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REFRIGERATION LUBRICANTS

1-172,000 comb.

This invention relatés to lubricants used with

refrigerants, and more particularly to lubricants

suitable for use in the compression of refrigerants

containing no chlorine such as hydroflorocarbons (EHFC),

- preferably HFC-134a (1,1,1,2-tetrafluoroethane) and thé

like,
| Heretofore, compounds containing fluorine and
chlorine as a constituent element such as R-1l1
(trichloromonofluoromethane), R-12 (dichlorodifluoro-
methane) as a chlorofluorocarbon (CFC), R-22
(monochlorodifluoromethane) as a hydrochlorofluorocarbon
(BCFC) and the like have been used as a refrigerant for
freezers, air conditioners, refrigerators and the iike.
In connection with recent problem on breakage of ozone
layer, new refrigerants containing no chlorine such as
HFC-134a and so on are proposed as a possible replace-
ment for R-12, causing no breakage.of ozone layer.

As a refrigeration lubricant, there are known
many mineral-series and synthetic oils. However, it has
been confirmed that these oils are very poor in the com-
patibility with HFC-134a and can not be applied thereto.
Therefo?e, |

it is important to take a countermeasure on

this problem at the present. Furthermore, the lubricity,



(di ehl orodi fl uor onet hane) as a chlorofluorocarbon CFC), R-22
(rmonochl or odi f | uor onet hane) as a hydrochlorofluorocarbon (HCFC) 10

have been used as a refrigerant for freezers, air conditioners and
refrigerators, for instance. JP-A-56131548 dyscloses neopent yl pol yol esters
useful as freon- resisting oil for lubrication. JP-A-59164393 discloses a
refrigerate nmachine oil which conprises, as base Oif“”a“COﬂpFeX~eS{er~mm

synthetized from pol yhydric al cohol, 16-18@ . This Sheet Has Been R
€p.
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electric insulating property, energy saving property,

anti-wear performance, sealability, thermal stability,
prevention of sludge formation and the like are
mentioned as performances required in the refrigeration

06 lubricant, so that they are required to be considered in
the development of the above countermeasure.

Incidentally, there have hitherto been known
polyether series synthetic lubricants as a synthetic
0il, which are reported in Journal of the 0il Chemistry,

10 vol. 29, No. 9, pp 336-343 (1980) and Journal of the
Petroleum Tgchnology, vol. 8, No. 6, pp 562-566 (1985).
Furthermore, Japanese Patent laid open No. 61-281199
describes a mixture of polyglycol represented by a
general formulé of R;[0-(R,0)n~R3],, an alkylbenzene and

16 the like, and Japanese Patent laid open No. 57-63395
describes an oil obtained by mixing a polyether such as
high moleculgr weight polyoxypropylene monobutyl éther
with an epoxycycloalkyl compound, and Japanese Patent
laid open No. 59-117590 describes a high viscosity mixed

20 o1l of a polyether compound and a paraffinic or
naphthanic mineral oil.

However, the conventional synthetic lubricants
as mentioned above can not be a refrigeration lubricant
using HFC-134a as a refrigerant from a viewpoint of

25 compatibility and the=l;ke,

In US Patent No. 4,755,316, polyoxyalkylene



unsat urated fatty acid and 4-10C di carboxylic acid. The conpl ex ester has
hi gh | ubrication and chem cal stability and bal anced .conpatibility with
freon. The freons disclosed in the above references are pol yhal ogenatéd
hydrocar bons containing fluorine and chlorine. In connection with recent 20
probl em on breakage of ozone |ayer, new refrigerants containing no chlorine
"such: as HFC- 134a are proposed as a possi bl e repl acenent for R- 12, causi-Ag
no breakage of ozone |ayer. As a refrlgerg%ypn | ubri cant, there are knomm
many mineral -series and This Sheet Has Been Rep Jaced
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glycol (hereinafter abbreviated as PAC) having hydroxyl
groups (-OH) at both terminals is reported as a
refrigeration lubricant using HFC-134a. Further, it is
described that PAG is dissolved in HFC-134a within a

05 wide temperature range as compared with general PAG
containing hydroxyl group and alkyl group at its
terminals, whereby the recycle of the lubricant into a
compressor is improved in the refrigeration system and
the seizuring in the actuation of the compressor at high

10 temperature is prevented. Moreover, the temperature
range compatible with HFC-134a is described to be
between -40°C and +50°C.

On the contrary, HFC-134a is a replacing

refrigerant of R-12 and is mainly expected for use in a

1§ car air conditioner, a refrigerator and the like.
In case of the refrlgerator, it is required to have a
good compatlblllty between 1ubr1cant and refrigerant,
and further the lubricant itself is necessary to have an
electric insulating property because the motor is

20 substantially existent in the refrigeration system.
However, the conventional compounds examined as a
lubricant for HFC-134a refrigerant inclusive of PAG
disclosed in US Patent No. 4,755,316 are remarkably poor
in the electric insulating property as compared with the

25 conventional refrigeration mineral oil and high in the

hygroscopicity.



syntheti ¢ oils. However, it has been confirned that these oils are very
poor 25 . in the conpatlblllty with HFC 134a and carinot be applied.
thereto. Therefore, Tt is inportant to take a countermeaslre on this"
problem at the present. Furthernmore, the lubricity, electric insulating

property energy 2
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It is, therefore, an object 6f the invention to
provide a refrigeration lubricant having an excellent
compatibility with a new refrigerant such as HFC-134a or
the like within a wide temperature range, a high

06 ‘electric insulating property and a low hygroscopicity.

At the present, a part of commercially available

= esters is used in systems using refrigerants R-12, R-22
and the like, but is incompatible with HFC-134a as a new
refrigerant or is very narrow in the compatible range

10 therewith. In this connection, the inventors have aimed
at the fact that the ester has a high electric insulat-
ing property, a low hygroscopicity, a good lubricity and
a high stability as compared with PAG and made'various
studies with respect to the molecule design of the ester

16 showing a wide range of compatibility with HFC-134a, and
found that only esters having a considerably restricted

;. structure can be used in the HFC~134a refrigeration

system, and as a result, the invention has been
accomplished.

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

26 chain monovalent fatty acid having a carbon number of

3-18.



saving property, ant: i; performance, sealability, thernal stablllty
prevention of sl udge ation, for instance are nentloned as perforimances
required in the refri'géréation Iubrlcant so that they are required to be
consi dered in the devel opnent of the above count er measur e. I nci dental |y,
there have hitherto been known polyether series synthetic lubricants as a

synthetic oil, which are reported in Journal of the O Chen1stry voI 29,
No. 9, pp 336- 343 (1980) and Journal of thesPetr ol eurpisihedt AR REY
No. 6, pp 562-566 (1985). Furthernore, Japanese “",I" "I" ,”|“"

According to a second aspec£ of the invention,
there is the provision of a lubricant for hydrofluoro-
carbon refrigerant such as HFC-134a and the like
comprising as a main component an ester comprised of at
least one of pentaerythritol, dipentaerythritol and
tripentaerythritol represented by the following general
formula (1):

CH,OH
H;(OCHz—f-CH2JH~OH (1)

CH,OH

(in which nis 1, 2 or 3), and at least one straight or
branched~chain monovalent fatty acid having a carbon
number of 2-18.
According to a third aspect of the invention,
there is the provision of a lubricant for hydrofluoro-
- carbon refrigeéant such as HFC-134a and the 1ike.

comprising as a main component an ester comprised of a
polyvalent alcohol represented by the following general
formula (1II):

?Hzon

R—?—CHon (1)
CH,OH

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

chain monovalent fatty acid having a carbon number of



Patent |laid open No. 61-281199 describes a m xture of polyglycol 10

represented by a general formula of [err] an al kyl benzene and the like,

Japanese Pat ent

a poltyether such as high nol ecul ar wei ght pol yoxyproyl ene nonobutyl

and

| ai d open No. 57-63395 describes an oil obtained by m xing

wi th an epoxycycl oal kyl conpound, and Japanese Patent |aid open No.

59- 117590 descri bes a high viscosity m xed oi

a paraffinic or

| ubri cants as nentioned above
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2-18, and not more than 25 mols per-iotél fatty acid of
at least one polybasic acid having a carbon number of
4-36.

In a prefer;ed embodiment of the invention, the
hydrofluorocarbon refrigerant is 1,1,1,2-
tetrafluoroethane (HFC-134a).

The refrigeration lubricant for refrigerant
HFC-134a and the like according to the first invention
comprises an ester obtained by esterifying neopentyl
glycol with at least one straight or branched-chain
monovalent fatty acid having a carbon number of 3-18 as
a main component.

In the first invention, the réason why the
cafbon number of the monovalent fatty acid is limited to
3-18 is due to the fact that when the carbon number is
less than 3, the viscosity is too low, while when it
exceeds 18, the resulting ester becomes cloudy or
becomes very poor in the compatibility with the
refrigerant HFC-134a and the like.

As the monovalent fatty acid, mention may be
made of propionic acid, isopropionic acid, butanoic
acid, isobutanoic acid, pentanoic acid, isopentanoic
acid, hexanoic acid, heptanoic acid, isoheptanoic écid,
octanoic acid, 2-ethyl hexanoic acid, nonanoic acid,
3,5,5~-trimethyl hexanoic acid, decanoic acid, undecanoic

acid, lauric acid, myristic acid, palmitic acid,

Has Been Replaced



cannot beé a refrigeration |ubricant using HFG 134a as a refrigerant froma
vi ewpoi nt of. conpatibility, for instance. In US Patent-Nq._§,755,31§Lm

pol yoxyal kyl-erie gl ycol- ‘(herei nafter abbreviated as PAG) having hydr oxy1
groups (-OH) at both terminals is reported as a refrigeration |ubricant

usi ng HFC-134a. Further, it is described that PAGis dissolved in HFC 134a
within a wide tenperature range as conpared wth general PAG contalnlng
hydr.oxyl group and aklyl group at its ternwnals wher eby the recycle of the
| ubricant into a conpressor is inproved _ ThlsSheetHasBPenleaced E

palmitooleic acid, stearic acid, isostearic acid, oleic

acid, and the 1ike.
In the first invention, at least one of these
monovalent fatty acids is properly mixed and esterified
06 with neopentyl glycol to obtain an ester satisfying
desirable physical properties required for various
refrigerators.
In order to obtaiﬁ a sufficiently satisfactory
compatibility with the refrigerant HFC-134a and the
10 1like, it is preferable to use a mixture of straight
chain fatty acid having a carbon number of 3-11,
preferably 5-10 and a branched-chain fatty acid having a
carbon number of 3-14, preferably 7-9 as the monovalent
fatty acid. 1In this case, the amount of the straight or
16 branched-chain fatty acid used is preferable to be not
less than 50 mols per the total monovalent fatty acid
used. i |
According to the invention, in order to give a
proper viscosity to the resulting ester, at least one
20 polybasic acid having a carbon number of 4-36 may be
esterified with neopentyl glycol in an amount of not
more than 80 mol% per total fatty acid. Among the
polybasic acids, considering the more compatibility with
the refrigerant HFC-134a and the like and the physical
26 properties of the resulting ester, a polybasic acid

having a carbon number of 4-10 is-preferable.



