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RBPRIGBRART COMPRBSSOR 

BACKGROUND OF THE INVENTION 

·Field of the Invention 

The present· invention relates to a 

refrigeration cycle and refrigerant compressor, and it 

5 relates to, in particular, a refrigeration-cycle­

constituting ~terial system comprising a refrigerating 

machine oil composition suitable for a flan type 

refrigerant containing no chlorine and havi_ng a critical 

temperature of 40°C or higher, for example, flon 134a, 

10 and electrical insulating materials and a drying agent 

which are.hardly deteriorated by the refrigerating 

machine oil composition. 

Prior Art 

In recent· years, chlorine-containing flans 

·15 (chlor~fluorocarbons, abbreviated as CFC) have been 

included in the list of compounds under regulation in 

20 

use, all over the world because of .the problems of 

environmental pollution, in particular, the ozone 

depletion and the global warming. 

All of flons included in the list of compounds 

under regula~ion i~. u_se are .. chlor ine~c.ontaining· _flans 

such as flon li, flon.12, flo~ 11~, flan 114, floh 115, 
..... 

etc.~- Flon 12 which has been exclusively u•ed as a 
. . 

refr i.g_erant in ref"r igerating_ apparatus such as 

.... 
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1 refrigerators, dehumidifiers, etc., has also been 

included in the list. 

Therefore, a refrigerant usable in place of 

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

5 low .reactivity with ozone and a short decomposition 

period· in the·air has recently been noted as a 

substitute refrige~ant. Flan l34a (l~l,1-t~traflu~ro-
. . 

ethane, CH2FCF3) is a typical example of such a 

r.efrigerant. In detail, when the ozone depletion 

10 potential (OOP) ·of flon 12 (dichlorodifluoromethane 

CC12F2) is taken as l, that of flon 134a is zero. When 

the global warming potential (GWP) of flon 12 is taken 

as 1, that of flan 134a is 0.3 or less. Flon 134a is 

noncombustible and similar to flan 12 in thermal 

15 properties such as temperature-pressure characteristics. 

Therefore, flan 134a has been said to be advantageous in 

that it can be put into practical use without greatly 

changing the structures of .refrigerating apparatus such 

. as refrigerators and dehumi.di.fiers and refrigerant 

20 compressors in which flon 12 has heretofore been us.ed. 

Flon l34a, however, has a unique chemical 

structure and hence very characteristic properties. 

Therefore, it has a very poor compatibility with 

refrigerating machine oils such as mineral oils and 

25 alkylbenzene oils which have been used in conventional 

refrigeration syst_e~ ·using -~19n. 12, and hence it· "e:an:~ot 

be put::_into practical· use·at· al"l. ·Ih· addition:, the·· ·· 

suitability including the i:mPr9ving effect on the 
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1 lubrication and the resistance to frictional wear of the 

sliding portions of compression mechanical parts, the 

influence on elec.trical insulating materials, the 

influence on drying agents, etc •. is a problem, and there 

5 has been an eager desire for the development of a novel 

material system constituting a compressor and a 

refrigerating appar.atus. 

Therefore, before ref·e.rring to the problem of 

the miscibility of a refrigerant with a refrigerating 

10 machine oil, conventional .. refrigerant compressor and 

refrigeration apparatus which use a flon type· 

refrigerant are first explained with reference to Fig. 7 

to Fig. 9. 

Fig. 7 is a vertical cross-sectional view of 

15 the principal part of a conventional closed rotary 

compressor. Fig. 8 is a cross-sectional view.for 

explaining. the displacement volume of the compressor 

section of · the compressor. Fig. 9 is a: diagram showi.ng 

the structure of an ordinary refrigeration cycle. 

20 In Fig. 7, numeral 1 shows a case used both as 

a ~losed· container and as a oil pan. In the case l, an 

electric motor section 22 and a compressor section 23 

are accommodated. 

The electric motor 22 is composed of a stator 

25 19 and a·rotor 20, an~ a rotating shaft 4A made of cast . . . . . 
. . 

iron is· fitted in the. rotor·. 20 ~ The rotating shaft. 4A . 
~··: 

has an:·:eccentr ic portion 3 ··arid an ~h-af t. hol~ · 11 is 



1 formed in hollow form on the one side of the eccentric 

portion 3. 

The core wire of the winding wire ~ortion 19a 

of the .s.tator · 19 is coated with a~ ester. imid~. film, and 
. · .. 

5 an electrical insulating film of a polyethylene 

terephthalate is inserted between the core portion and 

the winding wire portion of the stator. The rotor 4A 

has a surface finished by grinding. 

The co~pressor 23 has as its chief mechanism 

io· components a cylinder 2 made of an iron-based sintered 

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

15 

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 bearing 5 and a sub-

bearing 6 which are made of cast iron or an iron-bas,d 

sintered product, are provided on b_oth ends of the 

20 cylinder, and serve both 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 s, the cylinder 2 

25 and the sub-bearing 6 are· fastened with ·a bolt 21~ 

A .puinp chamber i2 is ._compos~d of • space and· . 

parts -~urrounding the spac~,' i.e.·, .the back of the vane 
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1 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 alkylbenzene ~ype 

5 refrigerating machine oil l3A in which a refrigerant'. 

flon gas stored in the bottom of the case l has been 

dissolved, into the pump chamber 12. The sub-bearing 6 

has a· discharge port 16 which can discharge the 

refrigerating machine oil l3A to an oil tube 15 from the· 

10- pump chamber 12. The oil tube .15 is designed to be able 

to supply the refrigerating machine oil l3A to the sh.aft 

hole 17 of the rotating shaft 4A and then to predeter­

mined sliding portions from the ·shaft hole 17 through a 

15 

· branch opening 18. 

The action of the rotary compressor thus 

composed is explained below with reference t.o Figs. 7 

and 8. When the compressor is operated to rotate the 

r.otating shaft 4A made of cast. iron, a roller 7 made. of 

tempered cast iron is rotated with the rotation of 

20 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 anq its end is in . 

contact with the roller 7. Thus, the vane 10 compresses 

25 a refrigerant (fl on +2) which has flown in through a ... 

refrigerant suction ·opening·(not shown), and the 

refr ig·e~ant .. is _disc.barged «!>"utslde the. compressor: from a 

aischar.ge pipe 29 through' a refrigeran_t dischar9e 

.··--·""'~ 
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l opening 24. ~he winding wire portion l9a and the 

electrical insulating film (not shown} of the stator ~ 

are immersed in the refrigerating machine Qil conta_in~·ng 

flon dissolved therein, or they are exposed to ci~cum-

5 stances of spraying with mist of the refrigerant oil. 

In the case of a combination of a conventional 

refrigerating machine· oil .consisting of· a mineral· oil or 

an alkylbenzene and flon 12, flon 12 is completely 

_miscible with the refrigerating machine oil in all use 

io· ranges, so that it has been not necessary at all to care 

about the various problems concerning the ~iscibility of 

·flon l34a with a refrigerating machine oil which are 

hereinafter described in detail, namely, the separation· 

into two la~ers between the refrigerating machine oil 

15 ane .the refrigerant :~n a compress~r, and the residence 

of the refrigerating machine oil in a heat exchanger. 

Eowever, in t~e case of fluorohydrocarbon type 

refrigerants containing no chlorine which have u~ique 

characteristics, for example, flon l34a, the miscibility. 

20 of the refrigerant with a refrigerating machine oil is 

the most serious problem in practice because there is no 

practical refrigerating machine oil which c:an easily 

dissolve the refrigerant.· 

In· 9en~ral., for. improving the· p·erformance 

. 25 . charachfr is tics of a compressor, namely, the __ c:9effic:ien; 

of perfo~mance (COP) which indicates the enerqy 

efficiency, it has been necessary to minimize the 
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1 mechanical loss of the compressor and maximize its 

volumetric ·efficiency. 

The mechanical loss of a refrigerant 

compressor mainly includes the friction loss at the 

5. journal bearing and thrust bearing in· the mechanical 

part ·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 (µ) defined by the 

_following equation on the basis of the hydrodynamic 

10 lubrication theory of a journal bearing: 

µ = 2ir2(D/C)T1N/P 

wherein N . revolution rate, . 
p pressure on surface, 

Tl viscosity., 

D . diameter of shaft, . 
15: c . diametral clearance. . 

(9) 

This fact indicates that 'in a refrigerant 

compressor operated under hydrody~amic lubrication 

conditions, not only the structural factors regarding 

dimensions and shapes but also the actual viscosity of a 

20 refrigerating machine oil containing flon disolved 

therein which is a factor influenced by operation 

circumstances, have a ciose relationship to the · . . . . . ~ . . 

·mechanical loss.· of the compressure. 

On the other hand, for keeping the volumetric 

25 eff icie.~c·y highest, it is necessary that in a mechanical 
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l chamber for· compressing a refrigerant gas, the l·eakage 

of the refrigerant gas ~ram the high pressure side to• 

the low pressure side should be prevented by carrying 
.. 

out sealing between parts which works to compress the 

5 refrigerant gas. It should be noted that also in this 

case,. the actual viscosity. of a refrigerating machine 

oil containing the refrig~rant.dissolved therein has an 

important function. 

As described above, in a refrigerant 

10 compressor heretofore used by the use of flon 12 and a 

refrigerating apparatus using the refrigerant 

compressor, it is important for the improvement of 

performance characteristics of the compressor to 
. 

optimize the actual viscosity of a refrigerating machine 

15 oil containing the refrigerant dissolved therein, at a 

:ated operation point under usual operation·conditions. 

A refrigerating ~pparatus such as a 

refrigerator or a dehumidi-fier is operated,. thou9h .. ~n 

rare cases, in a high-temperature circumstan~e much more 

20 severe than usual operation conditions. In this case, 

t~e lubrication in the apparatus gets into a so-called 

boundary lubrication region in which a lub~icating oil 

layer is thined, so that the metal surfaces of sliding 

portions of a bearing are brouqht into contact with each 

25 0-.. 1..er. a Consequently, the coefficient of friction is 

increased a·t once., ·r~sulting in_ he~t "generation'. 

There~ore, scoring or sei.ii.nc;~a.nd-·adhesion. phen~m~n~n 

occurs between the bearing and a. rotating shaft and-
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1 deteriorates the reliability of a refrigerant 

compressor. Therefore, .some consideration is needed for 

preventing a fatal problem from occuring even under 

boundary lubrication conditions. In a conventional 
. 

5 refrigerant compressor using flon l~, chlorine in flon 

12 acts effectively as an -extreme pressure agent. In 

detail, when scoring or seizing-and-adhesion phenomenon 

takes· place between a bearing ·and a rotating sha~t, the 

refrigerant flan 12 dissolved in a refrigerating machin~-
-

10 oil as bearing-lubricating oil is decomposed by 

15 

frictional heat generated by the scoring or tne 

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-pressure vessel 

type rotary compressor, for example, a refrigerator, a 

refrigerant compressor and a refrigerating appar~tus 
. . 

which satisfy the operation conditibns at an ambient 
. . 

20 temperature of 30°C described· below are satisfactory 'in 

the coefficient a·f performance indicating energy 

efficiency and the reliability of a product, and. most 

products have been used in such ranges. The discharge 

pressure of the compressor: about 10 kg/cm2abs, oil 

. 25 temperature: a~out l00°C, refrigerating machine oil: an 

alkylbenzen'e 'oil' or ~ mine'ral ell hav.ing .a. 'viscosity '.at .. 

40°c·~9f "56 est and a viscms'ity' at .100°c of .6 est,. the' 

actual viscosity of which becomes 1 to 4 est. 
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On the other hand, in the case of a refriger­

ating apparatus using a low-pressure vessel type 

reciprocating compressor (the explanation of the 

structure and operation is omitted), for examp~_e, a 

5 refrigerator, there have ·been used a·refrigerant 

compressor 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 kg/cm2 abs, oil. temperature: 85°C, 
--

10 . refrigerating machine oii.: .a mineral oil having a 

viscosity at 40°C of 8 ·to 15 est and a viscosity at 

.100°c of 1.8 to 4.2 est, the actual viscosity of which 

becomes 2 to 6 est. 

Next, a fundamental refrigeration cycle 

15 provided with a refrigerant compressor which thus sucks, 

compresses and then discharge a flon type refrigerant, 

is explained below with reference to Fig. 9. 

As shown in Fig. 9, a· cempressor 40 compress.es 

a low-temperature, low-pressure refrigerant gas, 
2·0 . discharges the resulting high-temperature, high-pressure 

refrigerant gas and send the same to a condenser 41. 

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 
25 expansion mecha~is~ (e.g. an expansion valve or a 

capillar.y ·tube)· ·42 ·while being .freed ·f~om·· water by. a· ·. 

dryer 45. · The high-temperattire," high-pressure 

refrigerant fluid which passes the expansion ·mechani~m· 
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1 becomes low-temperature, low-pressure wet vapor owing to 

squeezing effect and is sent to an evaporator 43. The 

refrigerant introduced into the evaporator 43 is 

evaporated while absorbing heat from the surroundings, 

5 and the low-temperature,. low-pressure gas which ~as·co~e 

out of ·tne evaporator 43 is sucked into the condenser 

40. Thereafte·r, the above cycle is repeated. 

As there frigerant, flon 12 has heretofore 

· been used. However,· t.he employment of flon. 12 is under 

10 regulations, -~s described above. The employment of flon 

134a in place of flon 12 involves many pr~blems because 

conventional mineral oil type or alkylbenzene type 

refrigerating machine oils for flan 12 are very poor in 

miscibility with flon l34a. Therefore, refrigerating 

15 machine oils having a good miscibility with flon 134a 

. 20 

have been vigorously developed and various refrigerating . . 

machine oils have been proposed. As typical examples of 

·such refrigerating I!lachine oils; .there are known the 

compounds havi_ng e~her linkages exemplified below • 

For-example, Jap~nese Patent Application Kokai 

No. 1-259093 discloses· "a refrigerating machine o_il for 

a flan compressor" which comprises as base oil a 

propylene glycol_monoether represented by the general 

fo·rmula: 

•· . •·. 
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1 wherein R is an alkyl group having 1 to 8 carbon atoms, 

and· n is an i·nteger of 4 to 19; Japanese Patent· 

Application Kokai No. 1~259094 discloses a diether t!Pe 

compound obtained by etherifying one end of propyle~e 

5 9lycol which is represented by the general· formµ~a: 

wherein each=of Rt an R2 is an alkyl group having 1 to 8 

carbon atoms, and n is an integer (averag.e molecular 

weight: 300 to 600).; and Japanese Patent Application 

Kokai No. l-259095 .discloses a monoether type compound 

10 which is a copolymer of propylene glycol and ethylene 

glycol and is represented by the general formula: 

15 

wherein R is an alkyl gro_up having l to 14 carbon atoms, 

and m and n are integers, the ratio·m: n being 6: 4 to 

l : 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 linkag_es into. the .molecule,· the aff_inity -for f1on 

134a i.s enhanced· to· iniprove. the miscibility w'ith.-flon 
",,..... ... 

20 134a greatly, r~frigerant.lubrication due to.the 

phenom~no·n of .separation into. two layers {a phenomenon 
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1 that the refrigerant and the refrigerating machine oil 

are insoluble in each other and separate; hereinafter 

referred to merely as "two-layer separation·••) in the 

sliding portions of a compressor can be prevented, the 

S return of the oil to the compressor which is induced by 

residence phenomenon due to the adhesion of the.oil to 

the inner wall of a heat exchanger can be .suppressed, 

and there can be solved the problems concerning the 

·reliability of the compressor and a refrigerating 

10 apparatus, for example, seizing and scoring in the 

sliding portions of the compressor. 

