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This invention relates to the use of a lubricant for conpressors using
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REFRIGERATION LUBRICANTS

This invention relates to lubricants used with
refrigerants, and more particularly to lubricants
suitable for use in-the compression of refrigerants
containing no chlorine such as hydroflorocarbons  (BFC),
preferably HFC-134a (1,1,1,2-tetrafluoroethane) and the
like. h '
| Heretofore, compounds containing fluorine and
chlorine aé a constituent element such as R-1l
(trichloromohofluoromethane), R-12 (dichlorodifluoro-
methane) as a chlorofluorocarbon (CFC), R-22
(monochlorodifluoromethane) as a hydrochlorofluorocarbon
(HCFC) and the like have been used as a refrigerant for
freezers, air conditioners, refrigerators and the like.
In connection with recent problem on breakage of ozone
layer, new refrigerants containing no chlorine such as
HFC-134a and so on are proposed as a possible replace-
ment for R-12, causing no breakage.of ozone layer.

As a refrigeration lubricant, there are known
many mineral-series and synthetic oils. However, it has
been confirmed that these oils are very poor in the com-
patibility Qith HFC-134a and can not be applied thereto.
Therefore, it is important to take a countermeasure on

this problem at the present. Furthermore, the lubricity,
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10+ have been used as_a refrigerant for freezers, air conditioners and

refrigerators;—for 1 i nst ance. In onnection with recent problem on

br eakage of ozowlshﬁééﬂ{aﬁl?: Eﬁf i gerants cgntaining no chlorine such as
HFG 134a and are possi bl e repfacenent for R-12, causi ng
no breakage of oz ﬂi As a refrigeration lubricant, there
are known many m -serles and synthetic oils. However, it has
been confirnmed that these oils are very poor in the conpatibility

wi th HFC-134a and cannot be applied thereto. Therefore, it is

i nportant to take a counterneasure on this problemat the present.
Furthernore, the_lubricit gtric insu atin ropert ener aving 20
property, anti- Re&C éFf&%ﬁHﬁe 1n§e8F88FF ¥y, egﬁgﬁﬁhﬁa§¥RE|PFP$%§%
prevention udge f ance ntioned.a

per f or mances an%l_?&ﬁfrgﬁr?ﬁnﬁ%gcﬁéfFgaéﬁgfﬁéﬁqu FE8 ESEfaéﬁyfhey
are required to Be ention BQSFiﬁﬁg Fefﬁgﬁigﬁvghﬁp@ﬁgt%ﬁ} ggabove

count er neasur e. ere have erto been known

pol yet her Ser'eﬁe%ilqpeayQEC?EE?O&HthﬁénEﬁqﬁir@dsXﬂtQﬁ%‘?erlgeWQ%EQn?re

reported in Journal em stry, vol 336- 343
(1980) and ggurAghhrGlcants BBl tBheURhey arel2elRred toVde c%ns@@er@d R

562-566 (1985). Fur t her nor e, Japanese
the development of the above countermeasure.
P Incidentally, there have hitherto been known
EED polyether series synthetic lubricants as a synthetic
oil, which are reported in Journal of the 0il Chemistry,
10 vol. 29, No. 9, pp 336-343 (1980) and Journal of the
Petroleum Technology, vol. 8, No. 6, pp 562-566 (1985).
Furthermore, Japanese Patent laid open No. 61-281199
describes a mixture of polyglycol represented by a
general formula of R;{0-(R,0)m-R3l,, an alkylbenzene and
16 the like, and Japanese Patent laid open No. 57-63395
describes an oil obtained by mixing a polyether such as
‘) high molecular %eight polyoxypropylene monobutyl ether
with an epoxycycloalkyl compound, and Japanese Patent
laid open No. 59-117590 describes a high viscosity mixed
20 o0il of a polyether compound and a paraffinic or
naphthanic mineral oil,
However, the conventional synthetic lubricants
as mentioned above can not be a refrigeration lubricant
using HFC-134a3 as a refrigerant from a viewpoint of

25 compatibility and the like.

In US Patent No. 4,755,316, polyoxyalkylene
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2 . Patent | aid open No. 61-281199 describes a m xture of polyglyco
r‘epresented by a general fornula of Rlerr][O (Rlerr]0)[err]-Rerr]][err],

an al kyl benzene and the Iike, and Jgpanese Patent [aid open No.
57-63395 describes an oil obtained'gy m xi ng a pol yether such as
hi gh nol ecul ar wei ght pol yoxypr oyl ene nonobutyl ether with an
epoxycycl oal kyl conpound, and Japanese Patent | aid open No.

59- 117590 describes a high viscosity m xed oil of a polyether

conpound and a paraffinic or ndphthanic mneral oil.
However, the conventional synthetic lubricants as nentioned above

cannot be a1 61 L gRat (BRrLtREERA plraGifECal 47 PA% ) naShnEgRiARLA oM @

vi ewpoi nt of co I'nsta

4, 755, 316, po'y%&%ﬁbéyke@%H?E¥CQBtﬁh%%?hﬁﬂgﬁ rls report%ﬁb%%vhatEd as PAQ

havi ng hydr oxyl “grodp h term na reported as a

refrigeration |¥QE&§§@&a¥§bﬁngEQ1%§$% u%&hbhﬁ@c-uh4hs deeeiheed it is
that PAGis dissolved in HFC-134a within a W de tenperature range as 15

conpared W th gaeacibRaCteart dat 1¢ AYEs1Yeddiouprend 3aakwitaiaua at its
term nals, whereby the recycle of the lubricant into a conpressor is

i mproved 06 wide tlempeehrtuger gange gsicompared kdtheigemwerad PAG he
actuation of the
containing hydroxyl group and alkyl group at its
2 terminals, vhereby the recycle of the lubricant into a
-~ compressor is improved in the refrigeration system and
the seizuring in the actuation of the compressor at high
10 temperature is prevented. Moreover, the temperature
range compatible with HFC-134a is described to be
between -40°C and +50°C.
On the contrary, HFC-134a is a replacing
refrigerant of R-12 and is mainly expected for use in a
16 car air conditioner, a refrigerator and the like.
In case of the refrigerator, it is required to have a
) good compatibility between lubricant and refrigerant,
and further the lubricant itself is necessary to have an
electric insulating property because the motor is
20 substantially existent in the refrigeration system.
However, the conventional compounds examined as a
lubricant for HFC-134a refrigerant inclusive of PAG
disclosed in US Patent No. 4,755,316 are remarkably poor
in the electric insulating property as compared with the

25 conventional refrigeration mineral oil and high in the

hygroscopicity. ——— -»——
| " - This Sheet Has Been Replaced

AT

REFIA " %

THIS SHEET H4S B!