25 i:n the refrigeration systemand the seizuring in the a&tuatlon of the
conpressor at high tenperature is prevented. Moreover, the .tenperature
range conpati-ble with HFC-134a is described to be bet ween’ -40[err]C and
+50ferr]C On the contrary, HFC-134a is a replacing refrigerant of R 12 and
Is mainly expected for use in a car air conditioner_or refrigerator, for

instance. In case of the refrigerator, it is required to have a good
: -8- This Sheet Has Been Replaced

Concretely, the polybasic acid includes succinic acid,

glutaric acid, adipic acid, pimelic acid, suberic acid,
azelaic acid, sebacic acid, phthalic acid, maleic acid,
trimellitic acid and so on. Moreover, the polybasic
05 acid having a carbon number of not more than 3 is a
special product and is difficult to be cheaply available
and is poor in the stability of the ester after the
synthesis. While, when the carbon number exceeds 36,
the compatibility of the resulting ester with HFC-134a
10 and the like is 1argely lowered. In the invention, the
reason why the amount of the polybasic acid added is
limited to not more than 80 mols per the total fatty
acid is due to the fact that when it exceeds 80 molg,
the gelation may be caused and it is difficult to obtain
16 desirable physical properties.
The ester compounds according to the first
o invention can be obtained by the esterification reaction
through dehydration reaction between the specified
polyvalent alcohol and the specified fatty acid as
20 mentioned above, or the general esterification reaction
through an acid anhydride, an acid chloride or the like
as a derivative of the fatty acid.
Since the ester according to the invention can
be obtained by the above method, the remaining acid
26 value and hydroxyl value are not particularly critical.

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



conpatibility between lubricant and refrigerant, and further the |ubricant
itself is necessary to have an electric insulating property because the
notor is -3 substantially existent in the refrigeration system However,
t he conventi onal conpounds exam ned as a lubricant for HFC 134a refrigerant
I ncl’usi ve of

-9-
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caused an unfavorable phenomenon tha% the metal soap is

formed and precipitated by the reaction with a metal
used inside the refrigerator, so that the acid value is
preferable to be not more than 3. Furthermore, when the
05 hydroxyl value exceeds 50, there may be caused an
unfavorable phenomenon that the resulting ester becomes
cloudy, so that the hydroxyl value is preferable to be
not more than 50.
The lubricant for refrigerant HFC-134a and the
10 like according to the second invention comprises an
ester obtained by esterifying at least one of
pentaerythritol, dipentaerythritol and tripenta-
erythritol represented by the aforementioned general
formula (I) with at least one straight or branched-chain
16 monovalent fatty acid having a carbon number of 2-18 as
a main component.

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

20 ester.

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

25 refrigerant HFC-134a and the like.

As the monovalent fatty acid, mention may be



PAG:di scllosed in US Patent No. 4,755,316 are remarkably poor in the 5
electric insulating property as conpared with the conventi onal
refrigeration mneral oil and high in the hygroscopicity. It is an object
of the invention to provide a refrigeration |ubricant, which has excellent
conpatibility with a new refrigerant such aSI&EC>134a or the like within a

w de tenperature range, a high 10 el ectri¢ i nsullhis$ B@eReplaced a | ow
hygroscopicity, for conpressors using a hydrofluoro ant
cont ai ning no chlorine. _

made of acetic acid, propionic acid,.iéopropionic acid(
butanoic acid, isobutanoic acid, pentanoic acid,
isopentanoic acid, hexanoic acid, heptanoic acid,
isoheptanoic acid, octanoic acid, 2-ethyl hexanoic acid,

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

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

15 In order to obt;in a sufficiently satisfactory
compatibility with the refrigerant HFC-134a and the
like, it is preferable to use a mixture of straight
chain fatty acid having a carbon number of 3-11,
preferably 5-10 and a branched-chain fatty acid having a

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

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

viscosity to the resulting ester, at least one polybasic



At t-he present, a part of commercially available esters is used in systens
using refrigerants R 12, R-22, but is inconpatible with HFC-134a as a new
refrigerant or is very narrow in the conpatible range 15 ---t herew th..

this connection, the inventors have ai ned ag;the fact tﬂet t he ester has a

high electric insulating property, a |ow hygrdscopicity, @mﬁy
and a high stability as conpared wth PAG and nade varlo
respect to the nol ecul e design of the ester showing a w

conpatibility with HFC 134a, and found that only esters haV|ng a

acid having a carbon number of 4-36 hay be esterified
with at least one of pentaerythritol, dipentaerythritol-
and tripentaerythritol in an amount of not more than
80 molg per total fatty acid. In this case, the same

05 'polybasic acids as described in the first invention are
used in the same manner as in the first invention.

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

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

The lubricant for refrigerant HFC-134a and the -

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

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

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

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

of trimethylol ethane, trimethylol propane, trimethylol



20 * considerably restricted structure can be used in the HFC-1 34a
refrigeration system and as a result, the invention has been acconpli shed.
The present invention refers to the use of a lubricant for conpressors
usi ng a hydrofluorocarbon refrigerant containing no chlorine, conprising as

a main conponent an ester(s) obtainable bylZeacting (a) at |east onée 25
pol yval ent al cohol selected fromthe group consistingThi SiReHadBéd REYidLL!

di pentaerythritol and tripentaerythritol with (b) a m L lIjst one
of straight chain nonovalent fatty acids having a carb lmﬂl ,ﬂrl 1

and .

butane and the like.

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

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

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

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

15 compatibility of the resulting ester with HFC-134a and
the like is largely lowered. Therefore, the carbon
number of the polybasic acid is preferable to be 4-36,
and particularly the carbon number of 4-10 is favorable
for ensuring the compatibility with HFC-134a at a wide

20 range. As the polybasic acid, mention may be made of
adipic acid, azelaic acid, sebacic acid and so on.
Preferably, the monovalent fatty acid is 2-ethylhexanoic
acid, and the polybasic acid is adipic acid.

Moreover, the reason why the amount of the

26 polybasic acid added in the invention is limited to not

more than 25 mol% per the total fatty acid is due to the



at least: one of branched-chain nonovalent fatty acids having a carbon
nunber of 4-14, wherein the anount of the branched-chain nonoval ent fatty
acid is not |less than 50 nol % per total nonovalent fatty acid used.
Furthernore, the present invention refers to the use of a lubricant for
conpressors using a hydrofl uorocarbon refrigerant containing no chlorine.
conprising as a main conponent an ester(s) jght ai nabl e -by - reacting (-a)..at

| east one pol yval ent al cohol selected fromthe group. %%n5|szﬁn
heet Has emchp
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fact that when it exceeds 25 molsg, the-gelation may be

caused and it is difficult to obtain desirable physical
properties.
The ester compounds ‘according to the third
06 -invention can be obtained by the same method as in the
first and second inventions. 1In any case, it is
desirable that the ester does not contain carboxyl
group.
The esters according to the invention exhibit a
10 good compatibility with the refrigerant HFC-134a and the
like over a wide range of from low temperature to high
temperature as a lubricant for use in a refrigerator
using HFC-1l34a as a refrigerant, whereby the lubricity
and thermal stability of the refrigeration lubricant can
16 be considerably improved. Furthermore, they are high in
the electric insulating property and small in the
hygroscopicityhas compared with PAG conventionally
examined as a refrigeration lubricant for HFC-134a.
Therefore, the refrigeration lubricants comprising the
20 ester according to the invention as a main component can
solve the problems on the compatibility with HFC-134a
and the hygroscopicity, which have never been solved in
the conventional technique, and can further enhance the
electric insulating property, which comes into problem
26 when HFC-134a is used in a compressor for a

refrigerator.



4 pentaerythritol, dipentaerythritol and tripentaerythritol with (b) a

m xture of at | east one of straight chain nonovalent fatty acids having a
carbon nunmber of 3-11 and at | east one of branched-chain nonoval ent fatty
aci ds having a carbon nunber of 4-14, wherein the anount of the
branched-chai n nonoval ent fatty acid is not jg&ss than 50 nol % per total
nonoval.ent fatty - This Sheet Has Been Replaced
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Moreover, additives usually used in the lubri-

cant such as antioxidant, anti-wear agent, epoxy
compound and the like may properly be added to the
refrigeration lqbricant accotding to the invention.

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

Examples 1-8, Comparative Examples 1-5

The performances as a refrigeration lubricant

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

16 mentioned above was made with respect to commercially
available PAG (B-1 - B-3, made by Asahi Denka Co., Ltd.)
and esters (C-1 - C-2, made by Nippon 0Oil and Fats Co.,
Ltd.) as a refrigeration lubricant shown in the
following Table 2.

20 The lubricity, compatibility, thermal stability,
electric insulating property and hygroscopicity as
performances of the refrigeration lubricant for the
compressor shown in Tables'l and 2 wére evaluated under
the following conditions.

25 Lubricity

Seizuring load (Falex load-carrying capacity)



aci ¢ used, and (c) at |east one pol ybasic acid having a carbon nunber of 4-
10, wherein the anount of the polybasic acid is not nore than 80 nnl@bper
total fatty acid. The present invention also refers to the-use—of a-
lubricant for 10 conpressors using a hydrofl uorocarbon refrlgerant

containing no chlorine, conprising as a mainsconponent’ v
obtai nabl e by reacting (a) at |east one polyval ent alcoh I “IIH
pentaerythritol and

was measured according to ASTM D-3233-73 under a

controlled atmosphere of HFC-134a blown.

Compatibility

After 0.6 g of the test lubricant and 2.4 g of
05 ‘the refrigerant (HFC-134a) were sealed in a glass tube,
the cooling at 1°C/min and the heating were carried out,
during which a temperature causing two-phase separation
was measured.

Thermal stability

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

16 according to ANSI/ASHRAE 97-1983.

Electric insulating property

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

Hygroscopicity

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

The evaluation results are shown in the

926 following Table 3.



di pentaerythritol, with (b) at | east one branched-chain nonoval ent fatty
acid selected fromisobutanoic acid, isopentanoic acid,-+seheptanei ¢ -acid--
and i sononanoi ¢ acid. The present application also refers to the use of a

| ubricant for conpressors using a hydrofluorocarbon refri 8 H cpdy
no chlorine conprising as a main conponent {af)- ester(s)
reacting (a) at |east one polyval ent al cohol selected fro o]

and 20
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di pentaerythritol, wth (b) at |east one branched-chain nonoval ent fatty
acid having.a carbon nunber of 4 to 18, with the proviso that i) sai d
| ubri cant does not contain a polyether polyol in an anount of 5 to 95 _
wei ght percent according to the general for gllfa 25

\%};}gggﬂerr]CH(R[err])-O)[err]-(CI-l[err]-Cl—l(' érr])_-O?Em'iiﬂ-‘ilﬁ"mﬂrmTﬁgdr]
|

Table 2

Dynamic

Color viscosit

Type Trade name (ASTM) at 40ﬁcy
. : (cSt)
B-1l | PAG 1 |Adekapol M-30 1) L 0.5 32.8
B-2 | PAG 1 |Adekapol M-110 2) L 0.5 105.2
B-3 | PAG 1 |Adekapol ME-50 3) L 0.5 54.6
C-1 | ester |dioctyl sebacate L 0.5 11.4
C-2 | ester |Unistar MB-816 4) L. 0.5 8.1

1) polyoxypropylene glycol monoalkyl ether

2) polyoxypropylene glycol monoalkyl ether

3) polyoxyethylene propylene glycol monoalkyl ether
4) monoester of 2-ethylhexanol and palmitic acid
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5 about 5000, R2 is hydrogen or an alkyl group of 1 to 6 carbon atoms, p is
an integer having a value equal to the number of active hydrogens of Z and
i) said lubricant is not used in a liquid conp05|t|on conpr|5|ng

-19 - )
This Sheet Has Been Repl

HIIIIHIIIHHI 1

As seen from Table 3, when the esters according

to the invention are compared with the conventional PGA
(B-1 - B-3), the electric insulating property
represented by the dielectric constant is 100,000 times
05 or more and the two-phase separation at a high
temperature is not caused. Furthermore, the seizuring
load is excellent and the hygroscopicity is low.
The thermal stability is equal in case of the HFC-134a
system, but is considerably excellent in case of the
10 R-12 system. This is very advantageous in practical use
because the mixing of HFC-134a and R-12 is not avoided
at a stage of replacing the refrigerant from R-12 to
HFC-134a.
On the other hand, when the esters according to
16 the invention are compared with the commercially
available esters (C-1 - C-2), the two-phase separation
temperature. is extremely different and the conventional
eésters are insoluble in HFC-134a. In this point, the
molecule designed esters according to the invention have
20 a great merit.
As seen from the above, the esters according to
the invention are fairly excellent in the performances
as a lubricant as compared with Comparative Examples.

