytg@r%ftl@lth it i e sithers banet, brgmchedarbpinncr ease in

the total acid nunber, greater chan e in the weight of iron piece i mersed

in theldil a%ﬁﬂh%%%n@%% PreLfpead eéeéree §6PFEE%S EReEePHN of netal

such as ironp, Jg(i? er and al num 15 B present esters are
: 7

, the
suf fi ci ent | 3¢ °t G ra6’|c§‘§ds_c§8 f‘ha cPﬁSﬁé PUCPERE i ncrease in acid

nunmber and | ess chéan eaarro nce du%toa S| rfacsehcortgr)]%l on,of iron and
copper. 20 TR RY Use Jtﬁarg eset cri] er BEEe30! Il Tﬁe | ubri cating

oi | for refLigeralols ﬁ@{%ﬂg}ﬁ%ﬁﬁ&rm toaearleat' 986308 1 xed with

at | east one ase’ ol inat 1 on ase ol fo prepare

a 25 | ubricatsng. o] md Oty Nl Ger atpr@dﬂ&MM%@ahB@ 1TJUL Z-p3
-37 effects of the present i nvent'i on are not thereby

15 isodecanocl, and isoundecancl.

In view of the balance of the physical properties
required of refrigerator oils, such as lubricity,
refrigerant miscibility, hydrolytic stability and
electrical insulating properties, more preferable as the

20 alcohols represented by the formula (3) are C, to C,,
straight-chain or branched-chain (preferably branched-
chain) alcohols or C, to C, cycloalcohols, such as
isopropanol, isobutanol, sec-butanol, cyclohexanol, n-
heptanol, isoheptanol, 2-ethylhexanol, l-methylheptanol,

25 isooctanol, isononancl, 3,5,5~-trimethylhexanocl, 2,6-



conprom sed. The aliphatic saturated branched-chain carboxylic acid
“nonoal kyl ester (a) represented by the fornula (1) 5 and the confi dati 8§03
base oil (b) are used in a weight ratio of (a):(b)= 0.5:99.5 to 99.5:0.5,
preferably (a) : (b)= 5:95 to 95:5, and even nore preferably (a) : (b)=
15: 85 to 85:15. Exanples of the conbination base oils include one or 10
nore nmenbers selected fromthe group consisting of (bl) hydrocarbon oils,
(b2) organic acid esters other than the present ester, (b3) polyal kyl ene
glycols, (b4) polyvinyl ethers, (bb) ngxphenyl ethers, (b6) al kyl phenyl
ethers, and (b7) silicone oils. These wi'll be described bel ow. 15 (b1l)

oy ° yd b fined petrol

b cocct s SO R R R B SBRRCETE: ol BB 5
| | efins, (bl | byt - | ol

gfk¥|ggpﬁtﬁa:2ﬁes FQP&é?%e Onggﬂzea ﬁgdrgca? gﬁéf%b?EPZS%SSbe(

Fi scher - Tr?s?ﬁ:%nera%cec%ses%@ﬁ%%%@ S¥QBQ€§I neg}{ﬁi%&ﬁgi’ﬂ}r%ks n (bl -1)

Exanpl es o olls’inc e so ent m ner a ydrotreated

mneral oilige 3EOE %%ﬁ&%ﬁ%' 68da@i héas‘é’ﬂtﬁg ygughly, have a kinematic
vi scosity Tr .1 %) 1 2003 -33 (at 100C) of 1.0 to 40 m®/s, and

preferably 2.0 t@p2QiFil/ éxambmla_stfEéaanl gSmoktakYos- 9186hs8s i ncl ude Cz
to C16 a.-olefin (such as ethyl ene, propylene, 1-butene, 1-hexene, 5

1-octane, lriaceRre isbbitdacere-cthi;ehefdA6EN DEobubanaligesetatdT, )

pol yners and copol ymers having a kinematic viscosity (at 100C) of 1.0 to 40
MR/ s and & sokstasicly iisotexaablat ikebatahfd/3Pay b+ tnimetyylhdnsmohavi ng a
ki nematic viscosity (at 100C) of 2.0 to 30 mm2/s 10 and a viscosity index
of at | eastistiitanelfisbdecatol(blisgbuEanapl/vsdetanpol ybusehetanptinde t hose
obtai ned by the polynerization of isobutylene and those_ obtained by the
C0p0|yner|z@wqqgﬁqg1,|g§@@pypgﬁé /iEpgngecanol , isobutanol/n-dodecandl,

10 2-ethylhexanol/n-octanol, 2-ethylhexanol/isononanol, 2-
ethylhexanol/3,5,5-trimethylhexanol, 2-ethylhexanol/
isodecanol, 2-ethylhexanol/n-decanol, 2-ethylhexanol/n-
undecanol, 2-ethylhexanol/isoundecanol, 2-ethylhexanol/n-
dodecanol, n-octanol/isoncnanol, n-octanol/3,5,5-

15 trimethylhexanol, n-octanol/isodecanol, n-octanol/n-
decanol, n-octanol/n-undecanol, n-octanol/isoundecanocl, n-
octanol/n-dodecancl, isononanol/3,5,5-trimethylhexanol,
isononanol/isodecanol, isonocnanol/n-decanol, isononanol/n-
undecanol, isononanol/isoundecanol, isononanol/n-dodecanol,

20 3,5,5-trimethylhexanol/isodecanol, 3,5,5-trimethylhexanol/
n-decanol, 3,5,5-trimethylhexanol/n-undecanol, 3,5,5-
trimethylhexanol/isoundecanol, and 3,5,5-
trimethylhexanol/n-dodecanol.

When at least two alcohols, particlarly two alcohols,

25 are used in admixture, they are mixed in a molar ratio of



butyl ene. There nmay be nentioned a wi de range of those 15 havinpya UL 2003
ki nefatic viscosity (at 100C) of between 2.0 to 6000 nm2/s . (b1-4f ¢
Exanpl es of al kyl benzenes include Cl1 to C9o straight-chain or
branched- chai n al kyl group-substituted nonoal kyl benzenes, dial kyl

benzenes, trial kyl benzenes, 20 and tetraal kyl benzenes, etc. which have a
nol ecul ar wei ght of 200 to 450. Those having one or two al kyl groups
wherein the alkyl has 1 to 20 carbon atons are preferred, because of their

| onger-lasting stability as a refrigerator oil. Branched-chain al kyl groups
are 25 preferred for refrigerator oils wth |longer-Ilasting 1i J UL 2003
-39 stabiligy. eci fi.c al kyl graups,incluyd thyl..ethyl . n-propyl,
n- but yl , nfﬁ%ﬁkigi%nPﬁex§PFénP%8§F§FPiX-%Qt?P?g%-ﬁéhﬁﬁg %?%é%y n n- undecyl ,

n-dodecyl,§¢§§éﬁé¥gggragggiﬁbgggc¥E,aazgﬁ?tadecyl, n- hexadecyl ,

n- hept adec n octa , N-nonadecy n-icosyl, isopropyl, isobutyl,

I sopentyl, | sohexylen Lsaaephyl, 8§§3gﬂgéergﬁen@£g&fb1§go cyl, isoundecyl,

i sodecyl, isotridecyl, Isotetra opent adecy exadecyl ,

iSOheptade%@drdl%QﬁQi%@%E&hit&_QHQ“@GEEYEi@?diESﬁﬁkﬁﬂéﬂiarﬁp (bl-5)
Exanmpl es of "al kyl'napht hal enes™i ncl ude nonoal kyl napht hal enes” and

di al kyl paphnpirenes ,Witkeicambiged k¥b bf £lstoalghtsthaighitcetiol
branched-chain al kyl. (b2) O ganic am d esters other than the present ester
Exanpl es ofamatr gahiranatied-ehténsadtbholt hanprbfetbedt esent ester include
(b2-1) aliphatic saturated straight chain carboxylic acid nonoesters,
(b2-2) aliphati cViichasi staxeighéstbasn &b2oBdlaismased jmwl gombirmxtylorc aci d
esters, (b2-4) alicyclic dicarboxylic acid esters, (b2-5) fatty acid polyol
esters, and&i(thasprenebedecheis. a2gohpd, 1} tEXanpeesmoéncéed phlka t ctlvaat ur at ed
strai ght chain carboxylic acid nonoesters include full esters of C3 to C18
st rai ght - clf@FaRtn ©@€arb &xy Itce Cac isdsadwd tecghegd ncad cobpdsghe- Sofo 50
branchgg-chain sat urated or unsa%uiated aliphatic alcohols. 25 (b2-2)
Exanpl &8 offd% pfatihe &okadi elgePgleSps, §he pakejpf (betler 40 i ncl ude

full esters .C6 to,Clz al.iphatic_di.carhoxylic acjd such as adipic acid,
hoel atc. acitelTOREERE BEre B AbHoRaHcAvar e REF g SRR ™ 0 CD ot vt ght -
or branchedchai n saturated-or unsaturated aliphatic alcohol. 5 (b2-3)
Exanpl es of aromatic polycarboxylic acid esters include full esters of an

aromatic pg&ﬁg&g&gﬁﬁ&iggacid or its anhydride such as phthalic acid,

i sophthalic acid, terephthalic acid or trinmellitic acid, or pyronellitic
acid, and a CG3 t(inc_%%z\i'}rﬁﬁﬁgbht ShebbaBebedi 0t LHRI Regdt L6R ] CEhOT
unsaturated aliphatic alcohol.

15 amounts of the starting materials are such that the
alcohol represented by the formula (3) is used, for
example, in an amount of 1 to 1.5 equivalents, preferably
1.05 to 1.2 equivalents, per equivalent of the carboxylic
acid represented by the formula (2).

20 The present ester can also be obtained by an ester
interchange reaction in which, in place of the carboxylic
acid represented by the formula (2) or the alcohol
represented by the formula (3), a lower alcohol ester of

said carboxylic acid and/or a C, to C, lower alkanoic acid

25 ester of an alcohol represented by the formula (3) such as



Preferred exanples include full esters of phthalic acid and a Cl,t0 §ﬁ8
straight- or branched-chain saturated or unsaturated aliphatic a] OH 034
C3 to Ao cycloal cohol. Exanples of phthalic acid esters include 15

di mret hyl phthal ate, diethyl phthalate, di(n-propyl) phthalate, di(n-butyl)
pht hal ate, di (n-pentyl) phthal ate, di (n-hexyl) phthalate, di(n-heptyl)

pht hal ate, di(n-octyl) phthalate, di(n-nonyl) phthal ate, di(n-decyl)

pht hal at e, di (n-undecyl) phthal ate, di(n-dodecyl) phthalate, di(n 20
tridecyl) phthalate, di(n-tetradecyl) hal ate, di(n pentadecyl)

pht hal at e, di (n-hexadecyl) phthal ate, |%nhept adecyl) phthal ate,

di (n-oct adecyl ht hal at e, diisopraopyl_phthal ate,. di i sohut pht.hal at e,
(sec-butyl )a h%%%fja(f e?c%‘?c%/%if%lﬁe rylaoﬁcfﬁ a1 At adjlllcgéah%‘ﬁryloypﬁtaﬁgl ate, 25

di ( 2- et hyl hg%(éﬁopht hal ate, diisononyl phthal ate, 17JJL 2pQ 5 10 15
-41 di (3,5,5-trinet hyl hexyl) phthal ate, di(2,6-dinmethyl-4heptyl) phthal ate,

di i sodecyl pht hal v s dbd seudecyl t i t hal at e,
diisotridecyl pht alela? g%fe}lol sot e%rtar%g%;ﬁegkﬁlﬁdﬁ%gf%gﬁog%gent adecyl
pht hal ate, difsohexadecynphidat ale, il isgheniadetiledHhlale, a3ad

di i sooct adecyl” phthal ate. Especially preferred are di (npropyl) phthal ate,

di (n-butsyl )aphthad ade, i mbu - edd 9 giiadiad e, 1apb(Pihex¥l Jneitbal at e,

di (n-heptyl) phthalate, di(n-octyl) phthalate, di(n-nonyl) phthal ate,

di (n-decyl )meptd hadaipourtid N-hatteey |9 tgpiridua tatimind icempoupds [lktulbdl ake,

di i sobutyl phthal ate, (sec-butyl) phthalate, dicyclohexyl phthal ate,

di i sohept yl| syhf urat areta th {1y etdmppduendd ) ittt eat-esondiaisdmon pompluhdksat e,

di (3,5,5-trinethyl hexyl) phthal ate, di(2,6-dinethyl-4-heptyl) phthal ate,

di i sodecyl i Mehesrhors- i trimider \dompaung st e anth 2x@geRxanpl es of
alicyclic dicarboxylic acid esters include those represented by the fornula
(4) COOR4 2ePntadmlmpIenReyndthetvigh A Paraiideshanshearbegydr cycl ohexene
ring; X is hydrogen or nethyl; and R and R5 are the sane or different -
~ JU(, 1042 5rmReiEM $)epr esents a C3 to satu C22 straight- or branched rated

bt ai med. Tor exdTE IR B THieh e T, R dRak ko e
cor respondi g, &l | AR £ ALEATPOOd GG A% ALHNt saroupratur T

branched-chai'n” saturat "ate I I nonoh di ¢ 'Exa es of the afor~e
ydric alco ' rﬁ@rjy- d LA 4 G lﬁnﬂ.‘?ﬂlgﬁl I SLIES 41¢yal ohe o
| 2 'cYecl ohméx%mr%%élécg?%oxy i xag%lgc%li ~2_di Cdﬁ'% C aci d, ci)‘?yl i C a(\:/?ag,, t

1- cycl ohexeq@ri vt GRePOard Ct A fhurd dbridfachriexanpdbediBOexamples

15 of alkali metals include sodium alkoxides and potassium
alkoxides. Specific examples of sulfonic acids include
para-toluenesulfonic acid, methanesulfonic acid, and
sulfuric acid. Acidic ion exchange resins can also be
used. Among them, C, to C, tetraalkyl titanates, titanium

20 oxide, sodium C, to C, alkoxides, sodium hydroxide, C, to
C,, tin fatty acids, and tin oxide are preferred. These
may be used, for example, in an amount of about 0.05 to 1
wt% relative to the total amount of the carboxylic acid
represented by the formula (2) and the alcohol represented

25 by the formula (3).



cycl ohexanedi ¢ arboxylic xYlaC acid acid 3 th ' 1 4dicarboxylic gia
4-meth ' me yl 1'2-~'clohexan _ acid, ~3_nethyl 4 _yl |I' 2 0o Yelo Qkaﬂmﬁ
a carboxylic cycl ohexene-1~2-di -meth carboxylic acid a Y1-q -~,al ohex

nd/ or 15 anhydri of these ene-1, 2-diaarboxylic acid an den d Exanpl es of
particularly desirable ali di carbo GYC i C xYlic acid esters include a
(4] in which 9 stern and R5 are the sane and of the fornula a straight zo S
a C3to C each represent or branched-chain alkyl. ~I~les thereof include di
(nex pci fi ¢ xYl a to dicarbo propylj,1'2 -~'"Yal ohexanedi (n di
(n-butyl] I,2 -pent ~2 -~'Ycl ohexanedi carboxylate, Yl j 1 -cycl ohe

|' 2-~' Cl ohexanedi carbo xanedi carboxyl ate~ di (n-he xylate xYlj

cycl ohexanedi car Qi FEHRPTAFF CirRaEEe gRYy ?edPQQrESX%PQt%c di
(n-nonyl (n_octyl j 1 (2 cyclohexanej, |'2-~".Cl.ohexanedi carbg | at e, ~ 7
SO R e et Y SV R shrRa A MG B8 Aoy
1,2-cyc|othggggicarboxylate, di i sopropyl 1, 2-cycl ohexanedi car boxyl at e,

di i sobutyl 1;2-cycl ohexanedi carboxyl ate, di~sec-butyl)

L, 2- cycl ohexanedi £ar eyl e, Al sl ey it el eneyah ABRyangdheashery! at e.
di i soheptyl 1, 2-cycl ohexane di carboxyl'ate, di(2-ethyl hexyl)

1, 2- cyclsohexangsh £ P OXtd Biche dixBIHNENGL oA ¥hleeBgxanadi par Qexyl abe,

di (3,5,5-trinethyl hexyl) 1,2-c~, rcl ohexanedi carboxyl at e,

di (2, 6-di mejdyrdraeptone disiayc tikex aredheaiaesy predutBdadbisedecyl

1, 2- cycl ohexanedi car boxyl at e, diisoundecyl 1,2 cycl ohexanedi carboxyl at e,

di (n- propyl pedetimh ohexene- 1, 2di car boxyl ate, di (n-butyl)

4- cycl ohexene- 1, 2-di car boxyl ate, di(n-pentyl)

4- cycl ohexene- 1, BiheartdexWadtay, adigorptdop,) hydrolytic stability,

4-cycl ohexene- 1, 2-di carboxyl ate, di (n-heptyl) 9 15

cycl ohexeneand 2kpetriendy | s latiing gaoper t4esy wiidhekenadyezsealyar boxyl at e,
di (n-nonyl) 4-cycl ohexene-1, 2di carboxyl ate, di (n-decyl)

4- cycl dexemefacted Purisyv@nt thath-aw@esycpntaining’ compounds
4-cycl ohexene-1, 2-di car boxyl ate,. diisopro
4- cgcl oheie%‘éc-’rl,azs- o‘%’@éﬁ%&xyﬁeﬁ%l I'51| 5\5‘%'; 5%%90511&0 compounds are

cycl ohexenez 1, 2- di carboxyl at.e, dii.sobut.yl .4-cycl ohexene 1, 2-digcarboxyl at e,
i Csecs but iTTIEE VAT chanil S ot ittt v® GeBiEnaREsh; 81 LR

4-cycl ohexeggégt%g%q@g@%%[ Al el gg I .
. 'the e %pk% d d the o nic
4- cycl ohexene-1, 2-i car oxfldte, dl% -ethyfﬁgkyﬁy raga
4- cycl ohexegnSrerde divwa¢ tHfinitney ‘%ﬂg‘e%‘%’)o%|rin§; esterification,
4- cycl ohexene- 1, 2-di car boxyl ate, di(3,5,5 17 UL ?003 -44
15 the reaction is preferably carried out in a nitrogen or
other inert gas atmosphere or in an inert gas stream.
After the completion of the reaction, the excess
starting materials are distilled off at reduced or normal
pressure. The ester formed can then be purified by a
20 conventional purification method, such as liquid-liquid
extraction, distillation under reduced pressure,
adsorption by treatment with activated carbon and so forth.
The ester that is obtained may sometimes be

contaminated by various impurities depending on the

25 production process. Such impurities include acidic



trimet hyl hexyl) 4-cycl ohexene-1, 2-di car boxyl at e, di(2,6dinethylj47hﬁmt¥hh3
‘4- cycl ohexene- 1, 2-di carboxyl ate, dii sodecyl - -

4- cycl ohexene- 1, 2-di car boxyl ate, diisoundecyl

4- cycl ohexene- 1, 2-di carboxyl ate and the like. 5 On the other hand, the
alicyclic dicarboxylic acid esters include those having R4 and R5 which are
different fromeach other, such as esters of the formula (4) in which R
and R5 are different and represent C3 to Ol straight- or branched-chain

al kyl . Specific exanples 10 thereof |ne%¥de (i sopropyl) (2-ethylhexyl) 1,2
cyclohexanedicarboxylate (i sopropyl) (1sononyl)

1, 2cycl ohexanedi ca bo ate sopr 3,5, rlnethylhexyl
1, 2- cycl oheXAMRY T ('?Hoslg’rﬂ%tp O{’ ((‘“? Ele?ﬁ?llh h&%Y bha

1, 2- cyclohexanedlcarbox IateiF%%so tyI 5 (| onon %

1, 2- cycl oheX AR AT B5GR at ™ try OV CREERYPAERY 1 )

1, 2- cyclohexane car bpx Iate ropyl 2 eth hex _
4- cyclohexene 95%?51 oxy ate sé%%g%?l @tso ﬁfg' nitrogen
4-cycl ohexeg

4-cycl ohexencgn%aén%b&? 3%“loxysleate ii g’t%)t%i]l %Fgltglh Pﬁghg ggmgg
4-cycl ohexened., RN B i%g dorpiiinds) (s n%@yb)eroxz.des and

4- cycl ohexenel, 2 |carboxy ate,” and (|sobutyl) (3,5, 5-trinmethyl hexyl)

4- cycl ohexederdordy Ui satigundsHt e. sbheifigariabbe exadptespsbral i cyclic
di carboxylic 25 aC|d esters are alicyclic dicarboxylic acid esters of the

1f J UL 2083rokptioratd (idy, Rlsuteic Cickdazitg- pYORSratiaspaadent on

t he adj acent carbons of the cycl ohexane ring or cycl ohexene ring, R4 and RS
are each i ndepamient tabi iG3/ ,t and® csir allgl causkr apelrediohabfl mkkwl, and X

i s hydrogen. Exanples 5 thereof include di(n-propyl) )
1, 2- cycl ohesempehiestdoxy Irraiuatiion loft wlpdge2- cycl ohexanedi car boxyl at e,

di (n-pentyl) 1, 2-cycl ohexanedi carboxyl ate, di (n-hexyl)

1, 2- cyépohexanedlﬁ%ﬁmn%eﬁeﬁﬁapnﬁq9$5ﬁ@pﬁyﬂ)rfmgyéyglGh@xéﬁééi@arboxylate

d|(n octyl) 1,2-c clohexanedlcarb | at e, &n nonyl) 1,
cyclohexanéﬁWEQ 1 Gﬁﬁpnlof by FaﬁeﬁgnétaFEaPEOQQFgﬁe

1 5% oyel oheRhrit & %%sxe%”@?'t%arb‘) '%%Ewe% SEL8 irbRantbLiPLBRgl at e
dllsoheptyl #b{%daﬁﬂd%nﬁﬁgﬁﬁqhﬁ%bg%@ at%nddb&%i%&%&kg ﬁybltﬁ 2- cycl ohexane

15 di car box di1Tson *8hEXan&di car oXy ate

g: Eg g gl tmrsti%/‘t% lﬂ%(ot y}?astlla%ec%?cl 0 e%ﬁggl c%-tggiz(;)xy'J ﬁgt 018| (n- pr opyl)

4-cycl ghexengs l%c%%sp@@il Hetholing b | bompounds, metal
4- cycl ohexene- 1, 2-di car boxyl ate, di (n-pentyl) 5 20

cycl ohexenecalt 2k tardax Wencredli Cp-tionsll v4agyelrohaxeng hedndi car boxyl ate,
di (n-heptyl) 4-cycl ohexene-1, 2di car boxyl ate, di(n-octyl)

4- cycl ohexengddqIdrxbdarkdyofillatra tiein(,nopdiphplly followed by

4- cycl ohexene- 1, 2-di car boxyl ate, dii sopropyl

4- cycl ohexearerilf oafi iy duweatment ¢ifi dhleupylodacty witherdserkgnts that

1, 2-di carboxyl ate, di(sec-butyl) 4-cycl ohexene-1, 2 17J U~ 2003 -46

di car boxyl &%e %ﬁ igedAr Ferpiseretels 2dhbrbbxyetaks wed ot v

4- cycl ghexene- 1, 2-di car boxyl ate, di (2-ethyl hexyl

)
4-cycl Bﬁexé?%‘ﬁrazl’cﬁ%’ar%ﬁﬂ“atk@ r&i'qoé’@ﬁ’oﬁyl thorough washing with
4- cyclohexene 1, 2-dicarb 3,5 5.tri th | hex
4- cycl ohexelREE 2- ‘i?a‘ﬂ?gg& %31 E’zbé’ Wﬁétfﬁﬁla 49 eﬁ?yry-;‘; product
4-cycl Ohex%e- d‘:a‘l q?eﬁ/t 2t (ll v(ez eE:‘h g&gé % metals.
ca oxy