Al
PR



. T

compressor at high tenperature is prevented. Mreover, the tenperature 20
range conpatible with HFC-134a is described to be between -40[err]C and
+50[ err] C. On the contrary, HFC-134a is a replacing
refrigerant of R-12 and is mai nly efpected for use in a car air
conditioner or a refrigerator, for instance. - In case of the.
refrigerator, it is required to have a good 25 conpati bility ‘bet ween
| ubricant and refrigerant and further the lubricant itself S
necessary to have an electric i'nsulating property because the notor is
substantially existent in the refrigeration system However, the
conventi onal conpounds exam ped as_a lubrigcan

t is, %f

HFC- 134
refrigerant inclusive of 2 ?ﬁ%tl%%éﬁb?ﬁctEQ%hﬁgétlﬁﬁﬁn %$%5F§16

o E e ka0l RO S Sofigqara O TS LM 4 RO
o escop cLy compasbitiey with X RS I dapleR 4 wrbopsmens o
the like within a wide temperature range, a high
06 ‘electric insulating property and a low hygroscopicity.
At the present, a part of commercially available
esters is used in systems using refrigerants R-12, R-22
and the like, but is incompatible with HFC-134a as a new
refrigerant or is very narrow in the compatible range
10 therewith. 1In this connection, the inventors have aimed
at the fact that the ester has a high electric insulat-
ing property, a low hygroscopicity, a good lubricity and
a high stability as compared with PAG and made various
studies with respect to the molecule design of the ester
15 showing a wide range of compatibility with HFC-134a, and
found that only esters having a considerably restricted
:} structure can be used in the HFC-134a refrigeration
system, and as a result, the invention has been
accomplished.

20 According to a first aspect of the invention,
there is the provision of a lubricant for hydrofluoro-
carbon refrigerant such as HFC-134a and the like
comprising as a main component an ester comprised of
neopentyl glycol and at least one straight or branched-

26 chain monovalent fatty acid having a carbon number of

—_— _ _—
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3 - : (A a refrigerant selected from hydrochl orofl uorocarbons

and hydr of | uor ocar bons and (B) a | ubricant
conprising esters nmade from pol yhydric al cohols 5 wi t h al kanoi ¢ aci ds,
for instance trinmethyl ol propane triheptonafé, ~and (O a
speci fic polyether polyol. Sai d docunent is a docunent in the
sense of Art. 54(3) EPC. " WO A-90 12849, which also forns
state of the art in the sense of Art. 54 (3) EPC only, describes a

| i qui d conposition conprisihg a major anbunt 10 (more than 50% by

wei ght) of a fluorine containing hydrocarbon refrigerant and a m nor

amount of (less than 50% Q%Q%Eiﬂgt%ooé Eeéggé'géﬂéc€°8§r£ﬁ%?9nventlogtggt

carboxylic ester of a po compou an o

of the i nvent i on & orayidlee Brdded £6f ¢ o lubrlcaﬂt!’bféfalﬁdrdﬂt‘}@r@as an

excel | ent conpati Ity w neM/ efri gerant such as HFC 134a

within a wde telipcH Werr fji@antd didh as nFc-pwa:tan& tweul fté ng property
and a | ow hygroscopicity, for conpressors using a hydrof | uorocar bon

refrigerant Contébmgfibiﬁg(ﬂﬁ(ﬁlmﬁan component an éd¢téhecqmpsised of patt of

commercially available esters is used in systens using refrigerants

such as R 12, R-D@astbudne sof pentaerythritol, dipentaerythritol and

tripentaerythritol represented by the following general

- formula (I):

) .
CH,OH

H-( ocaz-?—cnz) o—OH (1)

CH,OH

(in which n is 1, 2 or 3), and at least one straight or
branched-chain monovalent fatty acid having a carbon
number of 2-18.

According to a third aspect of the invention,
there is the provision of a lubricant for hydrofluoro-
carbon refrigerant such as HFC-134a and the like
comprising as a main component an ester comprised of a
polyvalent alcohol represented by the following general
formula (I):

CH,OH
R—(IZ—CHZOH (I)
Cl:HZOH

{in which R is an alkyl group having a carbon number of
not more than 3), at least one straight or branched-

chain monovalent fatty acid having a carbon number of
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20 -. inconpatible with HFC-134a as a new refrigerant or is very narrow in

the. conpati ble range therewith. In this connection, the inventors
have ai med at the fact that the ester _has a high electric insulating
property, a | ow hygroscopicity, a goo@-lubricity and a high
stability as conpared with PAG and rmade various studies with respect
to the nol ecul e design of the ester 25 showi ng a wi de range of
conpatibility with HFC-134a, and found that only esters having a
considerably restricted structure can be used in the HFC 134a

refrigeration system and as a result, the invention has been

acconpl i shed. ccordi to first aspec the, presen

i nventi on referszf%sth%nGSﬁoé\more gﬁa ?gb iﬁnPeFo§°%8}p23§§8r§°&§'95 a
hydr of | uor ocar bon re fri no chlorhne wh reln sai d

| ubri cant conpri&eés ﬁﬂsgs?ﬁ? BB}XPﬁﬁbF a°1dnha9599r3a8?F gn nunm Bet' of
tri met hyl ol propgggngNP), wth b) 2- et hyl hexanoi ¢ aci d.

a)

In a preferred embodiment of the invention, the
06 hydrofluorocarbon refrigerant is 1,1,1,2-
tetrafluoroethane (HFC-134a).
The refrigeration lubricant for refrigerant
HFC~-134a and the like according to the first invention
comprises an ester obtained by esterifying neopentyl
16 glycol with at least one straight or branched-chain
‘mgggvalent fatty acid having a carbon number of 3-18 as
a main component.
In the first invention, the reason why the
carbon number of the monovalent fatty acid is limited to
ip 3-18 is due to the fact that when the carbon number is
less than 3, the viscosity is too low, while when it
B exceeds 18, the resulting ester becomes cloudy or
becomes very poor in the compatibility with the
refrigerant HFC-134a and the like.

