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REFRIGERANT COMPRESSOR -

BACKGROUND OF THE INVENTION .
‘Field of the Invention

The present invention relates to a
refrigeration cycle and refrigerant compressor, and it

relates to, in particular, a refrigeration-cycle-

constituting material system comprising a refrigerating

- machine oil composition suitable for a flon type

refrigerant containing no chlorine and having a critical
temperature of 40°C or higher, for example, flon 134a,
and electrical insuléting materials and a drying agent
which are hardly deteriqratea by the refrigerating

machine oil composition.

Prior Art

In recent‘years; chlorine-contaiﬂing flons
(chlorqfluorocarsons, abbreviated as CFC) haﬁe'beéni-
included in the list.pf éompounds'under regulation in
use, all over the world because of the problems of
environmental pollution, in particular, ﬁhé ozone
depletion and thé global warming.

All of flons included in the list of compounds

under regulation in use are"chlorine—cpntaining_flons

such as flon 11, flon 12, flon 113, flon 114, flon 115, -

etc.” Flon 12 which has been exclusively used as a

refrigerant in réfrigerating_apparatus such as
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refrigerators, dehumidifiers, etc., has also been’

inéludea in the list.

Therefore, a refrigerant usable in place of

flon 12 is required. Hydrofluorocarbon (HFC) having a-

low reactivity with ozone and a short decomposition

period in the ‘air has recently been noted as a
substitute refrigerant. Flon 134a (1,l,l-tetrafluoro-
ethané, CHFCF3) is a typical example of such a
refrigerant. In detail, when the ozone depletion
potential (ObP)'of flon 12 (dichlorodifluoromethane-
CClaF2) is taken as 1, that of flon 134a is zero. When
the global warming potential (GWP) of flon 12 is taken
as i, that of flon 134a is 0.3 or less. Flon 134a is
noncombustible and similar to_flén 12 in thermal
properties such as temperature—preésure characteristies.
Therefore, flon 134a ha§ been said to be advantageéus in
that it can be put into praqtical use without greatly

changing the structures of refrigerating appératus such

_as refrigerators and dehumidifiers and refrigeranﬁ

compressors in which flon 12 has heretofore been used.
Flon 134a, however, has a unique chemical
strﬁcture and hence very characteristic properfies.
Therefore, it has a very poor compatibility with
refrigerating machine oils such as mineral oils angd

alkylbenzene oils which have been used in conventional

refrigération éysfgﬁ*uSing'ﬁlbn_lz, and hence it{¢éﬁg6t-'

be put, into practical use at all. In addition, the =

' suitability including the imprbving effect on the

e )
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lubrication and the resistance to frictional wear of the
sliding portions of compressioa mechanical parts, the
influence on electrical insulating materials, the
influence on drying agents, etc..is a probleq, and there
has bean an eager desire for ahe debelopmant of a novel
material system constitutidg a compressor and a
refrigerating apparatus.

| Therefore, before.reférring to the problem of
the miscibil}ty of a refrigerant with a refrigerating
machine oil,.cogventional'refrigetant compressor and
refrigeration apparatus which use a flon type-
refrigerant are first exp;ained with reference to Fig. 7
to Fig. S. | .

Pig. 7 is a vertical cross-sectional view of
the principal part of a conventional closed rotary
compressor. Fig. 8 is a cross—-sectional view. for
explaining the disp}acement volume oﬁ the compressor
section of the compressor. Fié. 9 is a diagram showipg
the structure of an ordinafy refrigafation cycle.'

| In FPig. 7, numeral l.shows a case used boih'as
a qlosed'container.and as a oil pan. 1In the case 1, an
electric motor section 22 and a compressor.sectioh.ZS
are accommogdated.

The electric.motor 22 is compoaed of a stator
19 and a-.rotor 20, and a rotatlng shaft 4A made of cast
iron is: fltted in the rotor 20 The rotatxng shaft 4A

has an eccentrzc portlon 3 and an shaft hole 17 1s .
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formed in hollow form on the one side of the eccentric

portion 3.

The core wire of the winding wire portion 19a
of the stator 19 is coated with an ester imide film, and
an eleetrical insulating £ilm ef-a_pdlyethylene
terephﬁhalate is inserted between the core portion and
the winding wire portion of the stator. The rotor 4A
has a-surface finished by grinding.

The compresser 23 has as its chief mechanism
components a cy;inder Z.made of an iron-based sintered

product; a roller 7 made of cast iron which is fitted in

' the eccentric portion 3 of the rotating shaft 4A and

eccentrically rotated along the inside of the cylinder

2; a high-speed steel vane which is reciprocated in the

. groove 8 of the cylinder 2 while one side of the vane is

in contact with the roller 7 and the other side is

pushed by a spring 9; and a main bearlng 5 and a sub-

bearing 6 which are made of cast iron or an 1ron~based
sintered product, are provided on both ends of the
cylinder, and serve beth as bearings for the rotary
shaft 4A and as the side wall of the cylinder 2.

The sub-bearing 6 has a discharge valve 27,
and a discharge cover 25 is attached ‘thereto so as to
form a silencer 28. The main bearing 5., the cylinder 2
and the sub-bearlng 6 are fastened with a bolt 21.

A pump chamber 12 is. composed of a space and

_ parts surroundxng the space, i. e., the back of the vane

- —r—v'ﬂ;.:@w;
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10, the groove 8 of the cylinder "2, the main bearing 5.
and the sub-bearing 6. '

The main bearing 5 has a suction piece 14
which can suck a naphthene type or alkylbenzsne type.'
refrigerating machine oiljl3A in which a refrigeranf.
flon das stored in the bottom of the case 1 has been
dissolved, into the pump chamber 12. The sub-bearing 6
has a discharge port lﬁ which can discharge the.
refrigerating machine oil 13A to an oii tube 15 from tho-
punmp chamber:lzr The oil tube 15 is designed to be able
to supply the refrigerating machine oil 13a to the shaft
hole 17 of the rotating shaft 4A and then to predeter-

| mined sliding portions from the shaft holeé 17 through a

" branch opening 18.

The action of the rotary compressor thus
composed is explained below with reference to Figs. 7

and 8. When the compressor is operated to rotate the

“rotating shaft 4A made of cast iron, a roller 7 made of

tempered cast iron is rotated with the rotation of
rotating shaft 4a, and the'high-speed steel vane 10 is
reciprocated in the groove 8 of the cylinder 2 made of
cast iron or a iron-based sintered product while the
vane 10 is pushed by the spring 9 and its end is in
contact with the roller 7. Thus, the vane 10 compresses
a refrlgerant (flon 12) whxch has flown zn through a .
refrzgerant suctxon openlng (not shown), and the
refrlgexant is dlscharged out51de the compressor from a

dlscharge_pxpe 29 through a refrigerant discharge -
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opesing 24. The winding wire portion 19a and the
electricel insulating £ilm (not shown)_cflthe'statcr 9
are immersed in the refrigerating machine oil conrsihing
flon dissolved therein, or they are exposed to circum;
stances of spraying with mist of the refrigerant oil.

In the case of a combination of a conventional

" refrigerating machine o0il consisting of a mineral oil or

an alkylbenzeﬁe and £flon 12, f£lon 12 is completely

miscible with the refrigerating machine oil in all use

ranges, SO that it has been not necessary at all to care

‘about the various problems concerning the miscibility of

flon 134a with a refrigerating machine oil which are

hereinafter described in detail, namely, the separation®
into two layers betwees_the refrigerating machine oil
ané the refrigerant An a compressor, and the residence
of the refrzgeratlng machzne oil in a heat exchanger.
Eowever, in the case of fluorohydrocarbon type
refrigerants containing no chlorine which have ugique"
characteristics, for example, flon 134a, the miscibility
of the refrigerant with a refrigerating machine oil is
the most serious problem in practice because there is no
practical refrigerating machine oil which can easily
dissolve the reEr;gerane.

In general, for 1mprov1ng the nerformance
characEErlstxcs of a compressor, namely, the cceff;cient
oF performance (COoP) whlch Lndxcates the energy

effxcxency, Lt has been necessary to mxnxmzze the
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mechanical loss of the compressor and maximize its

' Golumetric'efficiency.

The mechanical loss of a refrigerant
compressor mainly includes the friction 1oss at the
journal bearing and thrust bearing in'the.mecbahicel
parf-and the power for agitating oil. In general, it
has been said that the best means is to minimize the

value of the coefficient of friction (u) defined by the

following equation on the basis of the hydrodynamic

lubrication:theory of a journal bearing:

272(D/C)nN/P | (9)

=
]

wherein N revolution rate,

*»

P ;: pressure on surface,
: viscosity.,
D : diameter of shaft,

C : diametral clearance.

This fact indicates that in a refrigerant
compressor operated ucder.hydrodycamic lubrication
conditions, not only the structural factors regarding
dimensions and shapes but also the actual.viscosity of a
refrigerating machine 0il containing flon disolved
therein which is a factor influenced by operation

clrcumstances, have a close relatxonshlp to the .

‘mechanlcal loss of the compressure.

On the other hand, for keeping the volumetrxc .

25 eff1c1ency hlghest, it is necessary that in a mechan;cal
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chamber fc:'compreésing a refrigerant gas, the leakage
of the refrigerant gas from the high pressure side to’
the low prassure side should be prevented by carrying
cut sealing'ﬁetween parts which works to compress the
refrigerant gas. It should be noted that also in this
case, the actual viscosity of a :ef:igerating:machine
oil containing the refrigerant dissolved therein has an
impoftant function.

As described above, in a refrigerant
compressor heretofore used Sy the use of flon 12 and a
refrigerating apparaéus using the refrigerant
compressor, it is important for the improvement of
nefformance characteristics of the compressor to
optimize the actual vzscc51ty of a refrigerating machine
ocil ccnuaznzng the refrzgeran» d'ssclv=d therein, at a
zated operation point uqder usual cperatxon-cogdztxons‘

A refrigerating apparatus such as a

efrigerator or a dehumidifier is operated, though in

‘rare cases, in a high-temperature circumstance much more

severe than usual operation conditions. In this case,
the lubricatioﬁ in the apparatus gets into a scéﬁalled
boundary lubrication region in which a luhricéting oil
layer is thined, so that the metal surfaces of sliding
portions of a bearing'are brought into.contacé with each
othet; Consequently, the coeffxczent of frzctxon ;s
*nc:eased at once, resultzng in heat qenetatzon.
*he:efbre, scoring or. sexzxng-and—adhesxon phenomenon

occurs between the bearing and a rotating shaft and -
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deteriorates the reliability of a refrigerant
compréssor. Therefore, some consideration is needed for
preventing a fatal problem from occuring even under
boundary lubrication conditioné._ In a conventional
refriéerant compressor using'flon 12, chlorine in flon,
12 acts effectively as an extreme pressure agent. 1In
éetail, when scoring or seizing-and-adhesion phenomenon
takeé-place between a bearing and a rotating shaft, tﬁe
refrigerant flon 12 dissolved in a refrigerating maching-
oil as bearing—lubricating 0il is decomposed by
frictional heaé generated by the scoring or the
phenomenon, and chlorine, i.e., the decomposition
product, reacts with iron on the surface of the bearing
to form iron chloride which acts as a lubricant.

As described above, in the case of a
refrigerating apparatus using a high—pressurg vessel
type rotary compressor, for examgle, a refrigerator, a
refrigerant compreésor and.a fefrigérating apparatus
which satisfy the operation conditions ﬁt an ambienf.
temperature of 30°C described below are éatisfactéry'in
the coefficient of performance indicating energy
efficiency and the reliability of alproduct, and most
products have been used in such ranges. . The discharge
pressure of the compressor: about 10 kg/cm2abs, oil
temperature: about 100°C, refrigerating machine oil: an
alkylbenzené'oil'dt 5 mihéral 6il haQing a'viscosityﬂat; -
40°C: of ‘56 St and a v1sc051ty at ‘100°C of .6 cSt, the’

actual v;sc051ty of whlch becomes 1. to 4 cSt.
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On the ther hand, in the case of a refrigef-

ating abparatus using a low-pressure vessel type

: reciprocating compressor {the explanation of the

structure and operation is omittee), for example, a
refrigerator, there have been used a refrigerant
compressof and a refrigerating apparatus which satisfy
the following operation conditions at an ambient
temperature of 30°C; the suction pressure of the

compressor: about 1.6 lég/cmz abs, oil temperature: 85°C,

-refrigerating machine oil: .a mineral ¢il having a

viscosity at 40°C of B to 15 cSt and a viscosity at

.100°C of 1.8 to 4.2 cSt, the actual viscosity of which

becomes 2 to 6 cSt.

Next, a fundamental refrigeration cycle
provided with a refriéerant compressor which thus sucks,
compresses and then diseharge a flon type refr;gerant,
is explained below with reference to Fig. 9.

As shown in Fig..s, a'cdmpresso: 40 eompressee
a low-temperature, low-pressure ref#igeraﬁt gas, o
discharges the resulting high-tempereture,-high—preésute
refrigerant gas and_sena the same to a condenser 4l.

The refrigerant gas sent to the condenser 41 becomes a
high-temperature, high-pressure refrigerant fluid while
releasing its heat to the air, and then it is sent to an
expansxon mechanism (e. g. an expanszon valve or .a

capxllary tube) 42 whxle belng freed from water by a ::

' dryer 45.' The high- temperature, hlgh-pressure

_refrlgerant fluid which passes the expansxon'mechanism
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becomes low-temperature, low-pressure wet vapor owing to
squéezing effect and is sent to an evaporator 43. The |
refrigerant introduced into the evaporator 43 is
evaporated thle absorbing heat from the surrbundipgs,'
and the low—temperature,_lbw—pressure gaé which has' come
out of ‘the evaporator 43 is sucked into the condenser
40. Thereafter, the above cycle is repeated.

As there frigerant, flon 12 has heretofore

'been used. However, the emplofment of flon 12 is under

-regulations,'és described above. The employment of flon

134a in place of flon 12 involves many problems because
conventional mineral cil type or alkylbenzene type
refrigerating machine oils for flon 12 are very poor in
miscibility with flon 134a. Therefore, refrigerating

machine oils having a good miscibility with £lon 134a

have been vigorously developed and various refrigerating

machine oils have been proposed. As typical examples of

such refrigerating machineé oils, there are known the -

compounds having ether linkages exemplified beloﬁ;'

For- example, Japanese Patent Application Kokai
No. 1-259093 discloses "a refrigerating machine oil for
a flon compressor" which comprises as base o0il a
propylene glycol monoether representéd by the general

formula:

R ~0 —+ CHy ~=CH - Oy, E

CH3
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wherein R is an alkyl group having 1 to 8 carbon atoms,
and n is an integer of 4 to 19; Japanese Patent
Appiication Kokai No. 1-259094 discloses a diether type
compound oﬁtained by etherifying one end of pfopy;qu.

glycol which is represented by the general formula:

Ry ~ O — CHy ~ CH - O Rz

CH3

wherein each 'of Ry an Rz is an alkyl group having 1 to 8

carbon atoms, and n is an integer (average molecular
" weight: 300 to 600); and Japanese Patent Application

"Kokai No. 1-259095 discloses a monoether type compound

which is a copolymer of propylene glycol and ethylene

glycol and is represented by the general formulas:

R -0 = CHz - CHz -0 =+ CH2 ~CE~- 0O -, H

CE3

wherein R is an alkyl'grqup having l-to 14 carbon atoms,
and m and n are integers, the ratio-m: n being 6: 4 to
1 : 9 (average molecular weight: 300 to 2,000).