Examples 9-17

26 The performances as a refrigeration lubricant

using HFC-134a as a refrigerant were evaluated with



a maj or anount (nore than 50% by wei ght) of a fluorine containing

hydr ocarbon refrigerant and a m nor anmount of (less than 50% by melght) of
said lubricant. 10 Pantaerythritol, dipentaerythritol_and— —-- -
tripentaerythritol are represented by the foll ow ng fornula &mgik

s S i

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

06 made to obtain results as shown in the following

Table 5.

10

16
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2-et hyl-

In a preferred enbodi nent of the invention,
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hydr of | uor ocarbon refri gerant

LY

determned in accordance with the viscosity required in

synt hesi zed ester.
made of propionic acid. butanoic acid,

t he condensate of pentaerythritol,

i sopent anoi ¢ aci d,
octanoi ¢ aci d,
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6 number ‘of 4-14, is properly mxed and esterified with pentaerythritol or
Its condensate to obtain an ester satisfying desirable physical properties
required for various refrigerators. 5 In order-to-ebtain_a _
sufficiently satisfactory conpatibility with the refrig%r% t HFC-134a and
the like, mxture of straight _93 . '7,

Wimii

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

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

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

On the other hand, when the esters according to

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

20 according to the invention have a great merit.

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

The HFC-134a has been mentioned as a possible

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

conditioner, refrigerator and the like. Particularly,



chai'n fatty acid having a carbon nunber of 3-11, preferably 5-10 and a
branched-chain fatty acid having a carbon nunber 4-14, preferably 7-9 as
t he nonoval ent fatty acid can be used. In this case, the anmount of the
branched-chain fatty acid used is not |ess than 50 nol % per the total

monoval ent fatty acid used. 15 On the other hand, in order to
give a praper viscosity to the resulting ester, at |east one polybast+e-aci-d
havi ng a - 24 - This Sheet Has

L.

in case of the car air conditioner, the compressor is
driven in summer season, so that the compatibility
between oil and refrigerant at high temperature becomes
important. When the two—phaée separation between oil

06 ‘and refrigerant is caused in the compressor during the
driving, the refrigerant having a larger specific
gravity remains in the lower portion of the compressor,
resulting in the occurrence of compressor seizuring.

In case of the refrigerator, the motor is

10 included in the cbmpressor, so that leakage of
electricity comes into problem. In this connection, the
esters according to the invention have a dielectric
constant higher by 100,000 times or more than that of
the conventional PAG and are excellent in the electric

16 insulating property, so that they can be said to be a
refrigeration lubricant for the refrigerator.

Concretely, lubricants having a dynamic

viscosity of 10-50 cSt at 40°C are used as a lubricant
for the refrigerator requiring a two-phase separation

20 temperature of not higher than -40°C, so that the esters
A-10, A-11 and A-12 are particularly suitable therefor.
On the other hand, lubricants having a dynamic viscosity
of 80-150 cSt at 40°C are used as a lubricant for the
car air conditioner requiring a two-phase separation

26 temperature of not higher than -20°C, so that the esters



carbon nanber of 4-10 nmay be esterified with at | east one of
pentaerythritol, dipentaerythritol and tripentaerythritol in an anmount of
not nore than 80 nol % per total fatty acid. In this case the foll ow ng

pol ybasic 20 acids are used: succinic acid, glutaric acid, adipic acid,
pinelic acid, suberic acid, azelaic acid, sebacic acid, phthalie acid,———._
mal eic acid and trinellitic acid. The ester conpounds useﬂﬁin t he present

i nvention can be obtained by the esterification reaction 'ﬁi”ﬁiﬁ"m‘i"ﬁéiiced

dehydration reaction between the specified %5Pyvalent al co
A-9, A-13, A-14, A-16 and A-17 are particularly suitable

specified fatty acid

therefor.

Examples 18-25

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

following Table 7.

16



-

as nenti oned above,

an acid anhy ide,

aci d.

esterification reaction through

or the general

-

25

an acid chloride or the like as a derivative of the fatty

2:/ 2 alaJ I eplaced
A
as a

i

t he--aci d-val ue-t s——
th the refriger

i nventi on,
g. The esters

&

K
the like over a wide range of fromlow tenperature to h

In the esters used in the present
preferable to be not nore than 3 ng KOH g and the hydroxyl

I nvention exhibit a good conpatibility

preferable to be not nore than 50 ng

in a

use

| ubricant for
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refrigerator using HFC-134a as a refrigerant,

t her na

whereby the lubricity and

stability of the refrigeration |ubricant can be consi derabl

Vi

fuls h6H

W

they are high in the el ectric-insufat
-927-

in the hygroscopicity as conpared w

7 Furthernore,
conventionally exam ned as a

property and snal

i mproved
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refrigerdtion lubricant for HFC 134a. Therefore, by the used refrigeration
5 | ubricants conprising the ester used in the invention as a nmain
conponent the problens on the conpatibility with HFC-134a and the
hygroscopi city, which have never been solved in the conventi onal technique,
can be solved and the electric insulating property, which.cones into._ _ .

pr obl em when HFC-134a is used in a conpressor for a refrl gerator, can 10

be further enhanced. Mreover, additives-u28ially ﬂﬁ‘e ﬁ”‘ ,"l

t
as anti oxi dant, [

As seen from Table 7, when the esters according

to the invention are compared with the conventional PGA
(B-1 - B-3) shown in Tables 2 and.3, the electric
insulating property represenied by the dielectric

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

10 excellent in case of the R-12 system.

Recently, HFC-134a causing substantially no

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

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

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

26 the conventional R-12 and R-22 as a refrigerant.



antt-wear agent, epoxy conpound—for—instance nay properly be added to the
refrigeration |ubricant used i Exanples 1-6 15

The perfornmances as a refri gerH‘ﬁ“ﬂ“‘\mﬁﬂu“mm si ng- HFC— 134a- as a o ——
refrigerant were evaluated wt espect M ossi X ester own

the following Table 1 (all of which esters were not co ‘fefable
but were prepared according to the fit<9 i-nvention). F son

t he sane eval uation as mentioned aboCelwAsinbde with r

1. Use of a lubricant for compressors using a
hydrofluorocarbon refrigerant containing no chlorine, comprising
as a main component an ester(s) obtained by reacting (a) at
least one polyvalent alcohol sel?cted from the group consisting
of pgntaerythritol, dipentaerythritol and tripentaerythritol
witﬁ (b) at least one straight chain or branched-chain

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

2 | Use of a lubricant for compressors using a
hydrofluorocarbon refrigerant containing no chlorine, comprising
‘as a main component an ester (s) obtained by reacting (a) at
least one polyvalent alcohol'selected from the group consisting
of pentaerythritol, dipentaerythritol and tripentaerythritol
with (b) at least one straight chain or branched-chain
monovalent saturated fatty aci; having a carbon number of 2-18
and (c) at least one saturated polybasic acid having a carbon
number of 4-10 in which an amount of said saturated polybasic

acid is not more than 80 mol% per total of said monovalent

saturated fatty acid and said saturated polybasic acid used.

or tQacml
3. The use according to claim 1Y wherein said

monovalent saturated fatty acid is a straight chain monovalent
saturated fatty acid having a carbon number of 3-11 and/or a
branched-chain monovalent saturated fatty acid having a carbon

number of 3-14.



20 “ commercially available PAG (B-1 - B-3, nmade by Asahi Denka Co., Ltd.)
and esters (G 1 - G2, nade by Ni pHMIﬂllllmnﬁlmu“lCoﬂ_Ltd ) as.a_
refrigeration | ubri cant shown int e 2. The Iubr|C|ty,
conpatibility, thermal stability, eflectri'c i"nsdl aling hlﬁe Hii‘BnedReplaced

hygroscopicity as performances of the refrigeration, | ubrp
conpressor shown in Tables 1 and 2 were evaPuated under
4. The use according to claim 3, wherein said

conditions. Lubricity

monovalent saturateé fatty acid is a straight chain monovalent
saturated fatty acid having a carbon numsef of 5-10 and/or a
branched-chain monovalent saturated fatty acid having a carbon
number of 7-9 in which an amount of the branched-chain
monovalent saturated fatty acid.is nof less than 50 mol% per
totél monovalent saturated fatty acid used.

5 . The use according to claim 4, wherein said
monovalent saturated fatty acid is selected from the group
consisting of pehtanoic acid, hexanoic acid, heptanoic acid,
octanoic acid, nonanoic acid, decanoic acid, isoheptanoic acid,
2-methylhexanoic acid, 2,2-dimethylpentanoic acid, 2-

ethylpentanoic acid, 3-ethylpentanoic acid, 3-methylhexanoic

acid, 4-methylhexanoic acid, 5-methylhexanoic acid, isooctanoic
acid, 2-methylheptanoic acid, ‘3-methylheptanoic acid, 4-
methylheptanoic aciﬁ, 2-ethylhexanoic acid, 2-propylpentanoic
acid, 2,2-dimethylhexanocic acid, 2,4-dimethylhexanoic acid, 3,5-
dimethylhexanoic acid, 2,2,4-trimethylpentanoic acid,
isononanoic acid, 2-methyloctanoic acid, 3-methyloctanoic acid,
2,2-dimethylheptanoic acid, 2-ethylheptanoic acid and 3,5,5-
trimethylhexanoic acid.

6. The use according to anyone of claims 1 to 5,
wherein said ester has a hydroxyl value of not more than 50, a
dielectric constant_at 80°C of not less than 10'? Q -cm and a
two-phase separation temperature at low temperature side of not

higher than -40°C in the coexistence with said hydrofluorocarbon,

refrigerant.



‘Sei zuri'ng | oad (Fal ex |oad-carr “ﬂﬁ ﬂm’ s measured according t.o
ASTM D- 3233-73 under a controll ) U"THFC—l 34a blown.
Conpatibility After 0.6 g of the test 1uiritant and @iﬁh%g&gmeﬁced

refrigerant (HFC- 134a) were sealed in g1gl ass tube, mm’mm |"|Igu

lferr]C/ mn and the heating -

7. The use according to anyone of claims 1 to 6,

wherein said hydrofluorocarbon refrigerant is 1,1,1,2-

tetrafluoroethane.

8. The use according to claim 2, wherein said
saturated polybasic acis is seletted from the group consisting
of succinic acid, glutaric acid, adipic acid, suberic acid,

pimelic acid, azelaic acid and sebacic acid.