20 As the monovalent fatty acid, mention may be
made of propionic acid, isopropionic acid, butanoic
acid, isobutanoic acid, pentanoic acid, isopentanoic
acid, hexanoic acid, heptanoic acid, isoheptanoic acid,
octanoic acid, 2-ethyl hexanoic acid, nonanoic acid,

26 3,5,5-trimethyl héxénoic acid, decanoic acid, undecanoic

acid, lauric a01d _myristic acid, palmitic acid,

——— ——
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4 <~ ' According to a second aspect, of the present invention

refers to the use of a lubricant for conpressors using a =
hydr of | uor ocarbon refrigerant 5 contai ning no chlorine, wherein said
| ubricant conprises as a main conpondnt one or mrsgeeegasge&,p placed

obt ai nabl e by reacting a) tri nmet hyl ol th
b) 2- et hyl hexanoi ¢ acid c) adi pi ¢ a
said amount of adipic acid is not nore than 25 nnl@bper

aci d. According to a third aspect, the present |nvent|on
refers to the use of a lubricant for conpressors using a

hydrofluorocarbon refriger.ant cont ai ni, no chl ori.ne, rei,n said
| ubricant conpr P&dd °§‘ %53' ’(rﬁl’rgre Srr#ﬁae‘ oG iRbI e
by reacting or nore polyvalent al cohol s sel ected from

trimet hyl ol eth&ﬁédvTﬁEF G%E ike. trimethylol propane (TMP),

gﬂg of more straight-charh %ﬂ&eﬁt% %%t’%%??g é\%}v(?%th %g‘t “ne of these )
car bon nUber  Ofyohkanie FLAY AN L TPANAE Und Wi 100

06 with neopentyl glycol to obtain an ester satisfying
desirable physical properties required fpr various
refrigerators.

In order to obtaiﬁ a sufficiently satisfactory
compatibility with the refrigerant HFC-134a and the

10 1like, it is preferable to use a mixture of straight
chain fatty acid having a carbon number of 3-11,
preferably 5~10 and a branched-chain fatty acid having a
carbon number of 3-14, preferably 7-9 as the monovalent
fatty acid. In this case, the amount of the straight or

16 branched-chain fatty acid used is preferable to be not
less than 50 molg per the total monovalent fatty acid
used. i °

According to the invention, in order to give a
proper viscosity to the resulting ester, at least one

20 polybasic acid having a carbon number of 4-36 may be
esterified with neopentyl glycol in an amount of not
more than 80 molg per total fatty acid. Among the
polybasic acids, considering the more compatibility with
the refrigerant HFC-134a and the like and the physical

26 properties of the resulting ester, a polybasic acid

having a carbon number of 4-10 is preferable.
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actds hav]ng a carbon nunmber of 4 to 10, wi th the proviso

that 1) said | ubricant does not contain a potyether .pol yo
in-an 25 anount of 5 to 95 melgh% per cent aCDQﬁQEQg to the -
general fornula en Replaceqd
Z-[(CHerr]-CH(Rerr])-O)[err]-(CH err]-CH(CH err]) - C)) err]
wher ei n Z is the residue of a conpound ha | Ive
hydr ogens, R[err] i s hydrogen, ethyl or nlxtures thereo
nis O or a positive nunber, mis a positive nunber,

n+mis a nunber having a value which will give a polyether polyol
Concretely, the polybasic acid includes succinic acid,

glutaric acid, adipic acid, pimelic acid, suberic acid,
azelaic acid, sebacic acid, phthalic acid, maleic acid,
. trimellitic acid and so on. Moreover, the polybasic
06 acid having a carbon number of not more than 3 is a
special product and is difficult to be cheaply available
and is poor in the stability of the ester after the
synthesis. While, when the carbon number exceeds 36,
the compatibility of the resulting ester with HFC-134a
16 and the like is largely lowered. In the invention, the
reason why the amount of the polybasic acid added is
limited to not more than 80 molg per the total fatty
acid is due to the fact that when it exceeds 80 molsg,
the gelation may be caused and it is difficult to obtain
16 desirable physical properties.
The ester compounds according to the first
_:ﬁ invention can bé obtained by the esterification reaction
through dehydration reaction between the specified
polyvalent alcohol and the specified fatty acid as
20 mentioned above, or the general esterification reaction
through an acid anhydride, an acid chloride or the like
as a derivative of the fatty acid.
Since the ester according to the invention can
.be obtained by the above method, the remaining acid
26 value and hydroxyl value are not particularly critical.

However, when the acid value exceeds 3, there may be
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A

5 - ' with a nunber average nol ecul ar wei ght range.from-about

400-to about 5000, R2 I s hydrogen or an aIkyI
group of 1 to 6 carbon atons, §) nm;ghe@emsfkratvll o val ue
equal to the nunber of active 5 hydrog

and 1) said lubricant is not used i g mll osition
conpri si ng a mgjor anount (nore than 5 wel ght) of a
fluorine containing 10 hydr ocarbon refrigerant and a m nor
amount of (less than 50% by " wei ght) of said |ubricant.

According to a fourth aspect, the present invention refers to the use

Of 2 ubricant 11, ¢oaPLEsgea, ol e 2phuAbALhURT ORREDOR" SELLECEATD s

contal ni ng no Ch?%’fl rrcan rses as

conponent one OraﬁP egﬁgr 8?5@&?3@&8 By £fiaCtblBtion thh a metﬁi one or

nore pol yval ent ol s se yl o

ethane (TME),  yged_inside the refiib@?£9¥¥0|sBrEHEEetﬁINEELdaGQlue is |
trimethylol butane (TMB), with 20 b) one or nore straight-chain

nonoval ent fattypagFepabaei 8§ BeCAbBOMore than 3. FuRtHBehooé,3whénlbhe

and/ or branched- chaln nonoval ent fatty acids

86 hydroxyl value exceeds 50, there may be caused an

unfavorable phenomenon that the resulting ester becomes
cloudy, so that the hydroxyl value is preferable to be
not more than 50.

The lubricant for refrigerant HFC-134a and the

10 1like according to the second invention comprises an

ester obtained by esterifying at least one of
pentaerythritol, dipentaerythritol and tripenta-
erythritol represented by the aforementioned general
formula {I) with at least one straight or branched-chain

15 monovalent fatty acid having a carbon number of 2-18 as

a main component.

) In the condensate of pentaerythritol, the
polymerization degree may be determined in accordance
with the viscosity required in the resulting synthesized

20 ester.

In the second invention, the carbon number of
the monovalent fatty acid is limited to 2-18 because
when it exceeds 18, the resulting ester becomes cloudy
or becomes very poor in the compatibility with the

26 refrigerant HFC-134a and the like.
As the monovalent fatty acid, mention may be
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havi ng a carbon nunmber of 4 to 10, and c)_one or nore
pél ybasi ¢ aci ds having a carbon nunber of 4 to 10, wheréin—the -

amount of the polybasic acid(s) is not norgltd1§1n 25 ohis Hod Been Re oL I
fatty acid, with the proviso that said | ' “Used
in a liquid conposition conprising a nmajor anount Lﬁ,mmmﬂ‘!ﬂO% by
wei ght) of a fluorine containing hydrocarbon refrigerant ' m nor
anount of (less than 50% by wei ght) of said |ubricant.