15 

Such compounds thus containing a iarge number 

of ether linkages (C-O-C), however, are disadvantageous 

in that, 

(1) they have a saturation water absorption 

rate is high (they tend to absorb water). 

(2) they have a low volume resistivity. 

(3.) they have a low oxidation sta·bility, so 

that the total aeid value is.apt to be increased.~·. 

20 Therefore, the compounds have been not suitable for· 

refrigerant compressors and refrigerating apparatus in 

which a hermetic motor is used as an electric motor. 

That is, althoug~ the compounds have an improved 

miscibility with the refrigerant, they are dis-

25 advantageous in that they attack th'e insulating 

material·~ of :the" mo.tor to deteriora"te "the elect·r.icai 

insuiating characteristics. In all ·of the. abo'7e· 

co~pounds, the end g·roup having an ether linkage is. 
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1 capped with hydrogen, and the hydrogen further increases 

the hyqroscopicity. Therefore, it has been proposed to 

replace the hydr·ogen by an ester . group to obtain a 

_refrigerating machine oil represented by the ·following · 

5 formula {see Japanese Patent Application Kokai .No. 

2-132178): 

.R.-o+Rl-07n c·-OR2 

I 
0 

.· 

wherein R is a hydrocarbon group, Rl is an alkylene R2 

is an alkyl group, and n is an integer which ·1s such 

that the viscosity of this compound becomes 10 to 300 

10 {at 40°C). 

However, the improved miscibility with the 

refrigerant of this compound is also brought about by a 

large number of ether linkag.es in the molecule, like 

that of the above compounds; and hence this compound 

lS involves the same problems as in the case of the above 

compounds. 

Thus, the co=Pounds having ether linkages tend 

to absorb water because of the 'above problem· (l), and 

the compounds them~elves are hydrolyzed by the water to 

20 become unstable. Furthermore, the water freezes, chokes 

the capil.lary of a _refrig_eration cycie, and distu_rbs _t_he 

pressure balance. The :volume res.ist_ivity· of the · .·· 

compounas is. low as des er ibed a~ the· problem. ( 2 >.~ so 

that the electrical insulatin9·properties are 

25 deteriorated. Wh41!n the total acid value is :increased.as 
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1 described as the problem (3), the compounds are 

hydrolyzed to become un~table. 

As described above, flon 134a which is used as 

a substitute refrigerant for con_ventional rl!frigerant .. 

S flon i2 involves the following fatal problem. Because. 

of its unique molecular structure, flon 134a has a low 

affinity for mineral oil type and alkylbenzene oi~ type 

refrigerating machine oils whlch have heretofore been 

used, and hence it lacks miscibility with the 

10 refrigerating machine oils which is essential in a 

refrigerant compressor and a refrigerating apparatus. 

Attempts have been made to improve the 

miscibility, but have been accompani~d with, for 

example, the deterioration of the electrical insulating 

15 properties, the water problem, and the unstability 

problems, such as the hydrolysis and the decomposition 

of the compound by an acid. Each_ problem is described 

below in more detail. 

SUMMARY OF THE INVENTION 

20 (1) A refrigerating machine oil having a bad 

-25 

miscibility cannot be put into practical use in a 

refrigerant compressor and a refrigerating apparatus 

from the viewpoint of· performance chara.cter isti.cs and 

reliability, a• described below. 

In· gene.rai, ·when the. solubility-·of a ·· 

refriq~rating machine oil ·-:in a refrigerant is lo·~, -oil 

discharged from a co~pressor is separated in a heat. 
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1 exchanger and the oil component adheres to the wall 

surf ace to remain, so that the amount of oil which 

·returns to the compressor is decreased. Consequently, 

the oil surface in the compressor is lowered and a so-
'· 5 called.oil drying-up phenomenon takes plac~, so that the 

oiling· level is lowered. 

When a compressor is exposed to a low-

temper.a ture circumstance in a refrigerating appar~tus 

enclosing a large amount of a refrig~rant, the following 

10 trouble is caused. In a s.o-c~lled lying-idle state in 

which liquid refrigerant is present preferenti~lly 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 

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

lubricating oil film becomes difficult, resulting in 

damage to the compressor. 

On the other hand, as to the refrigerating ." 

apparatus, a refrigerating machine oil which has 

20 separated adheres to the inner .. wall of an evaporator 

having a.low temperature, to form a heat-insulating 

layer, and therefore it inhibits the heat-transfering 

capability seriously. Moreover, when·this refrigerating 

machine oil of wax form chokes an expansion mechanism (a 

25 capillary tube)_o~ a piping, the amount of the 

refr.ige~ant circulated .is .. greai;ly decr~asei!' resulting .. 
. . . 

· in a 10we·red cooling power:-:·. '.As· to :the compressor, the 

pressure of sucked gas is lowered and the pressure ·~f· 
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1 discharged gas is increased. Therefore, the heat 

deterioration of the refrigerating machine oil and 

damage to b~arings are caused, so that the. long-term 

reliability of ·the refrigerant compressor and the 

5 refrigerating apparatus is greatly deterior·ated •. 

Accordingly, a first object o~ the present 

invention is t.o solve such conventional problems and 

provide a refrigerating apparatus.and a refrigerant 

compressor which are provided with a refrigerating 

10 ·machine oil which is highly miscible with and hence 

suitable.for flan type.refrigerants contai~ing no 

chlorine a typical example of which is flon 134a. More 

specifically, the present invention is fund·amentally 

intended to make improvements with respect to, for 

15 example, (l) water absorption properties, (2) volume 

resistivity, and (3) oxidative deterioration, and seek 

for a novel refrigerating machine oil composition which 
. . . 
is miscible with flan 134a under all operation condi-· 

tions of a refrigerant compressor and a refrigerating 

·20 apparatus. It is also intended to provide a refrige­

ration system having excellent performance character-

istics, efficiency and· reliability ~n refrigerating 

apparatus and refrigerant compressors _which are 

different in purposes, by developing at least the 

25 following·· two refrige~ation oiis: a re.frigeration oil 

for "moderate~t¢mperatu~e ~efrigerating·apparatus such.as 

dehumid-i-fier·s which achieves a first aim, i.e., ·· 

a~tainment of a critical soluti;c:m temperature of o0 c. or 
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1 lower; and a refrigeration oil for low-temperature 

refrigerating apparatus such as refrigerators which 
. . 

achieves a second aim, i.e., attainment of a critical 

temperature of -30°C or lower. 

5 ·(2) In the long run,· it is beneficial to tl)e · 

prevention 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 inpu·t) under usual use 

10 conditions under which refrigerant compressors and 

.refrigerating 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 coefficiept 

15 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 p~e~ent invention 

and thereby d~_termirie the optimum value of the actual 

20 viscosity of the oi1 used ·in the compressor. When the 

actual viscosity is thus optimized, the coeffici~nt of 

friction of a bearing becomes minimum and the 

coefficient of p~rformance of the compressor and a 

refrigerating apparatus using the compressor becomes 
25 maximum.·· 

Therefore, a second object of· the ·~iresent · 

inventicin is to attain high ·performance characteristics 

and a high reliability by specifying a v1scosity range 
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1 of the refrigerating machine oil which is most suitable 

for a refrigerating apparatus using a high-pressure 

vessel type rota·ry compressor or a low-pressure vessel 

type reciprocating compressor, on the basis of the above 

5 ·bearing theory. 

(3) However, although very.rarely in·pract~ce, 

there is carried out an extremely sev~re operation such 

as operation in a high-temperature circumstance or 

overload operation which are more severe than expected 

10 by a designer. ·Also in this case, a sufficient 

reliability should be assured. 

In a compressor using flon l34a, scoring or 

seizing of the sliding portion of a bearing of the 

compressor tends to take place more of ten than in a 

15 compressor using a conventional refrigerant flon 12, in 

a so-called boundary lubrication region (in which 

co~tact ·between metal surfa~es occurs) beyond the 

·hydrodynamic lubrication reqion of a coaxia1 bearing. 

When contact between· metal surfaces . takes·· 

20 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 

frictional surface. This iron chloride acts as an 

extreme pressure agent to suppress the adhesion and 

25 seizing. ·· 

··an· the. ·othl!r ·.hand, .si.nce flon · 1~4a ·is a 

refrf~rant· containin9 no.:chlorine, chlorine cannot 

possibly .be supplied 'to a compressor using f.lon 134a •. 
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1 Therefore, unlike flon 12, flon l34a is hardly exp°ected 

5 

to have the above action as extreme pressure agent. 

Accordingly, a third object of the present 

invention is· to provide a refrigerating apparatus and 

refrigerant compressor in which by using a f lon type 

refrigerant containing no chlorine. represented by flon 

l34a and a refriger~ting machine. oil c_ontaini"ng an. 

extreme pressure· agent, the prevention of scoring and 

seizing of the sliding portions and the assurance of 
-

a. 

10 sufficient reliability can be achieved even 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 compress~r and a refrigerating 

15 apparatus which use a composition comprising a flon type 

refrigerant containing no chlorine represented by flan 

l34a and a refrigerating mac~ine oil, and have an 

electrical insulating ·system wherein electriaal insulat­

ing materials such as an electrical insulating. film and 

20 an insulation-coated winding wire which constitute an 

electric motor section have a sufficient long-term 

reliability. 

(5) Flon 134~ has a high water absorption rate and 

refrigerating machine oils miscible with flon l34a are 

25 relatively hydrophilic though fairly ·improved. There­

~ore, . bc.ith of them tend to carry ~at~r . into a. ref.r.ige.r1!l­

tion c:Ycle. Water in. a r~·frlgerati~g ·appara_tus l.s : · . 
. . 

frozen in.an evaporator on the-low-temperature side and 
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1 chokes a pipe having a small diameter, such as a 

capillary tube to lower t~e refrigerating capability. 

Furthermore, in the long run, the refrigerating machine 

· oil, the· refrigerant, electribcal insulating materials, 

5 etc. undergo hydrolysis reaction, so·that.minus charact­

eristics are brought about, .for example, the production 

of an acidic substance and a lowering of the mechanical 

strength are induced. 

Accordingly, a fifth object of the present 

10 invent·ion is to provide a i;.efrigerating apparatus in 

which a flon type refrigerant containing no chlorine 

. represented by flon 134a and a refri9eratin9 machine oil 

coexists, and which has a dryer packe~ with a drying 

agent effective in improving the reliability of the 

15 refrigerating 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 illustrates the miscibility 

20 of flon 134a 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. 

··Fig. ~ is a graph showing a relationship 

25 between. the :at:u~1· vis.cosi_ty of each re~ri9.erati~g : 

machi~~ oil·and the coeffici~nt·of ~erforma~ce during 
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1 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 

5 performance during rated operation of a low~pressure 

vessel· type reciprocating compressor. 

Fig. 5 is a graph showing a relationship 

between FALEX test using an iron-based frictional 

sliding surface and.a ·high-pressure atmosphere friction 

10. test using an oil contain~ng 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 

15 the principal part of a closed rotary compressor. 

Fig. 8 is a vertical cross-section~! view of 

the principal part of the compression mechanical part of 

·a rotary compressor. 

Fig~ 9 is a diagram showing the structure of 

20 the refrigeration cycle of· a refrigerating apparatus .. 

PREFERRED EMBODIMENT OF THE INVENTION 

l. The above first object of ~he present 

invention can be achieved by a refrigerating apparatus 

comprising a r~fr~ge~ation cycle comprising at least a 

. 25 COmPre~SOr I . CC>Ddensor",. dryer t expansi~n me~hanism. and 

e~apo;!?tor ,. a re_frigerant ~~omp~m.sed. mainly of a .. 

fluorocarbon type refrigerant containing no.chlorine.and 
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1 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 et~er linkages ( ..:. o- C - ) in the molecule a·nd 
u 
0 

5 has a viscosity at 40°C of 2 to 70 est and a ·viscosity 

at l00°C of 1 to 9 est. 

As described above, it is absolutely necessary 

for the ester oil to be an ester of one or more fatty 
_. 

acids which contains at least two ester linkages in the 

10 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 

· oil of one or more fatty acids can be obtained by the 

esterification reaction of an alcohol with one or more 

15 fatty acids. As the alcohol, a polyhydric •lcohol is 

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

carbon atoms are preferable. The fatty acids may be· 

either monoba-sic or polybasic. .The ester oils include 

hindered ester oils and complex ester oils. From the 

20 viewpoint of the miscibility with the refrigerant, ester 

oils having a branched-chain struc~ure tend to be 

preferable to ester oils having a st+aight-chain 

structure. Examples of practical ester oils of one or 

more fatty acids -~re_ given below by the_ general formµlas 

25 (l) to (5). 

-· . The ester oils represented ·by the formulas (l) 

to (4) -are hindered ester oilsi and the ester oils 



== 

- 24 -

l represented by the formula (5) are- complex ester oils. 

These ester oils may be used singly or in 

combination of two or more thereof. The refrigeratinq 

machin·e oil comprise at least 50 wtt of these ester oils 

5 as base oil, and the balance may be made up by other 

well-known refrigerating machine ·oils. 

. • • ( l) 

(examples of esters of neopentyl glycol (abbreviated as 

NPG) type alcohols which contain two ester linkages in 

the molecule) . 

... (2) 

10 {examples of esters of ~rimethylolalkylpropanes 

(abbreviated as TMP) which contain three ester linkages 

in the molecule). 

... (3) 

(examples of esters of pentaerythritol (abbreviated as 

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

(4) 

. 15 (examples of. esters of dlpentaerythrito·1· '{abbreviated_ 'as 

OPET} W1=fich contain 6 ester~-linkages in the ~olecule). 

- --
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1 {examples of complex esters containing 4 or more .ester 

linkages in the molecule) • · 

In the above general formulas, R1 is H or an 

a·lkyl group having l to 3 car.hon atoms, R2 is a straight 
--

5 or· branched-chain alkyl group having 5 to 12 carbon 

atoms, RJ is an alkyl group having 1 to 3 carbon atoms, 

R3 is an alkyl group having l to 3 carbon atoms, and n 

is an integer of O to·s. 

The esters represente~ by the above general 

10 formulas (1) to (4) are esters of polyhydric alcohols 

and monocarboxylic acids. As such esters, esters having 
. . 

a desired viscosity grade can be obtained by optionally 

choosing a combination of the alcohol and one or a 

plurality of the monocarboxyli.c acids and. proportions of 

15 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 chemical structure of the 

20 central dibasic acid (dicarboxylic acid) component from 

various chemic~l"st~~~tures derive~ from succinic aeid 

(n = 2), glutaric a-cid (aSbreviated as Glut),·adipic 

aciq. (abbreviated as AZP.), · pimelic acid, suberic acid, 
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1 azelaic acid, and sebacic acid (n = 8), selecting the 

polyhydric alcohol compo~ent and the terminal 

monocarboxylic acid component from various compounds, 

and varying.the blending proportions (molar ~raction) •. 

5 The monocarboxylic acids represented by the 

formula R2COOH may be straight- or branched-chain ones. 

The latter includes 2-ethy~hexa~oic acid (2EH), 2-

methyihexanoic acid (i-C7), 3,5·,S-trimethylhexanoic 

acid, 3,5-dimethylhexanoic acid.(i-Ca), -2-methyl-

10 heptanoic acid.· The monocarboxylic 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 

15 combination of two or more thereof. 