9. A lubricant for compressors using a
hydrofluorocarbon refrigerant ;ontaining no chlorine, comprising
as a main component an ester (s) obtained by reacting (a) at
least one polyvalent alcohol selected from the group consisting
of pentaerythritol, dipentaerythritol and tripentaerythritol

with (b} at least one straight chain or branched-chain

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

10. A lubricant for compressors ﬁsing a
hydroflgorocarbon réfrigerant'containing no chlorine, comprising
as a'maiﬁ component an ester (s) obtained by reacting (a) at
least one polyvalent alcohol selected from the group consisting
of pentaerythritol, dipentaerythritol and tripentaerythritol
with (b) at least one straight chain or branched-chain
monovalent saturated fatty acid having a carbon number of 2-18
and (c) at least one saturated polybasic acid having a carbon
number of 4-10 in which an amount of said saturated polybasic

acid is not.more than 80 mol% per total of said monovalent

.. 2 . . . : i id i
saturated fatty acid and said saturated polybasic acla usead.



8 were carried out, during which a tenperature causing two-phase separation
was neasured. Thernal stability After 1 g of the test lubricant, 1 g of the
refrigerant (HFG-1 34a or R- 12) and a catalyst (wire of iron, copper_or __
alum nium) were sealed in a glass tube, the m xture was heated to .

175[err]C, and a color of the lubricant after 10 _ This Sheet Has Been Replaced
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ABSTRACT

Refrigeration Lubricants

A lubricant comprising

as a main component an ester (s) obtained by reacting (a) at
least one polyvalent alcohol selected from the group consisting
of pentaerythritol, dipentaerythritol and tripentaerythritol
witﬁ (b) at least one straight chain or branched-chain

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

This lubricant is used for compressors using a
hydrofluorocarbon refrigerant containing no chlorine.
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REFRIGERATION LUBRICANTS
Description

10

15

20

25

This invention relates to the use of lubricants for compressors using
a hydroﬂuorocarbon refrlgerant used mﬂ;—;efngerant—and—mora—pam‘suladsc
ats containing no
chiorine such as hydroflorocarbons (HFC), preferably HFC-134a (1,1,1,2-
tetrafluoroethane). and-the-like:
Heretofore, compounds containing fluorine and chlorine as a
constituent element such as R-11 (trichloromonofiucromethane), R-12
(dichlorodiflucromethane) as CFC), R-22
(monochlorodifluoromethane) as a hydrochlorofluorocarbon (HCFC) and-the-
Jike~have been used as a refrigerant for freezers, air conditioners and
refrigerators, -and-the-ike: for instance.
JP-A-56131548 discloses neopentylpolyolesters useful as freon-

a chlorofluorocarbon

resisting oil for lubrication.

JP-A-59164393 discloses a refrigerate machine oil which comprises,
as base oil, a complex ester synthetized from polyhydric .alcohol, 16-18C
unsaturated fatty acid and 4-10C dicarboxylic acid. The complex ester has
high lubrication and chemical stability and balanced compatibility with freon.

The freons disclosed in the above references are polyhalogenated

hydrocarbons containing fluorine and chlorine. In connection with recent

problem on breakage of ozone layer, new refrigerants containing no chlorine
such as HFC-134a-and-se-on are proposed as a possible replacement for
R-12, causing no breakage of ozone layer.

As a refrigeration lubricant, there are known many mineral-series and
synthetic oils. However, it has been confirmed that these oils are very poor
in the compatibility with HFC-134a and cannot be applied thereto. Therefore,
it is important to take a countermeasure on this problem at the present.

Furthermore, the lubricity, electric insulating property, energy

C\WPDOC\96165743.98
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and then the water concentration was rreasured. The evaluation results are

shown in the foll owi ng Tapte—3—26- =T |
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saving property, anti-wear performance, sealability, thermal stability,

prevention of sludge formation, -and-the like-are. for instance are mentioned

as performances required in the refrigeration lubricant, so that they are
required to be considered in the development of the above countermeasure.

Incidentally, there have hitherto been known polyether series
synthetic lubricants as a synthetic oil, which are reported in Journal of the Qil
Chemistry, vol. 29, No. 9, pp 336-343 (1980) and Journal of the Petroleum
Technology, vol. 8, No. 6, pp 562-566 (1985). Furthermore, Japanese

: Patent laid open No. 61-281199 describes a mixture of polyglycol
10 represented by a general formula of R,[0-(R,0),-R,],. an alkylbenzene and
the like, and Japanese Patent laid open No. 57-63395 describes an oil
obtained by mixing a polyether such as high molecular weight
polyoxyproylene monobutyl ether with an epoxycycloalkyl compound, and
Japanese Patent laid open No. 59-117590 describes a high viscosity mixed
15 oil of a polyether compound and a paraffinic or naphthanic mineral oil.

However, the conventional synthetic lubricants as mentioned above
cannot be a refrigeration lubricant using HFC-134a as a refrigerant from a
viewpoint of compatibility, -and-the-fike. for instance.

In US Patent No. 4,755,316, polyoxyalkylene glycol (hereinafter

20 abbreviated as PAG) having hydroxyl groups (-OH) at both terminals is

reported as a refrigeration lubricant using HFC-134a. Further, it is described

that PAG is dissolved in HFC-134a within a wide temperature range as

compared with general PAG containing hydroxyl group and aklyl group at its

terminals, whereby the recycle of the lubricant into a compressor is improved

25 in the refrigeration system and the seizuring in the actuation of the
compressor at high temperature is prevented. Moreover, the temperature
range compatible with HFC-134a is described to be between -40°C and
+50°C.

On the contrary, HFC-134a is a replacing refrigerant of R-12 and is
mainly expected for use in a car air conditioner a or refrigerator, -and-the-like-
for_instance. In case of the refrigerator, it is required to have a good
compatibility between lubricant and refrigerant, and further the lubricant itself

is necessary to have an electric insulating property because the motor is

This Sheet Has Been Repl
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10 Table 2 Type
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viseosity at 40[err] C(C!REPHACEMWJSBEET PAG 1 Adekapol M 30 1)

L 0.5
L 0.5

10

156

20

25

328 B- 2 PAG 1 Adekapol M 110 2)

1Y%Ru& 198

el e BT TG

- 3 AMENDED SHEET
substantially existent in the refrigeration system. However, the conventional
compounds examined as a lubricant for HFC-134a refrigerant inclusive of
PAG disclosed in US Patent No. 4,755,316 are remarkably poor in the
electric insulating property as compared with the conventioﬁal refrigeration
mineral oil and high in the hygroscopicity.

it is..thereforer an object of the invention to provide a refrigeration
lubricant, -hevirg-en-which has excellent compatibility with a new refrigerant
such as HFC-134a or the like within a wide temperature range, a high
electric insulating property and a low hygroscopicity, for compressors using

a hydrofluorocarbon refrigerant containing no chlorine

At the present, a part of commercially available esters is used in
systems using refrigerants R-12, R-22, and-the-like; but is incompatible with
HFC-134a as a new refrigerant or is very narrbw in the compatible range
therewith. In this connection, the inventors have aimed at the fact that the
ester has a high electric insulating property, a low hygroscopicity, a good
lubricity and a high stability as compared with PAG and made various
studies with respect to the molecule design of the ester showing a wide
range of compatibility with HFC-134a, and found that only esters having a
considerably restricted structure can be used in the HFC-134a refrigeration
systeAn and as a result, the invention has been accomplished.

The present invention refers to the use of a lubricant for compressors
using a hydrofluorocarbon refrigerant containing no chlorine, comprising as
a main component an ester(s) obtainable by reacting (a) at least one
polyvaient alcohol selected from the group consisting of pentaerythritol,
dipentaerythritol and tripentaerythritol with (b) a mixture of at ieast one of
straight chain monovalent fatty acids having a carbon number of 3-11 and
at least one of branched-chain monovalent fatty acids having a carbon
number of 4-14, wherein the amount of the branched-chain monovalent fatty
acid Ii not less than 50 mol% per total monovalent fatty acid used.

Furthermore, the present invention refers to the use of a lubricant for
compressdrs using a hydrofluorocarbon refrigerant containing no chliorine,
comprising as a main component an ester(s) obtainable by reacting (a) at
least one polyvalent alcohol selected from the group conS|st|ng of

This Sheet Has
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pentaerythntol dipentaerythritol and tripentaerythritol with (b) a mixture of at
least one of straight chain monovalent fatty acids having a carbon number
of 3-11 and at least one of branched-chain monovalent fatty acids having a
carbon number of 4-14, wherein the amount of the branched-chain
monovalent fatty acid is not less than 50 mol% per total monovalent fatty
acid used, and (c) at least one polybasic acid having a carbon number of 4-
10, wherein the amount of the polybasic acid is not more than 80 mol% per
total fatty acid.

The present invention also refers to the use of a lubricant for
10 compressors using a hydrofluorocarbon refrigerant containing no chlorine,
comprising as a main component an esters(s) obtainable by reacting (a) at
least one polyvalent alcohol selected from pentaerythritol and
dipentaerythritol, with (b) at least one branched-chain monovalent fatty acid
selected from isobutanoic acid, isopentanoic acid, isoheptanoic acid and
15 isononanoic acid.

The present application also refers to the use of a lubricant for
compressors using a hydrofluorocarbon refrigerant containing no chlorine
comprising as a main component (an) ester(s) obtainable by reacting (a) at
least one polyvalent alcohol selected from pentaerythritol and
20 dipentaerythritol, with (b) at least one branched-chain monovalent fatty acid
having a carbon number of 4 to 18,
with the proviso that

i) said lubricant does not contain a polyether polyol in an
55 amount of 5 to 95 weight percent according to the general formula
Z-[(CH,CH(R)-0-),-(CH,-CH(CH,)-O-);-R,l,

wherein

Z is the residue of a compound having 1 to 8 active hydrogens,

R, is hydrogen, ethyl or mixtures thereof nis 0 or a positive number,
m is a positive number,

n+m is a number having a value which will give a polyether polyol

with a number average molecular weight range from about 400 to

This Sheet Has Been Repllaced
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about 5000,

R, is hydrogen or an alkyl group of 1 to 6 carbon atoms,

p is an integer having a value equal to the number of active
hydrogens of Z,

and

i) said lubricant is not used in a liquid composition comprising
a major amount (more than 50% by weight) of a fluorine containing
hydrocarbon refrigerant and a minor amount of (less than 50% by
weight) of said lubricant.

Pantaerythritol, dipentaerythritol and tripentaerythritol are represented
by the following formula (1) :

(I3H20H
H-(OCHZ-Cl-CHz),,-OH ()
CH,OH

(in whichnis is 1, 2 or 3).

In a preferred embodiment of the invention, the hydrofluorocarbon
refrigerant is 1,1,1,2-tetrafluoroethane (HFC-134a).

In the condensate of pentaerythritol, the polymerization degree may
be determined in accordance with the viscosity required in the resuiting
synthesized ester.

As the monovalent fatty acid, mention may be made of propionic acid,
butanoic acid, isobutanoic acid, pentanoic acid, isopentanoic acid, hexanoic
acid, heptanoic acid, isoheptanoic acid, octanoic acid, 2-ethyl hexanoic acid,
nonanoic acid, 3,5,5-trimethyl hexanoic acid, decanoic acid, and undecanoic
acid,. - A

n-the-first-inventien—at-At least one of branched-chain monovalent
fatty acids 4k

—g+yee+ having a carbon number of 4-18 or a mixture of at least one of

straight-chain monovalent fatty acids having a carbon number of 3-11 and

at least one of branched-chained monovalent fatty acids having a carbon

ect Has Been Replaced
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13 As seen from Table 3.-.when the esters used in the invention are conpar ed

with the conventional ITEPPLMEWNE[ gHEE?Ed for conparison shown in Tables 2

and 3, the el ectric ingulratt+ng—propet represented by the
dielelectric constant iis 10?90/988%6595 of nore and the

6 AMENDED SHEET

number of 4-14, is properly mixed and esterified with pentaerythritol or its

condensate to obtain an ester satisfying desirable physical properties
required for various refrigerators.
In order to obtain a sufficiently satisfactory compatibility with the

5 .