1, 2- cyclohexane |sobutyl) |sonon

1, 2-cycl oh o] 3 r h

1, 2- cycloh2§§2291 dicar of%ia#g& |sogﬁpélyéf§rg hgﬁﬁeééﬁgé%kcyélohexene
1, 2-di car bopeyd Al Gna 'b@%%ﬁon@cﬁ%n%%ﬁf)icgeﬁltchgh@égfﬂﬁz&t@oﬁ' @agpoxyl ate,
and (isobutyl) (3,5,5-trinethylhexyl) 4-cycl ohexene-1, 2-di carboxyl ate. The

al i cycbbe Glm@rctxomuaa1epladaoestaemn@emeﬁeabeer for remov1ng sulfur-



15 by the fornmula (4) include isoners (cis and trans) with respefz HB t?e
"ester groups, and both isoners can be used as a lubricating oil re L™ 2003
refrigerators. (b2-5) Exanples of fatty acid polyol esters include ful
esters of a CZ to Co aliphatic polyhydric alcohol 20 having 2 to 6

hydr oxyl groups, and preferably C5 to o aliphatic polyhydric al cohols
having 2 to 6 hydroxyl groups, such as neopentyl glycol, trinethyl ol
propane, pentaerythritol, ditrinethylol propane, dipentaerythritol, or a
simlar neopentyl polyol, and a C3 to z straight- or 25 branched-chain
saturated fatty acid, ~ ~aa~ zo0$-47 Specific exanples of C3 to C22
strai ght- or branchedchain saturated fatg% aci ds serving as alco stituent
of such polSPAtagLidSs ety §&spPBi BRPEPARFES ~ROBERARLIE SRFFYTEBbut anoi ¢
aci d, n-pentanoic .acid, isopentanoic aci hexanoi ¢_acjd, n-heptanoic
aci d, isoh Rﬁqgtﬁﬁﬁ&}oﬁ %&F nSPcaQEPEgéﬁgegﬂﬁ héﬁaﬁgF%cg%Y%,for
3,5,5-trinmethyl .hexanqi ¢ _acid, n-nonanoj c_aci n-d } C i .
nundecanoi Eegév&.ngs @%eﬁgné\ygfnéc’nt n}?’éﬂ@ %%iosdpn%?/c igeﬁégcey ra?Igerrlrgeéjv()l?l n

i xtures of, Lyl o e (19u3pesi L SKANY eRophakatlauagidhpol yol esters

i ncl ude neéﬁ%ﬁiﬁl flyco ty~aci resters, such as neopentyl glycol

(n-but agoate)., eoentih, Hlarsq! n(hoohutangahels B8APER!KbrOhYGLLde

(n-pentanoate), neopentyl glyco i sopentanoate), neopentyl glyco

(n-pent anoghRy 1 i kR iRaPREMIM hutl BeakiGesohept anoate), neopentyl glycol (n
octanoate), neopentyl glycol (2-ethyl hexanoate), neopentyl glycol

(3,5, 5-trimet hyl kpendaiceexar@openbyl thkyadkotbannanaseéd)inneagentyl gl ycol
(n- but anoat e/ 2et hyl hexanoat e) m xed ester, neopentyl glycol 20

(1 sobut anoghe/iFieiatuildme ¥ madatie) matxedadsted, syapbhehiygl agbyrbénts,

(n- pent anoat e/ 2- et hyl hexanoat e) mi xed ester, neopentyl glycol

(i sopent ancataly 2-=etlpdivetadoateom, xedtévased adopénayl sylycal gel,

(n-hept anoat e/ 2- et hyl hexanoat e) m xed ester, neopentyl glycol

(i sohepPanadtld/ca 23 umimgl hexdivatey elR¥d espéitepeoPeangsiglyedlicia, 1 7
JUL Q003 _~8_ octanoate/2-et hyl hxanoate) m xed ester, neopentyl glycol

(2- et hyl hedimsemaceoyss carithe PRI RYLERGALEY LR xB8 ¥t LrasaR@Mfeopent yl

gl ycol (2-ethyl hexanoat e/ n-nonanoate) . m xed ester. Exapples of trinmethyl ol
pr opane fa@ﬁ}@%ﬂ%?!?qﬁq1%%¥¥%lPHcFﬁéBaPPFHEFﬁ§P5V ﬁYBgEﬁglfn-butanoate),

i hyl ol (i b . i hyl ol - ,
tr1 ot hyl oMYA B E ZABReey, SUPTRELS aropraaate! (ERAMLcY)
trimethylol,propane 'f_%%f}%@fa%ab@ uskll a&&h%&gg&gaﬂaﬁ.@gﬁt@ﬁgat e), 10

trimet hyl ol propane {(2Z-ethyl hexanoate), trine ropan

(3,5, 51511 nREY |fexaneateht t GhMBkBxuhe! oBr 8R8ReLLNsNQRRAN0gEEFerdbigEL hyl O
propane (n-butanoate/2ethyl hexanoate) m xed esters, trinethylol propane

(i sobut anoat &fs21@4 Iy hitaxanreake) v xed tast @hsorbtiBal hyi el d16f ptegane
(n- pent anoat e/ 2- et hyl hexanoate) m xed esters, trinethylol propane

(1 sopent ancaiteir?-ied yguaaigneaicemanded .esters, trinmethyl ol propane

(n- hept anoat e/ 2et hyl hexanoate) m xed esters, trinmethylol propane

(i sohept anoat e/ 2-Ratrttildvdeanigat en misted petréfiedt bynvshpgodbn@Oopriopede
(n-octanoat e/ 2- et hyl hexanoate) m xed esters, trinethylol Eropane

( 2- et hyl hexeatasaberd;s5 ssilieiahech firomx tbat groRPxeanessEing ahdacktiviated| ol
propane (2-ethyl hexanoat e/ n-ngnanoat e) m xed esters. Exanpl es_ of

pent ae? §t hrqardiorf a@driygted adumd sper §ilhcpudel2sapEhvatedt At 7Y ol

n- n n rythritol
(n-buta Oatzego’lie:eest,a?\ygrotatl%ite, non-sulfonic acid-based ion

exchange resins and synthetic hydrotalcites at room
temperature to 110°C, preferably room temperature to 90°C,
has the following properties a) through h) and are

25 especially suitable as lubricating oils for refrigerators.



11 J UL ZG-3 -49 (isobutanoate), pentaerythritol (n-pentanoate)
pentaerythritol (isopentanoate), pentaerythritol (nheptanoate), 17 JuL 2003
pentaerythritol (isoheptanoate), pentaerythritol (n-octanoate),
pentaerythritol (2 5 ethyl hexanoate), pentaerythritol (3,5,5
trimet hyl hexanoate), pentaerythritol (n-nonanoate), pentaerythritol
(n- but anoat e/ 2- et hyl hexanoate) m xed ( esters, pentaerythritol

(1 sobut anoat e/ 2- et hyl hexanoate) m xed esters, pentaerythritol
(n-pentonate/ 2 10 et hyl hexanoat e) nlxeq2§§ters pent aerythritol

(1 sopent onat e/ 2- et hyl hexanoate) m xed esters, pentaerythritol

(- hopt anoatef 2, 4 VAREXONEL Sl XS 1 oREILASEK L s 5

(1 sohept anoat e/ 2- et hyl heXanoat e esters ntaery

(n- oct anoat eﬁ@ﬂ S n P (o] 2

et hyl hexanog%e %ﬁ cg trient qﬁexn%ﬂa%ggb % xe é{s/lt%gr?%%f 3 %t ge%yt hritol
(2- et hyl hexghpat €14£h r@r@‘%cjzo H/B Xeth e RIS mﬁ@@ﬁéf‘é‘i&bl@f ae%hﬁer&at ty

acid esters are preferred SpeC|f| c exanpl es include néopentyl glycol

(i sobutanoatkin OeOPaRiEdHLYYCAl toitsopastanaaiBir BEORSHINbraEl Hcah
(i sohept anoate), neopentyl glycol (2-ethyl hexanoate), neopentyl glycol

(3,5, 5-i net hymdwow/ware)l nedepeit aglat€do achieve good hydrolytic

(1 sobut anoat e/ 2- et hyl hexanoate) m xed ester, 25 neopentyl glycol

(1 sopent anocata 2l ety | vniettamoiaiienalnineschl cbriokikh prefertyr.o J ester,
neopentyl glycol (isoheptanoate/2-ethylhexanoate) m xed ester, neopentyl
gl ycol (2-et hyl hexarfssh ez st rometuhfiateda et @oniendd asstef inedi avt hyl ol
propane (isobutanoate), trinethylol propane (isopentanoate), 5 trinethyl ol
propane (i sORETK2#M 9f the RUIRARY SFtaRmd S ZeSONPERERRAYane), more
trimethyl ol propane (3,5,5-trinethyl hexanoat e) trimethyl ol propane

(i sobut anoat®?® ¢ 'he@ﬂfaﬁ et éf?cr@r &hay IQEPIW‘I'OF‘nSr §Y&Re
tel 2-et thylol, 10
(1 soneAtandare? g%%ﬁ%w@a”" g%orrﬁ ﬁf&? apgn Bt §<F<a?m %%Bé%’ﬁa”e
(2- et hyl hex @égéé aShS tri rret hylth%xo 0 rpth 3%5 IS wi sg Xt hritol
u? y‘f?’n anoa a?‘ reeor

(i sobut anoa pentaer | sope aer y

(i sohept anogi @éﬁ@é&erxégémlégétlé?s |tgi?<% %att%)emﬁ gfgggggxghebtol

(3,5, 5-trinmet yI hexanoat aeryt sobut anoat hexanoat e)
m xed esterge PO SREYI hritol (isopentonate/2-ethyl hexanoate) m' xed esters,
pentaerythritol (isoheptanoate/?2ethyl hexanoate) m xed esters, and

pentaerythritol (e 2fhetpnddemanantss/s3 rademindneBibly! haxaoat ghlﬂhxed esters.

(b2-6) Exanpl es of other esters include carboxylic acid esters such as
est ers 16f dédeteEidf aiota Ny agenats® tdpat,efreffeatiigt adtambge) thad C3 to
C22 straight- or a
30 ppm, and even more preferably not more than 10 ppm. A
sulfur content of not greater than 50 ppm will readily
allow better hydrolytic stability and thermal stability to
be achieved.
20 d) The present esters recommendably have a
phosphorus content of not more than 50 ppm, preferably not
more than 30 ppm, and even more preferably not more than
10 ppm. A phosphorus content not greater than 50 ppm will
readily allow better hydrolytic stability and thermal

25 stability to be achieved.



branched-chain saturated or unsaturated aliphatic al cohol. 25 (b3), .

‘Pol yal k~rl ene g~lvrols 1 T JUL ~pp3 -51 Exanpl es of polyal kyl ené bl*}@ol@m
i ncl ude a ringopeni ng polymerization product (adduct) of ClL to C e al cohol
and CZ to C4 straight- or branched-chain al kyl ene oxi de. Exanpl es of

al kyl ene oxi des include ethylene oxide, 5 propylene oxide, and butyl ene

oxi de. Pol yners (adducts) obtained by using one of these, or copolyners
(co-adducts) obtained by using a m xture of two or nore can be used. Al so
usabl e are those wherein hydroxyl group, or groups at one or bot h ends

has/ have been etherified or esterified.” 10 The kinematic viscosity of the
pol ymer should be 5.0 to 1000 mz/s (40C an ef er abl .Q to 500 M2/ s
(300 " (hap Pol R S GUIRERDERR Fares TP BBR)GRRIP BeRE S PHOFoRE
conmpounds qbtai ned- hy .t he polynerizat] f vinyl er noners,, 1

Exanpl es ofvasﬁ% otrjrfon%orr%rmso |encti¥]tj—’l e rr%lgn@[ﬁ@i’n;\é e)gte %%’?Ye{‘% 8$Fﬁth%’?her,

i sopropyl W r, AN i ther, LS Vil t c- butyl
vi nyl et heré, q%(&el?%yl Avpﬁgﬁggﬁe{r}%hﬁ-gpgﬁtr;?tvﬁﬁ%%eﬁ hﬁeﬂr;%ll{ n§hr§%/?H&enyl

et her, 2- mefhox ety 1 Widduiat ReY anfd t&relAeKy 8bBY| hyhP¥ko2Bi et el .

Pol ymer s obtai ned by using one of these, or copol ynmers obtained by using
two or BOr &yrfkdfvibel USiathw Hea tdr @RRirSA WiieC a%hbyY 18 RoULHdbE18cPri 821000
m/s (40C), and preferably 5.0 to 800 m®2/s (40C) . (b5) Po7L~rphenyl
ethers 25 BxasgllatSinyf gadpgdiEad tf ber sichielede conpounds with 1 1 JJ! _
?0a3 -52 a structure in which two or nore aromatic rings are |inked by

et her bonds or t H)oetHeepdemeds &isters merampesdabbdyshaBpesi peeorkdapl es

i ncl ude bi s(m phenoxyphenyl) ether, nbis(m phenoxyphenoxy)benzene, and the
cor r espondival & tdfi gettherarq dihagalll.&d meadkber pyefrtably bat wereore oxygen
atons has/ have been repl aced by one or nore sul fur atonms. Sb6) Al kyl phenyl
et hers Exarglars Gf5 aragikphedybesekide| velugeof onpbugrrater iiath bd yphenyl

ethers are substituted with one or nore 10 C6 to C18 stra:_ight; or
br anchéf- cHReH kg KAl teiyd itcuizaay) taitky PegitprekPrrEthef5284bsEYt ut ed with

one or nore al kyl grqups. )i Silicone oils EXx es,.of silicone ojls
i ncl ude di et hy|y %’?Iﬁt‘%ﬁ&‘%"&n@ hf@cﬁﬁ’ﬂlﬁyaggh’i Eﬁﬁ@,aagaﬁg?i’y!as
| ong-chain _alkyl silicone, fl.uorosildcon d.sim.lar ified silicones.
Pre?erred c‘(f;g‘r%blenacfs"“ll o éqsdgeoiq%s?nA%’lﬁr?lg %fggg%%%nhf)?oﬂgggc%n%?ngt#bn base

oils, the 29 { cg(‘% i earp%éf%ct%rqf?g?l%c& ket ?E%BS?ME?:%”%%%&&;&I lity and

practical use: attyacid po esters c acid

esters (b2-Aiud ide Ind¥ it Hred BOXYhid1ackduest 8ASpebLed), (iV)
pol yvinyl ethers (b4 ) ,” (v) hydrocarbon oils (bl ) , and (vi ) 25

pol yal kgl enshedmeiolsdbd)ritRarticul arly recommended are ~l. f.i) fatty
aCxd dsCarbo~i xc aC pl Yol esters !b ethers fbgJ , xd esters (b2 q 2 ~J°
tiiiJ ali h) The hue of the present esters are recommendably

such that they have a Hazen number of not greater than 100,
preferably not greater than 50, and even more preferably
not greater than 30. A Hazen number of not greater than

20 100 will result in better thermal stability.

Pr r
Specific examples of present esters obtained in the
manner described above include at least one member

25 selected from the group consisting of i1sopropyl



The a fo J ~ and I xvJ pol cYC xC Vi sCOS tY on fi~en ti oned coaxy §@NI

refrigerator their owmn and a nation base o.i. oi.l rQs z s h Howe~ef~ 4%%
us s~ dependi ng on onetxnmes not us aye a high saturated branC a thereof in
co the type o f re f dbZe for of the fo~uZa h~~hain ax,~ ~xnaf~on w th
rxgerator. th Vj,gC~~tY o f t |.1J of the pres xYlic acid nonoa a

aliphatic xn order to he refrigerator ent invention ikYa ester den a

Pro~i ae refrxger oil to be read.aliows the C afor xiY a of or~ent'~nealL

~I natxoh f the oxis of varYin dusted rgiflgerator Qxaconb, ~nat xon base
present ester a g ~xsCOS~tY. o0.i.1 i tToi.l is nd the of g that as obtaxne
xs preferabl e used as t 2/ s sne . fat the refri
ref . A1% o?uTaWO%F? >&§9buq§iuﬁiﬂbq%?npét§ér SF&r PLY ggra toys on t
aommeded tha t CJ 20 ntent .nt nxn he xubrxCati ng
greater thalnsoqu%arn? loso()pp(:"ner%rl elsstoer%uﬁ:% For g’b’cgghg}%%m ~' and a s a

wa ter hYdro. a0, Liiate Oqs%@{atp\feg& LB aLeG o el ably, fatyand 1 Y11 C

st abxax t tXn n i'S not t he~ax st abxi leCtrxoaZ in g

oxi is exe szo dtdnoatat ﬁngnetgb&@.?{ep%@t T)X'lsto)f)u%émoate,. itodatyl ~Y~~

-54Add|t|ves The lubricating oi I" for rigerators according o t he present

inventign (Eﬁbﬂﬁﬁﬂéaétéﬂ |§%¥8nj¥“i§@$@ﬂéd6%t%5 53”@999d to i nprove the base
oi | perfornance such as anti oxi dants, netal deactlvators antiwear agents,

def oani ng agenHEEhyANKERYYN Gl HRRIRS SARt, -cSHekheddit hepsyay eiset
limted, provided that the intended effects are achieved. The follow ng are
specific exanmdmrsatdl @ighas icfoarnianexitdgntisouhdengt 2sbbdtaheatebut yl
p-cresol, 4,4 -methyl enebis-2,6-di-tert-butyl phenol or other such

phenol - basedrqvnnunhUsySquﬂaaqﬂteocd@phmhyﬂanuﬁebupapbaueocKykd|phenylanlne
or other such am ne-based conpounds, and phenothi azine or other such 15

sul fur- basé?ﬁ@@fﬁﬁod—rﬁfﬂouﬂm%y (awhe@ﬁyldams§b&rcene§ée,, tReherbylbe added,
for exanple, in an anmount of 0.01 to 5 w~, and preferably 0.1 to 2 wt~,
relat|9811%%?RPF%ﬂQﬁEﬁM%ﬂQMOQﬁﬂl) Eﬁ%ﬁH@%?qﬁﬁeweﬂQFneéﬁéflvators whi ch can

be used 20 jn ude benzotyiazol e-based and thi adi azol d conpounds.
Wien any suciPRREtRRCR Rict Q/ g)aﬂé o?ﬁéy d3rup e&a@i for exanple,

f 0.01 4 f | . Exanpl
of ant | wear: SOBHAPGISY o1 FIRE e S OPIRCreRy Y pROCRRAFD, 2or oyl
di pheny! h buty!
phosphat e RN sreatidiie, Lacky tsf‘lhe?rz%%Eéﬁgﬁﬁgéﬁé#spe3?%?258%11L' i
phosphat e, #ifuim} lhﬂl\%@?&ee,’ ﬂsrdde%%rlOEﬂneI%%Bﬁ%Eﬁoﬁﬂg Owéioﬁé'ﬁf'l _

phosphate esters,” as well as am e salts thereof. \Wen 5 any such antiwear

agentsiare m&@&hyﬁbuﬁar{&aﬁmam@ﬁt&at 2t—h@tawbm;ahbataof (bs 0.01 to 5
wt~, preferably 0.01 to 2 wt~, relative to the refrigerator oil. Liquid

silicones asthyllid:akl)e Defayilimtagenite, Wiemetthgdhephey) nay be added in an
amount of 0.0005 to 10 0.01 wt~ relative to the base oil. In order to
further i npratheylitheraredatand iposradivilt i2cmetthiyilbutthesateheisehonygérator oi
conposition of the present invention can also include at |east one epoxy
conpound sareigiwlbytammate gﬂr30@p mm@h@ﬂwlﬁ 2cmepthéhyragpgtedyl

et her - based epox ~ conpounds; 2) alky {Cldy| et her-based epoxy

conpounds: {3)6sliRe iyl wthartydd éﬁﬁ%ﬁ'@@ﬁﬁ&&ﬁ&§f 6§?dEPV}I§X|rane

corpou Bgs rr(e5 ehya]!b tla?rz(clwartaén,e 1Cs% n%‘é%%l %nga@wyiku (r:llola e, p?éypgggyf &’ nds;
2-methylbutancate, (n-butyl) 2-methylbutanoate, (n-pentyl)
2-methylbutanocate, (n-hexyl) 2-methylbutanocate, (n-heptyl)
2-methylbutanoate, (n-octyl) 2-methylbutancate, (n-nonyl)
2-methylbutancate, (n-decyl) 2-methylbutanoate, (n-

25 undecyl) 2-methylbutanoate, (n-dodecyl) 2-methylbutanocate,



(7) epoxidized fatty acid nonoesters; and (8) epoxidized vegetabl e 70i Jig. 2003
(1) Specific exanpl es of phenyl egC|dyI et her - based 25 epoxy conpounds

i ncl ude phenyl glycidyl ethers and al kyl "I ' 7J ~J L 2D03 -56 phenyl
glycidyl ethers. Herein, the alkyl phenyl glycidyl ethers include those
with 1 to 3 Cl to C13 al kyl groups, and preferably those with one C4 to Co
al kyl group, such as n-butyl phenyl glycidyl ether, i-butyl phenyl glycidyl 5
et her, sec-butyl phenyl glycidyl ether, tert-butyl phenyl glycidyl ether,
pentyl phenyl gl ycidyl ether, hexylpheny egC|dyI et her, heptyl phenyl

gl yci dyl et her, octylphenyl gl yci dyl et nonyl phenyl gl ycidyl ether, and
decyl Phenyl, Shates] Lot Ao fébéaf&éf?& Sl L
cthor, o et FyTRay P EY AR VAR e Bl Sy S BERRL Ry, ! &
Gl her, 1, 6 PR b1 2 ot STy ot e erlss??’?%ft?%{%ym “yl’gft%%g%%yé'rdy'

pol yal kyl engs %m&;ﬁi é@pglz'ré uﬁ;ﬂaﬁf o] yalkdteRa naloxeah digl yci dyl
ether, and the | ((3) Specific exaﬁﬁﬁes of glycggyl eg?er-based epoxy 20

Cormoun®s ag ehisean&PELs el Reh iyl 1he fhenBdtainkatdeli@dnonyt 2-JUL 20. 3
-57 0 ~ 0 R6" O (5) wherein R6 is a O to Cl18 hydrocarbon group. In the

af or enent i oaeldy Iodtaneatdip (3, B, T ttiome@ig Ihedragabethgilbupanbagapl es of
such hydrocarbon groups 5 include d to Cl18 alkyls, CZ to C18 al kenyls, C5
to C- cycl o2 k§tdimeFhylo- LIl Qradtiatlibdtsanoddet, 0 iGodeayyl 8- C- to C18
al kylaryls, and C, to C18 arylalkyls . O these, C5 to Cl5 al kyl s, Czto
C15 al keny¢tbylb¢#ﬁngate draburidaaptlp Rerpthyd byitamogtet, o (@SpPabkylLs 2dre
preferred ecific preferred exagg:es anong the egC|dyI est er - based
epoxy conpd%?k%ib?ﬁﬂﬁﬁﬂﬁ%ﬁ)&ﬂ?ﬁHtXE)Z yAUdeReRder e (ngPeRtay) Benzoate,

()" spd 1 retaptiirans el fraing %%a%m%"qeﬁlﬁ%ageftﬁip Gyatyr one
7 s BRI ol SO Lt 2 7. comeunc
ST N i e g
ethylbutancate, (n-dodecyl) 2-ethylbutanocate, isopropyl
2 ,3-dimethylbutanocate, isobutyl 2,3-dimethylbutanocate,

15 (sec-butyl) 2,3-dimethylbutancate, isopentyl 2,3-
dimethylbutanoate, cyclohexyl 2,3-dimethylbutanocate,
isoheptyl 2,3~dimethylbutancate, (2-ethylhexyl) 2,3-
dimethylbutanocate, (l-methylheptyl) 2,3-dimethylbutanoate,
isooctyl 2,3~dimethylbutanocate, isononyl 2,3-dimethyl-

20 butanoate, (3,5,5-trimethylhexyl) 2,3-dimethylbutanoate,
(2,6-dimethyl-4-heptyl) 2,3-dimethylbutancate, isodecyl
2,3-dimethylbutancate, isoundecyl 2,3-dimethylbutanoate,
{n-propyl) 2,3-dimethylbutanocate, (n-butyl) 2,3-dimethyl-
butanocate, (n-pentyl) 2,3-dimethylbutancate, (n-hexyl)

25 2 ,3-dimethylbutancate, (n-heptyl) 2,3-dimethylbutanoate,



20 epoxytridecane, 1, 2-epoxytetradecane, 1, 2-epoxypentadecane,

1, 2- epoxyhexadecane, 1, 2-epoxyheptadecane, 1,1, 2 1 TJ UL 208F -8A8. 2003
epoxyoct adecane, 2-epoxynonadecane, and 1, 2-epoxyi cosane. (6) Exanples of
alicyclic epoxy conpounds include conpounds in which the alicyclic ring is
formed directly by the carbon atons form ng the epoxy groups, such as 5
conpounds represented by the fornula (6) below. 1 | ~o Exanples of
alicyclic epoxy conpounds include epoxy conmpounds having C3 to do
alicyclic alkyl. Specific 20 exanpl es bﬂflude 1, 2- epoxycycl ohexane, 1,2
epoxycyclopentane

b1 5(3. dopoxy Ohe%ﬁé";%l ?Aﬁ?ﬂ%ﬁé&eﬁ%& o SRSEERER N6y tor nane,
g;;é?cscﬁgfgﬁﬂé%ﬁqigﬁ& Ct?/g fy§ g%gﬁgﬁgtgylgutanoate, (n-

