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EQUIPMENT

(57) Abstract

A lubricant compesition and working fluid useful in alleviating wear of aluminum surfaces in refrigeration equipment exposed to said
composition and working fluid. The composition comprises an ester Tubricant formed from at least one alcohol selected from the group
consisting of monopentaerythritol, dipentaerythritol and tripentaerythritol and at least 80 % of at least one carboxylic acid sclected from the
group consisting of 2-methylbutanoic acid, 3-methylbutanoic acid, n-pentanoic acid, and isononanoic acid. The working fluid comprises
the lubricant composition and a chlorine-free fluoro-group containing heat transfer fluid such as 1,1,1,2-tetrafiuorcethane.
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USE OF POLYOL ESTER LUBRICANTS TO MINIMISE WEAR ON
ALUMINUM PARTS IN REFRIGERATION EQUIPMENT

BACKGROUND OF THE INVENTION

Field of the Invention .

This invention relates to methods for using polyol ester lubricant base stocks
and compositions and refrigeration working fluids or primary heat transfer
fluids containing these in refrigeration equipment ic reduce wearing of
aluminum pars in such equipment. The particular lubricants and lubticant
base stocks are generally suitable for use with most or all halocarbon
refrigerants and are particularly suitable for use with substantially chlorine-
free, fluoro-group containing heat transfer fluids patticularly chiorine-free heat
transfer fluids such as pentafluoroethane, 1,1-difluoroethane, 1,1,1-
trifluoroethane, difluoromethane and 1,1,1,2-tetrafluoroethane.

STATE OF RELATED ART

Chlorine-free heat transfer fluids are desirable for use in refrigeration
and air conditioning systems, because their escape into the atmosphere
causes less damage to the environment than the currently most commonly
used chlorofluorocarbon heat transfer fluids, such as frichloroflucromethane
and dichlorodifluoromethane. The widespread commercial use of chiorine-
free refrigerant heat transfer fluids has been hindered, however, by the tack of
commercially adequate lubricants. This is particularly true for one of the
leading environmentally —acceptable heat transfer fluids, 1,1,1,2-
tetrafiuoroethane, commonly known in the art as *Refrigerant 134a" or simply
“R134a". Other fluoro-substituted alkanes are also effective heat transfer
fluids. _

Lubricants used in certain types of refrigeration equipment are intended
to protect against the wearing of internal aluminum surfaces in refrigeration
equipment. Such surfaces tend to become womn from exposure to constant
contact with lubricant and lubricant/refrigerant working fluids in the operation
most particularly of compressors forming part of the equipment. Such wear
results in the creation of aluminurn particies that may clog the compressor and
are unacceplable commercially. In addition, the aluminum surfaces may in
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time become so worn as to interfere with the proper functioning of the
equipment. ]

Such lubricants must also not be corrosive to the refrigerating
machinery and must not chemically react with the refrigerant over a wide
temperature range. Even in low power compressors, a certain minimum
viscosity is required to avoid excessive depletion of the lubricant from those
surfaces of refrigeration machinery that need lubrication during operation, but
are not immersed in the refrigerant working fluid, e.g., during periods in which
the compressor and other moving parts of the refrigeration system are idle.

Mutual miscibility between the refrigerant and fubricant of the
refrigerant working fiuid is also very important, as the lubricant should not
separate from the refrigerant at high or low temperatures. |f the miscibility
between the lubricant and refrigerant is low, moving parts of the refrigeration
system may seize as a result of inadequate jubrication.

Accordingly, it is an object of the present invention to provide a method
that minimises wear on internal aluminum surfaces in refrigeration equipment
which involves a suitable lubricating oil for a chiorine-free refrigerant, and in
particular 1,1,1,2-tetrafluoroethane refrigerant. Another object of the invention
is to provide a method for minimising wear involving lubricating oil that is
miscible, and otherwise compatible, with the refrigerant over a wide
temperature range. A further object of the invention is to provide such a
method of using lubricant having a controlled range of viscosity values, as well
as satisfactory hydrolytic stability and very low concentration of unreacted
acid.

