SPECI FI CATION Refrigeration |ubricant conposition BACKGROUND CF THE

I NVENTION 1. Field of the Invention The present invention relates to a
refrigeration lubricant conposition. Mre specifically, the present
invention relates to a refrigeration |ubricant conposition that is used
for a chlorine-free hydrofluorocarbon refrigerant, wherein the conposition
conprises a polyol ester as the main conponent and has excell ent

| ow-tenperature stability, lubricity, stability under coexistence with a
chlorine-free hydrofluorocarbon refrigerant, and has excell ent
conpatibility with chlorine-free hydrofluorocarbon refrigerants. The
present invention also relates toSREGFFICHETHEMIN wor ki ng fluid contai ning
the refrigeration |ubricant conposition and a refrigerating apparatus
including the refrigerant working fluid. 2. Description of the Related Art
Conventional ly, refrigerant nt ai.ni ng .chl orof | uorocarbon have been used
for. air conditioning equipﬁ% m@ﬁﬁﬂnbgﬁﬁﬁﬁﬂﬁﬁme%%ﬂﬂ?tioners and packaged
air conditioners, |ow tenperature apparatuses such as
refrigerator-freezers for honme use, industrial refrigerators, and

aut onotive air conditioner BAQKGROU NYOhOFRITER SNYMNTEDBCtri c cars.

However, in recent years, the replacenent of such chlorofl uorocarbon
refrigerants with chlorine-free hydrofluorocarbon refrigerants such as

t hose cont ai ning..1 2-tetrafluoroethane (R 1 134a), pentafl uoroethane
(R-125), difldhgﬁﬁgﬁﬂé#@]%ﬁ9§%?9 and mxtures thereof has been pronoted
because of problens gygch e; i r. :

Consequently, a variety g?ésreter?r|1g‘%ﬁ%%oﬁ{)r%%[%:fg%sw(:gantgé?lﬁg%ﬂgﬁé%p&}l?/%lfa%%ter,

whi ch has goodoapmétiohi | Morewspérifiedllpr the-freeenhdvohdis®r @EaR0 o
refrigerants, as a base stock have been proposed. In addition to the
above- descri bedfidgengaionbilibtiganti chuplokBidmehat riseubgdirfof | aiordednbdiee

refrigerants, .a vapi et f properties such as _lubricity, thernal

stability, hy&’ryéilrﬁ}ﬁ]lﬁr‘éﬁg@‘firﬁ 1SR B\Eilecré%Ppethat %H%Poqlfllandi:qryp&%s réequi r ed

for refrigerat] ' ' o the .stabi |t f _the

above- descri bttédg ng)c}{% gér}leﬁf tﬂ%ﬁﬁoaﬁlg&j nctogﬁetgo g{en:;tgan\?i? g%& %3?91%}]&?187@ e!%p %rtagﬁﬁ ity

and conpat i bi Isk&lyilaet huBﬂEier,' %@aﬁﬂi@ﬁ uhdel RbbXIATALAr Rath F£f dHISRha T

hi ndered esters having excellent thermal resistance have been put to

practical usehyfme8uoticaderedeigirans, and desi seatlleno neanpatibibity | wittaci d

havi ng a net hyi1 br_an%rhed . ) .
chlorine-free hydrofluorocarbon refrigerants. The present invention
also relates to a refrigerant working fluid containing the refrigeration
lubricant composition and a refrigerating apparatus including the

refrigerant working fluid.

2. Description of the Related Art

Conventionally, refrigerants containing -chlorofluorocarbon
have been used for air conditioning equipment such as room air
conditioners and packaged air conditioners, low temperature
apparatuses such as refrigerator-freezers for home use, industrial
refrigerators, and automotive air conditioners such as hybrid cars and
electric cars. However, in recent years, the replacement of such
chlorofluorocarbon refrigerants with chlorine-free hydrofluorocarbon

refrigerants such as those containing 1,1,1,2-tetrafluoroethane (R-



chain or an ethyl branched chain in the a position or the P position and
pentaerythritol. For exanple, Japanese Lai d-Open Patent Publication No.

10- 8084 discloses refrigeration oils containing an ester obtained from

pentaerythritol and a mxed fatty acid of 2- ethyl hexanoic acid and 3, 5,
5-trinmet hyl hexanoic acid as the main conponent and discl oses that such

refrigeration oils have good stability at high tenperatures. Moreover

id- bl,i i ~» b- i |
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and di scl oses mifgy¥d %B&%orma%nﬁeémﬁf&ﬂ%g%agggyof*%lfg@g{ﬂng%h%ﬁaé&ﬁb?ﬁ@ of

such esters. Furt hernore, Japanese Lal ent I cation

6- 330061 di salepdetson ef thgearzehe dayei.| Camryabnilpgaamrésiyest @fabagdhd rom
pentaerythritol and a mxed fatty acid of a linear or branched fatty acid
having 6 to 8 %kr sontainsms ammpbleols estary i whichy hasx gnod ccaaepatibdity whigh nai n

conmponent. The,publication, di.scloses that .such, refrigerati oi | s have an
excel | ont comSRITERF LS WA IROFPRBPR A FIgHANtH Ac2 PSP SUK BASCPITTE
. nsulation pr ies. Furthernore, in order to inprove lubricity and
conpatibility"w refrigerants, Japanese Laid- Open Patent Publication No.

10- 158215 di scl oses gstAdstiontaithe dbbieMes@ibat tompaiiBilMy <& ihectahna-
pol yhydric al cohol, wherein the fatty acid m xture includes

3, 5, 5- t ri met hytréretadspBuexsicdrizom rafisgarantis,cd vatiety ofgirdperties suhhnas

3,5, 5-trimet hyl hexanoi ¢ aci d, rei he saturated fatty acid has an

al kyl group aﬁugr1§ﬁéfe tgﬁ%ﬂﬂéﬁlﬁ% QY‘%WEEPC Stagligy, %5 lowt tprapenafuee
refrigerating , . i ti | .uby i cant ner al |

[ TLAST a0 EHALS, a8 POl chE LRLELARE S AN LAY S80I EhaLLY
refrigeration thybthbainy ofTheXdtReedckeriBedicgRifBERET A Mo gl OF g, a | ow
tenperature region. As for high thermal resistance required in a
conpressor, woefchhpgmlnties stability hiaghl t eovpepatihiliey ragilon, cilbgne-free
above-descri bed h;}gdered esters,. in particular, the mxed esters of the

patent publ i cAIBALuAKICAEP A oveirigaraRtSy tRRdGTefr dstertc chaviaguiaxerlents. On
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ci rcul ati ng rehnimer antethyl biendhetirdhgén ah ithg ccyediioniosr thedipedtiontirgh may
| ead to problenms such as poor refrigeration. Therefore, it is critical to
the reliabiliPgnéaenyehriteler at i fgr apxamaples esansnedey eLopl-@pesnf r iPgdentt i on
lubricant hi gl%‘aszhséta@i%inl Ngy 1&)-%0‘@@ dﬁchgges refrigeration oils containing an ester
obtained from pentaerythritol and a mixed fatty acid of 2-
ethylhexanoic acid and 3,5,5-trimethylhexancic acid as the main
component and discloses that such refrigeration oils have good stability
at high temperatures. Moreover, dJapanese Laid-Open Patent
Publication No. 5-209181 discloses esters obtained from
pentaerythritol, dipentaerythritol, and tripentaerythritol and discloses
the viscosity and the compatibility with fluorocarbons of such esters.
Furthermore, Japanese Laid-Open Patent Publication No. 6-330061
discloses refrigeration oils containing an ester obtained from

pentaerythritol and a mixed fatty acid of a linear or branched fatty

acid having 6 to 8 carbon atoms and 3,5,5-trimethylhexanoic acid as



precipitation occurs over a long period of tinme even at |ow tenperatures.
However, the m xed esterss obtained froma conbination of a polyhydric

al cohol and a specific carboxylic acid as described in the patent
publ i cations noted above have not been 3 sufficiently examned for their
ability of maintaining |owtenperature stability over a |long period of
time. Thus, it is not possible to prevent «crystallization fromoccurring
inthe lowte r regi.on,  and t t hgse esters Lack |ong-term
stability. SUWR%%[—‘?M%%%@ER% N ?ﬁgi splglﬁmc%}o&t d'b%‘:hqsﬁa ofadepuch
invention to peAVEAatdn dikf hAGEhAldRBIEMOENLARMLARKRRThiden &;L%S%%S. not
easily crystallize at |ow tenperatures, in other words, a ge rigeration

| ubri cant combpeyetimprovédatechids iesudeatibamropenidse nikrahermeozt abokddnto It is
anot her object of the present_invention to provide a refrigeration

| ubri cant conpBTPYORbHeY mfchrempetibdsi with esleigerants, Jeppassoiliaidy with
hl or i ne- f dp,0f | fr. ts,. and | ] | ong; t