Furthernore, according to a fifth aspect, the present invention refers
to the use of a lubricant for conpressors using a hydrofl uorocarbon

refrigerant cont ghgbngeNgceRif’ hisa, WBebBiBndd dolitlhy 1epropaERcsaRias 2
nponent one Or nore esters obtail nable by reacting

6 butanoic acid, isobutanoic acid, pentanoic acid,
isopentanoic acid, hexanoic acid, heptanoic acid,
isoheptanoic acid, octanoic acid, 2-ethyl hexanoic acid,

06 nonanoic acid, 3,5,5-trimethyl hexanoic acid, decanoic
acid, undecanoic acid, lauric acid, myristic acid,
palmitic acid, palmitooleic acid, stearic acid,
isostearic acid, oleic acid, linoleic acid, linolenic
acid and the like.

10 In the second invention, at least one of these
monovalent fatty acids is properly mixed and esterified
with pentaerythritol or its condensate to obtain an
ester satisfying desirable physical properties required
for various refrigerators.

15 In order to obtain a sufficiently satisfactory
compatibility with the refrigerant HFC-134a and the

) like, it is preferable to use a mixture of straight

chain fatty acid having a carbon number of 3-11,
preferably 5-10 and a branched-chain fatty acid having a

20 carbon number of 3-14, preferably 7-9 as the monovalent
fatty acid. 1In this case, the amount of the straight or
branched-chain fatty acid used is preferable to be not
less than 50 molg per the total monovalent fatty acid
used.

25 On the other hand, in order to give a proper

viscosity to the resulting ester, at least one polybasic
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a) “‘one or nore polyval ent al cohols selected from

ttimethylol ethane (TME), trimethylol propane (TMP),
and trimethylol butangs(TMB), with 5 b)
one or nore branched-chain nonoval ent fatty aci ds having a

car bon nunber of 4 to 10, and with the proviso that - 1)

said |l ubricant does not contain a polyether polyol in an anount of
5 to 95 weight percent according to the general formula 10
Z[(CHerr]-CHRerr])-O)[err]-UTCHerr]-CH(CHerr])-O)[err]-Rerr]][err]

wherein Zis the residue of a conpound having 1 to 8 active
hydr ogens, acid haV1ﬁ$e£r&at§oﬁyﬁﬁﬁs@a oEtb¥§60ﬁa?1Béué§§eiﬂ§i€ef
nis 0 or a positive nunbe mis a posiiive nunb

ntmis a number @ﬁﬂhnatalaaéﬂeowélsh ?éhfagtyﬂhﬁl@@lye&bpén@@éyythiﬂtol
w th a nunber average nol ecul ar wei ght range from about 400 to

about 5000, and tripenthé€iythist8YJiR0gA ShoaAtabkyhoBragpeothdnto 6
car bon at ons,
80 mols per total fatty acid. 1In this case, the same
06 polybasic acids as described in the first invention are
used in the same manner as in the first invention.

The ester compounds according to the second
invention can be obtained by the same method as in the
first invention.

10 In the esters according to the second invention,
the acid value is preferable to be not more than 3 and
the hydroxyl value is preferable to be not more than 50
likewise the caée of the first invention.

The lubricant for refrigerant HFC-134a and the

18 1like according to the third invention éomprises an ester
obtained by esterifying a polyvalent alcohol represented
by the aforemeiritioned general formula (I ) with at least
one straight or branched-chain monovalent fatty acid
having a carbon number of 2-18 and not more than 25 molg

20 per total fatty acid of at least one polybasic acid
having a carbon number of 4~36 as a main component.

When the carbon number of R in the general
formula (I) is not less than 4, the compatibility of the
resulting ester with HFC-134a and the like is largely

25 lowered. As the polyvalent alcohol, mention may be made

of trlmethylol ethane, trlmethylol propane, trimethylol
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p is an integer having a value equal to the nunber of active

hydr ogens of Z, -~ - and 25 1) said lubricant is
not used in a liquid conp05|t|on conpri si ng a maj or anount
(rmore-than 50% by weight) of a fluorine containing

hydr ocarbon refrigerant and a m nor amount of (less than 50% by

wei ght) of said lubricant. In a pref ﬁged enbodi nent of the

i nvention, the hydrofluorocarbon refrigeran? S

1,1,1, 2-tetrafl uoroet hane (HFC-134a). As the pol yval ent
al cohol, trinethylol ethane, trinethylol propane and tri met hyl ol

but ane, which are represented by the follow ng general fornula
7

butane and the like.

In the third invention, when the carbon number
of the monovalent fatty acid is more than 18, it becomes
very poor in the compatibility of the resulting

05 'synthesized ester with HFC-134a and the like. Particu-
larly, the straight or branched-chain monovalent fatty
acids having a carbon number of 3-10 are preferable.

As the monovalent fatty acid, mention may be made of the
same compounds as described in the second invention.

10 As to the polybasic acid, the polybasic acid
having a carbon number of not more than 3 is a special
product and is difficult to be cheaply available and is
poor in the stability of the ester after the synthesis.
While, when the carbon number exceeds 36, the

16 compatibility of the resulting ester with HFC-134a and
the like is largely lowered. Therefore, the carbon

-L) number of the pdlybasic acid is preferable to be 4-36,

and particularly the carbon number of 4-10 is favorable

for ensuring the compatibility with HFC-134a at a wide
20 range. As the polybasic acid, mention may be made of
adipic acid, azelaic acid, sebacic acid and so on.

Preferably, the monovalent fatty acid is 2-ethylhexanoic

acid, and the polybasic acid is adipic acid.

Moreover, the reason why the amount of the
26 polybasic acid added in the invention is limited to not

more than 25 mols per the total fatty acid is due to the
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CHerr]OH |
RlC.CH[err]_O_—{. e n. (ll) .
CHerr]OH 5 (in mhlch R is an al kyl group having a carbon nunber of

not rore than 3) are used. VWhen the carbon nunber of R
in the general forrmula (I1) is not less 10 than 4, the conpatibility of
the resulting ester with HFC-134a and the lijge is | argely | owered.

