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SPECIFICATION 5Y0-~9722

TITLE OF THE TNUENTLON

REFRIGERATOR

BACKGROUND OF THE INVENTION
l. FPield of +he Invention

The present invention relates to a refrigerator

comprising ‘a refrigerating cycle using a hydrofluorocarbon

type refrigerant not containing chlorine such as
1,1,1,2-tetrafluorocethane (hereinafter referred to as Rl34a)
or a refrigerant mixture thereof, having a polyvinyl ether

oil as the base oil.

2. Background Art

Many of the conventional refrigerators and
compressors for automatic vendors or show-cases used
dichlorodifluoromethane.(hereinafter referred to as R12).
R12 has been under the flon regulation for preventing the

ozone layer destruction. As a substitute refrigerant'for

'R12, hydrofluorocarbon type refrigerants (HFC type, FC type)

not containing chlorine represented by R134a are studied for

the use of a refrigerator (see the official gazette of

Japanese Patent Application Laid;OPen (JP-A) No. 1—271491).
However, since the refrigerant R134a is poor in

terms of compatiblllty with conventlonally-used refrigerator
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oils, such as a mineral oil and an alkyl benzene oil, there

is @ problem of pocr lubrication of a compressor due to

- deterioration of oil return to the compressor and inhalation

of separated refrigerant at the time of starting after
interval. |

Therefore; the present inventors discussed the
application'of a polyol ester oil, which is compatible with
the refrigerant R134a as the refrigerator oil. Howéver, it
is known that the polyol ester oil generates an aliphatic
acid by thermai decbmposition to cause corrosion in sliding
members, which leads to abrasion.

Then the present invéntors elaborately studied a
combination of Rl34a as the refrigerant and a polyol ester
oil as the refrigerator oil for the apblication in a
refrigerant compressor. As a result, it was learned that in
addition to the abové-mentioned'problem, a polyol ester oil
is hydrolyzed by moisture to raise thé total acid number so
that metal soap is generated to be sludge and casts adverse
effect on the refrigerating cfcle,_or is decomposed, oxidized
to be deteriorated, and polymerized to generate meﬁal soap or
polymer sludge and casts adverse effect on the refrigerating
cycle. |

On the other hand, although it is known that a
polyoxyalkylene glycol oil is not hydrolyied and does not

require strict care, due to its poor insulating property, it
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can not be used appropriately as it is in this kind of a
refrogerant compressor comprising such a motox.
Then the present inventors found out that the

above-mentioned problems can be solved by adding a certain

additive to a polyvinyl ether oil with a special composition

and combining with a certain HFC type refrigerant with a

certain care.

- SUMMARY OF THE INVENTION

'An object of the present invention is to obtain a
good refrigerator using polyvinyl ether oil as a refrigerator
oil, which'is compatible with a hydrofluorocarbon-type
refrigerant not containing chlorine (such as R134a) without
suffering the above-mentioned problems.

A refrigerator according to claim 1 comprises a

refrigerating cycle using a hydrofluorocarbon type

refrigerant not containing chlorine or a refrigerant mixture
thereof, with a refrigerator oil compatible with the
refrigerant sealed, wherein the refrigerator oil comprises a
polyvinyl ether type compound having a structural unit
represented by the general formula (1) as the main component,
with a pour point of -40°C or less, a two-liquid separation
temperature of -20°C or less, a total acid numbex of 0.02

mgKOH/g or less, a viscosity of 8 to 100 cst at 40°C or less,

and a viscosity index of 80 or more, -\\\\\\\\~\\\\\\‘\
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, wherein n is an integral number in the.range of i or more,
Rl to R3 are each a hydIOQeﬁ atom or a hydrocarbon group
10 having 1 to 8 carbon atoms and may be the same or different,
R4 is an alkyl group having 1 to 4 carbon atoms, and units in
which R4 is an alkyl group having l-to 2 carbon atoms are 40
to 100 ¥ and units in which R4 is an alkyi group having 3 to
4 carbon atoms are 0 to 60 %. |
15 In a refrigerator according to claim 2, the
hydrocfluocrocarbon type refrigerapt has a purity of 99.5 ¥ by
weight or more, with the content of a chlorine type
refrigerant of 2000 ppm or less.
In a refrigerator according to claim 3, the
20 equilibrium moisture in the refrigeratihg cycle représented

by the equation (2) is 200 ppm or iess:

(residual moisture content in the refrigerating cycle)
% 10°ppm  (2)

(filled oii amount + filled refrigerant amount)

25 In a refrigerator according to claim 4, the
residual oxygen content in the refrigerating cycle is 0.2 %
by weight or less with respect to the content volume of the.
refrigerating cycle.

In a refrigerator according to claim 5, the
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refrigerator oil contains 0.01 to 1.0 % by weight of a phenol
type antioxidant asuah essentizl component and .01 te 2 ¥ by
weight of én epoxy type or carbocdiimide type compound with
respect to its oil content.

5 In a refrigerator according to claim 6, the
refrigerator 611 contains 0.1 to 2 % by weight of a
phosphoric acid ester type compound with réspect to its oil
content.