The refrigerant composed mainly of ·a fluoro­

carbon type refrigerant containing no chlorine and 

having a critical temperature of 40°C or higher which is 

used in the present invention includes hydrofluoro-· 

20 carbons and fluorocarbons •. Specific examples of the 

hydrofluorocarbons·are.difluoromethane (R32), penta­

fluoroethane (Rl25), l,1,2,2-tetrafluoroethane (Rl34), 

l,l,1,2-tetrafluoroethane (Rl34a), l,l,2-trifluoroethane 

(Rl43), 1,1,l-trifluoroethane (Rl43a)·, i,1-difiuoro-

25 ethane '(Rl52a) and monofluoroethane -(Rl6l). Specific 

examples of the ."fi~o.roearbd~s ~re he·xa·fluoroprop~n~ ... 
(C216}~:._and octafluoroeyclobutane {C318). Of· these,··· 

l, t, 2, 2-tetrafluoroethane (Rl3.4) , l, l, l, 2-
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l tetrafluoroethane (Rl34a), l,1,2-trifluoroethane (Rl43), 

l,l,1-trifluoroethane (R~43a) and hexafluoropropane 

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

conventional refrigerant, dichlorodifluoromethane (Rl2), 
. . 

5 . and are preferable as substitute refrigerants. The 

above-exemplified hydrofluorocarbon or fluorocarbon type · 

refrigerants can be used singly or as a mixture thereof. 

10 

15 

20 

The reason for the adjustment of critical 

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

there was required a ref.rigeratin9 apparatus in which 

the condensation temperature in a condenser w~s 40°C. 

1) The above second object of the present 

invention is, for orie thing, achieved by a high-pressure 

vessel type refrigerant compressor used in a 

refrigeration cycle th.at 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 r·otor, and a compressor· 
. . . 

section connected to the motor through the rotating 

shaft, and in which a· high-pressure refrigerant gas 

discharged from the compressor section resides, said 

refrigerant being composed mainly of a fluorocarbon type 

refrigerant containing no chlorine and having a critical 

temperature of 40°C or higher, and said. refrig.erating 

-25 machine oil co~prising as base oil an ester oil of one 

or more fatty .. a.ci.ds. which ·~ontains a·t least two. e.ster· . 

linka·qes -· . ( -o- c-) · in "tbe molecule and has a vis·cosity 
II 
0 
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1 at 40°C of 2 to 70 est and a viscosity at 100°C of l to 

9 est. 

The constitution of the ester oil of one or 

more fatty ·acids which contains at leas~ two ester 

5 linkages in the molecule is as· descr.ibed above in 

detail~ 

In a high-pressure vessel type rotary 

compre.ssor, for example, is previously enclosed the 

aforesaid refrigerating machine oil having a viscosity 

10- at 40°C of 2 to 70 est, ·p~eferably 5~0 to 32 est, so 

that the actual viscosity (at a gas pressure of 9 to 11 

kg/cm2 abs and an oil temperature of about l00°C) of the 

oil which contains flon l34a dissolved therein may be 

15 

·1. 0 to 4. 0 est. 

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 stator·, a 

20 rotating shaft fitted in the rotor, and a· compressor 

section ponnected to the motor through the rotating 

shaft, and from which a high-pressure refrigeran~ gas 

discharged from the compressor section is directly 

exhausted, said refrigerant being composed mainly of a 

25 fluorocarbon type_ref.rigerant containing. no chlorine and 

having .. a· c.riti.cai · tem~erature ~f 4o 0 c or· higher,_· an.d 

said r.efrigerating machine-~oil ·comprislng as base oil :an 

ester bf one or more fatty acids which contains at. least· 
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1 two ester linkages ( - O - c- ) in the molecule and has 
JI 
0 

a viscosity at 40°C of 2 to 70 est and a viscosity at 

l00°c of 1 ·to ·9 est. 

The constitution of the ester oils o·f one or 

5 more fatty acids which contains at least· two ester 

linkages in the molecule is as described above. 

In a low-pressure vessel type· reciprocating 

compressor, for example, is previously enclosed the 
--

aforesaid refrigerating.machine oil having a viscosity 

10 at 40°C of s.o to 15 est and a viscosity at l00°C of 2.0 

to 4.0 est, 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 est. 

15 

20 

3) The above thi~d object can be achieved by 

addin9 an extreme pressure agent to the aforesaid 

refrigerating machine oil. 

The extreme pressure agent serves as an 

abration-preventing agent· in s·liding portions and 

includes, for example, alkylpolyoxyalkylene pho~phate 

esters represented by.the general formulas (6) and (7) 

and dialkyl phosphate esters represe~ted by the general 

formula (8): 

•·. •·. 
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(6) 

(7) 

1 wherein R4 is an alkyl group having l to 8 carbon atoms, 

and Rs is H or an alkyl group having l to 3 carbon 

(molecular weight: 400 to 700). 

. . . (8) 

wherein R6 is an alkyl group having 8 to 16 carbon 

5 atoms. 

10 

15 

Th~se phosphoric esters may be added singly or 

in combination of two or more thereof. The practical 

amount of the phosphoric esters added to the refrigerat~ 

ing machine oil is 0.05 to 10 wt%. 

It is. also effective to add an acid-capturing 

agent, antioxidant, defoaming agent, etc. together with 

the extreme pressure agent (the abrasion-preventing. 

agent). 

When an acid component is present in the 

refrigerating machine.oil, the.ester oil is decomposed · 
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1 by the acid component to become unstable. Therefore, 

the acid-capturing agent is added for removing the acid 

component. For ·example, compounds such as epoxy 

c0mpounds reactive with acids are preferable·as·the 

5 · acids-capturing agent. Particularly preferable examples 

of the acid-capturing agent are .compounds having_ an 

epoxy group and an ether linkage, for. exam~le, 

10 

. . 
diglycidyl ether compounds such as polyalkylene glycol 

diglycidyl ethers; monoglycidyl-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 

15 certain extent. 

20 

25 

The other additives described above are, for 

e.x:ample·,. chlorine-capturing agents for preventing the 

influenc·e of residues of, for instance, a chlorine-· 

containing detergent used for· producing.the compres~or 

or the refrigerating apparatus, additives for preventing 

oxidative deterioration during the circulation and 

storage of the oil, and add:itives for preventing 

foaming. These additives may be selected from those 

used in the conventional general techniques and are not 

er i tical·· in the present. invention. 

4) · : For: aohieV'i1'9 the .fourth object;, the 

insu-~~ting· film cons·ti tutln9 an electric mc:itor -~ection 

and the _insulation-coated .winding wire which are 
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l described below are used in a refrigerating apparatus 

and a refrigerant compressor which simultaneously use a 

flon type refrigerant containing no chlorine represented 

by flon l34a and a refrigerating machine oil.comprising 

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

more· fatty acids. As the insulat.ing film,· there is used 

a crystalline plast_ics film having a _glass_ transit_ion 

temperature of 50°C or higher, ·or a composite film · 

9btained by coating a film .having a low glass transition.· 
-

10 temperature with 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 glass transition ·temperature of 

l20°C or higher, or an enameled wire having a composite 

15 coating consisting of a lower layer having a low glass 

transition temperature and a upper layer having a high 

glass transition temperature. 

As the insulating film, for practical 

purposes, it is preferabl·e·· to use at· least one kind of 

20 insulating film selected from the group consisting ·of 

films of polyethylene ·terephthalates, polybutylene 

terephthalates, polypenylene sulfides, poly~ther ether 

ketones, polyethylene naphthalates, polyamide-imides and 

25 

. . 
polyimides. As an enamel coating, it· is preferable to 

use at 1-east one kind of insulating·layer selected from 

the group conslsti.ng· ·of ins.ula-ting iayers ·of poJ:y~~.t~r 
imide$.:r polyamides and poryamide-imides_. 
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5) For achieving the fifth object, a synthetic 

zeolite composed of a co~posite salt consisting of 

alkali metal silicates and alkali metal aluminates which 

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

5 dioxide gas absorption capacity (at· 25°C.and'at a 

partial pressure of carbon.dioxide gas of 250 mmHg) of 

l.0% or less, is used as a drying agent to be packed 

into ·the dryer,. in the aforesaio refrigerating apparatus 

which simultaneously uses a flon type refrigerant 

10 containing no chlorine represented by flon l34a and a 

refrigerating machine oil comprising as base oil the 

above-exemplified ester oil of one or more fatty acids. 

In a refrigerating·apparatus comprising at 

least a comp.ressor, condens.er, eXpansion mechanism and 

15 evaporator, and using a flon type refrigerant containing 

no chlorine represented by flon l34a, the refrigerating 

machine oil according tp the present invention which 

comprises at least one ester selected from the gr_oup· 
. . 

consisting of hindered or· complex esters containing two 

20 or more ester linkages in the.molecule, and has a 

.25 

viscosity at 40°C.of 2 to 70 est, preferably 5 to 32 

est, and a viscosity at 100°C of 1 to 9 est, prefeTably 

2 to 6 est, has a good miscibility with the refrigerant 

in the whole temperature ranges of the ·parts used in the 

refrigerating ~pparatus. Therefore, there is no two-

layer separation between the refrigerant .and the 

ref r i~.era ting machine oil~:· '. Accordi·ngly, no. two~ layer 

separation is presen.t in the oil-storing space in the 
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·i compressor, so that tl:ie 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 

condense.r,. na~ely, in a state in which the oil is always 
. . . 

5 dissolved in flon l34a ~ith a low vi~cosity in a low-

lQ 

15 

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 pr.evented 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. 

Furthermore, unlike conventional 

polyoxyalkylene glycol oils, the aforesaid r_efri9eratin9 

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

· tenth ·or less as large as that·of the conventional oils, 

a large improving .effect on the stability to oxidative 

20 deterioration, and a volume re·sistivity of loll ncm 

which is_ as high as that of an electrical insulating 

oil. Therefore, in a· refrigerant compressor comprising 

a pressure vessel accommodating a motor section and a 

refrigerating apparatus using the refrigerant compres-

25 sor, the.· refrig_er_ati~g machine oil accordinq to the 

present.· invention ·do not .s~parat"e from. fl~n l34a and has 
. . . . . 

. . 
excellent characteristics wi'th respect to both the 

performance characteristics and reliability.of the 
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1 compressor. Since the refrigerating machine oil has an 

excellent miscibility also with conventional chlorine­

containing. flon refrigerants such as flon 12 and flon 

22, such conventional chlorine-containing refrig~rants 
. 

S can, if necessary, be used in place of a portion of ~lon 

l34a 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 est was e·nclosed in a high-pressure 

10 vessel type rotary compressor and the coefficient of 

performance of the compressor was measured, the co­

efficient of performance reached a peak in the case of 

using the oil which had a viscosity of is·cst. When the 

· oil which had a viscosity of 5 to 32 est was used, the 

15 coefficient of performance· was about l.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 combination of a flon 12 and an al~yl­

benzene oil is taken·as l. Such a value indicates that 

20 the oil involves no practical ·problem. The refrigerat­

ing machine oil acco;ding to the present invent.ion which 

had a viscosity at 40°C of 56 est was found to be 

superior in the coefficient of performance of the 

compressor to polyoxypropylene glycol oils. The reason 

25 for this·· superio;ity. is as fo~lo~s. ·The ester linkages 
. . . . . . . . . 

. . . 

contained in the oil itself. undergoes molecular orienta~ 

tion mainly on.the surfaces of iron~based slid~ng· 

portfons of the shaft an<i: bearin9s of. the· compresso·r to 
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1 improve the lubrication. Moreover-, the oil is decreased 
. . 

in actual viscosity owing to its high solubility in flon 

134a, to reduce the mechanical loss. These effects are 

synergistically brought about to improve the .coefficient 

5 of performance of the compressor. 

On the other hand, in the case of a low-

pressure vessel type reciprocating compressor, the 

amount of flon 134a dissolved and the ac.tual viscosity 

vary only in narrow ranges because the comp"ressor is 

10 operated at a low pressure in the vessel of l to 2 

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

and a refrigerating· machine oil are hardly dependent on 

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

viscosity at 40°C of 5 to 15 est and a viscosity of 

15 l00°C of 2 to 4 est was good in reliability and 

performance characteristics. 

When the refrigerating machine oil according 

to the present . invention is ble.nded with an adequate 
. . 

amount (0. OS .to 10 wt\} of an extreme pressure agent· · 

20 such as a strong primary or secondary phosphoric .ester 

retaining OH groups in the molecule, for example, an 

25 

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 portions. ·c~~s~i tu ting the. shaft and bearings ~f. 

the compressor,_ and form a stronger chemical_a9so~ption_ 

film .of the phosphoric ester. Therefore, the blend .can 
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1 further improve the lubrication of the sliding portions 

to prevent scoring and seizing. 

When the lubricating properties of the 

refrigerating machine oil according to the ~·resent 
. . 

s· invention containing the extreme pressure agent were 

examined, the critical seizing pressure on surface was 

greatly increased in a FALEX test Ca. seizing test on the 

oil) carried out without the dissolution of flon 134a in 

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

10 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 l34a dissolved therein, as simula­

tion of the dissolution of a.high concentration of flon 

15 l34a, the abrasion loss could be reduced to one-fifth or 

less as large as that caused in the case· of the oil 

which did not contain the extreme pressure agent. The 

suitable range of the amount of the extreme pressure 

agent added is o ~·os to 10 wt% as described. above.:.· The 

20 

25 

results of the abrasion i·oss test are as shown in Pig. 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. 

·· Conventional · addi'tives such as an acid­

captur iriq agent·,· ant~ox~dant,. def~aming -a.g~nt, -~tc •.. : can 

be btended together.with~the extreme pressure ~gent. 
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Next, there are explained below electrical 

insulating materials for ·the refrigerant compressor 

using flon 134a together with the refrigerating machine 

oil according to the present invention. As an insulat-

5 ing film used as electrical insulating·material for the 

motor· section·, a crystallin·e plas-tics film· having a 

glass transition temperature of·S0°C .or higher is ~sed. 

The insulating film includes fflms of polyethylene 

terephthalates, .polybutylene terephthalates, poly-

10 phenylene sulfides, polyether ether ketones, poly­

ethylene naphthalates, polyamide-imides and olyimides; 

and composite films obtained by coating a film having a 

low glass transition temperature with a resin layer 

having a high glass transition temperature. These films 

15 are hardly deteriorated in tensile strength character­

istics and electrical insulating characteristics.and 

involve no practical proble~. This is because the films 

carry in a much smaller amount of water and·produce ~ 

much smaller amount of an acid than do conventional 

20 polyoxyalkylene glyco1 oils, and hence are hardly 

deteriorated by hydrolysis of the films themselves. 

2·5 

An enamel coating having a glass transition 

temperature of 12~°C or higher is used on a magnet wire 

used in the motor section. The enamei coating includes, 

for example, monolayers of polyester imides, polyamides, 

. poly~mide-im:ides a~d. ~he like, .a~d ~oniposite enamel- ·'. 

coati.nq-films obtained by "forming an upper layer" .having 
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1 a high glass transition temperature on a lower layer 

having a low glass transi~ion temperature. Like the 

above-mentioned films, these enamel coatings hardly show 

deterioration by hydrolysis, cracking, softe~ing,_ 

s swelling, a lowering of breakdown voltage., ·e.tc. and 

hence are useful for improving the reliability in 

practical. In some eases, a self-lubricating agent or 

an external lubricating agent is.included in the enamel 

coating on the magnet wire, for impa~ting self-

10 lubricating properties to improve the electrical 

workability. Fundamentally, the above charact,ristics 

. of the enamel coating itself before the inclusion are 

retained. 