Strai ght or branched-chai n nonoval ent fatty acids having a carbon

nunber of 3-10 or 4-10, resp., are used. As the nonovalent fatty acid,
mention may be made of propionic acid, butanoic acid, 15 I sobut anoi ¢
aci d, pentanoic acid, isopentanaic acid, hexanoic acid, heptanoic

acid, isoheptanoic acid, octanoic acid, 2-ethyl hexanoic acid, nonanoic
aci d, i sononanoi ¢ acid, 3,5, 5- trlneth | hexanoic acid and decanoic

aci d. fachsthat twfbdltyl%ﬁ—’édﬁc?a m‘?}ﬁa' pdieyBgsAEieR i BRHAAR ng a
carbon nunber of not .S roduct. and difficult to
be 20 cheapl y &9&?‘?&&% &?Fd dﬁ&%?‘cﬁﬁgtﬁ% (29%1%’1“ i85 SPL?ﬁepté%?ecralafter
t he synt hesi s. properties The carbon nunber of the polybasic acid is
4-10 for ensuring fﬁg * conpatibility with HFC-134a at a wi de range.

As the polybasic acid, neghéOfster compBndacabB8edPig & Rihe dpidg azelaic
acid and sebacic acid. Preferably, the
06 invention can be obtained by the same method as in the
first and second inventions. 1In any case, it is

desirable that the ester does not contain carboxyl

group.
The esters according to the invention exhibit a
10 good compatibility with the refrigerant HFC-134a and the
like over a wide range of from ldw temperature to high
temperature as a lubricant for use in a refrigerator
using HFC-134a as a refrigerant, whereby the lubricity
and thermal stability of the refrigeration lubricant can
16 be considerably improved. Furthermore, they are high in
the electric insulating property and small in the
j hygroscopicity 4s compared with PAG conventionally
examined as a refrigeration lubricant for HFC-134a.
Therefore, the refrigeration lubricants comprising the
20 ester according to the invention as a main component can
solve the problems on the compatibility with HPC-134a
and the hygroscopicity, which have never been solved in
the conventional technique, and can further enhance the
electric insulating property, which comes into problem
26 when HFC-134a is used in a compressor for a

refrigerator. i e T
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nDnovaIent fatty acid |s 2- ethylhexan0|c acid, and the polybasic acid is

25 adi pi ¢ aci d. Mor eover, the reason why the anmount of the
pol ybasi ¢ acid added in the invention is limted to not nore than 25 nol %
per the total fatty acid is due to the fact that when it exceeds 25

nol % t he gelation may be caused and it is difficult to obtain

desi rabl e physi cal properti es. 4 The ester conpounds
used in the i nvention can be obtaihéa by the esterification reaction
t hrough dehydrati on reacti on between the specified pol yval ent

al cohol and the specified fatty acid as nentioned above, or the
general esterification reaction through an acid

8

Moreover, additives usually used in the lubri-
cant such as antioxidant, anti-wear agent, epoxy
compound and the like may properly be added to the
refrigeration lubricant according to the invention.

05 - The following examples are given in illustration
of the invention and are not intended as limitations

thereof.

Examples 1l-8, Comparative Examples 1-5

The performances as a refrigeration lubricant

10 using HFC-134a as a refrigerant were evaluated with
respect to eight esters A-1 - A-8 shown in the following
Table 1 (all of which esters were not commercially
available but were prepared according to the first
invention). For the comparison, the same evaluation as

16 mentioned above was made with respect to commercially
available PAG (B-1 - B-3, made by Asahi Denka Co., Ltd.)

p and esters (C-1 ~ C-2, made by Nippon 0il and Fats Co.,
Ltd.) as a refrigeration lubricant shown in the
following Table 2.

20 The lubricity, compatibility, thermal stability,
electric insulating property and hygroscopicity as
performances of the refrigeration lubricant for the
compressor shown in Tables 1 and 2 were evaluated under

the following conditions.

26 Lubricity

e Seizuring load (Falex load-carrying capacity)
This Sheet Has Been Re
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anhydride, an acid chloride or the like as a derivative of the fatty acid.
I'n any case, it is desirable that the ester does not contain carboxyl

group. When the acid val ue exceeds 3, there may be caused un

unf avor abl e phenonenon that the netal soap is formed and precipitated
by the reaction with a netal used inside the refrigerator, so that
the acid value is preferably not nocegshan 3. Furthernore, when the
hydr oxyl val ue exceeds 50, there may be caused an unfavourable
phenonenon that the resulting ester becones cloudy, so that "the
hydroxyl value is preferably to be not nore than 50. The
esters used in the invention exhibit a good conpatibility with the
refrigerant HFC-134a and the |ike over a wi de range of fromlow

tenperature to high tenperature as_a lubricant for_use in a 15
refrigerator usi MpsHReasgrgeda acecrdimg for ASTM RRde3dy/3 MedefbRi city and

mproved. | IAAAAEIIBRoaFRARRREAE 9 SR ASPRSEME ri ¢ | nsul ati g
property and Sr““doﬂé%té%ﬁlitz hygroscopi city as conpared wi th PAG

conventionally e refrigeration lubricant for HFC- 1 34a.
Therefore, by use of the pfekki gesagi 6f thdrdesanilabedeRht SAnd 2 e geoifer

used in the invention as a nmain conponent the probl enms on the
conpati bi |l it yosnr ttheHr@fi34arant (BECHh3fa)swepecsegledincta glass hube,never
been solved in the conventional techni que can be sol ved, and t he

el ectric insul atithe moeddngyat ki Gfmighand itheoheating were carried out,

() during which a temperature causing two-phase separation
A
- was measured.

Thermal stability

10 After 1 g of the test lubricant, 1 g of the
refrigerant (BFC-134a or R-12) and a catalyst (wire of
iron, copper or aluminum) were sealed in a glass tube,
the mixture was heated to 175°C, and a color of the
lubricant after 10 days was judged by ASTM color system

16 according to ANSI/ASHRAE 97-1983.

Electric insulating property

i It was “evaluated by a dielectric constant at
80°C according to JIS C-2101.

Hygroscopicity

20 Into a beaker of 100 m¢ was charged 60 g of the
test lubricant, which was left to stand at a temperature
of 25°C and a humidity of 70% for 3 hours and then the
water concentration was measured.