[ 7] oxabi cy 4 0] t | epox
epoxy-2-ne§L‘4(?éﬂoﬁgggﬁggét 31%$tag%gQ%Hyﬁg Xlgagg%lycyélaohexane (7)
Specific e oxi;di tby er e esters
of an epoxi | é%é“%%ﬁggg f1@o£§@p§§ 2 m@%hQCEgnﬁgﬂgsg%ld§%%§&g§%1 to C8
al cohol g F”Eﬂﬁétﬂylﬁaﬁﬁ%dﬁﬂt%heQ%Ec B@E&ﬂ@UbahE¥h9Q§éﬁ€Qh8a€éanp|eS i ncl ude
butyl, hexyl, benzyl, cyclohéxyl, methoxyethyl, ., pheny[ and

butyl pheny|isiﬁié?{t§/10f2—&mmbéﬂltbﬁoa@ed c§cﬂ.8)1e§9EC2f—l c exanpl es of
epoxi di zed vegetable oils include epoxy conmpounds of soybean oil, |inseed

oi |, and caoidtindeentteincatd, t heskeppPeky2 anatioyilsientaieites y e@f or i nprovi ng
thermal and hydrolytic stability include the phenyl 10 glycidyl ether-based
epoxy conp@iige heixiyd )gl2ymiedhly lpehernbased dpomptbyihpephus) 2he alicyclic
epoxy conpounds, and the epoxidized fatty acid nonoesters. The gl ycidyl
esterbasedI@%@%@F@@ﬁ@@@ﬁ@@,aﬁ§°pﬁéYélPCV@Khylﬁsnﬂyneéhﬁauhﬁ@ngmﬁle%peciaIIy
preferred. 15 Wen such epoxy conpounds are bl ended with the refrigerator
oi | coffosiatdiylsentaadgitesedt PnvektitathyhBerblng -Methvt ~particul arly
limted, but |t IS usuall desirable that th po onpound i s blended in
such an amBfttaR3 ec'hézcénfjéﬁ‘ﬁtf‘ﬁér éogeﬁtwﬁ é %h yggnEa%gge, 20 nore

f bly .0.2 2. d h | f
01 compos HORIF R ePar BYIBPRE e, AHBURACOY L Ao BLRE BT ERherEaT the
ddi t ded) h h d d 25
addi ti ves agde le§urse Q%gqggégggggtg ogph ?ﬁﬂ%l?o oun s and epoxy

conmpounds can, I'n cotbi'nat’ o
methylpentanocate, (n-pentyl) 2—methylpentanoate, (n-hexyl)

15 2-methylpentanocate, (n-heptyl) 2-methylpentancate, (n-
octyl) 2-methylpentanoate, (n-nonyl) 2-methylpentanoate,
(n-decyl) 2-methylpentancate, (n-undecyl) 2-
methylpentanoate, (n-dodecyl) 2-methylpentanoate,
isopropyl 2-methylhexanoate, isobutyl 2-methylhexanoate,

20 (sec-butyl) 2-methylhexanocate, isopentyl 2-methylhexanoate,
cyclohexyl 2-methylhexanocate, isoheptyl 2-methylhexanoate,
(2-ethylhexyl) 2-methylhexanoate, (l-methylheptyl) 2-
methylhexanoate, isooctyl 2-methylhexanoate, isononyl 2-
methylhexanoate, {(3,5,5-trimethylhexyl) 2-methylhexanoate,

25 (2,6-dimethyl-4-heptyl) 2-methylhexancate, isodecyl 2-



17JUIl_ 203 6n_or nore. Method for producingr |ubricatin~~ oill ffalL 2003
refrigerators accarding~ to the present invention 5 The lubricating oil for
refrigerators according to the present invention can be produced using the
esters represented by the fornmula (1) above on their own or by m xi ng such
esters with the aforenmentioned conbi nation 10 base oils, and if desired,
uniformy mxing the aforenentioned additives. The process for producing

the aforenentioned |ubricating oil for refrigerators may include

dehydration treatnent of the Iubricattg%_oil. Such a dehydration 15
treatment may be perforned at any point "before or after the conbination

b il i : int bef t t he additi

di S50l ved. TRHAEBRaEa1 BECERRPPEY GuReChsI MERARBFES. by TYESRYTY t he
Iubricatin%_pgtﬁfq 2.1.9.10 Qg%r% SS [di@gr¥horargd ced ressure, 20
preferably at & reduced pre§sdre or¥0! 15 ¥Pa Yo 66 6 a; 5. B erature

a0 11 OMEAROEHREL A © (0nd30%) e DhEROR AL B fiend

refrigerators a water cont of no

not nore tBakA% APTxaRbs th, ef(RLbEEy1Pes ansenl IRYx2hEa BX Cel#MorRpL) N -
hydrol ytic stability, electrical inSulating properties, ~ 7 .U ~ zoos -61

and t heg mla -sdealiyiekanBake, 0QhatBEG1) Nowhkehyl Bexhibs &AL g of | for

refrigerators according to the present invention is used 5 The | ubricating
oi | for relndesaorsmeet9iderénbatbhe (A-a6a8kyl NVRAh By Diddkdreodteed as

| ubricating oil for refrigerators using various types of refrigerants.
Exanpl es ofi ssppalopyafl ci-gehglpbentbnbheee iebbugel alosthyilpémicdnustecdiydr ocar bon
refrigerants, hal ogen-containing hydrocarbon refrigerants, perfluoroethers
and si nm | ar(searbudytlhe-ethylpen&aheatdi nesbpentyhe? ~abhly gren tanocate,
fluorine-free ether refrigerants, carbon di oxide, ammonia, or the |ike, as
wel | as mi evglehepivdr éothydrppenepptt  exbsphertwlf Analihvdaapdanogtei ger ant s
are those which is_in the state_of gas at a tenperature of 25C and at a

pressut® of(2rethwlhexyd) f FcebhyhbrBEapraefade (EmebhyeRt hbr&terably Cl1 to

| kan I | kan | ken her h r r
G4, alka e%%h%&%e% an%a ZZ gsogcgilaggegﬁyfpegggnoggéy f%éﬁ%é&l 2-

ethylpentanocate, (3,5,5-trimethylhexyl) 2-ethylpentancate,
(2,6~-dimethyl-4-heptyl) 2-ethylpentanoate, isodecyl 2-
ethylpentanocate, isoundecyl 2-ethylpentanocate, (n-propyl)
15 2-ethylpentanocate, (n-butyl) 2-ethylpentancate, (n-pentyl)
2-ethylpentanocate, (n-hexyl) 2-ethylpentancate, (n-heptyl)
2-ethylpentanoate, (n-octyl) 2-ethylpentancate, (n-nonyl)
2-ethylpentanocate, (n-decyl) Z2-ethylpentanocate, (n-
undecyl) 2-ethylpentanocate, (n-dodecyl) 2-ethylpentanoate,
20 isopropyl 2,4-dimethylpentancate, isobutyl 2,4-
dimethylpentanocate, (sec-butyl) 2,4-dimethylpentanocate,
isopentyl 2,4-dimethylpentanocate, cyclohexyl 2,4-
dimethylpentanocate, isoheptyl 2,4-dimethylpentanocate, (2-
ethylhexyl) 2,4-dimethylpentancate, (l-methylheptyl) 2,4-

25 dimethylpentanoate, isooctyl 2,4-dimethylpentanoate,



20 unsaturated hydrocarbons, al kyl ethers and other such ether H 03
‘bond- cont ai ni ng hydrocarbons, and m xtures thereof. Mre speC|f|c exa gg

i ncl ude net hane, ethylene, ethane, propyl ene, propane, cycl opropane,

but ane, isobutane, cycl obutane, nethylcycl opropane, or m xtures of two or
25 nore of these. "I i ~1il L ~pp3 -62 Exanpl es of hal ogen-cont ai ni ng
hydr ocarbon refrigerants include hydrofl uorocarbon, hydrochl orofl uorocarbon
and ot her such fluorine-containing hydrocarbon refrigerants,

hydrochl orocarbons and simlar fluorinesfree 5 hydrocarbon refrigerants.
These regrigerants may be used either singly or i n conmbinati on. Anong the

above refri.gerant ast o e nber sel fromt onsi sting
of hydrocar 6%“?Eﬁnge% SﬁgﬁtSOn ﬁg£ﬁ§ﬂ?g§§?éﬁﬁ s 10
preferred o) rot.ectin the zone | ay d oga erants or
hydrofluorégégﬁgn rg?rlgeran sthe ?e%o% meEX ? gn%%égxéf 1 to C3,

articul arly e t preferred.
Exanples oflﬁg%jég1uoroca%bod #§¥? anfé ?%@?@égﬂ%éng%ﬁ?gPég ppreferably
Cl to C2, 0GA, 8R4 n I i-j L uor omet hane
(HFC- 32) , %ﬁdﬁ#e?ﬁéﬁgl?ﬁm %bklt%e%gglp ugrﬁogflel ﬁ%ﬁg?(%ﬁ% 125),

1,1, 2, 25t etdiaid trr19inanRaldd; C-(h3bhtyl) 1.9_J,Azaehéeﬁ¥mpéﬂe£1heaee( HRe= 134a)
1,1, 1-trifluorethane (HFC 20 143a), 1,1-difluoroethane (HFC 152a) and ot her
such HFC r gfaritganarg s -dimdthytipettaabate) qnh-Hekxglpf2f{hese. Such
refrigerants may be selected as desired according to the intended

appl i cat i ordione thadunerdthnpartieqgr arbeptiil ¢f 2, dedimeshplpentanbate, HEG- 32

al one; HFC- 23 al one; HFC- 134a 25 al one; HFC 125 al one; HFC-134a/ HFC-32 = 60
to 80 nmass<9ayl) ‘2, 4d-dingthylred3anedtee 20-masyy) nxédres; HFC 32/ HFC- 125
= 40 to 70 nmass~/60 to 30 massy m xtures; HFC- 125/ HFC- 143a = 40 to 60
mass~/ 60 t slidethdpenhanoqtes: (AFCee3dd/ RFé-dempyipgntagoate, (n-

mass~/ 30mass~/ 10 nmassy m Xt ure; HFC-134a/HFC—32/HFC—125 =- 540 to 70
mass~/ 18 t SNSEGs 24 Wi meShya e taneates (nafaderel N 23/ 4FC. 134a/ HEC- 143a

t h§?et s o RO HeRE SRR fﬁfqéé‘éggtr%py e Th ekt e g BBRRL 3L Y

60/ 40 F 2/ HEC- 1 045 4 ;

PC a2/ R oAt Enetlo el (SSeieRei ] R BRSKO LY WSS sy
R 4

ﬁ‘pét 30/ H(Fc:@llz%Q Fl?:’-F o i@{ o ez‘s%gggﬁﬁs% %tg E‘?‘%“?&%?%?y {Bctedizn

HFC- 32/ HFColeaiifelddioat e25/(é5/e@9¥ma§y1m étaﬁeyiBéQZE%at > fnd

HFC- 125/ HFC- 134a/ HFC- 143a = 44/ 4/ masses m xture (R404A) . HFC 134a,

RA04A, 1 RAOHatHARER i1 B4E@AvahexRabhiteY| aEbY¥ct QL oPTBaN@hekXRoRtEs Of
refrigerators in which the refrigerator 20 oil of the present invention is
usabl e i nclisencaiytloPpiad therlhiexacondet, | Bebs5-tobmethylsendl) i ®ners, air
conditioners for packages, dehum difiers, refrigerator freezers, automatic
vendi ng mactihwhexagiositger dle§-dimplthylcdsheptvil eAoethyleéxaneate ors, and
cooling units in chemcal 25 plants. Partlcularlg preferred are

ref ri ger at disPdesidg Znethylhexanocate, isoundecyl 2-ethylhexanocate,

(n-propyl) 2-ethylhexanoate, (n-butyl) 2-ethylhexanoate,

20 (n-pentyl) 2-ethylhexanoate, (n-hexyl) 2-ethylhexanocate,
(n-heptyl) 2-ethylhexanocate, (n-octyl) 2-ethylhexanoate,
(n-nonyl) 2-ethylhexanoate, (n-decyl) 2-ethylhexanocate,
{n-undecyl) 2-ethylhexanocate, (n-dodecyl) 2-ethylhexanoate,
isopropyl 2-methylheptanocate, isobutyl 2-methylheptanoate,

25 (sec-butyl) 2-methylheptanocate, isopentyl 2-



1r J U~ Q03 -64 | east one nenber selected fromthe group consi %jn%rof
t he af orenenti oned hydrocarbon refrigerants and hal ogen containinz JUL 2003
hydrocarbon refrigerants. Morre preferably, refrigerators using the

af orenmenti oned hydrofl uorocarbon 5 refrigerants are reconmended. Working f
uid conposition for refri~~erators The present invention is also intended
to provide a 10 working fluid conposition for refrigerators conprising the

| ubricating oil for refrigerators according to the present invention and a
refrigerant as described above. That isy,researches by the inventors
reveal ed that the lubricating oil for refrigerators according to the 15

t ' h 1
i e T e e T e R L e
hyd b t
per 11 uor oot Rel ™ ST BERGR™F1 001 gk Fer Tal T g ant . B0 et I g ner and
other such fLUQVRExEGES fﬂ$§{h§fﬁé§ﬁgﬁégﬁé¥ iy hon,dizaxi de, amoni a, and

simlar refrigerants,” especiall | east one such refrigerant sel ected

fromthe grQuphgORe %ﬁéhwt@f ié@n&{ﬂ STERY ARk S0 bors G-
hal ogen-cont ai ni ng ydrocarbon 25 refrigerants espeC|aIIy

hydr of | Wwor oe2i6eBhyEhEX PRy g thylHeptanbdid, 2QD3F ~ditmd thyias -t hus

di scovered that a m xture of (I) the lubricating oil for refrigerators
accordi ng tbephel pr2zgeathyivaptamseteed {dddeayl ef-magdndifeptamciatas t he
af orenenti oned hydrocarbon refrigerant, hal ogen-containing 5 hydrocarbon
ref ri ger ant i spenfiécpt c2thethyhieptanrate uotroatmryllefd+ gerant, di net hyl
et her and other such fluorine-free ether refrigerant, carbon di oxide,
ammoni a, an@ethylheptareatger tmtbusbedare shthentanoadivo rl@Hegdvant

selected fromthe grou con5|st|n of the 10 aforenenti oned hydrocar bon and
hal ogen- con?aFﬂFﬂ@gﬁﬁﬂg eRERNn st ?fﬁ%kﬂﬁ?@??ﬁ%ﬁhﬁﬁﬂ%ﬁPQFfﬁr f-uor ocar bon

pr esent § nvikeFEh o die BeeteRang ”“*r?w{é)%wéﬁ%a%era SRS, (1)
an allphat|?n§g£H§ %9— (Hhékégﬁg Car QJ 2—methylheptanoate,
(n-undecyl) 2-methylheptanocate, (n-dodecyl) 2-
methylheptanocate, isopropyl 2-propylpentancate, isobutyl

2-propylpentanoate, (sec-butyl) Z-propylpentanocate,

15 isopentyl 2-propylpentancate, cyclohexyl 2-
propylpentancate, isoheptyl 2-propylpentancate, (2-
ethylhexyl) 2-propylpentancate, (l-methylheptyl) 2-
propylpentanocate, isooctyl 2-propylpentanocate, isononyl 2-
propylpentancate, (3,5,5-trimethylhexyl) 2-

20 propylpentanocate, (2,6~dimethyl~4-heptyl) 2-
propylpentanocate, isodecyl 2-propylpentanoate, isoundecyl
2-propylpentanoate, (n-propyl) 2-propylpentancate, (n-
butyl) 2-propylpentancate, (n-pentyl) 2-propylpentancate,
(n-hexyl) 2-propylpentanocate, (n-heptyl) 2-

25 propylpentanocate, (n-octyl) Z2-propylpentancate, (n-nonyl)



aci d nonoal kyl ester represented by the fornula (1), and (Il) a . i
refrigerant, such as the aforenentioned 20 hydrocarbon refrigeraﬂtf JUL 2003
hal ogen- cont ai ni ng hydrocarbon refrigerant, perfluoroether and ot her
fluoroether refrigerant, dinethyl ether and other such fluorinefree ether
refrigerant, carbon dioxide, amonia, and simlar refrigerant; particularly
at |l east one 25 refrigerant selected fromthe group consisting of the 17
,JJL 2U03 -66 aforenenti oned hydrocarbon and hal ogen-cont ai ni ng hydrocar bon
refrigerants (especially hydrofluorocarbon refrigerants). The ratio of the
af orenenti oned conponent (1) to 5 conponent (I1) is generally (1):(I1l) -

1:99 to 85:15 referably 2:98 1o 80: 2Q, wei ght . . The present invention
al so provi d%ép]ég ilk?‘h‘ga‘?%"r%' c{fﬁ)cgesﬂagoréo%orrﬁ?ﬁq‘ﬁeﬁ&anﬂa)%e(’a) "at 1east one
aliphatic s r at r.anc chai,n caybo i cid nonoal kyl ester

r epr esent edgﬁée%%gpf%r%ﬁp I?Lejlh,q;aanno%’lt?%') %g} Cf%}/ec{aesct%[lgnezdmerrber selected from
the group c I St i) ti ]§%£§ agl I S, sbbikvhhe_phthalic
acid ester SI?P?#?%%&?%%?L%&%'I ilcycél I car%g%%agggﬁstlgﬁgy ?v? t he

pol yvi nyl eél?ﬁ?ﬁoc&é{ﬂoét?@, hyskagarhon o lscnddidnoatRe Relyahkyhepe
glycols, and (11) a refrigerant, such as the aforenentioned hydrocarbon
ref ri gersant o t Rl 688 60FE Al & EID DY F-QOPUE HRIJARET alkoh§BEYL UpE Oet her
and ot her fluoroether refrigerant, dinmethyl ether and other suc

fl uori ne-freehpglbetanied te ge(ardthyldidig )diZd sl crtamiate ,and -si m | ar
refrigerant, particularly at |east one refrigerant selected 25 fromthe
group consimsé¢thglivépthnke) -ostenEddteneshte ~ isqgdetyl 2-200%1ogEahpditecar bon

and hal ogen-cont ai ni ng hydrocarbon refrigerants (especially
hydr of | uor otaphonyl e? r¢ thylontagnoatee, r&d /% oftrioeidydinexyla) 2to (b) in

conponent (Ig 5 above is, for exanple, (a):(b) - 0.5:99.5 to 99.5:0.5,
pref erabl y e&yylogEgnoate g5(3 Sohimet Presftaradbldy ety loctepoates: 85 to
85: 15, by weight. The ratio of conmponent (1) tqQ conponent (Ilg Ls general ly

(1): (1150 - isedeeyl gd-9vipehanoafs, Lsanaedd: 2oty lnstgreat

(n-propyl) 2-ethyloctanoate, (n-butyl) 2-ethyloctanoate,
(n-pentyl) 2-ethyloctanoate, (n-hexyl) Z2-ethyloctanocate,
(n-heptyl) 2-ethyloctanoate, (n-octyl) 2-ethyloctanoate,
(n-nonyl) 2-ethyloctanocate, (n-decyl) 2-ethyloctanocate,

15 (n—-undecyl) 2-ethyloctanocate, (n-dodecyl) 2-ethyloctanoate,
isopropyl 2-methylnonanocate, isobutyl 2-methylnonanocate,
(sec-butyl) 2-methylnonanocate, isopentyl 2-methylnonanoate,
cyclohexyl 2-methylnonanoate, isoheptyl 2-methylnonanoate,
(2-ethylhexyl) 2-methylnonanoate, (l-methylheptyl) 2-

20 methylnonanoate, isococtyl 2-methylnonancate, isononyl 2-
methylnonanocate, (3,5,5-trimethylhexyl) 2-methylnonanocate,
(2,6-dimethyl-4-heptyl) 2-methylnonancate, isodecyl 2-
methylnonanoate, isoundecyl 2-methylnonanocate, {(n-propyl)
2-methylnonanoate, (n-butyl) 2-methylnonanocate, (n-pentyl)

25 2-methylnonanocate, (n-hexyl) 2-methylnonanocate, (n-heptyl)



10 When such a m xture is used as working fluid, an advantage is tqa?t jﬂe,,
lTubricating oil of the present invention will be m scible over a w'de 2003
tenperature range, fromlow to elevated tenperatures, with refrigerants

such as the aforenenti oned hydrocarbon refrigerants, hal ogen 15 contai ni ng
hydr ocarbon refrigerants, perfluoroether and other fl uoroether

refrigerants, dinmethyl ether and other such fluorine-free ether

refrigerants, carbon dioxide, ammonia, and simlar refrigerants,

particularly at |east one refrigerant _sg%_ect ed fromthe group consisting of
the 20 af orenmenti oned hydrocarbon and hal ogen-contai ni ng hydrocar bon

refrigerant especi al | dr of | uor,ocarhon refrigerants). The working fluid
is less |i k%Trée%gylg%%aéqlopaﬂges’e éb‘&?%ﬁgo%_meti‘.ylp%ﬂ.anf - 68 REPHS for

| ubricating,refrigrerators The, | ubricati il -of th resent invention can
be used to%ﬂ?ﬁ‘?ﬁ#%ﬂ%&o $or e‘%—ﬁ% gld%]‘?}“p‘?g%‘yc}?‘%ar“ef"‘%eger dtors. Fi gure 1
is a sche I L agr.ar C i tQr. frj_gerator is conposed
primri l y”‘é%ﬂ%e&ﬁ%é&eﬁéh@%%oaﬁn eaﬁéé’e’r q%{&e péir?m 0 lS/a ve 3, evaporator 4,

and tubing b, Gld gk dde various conponents. A dryer 10 (not shown) may

al so be included as needed. The nethod for lubricating refrigerators is

described bel ow irhdhd ot &icird Qe da § IRichMndadied id Ry dkobleuor ocar bon
refrigerant, but the method for lubricating refrigerators using other

refrigerantiSetted h@sdé Doty ddibiSar®, ahdVQIdidly nidtald coriipesiohi on
conprising the lubricating oil of the present invention and a

hydr of | uor geesheanty edre giyr &bt Ci S sitrhigtitteetiaint ort beanohpdeskainl of the
refrigerator. At this point, the 20 working fluid conposition may be used
in an anourallefX ezttems far GQpévaCh mycehmlefl iggareatsorof 121 general , the
anount may be determ ned in accordance with the perfornmance required of the
ref ri ger at cethyreexanaine et igbplsusdt iash i sapyorylf @ethythexamoate, of the

wor Ki n%DZS fluid co[réjosi tion can be suitably selected in accordance 1f

L33 L10(~gpsolutyt iRrehdhaaannt e (Srssbuialing -etiviEeKaseRte i n the
passed t hr CEPPEHETE b H e PEARHRATE 5 Borhesya b AP BRRABORESY | quet i ed
by the condenser 2 1d_i,s jquided t.hrough the.expansign valve 3 to the
evapor at or sz’:&’vﬁ%‘f%lt eetfré%l%}egxearné)r?ttel’s aﬁ&ﬂyilz.‘gp’?@je fect heat exchange
t hrough t he thi i _ frigerator oil
remains in ?%{e}; coér}gérrgcgas%?’ ﬁl %%@%ﬁtyﬁ%%fﬁ‘ﬁl@%‘% S%trgéf rigerant is

present as P% &éyfdzié\%ﬁ@%éﬁr{aagﬂ,ati%rorm&yl @ﬂétﬂglm&anegfttei,gerat or
ma I

cycle, as anmount o he refrigerator oi'l circulates in the device
al ong wist h {4es [l ¢4 GRE @R 1 hebRAL )C PR AN xhrdaltest r@t, ed diteenyys -2 -

conpr essor

heptyl) 2-ethylhexanocate, isodecyl 2-ethylhexanoate,
isoundecyl 2-ethylhexanocate, {(n-propyl) 2-ethylhexanoate,
(n-butyl) 2-ethylhexanoate, (n-pentyl) 2-ethylhexanocate,
(n-hexyl) 2-ethylhexanocate, (n-heptyl) Z2-ethylhexanoate,

20 (n-octyl) 2-ethylhexanocate, (n-nonyl) 2-ethylhexanocate,
(n-decyl) 2-ethylhexanoate, (n-undecyl) 2-ethylhexanoate,
(n-dodecyl) 2-ethylhexanoate and the like.