Lastly, a drying agent packed into the dryer 

15 of the refrigerating apparatus in which flon 134a and 

the aforesaid refrigerating machine oil according to the 

present invention coexist is explained below. In this 

invention, it is preferable to use a synthetic zeolite 

composed of a composite salt consisting of alkali metal 

20 silicates and alkali metal·aluminates which has a pore 

diameter _of 3.3 angstrom or less, a carbon dioxide 

absorption capacity at 25°C and at a carbon.dioxide· 

partial pressure of 250 mmBg of l.O, or less. As such a 

synthetic zeolite, XH-9 and XB-600 (t:rade names·, mfd. by 

25 UNION SBOWA K.K~) can be exemplified. Both of them have 

a small .f luot ine· ion· adsorption.. The· same. synthetic· .. 

zeoli t~:.: .as above except fot::·b'.aving a ·carbon dioxi'de. qas · 

adsorption capacity of l. 5% or ·more has a fluorin.e 
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1 adsorption of as large of 0.24' or more and hence 

possesses deteriorated adsorption characteristics and 

breaking strength as molecular sieves. Moreover, 

corroded crystal disintegration product of such a 

5 synthetic zeolite chokes the.piping of the.refrigeration 

cycle or injures the sliding portions- of bearings of the ... 

compressor. When the pore diameter in the present 

invention is specified in relation to the above carbon 

dioxide adsorption capacity in consideration of such 

10 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 

15 Tables l to 4. 

20 

Examples 1 to 17 

These examples show·embodiments for a~hieving 

the above first object of the present invention. In a 

closed rotary compressor concerned with a refrigerati·on 

cycle a~d a refrigerant compressor, flon 134a was used 

as a refrigerant, and- as a refrigerating machine.·oil, 

there was used each ester oil listed-in Table l which 

contained two or more ester groups in the molecule and 

had a viscosity at 40°c of 2 to 70 est and a viscosity 

· 25 at lOO~C of· l '.to '9 ·est. F.or c;:omparison~ .dat·a on 
conven.t·i"onal ref:rigeratincf machine oils are also shown 

in Table l. 
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Fig. l is a graph showing two-layer separation 

temperature which illustrates the miscibility of flon 

l34a with each refrigerating machine oil. The graph was 

obtained by enclosing flon l34a and the ~efrigerating. 

5 machine oil in a high-pressure glass vessel, observing 

visually the two-layer separation state at each tempera­

ture and at each concentration of the refrigerating 

machine oil, and sununarizing the observation results. 

The axis of abscissa refers to the concentration of the 

10 · oil in flon 134a, and the axis of ordinate to tempera­

ture. The first target value shown in Fiq. 1 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 

15 second target value is a lower critical solution tem­

perature necessary for a refrigerating appara.tus such as 

a refrigerator, which has a low evaporator temperature 

(-30°C ·or lower). Both of the evaporator temper~tures 

are specified. value:s. 

20 

25 

From Table 1, it·can be seen that SONISO 4GSD 

(a trade name, naphthene type} and Z300A (a trade name, 

alkylbenzene type) both manufactured by JAPAN SON OIL 

Co., .Ltd. were not dissolved. A polyalkylene glycol,· 

PAG56 (a trade name, mfd. by JAPAN SON OIL Co.; Ltd.) 

had a lower critical ~elution ~emperature (shown by Ll) 

of -6o·~c ·and .an. upper ~ritical ~olut.ion t~mperature 

· {shown· .. i>y Ul) of 35°C. 
.:... .. 

The .. ester oils containi~g two or 

more ester groups in the molecu·le accoi::ding to the 
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1 present invention are so excellent in critical solution 

temperatures that their lower critical solution tempera­

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

solution temperature (shown by 02) 70°C or hiq_her. The 

·s lower critical solution temperatures is an important. 

10 

factor for practical purposes in the heat exchanger of a 

refrigerating apparatus, and the upper critical solution 

temperature is an important factor for practical 

purposes in a refrigerant compressor. 

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 usinq 

15 each of the above-mentioned refrigerating machine oils 

together with flon l34a. Consequently, in the case of 

SUNISO 4GSD (a naphthenic mineral oil) and ZJOOA -(an 

alkylbenzene oil) (trade names, mfd. by JAPAN SON OIL 

Co., Ltd.), when the ·refrigerant was present in a iarqe 

20 amount and lay idle in the ·compressor, a refrigera~t 

layer having a high density and a refrigerating machine 

25 

. . 

oil layer having a low density were present merely as a 

lower layer and a~ upper layer, respectively, owing to 

two-layer separation. Therefore, as shown in Fig. 7, 

i.e., the vertical cross-sectio~al view.showing the 

principal pa~t· ·oe'· a·· ~~frigerant ~ompressor·. ·can example.· .. 

of closed· rotary _compressor)~- oil supply to a sh:af·t _4A, 

a main bearing 5 ·and a sub-bearing 6 is carried out by· 
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1 suction of the 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 r~frigerating machine oil. Therefore, when the 

5 .refrigerant layer is supplied to the bearings, the 

resui'tin9 oil ·film is thin, so that contact between 

metal surfaces tends to occur. In addition, since the 

temperature of sliding frictional surfaces rises at · 

o~ce, the refrigerant was gasified, resulting in more 

10 ·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 conventional refrigerating machine 
. . 

15 oil is used in the heat exchanger of the refrigerating 

apparatus shown in Fig. 9, for example, the evaporator 

43 used at 0° to -60°C; the _refrigerating machine oil 

:which has been discharged together with gas ef the 

refrigerant from the compressor 40 undergoes.two-layer 

20 separation in the evaporator 43 and adhere$ to the inner 

wall of the piping of the heat exchanger, and there is 

caused the residence of the refrigerating machine oil or 

the heat insulation of the heat exchanger. Therefore, 

the conventional refrigerating machine oils greatly 

25 deteriorate the cooling capability of the refrigerating 

~pparatus and· are. ·of .·rio·.practical use. · in. this po.in.t.i. 

the po~yalkylene · 9lyco·1 listed as conventional · Exami)le ~ 

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

not. undergo two-layer sep~ration in the evaporator 43. 

But, owing to its upper critical solution temperature of 

35°-c, it completely undergoes two-layer separ~tion 

s because the temperature of the compressor· 40 during 

operation become·s at least 80°C. As in the .case of 

Conventional Examples 1 and.2, wqen the polyalkylene 

glycol is supplied to the bearings, damages due to 

s~oring and seizing are caused in the shaft and the 

10 bearing, so that· the refrigerant compressor loses its 

performance characteristics. 

In a refrigerant compressor having a hermetic 

motor, for example, the rotary compressor shown in Fig. 

1 1 a refrigerating machine oil is, of course, required 

15 to have characteristics as an electrical insulating oil. 

Fig. 2 shows the relationship. between the 

water absorption and the volume resistivity of each of 

the ester oils according to .the present invention and 

c·onventional mineral oil· arid ·polyalky"lene glycol. Even 

20 in a condition in which the. water content is controlled 

25 

to be 500 ppm or le.ss, the polyalkylene glycol as 

conventional example has a low volume resistivity of 

1012 ncm or less owing to the ether linkages in the 

molecule and hence is riot preferable. · 

·.. On the other hand, the refr.igerating machine 

oil ha~ti-ng es-ter· l~rikages i~troduced ·thereinto acc·or~.i.ng 
. . . 

to ··the.·:.present invention h:as -a high ·vol~e resistivity 

(a high i~sulating capability) .of 1013 ncm or more which 
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l is in accordance with the standard value of electrical 

insulating oil prescribed in J!S C2320. Therefore, it 

can be sufficiently put to practical use. Although the 

mineral oil ~s conventional example has a high insulat-

5 ing capability, it has a bad miscibility with' flon l34a 

and cannot be put to-practical use. 

Next, the relationshi~ among the kind, 

chemical structure and lower critical solution tempera­

ture of ester oils sui"table for flon l34a is explained 

10 below in detail with refe~ence to Table 1. 

The ester oil containing two or mor~ 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 

15 of.the ester oil are hindered ester oils and complex 

ester oils which are represented by esters of neophentyl 

glycol, esters of trimethylolpropane or trimethyl­

olethane, and esters of pentaerythritol. Table l shows 

the relationship amount the name, viscosity ·and criti.cal 

20 
. . 

solution temperatures ·of typical chemically synthesized 

products .• 

•· . •·· 
. .. :· : 



Table 1 

Sample refrigerating machine oil ~ ..... . . ; 

conventional Naphthenic mineral oil 
Example l (SUNISO 4GSD) 

·2 Alkylbenzene oil 
(SUNISO Z300A) 

3 Propylene glycol 
rnonoether (PAG56) 

Example 1 NPG/n-Co 
: ~ . . 

2 NPG/n-C7 .. 

3 
Note 1 

NPG/2EH .. 

4 NPG/i-C7 · 
.. s NPG/i-Cu 

. . 
TMP/n.;..C1 6 

7 'l'MP/n-C&· 
8 

Note 2 
TMP/i-Ca 

9 TMP/2EH 
10 TMP/i-C7 

.. 11 PET/n-C&· 
.. 12 Note 3· PE~/2Eff 

.. 13 PET/i-C1. · 

Viscosity 
(cSt) 

40°C ioo 0 c 

55.l 5.9 

60.l 6.0 

54.0 lO.O 

4.8 1.7 
2.8 1.2 
1.0 2.1 
s.s 1.8 

14.9 3.8. 
13.9 3.4 
10.e 2.8 
32.2 5.2 
22.0 4.2 

.14 ,9 3.4 
17.5 J.7 
s~.o fi. 7 
28.0 4.8 

Critical solution 
temperature (°C) 

u L 
(upper) (lower) 

- >40 

- >40 

·35 -60 

~29 

-61 
>80 . -60 
>80 -10 . 
>80 -40 

-20 
-62 
-27 
-33 

>80 ' : -60 
-44 
-a 

-40 

·-Cont'd -

.p. 
CJ\ 

. 0 

ii 

i\ 
!. 

j 



Table 1 (Cont'd) 

14 NPG/Glut/n-C5 32.6 5.9 >80 <-75 .. 
NPG/i-C1 + ... . 15 •: Note 4 

·. AZP /NPG/n-C10 29.5 s.o >8"0 -45 

. 16 AZP/NPG/n-C10 · 54.5 7.3 >80 -60 

.. 17 Glut/NPG/i-C& 56.6 8.6 >80 -60 

CH3 
· 1 

Note l .NPG.: esters of neopentyl glycol, i-C7: CH3(CH2)3CHCOOH, n-C7: CH3(CH2)5COOH, 

i-C11: CH3(CH3)CH(CH2)1COOH· CHl ca3 
:! I I 

NQte 2 TMP: esters of trimet~ylolpropane, i-Ce: CH3-CHCH2CHCH2COOH,. n-Cs: CH3(CH2)4COOB 

Note 3 PTE: esters of pentaetythri~ol 

Note 4 : complex ~sters, n-C10: CH3(CH21eCOOH, i-Cs: CH3(CH3)CH(CH2)2COOH 

... ..... 

~ 
l 
I 

l 
'! 

·i 

I/ 
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Of the sample names in .. Table l, the names of 

chemically synthesized ester oils are abbreviated. For 

example, in the case of NPG/n-Ca, NPG is an· abbreviation 

of neopentyl glycol, n-Ce is an abbreyiation· of a nqrmal 

5. organic acid (a straight-chain fatty acid) having_ 8. 

carbon atoms, and NPG/n-Ca denotes an ester of neopentyi" 

glycol and the normal organic acid (the straight-chain 

fatty acid) having 8 carbon atoms. In the case of 

NPG/2EH, 2.EH is an abbreviat·ion of 2-ethylhexanoic acid 

10 and NPG/2EH .·denotes an ester of neopentyl glycol and 2-

ethylhexanoic acid. 

l) As shown in.Examples l to 4, the esters of 

neopentyl glycol (NPG) are esters of neo~entyl glycol as 

dihydric alcohol and a monocarboxylic acid as monobasic 

15 organic acid, and are characterized by containing two 

ester groups in the molecule. Such a chemical structure 

ha.s an "important bearing on the miscibility with flon 

·134a and the viscosity characteristics of the oils. 
. . 

That is; ester oils.of a monocarboxylic acid 

20 having 7 to 8 carbon atoms were satisfactory and had· a 

lower critical solution temperature of -29°C to -70°c 

and a viscosity at 40°C of 2.8 to 7.0 est. 

25 

The smaller the number of carbon atoms of the 

monocarboxylic acid (the fatty acid), the lower the 

lower cr·itical solution.temperature. It was found that 
.. . 

the lower. critical ·solution temperatll·r~. of. the ester·· of· 

2-ethX:J-hexanoic acid. (2ER}· of Example 3 and. the:ester of 

isoheptanoic acid ( i: .. :c1 ). of Example 4 which have a 
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1 branched chain in the molecule is advantageously lower 

than that of· the esters of Examples l and 2, respec­

tively. The case of increasing the number of carbon 

atoms of the carboxylic acid to 11 for increasing the 

5 ·viscosity is Example s. The ester of Example 5 was 

found to have· a viscosity at 40~C. of 14.9 est an.d a 

lower critical solution temperature ~f -40°C at the 

lowest. 

2) Next, the esters of trimethylolpropanol (TMP) . . 

10 containing three ester linkages in the molecule are 

·explained below with reference to Examples 6 to 10. 

The ester oils obtained by the condensation of 

trimethylolpropane (TMP) as trihydric alcohol and a 

monocarboxylic acid as monobasic organic acid contain 

15 three ester groups in the· molecule, and the mono­

carboxylic acid has 6 to 8 carbon atoms. The ester oils 

haye a viscosity at 40°C of. 10.8 to 32.2 est and a lower 

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

these ester oils, ester oils having a lower critical. 

20 solution temperature of -20°C or lower are the ester ·ail 

of heptanoic acid (n-C7) of Example 6, the ester oil of 

octanoic acid (n-Ca) of Example 8 and the ·ester oil of 

2-ethylhexanoic a~id (2ER) of Example 9. Ester oils 

having a lower critical solution temperature of -60°c or 

25 lower are the ester ·oil of hexanoic acid (n-C5) of 

.Example· 7.- and ·the· e~t~r oii of ·i~oh~ptanoic acid· ·(i-C7 ) 

of Example 10. The ester ~ils of Examples 6 to ·10 are. 

also characterized in that ·the· smaller the number of · 
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1 carbon atoms~ the lower the lower critical solution 

tempera'ture, 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 

5 branched chain even when the former ester oils and the 

latter ester oils have the same number of cabon atoms. 

