SPECI FI CATION Refrigeration |ubricant conposition BACKGROUND COF 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 hydrofl uorocarbon refrigerants. The
present invention also relates toSBECAFICAIION working fluid containing
the refrigeration |ubricant conposition and a refrigerating apparatus
including the refrigerant working fluid. 2. Description of the Related Art

Conventional ly, refrigerant gesont,ai -nrinb‘Eﬁlaﬁf:%Hb%ﬁﬁﬁf bon have been used

for. air conditioning equipnent such as roomalr. conditioners and
packaged air conditioners, |ow tenperature apparatuses such as
refrigerator-freezers for hone use, industrial refrigerators, and
autonotive air conditi oneBACKSHRQIMDIPF FHEBNYRNTI®Nctric cars.
However, in recent years, the replacenent of such chlorofluorocarbon
refrigerants with chlorine-free hydrofluorocarbon refrigerants such as

t hose cont ai ningietd Leln I@[} uoroet hane (R 1 134a), pentafl uoroethane
(R-125), difl uoronet ﬁan%h%% A and m xtures thereof has been pronoted

because of probl ens Bh&hpRsehbenvefHAbA +tABLA] thN8 PERNSraf¥E! lubricant
Consequently, a-variety of refrigeration oils containing a polyol ester,

whi ch has gooebrapesitivinbi | Mpye viipehificalilyprihee phesemthimiveaftiompnetacdon a
refrigerant S’re%ig%ra?t?gr? 1?1 gﬁ:ﬁn?ago%nggs?aon that is used for a chlorine-free
hydrbﬂuorocarbon refrigerant, wherein the 'composition comprises a
polyol ester as the main component and has excellent low-temperature
stability, Iubricity, stability under coexistence with a chlorine-free
hydrofluorocarbon refrigerant, and has excellent compatibility with
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 wused for air conditioning equipment such as room air.
conditioners and packaged air conditioners, low i;émperature
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-



proposed. In addition to the above-described conpatibility with chlorine-
free hydrofl uorocarbon refrigerants, a variety of properties such as

| ubricity, thermal stability, hydrolytic stability, and | owtenperature
fluidity are required for refrigerating machine oils in order to ensure
the stability of the above-described equi pnment. Anong these, in view of
hydrol ytic stability and conpatibility with chlorine-free
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resi stance have been put to practi cal . ’Th
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as the main CERRPHRM B ' 0ses, that, such refrigeration qils have good
stability at high tenﬁe%‘%@g%’r%ﬁ%&?@gﬁ%{%é@aL 238 eioek hayedien
Publ i cati on Nopré&paz@dl181 discl oses esters obtained from pentaerythritol,

di pentaerythritol, and tripentaerythritol and discloses the viscosity and
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hydrofluorocarbon refrigerants, hindered esters having excellent
thermal resistance have been put to practical use. These hindered
~ esters are derived from a carboxylic acid having a methyl branched
chain or an ethyl branched chain in the o position or the B position and
pentaerythritol. For example, Japanese Laid-Open Patent
Publication No. 10-8084 discloses refrigeration oils containing an ester
L obtained from pentaerythritol and a mixed fatty acid of 2-
ethylhexanoic acid and 3,5,5-trimethylhexanoic acid as the main
component and discloses that such refrigeration oils have good stability
at high temperatures. Moreover, Japanese 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



a fatty acid m xture and a pol yhydric al cohol, wherein the fatty acid

m xture includes 3,5,5-trinethyl hexanoic acid and a saturated fatty acid
ot her than 3,5, 5-trimethyl hexanoic acid, wherein the saturated fatty acid
has an al kyl group as a side chain and has a total of 9 carbon atons. In a
refrigerating cycle, a part of the refrigeration |ubricant generally
circulates through the cycle along with a refrigerant, and thus the

refrigeration |ubri.cant is exposed, o a high tenperature region and a | ow
t enper at ur e i!rheegi S BASCBPORGT I t heal PPbgF%ftl%céhS‘ﬂ@%ﬁﬁ r tlepti nsych
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above-descri bed "hi ndered esters, 1Tn partic

patent publ ilste nprovetededbRviasaRiticy Yrddeetibe! f PLANIE R ors SAYHBFENtS. On
t he other hand, however, a part of the réfrigeration |ubricant ejected

from the corftREo¥erlubuicityt aghapmpatilility wivh refdganatsrfagagseLaitln

particul ar, Af tti;a I u‘?%ﬁ?ﬁm _stalgnates in the |owtenperature region for a
| ong peri od (g]f’el?i fpden catips No.yk9-1pB23e disclorestastersnehiaineast fome

circul ating Qe . J refrigeratin le, is reduced, whjch may
lead to pr otﬁ gn%&;&r&%%?tgg% ?d%rde rl?oégﬁ%%l% ﬁSCO%eW@PB‘?’@, &fet E"’rtgy @\‘c?‘i ical to
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| ubricant higher stability in which ho preciprtation occurs over ‘a | ong

period of tiaskl @fber dhahod;5,5 tripesthyIHesanoldowelde r'whéfen Mkee oAb esE

obt ai ned frgm a%ggg‘giénat ion_of a polyhydric alcohol and a specific

car boxyl i ¢~ &% ey alkyd group pe aide chapubhi dutsi batahof 8c¢azhmve have
not been 3 f&ﬂl iciently examined for their ability of maintaining

| ow-t enperature “stability over a long period of tine. Thus, it is not

Fegi on, and {hus  Tader HRrbER Gk, o WHrE ol o BtriabrAtiGa iRRERARE e
| NVENTI ON . generally circulates through the cycle along with a refrigerant, and
thus the refrigeration luBricant is exposed to a high temperat.ure
region and a low temperature region. As for high thermai resistance
required in a compressor, which operates in the high temperature
region, the above-described hindered esters, in particular, the mixed
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
is 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




Disclosed is a refrigeration lubricant conposition that may not easily
crystallize at |ow tenperatures, in other words, a refrigeration |ubricant
conposition that has excellent |owtenperature stability. Also disclosed
is arefrigeration |ubricant composition having high viscosity, excellent
conpatibility with chlorine-free hydrofluorocarbon refrigerants, and
excellent long-termstability in a |ow tenperature region of the
refrigerating machine. The inventors carefully exam ned the | owtenperature
stability of refrigeration lubricant conpositions and the conpatibility

t her eof wi t$ufficientlyi exanfined foydtleid wbiliy aobomaimedininge iantempadtuyper f or ned
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cont ai ni ng egan ek lphfteriobtabitigy.di pentaerythritol in a specific ratio with
a mxed carboxylic acid containing a specific anount of isononanoic acid,
and thus the present invention was acconplished. Furthernore, in
perforning the nol ecul ar fO. nﬁ%\&@@@ﬁri bed ester, the
inventors of the present invention found that an ester having excellent

| ong-term | ow tenpesdosed istaefiigdrgtiam dibrianh gompositibanhatanapait bi | ity
with chlorine-free drof | yorocarbon refrigerants can be gbtained in the
fol | owi ng 4848k oryst 'l%ﬁdatt:i?‘ﬁo??&flﬂe&atﬁ'@sd 1p sothein Y9t 8drabyjsdanen deri ng t he
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carboxylic acid and the alcohols in the mxed al cohol satisfy a certain
quant it at i vexeadleat icompatibility fwiths thlasipedtee hydnoBupsocpriomi tédgeransst ri ger ati on
| ubricant conposition conprisi Q’g@%&m xed ester obtained f rog%a m xed

al cohol and?3d" srcelante longstiepm st H 3 1o IEeRskafyffe hegionnet dhé t he i xed

al cohol - refrigerating machine.