The difference of these polyalkylene glycols
from conventional mineral oils and alkylbenzene oils
have been'reported as follows. By the introduction.of
ether linkages into-the-molecuie, the'affinity for fioh
134a ii_enhanced'to-improvg,the miscibility With;fion'
134a g;éatly, refrigerant lubrication due to the

phenomenon of .separation into.two layers (a phenomenon
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that the refrigerant and the refrigerating machiﬁe oil
are inéolubie in each other and separate; hereinafter
referred to mereiy as "two-layer separation") in the
siiding portions of a compressor can be preﬁented, the
return of the oil to the coméressor wﬁich.iS'inducea by
residence phenomenon due to the adhesion of the oil to
the inner wall of a heat exchariger can be suppressed,
and there can be solved the problems coﬁcerning the-
‘reliability of the.compressQr and a refrigerating

apparatus, for example, seizing and scoring in the

- sliding portions of the compressor.

15

20

25

Such compounds thus containing a large number
of ether linkages (C-0-C), however, are disadvantageous
in that, | |

(1) they have a saturation water absorpﬁion
rate is high (they tend_to absorb water).

' (2) they have a low volume resistivity.

(3) they have a low oxidation stability,.so
that the total acid value is apt to be increased.: .
Therefore, the compounds have been not suitable for'.
refrigerant coﬁpressofs and refrigerating apparatus in
which a hermetic motor is used as ah electric motor.
That is, although the compounds have an improved
miscibility with the refrigefant, they are dis~

advantageous in that they attack the insulating

_ matefiéls'of:the'maéqt to'deteriorété'the_eléctricaij

insulating characteristiés. In all of the above

compqunds, the end §roup having an ether iinkage is-','"
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capped with hydrogen, and the hydrogen further increases
the hygfoscogicity. Theréfore, it has been proposed to

replace the hydrogen by an ester group to obtain a

-refrzgeratxng machine oil represented by the followlng

formula (see Japanese Patent Applxcat;cn Koka; No.

2-132178):

R~0-RL-0-y, C-OR?
5

wherein R is a hydrocarbon group, R! is an alkylene R2
is an alkyl group, and n is an integer which is such
that the viscosity of.this compound becomes 10 to 300
(at 40°C). | | |
However, the improved miscibility with the
refrigerant of this compound is also brcught about by a
large number of ether lickagcs in the molecule, like
that of the above compounds; and hence this compounad
involves the same problems as in the case of the above
compoﬁnds. . | -
Thus, ﬁhe.ccmpcunds having ether linkcgcs tend
to absorb water because of the ‘above problem (1), and
the compounds themselves are hydrolyzed by the water to
become unstable Furthcrmore, the water freezes, chokes
the capxllary of a refrxgeration cycle, and dxsturbs the

nressure balance. The volume resxstxvxty cf the.7

_comoounds is low as descr;bed as the n:oblem (2), so

that the electrical insulating propertzes are

deteriorated. When the totai acid value ic.increcéed.as. 3
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described as the problem (3), the compounds are

hydrolyzed to become unstable.

As described above, flon l34a which is used as

a substitute refrigerant for conventional refrigerant.

flon 12 involves the followiﬁg fatal problem: Because.
of its unique molecular strﬁcture, flon 1l34a has a low
éffinity for mineral oil type and alkylbenzene oil type
refrigerating machine oils which have heretofore been
used, ané hence it lacks miscibility with the |
refrigeratihg machine oils which is essential in a
refrigerant coﬁpressor and a refrigerating apparatus.
Attempts have been made to improve the
miscibility, but have been accompanied with, for
example, the deterioration of the electrical insulating
properties, the water problem, and the unstability
problems, such as the hydrolysis and the decomposition
of the compound by an acid. Each problem ié_described

below in more detail.

SUMMARY OF THE INVENTION
(1) . A refrigerating machine oil having a bad
miécibility cannot be put into practical use in a
refrigerant compressor and a refrigerating apparatus
from the viewpoint of performance characteristics and
reliability, as described below.

In ééhe?éi,:ﬁhghlthelSOIubiiity~of a
refrigerating machine oilfiﬁla féftige;aut isllék,-oill

diséharged from a cdméressor ié separated in a héatt
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-exchanger and the oil component adheres to the wall

surface to remain, so that the amount of oil which

returns to the compressor is decreased. Consequently,

the oil surface in the compressor is lowered_end a so-

called oil drying-up phenomencn takes place, so that the
oiling'level is lowered.

When a compressor is exposed to a low-
temperature circumstance in a refrigerating apparatus
enclosing a large aﬁouht of a refrigerant, the following
trouble is ceused. In a so-called lying-idle state in

which liquid refrigerent is present preferentially in

. the bottom of the compressor, low-viscosity liquid

refrigerant which is present in the bottom as a result

‘'of two-layer separation is supplied to the sliding

surface of a rotating shaft, so that the assurance of a

lubricating oil film becomes difficult, resulring in
damage'to the compressor. .

On the other hand, as to the refrigeratingf'
apparatus, a refrigerating oachine oil which has :
separated edheres to the inner wall of an'evaporator
having a low temperstdre, to form a heat-insulating
layer, and therefore it inhibits the heat-transfering
capability seriously. Moreover, whenthis refrigerating
machine oil of wax form chokes an expansion mechanism (a
capillary tube) or a pxplng, the amount of the

refrlgerant c1rculated is. greatly decreased, resultzng

"in a lowered coollng power ‘As to the compressor, the,

pressure of sucked gas is lowered and the pressure of
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discharged gas is increased. Theréfore, the heat

deterioration of the refrigerating machine o0il and

" damage to beariﬁgs are caused, so that the. long—~term |

reliability of -the refrigerant compressorland the _

refrigerating apparatus is great1y deteriorate&;.
.Accordingly, a first object of the present

invention is to solve such conventional problems and

provide a refrigerating apparatus and a refrigerant

‘ccmpressor which are provided with a refrigérating
"machine 0il which is highly miscible with and hence

suitable . for flon type refrigerants conﬁaining no

chlorine a typical example of which is flon 134a. More
specifically, the present invention is fundamentally

intended to make improvements with respect to, for

example, (1) water abso:ption properties, {2) volume

resistivity, and (3) oxidative deterioration, and seek
for a novel refrigerating machine oil composition which
is miscible with flon 134a under all operation condi-- -
tions of a refrigerant-comﬁressor and a iefriger££ing'
apparatus. It is also intended to provide a refrige-
ration system.having excellent performance character-
istics, efficiency and reliability in refrigerating
apparatus and refrigerant compressors which are
different in purposes, by developing at least the
following two refrigeration oils: a refrigeration oil

for‘moaerate4t2mperaﬁu;e-iefrigérating'aﬁpatatus such as

" dehumidifiers which achieves a first aim, i.e.,

attainment of a critical sSolution temperature of 0°C or
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lower; and a refrigeration oil for low-temperature
refrigerating apparatus such as refrigerators which
achﬁeves a second eim, i.e., attainment of a'eriticai'
temperature of —-30°C or lower.

{2) In the long run, it is beneficial to the -
prevehtion of global warming (GWP) to enhance the
coefficient of performance (COP) (which indicates the

energy efficiency, i.e., the ratio of the cooling power

' of a refrigerant compressor to an input) under usual use -

conditions under which refrigerant compressors and

_refrigereting apparatus are usually operated.

For reducing the input to a compressor in
order to improve the performance characteristics of the
compressor, it is necessary to reducve the coefficient
of friction on the basis of the hydrodynamic lubrication
theory of coaxial bearing. For the reduction, it is
necessary to measure the solubility of flon 134a in the
refrigerating machine oil used in the present invention
and thereby determine the optimﬁm value of the actual
viscosity of the oil used in the compressor. When the
actual viscosity is thus optimized, fhe coefficient of
friction of a bearing becomes minimum and the
coefficient of performance of the compressor and a
refrigerating apparatus using the compressor becomes
maximum. -

Therefore, a second object of’ the present
invention is to attaln hxgh performance characterxstxcs

and a hlgh reliability by SPBCLfYLRQ a v15cosxty range
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of thé refriéerating'machine 0il which is most suitable
fof a refrigerating apparatus using a high-pressure |
veésel type rotary compressor or a low-pressure vessel

type reciprocating compressor, on the basis of the above

‘bearing theory.

(3) However, although very.rarely in practice,
there is carried out an extremely severe operation such
as operation in a high-temperature circumstance or
overload operation which are more severe than expected
by a designef. "Also in this case, a sufficient |
reliability should be assured.

In a compressor using flon l134a, scoring or
seizing of the sliding portion of a bearing of the
compressor tends to take place more often than in a
compressor using a conventional refrigerant flon 12} in
a so-called boﬁndary lubrication region (in which

contact between metal shrfages occurs) beyond the

' hydrodynamic lubrication region of a coaxial bearing.

When contact between metal surfaces takes
place in the sliding portion of a bearing, flon 12

dissolved in an oil is decomposed to form a conversion

" coating of iron chloride on an iron-based sliding

frictionél surfacer This iron chloride acts as an
extreme pressure agent to suppress the adhesion and
seizing. -

TOn-the;otﬁét-hand, since flonf134a-is éf'.
refrigerant’ containing ho}chlofine, chlorine canﬁot

possibly be supplied ‘to g compressor using fién 134a..
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Therefore, unlike flon 12, flon 134a is hardly expected
to.have'the above action as extreme pressure agent. |

Accordingly, a third object of the present

'znventzon is to provide a refrigerating apparatus and a

refrzgerant compressor in whlch by using a f£lon type
refrigerant cohtaining no chlorine represented by flon
1342 and a refrigerating machine. oxl containing an
extreme pressure agent, the prevention of scoring and
seizing of the sliding portions and the assurance of
sufficient reiiability can be aehieved evea when the.oil
runs out in the sliding bearing of the compressor and
extremely severe operation is carried out.

(4) A fourth object of the present invention is to
provide a refrigerant compressor and a refrigeraﬁing
apparatus which use a_cbmposition cemprising a flon type
refrigerant containing no chlorine represented by flon
134a and a refrigerating machine oil, and have an
electrical insulating system wherein electrical insuiat-
ing materials such as an electrical ihsulatiﬁg,filﬁ and
an insulation—coated windiﬁg wire which constitute an |
electric motor section have a sufficient long-term
reliability. |

(5) Flon 134a has a high water absorption rate and
refrigerating machine eils miscible with.flon 1§4a are
relatively hydrophilic though fairly ‘improved.. There-
fore,_both of them tend to carry water into a refrlgera-_
tion cycle._ Water in a refrxgeratlng apparatus Ls

frozen in an evaporater on the-low-temperature sxde and
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chokes a pipe having a small diameter, such as a

capillafy tube to lower the refrigerating capability.

Furthermore, in the long run, the refrigerating machine

" 0il, the refrigerant, electribcal insulating materials,

etc. un&ergo hydrolysis reaction, so-that minus charact-

eristics are brought about, for example, the producéion
of an acidic substance and a lowering of the mechanical
strenéth are induced. ;
Accordingly, a f£ifth object of the present
invention is to provide a refrigerating apparatus in

which a flon typé refrigerant containing no chlorine

. represented by flon 134a and a refrigerating machine o0il

coexists, and which has a dryer packed with a drying
agent effective in improving the reliability of the
refrigefating apparatus by separating and adsorbing only

water without absorbing the refrigerant.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a graph showing a two-layer
separation temperature which illustfates the miscibility
of flon l34a with each refrigerating machine oil.
| Fig. 2 is a graph showing a relationship .
between the amount of water dissolved in each of various
refrigerating machine oils and its volume resistivity.
~ Pig. 3 is a graph showing a relationship
between the atual'vis&osiEYjof;eéch_refriqeratiqg3 S

machife oil ‘and the cbeffigient'df_performance duriﬁg :
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‘rated operation of a high-pressure vessel type rotary

compressor.

Fig. 4 is a graph showing a relationship

between the actual viscosity and the coefficient of

performance during rated 6perati6n of a lowfpéessure
vessel type reciprocating compressor. '

Pig. 5 is a graph showing a relationship
between FALEX test using an iron-based frictional
sliding surface and a high-pressure atmosphere friction
test using an 0il containing flon 134a dissolved
therein. |

Fig. 6 is a graph showing the abration loss
caused by a FALEX test.

Fig. 7 is a vertical cross-sectional view of

the principal part of a closed rotary compressor.

Fig. 8 is a vertical cross-sectional view of

the principal part of the compression mechanical part of

a rotary compressor.

Fig. 9 is a diagram showing thé structure of

the refrigeration cycle of a refrigerating apparatus..

PREFERRED EMBODIMEﬁT OF THE INVENTION

1. The above first object of the present
invention can be achieved by a refrigerating apparatus
comprising a rgfrige:aticn cycle comprising at least a
compréséo:,-cdndensbi}'d#yér}_eipansién-meéhanism_and  !
eéapogaﬁorf.a rgﬁrigeréntﬁtempéméed,méinly.of a- o

fldorodarbon type refrigerant containing né.éhloride.and .
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having a critical temperature of -40°C or higher, and a
refrigerating machine oil comprising as base oil an |
ester oil of one or more fatty acids which contains at
least two_éther linkages (3-0-%-) in the molecgle and

0

has a viscosity at 40°C of 2 to 70 cSt and a viscosity
at 100°C of 1 to 9 cSt.

As described above, it is absolutely necessary
for the ester oil tb'be an egter of oné or.more fatty
acids which ;onfains at least two ester linkages in the
molecule. Ester oils of one or more fatty acids which

have one ester linkage have a bad miscibility with the

refrigerant and hence cannot be used. The usable ester

"0il of one or more fatty acids can be obtained by the

esterification reacﬁion of an alcohol with one or more
fatty acids. As the alcohol, a polyhydric alcohol is

preferable. As the fatty acids, those having 1 to 6

carbon atoms are preferable. The fatty acids may be

either monobasic or polybasic. The ester oils include
hindered ester oils and éompléx ester oils. From thé
viewpoint of the misdibility with the refrigerant, ester
oils having a branched-chain structure tend to be
preferable to ester oils having a straight-chain
structure. Examples of practical ester oils of one or
more fatty acids_gre,given bélqw_by the general formulas
(1) to (5). . o R '
- e Tﬁe ester.oiis fépreéeﬁted'ﬁy the formﬁlas tl).

to (4) -are hindered ester oils, and the ester oils -
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represented by the formula (5) éte-complex ester oils.
These ester oils may be used singly or in
combination of two.or more thereof. The refrigerating
machine oil comprise at least 50 wt$ of these.ester oils
as base oil, and the balance mﬁy be made up by Qgﬁer i

well-known refrigerating machine oils.

(R1CH2)2C(CH20CORz) 2 | e (D)

(examples of esters of neopentyl glycol (abbreviated as

'NPG)} type alcohols which contain two ester linkages in

" the molecule).