Further, among such 2-ethylhexanocate esters, 1t is

recommended, in view of excellent refrigerant miscibility

25 and electrical insulating properties, to use at least one



15 with an open, sem -open, or hernetic conpressor, depending on the nethod
by which the conpression parts and the notor driving them are ajdentiile@))3
Due to differences in the conpression nmethod, there are refrigerators with
reciprocal, rotary, scroll or screw conpressors, as well 20 as
refrigerators with centrifugal conpressors, but any of them can be used.
The lubricating oil of the present invention results in better operation of
the conpressor 1 because of good miscibility between the lubricating oil of
the present 25 invention and the hydrofddiorocarbon in the conpressor 1. ~
r ~~ ~_zo0~~ Since the working fluid conposition is less likely to cause

h o t icat] i] is |ess.likel localjze i

Ot her ¢ non THISD, dttect R0 el dedd BB elniRol s 1gChRPbET £he o
: . o e o B

present 1ny ﬂ?%%‘{%?ﬁq%u%g{}@ 36—'&*%{1%{%‘:4@%@” (FBUSLHL17TE

increase in SO t ess corrosion I's ountered in

the COMDI e550ty Tho RIS e oo SHARNS LR YR YRadnoBLARONAL ALy §1 oLUDI NG S

connecting such parts. At' the same tinme, t ubricating ol he present

10 inventi Qb fipshd 0¥ 88 0Sidohedt8adi2NG they 1heSEn@AREYY (Ragenhgshaxyepul t of
friction during the operation of the refrigerator. The working fluid
conposi i ornp-ad g8y ascdetd i1 -methhyathiepdyd) opeklthed hedBob RS Sserves as an
insulating oil to prevent |eakage in the conpressor nmotors 15 of
refriger at af sodrety I R -hetthiEiHexamioatiyl -ilkensailyilc 2cethytheatfoalki ng the oi
of the invention especially desirable for use in refrigerators with
hermeti c cotPriessorsimétlaifiesyldf Lethyddegandaitec| 8e6cdimbithirlpdessure 20
cont ai ner conpressors, in which a hernetic container hol ding the
ref ri ger at dreRiYl hdArsthyl haxanoatenpdisodsgyd Poeshyidhexsnaase, androt ati ng
shaft fixed to the rotor, and a conpressor device connected to the notor
vi a the rotiElyrRfedal t2 i iaxgnogitessure refrigerant gas 25 di scharged
fromthe conpressqQr device is held in the . - ~' ~. 7003 -~1 hernetic
cont ai lllgl‘; and (2'1)%? &7 s af e‘—%&mr&%&t AONEPEL 8 SecPMMGRARRLIY herneti ¢
cont ai ner oIdigg the refrigeratar_oil ng?@ﬁ a notor _conprising a rotor
af? é

and stator,*&'% SHA FivadY Sft ot & SRR d°5Sconpresser devi ce
connect ed tﬁréf@rcﬁﬁs)léﬁrlé’l'oaz tpe ch]raﬂor}% shai4 m%%% r@'f%@a%?%sikiﬁé“

refrigerant” gas arged from the congressor vice 1S ect

di schar ged @iy Qfr b8 d1eT KeLbEuRANEBLISE vy A0e | 1Sl 2ty {6 Tys@hYi ng as

a material 1n the 10 electrical 1 nsulation systemof the notor, preferably

usabl e are gd ydad l1iN@ IR} a8 ireultTE NWigbBda edbassibadnshtheatpagnt of 50C
or higher, specifically an insulating filmmde of at |east one nenber

sel ect ed frBgdeciggOuUp consi sting of pol yethyl ene terephthal ate, 15

pol ybutyl ene terephthal ate, polyphenyl ene sulfide, polyether ether ketone,
pol yet hyl ene napiRtefietanlypolthaneddiari o€ &he pokgpentdénventaononposite film
conprising a filmwith a |low glass transition tenperature covered by a
resin | ayersepartatmedsiffer mfasganaatsiti enteédpeeaperat afelOt@cause of | ower
susceptibility to loss of tensile strength or electrical insulating
properti es.lowrr naprttigularlys &3Ci art hewadt ornd seyerfreekd | prefeuaklwi t h an
enanel having a glass transition tenperature of 120C or higher, such as a
single | ayetl®F p&l y8¥€& pol yester 25 inide, pol yam de or pol yani dei mi de,
or an anel coatj.n 1rJ t -72 conprising, a conpesite coating
composel of a I ol |S8E S A5 e BRePaEs SVRRLEPPORSYBnBerLPerathad an
upper layer._with .a hi l,ass transition erature. .Ex | es enanel
W res coat evdlﬁfﬁcfsr%at c%](;eozirrsgct):s()l tslé:’ %na?? nag‘]ti%cﬁgé’%#eﬁ@?élyhgg?’ngoagbol yest er
i mde Iomenvkzgegtaggo@ pol yam dei m de upper | ayer (AI/El), and those
havi ng a polyéstéer lower |ayer and a pol yani dei ni de upper |ayer (Al/PE) .
The dessicant to Mg g&sRGdIN Hxodivg the Beeker abl ¥140a8egynthetic zeolite
conprising a silicate and alumnate alkali netal conplex salt with a pore
di anet er oftdilerftirddidh Ihd PradénaeCofbaatdiroxi e gasudbsonption
capacity of not nore than 1.0~ at a carbon di oxide partial pressure of 250
mHg ab 525@edopm il to cex dliftiee S hien eowdte s¥bn8ingHedBboxylic acid and



15 XH 11, and XH 600, manufactured by Uni on Showa. PREFERRED MODE 1FORJUL 2003
‘CARRYI NG QUT THE | NVENTI ON Exanpl es of preferred enbodi nents of the 20
refrigerator oil of the present invention are given below refrigerator

oi |l containing (2-ethyl hexyl) 2ethyl hexanoate, refrigerator oil containing
(i sononyl) 2-ethyl hexanoate, refrigerator oil containing
(3,5,5-trinethyl hexyl) 225 et hyl hexanoat e, 1?JL1L 2r~~ -73
refrigerator oil containing (3,5,5-trinmethyl hexyl) 2ethyl butanoate,
refrigerator oil containing (2-ethyl hexyl) Z2ethyl hexanoate and (n-dodecyl)
2-et hyl hexanoate, 5 refrigerator oil containing (2-ethylhexyl) 2

hyl h d . C18 f Ld. tri f ' hyl of ,
ref'1 gor at GG Fontd APl Pane Ry nERGT 55T Pyt HESRREA B ORe R €3 1o G e

fatty acid tetraester .aer [ ref.ri aj.gr Qi t ai ni ng
(2- et hyl hexdS %ﬁ%&a%ﬁg%&% éteg‘?’e%%%ufgscféhggéyw) £BLpErsh )

cycl ohexen 2= di I:G aciG I t ormol | i

(2- et hyl he%%l@djl‘g%et y E{et;il'ao?llo<'§1:§t%e cgng’frglsg?&%@ %‘]gé (ﬁ’é‘%ﬁ%}? c?Qest er of 1,
2 cycl ohexapedicanbend i1eBlighratcs! Khdekal AfqRkl reeldl e Rhnenb2- et hyl hexyl)
2et hyl hexanoate and a di (C3°to C18 alkyl) es?er of phthalic acid, 20
refrigesat Qiytdl vy IMithe (Eterdskirviaghykhexyl 1 uBrethyl hyt appate and a
di (C3 to C18 alkyl ) ester of 1, 2 cyclohexanedicarboxylic acid. Exanples
of preferrert edpatbisEidcsreaf thiae wihkimag fherdasenpasitheofo@hlt Aeifr esent
invention are given below. 25 The proportions of the conponents of the
wor ki ng fl nmwnber- f611lbwi-nd h2E33 toedgtoenti offi &he ebtesame asdigatieesecti on
entitled "Wrking fluid conposition for refrigerators.” working fluid
conposi ti orf comptigdsey (dayishexpnd higbhelyshakahdsve dftte™HFC- 134a, 5
wor king fluid conpositions containing (isononyl) Zethxlhexanoate and

HFC- 134a, oemRasrs fnuithicomsddiod opelyeht gshPrRg FBishserpnkehyFadxyl )

2- et hyl hexanoate and HFCG-134a, working fluid co osit;ons cant ai_ni ng

(3,5,5190 (3% MERHYIRSBAD Y FAGHHORTPEREaL DEAGAHERI1844S SHEFRF nETPRUI d
2ot hy| hex SRR At B3t ATotReR) PO CoRBBe: BFAESEoal W ng
(2-ethyl hoxyl ) 2t 0aben BiUCLITSHIKLGLA" 9pagoCsto Gl fatty acid

15 triester an conpositi ons cont ar ni ng

(2-et hyl hexyl] QXl%gﬂﬁﬁ&%%%e AuRenbAgLvEaEL! 8brEdsi8nCL8 hatLty acid

tetraester ancf1 C- 1343,
such as iron, copper and aluminum.

15 By contrast, the present esters are sufficiently
resistant to hydrolysis so that there is less increase in
acid number and less change in appearance due to surface

corrosion of iron and copper.

20 in £ r an her il

The lubricating oil for refrigerators according to
the present invention can be mixed with at least one other
base 0il (henceforth, “combination base o0il” to prepare a

25 lubricating oil for refrigerators, provided that the



wor king fluid conpositions containing (2-ethyl hexyl) 220 ethylhexzzo%bf,zﬁw

‘dial Kyl (C3 to C18) ester of 4 cycl ohexene-1, 2-di carboxylic acid d

HFC- 134a, working fluid conpositions containing (2-ethyl hexyl)

2et hyl hexanoate, a dialkyl (C3 to C18) ester of 1,2cycl ohexanedi carboxylic

acid and HFC- 134a, 25 working fluid conpositions containing (2-ethyl hexyl)

2 11 J UL 2~~~ -75 ethyl hexanoate, a dialkyl (C3 to Clg) ester of

phthalic acid and HFC-134a, - working fluid conmpositions containing (3,5,5

- trinmethyl hexyl) 2-ethyl butanoate, a~giqlkyl(c3 to Ce) 5 ester of

1, 2- cycl ohexanedi carboxylic acid and H 8—134a, and working fluid

conposition ont ai ni (3.5, 5trinethyl hexyl) 2-ethy] hexanoate, a dial kyl

(3 to d s)esfefg st %%tehg 2530t ARYRY LR i‘%ﬁa{mﬁox S OF THE

| NVENTI CSN gmlfgﬁiggh.the present ester for refrigerator oil achieves the
vV

fol |l ow ng &t ntages. 15 1) The present ester has better hydrolytic

stability. 2) Thewpr %ﬁggga%%%agg?#g&t BEaLACADLhLLX &%B%%%ie? vol unre

hydr of | uor ocar bon re rants. he present ester has a

resi stivit ot Rl gl 1ebe ekl qak LBRYULaLhREAPEPPERL | Srmifh 4)1)The present
ester has a far | ower viscosity than conventionally used refrigerator oils,

and cansm RInd LRVt na®3&n BhsE0BROSI(b) 08B 0RE8ANEH BYywdigheg the
present ester with a conventional refrigerator oil can be adjusted to a 25

desired vi seadid bibyWaadj(wst= 0g5tbe . pr epoesi bne. s hepeeferablly~ J U L 2Q03
-76 6) Alubricating oil for refrigerators conprising the aliphatic
sat ur at ed biadndiee Gh&i5n toaBboRy| andaevdnmpooal kyéfesdlely ofal héb)r esent

i nvention has excellent hydrolytic stability and entails | ess increase in
the 5 totall%a®5 teu®dedSunder stringent conditions, causing |ess change in
metal surfaces. 7) The lubricating oil of the present invention is
excellent in ele esi p§ulthei agmbibBpbieneBagadoid scipelvdy ape tor
fluorocarbons at | ow tenperatures, and 10 can be used as a | ubricating oi
for cohpredSdies MepbREScReLReEtres fFrg®r B gEoUPhgendt Fibrocef bd®dont ai ni ng

no chlorin omwthin.the cule, and_ is trependously benefigial for
industrial?ﬁﬁﬁﬁﬁﬁg CNg Pt e ggé eRF9aRig 2fLd &5 %ﬁ?v?g%%gi? Bnd'®an t hus
be present ester, (b3) polyalkylene glycols, (b4d) polyvinyl
ethers, (b5) polyphenyl ethers, (b6) alkyl phenyl ethers,
and (b7) silicone oils. These will be described below.
15
hydr r il
Examples of hydrocarbon o0ils include refined
petroleum products such as (bl-1) hydrocarbon oils
(mineral oils), (bl-2) poly-a-olefins, (bl-3) polybutenes,
20 (bl-4) alkylbenzenes, (bl-5) alkylnaphthalenes, (bl-6)
isomerized hydrocarbons obtained by the Fischer-Tropsch
process, and similar synthetic hydrocarbon oils.
(bl-1) Examples of mineral oils include solvent-

refined mineral oils, hydrotreated mineral oils, and wax

25 isomerized oils, which usually have a kinematic viscosity



15 used with other lubricating oils, thereby enabling to provide
tefrigerator lubricating oils of varying viscosity grade. EXAVPLES £0.the?003
present invention will be described in further detail below with reference
to exanpl es and conparative exanples. The properties of the lubricating
oils in the exanples and conparative exanpl es were assessed in the 25

fol |l ow ng manner. 1 ~ JUl. 2u03 Total acid nunber Measured in accordance
with JIS-K-2501. Kinematic viscosity '- Measured in accordance with

JI S-K-2283 using an 5 Ubel | ohde vi scorre% Water content Measured using a
Karl Fischer's noisture neter (MKC 510, fmnuf act ur ed by Kyoto Denshi) in
accordance with Jl SK-2275. 10 Vol une resistivitv Measured at 25C in

accor dance {#€hO°€ICof1310 twodbyerm beparnd i Rreferaiekatdn® 4 3tcor dance
with JIS-K-2211, a sanple oil was added to a hydrofl uorocarbon refrigerant
HFC- 134a sd™&¢St0 15 adj ust the proportion of the sanple oil to 20 wt~, and

the tenperature a ch t he mxt arate |ntot hases was
det erm ned bet vvee§1b '5%) H’%\kg df{ CchEob%tﬁter t he

mscibility b he sa l e, oi and fluor on, 2 drol ytic
Stabi ity 1&SoISEER  befich %t*@e ﬁn%%n%%*?ﬁ% b

havi ng I 4 Cr | as i_ng a length of
30 cm a%d :g%ér}tsge dJf 6 n‘#néhegmg‘ Sl:eto sarrpl\é/L ester and 0.2 g

of distill etbdpaddss, kL, p|§&ﬁ§nélkpr£{d‘l co‘g@yt"ﬁesgs tHaRasgvgre sealed  z

a ~, ~ zoo3
kinematic viscosity (at 100°C) of 1.0 to 40 mm’/s and a

viscosity index of at least 100. Particularly, those
having a kinematic viscosity (at 100°C) of 2.0 to 30 mm’/s
10 and a viscosity index of at least 120 are preferred.

(bl1-3) Examples of polybutenes include those
obtained by the polymerization of isobutylene and those
obtained by the copolymerization of isobutylene with n-
butylene. There may be mentioned a wide range of those

15 having a kinematic viscosity (at 100°C) of between 2.0 to
6000 mm’/s.

(bl-4) Examples of alkyl benzenes include C, to C,,
straight-chain or branched-chain alkyl group-substituted
moncalkyl benzenes, dialkyl benzenes, trialkyl ben=zenes,

20 and tetraalkyl benzenes, etc. which have a molecular
weight of 200 to 450. Those having one or two alkyl
groups wherein the alkyl has 1 to 20 carbon atoms are
preferred, because of their longer-lasting stability as a
refrigerator oil. Branched-chain alkyl groups are

25 preferred for refrigerator oils with longer-lasting



whi | e bei ng degassed with an aspirator, and the test tube was heat1edJ r 6
or 40 hours at 175C in an oven. The sarrpl e ester was then taken olt t 2003
measure the total acid nunber. The surfaces of the netal wires were
visually 5 inspected and eval uati on was nmade according to the foll ow ng
three-grade criteria. The state of the ester after the test was al so

i nspected. O no change 0: sone discoloration 10 x: turned black or deep
brown ~l anufacturing~ Exanple 1 144 g (1 nol) of 2-ethyl hexanoic acid and
143 g (1.1 nmol) of 2-ethyl hexanol were fg£d to a four-necked flask equi pped
with a stirrer, a thernoneter and a water 15 separator having a condenser

t ube, and the mxture ecq%t e%jiel‘ §9e8%§t1§?d§{‘ciﬁg¥gf§?¥§%fsS in t he

presence of Stk r%?fsop opy!l at i on eaction was

carried out_f ut ]ng;{, ern;lvh]@gq,t he .fqQ ef the wat er
separ at or. %rﬁm rﬁgor act .M?é’ﬁﬂfe excess 2- et hylgﬁ%ganof‘ | stilled
of f, and the psadct, Was-reutdaldgrd W t,.,hd%@(‘e@q sediryayih ioxhde and then
washed with water to neutrality. The product was ‘then treated with

activated cesHuddyB, M~perdtldidye tondiadelcylt, i Agheptaskals, fad) at 90C,
and was then filtered, 25 giving 246 g of (2-ethyl hexyl) 2-et hyI hexanoat e,
whi ch W8S octadéeyl, n-rd@idediA t ieicdeiidr dtseprbpyls heuvbatgl ,a
tenperature of 100C and a reduced pressure of 13.3 MPa. The resul ti ng ester
had a t ot al isspehtyinpersatiexr 101 ingi@Edtyl ,a iwabertytontienhoof/111 ppm a

ki nematic viscosity of 2.7 mR/s (40C) and 1.1 5 m®/s (100C) , a volune
resistivi tyiarbdésﬂ.x g Ryl , dirsbcdeayilo- Liepdridesyilat ientesnpdeaylire of
-24C. Manufacturing' Exanple 2 Follow ng the procedure of Manufacturing
Exanpl e 1, ¥somemtadeqh hylsehauaderydyhyisoheptogdesyhas i6peatadacytom 10

2- et hyl but anoi ¢ acid and 3 , 5-trinmet hyI hexanol . The resulting ester had a
total  aci d IReRRAARCDL RBE iFosylnat er content of 18 ppm a ki nematic

> 1 1002 s20m D (4°C a“doifﬁa@? SentengEPaeL BoFass S50C of |
bel ow. Manut gt ) %aﬁgﬂa«i@alene SORPTl13: Lk iexangate, nas oRt ghaed from

2ethy|hexan0|c acl gononandl e Ssa manner acturlng
Exanpl e 1. ﬁy'ég 29 estertrtﬁ h@ tgtatrzﬁcﬁ&ad?ﬁgﬂgeg §10. 01 mgkoH g,
a water cont I nefati ¢ viscosity o

ppm

S (400 and 1.1
mz/s (100G :

_ : Lyo- | ayer
separati on terrpera ure o nu acturi ng Exarrp e 4 25
(3,5, 5-Trinmet hyl eatples Qiﬂﬂ%ﬂb@fa&p&tced/\@%tel@tsabmﬁdr thad thk~ !. 2003 -80

15 present ester include (b2-1) aliphatic saturated straight-
chain carboxylic acid monoesters, (b2-2) aliphatic
dibasic acid esters, (b2-3) aromatic polycarboxylic acid
esters, (b2-4) alicyclic dicarboxylic acid esters, (b2-5)
fatty acid polyol esters, and (b2-6) other esters.

20 (b2-1) Examples of aliphatic saturated straight-
chain carboxylic acid monoesters include full esters of
C;, to C,;, straight-chain monocarboxylic acids and C; to C,,
straight- or branched-chain saturated or unsaturated
aliphatic alcohols.

25 (b2-2) Examples of aliphatic dibasic acid esters



from 2-et hyl hexanoi c acid and 3,5, 5-trinmethyl hexanol in the sane nzmg[ as
in Manufacturing Exanple 1. The resulting ester had a total acid h - g3
0.01 ngKOH g, a water content of 16 ppm a kinematic viscosity of 3.5 5
m2/s (40C) and 1.3 mmR/s (100C) , a volune resistivity of 1.0 x 1014 S2cm
and a two-| ayer separation tenperature of -31C . Manufacturing~ Exanple 5
An ester m xture was obtained, in the sane manner as 10 in Exanple 1, from
2- et hyl hexanoi ¢ acid and an al cohol m xture of 2-ethyl hexanol and

n- dodecanol (nolar ratio 82:18). The resulting ester had a total acid
nunber of 0.01 ngKOH g, a water content of 22 ppm a kinematic viscosity of

3.1 me/ 40 2 / C 15 | istivity of 7.7

1013 S2em AR LR S atr ohe « Gupat SOUF B e SRR BT ot  ve
Manuf act uri_ng. |l e 1 2-.Et.hyl | l,mi. t . I | owi th
brocedur o GTCELARTb 3 FHETL S n g 8 hE4 e pBPEPR0 st f o Biber of
0.01 KOH/ : f 1 Ki i i j 8.1 mmt/
(400) "ana SeASATBEAAY, Bha 3 BTk Tl BEFRgfcY O BSildotg B o, (0 °
However, wham, {ies H5ATtdS:S Wisated kA LIS ARRSH §TBBLLR! the two-Iayer

separation tenperature, 1t was found that 25 the ester was not mscible

with the fluorocapbons)aleidihles) oF Hromat@aBpodyoaeasuyeaBNhalaNper at ur e
range of -50 to 38C. Conparative Manufacturing anpl e 2 2-Et hyl hexyl ester

of coconut dottdns aididl UdB ful 1CAs talrspa@t ke arbAkght- pbayBapboRgRiBOXY! i C
acid mxture) was 5 prepared in the same manner as in Exanple 1. The

resul ti ng estiei dad tss teothaldraded suatibers phtBalicngkiH, gisapiahalicont ent of
15 ppm a kinematic viscosity of 5.3 me/s (40C) and 1. 9 me/s (100C) ,
and a vol ureckdsitatephtihadfict apid oF1¥rspedlikdwesetid, when the ester 10 was
subj ected to neasurenment of the two-layer separation tenperature, it was
found that R¥romsshlditighagict, mnskirbCe Wt et AEr2ightocar dorrrghede
measurenent tenperature range of -50 to 38C. 15 Q| m xtures were prepared
usi ng tle edtas sFturahahoIuYnsg texateredliPhalis. a¥rehaitails will be

(2" et ny T hexyl) - 2 BRARHRBARBETE 65 dPatient 3b L NAREFE! BF) FCBRLHRI e 1 and
ot YL oL RS T %2 LEFEL AL o sl at SR RS B e
oot LG e WFYl SERATeY debithaiar or ¢ pours, ot o
ester had aycloalcohol. Examples of phthalic acid esters include

15 dimethyl phthalate, diethyl phthalate, di(n-propyl)
phthalate, di(n-butyl) phthalate, di(n-pentyl) phthalate,

di (n—-hexyl) phthalate, di (n-heptyl) phthalate, di (n-octyl)
phthalate, di(n-nonyl) phthalate, di(n-decyl) phthalate,
di (n-undecyl) phthalate, di(n-dodecyl) phthalate, di(n-

20 tridecyl) phthalate, di(n-tetradecyl) phthalate, di (n-
pentadecyl) phthalate, di(n-hexadecyl) phthalate, di(n-
heptadecyl) phthalate, di(n-octadecyl) phthalate,
diisopropyl phthalate, diisobutyl phthalate, (sec-butyl)
phthalate, dicyclohexyl phthalate, diisoheptyl phthalate,

25 di(2-ethylhexyl) phthalate, diisononyl phthalate,



W.~~"4 ~~~| . |~ -82 total acid nunber of 0.01 ngKOH g, a water co oﬁﬁF of
24 ppm a kinematic viscosity of 15.1 m®/s (40C) and 3.1 mnz/s (10600 200%
volune resistivity of 8.3 x 1013 SZcm and a two-1ayer separation
tenmperature of -32C. 5 ~lanufacturing~ Exanple 7 The (2-ethyl hexyl)

2- et hyl hexanoat e obtained in Manufacturing Exanple 1, and an ester of
pentaerythritol and a branched acid m xture (2-ethyl hexanoic

acid/ 3,5, 5trimethyl hexanoic acid = 50/50) prepared in the sane 10 manner as
in Manufacturing Exanple 1 were nlxed in a wight ratio of 33:67, giving an
ester mixture. The mixture was then dehydrated for 5 hours at a tenperature

f 100C d d | had |
aci d nunberligt & %fetﬁg?ze%ff%%x(%%) sBhEPSakpentt b8 Sotmertel phonac 2 tote
t 0C 00C | t t
o505 ) 10erd PREra R R18edady T BhEnti ?e%p%%é S SN
Manuf act t d
St ¢ Gl ()2 oot .00 e
DI DP", rmn@1@1%He%@a@éé§qu%%§ﬂa%enhﬁi‘ls_?_%ntalﬂégyi Eﬁ{:ﬁaf&t’f&d in a weight

ratlo of 40:60, giving an éster mxture m xture was then dehydrated 25

for 5 hgur §idls hdx@ ! phenalat@0Caandofepedyasdl ?ﬂtﬁaléfél— dndD3 -
pressure of 13.3 MPa. The resultlng ester had a total acid nunber of O. 01

nMgKOH g, a dfatsRoctaicentl phthhlpRe. ansbodcid NBWBb;&f D te) f (nk0. 2 M2/ s
(400 and 2.3 mmR/s (100(3 5 Manufacturingr Exanple 9 The (2-ethyl hexyl)
2-ethy|heanm@ya)o@m&hhadtbn ManfBatyl) nphEkabate, 1dana-gded @y EY hyl hexyl)
4cycl ohexene-1, 2-di car boxyl ate prepared in the same nanner as in