The inventors carefully examined the low-temperature stability of -
refrigeration lubricant compositions and the compatibility thereof with
- chlorine-free hydroflucrocarbon 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




i ncludes 65 to 99.95 no. 1% of pentaerythritol and 0.05 to 35 nol % of

di pentaerythritol, the m xed carboxylic acid consist of 25 to 55 nol % of
nonocar boxylic acid having 5 to 8 carbon atons and 45 to 75 nol % of

i sononanoi ¢ acid, the m xed nonocarboxylic acid and the m xed al cohol
conprise nonocarboxylic acids and al cohols, respectively, which satisfy
the following ‘“relation; 11 1.09<{ F( AXB CxDJ 1 <1.33 (1) =E A
nunber of carbon atons in main chain of a carboxylic acid. in the m xed
car boxyl i c &8s Bmixest sgrbexdict 3 1o rortiduted Myosapsideripgithe dengte &ha A" C

nunber of carbon,ato LNt he t side chain of carboxy] i c{ds in

the m xed cdPBBRRIE Crergies® GfoPBRER} adiien o RaPhalll BE bRl g « ne
l'ongest si deaffallic Bici@Y 8h@dfe MeARE! oPfthE YIRSy | sid QuAm OF |warkhad cohol in
the m xed ‘alcohol, and the compoSition has a hydroxyl value of 5. OngKOH g

or | ess and cachwxgticcicidsl aed dfe QudngiKGids or theesxed sathoxylip refdeande d

enbodi nent, a kinemati ¢ viscosjty.of the conposition at 4Q0Cis 30 to 150
me/s. In atlpﬁréf:%hqqgw @m&ﬁﬁkpﬁolt%@S#hys%ﬁm%%nt&étlae £gJatianns 88.50 to
99. 95 nol % of 3, 5,H4- trknet hyl hex LC.acld, a. . Ljrent, the
conposition is uselgLl %o?pbg Q%Jﬁpgr ?{r%geléflrsgé}%)}%%%fal a%lirfg{:eg{itggﬂ @gPl(ralggg?ant . In
a second aspg@positiver Cormpridh@Yinidd @stee bbtatsdeMbmViPhkxdtDalcbholi ghdconpr i si ng

the refrigeration |ubricant conmposition as defined above and a
chl ori ne- f r wéxddy darbbkyler ecidr pon mein icgmpanent, Iwheseinhthedmasgb etcohphere is
provided a {n%fuﬁie: %’Sa% 95%@;11605.&%0& pentaerythritol and 0.05 to 35 mol% qf
dipentaerythritol, the mixed carboxylic acid consist of 25 to 55 mol% of
'monocarboxylic acid having 5 to 8 carbon atoms and 45 to 75 mol% of
1sononanoic acid,
the mixed monocarboxylic acid and the mixed alcohol comprise
monocarboxylic acids and alcohols, respectively, which satisfy the following
relation; '
(5[ axs )= oxo )}

1.09= =133 {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, and the composition has a hydroxyl value of 5.0mgKOH/g or less and
an acid value of 0.05mgKOH/g or less. |

h



type refrigerating apparatus conprising a conpressor, a condenser, an
expansi on nmechani sm an evaporator, and the above nentioned working fluid.
The refrigeration lubricant conposition disclosed nay not cause
precipitation of crystals over a long period of tinme in the | ow
tenperature region, and thus it has excellent |lowtenperature stability.
Moreover, it also nmay have good lubricity, stability under coexistence with
a chlorine-free hydrofl uorocarbon refrigerant (eval uated by seal ed tube

test), and compatibility with chlorjne-free hydrofl uorocarbon
refrigerants, whic é‘r%‘yqf‘é‘aﬁ‘?r @H’h%ﬂ‘mﬁé'ﬁr i &M MsOSEAMT B¥nposi ti ons.

Ther ef or e, E@osit%ﬁ%&%ﬁ?@%iﬁ@&#a@m conposition disclosed is useful for
refr

a |lubricant i gerafing machi nes that enploy a chlorine-free -

hydr of | uor ocar bon 1 @fpreBgfeddmbsdiafend thefifd@Raasic W0d kbagidd 88.601 n which
it is mxed wwth a chlorine-free hydrofluorocarbon refrigerant.

DESCRI PTI ONo@®. IfHERPREFERREDMENBUDKMENT adile | nvent ors of the present
invention found that an st erobt ai.ned by.reacting.a m xed al cohol

cont ai ni ng pent aer ¥¢ Ht iAFBieTred, gmpodipent éBPy?CHPP?SgVO‘? n‘Sau§‘?5€<,fP¥iac ratio
with am Xe&ll&ﬁt’i@ﬁé&’h'cﬁ-oﬁﬁéx‘acarBSH}&Hgﬂaﬁt a specific anount of isononanoic
acid and, if necessar%}, cont ai ni ng carboxylic acid other than

~ i sononanoi ¢ aci d hais aexaeindeadpect,otitcreiperatided strafrigdrant wieknignafter, a
m xed ester _contained in the conposition of the present invention, a
refrigeratiBwd gempdsing the fpligeration wbncantreongpasiton as definetabeve a

corpr ass; orf e Pdas ik Ry SRR Bt sn BB oyi g i he ref ri ger ant wor ki ng
fluid will be descyj beghird MpeRfl fFt&hY pfB\ad8d nerkhstaht CORREQSsh in the
refrigeration |ubricant
type refrigerating apparatus comprising a compressor, a condenser, an
expansion mechanism, an evaporator, and the above mentioned working
fluid.
The refrigeration lubricant composition disclosed may not
cause precipitation of crystals over a long period of time in the low
temperature region, and thus it has excellent low-temperature stability.
Moreover, it also may have 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 disclosed 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
esterobtained by reacting a mixed alcohol containing pentaerythritol

and



conposition of the present invention is obtained by reacting a m xed

al cohol and m xed carboxylic acids, wherein the m xed al cohol conprises 65
to 99.95 nol % of pentaerythritol and 0.05 to 35 nol % of dipentaerythritol,
and wherein the m xed carboxylic acid conprises 25 to 55 nol % of