The evaluation results are shown in the

26 following Table 3.
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25 probl em when HFC-134a is used in a conpressor for a refrigerator, can
bé further enhanced. Moreover, additives-usually used in
the lubricant such as anti oxi dant, anti-wear agent and epoxy
conpound, for instance; may properly be added to the refrigeration

| ubri cant according to used in the I nventi on. Exanpl es 1-8,
Conparative exanples (B-1)-(B-3) and (C1):4g.2) The
performances as a refrigeration lubricant using HFC-1 34a as a

refrigerant were evaluated with respect to eight esters A-1 - A-8 shown in

REPLACTD

t he following Table 1 (all of which esters were not comrercially
avai | abl e but wer e prepareg according to the [ nvention
9 For the forpgigdl, the'Sanf eval uBti §h a8 pentioned above
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made with respect to cbfmrerci ally available PAG (B-1 - B-3, nmde by Asabhi
Denka Co., Ltd.) and esters (CG1 - G2, made by Nippon G| and Fats Co. 5
Ltd.) as a refrigeration lubricant shown in the follow ng Table 2.

The Fubricity, conpatibility, thermal stability, electric insulating
propetty and hygroscopicity as performances of the refrigeration |ubricant

for _ ° the conpressor shown in Tables 1q4nd 2 were eval uated under the
fol |l ow ng conditions. 10 Lubricity Sei zuring | oad
(Fal ex | oad-carryi ng capacity) was neasured according to ASTM
D 3233-73 under a controll ed atnosphere of HFC 134a bl own.
Conpatibility 15 After 0.6-g of the test lubricant and 2.4 g of
the refrigerant (HFC ' 134a) were sealed in a glass tube, the cooling
at 1l[err]C/ mn and the heating were carried out, during which a
t enper ature causi ng two-phase separation was neasured.
Thermal stability 20 After 1 ngglghj_e t est Iubr| cant, 1 g of the
refrigerant (HFC 134a—erR 2 —arEa—caralyst opper
or alum nium were Eealed in ajlglass t ube, th% xtu eqﬂé’é‘“ﬁ ated to
175[err] C, and the ¢ol or| afygend | ubriradet naheer ufsﬁp) d ysl%g ged
by ASTM col or system accprdi ngito ANSI/ASHRAE 97-
El ectric insul ati nglpeopbrty
: B-1 | PAG 1 |Adekapol M-30 1) L 0.5 32.8
B-2 | PAG 1 jAdekapel M-110 2) L 0.5 105.2
) B-~3 | PAG 1 {Adekapol MH-50 3) L 0.5 54.6
C-1 | ester {dioctyl sebacate L 0.5 11.4
C—-2 | ester |Unistar MB-816 4) L 0.5 8.1

1) polyoxypropylene glycol monoalkyl ether

2) polyoxypropylene glycol monoalkyl ether

3) polyoxyethylene propylene glycol monocalkyl ether
4) monoester of 2-ethylhexanol and palmitic acid
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Table 2

- Type . . Trade name Col or (ASTM

Dynam ¢ vi scosi.ty at 40€ (cSt) mmierr]/s B-1 PAG 1 Adekapol M 30 -1)

L 0.5

orrrrr
o000

5

5
2

c

;

t he

10

16

32.8 B-2 PAG 1  Adekapol M 110 2)
105.2 B-3 PAG 1  Adekapol M+50 3)
54.6 C1 ester di octyl sebacate
11.4 G2 ester “Unistar MB-816 4)
19 =
8.1 1) pol yoxypropyl ene gl ycol nonoal kyl

2) pol yoxypropyl ene glycol nonoal kyl ether

As seen from Table 3, when the esters according
to the invention are compared with the conventional PGA
(B-1 - B-3), the electric insulating property
represented by the dielectric constant is 100,000 times
or more and the two—-phase separation at a high
temperature is not caused. Furthermore, the seizuring
load is excellent and the hygroscopicity is low.

The thermal stability is equal in case of the HFC-134a
system, but is considerably excellent in case of the
R-12 system. This is very advantageous in practical use
because the mixing of HFC-134a and R-12 is not avoided
at a stage of replacing the refrigerant from R-12 to
HFC-134a.

On the other hand, when the esters according to
the invention are compared with the commercially
available esters (C-1 - C~-2), the two-phase separation
temperature is éxtremely different and the conventional
esters are insoluble in HFC-134a. In this point, the
molecule designed esters according to the invention have
a great merit.

As seen from the above, the esters according to
the invention are fairly excellent in the performances
as a lubricant as compared with Comparative Examples.

Examples 9-17

The performances as a refrigeration lubricant

using HFC-134a as a refrigerant were evaluated with
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3) pol yoxyet hyl ene propyl ene gl ycol nonoal kyl ether 4) nonoester of
2- et hyl hexanol and palmtic acid - 12 - [err] - 13
- [er¥]

-

- 20 -

respect to nine esters A-9 - A-17 shown in the following
Table 4 (all of which esters were not commercially
available but were prepared according to the second
invention). The same evaluation as in Example 1 was

06 made to obtain results as shown in the following

Table S.
2 }
10
16
J
20
25 ——
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in the
roperty 5
HFC- 134a

B- 3)-used for.

the electric insulating

R

t wo- phase separation at a high tenperature is not caused. Fur
I's closed up

i s considerably
Recent |y,

icity is low. Th
but

in order to cope

PGA (B-1 -
stem

2

causi ng substantially no breakage of ozone | ayer

I nstead of R-12 widely used as a refrigerant

t he breakage of ozone Iayér

when the esters used
is 100, 000 tines or

As seen from Tabl e 3,
in case of the HFC 134a-
in case of the R 12 system 10

I nvention are conpared wth the conventi onal

conpari son shown in Tables 2 and 3,
| oad is excellent and the hygrosc

represented by the dielelectric constant
sei zuring

stabiTity is equal
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hydrochlorofludrocarbon being a greatest problemin world-w de scal e, but

I $ poor
whi ch.
the _.

have -
even when 20 HFC- 134
as a refrigerant

conpressors using a hydrofl uorocarbon

no chl orine, wherein sa
conponent an ester(s) o
(a) trinethylol propane
2- et hyl hexanoi ¢ acid

a hydrof | uorocar bon
wherein said | ubricant
nore esters obtainable
propane (TMP), with

c) adipic acid

Table 5

in the conpatibi-lity with the conventi onal
is a bar for the devel opnent of replacqgggkmﬁﬁgbagmﬁ
refrigeration |ubricants used in the inven
conpatibility with HFC-134a as a refrigerant and a hi
property and al so are excell ent

in

the total performa

refri'geration | ubricant,

lHewever ,

ORI -

an effect that the conventionat 28ystens can be used as they are

a is used instead of the conventional R 12 gnd R-22
) Cl ai ns 1. Use of a lubricant for
refrigerant containing
d THRfT can] conprises 25 as 3 nain
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15 wherein the amount of adipic acid is not ‘nore than 25

ndl % per total fatty acid. 3. Use of a | ubricant
for cenpressors using a hydrofluoracarbon 5 refrigerant
contatning no chlorine, wherein said |ubricant conprises as

a makn conponent onﬁqiwheauaﬁmkﬁedobt ai nabl e by reacting
I

a) oﬁe or nore polyva AN sel ected grom
trimethyl ol ethane ( 4 AR I - 23 - trimethyl ol propane

