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Tids invention relates to refrigeration apparatus and
in particular to refrigeration apparatus of the sealed com-
pressor type wherein the lubricant which lubricates the
moving parts of the refrigeration apparatus comes into
direct contact with the refrigerant, and relatively small
portions of which are carried with the refrigerant through-
out the -refrigeration cycle.

1t is-ati object of this invention to provide a working
fluid for a' refrigeration apparatus which includes a re-
frigerant.‘capable of being in liquid and gaseous phases
* within the ‘operating temperature range of the refrigera-
tion apparatus and a wax-free lubricant which is com-
pletely soluble in the refrigerant and is highly thermal-
ly stable within the refrigeration apparatus in the range
of the operating temperatures thereof. C

It is another object of this invention to provide a work-
ing fluid for a refrigeration apparatus which includes a
lubricant comprising an organic acid ester of "penta-
erythritol and a refrigerant wherein the refrigerant is com-
pletely miscible with the ester and is capable of existing in
liquid and gaseous phases within the operating tempera-
ture range of the refrigeration apparatus.

It is a further object of this invention to provide a
working fluid for a refrigeration apparatus which includes
a fluoro halo substituted aliphatic hydrocarbon refrig-
erant capable of being in liquid and gaseous phases
within the operating temperature range of the refrigera-
tion apparatus and a lubricant comprising an organic acid
ester of pentaerythritol. Co

It is yet another object of this invention to provide a
refrigeration apparatus which includes a motor compres-
sor, a condenser, an expansion device and evaporator in
fluid flow relationship and a working fluid which in-
cludes a fluoro halo substituted aliphatic hydrocarbon re-
frigerant and a lubricant comprising an organic acid ester
of pentaerythritol.

Further objects and advantages of the present inven-
tion will be apparent from the following description, ref-
erence being had to the accompanying drawings wherein
preferred embodiments of the present invention are clear-
ly shown. '

In the drawings:

Figure 1 is a diagrammatic representation of one type
of refrigeration apparatus embodying this invention.

Figure 2 is a graph comparing “Floc” points or phase
separation of various refrigeration lubricants and a pen-
taerythritol ester at various concentrations in Freon 22.

A refrigeration apparatus embodying this invention is
diagrammatically indicated in Figure 1. A motor com-
pressor unit 10 discharges compressed refrigerant, carry-
ing some lubricant, through a pipe 12, to a condenser
14. The condensed refrigerant and lubricant then passes
to an expansion device such as a capillary tube 16 and
then to an evaporator i8. The vaporized mixture of
refrigerant and lubricant flow through suction line 20
to the compressor 22 of the motor compressor unit 10
wherein the vapor is compressed .and discharged into
dome 24 of the motor compressor unit. The compressed
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vapor is then discharged through pipe 12 for recir-
culation through the refrigeration apparatus. The com-
pressor 22 is driven by an electric motor comprising a
rotor 26 operatively connected to the compressor 22 by
shaft 27 and a stator 28 secured to the containing mem-
ber 30 of the motor compressor unit. The CoOmpressor
22 is preferably partially submerged in a body of lubri-
cant 32 held in containing member 30 for lubricating the
moving parts of the compressor. As above indicated,
circulating refrigerant comes in direct contact with the
lubricant in the motor compressor unit and carries small
amounts of lubricant therewith throughout the refrigera-
tion cycle. In operation, the temperature in the re-
frigeration apparatus may vary from about —100° F.
at the end of the capillary tube or expansion device to
about 400° F. at the compressor outlet. ‘

Although the refrigeration- apparatus described is -of
the high side type, i. ., the refrigerant enters containing
member 30 directly at the compressor so that the fluid
in dome 24 is under considerable pressure, it will be
obvious that the present invention is also applicable to
low side or other types of refrigeration apparatus.