nonocar boxylic acid having 5 to 8 carbon atons and 45 to 75 nol % of

I sononanoi c acid. In this reaction, in order to obtain a m xed ester having

excel l ent |owtenperature stability over an even |onger period of tine, it
i s parti cul adipentaefyshaitble inhat spBEficeasé O@itaeraw%aeaheasgﬂo?i?ﬁc aligonol and
the m xed carboxylic acid that are enpl oyed satisfy the ol Tow ng rel ation
| FI AXB') CXBMpuing pospeifigmmeynt Bf Asonomieric ofcid aihdnifheedshsy, Mi n
xed. carboxylic acid B: nolar fraction

chain of ac lic acid ip the.  m .aci ¢
of the car bo%% i 3 crbaxydin add Or{]?etthmmon@mouaabdnhm emeellemtt he

| ongest si deloghadpOfattdl Pgmﬂt acids in the m xed carboxylic acid D
nol ar fraction of carboxylic acid having the | ongest side chain E: average

nunber of hydroxyl Heeipsftef £atkedlosniial itQin;e e I e
inventors of the present invention found “The gﬁpo%v%n%&mgéﬁgﬁﬁéﬁ%ed ester
cont ai ns _br RERER: Extemtion;, katefaigeration lebritsaonoapbien dntakiids thavi ng a
side chain or.siqde chains with different carbon nunbers, the carboxylic

aci d havi ng THEY iGEse telagerant workdng rflwdt emtatninigethowotopopitiat, ur

stability of e % ter nore. effectively than carboxylic acids havin
a short e)r/ braa#hd;ﬁég cg%ansca%)@%?ressmn ¢ refrigetating aPParatuSyemploying )

the refrigerant working fluid will be described.

(Mixed Ester)

The mixed ester contained m the refrigeration lubricant
composition of the present invention is obtained by reacting a mixed
alcohol and mixed carboxylic acids, wherein the mixed alcohol
comprises 65 to 99.95 mol% of pentaerythritol and 0.05 to 35 mol% of
dipentaerythritol, and wherein the mixed carboxylic acid comprises 25
to 55 mol% of monocarboxylic acid having 5 to 8 carbon 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:

¥

1.09= =1.33 '%)!
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”



The inventors conducted nol ecul ar design of esters and found that when the
above-noted fornula was satisfied, a m xed ester having excellent

| ow-t enperature stability over a |onger period of time could be obtained.
"Nunber of carbon atons in nmain chain of a carboxylic acid in the m xed
carboxylic acid" defined in item A of the above-noted relation refers to

t he nunber of carbon atons of the | ongest chain of the carboxylic acid and
excludi ng carbgn atons in side chains. For exanple, in the case of octylic
aci d, whi ch i sCanumber of sarhony ptema dindtheh dorigegt Sidmchain af eashoxylie nunber

of carbon at i.n the mai.n chain. of..the carboxylic acid is 8. In the case
of 2-ethyl he%gfldgilgti'@ilafx -a@ﬂo r]éc%"lgr anched carboxylic acid having 8

carbon atons in: 43 £ gp&[ f ; Lo t.he.mai n. chain of the
carboxylic acid is 6, a\tﬁﬂ?%ﬁ@gs oxtf’rgcr?leg"i E}Q}G%r%toﬁézlgbg%s& Séd?_lci.l%l.n, t he nunber
of carbon at onE: amerddeentimbas e thyetrby1 ?i_‘diiﬂé)offéé&ﬂ klshdoipthaypRen of
carbon atons 8 in_ the carboxylic acid (i.e., 2-ethyl hexanoic acid). "Molar
fraction of éxlﬂob@l(yl ic acid of itemA" defined in itemB of the

above-noted rel atithref ers to \ﬁ;lalfue of the nolar amount of the 8
carboxylic acid havifg lpﬁ%n'ﬁ’ﬁ?r‘dgrt peesapdninyesiion; founsl the Hallawirgfi ned in

I tem A when t ot.al I t of th 1 xed _cak boxyl i .acid. is 1.
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acids that are c&nt ained_in the m xed carboxylic acid. For exanple, in the
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The inventors conducted molecular design of esters and found that
when the above-noted formula was satisfied, a mixed ester having
excellent low-temperature stability over a longer period of time could
be obtained.

“Number of carbon atoms in main chain of a carboxylic acid in
the mixed carboxylic acid” defined in item A 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 G.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



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-noted relation refers to a value of the nolar anmount of the
carboxylic acid having the | ongest side chain when the total nolar anount
of the m xed carboxylic acid is 1. "Average nunber of hydroxyl groups of
each al cohol in the mxed alcohol" defined in itemE of the above-noted

relation refers to,. the,sum.of val ues,, each of which is obtajned by
mul ti plyi ng ‘ie%ﬁ’oﬁ?]’r’r%e&}ﬂd a‘ﬂi}ar%m&?wpg?&ﬂé%rﬁta%wm%ht aiidd in a

m xed al cohojefdyod NS itehP! i C h wher el n.nol ar
fraction is a vael3 ue (l)fe tﬁ:%h%%?g{e tg%%ﬁ%?f%fﬂpﬁgﬁggf%%ehrgﬂfﬁgﬁfl}o gﬁf ot al

nol ar anobuntaafl isle i xed al cohol is 1. For exanple, in the case of a

m xed al cohol made of 75 nol % of pentaerythritol (the nunber of hydroxyl
groups is 4) and ZNumbes off diapeont astopuéir in othy tloagestniséte ofhdindrofxy|
groups i s 6) he ,.average nunber of hydroxyl groups in the m xed_ al cohol
is 4 x 0.75 ‘i@rgox&h%)?ﬁ snthe miped pashiaxylicasia] deaed Sedtpan Guof 4be aw

mat eri al of - CI m xed ester,is de, of ntaerythritol and
di pent aer yt h&rl%btq’gﬁl?&\ég ggggééc%?glésd tgb&/ee.n“ﬁﬁge]beq}? %nghgf%ﬁ ]@Z\;r‘fg%nt in
the mixed allonBest sids ik Of rBEyHR! LidR" if? and
nore preferably 75 to 99.95 nol %ylﬂgh t he %@?Q}lﬁlgr}%&g‘%ﬁe&%%’gﬁgg{ythri t ol
content in thee hrancbedl cobokylic &iA5 thaBSar|dntpineleiablhe Onfiked 0 30

mol % and nor )%i[efer_abl 0.05 to 25 nol % Wen the pentaerythritol
content in SBRRORBGAcH) cHhpexpnmpds imothe easenef @ mixeé cadwylizsracidofer has
high |evel S

ohborine-£r 2 AEFPRYE Seid B8 SEr Pomar ol the mbmbenst ol o or
the other hanp apsnina 5 Kot sl REsth s Lonb R P inB B consi 15
0. 05 nol % ocanbse atdine frdoi€hé eyt @BupTIBetiiaBexanoic sdcid.
“Molar fraction of carboxylic acid having the longest branched
chain” defined in item D of the above-noted relation refers to a value of
‘the molar amount of the carboxylic acid having the longest side chain
when the total molar amount of the mixed carboxylic acid is 1.
“Average number of hydroxyl 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 mumber 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 ahove-

described mixed ester is made of pentaerythritol and dipentaerythritol,



| ong-term | owtenperature stability, and when it is 35 nol%or less, then
the resultant ester has suppressed deterioration in conpatibility wth

chl orine-free hydrofl uorocarbon refrigerants and suppressed increase in
viscosity. The m xed carboxylic acid that serves as a raw nmaterial of the
above-descri bed m xed ester is made of a nonocarboxylic acid having 5 to 8
carbon atons and an i sononanoi c acid. The nonocarboxylic acid having 5 to