ctabi ity i n QUCERIERERAE, Ny g i aidRreg it Rh el ies The

inventors of Ghetepy eSRNnikPYRNEhEN ?%gsg{rﬁxlggisc?/ ?Fzgﬁéﬂ, gﬁgezte?xﬁ thleoféftfaf IHE@{ ature

stability of refrigeration |ubrican e conp ity

t hereof with ohixburanéndludes I)8beirinetlodhekamoicrafidi el ankstwadedeaiwr med
mol ecul ar desi gn by comnbi ni ng a variety of polyhydric alcohols with m xed
carboxyl i c ackdl ebgrathamgs.h.Sraimethylbexaneichasigl whexeind$hiasdtugatidf f er ent

structures. resplt, the,inventors found that the above-described
probl ems canA%aet%gc?qutha%?naaﬁkggwup %%"E‘zi‘il%eghw ?‘Igjailfiﬁ ﬁgtogalrﬁfg%ﬁa%h%‘ohol
contai ning pegtageythritol and dipentaerythritol in a specific ratio with
a m xed carboxylic acid containing a specific amunt of isononanoic acid,

and thus the presentln iaangieQ@tiﬂ@Scy@Ié@@’ghi‘ﬁ Be dhe Mefiti BOFATRTE lubicant
performng the nolecular design of the above-described ester, the

i nventors of gheergibesiaulatay dhroegh ftbanaydhajonn veshear refrigemnéxaeld ent
| ong-term | ow, tenperature stability and. having gexcel |l ent conpatibility
with chlorinefl¥s eh%&{ﬁelrﬁgf)ﬁcg’rhi‘yé)‘i?mefsr iSFePeRft focanhigh dpmeRatiten t he

0110 194 Casfind ) Ko AERGEAL L Al GRS LA B SORBLRE 1 (e

|l ength of a aln (regar et her a I'ThRear ca

a branched cesdoxydiie actshpasdot,heHien Berafest e t'hfé”ﬁf%& tehifRreh@ln of

branched carboxylic acids; and the carboxylic acids in the m xed

car boxyl i ¢ acreglandthé@baveulestsbed Hihderddx esteas,cohphratliasf yha magwedai n

quantitativerelati?n .. .
esters of the patent publications noted above satisfy the performance
requirements. On the other hand, however, a part of the refrigeration
lubricant ejected from the compressor may stagnate in the low
temperature region. In particular, if the lubricant stagnates in the
low temperature region for a long period of time, then it is crystallized
and the amount of the circulating refrigerant in the refrigerating cycle
1s reduced, which may lead to problems such as poor refrigeration.
Therefore, it is critical to the reliability of refrigerating apparatuses to
develop a refrigeration lubricant higher stability in which no
precipitation occurs over a long period of time even at low
temperatures. However, the mixed esters obtained from a

combination of a polyhydric alcohol and a specific carboxylic acid as

described in the patent publications noted above have not been



The refrigeration lubricant conposition of the present invention conprises
a m xed ester obtained froma m xed al cohol and a m xed carboxylic acid as
a mai n conmponent, and the m xed al cohol includes 65 to 99.95 nol % of
pentaerythritol and 0.05 to 35 nol % of dipentaerythritol, the m xed
carboxylic acid includes 25 to 55 nol % of nonocarboxylic acid having 5 to
8 carbon atons and 45 to 75 nol % of isononanoic acid, and the conposition

has a hydroxyl . f 5.0 . or. Less .and. an. acid val ue of . 0. 05
moKay g or | wSu RS e BOE R R 65 Y RS dot e Sisrtiieq by
a reaction ofsthb@itFioves a%ﬁ%'i%'rioﬂ”@'f fihR. MBL (AIDANYo&iIRE It prab&hel N
the m xed carboxylic acid and the m xed al cohol conprise carboxylic acids
and al cohol s, arepspdezatied fromwbtotrriveg irsthe {dve tbnlgepsiurg regicat, isamd tHusAXB )
--1CXD) } 1,09 E 1'333,951' 1:) A nunber of carbon atons in main chain of a
carboxyl i ¢ acit@eshestres lagkdengdarmatgbilyaci d B: nolar fraction of the
carboxylic acid of item"A" C. nunber of carbon atons in the | ongest side
chain of carboxylic acids in the m xed carboxylic acid D. nolar fraction

of carboxylic acid having tharhonagst o Ferre iRV 'I(?Nerage nunmber of
oho

hydr oxyl groups of each alcohol 1n the mxed alc 5 1n a preferred
enbodi nent, a ki nemali cisvisscoshjeyt off tthe pres@asiiniventiah 46Cprsvide teo 150
me/s. In a preferred enbodi ment, the isononanoic acid contains 88.50 to
99. 95 nol % of rsimgarationnhthridams eorapesition dhat riags prelf easilsd cesrsteldizaealt | t he
conposition is used for_a chlorine-free hydrofl uoracarbon refrigerant. The
refrigerant V\j?‘igistﬁﬁlﬁelr%l&eﬁf 1 ﬂ%‘.eﬁr%%réiﬁt aj égﬁr!aglﬁnciggﬁlﬁapgggmpﬁgl%mn
refrigeration shipaEacoPRAPAsKt it Aty SIIAERS- i REandirdt Aldiugr e ar bon
refrigerant. The refrigerant conpression type r frlgera?lng appar at us of

the present i nyenresdnichivRhitB®RStAPESRE &S bfrige@ationdaPFighnt 2BmpBXRRMS| ON
mechani sm an _evaporator, and the above nmentioned working fluid. The

refrigerati onbaybrg chigh cuisgesity.i axcelenhecpnpstihilityi rwisht i dvioninedraeot
cause preci pi tlgrtdirgﬁuglfocgfﬁlosr} %laf%ig%\é'ggts? z«lngf %xgeel_{ein%dlogfg-term stability in a
low temperature region of the refrigerating machine.

The inventors of the present invention carefully examined the
low-temperature stability of refrigeration lubricant compositions and
the compatibility thereof with chlorine-free hydrofluorocarbon
refrigerants and performed molecular design by combining a variety of
polyhydric alcohols with mixed carboxylic acids containing a variety of
carboxylic acids having different structures. As a result, the inventors
found that the above-described problems can be solved by an ester
obtained by reacting a mixed alcohol containing pentaerythritol and
dipentaerythritol in a specific ratio with a mixed carboxylic acid
containing a specific amount of isononanoic acid, and thus the present
invention was accomplished. Furthermore, in performing the
molecular design of the above-described ester, the inventors of the
present invention found that an ester having excellent long-term low-

temperature stability and having excellent compatibility with chlorine-

free hydrofluorocarbon refrigerants can be obtained in the following



time in the low tenperature region, and thus it has excellent |ow
tenperature stability. Mreover, it also has good lubricity, stability
under coexistence with a chlorine-free hydrofl uorocarbon refrigerant

(eval uated by seal ed tube test), and conpatibility with chlorine-free

hydr of | uorocarbon refrigerants, which are required for refrigeration

| ubricant conpositions. Therefore, the refrigeration |ubricant conposition

f th t t.i i ful . | ubri t for refri [

Tmchi neb. { hat BRI G 5L AFIIPRBC e Chy Bk HIRST BE SPBORCTiPGIthr JGRat Obr as a
chi nes ¢ hat “B5ID{F SCCARGIPHECAUL bR L ST BEappBior patineders

hycr of | uor ocarbak ref P aer Rt SR el AP EE Hit e e he

inventors of bhenghiabeatbdxy¥ienidi@Nabaund 1dhath afF @8t RheebtalcnethibYor
reacting a m xed al cohol containing pentaerythritol and 6 di pentaerythritol

i n-a specifi cbrantledy sabexytic edidsr dod ytlie cachbakyliontaisningtie spead i c
anount of isono anogilc acad w%@e i f necessary, . containing a carboxylic acid
other than is6f CCARE i3 axoaplseit the sixed Alerhal wasisst aosartaip,

Her ei nafter, glf . r.contained in the conposition of the present
invention, a r%e rlggtrlggitrglr?qoglbri cant conposition containing the m xed

ester, a refrigerantTuer kibRgeddaish CRiHr?éa'?ﬂt”Q:oH}%s?&éﬂ’o%Ft LRo, prt@%ta

refrigerant conpression type refrigerating apparatus enpl oyl ng

refrigerant wamkdrtgpd tomgrises b thexedesder bbthinédMixed sbstesd althhoixéd ester
contained in the refrigeration |ubricant conposition of the present
invention is aEafnEabBYYiectd B a mpke¢ommonens! aaddthe xegedarlsokdll i ¢

ids, wherein the m hol ., ' 5.t0 99 | %9.0f ..
pent aeryt nr ¢ BCHREY 6508 B3 Bsatreogopen epertisel Atk P8 T SHamARA S n e
ent aer yt hr i ¢ 57 S _ et b
naving 5 Lo 8 dianienl (BEmEd LALp iy s RIS R ISR (i

reaction, in oaecatiwxgbicaidid havixged €S8 ebrb@y bbems exeeld 8pt75 mol% of
| ow-tenperature stability over an even |onger period of time, it is
particul arly poapepapiceatidatanthdbeeemmpositivat heena thyslmkxledaled ofhdl0 and