SUMMARY OF THE INVENTION

It has now been found that high quality ester lubricants can be obtained
which may be used for aIIeViating the wearing of aluminum surfaces within
refrigeration equipment, which have the required viscosity grades and which
are highly miscible with chiorine-free fluoro-group containing heat transfer
fluids particularly chlorine-free heat transfer fiuids such as pentafluoroethane,
1,1 difluorosthane, 1,1,1-tifluoroethane, difluoromethane and 1,1,1,2-

IRERS]

tetrafluoroethane and mixtures thereof over a wide temperature range. These
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esters also have satisfactory hydrolytic stability and low concentrations of free
acid. ]

In a particutar aspect of the invention, ihere is provided a method of
alleviating wear on aluminum surfaces in refrigeration equipment during the
operation of the refrigeration equipment which includes contacting the
equipment with a lubricant composition that is not blended with anti-wear
additives, said lubricant composition including an ester formed from at least
one alcohol selected from the group consisting of monopentaerythritol,
dipentaerythritol and tripentaerythritol and a carboxylic acid mixture including,
in percent by weight, 40 — 60 percent isononanoic acid and 40 — 60 percent of
a source of pentanoic acid selected from the group consisting of 2-
methylbutanoic acid, 3-methylbutanoic acid and n-pentanaic acid.

The lubricant composition may be used as such, or, depending on the
end use, may have one or more additives incorporated therein to provide a
compounded lubricant. However, a further desirable teature of the invention is
that the lubricant does not need to be blended with anti-wear additives to
achieve good results in alleviating wearing ot aluminum surfaces of
refrigeration equipment exposed to the lubricant in the course of operation.

The lubricant composition is used to particular advantage as a
component of a refrigerant working fluid, together with various chlorine-free,
fluoro-group  containing heat  transfer fluids, especially 1,1,1,2-
tetrafluoroethane (R-134a).

The wear alleviation method of the invention produces very good
results in practice in operating a refrigerator comprising cyclic compression,
liquefaction, expansion and evaporation of a heat transfer fluid.

DETAILED DESCRIPTION OF THE INVENTION

Except in the claims and the operating examples, or where otherwise
expressly indicated, all numerical gquantities in this description indicating
amounts of material or conditions of reaction and/or use are to be understood
as modified by the term “about’ in defining the broadest scope of the
invention. Practice of the invention within the boundaries corresponding to the
exact quantities stated is usually preferable, however,
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For each of the esters which form the lubricant composition used in the
method of the in\:fention. it is possible to obtain the same esters by reacting
acid derivatives such as acid anhydrides, acyl chlerides, and esters of the
acids instead of reacting the acids themselves. The acids are generally
preferred for economy and are exemplified herein, but it is to be understood
that the esters defined herein by their reactive components with acids can be
equally well be obtained by reaction of alcohols with the corresponding acid
derivatives. The term “source of isononanoic acid” as used herein thus refers
to the acid per se, as well as to the corresponding acid anhydride, acyl halide,
and ester derivatives. '

Concerning the reactive components of the esters which form the
lubricant composition used in the methods of the invention, it is to be
understood that although only the desired
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alcohols and acids are explicitly specified, some

amount of the sort of impurities normally present ini
technical or industrial grade products may be 2
tolerable in most cases. For example, "tech '
pentaerythritol" (PE) normally contains on the order{
of 85-30 weight % of mono PE, along with 10-15 weight]
% of di-pentaerythritol ("DPE")} and 0-3% of

!
tripentaerythritol ("TPE"), and is quite satisfactoryE
i

for making high guality esters in many cases. Also,
"commercial isopentanoic acid" nermally contains about
65 weight % n-pentanoic acid and about 35 weight % of
isopentancic acids selected from the group consisting '
of 2-methylbutanoic acid and 3-methylbutancic acid.

In practice, it has been found that reaction
between the alcohol(s) and the acid(s) reactants of
the respective esters proceeds more effectively if the
quantity of acid charged to the reaction mixture
initially is enough to provide an excess of 10-25% of
equivalents of acid over the equivalents of alcohol
reacted with the acid. (An equivalent of acid is
defined for the purposes of this description as the
amount containing one gram eguivalent weight of
carboxyl groups, whereas an equivalent of alcohol is
the amount containing one gram eguivalent weight of
hydroxyl groups.) The composition of the mixture of
acids and alcohols that have actually reacted can be
determined by analysis of the ester product for its
acyl group content, '

In making the ester product, according to this
invention, the acid reacted will be lower boiling than
the alcohol(s) reacted and the product ester(s). When
this condition obtains, it is preferred to remove the
bulk of any excess acid remaining at the end of the
esterification reaction by distillation, mest
preferably at a low pressure such ag 1-5 torr.

n
it
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After such vacuum distillation, the produgct is often ready for use as a
lubricant blending stock according to this invention. If further refinement of the
products is desired, the content of free acid in the product after the first
vacuum distillation may be further reduced by treatment with epoxy esters, as

5 taught in U.S. Patent 3,485,754 or by neutralisation with any suitable alkaline
material such as lime, alkali metal hydroxides, or alkali metal carbonates.

