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SYNTHETIC LUBRICATING OIL AND WORKING FLUID
COMPOSITION FOR REFRIGERATING MACHINE

FIELD OF THE INVENTION

The present invention relates to a synthetic
lubricating oil, particularly a synthetic lubricating oil for
use as a refrigerating machine oil in refrigerating machines
employing a chlorine-free hydrofluorocarbon as the refrigerant.
The invention further relates to a working fluid composition
for refrigerating machines which comprises the lubricating oil
and a chlorine-free hydrofluorocarbon.

BACKGROUND OF THE INVENTION

Compression-type refrigerating machines have
conventionally employed chlofofluorocarbon refrigerants such as
CrC-11 (CglgF ¢ trichloromonofluoromethane), CFC-12 (CCl,F,,
dichlorodifluoromethane), HCFC-22 (CEC1F,, monochlorodi-
fluoromethane), and CFC-115 (CF;CC1F,, monochloropenta-
fluoroethane). However, the wuse of chlorofluorocarbons
& including CFC-12 has been restricted since they cause ozone

layer depletign_.:_ \}__&lthcugh HCFC-22 has not been restricted in
its use so far beéause of its less ability to deplete the ozone
layer, the use thereof will be restricted in the future.

As substitutes for these chlorofluorocérbons, chlorine-
free hydrofluorocarbons are 'coming to be used. Proposed as a

substitute CFC-12 is HFC-134a {CH,FCF3, 1,1,1,2-

tetrafluoroethane), which is- similar in thermodynamic
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BACKGROUND "OF THE | NVENTI.ON Conpr essi on-type refrigerating machi nes
have conventional |y enpl-tyed chl orof |l uorocarbon ref rigerants such as
CFC-11 (Ccd[err]F, trichlorononofl uoronethane), CFC-12 (CCl[err]F[err],

di chl or odi f | uor onet hane), HCFC- 22 (CHA F[err], nonochl orodi -
fluoromet hane), and CFC 115 (CF[err]CO F[err], nonochl oropent a-
fl uor oet hane)". However, the wuse of chlorofluorocarbons including

CFC- 12 has been restricted since they cause ozone | ayer depletion. Al though
HCFC- 22 haiﬁﬂﬁgefﬁﬂﬂﬁ estrected | BrbpesédcasOal sibbesdute @bri igFLed? is

ability to l ete the ozone
nixed refrigerant which contains HFC-32 (CH,F,,
difluoromethane) and is similar in thermodynamic properties to
HCFC-22.

A refrigerating machine oil ié'iequired to have various
performances, of which the compatibility with a refrigerant is
extremely important from the standpoints of the lubricity of
the o0il and the efficiency of the system. It is, however,
known that chlorine-free hydrofluorocarbon refrigerants

" represented by HFC-134a and HFC-32 are almost incompatible with
the refrigerating machine oils conventionally wused in
compression—typé refrigerating systems, which oils contain a
naphthene-based mineral oil, paraffin-based mineral oil,
alkylbenzene, or the like as the base o0il, and that the working
fluids containing such chlorine~free hydrofluorccarbon
refrigerants undergo two-phase separation both in a low-
_temperature'side and -in a high-temperature side.

If the two-phase separation occurs, the lubricating oil
is retained in the condenser and expansion device, resulting in
a decrease of the efficiency of refiigeration and in
insufficient supply of the lubricating oil to the slide way in
the compressor. Since the defective lubrication causes
troubles including seizure of the compressor, the refrigerating
machine cannot be applicable to practical use.

Under these circumstances, various lubricating oils

compatible with chlorine-free hydrofluorocarbon refrigerants
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| ayer, "the Uuse thereof will be restricted in the future...As substitutes for
t hese chl orof | uor ocar bons: chlorine- free hydrofluorocarbons are comng to
be used. Proposed as a substitute for CFG-12 is HFC 134a
(CHerr]FCFerr], 1,1,1,2- tetrafluoroethane), which is simlar in

t her nodynam ¢ propertles to CFC-12. Proposed as a substitute for.HCFC 22
Is a m xed refrigerant whi ch cont ai ns HFC- 32 (CH[err]F[err],

have been proposed. For example, U.S. Patent 4,755,316
proposes a lubricating oil based on a polyoxyalkylene glycol
having a specific molecular weight distribution and terminated
by a hydroxyl group at both ends. Although this lubricating
oil is compatible with HFC-134a in the temperature range of
from about -40°C to +50°C, the compatibility at higher
temperatures is necessary for practical use.

On the other hand, HFC-134a is used mainly in home
refrigerators and automotive air-conditioners, and mixed
refrigerants containing HFC-32 are goint to be used mainly in
home air-conditioners and industrial refrigerating machines.
Home refrigerators and home air—condiﬁioners are mostly of the
type in which the motor for driving the compressor is used in
a refrigerant-refrigerating machine oil mixture and, hencé, the
refrigerating machine o0il is required to have excellent
electric insulating property. However, the polyoxyalkylene -
glycol has much poorer electric insulating property than the
conventional naphthene-based mineral oil and paraffin-based
mineral oil and also has high hygroscopicity. Consequently,
the polyoxyalkylene glycol 1is unsuitable for use as é
refrigerating machine oil for home refrigerators or home air-
conditioners.

In WO 90-12849, a polyol ester obtained from a
monocarboxylic acid and a polyhydric alcohol and a complex

ester obtained from a monocarboxylic acid, a polycarﬁoxylic
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di fl uoronethane) and is §imlar in thernmodynanic propertj-es to HCFC 22. A
refrigerating machine oil is required to have various perfornmances, of
which the conpatibility with a refrigerant is extrenely inportant fromthe
st andpoints of the lubricity of the oil and the efficiency of the system

It is, however, known that chlorine-free hydrofluorocarbon refrigerants
represented by HFC-134a and HFC-32 are al nbost inconpatible with the
tefrigerating machine oils conventionally used in conpression-type

refri ger at iaag.dsy shdng, pohyltydoi ¢ alaot@l rmx@e proposed as lubricating oils

for use with a chlorine-free hydrofluorocarbon refrigerant.

Further, as other lubricating oils for use with a
chlorine-free hydrofluorocarbon refrigerant, a polyol ester and
a complex ester each derived from a condensate of a
monohydroxycarboxylic.acid'with.a dihydric neopentyl polyol and
from a mono- or dicarboxylic acid are proposed in the 4lst
Kobunshi Toron-kai (Sept., 1992; sponsored by the Society of
Polymer Science, Japan; Polymer Preprints, Japan, Vol.41,
No.1ll, pp. 4703-4705).

These proposed esters have ldwer hygroscopicity than
the polyoxyalkylene glycol and are well compatible with HFC-
134a in a wider temperature range than the polyoxyalkylene
glycol. The esters also have gdod electric insulating
property, with their volume resistivities being about 10® to
10 Qcm at 80°C, as described in EP 406,479-Al; such
resistivity valunes suffice for refrigerating machine oils for
use in refrigerators, home air-conditioners, or the like.

Refrigerating machine oils are also required to be
supplied in various viscosity grades according to the kinds of
refrigerating machines, etc.; and the oils currently in use are
mostly of ISO viscosity grades VG8 to VG320. The complex
esters can provide esters which have good electric insulating
propérty and are of various viscosity grades.

However, since the above-described esters propésed in

the art are subject to hydrolysis in the presence of water,
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napht héne- based mneral -oi.l, paraffin-based mneral oil;:-al kyl benzene, or
the like as the base oil; and that the working fluids contalnlng such
chlorine-free hydr of | uor ocar bon refri gerants undergo two-phase separation
both in a low tenperature side and in a high-tenperature side. If the

t wo- phase separation occurs, the lubricating oil is retained in the
condenser -and expansi on device, resulting in a decrease of the efficiency
of refrigeration and in insufficient supply of the lubricating oil to the
slide way tRetbeisCafensosf coSroddngt hchelefefrigeratihgi sysitem. calkes

polyol esters can inhibit hydrolysis to a practically

acceptable level by employing a branched fatty acid as the

monocarboxylic acid as one of the starting materials. Although

being satisfactory in lubricity and in compatibility with HGC-
134a, the complex esters are inferior in hydrolytic stability

to the polyol esters. The poor hydrolytic stability of the

complex esters may be attributable to the fact that most of the

commercially available polycarboxylic acids are linear; the

bonded units derived from a linear polycarboxylic acid are

liable to hydrolyze.

The polyol esters and complex esters proposed so far
are also defective in that the compatibility thereof with a
mixed refrigerant containing HFC-32 is still insufficient,
although they  are compatible with  HFC-134a almost
satisfactorily.

Furthermore, the esters proposed in the 41st Kobunshi
Toron-kai, for which a monohydroxycarboxylic acid was used as
one of the starting materials, have the following drawbacks.
The proposed compounds have a molecular strﬁcture comprising
units of the ester of a dihyd;ic alcohol with the
monohydroxycarboxylic acid and, in order to obtain a high-
viscosity ester, these units are bridged with a dicarboxylic
acid to give a complex ester. As a result, such high-viscosity
esters have poor hydrolytic stability 1like other complex

esters. When the bridging with a dicarboxylic acid is absent,
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troubl &s intluding sei zure of the conmpressor, the refrigerating machi ne
cannot be applicable to practical use. Under these circunstances, various
| ubricating oils conmpatible with chlorine-free hydrofl uorocarbon
refrigerants have been proposed. For exanple, U S. Patent 4,755, 316
proposes a lubricating oil based on a pol yoxyal kyl ene gl ycol having a
speci fic nol ecul ar wei ght distribution and term nated
it is difficult to obtain a high-viscosity.ester having good
compatibility with chlorine-free hydrofluorocarbon
refrigerants.
SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide a synthetic lubricating oil which has excellenﬁ
compatibility with chlorine-free hydrofluorocarbon refrigerants
represented by HFC-134a, HF(C-32 and HFC-125 (1.,1,1,2,2-
pentafluoroethane) in a wide temperature range, and which is
excellent in electric insulating property and hydrolytic
stability and can be supplied in a wide range of viscosity
grades.

As a result of intensive studies made by the present
inventors in order to attain the above object, it has been
found that all of the above-described performances which are
required for a refrigerating machine oil for use with a
chlorine-free hydrofluorocarbon refrigerant, can be satisfied
by using an ester synthesized from specific starting materials,
as a lubricating base o0il. The present invention has thus been
completed.

The present invention provides a synthetic lubricating
oil comprising an ester derived from {a) a monohydric alcohol
having 4 to 18 carbon atoms which has a branched alcohol
content of not less than 50 mol% and/or a neopentyl polyol

having not more than 30 carbon atoms, (b) a hydroxycarboxylic

acid condensate having an average degree of polymerization of
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by a hydroxyl group at beth ends. Although this lubricating oil is
conpatible with HFC-134a:in the tenperature range of from about -40[err]C
to +50[err]C, the conpatibility at higher tenperatures is necessary for
practical use. On the other hand, HFC-134a is used nmainly in hone
refrigerators and autonotive air-conditioners, and m xed refrigerants
containing HFC-32 are goint to be used mainly in honme air-conditioners and
industrial refrigerating machines. Home refrigerators and hone

ai r- condi t hohelesarehamwst |3, and e )t ppronocamboxyiliie asticr hpgingr Aviagl8 he

conpressor is used in ' . .
carbon atoms which has a branched carboxylic acid content of

not less than 50 mol%.

DETAILED DESCRIPTION OF THE INVENTION

As ingredient (a) for use in the present invention, the
monohydric alcohol and/or the neopentyl polyocl may be used
alone or as a mixture and, when used as a mixture, any desired
mixing ratioc may be selected.

The monohydric alcohol of ingredient (a) has 4 to 18
carbon atoms. The number of carbon atoms thereof is preferably
4 to 13, more preferably ¢ to 10. Monohydric alcochols having
not more than 3 carbon atoms adversely affect hydrolytic
stability, while the use of monohydric alcohols having not less
than 19 carbon atoms results in a deérease in compatibility
with chlorine-free hydrofluorocarbon refrigerants.

This monohydric alcohol includes a linear monohydric
alcohol and a branched monohydric alcohol, but it is necessary
that the branched monohydric alcohol account for not less than
50 mol% of all the monohydric alcohol ingredient. The branched
monohydric alcochol content thereof is preferably not less than
70 mol%, more preferably not less thén 80 mol%, and most
preferably not less than 90 mol%. If the branched monohydric
alcohol content is less than 50 mol%, satisfactory results are
not obtained with respect to hydrolytic stability and
compatibility with chlorine-free hydrofluordcarbon

refrigerants.
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a refrigeranht-refrigerati.ng machine oil mxture and, hence, the
refrigerating machine oil1."is required to have excellent ‘el ectric insulating
property. However, the pol yoxyal kyl ene gl ycol has nuch poorer electric

i nsul ating property than the conventional naphthene-based mneral oil and
paraf fi n-based mneral oil and al so has high hygroscopicity. Consequently,

t he pol yoxyal kyl ene glycol is unsuitable for use as a refrigerating machine
oil for hone refrigerators or hone air- conditioners. In WO 90-12849, a

pol yol ester obtaipgegnfiQe 8f the linear monohydric alcohol include 1-
butanol, l-pentanol, l-hexanol, l—héptanol, l-octanol, 1-
nonanol, l-decanol, l-dodecanol, l-tridecanol, l-tetradecanol,
l-hexadecanol, and l-octadecanol.

Examples bf the branched alcohol include 2-methyl-1-
propanol, 2-methyl-2-propanol, 2-methyl-l-butanol, 2-ethyl-1-
propanol, 2-methyl-l-pentanol, 2,2—dimethyl—l—butanol, 2-
methyl-2-ethyl-l-propanol, 2-methyl-1-hexanol, 2,2-dimethyl-1-
pentanol, 2-methyl-2-ethyl-l1-butanol, l-isoheptanol, 2-ethyl-1~
hexanol, 2,2-dimethyl-i-hexanol, 2-methyl-2-ethyl-l-pentanocl,
l-isooctanol, 3,5,5-trimethyl-l-hexanol, 1l-isononanol, 1-
isodecanol, isododecanol, 1isotridecanol, isotetradecanol,
isohexadecanol, and isooctadecanol.

From the standpoints of the thermal stability and
oxidation stability, the monohydric alcohol preferably has a
primary hydroxyl group, and more preferably has the carbon atom
at the 2-position in relation to the hydroxyl group which
carbon atom does not have a hydrogen atom bonded thereto. It
is also desirable for obtaining good hydrolytic stability that
the monohydric alcohol have a side chain bonded to the carbon
atom at the 2-position in relation to the hydroxyl group.
Further, from the standpoint of the compatibility with
chlorine-free hydrofluorocarbon refrigerants, it is preferred
that the alkyl group of the alcohol has a methyl group or an
ethyl éroup as a side chain. Consequently, a branched alcohol

having two methyl or ethyl groups bonded to the carbon atom at

T



nmonocar boxylic acid and a pol yhydric al cohol and a conplex ester obtained
from a nonocarboxylic act'd, a polycarboxylic acid, and~-a pol yhydric

al cohol are proposed as lubricating oils for use with a chlorine-free
hydr of | uorocarbon refrigerant. Further, as other lubricating oils for use
with a chlorine-free hydrofluorocarbon refrigerant, a polyol ester and a
conpl ex ester each derived froma condensate of a

the 2-position in relation to the hydroxyl group is especially
superior to other monohydric alcohols in the thermal stability,
the oxidation stability, the hydrolytic stability, and the.
compatibility with chlorine-free hydrofluorocarbon
refrigerants.

Examples of the neopentyl polyol of ingredient (a) for
use in the present invention include neopentyl glycol, 2,2-
diethyl-1, 3-propanediol, 2-butyl-2-ethyl-1,3-propanediol,
trimethylolethane, trimethylolpropane, trimethylolbutane, and
pentaerythritol.- Other examples thereof further include
dehydrated neopentyl polyol condensates represented by
ditrimethylolpropane, tritrimethylolpropane, dipentaerythritol,
and tripentaerythritol. The degree of-condensation of such a
dehydrated condensate can be determined according to the
viscosity required for the synthesized ester.

The neopentyl polyol of ingredient (a) has not ﬁore
than 30 carbon atoms. The number of carbon atoms thereof is
-preferably 5 to 24, more preferably 5 to 18. Use of a
neopentyl polyol having more than 30 carbon atoms results in a
decrease in the compatibility with chlorine-free
hydrofluorocarbon refrigerants. Although neopentyl polyols
having two or more hydroxyl groups are usable, ones having
three or more hydroxyl groups are preferred from the standpoint
of lubricity.

The hydroxycarboxylic acid condensate of ingrediént {b)

for use in the present invention have an average degree of
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monohydr oxytar boxylic acid with a di hydric neopentyl polyol and froma
mono- or dicarboxylic acid are proposed in the 41st Kobunshi Toron-Kkai
(Sept., 1992; sponsored by the Society of Polyner Science, Japan; Pol yner
Preprints, Japan, Vol.41, No.11l, pp. 4703-4705). These proposed esters have
| ower hygroscopicity than the po] yoxyal kyl ene gl ycol .and are wel |
conpatible with HFG- 134a in a w der tenperature range than the

pol yoxyal kyl ene gl ycol . The esters also have good electric

I nsul at i NG PIRReFLYat Ybh ot Y 1e@suBanesi. 9t i préfesabiiyny. About200mernd to
preferablyl2.0 to 15. If the degree of polymerization thereof
is. less than 1.2, insufficient lubricity results.

Examples of the hydroxycarboxylic acid which
constitutes the hydroxycarboxylic acid.-.condensate include 4-
hydroxybutanoic acid, 4-hydroxy-2-methylbutanocic acid, 5-
hydroxypentanoic acid,  hydroxypivalic acid, 2,2-
dimethylolpropionic acid, and 2-hydroxyisobutanocic acid. Also
usable are lactones and lactides which both are dehydrated
condensates of the above-enumerated hydroxycarboxylic'acids.

From the standpoints of the thermal stability and
oxidation stability, the hydroxycarboxylic acid preferably has
a primary hydroxyl group, and more preferably has the carbon
atom at the 2-position in relation to the hydroxyl group which
carbon atom does not have a hydrogen atom bonded thereto. From
the standpoint of the hydrolytic stability, the
hydroxycarboxylic acid preferably has an alkyl group, and more
preferably has the 2-position carbon atom, i.e., the carbon
atom adjacent to the carboxyl carbon, has one or more alkyl
groups. Further, from the standpoint of compatibility with
chlorine-free hydrofluorocarbon refrigerants, it is especially
preferred that the alkyl group(s) of the hydroxycarboxylic acid
be methyl or ethyl.

Examples of such hydroxycarboxylic acids include those

represented by formula (1): o Ghect Has Beon Replaced
i
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10[err] [err]cmat 80[err].C, as described in EP 406, 479=A ; such
resistivity values suffice for refrigerating machine oils for use in
refrigerators, home air-conditioners, or the like. Refrigerating machine
oils are also required to be supplied in various viscosity grades according
to the kinds of refrigerating nmachines, etc., and the oils currently in use
are nostly of SO viscosity grades V& to VGBZO The conpl ex esters can
provi de esters which have good electric insulating property and are of

vari ous viscosity grades. However, since the above-described esters
proposed in

rl
|

R2

wherein R!' and R? each represents a hydrogen atom, a hjdroxyl
group, a -CH,0H group, or an alkyl group, provided that when
one of R!' and R? is a hydrogen atom the other is not a hydrogen
atom. Preferably R! and R? each is a methyl group, an ethyl
group, a hydroxyl group, and a -CH,OH group. The most suitable
are hydroxycarboxylic acids having a neopentyl skeleton, with
which good results are obtained in regard to the thermal
stability, the oxidation stability, the hydrolytic stability,
and the compatibility with chlorine-free hydrofluorocarbon
refrigerants. From the standpoints of the lubricity and low
temperature fluidity, it is = desirable that a
dihydroxycarboxylic acid be contained in an amount of 10 mol%
or more, especially 20 mol% or more.

Further, from the standpoint of the hydrolytic
stability, the hydroxycarboxylic acid preferably has one or
more side chains bonded to the 2—positi9n carbon atom, i.e.,
the carbon atom adjacent to the hydroxyl group.