Manuf act ur iphg-hEdargel e di (nehexyil X ephithadanei, gl (naheptyD) ophtkaBste gi vi ng an
ester mxture. The m xture was then dehydrated for 5 hours at a tenperature
of 100C andigfneqiydd mhéb@&aéeof dl3n3nW1)Tﬁbthé§€|F‘évn@lé%‘f@?cWaH a total

acid nunber of 0.01 wat er content of a kinematic

vi scostfy é’lhtfilflaltmmﬁsl ((‘zre‘e)ieé’h’él)zg?tmslﬂfﬁﬁ/f sd%ieeﬁfopyb Rthakate, f
4.7
2 o o, STt - TS0 SEEE o S SRR
Ma
e s T LS ﬁﬁfﬂﬁ?ﬁﬁhg same

i xed h
was then: dgmEiRaeEelr bii8th8n0r Behiafly 80 (s ERt by e ferdlf 0 ¢
pressure }vh]l:’ﬁa?lal\@a aihe, rseél'il-nla'tHQleﬁt-ﬁépE?g) pﬁéhéﬂseé a&if‘s&&@@ﬁ of
0. 01 ngk a wat er content of ~~L~ - 5 ppm and a

Ki nemaf $C ghitRgiaite ,0bnd BiAERLAAE4QE) paadazaéer.mﬂls (100C) . Manuf acturing
Exanpl e 11 The (2-ethyl hexyl) 2-ethyl hexanoate obtained in 5 Manufacturing
Exanpl e 1 and di ((3254%- Exapleygl bExulicfctyel dhexebexi] Pedachd boxyl at e
prepared in the sane manner as in Manufacturing Exanple 1 were mxed in a
wei ght rat iestefrs4Gngludgi vhogeamepsteentiedt byeth&@hfonmular ¢4Was t hen
dehydrated for 5 hours at a tenperature of 100C and a

?OOR4
X—A—COOR> (4)

20
wherein A is a cyclohexane ring or cyclohexene ring; X is

hydrogen or methyl; and R* and R® are the same or different



10 reduced pressure of 13.3 MPa. The resulting ester had a total acid
nunber of 0.01 ngKOH g, a water content of 28 ppm a kinematic viscosity of
9.1 m2/s (40C) and 2.2 mm2/s (100C) , a volune resistivity of 5.6 x 101 7
S2csn, and a two-layer separation tenperature of -12C. 15 Manufacturin~~ JuL ‘
Exanpl e 12 The (3,5, 5-trinmethyl hexyl) 2-ethyl butanoate obtained in

Manuf acturing Exanple 2 and diisodecyl 1,2-cyclohexanedi carboxyl ate
prepared in the sane manner as in Manufacturing Exanple 1 were mxed in a
wei ght ratio of anBQ:acg, giving an ester nr¥ture. The m xture was then
dehydrated for 5 hours-dtreptesperature of 100C and a reduced pressure of
13.3 MPa. The resaifi ster had a'?cﬁsaltoacjzds@gramer of 0.01 ngKOH g, a
wat er content of 23 pp émjtauégje;ﬁ%ti c Vi scositylghtilcﬁggg;{%eemoq and
25 2.7 me/s (1@@@up, ,,3i ~ ~JU. 2089 a8sphapufact uring Exanpl Erhatie
(3,5,5-trinethyl hexyl) E*Gf’h?hpubgngﬁée, obt ai ned " i P afant q,r'cp Exanpl e 2
and diisobutyl pataslsfe and di (2 et yiHesd )Edrhd.ralate prepar Farhonhe
same nmanner .as in 5 l\/anu'?%&,‘?‘hrdﬁlga le 1 were m €.nbg wei ght ration
of 30:35: 35, gidAie angy ester m Xt ure. ‘?ﬁé’oﬁ'ﬂihgrgl{lﬁi t hen dehydrated for 5
hours at a tenperature of 10’9@%510@@1.51eq_t§:ed press a'&’ﬁclﬁc?al% ghe
resulting este rhudsat&pégl acid nunbers gt @zmbr@%gg/ g, a water *¥odcent of
15 ppm a kinetic 10 vi scost t3 iathaly.2 /s (400) ana“gheinngégm(altooq , a
vol ume resistivity dixah X 10 12 ~cm ah@hydirie- la@%gé iepar ation - -ed
tenperature ofd.-35C. Manuf ac Odr ithg Exapple 14 The (2- Phyl hexyl )

2- et hyl hexanoat"é’aé'bpaymgg égl 5 Manuf ac ??ﬁbommle%,l and diisobutyl 1,2
cycl ohexanedi ﬁgr boxyl ate an i +Roheny |4 ]2[520ycl ohexanedidar boxyl at e
prepared in the"¥ STRINES; i.n Manuf dct tMHAghexanple 1 were nixed in a
wei ght r &0i oryzaf, - 15: 50: 35, “giVicRgbaryesier m xture. THeTReRylre y@s, then
20 dehydrated fobe’xHédlcsaégd Eerrperature ‘8?14005-%@1&1 reduced presSure
of 13.3Mda. d&hg &g%lglti ng esteér h%'dclacla{eglanaci_d nunber o%xet?.e(}l,quC]—V g, a
wat er cont ent o% i‘fpﬁdi@ﬂg&&}i,c Vi scomty?ﬂlcarb&xm/cs £4OC) and 2.3
m2/s (100C)dicagp/Ql Une resisti Sy ati . g_;ﬁe%ggiz ~cm ~and<&dt wb; 4 ayer
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Neopentyl glycol di(3,5,5-trinethyl hexnoate) was prepared in the gpne
manner as in Manufacturing Exanple 1. The resulting ester had a 0 thhmﬂMB
nunber of 5 0.01 ngKOH g, a water content of 18 ppm and a ki nematic
viscosity of 12.9 mm2/s (40C) and 3.1 mm2/s (100C) . Conparative
Manuf act uri ng Exanpl e 4 Neopentyl glycol di(2-ethyl hexnoate) and neopentyl
glycol di(3,5,5-trinethyl hexnoate) were mxed in a weight 10 ratio of

40: 60, giving an ester mxture. The m xture was then dehydrated for 5 hours
at a tenperature of 100C and a reducedﬁg&gssure of 13.3 MPa. The resulting

ester had a total acid nunber of 0.01 (OH/' g, a water content of 17 ppm

Compar at | v MITASEE LY | Ty ESEARS KBS G o AP SPBERYL hexnbat e)
of 35165, gl VA1 EHE BRI U TS Rt SR WRYH fer. SYCUERYBPATEd for 5
rosul ting (T Er oy e L R DR eh ke contont. of
vol bie st 4T TN Pe Y 2 Yoy BB sR R aRg Py T on + °
Lenper aur & 0f - oA HMthOliariclryl 2k, b 12T RnedT_1E5ABRLESNLxhEOUON 19

The hydrol ytic lity of the esters obtained in ManufacCturing Exanples 1

t hrough 14 gnsaebpaied. dihe -2HsaHdxy19r @ ,ai-vweloRekalbe 1. Conparative
Exanples 1 through_5_ The hydrolytic stability of the esters obtained in
Conpar at i vedikautBamor Ly teng iasgncess1l 1, l-eygh ochewanedid caybbitgl 8de , The
results are given in Table 2. 17J UL ?~-0~ 838 w 0V

333333333333 6DMMDONNeEH)30.rexyd )Udaaayad ahazaasdOCathse 00O, b ~. M N ~

tn 00 V1
di(2,6-dimethyl-4-heptyl) 1,2-cyclohexanedicarboxylate,

10 diisodecyl 1,2-cyclohexanedicarboxylate, diisoundecyl 1,2-
cyclohexanedicarboxylate, di(n-propyl) 4-cyclohexene-1,2-
dicarboxylate, di(n-butyl) 4-cyclohexene-1,2-dicarboxylate,
di (n-pentyl) 4-cyclohexene-1l,2-dicarboxylate, di(n-hexyl)
4-cyclohexene~-1,2-dicarboxylate, di(n-heptyl) 4-

15 cyclohexene-1,2-dicarboxylate, di(n-octyl) 4-cyclohexene-
1,2-dicarboxylate, di(n-nonyl) 4-cyclohexene-1,2-
dicarboxylate, di(n-decyl) 4-cyclohexene-l,2-dicarboxylate,
di (n-undecyl) 4-cyclohexene-1,2-dicarboxylate, diisopropyl
4-cyclohexene-1,2-dicarboxylate, diisopropyl 4-

20 cyclohexene-1,2-dicarboxylate, diisobutyl 4-cyclohexene-
1,2-dicarboxylate, di(sec-butyl) 4-cyclohexene-1,2-
dicarboxylate, dicyclohexyl 4-cyclohexene-1,2-
dicarboxylate, diisoheptyl 4-cyclohexene-1,2-dicarboxylate,
di (2-ethylhexyl) 4-cyclohexene-1,2-dicarboxylate,

25 diisononyl 4-cyclohexene-1,2-dicarboxylate, di(3,5,5-
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trimethylhexyl) 4-cyclohexene-1,2-dicarboxylate, di(2,6-
dimethyl-4-heptyl) 4-cyclohexene-1l,2-dicarboxylate,
diisodecyl 4-cyclohexene-1l,2-dicarboxylate, diisoundecyl
4-cyclohexene-1,2-dicarboxylate and the like.

5 On the other hand, the alicyclic dicarboxylic acid
esters include those having R* and R® which are different
from each other, such as esters of the formula (4) in
which R* and R® are different and represent C, to C,;
straight- or branched-chain alkyl. Specific examples

10 thereof include (isopropyl) {(2-ethylhexyl) 1,2~
cyclohexanedicarboxylate, (isopropyl) {(isononyl) 1,2-
cyclohexanedicarboxylate, (isopropyl) (3,5,5-
trimethylhexyl) 1,2-cyclohexanedicarboxylate, (isobutyl)
(2-ethylhexyl) 1,2-cyclohexanedicarboxylate, (iscbutyl)

15 {isononyl) 1,2-cyclohexanedicarboxylate, (isocbutyl)
(3,5,5-trimethylhexyl) 1,2-cyclohexanedicarboxylate,
(isopropyl) (2-ethylhexyl) 4-cyclohexene-1,2-dicarboxylate,
(isopropyl) (isononyl) 4-cyclohexene-1,2-dicarboxylate,
(isopropyl) (3,5,5-trimethylhexyl) 4-cyclohexene-1,2-

20 dicarboxylate, (isobutyl) (2-ethylhexyl) 4-cyclohexene-
1l,2-dicarboxylate, (isobutyl) (isononyl) 4-cyclohexene-
1,2-dicarboxylate, and (isobutyl) (3,5,5-trimethylhexyl)
4-cyclohexene-1,2-dicarboxylate.

More desirable examples of alicyclic dicarboxylic

25 acid esters are alicyclic dicarboxylic acid esters of the
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formula (4) 1in which —-COOR' and —-COOR’> are present on the
adjacent carbons of the cyclohexane ring or cyclohexene
ring, R' and R’ are each independently a C, to C, straight-
or branched-chain alkyl, and X is hydrogen. Examples
thereof include di (n-propyl) 1,2-cyclohexanedicarboxylate,
di (n-butyl) 1,2-cyclohexanedicarboxylate, di(n-pentyl)
1,2-cyclohexanedicarboxylate, di{(n-hexyl) 1,2-cyclohexane-
dicarboxylate, di(n-heptyl) 1,2-cyclohexanedicarboxylate,
di (n-octyl) 1,2-cyclohexanedicarboxylate, di{(n-nonyl) 1,2-
cyclohexanedicarboxylate, diisopropyl 1,2-cyclohexane-
dicarboxylate, diisobutyl 1,2-cyclohexanedicarboxylate,

di (sec-butyl) 1,2-cyclohexanedicarboxylate, dicyclohexyl
1,2-cyclohexanedicarboxylate, diisoheptyl 1,2-cyclohexane-
dicarboxylate, di(2-ethylhexyl) 1,2-cyclochexane-
dicarboxylate, diisononyl 1,2-cyclohexanedicarboxylate,
di(3,5,5-trimethylhexyl) 1,2-cyclohexanedicarboxylate,
di(2,6-dimethyl-4-heptyl) 1,2-cyclohexanedicarboxylate,

di (n-propyl) 4-cyclohexene-1,2-dicarboxylate, di(n-butyl)
4-cyclohexene-1,2-dicarboxylate, di(n-pentyl) 4-
cyclohexene-1,2-dicarboxylate, di(n-hexyl) 4-cyclohexene-
1,2-dicarboxylate, di(n-heptyl) 4-cyclohexene-1,2-
dicarboxylate, di(n-octyl) 4-cyclohexene-1,2-dicarboxylate,
di (n-nonyl) 4-cyclohexene-1,2-dicarboxylate, diisopropyl

4 -cyclohexene-1,2-dicarboxylate, diisobutyl 4-cyclohexene-

1,2~dicarboxylate, di(sec-butyl) 4-cyclohexene-1,2-
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dicarboxylate, dicyclohexyl 4-cyclohexene-1,2-
dicarboxylate, diisoheptyl 4-cyclohexene-1,2-dicarboxylate,
di (2~-ethylhexyl) 4-cyclohexene-1,2-dicarboxylate,
diisononyl 4-cyclochexene-1,2-dicarboxylate, di(3,5,5- l
trimethylhexyl) 4-cyclohexene-1,2-dicarboxylate, di(2,6-
dimethyl-4-heptyl) 4-cyclohexene-1,2-dicarboxylate,
(isobutyl) (2-ethylhexyl) 1,2-cyclohexanedicarboxylate,
(isobutyl) (isononyl) 1,2-cyclohexanedicarboxylate,
(isobutyl) (3,5,5-trimethylhexyl) 1,2-cyclohexane-
dicarboxylate, (isobutyl) (2-ethylhexyl) 4-cyclohexene-
1,2-dicarboxylate, (isobutyl) (isononyl) 4~cyclohexene-
1,2-dicarboxylate, and (isobutyl) (3,5,5-trimethylhexyl)
4-cyclohexene-1,2-dicarboxylate.

The alicyclic dicarboxylic acid esters represented
by the formula (4) include isomers (cis and trans) with
respect to the ester groups, and both isomers can be used
as a lubricating o0il for refrigerators.

(b2-5) Examples of fatty acid polyol esters include
full esters of a C, to C,, aliphatic polyhydric alcohol
having 2 to 6 hydroxyl groups, and preferably C; to C,,
aliphatic polvhydric alcohols having 2 to 6 hydroxyl
groups, such as neopentyl glycol, trimethylol propane,
pentaerythritol, ditrimethylolpropane, dipentaerythritol,
or a similar neopentyl polyol, and a C; to C,, straight- or

branched-chain saturated fatty acid.



,DC Wa a~c Wwcat WOHNWwWOObXpH 17~~~ L 2L103%F W k3
‘cdUwOHWOU."., OXNUH-8900 0- ;~U~a ~a, -~a

~a00000aaXXXXUi xxxxab p N~c t',~V "1, N~~Ov.- -iO~- Ga: O- O-~. ~. a, 0.U oia
r, ai a0O0000~aaaaalUi XXXXO. bON-MNN-OH ~~OMNM-t - - ~r ~~ W WcO ~O'~0 "~O0 ~O
"~N ~N ~~ ~NNccS ~ A~.--aNwv-t U

—47-
Specific examples of C; to C,, straight- or branched-
chain saturated fatty acids serving as a constituent of
such polyol esters include propionic acid, n-butanocic acid,
isobutanoic acid, n-pentanocic acid, isopentanoic acid, n-

5 hexanoic acid, n-heptanoic acid, isocheptanocic acid, n-
octanoic acid, 2-ethylhexanoic acid, 3,5,5-trimethyl-
hexanoic acid, n-nonanoic acid, n-decanoic acid, and n-
undecanoic acid. Such monovalent fatty acids may be used
alone or in mixtures of two or more.

10 Specific examples of fatty acid polyol esters
include neopentyl glycol fatty acid diesters, such as
neopentyl glycol (n-butanoate), neopentyl glycol
(isobutanocate) , neopentyl glycol (n-pentanoate), neopentyl
glycol (isopentanoate), neopentyl glycol (n-pentanoate),

15 neopentyl glycol (isoheptanoate), neopentyl glycol (n-
octancate), neopentyl glycol (2-ethylhexanoate), neopentyl
glycol (3,5,5-trimethylhexanoate), neopentyl glycol (n-
nonanoate), neopentyl glycol (n-butancate/2-
ethylhexanoate) mixed ester, neopentyl glycol

20 (isobutanocate/2-ethylhexanoate)mixed ester, neopentyl
glycol (n-pentanoate/2-ethylhexanoate) mixed ester,
neopentyl glycol (isopentanoate/2-ethylhexanocate) mixed
ester, neopentyl glycol (n-heptanoate/2-ethylhexanoate)
mixed ester, neopentyl glycol (isoheptancate/2-

25 ethylhexanoate) mixed ester, neopentyl glycol (n-



~~J Ul

t hrough 14,

. ?0~a _90_ Exanples 1 through 5 show that the present ?SBﬁLS
have good hydrolytic stability, have a small increase in total ék d ﬁE@B,
and cause substantially no change on -_ nmetal surfaces. Their refrigerant
mscibility and 5 electrical insulating properties are also excellent. They
al so have an extrenely | ow kinematic viscosity at 40C, are capabl e of
reduci ng energy loss during the operation of refrigerators, and are
effective for saving energy. On the other hand, Conparative Exanples 1 and
2 show 10 that aliphatic straight-chain nonocarboxylic acid esters have
poor hydrolytic stability and refrigeréﬁ%'niscibility. In Exanples 6

the ester was m xed with various other esters. The oil m xtures

with a ki nerrtancateye iy ldxanse tedj féted ©6test weeaPeDtEhdaiscahe/ s al so
15 have good hydrolytic stabjlity, and therefore the present esters can be

used as Vi sto®
3 through 5,

Ry Isfranaacey 3@ Pedrddathy Lhezensrts) ©i¥pdr 88£9E - Exanpl es

on the ot her hand, show that branched-chain carboxylic acid

esters of ANAIRRRAYyIFosiols feratdylhexangateiprBasanratebt BHxgdi d

nber ith 1 1 ) 1 | | tal - ¢ i ) 7
U6 oLgnen Examkied) SR REimeEhy IhE wretene FafR Reffor o O

charactgr
br anched-

| zed 10 d
chai'h car

hat, 14y GRMClsesh hegatoane hipaLhe,dopaturated
oXyl1°c aci d nonodl Kyl “ester represente the formul a

(1} O R O fanfdthyfridh $rdRathe @isduitardath) ! Ot Rethy2b8Npr6pEha al kvl or

(n-pentanocate), trimethylol propane (isopentanocate),

10

15

20

25

trimethylol propane (n-heptanoate), trimethylol propane

(isohep

tanoate), trimethylol propane (n-octanoate),

trimethylol propane (2-ethylhexanoate), trimethylol

propane

(3,5,5—trimethylhexanoate), trimethylol propane

(n-nonanoate), trimethylol propane (n-butanocate/2-

ethylhexanoate) mixed esters, trimethylol propane

(isobutanoate/2-ethylhexanoate) mixed esters, trimethylol

propane

(n-pentancate/2-ethylhexancate) mixed esters,

trimethylol propane (isopentanoate/2-ethylhexanoate) mixed

esters,

trimethylol propane (n-heptanoate/2-

ethylhexanoate) mixed esters, trimethylol propane

(isohep

propane

tanoate/2-ethylhexanocate) mixed esters, trimethylol

(n-octanoate/2-ethylhexanoate) mixed esters,

trimethylol propane (2-ethylhexanoate/3,5,5-

trimethylhexnoate) mixed esters, and trimethylol propane

(2-ethylhexanoate/n-nonanoate)mixed esters. Examples of

pentaerythritol fatty acid pentaesters include

pentaerythritol (n-butanocate), pentaerythritol



10 branched-chain alkyl; R2 is hydrogen, O to Cl18 straight chain alkyl or
C3 to Cl8 branched-chain alkyl; with the proviso that the total Jnurdér pof3
carbon atons contained in the alkyls represented by RL and R2 is 2 to 18
and that when R2 is hydrogen, Rl is branched-chain alkyl; and R3 is 15 C3
to Cl2 straight-chain alkyl, C3 to Cl2 branched-chain alkyl or C3 to do
cycloal kyl. 2. The lubricating oil according to Claim1, wherein the total
nunber of carbons of the alkyls 2 0 represented by RL and R2 i s 2 to 13 .
"I ~J Ua ~~~3 -92 3. The lubricating oil according to Claim?2, wherein R3
is C3 to Cl2 straight- or branched-chai4?-alkyl. 5 4. The lubricating oi
according to Claiml, wherein RL and RZ are Cl1 to Cl., straight-chain alkyl
or C3 to Clé dntarshemtsiai realtiagrythrifolydni-panitagoate) according to Caim
1, 10 wherein one of RL and RZ is Cl to CS straight-chain alkyl or C3 to CS
br anched- cirgrtaguifihrigied tHependaneptrl apgnkaerytiritel cn-
straight-chain alkyl or C3 to G ~ branchedchain alkyl. 15 6. The
Iubricatimeﬁanﬁﬂﬁﬁ%ﬁlﬂ?ﬁﬁ?qgﬁﬁhﬁﬂfleHéﬁébﬁpFH€°a¥?bhatic sat ur at ed

branched-chai n carboxylic acid nonoal kyl ester represented by the formula
(1) is obt é?%etﬁyt%l%jfé’g‘n(ﬁ’g%a%?ﬁﬁ ¥ E’egéﬁﬁwgaals?éné%édchai n

b [ i d by . the f I - 200 R-CHCM™H (2) '2 R
ia[ 35Y5'E<§§£ﬁ¢é§&%§§ﬁ%@ﬁep gﬁﬁgt%%ggPi gélée ined in Clain11(a%d an
al i phatic nohy.dqr.i | | _repr e fornmul R3-OH ( 3 5
whePein RBqﬁgﬁ%ﬁ?ﬁﬁ%ﬁ%ﬁgﬁgy%e&va.ﬁliggEQQhQXt%E (F gyagoéég) ( )

=1 .
I'n to‘an esterification reattion. 7. The

| ubricating,gj éﬁgg{ i t 4}&% epeh ' t turated
branched-c%ﬁ%ﬂkta boxy1?%'f% acl gFggfgge%?eg_hgs?ﬁéé?%?ﬁﬁfgé?Z)_is at
| east one r@ydsfs SRR HHIDHNE (F-evRtanBataybDatRY1 heRbaR9) ¢ acid,
2met hyl but anoi ¢ acid, 2-ethyl butanoic acid, 2,3-dinethyl butanoic acid,

2- net hyl pendianel eagird, Dditidirhitbraneilc (acpentdnatlybpent anoi c acid,

2, 4-di met hyl pentanoi ¢ acid, 15 2-ethyl hexanoi c acid, 2-nethyl heptanoic
aci d, 20pr epHyidrbamwata)Cimd xed- elslprect peaitaeagtirifolret hyl nonanoi ¢ aci d
.and 2-pentyl nonanoic acid. 8 The lubricating oil according to Claimé6, 20
wher ei n t helisdgerdidna tedi2oietivilbexboobtke) r mpredeastdrby the fornmula (3) is
at | east one nenber selected fromthe group consisting of isopropanol,

i sobut anol Pesd@eanvtingitole yo-bieptanorter2heshyhbexaprahebt mived

2- et hyl hexanol , 1net hyl hept anol, _i sooctanol, isononanol, 3,5,5-trinethyl 25
hexanol , 2S5'@nfet RANtASRFhEIsOL i(i5abertanoaka/2-ethylhexanogte) 94

mixed esters, pentaerythritol (n-octanoate/2-

15 ethylhexanoate) mixed esters, pentaerythritol (2-
ethylhexanoate/3,5,5-triemthylhexnoate) mixed esters, and
pentaerythritol (2-ethylhexanoate/n-nonancate) mixed
esters.

Among them, branched fatty acid esters are preferred.