If treatment with epoxy esters is used, excess epoxy esters may be
removed by a second distillation under very low pressure, while the product of
reaction between the epoxy ester and residual acid may be left behind in the

10 product without harm. If alkali neutralisation is used as the refinement
method, subsequent washing with water, to remove any unreacted excess
fatty acid neutraiised by the alkali, is strongly preferrsd before using the
product in forming a lubricant ester blend..

Ester base stocks used in methods according to this invention consist

15  essentially of an ester blend including esters formed from at least one alcohol

selected from the group consisting of monopentaerythritol, dipentaerythritol
and tripentaerythritol with an acid mixture comprising about 40-60 weight
percent of a source of pentanaic acid and about 40-60 weight percent of a
source of isononanoic acid. With regard to the pentanoic acid component, the

areeed 20 ratio in weight percent of a mixture of 2-methylbutancic acid and 3-
‘ methyibutanoic acid to n-pentanoic acid may be between 0 to 100 but
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is preferably between about 30-40:60-70. The
resulting ester has an ISO viscosity grade number ofs
between 15 and 100, more preferably of between 22 an
46 and most preferably of about 32.

Under some conditions of use, the ester base
stock described herein will function satisfactorily IS
a complete lubricant. It is generally preferable, 1
however, for a complete lubricant to contain other 1
materials generally known in the art as additives,
such as oxidation resistance and thermal stability g

improversg, corrosion inhibiters, metal deactivators,

lubricity additives, viscosity index improvers, pour -
and/or floc point depressants, detergents, i
dispersants, foam promoting agents, antifoaming *
agents, and extreme pressure resistant additives.
Many additives may impart both anti-wear and extreme
pressure resistance propertiesg, or function both as a
metal deactivator and a corrosion inhibitor. i
Cumulatively, all additives preferably do not exceed
8% by weight, or more preferably do not exceed 5% by
weight, of the total compounded lubricant formulation.
An effective amount of the foregoing additive
types is generally in the range of 0.0l to 5% for the
antioxidant compound, 0.01 to 5% for the corrosion '
inhibitor component, from 0.001 to 0.5% for the metal
deactivator component, from 0.5 to 5% for the
lubricity additives, from 0.01 to 2% for each of the
viscosity index improwvers and pour and/or floc point
depressants, from 0.1 to 5% for each of the detergents
and dispersants, from 0.001 to 0.1% for foam promoting
agents or anti-foam agents, and frem 0.1-2% for the
extreme pressure resistance components. All these
parcentages are by weight and are based on the total
weight of the lubricant composition. It is to be
understood that more or less than the stated amounts

- 8 -
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of additives may be more suitable to particular
circumstances or applications, and that a single
molecular type or a mixture of types may be used for
each type of additive component.

The foregoing examples are intended to be merely
illustrative and not limiting, except as circumscribed
by the appended claims.

Examples of suitable oxidation resistance and
thermal stability improvers are diphenyl-, dinaphthyl-
and phenyl-naphtyl-amines, in which the phenyl and
naphthyl groups can be substituted, e.g., N.N'-
diphenyl phenylenediamine, p-octylidiphenylamine, p,p-
dioctyldiphenylamine, N-phenyl-1-naphthyl amine, N-
phenyl-2-naphthyl amine, N- (p-dedecyl) -phenyl-2-
naphthyl amine, di-1-naphthylamine, and di-2-
naphthylamine; phenothazines such as N-
alkylphencthiazines; imino (-bisbenzyl): and hindered
phenols such as 6-(t-butyl) phenol, 2,6-di (t-butyl)
phenol, 4-methyl-2,6-di-(t-butyl) phenol, 4,4'-
methylenebis(-Z,G-di—(tvbutyl)phenol), and the like.