Examples of such a hydroxycarboxylic acid includé those

represented by formula (2):
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the art are subject to hydrolysis in the presence of water, - 4 - t here
is a fear of corroding the refrigerating system The polyol esters can
inhibit hydrolysis to a practically acceptable |evel by enploying a
branched fatty acid as the nonocarboxylic acid as one of the starting
materials. Al though being satisfactory in lubricity and in conpatibility
wi t h HGC

Rr3
I

HO—?-COOH (2)
r4

wherein R® and R' each represents a hydrogen atom, a hydroxyl
group, or an alkyl group, provided that when one of R® and R*
is a hydrogen atom, the other is not a hydrogen atom. Most
preferably R® and R* each is methyl, ethyl, and hydroxyl, with
which good results are obtained in regard to the hydrolytic
stability. Specific examples thereof include 2-hydroxybutanoic
acid, 2-hydroxyisobutanoic acid and 2-hydroxypentanoic acid.

In the present invention the hydroxycarboxylic acid
condensate of ingredient (b) can be used in any desired
proportion as long as the performances of the ester to be
yvielded are not adversely affected. In general, however, the
adequate amount of ingredient {b) to be used is about 0.2 to 20
mol per mol of the monohydric alcohol or neopentyl polyol of
ingredient (a}).

The monocarboxylic acid of ingredient (c) for use in
the present invention have 4 to 18 carbon atoms. The number of
carbon atoms thereof is preferably 4 to 13, more preferably 4
to 10. The use of a monocarboxylic acid having not mofe than

3 carbon atoms produces an adverse influence on the hydrolytic
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134a, the conplex esters are inferior in hydrolytic stability to the polyol
esters. The poor hydrolytic stability of the conplex esters may be
attributable to the fact that nost of the commercially avail able

pol ycarboxylic acids are |linear; the bonded units derived froma |inear

pol ycarboxylic acid are liable to hydrolyze. The polyol esters and conpl ex
esters proposed so far are also defective in that the conpatibility thereof ... -
with a mxed refrigerant containing HFC-32 is still insufficient, although

they arestéﬂ?ﬂ%ﬁytﬁﬁh eﬂhggcesHﬁgﬁgggﬁveﬁgggftwhereas the use of a
monocarboxylic acid having not less than 19 carbon atoms
results in a decrease in the compatibility with chlorine-free
hydrofluorocarbon refrigerants.

The monocarboxylic acid of ingredient (c) includes a
linear monocarboxylic acid and a branched monocarboxylic acid,
but it is necessary that the branched monocarboxylic acid
account for not less than 50 mol% of all the monocarboxylic
acid ingredient. The branched monocarboxylic acid content
thereof is preferably not less than 70 mol%, more preferably
not less than 80 mol%, and most preferably not less than 30
mol%. If the branched monocarboxylic acid content is less than
50 mol%, satisfactory results are not obtained with respect to
the hydrolytic stability and the compatibility with chlorine-
free hydrofluorocarbon refrigerants.

Examples of the linear monocarboxylic acid include
butancic acid, pentanoic acid, hexanoic acid, heptanoic acid,
octanoic acid, nonanoic acid, decanoic acid, undecanoic acid,
lauric acid, tridecanoic acid, myristic acid, palmitic acid,
stearic acid, and the anhydrides of these acids.

Examples of the branched monocarboxylic acid include 2-
methylpropanoic acid, 2-methylbutanoic acid, 3-methylbutanoic
acid, 2,2-dimethylpropanocic acid, 2-methylpentanoic acid, 3-
methylpentanoic acid, 4-methylpentanocic acid, 2,2-
dimethylbutanoic acid, 2-ethylbutanoic acid, . 3,3-

dimethylbutanoic acid, 2,2-dimethylpentanoic acid, 2-methyl¥2—
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satisfactorily. Furthernore, the esters proposed in the :41st Kobunsh
Toron-kai, for which a nonohydroxycarboxylic acid was used as one of the
starting materials, have the follow ng drawbacks. The proposed conpounds
have a nol ecul ar structure conprising units of the ester of a dihydric

al cohol with the nonohydroxycarboxylic acid and, in order to obtain a high-
viscosity ester, these units are bridged with a dicarboxylic acid to give a
conplex ester. As a result, such high-viscosity esters have poor hydrolytic
stability kitkhg1dhitahosenpl exid, 2,2,3-trimethylbutanoic  acid, -

ethylpentanoic acid, 3-ethylpentanoic acid, 2-methylhexanoic
acid, 3-methylhexanoic ' acid, 4-methylhexancic acid, 5-
methylhexanoic acid, isoheptanocic acid, 2-ethylhexanoic acid,
3,5—dimethylhexan§ic acid, 2,2-dimethylhexanocic acid, 2-
methylheptanoic acid, 3-methylheptanoic acid, 4-methylheptanoic
acid, 2-propylpentanoic acid, isococtanoic acid, 2,2-
dimethylheptanoic acid, 3,5,5-trimethylhexanoic acid, 2-
methyloctanoic acid, 2-ethylheptanoic abid, 3-methyloctanoic
acid, isononanoic acid, neononanoic acid, 2,2—dimethyldctanoic
acid, 2-methyl-2-ethylheptanoic acid, 2-methyl-2-propylhexanoic
acid, isodecanoic acid, neodecanoic acid, isotridecanoic acid,
isoﬁyristic acid, isopalmitic acid, isostearic acid, and the
anhydrides of these acids.

Preferred branched monocarboxylic acids are those
having an alkyl branch boﬁded to the 2-position carbon atom,
i.e., the carbon atom adjacent to the carboxyl group. From the
standpoint of the. compatibility with chlorine-free
hydrofluorocarbon refrigerants, it is preferred that the alkyl
branch of the carboxylic acid is a methyl group or an ethyl
group.

The amount of the above-described monocarboxylic acid
of ingredient (c)} for use in the present invention may be
suitably determined according to the kinds of the monohydric
alcohol or neopentyl polyol, ingredient (a), and of the

hydroxycarboxylic acid condensate, ingredient {b), etc., as
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esters.

Wien the bridging.with a dicarboxylic acid is abgent, - 5 - it

is difficult to obtain a high-viscosity ester having good conpatibility

W th

chl orine-free hydr of | uor ocar bon refrigerants. SUVWARY OF THE

| NVENTI ON Accordi ngly, an object of the present invention is to

long as the performances of the ester to be yielded are not
adversely affected.

The ester for use in the present invention is prepared
by reacting the above-described ingredients (a) to (c) in an
ordinary way. This ester may be used as a lubricating oil to
be used with a chlorine-free hydrofluorocarbon refrigerant,
either alone or as a mixture with other lubricating oil.
Examples of other lubricating oil include naphthene-based
mineral oils, paraffin-based mineral oils, poly(o-olefin)s
alkylbenzenes, esters other than that for use in the present
invention, polyoxyalkylene glycols, and fluorinated oils
represented by fluorinated polyethers.

When the ester for use in the present invention is
mixed with such other lubricating oil the proportion of the
ester in the mixtufe is not particq}arly lim%ped as long as
performances including the hydrolytic stability and the
compatibility with chlorine-free hydrofluorocarbon refrigerants
are not adversely affected. In generai, however, the adequate
proportion thereof is not less than 10% by weight, preferably
not less than 30% by weight, more preferably not 1ess 50% by
welght.

The synthetic lubricating oil of the present invention
has-a kinematic viscosity at 100°C of 1 to 150 cSt (107° m?/s),
preferably 1.5 to 100 c¢St, more preferably 2 to 50 cSt.
Kinematic viscosities below 1 c¢St are undesirable because

insufficient lubricity results. Kinematic viscosities of more
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provide a synthetic lubricating oil which has excel l ent gonpatibility with
chl orine-free hydrofluoro¢arbon ref rigerants represented by HFC- 134a,
HFC-32 and HFC- 125 (1,1,1,2,2- pentafluoroethane) in a w de tenperature
range, and which is excellent in electric insulating property and

hydrol ytic stability and can be supplied in a wide range of viscosity
grades. As a result of intensive studies nade by the present inventors in
order to attain the above object, it has been found that all of the

above- descthhad 115¢r fa8treacesadbocumgiessirable because the compatibility

with chlorine-free hydrofluorocarbon refrigerants is impaired.

In the working fluid composition for refrigerating
machines according to the present invention, the weight ratio
of the synthetic iubricating 0il of the present invention to a
chlorine-free hydrofluorocarbon refrigerant is generally from
1:99 to 99:1, preferably from 5:95 to 70:30.

Examples ef the chlorine-free hydrofluorocarbon for use
in the working fluid composition of the present invention
include HF(C-134a, HFC-32, and HFC-125. Any one of such
chlorine-free hydrof;uorocarbons or a mixture of two or more
thereof may be suitably selected according to applications, a
cooling temperature, the shape of a cooling device, etc.

For further improving the performances of the synthetic
lubricating oil of the present invention, conventionally known
additives for refrigerating machine oils may be added thereto
alone or in combination of two or more thereof if necessary.
Examples of such additives include an oxidation inhibitor, an
extreme-pressure agent, and a metal deactivator. The amount of
such additives to be incorporated is usually not more than 10%
by weight, preferably not more than 5% by weight, based on the
total amount of the refrigerating machine oil.

The synthetic lubricating oil of the present invention
is excellent in the electric insu%ating property and the
hydrolytic stability and can have any?ef various viscosities in

a wide range. Furthermore, the working fluid composition of

- 16 - ThlsSheetHasBeean
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reqU|red for a refrigerating nmachine oil for use with a chlorine-free

hydr of | uor ocarbon refrigerant, can be satisfied by using.:an ester

synt hesi zed from specific starting materials, as a lubricating base oil.
The present invention has thus been conpleted. The present invention

provi des a synthetic lubricating oil conprising an ester derived from(a) a
nonohydri c al cohol having 4 to 18 carbon atons which has a branched al cohol
content of not |less than 50 nol % and/ or a neopentyl polyol having not nore

t han 30 carbon atons, (b) a hydroxycarboxylic .
the present invention "for réfrigerating machines, which

comprises the synthetic lubricating oil of the present
invention and any of <chlorine-free hydrofluorocarbons
represented by HFC-134a, HFC-32, and HFC-125, shows good
lcompatibility over a wide temperature range.

The present invention will be illustrated below in more
detail by reference to Examples.

. EXAMPLE A-1 _

(1) Preparation of Hydroxycarboxylic Acid Céndensate

In a 1-liter four-necked flask equipped with a stirrer,
nitrogen feed pipe, thermometer, and water separator with a
condenser were placed 236.3 g (2 mol) of hydroxypivalic acid,
536.6 g (4 mols) of dimethylolpropionic acid, and 3.4 g (0.018
mol} of p-toluenesulfonic acid monohydrate as an esterification
catalyst. The mixture was allowed to react at 120 to 150°C
while nitrogen was being fed into the flask at a rate of 300
cm¥/nmin and the acid value was measured at adequate intervals.
When the acid wvalue of the reaction product reached 305
mgKOH/g, the flask was cooled to terminate the reaction. The
amount of the produced water collected in the water separator
was 36 ml, and the average degree of polymerization of the
hydroxycarboxylic acid condensate prepared was 1.5 as
calculated from the acid value.

{2) Preparation of Ester

In a 2-liter four-necked flask equipped with a sﬁirrer,

nitrogen feed pipe, thermometer, and water separator with a
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aci d conden$ate having an average degree of pol ynmeri zati on- of 7 not |ess
than 1.2, and (c) a nonoéarboxylic acid having 4 to 18 cdrbon atoms whi ch
has a branched carboxylic acid content of not |ess than 50 nol % said

hydr oxycar boxyl i c aci d condensate being selected fromthe group consisting
of: (i) . a condensate of a hydr oxycar boxylic acid represented by formul a

(1): [err]

condenser were placed 52.9 g (0.6 mol) of 2-methyl-l-butanol,
280.8 g (2.4 mol) of isocheptanol, 551.9 g (3 mol) of the
hydroxycarboxylic acid condensate obtained in (l) above and
having an average degree of polymerization of 1.5, 245 g (2.4
mol) of 2-methylbutanocic acid, 468.7 g (3.6 mol) of
isoheptanoic acid, and 6.02 g (0.032 mol) of p-toluenesulfonic
acid monohydrate as an esterification catalyst. The mixture
was allowed to react at 200°C for 22 hours while nitrogen was
being fed into the flask at a rate of 300 cm’/min and the
distillate water was being removed.

In the above esterification reaction, the molar ratio
of ingredient (a) (a monohydric alcohol mixture consisting of
2-methyl-l-butanol and isoheptanol), ingredient (b)
(hydroxycarboxylic acid condensate) and ingredient (c) (a
monocarboxylic acid mixture coﬁsisting of 2-methylbutanoic acid
and isoheptanoic acid) was 1:1:2. In ingredient {a), the
equivalent ratio of 2-methyl-l-butanol to ischeptanol was
20:80. In ingredient (c), the equivalent ratio of 2-
methylbutanoic acid to lsoheptan01c acid was 40:60.

After completion of the reactlon, distillation was
conducted at 200°C for 8 hours under reduced pressure {10 mmHg)
in order to remove the unreacted acids and low-boiling
substances. The reaction product obtained as a residue after
the distillation was neutralized with 10 wt% agueous potassium

hydroxide solution, washed with water, and then dehydréted at

90°C for 1 hour under reduced pressure (10 mmHg). Thereto was
- 18 -
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wherein Rerr] and Rlerr}..each represents a hydrogen atom a hydroxyl
group, a -CHerr]OH group,” or an al kyl group, provided t hat when one of
Rlerr] and Rlerr] is a hydrogen atom the other is not a hydrogen atom
(ii) a condensate of a 2-hydroxycarboxylic acid represented by formula (2):
[err] wherein Rlerr] and Rlerr] each represents a hydrogen atom a hydroxyl
group, or an al kyl group, provided that when one of R err] and Rerr] is a
hydrogen atom the other is not a hydrogen atom and (iii) a condensate of
a 2- hydr oxgddedo29| gcohcadtiepredeniay. byTiermiktute)wagestirred at 70°C

for 1 hour and then filtered to prepare an ester having an acid
value of 0.04 mgKOH/g. Table 1 summarizes the composition of
each of ingredients (a), (b), and (c), the molar ratio of
ingredients (a}/(b)/{c), and the acid value of the ester
prepared;

Hydroxycarboxylic acid condensates having the average
degrees of polymerization shown in Table 1 were prepared in the
same manner as in Example A-1 except that the molar ratio of
hydroxypivalic acid to dimethylolpropionic acid was changed as
shown in the table. By using ingredient (b) consisting of each
of the above condensates, ingredients (a) consisting of the
monohydric alcohols shown in the table, and the ingredients {c)
consisting of the monocarboxylic acids shown in the table in
the molar ratio shown in the table, the esters shown in Table
1 were prepared in the same manner as in Example A-1.

EXAMPLES A-2 TO A-38

Hydroxycarboxylic acid condensates having the average
degrees of polymerization shown in Tables 1, 2, 3, 4 and 5 were
prepared in the same manner as in_Example A-1 except that
hydroxypivalic  acid, dimethylolpropionic acid and 2-
hydroxyisobutanoic acid were used as shown in the tables. By
using ingredients (b) consisting of the above condensates,
ingredients (a) consisting of the monohydric alcohols or

neopentyl polyols shown in Tables 1, 2, 3, 4 and 5 and

ingredients (c) consisting of the monocarboxylic acids shown in

—_—
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wherein Rlefrr] and Rl err]..each represents a hydrogen atom; a hydroxyl
group, or an al kyl group,” provided that when one of Rleri} and Rerr] is a
hydrogen atom the other is not a hydrogen atomw th a hydroxycarboxylic
acid represented by fornula (1): [err] wherein R err] and R err] each
represents a hydrogen atom a hydroxyl group a -CH err]OH group, or an
al kyl group, provided that when one of Rlerr] and R err] is a hydrogen
atom the other is 7a B
Tables 1, 2, 3, 4 and 5 in the molar ratio shown in the tables,
the esters shown in Tables 1, 2, 3, 4 and 5 were prepared in
the same manner as in Example A-1l.
COMPARATIVE EXAMPLES B-1 TO B-3
Hydroxycarboxylic acid condensates having the average
degrees of polymerizatién shown in Table 6 were prepared in the
same manner as in Example A-1 except that the molar ratio of
hydroxypivalic acid to dimethylolpropionic acid was changed as
shown in the table. By using ingredients (b) consisting of the
above condensates, ingredients (a) consisting of the monohydric
alcohols shown in the table, and the ingredients (c) consisting
of the monocarboxylic acids shown in the table in the molar
ratio shown in the table, the esters shown in Table 6 were
prepared in the same manner as in Example A-1. Of the esters
obtained in Comparative Examples B-1 to B-3, the esters
obtained in Comparative Examples B-1 and B-3 are outside the
scope of the present invention with respect to the number of
carbon atoms of the monohydr;c alcohols.of-ingredient (a) and
the number of carbon atoms of the monocarboxylic acids of
ingredient (c), and the ester prepared in Comparative Example
B-2 is outside the scope of the present invention with respect
to the proportion of the branched alcohol in the monohydric
alcohol of ingredient (a) and the proportion of the branched

carboxylic acid in the monocarboxylic acid of ingredient (c).

COMPARATIVE EXAMPLE B-4

This Sheet Has Been Reﬁaced
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I n anot her enbodi nent of the present invention there is al:so provided a
working fluid conposition.for a refrigerating nmachine which conprises a
synthetic lubricating oil and a chlorine-free hydrofl uorocarbon-in a weight
ratio of from1:99 to 99:1, the synthetic lubricating oil conprising an
ester derived from (a) a nonohydric al cohol. having 4 to 18 carbon atons

whi ch has a branched al cohol- content of not |ess than 50 nol % and/ or a
neopentyl polyol having not nore than 30 carbon atons, (b) a

hydroxycarboxyl i c gei  gondessatsuhavéciednt Bysk agmidggreaevidth a stirrer,
pol ynmeri zation of not less than 1.2, and (c) a nonocarboxylic acid having 4

to 18 carbend talogem Weedh pifen khetmoadtesr,band i vaterd sepam@ttonfwibh kess

than 50 nol % said hydroxycarboxylic acid condensate being, selected from

the group comsiesiserg wdre placed 512.8 g (4 mol) of 2~ethyl-l1-hexanol,
472.5 g {4 mol) of hydroxypivalic acid, 520.8 g (4 mol) of
isoheptanoic acid, and 4.56 g (0.024 mol) of p-toluenesulfonic
acid monohydrate as an esterification catalyst. The mixtu;e
was allowed to react at 200°C for 22 hours while nitrogen was
being fed into the flask at é rate of 300 cm®*/min and the water
evaporated was kept being removed.

In this esterification reaction, the molar ratio of 2-
ethyl-l-hexanol (monohydric alcohol), hydroxypivalic acid
(hydroxycarboxylic acid) and isoheptanoic acid (monocarboxylic
acid) was 1l:1:1.

Subsequent treatments were conducted in the same manner
as in Example A~1 to thereby prepare an ester shown in Table 6.

COMPARATIVE EXAMPLE B-5

In a 2-liter four-necked flask equipped with a stirrer,
nitrogen feed pipe, thermometer, and water separator with a
condenser were placed 416.6 g {4 mol) of neopentyl glycol,
576.8 g (4 mol) of 2-ethylhexanoic acid, 631.2 g (4 mol) of
3,5,5-trimethylhexanoic acid, and 4.56 g (0.024 mol) of p-
toluenesulfonic acid;monohydrate as an esterification catalyst.
The mixture was allowed to react at 200°C for 15 hours while

nitrogen was being fed into the flask at a rate of 300 cm’/min

and the water evaporated was being removed.
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(i) a condensate of a hydroxycarboxyllc acid represented: by fornula (1):
[err] wherein Rerr] and”R[err] each represents a hydrogen atom a hydroxyl
group, a -CH err]OH group, or an al kyl group, provided that when one of
Rlerr] and Rlerr] is a hydrogen atom the other is not a hydrogen atom

(ii1) a condensate of a 2-hydroxycarboxylic acid represented by formula (2):
[err] wherein Rerr] and R err] each represents a hydrogen atom a hydroxyl
group, or an al kyl group, provided that when one of R3 and R4 is a hydrogen
atom the other isimothdshysbtagerfidanomndeaction, the molar ratio of

neopentyl glycol to a monocarboxylic acid mixture consisting of
2-ethylhexanoic acid and 3,5,5~-trimethylhexanoic acid, was 1:2.
The equivalent ratio of 2-ethylhexanoic acid to 3,5,5-
trimethylhexanoic.acid was 50:50.

| Subsequent treatments were conducted in the same manner

as in Example A-1 to thereby prepare an ester shown in Table 6.