8 carbon atons (?s cqntained ipn_the mxed carboxylic acid in a ratio of 25

to 55 mol % preteiciied afpveo Bhemamipenyibaitol eoateabliy tB8 mixedsslashbly and
020 Bl % , The | ' id i taj ned i

The mxea carbost €38 B0k brtferebly dP ST B A el mgre mup RO S o

70-110l % anor7 fy $9.8638b1.4 50h 4h8 GLHBE Handthe BERHIBLEALATSLARLY;D0 L0 65

mol % Wen the isononanoic acid content 1h the*m xe oxyTi a¢1d is 45

to 75 nol % themixed aledholeist®05 tthads haf%e paetdrehly 0.08%p!®I Mol%, and
| ow-tenperature stahility and conpatibility with chlorine-free
hydrof | uor oc R YEPLederabde P to 2nmal%. INhanrtbd peBtarytiestaifconbent in

A A I N T W X
2- net hyl pent ' ' ' Ci 4- t hyl pentanoi ¢ ,aci d,
2. et hyl but ang, & S, Pgoan ol IARRLANGLE ARl fly, oo mp RS i

2- met hyl hexacllocimefide Bydmiffyorbexndogi ¢efsedtants, JBN NyHREX a0 asC 08 s,
5- et hyl hexanoi ¢ aci d, 2, 2-dinethylpentanoic acid, 2-ethylpeiitanoic
aci d, 3- et hyl$d% andess, 4beny the reswphhteatni has daigiterzs M@t ehlephenai ¢ aci d,

3 et ! hee ARSI G i SBPRn! Rbon the dobaninomitor Contont i
3o ST ISk s i, G4 MO Ry el b R 0 515
difficult tologgrtepfit 16®itainperature stability, and when it is 35 mol% or less,
then the resultant ester has suppressed deterioration in compatibility
with chlorine-free hyd:_:oﬂuorocarbon refrigerants and suppressed
increase in viscosity.
The mixed carboxylic acid that serves as a raw material of the
‘above-described mixed ester is made of & 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 refrigérants can be

obtained.

Examples of the monocarboxylic acid having 5 to 8 carbon
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The above-not ed nonocarboxylic acids having 5 to 8 carbon atons may be
used either alone or in conbination of two or nore thereof. Exanples of the
i sononanoi ¢ acid include 2,5,5- trinethylhexanoic acid,

3,5,5-trimethyl hexanoi c acid, 4,5,5- trimnethyl hexanoic acid,
2,2,4,4-tetramet hyl pentanoi c acid, 2-ethyl-4,4- dinethyl pentanoic acid,

, 6-di met hyl hept anoi ¢ acid, 4-ethyl-2- nmethyl hexanoic acid, _

-met hyl oct anoi ¢ acjd, and 2-ethyl heptanoic acid. 2,5,5-Trinmethyl hexanoic

cid, 3,5,5-aPrfensindeRenigneiasdid, 2amstisibutanvee heidhSxaatidbutdupic and
, 6-di net hyl t LC.aci. re preferable, and 3,5, 5-trinethyl hexanoic
acid is m?eﬂg@e@%é%f%gcﬁhg 138@\‘73%8? ic Peﬁngﬁaﬁawip%ﬁad@%é? " used

e a0y o a0yl ferORic 240N 2th¥yfnallo'did gl b WTit N6

i sononanoi ¢ acid contains 3,5,5-tr exanoi’c  aci € fesultant

| ubri cant cdmpésndiconchis ZemechylbrikanoRpaicid)i IB-¥thythbRahdiomerar gons and
has long-termstability in the |ow tenperature region. Thus, it is

pref erabl e thekhyhexansie orcidoi & methyleommin sacdd,5 252-dimetiey lpghtranoi ¢ aci d
inaratio Qf.88.,50,t0 99.95.nol % nore _preferably 90.0 to 99.5 nol % and
even nore plag%‘gl’ gbﬁygflga{lgmggﬂcgi ﬂe%lpﬁnwoi%@%n@'ﬁﬁ%ﬂlb?ﬁ%@l%

pol yhydri c hol rug%% 1+S L. t Qe.; abaye- desgri bed .m xi ng,anoynt s of
pent aer yt hri%kcgil? an2d [ B’gl?]érﬂa%%?ﬁri ?g d’Wi %n?%ﬁ?’@(?ﬁg%%& c %(gfl’d havi ng t he

above- descr nbeihylipanabicsddi@Chuh St 1B HeFrHRROEARD ' ' ﬂbﬁk\é' 5to8
carbon atons, an ester that has exce? gnt I%‘?\Pig%}ﬁ}g’t@%&sta ??ligty and

conpati bi | i &y2-dimethsihexamecf ramed hy dndf | 35rdinmthothexahbicgensid s can be
obt ai ned. l\/béhe Br eferably, for exanple, it is possible to obtain the value
of the numePHUPRerincig|agid it praferabbmged sinsexihe ebtainetl sebmieantdhas r om t he

e denom nevoy 1 RE0%: aHRIR Bl SRR B i it To corfode Heral /P

The above-noted monocarboxylic acids having 5 to 8 carbon atoms may

6
2
a
6

be used either alone or in combination of two or more thereof,

Examples of the isononancic acid include 25,5
trimethylhexanoic  acid, 3,5,6-trimethylhexanoic  acid, 4,55
trimethylhexanoic acid, 2,2,4,4-tetramethylpentanoic acid, 2-ethyl-4,4-
dimethylpentanoic acid, 6,6-dimethylheptancic acid, 4-ethyl-2-
. methylhexanoi_c acid, 2-methyloctanoic acid, and 2-ethylheptanoic acid.

- 2,5,5-Trimethylhexanoic acid, 8,5,5-trimethylhexanoic acid, 4,5,5-

trimethylhexanoic acid, and 6,6-dimethylheptanoic acid aré preferable,

- -and 3,5,5-trimethylhexanoic acid is more preferable. The above-noted

isononanoic acids may be used either alone or in combination of two or
more thereof.