The refrigerant used in the present invention pref-
erably comprises a fluoro halo derivative of an aliphatic
hydrocarbon of the character disclosed in the patent to
Midgeley et al., Re. 19,265, reissued August 7, 1934, as,
for example, trichlorofiuoromethane (Freon 11), dichlo-
rodifluoromethane . (Freon 12) and particularly diflu-

- oromonochloromethane (Freon 22).
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The lubricant which is associated with the refrigerant
throughout the refrigeration cycle has presented serious
problems to satisfactory refrigeration operation in con-
nection with certain otherwise useful refrigerants.

Among the requirements of a satisfactory refrigera-
tion lubricant which may be mixed with a refrigerant to
constitute a working fluid in a refrigeration apparatus
of the type described, is that the lubricant be completely
soluble in the particular refrigerant used ‘threughout the
range of operating temperatures, and that the lubricant
be substantially free of wax, so as to prevent the precipi-
tation of wax or like substances with consequent bleck-
ing or restricting of the capillary tube and/or expansion
valves at the low temperatures attained therein.

Various conventionally used mineral oils have been
refined and dewaxed which have been effective in mini-
mizing wax precipitation when used with certain refriger-
ants, such as Freon 12. However such oils are -unsatis-
factory to various degrees in this respect when used at
very low temperatures with Freon 12 or with Freon'22
at any temperature in which such -oils are only partially
soluble. . )

Other important requirements of a refrigerant lubricant
are that the lubricant have high chemical and thermal
stability in the presence of the refrigerant used, the
metals, motor insulation winding and other materials with
which the lubricant comes into contact and is sealed.

It has been found that a combination of properties
which to a high degree meet the requirements of a refriger-
ation system of the type described exist in-a class of com-
pounds which may be broadly described. as. organic acid
esters of pentaerythritol. More specifically the lubri-
cant of the present invention may include esterified mono-
molecular pentaerythritol described by the following struc-
tural formula:

. CH:0COR
Rocofcm—é—cmo"cok
: H0COR
wherein thé R représents a saturated aliphatic straight
or--branched - hydrocarbon chain such-as -alkyl radicals,
and alkyl radicals having substituted aromatic radicals,
aromatic groups such as aryl radicals and aryl radicals



f R P

having substituted aliphatic radicals, the R groups hav-
ing carbon atoms in the range of about 2 to 20 and pref-
erably an average of from 6 to 10. The term alkyl as
hereinafter used includes both unsubstituted and aromatic
radical substituted alkyl radicals and the térm "aryl in-
cludes both unsubstituted and alkyl radical substituted
aryl radicals.

The lubricant may also consist of or include the esteri-
fied polyethers diapentaerythritol and tripentaerythritol
generally described by the following structural formulas:

CH:0COR CH:0COR
ROC 0—CH~C—CHr—0—CH—C—CH:0COR

CH;0COR CH;O0COR CH,0COR
ROC‘OCHT——('}—CHz—O~CH2—0~CH2—O——OH2——O——CHzO COR

|
CH;0COR CH;0COR CH:0COR

wherein the R represents hydrocarbon groups as de-
scribed above.

The pentaerythritol compounds may be produced by
reacting acetaldehyde with formaldehyde in an alkaline
medium under rigorously controlled conditions as is well
described in chemical literature. The esters of the present
invention may be formed by reacting the pentaerythritol
compounds with organic acids having the desired hydro-
carbon structures. Thus acids such as n-butyric, n-valeric
and caprylic may be used to produce straight chained ali-
phatic R groups and acids such as iscbutyric acid may be
used to produce branched chain R groups. Similarly aro-
matic asids such as benzoic scid and paratoluic acid
may be used to produce aryl R groups and acids such
as phenylacstic acid may be used to produce aromatic
radical substituted alkyl R groups. The acids used to
produce the present esters are those having no reactive
groups other than the carboxyl and preferably those hav-
ing a single carboxyl group. The R groups mentioned in
each molecule of the above-mentioned formulas may each
be a different radical selected from the classes of radicals
above described and are preferably varied. Further the
lubricant preferably contains a mixture of different esters
of the type described above selected so as to have a vis-
cosity range from 30 to 2000 seconds Saybolt (SUS)
measured as 100° F., the exact viscosity being dependent
on the operating characteristics and the particular re-
frigerant of the refrigeration apparatus.  Although it is
not a strict requirement that al] of the hydroxyl groups of
the pentaerythritol compounds be esterified as shown in
the :above formulas, the compounds are preferably fully
esterified.