R;CH2C (CH20COR2) 3 ' eee {2)

(examples of esters of trimethylolalkylpropanes

(abbreviated as TMP) which contain three ester linkages

in Ehe molecule).

C{CH;0COR) ¢ - el (3)

(examples of esters of pentaerythritol (abbreviated as

PET) which'contain 4 ester linkages in the molecule).

(R,COOCH,) 3CCH,0CH,C { CH,0COR2) 3 cee (4)

(examples 6f'estgfs o:.dipentaerythfitol.(abbréviéteafas'

DPET) which contain 6 estefflinkages in the mpleéﬁle).
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R3 ‘R3
: l | |
R2COOCH> -cl:— CH20COCH32 ( CH2 ) n~CH2—-COOCE-C-CH20COR2
Rj R3 _
.. (8)
(exampies of éomplex esters containing 4 or more ester

linkages in the molecule).

In the above general formulas, R; is H or an
alkyl group having 1 to 3 carbon atoms, Rz is a straight

or branched-chain alkyl group having 5 to 12 carbon

: étoms, R3 is an alkyl group having 1 to 3 carbon atoms,

R3 is an alkyl group having 1 to 3 carbon atoms, and n
is an integer qf 0 to 5. .

The esters represented by the above general
formulas (1) to (4) are esters of polyhydric alcohois

and monocarboxylic acids. As such esters, esters having

a desired viscosity gréde can be obtained by optionally

chooslng a combination of the alcohol and orie or a

plurality of the monocarboxyllc ac1ds and proportlons of
these components.

As the complex esters represented by the
general formula (5), esters having a high-viscosity and
a wide critical solution temperature range can be
obtained by selecting the cheﬁical structure of the

central dibasic aCld (dlcarboxyllc acxd) component from

various chemlcal structures derived from succlnlc ac;d

{n = 29, glutarlc ‘acid (aBbrevzated as Glut), adlplc

aC1d (abbrevzated as AZP), plmellc acid, suberlc aCLd,.'
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azelaic acid, and sebacic acid (n = 8), selectihg the
polyhydric alcochol component and the terminal
monocarboxylic acid component from various compounds,
and varying the blending proporﬁions (molar fractionm)..

The monocarboxylic acids represented by the
fofmula R2COOE may be straight- or branched-chein ones.
The latter includes 2-ethylhexanoic acid (2EH), Zj
methylhexanoic acid (i-C7), 3,5,S-triﬁethylhexanoic '
acid, 3,5-dimethylhexancic acid {i-Cg), -2-methyl-
heptanoic acid. The monocareoxylic acids may be used
singly or in combination of two or more thereof.

The base oil of the refrigerating machine oil
is prepared by adjusting the viscosity by using such
hindered ester oils and complex ester is singly or in
combination of two or more thereof.

The refrigerant composed mainly of -a fluero-
carbon type refrigerant containing no chlorine and
having a critical temperature of 40°C or higher which is
used in the present invention includes hydrefluord-‘
carbons and fluorocarbons.. Specific examples of the
hydrofluorocarbOns'are~difluoromethage {R32), pehta~
flueroethane (R125), l,l,2,2-tetrafluoroethene.(Rl34),
1,1,1,2-tetrafluoroethane {Rl34a), 1,1,2-triflucroethane
(R143), l,l,l-trifiuorbethane (R143a);, 1,1-difluoro-

ethane (R152a) and monofluoroethane {R161). Speclflc

examples of the fluorocarbons are hexafluoropropane

(CZlG) .and octafluorocyclobutane (C318) of these,
1,1,2, 2- tetrafluoroethane (R134), 1,1, 1 2-
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tetrafluoroethane (Rl34a), 1,1,2-trifluoroethane (R143),

l,l,l;trifluoroethane {Rl43a) and hexafluorcpropane

(C216) have a boiling point close to that of a

10

15

20

25

conventional refrigerant, dichlorodiflucromethane (R12),

" and are preferable as substitute refrigerants. The

above-exemplified hydrofluorocarbon or fluorocarbon type ' -

fefrigerants can be used singly or as a mixture thereof.
The reason for the adjustment of critical '

temperature of the refrigerant to 40°C or higher is that’

there was rééuired a refrigerating apparatus in which

the condensatioh temperature in a condenser was 40°C.

1) The above second object of the present
invention is, for one thing, achieved by a high-pressure
vessel type refrigerant compressér used in a
refrigerétion cycle that comprises'a closed vessel
stored with a refrigerating machine oil which
accommodates a motor composed of a rotor and a stator, a
rotating shaft fitted in the rotor, and a compressor’
section connected to the motor through the fotatihg..
shaft, and in which a high~pressure refri§erant gés
discharged from the compressor section resides, said
refrigerant being composed mainly of a £luorocarbon type
refrigerant containing no chlorine and having a critical
temperature of 40°C or higher, and said refrigerating
machine o0il comprising as base o0il an ester oil of one
or'mbré fatty'aéiésféhich'éonﬁainé_atileést'two-éStékl,J
lh&&#ﬁ (=0-C=-) " . | |

. : g .

_in'éﬂé'molécﬁie and haé-asviscdsity-
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'at 40°C of 2 to 70 cSt and a viscosity at 100°C of 1 to

9 cSt.

The constitution of the ester oil of one or
ﬁore fatty -acids which contains at least two.ester
linkages in the molecule is as described abqvé in
detail.

In a high-pressure vessel type rotary
compressor, for example, is previodsly enclosed the
aforesaid refrigerafing machine oil having a viscosity
at 40°C of 2 to io cSt, preferably 5.0 to 32 cSt, so

that the actual-viscOSity (at a gas pressure of 9 to 1l

. kg/cm2 abs and an oil temperature of about 100°C) of the

0il which contains flon l134a dissolved therein may be

1.0 to 4.0 csSt.

2) In addition, the above second object of the
present invention is achieved by a low-pressure vessel

type refrigerant compressor that comprises a closed

vessel stored with a refrigerating machine oil which.

accommodates a motor composed of a rotor and a staﬁof, a
rotating shaft fitted in the rdtor; and a compressor
section connected to Ehe motor throﬁgh the rotating
shaft, and from which a high-pressute refrigerant gas |
discharged from the compressor section is directly \
exhausted, said refrigerant being composed mainly of a
fluorocarbon type refrigerant containing no chlorine and

having a critical temperature pf 40°¢ ‘or higher, and .

" said refrigerating machine il comprising as base oil an -

ester of one'or more fatty_acids which contains aﬁ.iéasﬁ '
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two ester linkages (-0-C-) in the molecule and has

I
o

a viscosity at 40°C of 2 to 70 cSt and a viscosity at
100°C of 1 to 9 cSt. B

The constitution of the ester oils éf one or
more fétiy acids which contains at least two ester
linkages in the molecu}e is as described above.

In a low-pressure vessel type reciprocating
compressor, for exaﬁ@le, is pfeviously éncioseﬁ ﬁhe
aforesaid refrigérating'machine 0il having a viscosity

at 40°C of 5.0 to 15 cSt and a viscosity at 100°C of 2.0

to 4.0 cSt, so that the actual viscosity (at a sucked

gas pressure of 1.0 to 2.0 kg/cm abs and an oil.tempera;

‘ture of 85°C) of the oil which contains flon 134a

~dissolved therein may be 2.0 to 4.5 cSt.

15

3) The above third object can be achieved by

adding an extreme pressure agent to the aforesaid

refrigerating machine oil.

20

The extreme pressure agent serves as aﬁ '
abration-preyenting agenﬁ-in sliding portions and
includes, for example} alkylpolyoxyalkylene phosphate
esters represented by the geneial formulas (6) and (7)
and dialkyl phosphate esters represented by the general

formula (8):
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R4O(CHz CHO)j P(OH)2 | cer (6)
Rs 0

R40(CH2 CHO)p OB
R ] . e e (7)
. 5 P

R4O(CH2 CHO) H
Rs

1 wherein Rq is an alkyl group having 1 to 8 carbon atoms,
" and Rs is H or an alkyl group having 1 to'3 carbon
{molecular weight:.400 to 700).

o)
|
(RgO)2 POH el (8)
_ wherein R¢ is an alkyl'group having 8 to 16 carbon
5 :afoms.

These phésphorié esters may-bé added singly or
in combination of two or more thereof. The practicaf
amount of the phosphoric esters added to the re?rigeratf
ing machine oil is 0.05 to 10 wts.

10 | It is also effective to %dd an acid-capturing

agent, antioxidant, defoaming agent, etc. together.with
the extreme pressure agent (the abrasion-preventing .
agent). B ' R '

When an acid component is present in the

15 refrigerating machinefoil} the ester oil is deéomposed S
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by the acid éomponent to become unstable. Therefore,
tﬁe acia-capturing agent is added for removing the acid
coﬁponent. For~ekample, compounds such as epoxy

compounds reactive with acids are preferable as ‘the

- acids-capturing agent. Particularly prefefabie exaﬁples

of the acid-capturing agent are .compounds having an

epoxy group and an ether linkage, for example,

diglycidyl ether compounds such as polyélkylehe glycol
dlglycxdyl ethers; monoglycldyl ether compounds such as -

phenyl glycidyl ether; and aliphatic cyclic epoxy

‘compounds. The reason is that the epoxy group of such a

compound captures an acid and that the ether linkage
contributes to the improvement of the miscibility of the
refrigerating machine oil with the refrigerant to a
certain extent.

The.other additives described above are, for
example, chlorine-captﬁring agents for preventing the
influence of residues of, for instance, a chlorine-
containing detergenf used for'prodqcing'the compressor
or the refrigerating apparatus, additives for prevenﬁing
oxidative deterioration during the circulation and
storage of the oil, and additives for'preventing
foaming; These additives may be selected from those
used in the conventional general techniques and are not
critical-in the present invention.

4) ' . Por’ ach1ev1ng the fourth object, the
1nsulat1ng £ilm constltuting an electrlc motor sectlon

and the 1nsulatlon-coated winding wire which are
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described below are used in a refrigerating apparatus
and a refrigerant compressor which simultaneously use a

flon type refrigerant containing no chlorine represented

" by f£flon 134a and a refrigerating machine o0il comprising

as base oil the above-exemplified ester oil of one or

more fatty acids. As the insulating £ilm, there is used
a crystalline plastics £ilm having a glass.transitlon
tempeiature of 50°C or higher, or a composite f£ilm
obtained by coating a £ilm having a low glass transition.’
temperature_eith a resin layer having a high glass
transition temperature. As the insulation-coated
winding wire, there is used an enameled wire having the
enamel coating of a élass transition ‘temperature of
120°C or higher, or an enameled wire having a cbmposite
coating consisting of a lower-layef having a low glass
transition temperature end a upper layer having a high
glass transition temperature.

As the insulating film, for practical

‘purposes, it is preferable to use at least one kind of

insulating film selected from the group consisting'of
filws of polyethylene-terephthalates, polybutylene
terephthalates, polypenylene sulfides, polyether ether
ketones,_polyethylene naphthalates, polyamide-imides and
polyimides. As an enamel coating, it is prefeiable to

use at least one kind of insulating- layer selected from

.the group conSLStlng of lnsulatxng layers of polyester -

lmzdesy polyamldes and polyammde-xmldes.
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5) For achieving.the fifth object, a synthetic
zeolite composed of a composite salt consisting of
alkali metal silicates and alkali metal aluminates which

has a pore diameter of 3.3 angstrom or less and a carbon

" dioxide gas absorption capacity (at- 25°C. and at a

partial pressure of carbon.dioxidé gas of 250 mmHg) of
1.0% or less, is used as a drying agent to be packed
into the dryer,. in the aforesaid refrigerating apﬁaraéus
which simultaneously uses a flon type refrigerant
containing no chlorine represented by flon 134a and a
refrigerating machine oil comprising as base o0il the
above-exemplified ester oil of one or more fatty acids.
In a refrigeraﬁing‘apparatus comprising at
least a compressor, condenser, expansion mechanism and
evaporator, and using a flon type refrigerant containing
no chlorine represented by flon 134a, the refrigerating
machine oil according to the present invention which
comprises ‘at least one estéi selected from the group -
consisting of hindered or complex gsters'cohtainihg éwo
or more ester linkages in the molecule, and has a -
vi;cosity at 40°C of 2 to 70 cSt, preferably 5 to 32
csﬁ, and a viscosity at 100°C of 1 ﬁo 9 cSt, preferably
2 to 6 cSt, has a good miscibility with the refrigerant
in the whole temperature ranges of the parts used in the
refrigerating apparatus. Therefore, there is no two-
lajer'éeparétidnlpétﬁéen‘tﬁe,réfrigerénﬁ,ana the 5.'"
refriégréting machine oil?'5Acéofdingly, no- two-layer -

separation is present in the 6il—storing space in the
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compressor, so that the supply of the oil to the sliding

portions of hearings is assured, and flon gas discharged

from the compressor is in a liquefied state by the

condenser, namely, in a state in which the oil is always
dissolved in flon l34a with a low'viscoéity iﬁ a low-
temperature circumstance of -30°C or lower in the
evaporator. Thus, on the whole, the flon gas is in a
low-viscosity state, so that the return of the oil to -
the compressor is improved. .
Therefore, the lowering of oil surface in the

compressor is prevented and hence the supply of the oil

_ to the sliding portions of hearings can be assured.

Thus, the problems causing scoring and seizing can be

- solved.

15

Furthermore, unlike conventional
polyoxyalkylene glycol oils, the aforesaid :efrigerating

machine oil has a low saturated water-content of one-

‘tenth -or less as large as that-of the conventional oils,

a latge improving effect on the stability to oxiddtiQe
deterioration, and a volume résistivity of 1013 Qcm
which is as high as that of an electrical insulating
o0il. Therefore, in a:refrigerant COompressor comgrising
a pressure vessel accommodating a motor section and a
refrigerating apparatus using the refrigerant compres-
sor, thevrefrige:ating machine oil according to the
present invention do &qt,sepaigfe from flon 134a and has
eicellént charactefistics.Gfth r§spec£ to Soth tﬁé o

performance characteéristics and reliability of the .
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compressor. Since the refrigerating machine oil has an
eQCellent miscibility also with conventional chlorine--
containing flon refrigerants such as flon 12 and £lon
22, such conventional chlorine—containipg refriggranté
can, if necessﬁry, be used in place of a pOtEion of flon
134a in admixture with flon 134a.