When the isononanocic acid contains 3,9,5-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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of relation (1), and determ ne the ampbunts of pentaerythritol and

di pentaerythritol within the range of the above-described mxing ratio of
pentaerythritol and dipentaerythritol such that the determ ned average
nunber .of hydroxyl groups is achieved. By designing in this nmanner, a

m xed ester that has excellent |owtenperature stability over a |onger
period of time, lubricity, stability under coexistence with a

chl orine-free drof | uorocarbon refrigerant, and conpatibility with
chlorine-fre& ﬁHroquorocarbon refrigerants can be obtai ned. The m xed

oSt used It e PEERRR coINEILING! % AL om0 Skt gt 1 o2 O
al cohol and hB&yARONSIAGSCT inbigeh M xqﬂnmglg;sbong | ﬁggﬁgg%ﬁhﬁ@&er m,pgd as

appropriate such that the obtained mXx ester S roxyl value of 5.0
myKOH g or | dgenametyshriasl @ithvah deomdnaho@tba s KidViagothe &lsdve-duzesibéd cal |y,
the m xed ester used in the present invention is obtained in the follow ng
manner. Fi r sbranchysimwtare 5oy s enerdcdrbaxylici aeid Waving hitred cirbohol such

that the m xed carboxyljc idjis 1.0 _to 1.5 equivalents, preferably 1.05
to 1.3 equi VAIPEbs? \é?{f?rr gﬁﬁg&aﬁ Fxfellant é@]ﬁ’ff\?ﬂ%ﬂfﬁtﬁe APty | aBf oup i n

(e x4 1 bl 9 AEIHOFRLEL by SISk Rerh T B5ES5T Y

"This m xture i s react urs a hitrogen,

and at the pebtainetheMbie profedably | fo¥ alxaenpleC HTBS posiIWHKOHI A thess,
excess carboxylic acid is renoved under a reduced pressure. Then, after

neut r al i zat i vugiafttheanunidratar, obpelasipnolld feomha aarbasdipacidnsdleated nent
usi ng activat ed | ay, acid c|ay, and a_synthesized adsorbent,_ and_steani ng
are perfor Hmetﬁ?negbod’leé‘h@%#beﬁn raBghi Aefersyine REiq jayerags Jmber iofant

Cormost o1 o EhARLEIL A0 AURERGAD FRIERRLIAT B! R e
of relation (1), and determine the amounts of pentaerythritol and
dipentaerythritol within the range of the above-described mixing ratio

- of pentaerythritol and dipentaérythritol such that the determined
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

Vchlorine-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 obtaiﬁed

~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. TFirst, 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

12



conponent and may contain, for exanple, an ester other than the m xed
ester and an additive, if necessary. The specific anmount of the "main
conmponent™ is 50 wt % or nore, preferably 70 wt% or nore, and nore
preferably 90 wt % or nore based on the entire refrigeration |ubricant
conposition. Exanples of the ester other than the above-described m xed
ester include esters obtained fromat |east one al cohol and the above-

descri bed m)nocarag ‘?/ f)EHY cid_having 5 to 9 carbon atons, wherein the
al cohol is s&liBLYHEat P S-Ffé"&ﬂr%faﬂpdérﬁlﬁsmiﬁxﬁgl alcobeh teaek tha a tcatalyst

di pent aeryt hrjt.Qf3 daﬂgergggpﬁntgl BOl avi ng 1’32}'8;}% g@a déj:)g%ll éou s and

having 5 to 15 car bon at’ors
propanedi ol , hduds bist 330 10‘3263”'0 uiadérl%{ ﬂPﬁBg&{Lolmd tlri%ugtl %%“ e

triethylol et hane, trinethyl ol propane, trip aeryt
bi spent aer yt lhyudr@ml VaiuarhebemeefB Ohﬂgﬁdtﬂfgldtelebélcé)&é@@s @aﬁﬂ?ﬁxﬁ}ﬁb a3 §x1 dant,

a metal deactivat such as benzotriazol e, thiadiazol e,

di t hi ocar bamBfEOvE Iﬁiﬁrdamﬂ@d?resm a@lﬁqmm&mmuwﬂ&a&md with

car boni m des aﬂﬂxaﬁ: hozlphor us extreme pressure agent. The additive is
contained in° any rat Sr 8Y¢ g"é‘réfiﬁ‘liﬁ’t’r%ltr%@meﬁo#ﬁ% @chmated t he

present i nveRrfi o a hydgoxy! | ess, and
preferably 3. chﬂ %1&%7 ?‘gs?y $ \ﬁr%ié&g%eci e?'%?ﬂr a%‘dKé—P@mb?gl%"ses and
even nore ppelffermbdimtheﬁ} mj{&ﬂ-gngbmlbmloﬁ/men the hydroxyl value is 5.0
- nmgKOH/ g or |less, then the conposition has sufficient electric insulation
property without deteriorating the volunme resistivity of the conposition.

Therefore, i ui ent. i.n which the above-described conposition is
enpl oyed, thg”?ﬁqg ﬁg ]%‘ilﬁ"fulﬂi e?“@los’éwfiadver se effect such as dissolving

SR ARHILE TR e LR RN G
invention contains the above-described mixed ester as the main
component and may contain, for example, an ester other than the
‘mixed ester and an additive, if necessary. The specific amount of the
“main component” is 50 wt% or more, preferably 70 wt% or more, and
more preferably 90 wt% or more based on the entlre refrigeration
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

alecohol 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-

propanediol, 2-n-buty1'2'ethy1'1,3'propanediol, trimethylolethane,

triethylolethane, trimethylolpropane, tripentaerythritol, and
bispentaerythritol).

Examples of the additive include a phenol antioxidant, a metal

deactivator such as benzotriazole, thiadiazole, and dithiocarbémate, an

acid scavenger such as epoxy compounds and carbonimides, and a

13



that may be contained in the conposition. The refrigeration |ubricant
conposition of the present invention has an acid value of 0.05 ngKOH g or
| ess, and preferably it my have an acid value of 0.03 ngKOH g or |ess and
nore preferably 0.01 ngKOH g or |ess. Wien it has an acid val ue of

0. 05ngKOH/ g or less, then the conposition is less likely to corrode netal s
and has good hydrolytic stability. There is no particular limtation
regarding the kinematic viscosity of the refrigeration |ubricant

conposi ti on Hhosmeoneussextremienprassion agentyi Eweodddithvei t5 tyntatmarbani bil ity
wi th fluorocarbons, startability of refrigerating machi nes, and energy
saving, it i &WYgf0%rable that the ki nematic viscosity at 40Cis 30 to 150

LT T Rt T MR S RO

used for air-conditroning omair ners and

packaged air i@ididd BASEShyd@Wy! QERRS GIHI0an SRUHAL MSREs, ARdYsdfetaMly
refrigerators; and conpressors in autonotive air conditioners such” as
hybrid cars 8iimgleQi¥gordass, mbfe prefirbipr®20miEQief er Wskeandmraefi0 to 14
130 m2/s is nore preferable, in view of the operating efficiency thereof.