COMPARATIVE EXAMPLES B-6 TO“B—9

The same procedures as in Comparative Example B-5 were
conducted except that +the neopentyl polyol and the
monocarboxylic acids were changed in the kind and the
composition as shown in Table 6. The esters thus prepared are
shown in the table.

COMPARATIVE EXAMPLE B-10

In a 2-liter four-necked flask equipped with a stirrer,
nitrogen feed pipe, thermometer, and water separator with a
condenser were placed 429.4 g (3.2 mol) of trimethylolpropane,
415.4 g (2.88 mol) of 2-ethylhexanoic acid, 454.4 g (2.88 mol)
of 3,5,5-trimethylhexanoic acid, 280.6 g (1.92 mol) of adipic
acid, and 5.7 g (0.03 -hol) of p-toluenesulfonic acid
monohydrate as an esterification catalyst. The mixture was
allowed to react at 200°C for 15 hours while nitrogen was being
fed into the flask at a rate of 300 cm’/min and the water
evaporated was being removed.

In this esterification reaction, the molar ratio of

trimethylolpropane, a monocarboxylic acid mixture consisting of

This Sheet Hag - 22 -
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(iii) a condensate of a 2-hydroxycarboxylic acid represented by fornula
(2): [err] wherein Rlerrj.cand Rl err] each represents a hydrogen atom a
hydr oxyl group, or an al kyl group, provided that when one of R err] and
Rlerr] is a hydrogen atom the other is not a hydrogen atomwth a

hydr oxycar boxylic acid represented by formula (1): 7b [err]

- 2-ethylhexanoic acid and 3,5,5-trimethylhexanocic acid, and
adipic acid was 5:9:3. The equivalent ratio of 2-ethylhexanoic
acid, 3,5,5-trimethylhexanoic acid and adipic acid was
30:30:40.

Subsequent treatments were conducted in the same manner
as in Example A-1 to thereby prepare a complex ester shown in
Table 7. In Table 7, polycarboxylic acids are indicated by
inéredient (dy.

COMPARATIVE EXAMPLES B-11 AND B-12

The same procedures as in Comparative Example B-10 were
conducted except that the neopentyl polyocl, the kind and
composition of the monocarboxylic acids, and the polycarboxylic
acid were changed as shown in Table 7. Thus, the complex
esters were prepared.

COMPARATIVE EXAMPLES B-13 TO B-15

Hydroxycarboxylic acid.éondensates having the average
degrees of polymerization shown in Table..Z.were prepared in the
same manner as in Example A-1 except that the molar ratio of
hydroxypivalic acid to dimethylolpropionic acid was changed as
shown in the table. By using ingredient (b) consisting of the
above condensates, ingredient (a) consisting of the neopentyl
polyol shown in the table, and ingredient (c) consisting of the
monocarboxylic acids shown in the table in the molar ratio
shown in the table, the esters shown in Table 7 were prepared
in the same manner as in Example A-1. The esters prepéred in

Comparative Examples B-13 and B-14 are outside the scope of the
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whereih R etr] and R err]- each represents a hydrogen atom a hydroxyl group
a -CH err] OH group, or afxral kyl group, provided that when ‘one of Rl err] and
Rlerr] is a hydrogen atom the other is not a hydrogen atom Detail ed
Description of the Invention As ingredient (a) for use in the present

I nvention, the nonohydric al cohol and/or the neopentyl polyol may be used
alone or as a mxture and, when used as a mixture, any desired mxing ratio
may be sel ected. The nonohydric al cohol of ingredient (a) has 4 to 18

o ot BBgpdhf MUBEL: O SALPALBAIE o TrRObubell BEEAL IR tatndbe

nore prefera dric aV|n not nore t car
atoms advepfgl i AfdRGin Al Vhieast abt tn)é’re\@l'én% (c), and the ester
prepared in Comparative Example B-15 is outside the scope of
the invention with respect to the proportion of the branched

carboxylic acid in the monocarboxylic acids of ingredient (c).

COMPARATIVE EXAMPLE B-16

In a 2-liter four-necked flask equipped with a stirrer,
nitrogen feed pipe, thermometer, and water separator with a
condenser were placed 312.5 g (3 mol) of neopentyl glycol,
354.4 g (3 mol) of hydroxypivalic acid, 390.6 g (3 mol) of
isoheptanoic acid, 432.6 g (3 mol) of 2-ethylhexanoic acid, and
5.16 g {0.027 mol) of p-toluenesulfonic acid monohydrate as an
esterification catalyst. The mixture was allowed to react at
200°C for 22 hours, while nltrogen was being fed lnto the flask
at a rate of 300 cm®/min and the water evaporated was belng
removed.

In this esterification reaction, the molar ratio of
neopentyl glycol, hydrbxypivalic acid, a monocarboxylic acid
mixture consisting of isoheptanoic acid and 2-ethylhexanoic
acid, was 1:1:2. The equivalent ratio of isoheptanoic acid to
2-ethylhexanoic acid was 50:50.

Subsequent treatments were conducted in the same manner
as in Example A-1 to thereby prepare an ester shown in Table 7.

COMPARATIVE EXAMPLE B-17

In a 2-liter four-necked flask equipped with a stirrer,

nitrogen feed pipe, thermometer, and water separator with a
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t he use of ‘monohydri c al cohol's having not |ess than 19 carbon atons results
in a decrease in conpati-hi'lity with chlorine-free hydrofl tiorocar bon
refrigerants. This nmonohydric al cohol includes a |inear nonohydric al cohol
and a branched nonohydric al cohol, but it is necessary that the branched
nmonohydri c al cohol account for not |ess than 50 nol % of all the nonohydric
al cohol ingredient. The branched nonohydric al cohol content thereof is
preferably not |l ess than 70 nol % nore preferably not |ess than 80 nol %

glngo[\nc))ISt 8%?’%&?%?% g’%et m%@%§&; s‘af/?éréct g‘li)) res%%%o& %%?afned

1N FesPethel g I OLPIY SR B Ui AU GBI GHAL et 2 I gerr g
mol) of isoheptanoic acid, 269%.8 g (1.7 mol) of 3,5,5-
trimethylhexanoic acid, 124.9 g (0.86 mol) of adipic acid, and
5.42 g~(0.028 mol) of p-toluenesulfonic acid monohydrate as an
esterification catalyst.' The mixture was allowed to react at
'200°C for 22 hours, while nitrogen was being fed into the flask
at a rate 6f 300 cm®*/min and the water evaporated was being
removed.

In this esterification reaction, the molar ratio of
neopentyl glycol, dimethylolpropionic acid, a monocarboxylic
acid mixature consisting of isoheptanoic acid and 3,5,5-
trimethylhexanoic acid and adipic acid was 10:10:14:3. The
equivalent ratio of isoheptanoic acid, 3,5,5-trimethylhexanoic
acid and adipic acid was 40:30:30.

Subsequent treatments were conducted in the same manner
as in Example A—i to thereby prepare a complex ester shown in
Table 7.

In Tables 1 to 7, the following abbreviations are used ™
for the respective ingredients used in Examples A-1 to A-28 and
Comparative Examples B-1 to B-17.
<Monohydxic Alcohols of Ingredient (a)>

bC4: 2-methyl-l-propanol e -
bC5: 2-methyl-l-butanol This Sheet Has Been ﬂ
|

AW

bC7: ischeptanol
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Exanplé§ of "the |inear menohydric al cohol include 1- butanol, 1-pentanol,
1- hexanol , 1-heptanol, 1-‘o¢tanol, 1- nonanol, 1-decanol, 1-dodecanol,
1-tridecanol, 1-tetradecanol, 1-hexadecanol, and 1-octadecanol. Exanples of
the branched al cohol include 2-nethyl-1- propanol, 2-nethyl-2-propanol,
2- et hyl - 1- but anol, 2-ethyl -1-. propanol, 2-nethyl-1-pentanol,
2, 2-di met hyl - 1- but anol, 2-
bC8: 2-ethyl-l-hexanol
bC9: 3,5,5-trimethyl-l-hexanocl
bCl0: 1l-isodecanol '
bC13: 1l-isotridecancl
bCl4: isotetiadecanol
bC18: isooctadecanol
bC20: isoeicosanol
nC3: l-propanol
nC4: l-butanol
nC7: l-heptanol
nC8: l-octanol
<Neopentyl polyols of Ingredient (a)>
NPG: neopentyl glycol
TMP: trimethylolpropane
PE: pentaexythritol
DTMP: ditrimethylolpropane
DPE: dipentaerythritol ...
TPE: tripentaerythritol
<Starting Materials for Hydroxycarboxylic Acid Condensates of
Ingredient (b)>
HC5: 3-hydroxy-2,2-dimethylpropanocic acid
DHC5: 2,2-dimethylolpropanoic acid
2HC4: 2-hydroxyisobutanoic acid

<Monocaiboxylic Acids of Ingredient {c)>

bC4: 2-methylpropionic acid

bC3: 2-methylbutancic acid This Sheet Has Been Reﬂlaced
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met hyl ¥ 2- et*hyl - 1- propanal.,. 2- et hyl - 1- hexanol , 2, 2-di net hyl -1- pentanol ,
2- met hyl - 2-et hyl - 1- but anot, 1-i'soheptanol, 2-ethyl-1- hexanol,
2, 2-di met hyl - I - hexanol , 2-met hyl - 2-et hyl - 1- pentanol, 1-isooctanol,
3,5,5-trimethyl -1-hexanol, 1-isononanol, 1- isodecanol, isododecanol,
I sotridecanol, isotetradecanol, isohexadecanol, and isooctadecanol. From
the standpoints of the thermal stability and oxidation stability, the
nonohydri ¢ al cohol preferably has a primary hydroxyl group, and nore
preferably has thergpspofedt Okt ¥AS Bep@6iriean inn acelcatdaored ovitle ASTM
hydr oxyl group which
D-2670, while HFC- 134a was being blown into the sample at a
rate of 150 ml/min. The sample temperature was kept at 100°C
and the tester was first preliminarily run at a load of 150 1b
..for 1 minute and then run at a load of 250 1b for 2 hours. The
wear amount of the pin was measured at the end of the testing.
For reference, the following samples C-1 to C-3
commercially available as refrigerating machine lubricating
oils were also tested. The results are also given in Tables 8
and 11.
C-1: polyoxyalkylene glycol
(ISO viscosity grade: VG56)
C-2: mineral oil-based refrigerator oil
(IS0 viscosity grade: VG32)

C-3: alkylbenzene-based refrigerator oil

(ISO viscosity grade: VG46)

i rm
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c&r borr? at om does not have~a hydrogen atom bonded thereto. It is also
desirable for obtaining good hydrolytic stability that the nonohydric

al cohol have a side chain bonded to the carbon atomat the 2-position in
relation to the hydroxyl group. Further, fromthe standpoint of the
conpatibility with chlorine-free hydrofluorocarbon refrigerants, it is
preferred that the al kyl group of the al cohol has a nethyl group or an
ethyl group as a side chain. Consequently, a branched al cohol having two
met hyl or ethyl groups bonded to the carbon atomat - 8 -
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the 2-position in relation to the hydroxyl group is‘especially superior to
ot her nonohydric alcohols in the thermal stability, the oxidation
stability, the hydrolytic stability, and the conpatibility W th '
chlorine-free hydr of | uor ocarbon refrigerants. Exanples of the neopentyl

pol yol of ingredient (a) for use in the present invention include neopentyl
glycol, 2,2- :
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di'et hyl*- 1, 3- propanedi ol , ... 2-butyl -2-ethyl -1, 3- propanedi ol ,
trimet hyl ol ethane, trinethylol propane, trinethyl ol butane, and
pentaerythritol. Oher-exanples thereof further include dehydrated
neopentyl polyol condensates represented by ditrinethylol propane,
tritrinethyl ol propane, dipentaerythritol, and tripentaerythritol. The
degree of condensation of such a dehydrated condensate can be determ ned
according to the viscosity required for the synthesized ester. The
neopentyl polyol of ingredient (a) has not nore than 30 carbon atons. The
nunber of carbon atons thereof is
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preferdbly 5 to 24, nore.preferably 5 to 18. Use ‘of a neopentyl polyol
havi ng nore than 30 carbon atons results in a decrease in t he
conpatibility W th chl ori ne-free hydrofl uorocarbon refrigerants.

Al t hough neopentyl polyols having two or nore hydroxyl groups are usable,
ones having three or nore hydroxyl groups are preferred fromthe standpoint
of lubricity. The hydroxycarboxylic acid condensate of ingredient (b) for

use in the present invention have an average degree of - 9 -
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pol ynmeri zation of not |egs than 1.2, preferably 1.5%0 20, nore preferably
2.0 to 15. If the degree of polynerization thereof is less than 1.2,
insufficient lubricity results. Exanples of the hydroxycarboxylic

acid which constitutes the hydroxycarboxylic acid condensate include 4-
hydr oxybut anoi ¢ aci d, 4-hydroxy-2-net hyl butanoi ¢ aci d, 5- hydroxypentanoic

aci d, hydr oxypi val i c aci d, 2, 2-
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di‘met hyl ol pr opi oni ¢ aci d+ and 2- hydr oxyi sobut anoi ¢ acid. Al so usable are

| act ones and | acti des which both are dehydrated condensates of the

above- enuner at ed hydroxycarboxylic acids. Fromthe standpoints of the
thermal stability and oxidation stability, the hydroxycarboxylic acid
preferably has a primary hydroxyl group, and nore preferably has the carbon
atomat the 2-position in relation to the hydroxyl group which carbon atom
does not have a hydrogen atom bonded thereto. Fromthe st andpoi nt of

t he hydr ol ytic stability, t he hydroxycart®xylic acid preferably has
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preferably has the 2-posjtion carbon atom i.e., thescarbon atom adj acent
to the carboxyl carbon, has one or nore al kyl groups. Further, fromthe
st andpoi nt of conpatibility with chlorine-free hydrofl uorocarbon
refrigerants, it is especially preferred that the al kyl group(s) of the
hydr oxycar boxylic acid be nethyl or ethyl. Exanples of such

hydr oxycar boxyl i ¢ acids include those represented by fornula (1): - 10 -
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[err] Wwherein Rlerr] and:Rlerr] each represents a hydrogen atom a hydroxyl
group, a -CH err]OH group, or an al kyl group, provided that when one of
Rlerr] and Rlerr] is a hydrogen atomthe other is not a hydrogen atom
Preferably Rerr] and Rl err] each is a methyl group, an ethyl group, a
hydr oxyl group, and a -CH err] OH group. The nost suitable are

hydr oxycar boxyl i ¢ aci ds havi ng a neopentyl skeleton, wth which good
results are obtained in regard to the thernal
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stability, the oxidation stability, the hydrolytic sfhbility, and the
conpatibility with chlorine-free hydrofl uorocarbon refrigerants. Fromthe

standpoints of the lubricity and | ow tenperature fluidity, it is
desirabl e t hat a di hydroxycarboxylic acid be contained in an anount
of 10 nol % or nore, especially 20.nol % or nore. Further, fromthe
st andpoi nt of the hydrolyti @ablalli|ity, the hydroxycarboxylic acid

preferably has one or nore side chains bonded to the 2-position carbon

atom i.e., the carbon atom adjacent to the_ hydroxyl group.
Example

Composmtlon A-29 A~-30 A~31

Ingredient (a)(eg.ratio)
bC4 - - -~
bCs - - -
bCé - - ~
bC7 - - 100
bC8 - - -
bC9 100 50 -
bC19 - 50 -
bC13 - - -
bCis - - -
nC4 - - -
nC7 - - -
nCs8 - - -
Ingredient (b)
HC5/DHC5/2HC4
{molar ratio) 1/2/0 1/2/1 0/3/1
Average degree of

polymerization 2.5 2.0 3.0
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Exanpl és of such a hydrexycarboxylic acid include t'hose represented by
formula (2): - 11 - [err] wherein R err] and Rerr] each represents a
hydrogen atom a hydroxyl group, or an al kyl group, provided that when one
of Rlerr] and Rerr] is a hydrogen atom the other is not a hydrogen atom
Most

Table 4 (cont’d}

Example
Composition A-29 A-30 A-31

Ingredient {c)(eq.ratlio)
bC4 - - -
bC5 100 - 100
bCé - - -
bCc7 - - -
bCs - - - .
bC9 - 100 -
bC13 - - -
bCi4 - - -
bC1i8 - - -
nC4 - - -
nCé - - -
nC8 - - -
Ingredients (a)}/{(b)/(c)
(molaxr ratio) 3/3/8 1/1/2 10/4/19
Acid value
{mgKOH/g) 0.05 0.03 0.02
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preferably Rlerr] and Riestr] each is methyl, ethyl, -and hydroxyl, with

whi ch good results are obtained in regard to the hydrolytic stability.
Speci fi c exanpl es thereof include 2-hydroxybutanoic acid,

2- hydr oxyi sobut anoi ¢ aci d and 2-hydroxypentanoic acid. In the present

i nvention the hydroxycarboxylic acid condensate of ingredient (b) can be
used in any desired proportion as long as the performances of the ester to
be yielded are not adversely affected. In general, however, the adequate
anount of ingredient (b) to be used is about 0.2 to 20 nol per nol of the
nmonohydri c al cohol or neopentyl polyol of
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i ngredi‘ent (a). The nonecarboxylic acid of ingredient (c) for use in the
present invention have 4 to 18 carbon atons. The nunber of carbon atons
thereof is preferably 4 to 13, nore preferably 4 to 10. The use of a
nonocar boxylic acid having not nore than 3 carbon atons produces an adverse
i nfl uence on the hydrolytic - 12 -
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stabili'ty and enhances cerrosi veness, whereas the use~of a nonocarboxylic
aci d having not |less than 19 carbon atons results in a decrease in the
conpatibility with chlorine-free hydrofluorocarbon refrigerants. The
nonocar boxylic acid of ingredient (c) includes a |linear nonocarboxylic acid
and a branched nonocarboxylic acid, but it is necessary that the branched
nonocar boxylic acid account for not |ess than 50 nol % of all the

nonocar boxylic acid ingredient.. The branched nonocarboxylic acid content
thereof is preferably not less than 70 nol % nore preferably
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not |ess than 80 nol % and nost preferably not less than 90 nol % If the
branched nonocarboxylic acid content is |less than 50 nol % satisfactory
results are not obtained with respect to the hydrolytic stability and the
conpatibility with chlorine- free hydrofluorocarbon refrigerants. Exanples
of the linear nonocarboxylic acid include butanoic acid, pentanoic acid,
hexanoi ¢ aci d, heptanoic acid,
| auric acid,
acid, stearic acid, and the anhydrides of these acids.

undecanoi ¢ aci d,

Table 6 (cont'd)

Example

Comparative

o))
1
48]

B-~-8

Conmposition

Average degree

. 1.0

300

of polymerization 5.0

Ingredient (c)(eq.xatio)

40

bCé6

oct anoi ¢ aci d, nonanoic acid, decanoic acid,
tridecanoic acid, nyristic acid, palmtic

_ 40 -
100 100
- 60 -
- 30 -

50
50

100
70 20 -
60 -

30

bC7
bC8
bC9
bC10
bC13
bCl4
bCl18
bC20
nC3
nC8
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Exanpl €s of the branchedfﬁonocarboxylic aci d i ncl ude2- met hyl pr opanoi ¢
acid, 2-nethyl butanoic acid, 3-nethyl butanoic acid, 2,2-dinethyl propanoic
acid, 2-nethyl pentanoic acid, 3- nethyl pentanoic aci d,

4- et hyl pent anoi ¢ aci d, 2, 2- di net hyl but anoi c aci d,
2- et hyl but anoi c aci d, 3, 3- dinet hyl but anoi ¢ aci d,
2, 2-di met hyl pent anoi ¢ acid, 2-nethyl-2- et hyl but anoi c aci d,

2,2,3-trinethyl butanoic acid, 2-
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et hyl péntanoi ¢ acid, 3-ethyl pentanoic acid, 2-nethyl‘hexanoic acid,