3) As shown in Examples ~l to 13, the ester oils 

obtained by the. condensation of .pentaery.thritol (PET-) as 

~etrahydric alcohol and a monocarboxylic acid contain 4 

10 ester groups- in· the molecule, and the monocarboxylic 

acid has 6 to 8 carbon atoms. The ester oils have a 

high viscosity at 40°C of 17.S to 52.0 est and a lower 

critical solution temperature of -8°C to -44°C. Thus, 

the lower critical solution temperature is shifted to 

15 higher temperatures, as compared with the above­

mentioned ester oils of dihydric alcoh·ols and trihydric 

alcohols. Of the ester oils of Examples 11 to 13, ester 

oils having a lower critical solution tempeFature of 

-40°C or lower are the ester oil of hexanoic acid. (·n-C6) 

20 of Example 11 and the ·.ester oil of isoheptanoic acid ·c i­

C7} of Example 13. The ester oils of Examples ll to 13 

are also characterized in that the smaller the number of 

carbon atoms, the lower the lower critical solution 

temperature, and that the lower critical solution 

25 temperature of the ester oils containing a branched· 

chain·:ls. lower than that of the ester. oil contain.t~9_.-· no' 
brancp~d chain. ·-·· 
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l 4} As a method for introducing 4 ester groups 

into the molecule, there is a method in which 

esterification is carried out by condensing a polyhydric 

· alcohol and a monocarboxylic acid with a dicarboxylic 

5 acid (i°.e. a typical dibasic organic· acid) ·as ··the 

central constituent. · By this method, tbe lower critical 

solution temperature can easily_be lowered and the 

viscosity can ea.sily be increased. Esters obtained by 

such a molecular design are complex ~sters and are 

10 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 

15 acid (C6 ) as monocarboxylic acid. This complex ester 

had a viscosity at 40°C of 32.6 est, a viscosity at 

100°c of 5.9 est, and a lower critical solution 

temperature of -75°C or lower. · 
. . . 

Example 15 shows ·the case where an ester· 

20 having moderate viscosity grade was prepared by mixing· 

the esters of Examples 4 and 16. This ester was·also 

found to possess a lower critical solution temperature 

not much changed. 

Example 16 shows a complex ester of adipic 

25 acid (abbreviat~d as AZP) as ·dicarboxylic acid, 

neopentyl glyc0-1 (NPG.) ·as dihydric alcohol,, and decanoic 

acid ( !i:Ci.o) . as monoca·rbox;y1ic acid •. · · Example. :17 ·shqws· a 
complex ester of glut~ric acid .. (Glut) as diearboxyl~i: 
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l acid, neopentyl glycol (NPG) as dihydric alcohol, and· 

isohexanoic acid (i-C6) as monocarboxylic acid. These 

complex esters were found to be so excellent that they 

had a viscosity. at 40°C of 54.S to 56.6 est, a viscosity 

5 at l00°C of 7.3 to 8.6 est, and a lower critical 

solution temperature of -60°C. These res-ults indicate 

that a complex ester having a suitable viscosity can be 

synthes1zed by determining properly the number .of carbon 

atoms (C2 to C10) of a dicarboxylic acid as dibasic 

10 ·organic acid and the numbe; of carbon·atoms {Cs to C10) 

of a monocarboxylic acid as monobasic acid, and 

condensing the dicarboxylic acid, the monocarboxylic 

acid, and a polyhydric alcohol in·a properly chosen 

15 

molar ratio. 

When these Examples are arranged, the esters 

can be represented as follows by qeneral formulas: 

•· . .. . 

Esters of neopentyl glycol: 

Esters of trimethylolalkane: 

Esters of pentaerythritol: 

Complex esters: 

(1) 

(2) 

.. • .. (·3.) .. 
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• • • ( 4) 

· In addition, examples of easily obtainable 

esters are esters of dipentaerythritol: 

( RaCOOCH2) 3C - CH2 :- 0 - CH2 - C ( CH2 - OCOR2) 3 . . . (5) 

In the above formulas (l) to (5), R1 is Hor 

an alkyl group havi.ng 1 to 3 carbon atoms, R2 is a 

5 straight-or branched-chain alkyl_ group hav;ng 5 to 12 

carbon atoms, RJ is an a'lkyl group having l 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 .carbo~ylic acid(s). 

A moderate viscosity could eas·ily be attained 

by blending a low-viscosity oil and a high-viscosity 

oil. 

In the case of a refrigerating apparatus using 

15 a flon type refrigerant containing no chlorine, for 

e~ample, flon l34a, a refrigerating machine oil capable 

of impar~in9 fundamentally satisfactory performance 

charaG:teristi~s -~nd reliability to _a cpmpressor and the 

refrigerating appar·atus can be· obtained by selecting an 
.:~;... .. 

20 oil having a lower critical sol.ution temperature of o0 c 
or lower (the first target·.value) or a~ oil.having-~ 



"". -----~---.~ 

- 54 -

l lower critical solution temperature of -30°C or lower 

(the second target value) both of which have a ·viscosity 

at 40°C of 2 to 70 est, preferably 5 to 32 est and a· 

viscosity at 100°C of l to 9 est, preferably .2 to 6 est, .. 
5 from the hindered esters and the complex esters.~hich 

contain two or more ester linkages in the mol~cule. 

It was confirmed that these ester type 

refrigerating machine oils have a good miscibility not 

only with flon 134a but also with all flon type 

10 refrigerant gases containing no chlorine, for example, 

15 

flon l52a (difluoroethane CH3CHF2). The refrigerating 

machine oils were effective in imparting high 

·performance characteristics and a high reliability to a 

refrigerating apparatus. 

In addition, it was confirmed that since these 

ester oils according to the present invention are highly 

solu~le also in conventional chlorine-containing flon 

tyPe refrigerants (chlorofluorohydrocarbon type 

refrigerants)_ such as flon 12 and flon 22, they are 

20 effective also when used in part in admixture wit;h these 

refrigerants. 

25 

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 disruption, it is preferable.to 

adjust the· proportion of ·_.the r~frigerants ·to ·SO% or less 

·and th~;. of the ester oil according to the pres~rit 

invention to SOt· or more.· 
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Next, an example of refrigerating apparatus 

for achievin9 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. incorporat,ed into a 

refrigerating apparatus having the constitution shown in 

F~g. 9. At a compressor temperature of l00°C and a 

discharged gas pressure of 9.5 to 10 kgf/cm2G which were 

10 conditions of examining the reliability of a refrige-

rater, a relationship between the viscosity of a 

refrigerating oil stored in the compressor and the 

coefficient of performance (CO~), i.e., the ratio of the 

refrigerating capacity of· the compressor to an input, 

15 was measured by using some of the ester oils with. a 

typical ·viscosity grade exemplified in Table l. The 

: results obtained are shown in Fig. 3. 
. . . . 

Fig. 3 shows a relationship between the actual 

viscosity of each refri9eratin9 machine oil and the 

20 coefficient of performance (COP) which was determined 

for th~ ester oils according to· the present invention 

having a viscosity at 40°C of 5 ·to 56 est and 

conventional examples, i.e., a polyalkylene glycol and 

an alkylbenzene oil (SUNISO Z-300A) used in combination 

25 with fl·on i.2. · :In· Fig.·· ·3, the axis of. abscissa' refers":·to . . . . 

the ac~~al viscosity of eac:h refrigerating machihe oil 

stored in the rotary compr.es.sor) and the axis of 
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1 ordinate to the coefficient of performance (expressed in 

terms of a relative value). of the compressor. 

Accordin9 to Fig. 3, when refrigerating 

machine oils.are compared in the coefficient of 

5 performance by taking the coefficient of performance 

attained by the conventional. combination o~ flon 12 and 

z-300A (an alkylbenzene oil) hav~ng a viscosity at 40°C 

of 56 est, as l.O, the coefficient of performance 

attained for the combination of the polyalkylene glycol 

10 (PAG56) of Conventional Example 3 and flon l34a is as 

small as 0.859, indicating that the energy efficiency is 

lowered by about 14t. 

On the other hand, the compJ..ex ester according· 

to the present invention with a viscosity at 40°.C of 

15 56.6 est of Example 17 gave a satisfactory coefficient 

of performance of 0.906. It can be speculated that this 

result is attributable to a reducing effect on friction 

loss caused· on the basis of. the journal bear;in9 th~o·ry 

represented by the theory of. the formula (9), a reducing 

20 effect on oil-agitating power, a heat-dissipating 

effect, etc. which are .brought about because the . 

viscosity of the refrigerating.machine oil which 

contains flon 134a dissolved therein becomes as low as 

4.35 est under the same· operation conditions. 
25 · ·· When the ester oils according to the present 

invention. whi"~h· ha~ a _.s.ti.11 · _lc>wer viscosi.ty of s ·to" 3.~ 

est· ("~-~- 40°C) were c:omt>are'3: in "the coefficient of° ..... 
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1 performance under the same conditions, the ester oil 

with a viscosity of 32.6 ~St (at 40°C) of Example 14, 

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

Example· S and the ester oil with a viscosity of 14.9 est 

5 (at 40°C) of Example 10 gave coefficient .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 s.s est (at 40°C) of Exa~ple 4, the 

10 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°C in the range of 

15 S to 32 est (exactly, S.5 to 32.6 cSt), i.e., a range 

around the most suitable value of 14.9 est, and contains 

two or more ester linkages in the molecule, as described 

above. 

20 

Example 19 

Flon 134a· and each of the refrigerating 

machine oils according to the present invention 

exemplified in Table l were used in a low-pressure 

vessel type reciprocating compressor, ·and the compressor 

was incorporated. into a refrigerator, i.e., a 

· . 25 refrigerating· apparatus. The _refrigerator .wa·s then: 

subjec~ •to a high-temperal:u-re reli.a·bility test·.: 
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1 (pressure in case i.6 kg/cm2 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 
. . 

S viscosity of the refrigerating machine oil, and the axis 

of ordinate to the coefficient of performance (COP). 

The graph was obtained by plotting the coefficient of 

performance against the actual vi~cosity in actual 

operation of each of the sample refrigerating machine 
- . 

10. oils with a ~iscosity at 40°C of s.s, 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 

15 seen that the lower the viscosity of the ref~igerating 

machine oil, the larger the coefficient of performance 

of the low-pressure vessel type reciprocating 

compressor. The refrigerating·machine oils having an 

actual viscosi_ty of. 2 to 4. 2 est and. a viscosity at 4D°C 

20 of 5.5 to 14.9 est can be said· ·to be excellent. When. 

the actual viscosity is less than 2 est, a decrease of 

the coefficient of performance and a lowering of ~he 

reliability of bearings tend to be ca4sed because in the 

case of using a conventional material such as cast iron 

25 or an iron-based sint~red material for producing the 

sliding.pa~t-s of the coinpi"essor;" the.precision of 
. . . . . . . 

·finish1ng the surfaces of the slidi~g parts is limited~ 

arid· therefore at too low an act.ual viscosity., the 
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1 lubrication on the surfaces gets into the so-called 

boundary lubrication region in which the contact between 

5 

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 explained below with 

reference to the following example. 

For evaluating the lubrication, there were 

10 carried.out a FALEX test in whic~ a seizing 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 l34a 

dissolved therein. Fig. 5 is a graph showing the 

15 correlation between the results of the two tests. The 

20 

seizing load is as follows. An increasing load was 

·applied to a rotatlng sample pin· from both sides and-~ 

load at which.seizing was caused was expressed in pound 
(~b). 

In the present example, the ester oil of 

trimethylolpropane (TMP) and isoheptanoic acid (i-C7) of 

Example 10 exemplified in Table l was. employed as a 

typical example of a refrigerating machine oil used in 

the refrigerating_~pparatus of th~ prese~t invention,. 
25 and th.ere was' 'determined a relationship betweert the kind 

an'd amount ~f an extreme pressure agent added to "the 

e_ster oil arid the lubricating characteristics. As. to 
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1 materials for test pieces used for the evaluation of the 

lubrication,· the materials for the pin and a block were 

standard materials, i.e., SNC-21 (nickel chrome steel) 

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

5 · furized free-cutting steel) according to the stand-ard of 

JIS, respectively. On the other hand, in th~ high­

pressure atmosphere friction test, there was measured a 

load at which seizing was caused by friction between 

cylinders made of a rilaterial ·for shaft ·(eutectic 

10 graphite cast iron) and a material for roller (eutectic 

graphite cast iron tempered material), respectively, 

which had given satisfactory results in rotary 

compressors. 

As shown in the case of sample No. 1 in Fig. 

15 S, the ester oil (the oil of Example 10) containing no 

extreme pressure agent gave a FALEX seizing load of 700 

tb and a seizing load of as low as 90 kqf/cm2 in a flan 

l34a atmosphere. On the other· hand, in the· case of 

sample No. 2 and s.am~le No. 3, the FALEX seizing load 

20 was further increased by·4oo eb to reach 1100 eb and the 

seizing load in a f lon l34a atmosphere was increased by . 

25 

90 kg/cm2 to reach 180 kg/cm2, owing to addition of each 

of the followi~g extreme pressure agents. In the case 

of sample No. 2, CHELEX H-10 (a trade name, mfd. by 

SAKAI CHEMICAL INDUSTRY Co. I ·Ltd.) which was an acid.ic 

phosphoric acid ~ontain.ingan active oB:·qroup in.the·. 
. . 

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

sample No. 3, an ester compound of an alkylene glycol 



- 61 -

1 and phosphoric acid (butylpolyoxypropylene phosphate 

ester) was added in an amount· of 1%. 

That is, it was actually proved that the 

phosphorus-containing compounds such as the_ acidic 

5· phosphoric ester and the alkylene glycol phosphate ester 

compound act ·effectively as extreme pressure agents for 

preventing seizing, regardless of th~ presence of flon 

134a. 

Next, a FALEX test was carried out 

10 continuously for a maximum time of 120 minutes while 

· keeping ·an applied load constant at 100 lb, 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 oil of sample No. 4 which contained 

15 no extreme pressure agent, the pin was worn in an amount 

of 25 mg. On the other hand, in the case of both of the 

oi_ls co·ntaining each of the. above-mentioned phosphorus­

containing compounds~ the abrasion loss was· as small as 

0.4 mg as shown for sample No~ 7 and sample No. a,· · 
20 namely, the abrasion 1oss could be reduced to one-fifth 

or less. The amount of the phosphorus-containing 

compound added is effective from about O.OS·wtt as shown 

for sample No. 5. The effect of the compound is 

increased with an increase of the amount. But when the. 

25 amount exceeds 10 wt%, the improving effect on the 
... .. . • 4. • • • • • • . . 

lubrlcatJ."on hits· the ceiling;· so that the· addition· of· . . . . 

the cbmpound beco~es.economically disadvantageous and 

hence becomes ·unpract.ical. · 
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1 The abrasion loss could be reduced by 

increasing the viscosity of oil from 14.9 est (at 40°C) 

of sample No. 4 to 56.6 est (40°C) of sample No. 6. 

From the facts described above, it .was found · 

5 that the seizing load, abrasion resistance and lubrica­

tion of the iron-based sliding members could be greatly 

improved by adding a phosphorus-containing compound such 

as an acidic phosphoric ester, phosphoric ester, 

alkylene glycol phosphate ester or the like as an 

10 extreme pressure agent to the refrigerating machine oil 

used in the present invention, in an amount of 0.05 to 

10 wt%, or by adjusting the viscosity of the ·oil to a 

high value instead of adding the extreme pressure agent: 

The refrigerating machine oil ~hich contains the extreme 

15 pressure agent exhibits excellent performance character­

istics particularly in the presence of a flon· type 

refrigerant containing no chlorine, such as flon 134a. 

Example 21 

An example for achieving the fourth object of 

20 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 l34a 

and the refrigerating machine oil according to the 

present ·invention were evaluated. The results. obtained 

25 are e~plained below with reference to Table 2 and 

Table j... ·· 
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Flon 134a and refri9eratin9 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 

s preventin9 external.influence.· 

(l) Insulating characterist.ics of a magnet wire (an 

enameled wire) 

As maq~et wire test pi.e_ces, two kinds. of test 

pieces, i.e., St elongated products and twisted-pair 

10 test pieces were subjected.to a sealed tube test at 

l50°C for 40 days. 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 flon l34a and the polyalkylene 

15 glycol listed as Conventional Examp1e 3 in Table l which 

is a refrigerating machine oil said to be suitable ·for 

flon l34a, St elongated products of both the polyester 

wire (PEW) of sample No. 9 and.the ester imide wire 

(EIW-R) of sample No. 10 in Table 2 were crazed, and the 

20 retention of the dielectric breakdown voltage of 

twisted-pair test pieces of these two kinds of wires was 

25 

greatly lowered to 30 to 32,. 