The base st oBTePrefrablt 1 0g@eXQHfe oxlpsscaiihest the\byprad valug 192Ati on has
Il ent | tabhlit in the | t t . i .

cccel o ohgatom L LY erendn Lis Lok Loperel s LonaRe

resistance, ARINGIER propertlWithbit ﬂ@f&iéfa@i&iﬁﬂuﬁ%‘hﬁﬂ@ %sisﬁ@ﬂﬁ gggp%essor S

used for autonotive air conhditioners, I | nprove operati I ci ency
conpar ed wi téomhpesitionyefthicoafolre, & rdggepmenonn wiich dhet sbovehdedobedst ock of

the refrigeration |ubrjcant _of the present invention has excellent
conpat i bi | i tSPEAPeHtopnispermmilexddarthers i rnm @ossidbdlityh plireer Rdvenseaeffents, and
ths i1 15 058R! OladiuBr b OB P m RN e it a5 e 3 gE 00"
material. Also, there is no possibility of an adverse effect on additives
that may be contained in the composition.

The refrigeration lubricant 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?/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?/s is preferable, and 60 to

14



Refrigerant Working Fluid The refrigerant working fluid of the present

I nvention is made of the above-described refrigeration |ubricant
conposition and a chlorine-free hydrofluorocarbon refrigerant. There is no
particular limtation regarding the anounts of the refrigeration |ubricant
conposition and the chlorine-free hydrofluorocarbon refrigerant, but a

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

hydr of | uorocarbon refrigerant is in the range of 10:90 to 90: 10

preferably. 130tmen¥soisntmref preferalilborinneidw asf s ropbtatdn® ceffibiomey
refrigerant j.s higher than the above-described range, then the viscosity

of the resulﬂHﬂPO-efrigerant working fluid is reduced, which may lead to

poor lubrication. I4¢ it is |lower .than the above-described. range, then when
t he obtai ned wor ki n'{g;]h"lf IB#SH sl'tgggé%dt oF SHABSR Paf"r bcagﬁﬁgrg%%g’é%s,’ent
refrigerati e -4 Lne-free
hydr 019 | uor ogv%glﬁi(frﬂe?%g}é%? 9?%%#%@%@1]5?9;9 {ﬂgt§ Irlgpf E%?é%%g%% R- 134a),

pent af | uor oetdgiom. ( Rickabyer, itShal fekbellost féaﬂ%a&iﬂiﬁ‘%} with 1 ffddretionane
(R-23), 1,1,2,2-tetrafluoroethane (R-134), 1,1,1-trifluoroethane (R-143a),

and 1, 1-dif2uditbermaheegistantsoand wWines msedffor gar contditiomingbey uipetbei t her
alone or as m refri geralﬁtcﬁ)aof two or npre thereof. The above-descri bed

ed ) .
mi xed refri gae‘?‘iﬁPElPJFESCE HHREACIOZ 1 AYPOmREAYe Al sondifignersy it RRFFARBLOVR. 407C
(R-134a/R-1 . B2 = - 3 %+ R-410A, (R 125/ B-32.= 50/50 Wt %,
R-404A (R-12 /éé??%%/eg%a{%@ ":"%’i{%’é’l i @%PQRPQB@%C%%BH‘%%F%%?%’&- 32 =
60/ 15/ 25 wt Bubrivact® PROBabRs@okRrER5 rafA5BRiod Pbridafit W8 6K phékent
particular, mxed refrigerants containing at |east one of R fS4a and R-32
are pref er ajogentipRelias gecedlent Compdisility Withe ilgfartigelsal chiprdnpéreat us) The

refrigerant .coppression type refrigerating apparatus of the present
i nvention i sh%dj‘}é@iu&&?%xp%&aa%ﬁbﬂés@ds,u%efugﬁueaslgb,rmant for chlorine-

free hydrofiuorocarbon 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 hydrofluorocarbon 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 1090 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 lowér 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),
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expansi on nechani sm and an evaporator and is configured such that the
above-descri bed refrigerant working fluid, which is the refrigerant in the
refrigerating apparatus, circul ates through these conmponents. This
refrigerating apparatus nmay further include a drier. Exanples of such a
refrigerating apparatus include air conditioning equi pnent such as room
air conditioners and packaged air conditioners; |low tenperature
apparatuses; industrial refrigerators; and autonotive air conditioners

such as hybr idiflaarcthmte €RSO)r iréflearcethixa RIS, 1HeZ gitbafalfRioroétiRnlr esent
invention will be described nore specifically by way of exanples, The test
met hod of estBfEB4r obddetriflwononthanenfR-d43ahd ande 1, tdiffeoracthanex@ml es

wi |l be descri.hed bglow <Kinematic viscosity and viscosity index> The
Ki nematic vi &?@é‘gty pese ggitigerants may: Re questh fitheEcploRe oF stomebed at 40C

and 100C aCQ@fr?%é}Qntcé’?f]ﬂvﬁy &%%ﬁg‘thgﬁ[b%ft he viscosity index is calcul ated
Y

fromthe resultant values. <Acid valué> The acid value is neasured

according to JI'S C Ph@labovd-Hekcebdd iRiaP R otNGkOX Y e V@ﬂﬁér§iaﬂ§asured
according to JIS K-0070. <Col or nunber (APHA)> The col or nunber (APHA) is

measured acewrdably, tand o8 exdnfle)- ROOBIC <ol 84w/ Rr E26/Bt 3% i y32/Z6L3vol une
istivit ~ ' d di tg JIS C-2101. <P
poi nt > The” pBlPO b HOA (RAeBRTET oteh arti, ReAOMS R 12565143l Rriideer m
| owt enper at ur > Bl st i e,ester., e . opi sturge content
of WLv\,hi (r:rﬁ wasga%jﬁégf‘feg ttAI’c))’ %60'@%}%@?@% g?a"(s:bﬁl lﬂﬁéé]g"%g%& n nade
of steel and4a0BORBIR-BiARd 45955 1090 NQRE Suddy @ 19V o lGTREE ALHdSt O age
ne

at -20C, and then checked visually to determ
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
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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-407C were enclosed in a thick PYREX (registered trademark)
tube (entire length of 300 mm outer dianeter of 10 nm and inner dianeter
of 6 mm cooled in an ethanol bath containing dry ice and warned or cool ed
at arate of 1C mn. Then the two-phase separation tenperatures at a high
tenperature and a | ow tenperature were nmeasured visually within a

t enper at ur e MRgRfATed omitly 0C CannefFensealvistotidier t4st40°E raid TaD°g of a

sanpl e ester, the.nois I ontent of which has been adjusted to 200 ppm
or less, 5 g26¢°T te ﬁﬁﬁgagéoﬁnﬁi@mﬁw@m infex éacalcyateddmomethsper , and

al um num  netgd,1ps ving a length of 10 mmare put in a glass tube and
the gl ass tu%ge ?ésﬁg‘g%flg% This is heated at 175C for 14 days, and then the