Examples of suitable cuprous metal deactivators
are imidazole, benzamidazole, 2-mercaptobenzthiazole,.
2,5-dimercaptothiadiazole, salicylidine-
propylenediamine, pyrazole, banzotriazole,
tolutriazole, 2-methylbenzamidazole, 3,5-dimethyl
pyrazole, and methylene bis-benzotriazole.
Benzotriazole derivatives are preferred. Other
examples of more general metal deactivators and/or
corrosion inhibitors include organic acids and their
esters, metal salts, and anhydrides, e.g., N-oleyl-
gsarcosine, sorbitan monocleate, lead naphthenate,
dodecenyl-succinic acid and its partial esters and
amides, and 4-nonylphenoxy acetic acid; primary,
secondary, and tertiary aliphatic and cycloaliphatic

amines and amine salts of organic and inorganic acids,

-9 -
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e.g., oil-soluble alkylammonium carboxylates;
heterocyclic nitrogen containing compounds, €.g..
thiadiazoles, substituted imidazeolines, and
oxazolines; gquinolines, quinones, and anthraguinones;
propyl gallate; barium dinonyl naphthalene sulfonate;
ester and amide derivatives of alkenyl succinic
anhydrides or acids, dithiocarbamates,
dithiophosphates, amine salts of alkyl acid phosphates
and their derivatives.

Examples of suitable lubricity additives include
siloxﬁne polymers, polyoxyalkene polymers,

polyalkyleneglycol and long chain derivatives of fatty

acids and natural oils, such as esters, amines,
amides, imidazolines, and borates.

Examples of suitable viscosity index improvers
include polymethacrylates, copolymers of wvinyl
pyrrolidone and methacrylates, polybutenes, and
styrene-acrylate copolymers.

Examples of suitable pour point and/or floc peint
depressants include polymethacrylates such as
methacrylate-ethylene-vinyl acetate terpolymers;
alkylated naphthalene derivatives, and products of
Friedel-Crafts catalyzed condensation of urea with
naphthalene or phenols.

Examples of suitable detergents and/or
dispersants include polybutenylsuccinic acid amides;
polybutenyl phosphonic acid derivativés; long chain
alkyl substituted aromatic sulfonic acids and their
salts; and methyl salts of alkyl sulfides, of alkyl
phenols, and of condensation products of alkyl phenols
and aldehydes.

Examples of suitable anti-foam agents include
silicone polymers, siloxane polymers and polyoxyalkene
polymers and some acrylates.

Examples of foam promoters include silicone

- 10 -
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polymers with a different molecular structure than the silicone polymers used
as anti-foam ageﬁts, siloxane pelymers and polyoxyalkene polymers.
Examples of suitable anti-wear and exireme pressure resistance
agents include sulfurised fatty acids and fatty acid esters, such as sulfurised
octyl tallate; sulfurised terpenes; sulfurised olefins; crgancpelysulfides; organo
phosphorus derivatives including amine phosphates, alkyi acid phosphates,
dialkyl  phosphates, aminedithiophosphates, ~ trialkyl ~ and  triaryl
phosphorothionates, trialkyl and triaryl phosphines, and dialkylphosphites,
e.g., amine salts of phosphoric acid monohexyl ester, amine salts of
dinonylnaphthalene suffonate, triphenyl phosphate, trinaphthyl phosphate,
diphenyl cresyl and dicresyl phenyl phosphates, naphthy! diphenyl phosphate,
triphenylphosphorothionate; dithiocarbamates, such as an antimony dialkyl
dithiocarbamate: chlorinated and/or fluorinated hydrocarbons, and xanthates.
Under some conditions of operation, it is believed that the presence in
lubficants of the types of polyether polyols that have been prominent
constituents of certain prior art lubricant base stocks reported to be useful with
fluorocarbon refrigerant working fluids are less than optimally stabie and or
inadequately compatible with some of the most useful lubricant additives.
Thus, in one embodiment of this invention, it is preferred that the jubricant
hase stocks and lubricant be substantially free of such polyether polyols. By
“gubstantially free”, it is meant that the compositions contain no more than
about 10% by weight, preferably no more than about 2.6% by weight and
more preferably no more than about 1.2% by weight of the materials noted.

in formulating a refrigerant working fluid used in methods
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according to this invention, the selected heat
transfer fluid and the lubricant should preferably
have chemical characteristics and be present in such a
proportion to each other that the working fluid
remains homogeneous, i.e., free from visually
detectable phase separations or turbidity, over the
entire range of working temperatures to which the
working fluid is exposged during operation of a
refrigeration system in which the working fluid is
used. This working range may vary from -60°C to as
much as 1750C. It is often adequate if the working
fluid remains a single phase up to +30e°C, although it
ig increasingly more preferable if the single phase
behavior is maintained up to at least 100oC.
Similarly, it is often adequate if the working fluid
compositions remain a single phase when chilled to
0oC, although it is increasingly more preferable if
the single phase behavior persists down to -359C.
Single phase mixtures with chlorine-free fluoro-group
containing heat transfer fluids can often be obtained
with blended ester lubricants as described above, with
the most preferred ester being most likely to give
such single phase behavior over a wide temperature
range.