' refrigerant HFC-134a and the like,-it-is-preferable-te-use-a mixture of straight
chain fatty acid having a carbon number of 3-11, preferably 5-10 and a
branched-chain fatty acid having-a-carbon-rumbereof-3-1411—preferably-5-10-

10

56-mol%—per-the-totat having a carbon number 4-14, preferably 7-9 as the
monovalent fatty acid can be used.

In this case, the amount of the branched-chain fatty acid used is not

less than 50 mol% per the total monovalent fatty acid used.
15 -According-to-the-inventien;_On the other hand, in order to give a
proper viscosity to the resulting ester, at least one polybasic acid having a
carbon number of 4-36- 4-10 may be esterified with at least one of

pentaerythritol, dipentaerythritol and tripentaerythritol in an amount of not
more than 80 mol% per total fatty acid. In this case the following polybasic

acids are used : succinic acid, glutaric acid, adipic acid, pimelic acid, suberic

20
' acid, azelaic acid, sebacic acid, phthalic acid, maleic acid and trimellitic acid.

I\The ester compounds -aceerding—to-the—first used in the present
invention can be obtained by the esterification reaction through dehydration

reaction between the specified polyvalent alcohol and the specified fatty acid
25 as mentioned above, or the general esterification reaction through an acid
anhyc}\ride, an acid chloride or the like as a derivative of the fatty acid.

In the esters used in the present invention, the acid value is
preferable to be not more than 3 mg KOH/g and the hydroxyl value is
preferable to be not more than 50 mg KOH/g.

The esters -aecerding—te used in the invention exhibit a good
compatibility with the refrigerant HFC-134a and the like over a wide range
of from low temperature to high temperature as a lubricant for use in a
refrigerator using HFC-134a as a refrigerant, whereby the lubricity and

thermal stability of the refngeratlon lubricant can be conSIderably improved

——
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t wo- phase separation at : I's not caused. Furthernore, the
sei.zuri'-ng |l oad is excell Bt] Pmmt:opi city is low The thernal
stability is equal in cage|of the HFC-13flal system but is considerably
excel lent in case of the|R{1219A#@M98Th{s|is very advantageous in
practical 10 use becayse¢ the m xing HFC- 134a and R-1 2 is not avoi ded

at a stage of replacing tthe refrigerant fr¢gmR-12 to HFC- 134a. On the ot her

hand, when the esters usdd_.J_n_L.h.a_t_m/en-t-r-e-lﬁ' | ' fre co wth the

comrercially available esters (G1 - C2) %&DED SHEET
Furthermore, they are high in the electric insulating property and small in the

hygroscopicity as compared with PAG conventionally examined as a
refrigeration lubricant for HFC-134a. Therefore, by the used the-refrigeration
5 lubricants comprising the ester aceerding-te-used in the invention as a main
component ean-selve-the problems on the compatibility with HFC-134a and
the hygroscopicity, which have never been solved in the conventional

technique, can be solved and the electric insulating property, which comes

into problem when HFC-134a is used in a compressor for a refrigerator, can

10 be further enhanced. A
Moreover, additives usually used in the lubricant such as antioxidant,
anti-wear agent, epoxy compound, -ard-the-like for instance may properly be
added to the refrigeration lubricant used in-aceerding-te-the invention.
Examples 1-6 lk
15 The performances as a refrigeration lubricant using HFC-134a as a
refrigerant were evaluated with respect to -eight-six esters A-1 - A-6 shown
in the following Table 1 (all of which esters were not commercially available
but were prepared according to the first invention). For the comparison, the
same evaluation as mentioned above was made with respect to
20 commercially available PAG (B-1 - B-3, made by Asahi Denka Co., Ltd.) and
esters (C-1 - C-2, made by Nippon Qil and Fats Co., Ltd.) as a refrigeration
lubricant shown in the following Table 2.
The lubricity, compatibility, thermal stability, electric insulating
property and hygroscopicity as performances of the refrigeration lubricant for
25 the compressor shown in Tables 1 and 2 were evaluated under the following
conditions.
Lubricity
Seizuring load (Falex load-carrying capacity) was measured
according to ASTM D-3233-73 under a controlled atmosphere of HFC-134a

blown.

Compatibitity
After 0.6 g of the test lubricant and 2.4 g of the refrigerant (HFC-

134a) were sealed in a glass tube, the cooling at 1°C/min and the heating

heet Has Been Replaced
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used for conparison shown in Tables 2 and 3, the two-phase separation 15
tenperature is extrenely different and the conventional esters are

i nsoluble in HFC-134a. In this point, the nolecul e designed esters used in
the invention have a great nerit. As seen fromthe above, the esters used
in the invention are fairly excellent in the performances as a |ubricant as

menti oned 5 a possible repiacement for R g - AMENDED SHEEY
were carried out, during which a temperature causing two-phase separation
was measured.
Thermal stability

After 1 g of the test lubricant, 1 g of the refrigerant (HFC-134a or R-
12) and a catalyst (wire of iron, copper or aluminium) were sealed in a glass
tube, the mixture was heated to 175°C, and a color of the lubricant after 10
days was judged by ASTM color system according to ANSI/ASHRAE 97-
1983.
Electric insulating prope
10 It was evaluated by a dielectric constant at 80°C according to JIS C-
2101.
Hygroscopicity

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

The evaluation results are shown in the following Table 3.

20
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In case.of the refrigerator, the nmotor is included in the conpressor, so
that | eakage of electricity cones into problem In this connection, the
esters used in the invention have a dielectric constant higher by 100, 000
times or nore than that of the conventional PAG and are excellent in the
el ectric insulating property, so that they can be said to be

10 :
AMENDED SHEET
Tabie 2
Type Trade name Color (ASTM) | Dynamic viscosity at 40°C (cSt) mm?2/J
B-1 | PAG1 | Adekapol M-30 1) LO5 328
B2 | PAG1 | Adekapol M-110 2) L 05 105.2
B-3 | PAG 1 Adekapol MH-50 3) LOS 546
C-1 | ester dioctyl sebacate LO5 11.4
C-2 | ester Unistar MB-816 4) LOS 8.1
1) polyoxypropylene glycol moncalky! ether
2) polyoxypropylene glycol alkyl ether
3) polyoxyethylene propylene glycol monoalkyl ether
4) monoester of 2-ethylthexanot and palmitic acid
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14 refrigeration lubricant for the refrigerator. Concretely, lubricants
havi ng a dynam c viscosity of 10-50 nm[err]/s (cSt) at 40[err]C are used
as a lubricant for the refrigerator requiring a two- 5 phase separation
tenperature of not higher than -40[err]C, so that the esters A- 2 is
particularly suitable therefor. On the other hand, |ubricants having a
dynam c viscosity of 80-150 mm[err]/s (cSt) at 40[err]C are used as a

| ubricant for the car air conditioner requiring a tw-phase separation
tenperature of not

1 AMENDED SHEET
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hi gher than -20[err]C, so that the ester A1, A-3, A4, and A-6 are
particularly 10 suitable therefor. Recently, HFC 134a causing
substantially no breakage of ozone layer is closed up instead of R 12

wi dely used as a refrigerant in order to cope with the breakage of ozone
| ayer through chl orofl uorocarbon and hydrochl orof | uorocarbon being a

greatest problemin world-w de scale, but 15 IS poor in the conpatibility
with the conventional refrigeration |ubrpcant, which is a bar for the
devel opnment of repl acerrept system However, the AMENDED SHEET
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refrigeration lubricants used in the invention have a sufficient
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- ' —when the esters aeeerding-te used in the
invention are compared with the conventional PGA (B-1 - B-3) used for
comparison shown in Tables 2 and 3, the electric insulating property

represented by the dielelectric constant is 100,000 times or more and the
two-phase separation at a high temperature is not caused. Furthermore, the
seizuring load is excellent and the hygroscopicity is low. The thermal
stability is equal in case of the HFC-134a system, but is considerably
excellent in case of the R-12 system. This is very advantageous in practical
use because the mixing of HFC-134a and R-12 is not avoided at a stage of
replacing the refrigerant from R-12 to HFC-134a.

On the other hand, when the esters accerding—te- used in the
invention are compared with the commercially available esters (C-1 - C-2)
used for comparison shown in Tables 2 and 3, the two-phase separation

temperature is extremely different and the conventional esters are insoluble

in HFC-134a. In this point, the molecule designed esters aeeording-te- used_

in the invention have a great merit.
As seen from the above, the esters aeeerdingte used in the invention

are fairly excellent in the performances as a lubricant as compared with

-Cemparative-Examples those used for comparison.

The HFC-134a has been mentioned as a possible replacement for R-

12 and is used for car air conditioner and refrigerator, -and-the—fike- for

instance. Particularly, in case of the car air conditioner, the compressor is

driven in summer season, so that the compatibility between oil and
refrigerant at high temperature becomes important. When the two-phase
separation between oil and refrigerant is caused in the compressor during
the driving, the refrigerant having a larger specific gravity remains in the
lower portion of the compressor, resulting in the occurrence of compressor
seizuring.

in case of the refrigerator, the motor is included in the compressor,
so that leakage of electricity comes into problem. In this connection, the
esters -aceerding-te- used in the invention have a dielectric constant higher
by 100,000 times or more than that of the conventional PAG and are

excellent in the electric insulating property, so that they can be said to be
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refriﬁg;étion lubricant for the refrigerator.

Concretely, lubricants having a dynamic viscosity of 10-50 mm %s

(cSt) at 40°C are used as a lubricant for the refrigerator requiring a two-
phase separation temperature of not higher than -40°C, so that the esters _A_—
2 is particularly suitable therefor. On the other hand, lubricants having a
d_yn.amic viscosity of 80-150 mm /s (cSt) at 40°C are used as a lubricant for
the car air conditioner requiring a two-phase separation temperature of not
higher than -20°C, so that the esters-A-1, A-3, A-4, and A-6 are particularly

suitable therefor.

Recently, HFC-134a causing substantially no breakage of ozone layer
is closed up instead of R-12 widely used as a refrigerant in order to cope
with the breakage of ozone layer through chlorofluorocarbon and
hydrochlorofluorocarbon being a greatest problem in world-wide scale, but
is poor in the compatibility with the conventional refrigeration Iubricaﬁt, which
is a bar for the development of replacement system. However, the
refrigeration lubricants aeeording-te used in the invention have a sufficient
compatibility with HFC-134a as a refrigerant and a high electric insulating
property and also are excellent ih the total performances, so that they have
the effect that the conventional systems can be used as they are even when
HFC-134a is used instead of the conventional R-12 and R-22 as a
refrigerant.