(TMP), and 10 trimethyl ol butane (TMB), with
b) one or nore straight-chain nonoval ent fatty aci ds having a carbon
nunber of 3 to 10, and/or branched-chain nonoval ent fatty acids

As seen from Table 5, when the esters according
to the invention are compared with the conventional PGA
(B-1 ~ B-3) shown in Tables 2 and 3, the electric
insulating property represented by the dielectric

86 constant is 100,000 times or more and the two-phase
separation at a high temperature is not caused.
Purthermore, the seizuring load is excellent and the
hygroscopicity is low. The thermal stability is equal
in case of the HFC-134a system, but is considerably

10 excellent in case of the R-12 system. This is very
advantageous in practical use because the mixing of
HFC~134a and R-12 is not avoided at a stage of replacing
the refrigerant from R-12 to HFC-l34a.

On the other hand, when the esters according to

16 the invention are compared with the commercially
available esters (C-1 - C-2) shown in Tables 2 and 3,
the two-phase s;paration temperature is extremely
different and the conventional esters are insoluble in
HFC-134a. In this point, the molecule designed esters

20 according to the invention have a great merit.

As seen from the above, the esters according to
the invention are fairly excellent in the performances
as a lubricant as compared with Comparative Examples.

The HFC—-134a has been mentioned as a possible

26 replacement for R-12 and is used for car air

conditioner, refrigerator and the like. Particularly,
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havi ng a carbon nunber of 4 to 10, 15 wi th the proviso that
1) said lubricant does not contain a polyether polyol in an anount of ™™
5 to 95 weight percent according to the general formula 20
Z-[(CHerr]-CH(R[err])-O)[err]-(CH err]-CHCH err])-O)[err]-Rerr]][err]

wher ei-n Zis the residue of a conpound having 1 to 8 active
hydr ogens, ) Rl err] is hydrogen, ethyl or m xtures thereof 25
nis 0 or a positive nunber, "M% s a positive nunber,

n+mis a nunber having a value which will give a pol yether polyol -
W th a nunber average nol ecul ar wei ght range from about 400 to

about 5000, Rl err] is hydrogen or an al kyl group of 1 to 6
carbon atons, p is an integer having a value equal to the
nunber of active hydr ogens of Z, and

in case of the car air conditioner, the compressor is
driven in summer season, so that the compatibility
between o0il and refrigerant at high temperature becomes
important. When the two-phase separation between oil
05 and refrigerant is caused in the compressor during the
driving, the refrigerant having a larger specific
e gravity remains in the lower por£ion of the compressor,
| resulting in the occurrence of compressor seizuring.
In case of the refrigerator, the motor is
10 included in the compressor, so that leakage of
electricity comes into problem. In this connection, the
esters according to the invention have a dielectric
constant higher by 100,000 times or more than that of
the conventional PAG and are excellent in the electric
16 insulating property, so that they can be said to be a
refrigeration lubricant for the refrigerator.
Concré%ely, lubricants having a dynamic
viscosity of 10-50 cSt at 40°C are used as a lubricant
for the refrigerator requiring a two-phase separation
20 temperature of not higher than -40°C, so that the esters
A-10, A~11 and A-12 are particularly suitable therefor.
On the other hand, lubricants having a dynamic viscosity
of 80~150 cSt at 40°C are used as a lubricant for the
car air conditioner requiring a two-phase separation

26 temperature of not higher than -20°C, so that the esters
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16 - 1)  -said_Iubricant I's not used in a liquid conposition
conpri si ng " .a maj or ampunt (nore than 50% by wei ght) of a-

fluerine containing hydr ocarbon refrigerant and a m nor
amount ., of (Il ess than 50% by wei ght) of said |ubricant.
4. -Use of a lubricant for conpressors using a hydrofl uorocarbon

refrigerant containing no chlorine, wherein said |ubricant conprises

as a fai n conponent one or nore esters obt ai%Pabl e by reacting

a) one or nore polyval ent al cohols selected from 10 -
trimethyl ol ethane (TME), trimethyl ol propane
(TMP), and trimethylol butane (TMB), with

A-9, A-13, A-14, A-16 and A-17 are particularly suitable
therefor.

Examples 18-25

The performances as a refrigeration lubricant
06 using HFC-134a as a refrigerant weré evaluated with
respect to eight esters A-18 - A-25 shown in the
o following Table 6 {all of which esters were not
: commercially available but were prepared according to
the third invention). The same evaluation as in
10 Example 1 was made to obtain results as shown in the

following Table 7.
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b) one or nore straight-chain nonoval ent fatty acids having
a carbon nunber of 3 t.0-10,- and/or branched-chain 15
nonoval ent fatty acids having a carbon nunber of 4 to 10,

and _. ms};eem)asndaER acafdore pol ybasi ¢ aci ds having a carbon
nunmher of 4 wherein the anount of
t he pol ybasi ¢ aci d(s) “ han 25 20 nol % per t ot al
fatty acid, he provi so %4that i . said

| ubricant is not used in a liquid conposition conprising a ngjor
anount (nore than 50% by weight) of a fluorine containing
hydrocarbon refrigerant and a m nor anmount of (less than 50% by 25

wei ght) of said |ubricapt 5- Use—ef—a—tubr+eant—ftor conpressors
usi ng a hydrof | uor ocar bpg 3o refri ger ant cont ai D’I ng no chl ori ne,
wherein said | ubricant gn;pg_’Ses"} < S 1 %hs &mhc nent one or
nore esters obtainable bg§ |ng I 8 8 8% K Za)one or nore
pol yval ent al cohol s sel ¢ gtgq-a' i trimet hyl ol
et hane (TME), trimethyl ol propang (TMP), and
trinmethylol butane (TMB], WMFN)| 1a v i v n n D) wnewpr| nore
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a

mis a positive nunber n+mis a nunber having a val ue which
will give a polyether polyol 15 wi th a nunber average nol ectl ar
wei ght range from about 400 to- about 5000,