The superiority of the present lubricant for refrigeration
systems of the type described may be demonstrated by
comparing the lubricant with conventionally used refriger-
ation mineral oil lubricants. The solubility of refrigera-
tion lubricants is generally measured by mixing varjous
percentages of the oil and a refrigerant in a glass pres-
sure apparatus and externally cooling the same until phase
separation or “Floc” point is noted. The graph of Figure
2 shows the temperature of the phase separation plotted
against various concentrations of the oil and Freon 22
for lubricants of various viscosities. The refrigerant used
in the comparison is Freon 22 since solution of the oil in
this refrigerant is more difficult than in other refrigerants.

The oil designated as “A” is a commercial refrigerant
type naphthenic oil having the following specifications:

525 vis. 150 vis. ASTM

method
Flash point, ° P .. ____ 370 min__ .| 330 min..__ D-92-46
Fire point, ° F____..____ -| 480 min___| 370 min___ D-~92-46
Viseosity at 100° F. SUS -1 500-560-._.] 150-160_.__ D-88-44
Pour point, not above._... o =10 T} —85° F..__ D~97-39
Color, not darker than._._ | 2 NPA___| 134 NPA__ D-155-45T
Specific gravity at 60° F________ .922-.934___] 910-.922___ D-287-30

Floc test (90% F. —12+10%

0l by VOl.) e L —=80° F | =70 P,
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The oil designated as “B” is a commercial refrigerant
type naphthenic oil having the following specifications:

500 vis. 150 vis. ASTM

method
Flash point, ° F____.________.__ 370 min.._| 330 min___ D-92-52
Fire point, ° F.__._ 430 min___} 370 min.__ D-92-52
Viscosity at 100° F____ 500-560__-.| 150-160__._ D-88-44
Viscosity at 210° F'., m. 3 I P

Pour point, ° F., not above
Color NP A, not darker than_
Specific gravity at 60° T________
Flog test (haze) (90% F. —124
10% oil by vol.) not above ° .| —35_._____

As shown in Figure 2 the “Floc” point of both oils A
and B having a viscosity of 500 SUS at 100° F. is at 84°
F. at a concentration of 20% in Freon 22. The “Floc”
point of oils A and B having a viscosity of 150 SUS at
100° F. are at 46° F. and 34° F., respectively, at a con-
centration of 20% in Freon 22. In contrast the Hrloe”
point of a mono pentaerythritol ester having a viscosity
of 274 SUS at 100° F. and an average of about 7 aliphatic
carbon atoms in the acid portion of the ester groups, is
—63° F. at a concentration of 20% in Freon 22. )

The above described “Floc” tests are generally accepted
as indicating low temperature performance of lubricants.
Thus it is apparent that the use of the present pentaerythri-

tol esters involve a substantial improvement in the opera-

tion of a refrigeration system at low temperatures, particu-
larly with a refrigerant such as Freon 22.

The pentaerythrito! esters of the present invention ex-
hibit a high degree of thermal and chemical stability. The
above A and B oils of comparable viscosity were com-
pared by sealing the Iubricant, Freon 22 and mietal cata-
lysts in pressurized glass tubes and exposing the combina-
tion to high temperatures the results of which are shown
below. .

Relrigerant decomposed
in ‘milligrams of re-
leased chlorine

0Oil Thermal exposure

A 2 weeks at 400° F_.| 100 to 385 in various
tests.

Bl do.___.__..__. 35.

Pentaerythritol ester.___{_____ [« (0 7.5.

In a similar test invelving di 2, ethyl hexyl sebacate, a di
ester, 520 milligrams of chlorine were measured in the
thermal exposure of 1 week at 409° F. The pentaerythri-
tol ester used in the above tests involves esters formed
by reacting aliphatic organic acids having an average car-
bon chain of about 7.