In a refrigerator according to claim 7, the
10 refrigerant is a 1,1,1,2—tetr§fluoroethane (Rl134a), an
azetropic mixture refrigerant containing 50 % by weight of
difluoromethane (R32) and 50 % by weight of pentafluoroethane
(R125), or.a pseudoazet:opic mixture refrigerant containing
44 % by.weight of pentafluoroethané (R125), 52 % by weight of
15 <trifluorocethane (R143a) and 4 % by weight of
1,1,1,2~tetraflucroethane (R134a). |
A refrigerator according tc claim 8 comprisés a
compressor unit sealed in a hermeticaily sealed container,
. With an HFC type refrigerant or a refrigerant mixture thereof
20 and a refrigerator oil compatible with the refrigerant sealed
in the hermetically sealed container, wherein the
refrigerator oil comprises a polyvinyl ether type compoﬁnd
having a structural unit represented by the general formula
(1) as the.main.compbnent, with a poﬁr poinf of -40°C or

25 less, a two-liquid separation temperature of -20°C or less, a

N . This
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total acid number of 0.02 mgKOH/g or less, a viscosity of 8

to 1C0 cst at 40°C or less, and a viscosity index of 80 crx

more,

Rl R3

5 I

-(c-c), - ceeee(D)

[

R2 O

I

10 R4

, wherein n is an integral number in the range of 1 or more,
R1l to R3 are each a hydrogen atom or a hydrocarbon group
-having l.to 8 carbon atogs and may be the same or different,
R4 is an alkyl group having 1 to 4 carbon atoms, and units in
- 15 which R4 is an alkyl group having 1 to 2 carbon atoms are 80

to 100 % and units in which R4 is an alkyl group having 3 to.
4 carbon atoms are 0 to 20 %.

In a refrigerator according to.claim 9,.the
hydrofluorocarbon type refrigerant has a purity of 99.5 % by

20 weight or more, with the content of a chlorine type

refrigerant of 2000 ppm or less.

In a refrigerator according to claim 10, the
equilibriuﬁ moiétufe in the refrigerating cycle represented
by the formula (2) is 200 ppm or less:

25 (residual moisture content in the refrigerating cycle)
x 10°ppm  (2)

(filled oil amount + filied'refrigerant amount)
In a refrigerator according to claim 11, the

residual oxygen content in the refrigerating cycle is 0.2 %

-6 -
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by weight or less with respect to the content volume of the

_ILfr;gerating cyclc.

In a refrigerator according to claim 12, the
refrigerant comprises at least two conmpounds selected from

the group consisting of hydrofluorocarbon types represented

by the general formula (3):

CH.F, (3)
wherein when 1 =1, m=1~2, n=2~3 and m + n = 4, when
l1=-=2, m=1-4, n=2~5andm+n - 6, and when 1 = 3, m
=1-3, n=5~7andm+n-= 8.

In a refrigerator according to claim 13, the
refrigerant is an azetropic mixture refrigerant containing 50
% by weight of difluoromethane (R32) and 50 % by weight of
pentafluorcethane (R125), or a pseudoazetropic mixture

refrigerant containing 44 % by weight of pentafluoroethane

(R125), 52 % by weight of trifluoroethane (R143a) and 4 % by

weight of 1,1,1,2-tetrafluoroethane (R134a).

In a refriéerator according to claim 14, the
refrigerator oil contains 0.01 to 1.0 % by weight of a phenol
type antioxidant as an essential cbmponent and 0.01 to 2 % by
weight of an epoxy type or carbodiimide type compound with
respect to its oil content. .

In a refrigerator according to claim 15, the
refrigeratbr oii contains 0.1 to 2 % by weight of a

phosphoric acid ester type compound with respect t0 its oil

—_—
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content.

3 refrigeratoxr according to claim 16 comprises a
compressor unit sealed in a hermetically sealed contéiﬂer,
with an HFC type refrigerant or a refrigerant mixture thereof
and a refriggrator oil compatible wifh the refrigerant sealed
in the hermetically sealed container, wheréin the
refrigerator oil comprises a polyvinyl ether type compound
having a structural unit represented by the general formula
(1) as the main component,.with a pou?ﬁpoint of -40°C or
less, a two-ligquid Separaticn.temperature of -20°C or less, a

total acid number of 0.02 mgKOB/g or less, a viscosity of 8

to 100 cst at 40°C or less, and a viscosity index of B8O or

more,

), - ceeee(1)

., Wherein n is an integral number in the ranée of 1 or more,
Rl to R3 are each a hydrogen atom or a hydrocarbdn grbup
having 1 to 8 carbon atoms and may be the same or different,
R4 is an alkyl group having i to 4 carbon atoms, and units in -
which R4 i5 an alkyl group having 1 to 2 carbon atoms are 60
to 100 % and units in which R4 is an alkyl group having 3 to
4 carbon atoms are 0 to 40 %.'