When the refrigerating machine oil according
to the present invention which had an oil viscosity at
40°C of 5 to 32 cStlﬁas éncl&sed in a higﬁ-pressure |
vessel type ;otAry compressor and the coefficient of
performance of the compressor was.measuréd, the co-

efficient of performance reached a peak in the case of

using the oil which had a viscosity of 15'cSt. When the

" 0il which had a viscosity of 5 to 32 cSt was used, the

coefficient of performance was about 1.4 or more which
corresponds to a value of 0.95 to 0.93 when the co-

efficient of performance in the case of using a

' conventional combinationiof a £lon 12 and an alkyl- "~

benzene oil is taken-as 1. Such a valﬁe indicates that
the oil involves ﬁo practical problem. The tefrigerét-
ing machine oil accoﬁding to the present invention which
had a viscosity at 40°C of 56 cSt was found to be
superior in the coefficient of performance of the
éompressor to polyoxypropylene glycol oils. The reason
for thiS'supgriogity ;s as fpllows, 'Thg ester linkages
coﬁt;iﬁedl;ﬁ'tﬁé oil itsélflunde;gbes.moiécular orienta-
tion iﬁiﬁly on. the surfa;ég of iron4bgsed slid;né'

portions of the shaft ané bearings of_the'compfessér to
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improve the lubrication. Moreover; the oil is decreased
in actual viscosity owing to its high solubility in flon
134a, to reduce thé mechanical loss. These effects are
synergistically brought about to improve the.éoefficignt
of performance of the comptessét.

| On the other hand, in the case of a low-
pressure vessel type reéiprocating compressor,_the

amount of flon l34a dissolved and the actual viscosity

vary only in narrow ranges because the compressor is

10

operated at a low pressure in the vessel of 1 to 2

.kg/cm2 abs. Therefore, characteristics of a refrigerant

. and a refrigerating machine oil are hardly dependent on

15

20

25

'their kinds, and it was found that the oil .which had a

viscosity at 40°C of 5 to 15 cSt and a viscosity of
100°C of 2 to 4 cSt was gobd in reliability and
performance characteristics.

' When the reffigerating machine oil according

to the present invention is blended with an adequate

amount (0.05 to 10 wts) of an éxt:eme pressure agenﬁ )
such as a strong primary or secondary phosphoric.estef
retaining OB groups in the molecule; for example, an
alkylpolyoxyalkylene phosphate ester or'a dialkyl
phosphate ester, the resulting blend can push away a
lubricating oil film having ester linkages undergoing
molecular orientation on the surfaces of iron-based

sliding'pottioné c6nstiEdting thé shaft'énd'beériﬁgs §f.f

the comipressor, and form a Stronger chemical adsofption;

£ilm of the phosphoric ester. Therefore, the blend can".'
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further imptove the lubrication of the sliding portions
to prevent scoring and seizing. |

When the lubricating properties of the
refrigerating machine oil according to the ptesent
invention containing the extreme presSure'agent wete
exaﬁined, the critical seizing pressure on surface was
greatly increased in e FALEX test (a seizing test on the

0il) carried out without the dissolution of flon 134a in

-the oil. In addition, when there was measured the

abrasion loss of an iron-based sliding member in the

- case of employment of the refrigerating machine oil

containing the extreme pressure agent which further
contained 50% of flon 134a dissolved therein, as simula~-
tion of the dissolution of a high concentratioe of flon
134a, the abrasion loss could be reduced to one—fifth or
less as large as that ceused in the case of the oil
which did not contain the extreme pressure aéent. The
suitable range of the amount of the extreme pressure
agent added is 0.05 to 10 wt% as described above.: The
results of the abrasion loss test are as shown in FiQ. 6
though specifically described in the examples herein-
after given. As shown in Fig. 6, the reducing effect of_
the addition of the extreme pressure agent on the
abrasion loss is remarkable;

Conventlonal addltxves such as an ECld—
capturlng agent, antzoxldant defoamlng agent, etc. can

be bIended together with “the extreme pressure agent._
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Nekt, there are explained below electrical
iosulaﬁing materials for -the refrigerant compressor
using flon 134a together with the refrigerating machine

0il according to the present invention. As an insulat-

ing film used as electrical insulating material for the

motor section, a crystalline plastics f£ilm having a
glass transition temperature of 50°C or higher is used.
The iosulating £ilm includes films of polyethylene
terephthalatee,_polybutylene.terephthalates, poly-
phenylene sulfides, polyether ether ketones, poly-
ethylene naphthalates, polyamide-imides and olyimides;
and composite films obtained by coating a film having a
low glass tren51tlon temperature Wlth a resin layer
having a high glass tranSLtlon temperature. These films
are hardly deteriorated in tensile strength character-
istics and electrical insulating characteristics and
involve no practical problem. This is because the films
carry in a much smaller amount of water and-produce'a
much smaller amount of an acid than do conventional
polyoxyalkylene glycoi oile, and hence are hardly
deteriorated by:hy&rOIYSis of the films themselves.

An enamel coating heVing a glass transition
temperature of 120°C or higher is used on a magnet wire
used in the motor section. The enamel ooating.includes,

for example, monolayers of polyester imides, polyam;des,

_polyamlde-lmldes and the llke, -and composlte enamel

coatxng £ilms obtained by formxng an ‘upper layer havxng
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a high glass transition temperature on a lower layer .
having'a low glass transition témperature. Like the
above-mentioned films, these enamel coatings hardly show

deterioration by hydrolysis, cracking, softeging,_

‘swelling, a lowering of breakdown voltage, etc. and

hence are useful for improvihg the reliability in
pfactical. In some cases, a self-lubricating agent or
an external lubricafing agent is included in the eﬁamei
coating on the magnet wire, for imparting self-
lubricating pioperties to improve the electrical

workability. Fuhdamentally, the above characteristics

. of the enamel coating itself before the inclusion are

retained.

Lastly, a drying agent packed into the dryer
of the refrigerating apparatus in which flon 134a and
the aforesaid refrigera;ing machine oil according to the
present invention coexist is explained below. 1In this
invention, it is préferable £o use a synthetic zeolite
composed of a composite salt consisting of alkali hetél
silicates and alkali metal aluminates which has a pbre'
diameter of 3.3 angstrom or less, a carbon dioxide
absérption capacity at 25°C and at a ﬁarbon'dioxide'
partial pressure of 250 mmHg of 1.0% or less. As such a
synthetic zeolite, XH-9 and XH-600 (trade names, mfd. by
UNION SHOWA K.K.) can be exemplzfled Both of them have
a small fluorine ion adsorptlon The- same synthet;c '
zeolite:. as above except for: having a. carbon dloxide gas

adsorptlon capacxty of 1.5% or more has a fluorlne
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adsorption of as iarge.of 0.24% or more and hence
possesses deteriorated adsorption characteristics and
breaking strength as molecular sieves. Moreover,
corroded crystal disintegrasion product of such a
synthetic zeolite chokes.the'piéing of the,réfrigeratipn
cycle or injures the sliding portions of bearings'of the -
compressor. When the pore diameter in the present
invention is specified in relatioﬁ to the above earbdn
dioxide adsorption'capacity in consideration of such
conditions,:the-troubles_described above are not caused
and it becomes'possible to compose a highly reliable

refrigerating apparatus.

Examples of the present invention are

- explained below with reference to Figs. 1 to 6 and

Tables 1 to 4.

Examples 1 to 17

These examples ‘show embodxments for ach1ev1ng
the above first object of the present invention. In'a
closed rotary compressor concerned with a reft;gefatibn
cycle and a reftigerent compressor; flon 134a was used
as a refrigerant, and as a refrigerating machine. -o0il,
there was used each ester oil listed.in Table 1 which
contained two or more ester groups in the molecule and
had a viscosity at 40°c of 2 to 70 cSt and a vxscosxty
at 100°c of 1 to 9 cst.  For comparzson, data on |
conventlonal refrlgeratlng machlne ozls are also shown

in Table 1.
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Fig. 1 is a graph showing two-layer separatioq
temperature which illustrates the miscitility of flon
134a with each refrigerating machine oil. The graph.was
obtained by enclosing flon 134a and the tefriperating.'
machine oil in a high-pressute glass vessel, observing
visually'the two—-layer separation state at each tempera-
ture and at each concentration of the refrigerating
machine oil, and summarizing the observation resqlts.
The axis of abscissa'tefers te the concenttation of the
0il in flon i34a; and the axis of ordinate to tempera-
ture. The first target value shown in Fig. 1l is a lower

critical solution temperature necessary for a refrige-

rating apparatus such as a dehumidifier, which has a

moderate evaporator temperature {(0°C or lower). The

second target value is a lower critical solution tem-

perature necessary for a refrigerating apparatus such as
a refrigetator, which has a low evaporator temperature
(;36°c-or lower). Both of the evaporato; tehperetures'
are specified values. - |
From Table 1, it can be seen that SUNISO 4GSD
(a trade name, naphtheﬁe type) and Z300A (a trade name,
alkylbenzene type) both manufactured by JAPAN SUN OIL
Co., Ltd. were not dissolved. A polyalkylene glycol,:
PAG56 (a trade name, mfd. by JAPAN SOUN OIL Co., Ltd.)
had a lower crltlcal solutlon temperature (shown by Ll)

of -60°c’ and an upper crltlcal solutxon temperature

'(shown-by Ul) of 35°C. The ester oils contalnlng two or

~ more ester groups in the molecule accordrng to the.:
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present invention are so excellent in critical solution
températures that their lower critical solution tempera-

ture (shown by L2) is -70°C and their upper critical

'solution teméerature (shown by U2} 70°C or higher. The

lower critical solution temperatures is an meortant
factor for practical purposes in the heat exchanger of a
refrigerating apparatus, and the upper critical solution
temperature is an importaht factor for practicai
purposes in a refrigerant compresser.

Fig. 9 is a diagram showing the structure of
the refrigeration cycle of a refrigerating apparatus.
The refrigerating apparatus comprising a refrigerant
compressor 40, a condenser 41, a dryer 45, an expansion’
mechanism 42 and an evaporator 43 was operated by using
each of the above-mentioned'refrigerating machine oils
together with flen 134a: Consequently, in the case of
SUNISO 4GSD (a naphthenic mineral oil) and Z300A (an
a’kylbenzene oil) (trade names, mfd. by JAPAN SUN OIL
Co., Ltd.), when the ref:zgerant was present in a large
amount and lay idle in the compressor, a refrigerant
layer having a high density and a refiige:ating mechine
oil layer having a low density were present merely as a -
lower ;ayer and an upper layer, respectively, owing to
two-layer separation. Therefore, as shown in Fig. 7,
i.e., the vertlcal cross-sectxonal view showxng the
przncxpal part of a refrxgerant compressor (an example.t
of closed rotary comptessor); oil supply to a shaft_4A,

a main bea;ing S ‘and a sﬁb-bearing 6 is carried out by
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suction of tﬁe refrigerant layer present merely as the
lower layer through the suction opening 14 of a pump.
The'refrigerant layer has a lower viscosity than does
the refrigerating machine oil. Therefore, whén the
refrigerant layer is supplied to the bearings} the
resulting oil film is thin, so that contact betﬁeen
metal surfaces tends to occur. In addition, since the
temperature of sliding frictional surfaces rises at

once, the refrigerant was gasified, resulting in more

‘severe conditions. When this phenomenon is repeated,

damages due to scoring and seizing are caused in the

shaft and the bearings, so that the performance
characteristics of the refrigerant compressor are lost.
When the conVentiona; refrigerating maehine
oil is used in the heet exchanger of fhe refrigerating
apparatus shown in Fig..s, for example, the evaporator

43 used at 0° to -60°C, the refrigerating machine oil

‘which has been discharged together with gas of the

refrigerant from the compressor 40'under§oes'tﬁoflayer
separation in.the evaporator 43 and adheres to the inner
wall of the piping of the heat exchanger, and there is
caused the residence of the refrigerafing machioe oil or'
the heat insulatioo of the heat exchanger. Therefore,

the conventional refrigerating.machine oils greatly

deteriorate the cooling capabllxty of the refrxgeratlng

apparatus and are -of no practlcal use. In. thzs poznt,

- the polyalkylene glycol llStEd as Conventional Example 3

in Table 1l is advantageous because it has a lower
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critical solution temperature of -60°C and hence does

not undergo two-layer separation in the evaporator 43.

But, owing to its upper critical solution temperature of

10

15

20

25

35°C, it completely undergoes twe-layer separation
.because the temperature of the compressor 40 during
operation becomes at least 80°C. As in the.case of
Conventional Examples 1 and 2, when the polyalkyleqe
glycoi is supplied to the bearings, damages due to
scoring and seizing are caused in the shaft and the
bearing, so that the refrigerent compressor loses its
performance characteristics.

In a refrigerant compressor having a hermetic
motor, for example, the rotary compressor shown in Fig.
7, a refrigerating machine oil is; of course, teduired
to have characteristics'as an‘electfical insulating oil.

Fig. 2 showe the relat;onship'between the
water absorption and the volume resistivity of each of
the ester oils according to.ﬁhe preseht invention and
conventional mineral oil and polyalkylene glfcel. Even
in a conditioﬁ in which the water content is controlled
to be 500 ppm or less, the polyalkylene glycol as
conventional example has a low wvolume resistiviﬁy of
10%2 Qcm or less owing to the ether linkages in the
molecule and hence'is not preferable.

On the other hand, the ref:igerating machine
oil having ester llnkages Lntroduced ‘thereinto accordlng
to- the present invention has a hlgh volume res15t1v1ty

(a hlgh lnsulatlng capabllzty) .of 1013 ncm or more whlch
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.is in accordance with the standard value of electrical

insulating oil prescribed in JIS C2320. Therefore, it

| can be sufficiently put to practical use. Although the
- mineral oil as conventional example has a high insulat-

'ing capability, it has a bad miscibility with flon 134a

and cannot be put to-practicél use.

Next, the relationship among the kingd,
chemical structure ﬁnd lower critical solution teméeré-
ture of ester oils suitable for flon 134z is explained
below in detail with reference to Table 1.

The ester oil containing two or more ester

. groups in the molecule which is used in the present

invention includes esters of monobasic or polybasic
organic acids and polyhydric alcohols. Typical examples
of the ester oil are hindered ester oils and complex
ester oils which are represented by esters of neophentyl
glycol, esters of trimethylolpropgne or trimethyl-
olethane, and esters of pentaerythri&ol. Tasle 1 shows
the relationship amount the name, viscosity and critical
solution temperatures of typical chemicaliy synthesized

products.