Claims

1. Use of a lubricant for compressors using a hydrofluorocarbon
refrigerant containing no chlorine, comprising as a main component
an ester(s) obtainable by reacting (a) at least one polyvalent aicohol
selected from the group consisting of pentaerythritol, dipentaerythritol
and tripentaerythritol with (b) a mixture of at least one of straight

chain monovalent fatty acids having a carbon number of 3-11 with at

least one of branched-chain monovalent fatty acids having a carbon
number of 4-14, wherein the amount of the branched-chain

“monovalent fatty acid is not less than 50 mol% per total monovalent

fatty acid used. er-branched-ehain-monevalent-saturated-fatty-acid—

—taving—a—carbonnumber-of 2=18~
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chai n nonoval ent fatt y~aci-ds—havi-ag—a—eqgr bon nunber of 3-11 with at | east

one of * branched- chai n WEMENTEﬁHEE'[ém ds having a carbon nunber of
4-14, wherein the anoup ed- chai n nonoval ent fatty acid is not
| ess than 50 nol % per ;o al

nAV, nt} 140 fatty acid used. 2.
Use of a lubricant accpr i anQ m{l,} wherein said straight chain
nonoval ent fatty acid |s = oah tjhe group consi stl %é)[g g loni c
~acid, butanoic acid, pentanoic acid, hexanoig T

A
2. ~Fhe—use- Use of a lubricant according to Claim 1, wherein said

straight chain monovalent fatty acid is selected from the group

consisting of propionic acid, butaneic acid, pentanoic acid, hexanoic

5 acid, heptanoic acid, octanoic acid, nonanoic acid, decanoic acid and

undecanoic acid, and said branched-chain monovalent fatty acid is

selected from the group consisting of isobutanoic acid, isopentanoic

acid, isoheptanoic acid, 2-ethylhexanoic acid and 3,5,5-
trimethylhexanoic acid.
10 3. A Use of a lubricant according to claim 1, wherein said branched-chain
monovalent fatty acid is one having a carbon number of 7-9.
4. Use of a lubricant according to any one of claims 1 to 3, wherein said

ester has a total acid value of not more than 3 mgKOH/g and a

hydroxyl value of not more than 50 mgKOH/g.
15 5. “Fhe-tuse- Use of a lubricant according any one of claims 1 to 64,

wherein said hydrofluorocarbon  refrigerant is  1,1,1,2-
tetrafluoroethane.

6. A Use of a lubricant for compressors using a hydrofluorocarbon

refrigerant containing no chlorine, comprising as a main component

20 an ester(s) -ebtained. obtainable by reacting (a) at least one polyvalent

‘ alcohol selected from the group consisting of pentaerythritol,

dipentaerythritol and tripentaerythritol with (b) a mixture of at least

one of straight chain monovalent fatty acids having a carbon number

of 3-11 with at least one of branched-chain monovalent fatty acids

25 having a carbon number of 4-14, wherein the amount of the

branched-chain monovalent fatty acid is not less than 50 mol% per

total monovalent fatty acid used, and (c) at least one polybasic acid

having a carbon number of 4-10, wherein the amount of the

polybasic acid is not more than 80 mol% per total fatty acid.

7. Use of a lubricant according to clainm 6, wherein said straight chain
monovalent fatty acid is selected from the group consisting of
propionic acid, butanoic acid, pentanoic’ acid, hexanoic acid,

heptanoic acid, octanoic acid, nonanoic acid, decanoic acid and

undecanoic acid, and said branched-chain monovalent fatty acid is
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15 - acid, heptanoic acid, octanoic acid, nonanoic acid, decanoic
aci.d and undecanoi c acid, and @ Eg}ll Iqi n nonoval ent fatty acid

sel ected fromthe group consi

i sohept anoi ¢ aci d. 2-ethyl hexpnpi acid and} 3,5,5- trinmethyl hexanoic
Use of a luprfcyqg Apgaepydingito claiml, wherein said

acid. 20 3.

branched-chai n nonoval ent fatfyjacid is one having a carbon nunber of 7-

4, Use of a lubricant acco dH‘TTg‘TU‘HrTy"‘UHg af clai mMAMENDED SHEBEF n
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10.

11.

12.

13.

selected from the group cohsi'éiiﬁg of isobutanoic acid, isopentanoic
acid, isoheptanoc acid, 2-ethylhexanoic acid and 3,5,5-
trimethylhexanoic acid.
Use of a lubricant according to claim 6, wherein said polybasic acid
is selected from the group consisting of succinic acid, glutaric acid,
adipic acid, pimelic acid, suberic acid, azelaic acid and sebacic acid.
Use of a lubricant according to any one of claims 6 to 8, wherein said
ester has a total acid value of not more than 3 mgKOH/g and a
hydroxyl value of not more than 50 mgKOH/g.
Use of a lubricant according to any one of claims 6 to 9, wherein said
hydrofluorocarbon refrigerant is 1,1,1,2-tetrafluoroethane.
Use of a lubricant for compressors using a hydrofluorocarbon
refrigerant containing no chlorine, said lubricant comprising as a main
component (an) ester(s) obtainable by reacting (a) at least one
polyvalent alcohol selected from pentaerythritol and dipentaerythritol,
with (b) at least one branched-chain monovalent fatty acid selected
from isobutanoic acid, isopentanoic acid, isoheptanoic acid and
isononanoic acid. _
Use of a lubricant according to claim 11, wherein said polyvalent
alcohol is pentaerythritol.
Use of a lubricant for compressors using a hydrofluorocarbon
refrigerant containing no chlorine, said lubricant comprising as a main
component (an) ester(s) obtainable by reacting (a) at least one
polyvalent alcohol selected from pentaerythritol and dipentaerythritol,
with (b) at least one branched-chain monovalent fatty acid having a
carbon number of 4 to 18,
with the proviso that
i) said lubricant does not contain a polyether polyol in an
amount of 5 to 95 weight percent according to the general

formuia

Z-[(CH,CH(R,)-0-),-(CH,-CH(CH,)-O-)r,-R,,

S

ic aci-d, isopentanoic acid,

9.
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ester has a total acid value of not more than 3 ngKOH g and a hydr oxyl
value of not nore than bon mmss %T Use of a lubricant according any
(ini (if ch ai ns %I to 4, | &2 bf | uor ocarbon refri gerant is
,1,1,2- tetrafl uoroet hang. p | ubricant for conpressors using
a hydrof | uor ocar bon 30 19AU@ﬂ9qage aht containing no chlorine,
conprising as a nmain coifpqnent an ester obt ai nabl e by reacting (a) at
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‘wherein

Z is the residue of a compound having 1 to 8 active hydrogens,

R, is hydrogen, ethyl or mixtures thereof

5 n is 0 or a positive number,

m is a positive number,

n+m is a number having a value which will give a polyether polyol
with a number average molecular weight range from about 400 to
about 5000,

10 R, is hydrogen or an alkyl group of 1 to 6 carbon atoms,

p is an integer having a value equal to the number of active
hydrogens of Z,

and
iil) said lubricant is not used in a liquid composition comprising
15 a major amount (more than 50% by weight) of a fluorine containing

hydrocarbon refrigerant and a minor amount of (less than 50% by
weight) of said lubricant.
14. Use of a lubricant according to claim 13, wherein said polyvalent
alcohol is pentaerythritol.
20 | 15. Use of a lubricant according to claim 13 or 14, wherein said
' branched-chain monovalent fatty acid is selected from the group
consisting of isobutanoic acid, isopentanoic acid, isoheptanoic acid,

2-ethylhexanoic acid, isononanoic acid and 3,5,5-trimethylhexanoic

acid.
25 16. Use of a lubricant according to Claim 13 or 14, wherein said
branched-chain monovalent fatty acid is one having a carbon number
of 7-9.
17. Use of a lubricant according to claim 16, wherein said branched-

chain monovalent fatty acid is selected from the group consisting of
isoheptanoic acid, 2-ethylhexanoic acid, isononanoic acid and 3,5,5-
trimethylhexanoic acid.

18. Use of a lubricant according to any one of claims 11 to 17, wherein

said hydrofluorocarbon refrigerant is 1,1,1,2-tetrafluoroethane.
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Description

This invention relates to the use of lubricants for compressors using
2 hydrofluorocarbon refrlgerant used wath—reinge;ant—and-more—pamculaﬂy
pte containing no
chlorine such as hydroflorocarbons (HFC), preferably HFC-134a (1,1,1,2-
tetrafluoroethane). -and-the-tike:

Heretofore, compounds containing fluorine and chlorine as a

constltl.ent element such as R-11 (trichloromonofluoromethane), R-12
(dichlorodifluoromethane) as a chlorofluorocarbon  CFC), R-22
(monochlorodifluoromethane) as a hydrochlorofluorocarbon (HCFC) and-the-
<ilee-have been used as a refrigerant for freezers, air conditioners and
refrigerators, end-the-fiice for instance. _

JP-A-56131548 discloses neopentylpolyolesters useful as freon-
resisting oil for lubrication.

JP-A-59164393 discloses a refrigerate machine oil which comprises,
as base oil, a complex ester synthetized from polyhydric alcohol, 16-18C
unsaturated fatty acid and 4-10C dicarboxylic acid. The complex ester has
high lubrication and chemical stability and balanced compatibility with freon.

The freons disclosed in the above references are polyhalogenated

hydrocarbons containing fluorine and chlorine. In connection with recent

problem on breakage of ozone layer, new refrigerants containing no chlorine
such as HFC-134a-and-se-eamare proposed as a possible replacement for
R-12, causing no breakage of ozone layer.

As a refrigeration lubricant, there are known many mineral-series and
synthetic oils. However, it has been confirmed that these oils are very poor
in the compatibility with HFC-134a and cannot be applied thereto. Therefore,
it is important to take a countermeasure on this problem at the present.

Furthermore, the lubricity, electric insulating property. energy

C WPDOC\96165743 98
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br anched-chai n nonoval ent fatty acid is not |ess that 50 nol % per total
nonoval ent fatty acid used, and (c) at |east one pol ybasic acid having a
carbon nunber of 4-10, wherein the anmount of the polybasic acid is not nore
than 80 nol % per total fatty acid. 5 7. Use of a |ubricant according
to clainm®6, wherein said straight chain nonovalent fatty acid is selected
fromthe group consisting of propionic acid, butanoic acid, pentanoic acid,
hexanoi ¢ aci d, heptanoic acid, octanoic acid, nonanoic acid, decanoic acid

and saving property, anti-wear performance, sealability, thermal stability,

prevention of sludge formation, -ard-the-like-are-for instance are mentioned

as performances required in the refrigeration lubricant, so that they are
required to be considered in the development of the above countermeasure.
Incidentally, there have hitherto been known polyether series
synthetic Iubrican.ts as a synthetic oil, which are reported in Journal of the Oil
Chemistry, vol. 29, No. 9, pp 336-343 (1980) and Journal of the Petroleum
Technology, vol. 8, No. 6, pp 562-566 (1985). Furthermore, Japanese
Patent laid open No. 61-281199 describes a mixture of polygiycol
10 represented by a general formula cf R,[0-(R,0),,-R,],, an alkylbenzene and
tr"oe like, and Japanese Patent laid open No. 57-63395 describes an oil
obtained by mixing a polyether such as high molecular weight
polyoxyproylene monobutyl ether with an epoxycycloalkyl compound, and
Japanese Patent laid open No. 59-117590 describes a high viscosity mixed
15 oil of a polyether compound and a paraffinic or naphthanic mineral oil.
However, the conventional synthetic lubricants as mentioned above
cannot be a refrigeration lubricant using HFC-134a as a refrigerant from a
viewpoint of compatibility, -and-the-ike. for instance.
In US Patent No. 4,755,316, polyoxyalkylene glycol (hereinafter
20 abbreviated as PAG) having hydroxyl groups (-OH) at both terminals is
reported as a refrigeration lubricant using HFC-1 34a. Further, it is described

that PAG is dissolved in HFC-134a within a wide temperature range as

T

compared with general PAG containing hydroxyl group and aklyl group at its

terminals, whereby the recycle of the lubricant into a compressor is improved

25 in the refrigeration system and the seizuring in the actuation of the

compressor at high temperature is prevented. Moreover, the temperature

range compatible with HFC-134a is described to be between -40°C and
+50°C¢

> On the contrary, HFC-134a is a replacing refrigerant of R-12 and is

mainly expected for use in a car air conditioner-a or refrigerator, and-the-like-

for instance. In case of the refrigerator, it is required to have a good

compatibility between lubricant and refrigerant, and further the lubricant itself

is necessary to have an electric insulating property because the motor is
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yndecanoi ¢ acid, and said branched-chain nonovalent fatty acid is 10
sel ected fromthe group consisting of isobutanoic acid, isopentanoic acid,
i soheptanoc acid, 2-ethylhexanoic acid and 3,5,5- trinethyl hexanoic

acid. 8. Use of a lubricant according to claim6, wherein said polybasic
acid is selected fromthe group consisting of succinic acid, glutaric acid,
15 adi pic acid, pinelic acid, suberic acid, azelaic acid and

sebacic acid. 9. Use of a lubricant accor3ling to any one of clainms 6 to

8, wherein said
substantially existent in the refrigeration system. However, the conventional

compounds examined as a lubricant for HFC-134a refrigerant inclusive of
PAG disclosed in US Patent No. 4,755,316 are remarkably poor in the

5 electric insulating property as compared with the conventioﬁal refrigeration
mineral oil and high in the hygroscopicity.