1008 AXB | - PRAQEE 5 s ahal aeid TR A er SO HhaRs dftac oms 1 main
chain of a carboxylig ach&sfeliNGnbodiment, the mixed ester is obtained by a
. | reaction of the mixed alcohol and the mixed carboxylic acid, wherein
the mixed carboxylic acid and the mixed alcohol comprise carboxylic
acids and alcohols, respectively, which satisfy the following relation:
[ axs )= om0 ) }

1.08= =133 - (1)
E

A: number of carbon atoms in main chain of a carboxyhc acid in the
mixed carboxylic acid

B! molar fraction of the carboxylic acid of item “A”

C: number of carbon atoms in the longest side chain of carboxylic
acids in the mixed carboxylic acid

D molar fraction of carboxylic acid having the longest side chain

E: average number of hydioxyl groups of each alcohol in the mixed

alcohol



m xed carboxylic acid B: nolar fraction of the carboxylic acid of item"A"
7 C. nunber of carbon atons in the |ongest side chain of carboxylic acids
in the m xed carboxylic acid D: nolar fraction of carboxylic acid having
t he | ongest side chain E: average nunber of hydroxyl groups of each al cohol
in the m xed alcohol The inventors of the present invention found the
follow ng: when a m xed ester contains branched esters that are derived

from carboxylic acidgs having a side, chain.or sjde chains. with different
carbon nunbers, the car ﬁofﬁ?gfr%fii%fnhg@inhegmt h de’r?é"é%'ilC SY'§ECS WA ¢ the
contributes t%o&zﬁi?oéiﬁ&hfa%%@d?qtsgbecoslt%'ﬂﬁ/é{ of the mxed ester more
effectively than carboxylic acids having a shorter branched chain does.

The inventors conductfadanpteferiedlr eddsidiment, ¢kt elsenangndiounddt badtaimden t he
above-noted fornmula was satisfied, a mxed ester having excellent
| owt enper at ur@3.8¢ 490Xy mel’érof 3,5.6rigneurhethwsfic afide coul d be obt ai ned.

"Nunber of carbon atgons in in.chai,n_of a carboxylic.,acid in m xed
carboxylic acid" def ﬁﬂea P’F?q?]fr@fjn arbodipent -Cﬁ\éﬁ@&ﬁﬂ‘%ﬂ afi B?P& &%Fe’% s to

t he nunber of &ﬂéﬁﬁ@-f?ée?ﬁ?dl% éltocﬁc’ir%g%%rié:&%he of the carboxylic acid and

excl udi ng carbon atons 1 n si al ns. xanple, in the case of octylic
acid, which is a |inGde cethpxydrtC weildng h@didd o8 €ad bpresah®MBnvddigorunber
of carbon atoms in the main chain of the carboxylic acid is 8. In the case
of 2-et hyl hexaosimrisasi the whfregeratisnalubrmanh edngzosieny larel acéldohaeifinee 8
carbon atons i,n fofal, th nupber of carbon atonms in the main chain of the
car boxyl i c aciWore EPTOC\%IS%T‘F 1g5588bned by subtracting 2 (i.e., the number

of carbon atons in u r.om.: I er of
carbon atons 8 in tEﬁe{gc%?%gg%%ﬁcS%Igﬁgeg%i&eRﬁé-%ﬁ%%%é&%@ipggg% .OP"I\/bI ar
fraction of cahBoXybicntaGhdedfiont eshprisdst hN@dripgtetd®M B cHdddier, an
above-noted relation refers to a value of the nolar anpbunt of the 8

car boxyl i ¢ aciegphasiomg mwhehanmisber anf evapboatoat ansl | thenwbvvehaneticedd ned i n
item A when the total rrgl ar amount of the m xed carboxylic acidis 1.
"Nunber of car e ddi n the | ongest side chain of carboxylic acids in

the m xed carboxylic id' .defined in,tem, C of the . above-noted relation
refers to the nurrber’I%f‘;é clgﬁrﬁf)l %rag %nnsi]llﬂ?fl?%g ?%Pl%%‘%?ogi d& irpr(‘?ﬁenéi

carboxylic acijdgeh@yh Wheb Mdt!ANGE DreSbHR LIRS MNerlyBtals over a long period of
time in the low temperature region, and thus it has excellent low-
temperature stability. Moreover, it also has good lubricity, stability
under coexistence with a chlorine-free hydrofluorocarbon refrigerant
(evaluated by sealed tube test), and compatibility with chlorine-free
hydrofluorocarbon refrigerants, which are required for refrigeration
lubricant compositions. Therefore, the refrigeration lubricant
composition of the present invention is useful for a lubricant for
refrigerating machines that employ a chlorine-free hydrofluorocarbon
refrigerant or as a refrigerant working fluid in which it is mixed with a

chlorine-free hydrofluorocarbon refrigerant.

DESCRIPTION OF THE PREFERRED EMBODIMENT
The inventors of the present invention found that an ester

obtained by reacting a mixed alcohol containing pentaerythritol and



t he branched carboxylic acids that are contained in the m xed carboxylic
acid. For exanple, in the case of a m xed carboxylic acid of

2- et hyl hexanoi ¢ acid and 3,5, 5-trinethyl hexanoi c acid, the nunber of

carbon atons in the | ongest side chain is 2, which is the nunber of carbon
atons fromthe ethyl group of 2-ethyl hexanoic acid. "Ml ar fraction of
carboxylic acid having the | ongest branched chain" defined in item D of

t he above- notﬁgp rel ati %{g refers to a value of __the nplar anount of the
carboxyl i ¢ acPPFHHeeRghrHel |18ngespegfigeratai withusemige eethecylisl agidanount

of the m xed i cideis 1. "Average nunber of hydroxyl qgroups of
each al cohol ?ﬁﬁ[{gﬁéeﬁ{ém%xgﬁe%ﬁgo Pmﬁe i’r‘?gHOFﬁn?lf’g?ﬁ% ?#‘g’t Fé%ﬁﬁ%\?@- ot ed
rel ation ref epsnfnidhs caymgﬁicvaéiae&he@%ﬁﬁansomfﬁﬁ'e 3 fa]bhéé Redeiidny
mul ti plying the nunber of hydroxyl groups of eac aﬁcoﬁo contained in a
m xed al cohol ldw-tetmperanirarstébidity on of each al cohol, wherein nol ar

fraction is a value of the nolar anount of that al cohol when the total
nol ar anount of the Hersiealtarcameixeiester qurtainesnis the ¢ompositionss e a

i xed al hol de, .of 75 | % pf 1 thri | (the. nber . aof hyd |
Oroups 15 ) BRGCEaRker 5Ty 2 oF BArEaBe P HPFEBPt CPREONGRIerO TR SRy |
groups is 6), pfihed AYES ag.RY t%oﬂéﬁ%@ﬁiﬁi%%fﬂ%ﬁ%ﬂ&tﬂ@%ﬂ &fi@l cohol

is 4x0.75+6 x 0.25 = 4.5 e mXxe co serves ds a rdw
material of thedabeyRigedest cob@dedtine dyps kefridgeratidgenfarpOd agiplbfinit ol and
di pentaerythritol, 9 as described above. The pentaerythritol content in the
m xed al cohol the zefgeraniogogsingsilvid wiikbedabirgbetd to 99.95 nol % and nore
preferably 75 to 99.95 nol % On the other hand, the dipentaerythritol
content in the m xed alcohol is 0.05 to 35 nmol % preferably 0.05 to 30
ol % and  nopa;R, ly 0.05 to 25 nol % When the pentaerythritol
content in tLe mdiﬁelgtreg cohol is 65 nol%or nore, the resultant ester has
high levels of viscDsétpixddWedteNP@hited fihUkHEt YofridBeh (SONPRiHitdHtt Y Wi th
chlorine-free hydrofluorocarbon refrigerants, and when it is 99.95 nol % or
| ess, then theompssiticantf gwt predead inongtiberim dwinehbeatotiag stalxiedi ty. On
t he ot her hangJG g/rﬁen#é&e di p&nta rythrito]l_content in_ the mxed al cohol is
0. 05 ol % or Ped tHeh of e SHIRCKNEC o SCHIS, hwdereign dhee miiedn-alePhdr at ur e
stabi 111y, and,uheled ksl @ S5 oRBLAMIe 358, e kIR 118 FERULL ABL S efp has

suppressed de orationin ‘conpatt bi

T Xeq car Doyl Fe e R e R DT EheoaBE0E: B¥ecr i bea
m xed ester i® Fhdeoldt of mum@aabdxtid Adddeivinpdving darbon atoms and 45

to 75 mol% of isononanoic acid. |

In this reaction, in order to obtain a mixed ester having

excellent low-temperature stability over an even longer period of time,

it is particularly preferable that the reaction between the mixed

alcohol and the mixed carboxylic acid that are employed satisfy the

following relation:

([ axs )-[ oxp )}

1.08= =1.33 (1)
E

A’ number of carbon atoms in main chain of a carboxylic acid in the
mixed carboxylic acid

B: molar fraction of the carboxylic acid of item “A”



to 8 carbon atons and an isononanoic acid. The nonocarboxylic acid having
5 to 8 carbon atons is contained in the m xed carboxylic acid in a ratio
of 25 to 55 nol% preferably 30 to 55 nol % nore preferably 33 to 55 nol %
and even nore preferably 35 to 50 nol % The isononanoic acid is contained
in the m xed carboxylic acid in a ratio of 45 to 75 nol% preferably 45 to
70 nmol % nore preferably 45 to 67 nol% and even nore preferably 50 to 65
nol % When the | i I ent .4 i xed rboxylic agid is 45
fo 75 moi o6 thel & Haen of safhsh ARG AL IR SFE AR Bk Bl

| owt enper at urRidd JbiHe h¥xAChrb6RPRALERI | ity with chlorine-free

hydr of | uor ocarbon refrigerants can be obtained. Exanples of the

nonocar boxyl i ¢ 8¢ mtblhaWtaetioh dfeadbeagiiarid Basingrehd loalgastesiderhairoi ¢ aci d,

2- et hyl but anoi ¢_aci d, 3-net hyl butanoi c. acid, hexanojc_acid; )

2- met hy| pent anofic a36rage BumdekyAigeriraryl eramsgol gach plookgl pehbamsixedaci d,

2- et hyl but anoi# zi%gd 3-et hyl butanoi c acid, heptanoic acid,

2- met hyl hexan FETRei d, 3- et hyl hexanoi ¢ acid, 4- methyl hexanoic acid,

5- et hyl hexanoi ¢ aci 2=l et [+C; I s i ¢ acid,
3- et hyl pent anoi ¢ aci g‘,hezl-a%? ﬁ%/tlffﬁ’e%‘r;\%? %td}n‘%?ﬁ&nhﬁﬁ&g%%%g@ya@%,

3- met hyl hept amdien adehixdd estdhyditaphabenacleal @stdrs nitlahydfeededned draai d,

6- met hyl heptanoic acid, 2,2 -dinme thyl hexanoic acid, and _

3, 5- di met hyl herehmivéicaatids 2hawmgy pheidensheimasirdside phatner abtly differerdi nce

t he obtained | ubricant has ood lubrj.cit d .hydrolytic stahility and is
difficult to EBFTVUSMHE %ss_t%eﬁ:%rbgﬁgbg_q%@%a o@éer ﬁ%%ﬁics‘g@i ‘alégllﬂavi ng 5
to 8 carbon a : e ' n : irgﬁg o) or
nore thereof. tc@grrlrp eg %f tﬁ%?&%@%ﬁ@%@ %g?)glﬂlyggf%ée) ) ?S%t&t i

tri met hyl hexap@feetifglycthad, Grbokylidratidy Heiag el shiaedrdbradicheirdhagh Mybhexanoi c
acid, 2,2,4,4-tetranethyl pentanoic acid, 2-ethyl-4,4- dinmethylpentanoic

aci d , 6, 6- di ndthey ipiterocendiedtdd mobacdwsr 2esipet hYldstranand faund, that

2- met hyl oct anoi,c acjd, .and 2-ethyl heptanoic acid.. 2,5,5-Trinethyl hexanoic
2cid, 3,5, 51 PYHRR RYP iciaresed cloamla Swge %f#ﬁ%dhyq r%%%?&teac%vmgnd

6, 6-di met hyl h e i d AR h oi C
acid is nore %rggé(’fﬁ[eb(rﬂéb]loe. t%%ﬁﬁ%/e:fsﬁ%ﬁg ’Oivglgr%olr?glﬁgF g)e%i(’:ng@t ﬁ%dye g@ﬁsed

ei ther al one e dgbfaimedbi nati on of two or nore thereof. Wen the

i sononanoi ¢ acid contains 3,5,5-trinethyl hexanoic acid, the resultant

| ubri cant conpositi ofiNhaderxfehitrnt atonpa mbdihi dhain wif ehedrbogyloc aciddns and
has long-termstability in the | gw tenperature ion. Thus, it is

RS : re
pref erabl e t hihe phged sBrkasabsiacidcdefivgshimitam 4 of the above-noted relation

refers to the number of carbon atoms of the longest chain of the
carboxylic acid and excluding carbon atoms in side chains. For
example, in the case of octylic acid, which is a linear carboxylic acid
having 8 carbon atoms, the number of carbon atoms in the main chain
of the carboxylic acid is 8. In the case of 2-ethylhexanoic acid, which
is a branched carboxylic acid having 8 carbon atoms in total, the
number of carbon atoms in the main chain of the carboxylic acid is 6,
which is obtained by subtracting 2 (i.e., the number of carbon atoms in
the branched ethyl group) from the total number of carbon atoms 8 in
the carboxylic acid (i.e., 2-ethylhexanoic acid).

“Molar fraction of carboxylic acid of item A” defined in item B

of the above-noted relation refers to a value of the molar amount of the



trinmethyl hexanoic acid in a ratio of 88.50 to 99.95 nol % nore preferably
90.0 to 99.5 nol % and even nore preferably 92.0 to 99.0 11 nol % By the
conbi nati on of a pol yhydric al cohol that satisfies the above-described

m xi ng amounts of pentaerythritol and dipentaerythritol with an

i sononanoi ¢ aci d having the above-described branch structure and a
nonocar boxylic acid having 5 to 8 carbon atons, an ester that has

excel Lent Tow b oImRAR LA $hobld hY B0pce UPBLIRL Lidmh pelikothgs: free

hydr of | uor ocar rigerantscan be oDt al ned. re prefera or

exanple, it igcpoediiblifehoA Wl thd Rftal WA aRlouln & f RHE®H Bkl ca®botBlAt | on
(1) froma carboxylic acid selected fromthe above-described range,

det erm ne t he aaudkrsahe nunber of hydroxyl. groups of the denominator that
satisfies the nunmerical range_ of relation (1), and determi ne the anpunts

3

of pentaerythritol andumhesest aetsponrr iatemswiinhithe t kngeghgeidst chpm of

above-descri bed ym xikhg ratio,,of pentaerytheitol., di;pent aer yt hri,t ol such
Chat the. det erfre IeRafsaR the BBl ARl pRla; ATsCuRE BR Ll

desi gni ng i N tfoge-n¥BEN SelatBorl P& sCH) Ghet RAMHIAS £ %GEhdE MtohRVid effiRer at ur e
stability over a longer period of tine, lubricity, stability under

coexi st ence widhcest sifd ehaiiesf cedhokyle @lcldsohaciapbie Tuafgebsyeidenthaianic
conpatibility with chlorine-free hydro fluorocarbon refrigerants can be

obt ai ned. The the xbuerchesr cagbexylic tdsedgridwénare noemtained i i1 oteaimbwdoy

ordinary esterif

: Con. e r teritication. The rati o

above- descr i bEA NN ERitonbrT SRAPPIe LAE0 Eo60 0L A BIP Earbg Y BaAEO i ¢
idis det i ; h £ e ) : X

e o o SRR B8 YA es sl g o ey, s o

| ess. Specifi eathon at@sninxeith dsigekt Widd chaid ke 2pr@siehtisi thee Alntieri 6f

obtained in the follow ng_ manner. First, a mxed carboxylic acid is m xed
with a nixed &hdghoatopesfromhhe ethylmraen of Srasbyibexanoacaddis 1.0 to 1.5

equi val ents, preferaply,1.05 to 1.3 equivalents, with respect.to 2

equi val ent of hydr ox O&rofgﬁcql?fl PF@a%%%é' Célcé‘i) Vl,ngéﬂ%ef S’éle%(‘i‘é}eiast is
added thereto, y,Lf.» . AS .M Xt Wre | f o 0, rs at
220 to 200C uﬁg%{rn 2& ni rogﬂe/Ir?,eI-IrlgIr?cP fg%l )étaﬁ)ggf)m ﬁ%g\%g%ﬁgph%fe%y%)r%ig}ue\?%ue

becones 3.0 ngKOHhEla®rathesst of WS ssroaiieatid hasfidths lodRRPedh thsier a
reduced pressure. Then, after neutralization with an alkali, operations

such as adsor ptheonthe edthewlausnogntof thatraged cheboxyhciagitlsal,, and a

synthesi zed adsor bengAve%ggeségg%ie? gofa,‘lg}?droxyl groups of each alcohol in the
mixed alcohol” defined in item E of the above-noted relation refers to
the sum of values, each of which is obtained by multiplying the number
of hydroxyl groups of each alcohol contained in a mixed alcohol by the
molar fraction of each alcohol, wherein molar fraction is a value of the
molar amount of that alcohol when the total molar amount of the
mixed alcohol is 1. For example, in the case of a mixed alcohol made
of 75 mol% of pentaerythritol (the number of hydroxyl groups is 4) and
25 mol% of dipentaerythritol {the number of hydroxyl groups is 6), the
average number of hydroxyl groups in the mixed alcohol is 4 x 0.75 + 6
x 0.25 = 4.5.