Table 1

Viscosity Critical solution
: (cSt) temperature (°C)
Sample refrigerating machine oil _ ' - g
- 40°c | 100°C U L
o (upper) (lower)
Conventional Naphthenic mineral oil .
Example - 1 (SUNISO 4GSD) 5.1 5.9 - >40
; . Alkylbenzene oil '
' Propylene glycol : -
_ 3 monoether (PAGS56) 34,0 10.0 35 , 60
Exqpplg 1 NPG/n-Cg 4.8 1.7 ~29
S 2 NPG/n-Cq 2.8 1.2 -61
Note 1
4 NPG/i-Cqy - 5.5 1.8 >80 =70
6 TMP/n+-Cy 13.9 3.4 ' -20
7 ote 2 TMP/n-Cg. 10.8 2.8 -62
g |"o%® TMP/1i~Cg 32.2 5.2 -27
9 TMP/2EH 22,0 4,2 , -33
10 TMP/i—-Cq 14,9 3.4 >80 - - ~-60
11 PET/n-Cg 17.5 3.7 -44
12 |Note 3 PET/2EH 52.0 6.7 -8
13 PET/i-Cy - 28.0 4.8 ~-40

= Cont'd -

- 99 -




Table 1 (Cont'd)

- 14 ' NPG/Glut/n-Cg _ 32.6 5.9 >80 <-75
: AZP/NPG/n-Cyg 29.5 5.0 >80 -45%
.16 AZP/NPG/n-Cyo - 54.5 7.3 >80 - =60
17 Glut/NPG/i~Cs 56.6 8.6 >80 . =60
Note l.NPG;I esters of neopentyl-glycoi, i—C;: CH3(CH2)3CHCOOH, n-Cy: CH3(CH3)sCOOH, [

i-Cjys CH3(CH3)CH(CH2)7CQORH: CH3 CHj

. Note 2 TM?; esters of trimethylolpropane, i-Cg: CH3—-CHCH2CHCH,COOH, n-Cg: CH3(CH2)4COOH
' Note 3 PTE: esters of pentaerythritol _ .
Note 4 : complex esters, n-~Cjp: CH3(CH2)gCOOH, i-Cg: CH3(CH3)CH(CH2) 2COOH

- Ly -
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Of the sample nameé in“Table 1, the names of
chemically synthesized ester oils aré abbreviated. For
eiample, in the case of NPG/n-Cg, NPG is an-abbreviation
of neopenéyl glycol, n-Cg is an abbreyia:iop'of a2 normal
organic acid {a straight-chain fatty acid) haviné_ai
carbon atoms, and NPG/n-Cg denotes an ester pf heopehtyi
glycol and the normal'organic acid (the straight-chain
fatty acid) having 8 carbon atoms. In the case of
NPG/2EE, 2EEH is an abbreviation'of 2-ethylhexancic acid
and NPG/2EH denotes an ester of neopentyl glycol and 2-
ethylhexanoic acid. |

1) As shown in Examples 1 to 4, the esters of

neopentyl glycol (NPG) are esters of neopentyl glycol as

dihydric alcohol and a monocarboxylic acid as monobasic
organic acid, and are characterized by containing two
ester groups in the molecule. Such a chemical structure

has an ‘important bearing on the miscibility with flon

" '134a and the viscosity characteristics of the oils.,

That'isj ester oils of a_mdnoéarboxylic acid
having 7 to 8 carboﬁ atoms were satisfactory and had a
lower critical solution temperature of -29°C t& =70°C
and a viscosity at 40°C of 2.8 to 7.0 cSt. |

The_smaller the number of carbon atoms of the
mohocarboxylic acid (the fatfy acid), the lower the.
lower critical solution.temperature. It was found that
the lower'criéiéallsolutibn éempéraﬁnréfoffthe éstér:of'
Zéetpzlhexénoié abid"(ZEH}-of Example 3 and'thefestér of

isoheptanoic acid (i~Cq) of Example 4 which have a
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branehed chain in the molecule is advantageouslyllower
than that of the esters of Examples 1 and 2, respec- |
tirely. The case of increasing the number of carbon

atoms of the carboxylic acid to 11 for increésing the

- viscosity is Example 5. The ester of Example 5 was

Eouné-to have a viscosity at 40°C of 14.9 cSt and a
lower critical solution temperature of -40°C at the

lowest.

2) Next, the esters of trimethylolpropanol (TMP)

containing three ester linkages in the molecule are

‘explained below with reference to Examples 6 to 10.

The éster oils obtained by the condensation of
trimethylolpropane (TMP) as trihydric alcohol and a
monocarboxylic'acid as monobasie organic acid contain
three ester groups in the molecule, and the mono- |
carboxylic acid has 6 to 8 carbon atoms. The ester oils

have a viscosity at 40°C of 10.8 to 32.2 cSt and a lower

" critical solution temperature of -20°C to -60°C. Of

these ester oils, ester oiiS-having_a'loeer'criticai-
solution temperature of -20°C or lower are the ester'eil
of heptanoic acid (n=-C7) of Example 6, the ester oil of
octanoic acid (n-Cg) of Example 8 ana the ester oil of
2-ethylhexanoic acid (2EH) of Example 9. Ester oils
having a lower critical solution temperature of -60°C or

lower are the ester oil of hexanOLc acid (n-cs) of

Example 7 and the ester 011 of Lsoheptan01c acid (1-C7)

of Example 10. The ester oils of Examples 6 to 10 are .

also characterlzed 1n ‘that the smaller the number of -
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carbon atoms, the l&wer the loﬁer critical solution
témperature, and that the lower critical solution
temperature of the ester oils containing a branched

chain is lower than that of the ester oils containing no

-branched chain even when the former ester oils and the

latter ester oils héve the séme number of caboh atoms.
3) As shown in Examples 11 to 13, the ester oils
obtained by the.condensation of pentaérythfitol (PET) as
tetrahydric alcohol and a monocarboxylic acid contain 4
ester'groups:in-the molecule; and the monocarboxylié
acid has 6 to 8 carbon atoms. The ester oils have a
high viscosity at 40°C of 17.5 to 52.0 cSt and a lower
critical solution tehperature of -8°C to -44°C. Thus,
the lower critical solution température is shifted to
higher tehperatures, as compared with the above-
mentioned ester oils-of dihydric aléohols and trihydric
alcohols. Of the ester ocils of Examples 11 to 13, ester

oils having a lower critical solution temperature of

'-40°C or lower are the ester oil of_hexanoié acid (n-Cg)

of Example il and the ester oil of isoheptanocic acid (i-
C7) of Example 13. The ester oils of Examples 1l to 13
are also characterized in that the smaller thé number of
carbon atoms, the lower the lower critical solution
temperature, and fhat'the lower critical solution

temperature of the ester oils containing a branched

chain is.lower than that of the ester.oil containing no

branched chain. BT
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4) As a method for introducing 4 ester groups

into tﬁe molecule, there is a method in which

-esterification is carried out by condensing a polyhydric
- alcohol and a monocarboxylic acid with a dicarboxylic

acid (i.e. a typical dibasic organic- acid) as the

central constituent. - By this method, the lower critical
solution temperature can easily be lowered and the
viscosity can easilf be increased. Esters obtaineé by.
such a molecular design are complex esters and are
explained with Examples 14 to 17 of the present
invention. |

Example 14 shows a complex ester of glutaric
acid (abbreviated as Glut) as dicarboxylic acid,
neopentyl glycol (NPG) as dihydric alcohol, and hexanoic
acid (Cg) as monocarboxylic acid. This complex ester
had a viscosity at 40°C‘of 32.6 eSt, a viscos;ty at
100°C of 5.9 cSt, and a lower critical solution
temperature of -75°C or lower.

Example 15 shows the case.where'an'ester:
having moderate viscosity grade was preparéd by miking'
the esters of Examples 4 and 16. This ester was-also
fouﬁd to possess a lower critical solﬁtidn temperature
not much changed.

| Example 16 sliows a complex ester of adipic
acid (abbreviated as AZP) as dicarboxylic acid,
neopghtyl glycol (Npgjjas dihydric'alcéhdl,_and-deéa@éic,
acid {n=Cyig) as moﬁocarboxylic acidg--Example.l7”éhqws1é.

complex ester of glutaric acid (Glut) as diéarboxflib.



10

15

- 52 -

.écid, neopentyl lecol (NPG) as dihydric alecohol, and’

isohexanoic acid (i-Cg) as monocarboxylic acid. These

1.complex esters were found to be so excellent that they

had a viscosity at 40°C of 54.5 to 56.6 cSt, a vzscosxty
at 100°C of 7.3 to 8.6 cSt, and a lower crlt;cﬁi '
solution temperature of -60°C. These results indicate
that a complex ester having a suitable viscosity can be
synthesized by determining properly.the number .of carbon

atoms (Cz to Cyg) of a dicarboxylic acid as dibasic

-organic acid and the number of carbon atoms (Cs to Cjp)

of a monocarboxylic acid as monobasic acid, and

. condensing the dicarboxylic acid, the monocarboxylic

acid, and a polyhydric alcohol in-a properly chosen
molar ratio.

_ When these Examples are arranged, the esters
can be represented as fgllows by general formulas:

Esters of neopentyl glycol:

(R1-CHz)2~C- (CHOCORz2); - e 1)

Esters of trimethylolalkane:

R; - CHz ~ C ~ (CH,0COR32)3 | e (2)

Esters of pentaerythritol:

C-(CH2=OCORz)s - . - - ..3y.

' Complex esters:
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R3 _R3
: | | :
R2COO0CH -C[I- CH3 — OCOCH32 (CH32 ) n~CB2-COOCH3 ‘(l:" CH3;0COR2
‘R3 R3. ,
' L --. (4)
1 © ' In addition, examples of easily obtainable

esters are esters of dipentaerythritol:

{R2CO0CH2)3C - CH2 - O - CHz —C{CHz - OCORz) 3 wee {5)

In the above formulas'(l) to (5), R; is H or

an alkyl group having 1 to 3 carbon atoms; Rz is a

5 -'straight-or branched-chain alkyl group having 5 to 12
‘carbon atoms, R3 is an alkyl group having 1 to 3 carbon
atoms, and n is an integer of 0 to 5.

The viscosity could be optionally determined
by choosing the kinds of the polyhydric alcohol and the

10 .carboxylic acid(s).

A moderate viscosity could easily be attained
by blending a low-Qiseosigy o0il and a high-viscosity -
oil.

In the case of a refrigerating apparates_using

15 a flon type refrigerant containing no chlorine, for
example, flon l34a, a refrigerating machine oil capabie
of imparting fundamentally satxsfactory performance

'characterlstlcs -and relxabxllty to a compressor and the
refrlgeratxng apparatus can be obtained by selectlng an-

20 oil havzng a lower critical solutlon temperature of 0°C

or lower (the first target- value) or an oxl hav;ng a -
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lower critical solution tempeieture of -30°C or lower
(the second target value) both of which have a-viscosity
at 40’C of 2 to 70 cSt, preferably 5 to 32 ¢St and a
viscosity et 160°C of 1 to 9 cSt, preferably.é to 6 cst,
from the hindered esters and tﬁe complex esters_which_
contain two or more ester linkages in the molecule.

It was confitﬁed that these ester type
refrigerating machine 0ils have a good miscibility not
only with f£lon 134a but also with all flon type

refrigerant gases containing no chlorine, for example,

flon 152a (difluoroethane CH3CHF2). The refrigerating
' machine oils were effective in imparting high

'performance characteristics and a high reliability to a

refrigerating apparatus.

In addltzon, it was confirmed that since these
ester oils accordlng to the present anentlon are highly
soluble also in conventional chlorine-containing flon
type refrlgerants (chlorofluorohydrocarbon type
refrigerants) such as flon 12 and flon 22, they are
effectlve also when used in part in admixture with these
refrigerants. '

However, since the conventional chlorine-
containing flon type refrigerants are included in the
list of compounds under regulation in use because of the

problem of environmental d;sruptxon, it is preferable to

' adjust the proportlon of the refrlgerants to 50% or less

‘and that. of the ester oxl atcording to the present

1nventlon to 50% or more.
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Next, an example of refrigerating apparétus

for achieving the second object of the present invention

is given below.

. Example 18

The ‘rotary compressor shown in Fig. 7 which
was a refrigerant compressor was incorporated into a
refrigerating apparatus having the constitutibn shown in
Fig. 9. At a compressor temperature of 100°C and a
discharged gas pressure of 9.5 to 10 kgf/cm2G which were
conditions of exémining the reliability of a refrige-
rator, a relationship between the viscosity of a
refrigerating oil stored in the compressor and the
coefficient of performance (coyg, i.e., the rati§ of the
refrigerating capacity of the compressor to an inpﬁt,
was measured by using some of the ester oils with a

typical viscosity grade exemplified in Table 1. The

‘ results obtained are shown in Fig. 3.

Fig. 3 shows a reiationship'be£Weén the achal
viscosity of éach refrigerating machine oil and the
coefficient of performance (COP) which was determined
for the ester oils according to the present invention
having a Qiscosity at 40°C of Spto 56 ¢St and
conventional examples, i.e., é polyalkylene glycol and
an alkylbenzene oil_(SUNISO Z-300A) used in combination
with £lon 12.-’1n-?i§ﬁ}3, the“axis of'abéciSSa‘:éférsﬂto-
the actual viscosity of each refrigerating machine dil'..

stored in the rotary compressor, and the axis of
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ordinate to the coefficient of performance (expressed in
terms of a relative value) of the compressor.

According to Fig. 3, when refrigerating

‘machine oils are compared in the coefficient of

perfotmance by taking the coefficient of performance
atﬁained by the conventional combination of flon 12 and
2-300A (an alkylbenzene o0il) having a viscosity at 40°C
of 56 cSt, as 1.0, the coefficient of.perfofmance
gttained for the combination of the polyalkylene glycol
(PAG56) of Conventional Example 3 and flon 134a is as
small as 0.859, indicating that the energy efficiency is
lowered by about 1l4s.

On the other hand, the complex ester according
to the present invention with a viscosity at 40°C of
56.6 cSt of Example 17 gave a gatisfactory cbefficiént
of per{grmance of 0.9b6. It can be speculated that this
result is attributable to a reducing effect on friction
loss caused on the basis of_ﬁhe journél bearing theory
represented by the theoéy of the formula (9);_a reducing
effect on oii-agitating power, a heat-dissipating
effect, etc. which are brought about because the '
visc§sity of the refrigerating.machiné oil whiéh
contains flon 134a dissolved therein becomes as low as
4.35 cSt under the.same'operation conditions.

~~ When the ester oils according to the present

invegtion.whicﬁ'haQ”é*sfill';Qwer viscosity of Sﬂtdsﬁé

oSt (at. 40°C) were comparéd'in”the coefficient of
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.performance under the same conditions, the ester oil

with a biscosity of 32.6 cSt (at 40°C) of Example 14,

the ester oil with a viscosity of 14.9 cSt (at 40°C) of

Example 5 and the ester oil with a viscosity of 14.9 cSt
(at 40°C) of Example 10 gave coéefficient values of .
0.926, 0.966 and 0.973, respectively. Thus, the
coefficient of performance was increased in that order.
On the other hand, in the case of the ester oil with a.
viscosity of 5.5 cSt (at 40°C) of Example 4, the
coefficient of performance was 0.953, namely, it showed
a tendency to be decreased a little.

From these results, it can be seen that an
ideal ester oil suitable for the rotary compressor is an
ester oil which has a viscosity at 40°Clin the range of
S to 32 cSt (exactly, 5.5 to 32.6 cSt), i.e., a range
around the most suitable value of 14.9 cSt, and contains
two or more ester linkages in the molecule, as described

above,

- Example 19

_Flon 134a and each of the refrigerating
macﬂine oils according to the present.invention
exemplified in Table 1 were used in a low-pressure
vessel type reciprocating compressor, and the compressor
was incorporated into a refrigerator, i.e., a
refrigerating apparatus. Tﬁé.reffiéetaﬁofﬁwés thed‘ff:

subjected to a high-temperature téliability test "
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(pressure in case 1.6 kg/cmZ abs, case temperature 85°C,

100 V, 50 Hz).
Fig. 4 shows the test results. In this graph,

the axis of abscissa refers to the measured value of
viscosity of the refrigerating mgéhine oil,‘aﬁa the axis
of ordinate to the coefficient of performance (COP}. |
The graph was obtained by plotting the coefficient of
performance against the actual vi;éosity in actual
operation of each of the sample refrigerating macﬁine
oils with a viscosity at 40°C of 5.5, 14.9, 22.0, 32.6

and 56.6 cSt, respectively, shown in Examples in Table

. 1. The coefficient of performance is in linear relation

with the actual viscosity.
From the results shown in Fig. 4, it can be

seen that the lower the viscosity of the ref:igerating

machine o0il, the larger the coefficient of performance

of the low-pressure vessel typé reciprocating.
compreésor. The refrigeréting-maﬁhine oils héviqg an’
actual viscosity of 2 to 4.2 cSt and a viscosity at 45°C'
of 5.5 to 14.9 cSt can be said to Se excellent. When .
the actugl viécosity is less than 2'cSt, a decrease of
the coefficient of ferformance énd a lowering of the
reliability of bearings tend to be caused because in the
case of using a conventional material such as 9ast iron
or an iron—yased sintered material for producing the

slidiné;pa:bs of the ébmprgssor;'the.p;ecision of

'fiﬁisngpg the su:iécés of the siiding parts is limited,

and therefore at too low an'actual'viscosity,'the
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lubrication on the surfaces gets into the so-called
boundary lubrxcatlon region in which the contact between

metal surfaces occurs.