20 Specific examples include neopentyl glycol (isobutanocate),
neopentyl glycol (isopentanoate), neopentyl glycol
(isocheptanocate), neopentyl glycol (2-ethylhexanoate),
neopentyl glycol (3,5,5-trimethylhexanocate), neopentyl
glycol (isobutancate/2-ethylhexanoate) mixed ester,

25 neopentyl glycol (isopentanoate/2-ethylhexanocate) mixed



i soundecanol . 9. The lubricating oil according to Claim1, wherein_the

al i phatic saturated branched-chain carboxylic 5 acid nonoal kyl esh &rJuL 2003
represented by the fornula (1) is at | east one nenber selected fromthe
group consi sting of isopropyl 2-ethyl hexanoate, isobutyl 2-ethyl hexanoate,
(sec-butyl) 2-ethyl hexanoate, isopentyl 2-ethyl hexanoate, cycl ohexyl

2- et hyl hexanoat e, isoheptyl 2-ethyl hexanoate, 10 (2-ethyl hexyl)

2- et hyl hexanoate, (1-nethyl heptyl) 2 ethyl hexanoate, i sooctyl

2- et hyl hexanoate, isononyl 2ethyl pentanoate, (3,5,5-trinmethylhexyl)

2- et hyl hexanoat e, (2,6-dinethy|-9-hepfy¥¥‘2-ethy|hexanoate, i sodecyl

2et hyl hexanoat e, isoundecyl 2-ethyl hexanoate, (n

ethylhexand%&%%r(rPQﬁR%ﬂSY¥LQﬁMﬁﬂlhé%éﬁ&&?é?nPR-6@§;§E¥§;hé¥%gPﬁE§bnoate,
e e, SRl gt (o)
b T oat | NGt oo He A L MR SRR o FRE YA PO PRSes ur ated
(15 o o5 a oSS TR e BRLE' 5 SBRERERHRETPY | Mhexanont o,
(3, 55 8 et R popirty (AR e) Lttty ko BRSBERE) syl )
2- et hyl hexappal @b kdhSodacy | oridtipiliexaepahe. (éls,EhErk.MéthﬁﬁFi ng oil

according to Claim1l, wherein the aliphatic saturated branched-chain

carboxyl i ¢ pekshsmeop kytimsigf Jieprepameed ipputanbatayba (1) has a
ki nematic viscosity of 0.5 to 15 nmR/s at 90C. 12. A lubricating oil for

ref ri ger at of shy hekared e 2 afisiad tdidtierist, cenpeithgiod prspune of 1 a) at |east
one aliphatic saturated branched-chain carboxylic acid nonoal kyl ester
r epr esent ed(byopdretdmvats A2 {dthyl HexaBidaCePRBikey k2tRraheteimeBlylelCl to
C18 straight-chain alkyl or C3 to Cl18 branched-chain alkyl; RZ is hydrogen,
C to e sprepam chisshepigroate/33athylhexansateddmikgdnestrRyEs; with the
proviso that the total nunber of carbon atons contained in the alkyls
r epr esent edtpimgahykel propane t @-rrhyldexpacaleds R SrErapaibyén, Rl is
branched-chain alkyl; and R3 is 17,~J 2%3 -96 Cg &o Clé
strai ght - cHRFFRAKS) mi%es 185 (O b RETREFYERE o kY FoBPtesgsetro
ggploalkyl pe§¥§££9tﬁ¥iééf“?ié%ﬁ%ﬁ@%ﬂ%%&eﬁ?'%%%E%e&&%ﬂ&&@%lgrouD consisting

(isoheptancate), pentaerythritol (2-ethylhexanoate),

15 pentaerythritol (3,5,5-trimethylhexanocate),

pentaerythritol (isobutanoate/2-ethylhexanoate) mixed

esters, pentaerythritol (isopentonate/2-ethylhexanoate)

mixed esters, pentaerythritol (isoheptanoate/2-

ethylhexanoate) mixed esters, and pentaerythritol (2-

20 ethylhexanoate/3,5,5-triemthylhexnoate) mixed esters.
(b2-6) Examples of other esters include carboxylic
acid esters such as esters of dimer acid or a hydrogenate
thereof (saturated acids) and C, to C,, straight- or a

branched-chain saturated or unsaturated aliphatic alcohol.

25 3) P lkylen 1 1



5 i) fatty acid polyol esters, ii) phthalic acid esters, lii) alilckclililc 2003
di carboxylic acid esters, iv) polyvinyl ethers, v) hydrocarbon oils, and 10
vi) pol yal kyl ene glycols, the weight ratio of conponent a) . conponent b)
being 0.5 . 99.5to0 99.5 . 0.5. 13. The lubricating oil according to Claim
12, 15 which has a kinematic viscosity of 4 to 36 mme/s at 40C. 14. The

| ubricating oil according to Caim 12, wherein conponent b) is at |east one
menber selected fromthe group consisting of i) fatty acid polyol esters,
iii) 20 alicyclic dicarboxylic acid eg%ﬁgs and iv) polyvinyl ethers. 15.
The lubricating oil according to Claim12, wherein the fatty acid pol yol

is afull fa2 =~ Clo allphatlc polyhydric al cohol with
>lo 6 hyaroxyl EXEPLER BT podYSIby g gL  RRA o 0a R E O2 AR A gt~ or

branched STl SA) YALAL 2L IS R RLlug) Sopdpd JPg L L e

(4) 5 wheregj [1S | phexa I or e £ L NG LS. hydrogen
or nethyl;gggﬁﬁﬁﬂ'éhépﬁé §$¢é1%§155 torogiP%gbgﬁgéagﬁa%gcﬁl?ﬁ%%%%ndentIy

represents &R t Oplhrpsbbabahl kPl ek A0ENELs ChaiiRatdiAlth Lo RRAt ur at ed
10 aliphatic nDnovaIenF hydr ocar bon group. 16. A working fluid conposition

for refbi gesrdfiend @Rdes| Rad( butihenal bRhaki ¢ sty £ d ddanahgd- chai n
carboxylic acid nonoal kyl ester represented by the fornmula 15 (1) according

to daimlomtindd bya usdhig @ReabE. thédseh vor kbpglitheird ¢(SoPaddtdes) f or
refrigerators, conprising: (l) a) at |least one aliphatic saturated
br anched- chabtaided dovb asyinioc aasidtomeroafk ivoestremorepeas end edlsdy. t he
formula (1), and b) at |east one nmenber selected fromthe group
Also usable are those wherein hydroxyl group or groups at
one or both ends has/have been etherified or esterified.

10 The kinematic viscosity of the polymer should be 5.0 to

1000 mm®’/s (40°C), and preferably 5.0 to 500 mm’/s (40°C).
4) Polyvinyl r
Examples of polyvinyl ethers include compounds
obtained by the polymerization of vinyl ether monomers.

15 Examples of such monomers include methyl vinyl ether,
ethyl vinyl ether, isopropyl vinyl ether, n-butyl vinyl
ether, isobutyl vinyl ether, sec-butyl vinyl ether, tert-
butyl vinyl ether, n-pentyl vinyl ether, n-hexyl vinyl
ether, 2-methoxyethyl vinyl ether, and 2-ethoxyethyl wvinyl

20 ether. Polymers obtained by using one of these, or
copolymers obtained by using two or more can be used. The
kinematic viscosity should be 5.0 to 1000 mm’/s (40°C),
and preferably 5.0 to 800 mm?’/s (40°C).

5) P henyl her

25 Examples of polyphenyl ethers include compounds with



1 TJUL ~Q-3 -98 consisting of i) fatty acid polyol esters, ii) phthalic
acid esters, iii) alicyclic dicarboxylic acid esters, iv) polyviny. 1 tngﬁI
v) hydrocarbon oils and vi) polyal kyl ene gl ycol s, and 5 (1) a ref Z é 03
18. A method for lubricating a refrigerator, conprising using the

| ubricating oil for refrigerators according to any one of Clains 1 to 11.
10 19. A nethod for lubricating a refrigerator, conprising using the

| ubricating oil for refrigerators according to any one of Cains 12 to 15.
15 20. The use of an aliphatic saturated branched chain carboxylic acid
nonoal kyl ester represented by the formula (1) according to any of Clains 1
to 11 as a | ulrlcaling of Lafioh L LCratar seofQe Pl The, Usss of s gt xture
of a) at | éast-olfea | phat'i'c SatPa&d " BF Sn&h ain’c rboxyllc acid

monoal ky| ;i:;} %rtrxr-[)erprb% %ilt ed Q%lltolé%hf Q" guhas( Qc @ﬁ&%g'cg :fg,?:‘:{‘él and b)

at least o er selected Tromthe group consisting tty acid

pol yol est &ffciifie RIMARISE QQEQU%§t%ﬁ%(m— %enoirbbén%giﬁetﬁgr"m)

alicyclic diicarboxylic acid esters, iv) yV|ny et hers, v) hydrocarbon
OIA I@;‘ aAncLi X}B;@g&@ﬁ{&w:@%&ﬂoy@%@m@%ea buar itaat tBgr8kpoh@ingefri gerators.

r
AT LAY, A tiHe A {(scADalAed AHdthABs) AwheASEnAGhe AGN oA olyder, | L. ASL
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ca]cAa]ca]ca]ca]ca]cTa]cTa]ca ajJ ca] c<alca caLca']A

h polyphenyl ethers are subs ted with one or more

10 C4 to C,4 straight- or branched-chain alkyls, particularly
alkyl diphenyl ethers substituted with one or more alkyl
groups.

ili il
Examples of silicone oils include dimethyl silicone
15 and methyl phenyl silicone, as well as long-chain alkyl

silicone, fluorosilicone and similar modified silicones.

Preferr ination il
Among the aforementioned combination base oils, the
20 following are recommended for their hydrolytic stability
and practical use: (i) fatty acid polyol esters (b2-5),
(ii) phthalic acid esters (b2-3), (iii) alicyclic
dicarboxylic acid esters (b2-4), (iv) polyvinyl
ethers (b4), (v) hydrocarbon oils (bl), and (vi)

25 polyalkylene glycol (b3). Particularly recommended are
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wt%, and preferably 0.1 to 2 wt%, relative to the
refrigerator oil.
Examples of metal deactivators which can be used
20 1include benzotriazole-based and thiadiazole-based
compounds. When any such metal deactivators are used,
they can be added, for example, in an amount of 0.01 to
0.4 wt% relative to the refrigerator oil.

Examples of antiwear agents generally include

25 tricresyl phosphate, cresyl diphenyl phosphate, alkyl
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:10%&f()'@?&£%@%§i'ﬁﬁégyﬁyégﬂ)ﬁrifggpropyl phosphite and other such
phosphite esters, as well as amine salts thereof. When
5 any such antiwear agents are used, it is recommended that
the amount thereof is 0.01 to 5 wt%, preferably 0.01 to 2
wt%, relative to the refrigerator oil.

Liquid silicones are suitable defoaming agents.

When used, they may be added in an amount of 0.0005 to
10 0.01 wt% relative to the base oil.

In order to further improve thermal and hydrolytic
stabilities, the refrigerator o0il composition of the
present invention can also include at least one epoxy
compound selected from the group consisting of:

15 (1) phenyl glycidyl ether-based epoxy compounds;

{2) alkyl glycidyl ether-based epoxy compounds;

(3) glycidyl ester-based epoxy compounds;

(4) allyloxirane compounds;

(5) alkyloxirane compound;

20 (6) alicyclic epoxy compounds;
{(7) epoxidized fatty acid monoesters; and

(8) epoxidized vegetable oils.

(1) Specific examples of phenyl glycidyl ether-based

25 epoxy compounds include phenyl glycidyl ethers and alkyl
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10! &10%&' (gtyecidyl ether, pentylphenyl glycidyl ether, hexylphenyl
glycidyl ether, heptylphenyl glycidyl ether, octylphenyl
glycidyl ether, nonylphenyl glycidyl ether, and
decylphenyl glycidyl ether.

10 (2) Specific examples of alkyl glycidyl ether-based
epoxy compounds include decyl glycidyl ether, undecyl
glycidyl ether, dodecyl glycidyl ether, tridecyl glycidyl
ether, tetradecyl glycidyl ether, 2-ethylhexyl glycidyl
ether, neopentyl glycol diglycidyl ether, trimethylol

15 propane triglycidyl ether, pentaerythritol tetraglycidyl
ether, 1,6-hexandediol diglycidyl ether, sorbitol
polyglycidyl ether, polyalkylene glycol monoglycidyl ether,
polyalkylene glycol diglycidyl ether, and the like.

(3) Specific examples of glycidyl ester-based epoxy

20 compounds are those represented by the formula (5) below:
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wherein R® is a C, to C,, hydrocarbon group.

In the aforementioned formula, R® is a C, to C,

hydrocarbon group. Examples of such hydrocarbon groups

5 include C, to C,; alkyls, C, to C,; alkenyls, C; to C,
cycloalkyls, C4 to C,, alkylecycloalkyls, C; to C,, aryls, C,
to C,y alkylaryls, and C, to C,, arylalkyls. Of these, C; to
C;s alkyls, C, to C,5 alkenyls, phenyl, and alkylphenyls
with C, to C, alkyls are preferred.

10 ) Specific preferred examples among the glycidyl
ester-based epoxy compounds include glycidyl 2,2-
dimethyloctanocate, glycidyl benzoate, glycidyl tert-butyl
benzoate, glycidyl arylate, and glycidyl methacrylate.

(4) Specific examples of allyloxirane compounds

15 include 1,2-epoxystyrene and alkyl-1,2-epoxystyrene.

(5) Specific examples of alkyloxirane compounds
include 1,2-epoxybutane, 1,2-epoxypentane, 1,2-epoxyhexane,
1,2-epoxyheptane, 1,2-epoxyoctane, 1,2-epoxynonane, 1,2-
epoxydecane, 1,2-epoxyundecane, 1,2-epoxydodecane, 1,2-

20 epoxytridecane, 1,2-epoxytetradecane, 1,2-epoxypentadecane,

1,2-epoxyhexadecane, 1,2-epoxyheptadecane, 1,1,2-
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P (6)

Examples of alicyclic epoxy compounds include epoxy
compounds having C; to C,, alicyclic alkyl. Specific

10 examples include 1,2-epoxycyclohexane, 1,2-
epoxycyclopentane, 3,4-epoxycyclohexylmethyl-3,4-
epoxycyclohexanecarboxylate, bis(3,4-
epoxycyclohexylmethyl) adipate, exo-2,3-epoxynorbornane,
bis(3,4-epoxy-6-methylcyclohexylmethyl) adipate, 2-(7-

15 oxabicyclo[4.1.0]hept-3-yl)-spiro(l,3~dioxane-5,3’~
[7]oxabicyclo([4.1.0]heptane, 4-(1’-methylepoxyethyl)-1,2-
epoxy-2-methylcyclohexane, and 4-epoxyethyl-1,2-
epoxycyclohexane.

(7) Specific examples of the epoxidized fatty acid

20 monoesters include esters of an epoxidized C,, to C,, fatty
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5 (8) Specific examples of epoxidized vegetable oils

include epoxy compounds of soybean o0il, linseed oil, and
cottonseed oil.

Of these epoxy compounds, preferred for improving
thermal and hydrolytic stability include the phenyl

10 glycidyl ether-based epoxy compounds, the glycidyl ester-
based epoxy compounds, the alicyclic epoxy compounds, and
the epoxidized fatty acid monoesters. The glycidyl ester-
based epoxy compounds and the alicyclic epoxy compounds
are especially preferred.

15 When such epoxy compounds are blended with the
refrigerator 0il composition of the present invention, the
amount is not particularly limited, but it is usually
desirable that the epoxy compound is blended in such an
amount that the content thereof will be 0.1 to 5.0 mass%,

20 more preferably 0.2 to 2.0 mass%, based on the total
amount of the refrigerator o0il composition (relative to
the total amount of the base oil and all the additives
added) .

The aforementioned phosphorus compounds and epoxy

25 compounds can, of course, be used in combinations of two
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The lubricating oil for refrigerators according to
the present invention can be produced using the esters
represented by the formula (1) above on th?ir own or by
mixing such esters with the aforementioned combination

10 base o0ils, and if desired, uniformly mixing the
aforementioned additives.

The process for producing the aforementioned
lubricating oil for refrigerators may include dehydration
treatment of the lubricating oil. Such a dehydration

15 treatment may be performed at any point before or after
the combination base o0il is mixed, or at any point before
or after the additives are dissolved. Dehydration can be
carried out, for example, by treating the lubricating oil
for 0.1 to 10 hours at ordinary or reduced pressure,

20 preferably at a reduced pressure of 0.13 MPa to 66.6 MPa,
at a temperature ranging from room temperature to 150°C.

The lubricating oils for refrigerators having a
water content of not more than 100 ppm, preferably not

more than 50 ppm, are preferred, because they are excelent

25 in hydrolytic stability, electrical insulating properties,
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Refriger rs in which the lubri in il for
refr r r rdin r n n i
5

The lubricating oil for refrigerators according to
the present invention can be used as lubricating oil for
refrigerators using various types of refrigerants.
Examples of such refrigerants of these refrigerators

10 include hydrocarbon refrigerants, halogen-containing
hydrocarbon refrigerants, perfluoroethers and similar
fluoroether refrigerants, dimethyl ether and similar
fluorine-free ether refrigerants, carbon dioxide, ammonia,
or the like, as well as mixtures thereof.

15 Preferred examples of hydrocarbon refrigerants are
those which is in the state of gas at a temperature of
25°C and at a pressure of 1 atm. Specific examples
include C, to C;, and preferably C, to C,, alkanes,
cycloalkanes, alkenes and other such saturated or

20 unsaturated hydrocarbons, alkyl ethers and other such
ether bond-containing hydrocarbons, and mixtures thereof.
More specific examples include methane, ethylene, ethane,
propylene, propane, cyclopropane, butane, isobutane,
cyclobutane, methylcyclopropane, or mixtures of twe or

25 more of these.
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Examples of halogen-containing hydrocarbon
refrigerants include hydrofluorocarbon, hydrochlorofluoro-
carbon and other such fluorine-containing hydrocarbon
refrigerants, hydrochlorocarbons and similar fluorine-free

5 hydrocarbon refrigerants. These regrigerants may be used
either singly or in combination.

Among the above refrigerants, at least one member
selected from the group consisting of hydrocarbon
refrigerants and halogen-containing hydrocarbons is

10 preferred. For protecting the ozone layer, hydrocarbon
refrigerants or hydrofluorocarbon refrigerants are
recommended, among which C, to C;, particularly C, to C,,
hydrofluorocarbon refrigerants are most preferred.

Examples of hydrofluorocarbon refrigerants include

15 C; to C;, preferably C, to C,, hydrofluorocarbons. Specific
examples include difluoromethane (HFC-32),
trifluoromethane (HFC-23), pentafluoroethane (HFC-125),
1,1,2,2-tetrafluorocethane (HFC-134), 1,1,1,2-
tetrafluoroethane (HFC-134a), 1,1,l1-trifluorethane (HFC-

20 143a), 1,1-difluoroethane (HFC-152a) and other such HFC
refrigerants, or mixtures of two or more of these. Such
refrigerants may be selected as desired according to the
intended application or required performance. Preferred
examples include HFC-32 alone; HFC-23 alone; HFC-134a

25 alone; HFC-125 alone; HFC-134a/HFC-32 = 60 to 80 mass%/40
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to 30 mass$% mixtures; HFC-125/HFC-143a = 40 to 60 mass%/60

to 40 mass% mixtures; HFC-134a/HFC-32/HFC-125 = 60

mass%/30mass%/10 mass$% mixture; HFC-134a/HFC-32/HFC-125 =
5 40 to 70 mass%/15 to 35 mass%/5 to 40 mass% mixtures; and

HFC-125/HFC~134a/HFC-143a = 35 to 55 mass%/1 to 15

mass%/40 to 60 mass$ mixtures. More specifically, there

is mentioned HFC-134a/HFC-32 = 70/30 mass% mixture; HFC-

32/HFC-125 = 60/40 mass% mixture; HFC-32/HFC-125 = 50/50
10 mass% mixture (R410A); HFC-32/HFC-125 = 45/55 mass$%

: mixture (R410B); HFC-125/HFC-143a = 50/50 mass% mixture
(R507C) ; HFC-32/HFC-125/HFC-134a = 30/10/60 mass$% mixture;
HFC-32/HFC-125/HFC~134a = 23/25/52 mass% mixture (R407C);
HFC-32/HFC-125/HFC-134a = 25/15/60 mass% mixture (R407E);

15 and HFC-125/HFC-134a/HFC-143a = 44/4/52 mass% mixture
{R4044) .
HFC-134a, R404A, R407C, R407E and R410A are
particularly recommended.
Examples of refrigerators in which the refrigerator
20 o0il of the present invention is usable include automotive
air conditioners, room air conditioners, air conditioners
for packages, dehumidifiers, refrigerator freezers,
automatic vending machines, refrigerated display cases,
warehouse refrigerators, and cooling units in chemical

25 plants. Particularly preferred are refrigerators using at
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containing hydrocarbon refrigerants. More preferably,
refrigerators using the aforementioned hydrofluorocarbon

5 refrigerants are recommended.
Working flui ] ition r refriger r

The present invention is also intended to provide a

10 working fluid composition for refrigerators comprising the
lubricating o0il for refrigerators according to the present
invention and a refrigerant as described above.

That is, researches by the inventors revealed that
the lubricating oil for refrigerators according to the

15 present invention, particularly the ester represented by
the formula (1), has good miscibility with refrigerants,
such as the aforementioned hydrocarbon refrigerants,
halogen-containing hydrocarbon refrigerants,
perfluoroether and other fluoroether refrigerants,

20 dimethyl ether and other such fluorine-free ether
refrigerants, carbon dioxide, ammonia, and similar
refrigerants, especially at least one such refrigerant
selected from the group consisting of the aforementioned
hydrocarbon and halogen-containing hydrocarbon

25 refrigerants (especially hydrofluorocarbon refrigerants).
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invention and (II) a refrigerant, such as the
aforementioned hydrocarbon refrigerant, halogen-~containing
5 hydrocarbon refrigerant, perfluorocether and other
fluorocether refrigerant, dimethyl ether and other such
fluorine-free ether refrigerant, carbon dioxide, ammonia,
and similar refrigerant, especially at least one
refrigerant selected from the group consisting of the
10 aforementioned hydrocarbon and halogen-containing
hydrocarbon refrigerants (especially hydrofluorocarbon
refrigerants) function as a working fluid for
refrigerators.
That is, the present invention provides a working
15 fluid composition comprising:
(I) an aliphatic saturated branched-chain carboxylic

acid monoalkyl ester represented by the formula (1),

and
(II) a refrigerant, such as the aforementioned
20 hydrocarbon refrigerant, halogen-containing hydrocarbon

refrigerant, perfluoroether and other fluoroether
refrigerant, dimethyl ether and other such fluorine-
free ether refrigerant, carbon dioxide, ammonia, and
similar refrigerant; particularly at least one

25 refrigerant selected from the group consisting of the
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aforementioned hydrocarbon and halogen-containing
hydrocarbon refrigerants (especially hydrofluorocarbon
refrigerants).
The ratio of the aforementioned component (I) to
5 component (II) is generally (I):(II) = 1:99 to 85:15,
preferably 2:98 to 80:20, by weight.
The present invention also provides a working fluid
composition comprising:
(1) (a) at least one aliphatic saturated branched-
10 chain carboxylic acid monoalkyl ester represented
by the formula (1), and
(b) at least one member selected from the group
consisting of (i) the fatty acid polyol esters,
(ii) the phthalic acid esters, (iii) the
15 alicyclic dicarboxylic acid esters, (iv) the
polyvinyl ethers, (v) the hydrocarbon oils and
(vi) the polyalkylene glycols, and
(ITI) a refrigerant, such as the aforementioned
hydrocarbon refrigerant, halogen-containing
20 hydrocarbon refrigerant, perfluorocether and other
fluoroether refrigerant, dimethyl ether and other
such fluorine-free ether refrigerant, carbon
dioxide, ammonia, and similar refrigerant,

particularly at least one refrigerant selected

25 from the group consisting of the aforementioned
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refrigerants (especially hydrofluorocarbon
refrigerants).
The ratio of components (a) to (b) in component (I)
5 above is, for example, (a):(b) = 0.5:99.5 to 99.5:0.5,
preferably (a):(b) = 5:95 to 95:5, more preferably (a):(b)
= 15:85 to 85:15, by weight. The ratio of component (I)
to component (II) is generally (I):(II) = 1:99 to 85:15,
preferably 2:98 to 80:20, by weight.

10 When such a mixture is used as working fluid, an
advantage is that the lubricating oil of the present
invention will be miscible over a wide temperature range,
from low to elevated temperatures, with refrigerants such
as the aforementioned hydrocarbon refrigerants, halogen-

15 containing hydrocarbon refrigerants, perfluorocether and
other fluorcether refrigerants, dimethyl ether and other
such fluorine-free ether refrigerants, carbon dioxide,
ammonia, and similar refrigerants, particularly at least
one refrigerant selected from the group consisting of the

20 aforementioned hydrocarbon and halogen—containing
hydrocarbon refrigerants (especially hydrofluorocarbon
refrigerants). The working fluid is less likely to cause

phase separation.
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The lubricating oil of the present invention can be

used to lubricate the aforementioned types of
5 refrigerators. Figure 1 is a schematic diagram of such a
refrigerator.

The refrigerator is composed primarily of a
compressor 1, condenser 2, expansion valve 32 evaporator 4,
and tubing 5 connecting the various components. A dryer

10 (not shown) may also be included as needed.

The method for lubricating refrigerators is
described below with reference to a refrigerator using a
hydrofluorocarbon refrigerant, but the method for
lubricating refrigerators using other refrigerants is

15 basically the same.