17 acld val uesaidlvhie-COTRg a0k petucl8 il or Rl Jobdih g8 988'9R01 CONt ai ni ng

sanple fromwhich the netal pieces were renoved are - neasSure <Fal ex

friction tescHyfrexplavabuetr i The diydresyl vakudsS hvhetsh Reeosding tot ASASTM
D- 2670 whi'le é{))vm ng R-134a into a sanple ester at a rate of 150 nL/m n.
The tenperat - the sanple is set at 100C, and an operation under a

| oad of 250 N arfri t f 2 hours after trial operation under
a | oad of 158@%!)}%%&% eroﬁ‘gﬁrr?ﬁ%ﬁt egfhearf’ﬂ?qrh@““%ke&'r(‘gﬁm 1pfmepgunedn af t er
t he end of tﬁﬁogaﬁfgaﬁdmCSSde‘?ﬁgli%%: Exanpl e 1: Preparation of Ester

n

First, the m xed alcohol a e m xed carboxylic acid shown in Table 1

wer e pl aced ¥Mohimaerdsisievityour TRC kedufded S¥sREQUVIFIOMD N 28 okHEer gonet er,
a nitrogen inlet tube, a stirrer and a cooling tube such that the ratio of

t he hydr oxyl mgAsWEed acconding teeHSaCc2ll. and the carboxyl group in the
m xed carboxybig BSint>' SThs pour pint o mesturad aecording 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
- @ 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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rati o, and then reacted under a nitrogen at 220C at an atnospheric
pressure while water generated by the reaction was renoved by
"distillation. During the reaction, the hydroxyl value of the reaction

m xture was nonitored, and the reaction was stopped at the point when the
hydr oxyl val ue became | ower than 2.0 ngKOH g. Then, stripping was
performed under a reduced pressure of 1 to 5 kPa to renobve unreacted
carboxylic acid for one hour. The resultant reaction mxture was washed

Wi th an aqueedRl selluéi @RdOthROEFDS| HitIBE QXPERY) NRSTh UG cheRpat ed five
times so that the pH of the discharged water becane neutral. Then, the

resul t ant estcentdioyng sasnple dirbydvatied the YOG (piders avaredvemdvent esgure of 1
kPa, and acid clay ,and a silica-alum na adsorbent were added thereto such
that each of M3%¥%¢%as contained 1.0 wt % of the theoretical anmount of an

b L ned i or __The ad |
reatment t StOMPIRESE a5 a8 YRR B RS ET aarheme T naNigFe L00C
1 kPa, and @oh@TM,Dfme&hmﬁﬂé(wiﬁré‘R-iﬁtﬁyﬂSa‘é‘@agcgplé Eé%&%am(}fhus an

ester (this ester is referred to as ester A) wa al ned. The Kkinematic

vi scosity at 180@nhdirl 0CThanemipbeatuirs adthieyssnmslexisofett dte100A0, admdkdnest er A
were neasured accordi ng to the above-described nethod. Table 1 shows the
resul ts. ExafP¢wadion wader gdoad of(36%kpound tiecarmed our)fondr bowtst afteed in t he

car boxyl o aBials CBREPT HOFED b 198l ol 1 EAUHEE it FRBSY, SRALREy AL
o the abover dasar hay TERsH 45 the Pud B he R kiR R o Ve
Exanples 1 to 5 Esters (i.e., esters Gto K) were obtained in the sane
ranner Example 1: Preparation of Ester
| First, the mixed alcohol and the mixed carboxylic acid shown
m Table 1 were placed in a one-liter 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 hydréxyl 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  kPa to
remove unreacfed carboxylic acid for one hoﬁr. 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
wafer 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

18



as in Exanple 1 except that the m xed al cohols and the m xed carboxylic
acids shown in Table 1 were used. The kinematic viscosity at 40C and 100C
and the viscosity index of each ester were neasured according to the
above-descri bed nethod. Table 1 also shows the results. 19y jI WWWWW
WWWOOONMNVFIr Mr UOOWWWNO EEVrn cFWN\f NiUWNNO
WWnWWWlpMWCst~Orn47tOW vV ~ a' 'a; y-~O)I~anW
d Nn a.wLL cfsz Y wWNNWMON ~- -~

~ oty ‘{%emffi) for gm yadsorpiony trgagment.o dhey adSﬁrPt@R/ featment, w o D

0oV mu Bl pbesty? ¥l Wil el GO R

v m U
Iron )C(> 81&@ @l 9 Nowrs, re;U(pedt*végyU 'Bhé IBix@ufé Gds Ehﬁaﬁ“ed? ARtkad RO mp

pXmxaXa ~
an ester (this ester is referred to as ester A) was obtained. The

300
330
0oL

kinematic viscosity at 40°C and 100°C and the viscosity index of the
cbtained ester A were measured according to the above-described

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 1to 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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ki nematic viscosity at 40C and 100C, viscosity index, acid value, hydroxyl
val ue, color nunber, volune resistivity, pour point, two-phase separation
tenperature, and Falex test pin friction amount of the obtained base stock
1 were neasured according to the above-descri bed mnethods. Furthernore, the
|l ong-term |l owtenperature test and the sealed tube test were perforned.
Table 2 shows the results. Exanples 8 to 14 Any one or nore of the esters B
to F, H and_K obha'n d i'n the bove- descri bed. exanpl es and conparative
exanpl es wer EX&HR %?e reparating gl Basefiterk of Lubrisaepar e base st ocks of a

lubricant (i.e., b I . . The base stocks.were tested in the
sane nmanner as in ﬁgea%ﬁ‘gé(igscf%qode%teél o ERoMWeE % AR ar@?ﬁ?tsgcpaf:o“ﬁpaa.r ative
Exanpl es 6 tiub8icARY QR8s WPasBDERCR! i& NRIESLAr $o Gis I(Pas%ngho]ckoqt).a' in the
above-described conparative exanpl es were errp?oye as shown In Table 2 to
prepar e basekigeoritic giscasitybati dORC 4hd 1009607 Seisadsdigk $n@ext, 0adill) valubhe base

stocks were tested in the sane manner_as in Exanple 1. Table 2_also shows
the resul t s. hydrogyhvalye, solor pumhgy, yobuge pesistivity npow peintntwophess m m - O

A : _
E SNmOO srgpre?raticr)n r@e%pl\érapur%, aom? Qalgxotes? Snmﬁ(‘)icaox? gm%u%toofo tl?e Ooar
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 X 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 (i.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 (i.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 (i.e., base stocks 9 and
11) in Compgrative 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 (e,
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 (L.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

bydrofluorocarbons, so that it is preferably used as a lubricaﬁt for
refrigerating machines using a chlorine-free hydrofluorocarbon

refrigerant or as a refrigerant working fluid obtained by mixing this

lubricant with a chlorine-free hydrofluorocarbon refrigerant.