Example 20

The lubrication in a refrigerating machine and
a refrigerant compressor for achieving the third object

of the present invention is explalned below wzth

reference to the followxng example.

For evaluatxng the lubrication, there were
carried out a FALEX teést in which a seizihg load was
measured in the air, and a high-pressure atmosphere

friction test in which a seizing load was measured in a

‘refrigerating machine oil containing 50% of flon 134a

‘dissolved therein. Fig. 5 is a graph showing the

correlation between the results of the two tests. The

seizing load is as follows. An increasing load was

"apblied to a rotating'samble piﬁ'from both sides.and'a

load at which seizing was caused was expressed in oound
(¢b). ' |
In the present example, the ester oil of
trimethylolpropane (TMP) and isoheptanoic acid (i-Cy) of
Example 10 exemplified in Table 1 was. employed as a
typical example of a refrigerating machine oil used in

the refrlgeratlng apparatus of the present 1nventzon,,_

and there was determlned a relatlonshlp between the klnd

© and amount of an“extreme pressure agent added to the

ester oil and the lubricating characteristics. As .to
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materials for test pieces used.for the evaluation of the
lubrication, the materials for the pin and a block were
stendard materialé, i.e., SNC-21 (nickel chrome steel)

according to the standard of JIS and SUM 41 (resul- -

furized free-cutting steel) according to the standard of

JIS,.respectively. On the other hand, in the high-
pressure atmosphere friction test, there was measured a
load at which seizing was caused by friction between
cylinders made of a material for shaft (eutectic
graphite cast iron) and a material for roller {eutectic
graphite cast iron tempered maferial), respectively,

which had given satisfactory results in rotary

 COmpressors.

As shown in the case of sample No. 1 in Fig.
5, the ester oil (the oil of Example 10) containing no
extreme pressure agent gave a FALEX seizing load of 700

¢b and a seizing load of as low as 90 kgf/cm2 in a flon

' 134a atmosphere. On the other hand, in the case of

sample No. 2 and sample No. 3, the FALEX seizing load
was further increased by 400 ¢b to reach 1100 ¢b and the
seizing load in a flon l34a_atmospﬁe:e was increased by .
90 kg/cm2 to reach 180 kg/cm2, owing to'addition of each
of the following extreme pressure egents. In the case
of sample No. 2, CHELEX E-10 {a trade name, mfd. by

SAKAI CHEMICAL INDUSTRY Co., Ltd ) whzch was an acldxc

phosphorlc ac1d contalnlng an actlve ) group in the '

molecule, was added in an amount of 1%. In the case of

sample No. 3, an ester cempound of an alkylene glycol
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and phosphoiic acid (butylpolyoxypropylene phosphate

'ester)'was added in an amount of 1ls.

That is, it was actually proved that the
phosphorus-containing compounds such as the ac;dlc

phosphoric ester and the alkylene glycol phosphate ester

compound act effectively as extreme pressure agents for

preventing seizing, regardless of the presence of flon
134a.
Next, a FALEX test was carried out

continuously for a maximum time of 120 minutes while

"keeping an applied load constant at 100 ¢b, and the

abrasion loss of a pin, i.e., an iron-based test piece,
was measured. .The results obtained are shown in Fig. 6.
In the case of the oii of sample No. 4 which contained
no extreme pressure agent, the pin was worn in an smount
of 25 mg. On the other hand, in the case of both of the
oils containing each of the above-mentioned phosphorus-
containing compounds, the abraszon loss was'as small as
0.4 mg as shown for sample No. 7 and sample No. 8,
namely, the abrasion loss could be reduced to one-£ifth
or less. The amount of the phosphorus-containing
compound.added is effective from about 0.05 wt% as shown
for sample No. 5. The effect of the compound is
increased with an increase of the amount. But when the.

amount exceeds 10 wt%, the merovzng effect on the.

_lubrlcatlon hits the’ celllng, so that the addztlon of

the compound becomes economically dlsadvantageous and .

hence becomes -unpractical. -
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The abrasion loss could be reduced by
inﬁreasing the viscosity of oil from 14.9 cSt (at 40°Cf
of sample No. 4 to 56.6 cSt (40°C) of sample No. 6.

From the facts described above, it .was found -

that the seizing load, abrasion resistance and lubrica-

tion of the iron-based sliding members could be greatly
lmproved by adding a phosphorus-containing compound such
as an acidic phosphoric ester, phosphor;c ester, '
alkylene glycol phosphate estet or the like as arn
extreme preseuré agent to the refrigerating machine oil
used in the present invention, in an amount of 0.05 to
10 wts, or by adjusting the viscosity of the oil to a
high value instead of-adding the extreme pressure agent.
The refrigerating machine oil which contains the.extreme
pressure agent exhibits excellent performance character-
istics particularly in Fhe presence of a flon type

refrigerant containing no chlorine, such as flon 134a.

Example 21
An example for aéhieving the fourth objecé of

the present invention is described below. The behaviors
of electrical insulating materials used in the hermetic
motor of a compressor, in the presence of both flon 134a
and the refrigerating machxne oil accordlng to the
present 1nventlon were evaluated. The results.obtaxned
are explalned below Wlth reference to Table 2 and

" .-
-

Table 3~
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Flon 134a and réfrigerating machine oils were
evaluated by observing the degree of deterioration of

characteristics of a magnet wire (an enameled wire) and

‘an insulating film material by a sealed tube test, for

~

preventing external influence. -
(1) Insulating characteristics of a magnet wire (an
enameled wire) _
As magnet wire test pieceé, two kinds of test
pieces, i.e., 5% elongated products and twisted—pair
test pieces vere subjected to a sealed tube test at

150°C for 40 dayé. An explanation is given below with

. reference to the results shown in Table 2.

As a result of the sealed tube test carried
out for a combination of £lon 1342 and the polyalkylene
glycol listed as Conventional éxample 3 in Table 1 which
is a refrigerating mach?ne oil said to be suitable for
flon 134a, 5% elongated products of both the éolyester
wire (PEW) of sample No. 9 and'thé ester imidé wire
(EIW-R) of sample No. 10 in Table 2 were crazed, and the
retention of the dielectric breakdoﬁn voltage of
tw@sted-pair test pieces of these two kinds of wires was
greétly lowered to 30 to 32%. |

On the other hand, the same evaluation as
above was carried out for a combination of flon 134a and
the composite ester oil composed of glutaric acid
(Gluty;.neoﬁedtfltgiyéol.(ﬁPG);ahd‘isdhexanoic acid .
(i-c5i¥wﬁich is a.refiigetéting'méqhine oil used:ia £ﬁé'

present invention and is exemplified in Table 1.
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Consequently, the same polyester wire (whose glass

transition temperature is shown in Table 2) and

.polyester imide wire as the wites which were described

above and deteriorated as conventxonal examples sample
No. 9 'and sample No 10, showed no abnormality in
appearance, as shown for sample No. 1l .and sample Ne.
12. The retention of the dielectric breakdown voltage
of these samples was as high as 95%.or more, indicetiné

that the degree of deterioration of the magnet wires was

-very low. The reason is as follows. ' The refrigerating

machine oil accofding to the present invention has a low

.water content in the early stages and a high thermal

stability, and hardly produce an acidic substance
capable of accelerating hydrolysis, and these
characteristics briné about the improving effects.
Sample No. 13'was obtained by coating the
ester imide wire of sample No. 12 with a polyiﬁide layer
to form a composite;' Sampie No. 14 was a wire cqatedf.
with a polyamide-imide alone (AIW). -Both'samples hed'
satisfactory characteristics. It was found tﬁat such a
magnet wire cbtained bf thus coating.a layer with a high
glass transition temperature on a layer with a low glass
transition temperature contributes to the improvement of
the reliability of a compressor because the upper coat-
ing layer is effective as protective layer agaxnst an

attack of flon 134a and the . refrlgeratxng machlne 011... .

'(2) Insulatlng characterlstlcs of xnsulatlng fxlms

- As a sealed tube test ‘on xnsulatlng-lems-for
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motor, an insulating strength test at 130°C for 40 days
was carried out, whereby the films were evaluated with |
respect to the appearance and the retention of tensile
strength.  The results_obtained are shown in Tablg 3._'

When a polyester'film (Lumilar Xig. 5 trdde
name, mfd. by Toray Industries, Inc.) conventionally
used in the hermetic motor of a compressor was used in
the conventional polyaikylene glycol cil shown for
sample No. 15, its oligomer cbmponent was brecipitated

in the oil and the retention of tensile strength was

83%.

On the other hand, in a combination of the
complex ester oil of Example 17 according to the present
invention and flon 134a, no oligomer was precipitated

and the retention of tensile strength was as high as 89%

or more in the case of all of Lumilar X;p of sample No.

16, PA-61M (a trade name, mfd. by Hitachi Kasei Co.,

Ltd.), .i.e., the polyamide-imide~coated polyester of "

sample No. 17, the polyphenylene sulfide (PPS) £ilm of
sample No. 18, and the polyether ether ketone (PEEK).
film of samplé No. 19. Thus, it was found that the
electrical insulating system of a compressor using flon
134a can be markedly improved in reliability.

That is, it was found that the insulation
system of a hermetic motor can be completed by ptoperly

selecting a lem from the group’ conSLStlng of polyester

-fllms,}polyamldg—lmlde-coated polyeste: £ilms, PPS films

and PEEK films which have 'a glass transition teﬁperature.
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of 65°C or higher, and using the same in the presence of
both flon 134a and the refrigerating machine oil con- '
taining two or mofe ester groups in the molecule accord-

ing to the present invention. It was found .that when

‘the insulation system is thus completed, there can' be

solvéd the problem of precipitation of an oligomer
component {the problem.described above for thg oil of
Conventional Example 3.shown for sample. No. 15), the
problems in the performance characteristics of a'
compressor ahd a refrigerating apparatus which are
caused by the lowering of the £ilm strength, and the

practical problems in the long-term reliability.



Table 2

Results of evaluating performance

_ ' Glass characteristics with respect to resistance to -
Sample Insulation-coated transition an 0oil and flon 134a
No. Al A "
- No _Aw1ndln9_w1t§ temﬁﬁ&; gre Appearance Retention oF _
o o Oil tested change dielectric breakdown
_ . (Note 1) voltage (Note 2)
9 |PEW. _ 120-140 Conventional Clazed 30
(Polyester) ' . Example 3
10 |EIW-R 190-210 " " 32
(Polyester imide) ’ 2
117 [PEW - 120-140° | Example 17 |No 95
(Polyester) abnormality
" 12 . [EIW-R 190-210 " No - 98
= . _ _ - abnormalit
13 RFWFV (Upper layer Lower layer No
polyamide/lower layer 190-210 " abnormality 98
polyester imide) Upper layer
- 250-310
14 |amW 250-310 " No 98
' (Polyamide imide) abnormality '

Sealed tube test: 150°C x 40 days

Note 1: 5% elongated wire

Note 2: A relative value obtained for a t
the. test by a value before the te

wisted pair test piece by dividing'a value after
st (taken as 100),

- L9 -
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Table 3

Results of evalhating per formance

. . Glass characteristics with respect to resistance to
Sample| - - Insulating film ‘transition an oil and flon 134a
No. x : tem ature A
© ¢ ET?E,“ Appearance |Retention of tensile
0il tested change strength (Note 1)
15 |Lumilar x 10 65 Conventional |Oligomer was 89
(polyester) Example 3 |precipitated
16 |Lumilar x 10 65 Example 17 None 89
© | pa-61M , |
17 (Polyamide—imide- 65 " None 90
' : coated polyester)
- 18 PPS (Polyphenylene 85
’ sulfide) " None 95
19 PEEK (Polyether ether 143 None 98

ketone)

Séaled tubé test:

. 130°C x 40 days

-__Note.1~ A relative value obtained by dividxng a value after the test by a value before

T the test (taken as 100).

-.89 -
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Example 22
" An example for achieving the fifth object of

‘the present invention is described below.

It is known that particularly in refrigerating
apparatﬁs using a heat exchangér at 0°C or lowér;'hhe.
control of water content in the refrigerating apparétus
has an important influence on the cooling capability and
the assurance of thé quality of .an électrical insu}ﬁtidg
material. Therefore, the establishment of a technigque
for removing:wﬁtér is indispensable for the system of
the refrigerating apparatus.

In a refrigeration cycle composed as shown in
Fig.'9, flon 1l34a gas discharged from a compressor 40 is
condensed into a liquid refrigerant by heat dispersion
in a condenser 41. This high-temperature, high-pressure
liguid refrigerant is transformed into low-temperature,
low—-pressure wet vapor by an expansion mechaniém 42 and
sent to an-evaporatdr 43. 1In this series of éteps, the
water in the refrigerating apparatus-is adsorbed and ’
removed by a drying agent represented by synthetic .
zeolite in a dryer‘45 provided between the condenser 41
and”the expansion mechanism 42. It ié important to-
choose the kind of thé drying agent in consideration of
a use environment in which the refrigerating machine oil
according to the present invention and flon 134a
coexist. The suitability of the drying agent is
explaihed below wifh iefefeﬁde tdegamples shown‘in 

Tablé 4.
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Drying agents tested are synthetic zeolites’

having trade names of Molecular Sieves all manufactured

by UNION SBOWA K.K. These synthetic zeolites are

tlassified.according to the adsorption cgpacify (%) at
25°C and at a carbon dioxide gas ﬁartial preséﬁre of 250
mmEg which is used as an indication of the distribution
of the diameter of pores for adsorption.