On the other hand, the same evaluation as 

above was carried out for a combination·of flon l34a and 

the composite e.ster oil composed of 9lutaric acid 

(Glut)";. neoperityl 9iycol. (NP~>.· a~d· isohex~noic a.cid. · · ·. 

(i-c6i.··~wh.ich is a refri9er.a·t'in9· ~qh-ine oil used: in the· 

present invention and is exemplified in Table l. · 

. ·. 
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1 Consequently, the same polyester wire (whose glass 

transition temperature is shown ·in Table 2) and 

polyester imide wire as the wires which were described 

above and deteriorated as conventional examples sample 

5 No. 9 ·and sample No 10, showed.no abnormality ·in 

appearance, as shown for sample No. 11 .and sample No. 

12. The retention of the dielectric breakdown voltage 

of these samples was as high as 95% or more, indicating 

that the degree of deterioration of t~e magnet wires was 
-10 -very low. The reason is as. follows.· The refrigerating 

machine oil according 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 acce~erating hydrolysis, and these 

15 characteristics bring about the improving effects. 

Sample No. 13 was obtained by coating the 

ester imide wire of sample No. 12 with a polyimide layer 

to form· a composite.· Sample No~ 14 was a wire c~ated· 
. . with a polyamide-imide alone ( AIW) • ·Both samples had 

20 satisfactory characteristics. "It was found that such a 

25 

magnet wire obtained by thus coating a layer with a high 

glass transition temper.ature 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 ef~ec~ive as protective layer against an 

attack o.f flon "134a and. the :ref~igeratlng" machine oil •. 

(2) Insulating cnaracterisii'cs of insulating films 

As a sealed tube test.-on insulating· films-for 
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1 motor, an insulating strength test at l30°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 Table 3. 

5 When a polyest~r film (Lumilar X101 a trade·. 

name, mfd. by Toray Industries, Inc.) conventionally 

used in the hermetic motor of a compressor was used in 

the conventional polyalkylene glycol oil shown for 

sample No. 15, its oligomer component was precipitated 

10 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 presenf 

invention and flon l34a, no oligomer was precipitated 

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

or more in the case of all of Lumilar X10 of sample No. 

16, PA-6lM (a trade name, mfd. by Hitachi Kasei Co., 

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

sample No. 17., the _polyphenylene sulfide (PPS) film of 

20 

25 

sample No. 18, and the polyether ether ketone (PEEK) 

film of sample No. 19. Thus, it was found that ~he 

electrical·insulatinq system of a c~mpressor using flon 

134a can be markedly improved in reli~bility. 

That is, it was found that the insulation 

system of a hermetic ~otor can be completed by prope~ly 
. . . . . . 

selecting a fil_m from the group· consisting of polyester 

films,:~polyamide-imi°de-coa€ed polyest·er films, PPS films 

and PEEK films which have·a glass transition temper~t~re 
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1 of 65°C or higher, and using the ~ame in the presence of 
. . 

both flon 134a and the refrigerating machine oil con-

taining two or more ester groups in the molecule accord­

ing t·o the present invention. It was found .that when 

5 · the insulation system is thus completed, there ~an· be 

solved the problem of precipitation of an oligomer 

component (the problem described above for the oil of 

Conventional Example 3 shown for sample.No. 15), the 

problems in the performance character is.tics of a 

10 compressor and a refrigerating apparatus which are 

caused by the lowering of the film strength, and the 

practical problems·in the long-term reliability. 

•· . •· . 
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Table 2 
.. 

Glass 
Sample Insulation-coated transition 
·No. winding wire temperature 

; (oC) 

. 
9 PEW. 120-140 

(Polyester) 

10 EIW-R 190-210 
(Poiye.ster fmide) .. 

11· PEW.· 120-140". 
(Poly~ster) 

12. 
'I 

'EIW-R 190-·210 .. 

13" RFW-V (Upper layer Lower layer 
polyamide/lower laye~ 190-210 
polyest.er imide) Upper layer 

250-310 
·14 AIW 25"0-310 

(Polyamide imide) 

Sealed tube test: 150°C x 40 days 

Note 1: S\ elongated wire 

Results of evaluating performance characteristics with respect to resistance ~o · 
an oil and flon 134a 
Appearance Retention of 

Oil tested change dielectric breakdown 
(Note 1) voltflge (Note 2) 

Conventional Clazed 30 
. Example 3 

II " 32 

Example 17 No 95 
abnormality 

.. No 98 
abnormallty 

No 
II abnormality 98 

II No 98 
abnormality 

Note 2: ·A relati"ve value obtained· eor .a twisted ·pair test piece by divi,.ding a value after tne. test by a value befor·e the test (taken as 100). . . 

0\ 
...... 
t 

1\ 
t 
l 
i ., 

I 
:! 



Table 3 

Results of evaluating performance ·1 
Glass characteristics with respect to resistance to 

Sainple . . · Insulating film ·transition an oil and flan 134a 
No. ... ... temperature 

(oC) Appearance Retention of tensile 
Oil tested change strength (Note 1) . . 

15 Lumflar x 10 65 Conventional Oligomer was 89 
(po~yester) Example 3 precipitated 

16 Lumilar x 10 65 •. Example 17 None 89 

PA-61M .. 
17 (Polyamide-imide- 65 II None 90 

Roated polyester) 

. 18 PPS (Polyphenylene 85 
sulfide) II None 95 

19 PEEK (Polyether ether 143 None 98 
keto.ne) II 

Sealed tube test: 1J0°C x 40 days 

Note 1: A relative value obtained by dividing a value after the test by a value before 
'· the test (taken as 100). 

°' 0) 

I 

I 
l 
I 
l 
I 

i 
~ 
1\ 
'~ 

l 
I 

~ 
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1 Example 22 

An example for achieving the fifth object of 

the present invention is described below. 

It is known that particularly in refrigerating 

5 apparatus using a heat exchanger at 0°C or lQwer; ·the. 

control of water content in.the refrigerating apparatus 

has an important influence on the cooling capability and 

the assurance of. the quality of .an electrical insulating 

material. Therefore, the establishment of a technique 

10 for removing-water is indi$pensable for the system of 

the refrigerating apparatus. 

In a refrigeration cycle composed as shown in 

Fig. 9, flon 134a gas discharged from.a compressor 40 is 

condensed into a liquid refrigerant by heat dispersion 

15 in a condenser 41. This high-tempe.rature, high-pressur~ 

liquid refrigerant is transformed into low-temperature, 

low-pressure wet vapor by an expansion mechanism 42 and 

sent to an.evaporator 43. In this series of steps, the 

water in the refrigerating ·apparatus ·.is adsorbed and 

20 removed by a drying agent represented by synthetic ·. 

zeolite in a dryer·45 provided between the condenser 41 

and the expansion mechanism 42. It is important to· 

choose the kind of the drying agent in consideration of 

a use environment in which the refrigerating ma·chine oil 

2.5 according to th~ present invention and flan l34a 

coexist·~ The suitability. of ttje ·d~ying. agent is. 

explai.~ed· be·1ow with reference to. E~amples sbown .... in 

Table 4. 
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Drying agents tested are synthetic zeolites· 

having.trade names of Molecular·Sieves all manufactured 

by ONION SHOWA K.K. These synthetic zeolites are 

classified according to the adsorption capacity (%) at 
. . 

5 2s 0 c and at a carbon dioxide gas partial pre~sure of 250 

mr.i.Hg 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 1J4a·and the refrigerating machine oil 

10 according to-the present i~vention, the results of a 

sealed tube test shown· in Table 4 are explained below. 

It was found that the synthetic zeollite 

composed mainly of sodium· alumina·te and sodium silicate 

shown as sample No. 20 (a conventional example; trade 

15 name 4ANRG) has a fluorine ion adsorption of as large as 

1.05%, so that problems due to the lowering o.f the 

strength or formation into powder are caused by the 

reaction of the synthetic 'zeolite·. Sample No. 21 (a 

comparative example; trade name 4AXH~6) and sample· No~ 

20 22 (a comparative example; -trade name XH-1) which are . 

composed mainly of sodium aluminate, potassium 

aluminate, sodium silicate and potassium silicate.have a 

carbon dioxide gas adsorption capacity of 4.5 to l.St 

and a reduced fuorine ion adsorption of 0.24\. But, 
25 they cannot put into ~ractical use because their 

fluoriri~ ·ion· adsorptio·n· is· still. too· .l~rqe. ·. 

::~. · Sample N:o· 23. (an~··exa~pie;. trade name XH-6·ooj 
and ·sample No. 24 (an example; trade name XH~9) which. 
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1 consist of a synthetic zeolite compos.ed mainly of 

po.tassium aluminate, sodium aluminate, potassium 

silicate and sodium silicate have a carbon dioxide gas 

adsorption capacity of 0.2\ and a greatly reduce~ 

5 fluorine adsorption of .0.04t. Since a fluorine.ion 

adsorption which permits practical us_e .is O.lt or less, 

the value of 0.2t indicates that these samples are 

sufficiently usable. 
. . 

The deterioration of characteristics of a 

10 synthetic zeolite itself by the adsorption of molecules 

of flon l34a is dependent on the distrib~tion of pore 

diameter of the synthetic zeolite. It has been 

confirmed that for adjustinq the fluorine ·ion adsorptiort 

to O.lt or less, the employment of a synthetic zeolite 

15 whose carbon dioxide gas adsorption capacity has been 

adjusted to l.Ot or less is sufficient. T~at is, the 

followinq 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 

20 carbon dioxide gas partial pressure of 250 mm!l9 has been 

adjusted to 1.0% or iess, for example, Molecular Sieves 

XH-600 or XH-9 (trade" names I mfd. ~y ONION SHOWA K.K.) ·, 

is used as a drying agent in a refrigerating apparatus 

using flon l34a and the refrigerating machine oil 
25 containing two o~. mo.re ester linkages· i~ the molecul.~. 

according to "the present "invention~ which "are placed 

togetner, only ~ater can b~· effectively removed ·and 

fluorine io"n adsorption hardly ·produce influences. such 
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1 as formation into powder or a lowering of the strenqth 

of beads, and therefore such a dryinq aqent is very 

excellent for practical purposes. 

"··-· 
.. 



'!'able 4 
.. ;·. COi .adsorption 

Drying agent capacity (\) 
S~mpl'e 

No. Name of sample C02 partial pressure 
250 mm119. ( 25°C) 

20 · 4ANRG 12.0 

2.1, . 4AXH-6 4.5 

22 XH-7 i·. 5 .. 
23 XH-600 0.2 

24 XH-9 0.2 

Sealed tube test: 150°C, 7 days 

Sealed tube test• 

Decomposition Fluorine ion 
r~te of adsorption 

refrigerant (\) 
.(\) 

0.028 1.05 

0.032 0.24 

0.035 0.24 

0 .·042 0.04 

o.o4 0.04 ....., 
w 

~ 
·' 

i 
I 

~ 
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The carbon dioxide qas adsorption capac1ty at 

25°C and at a carbon dioxide gas partial pressure of 250 

mmBg should be 1.0% or less, and it is preferably as 

small as possible. When it is zero \, the d~ying agent 

5 absorbs water alone selectively but not fluor.ine ·ions~. 

so that the drying agent becomes ideal molecular sieves. 

The present invention is constituted as ex~lained above 

and hence has the following effects. 

(1) By using the refrigerating machine oil 

10 described below~ in a refrigerating apparatus comprising 

a compressor, condenser, dryer, expansion mechanism and 

evaporator and using a flon type refriqerant·containing 

no chlorine and having a critical temperature of 40°C or 

higher which is represented b~ flon l34a, the perform-

15 ance characteristics and reliability of the compressor 

and the refrigerating apparatus can be markedly improved 

because the refrigerating m~chine oil and the refrige­

rant are ·highly miscible with each other without their 

separation into two layers "in the whole temperature· 

20 

25 

range where the compressor·and the refrigerating 

apparatus are used, and hence a lubricating oil film on 

the shaft and bearings of the compressor and. the 

refrigerant-heat-transferring capability of a heat 

exchanger are assured. The refrigerating machine oil 

comprises as base oil an ester oil according to the 

prese.nt ·invention wtd:ch cont~ins two· or. more ester 

linkag~s in the molecuie aria has a refri.gera~ln9· ma.chine 

oil vis~o~ity at 40°C of 2 to 70 est, preferably s to.32 
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1 est and a refrigerating machine oil viscosity at 100°C 

of 1 to 9 est, preferably. 2 to 6 est. The refrigerating 

machine oil has·a lower critical solution temperature of 

0°C or ·lowe~ or -30°C or lower, and is used in the first 

5 target, i.e., a moderate-temperature·refr.igerating 

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 

10 the reliability can be improved by an improving effect 

on the lubrication in the sliding portions of ~earings 

. 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 

15 such as an abrasion-preventing agent, acid-capturing 

agent, antioxidant, defoaming agent, etc. to the above­

mentioned refrigerating machine oil. 

( 3) By simultaneous use o·f the refrigeratin~ 

machine oil containing two· or more ester iinkages ·in the 

20 molecule according to·the present invention described· 

below and flon 134a, the so-called performance characte­

ristics can be improved, namely, the coefficient of· 

performance indicating t~e performance characteristics 

of the compressor can be increased, the.power consump-

25 tion of the ref~igerating apparatus using the compressor 

can be "reduced~.· and: t,he refrigerating capacity can: be 

increa,~ed·. ·rn a high-pressure vess.·eJ. type rotary 

compressor, the refr~gerating machine oil is· one.which 
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1 has a viscosity at 40°C of 2 to 70 est, 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 est, preferably 5 to 

s is est.· 

(4) The electrical insulating performance and 

long-term reliability of the refrigerating apparatus can 

be markedly improved by using an insulation-coated 

winding wire with a glass transition temperature of 

10. 120°C or higher and an ins~lating film with a glass 

transition temperature of 70°C or higher as insulating 

materials for a motor, and a refrigerating machine oil 

comprising as base oil the ester·oil according to the 

present invention, in a refrigerant compressor using a 

15 flon type refrigerant conta.ining no chlorine represented 

20 

25 

by flon 134a. 

(5) By using a synthetic zeolite composed of 

alkali·metal silicates and alkali metal aluminates 

having a carbon dioxide gas adsorption capacity at· 25°C 

and at a carbon dioxide gas partial pressu.re of 2SCJ mmHg 

of 1.0% or less, in the dryer constituting the 

refrigerating apparatus, water in the refri9erati9n. 

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 

dryi.pg. agent· i"tself, riame_iy·, the proble.ms· caused by. 

cloggil).g of ·a piping for re?r igeran t. with the dryinq 

agent and abnormal a·brasion due· to ·intrusion. of the 
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l 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 

characteristic$ and the long-term reliability. 
. . . 