Inasmuch as it is often difficult to predict
exactly how much lubricant will be mixed with the heat
transfer fluid to form a working fluid, it is most
preferable if the lubricant composition forms a single
phase in all proportions with the heat transfer fluid
over the temperature ranges noted above. This,
however, is not a rigid requirement, and it is often
sufficient if there is single phase behavior over the
entire temperature range for a working fluid mixture
containing up to 1% by weight of lubricant according
to this invention. Single phase behavier over a
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temperature range for mixtures containing up to 2, 4,
10 and 15% by weight of lubricant is successively more
preferable.
In some casee, single phase behavior is not

5 required. The term "miscible” is used in the
refrigeration lubricant art and hereinafter, except
when part of the phrase "miscible in all proportioms®,
when two phases are formed but are readily capable of
being mixed into a uniform dispersion that remains

10 stable as long as it is at least moderately agitated
mechanically. Some refrigeration {and other)
compressors are designed to operate satisfactorily
with such miscible mixtures of heat transfer fluid and
lubricant. In contrast, mixtures that lead to

15 coagulation or significant thickening and form two or
moré phases are unacceptable commercially and are
designated herein as “immiscible".

In the practice of the invention, the lubricant
base stock is used in a process of operating

20 refrigerating machinery in such a manner that the
lubricant alleviates wearing of aluminum surfaces of
the refrigeration machinery in contact with the
lubricant alone, or combined with chlorine-free
fluoro-group containing heat transfer fluids.

25 The operable and preferred ranges of viscosity
and variation of visceosity with temperature for
lubricant compositions according to this inventicn are
generally the same as established in the art for
lubricants to be used in refrigeration systems

30 together with a heat transfer fluid, particularly for
a fluorocarbon and/or chlorofluorocarbon heat transfer
fluid. 1In general, as noted above, it is preferred
that lubricants according to this invention have
International Organization for Standardization ("ISO")

35 viscosity grade numhers’between 15 and 320. The
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viscosity ranges for some of the IS0 viscosity grade

numbers are given in Table 1.

ISO Viscosity Grade Numbexr

~1un o N

10
15
22
32
45
68
100
150
220
320
460
680
1000
1500

TABLE 1

Viscosity Range in

Minimum

1.98
2.88
4.14
6.12
9.00
13.5
19.8
28.8
41.4
61.2
90.0
13s.
198.
288.
414.
612.
900.
1350.

Centistokes at 400C

Maximum

2.
3.
5.
7
11.
16.
24.
35.
50.
74.
110.
165.
242.
352.
506.
748.
1100.
1650.

42
53
06

.48

0
5
2
2
6
8

The preparation of ester lubricant base stocks of

the invention is described in further detail in the

following examples.

General Ester Synthesis Procedure

The aleohol and acid to be reacted, together with

a suitable catalyst such as dibutyltin diacetate, tin

oxalate, phosphoric acid, and/or tetrabutyl titanate,

were charged into a round bottomed flask eguipped with

a stirrer, thermometer, nitrogen sparging means,

condenser, and a recycle trap.
about 15% molar excess over the alcohecl.

Acid was charged in

The amount

of catalyst was from 0.02 to 0.1% by weight of the

weight of the total acid and alcohol reacted.

- 14 -
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The reaction mixture was heated to a temperature
between about 220 and 2300C, and water from the
resulting reaction was collected in the trap while
refluxing acids were returned to the reaction mixture.
Partial vacuum was maintained above the reaction
mixture as necessary to achieve a reflux.

The reaction mixture was sampled occasionally for
determination of hydroxyl number, and after the
hydroxyl number had fallen below 5.0 mg of KOH per
gram of mixture, the majority of the excess acid was
removed by distillation after applying the highest
vacuum obtainable with the apparatus used, while
lowering the temperature to about 1900C., The reaction
mixture was then coocled, and any residual acidity was
removed, if desired, by treatment with lime, sodium
hydroxide, or epoxy esters. The resulting lubricant
or lubricant base stock was dried and filtered before
blending and phase compatibility testing.