3- net hyl hexanoi ¢ aci d, 4-nethyl hexanoic acid, 5-° nmethyl hexanoic acid,

i sohept anoi ¢ acid, 2-ethyl hexanoic acid, 3,5-dinethyl hexanoic acid,

2, 2-di net hyl hexanoic acid, 2- nethyl heptanoic acid, 3-nethyl heptanoic
acid, 4-nethyl heptanoic acid, 2-propyl pentanoic aci d, i sooct anoi ¢
aci d, 2, 2- dinethyl heptanoic acid, 3,5,5-trinethyl hexanoic acid, 2-
met hyl oct anoi ¢ aci d, 2-ethyl heptanoic acid, 3-nethyloctanoic acid,

i sononanoi ¢ aci d, neononanoi ¢ acid, 2, 2-dinethyloctanoic acid,

2- met hyl - 2- et hyl hept anoi ¢ aci d, 2-nethyl-2-propyl hexanoic .
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acid, i'sodecanoic acid, m&odecanoic acid, isotridecanuic acid, isonyristic
acid, isopalmtic acid, isostearic acid, and the anhydrides of these acids.
Preferred branched nonocarboxylic acids are those having an al kyl branch
bonded to the 2-position carbon atom i.e., the carbon atom adjacent to the
car boxyl group. Fromthe standpoi nt of = the conpatibility = wth
chlorine-free hydrofluorocarbon refrigerants, it is preferred that the

al kyl branch of the carboxylic acid is a gethyg group or an ethyl group.
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The amount of the above-descri bed nonocarboxylic acid of ingredient (c) for
use in the present invention may be suitably determ ned according to the
ki nds of the nonohydric al cohol or neopgpiglg pol yol, ingredient (a), and of

t he hydroxycarboxylic acid condensate, |ngred|ent (b), etc., as | ong as
the performances of the ester to be yielded are not adversely affected.
Kinematic wviscosity Pour
{eSt) point Volune

resistivity

Example at 40 °C at 100 °C °c (Recm)
A-1 21.7 4.09 -70 7.4 x 10%
A-2 59.7 7.15 -60 5.9 x 108
A-3 81.0 8.60 -55 1.1 x 10%
A-4 122.1 11.6 -50 2.1 x 10
A-5 151.8 13.4 -45 1.8 x 10%
A-6 203.2 15.8 ° -35 6.8 x 1033
A-7 159.7 13.6 ~49 4.0 x 103
A-8 256.8 18.9 -30 1.4 x 10%
A-9 360.3 22.6 -25 6.9 x 10
A-10 28.3 4.75 -65 3.2 x 10
A-11 97.8 9.88 -50 9.6 x 103
A-12 102.3 10.2 -45 5.6 x 10%3
A-13 80.5 8.62 ~55 +1.8 x 10%
A-14 74.6 8.76 -55 ; 6.5 x 10%
A-15 126.1 11.8 -45 2.1 x 104
A-16 204.9 16.1 -35 7.4 x 10
A-17 78.0 8.60 -60 1.5 x 10%
A-18 : 310.9 20.9 -30 2.9 x 10%
A-19 411.7 25.3 -25 2.3 x 104
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Thee est’er for use in the-gresent invention is prepared by reacting the
above-described ingredients (a) to (c) in an ordinary way. This ester may
be used as a lubricating oil to bepidp3gdgwWddataqaghl ori ne-free

hydr of | uorocarbon refrigerant, either alone or as a mxture with other

| ubricating oil. Exanples of other lubricating oil include naphthene-based
m neral oils, paraffi xibasedonwvhereditgi | s, Peoky([err]-olefin)s,

al kyl benzenes, esters othergéﬁﬁn that for ysg,in thegoprssent invention,

pol yoxyal kyl ene gl ycol's; vorinated oils represented by fluorinated
p0| yet her s. resistivity

Example at 40 °C at 1090 °C °C - {(R°cm)

A-20 196.8 18.1 -60 8.9 x 1p¥?
a-21 , 48.3 6.97 ~55 7.6 x 10%¥
A~-22 366.9 27.3 ~45 2.1 x 1p%
a-23 89.7 10.8 -50 9.6 x 10%3
A-24 220.6 18.9 -40 3.6 x 10%
A-25 280.5 22.6 -45 2.8 x 10
A-26 210.2 18.8 ~-35 7.8 x 10%3
A-27 310.6 21.3 -30 1.4 x 10
A-28 371.2 22.1 -25 6.8 x 10%
A-29 123.4 14.0 . -50 1.2 x 104
A-30 158.6 13.5 -490 4.2 x 10%
A-31 358.3 22.4 -25 7.1 x 10%¥
A-32 169.9 14.9 ~45 ‘9.4 x 10%
A-33 97.5 11.0 -45 5.8 x 10
A-34 63.3 8.17 ~55 1.6 x 10%
A-35 340.0 55.5 ~30 6.5 x 10%3
A-36 - 153.8 13.4 -40 1.2 x 10%
A-37 460.4 26.8 -25 9.8 x 100
A-38 385.1 25.3 -25 6.7 x 10%°
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Wien the ester for use in the present
| ubricating oil the proportion of the ester

invention is m.xed with such ot her
in the m xture i s not

particularly Iimted as |ong as performmiees i ncluding the hydrolytic

stability and the conpati bi
proportion thereof is Rotempbss wisgasigwo by #edght

ity with chlorine-free hydrofl uorocarbon ref
rigerants are not adversely affected. In general, however,

t he adequate

preferably not

| ess t han

30% by wei ¢twwa B i§ePr ef er ablyrnot | ess 50%binevei ghvorukide synt hetic
Iubrlcatln%_0|l of the present Tnvention

esistivity

Example

B-1
B~2
B-3
B-4
B-5
B-6
B-7
B-8
B-9
B-10
B-11
B~12
B~13
B~14
B-15
B-~-16
B~17
Cc-1
c-2
Cc-3

at 49 °Cc at 100 °C °C _(Qc*cm)
142.3 12.7 -45 1013
60.2 7.42 -60 2.2 x 10%
176.2 15.2 -40 10
14.3 3.18 -70 10
10.4 2.62 ~65 10%
68.1 8.02 -55 104
217.1 16.2 -50 1.3 x 10%
224.2 16.6 -50 1043
202.1 16.3 -55 10%
310.5 25.5 -45 1083
107.5 . 12.8 -35 10%
45.5 7.15 -15 1083
75.3 | 8.23 -50 10%
147.8 13.1 -40 10%
166.2 14.2 -45 10
21.4 4.05 -65 10%
164.1 14.6 -55 101
56.0 10.9 -45 107
29.8 4.2 -45 10%®
46.0 5.92 -45 104
27~ 49 -~
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| ubricity

Ki nemati c

Ensuf ficient
-than 150 cSt are al so undesirabl e

wi th chl orine-free hydrofluorocarbon refrigerants
refrigerating

nore preferably 2 to 50 cSt

y
In the working fluid conmposition for

has a kinematic viscosity.at 100[err]C of 1 to 150 ¢St (10[err] nferr]/s),
Ki nematic viscosities of nore

preferably 1.5 to 100 cSt,
vi scosities below 1 ¢St are undesirabl e because

results.
because the conpatibilit

IS I npaired.
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preferably
etc.

rati o of thé
i nvention to a chlorine-free

is generally from1:99 to 99:1,

t he weight
i nvention include HFC 134a,

Any one of such chlorine-free hydrofl uorocarbons or

nore thereof nay be suitably selected according to

a cooling tenperature,

t he shape of a cooling device,

i nventi on,

of the present

and HFC-125.

a mxture of two or

from5:95 to 70: 30. Exanples of the chlorine-free hydrofluorocarbon for use
_applications,

in the working fluid conposition of the present

machi nes according to the:present

synt hetic lubri.cating oil
hydr of | uor ocar bon refri gerant

HFC- 32,
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For fuYther inproving thé.perfornmances of the syntheti-c lubricating oil of
the present invention, conventionally known additives for refrigerating
machi ne oils nmay be added thereto al one or in combination of two or nore
thereof if necessary. Exanples of such additives include an oxidation

i nhibitor, an extreme-pressure agent, and a netal deactivator. The anpunt
of such additives to be incorporated is usually not nore than 10% by

wei ght, preferably not nore than 5% by wei ght, based on the total anmount of

the refrigerating machine oil. The synthetic lubricating oil of the present
I nventi on
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t he present
chl orine-free

whi ch conprises the synthetic
of

16

i nvention and any

in the electric insulating property and-t-he hydrol ytic
of the present

stability and can have any of various viscosities in a w de range.
the working fluid conmposition of

i nvention for refrigerating nmachines,

I s excel | ent
Furt her nore,

| ubricating oil
hydr of | uor ocar bons
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illustrated bel ow
536.6 g (4

EXAMPLE A-1 (1) Preparation of

be
and water separator with a

shows good conpatibility over

i nvention wll
and 3.4 g (0.018

t her nonet er,

and HFC- 125,
condenser were placed 236.3 g (2 nol) of hydroxypivalic acid,

‘The present

by reference to Exanples.
Hydr oxycar boxylic Acid Condensate In a 1-liter four-necked fl ask equi pped

HEC- 32,
nitrogen feed pipe,

represehted by HFC 134a,
a W de tenperature range.
nol s) of di nethyl ol propi onic acid,

in nore detai
with a stirrer,
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mol ) of* p-tol uenesul f oni c:;aci d nonohydrate as an esterification catal yst.
The m xture was allowed to react at 120 to 150[err]C while nitrogen was
being fed into the flask at a rate of 300 cnferr]/mn and the acid val ue
was neasured at adequate intervals. Wien the acid value of the reaction
product reached 305 ngKOH g, the flask was cool ed to term nate the

reaction. The anmount of th roduce ter col ect in the water separator
was 36 m, and the aVEr&gE (iagg’r’éévaBEe%% ffﬁe]rji 4 Q’E petets for

hy_daoxylcar boxxki €n aGieds¢OiHRAS A B NCERMEE GRS E Jth% §§e§él{1§lihaéﬁ§iofnr om t he
act vatte. have a wide range of viscosities, have a pour point of not more
than -25°C, are compatible with HFC-134a at not more than -30
°C in a low temperature side and at not less than +80 °C in a
high temperature side and with a mixed refrigerant containing
HFC-32 not moxre than -20 °C in a low temperature side and at
not less than +80 °C in a high temperature side, have a volume
resistivity as high as 10 to 10 Qcm, and suffer only slight
increases in acid value through the hydrolytic stability test.

As described above, the synthetic lubricating oil of
the present invention is excellent in the electric insulating
property and the hydrolytic stability. Further, the working
fluvid composition of the present invention for refrigerating
machines, which comprises the synthetic lubricéting oil of the
present invention and a chlorine-free hydrofluorocarbon
refrigerant, shows exceedingly good compatibility in a wide
temperature rangé and in a wide range of wviscosities of the
synthetic lubricating oil of the present invention and has
extremely good properties.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.
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(2) Preparation of Ester 7I-h a 2-liter four-necked f1ask equi pped with a
stirrer, nitrogen feed pipe, thernoneter, and water separator with a
condenser were placed 52.9 g (0.6 nol) of 2-methyl-1-butanol, 280.8 g (2.4

nol ) of isoheptanol, 551.9 g (3 nol) of the hyfu ?}Hu&nﬂEH"LﬁﬂnCId

condensate obtained in (1) above and having an
1. A synthetic lubricating oil comprising an ester

pol yneri zation of 1.5, 245 (2.4
WHAT IS CLAIMED I

derived from (a) a monohydric élcohol having 4 to 18 carbon
atoms which has a branched alcohol content of not less than 50
mol% and/or a neopentyl polyol having not more than 30 carbon
atoms, (b) a hydroxycarboxylic acid condensate having an
average degree of polymerization of not less than 1.2, and {(c)
a monocarboxylic acid having 4 to 18 carbon atoms which has a
branched carboxylic acid content of not less than 50 mols%.

2. A synthetic lubricating oil as claimed in claim 1,
wherein the branched alcohol has a methyl group or an ethyl
group as a side chain.

3. A synthetic lubricating oil as claimed in claim 2,
wherein the branched alcohol has a methyl or ethyl group bonded
to the carbon atom at the 2-position in ielatioﬁ to the
hydroxyl group. .

4. A synthetic lubricating oil as claimed in claim 1,
wherein the neopentyl polyol of ingredient (a) is a compound
selected from the group consisting of neopentyl glycol,
trimethylolethane, trimethylolpropane, ditrimethylolpropane,
tritrimethylolpropane, trimethylolbutane, pentaexrythritol,
dipentaerythritol, and tripentaerythritol.

5. A synthetic lubricating oil as claimed in claim 1,
wherein the hydroxycarboxylic acid condensate is a condensate

of a hydroxycarboxylic acid represented by formula (1)£
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mdl ) of 2-nethyl butanoic acid, 468.7 g (3.6 nol) of isoheptanoic acid, and
6.02 g (0.032 nol) of p-toluenesulfonic acid nonohydrate as an
esterification catalyst. :The m xture was allowed to rgact at 200[err]C for
22 hours while nitrogen was being fed into the flask at a rate of 300
cnferr]/mn and the distillate water was being renoved. In the above
esterification reaction, the nolar ratio of ingredient (a) (a nonohydric
al cohol m xture consi sting of 2-nethyl-1-butanol and i sohept anol ),
i ngredi ent (b) (hydroxycarboxylic acid condensate) and—ingredi ent (c) (a
rl

RN 0 A

HOCHo~-C-COOH (1)
L

Nttty

R2

‘wherein R! and R? each represents a hydrogen atom, a hydroxyl
group, a -CH,0H group, or an alkyl group, provided that when
one of R! and R? is a hydrogen atom, the other is not a hydrogen
atom.

6. A synthetic lubricating oil as claimed in claim 5,
wherein the hydroxycarboxylic acid condensate is a condensate
of a dihydroxycarboxylic acid or a condensate of the
dihydroxycarboxylic acid with another hydroxycarboxylic acid
represented by formula (1).

7. A synthetic lubricating oil as claimed in claim 6,

wherein the dihydroxycarboxylic acid_}s dimethylolpropionic
L3

acid.
8. A synthetic lubricating oil as claimed in claim 1,
wherein the hydroxycarboxylic acid condensate is a condensate

of an 2-hydroxycarboxylic acid represented by formula {2):

r3
!

HO-C—-CQOH (2)
; .

ré K3
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nonocar’boxyl i ¢ acid m xture consisting of 2-nethyl butanoic acid and

| sohept anoic acid) was 1:1:2. In ingredient (a), the equivalent ratio of
2-met hyl - 1- butanol to isoheptanol was 20: 80. In ingredient (c), the
equivalent ratio of 2- nmethylbutanoic acid to isoheptanoic acid was

40: 60. After conpletion of the reaction, distillation was conducted at
200[err]C for 8 hours under reduced pressure (10 nmHg) in order to renove
the unreacted acids and | ow boiling substances. The reaction product
obtained as a residue after the distillation was_neutralized wth 10 wt %

S ol T A0 O

wherein R3 and R‘ each represents a hydrogen atom, a hydroxyl
group, or an alkyl group, provided that when one of R® and R*
is a hydrogen atom, the other is not a hydrogen atom, or
represents a condensate of the 2-hydroxycarboxylic acid with
anothexr hydroxycarboxylic acid represented by formula (1}.

9, A gsynthetic lubricating oil as claimed in claim 8,
wherein the 2-hydroxycarboxylic acid is 2-hydroxyisobutanocic
acid.

10. A synthetic lubricating oil as claimed in claim 1,
wherein the branched monocarboxylic acid has a side chain
bonded to the 2-position carbon atom.

11. A synthetic lubricating oil as claimed in claim 1,
wherein the branched monocarboxylic acid has a methyl or ethyl
group as the side chain.

12. A synthetic lubricating oil as claimed in claim 1,
wherein the molar ratio of ingredient (a) tc ingredient (b) is
from 1:0.2 to 1:20.

13. A woxrking fiuid cémposition for a refrigerating
machine which comprises a synthetic lubricating oil and a
chlorine-free hydrofluorocarbon in a weight ratio of froﬁ 1:99
to 99:1, the synthetic lubricati&g cil comprising an estex
derived from {(a) a monohydric alcohol having 4 to 18 carbon
atoms which has a branched alcohol content of not less than 50
mol% and/or a neopentyl polycl having not more than 30 carbon

atoms, (b) a hydroxycarboxylic acid condensate having an

]



hydr oxi de solution;_mashed'mrth mater and then dehydrated at 90[err]C for
1 hour under reduced pressure (10 :

added 20 g |
of activated clay. The mixture was stlrriﬂuﬂ ﬂu M"Eﬂ 1 hour and then
filtered to prepare an ester having an a ngKOH g. Table 1

sunmmari zes the conposition of each of |ngred|ents a), (b), and (c), the

mol ar ratio g@erage degree of polymerization of not less than 1.2, and (¢)

a monocarboxylic acid having 4 to 18 carbon atoms which has a
branched carboxylic acid content of not less than 50 mols%.

14. A working fluid composition as claimed in claim
13, wherein the Qeight ratio of the synthetic lubricating oil
to the chlorine-free hydrofluorocarbon is from 5:35 to 70:30.

15. A working fluid composition as claimed in claim
13, wherein the chlorine-free hydrofluorocarbon is 1,1,1,2-
tetrafluoroethane, difluoromethane, or 1,1,1,2,2~

pentafluoroethane.
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i fgredi*fents (a)/(b)/(c), -@and the acid value of the ester prepared.

Hydr oxycar boxylic acid condensates having the average degrees of

pol yneri zation shown in Table 1 were prepared in the same nanner as in
Exanpl e A-1 except that the nolar ratio of hydroxypivalic acid to

di et hyl ol propionic acid was changed as shown in the table. By using

i ngredient (b) consisting of each of the above condensates i ngredients (a)
consi sting of the nonohydr L L% he tabl e, and t he

ingredients (c) congisyhiRgeQf 1hHE JIRAAGANOXYDLLRE! s sshOWdAAvERE table
' from (a) a monohydric alcohol having 4 to 18 carbon atoms which
has a branched alcohol content of not less than 50 mol% and/ox
a neopentylpolyol having not more than 30 carbon atoms, (b) a
hydroxycarboxylic acid condensate having an average degree of
polymerization of not less than 1.2, and {c) a monocarboxylic

acid having 4 to 18 carbon atoms which has a branched

carboxylic acid content of not less than 50 mol%.
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the nolar ratio shown in the table, the estg
prepared in the same mannér as in Exanpl e A-
N\ Hydr oxycar boxyl i ¢ aci d condensates having tH
pel ymeri zation shown in Tables 1, 2, 3, 4 and
manner as in Exanple A-1 except t hat hydr oxyp
di met hyl ol propi oni c aci d and 2- hydr ox

Hﬁ TS

r E %ﬁgﬁm %j‘éﬁ Vier & o

é er1 a.gleI ?-e‘ og ?%g“d £
EE dw?? Fﬁe“sams
aC ﬂ;v tO pﬂé,'u .....

ylsobutan0|c aci d

shown in the tables. By using ingredients (

) DRASFE iGF iRECEIPT.

condensat es,

i ngr edseRTARCeE £OBRESATRHGODIEN AN WIRKING BLEAH0T S Of

COMPOSITION FOR REFRIGERATING MACHINE

FIELD OF THE INVENTION

The present invention

relates to a synthetic

lubricating oil, particularly a synthetic lubricating oil for

use as a refrigerating machine oil in refrigerating machines

employing a chlorine-free hydrofluorocarbon as the refrigerant.

The invention further relates té

a working fluid composition

for refrigerating machines which comprises the lubricating oil

and a chlorine-free hydrofluorocarbon.

BACKGROUND OF THE INVENTION

Compre551on—type

refrigerating

machines have

conventionally employed chlorofluorocarbon refr:.ge:r:ants such as

CFC-11 (CC1.F,

dichlorodifluoromethane),
CFC-115

fluoromethane), and

fluorxoethane). However,

trichloromonofluoromethane),
HCFC-22
(CFsCC1F,,

the use of

CFC-12 (CCL,F,,

(CHC1F;, monochlorodi-
monochloropenta-~

chlorofluorocarbons

including CFC-12 has been restricted since they cause ozone

layer depletion,

its use so far because of its less

Although HCFC-22 has not been restricted in

ability to deplete the ozone

layer, the use thereof will be restricted in the future.

As substitutes for these chlorofluorocarbons, chloxine-

free hydrofluorocarbons are coming to be used.

substitute for CFrC-12 is

tetrafluoroethane), which is

HFC-134a

Proposed as a

(CH,FCF;, 1,1,1,2-

similar in thermodynamic
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neopentyl polyols shown in Tables. 1, 2, 3, 4 and 5 and ingredients (c)
consi sting of the nonocarboxylic acids shown in Tables 1, 2, 3, 4 and 5
in the nolar ratio shown in the tables, the esters shown in Tables 1, 2, 3,
4 and 5 were prepared in the sanme nanner as in Exanple A-1. COVPARATI VE
EXAMPLES B-1 TO B-3 Hydroxycarboxylic acid condensates having the average

2
properties to CFC-12. Proposed as a substitute for HCFC-22 is

a mixed refrigerant which contains HPFC-32 (CH,F,,
difluoromethane) and is similar in thermodynamic properties to
HCFC-22.