Rlere} is hydrogen or an al kyl group of 1 to 6 carbon atons,

p is-an integer having a value equal to the nunber of active

hydr 6gens” of Z, and 20 1) said lubricant is
not used in a liquid conposition conpr|5|ng28' a maj or anount
(more than 50% by weight) of a fluorine containing - .
hydrocarbon refrigerant and a m nor amount of (less than 50% by

wei ght) of said |ubricant. 6. Use of a lubricant according to any
of clains 3 to 4, wherein said strai ght - chai n nonoval ent
fatty acid is selected from propionic acid, but anoi ¢ aci d,
pentanoi ¢ acid, hexanoic ﬁ&'é’eeﬁ‘%&ﬂ@‘hﬁlé%ﬂ wiéd &MY @sters according acid,
nonanoi ¢ acid and decanoi ¢ aci d. Use of a |ubricant according
to any clains 3 tgoStheviwntisa dre compared withbithec hedventionaio RSAal ent
fatty acid is selected fromisopentanoic aci d, isoheptanoic
aci d, 2-ethyl hexatBrt acB<B) |ssmmnanorfabhe$dzami 3, the electric
3,5,5-trimet hyl hexanoi c aci d. Use | ubr,i, c according to

claim4, wherein éﬁf%ﬂ?ﬁﬂ%&xﬁﬁQ?%£§WdrePresented bY the d éFgE?EEF?ron1ad|p|c
acid, azalalcogCICbngQan§Ei§“id% %%b times or more and the two-phase

separation at a high temperature is not caused.
Furthermore, the seizuring load is excellent and the
hygroscopicity is low. The thermal stability is equal
in case of the HFC-134a system, but is considerably

10 excellent in case of the R-12 system.

Recently, HFC-134a causing substantially no

breakage of ozone layer is closed up instead of R-12
widely used as a refrigerant in order to cope with the
breakage of ozone layer through chlorofluorocarbon and

15 hydrochlorofluorocarbon being a greatest problem in
world-wide scale, but is poor in the compatibility with
the conventionai refrigeration lubricant, which is a bar
for the development of replacement system. However, the
refrigeration lubricants according to the invention have

20 a sufficient compatibility with HFC-134a as a
refrigerant and a high electric insulating property and
also are excellent in the total performances, so that
they have an effect that the conventional systems can be
used as they are even when HFC-134a is used instead of

25 the conventional R—12 ‘and R-22 as a refrigerant.
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18 9. Use of a Iubrlcant according to any of clalms 1 to_8',_,,q‘

1,1, 1 2-tetraf |l uoroethane. 5 10 2y - \\\\\“l\\\‘\!““\‘l\“‘\‘“\“\ |

1. Use of a lubricant for compressors using a
hydrofluorocarbon refrigerant containind no chlorine, comprising
as a main component an ester{s) obtained by reacting (a} at
least one polyvalent alcohol selected from the group consisting
of trimethylol ethane, trimethyfol propane and trimethylol
butane with (b) at least one straight chain or branched-chain

monovalent saturated fatty acid having a carbon number of 2-18.

2 . Use of a lubricant for compressors using a
hydrofluorocarbon refrigerant containing no chlorine, comprising
as a main component an ester (s} obtained by reacting {a) at
least one polyvalent alcohol selected from the group consisting
of trimethylol ethane, trimethylol propane and trimethylol
butane with (b) at least one straight chain or branched-chain
monovalent saturated fatty acid having a carbon number of 3-18
and (c} at least one saturated polybasic acid having a carbon
number of 4-10 in which an amount of said saturated polybasic
acid is not more thHan 25 mol% per total of said monovalent
saturated fatty acid and said saturated polybasic acid used.

3 ov talw
. The use according to claim 1Y wherein said

monovalent saturated fatty acid is a straight chain monovalent
saturated fatty acid and/or a branched-chain monovalent

saturated fatty acid having a carbon number of 3-10.
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4 . The use according to claim 3, wherein said
monovalent saturated fatty acid is selected from the group
consisting of pentanoic acid, hexanoic acid, heptanoic acid,
octanoic acid, nonanoic acid, decanoic acid, isoheptanoic acid,
2-methylhexanoic acid, 2,2-dimethylpentanoic acid, 2-
ethylpentanoic acid, 3-ethylpentancic acid, 3-methylhexanoic
acid, 4-methylhexanoic acid, 5-methylhexanoic acid, isooctanoic
acid, 2-methylheptanoic acid, 3-methylheptanoic acid, 4-
methylheptanoic acid, 2-ethylhexanoic acid, 2-propylpentanoic
acid, 2,2-dimethylhexanoic acid, 2,4-dimethylhexanoic acid, 3,5-
dimethylhexanoic acid, 2,2,4-trimethylpentanocic acid,
isononanoic acid, 2-methyloctanoic acid, 3-methyloctanoic acid,
2,2-dimethylheptanoic acid, 2-ethylheptanocic acid and 3,5,5-

trimethylhexanoic acid.

5. The use according to anyone of claims 1 to 4,

wherein said ester has a hydroxyl value of not more than 50, a
dielectric constant at 80°C of not less than 10'? Q -cm and a
two-phase separation temperature at low temperature side of not
higher than -25°C in the coexistence with said hydrofluorocarbon
refrigerant.

6 . The use according to anyone of claims 1 to 5,
wherein said hydrofluorocarbon refrigerant is 1,1,1,2-

tetrafluorocethane.
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7. The use according to claim 2, wherein said
saturated polybasic acid is selected from the group consisting
of succinic acid, glutaric acid, adipic acid, suberic acid,

pimelic acid, azelaic acid and sebacic acid.

8. A  lubricant for compressors using a
hydfofluorocarbon refrigerant containing no chlorﬁne, comprising
as a main component an ester (s} obtained by reacting (a)} at
least one polyvalent alcohol selected from the group consisting
of trimethylol ethane, trimethylol propane and trimethylol
butane with (b) at least one straight chain or branched-chain

monovalent saturated fatty acid having a carbon number of 2-18.

9% A 1lubricant for compressors using a
hydrofluorocarbon rgfrigerant containing no chlorine, comprising
as a main componént an ester (s) obtained by reacting (a) at
least one polyvalent alcohol selected from the group consisting
of trimethylol ethane, trimethylol propane and trimethylol
butane with (b) at least one straight chain or branched-chain
monovalent saturated fatty acid having a carbon number of 3-18
and (c) at least one saturated polybasic acid having a carbon
number of 4-10 in which an amount of said saturated polybasic
acid is not more than 25 mol% per total of said monovalent

saturated fatty acid and said saturated polybasic acid used.
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