It isthereforezan object of the invention to provide a refrigeration
lubricant, -keving-ar-which has excellent compatibility with a new refrigerant
such as HFC-134a or the like within a wide temperature range, a high

10 electric insulating property and a low hygroscopicity, for cotnpressors using_
2 hydrofluorocarbon refrigerant containing no chlorine.,

At the present, a part of commercially available esters is used in
systems using refrigerants R-12, R—22_,_-eﬂd-the-likef but is incompatible with
HFC-134a as a new refrigerant or is very narrow in the compatible range

15 therewith. in this connection, the inventors have aimed at the fact that the
ester has a high electric insulating property, a low hygroscopicity, a good
lubricity and a high stability as compared with PAG and made various
studies with respect to the molecule design of the ester showing a wide
range of compatibility with HFC-134a, and found that only esters having a

20 considerably restricted structure can be used in the HFC-134a refrigeration
systeK'l. and as a result, the invention has been accomplished.

The present invention refers to the use of a lubricant for compressors
using a hydrofluorocarbon refrigerant containing no chlorine, comprising as
a main component an ester(s) obtainable by reacting (a) ‘at least one

25 polyvalent alcohol selected from the group consisting of pentaerythritol,
dipentaerythritol and tripentaerythritol with (b) a mixture of at least one of
straight chain monovalent fatty acids having a carbon number of 3-11 and
at least one of branched-chain monovalent fatty acids having a carbon
number of 4-14, wherein the amount of the bran-ched-chain monovalent fatty
acid iinot less than 50 mol% per total monovalent fatty acid used.

Furthermore, the present invention refers to the use of a lubricant for
compressors using a hydrofluorocarbon refrigerant containing no chlorine.

comprising as. a main component an ester(s) obtainable by reacting (a) at
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ester has a total acid value of not nore than 3 ngKOH g and a hydroxyl

val ue of not nore than 50 ngKOH g. 10. Use of a lubricant according to
any one of clainms 6 to 9, wherein said 20 hydr of | uor ocar bon
refrigerant is 1,1,1,2-tetrafl uoroethane. 11. Use of a lubricant for
conpressors using a hydrofl uorocarbon refrigerant containing no chlorine,
said lubricant conprising as a nmain conpongnt (an) ester(s) obtainable by
reacting (a) at Ieast one polyvalent alcohol selected from pentaerythritol
and di pent aer ytyhr ipbetaerythritol, dipentaerythritol and tripentaerythritol with (b) a mixture of at

least one of straight chain monovalent fatty acids having a carbon number
of 3-11 and at least one of branched-chain monovalent fatty acids having a
carbon number of 4-14, wherein the amount of the branched-chain
monovalent fatty acid is not less than 50 mol% per total monovalent fatty
acid used, and (c)',_at least one polybasic acid having a carbon number of 4-
10, wherein the amount of the polybasic acid is not more than 80 mol% per
total fatty acid.

The present invention also refers to the use of a lubricant for
10 compressors using a hydrofluorccarbon refrigerant containing no chlorine,
c&mprising as a main component an esters(s) obtainable by reacting (a) at
least one polyvalent alcohol selected from pentaerythritol and
dipentaerythritol, with (b) at least one branched-chain monovalent fatty acid
selected from isobutanoic acid, isopentanoic acid, isoheptanoic acid and
isononanoic acid.

The present application also refers to the use of a lubricant for
} compressors using a hydrofluorocarbon refrigerant containing no chiorine
comprising as a main component (an) ester(s) obtainable by reacting (a) at
least one polyvalent alcohol selected from pentaerythritol and
20 dipentaerythritol, with (b) at least one branched-chain monovalent fatty acid
having a carbon number of 4 to 18,
_ with the proviso that
-; ) i) said lubricant does not contain a polyether polyol in an
amount of 5 to 95 weight percent according to the general formula

25

Z{(CH,CH(R,)-0-),-(CH,-CH(CHy)-O-),.-R,],

wherein

Z is the residue of a compound having 1 to 8 active hydrogens,

R, is hydrogen, ethyl or mixtures thereof n is 0 or a positive number,
m is a positive nhumber,

n+m is a number having a value which will give a polyether polyol

with a number average molecular weight range from about 400 to
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wisth (b) at | east one branched-chain nonoval ent fatty acid selected from
| sobut anoi ¢ aci d, isopentanoic acid, isoheptanoic aft | anoi c
acid. 12. Use of a lubricant according to clain11i&ﬁiﬁ§?~+snngn'_-'

pol yval ent 30 al cohol is pentaerythritol. [13J
for conpressors using a hydrofluorocarbon refrigergnt

chlorine, said lubricant conprising as a main conpgn
obt ai nabl e by reacting (a) at |east one

about 5000,
R, is hydrogen or an alkyl group of 1 to 6 carbon atoms,
p is an integer having a value equal to the number of active
5 hydrogens of Z,
and
ii) said lubricant is not used in a liquid composition comprising
a major amount (more than 50% by weight) of a fluorine containing
hydrocarbon refrigerant and a minor amount of (less than 50% by
10 weight) of said lubricant.
: . Pantaerythritol, dipentaerythritol and tripentaerythritol are represented
by the following formula (l) :
CH,OH
|
15 H{OCH; C.CH),-OH )
CH,OH
(inwhichnisis 1, 2 or 3).
20 In a preferred embodiment of the invention, the hydrofluorocarbon
refrigerant is 1,1,1,2-tetrafluoroethane (HFC-134a).
In the condensate of pentaerythritol, the polymerization degree may
. be determined in accordance with the viscosity required in the resulting
synthesized ester.
25 As the monovalent fatty acid. mention may be made of propionic acid. .

butanoic acid, isobutanoic acid. pentanoic acid, isopentanoic acid, hexanoic
acid, heptanoic acid, isoheptanoic acid, octanoic acid, 2-ethyl hexanoic acid,
nonanoic acid, 3,5,5-trimethyl hexanoic acid, decanoic acid, and undecanoic
acid,., I\

+r-the-first-inventiom-at-At least one of branched-chain monovalent
fatty acids-these-menevalent-fatiy-acidsis-properly-esterfied-with-neepentyls

.—g’fycel- having a carbon number of 4-18 or a mixture of at least one of

straight-chain monovalent fatty acids haVing a carbon number of 3-11 and

at least one of branched-chained monovalent fatty acids having a carbon




pel yval ent al cohol selected from pentaerythritol
with (b) at | east one branched-chai n nonoval ent )
nunber of 4 to 18, with the proviso that i) saj

contain a pol yether polyol in an

it Ol ,
car bon
not

maetythiitol or its

condensate to obtain an ester. satisfying desirable physical properties

+ number of 4-14, is properly mixed and esterifted™w

required for various refrigerators.

In order to obtain a sufficiently satisfactory compatibility with the

5
refrigerant HFC-134a and the like,-itis-preferable-te~uisa-a mixture of straight
chain fatty acid-having a carbon number of 3-11, preferably 5-10 and a
branched-chain fatty acid having-a-carbop-Rumberof-3-1411—preferably-5-10-
10 i B e GRed atolls - ~Ts aleg=iv= DI alal-Wala - nan

-59—me4%—peHhé—totel-having a carbon number 4-14, preferably 7-9 as the
monovalent fatty acid can be used.

In this case, the amount of the branched-chain fatty acid used is not
less than 50 mol% per the total monovalent fatty acid used.

15 ~Aececording—te-the-inventiomy On the other hand, in order to give a

proper viscosity to the resulting ester, at least one polybasic acid having a

carbon number of 438 4-10 may be esterified with at least one of

pentaerythritol, dipentaerythritol and tripentaerythritol in an amount of not

more than 80 mol% per total fatty acid. In this case the following polybasic

acids are used : succinic acid, glutaric acid, adipic acid, pimelic acid, suberic

20 acid, azelaic acid, sebacic acid, phthalic acid, maleic acid and trimellitic acid.

'\The ester compounds -aeceording—to—the—first used in the present

invention can be obtained by the esterification reaction through dehydration

s reaction between the specified polyvalent alcohol and the specified fatty acid
5 as mentioned above, or the general esterification reaction through an acid

anhy%ide, an acid chloride or the like as a derivative of the fatty acid.

In the esters used in the present invention, the acid value is
preferable to be not more than 3 mg KOH/g and the hydroxyl value is
preferable to be not more than 50 mg KOH/g.

The esters -asserding—te used in the invention exhibit a good
compatibility with the refrigerant HFC-134a and the like over a wide range
of from low temperature to high temperature as a lubricant for use in :;1
refrigerator using HFC-134a as a refrigerant, whereby the lubricity and

thermal stability of the refrigeration lubricant can be considerably improved.

-
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Furthermore, they are high in the electric insulating property arnd
hygroscopicity as compared with PAG conventionally examined as a
refrigeration lubricant for HFC-134a. Therefore, by the used the-refrigeration
lubricants comprising the ester aceerdirg-te-used in the invention as a main
component-ear-selve-the problems on the compatibility with HFC-134a and

the hygroscopicity, which have never been solved in the conventional

technique, can be solved and the electric insulating property, which comes

into problem when HFC-134a is used in a compressor for a refrigerator, can

be further enhanced,

Moreover, additives usually used in the lubricant such as antioxidant,
anti-wear agent, epoxy compound, ard-the-like for instance may properly be
added to the refrigeration lubricant used in-aseerding-te-the invention.
Examples 1-6 A

The performances as a refrigeration lubricant using HFC-134a as a
refrigerant were evaluated with respect to eight-six esters A-1 - A-6 shown
in the following Table 1 (all of which esters were not commercially available
but were prepared according to the first invention). For the comparison, the
same evaluation as mentioned above was made with respect to
commercially available PAG (B-1 - B-3, made by Asahi Denka Co., Ltd.) and
esters (C-1 - C-2, made by Nippon Oil and Fats Co., Ltd. ) as a refrigeration -
lubricant shown in the following Table 2.

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

Lubricity

Seizuring load (Falex load-carrying capacity) was measured

according to ASTM D-3233-73 under a controlled atmosphere of HFC-134a

blown.