A refrigerating machine oil is required to have various
performances, of which the compatibility with a refrigerant is
extremely important from the standpoints of the lubricity of
the o0il and the efficiency of the system. it is, however,
known that chlorine-free hydrofluorocarbon refrigerants

" represented by HFC-134a and HFC-32 are almost incompatible with
the refrigerating machine oils conventionally wused in
compression-type refrigerating systems, which oils contain a
naphthene-based mineral oil, paraffin-based mi;eral oil,
alkylbenzene, or the like as the base oil, and that the wbrking
fluids containing such chlorine-free hydrofluorocarbon
refrigerants undergo two-phase separation both in a low-
temperature side and in a high-temperature side.

If the two-phase separation occurs, the lubricating oil
is retained iﬁ the condense;-and expansion device, resulting in
a decrease of the efficiency of refrigeration and in
insufficient supply of the lubricating oil to the slide way in
the compressor. Since the defective lubrication causes
troubles including seizure of the compressor, the refrigerating
machine cannot be applicable to practical use.

Under these circumstances, various 1ubricatin§ oils

compatible with chlorine-free hydrofluorocarbon refrigerants
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degrees of polynerizatiom.shown in Table 6 were prepared_isn the sane manner
as in Exanple A-1 except tthat the nmolar ratio of hydroxypivalic acid to

di met hyl ol propionic acid was changed as shown in the table. By using

I ngredi ents (b) consisting of the above condensates, ingredients (a)

consi sting of the nonohydric al cohols shown in the table, and the

I ngredients (c) consisting of the nnnocarbgyylic acids shown in the table
in the nolar ratio shown in the table, the esters shown in Table 6 were
prepared i mdwe PEn Npropbsed.i N ERenplexadnpgle X Uhe. esRareniobtdei Hd 316

Conparative Exanples B-1 to B-3, the esters
proposes a lubricating oil based on a polyoxyalkylene glycol
having a specific molecular weight distribution and terminated
by a hydroxyl group at both ends. Although this lubricating
oil is compatible with HFC-134a in the temperature range of
from about -40°C to +50°C, the compatibility at higher
temperatures is necessary for practical use.

On the other hand, HF(C-134a is used mainly in home
refrigerators and automotive air-conditioners, and mixed
refrigerants containing HFC-32 are goint to be used mainly in
home air-conditioners and industrial refrigerating machines.
Home refrigerators and home air-conditioners are mostly of the
type in which the motor for driving the compresso£=is used in
a refrigerant-refrigerating machine oil mixture and, hencé, the
refrigerating machine o0il is required to have excellent
electric insulating property. However, the polyoxyalkylene
glycol has much poorer electric insulating property than the
conventional naphthene-based mineral oil and paraffin-based
mineral oil and also has high hygroscopicity. Consequently,
the polyoxyalkylene glycol is wunsuitable for use as 5
refrigerating machine oil for home refrigerators or home air-
conditioners.

In WO 90-12849, a polyol ester obtained from a
monocarboxylic acid and a polyhydric alcohol and a complex

ester obtained from a monocarboxylic acid, a polycarboxylic
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ohtai ned in Conparative Exanples B-1 and B-3 are outside the scope of the
present invention with respect to the nunber of carbon atoms of the
nonohydri ¢ al cohols of ingredient (a) and the nunber of carbon atons of the
manocar boxylic acids of ingredient (c), and the ester prepared in
Conparative Exanple B-2 is outside the scope of the present invention with
respect to the proportion of the branched al cqhol in the nonohydric al cohol
of ingredient (a) and the proportion of the bftanched carboxylic acid in the

nonocar boxybce dgcafldod pagpegieid {10ohdIOdARPHOYo So\MR EuBxr4 cating oils

for use with a chlorine-free hydrofluorocarbon refrigerant.

Further, as other lubricating oils for use with a
chlorine-free hydrofluorocarbon refrigerant, a polyol ester and
a complex ester each derived from a condensate of a
monohydroxycarboxylic acid with a dihydric neopentyl polyol and
from a mono- or dicarboxylic acid are proposed in the 4lst
Kobunshi Toron-kai (Sept., 1992; sponsored by the Society of
Polymer Science, Japan; Polymer Preprints, Japan, Vol.41,
No.1l1l, pp. 4703-4705). |

These proposed esters have iower hygroscopicity than
the polyoxyalkylene glycol and are well compatible with HFC-
134a in a wider temperature range than the pol&oxyalkylene
glycol. The esters also have good electric insulating
property, with their wvolume resistivities:being about 10 to
10 Qecm at B80°C, as described in EP 406,479-A1; such
resistivity values suffice for refrigerating machine oils for
use in refrigerators, home-air—conditioners, or the like.

Refrigerating machine oils are also required to be
supplied in various viscosity grades accoxrding to the kinds of
refrigerating machines, etc., and the oils currently in use are
mostly of IS0 viscosity grades VG8 to VG320. The complex
esters can provide esters which have good electric insulating
property and are of various viscosity grades.

However, since the above-described esters propésed in

the art are subject to hydrolysis in the presence of water,
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ln a 2-liter four-necked .fl.ask equi pped with a stirrer, nptrogen feed pipe,
t hernmoneter, and water separator with a condenser were placed 512.8 g (4
nol) of 2-ethyl-1-hexanol, 472.5 g (4 nol) of hydroxypivalic acid, 520.8 g
(4 nol) of isoheptanoic acid, and 4.56 g (0.024 nol) of p-tol uenesul fonic
aci d nonohydrate as an esterification catalyst. The mxture was allowed to
react at 200[err]C for 22 hours while nitrogfn was

there is a fear of corroding the refrigerating system. The
polyol esters can inhibit hydrolysis to a practically
acceptable level by employing a branched fatty acid as the
monocarboxylic acid as one of the starting materials. Although
being satisfactory in lubricity and in compatibility with HGC-
134a, the complex esters are inferior in hydrolytic stability
to the polyol esters. The poor hydrolytic stability of the
complex esters may be attributable to the fact that most of the
commercially available polycarboxylic acids are linear; the
bonded units derived from a linear polycarboxylic acid are
liable to hydrolyze.

The polyol esters and complex esters proposed so far
are also defective in that thelcompatibility thereof with a
mixed refrigerant containing HFC-32 is still insufficient,
although they are compatible with  HFC-134a almost
satisfactorily.

Furthermore, the esters proposed in the 41st Kobunshi
Toron-kai, for which a monohydroxycarboxylic acid was used as
one of the starting materi;ls, have the following drawbacks.
The proposed compounds have a molecular structure comprising
units of the ester of a dihydric alcohol with the
monohydroxycarboxylic acid and, in order to obtain a high-
viscosity ester, these units are bridged with a dicarboxylic
acid to give a complex estex. As a result, such high-viscosity
esters have poor hydrolytic stability 1like other complex

esters. When the bridging with a dicarboxylic acid is absent,
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being fed into the flask-at a rate of 300 cnferr]/mn and the water
evapor at ed was kept beitig renoved. In this esterification reaction, the
nolar ratio of 2- ethyl-1-hexanol (nonohydric alcohol), hydroxypivalic acid
(Rhydr oxycarboxylic acid) and isoheptanoic acid (nonocarboxylic acid) was
1:1: 1. Subsequent treatnents were conducted in the sane manner as in
Exanple A-1 to thereby prepare an esterg shown in Table 6. COVPARATI VE
EXAMPLE B-5 In a 2-liter four-necked flask equipped with a stirrer,

it is difficult to obtain a high-viscosity ester having good

compatibility with' chlorine-free hydrofluorocarbon

refrigerants.

SUMMARY OF THE INVENTION

Accordingly, an object of the présent invention is to
provide a sjnthetic lubricating oil which has excellent
compatibility with chlorine-free hydrofluorocarbon refrigerants
represented by HFC-134a, HFC-32 and HFC-125 (1,1,1,2,2-
pentafluoroethane) in a wide temperature range, and which is
excellent in electric insulating property and hydrolytic
stability and can be supplied in a wide range of viscosity
grades.

As a result of intensive studies made by éhe present
inventors in order to attain the above object, it has been
found that all of the above-described performances which are
required for a refrigerating machine o0il for use with a
chlorine-free hydrofluorocarbon refrigerant, can be satisfied
by using an ester synthesized from specific starting materials,
as a lubricatipg base 0il. The present invention has thus been
completed.

The present invention provides a synthetic lubricating
o0il comprising an ester derived from (a) a monohydric alcohol
having 4 to 18 carbon atoms which has a branched alcohol
content of not less than 50 mol% and/or a neopentyl polyol
having not more than 30 carbon atoms, (b) a hydroxycarboxylic

acid condensate having an average degree of polymerization of
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nitrogen feed pipe, thermpneter, and water separator w th_ .a condenser were
pl aced 416.6 g (4 nol) of neopentyl glycol, 576.8 g (4 nDF) of
2- et hyl hexanoic acid, 631.2 g (4 nol) of 3,5 5-trinmet hyl hexanoi ¢ acid, and
4.56 g (0.024 nol) of p- toluenesulfonic acid nonohydrate as an
esterification catalyst. The m xture was allowed to react at 200[err]C for
15 hours while nitrogen was being fed into the flask at a rate of 300
cnierr]/nin and the water evaporated was bei ng renoved.

not less than 1.2, and (c) a monocarboxylic acid having 4 to 18

carbon atoms which has a branched carboxylic acid content of

not less than 50 mol%.

DETAILED DESCRIPTION OF THE INVENTION

As ingredient (a) for use in the present invention, the
monohydric alcohol and/or the neopentyl polyol may be used
alone or as a mixture and, when used as a mixture, any desired
mixing ratio may be selected.

The monohydric alcohol of ingredient (a) has 4 to 18
carbon atoms. The number of carbon atoms thereof is preferably
4 to 13, more preferably 4 to 10. Monohydric alcohols having
not more than 3 carbon atomé adversely affect hydrolytic
stability, while the use of mondhydric glcohols having&ﬁbt less
than 19 carbon atoms results in a decrease in compatibility
with chlo;inélfree hydrofluorocarbon refrigerants.

This monohydric alcohol includes a linear monohydric
alcohol and a branched monohydric alcohol, but it is necessary
that the branched monohydric alcohol account for not less than
50 mol% of all the monohydric alcohol ingredient. The branched
monohydric alcohol content thereof is preferably not less than
70 mol%, more preferably not less than 80 mol%, and most
preferably not less than 90 mol%. If the branched monohydric
alcohol content is less than 50 mol$%, satisfactory results are

not obtained with =respect to hydrolytic stability and

compatibility with chlorine-free hydrofluorocarbon

refrigerants.
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In this esterification reaction, the nolar ratio of neopentyl glycol to a
nmonocar boxylic acid m xtdte consisting of 2-ethyl hexanoic¢ "acid and
3,5,5-trimethyl hexanoic acid, was 1:2. The equivalent ratio of

2- et hyl hexanoic acid to 3,5,5- trinethyl hexanoic acid was 50: 50. Subsequent
treatnments were conducted in the sanme manner as in Exanple A-1 to thereby
prepare an ester shown in Table 6. COVPARATI VE EXAMPLES B-6 TO B-9 The sane

procedures as in Conparative Exanple B-5 re
Examples of the linear monohydric alcohol include 1-

butanol, l-pentanol, 1l-hexanol, 1l-heptanol, 1l-octanol, 1~
nonanol, l-decanol, l-dodecanol, l-tridecanol, l-tetradecanol,
l1-hexadecanol, and l-octadecanol.

Examples bf the branched alcochol include 2-methyl-1-
propanol, 2-methyl-2-propanol, 2-methyl-l-butanocl, 2-ethyl-1-
propanol, 2-methyl-l-pentanol, 2,2-dimethyl-l-butanol, 2-
methyl-2~ethyl—l—propanoi, 2-methyl-l-hexanol, 2,2-dimethyl-1-
pentanol, 2-methyl~2-ethyl-l1-butanol, l-ischeptanol, 2-ethyl-1-
hexanol, 2,2-dimethyl-l-hexanol, 2-methyl-2-ethyl-l-pentanol,
l-isooctanol, 3,5,5~trimethyl-l-hexanol, l-isononanol, 1-
isodecanol, isododecanol, isotridecanol, isotetradecanol,
isohexadecanol, and isooctadecanol. °

From the standpoints of the thermal stability and
oxidation;stability, the monchydric alcohol preferably has a
primary'hydroxyi group, and more preferably has the carbon atom
at the 2-position in relation to the hydroxyl group which
carbon atom does not have a hydrogen atom bonded thereto. It
is also desirable for obtaining good hydrolytic stability that
the monohydric alcohol have a side chain bonded to the carbon
atom at the 2-position in relation to the hydroxyl group.
Further, from the standpoint of the compatibility with
chlorine-free hydrofluorocarbon refrigerants, it is preferred
that the alkyl group of the alcohol has a methyl group or an
ethyl éroup as a side chain. Consequently, a branched alcohol

having two methyl or ethyl groups bonded to the carbon atom at
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conducted except that .the neopentyl polyol and t-he nonocarboxylic
acids were changed in“the kind and the conposition’as shown in Table
6. The esters thus prepared are shown in the table. COVPARATI VE EXAMPLE
B-10 In a 2-liter four-necked flask equipped with a stirrer, nitrogen feed
pi pe, thernoneter, and water separator with a coridenser were placed 429.4 ¢
(3.2 nol) of trinethyl ol propane, 415.4 g (2.88 nol) of 2-ethyl hexanoic
acid, 454.4 g (2.88 nol) of 3,5,5-trinethy9hexanoic acid, 280.6 g (1.92

mol.) of aghll @-position in relation to the hydroxyl group is especially
suﬁerior to other monohydric alcohols in the thermal stability,
the oxidation stability, the hydrolytic stability, and the
compatibility with chlorine-free hydrofluorocarbon
refrigerants.
Examples of the neopentyl polyol of ingredient (a) for
use in the present invention include neopentyl glycol, 2,2-
diethyl-1,3-propanediol, 2-butyl-2-ethyl-1,3-propanediol,
trimethylolethane, trimethylolpropane, trimethylolbutane, and
pentaerythritol. Other examples thereof further include
dehydrated neopentyl polyol condensates represented by
ditrimethylolpropane, tritrimethylolpropane, dipentaerythritol,
and tripentaerythritol. The degree of.condensatio;’of such a
dehydrated condensate can be determined accoxrding to the
viscosity required for the synthesized ester.
The neopentyl polyol of ingredient (a) has not more
than 30 carbon atoms. The number of carbon atoms thereof is
-preferably 5 to 24, more preferably 5 to 18. Use of a
neopentyl polyol having more than 30 carbon atoms results in a
decrease in the compatibility with chlorine-free
hydrofluorocarbon refrigerants. Although neopentyl polyols
having two or more hydroxyl groups are usable, ones having
three or more hydroxyl groups are preferred from the standpoint
of lubricity.
The hydroxycarboxylic acid condensate of ingrediént (b)

for use in the present invention have an average degree of
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acid, and 5.7 g (0.03 not}-of p-toluenesul fonic acid nonghydrate as an
esterification catalyst. = The mixture was allowed to react at 200[err]C
for 15 hours while nitrogen was being fed into the flask at a rate of 300
crerr]/mn and the water evaporated was being renoved. In this
esterification reaction, the nolar ratio of trinethylol propane, a

nmonocar boxylic acid m xture consisting of 1g

polymerization of not less than 1.2, preferably 1.5 to 20, more
preferably 2.0 to 15. If the degree of polymerization thereof
is less than 1.2, insufficient lubricity results.

Examples of +the hydroxycarboxylic acid which
constitutes the hydroxycarboxylic acid condensate include 4-
hydroxybutanoic acid, 4-hydroxy-2-methylbutanoic acid, 5-
hydroxypentanoic acid, hydroxypivalic acid, 2,2-
dimethylolpropionic acid, and 2-hydroxyisobutanoic acid. Also
usable are lactones and lactides which both are dehydrated
condensates of the above-enumerated hydroxycarboxylic acids.

From the standpoints of the thermal stability and
oxidation stability, the hydroxycarboxylic acid preferably has
a primary hydroxyl group, and more preferably haskthe carbon
atom at the 2-position in relation to the hydroxyl group which
carbon atom does not have a hydrogen atom bonded thereto. From
the standpoint of the hydrolytic stability, the
hydroxycarboxylic acid preferably has an alkyl group, and more
preferably has the 2-position carbon atom, i.e., the carbon
atom adjacent to the carboxyl carbon, has one or more alkyl
groups. Further, from the standpoint of compatibility with
chlorine-free hydrofluorocarbon refrigerants, it is especially
preferred that the alkyl group(s) of the hydroxycarboxylic acid
be methyl or ethyl.

Examples of such hydroxycarboxylic acids include those

represented by formula (1):
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2- et hyl hexanoi ¢ acid and-3,5,5-tri methyl hexanoi ¢ acid, anrdradipic acid was
5:9:3. The equivalent ratio of 2-ethyl hexanoi c acid, '

3,5,5-trimethyl hexanoic acid and adipic acid was 30:30:40. Subsequent
treatments were conducted in the same manner as in Exanple A-1 to thereby
prépare a conplex ester shown in Table 7. Iq Tabl e 7, polycarboxylic acids
are indicated by ingredient (d). COVARATI VETEXAMPLES B-11 AND B-12 The
same. procedures as in Conparative Exanple B-10 were

rRi
t

RrRZ

wherein R! and R? each represents a hydrogen atom, a hydroxyl
group, a -CH,0H group, or an alkyl group, provided that when
one of R! and R? is a hydrogen atom the other is not a hydrogen
atom. Preferably R! and R? each is a methyl group, an ethyl
group, a hydroxyl group, and a -CH;0H group. The most suitable
are hydroxycarboxylic acids having a neopentyl skeaeton, with
which good results are obtained in wregard to the thermal
stability, the oxidation stability, the hydrolytic stability,
and the compatibility with chlorine-free hydrofluorocarbon
refrigerants. From the standpoints of the lubricity and low
temperature fluidity, it is desirable that a
dihydroxycarboxylic acid be contained in an amount of 10 mol$
or more, especially 20 mol% or more.

Further, from the standpoint of the hydrolytic
stability, the hydroxycarboxylic acid preferably has one or
more side chains bonded to the 2-position carbon atom, i.e.,
the carbon atom adjacent to the hydroxyl group.

Examples of such a hydroxycarboxylic acid includé those

represented by formula (2):
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conduct ed except that the:;neopentyl polyol, the kind and-conposition of the
monocar boxyl i ¢ aci ds, and:the pol ycarboxylic acid were changed as shown in
Table 7. Thus, the conplex esters were prepared. COVPARATI VE EXAMPLES B- 13
TO B- 15 Hydroxycarboxylic aci d'condensates having the average degrees of

pol ynmeri zati on shown in Table 7 were prepared in the same nanner as in
Exanpl e A-1 except that the nolar ratio of hydroxypivalic acid to

di et hyl ol propi oni c acid was changed as.ﬁfomm in the table. By using

i ngredi ent (b) consisting of the

RrR3
|

HO-C~COOH
—C0 (2)
r4

wherein R® and R' each represents a hydrogen atom, a hydroxyl
group, or an alkyl group, provided that when one of R® and R*
is a hydrogen atom, the other is not a hydrogen atom. Most
preferably R® and R* each is methyl, ethyl, and hydroxyl, with
which good results are obtained in regard to the hydrolytic
stability. Specific examples thereof include 2—hyd£5xybutanoic
acid, 2-hydroxyisobutanocic acid and 2-hydroxypentanoic acid.

In the present invention the hydroxycarboxylic acid
condensate of ingredient (b) can be used in any desired
proportion as long as the performances of the estér to be
yielded are not adversely affected. In general, however, the
adequate amount of ingredient (b) to be used is about 0.2 to 20
mol per mol of the monohydric alcohol or neopentyl polyol of
ingredient (a}.

The monocarboxylic acid of ingredientl(c) for use in
the present invention have 4 to 18 carbon atoms. The number of
carbon atoms thereof is preferably 4 to 13, more preferably 4
to 10. The use of a monocarboxy{;c acid having not mofe than

3 carbon atoms produces an adverse influence on the hydrolytic
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above condensates, ingredient (a) consisting of the neop&ntyl polyol shown
in the table, and ingredient (c) consisting of the nonocarboxylic acids
shown in the table in the nolar ratio shown in the table, the esters shown
in Table 7 were prepared in the sanme manner as in Exanple A-1. The esters
prepared in Conparative Exanples B-13 and B-14 are outside the scope of the
- 23 - 13

stability and enhances corrosiveness, whereas the use of a
monocarboxylic acid having not less than 19 carbon atoms
results in a decrease in the compatibility with chlorine-free
hydrofluorocarbon refrigerants.