5 ( 6) The refrigerat~ng apparatus having the. 

constitution explained above can reduce the ozone 

depletion potential (ODP) and the global warming 

potential (GWP) which are in question in the terrestrial 

environment to zero and 0.3 or less, respectively, 

10 relative to values attained when a conventional 

·chlorine-containing flan type refrigerant _gas (e.g. flan 

12) is used. 
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CLAIMS 

1. A reftig~raDr compr:ssor used in a rcfdget11tion cycle · 
wherein· the refrigerant compressor comprise.~ · s high­
ptcs.sure clo~d vessel $1.orcd with a refrigerating mac~ine." . 
oil which accommod~tes a mo1or composed of a tOlor and a . 
stator having a windiog wire and an jnsu]ating fi.ltn, a 
rotating sha.{t fitted in the rotor, and a compressor section 
conncctecl 10 the motor through the roL'\ting sbaf.l,. :\Dd in 
which a high-ptcssurc .refrigerant ·g35 disc:h~rgcd froni the 
compressor section rcside.~T said reftigeranr comprising a 
chlotioe-frec .ftuomcat:f>on and/or hydroftuomcarbon · ~nd 
having a critical temperature of 40° C. or higher,. and said 
ref.rigerating machine oil coo.'>isting essentially of an ester 
oil obtained from a single alcohol and an acid component 
comprising one:: or more !.atty adds ha\'ing six to rhirt~~n 
carbon atoms:- wherein said i:stcr oil has a viscosity al 40° C. 
t1f2 lo 70 cSt .aod :t viscosity ut 100° C. of 1 w 9 _cSt, wher~in 
said ester oil comt>dses at least one member selected from 

• 
the group consisting of th~ c~ter oils repn:~ntcd by the 
following general formufac (1) to (5): 

(l) 

(2) 

(J) 

($) 

This Sheet Has Been Replaced 

1•11111111 
. It . 

. ll 
-CH~:......_COOCH .. -c-cH ... OCOR'! 

• . - J. I ·- . -
. . 

R,_ 

l IH\H\ \t\1\1 lllll \llll ti \Ill 
* C L II S * 



z ···----------·--··-------

iiii1if1r 
- 79 -

wbcrejn R1-is :in alkyl gruup having 1 ro 3 c~rbt10 aloms7 R:. 
is a strligh1 t,r branched cb;\iD alkyl grottp bavlng S lo 12 
c:trboo atoms, ptovid~d that in lbc formula (5) .R: is JJ 

sltaight or branched chain alkyl group havins 9 to lJ c:irbou. · 
atom~ R" is an alkyl group having 1 to 3 carbon :itom5.y ~nd · 
n· is an intcg~r of O tn 5. and said winding wit~ of said ·st'1Lor 
comprises a core wire ~aviog :ro ehamC:l c:oathig h'iving · :i 
~lass transition lt:n:tpc:ratur~ of 120~ C. u~ higher. 

2. A refrigcr~ot cotnprcssor 3Ccorc.Jing to claim 1. wherein· 
s~id enamel coating c.-omprise~ al Icnst one insufatin~ J;syer 
selected f.n.1m the group ccinsisting of fayen; of polyester 
imide~., polyamide:s :md polyamiclc·iniide:\. 

3.1\. r~trigcr~nt compressor :iccording to claim 1. wherein 
the insulating tilm compri~cs n crystalline ph1slics film 
having a g.lass tr:insicion l~mper~tlJre of 50° C. or highet". 

4. I\ refrigerant compressor ~cccm.Iing to cfairo 1. wbcceio 
said insulating film comprises :it fe.;z!\I film Ol4de of a 
m~tcrfal sc:lectcd from the group consisting of polyethylene 
tere_phtbafat~. pofybut yicnc t-erepbthalatc:s,. polyphc.ny J~n~ 
sulfides, polyether ether kctones. polyctbytc:oc o~pbth:ilah:s,. 
poJy~nlid~-itriidcs, and polyimid~. 

5. Ar~fcige~nt roropres.sor according to claim l,. wbert!in 
. said. ester oil c:omo~ at least one membet ~lectcd from 
the group consisting of the esti::r oi.!s reprc:s.:nt~d by the 
gcnc~l forrnul~e (1) to (4). . . . . 

6. A refrigerant ·compr~or U.Sc:d ia a rcfrig~tiltion cycle. 
wherein th~ rcfrigcr~nc c:ompressoc comprises i low• . 
pressure closed vessel stored with a refrigerating machine 
oil which accomrnod:ucs a a.tolor compost=d of .1 rotor and~ 
stator having a winding wire ~nd ao · jnsul:iting film~ a 
roc11tmg shaft fiucd in the rotor, and a compressor section 
connect~d to the motor lhrr,iJgh the rotating sh~ft,.and from 
whicb a b:igh-pre~-ure rcftjgcrant gas discharged from the 
comprc:ssor :sc:clion is direct! y f:Xbausted,, Sllid refrigerant 
comprising a chlorinc-fr~c lluoroc:irbot'J and/or hydrofluo- · 
rocarbon ~net having ~- critical temperatur~ of 40° C. ot . 
higher, and S3 i~ rcfriger.iting machine oil consisting c.~<en- ·. · 
ti:tlly of an ester oil obtained from a single alcohol and. ~n 
acid component cotnprising one or more £-itty acids having 
s·ix tQ thirteen carbon atoms ... wherein said ~~let oil has - · 
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viscosity :11 40° C. of 2 to 70 _cSt and a viscosity ~t 100° C. 
of 1 to 9 cSt, wherein said e.~ter oil compris~"\ al lczt one 
m~mber selcc1cd from the group co~isting of the estc::r oils 
repri:scntcd by the following Sencr3l formulae (l) Lo_ (5): 

(l) 

(R1 CH*C(Ctt~COR:): 

(J) 

(S) 

ltj 

r . 
R~~QCH.,-C-CH:OCOCH:(CH:)n -- . } 

wherein R 1 is H or ao alkyl group having ·1 H<l 3 c:arboo 
atom."\ R~ is~ straight or br41nchcd ch~in alkyl group having 
5 to 12 arbon ato1ns., provided tb~l in the forinufa (S) ~is 
a straight or branched chain alkyl ~'TOup ha\'ing 9 to· 12 
c~rbon aloms, R3 i~ :in ~lkyl gn>up hav:iug. l ·tt1 3 ·c:irbon 
ntoms, ~nd n is ~n iu1cgc:r of 0 to 5, and s:iid winding wire 
of ~,id st:ltor cuml)riscs . a ccJtc wire havjog· :tn enaro~l 
coating having :i glass tunsition temperature of 120° C. or 
higher.· · 

7. A rcirigcranl c:ompresst>r ac:cordfog to .claim l or .6., · 
· wh~t~in said chlorine-free hydrocarbon and/of hydrofiuorq.:. . 

carbori-.is fl.on I 34a. . .. . 
8. A t't;frigcranl <.:omprcssor according, ro claim· 1 or· 6~ 

Whcrc::iri S.iid refrigerant. further Co~ipri:";c~';\ :JO C:ctfCtD~ pres­
sure agent. . 
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9. A·rcfrig~rant c:omµre.."-""1r ~ccording \u cl!\im 8, wheTein 
the extrcrn; pre~surc agent is· at. lc:lst one member scl~ctc<l 
from th~ broup consjsting of all~ylpo~yoxy:l,lltylcne. phos­
ph~tle ester'$ represented by the followm~ formulas (_G) nod 

(7): 

(6) 
R.O(CH~O).-P-(OUI...... t H ur.. 

~s o 
(7) 

This Sheet Has Been Replaced 

1•1m111 
wherein R" is ~D alkyl group h~ving l Lo 8 carbon atoms, and 
R5 is H or an aU.-yl group having 1 to 3 orboo atoms, and 
n is a valu.e so as lo make th~ molccubr wt;ight 400 to 700, 
and is conL~inE:d in said rcfriger.inl in an amount of 0.05 tO 

10 Wt%. 
10. A refrigerant compre..~~or a.ccording lo clairn 8, 

wherein the extreme prc...~1rc agent is a dfalk")'l phosph&i.te ·. 
ester represented hy the formula: · 

(S) 
0 

II 
(~O):- t'- o~ 

wherein R0 is ein alky! group h:1ving 8 10 16 carbon aloms, 
11nd is contained in said refrigerant in ~n ~mount of 0.05 to 
10 wl %. 

11. A rc.friger~_nt ·.compressor according .t,e> claim 8., 
wherein· said refriger:mt · further _i:ompdse~ al· least on~. 
membt1'· selected from .Lhe group cons°isting Of ·acid~ 
:apturing agents, antfoxidcms and dcfo~ing agents~ . 
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12. A refriger~nt compTC.SSOf a~rc.ling to cbim 6, 
wherein ~aid ester on comprises al least one member 
selecLcd frou1 the· group consisting of th~ ester oils repre~ 

· scntcd by the gcnct~l formulae (1) to (4). 
13. A rr.frigcnnt compressor. u...~d in a. refrigeration cycle. 

wherein lhe refrigerant compressor comprises a . hish­
prcssure r;losed vessd stored with a rcfrigerat~g machine 
oil whic:b accommod:iteS a motor composed of a rotor and a 
stator bavicg a winding wire '"d an insula1ing film, 2· 

ro1aling shaft fitted in the rotor, aad a compressor ~t~oo 
connected to thae motOJ'.' through the rotating shaft, and in 
which :t high-pt'csstuc tefrig=rant gas d~h~rged from the. 
compressor section· r:sidcs,. said refrigerant comprising a 
chlorine-free fiuorocarbou attd/or bydrc1Iluorocarbon :i.od. 
ha.vjng. '1 c:ritical tem~rature ot: 40111 C. of higher, ·:iifld ~~rid. 
refrigcr:\ ting machine oil consisting e.~stnlially of an ester 
oil obtaioi:d from a single alcohol md single add, the :frriglc 
acid befog .a fatty add h:.ving six tc., c:JCven carbon atoms, 
said r::frigcrating ms chine oil baviog a vi::\c:osity at 40° C. 'of 
2 to 70 cSt :tnd a, viscosity .it 100° C. of 1 le> 9 c:St, ~nd s:i id 
winding wire of said Sl;ltor comprisc:s ~ t."Orc wit~ hzwing :i.n 
cmtmel coatitlg h;1ving a gl:ls.~ lransitioll tcmpcr:itur~ (1[ 120,:) 
C. or higher. 

14. A rcfr.ig~r;tnl comprc..'-.~r according to cl11irn _ 13, 
wherein :;aid single :icid is ~ oiont.,b:isic ~cicl. . 

IS. A rcfriger;iot compre..,'Or used in a n:friger.ition cycle 
,,..herein tbc rcirl~erant compressor comprises a lc.1w .. 
pre~.-.ure dosed vessel S[Orec.J with :i ··n:(rigcr:uiog m~::hine 
oil which ac:oniinotl .. tes :\-motor c:omoosed of a rotor and a • 
~tacor having a wi11ding wire .io<l an insulating tilrn. :i 

rotating sb:ift ti.ucd in the rotor. and .i) compr:.s.~c.1r seer.ion . 
conn~ct::d to the mole.Jr through the rotating ~h:\ft, :ind from 
which a bigb-ptes."llr.: rcfrig~rsnt g~ di:scbaiged from the 
coi:Dpres..~r sc.ctioa is directly ~xh~uste~ ~id refrigerant 
comprisiog :i chlorine-fret fiuorocuboo Jnd/or hydrofiuo: 
roc:arbop ~oc.I having· 01 critical tempc~3tute. ~[ 40° C. or 
higher, ~nd Slid refrig"t:radog macbin~·oil consisting e..'~n-

. tially of aQ ester oil obbiotd ft_c;up ~ .single alcohol and :. · 
single aiitl, the single acid being a ~dd tl:i"'.'iog six to cJevcn 
carbon atoms. the refrigi:::r~tfog machine oil ha'--iog a vis­
cosity of 40° C. of 2 io 70 c:St :ind a viscosity arlOO° ·c. o! 
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l lo 9 cSt,. and said winding wire of said st~tor comprises~ 

· core wire having an enamel coating baving :i glass Lransirion 
l~mpcrature of.120° c_ or higher. 

16. A refrigerant comprcs..~r ao:.-ording to claim 15_ 
wherein said. single ~dd i~ a monobasic: 2cid. 

17. A refrig~rant comprcs..~r used in a refrigeration cycle. 
wherein the · refcig~ranr compressor comprises a ·high· · 
presst1:rc closed vessel stored with a tefrigc:rating- mncrunc 
oil which accommocbtes u motor composed of a rotor md a 
stator h~sing a winding wire 3nd ~n i~-ufating film. a 
rot~tins shs.ft fiucd fo the rotor, and s compressor sc::tion 
coooectcd co the motor thro·ugb the rotating sh~ft, arid in 
which a bigh·p~essure refrigerant g3S dischacged from the 
compr~r section ri;sides, saitl refrigerant beiog compo~cd 
mainly of~ fluorocarbon refrigerant containing nQ chlorioe 
and having :i critical tcn1per:uurc of 40° C. or higher, and 
said tefrigc:ratingriiachinc oil comprising as b.ase oil an ester 
oil of one or more fatty ~cid-;, wherein the ester oil has a 
viscosity :st 40° C. of 2 to 70 cSt and a viscosity .lit 100° C. 
of 1 to 9 cSt, wherein s~id C$tcr oil comprises :lt le:ist one 
member ~el.c:cted from the group can~isting of the ~lcr oils 
which arc rcpt~~nled by the fu1.lowiog ~encral fonnulae (1) 
((> (5): 

(l) 

This Sheet Has Been Replaced (::)' 

11111111 (S) 
C(CH-;OCOR:)-4 

(4} 

(5) 

~, 

I' 
R~oa;1~1~cu:0c.o~fi:(crr~. -

R:t 

RJ 
. I . 

-CH.,-coocr.; ... -c-01.,ocoR .. · . - . - . I . .- ... 
R~· ~·~~~-'--~~~-
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··wherein R1 is .H or an 41lkyl group having 1 10 3 c:irbon 
· ;items, R: is a straight or branched chain :i11'yl group h.iviog. 
S ro 12 carbon atom~, provided th;d in the formufa. (5) R: i:; 
a ·~lraight or hrdnc:hcd chain alkyl group· having 9 to 1~· . 
c;irbon .stoms, R:i is an alkyl group bavfog l. lo .3 c:irb90 . 
~toms, and n is an rnle,&cr of 0 10 5, and said wioding· wfr~ · 
of the :-\t3lor comprl$c:s a core wire;. having an ennmcl co:i1ing 
h~viog a g.bss transition temperature of 120° C. or higher. 

18. A rcfri~erant compt~or ~ccordiog to claim 17, 
wherein ~aid cn:imel coating cornpriscs at least one insulat­
ing .tu ycr selected from the group coo..~isling of u ycis of 
poly~stc_r imide~, poly'1midtS and poly~miJe-imides. 

19. A refrigerant compressor. acc:ordfog. Ln claim 17, 
wher~io s~id esti::r oil comprises :ic lc~t <.ln~ m~mber 

sc:lcctcd from tbe. group consisting of the ester oils n:prc­
Scntcd by the. geoeal funnulae (1) to (4). 