The mixed alcohol that serves as a raw material of the above-

described mixed ester is made of pentaerythritol and dipentaerythritol,



performed either alone or in conbination. Refrigeration Lubricant
Conposition The refrigeration |ubricant conposition of the present

i nvention contains the above-described m xed ester as the main conponent
and may contain, for exanple, an ester other than the m xed ester and an
additive, if necessary. The specific anobunt of the "main conponent” is 50
wt% or nore, preferably 70 wt% or nore, and nore preferably 90 wt % or nore

based on the entj far i at i ri i.t.[.0R. I t he
ester other th%laéﬁé{bado%@c?ésgﬁéb%%e@ Etgg? Ee;[i?]%?llr‘icl%lu@lg 1?&?%? ‘élfc%gggi ned
fromat |east jorgs & 9908l mand, phge &0 1365505 RRGINDNAL MAPlGa85 d
having 5 to 9 carbon atons, wherein the alcohol is selected fromthe group
consi sting of ettt 8@0%tmol%.ol On thepeheadantihthd dinendaerythnpendopteoliny ol
having 2 to 8 hydroxy] groups and having 5 to_ 15 carbon atoms@%e.g.
neopentyl gl yébp,m%eziacehhﬁ}&@_-,oé-wp?»% %dinspferablyh09: i 30 meldpyand 1, 3

- propanedi ol , trinethylgle trieth | et.hane, ,trinethyl ol propane,
tripentaeryt hrtol Pre&%@%%}@@éﬁq %é&?lr{‘?-i &yr%f?l tté‘éé%?at%%wggrﬁ]emﬁaﬁo}%
include a phengle ARkdPAIAHN is BIRAAN of 6B6Hd, eOestiitht2SstBE AR hiAZ Ol €,
t hi adi azol e, and dithiocarbamate, an acid scavenger such as epoxy
conmpounds and leeglboof wistesityabsivaehpephnaphinilisy,exhd et psibiityewagent .
The additive is_contained in any ratio. The refrigeration |ubricant
conposi ti on ofchiprangiease fydrofuerachehrth aefgerpatax pndy athen dt B @9RKOH ¢

or less, and pref.erall .0 qoKOH g, or. | ess re preferably 2.0 ngKOH

or less, and gn\}glr(“e Oﬁﬁ?é’p&’@?e%?%ﬁ“%aﬁltrfggﬁﬁ—}ﬁgg?ng g%@%e%?%ﬁﬂgaﬁ oxyIg
value is 5.0 s%’gf’fr he 1GPRS ;i G ectric
i nsul ation property \?\n %ot?é?fgtl%]?(%PEt ?‘f]g theévd(% %@ﬁgﬁﬁﬁp@&% he

conposi tion. TEhergixydealdohokOER{clNoMvRicEB, then 3bovvesdREET ebRE has
conposition is enployed, there is no possibility of an adverse effect such

as di ssol vi ng lengdéermnnlgwrtarap¢raturd stabilityveaed ofhem ibigy a0 molYreereldsa) |

Al so, there is,no possibility of an adverse effect on.additives _that may
be cont ai ned ?Ehe{lt%ed‘cﬁ?ﬁh‘@?"&ie@g‘?r ﬁﬁ% SPBPF‘?SS%‘Eé{eF%‘HOT&}}H}I} A 4P # i on of
the present ipventi . n i 0,. 05

preferably it vpl}érgytc adv}éﬂ%gre%ci \}‘g{ﬂégllo;ég_r %J%Srem%%%qq%sés&}ﬁrgs%}?e
preferably 0.ifdroaeKeahiviscokityess. Wien it has an acid value of 0.05 ngkKOH g

or less, then the conposition is less likely to corrode nmetals and has
good The mixed carboxylic acid that serves as a raw material of the

above-described mixed ester is made of a monocarboxylic acid having 5
to 8 carbon atoms and an isononanoic acid. The monocarboxylic acid
having 5 to 8 carbon atoms is contained in the mixed carboxylic acid in
a ratio of 25 to 55 mol%, preferably 30 to 55 mol%, more preferably 33
to 55 mol%, and even more preferably 35 to 50 mol%. The isononanoic
acid is contained in the mixed carboxylic acid in a ratio of 45 to 75
mol%, preferably 45 to 70 mol%, more preferably 45 to 67 mol%, and
even more preferably 50 to 65 mol%. When the isononanoic acid
content in the mixed carboxylic acid is 45 to 75 mol%, then a mixed
ester that has excellent long-term low-temperature stability and
compatibility with chlorine-free hydrofluorocarbon refrigerants can be
obtained.

Examples of the monocarboxylic acid having 5 to 8 carbon
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hydrolytic stability. There is no particular limtation regarding the
kinematic viscosity of the refrigeration |ubricant conposition of the
present invention. In view of lubricity, conpatibility with fluorocarbons,
startability of refrigerating machi nes, and energy saving, it is
preferable that the kinematic viscosity at 40Cis 30 to 150 mm®/s. In
particul ar, when the above-described | ubricant conposition is used for
air-conditioni i h. .| O j it r ed air
R R e AR oMk G ARl 08 51RO TRACEBR

condi tioners; W tenper ppar at uses; SUTT rators; and

conpressors i pealiiiBhbiCadll! 2GRRHIH NGRS SHGH, FmethyBiditabdiccadads-
electric cars, 55 to 140 m@/s is preferable, and 60 fo 14 130 MM2/S i s

nor e pref er ablmeethytpentewonf ddié, opetlylibongamditi ecehcy-ethiyireahoicThecibase
stock of the refrigeration lubricant of the present _ invention has
excel | ent | ondrepéangist agid, i eynetsiberancie peid, ¢ siperaibeanciegryd, 4

Moreover, it has.,excellent co dbili with fl uprgcarbon and t her mal
resi st ance, aﬁﬂeWﬁem& f%ﬁlg’g% nbeéhﬁ}_t}%/erxgﬁf”ﬁg a&fgi g%fiﬁme &p%% _écs_sor S
used for aut ongtd ve-aik15Rdhbicon@iE. sHdthGALAtIRERY GcidPerahliExghbici ency
conpared with the convéntional refrigeration lubricants. The base stock of

t he refrigeraticth) | ubmathgplhaftahbe pregdnt 3-meelylheptdrasc exeeld,ent4-
conpatibility with, in particular, chlorine-free_ hydrofluorocarbons, and
thus it is usaneihyikeptanpismdidapmethylbentenpireacids eunethyilrntaneiscatiton

el geran PeLrigetaN Voriing ELU 4. The Lol geran ek ag.f 1 u g of (e
composi ti on angh ineabhfl 163 hf SScYdEA! LAY 0GAEAAR SRLIAQRTARcantNELe |5 no

particular limtation regar nounts o e refrigeration i cant
conposi tion ardod NEbEBItY indehyd @ty thy Sta0ilitionnd & AicuRithi @efriRi metulk. a

wei ght ratio of the lubricant conposition and the chlorine-free

hydr of | uor ocarlisnabafer hofedamonpcarbaxylie acidadmvahg Hotodd) caxbomoatbms may
preferably. Ii) t he .ampunts of the chlorine-free hydrofl uyorocarbon
refrigerant i emsgﬁ&ﬁ% OpR QY $P SowbIRRIIPR B WPQ%@%‘?ret%@ﬁeq he viscosity

of the resul tant refyigenanl werking flibdohsosduceth Wilshyayslead to

poor |ubrication. _ ower the above "-descri bed range,
when the obt aifigekthikd3ghold Ui deids UsEH, Faimkehylha@aRdicNg ARPAr ALUSES,

refrigerating efficiency may deteriorate. Exanples of the chlorine-free

hydr of | uor ocartbiorethgihdxgewantcid, 22,ddetetrdmeiRylpentafdic acuet?thetiyl(4d134a) ,

pent af | uor oet %&%ﬁﬁﬁbggggﬁom acid, 6,6-dimethylheptanocic acid, 4-ethyl-2-
methylhexanoic acid, 2-methyloctanoic acid, and 2-ethylheptanoic acid.