As to the suitability of the synthetic

zeolites for flon 134a and the refrigerating machine o0il

. according to:the'present invention, the results of a

sealed tube test shown in Table 4 are explained below.
It was found that the éynthetic zeollite
composed mainly of sodium aluminate and sodium silicate
shown as sample No. 20 (a2 conventional example; trade
name 4ANRG) has a fluorine ion adsorption of as large as
1.05%, so that problems.due to the lowering of the
strength or formation_into powder are caused By the
reéétién of the synthetic'zeolite; Sample No. 21 (a o
comparative example; trade name 4AXH-6) and sample'Nol
22 (a comparative example; -trade nahe XB-7) which are
composed_mainiy of sodium aluminate, potassium
aluminate, sodium silicate and potassium silicate have é
carbon dioxide gas adsorption capacity of 4.5 to 1.5%
and a reduced fuorine ion adsorption of 0.24%. But,
they cannot put.into practical use because their
fluqtiﬁg'iqn-adsorptidﬁ'iS'still'tdoliargg.:

... - Sample No.'23'(anﬁexaﬁp1e;,t£ade name iH-SOOf

and ‘sample No. 24 (an example; trade name xﬁrs) whidh.'
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consist of a synthetic zeolite composed mainly of
pofassium aluminate, sodium aluminate, potassium
silicate and sodium silicate have a carbon dioxide ges
adsorption capacity of 0.2% and a greatly reduced
fluorine adsorption cf,0;04%. Since a flﬁoriﬁe,idn '
adsorption which permits practical use is 0.l% or less,
the value of 0.2% indicates that these samples are
sufficiently usable. .

The deterioration of characteristics of a
synthetic zeeliﬁe itself by the adsorption of molecules
of f£lon 134a is dependent on the distribution of pore

diameter of the synthetic zeolite. It has been

confirmed that for adjusting the fluorine ‘ion adsorption

- to 0.1% or less, the employment of a synthetic zeolite

whose carbon dioxide gas adsorption capacity has been
adjusted to 1.0% or less is sufficient. That is, the

following was found. When a synthetic zeolite composed

" of alkali metal silicates and alkali metal aluminates

whose carbon .dioxide gas adsorption at 25°C and at a
carbon dioxide gas partial pressure of 250 mmHg haS'Seen
adjusted to 1.0% or less, for example, Molecular Sieves
XH-600 or XH-9 (trade names, mfd. by UNION SHOWA K.K.),
is used as a drying agent in a refrigerating apparatus
using flon 134a and the refrigerating machine oil
contaznzng two or more ester lxnkages in the molecule
accordzng to the present anentlon, whzch are placed
together, only water can be effectxvely removed and

fluorine ;on adsorptlon hardly-produce,Lnfluences.such
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as formation into powder or a lowering of the strength
of beads, and therefore such a drying agent is very

excellent for practical purposes.



Table 4

Drying agent

C0O; adsorption
capacity (%)

Sealed tube test*

Sample . Decomposition [Fluorine ion
No. Name of sample CO, partial pressure rate of adsorption
' 250 mmilg. {25°C) refr%girant - (%)
20 - 4ANRG 12.0 0.028 1.05
21 4AXH-6 4.5 0.032 0,24
. 22 XH~7 1.5 0.035 | 0.24
23 XH-600 0.2 0.042 0.04
24 XH-9 0.2 0.04 1~ o.04

Sealed tube test:  150°C, 7 days

_EL-
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The carbon dioxide gas adsorption capacity at
25°C and at a carbon dioxide gas partial pressure of 250
mmHg should be 1.0% or less, and it is preferably as
small as possible. When it is zero %, the drying agent'
.absorbs water alone selectively but not fluonipe~ions;
so that the drying agent becomes ideal molecular sieves.
The present invention is constituted as explained above
and hence has the following effects.
(1) By using the refrigerating machine oil
described below, in a refrigerating apparatus comprising
a compressor, cendenser, dryer, expansion mechanism and
evaporator and using a flon type refrigerant containing
no chlorine and haviné a critical temperature of 40°C or
higher which is represented by £lon 134a, the perform-
ance characteristics and reliabilitf of the compressor
and the refrigerating apparatus can be markedly improved
because the refrigerating machine oil and the refrige-
rant are highly miscible with each otﬁer without thei:
separetion into two layers in the whole temperature'

range where the compressor-and the refrigerating

apparatus are used, and hence a lubricating oil £ilm on

the shaft and bearings of the compressor and the
refrlgerant-heat-transferrlng capability of a heat
exchanger are assured. The refrlgeratlng machlne oil
comprises as base 0il an ester oil accordlng to the
present lnventlon whlch contazns two or .more ester- N

llnkages in the molecule and has a refrlgeratlng machlne

oil v15c031ty at 40°C of 2 to 70 eSt, preferably 5 to 32
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cSt and a refrigerating ﬁachine 0il viscosity at 100°C
of 1 to 9 cSt, preferably 2 to 6 cSt. The refrigerating
machine oil has'a lower critical solution temperature of

0°C or ‘lower or -30°C or lower, and is used in the fir;t

'target,'i.e., a moderate-temperature- refrigerating

apparatus such as a dehumidifier, or the second targer,
i;e., a low-temperature refrigerating apparatus such as
a refrigerator, respectively. |

{2) Moreover, the performance characteristics and
the reliability can be improved by an improving effect

on the lubrication in the sliding portions of bearings

. of the refrigerant compressor which is obtained by

adding a phosphoric ester type extreme pressure agent
having OH groups in the molecule and other additives
such as an abrasion-preventing agent, acid-capturing
agent, antioxidant, defgaming agent, etc. to the above-
mentioned refrigerating machine oi;.

(3) By simultaneous use of the'refrigerating
machine oil containing two or more ester iidkages'in.ﬁhe
molecule according to ‘the present invention described -
below and flon 134a, the so-called performance characte-
rigtics can be improved, namely, the.coefficient of
performapce indicating the performance characteristics
of the compressor can be increased, the power c¢onsump-
tion of the refrigerating apparatus using the compressor
can be're&uced;fahdftﬁé réfrigérﬁting éapacity can be .
increased. 'In a high-pressute véésgl type rotary

compressor, the refrigerating machine oil is one which
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has a viscosity at 40°C of 2 to 70 cSt, preferably 5 to

32. In a low-pressure vessel type reciprocating

compressor, the refrigerating machine oil is one which

has a viscosity at 40°C of 2 to 70 cSt,_preférably 5 to
15 cSt. | | | |
(4) " The electrical insulating performance and.
long-term reliability of the refrigerating apparatus can
be markedly improved by using an inéulation-coated
winding wire with a glass transition temperature of
120°C or higher and an insulating f£ilm with a glass

transition temperature of 70°C or higher as insulating

. materials for a motor, and a refrigerating machine oil

comprising as base o0il the ester oil according to the
present invention, in a refrigerant compressor using a
flon type refrigerant containing no chlorine represented

by flon 134a.

{5) By using a synthetic zeolite composed of

alkali metal silicates and alkali metal_alumihatgs

having a carbon dioxide gas adsorption capacity at:25°c
and at a carbon dioxide gas partiallpressdre of 250 mmHg
of 1.0% or less, in the dryer constituting the
réfrigerating apparétus, water in the refrigeration
cycle can be efficiently separated and adsorbed, and
there can be prevented troubles caused by formation of
the drying agent into powder by deterioration of the

drying agent'itself.-ﬁémeiy}-tbe'prcbiéms caused by

" clogging of-a'piping for réfrigerént,with the drying

agent and abnormal abrasion due'to'intrusioﬁ.of thé'.
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drying agent into the sliding portions of the compres-
sor. Therefore, the employment of the synthetic zeolite
has a marked improving effect on the performance
characteristics and the long-term reliability.
(6) The refrigerating apparatus ha&ing Ehe
constitution explained above can reduce the ozone
depletion potential (ODP) and the global warming
potential (GWP) which ére in question in the terrestrial
environment to zero and 0.3 or less, reépeétivelf,

relative to values attained when a conventional

‘chlorine-containing flon type refrigerant gas (e.g. flon

12) is used.
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CLAIMS

1. A refrigerant compressor used in a refrigeration cycle -

whercin: the refrigerant compressor comprises s high-

ptessure closed vessel stored with a refrigerating machme" |
oil which accommodates 2 motor composcd of a totorand a .

statar having 3 windigg wire and an insulating film, a
rotating shalt fittcd in the rotor, and a compressor Scction
connected 1o the motor through the rotating sbaft, and in
which a hxgh-prcssurc refngcran! gas discharged from the
compressor section resides, said refrigerant comprising a
chlorine-frec fluorocarbon and/or hydrofiuorocarbon and
having a critical temperature of 40° C. or higher, and said
refrigerating machine oil cousisting cssentially of an ester
oil obtained from 3 single alcohol and an acid componcent
comprising one or more falty acids havm;_, siX to thirteen
carbon atoms, wherein said cster oil has a viscosity at 40° C.
of 2 10 70 ¢St and a viscosity a1 100° C. of 1 to 9 St, wherein
said ester oil comprises at Jeast one member selected from
the group consisting of the ester oils represcnted dy the
following geacral formulac (1) to (5):

@)
{R:CH);C(CHOCOR}:

@
R;CH,C(CH-0CORY), .

. : @
C(CH-OCORy)4
: ®)

(R<COOCH M COI:0CHC{CHA0C0R )3 '

&)

- Ra

’ ' -
R:COOCH— C— CHaOCOCH:(CH) . — This Sheet Has Been

I s*IHI!HlH"l

Ry
. -

—— CH;— COOCH;—— C——CH-0COR,

R

R O A

Replaced




Thiis Sheet Has Been Replaced

RN

wherein R, is an alkyl group having 1 to 3 carbou aloms, R.

iy a straight or branched chain alkyl group having 5 1o 12

- carbon atoms, provided that in the formula (5) R, is »
slraight or branched chaip alkyl group having 9 Lo 12 carbon -
atorny, R+ is an alkyl group havigg 1 to 3 carbon atoms, snd
r-is an integer of 0 to §, and said wimling wire of said stator
compriscs a core wirc havigy an epamel coating having a
alass (raosition temperature of 120° C. ur higher,

2. A refrigerant compressar according to claim 1, wherein
said ename] coating cornpriseq al lcast one insulating layer
sclected from the group consisting of layers of polyester
imides, polyamides and polyamide-imides.

3. Arefrigerant COMpressor accondding to claim 1, wherein
the insulating film comprises a crystalline plastics film
having a glass transition emperature of 50° C. or highec.

4. A refrigerant compressor according to claima 1, wherein
said insulating film compriscs at feast film made of a
matcrial selected from the group coosisting of polycthylens
terephthalatss, poiybutylenc terephthalates, polyphenyleae
sulfides, polycther ether ketones, polysthylenc nanhmalaxm,
polyamide-imides, and polyimides.

5. A refrigerant comapressor dccording to claim 1, wherein
$aid sster o1l comprises at lcast one member selected from
the group consisting of thc ester oils represented by the
geaecral formulac (1) to (4). .

6. A cefrigerant compressor used ia a rsﬁng::ztmn cycle .
wherein the refrigerant compressac comprises 1 low- .
pressurc closed vessel stored with a rctngcraxmg machine
oil which accommodates a mulor composed of a rotor and 1

stator having a winding wire and aa insulating film, a
rotuling shaft filled in the rvlor, and a compressor section
connccted 1o the motor through the rotating shaft, and from
which a bxﬂh-prebsurc refrigerant gas d:schargcd from the
compressor section 1s directly cxhausted, suid refrigerant
comprising a chlorine-free Quorocarbon and/or hydrofiuo- -
rocarbon and: having a critical temperature of 40° C. ot .
highcr, and said refrigerating machine oil consisting essen-
tially of an ester 6il obtained from a single alcohol and in
acid compoancnt coinprising one or more fatty acids having
~ siX to thirteen carbon atoms, wherein said ester off has -

T
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viscosity 81 40° C. of 2 1o 70 cSt and a visesity at 100° C.
of 1 1o 9 cSt, wherein said ester oil comprises al least one
member sclecicd from the group consisting of the ester oils
represented by the following general formulae (1) lo (3):

ON
(RICH»C(CHLO0COR2);
)
RiCH-C(CH{OCOR2)y -
| 3
C(CH-0COR),
> @
(1:COOCH2);, CCH-OCHC(CH0CORs
=)
Ry |
RCOOCHy— (1:“' CH:OCCCH:(CH‘Qn - ‘This Sheet Has ?een Réplaced
| A

Ry
— CH+=— COOCH,—C—™ CH-OC0R,

Ry

whereia R, is H or aa alkyl group having'1:to 3 carboo
atoms, R, is a straight or branched chain alkyl group baving
5 to 12 carbon atoins, provided that in the forinula (S) R, is
a straight or branched chain alkyl group having 9 (o 12
cacbon aloms, R, is an alky! group bavina 1-to 3 carbon
atoms, and n is an integer of 0 to 5, and said winding wire
of said stator compriscs a2 core wire having an enaroel]
coating having a glass (ransition temperature of 120° C. ar
higher, S
7. A refrigerant compressor according to claim 1 or 6,
- wherein said chlocine-frec hydracarbon and/or hydrofluoro-
carbutris flon 134a, = o
8. A tefrigerant compressor according, to claim'1 or 6,
wherein siid refrigeraat farther comprises an cxtreme pres-

o WMy
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9. A'rcfrigerant compressar according lo claim §, whereil
the extrernc pressure agent is at least one member sclected

from the group consisting of alkylpalyoxyalkylene phos-
phale csters teprescnted by the fo!lowms formulas (6) aad

e
RO(HHO,— 1 R | ©
e o i

whercia R is an alkyl group having 1 to 8 carbon atoms, and
R, is H or an alkyl group having 1 1o 3 carbou afoms, and
n is a value so as (o make the molccular weight 400 to 700,
and is conlained in suid refrigeragt in an amount of 0.05
10 wt %.

10. A rcfrigerant compressor accofdin_g o claim 8,
wherein the extreme pressure ageat is 8 dxalkyl phosphate -
cster represcated by the formuta: '

®
O
{

(ReO)a = ¥— OK

wherein R, is an alkyl group having 8 to 16 carbon aloms,
and is con&aincd in said refrigerant in an amount of 0.05 10
10 wi %

11. A refrigerant: comprcssor .u.cordmg to claim 8, -
wherein said refnz rant- further comprises 31 least one
member- selected from the group consisting of acid-
capturing agents, anunxxdcms and defoaming a;,:nrs.
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12. A refrigerant compressor according to clsim 6,
wherein sawd cstcr ofl comprises al least one member
selected from the' group consisting of the ester oils repre-
-sented by the gencral formulac (1) o (4).

13. A refrigerant compressor used in a refrigeration cycle
whercin the refrigerant compressor comprises a high-
pressure closed vessel stored with a refrigerating maching
oil which accommodates 2 motor composed of a rotor and a
slalor haviog a winding wire and an insulating film, 2
rolaling shaft fitted in the rotor, and a compressor sectinn
connected to the motor throngh the rotating shaft, and in
which a high-pressurc refrigerant gas discharged from the.
compressor scction resides,. s2id refrigerant comprising a
chlorine-free fluorocarbon and/or bydrofluorocarbon and.
having a critical temperature of 40® C. of highcr, and smid.
refrigerating machine oil consisting esseatially of an cster
oil obtained from a singlc alcohol and single acid, the single
acid being a fatty acid having six to cleven carbon atams,
said refrigerating mechine oil having a viscosity at 40° C.of
2 to 70 cSt and a2 viscosily at 100° C. of 1 to 9 St, and said
winding wire of said stator comprises s core wire having an

- cname! coaling having a glass transition temperature of 17O°
C. or higher,

14. A refrigeranl compressor according to clmim 13,
wherein said single acid s 3 monobasic acid. _

5. A refriperagt compressor uscd in a refrigeration cycle
wherein the rcfrigerant compressor compriscs a1 lows

pressurc closed vessel stored with a-refriperating machine
oil which acconumodates a motor composed of a rotor and a
stator having a winding wire apd an insulating film, a
rotating shaft fitled in the tolor, and a compressar section -
connectzd to the molor through the rotating shafl, and from
which a high-pressurc refrigerant gas discharged from the
compressor section is dircctly exhausted, said refrigerant
comprising 2 chlorine-free fluorocarbon and/or hydrofiuo-
rocarbon and having a critical lemperature of 40" C.or
higher, and said refrxg:ratmﬂ machine oil consisting essen- - -
. uallv of.ag ester ol obtzined from a single alcohol and a-
smgle acid, the single acid being 3 acid havigg six to eleven
carbon atoros, the refrigerating machige oil having a vis-
cosity of 40° C. of 2 to 70 cSt and a viscosity at 100° C. of

R
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. 110 9 cSt, and said winding wirc of said stator compriscs a
' ¢ore wire having an ename] coating baving a glass transirion
temperature of 120° C. or higher.