The monocarboxylic acid of ingredient (c) includes a
linear monocarboxylic acid and a branched monocarboxylic acid,
but it is necessary that the branched monocarboxylic acid
account for not less than 50 mol% of all the monocarboxylic
acid ingredient. The branched monocarboxylic acid content
thereof is preferably not less than 70 mol%, more preferably
not less than 80 mol%, and most preferably not less than 90
mol%. If the branched monocarboxylic acid content is less than
50 mol%, satisfactory results are not obtained witﬁ.respect to
the hydrolytic stability and the compatibility with chlorine-
free hydrofluorocarbon refrigerants.

Examples of the linear monocarboxylic acid include
butanoic acid, pentanoic acid, hexanoic acid, heptanoic acid,
octanoic acid, nonanoic acid, decanoic acid, undecanoic acid,
lauric acid, tridecanoic acid, myristic acid, palmitic acid,
stearic acid, and the anhydrides of these acids.

Examples of the branched monocarboxylic acid include 2-
methylpropanoic acid, 2-methylbutanoic acid, 3-methylbutanoic
acid, 2,2-dimethylpropanoic acid, 2-methylpentanocic acid, 3-
methylpentanoic acid, 4-methylpentanoic acid, 2,2-
dimethylbutanoic acid, 2-ethylbutanoic acid, 3,3-

dimethylbutanoic acid, 2,2-dimethylpentancic acid, 2-methyl-2-
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present invention with respect to the nunber of carbon atons of the

nmonocar boxyl i ¢ acids of” fngredient (c), and the ester prepared in
Conparative Exanple B-15 is outside the scope of the invention with respect
to the proportion of the branched carboxylic acid in the nonocarboxylic
acids of ingredient (c). COVPARATI VE EXAMPLE B-16 In a 2-liter four-necked
flask equi pped with a stirrer, nitrogen ed pipe, thernoneter, and water
separator with a condenser were placed 3 g 59 (3 nol) of neopentyl gl ycol,
354. 4 g (8thplbudhnbydr oxppiidal i ¢ 22 3-BeDméthylButkenpief acid,  2-

ethylpentanoic acid, 3-ethylpentanoic acid, 2-methylhexanoic
acid, 3-methylhexanoic acid, 4-methylhexanoic acid, 5-
methylhexanoic acid, isoheptanoic acid, 2-ethylhexanoic acid,
3,5-dimethylhexanoic acid, 2,2-dimethylhexanoic acid, 2-
methylheptanoicacid,3—methylheptanoicacid,4-methylhepténoic
acid, 2-propylpentanocic acid, isooctanoic acid, 2,2~
dimethylheptanoic acid, 3,5,5-trimethylhexanoic acid, 2-
methyloctanoic acid, 2-ethylheptanoic acid, 3-methyloctanoic
acid, isononanoic acid, neoncnanoic acid, 2,2-dimethyloctanoic
acid, 2-methyl-2-ethylheptanoic acid, 2-methyl-2-propylhexanoic
acid, isodecanoic acid, neodecanoic acid, isotridecanoic acid,
isomyristic acid, isopalmitic acid, isostearic ac;d, and the
anhydrides of these acids.

Preferred branched monocarboxylic acids are those
having an alkyl branch bonded to the 2-position carbon atom,
i.e., the carbon atom adjacent to the carboxyl group. From the
standpoint of the compatibility with chlorine-free
hydrofluorocarbon refrigerants, it is preferred that the alkyl
branch of the carboxylic acid is a methyl group or an ethyl
group.

The amount of the above-described monocarboxylic acid
of ingredient (c) for use in the present invention may be
suitably determined according to the kinds of the monohydric
alcohol or neopentyl polyol, ingredient (a), and of the

hydroxycarboxylic acid condensate, ingredient (b), etc., as
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i soheptanoic acid, 432.6..g-(3 nol) of 2-ethyl hexanoic acid, and 5.16 ¢
(0.027 nol) of p-toluenesul fonic acid nonohydrate as an esterification
catal yst. The mixture was allowed to react at 200[err]C for 22 hours, while
nitrogen was being fed into the flask at a rate of 300 cnferr]/mn and the
wat er evaporated was being renoved. In this esterification reaction, the
nmol ar ratio of neopentyl glycol, hydroxypijkalic acid, a monocarboxylic acid
m xture consisting of isoheptanoic acid and 2-et hyl hexanoi c acid, was

1: 1:2. The Jeapg vas ebher geird cofvanossemfinthe asitgért ¢o be yielded are not

adversely affected.

The ester for use in the present invention is prepared
by reacting the above-described ingredients (a) to (c) in an
ordinary way. This ester may be used as a lubricating oil to
be used with a chlorine-free hydrofluorocarbon refrigerant,
either alone or as a mixture with other 1lubricating oil.
Examples of other lubricating oil i_nclude naphthene-based
mineral oils, paraffin-based mineral oils, poly(a-olefin}s,
alkylbenzenes, esters other than that for use in the present
invention, polyoxyalkylene glycols, and fluorinated oils
represented by fluorinated polyethers.

When the ester for use in the present invention is
mixed with such other lubricating oil the proportion of the
ester in the mixture is not particularly limited as long as
performances including the hydrolytic stability and the
compatibility with chlorine-free hydrofluorocarbon refrigerants
are not adversely affected. In general, however, the adeguate
proportion thereof is not less than 10% by weight{ preferably
not less than 30% by weight, more preferably not less 50% by
weight.

The synthetic lubricating oil of the present invention
has a kinematic wviscosity at 100°C of 1 to 150 cSt (10°° m?/s),
preferably 1.5 to 100 cSt, more preferably 2 to 50 cSt.
Kinematic viscosities below 1 ¢St are undesirable because

insufficient lubricity results. ZKinematic viscosities of more
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2: et hyl hexanoi ¢ acid was-:50: 50. Subsequent treatments were conducted in the
sanme manner as in Exanpl'e A-1 to thereby prepare an ester shown in Table 7.
COVMPARATI VE EXAMPLE B-17 In a 2-liter four-necked flask equi pped with a

stirrer, nitrogen feed pipe, thernoneter, and water separator with a - 24 -

16
than 150 ¢St are also undesirable because the compatibility
with chlorine-free hydrofluorocarbon refrigerants is impaired.

In the working fluid composition for refrigerating
machines according to the present invention, the weight ratio
of the synthetic lubricating oil of the present invention to a
chlorine~-free hydrofluorocarbon refrigerant is generally from
1:99 to 99:1, preferably from 5:95 to 70:30.

Examples of the chlorine-free hydrofluoracarbon for use
in the working fluid composition of the present invention
include HFC-134a, HFC-32, and HFC-125. Any one' of such
chlorine-free hydrofluorocarbons or a mixture of two or more
thereof may be suitably selected according to applications, a
cooling temperature, the shape of a cooling device:,etc.

For further improving the performances of thé;synthetic
lubricating oil of the present invention, conventionally known
additives for refrigerating machine oils may be added thereto
alone or in combination of two or more thereof if nécessary.
Examples of such additives include an oxidation inhibitor, an
extreme-pressure agent, and a metal deactivator. The amount of
such additives to be incorporated is usually.not more than 10%
by weight, preferably not more than 5% by weight, based on the
total amount of the refrigerating machine oil.

The synthetic lubricating oil of the present invention
is excellent in the electric insulating property and the
hydrolytic stability and can have any of various viscosities in

a wide range. Furthermore, the working fluid composition of
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condenser were placed 384:6 g (3.8 nol) of neopentyl glycol, 509.7 g (3.8
mol ) of dinethyl ol propionic acid, 296.4 g (2.3 nol) of isoheptanoic acid,
269.8 g (1.7 mol) of 3,5,5- trinethylhexanoic acid, 124.9 g (0.86 nol) of
adi pic acid, and 5.42 g (0.028 nol) of p-toluenesul fonic acid nonohydrate
as an esterification catalyst. The mxture was allowed to react at
200[err] C for 22 hours, while nitrogen wagybeing fed into the flask at a
rate of 300 cnferr]/mn and the water evaporated was being renoved. In this
esteri fi cahieon preaamton, idventiodrar fat | arefrigerating machines, which

comprises the synthetic lubricating oil of the present
invention and any of <chlorine-free hydrofluorocarbons
represented by HFC-134a, HFC-32, and HFC-125, shows good
compatibility over a wide temperature range.

The present invention will be illustrated below in more
detail by reference to Examples.

EXAMPLE A-1

{1) Preparation of Hydroxvcarboxyvlic Acid Condensate

In a 1-liter four-necked flask equipped with a stirrer,
nitrogen feed pipe, thermometer, and water separator with a
condenser were placed 236.3 g (2 mol) o§ hydroxypivalic acid,
536.6 g (4 mols) of dimethylolpropionic acid, and 3.4 g (0.018
mol) of p-toluenesulfonic acid monohydrate as an esterification
catalyst. The mixture was allowed to react at 120 to 150°C
while nitrogen was being fed into the flask at a rate of 300
cm®/min and the acid value was measured at adequate intervals.
When the acid value of the reaction product reached 305
mgKOH/g, the flask was cooled to terminate the reaction. The
amount of the produced water collectéd in ﬁhe water separator
was 36 ml, and the average degree of polymerization of the
hydroxycarboxylic acid condensate prepared was 1.5 as
calculated from the acid wvalue.

{2) Preparation of Ester

In a 2-liter four-necked flask equipped with a sfirrer,

nitrogen feed pipe, thermometer, and water separator with a
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neopentyl glycol, dinethylol propionic acid, a nonocarboxylic acid m xature
consi sting of isoheptanoic acid and 3,5,5- trinethyl hexanoic acid and

adi pic acid was 10:10: 14: 3. The equivalent ratio of isoheptanoic acid,
3,5,5-trimethyl hexanoi c acid and adi pic acid was 40: 30: 30. Subsequent
treatnments were conducted in the sanme manner as in Exanple A-1 to thereby
prepare a conplex ester-shown in Table I8 In Tables 1 to 7, the followi ng
abbrevi ations are used for the respective ingredients used in Exanples A-1
t0.A- 28 ar@ndenser were placed 52.9 g (0.6 mol) of 2-methyl-l-butanol,

280.8 g (2.4 mol) of isoheptanol, 551.9 g (3 mol) of the
hydroxycarboxylic acid condensate obtained in (1) above and
having an average degree of polymerization of 1.5, 245 g (2.4
mol) of 2-methylbutanocic acid, 468.7 g (3.6 mol) of
isoheptanoic acid, and 6.02 g (0.032 mol) of p-toluenesulfonic
acid monohydrate as an esterification catalyst. The mixture
was allowed to react at 200°C for 22 hours while nitrogen was
being fed into the flask at a rate of 300 cm’/min and the
distillate water was being removed.

In the above esterification reaction, the molar ratio
of ingredient (a) (a monochydric alcohol mixture consisting of
2-methyl-l-butanol and isoheptanol}, ingreéient (b}
(hydroxycarboxylic acid condensate) &and ingredient (c) (a
monocarboxylic acid mixture consisting of 2-methylbutanoic acid
and isoheptanocic acid) was 1:1:2. In ingredient (a), the
equivalent ratio of 2-methyl-l-butanol to isoheptanol was
20:80. In ingredient (c), the equivalent ratio of 2-
methylbutanoic acid to isoheptanoic acid was 40:60.

After completion of the reaction, distillatién was
conducted at 200°C for 8 hours under reduced pressure (10 mmHg)
in order to remove the unreacted acids and low-boiling
substances. The reaction product obtained as a residue after
the distillation was neutralized with 10 wt% agueous potassium
hydroxide solution, washed with water, and then dehydréted at

90°C for 1 hour under reduced pressure (10 mmHg). Thexreto was
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Conpar ati ve Exanples B-1:t0 B-17. <Monohydric Al cohols of-.Ingredient (a)>
bC4: 2-nmethyl -1-propanol "bC5: 2-nethyl -1-butanol bC6: 2-ethyl -1-butanol
bC7: isoheptanol - 25 -

19

added 20 g of activated clay. The nmixture was stirred at 70°C
for 1 hour and then filtered to prepare an ester having an acid
value of 0.04 mgKOH/g. Table 1 summarizes the composition of
each of ingredients (a), (b), and (c¢), the molar ratio of
ingredients (a)/(b}/(c), and the acid value of the ester
prepared.

Hydroxycafboxylic acid condensates having the average
degrees of polymerization shown in Table 1 were prepared in the
same manner as in Example A-1 except that the molar ratio of
hydroxypivalic acid to dimethylolpropionic acid was changed as
shown in the table. By using ingredient (b) consisting of each
of the above condensates, ingredients (a) consisting of the
monchydric alcohols shown in the table, and the ingr;dients (c)
consisting of the monocarboxylic acids shown in the /table in
the molar ratio shown in the table, the esters shown.in Table
1l were prepared in the same manner as in Example A-1.

EXAMPLES A-2 TO A-38

Hydroxycarboxylic acid condensates having the average
degrees of polymerizatiqn shown in Tables 1, 2, 3, 4 and 5 were
prepared in the same manner as in Example A-1 except that
hydroxypivalic acid, dimethylolpropionic acid and 2-
hydrokyisobutanoic acid were used as shown in the tables. By
using ingredients (b) consisting of the above condensates,
ingredients (a) consisting of the monohydric alcohols or
neopentyl polyols shown in Tables 1, 2, 3, 4 and 5 and

ingredients (c) consisting of the monocarboxylic acids shown in
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bC8: 2-ethyl-1-hexanol bC9: 3,5, 5-trinethyl-1-hexanol bCl0: 1-isodecanol
bC13: 1-isotridecanol bTl4: isotetradecanol bCl18: isodctadecanol bC20:
i soei cosanol nC3: 1-propanol nC4: 1-butanol nC7: 1-heptanol

20
Tables 1, 2, 3, 4 and 5 in the molar ratio shown in the tables,
the esters shown in Tables 1, 2, 3, 4 and 5 were prepared in

the same manner as in Example A-1l.

COMPARATIVE EXAMPLES B-~l1 TO B-3

Hydroxycarboxylic acid condensates having the average
degrees of polymerization shown in Table 6 were prepared in the
same manner as in Example A-1 except that the molar ratio of
hydroxypivalic acid to dimethylolpropionic acid was changed as
shown in the table. By using ingredients (b) consisting of the
above condensates, ingredients (a) consisting of the monohydric
alcchols shown in the table, and the ingredients (c) consisting
of the monocarboxylic acids shown in the table in the molar
ratio shown in the table, the esters shown in T;ble 6 were
prepared in the same manner as in Example A-1l. Of the esters
obtained in Comparat;ve Examples B-1 to B-3, the esters
obtained in Comparative Examples B-1 and B-3 are outside the
scope of the present invention with respect to the number of
carbon atoms of the monohydric alcohols of ingredient (a) and
the number of carbon atoms of the monocarboxylic acids of
ingredient (c), and the ester prepared in Comparative Example
B-2 is outside the scope of the present invention with respect
to the proportion of the branched alcohol in the monohydric
alcohol of ingredient (a) and the proportion of the branched
carboxylic acid in the monocarboxylic acid of ingredient (c).

COMPARATIVE EXAMPLE B-4
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nC8: 1-octanol <Neopentyl zpol yols of Ingredient (a)> NPG.-=neopentyl glycol
TWMP: trinethylol propane PE: pentaerythritol DTMP: ditrinethyl ol propane
DPE: dipentaerythritol TPE: tripentaerythritol <Starting Materials for
Hydr oxycar boxylic Aci d Condensates of Ingredient (b)>

21

In a 2-liter four-necked flask equipped with a stirrer,
nitrogen feed pipe, thermometer, and water separator with a
condenser were placed 512.8 g (4 mol) of 2-ethyl-l-hexanol,
472.5 g {4 mol) of hydroxypivalic acid, 520.8 g (4 mol) of
isoheptanoic acid, and 4.56 g {0.024 mol) of p-toluenesulfonic
acid monohydrate as an esterification catalyst. The mixture
was allowed to react at 200°C for 22 hours while nitrogen was
being fed into the flask at a rate of 300 cm®*/min and the water
evaporated was kept being removed.

In this esterification reaction, the molar ratio of 2-
ethyl-l-hexanol (monohydric alcohol), hydroxypivalic acid
(hydroxycarboxylic acid) and isoheptanoic acid (monocarboxylic
acid) was 1:1:1. )

Subsequent treatments were cdnducted in the same manner
as in Example A-1 to thereby prepare an ester shown in Table 6.

COMPARATIVE EXAMPLE B-5

In a 2-liter four-necked flask equipped with a stirrer,
nitrogen feed pipe, thermometer, and water separator with a
condenser were placed 416.6 g (4 mol) of neopentyl glycol,
576.8 g (4 mol) of 2-ethylhexanoic acid, 631.2 g (4 mol) of
3,5,5-trimethylhexanoic acid, and 4.56 g (0.024 mol) of p-
toluenesulfonic acid monohydrate as an esterification catalyst.
The mixture was allowed to react at 200°C for 15 hours while

nitrogen was being fed into the flask at a rate of 300 cm®/min

and the water evaporated was being removed. —




HCS: 3- hydroxy-2, 2-dinethyl propanoic acid DHC5: 2, 2-di met hyl ol propanoi ¢
acid 2HC4: 2-hydroxyi sobutanoi ¢ aci d <Monocar boxylic Acids of Ingredient
(c)> bC4: 2-nethyl propionic acid bC5: 2-nethyl butanoic acid - 26 -
22
In this esterification reaction, the molar ratio of
necpentyl glycol to a monocarboxylic acid mixture consisting of
2-ethylhexanoic acid and 3,5,5-trimethylhexanoic acid, was 1:2.
The equivalent ratio of 2-ethylhexanoic acid to 3,5,5-
trimethylhexanoic acid was 50:50.
| Subsequent treatments were conducted in the same manner
as in Example A-1 to thereby prepare an ester shown in Table 6.
COMPARATIVE EXAMPLES B-6 TO B-9
The same procedures as in Comparative Example B-5 were
conducted except that the neopentyl polycl and the
monocarboxylic acids were changed in the kind and the
composition as shown in Table 6. The esters thus prepared are

shown in the table.

, ' COMPARATIVE EXAMPLE B-10

In a 2-liter four-necked flask equippea with a stirrer,
nitrogen feed pipe, thermometer, and water separator with a
condenser were placed 429.4 g (3.2 mol) of trimethylolpropane,
415.4 g (2.88 mol) of 2-ethylhexanoic acid, 454.4 g (2.88 mol)
of 3,5,5-trimethylhexanocic acid, 280.6 g {1.92 mol) of adipic
acid, and 5.7 g (0.03 mol) of p-toluenesulfonic acid
monchydrate as an esterification catalyst. The mixture was
allowed to react at 200°C for 15 hours while nitrogen was being
fed into the flask at a rate of 300 cm’/min and the water
evaporated was being removed.

In this esterification reaction, the molar ratio of

trimethylolpropane, a monocarboxylic acid mixture consisting of

-
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Fal ex wear test was perforied in accordance with ASTM D- 2670, while

HFC- 134a was being blown into the sanple at a rate of 150 ml/mn. The
sanpl e tenperature was kept at 100[err]C and the tester was first
prelimnarily run at a load of 150 Ib for 1 minute and then run at a | oad
of 250 I'b for 2 hours. The wear anount of the pin was neasured at the end
of the testing. For reference, the follomﬁngZ%anples C1l1to C3

comercially available as refrigerating nachine |ubricating oils were al sg
tested. The Zesthyiharangiso afidnans TAbbes-grimgthylhexanoic acid, and

adipic acid was 5:9:3. The equivalent ratio of 2-ethylhexanoic
acid, 3,5,5-trimethylhexanoic acid and adipic acid was
30:30:40.

Subsequent treatments were conducted in the same manner
as in Example A-1 to thereby prepare a complex ester shown in
Table 7. In Table 7, polycarboxylic acids are indicated by
inéredient {d).