Laboratory tests also indicate that the ASTM viscosity
index of the above pentaerythrito] estersis 119.5 as com-
pared to viscosity indexes of under 20 for the above A and
B oils indicating that the subject lubricant varies consid-
erably less with temperatures than conventionally used
labricants with obvious advantage.

While the embodiments of the present invention as
herein disclosed censtitute preferred forms, it is to be
understood that other forms might be adopted.

What is claimed is as follows:

1. In combination, a refrigeration apparatus including
a compressor, condenser, and evaporator in refrigerant
flow relationship, a diftucromonochloromethane refriger-
ant and a lubricant soluble in said refrigerant comprising
an organic ester of pentaerythritol which is a reaction
product of monopentaerythritol and an organic acid select-
ed from the group wherein the carboxyl group is attached
to a radical taken from a group consisting of alkyl and
aryl radicals having an average of from 6 to 10 carbon
atoms.

2. In combination, a refrigeration apparatus including
a compressor, condenser, and evaporator in. refrigerant
flow relationship, a difluoremonochloromethane refriger-
ant and a lubricant soluble in said refrigerant comprising
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an organic acid ester which is a reaction product of a pen-
taerythritol selected from the group consisting of mono-
pentaerythritol, dipentaerythritol and tripentaerythritol,
and an organic acid selected from a group wherein the
carboxyl group is attached to a radical taken from the
group consisting of alkyl and aryl radicals having from 2
to 20 carbon atoms, said lubricant having a viscosity
range of from 50 to 2,000 seconds Saybolt measured at
100° F.

3. In combination, a refrigeration apparatus including
a compressor, condenser, and evaporator in refrigerant
flow relationship, a diftuoromoncchloromethane refriger-

ant and a Jubricant soluble in said refrigerant comprising _

an organic acid ester of monopentaerythritol, and an or-
ganic acid selected from a group wherein the carboxyl
group is attached to a radical taken from the group con-
sisting of alkyl and aryl radicals having an average of
from 6 to-10 carbon atoms, said Jubricant having a viscos-
- ity range of from 50 to 2,000 seconds Saybolt measured at
« 100° F.
. 4. In‘combination, a refrigeration apparatus including
Sa coniﬁre;s‘sor, condenser, and evaporator in refrigerant
- flow relationship, a fluorochloro substituted aliphatic hy-
drogen tefrigerant capable of being in the liquid and
gaseous phases within the operating temperatures of said
‘refrigeration apparatus, and a lubricant soluble in said
- refrigerant comprising an organic ester of pentaerythritol
which is a reaction product of monopentaerythritol and an
organic acid selected from the group wherein the carboxyl
group is attached to a radical taken from a group consist-
ing of alkyl and aryl radicals having from about an average
of 6 to 10 carbon atoms.

5. In combination, a refrigeration apparatus including
a compressor, condenser, and evaporator in refrigerant
flow relationship, a fluorochloro substituted aliphatic hy-
drogen refrigerant capable of being in the liquid and
gaseous phases within the operating temperatures of said
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refrigeration apparatus, and a Iubricant soluble in said
refrigerant comprising an organic acid ester which is a
reaction product of a pentaerythritol selected from the
group consisting of monopentaerythritol, dipentaerythritol
and tripentaerythritol, and an organic acid selected from a
group wherein the carboxyl group is attached to a radical
taken from the group consisting of alkyl and aryl radicals
having from 2 to 20 carbon atoms, said lubricant having
a viscosity range of from 50 to 2,000 seconds Saybolt
measured at 100° F.

6. In combination, a refrigeration apparatus including
a compressor, condenser, and evaporator in refrigerant
flow relationship, a fluorochloro substituted aliphatic hy-
drogen refrigerant capable of being in the liquid and
gaseous phases within the operating temperatures of said
refrigeration apparatus, and a lubricant soluble in said
refrigerant comprising an organic acid ester which is a
reaction product of monopentaerythritol and an organic
acid selected from a group wherein the carboxyl group is
attached to a radical taken from the group consisting of
alkyl and aryl radicals having an average of from 6 to 10
carbon atoms, said lubricant having a viscosity range of

" from 50 to 2,000 seconds Saybolt measured at 100° F,
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