16. A refrigerant compressor according to claim 15,
wherein said single acid is 2 monobasic acid.

17. A refrigerant compressor used in a a refrigeration cycle
wherein the reftigerant corapressor compriscs a high-
pressurc closed vesscl stored with 2 refrigerating: machine
oil which accommodates ¢ motor cornposcd of a rotor and a
stator baving a winding wire and an insvjating film, a
rotating shsft fitted in the rotor, and s compressor scction
conuected to the motor throuph the rotating shafl, and in
which a high-pressure rcfrigeraat gas dischagged from the
compressor secliog resides, said refrigerant being composed
mainly of s fluorocarbon refrigerant contaiaing no chlorioe
and having a critical temperature of 40° C. or higher, and
said refrigerating machine oil comprising as base oil an cster
oil of onc or mor' fatty acids, whercin the esier oil bas a
viscosity st 40° C. of 2 to 70 ¢St and a v:scosx:y a1 100° C
of 1 to 9 cSt, whercin said ester oil comprises at least onc
member selected from the group consisting of the ester oils
which arc represented by the following general formulae (1)
to (5):

: . &)
- (R CH:};C(C!{:OCOR-'_ }a /_,__,..-—- .

Tlus Shect Has Been Replaced (%)
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=N
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“wherein R; is H or an alkyl group having 1 to 3 carbon
" atoms, R is a straight or branched chain alky! group having .

S to 12 catbon atoms, provided that in the formula. (5) R. iy
a ‘straight or branched chain alkyl group having 9 to l"" |
carbon atoms, R, is an alkyl group baving 1.to 3 carbon
atoms, and @ is an mteger of 0 10 5, and said wioding wire -
of the stalor comprises a core wire having an enamcl coating
having a glass transition temperature of 120° C. or higher.

18. A rcfrigerant compressor accordiog to claim 17,
wherein said cnamel coating cornpriscs at least onc insutat-

ing luyer selected from the group coasisting of layers of
polyester imides, polyamides and polyamide-imides.

19. A rcfrigerant compressor acoording Lo claim 17,
wherein said ester oil comprises at least -one mumber
sclected from the group coosisting of the ester oils repre-
sented by the general formulae (1) to (4).

20. A refrigerant compressor used in a refrigeration cycle
wherein the refrigerant compressor compriscs a low-
pressure closcd vesscl stored with a refriperating machine
oil which accommodales a motor composed of a rotor and a
stator haviog a wigding wirc snd an insulating film, a
rotating shaft fittcd in the rotor, and a COmPrEsSOr seclion

~ copnected to the motor through the rotating shaft, and from

which a high—prcssure refrigerant gas dxscharg:d from the
compressor scction is directly exhausted, sajd refrigerant
bemg composed mainly of fluorocarbon refrigerant contain- -
ing po chlorine and baving a critical temperature of 40° C.
or higher, and said rcfrigerating machioe oil comprising as
base oil an ester oil of one or more {atty acids wherein the
cster o1l bas a viscosity at 40° C. of 2 to 70 ¢St and a
viscosity at 100° C, of 1 to 9 ¢St, whercin said ester oil
comprises at lcast one member sclected from the group
-consisting of the cster oils which are represented by the-
following gencral formulae (1) to (5):

A

\
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. @)
(R {CH)-C(CH-OCUR )2
Q)
R CH.C(CH,OCORA), _
@)
C(CH;QCO@4 _
Q]
R .coocz«z-m,cc&x-oc: 1-CICH.0CORS);
&)
¥y _ _
R-COOCH = C—— CH20CUCH{CH)y — This Shee

tHas Been Repjaceg

;3 iy

~3
l

— CH. ~— COOCH,—— C—— CH1OCOR.

Ry

wherein Ry 1s H or ag alky! group having 1 to 3 carbon
atoms, R, is a straight or branched chain alkyl group having
5 to'12 carbon atoms, provided that in the formula (S) R. is
a straight or branched chain alkyl group having 9 10 12
catbon atoms, R, is an alky! group having 1 lo 3 carbon
atomns, and o is ap integer of 0 to S, and said winding wire’ .
of the stator comprises.a corc wire having an enamel coating
having a glass transition temperature of 120° C. or higher.

21, A relngerant compressor according. lo claim 20,
wherein said ename] coating comprises al least onc insulat-
ing layer sclected from the group consisting of layers of
polyesicr imides, polyamides and polyamide-imides.

22. A refripcrant compressor according to claim 20,
wherein said ester oil :‘.umprise.s at Icast ooe member .
selected from the group consisting ol the cster oils repre- .
sented by the geacral formulac (1) lo (4). - "

- 23. Arctrigerant compressor used in a refn;,crmon L.} cle
whcrein the refrigerant compressor compriscs a bigh-
pressure closed vessel stored with a refrigerating machine
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oil which accommodates a motor compased of a rotor and a
stator having a winding wire and an insufating flm, a
rotating shaft fitted in the rofor, and a compressor section
connecicd to the motor through the rotating shaft, and in
which a high-pressurc refriperant gas discharged from the
compressor scction resides, said refrigerant being composed
mainly of 2 (luorocarbon refrigeran! containing no chiorine
and having a critical temperature of 40° C. or higher, and
said refrigeratiog machine oil compnising as base oil an ester
oil of one or more falty acids whercin the ester oil has a
viscosity at 40° C. of 2 to 70 cSt and a viscosily at 100° C.
. of 1 1o 9 ¢S, wherein ssid ester oil comprises at Jcast anc
raember selected from the proup consisting of the ester oils -
which are represented by the following general formulae (1)
to (5):

. ()
(R;CH2).C(CH,0COR:)A
' )
RjCH.C(CH,0COR)
' (3 .
C{CH.OCOR.), '
| (4)
(R:COOCH 1), CCR-OCH-C(CHOCOR),; :
- )
T:
RaCOOCH; — C— CH;0COCH(CHy), —
_ ] 3 This Sheet I:ms Been Replaced

il

—CHy,— c:oocn;——,cl:—- CH-0CO0R,
Ry
wherein R, is H or an alkyl group having 1 to 3 cacbon
atotns, R, is a straight or branched chain alkyl group-having

5 10 12 carboa atoms, provided that in the formulu (5) R; is-
S stram,ht or branched chain alkyl group havmg 910 12 -

\
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carbon atoms, R, is an alkyl group having 1 to 3 carbon
atowms, and a 15 ano integec 0f 0 to 5, and said insulating film
compriscs a crystalline plastics film having a glass transition
temperaturs of 50° C. or higher, and said winding wire of -
said stalor comprises a core wire having an enamel coating
having a glass transition temperature of 120° C. or higlicr.

24. A refrigerant compressor according to claim 23,
wherein said insulaung film comprises at least film made of
a matcerial sclected trom the group consisting of polyethyl- -
cne terephthilates, polvbutylene tcrephthalates, polyphe-
nylenc sulfides, polycther cther kelopes, polyethylenc
naphthalates, polyamide-imides, and polyimides. -

25. A refrigerant compressor according lo claim 23,
whereln said esler oil comprises at [east onc  .mecmber
sclected from the group copsisting af the esler oils repre-
sented by the geaeral formulac (1) to (4).

26, A refrigerant compressor used in a refrigeration cycle
wherein the relrigerant compressor comprises a low-
pressure closed vessel stored with a relrigerating machine
oil which accommodates a motor composcd of a rotor and a
stator huving 2 winding wire and an insulaimg film, a
rotating shafl fitted in the rotor, and a compressor-section
conaccled to the motor thraugh the rolating shafl, and frorm
which a high-pressure refrigerant gas discharged from the.
compressor section is dircetly exhausted, said. refrigecant
being composed maialy of fluorocarbon refrigerant contain-
“ing no chlorinc aud having a critical tempersture of 40° C., -
or higher, and sajd refrigerating machine oil comprising as

~ basc oil an cster oil of onc or more fauy acids wherein the
ester oil has s viscosity at 40° C. of 2 10 70 St and a
viscosity at 100° C. of 1 to 9 «St, wherein said ester ail
compriscs 1l least one member sclected from the group
consisting of thc ester oils which are represenied by the
following gencral formulae (1) o (S):

_ R
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(R{CHpC(CH,OCOR )z
@
R;CHyC(CH;OCORA),
&
. C(CH:OCOR2)4 .
| ®
(R:COOG'@aCCH:OCH:C(CH:OCOR;h
®
?J o _ —_—
chooés,—; cl:—ca-;'o_cocz-r:(ca,_),- : This Sheet ?3 Beeny
R
~—— CHa— COOCH;—— C—=CH,0COR,
R,

wherein R, is H or an alkyl group having 1 to 3 carbon
atonis, R. is a straight or branched chain alky! group having

5 to 12 carbon aloms, provided that in the formula (5) R is

a 'straight or branched chain afkyl group baviag 9 10 12
carbon atoms, R; is an alkyl group having 1 to 3 carbon
atoms, and'n is an integer of 0 to 5, and said insulatng fiim

comprises a cryslallinc plastics Glm having a glass transition -

temperature of 50° C. or highcr, and xaid winding wire of
said slalor comprises a core wire having an ename] coating
baving a glass transition teruperature of 120° C or higher.
27. A refrigcrant compressor according to claim 26,
wherein said insulaling film compriscs at leas! film made of
a material selccted from the group consisting of polyethyl-
enc lerephthalates, polycthylene tercphthalates, polyphe-

- nylene sulfides, polyether cther ketones, poiyethylenc

~ naphthalaies, polyamidc-iniides, and polyimides.

- 28. A refrigerant compressor used in 2 r:fngcrauon Cyclc -
_ wiherein the refrigersnl compressor comprises a high- -

pressurc cloqcc_l vesscl stored with a refrigeraling machine
oil which accommodates a molor composed of a rotor and a

LT
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stator, 2 rotating shaft fitted in (he rotor, and a compressor
scction congected to the motor through the rotating shaft,
and in which a high-pressurc refrigerant gas discharged from
thc compressor scction resides, said refrigerant being com-
posed mainly of a lluorocarbon refrigerant containing no
chlorine and having a critical tempersture of 40° C.-or
higher, and said r=frigerating machine o1l comprising as base
oil an ester oil of one or more fattly acids having six 10
thittzen carbon atoms which ester oil contains at least {wo
ester linkages

T g

in the molccute and has a viscosily at 40° C. of 2 1o 70 St
and a viscosity at 100° C. of 1 tn 9 ¢S, said closed-vessel
accommodating a motor compesed of a rolor an a stator, a
rotating shafl, and a compressor section conuected to the
moior through the rotaung shafl, wherein a winding wire of
the stator comprises a corc wire having aa :namcl coating
having a glass transition {etoperature of 120° C. or higher.

29. A relrigerant compressor used in a refrigeration cycle
wherein the refrigerant compressor comprises a high-
* pressure closed-vessc! storzd with a refrigerating machine
oil which accommodates a moler composed of a rotor and a
stator, a rotating shaft fitted in the rotor, and 2 compressor
section connccted to the mator through the rotating shaft,
and in which a high-pressure tefrigerant gas dischared from
the compressor scction resides, said refrigeraat being com-
poscd mainly of 2 fluorocarbon refnigerast containing no ™
chlorine and baving a critical tcroperature of 40° C. or )
higher, and ssid refrigerating machine oil compsisiag as base
oil an ester oil of one or more fally acids having six to
thirte2n carbon. atoms which este r oil conluins at least lwo'
ester hnkages

(@)
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in the molecule and has a viscosity at 40° C. of 2 to 70 cSt
and a viscosity at 100° C. of 1 o 9¢St, wherein an insulating
film of thc matar comprises 2 exystalline plasties fim having

a glass transition temperature of 50° C. or higher, 3nd said -
'wmdmg wire of said stator compmc» a corc wire having 1n
epame] coating having 2 glass transilion temperature otl

C. or higher.

30. A refrigerant compressor used in a rctm,emnon cycle
wherzin thc refrigeranl . compressor comprises a fow-
pressurc closed-vesscl stored with a refrigeraling machine
oil which accommodates 1 motor composed of a rotor and 3
stator, a rolating shaft fitted in the rofor, and a compressor
scction connected to the motor through the rotating shaft,
and from which a high-pressure re(rgerant gas discharged
from the compressor section is directly cxhausted, said
refrigemut being composed mainly of a fluorocarbon refrig-
e¢ragt containing ge chlorine and having a crtical tempera-
ture of 40° C. or higher, and said refrigerating machinc oil
cumprising as basc oil an ester oil of one or more fatty acids
having six Lo thirtcen carbon atoms which ester oil contains
al lcast two ester linkages

-_
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in the molecule and has a viscosity 1t 40° C, of 2 1o 70 ¢St
and a viscosity at 100° C. of 1 to 9 ¢S4, said clased-vesscl
accammodating a motor composcd of a rator an 1 stator, a
tolating shafl, and a compressor scction connccted to the
motor through the rotaung shaft, wherein 3 winding wire of
the stator comprises a corc wire-having an enamel coating
having a glass fraosition temperature of 120° C, or highec.
31. A rcfrigerant compressor u.\cd in-a refrigeration cycle
.whercin the refrigerant comipressor compriscs a low-'
pressife closed-vessel stored with a refrigerating muchine
oil which accommodates 3 mator composed of 3 rotor and a
stalor, a rotating shaft fitted in the rotor, and-a compressor

~
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“section connected to the motor through the rotating shaft,
and from which a high-pressure refrigerant gas discharged
from thc compressor section is dircctly exhausted, said
refrigerant heing composed mainly of a luorocarbon refrig- -
etamt containtng no chlorine and having a critical tempera-
turc of 40° C. or higher, and said relnigerating machine oil
comprising as base oil ap ester il of one or more fatty acids
having six to thitlcen carbon atoms- which t..slcr oil conumb
at least two ester linkages |

(-:-—o——c—)
1

o

in the molecule aod has a viscosity at 40° C. of 2 to 70 cSt
and a viscosity at 100° C, of 1 to 9 cSt, wherein an insulating

fitm of the motor coropriscs a crystalline plastics film having
a glass trapsition temperature of S0° C. or higher, and said
winding wirc of said stator comprises a core wire having an
enamel coating bav:ng a glass transitiog lemperature of 120°
C. ot higher.
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