Example 1
General Procedure for Aluminum Wear Tegting of Esters

The esters were tested for aluminum wear in a
compressor which is a part of refrigeration eguipment.
The compressor is operated continuously for 240 hours
or until the test was determined to have been a
failure. Shortly before the test, a mineral break-in
0il containing zinc dithiophosphate was flushed from

the compressor.

Examples of Specific Ester Base Stocks Tested
Examples of esters of the present invention and
esters which do not embody the invention {i.e.,
"comparative esters") and results for aluminum wear
and in some instances, acid walue for such ester
lubricants are set forth in the following Table 2.
As can be seen from the data in Table 2, the

~ 15 -
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ester lubricant of this invention exhibits strikingly
superior aluminum wear results. DMore specifically, as
noted in Table 2, the ester lubricant of the invention
in a compressor operated for 240 hours contained conly
4 ppm aluminum and passed the test. 1In contrast, the
Example A and B comparative lubricants contained more
than 500 times as much aluminum after 20-30 hours of
operation of a compressor. Comparative Example
lubricants ¢ and D contained 57 ppm and 112 ppm
aluminum after 20-30 hours of operation of a
compressor. The data for Comparative Example E was
incomplete, but it appeared that Example E may have
passed the test. As noted in footnote 5, the ester of
comparative Example E was compounded with an antiwear
agent, unlike the ester of the invention which as
noted above did not require compounding with an anti-.
wear agent tc pass the test.

The ester lubricant of the invention identified
in footnocte 1 herebelow was also measured for acid
value {("AV") and found to have a value of 0.011.
Corrosion resulting from such an ester would be

negligible.
TABLE 2
Ester Lubricant Comparative Comparative
of Invention ' Example A’ Exemple B
Hours 240 20-30 20-30
Aluminum, 4 >2000 >2000
ppm
AV 0.011 - -
Comparative Comparative Comparative
Example €' Example D' Example B°
Hours 20-30 15-30 May Have Passed
Aluminum 57 112
ppm
Av 0.045 6.076
Footnotes
1. Ester blend formed from monopentaerythritol

and an acid mixture of 19.95% weight percent of a

- 16 -
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mixture of 2-methylbutancic acid and 3-methylbutancic
acid {(on the order of 99% being 2-methylbutanoic acid),
37.05 weight percent n-pentanoic acid and 43.00 weight
percent isononancic acid

2. Ester formed from monopentaerythriteol and an
acid mixture of 7.00 weight percent adipic acid, 60.45
weight percent n-pentanoic acid and 32,55 weight percent
isopentanoic acid.

3. Ester formed from 75.0_weight percent tech-
pentaerythritol and 25.0 weight percent
dipentaerythritol and an acid mixture of 48.5 weight
percent n-pentancic acid, 9.6 weight percent n-hexanoic
acid, 10.7 weight percent n-heptanoic acid 14.8 weight
percent n-octanoic acid, 8.4 weight percent n-nonanoic
acid and 7.6 weight percent n-decanoic acid.

4, Ester formed from moncpentaerythritol and an
acid mixture of 60 weight percent n-heptancic acid, 19
weight percent isooctanoic acid and 2] weight percent
isononanoic acid.

5. Lubricant of Composition Example D compounded
with an anti-wear additive (ICI Emkarate® RL 32 CF).

Example 2
The procedure for aluminum wear testing set forth

in Example 1 was repeated except that the test was
allowed to continue for an extended period with
measurements taken after approximately 400 hours.
Aluminum wear results were recorded as before. A pass
for this test is 5 ppm or less., In addition
concentrations of ircn, copper and silicon and meisture
were also measured, along with total acid number
("TAN") .

As can be seen from the data in Table 3, the ester
lubricant of the invention exhibits strikingly superior
aluminum wear and other properties. In fact, the ester

- 17 -
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lubricant of the invention was the only lubricant to

pass the aluminum wear test.