10. Arc.frigcran1 compressor used in a ~frigeration cycle 
wherein the. rcfdg~rant compressor comprises a low­
pressut'e closed v~cl sto~d with a refrigerating roaehine 
oil which accommodates a motor composed of a rotor and :\ 
stator haviog a winding win: aud an in!'Ulating film. a 
rotating sh~ft fitted in tbt; rotor, and ~ comp~~r section 

. connected to the motor Lhrough the rotating sbafl, ;ind !tom 
which a high-pressure refrigerant gas discharged from tbt 
compressor Section is directly ~xhatistcd, sajd refrigerant 
being composed mainly of fiuorocart>un refdgeraal coDt:lin- · 
ing no chk>rine ~nd having a critical t~mpcnlllre of 40° C .. 
or hight;r, ~d said rcfrigeillting macbiac. oil comprising as 
base: t1il an ester oil of one or more .Catty acid41\ whc.rc.io the 
ester oil bas a viscosity at 40• C. of 2 to 70 cSt and ~ 
viscosity at 100· c. of 1. to 9 cSl, v.~rcin said ester on 
comprises at least one mcmb~r ~lectcd fn1m the group 
·coosisting of the ester oils which are represented by the· 
following g~neral formulae (1) to (5); 

1 llltlll 1\1111 llltl 11111111111 
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(l) 

R JC:H:C(CH:OCOR,}, 

(3) 

(R:C'OOCH:}JCCH:OCr·t:C{CH:OCOR:h 

(.$) 

Rl 
I 

This S.heet Has Been R 1 

/Ill I Iii 
-c:R .. -COOCH·~-C-CH10COR. .. - - I - . -

R"l 

wherein Rl ·is H or an alkyl gn.>up h:iving 1 to 3 c~rbon 
:ttoms, ~is a straight. or br;inchc:d chain alkyl group h:wing 
5 to· 12 carbnn i\loms, provided thal in die fnrm\sla (5) R: is 
a st.r.iight or branched chain alkyl grou~ having 9 to 12 
carbon atom:>, R3 is an alkyl group. ha~-lng· 1 lo 3 carbC?Q. 
3t01n.~., and D l.~ an integer Of 0 to 5., and said Wioding wire· . 
of lhc stator compri.c;e.~.~ core wire having an enamel coaling · 
having a glass tnmsitio11 lcmpcrature.of 120° C. or high~r. 

21. /\ refrigerant compressor aci:ordii1g. lo claim 20. 
wherein said enamel coating c:ompri..~ ~,L le~l one insulal­
ing foyer !\t:lcctcd rn.1m the grou~ con~isting of byers of 
polyt.;;tcr im·ide.,.,·polyamidc.s apd pc>ly:\mide-imid1:S. 

22. A refrigerant c:ompr~sor according to claim 20, 
,.y·hercin said ester oil compr~s at lc:t5t <Joe memhcr . 
selected Crom the group ·consisting. or the estc:r oils repre;. . 
sent:::cl·by th~ gcncr:d _formulae (1) .lo (.4). ·· . · 

· .13. A rcfrig:mnt compb=~~or used in a refrigc:r:ition cyclt 
wffcrein the refrigc~~nt cumprcssor c:ompri~cs ·~ high­
pn:!'-5urc c!o~'Cc.l vc:ssd ~torcd wi·ch ~ refrigerating machine 

I tllllll lllllJ lllll lllt~l 1111 
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oi1 which :\C:commodatcs :i mc.,tor compc,scd of a rotor ~nd • 
sta(t)r h:iviu~ a ~"inditllo! wire and '1n insufatin~ nlr.n, a - - ~ 
rotating. shaft titted in tbe mtor, and a compre:s.sor secticnJ 
~onnc::tcd to the: motor through the rot~ltin!: sh~ft, .and in 
which a high-pressure refrig~rant ,;.is dischar.gt:d from the 
compre.(\~r section r::sides, ~id rcfriger:mt befog t:'tlmpose.U 
m;1in_ly of' lh.1.oroc:irblm rcfri~r:ml com:iiniog no chlorine 
~nd having a r::ritical tc:mpcratu~ of 40° C- or hig~r,, and 
saitl refriger2Iiog machine oil comprising ~ base: oil an .estc:r 
oil of one or more tatty ~c:ids wherein the: ~tc:r oil has a 
viscosity at 40° C. of 2 to 70 cSt ~ad 3 viscosily at 100° C. 
of l lo 9 cSt, wherein ssid estet oil i:ompri.~C:$ at lc:ist cine; 
raembc:r selected from the group· consisting of the ester oils · 
wbich ~re rept"C...~nted by the following gcnetal formube (t) 
to (S): 

(1) 

(3) 

(4) 

(S) 

1\3 
I 

R~OCH:-7-CH~OCOCH~(Cliil~ -

iiiRlr R1 

R, 
t 

-cH .. -cooctt .. -c-cs-ocoa" - .. . I - -.. 
. ~l 

wh~rein R1 is H or 3.D alkY.i. gro\1p ha·vin.g 1. to 3 cacboo ·. · 
alotns, R2 is a $1raigbt or br~inchcd chain alkyl grut.ip·having 
5 to ~.2 carboo atc.1ms, provided zh~t in lhc formula (S) ·R: is· 
a· stnight or branched ch~iri a1:k~l i;roup having 9 to 12 
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c:arboo atoms, "RJ is ao ~Jkyl group having 1 to 3 c~rbon 
atoms~ and o i:$ an ioteg.er of 0 to 5, :ind said insulating film 
C(1mprisc:.s a crystalline plastics film having .:i gla."'S tr:insition 
tcmper.itu~ of 50° C. or high~r. 3nd said '1rinding wire of 
said sutor c:ompri~s ~core wire h~vfog an .enamel coating 
having a glass tt~nsition tetnpc:r:iture o! 120° C. or higticr. 

24. A refrigerant compressor according to d:ilm 23_. 
wbcr~in said insulating film comprises a.l (:3st film made of 
a material selected from the group c:onslsting of p<;>lyethyl .. · 
enc terepbLQjfates., polybutyt~n·e tcrcphlh«latcs, polyphc­
nylcnc sulfides, polyether ctht:r ketoocs, polyethylene: 
n~phth2l~tcs, polyamide-imidcs, ~11d pvlyimide..1'. . 

25. A reirigcr:int compressor aceording. lo c:faim 23. 
whercio said e~l~r oil e<1mprises ;it Ic~t one . member 
selected frc.1m the group consisrfog of the ~')lcr oils r;prc ... 
sentcd by the gcocrnl fonnulac (1) lo (4). 

26. A refrigc~nt ·compressor used in a retiiA,rcratioa cycle 
wherein the rcCrigcr~nt c.:ompre~.;or compti~es " low­
prcssure closed v~;l stored ,,,,-ith a n:(rigcratiag machine 
oil which accommodate$ a motor composed of a rotor a11d a 
stator h~tving a winding ~.-ire and '" insu!:urng film, a 
rotating sb;if\ fined in the rotor, and a compressor -sc=clit.>n 
cannc:clcd l\) the mo.tor thcough the .n.1lating s;h!lft~ :ind frorn 
which a high .. pre~'\ure rcfrig~r:.:mt g:i.s disr.:h3rg\!d fl'(.1m the 
c:nmpr~or ~Gc:tioa is directly exhtlusted, ~aid. n:friger.inl 
being comp~ed m~ioly of fiuoroc;irbon rdriger:.nt contain­
ing no chk1rinc :uid having~ cri1ic::d tetnp~r.,ttrrc of 40•. C. · 
or hishcr, and s:1ici refrigerating machine oil cor.nprising as 
base ·oil an ester oil o( one or n:HJrc fuuy ac:ids wherein the 
ester oil ha.4\ ~ viscosity at 40° C. of 2 to 70 c:St and a 
viscosity al 100° C. ~if l co 9 cSt~ wherein said ~stc:r oil 
comprise...~ al lc~t ooc member selected from the gmup 
consi-;liog of. the ester oils which arc ·rcpre..~nlcd by the 

following gcocrJ.l fomlufae (1) to (5): 
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(l) 

(2) 

. C(ot:OCOR:)" 

(4) 

This Sheet Has 13 . 

111111;,1 

wherein R.i i~ H or an ;ilkyl group h:iving 1 to 3 carbon 
ato111s, R: is" str«ligbt t)r branched cbain :\Beyl group having 
5 to 12 carbon aloms, pro.videc.l th:it. in the ft1rmul;t (5) ·R: i.5 . 
a ·straight t>r branched chain alkyl group having 9 .1c.1 12 
carbon atoms, R3 is an all:yt group having. 1 to 3 carbori 
atoms, and·n is an integer of a to S, and :>aid insulating lilm 
comprises a crystalline plastics ·film having~ glass transition· 
tempcr..aturc of 50° C:. or higher, aml ~id winding wir~ of 
s~id !:'1alor conlprises :. core wire haidng an enamel coating 
h:iviog a gluss transition temperature of 120· C or high(!r. 

27. A refrigerant compressor according to cfaim 26, 
wherein said in:rrul~ling film comprises at lea.~l film made o( 
~ roat~ri2l s~lccted from the group consisting of polyethyl· 
ene Lerepbth:ilare.s, polycthyl~ne tcrc-phthalat~, polyphe­
ny!cnc sulfides, polyether cthe:r ketoncs~ polyethylene 
naphth•hues, poly~nnidc::"'imide~# aad pol}'imi_dcs. . . 
-:.~8. A.refrigerant comprES:sor used in a rdrigcratfon cycle · · 

wherein lhc rcfrigerllIJl comprcicr..ct~r compris~.i; ·a high· 
pressure clo~d vessel sto_red. ~ilh ~ refrigerating machine 
oil which acc:ommodat.cs a motor composed of .a ·mt.or and a· 
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statot, a routing ~haft fitted in tbe rotor, and et compressor 
section cor.mcctcd to the motor through the rotating sbaft, 
and in whic:h a bigh~pressurc re:ft:ig:r:inl gas discharged from 
the comprCsior scctfotl resides, said refrigcrint being com· 
posed mainly ·of a Jluorocarbon tcfri~rant con~aining no 
chlorine and having. a critic.al temperature of 40° C. · or 
higher, and said r;frigcratfog machine oil comprising a.~ base 
oil ao ester oil of on~ (1r more fatty ac:ids· having six to 
thirt::cn ~rbon atoms whicb ester oil c..vnt..,ins at l~a.oC\l two 
ester. Hnkagcs 

(-o-c-J 
If . 
0 

.. . .. 

1iiiif 
in the molecule ancl has a vis~1si\y at 4Ct' C. tlf 2 to 70 cSt 
and a viscosity :it lCK>° C. of 1 lo 9 c$t, s~id closed-ves..~el 
:1ccornmodating a motor .cnmposcd of a r(1lor an ~ ~ta1(.lr. :i 

rotating ~h\\ft, and a c:ompr~or section cnnuc:ctcd to the 
motor through the rot~ting sh~ifl, where.in a winding wire of 
the SLaLt>r comprises a rorc wire h:.ving an c:n:.mcl coatin~ 
b;'\ving. :i glass transiti()n lcmpcrature of 120° C. ~,r higher. 

29. A refrigcr:inc compressor used in a refrig¢rntion cycle 
wherein th:: rcfriger:i.nt co~pres~9r con1priscs ~ bigh­
pies.'\t1-rc do~d-vcssc! stor::d with :l re:frigcr:iting 1m1r:bin.c 
oil which a~ommodatcs a motor com~c:d of~ rotor ~nd a 
stator, ~ rot~ting shaft fiu~ in. the ro<ot', and 3 co1nprcs.SQr 
sectioo connected to the. motor through the rot~ting shaft, 
:ind in which a big.fl-pressure r~frigcrant gas di.scharg~d from 
the compt'es...~r section r;sidcs, said refrigerant being com­
i)oscd m;iioly of a ftuoroc:irbon rtfrigcrant CODt~ining, no · 
chlorine ~d having a critic~} temperature· of 40° C. or 
higher, and s:sid rcfrig.cr:iling machine oil comprising :is b:ise 
oil an estc:r oil of on~ or more f.auy :icids having six to 
thirte~p carbon. atoms which ester oil contuins at le~t Lwo· 

. . 
csler linkages 
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in the: molecule and has a viscosity at 40° C. of 2 to 70 cSt 
and a 1fiscosily ut 100° C. oft lo 9 cSt, wherein :in iD~lating 
film of the motor c:omprises a t."tyst:illine plastics film ~~ving 
8 glass ttansition temperature: of 50° C. or h~gh~r, ~nd saiid 
. winding wire of said stator compris;i::; a core wire. having :tn_ · 
enam~t CO~ting h~ving a gfass transiLioo tcmpcrawre 0(120° 
C. or higher. 

30. A refrigerant comprCssoC' \J..~c:d in a rtfrlgeration cycle 
wherein the tefrigr:ratu. compressor i:omptises ~ · low· 
prc$$t1rc clo~d-v~~l stored with ~ Nfrigerating roa~iine 
oil which accommodate:; u motor comp<l~d of a rotor anc.13 
stator) a rotating shllft tirtecI in the totor, :and n compre.$c;or 
sccdoa connected to the: motor th.cough lhc rotating Sh3ft, 
and Crum which :i higb-prcssute re(rigcrant g:i..~ di~cbargcd 
from th~ comprcssot .sc:ction is directly exhausted, said 
rcfti~entnt being composed mainly of~ fluorocarbon rcfrig· 
crant containing oo chlorfo~ anc.1 h:tving a critic:\\! tempera­
ture of 40° C. or higher, :ind said refrigerating machine oil 
cumprising as base oi1 :in ester oil of otte or more fatty acid~ 
h~ving six Lo thinccn carbon atoms which ester oil conLains 
at lc:ist tWC> ester lioka~es 
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in tbe m<1l~culc and h~ a viscosilv :it 40° C. of 2 to 70 cSt ., 

~nd :i vi"'icosity ar 1001> C. of 1 to 9 t::St. said clos~d-vcsscl 
accommodating a motor co1npc1sc:d of :i rc..'lto.r an a sb.to(, a 
rotating shatl. :lOd a compressor section· connected t<> Lhc 
motor through the. rotating :shaft, wherein a winding wire of 
the Sblt1r comprise.~ :t core wire· ha"'iog an -=name! coating 
having a gl:is..~ transition t~mpcraturc of 1204 C. or higheC'. 

31. A r~frigcr:int compr.c.sso(.u.~cd io· :t refrigtr.a.tion cvcle 
· wherein the refrigerant.. C(laipressOr cnmprlscs a l~w­
prcssurt. c::lo.scd .. vcssel stored with a refrigerating mac.bine 
oil which 3ccommoda1c.s ~· mo·ror composed of a rotor ~nd a 
st.alt>r,,. \1 rotating sh:Jft fim:d in. 'the rotor, and ·a compressor 
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section connected to th~ motor through lhc roc:itiog sh:tft, 
·:tod from which a hjgb-prcssure rc:(riger~t ga.c; djschargcd 
from the compre.~or section is directly e:<h:mst~, said 
refrigerant hejng composec.I mainly of a lluorocarb.011 rt.frig· · 
enmc containing no chlorine and· h4ving a ariticil tempcrn~ · 
turc of 40• C. or higher, ~nd said rc(rigcr:ufog, m3ddcc oil 
com1lrising :iS b:i.c;e oil :io ester oil of one or enc.>~ fatty ~u:ids 
having six to thirteen cal'bon ·atoms-which. c:.slcr oil contains 
R[ lc~t t1:vo ester lfokagcs 
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in the rno1ccule aad has a viscosity st 40° C. of 2 to 70 cSc 
and a viscosity al loo• c. of l to 9 cSt, wherein ao insulating 

film of the mc>tor con:ipriscs a. ctyst3llin~ pbstics film having 
a ~ tr~osirion t:mperaturc of so~ c. or higher, ;ind said 
winding wire of s=iid stator comprises ~ core wire having :an 
~camel co.ating having a glass tnmsitioo lcmpcr:in.r~ of 120° 
. C. Ot' ·higher. · 
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