- 2,5,5-Trimethylhexancic acid, 3,5,5-trimethylhexanoic acid, 4,5,5
trimethylhexanoic acid, and 6,6-dimethylheptancic acid are preferable,
and 3,5,5-trimethylhexanoic acid is more preferable. The above-noted
180N0NANCIC é.CidS may be used either alone or in combination of two or
more thereof.

When the isononanoic acid contains 3,5,5-trimethylhexanoic
acid, the resultant lubricant composition has excellent compatibility
with fluorocarbons and has long-term stability in the low temperature
region. Thus, it is preferable that the isononanoic acid contains 3,5,5-

trimethylhexanoic acid in a ratio of 88.50 to 99.95 mol%, more

preferably 90.0 to 99.5 mol%, and even more preferably 92.0 to 99.0
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15 difluoroethane (R-32), trifluoroethane (R-23), 1,1, 2,2-tetrafl uoroethane
(R-134), 1,1,1-trifluoroethane (R-143a), and 1, 1-difl uoroethane (R 152a).
These refrigerants nay be used either alone or as m xed refrigerants of
two or nore thereof. The above-described m xed refrigerants are
commercially available, and, for exanple, R-407C (R-134a/R-125/R-32 =

52/ 25/23 w%, R 410A (R-125/R-32 = 50/50 wt%, R-404A

(R-125/ R 143aﬁ-%§4a = 4415214 %, R 407E (R-134a/R-125/R-32 = 60/ 15/ 25
w%, and R g (R32/R 125 = 45/55 wt% are used. In particular, mxed

refrigerants contai nBygtid chRBShatIGe o®fa Po RNllcBhStites s Rl e.
(Refrigerant Conpression Type Refrigerating paratus) The refrigerant

conpr essi on t \gheveaefascgbedit | ngixpgar atowuats t hd presdaerythvent i omrids

provi ded with conpressor, a condenser, an expansi on nmechanism _and an
evapor at or andﬁpgn@@ﬁﬂs}geﬁow%h@w IRBPDARGIE %3@%& the Bgm'é??qr&@dant
working fluid,, which is the refrigerant .in +he refrigerati rat us,
i roul st es. ¢ hiiBAgRE, Feletds e o ROheho Ry il i€ A RS S BE SRRy
further includgogsdri@r estEX afAite has Obx &It aldvehémPer ke IsBIBRREA AR

i nclude air conditioning equi pment such as roomair conditioners and
packaged air oondidtitaliey svith ellorismbeedhydelapparaabos asfrigaduss cualbe
refrigerators; and autonotive air _ conditioners such as hybrid cars and
el ectric cars.obtsinegt eMongeprsiprahlzr fon prapmpde eitt 1si Rossableote wbtainpkhe

descri bed nore ,spegifically b f .ex es. The.,tesi method, o sters
roduced i mt malEh St she it Pretiu AR ID SR a1 BoSThe Feid SElelled b g
bel ow. <Ki ne i hS CAsvE Y IS MAYAR i t] SCEpity is
16 measured vnﬁ%ﬁangnnon%ég%gﬂg%i sc r?ét%%tggtﬁﬁzeogﬁgn?%% hg]édgjgr%dleﬁg to

JI'S K-2283, argdrbeylvireepsidithedigwminated thil tadsgtikfiosaitet i@merieslitdagd
val ues. <Acid value> The acid value is neasured according to JIS C2101.

<Hydr oxyl val wé>retaonyddoand ateraning ieesameunti ofrpintaersghaitgl aady070.
L, 1 Tl PR S,
rzrggs'ufe dm:éi 3;0 ?g%ﬁ@%?ﬂl@%ig %?ﬂiﬁéﬁ%&&wﬁﬁ%r SRS Nzt THS: RRHEBAIY 1S
average number of hydroxyl groups is achieved. By designing in this
manner, a mixed ester that has excellent low-temperature stability
over a longer period of time, lubricity, stability under coexistence with
a chlorine-free hydrofluorocarbon refrigerant, and compatibility with
chlorine-free hydrofluorocarbon refrigerants can be obtained.

The mixed ester used in the present invention is obtained by
ordinary esterification reaction or transesterification. The ratio of the
above-described mixed alcohol and the above-described mixed
carboxylic acid is determined as appropriate such that the obtained
mixed ester has a hydroxyl value of 5.0 mgKOH/g or less and an acid
value of 0.05 mgKOH/g or less.

Specifically, the mixed ester used in the present invention is
obtained in the following manner. First, a mixed carboxylic acid is

mixed with a mixed alcohol such that the mixed carboxylic acid is 1.0

to 1.5 equivalents, preferably 1.05 to 1.3 equivalents, with respect to 1
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<Long-term | owtenperature test> First, 400 g of a sanple ester, the

noi sture content of which was adjusted to 100 ppmor less, is placed in a
square can made of steel and allowed to stand for 1000 hours in a | ow
tenperature storage at -20C, and then checked visually to determ ne

whet her or not crystals are precipitated. <Two-phase separation
tenperature> First, 0.6 g of a sanple ester and 2.4 g of the refrigerants

R-134a and R- 40 0S in.a i.ck. PYR tered trademark)
tube (entire | @n&%ﬁgfog%%ﬂ %BF%IJ‘HJ’F‘ r%f’%erd ElI>C< %?Jl %F?]at ) ?ﬁﬁgﬁq anet er
of 6 M) cool g¢ 4dyeAN thérefANH nBRLEAGONIINI MGY isCR AR Wos B¢, Or5 cool ed
at arate of 1C mn. Then the two-phase separation tenperatures at a high
t enper at ur e arbuas|aiw2eenpe2&ld ander & metasgeredand atatHey puidthwhea the
tenperature range from-70C to +80C. Seal ed tube test> First, 10 g of a
sanpl e ester, BEoRy; wlvgrhecomehtde®maKOHEGr ]ﬁé% GFEesh é%ﬁbl%(ﬁ?b@ atcxd zioo ppm

| 59 of R-410A h d
a1 umt nui et AP B P AP dtae - TR arntie S G e b e ube. and

the glass tu i a 7 4 en the
17 acid val uetéglnozlﬁ]f{%‘g (lc:)g?rat-lar%iussng{éféh h%gH,%\g %mlnt %g?%tﬁjeé%ocg% or??ﬁgg?\%dél ni ng
sanpl e from whlsh tbRl ndipl pidecessymehesibedodaésbrbeat, RS WietmirgahRxX
friction testes The Falex friction test was perforned according to ASTM
D-2670 whil e tesitirmpdreitBamalone oransamplivaiener at a rate of 150 ni/nin.
The tenperature of the sanple is set at 100C, and an operation under a

| oad of 250 pound is carried out for 2 hours after a trial operation under

a load of 150 gy gg z{ﬂ&ﬁﬁﬁﬁﬂ'ﬂ%ﬁopd%ﬁgoﬁhe wear anount of the pin after

the end of the opération Is neasure anple 1. Preparation of Ester
First, the mxed al cghel fdgéheidh XBhrEaROXinsosiiosl DHOWRe ipgredad e 1
wer e pI aced in a one-liter four-necked flask provided with a thernoneter,
a nitrogen mllEVemium centaing rthe ahdverdeswiibery mikel sstér ahathet meaimat i o of

t he hydr oxyl in the m xed al cohoj{9 and th car boxyl gr oug in_the

m xed car boxyl pEToEedta0d may GoRteHe GUIXARPRBIR 2% AP, OBRRF {theR theact ed
under a nitro t t..a S e erated
by the reacti ﬁ&v?gsesr%épnggﬁc? %5‘1&%{%’ ?flﬁ e%(S)EﬁI%I Duslfllkl‘%lS %}4%%& %eac |on

hydroxyl val uentfintddenpaekt eN50 Rtk Wrenm¥aS prefirhBlyedo v@ﬂ%jotrhﬁofeeaa(ﬂd 0“ was
stopped at the point when the hydroxyl val Ue becare |ower than 2.0

ngKOH g. Thenmost pirgeiraiglyndd wehf or nmedraihdeed aon dtiecextipr esdugeradfon to 5
kPa to lubricant composition.

Examples of the ester other than the above-described mixed
ester include esters obtained from at least one alcohol and the above-
described monocarboxylic acid having 5 to 9 carbon atoms, wherein the
alcohol is selected from the group consisting of pentaerythritol,
dipentaerythritol, and neopentyl polyol having 2 to 8 hydroxyl groups
and having 5 to 15 carbon atoms (e.g., neopentyl glycol, 2,2-diethyl-1,3-
propanedicl, 2-n-butyl-2-ethyl-1,3-propanediol, trimethylolethane,
triethylolethane, trimethylolpropane, tripentaerythritol, and
bispentaerythritol).