Compatibility
After 0.6 g of the test lubricant and 2.4 g of the refrigerant (HFC-

134a) were sealed in a glass tube, the cooling at 1°C/min and the heating



n+mis a nunber having a value which will give a polyether polyol with a

nunber average nol ecul ar wei ght
R2 is hydrogen or an al kyl

having a value equal to the nunmber of active hydrogens of Z, and ii)
s not used in a liquid conposition conprising
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were carried out, during which a temperature causing two-phase separation
was measured.
Thermal stability

After 1 g of the test lubricant, 1 g of the refrigerant (HFC-134a or R-

12) and a catalyst (wire of iron, copper or aluminium) were sealed in a glass

tube, the mixture was heated to 175°C, and a color of the lubricant after 10
days was judged by ASTM color system according to ANSI/ASHRAE 97-
1983.
Electric insulating prope

. it was evaiuated by a dielectric constant at 80°C according to JIS C-
2101.
Hygroscopicity

Into a beaker of 100 m€ was charged 60 g of the test lubricant, which

was left to stand at a temperature of 25°C and a humidity of 70% for 3 hours
énd then the water concentration was measured.

The evaluation results are shown in the following Table 3.

range from about 400 to about 5000, 15
group of 1 to 6 carbon atons, p is an integer
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wei ght) of said |ubricant.

20

nonoval ent fajty acid is selected fromthe group consisting of
i sopent pnoi ¢ _aci d,

| ubricant accprding to claim13 or

acid,




2-et hyl hexanoi ¢ aci d, isononanoic acid and 3,5, 5-trinmethyl hexanoic acid. 30
16. Use of a lubricant according to Caim13 or 14, wherein said
branched-chai n nonoval ent fatty acid is one having a carbon nunber of 7-9.

10
Table 2
Type Trade name Color {ASTM) | Dynamic viscosity at 40°C (cSt) mm?2/J

B-1 | PAG1 | Adekapol M-30:1) LOS 32.8
B-2 | PAG1 | Adekapol M-110 2) LOS5 105.2
B-3 | PAG 1 Adekapol MH-50 3) LOS 546
C-1 | ester dioctyl sebacate LO5 11.4
C-2 | ester Unistar MB-816 4) LO5 8.1
1) polyoxypropylene glycol monoalkyl ether

2) polyoxypropylgne glycol monoalkyl ether

. 3) polyoxyethylene propylene glycol monoalky! ether
4) monoester of 2-ethylhexanol and palmitic acid

29 OCT 1%




wherein said branched-
S

i sononanoi ¢ acid and 3,5, 5-
Use of a lubricant according to any one

18 17.
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As seen from Table 3, when the eSTErs aeceramg—e used In the

invention are compared with the conventional PGA (B-1 - B-3) used for

comparison shown in Tables 2 and 3, the electric insulating property

" represented by the dielelectric constant is 100,000 times or more and the

two-phase separation at a high temperature is not caused. Furthermore, the

- seizuring load is"excellent and the hygroscopicity is low. The thermal

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

On the other hand, when the esters aceerding—tes used in the
invention are compared with the commercially available esters (C-1 - C-2)

used for comparison shown in Tables 2 and 3, the two-phase separation

temperature is extremely different and the conventional esters are insoluble
in HFC-134a. In this point, the molecule designed esters aseerding-te- used
in the invention have a great merit.

As seen from the above, the esters aeeerdirg-te used in the invention
are fairly excellent in the performances as a lubricant as compared with

-Comparative-Examples those used for comparison.

The HFC-134a has been mentioned as a possible replacement for R-

12 and is used for car air conditioner and refrigeratoL -ahd-the-lie- I(_).I;

instance. Particularly, in case of the car air conditioner, the compressor is

driven in summer season, so that the compatibility between oil and
refrigerant at high temperature becomes important. When the two-phase
separation between oil and refrigerant is caused in the compressor during
the driving, the refrigerant having a larger specific gravity remains in the
lower portion of the compressor, resulting in the occurrence of compressor
seizuring.

In case of the refrigerator, the motor is included in the compressor,
so that leakage of electricity comes into problem. In this connection, the
esters -aeeording-te used in the invention have a dielectric constant higher
by 100,000 times or more than that of the conventional PAG and are

excellent in the electric insulating property, so that they can be said to be
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refrigeration lubricant for the refrigerator.
Concretely, lubricants having a dynamic viscosity of 10-50 mm s

(cSt) at 40°C are used as a lubricant for the refrigerator requiring a two-
phase separation temperature of not higher than -40°C, so that the esters A-
_2 is particularly suitable therefor. On the other hand, lubricants having a
dynamic viscosity of 80-150 _m_z_lis (cSt) at 40°C are used as a lubricant for
the=-c3r air conditioner requiring a two-phase separation temperature of not
higher than -20°C, so that the esters:A-1, A-3, A-4, and A-6 are particularly
suitable therefor. ' |

Recently, HFC-134a causing substantially no breakage of ozone layer
is closed up instead of R-12 widely used as a refrigerant in order to cope
with the breakage of ozone layer through chiorofluorocarbon and
hydrochlorofiuorocarbon being a greatest problem in world-wide scale, but
is poor in the compatibility with the conventional refrigeration lubricant, which
is a bar for the development of replacement system. However, the
refrigeration lubricants aeeerding-te used in the invention have a sufficient
compatibility with HFC-134a as a refrigerant and a high electric insulating
property and also are excellent in the total performances, so that they have
the effect that the conventional systems can be used as they are even when
HFC-134a is used instead of thé—;;i;éntional R-12 and R-22 as a

refrigerant.
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Claims

1. Use of a lubricant for compressors t;sing a hydrofluorocarbon
refrigerant containing no chlorine, comprising as a main component
an ester(s) obtainable by reacting (a) at least one polyvalent alcohol
selected from the group consisting of pentaerythritol, dipentaerythritol

5 and tripentaerythritol with (b) a mixture of at least one of straight

chain monovalent fatty acids having a carbon number of 3-11 with at

least one of branched-chain monovalent fatty acids having a carbon

number of 4-14, wherein the amount of the branched-chain

monovalent fatty acid is not less than 50 mol% per total monovalent

fatty acid used—erbranehed-chain-monevalent-saturated-fatiy—acid
~—+he—use- Use of a lubricant -a'ccording.to Claim 1, wherein said

10

2. K

straight chain monovalent fatty acid is selected from the group

consisting of propionic acid, butanoic acid, pentanoic acid, hexanoic

15, acid, heptanoic acid, octanoic acid, nonanoic acid, decanoic acid and

undecanoic acid, and said branched-chain monovalent fatty acid is

selected from the group consisting of isobutanoic acid, isopentanoic

acid, isoheptanoic acid. 2-ethylhexanoic acid and 3,5,5-
trimethylhexanoic acid.

20 3. A Use of a lubricant according to claim 1, wherein said branched-chain

| monovalent fatty acid is one having a carbon number of 7-9.

4. Use of a lubricant according to any one of claims 1 to 3, wherein said
ester has a total acid value of not more than 3 mgKOH/g and a

hydroxy! value of not more than 50 mgKOH/g.

% 5. —Hre-dse-Use of a lubricant according any one of claims 1 to-8-4,

wherein said hydrofluorocarbon  refrigerant is 1,1,1,2-
tetrafluoroethane.

6. A Use of a lubricant for compressors using a hydrofluorocarbon
refrigerant containing no chlorine, comprising as a main component
an ester(s)-ebtainad.obtainable by reacting (a) at least one polyvailent
alcohol selected from the group consisting of pentaerythritol,

30

dipentaerythritol and tripentaerythritol with (b) a mixture of at least
one 2{ straight chain monovalent fatty acids having a carbon number

of 3-11 with at least one of branched-chain monovalent fatty acids

having a carbon number of 4-14, wherein the amount of the




10

15

20

25

30

10.

1.

12.

13.

KT O o

branched-chain monovalent fatty aci
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1) mol% per
total monovalent fatty acid used, and (c) at least one polybasic acid

having a carbon number of 4-10, wherein the amount of the

polybasic acid is not more than 80 mol% per total fatty acid.

Use of a lubricant according to clainm 6, wherein said straight chain
monovalent fatty acid is selected from the group consisting of
propionic acid, butanoic acid, pentanoic acid. hexanoic acid,
heptanoic acid, octanoic acid, nonanoic acid, decanoic acid and

undecanoic acid. and said branched-chain monovalent fatty acid is
selected from the group consisting of isobutanoic acid, isopentanoic .

acid, isoheptanoc acid, 2-ethylhexanoic acid and 3,5,5-
trimethylhexanoic acid.
Use of a lubricant according to claim 6, wherein said polybasic acid
is selected from the group consisting of succinic acid, glutaric acid,
adipic acid, pimelic acid, suberic acid, azelaic acid and sebacic acid.
Use of a lubricant according to any one of claims 6 to 8, wherein said
ester has a total acid value of not more than 3 mgKOH/g and a
hydroxyl value of not more than 50 mgKOH/g.
Use of a lubricant according to any one of claims 6 to 9, wherein said
hydrofluorocarbon refrigerant is 1,1,1,2-tetrafluoroethane.
Use of a lubricant for compressors using a hydrofluorocarbon
. refrigerant containing no chlorine, said lubricant comprising as a main
component (an) ester(s) obtainable by reacting (a) at least one
polyvalent alcohol selected from pentaerythritol and dipentaerythritol,
with (b) at least one branched-chain monovalent fatty acid selected
from isobutanoic acid, isopentanoic acid, isoheptanoic acid and
isononanoic acid.
Use of a lubricant according to claim 11, wherein said polyvalent
alcohol is pentaé&thritol.
Use of a lubricant for compressors using a hydrofluorocarbon
refrigerant containing no chlorine, said lubricant comprising as a main
component (an) ester(s) obtainable by reacting (a) at least one
polyvalent alcohol selected from pentaerythritol and dipentaerythritol,
with (b) at least one branched-chain monovalent fatty acid having a

carbon number of 4 to 18,
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with the proviso that

i) said lubricant does not contain a polyether polyol in an
amount of 5 to 95 weight percent according to the general

formula

Z-[(CH,CH(R,)-0-)~(CH,-CH(CH,)-0-)-R,],
wherein
Z is the residue of a compound having 1 to 8 active hydrogens,
R, is hydrogen, ethyi or mixtures thereof
n is 0 or a positive number,
m is a positive number,
n+m is a number having a value which will give a polyether polyol

with a number average molecular weight range from about 400 to

. about 5000,

R, is hydrogen or an alky! group of 1 to 6 carbon atoms,

p is an integer having a value equal to the number of active
hydrogens of Z,

and

i) said lubricant is not used in a liquid composition comprising
a major amount (more than 50% by weight) of a fluorine containing
hydrocarbon refrigerant and a minor amount of (less than 50% by
weight) of said lubricant.

Use of a lubricant according to claim 13, wherein said polyvalent
alcohol is pentaerythritol.

Use of a lubricant according to claim 13 or 14, wherein said
bfanched-chain monovalent fatty acid is selected from the group
consisting of isobutanoic acid, isopentanoic acid, isoheﬁtanoic acid,
2-ethylhexanoic acid, isononanoic acid and 3,5,5-trimethylhexanoic
acid.

Use of a lubricant according to Claim 13 or 14, wherein said

branched-chain monovalent fatty acid is one having a carbon number
of 7-9.
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Use of a lubricant according to claim 16, wherein said branched-
chain monovalent fatty acid is selected from the group consisting of
isoheptanoic acid, 2-ethylhexanoic acid, isononanoic acid and 3,5,5-
trimethythexanoic acid.

Use of a lubricant according to any one of claims 11 to 17, wherein

said hydrofluorocarbon refrigerant is 1,1,1,2-tetrafluoroethane.
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