TABLE 3
Ester Lubricant Comparative Comparative
of Invention Example D’ Example F*
Hours 426 401 420
Aluminum 1 16 34
ppm
Iron ppm 0 6 1758
Copper 0 0 4
ppm
Silicon 7 6 15
ppm
Moisture i3 24 11
ppm ’
TAN 0.02 0.04 Black
6. Ester blend formed from a polyol mixture of

89.39 weight percent monopentaerythritol, 7.47 weight
percent dipentaerythritol and 0.64 weight percent
tripentaerythritel with the remaining 3.46 weight
percent believed to be one of the above polyols and an
acid mixture of 0.43 weight percent n-butanoic acid,
9.57 weight percent of a 2-methylbutancic acid and 3-
methylbutancic acid mixture, 20.93 weight percent n-
pentanoic acid, 0.77 weight percent n-hexanoic acid,
41.35 weight percent n-heptanoic acid, 1.16 weight
percent n-octanoic acid, 24.91 weight percent n-nonanoic
acid, 0.51 weight percent-decanoic acid, 0.11 weight
percent n-undecancic acid, 0.08 weight percent lauric
acid, and 0.21 weight percent unknown acid.

7. See footnote 4 to Table 2.

- 18 -
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THE GLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of alleviating wear on aluminum surfaces in refrigeration
equipment during the operation of the refrigeration equipment which includes
contacting the equipment with & lubricant composition that is not blended with
anti-wear additives, said lubricant composition including an ester formed from
at loast one alcohol selected from the group consisting of monopentaerythritol, -
dipentaerythritol and tripentaerythritol and a carboxylic acid mixture including,
in percent by weight, 40 — 60 percent isononanoic acid and 40 — 60 percent of
a source of pentanoic acid selected from the group consisting of 2-
methylbutanoic acid, 3-methylbutanoic acid and n-pentancic acid.

2. The method according to claim 1, wherein the aicohol component in the

lubricant composition used in carrying out the method is tech-pentaereythritol.

3. The method according to claim 1, wherein the ester lubricant
composition used in carrying out the method has an iso viscosity grade
number between 22 and 46.

4. The method according to claim 3, wherein the ester lubricant
composition used in carrying out the method has an iso viscosity grade
number of 32,

5. The method according to claim 1, wherein the ester lubricant
composition used in carrying out the method is formed from an acid mixture
that includes as its source of pentancic acid 60 — 70 percent n-pentanoic acid
and 30 - 40 percent of a mixture of 2-methylbutanoic acid and 3-
methylbutanoic acid.

6. The method according to claim 1, wherein the ester lubricant
composition used in carrying out the method is formed from a carboxylic acid

mixture including in weight percent about 19.85 percent of a mixture of 2-
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methylbutanoic acid and 3-methylbutanoic acid, about 37.05 percent n-
pentancic acid ahd about 43.00 percent isononanoic acid.

7. A method of- alleviating wear on aluminum surfaces in’ refrigeration
equipment during the operation of the refrigeration equipment which includes '
contacting the equipment with a working fluid including a lubricant composition
that is not blended with anti-wear additives, said lubricant composition
including an ester formed from at least one alcohol selected from the group
consisting of monopentaerythritol, dipentaerythritol and tripentaerythritol and a
mixture including, in percent by weight, 40 — 60 percent isononaneic acid and
40 — 60 percent of a source of pentanoic acid selected from the group
consisting of 2-methylbutancic acid, 3-methylbutanoic acid and n-pentanoic
acid and a chlorine-free fluoro-group containing heat transfer fluid.

8. A method according to claim 7, wherein the working fluid used in
carrying out the method includes pentafluoroethane 1,1-difluorbethane, 1,1,1-
triflucroethane, difluoromethane and 1,1,1 ,2-tetraflucroethane.

9. A method according to claim 7, wheréin the working fluid used in
carrying out the method is selected from the group consisiing of
pentafiuoroethane, 1,1-diflucroethane, 1,1,1-trifluoroethane, difluoromethane
and 1 ,1,1 ,2-tetrafluoroethane.

10. A method according to claim 7, wherein the working fluid used in
carrying out the method is 1,1,1 ,2-tetrafluoroethane.
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11, A method :of alleviating wear on aluminum surfaces in refrigeration
equipment during the operation of the refrigeration equipment which includes
contacting the equipment with a lubricant composition including an ester
farmed from at least one alcoho! selected from the group consisting of
monopentaerythritol, dipentaerythritol and tripentaerythritol and a carboxylic
acid mixture including in weight about 19.95 percent of a mixture of 2-
methylbutanoic acid and 3-methylbutanoic acid about 37.05 percent n-
pentanoic acid and about 43.00 percent isgnonanoic acid.
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