Examples of the additive include a phenol antioxidant, a metal

deactivator such as benzotriazole, thiadiazole, and dithiocarbamate, an

acid scavenger such as epoxy compounds and carbonimides, and a
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renove unreacted carboxylic acid for one hour. The resultant reaction

m xture was washed wi th an aqueous sol ution of potassi um hydroxide. -

Washi ng was repeated five tines so that the pH of the discharged water
becanme neutral. Then, the resultant ester |ayer was dehydrated at 100C
under a reduced pressure of 1 kPa, and acid clay and a silica-alumna
adsor bent were added thereto such that each of themwas contained 1.0 w %

of e theor etiRlLBIMNLALell 85151 L 808, 1ENbLANNES. 0TofRRdR0RPL | On

treat nent. erature press sor ption
treat nent ti meaeFRicl00C, 1 kPa, and 3 hour s, respectlvely. The m xture
was filtrated, and thus an ester (this ester is referred to as ester A
was obt ai ned. The Ki ﬂ‘ématﬁeéﬂgémtﬁaitiulaﬁca@lﬁc amipdhtfichand tthe resast ty

i ndex of the .obtaine est we e. neasur ed rding to the

above descri bdBVeREeR ﬁ fAroxyl ypbues f ﬁé% ped rrefegablyEst er s

(i.e., esters alned I.n in a Ie 1
except that th@%%ﬁg)ﬁ}% g% r?etpﬁe E m%%%)ﬁ(g 8r éEiah%
Table 1 vere ysggh prifSrdtlPa Rk KOS @8 1k, m&ﬁ@hem}d%%@ @d]ﬁ‘e tié‘SO
viscosity index of each ester were measured according to

above- descri bengKexHied. oerbbm khahsdhshevmpiosition ebab t Sufﬁﬁwmarelecﬁte:
Exanples 1 to 5 Esters (i.e., esters. Gto K) were obtained in the sane
manner as i niEX&EHI08 nropeehwitheat deteriarataee &he swbIme geaistivetyne e

carbol e 2oLl | IaRe ML RS, TS LN MoVl actRlAg o
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such as dissolving a sealing material that is made of an organic
material. Also, there is no possibility of an adverse effect on additives
that may be contained in the composition.

The refrigeration Iubricant composition of the present
invention has an acid value of 0.05 mgKOH/g or less, and preferably it
may have an acid value of 0.03 mgKOH/g or less and more preferably
0.01 mgKOH/g or less. When it has an acid value of 0.05mgKOH/g or
less, then the composition is less likely to corrode metals and has good
hydrolytic stability.

There is no particular limitation regarding the kinematic
viscosity of the refrigeration lubricant composition of the present
invention. In view of lubricity, compatibility with fluorocarbons,
startability of refrigerating machines, and energy saving, it is
preferable that the kinematic viscosity at 40°C is 30 to 150 mm?2/s. In
particular, when the above-described lubricant composition is used for
air-conditioning equipment such as room air conditioners and
packaged air conditioners; low temperature apparatuses; industrial

refrigerators; and compressors in automotive air conditioners such as

hybrid cars and electric cars, 55 to 140 mm?2/s is preferable, and 60 to
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130 mm?/s is more preferable, in view of the operating efficiency
thereof.

The base stock of the refrigeration lubricant of the present
invention has excellent long-term stability even in the low temperature
region. Moreover, it has excellent compatibility with fluorocarbons
and thermal resistance, and when used for air conditioning equipment
and compressors used for automotive air conditioners, it can improve
operating efficiency compared with the conventional refrigeration
lubricants. The base stock of the refrigeration lubricant of the present
invention has excellent compatibility with, in particular, chlorine-free
hydrofluocrocarbons, and thus it is useful for a lubricant for chlorine-

free hydrofluorocarbon refrigerant.

Refrigerant Working Fluid

The refrigerant working fluid of the present invention is made
of the above-described refrigeration lubricant composition and a
chlorine-free hydrofluorccarbon refrigerant. There is no particular
limitation regarding the amounts of the refrigeration lubricant
composition and the chlorine-free hydrofluorocarbon refrigerant, but a
weight ratio of the lubricant composition and the chlorine-free
hydrofluorocarbon refrigerant is in the range of 10:90 to 90:10
preferably. If the amounts of the chlorine-free hydrofluorocarbon
refrigerant is higher than the above-described range, then the viscosity
of the resultant refrigerant working fluid is reduced, which may lead to
poor lubrication. If it is lower than the above-described range, then
when the obtained working fluid is used for refrigerating apparatuses,
refrigerating efficiency may deteriorate.

Examples of the chlorine-free hydrofluorocarbon refrigerant

include 1,1,1,2-tetrafluoroethane (R-134a), pentafluoroethane (R-125),

15
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difluoroethane (R-32), trifluoroethane (R-23), 1,1,2,2-tetrafluoroethane
(R-134), 1,1,1-triflucroethane (R-143a), and 1,1-difluoroethane (R-
152a). These refrigerants may be used either alone or as mixed
refrigerants of two or more thereof.

The above-described mixed refrigerants are commercially
available, and, for example, R-407C (R-134a/R-125/R-32 = 52/25/23
wt%), R-410A (R-125/R-32 = 50/50 wt%), R-404A (R-125/R-143a/R-134a
= 44/52/4 wt%), R-407E (R-134a/R-125/R-32 = 60/15/25 wt%), and R-
410B (R-82/R-125 = 45/55 wt%) are used. In particular, mixed

refrigerants containing at least one of R-134a and R-32 are preferable.

(Refrigerant Compression Type Refrigerating Apparatus)

The refrigerant compression type refrigerating apparatus of
the present invention is provided with a compressor, a condenser, an
expansion mechanism, and an evaporator and is configured such that
the above-described refrigerant working fluid, which is the refrigerant
in the refrigerating apparatus, circulates through these components.
This refrigerating apparatus may further include a drier. Examples
of such a refrigerating apparatus include air conditioning equipment
such as room air conditioners and packaged air conditioners; low
temperature apparatuses; industrial refrigerators; and automotive air

conditioners such as hybrid cars and electric cars.

Examples

Hereinafter, the present invention will be described more
specifically by way of examples.

The test method of esters produced in the examples and the
comparative examples will be described below:

<Kinematic viscosity and viscosity index> The kinematic viscosity is

16
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measured with a Cannon-Fenske viscometer at 40°C and 100°C
according to JIS K-2283, and the viscosity index is calculated from the
resultant values.

<Acid value> The acid value is measured according to JIS C-2101.
<Hydroxyl value> The hydroxyl value is measured according to JIS
K-0070.

<Color number (APHA)> The color number (APHA) is measured
according to JOCS 2.2.1.4-1996. '

<Volume resistivity> The volume resistivity (TQ-m) at 25°C is
measured according to JIS C-2101.

<Pour point> The pour point is measured according to JIS K-2269.
<Long-term low-temperature test> First, 400 g of a sample ester, the
moisture content of which was adjusted to 100 ppm or less, is placed in
a square can made of steel and allowed to stand for 1000 hours in a low
temperature storage at ~20°C, and then checked visually to determine
whether or not crystals are precipitated.

<Two-phase separation temperature> First, 0.6 g of a sample ester
and 2.4 g of the refrigerants R-134a and R-407C were enclosed in a
thick PYREX (registered trademark) tube {(entire length of 300 mm,
outer diameter of 10 mm, and inner diameter of 6 mm) cooled in an
ethanol bath containing dry ice and warmed or cooled at a rate of
1°C/min. Then the two-phase separation temperatures at a high
temperature and a low temperature were measured visually within a
temperature range from -70°C to +80°C.

<Sealed tube test> First, 10 g of a sample ester, the moisuture
content of which has been adjusted to 200 ppm or less, 5 g of the
fluorocarbon R-410A, and one each of iron, copper, and aluminum
metal pieces having a length of 10 mm are put in a glass tube and the

glass tube is sealed. This is heated at 175°C for 14 days, and then the
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acid value and the color number (APHA) for the fluorocarbon-

containing sample from which the metal pieces were removed are
measured.

<Palex friction test> The Falex friction test was performed according
to ASTM D-2670 while blowing R-134a into a sample ester at a rate of
150 mL/min. The temperature of the sample is set at 100°C, and an
operation under a load of 250 pound is carried out for 2 hours after a
trial operation under a load of 150 pound for one minutes, and the

wear amount of the pin after the end of the operation is measured.