Specifically, the refrigeration lubricant composition of the present

invention and the refrigerant working fluid containing the lubricant
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YO~ C-. OOOOON'" -y Y2~ C+ OOOOOON WNN N Cp,vY Sm W
vVQmUOWLL ~~ YLLSYUL (:J'7U mmOr WD NCO-t OnwNt" OO
O=ZFaxox N WUWt it 22 As is apparent fromthe results in Table 2,

t he base stocks of a lubricant (i.e., base stocks 1 to 8) in the exanples
had excellent stability, so that no precipitate occurred even in the

| ong-term | ow tenperature test. Mreover, these base stocks 1 to 8 have a
| ow pour point, excellent conpatibility with fluorocarbon refrigerants,

whi ch is inghgal eHIdtnd-ARel MAPAZSRLEEPGH FehQBe A EHRAALY ed 06 4ifSS
susceptibility to deterioration due to thermal oxidation, which is

i ndi cat ed bycdhiBtivatwt equipméntesiwhalsatbobubér ¢oaslitioners sad patkageldeniot her
performance requirenents required for base stocks of a refrigeration

| ubricant. T%’%é?@ﬂ@?s’i low dempesnere apparaimesy induspied| refrigensdens: oi | s.

I n contrast, @@ for the bage %toctks of a | Pricant i.e base stoecks 9 and
11) in Conpafaf CUBPELARP &8 28 URgtEe aﬁr@a‘% AP § BP5A CBrRang- term
| ow-t enper at MeetdEsdps SO that it is found that they are inferior in

| ow-tenperature stabi.lity. As for the base stock of a lubricant (i.e.,
~base stock 10) in (Dhgpaimienvi@nExedpllse Tembodiede Ghpbtladre foassir withoud the

| ong-term | owtenperature test, but the two-phase separation tenperature
on the | ow t¢spsetuafeomi the ispifit g, essentiedt clanastariyids thereaf.t hThe

fluorocar bon, 616! 96T 8Nk 45", 941 LSTRELELN'Sed To REMoniod 2%
respects as illustrative and not limiting. 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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the col or nunber 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 conposition of the present invention has excellent
| ow-tenperature stability. Mreover, it has good conpatibility with
fluorocarbons, in particular, chlorine-free hydrofluorocarbons, so that it
is preferably used as a lubricant for refrigerating machines using a

chl orine-free hydrofl uorocarbon refrigerant or as a refrigerant working
fluid obpaimed: by m xing this lubricant with a chlorine-free

hydr of | uorocarbon refrigerant. Specifically, the refrigeration |ubricant
conposition of the present invention and the refrigerant working fluid
cont ai ni ng t ha refibérati@niubrickdt edmbaritieR lcembhRgind & afixdiyebiadfobiaieaganban
refrigerant can be used for air conditioning equipnent such as roomair
condi t i ofieed algeholandiayad Ropocatbriylic 3GHas & MaAbGPPRAASES at ur e appar at uses;
industrial relhérgrirtaé Mived alcaRel OABLE 565 [FOME5 Mal%e BDbdntR:rahitolcmadi ti oners

such as rig.cag 1id electric cars. The invention may be enbodied in
ot her fogﬁgt%SWH%dfM%@Eﬂ B8°% rom the spirit or essential characteristics

- thereof. The themiigst mendcaricixgliz! saekbebnkigtstdl 25 i@ pRrhol®adfindonoasrbotylic Beid

id d.i I il ) d Jimting. Th f
Che i nvelishs e oy REFegrds s BA RS- Re et ner han by the

- foregoi ng dethemiiped mpnocarimbxglic acthamighs mitttidatcohohenwirisé monbteeborylimi ng and

; | ' ] mb d therein. 24
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obtained froma m xed al cohol and a m xed nonocarboxylic acid as a main

.CO”pone”ﬁ£m¥ﬁ$#$¥éﬁiﬁfxg@%?§L§%C0h0| c03§fsts of 65 to 99.95 nol % of

pent aeryt'hri

and " 0. to mol% of di‘pentaerythritol,
A: number of carbon atoms of main chain of a monocarboxylic acid in the mixed

monocarboxylic acid;

B: molar fraction of the monocarboxylic acid of item “A”;

C: number of carbon atoms of the longest side chain of branched monocarboxylic acids
in the mixed monocarboxylic acid;

D: molar fraction of monocarboxylic acid having the longest side chain;

E: average number of hydroxyl groups of each alcohol in the mixed alcohol, and the
composition has a hydroxyl value of 5.0 mgKOH/g or less and an acid value of
0.05mgKOH/g or less.
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t he m xed nonocar boxylic acid consists of 25 to 55n01% of nonocar boxylic
acid having 5 to 8 carbon atons and 45 to 75 nol % of isononanoic acid, the
m xed nonocar boxylic acid and the m xed al cohol conprise nonocarboxylic

aci ds and al cohols, respectively, which satisfy the follow ng rel ati ons:
1.09:- {j(Ax B) - (Cx D}/E :51.33 (1) A nunber of carbon atons of main
chain of a nonocarboxylic acid in the m xed nonocarboxylic acid; B: nolar
fraction of the nmonocarboxylic acid of item"A"; C nunber of carbon atons
of the | ongest side chain of branched nonocarboxylic acids in the m xed
nmonocar boxylic acid; D. nmolar fraction of nonocarboxylic acid having the

| ongest side chain; E: average nunber of hydroxyl groups of each al cohol in
the m xed al cohol, and the corrpositi on has a hydroxyl value of 5.0 ngKOH g
or less and an acid val ue of 05mgKOH/ g or less. 25 2. The conposition of
claim1l , whefein Ehel&qm?awpr&ow%@okqwfgﬁr@ﬂ atwmaé'swﬁegﬁ'w&weat 40Cis 30 to
150 M2/ sompbsitidh a€ H0ARAS B kPTEOHhmésai s 1 or 2, wherein the isononanoic acid
contains 88.50 to 99.95 nol% of 3, 5, 5-trimethyl hexanoic acid. 4. The
conposition of any of clains 1 to 3, wherein the conposition is used for a
chl ori ne-free3hydrrd mpmeﬂbﬂoomclamig 1 ge2pwherein.thisbedriahgie aidtconidsi ng f 1 uid

conpri si [i 0 ant onposition of any of clains 1 to 4
and a Ch&g?# R)eg)#ge roPr 56 é¥|%%?nP'8@P\dgerant 6. Arefri gerant
conpressi on type refrl gerating apparatus conprising a conpressor,

condenser  ang expafia) A JBERURH aiflor Binky RS AbRrein WcdrifosBh K Bk i of

for a chlorine-free hydrofluorocarbon refrigerant.

5. A refrigerant working fluid comprising the refrigeration lubricant
composition of any of claims 1 to 4 and a chlorine-free hydrofluorocarbon refrigerant.

6. A refrigerant compression type refrigerating apparatus comprising a

compressor, a condenser, an expansion mechanism, an evaporator, and the working
fluid of claim 5.
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