COMPARATIVE EXAMPLES B-11 AND B-12

The same procedures as in Comparative Example B-10 were
conducted except that the neopentyl polyol, the kind and
composition of the monocarboxylic acids, and the polycarboxylic
acid were changed as shown in Table 7. Thus, the complex
esters were prepared. i

COMPARATIVE EXAMPLES B-13 TO B-~15

Hydroxycarboxylic acid condensates having the average
degrees of polymerization shown in Table 7 were prepared in the
same manner as in Example A~1 except that the molar ratio of
hydroxypivalic acid to dimethylolpropionic acid was changed as
shown in the table. By using ingredient (b) consisting of the
above condensates, ingredient (a) consisting of the neopentyl
polyol shown in the table, and ingredient {(c) consisting of the
monocarboxylic acids shown in the table in the molar ratio
shown in the table, the esters shown in Table 7 were prepared
in the same manner as in Example A-l1. The esters prepéred in

Comparative Examples B-13 and B-14 are outside the scope of the
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C-1: . pol yoxyal kyl ene gl ygol (1SO viscosity grade: VG56) €-2: nineral

oi | -based refrigerator oi’l (1SO viscosity grade: VG32) C 3:

al kyl benzene-based refrigerator oil (1SO viscosity grade: V&46) - 29 -

24

present invention with respect to the number of carbon atoms of
the monocarboxylic acids of ingredient (c), and the ester
prepared in Comparative Example B-15 is outside the scope of
the invention with respect to the proportion of the branched
carboxylic acid in the monocarboxylic acids of ingredient (c}).

COMPARATIVE EXAMPLE B-16

In a 2-liter four-necked flask equipped with a stirrer,
nitrogen feed pipe, thermometer, and water separator with a
condenser were placed 312.5 g (3 mol) of neopentyl glycol,
354.4 g (3 mol) of hydroxypivalic acid, 390.6 g (3 mol) of
isoheptanocic acid, 432.6 g (3 mol) of 2-ethylhexanoic acid, and
5.16 g (0.027 mol) of p-toluenesulfonic acid monohydrate as an
esterification catalyst. The mixture was allowed to react at
200°C for 22 hours, while »niﬁrogen was being fed into the flask
at a rate of 300 cm’/min and the water evaporated was being
removed.

In this esterification reaction, the molar ratio of
neopentyl glycol, hydroxypivalic acid, a monocarboxylic acid
mixture consisting of isoheptanoic acid and 2-ethylhexanoic
acid, was 1:1:2. The equivalent ratio of isoheptanoic acid to
2-ethylhexanoic acid was 50:50.

Subsequent treatments were conducted in the same mannexr
as in Example A-1 to thereby prepare an ester shown in Table 7.

COMPARATIVE EXAMPLE B-17

In a 2-liter four-necked flask equipped with a sﬁirrer,

nitrogen feed pipe, thermometer, and water separator with a
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condenser were placed 384.6 g (3.8 mol) of neopentyl glycol,
509.7 g (3.8 mol) of dimethylolpropionic acid, 296.4 g (2.3
mol) of isoheptanoic acid, 269.8 g (1.7 mol) of 3,5,5-
trimethylhexanoic acid, 124.9 g (0.86 mol) of adipic acid, and
5.42 g (0.028 mol) of p-~-toluenesulfonic acid monohydrate as an
esterification catalyst.' The mixture was allowed to react at
200°C for 22 hours, while nitrogen was being fed into the flask
at a rate 6f 300 cm’/min and the water evaporated was being
removed.

In this esterification reaction, the molar ratio of
neopentyl glycol, dimethylolpropionic acid, a monocarboxylic
acid mixature cons;sting of isocheptanoic acid and 3,5,5-
trimethylhexanoic acid and adipic acid was 10:10:14:3. The
equivalent ratio of isoheptanocic acid, 3,5,5-trimethylhexanocic
acid and adipic acid was 40:30:30.

Subsequent treatments were conducted in the same manner
as in Example A-1 to thereby prepare a complex ester shown in
Table 7.

In Tables 1 to 7, the following abbreviations are used
for the respective ingredients used in Examples A-1 to A-28 and
Comparative Examples B-1 to B-17.

<Monohydric Alcohols of Ingredient (a)>

REPLACEMENT SHEET
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bC7: isoheptanol




[err]

[err]

bC8:
bCS:
bC10:
bC13:
bCi4:
bC18:
bC20:
nC3:
nCé:
nC7:

nceg:

26
2~ethyl-l~hexanol
3,5,5~-trimethyl-1-hexanol

l-isodecanol
l-isotridecanol
isotetradecanol
isooctadecanol
isoeicosanol
l-propanol
l-butanol
1-heptanol

1-octanol

<Neopentyl polyols of Ingredient (a)>

NPG:

T™P:

neopentyl glycol

trimethylolpropane

PE: pentaerythritol

DTMP:
DPE:

TPE:

ditrimethylolpropane
dipentaerythritol

tripentaerythritol
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<Starting Materials for Hydroxycarboxylic Acid Condensates of

Ingredient (b)>

HCS:
DHCS5s

2HC4 ¢

<Monocarboxylic Acids of Ingredient (c)>

bC4:

bC5:

3-hydroxy-2, 2-dimethylpropanoic acid

2,2-dimethylolpropancic acid

2-hydroxyisobutanocic acid

2-methylpropionic acid

2-methylbutanoic acid



[err]

owt

[err] [err]
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bC6: 2-ethylbutanocic acid

bC7: ischeptanoic acid

bC8: 2-ethylhexancic acid

bC%: 3,5,5~txrimethylhexanoic acid

bCl0: isodecanoic acid

bC13: isotridecanoic acid

bCi4: isomyristic acid

bC18: isostearic acid

bC20: isoarachic acid

nC3: propanocic acid

nC4: butanoic acid

nCé: hexanoic acid

nC8: octanoic acid
<Polycarboxylic Acids>

2C4: succinic acid

2C6: adipic acid

2C10: sebacic acid

With respect to the esters prepared in Examples A-1 to
A-38 and Comparative Examples B-1 to B-17 given above,
performances required for refrigerating machine lubricating
oils were examined by the following methods. The results are

summarized in Tables 8 to 11.

<General Properties> REPLACEMENT SHEET

Kinematic Viscosity:
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Tabl e 4 Exanpl e Cbnposithgg A- 29 A-30 ~A-31 I ngr edi ent

(a)(eqg.ratio) b4 - bGCh

- bCs
- bC7 - - 100

28

Kinematic viscosity at 40°C and 100°C (JIS K 2283) was
measured.

Pour Point:

Pour Point (JIS K 2269) was measured.

Electric Insulatiné-Property:

Volume resistivity at 80 °C {(JIS C 2101) was measured.

<Compatibility>

20 Parts by weight (0.6 g) of a sample and 80 parts by
weight (2.4 g) of a chlorine-free hydrofluoroccarbon refrigerant
(each of HFC-134a and a mixed refrigerant (HFC-32 : HFC-125 :
HFC-134a = 23:25:52)) were placed in a thick-wall pyrex tube
(whole length, 300 mm; outer diameter, 10 mm; inner diameter,
6 mm) cooled in a methanol bath placed in dry ice.. The tube
was sealed, and then heated and cooled at a rate of 1 °C/min in
the range of -70°C to +80°C to visually determine two-phase
separation temperature both at high temperatures and at low
temperatures.

<Hydrolytic Stability>

Into a 6-ml hard glass ampule was poured 5 ml of a
sample regulated to have a water content of 1,500t300 ppm.
After the head space within the ampule was disélaced with
nitrogen, the ampule was sealed and then heated at 150°C for
300 hours. After completion of the test, the ampule was opened
and the acid value of the sample was measured.

<Wear Resistance (Lubricity)>
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bC8
bC10
bC18

HC5/ DHCS/ 2HCA

- - b9 100 -~ 50 -
- " 50 - bC13 - - -
- - - nc4 _ - - -
- nC8 - - - Ingredient (b)

29
Falex wear test was performed in accordance with ASTM
D-2670, while HFC-134a was being blown into the sample at a
rate of 150 ml/min. The sample temperature was kept at 100°C

and the tester was first preliminarily run at a load of 150 1b

nC7

for 1 minute and then run at a load of 250 1lb for 2 hours. The_

wear amount of the pin was measured at the end of the testing.
For reference, the following samples C-1 to C-3
commercially available as refrigerating machine lubricating
oils were also tested. The results are also given in Tables 8
and 11.
C-1: polyoxyalkylene glycol
{ISO viscosity grade: VG56)
C-2: mineral oil-based refrigerator oil *
{ISO viscosity grade: VG32)

C-3: alkylbenzene-based refrigerator oil

(ISO viscosity grade: VG46)
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I ngredient (c) (eq.ratio) b&4

100 bC6

100

bC 8
bC13

100

bC18
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Ki nematic viscosity :, Pour (cSt) poi nt_ .. Vol une

resistivity Exanple "at 40 [err]C at 100 [err]C ' C ([err].cm
A1 21.7 4. 09 -70 7.4 x 10[err] A-2
59.7 7.15 - 60 5.9 x 10[err] A-3 81.0
8. 60 -55 1.1 x 10[err] A-4 122.1 11.6
-50 2.1 x 10[err] A-5 151. 8 13.4 -45
1.8 x 10[err] A-6 203. 2 36 15. 8 -35 6.8 X
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A-7
256. 8
22.6
= 65

9.6 x 10[err] A-12

10[err] A-13
A-14
126.1
16.1

159. 7
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-25
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Composition

Ingredients (a)/(b)/(c)

13.6 -40 4.0-x 10[err] A-8
-30 1.4 x 10[err] A9 360. 3
6.9 x 10[err] A-10 28. 3 4.75
A-11 97.8 9. 88 -50
102. 3 10. 2 -45 5.6 X
5 8.62 -55 1.8 x 10[err]
8.76 -55 6.5 x 10[err] A-15
- 45 31 x 10[err] A-16 204. 9
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A17 78.0 -.2.8. 60 - 60 . 1.5x.10[err] A 18

310.9 20.9 " 230 2.9 x 10[err] A 19 411.7
25.3 -25 2.3 x 10[err] - 47 - Tabl e 8 (cont'd)
Kinematic viscosity Pour (cSt) poi nt Vol une
38
Table 4
Example
Compbsition A-29 A-30 A-31
Ingredient (a){eg.ratio)
bC4 - - -
bC5 - - -
bC6 - - -
bC7 - - 100
bC8 - - -
bCS9 100 50 ~
bC10 - 50 -
bC13 - - -
bC18 - - -
nC4 - - - .
ncC7 - - -
ncs8 - - -
Ingredient (b)
HC5/DHC5/2HC4
(molar ratio) 1/2/0  1/2/1 0/3/1

Average degree of

polymerization 2.5 2.0 3.0
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resistivity Exanple at ;40 [err]C at 100 [err]C ‘ferr]C

([err].cm A-20 1967 8 18.1 - 60 8.9 x
10[err] A-21 48. 3 6. 97 -55 7.6 X 19[err]
A- 22 366.9 27. 3 -45 2.1 X %O[err] A-23
89. 7 10. 8 =50 ob6 x A 24 240.6 = | 18.9
- 40 3.6 x 10[err] A-25 - 28395 22.6 i 45
2.8 x 10[err] A-26 210pzbie 4 (d8nBrd) -35 .8 X
10[err] A-27 310. 6 21.3 - 30 1.4 x 10[err]
Example
Composition A-29 A-30 A-31

Ingredient (c){eq.ratio)
bC4 - - -
bC5 100 - 100
bC6 - - -
bC7 - - -
bC8 - - -
bC9 - 100 -
bC13 - - -
bCl4 - - -
bC18 - - -
nC4 - - -
nCé - - -
nC8 - - 1 -
Ingredients (a)/(b)/(c).
(molar ratio) 3/3/8 1/1/2: 10/4/19
Acid wvalue
{mgKOH/g) 0.05 0.03 0.02
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A- 28 371.2 22,1 -25 6.8 x 10[err] A-29

123. 4 14. 0 “50 1.2 x 10[err] A-30 ; 158. 6
13.‘5 -40 4.2 x 10[err] A-31 358. 3 22. 4
-25 7.1 x 10[err] A-32 169. 9 14. 9 -45
9.4 x 10[err] A-33 97.5 11.0 -45 5.8 x
10[err] A-34 63.3 8.17 -55 1.6 x 10[err]
A- 35 340.0 55.5 -30 6.5 x 10[err] A-36
153. 8 13.4 -40 1.2 x 10[err] A-37 460. 4
26. 8 -25 9.8 x 10[err]
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- 48 -
[err]C

6.7 x 10[err]
(cSt)
C

-25
at 40 C at 100

Conparative

41

Pour

25.3

385.1
Vol une resistivity Exanpl e

.cm

A- 38 :
Table 9 Kinematic viscosity
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10[err] B-2
176. 2

3 3.18
- 65
1.0 x

1.3 x 10[err]

10[err] B-9

310.5
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B-1 142. 3 L1207 -45 7. 3%
60. 2 7.42 ©.260 2.2 x 10[err] B-3
15.2 -40 2.8 x 10[err] B-4 14.
-70 1.6 x 10[err] B-5 10. 4 2.62
9.3 x 10[err] B-6 68.1 8.02 -55
10[err] B-7 217.1 16. 2 -50
B- 8 224. 2 16. 6 -50 8.8 x
202. 1 16. 3 -55 4P x 10[err] B-10
25.5 -45 6.3 x 10[err]
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B-11 107.5 12,8 -35 1.1 x- 10[err] B-12

45. 5 7.15 -15 5.6 x 10[err] B-13 75. 3
8. 23 -50 8.5 x B-14 147. 8 13. 1 -40
1.7 x 10[err] B-15 166. 2 14. 2 -45 2.2 X
10[err] B-16 21. 4 4. 05 - 65 8.6 x 10[err]
B-17 164. 1 14. 6 -55 8.4 x 1013 CG1
56.0 10. 9 -45 2.1X4‘9[err] C2 29. 8
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[err] The results in Tables 8 to 11 show that the esters for use in the
-synthetic lubricating oi1 of the present invention have a w de range of
vi scosi ties,

have a pour point of not nore than -25[err]C, are conpatible
with HFC-134a at not nore than -30 [err]Cin a |low tenperature side and at

"not less than +80 [err]Cin a high tggperature side and with a m xed
refrigerant containing

0.06

B-17
30
0.05

0.05

1/2/7/0 1/2/12/0 1/1/2/0 10/10/14/3
0.03

Example

0.05

Comparative
B-13

Table 7 (cont'd)
0.03

B-12
30

0.06

B-11
30

0.05

B-10
40
5/0/9/3 20/0/42/9 10/0/14/3 1/4/2/0

REPLAGEMENT SHEET

(c)/(4)

(molar ratio)

28 OCT 1996

2C4
2C6
2C10

Polycarboxylic
acid' (eq.ratio)

(mgKOH/gY

Ingredient (d):3
Ingredient (a)y/ (b)/

Composition
Acid value



HFC-32 not nore than -20 [err]Cin a |low tenperature side and at not |ess
than +80 [err]C in a high tenperature side, have a volune resistivity as
high as 10[err] to 10[err] [err]cm and suffer only slight increases in
acid value through the hydrolytic stability test. As described above, the
synthetic lubricating oil of the present invention is excellent in the
electric insulating property and the hydrolytic stability. Further, the
wor ki ng fluid conposition of:the present invention for refrigerating
machi nes, whi ch conprises the synthetic lubriddting oil of the present

I nvention and a chl orine-free hydrofl uorocarbon

Table 8
Kinematic wviscosity Pour
{cSt) point Volume

resistivity

Example at 40 °C at 100 °C °C {R°cm)
A-1 21.7 4.09 ~70 7.4 x 10
A-2 59.7 7.15 -60 5.9 x 1043
A-3 81.0 8.60 ~-55 1.1 x 10%
A-4 122.1 11.6 - ~50 2.1 x 10%
A-5 151.8 13.4 -45 1.8 x 10%
A~-6 203.2 15.8 -35 6.8 x 1013
A-7 159.7 13.6 -490 4.0°'x 10%°
A-8 256.8 18.9 ~30 1.4 x 10%
A-9 360.3 22.6 1-25 6.9 x 10%
A-10 28.3 4.75 ‘=65 3.2 x 10
A-11 97.8 9.88 ~-50 9.6 x 103
A-12 102.3 10.2 -45 5.6 x 103
A-13 80.5 8.62 ~ -55 1.8 x 10%
A-14 74.6 8.76 ~55 6.5 x 108
A-15 : 126.1 11.8 ~45 2.1 x 10%
A-16 204.9 16.1 -35 7.4 x 108
A-17 78.0 8.60 ~60 1.5 x 10%
A-18 310.9 20.9 -30 2.9 x 10%
A-19 411.7 25.3 -25 2.3 x 10

- REPLAGEMENT SHEET
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refrigerant, shows exceedingly good conpatibility in a wide tenperature
range and in a wide range of viscosities of the synthetic |ubricating oi
of the present invention and has extrenely good properties. Wile the
i'nvention has been described in detail and with reference to specific
enbodi nents thereof, it will be apparent to one skilled in the art that
various changes and nodifications can be nade therein mﬁthout departing
fromthe spirit and scope thereof. - 55 - 48

Table B (cont’d)

Kinematic viscosity Pour
{cSt) point Volume
resistivity
Example at 40 °C at 100 °C °C - {R°*cm)
A-20 196.8 18.1 ~60 8.9 x 108
A-21 48.3 6.97 ~55 7.6 x 10%
A-22 366.9 27.3 -45 2.1 x 104
A-23 89.7 10.8 -50 9.6 x 1043
A-24 220.6 18.9 ~-40 3.6 x 10%
A-25 280.5 22.6 -45 2.8 x 10
A-26 210.2 18.8 -35 7.8.x 103
A-27 310.6 21.3 -30 1.4 x 10%
A-28 371.2 ' 22.1 -25 6.9 x 1083
A-29 123.4 14.0 . -50 1.2 x 10%
A-30 158.6 13.5 -40 4.2 x 109
A-31 358.3 22.4 -25 7.1 x 10%¥
A-32 169.9 14.9 -45 9.4 x 108
A-33 97.5 11.0 -45 5.8 x 103
A-34 63.3 . B.17 -55 1.6 x 10%
A-35 340.0 55.5 -30 6.5 x 10%3
A-36 153.8 13.4 -40 1.2 x 10%
A-37 460.4 26.8 -25 9.8 x 1013
6.7 x 1047

A-38 385.1 25.3 ~25
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56 The clains defining the invention are as follows: 1. A synthetic

| ubricating oil conprising an ester derived from (a) a nonohydric al cohol
having 4 to 18 carbon atonms which has a branched al cohol content of not

| ess than 50 nol % and/ or a neopentyl polyol having not nore than 30 carbon
atons, (b) a hydroxycarboxylic acid condensate having an average degree of
pol yneri zation of not less than 1.2, and (c) a nonocarboxylic acid having 4

to 18 carbon atons which:has a 49
Table 9
Kinematic viscosity Pour
Comparative (cSt) point Volume
resistivity
Example at 40 °C at 100 °C _°c (R*cm)
B-1 142.3 12.7 -45 7.3 x 108
B-2 60.2 7.42 -60 2.2 x 10%
B-3 176.2 15.2 -40 2.8 x 10%
B-4 14.3 3.18 -70 1.6 x 104
B-5 10.4 2.62 -65 9.3 x 103
B-6 68.1 8.02 -55 1.0 x 10
B-7 217.1 16.2 -50 1.3 x 10%
B-8 224.2 16.6 ~50 8.8 x 10%3
B-9 202.1 ' 16.3 -55 7.9 x 10%
B-10 310.5  25.5 -45 6.3 x 10%3
B-11 107.5  12.8 _35 1.1 x 104
B-12 45.5 7.15 ~-15 5.6 x 10%
B-13 75.3 8.23 -50 8.5 x 10%
B-14 : 147.8 13.1 -40 1.7 x 10%
B-15 166.2 14.2 -45 2.2 x 104
B-16 21.4 4.05 -65 8.6 x 10%3
B-17 164.1 14.6 -55 8.4 x 10%3
Cc-1 56.0 10.9 -45 2.1 x 107
C-2 29.8 4.2 -45 2.1 x 10%¥°
c-3 46.0 5.92 ~-45 7.8 x 10%
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is not a hydrogen atom 2.
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is a hydrogen atom the other
as clained in claim1,
as clainmed in claim 2,

and Rl err] each represents a hydrogen atem a hydroxyl
group or an et hyl

has a net hyl

synthetic |ubricating oi
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has a nethyl or ethyl group bonded to the carbon atom at .'the 2-position in
relation to the hydroxyl group. 4.. A synthetic lubricating oil as clained
in claiml, wherein the neopentyl polyol of ingredient (a) is a conpound
selected fromthe group consisting of neopentyl glycol, trinethylolethane,
trinethyl ol propane, ditrinethylol propane, tritrinmethylol propane,

tri met hyl ol but ane, pentaerythritol, dlgentaertd_er(E,U\@[&r E@ng T
tripentaerythritol. 5. A synthetic 3brica}i ; M S chIrEd in
claim 1, wherein the hydroxycarboxylic acidf condensate is g qondensate of
a di hydroxycarboxylic acid or a condensate of} the2® Dg¥r#99gcar qoxylic acid
w t h anot her di hydroxycarboxylic acid representked by formulai(3),
o
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“11. A working fluid conposition for a refrigerdgt iRrEBLﬁ*&f&iﬁNﬁeSWETC conpri ses
a synthetic lubricating oil and a chlorine-fred HydrofltGorocarpog in a
weight ratio of from1:99 to 99:1, the synthetilc Iq@aigcxi off| {conpri sing
an ester derived from(a) a nonohydric al cohol hﬁving 4°to atbon at ons
whi ch has a branched al cohol content of not |egs and/or a
neopentyl pol yol having not nore than 305@arbom_atons, (b) a
hydr oxycar boxyl i ¢ aci d condensate havi ng an average degree of
pol yneri zati on offheotrels@dtst RanTabdesamd £oC )i 1a sHoM0&HR0BHE @saixrs Ty ng 4
to 18 carbon atons which has a branched carboxylic acid content of not |ess
t han 50 pmlke%insaihd: Bydrtaetcar Bawsiida taioigl cohdefisahe peesentsdngethndd oir om
t he group consisting of:

have a wide range of viscosities, have a pour point of not more

than -25°C, are compatible with HFC-134a at not more than -30
°C in a low temperature side and at not less than +80 °C in a
high temperature side and with a mixed refrigerant containing
HFC-32 not more than -20 °C in a low temperature side and at
not less than +80 °C in a high temperature side, have a volume
resistivity as high as 10 to 10! Qcm, and suffer only slight
increases in acid value through the hydrolytic stability test.