Example 1: Preparation of Ester

First, the mixed alcohol and the mixed carboxylic acid shown
in Table 1 were placed in a one-lter four-necked flask provided with a
thermometer, a nitrogen inlet tube, a stirrer and a cooling tube such
that the ratio of the hydroxyl group in the mixed alcohol and the
carboxyl group in the mixed carboxylic acid is 1:1.1 in the equivalent
ratio, and then reacted under a nitrogen at 220°C at an atmospheric
pressure while water generated by the reaction was removed by
distillation. During the reaction, the hydroxyl value of the reaction
mixture was monitored, and the reaction was stopped at the point
when the hydroxyl value became lower than 2.0 mgKOH/g. Then,
stripping was performed under a reduced pressure of 1 to 5 kPa to
remove unreacted carboxylic acid for one hour. The resultant reaction
mixture was washed with an aqueoué solution of potassium hydroxide.
Washing was repeated five times so that the pH of the discharged
water became neutral. Then, the resultant ester layer was
dehydrated at 100°C under a reduced pressure of 1 kPa, and acid clay
and a silica-alumina adsorbent were added thereto such that each of

them was contained 1.0 wt% of the theoretical amount of an ester to be
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conparati ve exanples were enplqyed as _shown in Table 2 to prepare_ base
stocks of a | B iestan ({his esten g arefeigersto 2st ety Armeap abtaivedck T hter e

tested in the . sane nmanner_ as in I o1 ab 2 also.sho t results.

Conpar at | ve EAIREFELTo P S ARY AhE BPAATReCofd Hbf R et hHhS

SEE\% “ieg in thitaBRAVEsHeSAT iRGE SOIRALA] | ¥RoFIABPLEStNC LB REBE QUL RS
method. Table 1 shows the results.

Examples 2 to 6

Esters (i.e., esters B to F) were obtained in the same manner
as in Example 1 except that the mixed alcohols and the mixed
carboxylic acids shown in Table 1 were used. The kinematic viscosity
at 40°C and 100°C and the viscosity index of each ester were measured
according to the above-described method. Table 1 also shows the

results.

Comparative Examples 1 to 5
Esters (i.e., esters G to K) were obtained in the same manner
~as in Example 1 except that the mixed alcohols and the mixed
carboxylic acids shown in Table 1 were used. The kinematic viscosity
at 40°C and 100°C and the viscosity index of each ester were measured
according to the above-described method. Table 1 also shows the
results.
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Example 7: Prepération of Base Stock of Lubricant

The above-described ester A was used as a base stock of a
lubricant (this base stock is referred to as base stock 1). The
kinematic viscosity at 40°C and 100°C, viscosity index, acid value,
hydroxyl value, color number, volume resistivity, pour point, two-phase
separation temperature, and Falex test pin friction amount of the
obtained base stock 1 were measured according to the above-described
methods. Furthermore, the long-term low-temperature test and the

sealed tube test were performed. Table 2 shows the results.

Examples 8 to 14

Any one or more of the esters B to F, H, and K obtained in the
above-described examples and comparative examples were employed as
shown in Table 2 to prepare base stocks of a lubricant (i.e., base stocks
2 to 8). The base stocks were tested in the same manner as in

Example 1. Table 2 also shows the results.

Comparative Examples 6 to 8

Any one or more of the esters G, I, and J obtained in the
above-described comparative examples were employed as shown in
Table 2 to prepare base stocks of a lubricant (.e., base stocks 9 to 11).
The base stocks were tested in the same manner as in Example 1.

Table 2 also shows the results.
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As is apparent from the results in Table 2, the base stocks of a
lubricant (.e., base stocks 1 to 8) in the examples had excellent
stability, so that no precipitate occurred even in the long-term low-
temperature test. Moreover, these base stocks 1 to 8 have a low pour
point, excellent compatibility with fluorocarbon refrigerants, which is
indicated by the two-phase separation temperature, and less
susceptibility to deterioration due to thermal oxidation, which is
indicated by the results of the sealed tube test, and satisfy the other
performance requirements required for base stocks of a refrigeration
lubricant. Therefore, it is apparent that these are excellent base oils.
In contrast, as for the base stocks of a lubricant (.e., base stocks 9 and
11} in Comparative Examples 6 and 8, precipitate occurred in the long-
term low-temperature test, so that it is found that they are inferior in
low-temperature stability. As for the base stock of a lubricant (ie.,
base stock 10) in Comparative Example 7, no precipitate occurred in
the long-term low-temperature test, but the two-phase separation
temperature on the low temperature side is high, so that compatibility
with fluorocarbon refrigerants under low temperature is poor, and also
the color number after the sealed tube test is high. Thus, this base
stock (i.e., base stock 10) is not sufficient for practical use.

The refrigeration lubricant composition of the present
invention has excellent low-temperature stability. Moreover, it has
good compatibility with fluorocarbons, in particular, chlorine-free
hydrofluorocarbons, so that it is preferably used as a lubricant for
refrigerating machines wusing a chlorine-free hydrofluorocarbon
refrigerant or as a refrigerant working fluid obtained by mixing this
Iubricant with a chlorine-free hydrofluoroccarbon refrigerant.
Specifically, the refrigeration lubricant composition of the present

invention and the refrigerant working fluid containing the lubricant
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In contrast, as for the base stocks, of .a lubrjcant (i.e. ase stocks 9 and
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Iowterrperatureefe&ﬁi%tcargo that it is found that they are inferior in

The invention may be embodied in other forms without
departing from the spirit or essential characteristics thereof. The
embodiments disclosed in this application are to be considered in all
respects as illustrative and not imiting, The scoi;)e of the invention is
indicated by the appended claims rather than by the foregoing
description, and all changes which come within the meaning and range

of equivalency of the claims are intended to be embraced therein.
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m xed ester obtained froma m xed al cohol and a m xed carboxylic acid as a
mai n conponent, wherein the m xed al cohol conprises 65 to 99.95 nol % of
pent aerythri tgl @ d 0.05 to 35 npl % of dipentaerythritol, the m xed

car boxyl i ¢ acfd mpositren of camnd,| wherein hbageiiedBapeT & elliadnembing 5 to
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has a hydrox
the mixed carboxylic acid and the mixed alcohol comprise carboxylic

acids and alcohols, respectively, which satisfy the following relation:

{2( axs J=[ cxp )]

1.09= =1.33 1)
E

A: number of carbon atoms in main chain of a carboxylic acid in the
mixed carboxylic acid

B: molar fraction of the carboxylic acid of item “A”

C: number of carbon atoms in the longest side chain of carboxylic
acids in the mixed carboxylic acid

D: molar fraction of carboxylic acid having the longest side chain

E: average number of hydroxyl groups of each alcohol in the mixed
alcohol |
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and an acid value of 0.05 ngKOH/ g or less. 2. The conposition of claiml,
wherein the m xed ester is obtained by a reaction of the m xed al cohol and
the m xed carboxylic acid, wherein the m xed carboxylic acid and the m xed
al cohol conprise carboxylic acids and al cohols, respectively, which
satisfy the following relation={ Z[ Axs , -( &D] } 1.09c ¢ 1.33 F (1)
A= nunber of carbon atons in main chain of a carboxylic acid in the m xed
car boxylic aci t i A e C
nunber of car b%nBr gﬂabﬁlﬁ) Oglttﬂo(h Fgﬁlag&t &Isl)ﬁ'd%’aﬁﬁgi%&h ]%]g!? 8>%CI \]fltggégé%ﬁafs in
the m xed car l:t@é)dohg,o@m&lg)mm% 3braakb0aanefs. car boxylic acid having the

| ongest side chain E: average nunber of hydroxyl groups of each al cohol in
the m xed alcohol 25 3. The conposition of claiml or 2, wherein a

ki nematic viscosity of the conposition at 40Cis 30 to 150 mm®R2/s. 4. The
conposi tion ofta %FOWS?WHI?GHX of Haies 4 the, vesrelnkbe dsonana@oibnt ai ns

88. 50 99.9 h Th f
any of t 8I ai m%f??koﬁt%ﬁxﬁSéé?ﬂt%t ge@%’:ﬁ%gﬁ?ﬁg%p@ﬁfegl%@e?%wﬁg%%h 8?: Lleoprge

hydr of | uorocarbon refrigerant. 6. A refrigerant working fluid conprising
the refrigeration lubricant conposition of any of clains 1 to 5 and a

chl orine-free 5. hybotdmpositianbrfranyedf clganaritto 4, whereth thgeoantosttbepiessi on
type refrigeratin apparatus conprising a conpressor, a condenser, an
expansi on mecHEaA % &hlaings et lrdroflyaepcenbomseltigegart.uid of claim6. 26

6. A refrigerant working fluid comprising the refrigeration lubricant
composition of any of claims 1 to 5 and a chlorine-free

hydrofiuorocarbon refrigerant.
7. A refrigerant compression type refrigerating apparatus comprising

a compressor, a condenser, an expansion mechanism, an evaporator,

and the working fluid of claim 6.
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