A working fluid composition comprising the
lubricating o0il of the present invention and a
hydrofluorocarbon refrigerant is introduced into the
compressor 1 of the refrigerator. At this point, the

20 working fluid composition may be used in an amount
effective for operating the refrigerator. In general, the
amount may be determined in accordance with the
performance required of the refrigerator, the intended
application, and so forth. The amount of the working

25 fluid composition can be suitably selected in accordance
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with the knowledge of those having ordinary skill in the
art.
The refrigerant is primarily compressed by the
compressor 1 and-is passed through the tubing 5, and the
5 compressed refrigerant is liquefied by the condenser 2,
and is guided through the expansion valve 3 to the
evaporator 4, where the refrigerant is vaporized to effect
heat exchange through the evaporator 4. At this point,
most of the refrigerator oil remains in the compressor 1,
10 but the hydrofluorocarbon refrigerant is present as
dissolved in the refrigerator oil. During this
refrigerator cycle, a small amount of the refrigerator oil
circulates in the device along with the refrigerant.
The compressor 1 illustrated here is a compressor
15 with an open, semi-open, or hermetic compressor, depending
on the method by which the compression parts and the motor
driving them are assembled. Due to differences in the
compression method, there are refrigerators with
reciprocal, rotary, scroll or screw compressors, as well
20 as refrigerators with centrifugal compressors, but any of
them can be used.
The lubricating oil of the present invention results
in better operation of the compressor 1 because of good

miscibility between the lubricating oil of the present

25 invention and the hydrofluorocarbon in the compressor 1.



Pl 1010 10 X)L 0 0K
@ " LO%WE () - ! Ré/" 10%ueu& () - L10%& ()-&105%: ()-@% "a}~ASH=  1\VO! 10 1%
10, 7109%&' ()- 510%& ()-!x,F. 10% & ()-sf,10%& ()-!t@! 10%H& () -
aot f 1 zX6SH= Nyeffs! 10%&&&' ()-S'f  "10% ()-!'f "10900& ()-!'f
"10900& ()-10%& ()-!, &10%v& ()-1}0ydESH=
Nyeffs! 1S510%&' () - S010%&' () - S3. YI0%&' () - S&10Y& () -SsS&10%& ()-sffs!10%& ()
-S" @ !lye '10%& ()-f! _70-
Since the working fluid composition is less likely to
cause phase separation, the lubricating oil is less likely
to localize in areas other than the compressor 1.
Furthermoreé, the lubricating oil of the present invention
5 has good hydrolytic stability and causes a small increase
in the total acid number, so that less corrosion is
encountered in the compressor 1, condenser 2, expansion
valve 3, evaporator 4, or tubing 5 coqpecting such parts.
At the same time, the lubricating oil of the present
10 invention has low viscosity, leading to less energy loss
as a result of friction during the operation of the
refrigerator. The working fluid composition also has
excellent insulating properties, and thus serves as an
insulating o0il to prevent leakage in the compressor motors
15 of refrigerators having hermetic or semi-hermetic
compressors, making the oil of the invention especially
desirable for use in refrigerators with hermetic
compressors.
Examples of compressor 1 include (1) high pressure
20 container compressors, in which a hermetic container
holding the refrigerator oil houses a motor comprising a
rotor and stator, a rotating shaft fixed to the rotor, and
a compressor device connected to the motor via the

rotating shaft and a high pressure refrigerant gas

25 discharged from the compressor device is held in the



1 1098 ()-f10% ()-&S10% . ()-F 10 10 10S7s! 10% ()-"DEz[ <1@

10SF. 1 109& ()-Sf, 109& ()-!tfy#109%!& ()- 'tfy#10%!& ()- f "10(@'7(%9!}1‘
"109% ! & ()-gEFGTY_j kL@ 10SF.!10@0%& ()- 10%& ()- - 2003
,10% & ()-,f10% ()- ', 10%: ()-G 10 108KJEL@ 10 " 10%: ()- @ 10%& ()- @
109&' ()-10%& ()-:10%&' ()-f109& ()- K}VAEL@ 10ys- 10%& ()-y+

109 ()-y) 109 ()-' 109 () - %40% ()-$10% ()-3rdYNC 10 10 10

106109& () -f 4#109%& ()-3s109& ()- 1109 ()-@y 109 ()-' ~ dEYNC 10
FT109& ()-f10%& ()-SS10%& ()- Y109%& ()-y-10%& ()-S&L0%& ()-F !8!g!."dEYNC

hermetic container; and (2) low pressure container
compressors, in which a hermetic container holding the
refrigerator 0il houses a motor comprising a rotor and
stator, "a rotating shaft fixed to the rotor, and a

5 compressor device connected to the motor via the rotating
shaft and a high pressure refrigerant gas discharged from
the compressor device is directly discharged out of the
hermetic container. .

As an insulating film serving as a material in the

10 electrical insulation system of the motor, preferably
usable are crystalline plastic films with a glass
transition point of 50°C or higher, specifically an
insulating film made of at least one member selected from
the group consisting of polyethylene terephthalate,

15 polybutylene terephthalate, polyphenylene sulfide,
polyether ether ketone, polyethylene naphthalate,
polyamideimide and polyimide, or a composite film
comprising a film with a low glass transition temperature
covered by a resin layer with a higher glass transition

20 temperature, because of lower susceptibility to loss of
tensile strength or electrical insulating properties. The
magnet wire used in the motor is preferably coated with an
enamel having a glass transition temperature of 120°C or
higher, such as a single layer of polyester, polyester

25 imide, polyamide or polyamideimide, or an enamel coating



10 N
21098 () - s@@L0%& () - #mi0%& ()-!310%& ()- 10%& ()-100& ()-."e" """ kfudiludtsy
10

10, 7G' 10%& () - @S10%&' ()-3: 109%& () - 110%& () - OF10%& () - @. 109%& () - VHWH #Kk#5%
$0M06 PL/  fl  "100& ()-!>fl "10900& ()-!~fl "10%+& ()-!pfl

" 1090ME () -f-10%&' ()-% 10%& ()- 10VU&MO' ' (O( P(z[ <1/

10S7! 109& ()-,5' 109& ()-!S&' 10900& ()- !S&' 10900& () -

fSZ"109%& ()- @kf SZ" 10%& ()- @( QA R(a(f (of4( (N &s10%& () - 310%& () - S10%& () -
F109& ()-y- 109& ()- 0&L0% ()- 10 10()8)p))))dEmV &s10%

10% ()°yE108 () 1098, Q1o 0% (- M L) L ks 9B

&s10% 3.! 10

109& () - " @YY % 4’ ertied 1
Tof 7+ 100 (1 Bk ghé%o%%& ?1%310‘%?%% Fth & (T Tov( X-N 8 Sl iR

&510% t\ S! 10080 & (n1 Q%iﬁaés) - S k0% do te]w@:é%a(amelo%x&).pﬁé@%f () -
v 1] 007 SYNG 210Gy 10% () - @ @y

}(1);/%( § 2f @iiﬂ/&rﬁ@f/«ﬁwﬂeé“&ﬂﬂé&‘m% (Suoh Hiede)i+a HoUké&ng) 18014d441122uS1 !y
5 .those having a polyester imide lower layer and a
polyamideimide upper layer (AI/EI), and those having a
polyester lower layer and a polyamideimide upper layer
(AI/PE) .
The dessicant to be used in the dryer is preferably
10 a synthetic zeolite comprising a silicate and aluminate
alkali metal complex salt with a pore diameter of not more
than 3.3 A and a carbon dioxide gas absorption capacity of
not more than 1.0% at a carbon dioxide partial pressure of

250 mmHg at 25°C. Specific examples include XH-9, XH-10,

15 XH-11, and XH-600, manufactured by Union Showa.
PREFERRE DE FOR YIN T THE I TION

Examples of preferred embodiments of the
20 refrigerator oil of the present invention are given below:
- refrigerator o0il containing (2-ethylhexyl) 2-
ethylhexanoate,
+ refrigerator o0il containing (isononyl) 2-ethylhexanoate,
- refrigerator o0il containing (3,5,5-trimethylhexyl) 2-

25 ethylhexanoate,
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- refrigerator oil containing (2-ethylhexyl) 2-
ethylhexanoate and (n-dodecyl) 2-ethylhexanoate,

5 - refrigerator oil containing (2-ethylhexyl) 2-
ethylhexanoate and a C; to C,, fatty acid triester of
trimethylolpropane,

refrigerator oil containinq (2-ethylhexyl) 2-
ethylhexanoate and a C; to C,, fatty acid tetraester of

10 pentaerythritol,

- refrigerator oil containing (2-ethylhexyl) 2-
ethylhexanocate and a di(C, to C,; alkyl) ester of 4-
cyclohexene-1,2-dicarboxylic acid,

- refrigerator 0il containing (2-ethylhexyl) 2-

15 ethylhexanocate and a di(C, to C,, alkyl) ester of 1,2-

cyclohexanedicarboxylic acid,

refrigerator oil containing (2-ethylhexyl) 2-
ethylhexanoate and a di(C, to C,;;, alkyl) ester of phthalic
acid,

20 - refrigerator o1l containing (3,5,5-trimethylhexyl) 2-
ethylbutanocate and a di(C, to C,, alkyl) ester of 1,2-
cyclohexanedicarboxylic acid.

Examples of preferred embodiments of the working
fluid composition of the present invention are given below.

25 The proportions of the components of the working fluid



109& () -- 109 () - &L0% () - BEBCCCz CCCAEYNC !y!y ,
LI 109%& ()-1 10% () - y10%& ()- @O%: () -, 10%& ()-"9- 109 ()- CC D?Dt D{DBYEYRID3
lyly

y, S109%& ()-s*10%& ()-s(10%& ()-&10%& ()- @ 10%& () - #: 10%& () - DDEEEEEEEbC
1yl y109%& ()- F940% . ()- 10 10

10, 7! 109& () - s&0109%& () -, F. "109%& () - E- FdFsFFFGIELC !y! y109%& () - &

109& () - F1096& ()-sy109%& ()-s109% ()-s 109%& () - GEGVIGEGGVHIELC

Lylyy100& ()-yL109& () - S! 109%& () - y109%& ,).- 109%&: () - 310%&: () - VHHHHI 31 hi dEbC
Iyl ySF. 1 109 ()-f, 109 ()-*10% () - 9( 109& () - &LOY%& () - S$MLOY () - hl ! ITIUIVI

10200 e Aol U e 10Ul L2t Dy,

y
Loy ﬁ{’?‘“%%}m A L0080 0PEP0:0 PONT 1L 103 ()
: : : ‘i goo/f/‘;&,(%)f%‘%/ (f.; %Qf/@&r)pos]l(?:l/‘%n@ BhQYENE hgl (b LAY, L he RERPRQXAIEUVY

VL0 () - ' ddarida A0 % JPcLQ%&a( ) - Q+R RRI SSSSSAYNC 11 10 10
10f 75! 109&’ () -D010%&’ ()-fY. &10%& () -, 10%& ()-*10%& () - SSSST~UTV} [ 9YNC

e~ " 0%/ Gﬁ&]«(j)ng !Mui"cﬂ-Qf&Tlﬁds&'tﬁ.b‘ns containing (isononyl) 2-

ethylhexanoate and HFC-134a,

+ working fluid compositions containing (3,5,5-
trimethylhexyl) 2—ethylhe¥anoate and HFC-134a,
+ working fluid compositions containing (3,5,5-
10 trimethylhexyl) 2-ethylbutancate and HFC-134a,
+ working fluid compositions containing (2-ethylhexyl) 2-
ethylhexanocate, (n-dodecyl) 2-ethylhexanoate and HFC-134a,
+ working fluid compositions containing (2-ethylhexyl) 2-
ethylhexanoate, a trimethylolpropane C, to C,, fatty acia
15 triester and HFC-134a,
- working fluid compositions containing (2-ethylhexyl) 2-
ethylhexanoate, a pentaerythritel C, to C,, fatty acid
tetraester and HFC-134a,
+ working fluid compositions containing (2-ethylhexyl) 2-
20 ethylhexanocate, a dialkyl (C, to C,) ester of 4-
cyclohexene-1,2-dicarboxylic acid and HFC-134a,
+ working fluid compositions c¢ontaining (2-ethylhexyl) 2-
ethylhexanocate, a dialkyl (C, to C,;) ester of 1,2~
cyclohexanedicarboxylic acid and HFC-134a,

25 + working fluid compositions containing (2-ethylhexyl) 2-
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acid and HFC-134a,
- working fluid compositions containing (3,5,5-
trimethylhexyl) 2-ethylbutanoate, a dialkyl(C, to C,)

5 ester of 1,2-cyclohexanedicarboxylic acid and HFC-134a,
and
- working fluid compositions containing (3,5,5-
trimethylhexyl) 2—eth¥lhexanoate, a dialkyl (C, to C,)
ester of phthalic acid and HFC-134a,

10

FFE F_THE INVENTION

The use of the present ester for refrigerator oil
achieves the following advantages. ‘

15 1) The present ester has better hydrolytic stability.

2) The present ester has better miscibility with
hydrofluorocarbon refrigerants.

3) The present ester has a higher volume resistivity, and
better electrical insulating properties,.

20 4) The present ester has a far lower viscosity than
conventionally used refrigerator oils, and can minimize
energy loss.

5) Compositions obtained by mixing the present ester with
a conventional refrigerator o0il can be adjusted to a

25 desired viscosity by adjusting the proportions thereof.
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"109@%ﬂ)is¥é%%%catlng oil for refrigerators comprising the
aliphatic saturated branched-chain carboxylic acid
monoalkyl ester of the present invention has excellent
hydrolytic stability and entails less increase in the

5 total acid number under stringent conditions, causing less
change in metal surfaces.
7) The lubricating oil of the present invention is
excellent in electrical insulating properties and
miscibility with fluorocarbons at low temperatures, and

10 can be used as a lubricating oil for compressors in which
the refrigerant is a hydrofluorocarbon containing no
chlorine atom within the molecule, and is tremendously
beneficial for industrial purposes.

8) The present ester has a low viscosity and can.thus be

15 used with other lubricating oils, thereby enabling to

provide refrigerator lubricating oils of varying viscosity

grade.

EXAMPLES
20
The present invention will be described in further
detail below with reference to examples and comparative
examples. The properties of the lubricating oils in the
examples and comparative examples were assessed in the

25 following manner.
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Measured in accordance with JIS-K-2501.
Measured in accordance with JIS-~-K-2283 using an
5 Ubellohde viscometer.
Water content
Measured using a Karl Fischer’s moisture meter (MKC-
510, manufactupgd by Kyoto Denshi) in accordance with JIS-
K-2275,
10 Volume resistivity
Measured at 25°C in accordance with JIS-C-2101.
-1 r ion r r
In accordance with JIS-K-2211, a sample oil was
added to a hydrofluorocarbon refrigerant HFC-134a so as to
15 adjust the proportion of the sample o0il to 20 wt%, and the
temperature at which the mixture separated into two phases
was determined between —-50 and 38°C. The lower the
temperature, the better the miscibility between the sample
oil and hydrofluorocarbon.
20 Hydrolvyti ili
An iron wire, a copper wire and an aluminum wire,
each having a length of 4 cm, were placed in glass test
tube having a length of 30 cm and an inside diameter of
6.6 mm, and 2.0 g of sample ester and 0.2 g of distilled

25 water were placed therein. The test tubes were sealed
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was heated for 20 or 40 hours at 175°C in an oven.
sample ester was then taken out to measure the total acid
number. The surfaces of the metal wires were visually
5 inspected and evaluation was made according to the
following three-grade criteria. The state of the ester
after the test was also inspected.
O: no change
A: some discoloration
10 x: turned black or deep brown
nuf ring E le 1
144 g (1 mol) of 2-ethylhexanoic acid and 143 g (1.1
mol) of 2-ethylhexanol were fed to a four-necked flask
equipped with a stirrer, a thermometer and‘a water
15 separator having a condenser tube, and the mixture was
heated to 200°C under reduced pressure in the presence of
a tetraisopropyl titanate catalyst. Esterification
reaction was carried out for about 9 hours while removing
the formed water by the water separator. After the
20 reaction, the excess 2-ethylhexanol was distilled off, and
the product was neutralized with excess sodium hydroxide
and then washed with water to neutrality. The product was
then treated with activated carbon (0.3 wt.% relative to
the starting materials fed) at 90°C, and was then filtered,

25 giving 246 g of (2-ethylhexyl) 2-ethylhexanoate, which was
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~79-
then dehydrated for 5 hours at a temperature of 100°C and
a reduced pressure of 13.3 MPa. The resulting ester had a
total acid number of 0.0l mgKOH/g, a water content of 11
ppm, a kinematic viscosity of 2.7 mm®’/s (40°C) and 1.1
mm?/s (100°C), a volume resistivity of 3.0 x 10*® Q-cm, and

a two-layer separation temperature of -24°C.

Manufacturing Example 2

FollPWing the procedure of Manufacturing Example 1,
(3,5,5-trimethylhexyl) 2-ethylbutancate was obtained from
2-ethylbutanocic acid and 3,5,5-trimethylhexanocl. The
resulting ester had a total acid number of 0.01 mgKOH/g, a
water content of 18 ppm, a kinematic viscosity of 2.6
mm?’/s (40°C) and 1.1 mm?’/s (100°C), a volume resistivity of
2.1 x 10*® Q-cm, and a two-layer separation temperature of
-50°C or below.

Manufacturing Example 3

Isononyl 2-ethylhexanocate was obtained from 2-
ethylhexanoic acid and isononanol in the same manner as in
Manufacturing Example 1. The resulting ester had a total
acid number of 0.0l mgKOH/g, a water content of 25 ppm, a
kinematic viscosity of 3.4 mm’/s (40°C) and 1.1 mm’/s
(100°C), a volume resistivity of 8.0 x 10 Q-:cm, and a
two-layer separation temperature of -8°C.

f ring Ex le 4
(3,5,5-Trimethylhexyl) 2-ethylhexanocate was obtained

10

10

10
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from 2-ethylhexanoic acid and 3,5,5-trimethylhexanol in
the same manner as in Manufacturing Example 1. The
resulting ester had a total acid number of 0.01 mgKOH/g, a
water content of 16 ppm, a kinematic viscosity of 3.5
5 mm?/s (40°C) and 1.3 mm®’/s (100°C), a volume resistivity of
1.0 x 10" Q-cm and a two-layer separation temperature of
-31°c.
n ring Ex 5
An ester mixture was obtained, in the same manner as
10 in Example 1, from 2~ethylhexancic acid and an alcohol
mixture of 2-ethylhexanol and n-dodecanol {molar ratio
82:18) . The resulting ester had a total acid number of
0.01 mgKOH/g, a water content of 22 ppm, a kinematic
viscosity of 3.1 mm?’/s (40°C) and 1.2-nmf/s (100°C), a
15 volume resistivity of 7.7 x 10 Q-cm, and a two-layer
separation temperature of -8°C.
m iv nuf ri Ex le 1
2-Ethylhexyl palmitate was prepared following the
procedure of Example 1. The resulting ester had a total
20 acid number of 0.01 mgKOH/g, a water content of 13 ppm, a
kinematic viscosity of 8.1 mm’/s (40°C) and 2.7 mm®/s
(100°C), and a volume resistivity of 6.2 x 10*® Q-cm.
However, when the ester was subjected to the measurement
of the two-layer separation temperature, it was found that

25 the ester was not miscible with the fluorocarbon at the
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2-Ethylhexyl ester of coconut fatty acid (C, to C,,

aliphatic straight-chain monocarboxylic acid mixture) was

5 prepared in the same manner as in Example 1. The
resulting ester had a total acid number of 0.01 mgKOH/g, a
water content of 15 ppm, a kinematic viscosity of 5.3
mm’/s (40°C) and 1.9 mm’/s (100°C), and a volume
resistivity of 5.7 x 10 Q-cm. However, when the ester

10 was subjected to measurement of the two-layer separation
temperature, it was found that the ester was not miscible

with the fluorocarbon at the measurement temperature range

of -50 to 38°C.

15 0Oil mixtures were prepared using the esters of
Manufacturing Examples 1 and 2. The details will be given
in Manufacturing Examples 6 through 14.
Manufacturing Example 6

The (2-ethylhexyl) Z2-ethylhexanoate obtained in

20 Manufacturing Example 1 and trimethylol propane tri(3,5,5-
trimethylhexanoate) prepared in the same manner as in
Manufacturing Example 1 were mixed in a weight ratio of
17:83, giving an ester mixture. The mixture was then
dehydrated for 5 hours at a temperature of 100°C and a

25 reduced pressure of 13.3 MPa. The resulting ester had a
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| #S#10% &' (‘3”2%‘6%%’6“%%%"&“()502’§£ioﬁ?or8p€fe§sﬂo$}é‘a FFM95#10% & () - 2e
Fol / KKYy

AP ( ‘B@ﬁ@fo d'?)“ai‘é%?féb}‘“éﬂg 5E2IBSe” (Y58 HTOES: 11 3st10% & () - 22

F, Fcl / kS# % kK%, <h
I#}cf/ 8#10(1’}(?68/4% 0%& ‘4)6725@ i g)é‘s%%g%g&%%%’éélo# & () 2S#10% & (

) - 2S#10% &ﬁx&%%s& Kﬂér‘?ﬂé}l A For 5 hours at a tem
| HSH10% & () DON1000 & () DSH1000 & () 259100 & () - 2nC0 k#1058 & () < 25410% &

() - 25#10% & )t A1 QHEia YedSBEA% Bk b 2SHAB% & § )MASHLAHR' () - 26FO/ kSH10%
SH109% & ()-2S#10% & () - 2SHI0% & () - 2SH10% & () - 2S#10% & () - 2S#10% & () - 27eF
0/ kkK%/ <h resulting ester had a total acid number of 0.01 mgKOH/g, a

| #SH10% & () - 2SH10% & () - 2SH10% & () -2} cl / SH10% & () - 2SH10% & () - 2S#10% & (
) 2S#H10% & W3 ERSHIPMEIE JoR2 SRR’ @) k2180 &' (Ls28810%0 &£ (3523cl/ SH1O0% &
()- 2S#10% mf) 2SH10% & ()-2S#10% & () - 2S#10% & () - 2S#10% & () - 2S#10% & () -
2SH10% & ()mEZEARSIADoaE (3 - DI Y &1OPOISH1DMWE Ye 2)eSHIIVE ) oFk KW/ <h

| #OPISHIS¥10% & () -2S#10%6 & ()-2: #1006 & () - 25#10% & () - 2<S#10% & () - 25#10%
L & () - 2SH10RB X1 1PN 8 sesrands & Yo 2knmer e RIRLAon (RRRerptase 0% & () - 2S

#10% & () - 228#10%& ()-2S#10% & ()-2!"$j PLSH1SH10% & () - 2SH10% & () - 2S#10%
& () - 2S#10% % - 2S#10% & () - 2S#10% & () 2SH10% & () - 2%' (+-. 020P1SH1SH10% &

"() - 2SH10%& ()= 2541000 & L) - 2S#109% & () - 25#10% & () - 2S#10% & () - 25#10% & ()
- 223689;

2n0b6 10% & 0% & () - 22S#10%
T2 ()38 0% & d%‘%sé%&*% ST, 20T hpip Atk Sobtagnbd RS ()

| #S#10% & () &g % & (Croc? Gl NBREW D +SHEHAOY & () - 2%6#10% & () -

2S#10% &' () 25#10%& ()~ 25H10% & () - 2SH#10% & () - 25#10% & () - 2VXZ\ N beF+S#S#
10% & ( S#100:% dQn2es W% doiRS# BB, ( raAG#40U&al) bFSHNYo8p4) - 25#10% &

() - 2bdgi j 7eF+S#kK%/ <h

| #SH10% & (QhGHP6aE () -TASH)0Wete niZiekdos nz ai FeSHBE1OKE RS (PE 2871600 & () - 2S
#10% & () - 2SH10% & () - 2SH10% & () - 2SH10% & () - 2SH10% & () - 2eF+SHSH10% & (St
109% & () - 2 A0, Hr) -XSHBO Wi Hrel SHTDE B ¢ § 1 PSHIDY ) -RSIMDIB IR ) - 2eF+SH#
SH10% & (SH10% & () - 2S#10% & () - 2S#10% & () - 2S#10% & () - 2S#10% & () - 2S#10%

& () - 286+SHSH (BAHESYISH E/6a8. HEmrRSHIINMER o) 1288C 096& { ) rXBHIAY & () - 2S#10% &
() -2S#10% & () - 2V<eF+S#SH1098#10% & () - 2kK%/ <h

| #S#10% & () - 2S#10% & () - 2y ESHSH10YBHSH10% & () - 2S#10% & () - 2S#10% & () - 2S
#10% & () - 2S#10% & () - 2S#10% & () - 2S#10% & () -2} cl/ S#10% & () - 2S#10% & () - 2
SH10% & () - 2S#10% & () - 2SH#10% & () - 2S#10% & () - 2S#10% & () - 2S#10% & () - 22" A
"1 SH10% & () - 2SH10% & () - 2) SH10% & () - 2SH#10% & () - 2kK%/ <h

| #eFS#10% & () - 2S#10% & () - 2S#10% & () - 2S#10% & () - 2VS#10% & () - 2S#10% & ()