As described above, the synthetic lubricating oil of
the present invention is excellent in the electric insulating
property and the hydrolytic stability. Further, ghe working
fluid composition of the present invention for refrigerating
machines, which comprises the synthetic lubricating oil of the
present invention and a chlorine-free hydrofluorocarbon
refrigerant, shows exceedingly good compatibility in a wide
temperature range and in a wide range of viscosities of the
synthetic lubricating oil of the present invention and has
extremely good properties.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that wvarious changes and
modifications can be made therein without departing from the

spirit and scope thereof.



°58 (i) a condensate of .a-hydroxycarboxylic acid represented by formula (1);
[err] wherein Rlerr] and Rl err] each represents a hydrogen atom a hydroxyl
.group, a -CHerr]OH group, or an alkyl group, provided that when one of
Rlerr] and Rlerr] is a hydrogen atom the other is not a hiidrolgen at om

(ii) a condensate of a 2-hydroxycarboxyl |5 acid reerm“Hﬂ l“ll “mlmﬂa (2):

[err]

WHAT IS CLAIMED IS:

1. A synthetic lubricating oil comprising an ester
derived from (a) a monohydric alcohol having 4 to 18 carbon
atoms which has a branched alcohol content of not less than 50
mol% and/or a neopentyl polyol having not more than 30 carbon
atoms, (b) a hydroxycarboxylic acid condensate having an
average degree of polymerization of not less than 1.2, and (c)
a monocarboxylic acid having 4 to 18 carbon atoms which has a
branched carboxylic acid content of not less than 50 mol%.

2. A synthetic lubricating oil as claimed in claim 1,
wherein the branched alcohol has a methyl group or an ethyl
group as a side chain.

3. A synthetic lubricating oil as claimedain claim 2,

) wherein the branched alcohol has a methyl or ethyl group bonded
to the carbon atom at the 2-position in relation to the
hydroxyl group.

4. A synthetic lubricating oil as claimed in claim 1,
wherein the neopentyl polyol of ingredient (a) is a compound
selected from the group consisting of neopentyl glycol,
trimethyloléthane, trimethylolpropane, ditrimethylolpropane,
tritrimethylolpropane, trimethylolbutane, pentaerythritol,
dipentaerythritol, and tripentaerythritol.

5. A synthetic lubricating oil as claimed in claim 1,
wherein the hydroxycarboxylic acid condensate is a condensate

of a hydroxycarboxylic acid represented by formula (1)5

REPLACEMENT SHEET
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wherein Rl err] and R[err] .each represents a hydrogen atom. a hydroxyl
group, or an al kyl group,”‘provided that when one of R[err] and Rerr] is a
hydrogen atom the other is not a hydrogen atom and (iii) a condensate of
a 2-hydroxycarboxylic acid represented by fornula (2): [err] wherein R err]
and R[err] each represents a hydrogen atom a hydroxyi—gfeup, -of - -an -al kyl

group, provided that when one of R err] and R err] the
other is not a hydrogen atomwith a hyd gxycar boxyl i pﬂﬂgﬂ!@ﬂ mg
formula (1): [err] wherein R err] and RFerr] each re
atom a hydroxyl group a -CH err] CH group,

rl

I

HOCHZ—?~COOH (1)

RrR2

-wherein R! and R? each represents a hydrogen atom, a hydroxyl
group, a =~CH,0H group, or an alkyl group, provided that when
one of R! and R? is a hydrogen atom, the other is not a hydrogen
atom.

6. A synthetic lubricating oil as claimed in claim 5,
wherein the hydroxycarboxyiic acid condensate is ;*condensate
of a dihydroxycarboxylic acid or a condensate of the
dihydroxycarboxylic acid with another hydroxycarboxylic acid
represented by formula (1).

7. A synthetic lubricating oil as claimed in claim 6,
wherein the dihydroxycarboxylic acid is dimethylolpropionic
acid.

8. A synthetic lubricating oil as claimed in claim 1,

wherein the hydroxycarboxylic acid condensate is a condensate

of an 2-hydroxycarboxylic acid represented by formula (2):

Rr3
H

REPLACEMENT SHEET HO-C-COOH (2)_
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“or an al kyl group, provi-ded that when one of Rlerr] and:Rerr] is a
hydr ogen atom the other-is not a hydrogen atom 12. A working fluid
zconposition as clained in claim11l, wherein the weight ratio of the

synthetic lu rlFﬁ:ﬁ_j m@-ﬂ ,Slt“EH{ He chl ori ne-free hydrefluerocarboen-is.from
A

wherei n the o dhi vorocargpn” fé"”ﬂﬁ;ﬁ“ﬁmﬂ M"WLQ nane,

wherein the chlprine-free hydr
| represents a hydrogen atom, a hydroxyl

[{o»)

DAL

di f1 uor onet hahe} 2& QOCT, 1996, 3,

group, or an alkyl group, provided that when one of R® and R
is a hydrogen atom, the other is not a hydrogen atom, or
represents a condensate of the 2-hydroxycarboxyli¢ acid with
another hydroxycarboxylic acid represented by formula (1).

9. A synthetic lubricating oil as claimed in claim 8,
wherein the 2-hydroxycarboxylic acid is 2-hydroxyisobutanoic
acid.

10. A synthetib lubricating oil as claimed in claim 1,
wherein the branched monocarboxylic acid has a side chain
bonded to the 2-position carbon atom.

11. A synthetic lubricating oil as claimed'in claim 1,
wherein the branched monocarboxylic acid has a methyl or ethyl
group as the side chain.

12. A synthetic lubricating oil as claimed in claim 1,
wherein the molar ratio of ingredient {a) to ingredient (b) is
from 1:0.2 to 1:20.

13. A working fluid cémposition for a refrigerating
machine which comprises a synthetic 1lubricating oil and a
chlorine-free hydrofluorocarbon in a weight ratio of from 1:99
to 99:1, the synthetic lubricating oil comprising an ester
derived from {(a) a monohydric alcohol having 4 to 18 carbon
atoms which has a branched alcohol content of not less than 50
mol% and/or a neopentyl polyol having not more than 30.carbon

atoms, (b) a hydroxycarboxylic acid condensate having an

This Sheet Has Been Re
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pent af | uor oet hane.

R R
59

average degree of polymerization of not less than 1.2, and (c)
a monocarboxylic acid having 4 to 18 carbon atoms which has a
branched carboxylic acid content of not less than 50 mol%.

14. A working fluid composition as claimed in claim
13, wherein the weight ratio of the synthetic lubricating oil
to the chlorine-free hydrofluorocarbon is from 5:95 to 70:30.

15. A working fluid composition as claimed in claim
13, wherein the chlorine-free hydrofluorocarbon is 1,1,1,2-
tetrafluoroethane, difluoromethane, or 1,1,1,2,2-

pentafluoroethane.
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"J ’- SYNTHETIC L@RICATING OIL AND WORKING FLUID

COMPOSITION FOR REFRIGERATING MACHINE

ABSTRACT

A synthetic lubricating oil comprises an ester derived
from (a) a monohydric alcohol having 4 to 18 carbon atoms which
has a branched alcohol content of not less than 50 mol$% and/or
a neopentylpolyol having not more than 30 carbon atoms, (b} a
hydroxycarboxylic acid condensate having an average degree of
polymerization of not less than 1.2, and (¢} a monocarboxylic
acid having 4 to 18 carbon atoms which has a Dbranched

o

carboxylic acid content of not less than 50 mol%. °,

REPLACEMENT SHEET
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7
not less than 1.2, and (c) 2 monocarboxylic acid having 4 to 18 carbon atoms which has a
branched carboxylic acid content of not less than 50 mol%, said hydroxycarboxylic acid
condensate being selected from the group consisting of:
() acondepsate of a hydroxycarboxylic acid represented by formula (1):

R
l
HOCH;—C—COOH

R W
wherein R} and R? each represents a hydrogen atom, a hydroxyl group, a -CH,OH
group, or an alkyl group, provided that when one of R! and R? is a hydrogen atom, the
other is not a hydrogen atom:;

(ii) a condensate of a2 2-hydroxycarboxylic acid represented by formula (2):

R3
l
HO—CI.?—-COOH

Ré @

wherein R? and R4 each represents a hydrogen atom, a hydroxyl group, or an alkyl
group, provided that when one of R? and R¢ is a hydrogen atom, the other is not a
bydrogen atom; and

(ifi) a condensate of a 2-hydroxycarboxylic acid represented by formula (2):

REPLACEMENT SHEET
R3
|
HO—(.IZ—COOH 15 DEC 1998
4
R @

wherein R3 and R4 each represents a hydrogen atom, a hydroxyl group, or an alkyl
group, provided that when one of R3 and R4 is a hydrogen atom, the other is not a
hydrogen atom with a hydroxycarboxylic acid represented by formula (1):

R1
|
HOCHg-—(I:—C OOH

R2
1)
wherein R! and R2 each represents a hydrogen atom, a bydroxy] group a -CH,OH group,

or an alkyl group, provided that when one of R1 and R? is a hydrogen atom, the other is

not a hydrogen atom. REPLACEMENT SHEETS  SG
scription : paged .. to pzged b
Claim{s) :pased b to pagedSA
{1 Drawing(s) : rzged ... to paged ...
[ Abstract  : paged ..... to paged ...
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In another embodiment of the present invention there is also provided a working
fluid composition for a refrigerating machine which comprises a synthetic lubricating oil
and a chlorine-free hydrofluorocarbon in a weight ratio of from 1:99 to 99:1, the
synthetic lubricating oil comprising an ester derived from (a) a monohydric alcohol
having 4 to 18 carbon atoms which has a branched alcohol content of not less than
50 mol% and/or a neopentyl polyol having not more than 30 carbon atoms, (b) a
hydroxycarboxylic acid condensate having an average degree of polymerization of not less
than 1.2, and (¢) a monocarboxylic acid having 4 to 18 carbon atoms which has a
branched carboxylic acid content of not less than 50 mo!%, said hydroxycarboxylic acid
condensate being, selected from the group consisting of:

(i a condensate of a hydroxycarboxylic acid represented by formula (1):

R
|
HOCH;—C—COOH
R2
(D
wherein R} and R? each represemts 2 hydrogen atom, a hydroxy! group, a -CH,OH
group, or an alkyl group, provided that when one of R! and R? is a hydrogen atom, the
other is pot a hydrogen atom,;
(ii) 2 condensate of a 2-hydroxycarboxylic acid represented by formula (2):

RES SCEMENT SHEET
R3

|
HO~?—COOH 15 DEG 1998

R4

@

wherein R3 and R¢ each represents a hydrogen atom, a hydroxyl group, or an alkyl
group, provided that when one of R3 and R4 is a hydrogen atom, the other is not a
hydrogen atom; and

(i) a condensate of a 2-hydroxycarboxylic acid represented by formula (2):

R3
I
HO—-ClZ—COOH
R4
@)
wherein R3 and R4 each represents a hydrogen atom, @ hydroxyl group, or an alkyl
group, provided that when one of R® and R? is a hydrogen atom, the other is not a
hydrogen atom with a hydroxycarboxylic acid represented by formula (1):



" 7b

R

{

HOCH,—C—COOH
R2
1

wherein R! and R? each represents a hydrogen atom, a hydroxy! group 2 -CH,OH group,
or an alkyl group, provided that when one of R! and R2 is a hydrogen atom, the other is
not 2 hydrogen atom.

Detailed Description of the invention

As ingredient (a) for use in the present invention, the monohydric alcohol and/or the
neopenty] polyol may be used alone or as a mixture and, when used as a mixture, any
desired mixing ratio may be selected.

The monohydric alcohol of ingredient (a) has 4 to 18 carbon atoms. The number of
carbon atoms thereof is preferably 4 to 13, more preferably 4 to 10. Monohydric
alcohols having not more than 3 carbon atoms adversely affect hydrolytic stability, while
the use of monohydric alcohols baving not less than 19 carbon atoms results in a decrease
in compatibility with chlorine-free hydroftuorocarbon refrigerants.

This monchydric alcohol includes a linear monohydric alcohol and a branched
monohydric alcohol, but it is necessary that the branched monohydric alcohol account.for
not less than 50 mol% of all the monohydric alcohol ingredient. The branched
monohydric alcohol content thereof is preferably not less than 70 mol%, more preferably
not less than 80 mol%, and most preferably not less than 90 mol%. If the branched
monohydric alcohol content is less than 50 mol%, satisfactory results are not obtained

with respect to hydrolytic stability and compatibility with chlorine-free hydrofluorocarbon
refrigerants.

REPLACEMENT SHEET
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1. A synthetic Iubricating oil comprising an ester derived from (a) a monohydric
alcoho! having 4 to 18 carbon atoms which has a branched alcohol content of not less than
50 mol% and/or a neopentyl polyol having not more than 30 carbon atorus, (b) a
hydroxycatboxylic acid condensate having an average degree of §olymerization of not less
than 1.2, end (c) a monocarboxylic acid having 4 to 18 carbon atoms which has a
branched carboxylic acid content of not less than 50 mol%, said hydroxycarboxylic acid
condensate being selected from the group consisting of: .

(i) a condensate of 2 hydroxycarboxylic acid represented by formula (1):

r1
]
HOCH,—C—COOH

R ®
wherein R1 and R? each represents a2 hydrogen atom, a hydroxyl group, a -CH,OH group,
or an alkyl group, provided that when one of R! and R? is a hydrogen atom, the other is
not a hydrogen atom;

(ii) a condensate of a 2-hydroxycarboxylic acid represented by formula (2):

RS
|
HO——CII—CODH

4,
R @

wherein R3 and R each represents a hydrogen atom, a hydroxy! group, or an alkyl
group, provided that when one of R3 and R4 is a hydrogen atom, the other is not a
hydrogen atom; and

(iii) a condensate of a 2-hydroxycarboxylic acid represented by formula (2):

R3
l
HO-(‘Z ~COOH

R4
@
wherein R3 and R? each represents a hydrogen atom, a hydroxyl group, or an alkyl
group, provided that when one of R3 and R4 is a hydrogen atom, the other is not a

hydrogen atom with a hydroxycarboxylic acid represented by formula (1)
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wherein R and R? each represents 2 hydrogen atom, a hydroxyl group a ~CH,0H group,
or an alkyl group, provided that when one of R! and R? is a hydrogen atom, the other is
not a hydrogen atom.

2. A synthetic lubricating oil as claimed in claim 1, wherein the branched alcohol
has a methy} group or an ethyl group as a side chain,

3. A synthetic lubricating oil as claimed in claim 2, wherein the branched alcobol
has a methy] or ethyl group bonded to the carbon atom at the 2-position in relation to the
hydroxyl group.

4. A synthetic lubricating oil as claimed in claim 1, wherein the neopenty! polyol
of ingredient (a) is a compound selected from the group consisting of neopentyl glycol,
trimethylolethane, trimethylolpropane, ditrimethylolpropane, tritrimethylolpropane,
trimethylolbutane, pentaerythritol, dipentaerythritol, and tripentaerythritol.

5. A synthetic lubricating oil as claimed in claim 1, wherein the
hydroxycarboxylic acid condensate is a condensate of a dihydroxycarboxylic acid or a
condensate of the dihydroxycarboxylic acid with another dihydroxycarboxylic acid
represented by formula (1),

6. A synthetic lubricating oil as claimed in claim §, wherein the
dihydroxycarboxylic acid is dimethylolpropioinic acid.

7. A synthetic lubricating oil as claimed in claim 1, wherein the
2-hydroxycarboxylic acid is 2-hydroxyisobutanoic acid.

8. A synthetic lubricating oil as claimed in claim 1, wherein the branched
monocarboxylic acid has a side chain bonded to the 2-position carbon atom.

9. A synthetic lubricating oil as claimed in claim 1, wherein the branched
monocarboxylic acid has 2 methyl or ethyl group as the side chain.

10. A synthetic lubricating oil as claimed in claim 1, wherein the molar ratio of
ingredient () to ingredient (b) is from 1:0.2 to 1:20.

11. A working fluid composition for a refrigerating machine which comprises 2
synthetic lubricating oil and a chlorine-free hydrofluorocarbon in a weight ratio of from
1:99 to 99:1, the synthetic lubricating oil comprising an ester derived from (a) a
raonohydric alcohol baving 4 to 18 carbon atoms which has a branched alcohol content of
not less than 50 mol% and/or 2 neopentyl polyol having not more than 30 carbon atoms,
() a hydroxycarboxylic acid condensate having an average degree of polymerization of
not less than 1.2, and (¢) 2 monocarboxylic acid having 4 to 18 carbon atoms which has a
branched carboxylic acid content of not less than 50 mol%, said hydroxycarboxylic acid

condensate being, selected from the group consisting of: REPLACEMENT SHEET
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(i) a condensate of a hydroxycarboxylic acid represented by formula (1);

Rt
|
HOCH,—C—COOH

2
R a

wherein R! and R? each represents a hydrogen atom, 2 hydroxyl group, 2 -CH,OH
group, or an alkyl group, provided that when one of R! and R? is a hydrogen atom, the
other is not 2 hydrogen atom;

(ii) a condensate of a 2-hydroxycarboxylic acid represented by formula (2):

R3
I
HO-—CID—COOH

Ré @

wherein R3 and R4 each represents a hydrogen atom, a hydroxyl group, or an alkyl
group, provided that when one of R? and R? is a hydrogen atom, the other is not a
hydrogen atom; and

(i) a condensate of a 2-hydroxycarboxylic acid represented by formula (2):

R3
|
HO—-CI)-—COOH

4
R @
wherein R3 and R4 each represents a hydrogen atom, a hydroxyl group, or an alky!
group, provided that when one of R3 and R# is a hydrogen atom, the other is not a

hydrogen atom with a hydroxycarboxylic acid represented by formula (1):

R1
|
HOCH,—C—COOH

R ®
wherein R! and R? each represents a hydrogen atom, a hydroxyl group a -CH,OH group,
or an alkyl group, provided that when one of Rl and R2 is a hydrogen atom, the other is
not a hydrogen atom.
12. A working fluid composition as claimed in claim 11, wherein the weight ratio
of the synthetic lubricating oil to the chlorine-free hydrofiuorocarbon is from 5:95 to

70:30. REPLACEMENT SHEET
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13, A working fluid composition as ¢laimed in claim 11, wherein the chiorine-free

hydrofluorocarbon is 1,1,1,2-tetrafluoroethane, difluoromethane, or 1,1,1,2,2-
pentafluoroethane.,
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