- 2SH#10% & () - 2eFSH#10% & () - 2S#10% & () - 2S#10% & () - 2S#10% & () - 2VS#10% & ()

- 2SH#10% & () - 2SH#10% & () -2z  F, FS#10% & () - 2S#10% & () - 2S#10% & () - 2S#10% &

() - 2kK%/ <h
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+}cl / KKW/ <h | #S#10% & () - 2SH10% & () - 2S#10% & () - 2S#10% & () - 2
ST5/ KKS#10% & () - 2S#10% & () - 2S#10% & () - 2S#10% & () - 2SH#10% &s@ gﬁ,@m%& (
) - 2SH10% & () - 2HY&NOB/ KKSH10% & () - 2S#10% & () - 2( S#10% & () - 2S#109 3os#
10% & () - 2( SH10% & () - 2S#10% & () - 2&) +, 0236j P1/ kS#10% & () - 2S#10% &' () 2S#1
0% & ()-2SH10% & () - 2S#10% & () - 2S#10% & () - 2S#10% & () - 2689<>?BDoP1/ kS#10%
L& ()-2SH10% & () - 2SH10% & () - 2SH#10% & () - 2SH#10% & () - 2SH10% & () - 2S#10% &'
() - 2DFKNBWYeF1/ kS#10% S#10% & () - 2S#10% & () - 2S#10% & () - 2( S#10% & () - 2( S#1
0% & ()-2S#10% & ()-2Y] _cej eF1/ kKS#10% S#10% & () - 2S#10% & () - 2S#10% & () - 2(
SH10% & ()-2( SH10% & ()-2S#10% & () - 2jKitor 2> A" FS#10% & () - 2S#10% & () - 2( S#
10% & () - 2S#10% & () - 2kK%W/ <h
| #rwy| eFSHIBERREe 228 159X M52 25%8%8‘5?}‘:23%1%%%?(1}3@\3#%%‘]& () - 2S#10%
& ()- 25#10%&% 2e|=5#10tyo&0(])2 2S#10% & () - 2S#10% &' 8‘ gﬁg%& () - 2VSH#10%
& ()- 2S#108% webar gty ,&a( WAIEF1 GOPECPF- O5u1OFR( ) - 2S#10% &
() - 2VS#10% & () 2S#10% &' () 25#10% & ( 27er§%0% kKo/ <h
| #VSH10% & ) 254 Ram2 1)< IEERRRigY )° % 4°O)- 28816957 () - 2SH#10%
& ()-2S#10% & @51,%%& () - 25#10%& ()-2SH#10% & () - 2eFOSH1SH#H10% SH10% & (
) - 25#10%&?"5‘/%:‘ ’() 25#10%& ()-2SH#10% & () - 2SH#10% & () - 2eFOSH1SH10%
SH10% &'c() - @S 1000181 () - 25#10% & () - 25#10% & () - 25#10% &' () - 2eF0

SH1S#10% SH : #10% & () - 2S#10% & () - 2S#10% & () - 25#10%
8 () - 26F05#15#10%1%1@£@§tr(8?11§§31q%2&e(t)1 SELAUELL) oBBELAMASLE) - 25410% & (

) - 2SH#10% & () -2 V<" FS#10% S#10% & () - 2kK%/ <h

| #S#10% & (MaRSEAORAR: g -5 HO%n&l [i- (25&5@1@%&16) 42VS#10% & () - 25#10%
£ & ()-2S#10% & () - 2S#10% & () 2S#10% & () - 2&*, 059=eFS#10% & () - 2S#1S#10% &
() - 2VSH10% &) olREHERY6 K] LG RSHHDE e PHHAYE (h- 26418%ME frnAcAEFH V<" F
SH10% & () - 2S#10% & () - 2kK%/ <h

| #SH10% & (s 25# DO EF{ It iHG NGREE /19BRIeYmaxer- 25#20%e8uh)- 2SH10% & () -
2S#10% & () - 2S#10% & () - 2S#10% & () - 2S#10% & () - 25#10% & () - 20RSTUVW ccl / %8

#10% &10) - 2581056 85 ( )G DEHIDRIK (SLLSHEONIE'(.) - DB II0VE BIXG - TSYIGWE: () - 25#10

% & ()-2S#10% & ()-2WKYZ[ ]z F ccS#10% & ()-2) S#10% & () - 2S#10% & () - 2S#10%
& ()-ZKK%/ Gk@hydrated for 5 hours at a temperature of 100°C and a

1] _adhkneFeSi10 & ()-2) S¥10%.8 () , 2510 2SH#10% & 10% & () - 2S
10T g SR ISR Ao WERe  The) ShTBLEERY ) SDeA B T 251006
& () - 2VSH10% 2S#10%. & % & () 2V<eFeS#10% S¢10% & () - 2kK/ <h
oS00 & R o%) e Sﬁ*ﬁfﬁé%gﬁ’w B %3 fo%}"ﬁ%?i‘qc Lo & () - 2S#
10% & ()- 25040008 (125008 (- 25009 & 240l L $50 20 & ()25
#103/0 &(%) 1%%}6'&(%) (") o §( %‘)1 ?CSE'T? (/{?"C(} §&42) (2§/ 2

& ?()WOY OKW"?( %QC%O é‘}é&%&é '5%%0% %f %ff}%o%éé (1)024 QRL4YKY,%4.0%

LN ()14 D8N St ddrord MO () 910% & () 910%
& ()- 910%&() %(% 109% 10% & ()-2 10% & ()-2 10% & ()- .10%

& ()- -1%@1@@3@4%_@@@;@ 25Wkh  10% & ()-2 10% & ()-2 10% & () -2
10% & ()-2'#%hH, 4 10% & ()-2 10% & ()-2 10% & ()-2 10% & ()-2 10% & () -
10% & () -2 10% & The 2624 thy8idxyl ) 1 @@4e&hy)lhexbbdnle( pb2alfesd&ifn) -2 10%
& ()-2 10% & ()-25Wh 3579:; <ML, 4 10% & ()-25Wh 10% & ()-2% 10% & ()-2
Manufacturing Example 1 and diisononyl 4-cyclohexene-1,2-
20 dicarboxylate prepared in the same manner as in
Manufacturing Example 1 were mixed in a weight ratio of
30:70, giving an ester mixture. The mixture was then

dehydrated for 5 hours at a temperature of 100°C and a

reduced pressure of 13.3 MPa. The resulting ester had a

25 total acid number of 0.01 mgKOH/g, a water content of



10% & ()-2 10% & ()-2<=>?@Bt X, 4 10% & ()-25W 10% & ()-2 10% & (_[)-2 10%
& ()-2 10% & ()-2 10% & ()-2 10% & () - 2BCDEFGHvZ>, 4 10% 10% & ()- 2H09gm
& ()-2 10% & ()-2 10% & ()-2 10% & ()-25Weh H JKLMVZ: , 4 10% & ()-2 10%
& ()-2 10% & ()-25Wh - 10% & ()-2 10% & () - 20Q8UVKYI -, 4 10% & () - 25\ih
10% & ()-2 10% & ()-2 10% & ()-2 10% & ()-2YZ[\]*_tX, 4 10% & () - 25\h 10%
& ()-2 10% & ()-2% 10% & ()-2 10% & ()-2 10% & ()-2 10% & ()-2_ " abcdevZ>, 4
10%
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15 ppm, and a kinematic viscosity of 9.6 mm’/s (40°C) and
2.5 mm?/s (100°C).
Manufacturing Example 11

The (2-ethylhexyl) 2-ethylhexanocate obtained in

5 Manufacturing Example 1 and dik3,5,5~trimethylhexyl) 4-
cyclohexene-1,2-dicarboxylate prepared in the same manner
as in Manufacturing Example 1 were mixed in a weight ratio
of 40:60, giving an ester mixture. The mixture was then
dehydrated for 5 hours at a temperature of 100°C and a

10 reduced pressure of 13.3 MPa, The resulting ester had a
total acid number of 0.01 mgKOH/g, a water content of
28 ppm, a kinematic viscosity of 9.1 mm’/s (40°C) and 2.2
mm’/s (100°C), a volume resistivity of 5.6 x 10 Q-cm, and
a two-layer separation témperature of -12°C.

15 Manufacturing Example 12
The (3,5,5-trimethylhexyl) 2-ethylbutanocate obtained

in Manufacturing Example 2 and diisodecyl 1,2-cyclohexane-
dicarboxylate prepared in the same manner as in
Manufacturing Example 1 were mixed in a weight ratio of

20 30:70, giving an ester mixture. The mixture was then
dehydrated for 5 hours at a temperature of 100°C and a
reduced pressure of 13.3 MPa. The resulting ester had a
total acid number of 0.01 mgKOH/g, a water content of
23 ppm, and a kinematic viscosity of 11.5 mm’/s (40°C) and

25 2.7 mm?’/s (100°C).



10% & ()-2 10% & ()-2 10% & ()-2 10% & ()-2 10% & () - 25\%h ef ghi kmv/V6, 4
10% & ()-2 10% & ()-2 10% & () - 25W&h - _
& ()-25Wh  10% & ()-2 10% & ()-2 10% & ()-2 10% & () - 2wyz{|}~0S, 4 10%!

& ()-25W10% & ()-2 10% & ()-2 10% & ()-2 10% & ()-2 10% & ()-2 10%
& ()-2~rV:, 4 10% 10% & ()-2 10% & ()-2 10% & ()-2 10% & ()-2 10% & () - 25\h
VZ>, 4 10% 10% & ()-2 10% & ()-2 10% & () - 25\h
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Manufacturing Example 13

The (3,5,5-trimethylhexyl) 2-ethylbutanoate obtained in
Manufacturing Example 2 and diisobutyl phthalate and di{2-
ethylhexyl) phthalate prepared in the same manner as in
Manufacturing Example 1 were mixed in a weight ration of
30:35:35, giving an ester mixture. The mixture was then
dehydrated for 5 hours at a temperature of 100°C and a reduced
pressure of 13.3MPa. The resulting ester had a total acid
number of 0.01 mgKOH/g, a water content of 15 ppm, a kinetic
viscosity of 10.2 mm?/s (40°C) and 2.3 mm?’/s (100°C), a volume
resistivity of 4.5 x 10 ** -cm, and a two-layer separation
temperature of -35°C.

Manufacturing Example 14

The (2-ethylhexyl) 2-ethylhexanoate obtained in
Manufacturing Example 1 and diisobutyl 1,2-
cyclohexanedicarboxylate and diiscnonyl 1,2-
cyclohexanedicarboxylate prepared in the same manner as in
Manufacturing Example 1 were mixed in a weight ration of
15:50:35, giving an ester mixture. The mixture was then
dehydrated for 5 hours at a temperature of 100°C and a reduced
pressure of 13.3Mpa. The resulting ester had a total acid
number of 0.01 mgKOH/g,>a water content of 24 ppm, a kinetic
viscosity of 8.9 mm?/s (40°C) and 2.3 mm*/s (100°C), a volume
resistivity of 6.2 x 10 * -cm, and a two-layer separation

temperature of -25°C.

10% & ()-2 10% & () - 2mogsuvwl -, 4 10%

2003



10% & () -2 10% & () -27>, 4 10% 10% & () -25Wh - 10% & ()-2 10% & ()32 bg%
& ()-2 10% & ()-2dD, 4 10% 10% & ()-2 10% & ()-2 10% & ()-2 10% & () JHL12083
& ()-2 10% & ()-2vZ> 4 10% 10% & ()-2 10% & ()-2 10% & ()-21 10% & ()-2 10%
& ()-25Wh vV6,4 10% & ()-2 10% & ()-2 10% & ()-215Wh - 10% & ()-2 10%

& ()-21 P44 10% & ()-2' 10% & ()-2 10% & ()-2 10% & () -2
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mparativ nuf ring Ex le 3
Necpentyl glycol di(3,5,5-trimethylhexnoate) was
prepared in the same manner as in Manufacturing Example 1.
The resulting ester had a total acid number of
5 0.01 mgKOH/g, a water content of 18 ppm, and a kinematic
viscosity of 12.9 mm’/s (40°C) and 3.1 mm’/s (100°C).
Comparative Manufacturing Example 4
Necopentyl glycol di(2-ethylhexnoate) and neopentyl
glycol di(3,5,5-trimethylhexnocate) were mixed in a weight
10 ratio of 40:60, giving an ester mixture. The mixture was
then dehydrated for 5 hours at a temperature of 100°C and
a reduced pressure of 13.3 MPa. The resulting ester had a
total acid number of 0.01 mgKOH/g, a water content of
17 ppm, and a kinematic Qiscosity of 10.2 mm?’/s (40°C) and
15 2.6 mm?’/s (100°C).
mparatiwv n ring E 1
Neopentyl glycol di(2-ethylhexnoate) and trimethylol
propane tri(2-ethylhexanocate) were mixed in a weight ratio
of 35:65, giving an ester mixture. The mixture was then
20 dehydrated for 5 hours at a temperature of 100°C and a
reduced pressure of 13.3 MPa. The resulting ester had a
total acid number of 0.01 mgKOH/g, a water content of
28 ppm, a kinematic viscosity of 15.6 mm?’/s (40°C) and
3.2 mm®’/s (100°C), a volume resistivity of 9.5 x 10" Q-cm,

25 and a two-layer separation temperature of -50°C or bolow.
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& ()-2c-445Wh  10% & () -2
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Examples 1 through 14
The hydrolytic stability of the esters obtained in

Manufacturing Examples 1 through 14 was evaluated. The

5 results are given in Table 1.

mparatiw x 1 1 r h 5
The hydrolytic stability of the esters obtained in
Comparative Manufacturing Examples 1 through 5 was

10 evaluated. The results are given in Table 2.
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Examples 1 through 5 show that the present esters
have good hydrolytic stability, have a small increase in
total acid number, and cause substantially no change on
- . metal surfaces. Their refrigerant miscibility and
5 electrical insulating properties are also excellent. -They
also have an extremely low kinematic viscosity at 40°C,
are capable of reducing energy loss during the operation
of refrigerators, and are effective for saving energy.
On the other hand, Comparative Examples 1 and 2 show
10 that aliphatic straight—-chain monocarboxylic acid esters
have poor hydrolytic stability and refrigerant miscibility.
In Examples 6 through 14, the ester was mixed with
various other esters. The 0il mixtures with a kinematic
viscosity at 40°C adjusted to between 10 and 15 ﬁmﬁ/s also
15 have good hydrolytic stability, and therefore the present
esters can be used as viscosity regulators to reduce the
viscosity.
Comparative Examples 3 through 5, on the other hand,
show that branched-chain carboxylic acid esters of
20 neopentyl glycol suffered a large increase in total acid
number, with a tendency to cause a greater level of metal

corrosion.
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1. (Amended) A lubricating oil for refrigerators,
characterized in that it comprises at least one aliphatic
5 saturated branched-chain carboxylic acid monoalkyl ester

represented by the formula (1)

II
R'—CH-C—0OR® (1)

Lo

wherein R' is C, to C,, straight-chain alkyl or C, to C
10 branched-chain alkyl; R® is hydrogen, C, to C,, straight-
chain alkyl or C, to C,; branched-chain alkyl; with the
proviso that the total number of carbon atoms contained in
the alkyls represented by R' and R® is 2 to 18 and that
when R® is hydrogen, R' is branched-chain alkyl; and R’ is
15 ¢, to C,, straight-chain alkyl, C; to C,, branched-chain

alkyl or C, to C,, cycloalkyl.

2. The lubricating oil according to Claim 1,
wherein the total number of carbons of the alkyls

20 represented by R' and R* is 2 to 13.



10% & ()-2 10% & ()-21-<5 10% & ()-25Wh 10% & ()-2 10% & ()-2 10% & () -2
10% & ()-2pP<5 10% & ()-25 10% & ()-2 10% & ()-2 10% & ()-2 10% & () -2 10%
& ()-2 10% & ()-2nN. <5 10% & ()-2 10% & ()-2 10% & ()-2 10% & ()12 13he 2383
& ()-25Wh quI<5 10% & ()-2 10% & ()-2 10% & ()-25Wh 10% & ()-2 10%

& ()-2ML<5 10% & ()-2&Weh 10% & ()-2 10% & ()-2 10% & ()-2 10% & () - 2t X<5
10% & ()-285W 10% & ()-2 10% & () -2
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3. The lubricating oil according to Claim 2,

wherein R® is C, to C,, straight- or branched-chain alkyl.

5 4. The lubricating oil according to Claim 1,
wherein R' and R® are C; to C,, straight-chain alkyl or C,

to C,; branched-chain alkyl.

5. A lubricating oil according to Claim 1,
10 wherein one of R' and R® is C, to C; straight-chain alkyl
or C, to C, branched-chain alkyl, and the other of R' and
R® is C, to C,, straight-chain alkyl or C, to C,, branched-

chain alkyl.

15 6. The lubricating oil according to Claim 1,
wherein the aliphatic saturated branched-chain carboxylic
acid monoalkyl ester represented by the formula (1) is
obtained by subjecting an aliphatic saturated branched-
chain carboxylic acid represented by the formula (2):

20

T
R'—CH-C—OH (2)
Lo
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& ()-2 10% & () - 25Wh
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20

25
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wherein R' and R® are as defined in Claim 1 and an
aliphatic monohydric alcohol represented by the formula
(3)
R’-OH (3)
wherein R® is as defined in Claim 1 to an esterification

reaction.

7. The lubricating o0il according to Claim 6,
wherein the aliphatic saturated branched-chain carboxylic
acid represented by the formula (2) is at least one member
selected from the group consisting of isobutanoic acid, 2-
methylbutanoic acid, 2-ethylbutancic acid, 2,3-dimethyl-
butanocic acid, 2-methylpentanoic acid, 2-methylhexanoic
acid, 2-ethylpentanoic acid, 2,4-dimethylpentanoic acid,
2-ethylhexanoic acid, 2-methylheptanoic¢ acid, 2-propyl-
pentanoic acid, 2-ethyloctanoic acid, 2-methylnonanoic

acid and 2-pentylnonanoic acid.

8. The lubricating o0il according to Claim 6,
wherein the aliphatic monohydric alcohol represented by
the formula (3) is at least one member selected from the
group consisting of isopropanol, isobutanol, sec-butanol,
cyclohexanol, n-heptanol, isoheptanol, 2-ethylhexanol, 1-
methylheptanol, isooctanol, isononancl, 3,5,5-trimethyl-

hexanol, 2,6-dimethyl-4-heptanol, isodecanol and

10% & ()-2 10%



VZ:455. 10% & ()-2 10% & ()-2 10% & ()-25Wh - 10% & ()-2 10% & ()- 2 - 45

10% & () - 25Wh

10% & ()-2 10% & ()-2 10% & ()-2 10% & () - 2! % +4dD4k}110083

& ( 10% & ()-2 10% & ()-2 10% & ()-2 10% & ()-2 10% & ()-2 10%
& ()-2-.2789:rV: 45 10% 10% & ()-2 10% & ()-21 10% & ()-2 10% & ()-2 10%
& ()-25Wh :; <=>?@Z>45 10% 10% & ()-2 10% & ()-25Wh  10% & ()-2- 10%
& ()-2 10% & () - 2@G LM\c- 455Wh
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1soundecanol.

9. The lubricating o0il according to Claim 1,

wherein the aliphatic saturated branched-chain carboxylic

5 acid monoalkyl ester represented by the formula (1) is at

least one member selected from the group consisting of

isopropyl 2-ethylhexanocate, isobutyl 2-ethylhexanocate,

(sec-butyl) 2-ethylhexanoate, isopentyl 2-ethylhexanoate,

cyclohexyl 2-ethylhexanocate, isoheptyl 2-ethylhexanoate,

10 (2-ethylhexyl) 2-ethylhexanocate, (l-methylheptyl) 2-

ethylhexanoate, iscoctyl 2~ethylhexanoate, isononyl 2-

ethylpentanoate, (3,5,5-trimethylhexyl) 2-ethylhexanoate,

(2,6-dimethyl-4-heptyl) 2-ethylhexanocate, isodecyl 2-

ethylhexanoate, isoundecyl 2-ethylhexanoate, (n-propyl) 2-

15 ethylhexanoate, (n-butyl) 2-ethylhexanoate, (n-pentyl) 2-

ethylhexancate, (n-hexyl) 2-ethylhexanoate, (n-heptyl) 2-

. ethylhexanocate, (n-octyl) 2-ethylhexanoate, (n-nonyl) 2-

ethylhexanoate, (n-decyl) 2-ethylhexanoate, (n-undecyl) 2-

ethylhexanocate and (n-dodecyl) 2-ethylhexanoate.

20

10. The lubricating oil according to

Claim 1, wherein the aliphétic saturated branched-chain

carboxylic acid monoalkyl esters represented by the

formula (1) 1s

25 a)

(2-ethylhexyl) 2-ethylhexanoate,

b) isononyl 2-ethylhexanoate,

c)

(3,5,5~-trimethylhexyl) 2-ethylhexanoate,
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610% % & ()dodecybladaatitylheoiemten s ()- y/ 10%%& ()-( -, 10%%& ()-+;
@[|[:NA4 10 z s!109%8& ()-S s! 10%r

11. The lubricating oil according to Claim 1,

wherein the aliphatic saturated branched-chain carboxylic

acid monoalkyl ester represented by the formula (1) has a

kinematic viscosity of 0.5 to 15 mm’/s at 40°C.

12. A lubricating oil for refrigerators,

characterized in that 1t comprises a mixture of:

a) at least one aliphatic saturated branched-chain
carboxylic acid monoalkyl ester represented by the formula

(1)
@)
|

R'—CH-C—0OR® (1)
Lo

wherein R' is C, to C,, straight-chain alkyl or C, to Ci

- branched-chain alkyl; R® is hydrogen, C, to C,, straight-
chain alkyl or C, to C,, branched-chain alkyl; with the
proviso that the total number of carbon atoms contained in
the alkyls represented by R' and R®> is 2 to 18 and that

when R? is hydrogen, R' 1s branched-chain alkyl; and R® 1s
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C,; to C,, straight-chain alkyl,. C; to C;, branched-chain
alkyl or C, to C,, cycloalkyl; and
b) at least one member selected from the group
consisting of:
5 i) fatty acad polyol esters,
ii) phthalic acid esters,
1i1) alaicyclic dicarboxylic acid esters,
1v) polyvinyl ethers,
v) hydrocarbon oils, and
10 vi) polyalkylene glycols,

the weight ratio of component a) : component b) being

0.5 : 99.5 to 99.5 : 0.5.

13. The lubricating oil according to Claim 12,

15 which has a kinematic viscosity of 4 to 36 mm’/s at 40°C.

14. The lubricating oil according to Claim 12,
wherein component b) is at least one member selected from
the group consisting of i)} fatty acid polyol esters, iii)
20 alicyclic dicarboxylic acid esters and iv) polyvinyl

ethers.

15. The lubricating oil according to Claim 12,
wherein the fatty acid polyol ester is a full ester of a

25 Cs; to C,, aliphatic polvhydric alcchol with 2 to 6 hydroxyl
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groups and a C, to C,, straight- or branched-chain

saturated or unsaturated fatty acid, and the alicyclic

dicarboxylic acid ester is represented by the formula (4)

?OOR4
X—A—COOR> 4

wherein A is a cyclohexane ring or a cyclohexene ring; X
is hydrogen or methyl; and R* and R’ are the same or
different and each independently represents a C; to C,
straight- or branched-chain saturated or unsaturated

10 aliphatic monovalent hydrocarbon group.

16. A working fluid composition for refrigerators,
comprising (I) the aliphatic saturated branched-chain
carboxylic acid monoalkyl dster represented by the formula

15 (1) according to Claim 1, and (II) a refrigerant.

17. A working fluid composition for refrigerators,
comprising:
(I) a) at least one aliphatic saturated branched-chain
20 carboxylic acid monoalkyl ester represented by the
formula (1), and

b) at least one member selected from the group
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according to any one of Claims 12 to 15.

15 20. The use of an aliphatic saturated branched-
chain carboxylic acid monoalkyl ester represented by the
formula (1) according to any of Claims 1 to 11 as a

lubricating o0il for refrigerators.

20 21, The use of a mixture of a) at least one
aliphatic saturated branched-chain carboxylic acid
monoalkyl ester represented by the formula (1) according-'
to Claim 1; and
b) at least one member selected from the group consisting

25 of 1) fatty acaid polyol esters, ii) phthalic acid esters,
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1ii) alicyclic dicarboxylic acid esters, iv) polyvinyl
ethers, v) hydrocarbon oils and vi) polyalkylene glycols,

as a lubricating oil for refrigerators.