In a refrigerator according to claim 17, the

\\
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hydrofluorocaxbon type refrigérant Eas.a purity of 99.5 % by'
' weight or more, with the content of a chlorine type
‘refrigerant of 2000 ppm or less. |
In a refrigerator according to claim 18, the
5 equilibrium moisture in the refrigerating cycle represented
by the formula (2) ié 200 ppm or iess:

(residual moisture content in fhe reffigerating cycle)
x 10&¢m| (2)

(filled cii amount + filled refrigerant amount)

10 : In a refrigerator according to claim 19, the
residual oxygen content in the:refrigerating cycle is 0.2 %
by weight or less with respecf to the content volume of the
refrigerating cycle.

In a refrigerator according to c¢laim 20, the

15 refrigerant comprises at least two compounds selected from
the group consisting of hydrofluorocarbon tfpes represented
by the general formula (3):

CHF_ (3)
wherein when 1 = 1, m =1 ~ 2, n=2~32and m +n = 4, when

20 1 =2, m=1~4,n=2~5andm+n=6, andwhenl =3, m
=1~3, n=5~7andm+n = 8.

In a refrigerator according to claim 21, the
refrigerant is a psehdoazetropic mixture refrigerant
containing 23 % by weight of difluoromethane (ﬁ32), 25 % by

25 weight of pentafluorocethane (R125), 52 % by weight of

1,1,1,2-tetrafluorcethane (Rl34a), or a pseudeoazeotropic

-—
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mixture refrigerant cohtaining 25 % by weight of

difluoromeﬂhane (R32), 15 $ by weight of pentafluoroethane
(R125), 60 % by weight of l,1,1,2-tetrafluoroethane (R1343a).

| In a refrigerator according to claim 22, the
refrigerator oil contains 0.0l to 1.0 % by weight of a-phenol
type antioxidant as an essential component and 0.01 to 2 ¥ by
weight of an epoxy type or carbodiimide type éompound with
respect to its oil content.

In a refrigerator according to claim 23, the
refrigerator oil cbntains 0.1 to 2 ¥ by weight of a
phosphoric acid ester type compound with-respéct to its oil
content. |

A refrigerator according to claim 24 comprises a
refrigerant compressor, a condenser, an expansion deviCe, and
an evaporator, connected to éaqp other with pipes, with an
HFC tYpe refrigerant or a refrigerant mixture thgreof and a
refrigerator oil compatible with the rafrigerant sealed in a
hermetically sealed container, wherein the refrigerator oil
comprises a polyvinyl ether type compound having a structural
unit represented as the main component, with a pour point of
-40°C or less, a two-liquid separation temperature of -20°C
or less, a totél acid number of 0.02 mgKOH/g or less, a
viscosity of 8 to 100 cst at 40°C or less, and a viscosity

index of 80 or more.
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R4
, wherein n is an integral number in the range of 1 or more,
Rl to R3 are each a hydrogen atom or a hydrocarbon group

10 haviﬁg 1 to 8 carbon atoms and may be the same or differént,
R4 is an alkyl group having 1 to 4 carbon atoms, and units in
which R4 is an alkyl group having 1 to 2 carbon atoms are 40
to 100 ¥ and units in which R4 is an alkyl group having 3 to
4 carbon atoms axre O to 60 %.

15
BRIEF DESCRIPTIbN OF THE DRAWINGS

l ' ' These objects and advantages of the present
. invention will become clear from the following description
with reference to the accompanying drawings, wherein:

20 FIG. 1 is a vertical cross-sectional view of a
rotary type compressor of one embodiment of the present
invention:

FIG. 2 is a graph showing the result of an
endurance test of a refrigerator:

25 FIG. 3 is a vertical cross-sectional view of a

: reciprocating type compressor of another embodiment of the

present invention.

This Sheet Has Been Reﬂ - 11 -
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DETAILED DESCRIPTION OF THE PRE?ERRED EMBODIMENTS

Hereigafter thé present inventioﬁ will be Aescribed
with reference to accompanied drawings.

FIG. 1 is a vertical cross-sectional view of a

5 rotary type compressor. In FIG. 1, A represents a -
refrigerating cyclé comprising a refrigerator. The
refrigérating cycle A comprises a compressor B, a condenser
C, an expagsion device D, an evaporator E, and a drier F,
connected with pipes. The compressor B has the

10 below-mentioned configuration.

Numeral 1 represents a hermetically sealed
container, where an electric driving element 2 is stored at
the upper part and a rotary compressing elgment 3 driven by
the electric driving element 2 is stored at the lower part,

15 respectively. The electric driving element 2 comprises a
stator 5 having a winding 4 insulated wifh an 6rganic
material, and a rotor 6 provided inside the stator 5. The
rotary compressing element 3 comprises a cylihder 7, a roller
10 rotated along the inner wall of the cylinder 7 by an

20 eccentric portion 9 of a rotary shaft 8, a vane 12 pressed by
a spring 11 so as to cont;ct with the periphery of the roller
10 with pressure and divide the inside of the cylinder 7 into
an inhaling side and a discharging‘side, and an upper béaring
13 and a lower bearihg-l4.f6r sealing the-bpenings of the

25 cylinder 7 as well as supporting the rotaiy shaft & axialiy.

This Sheet Has Been Rerlaced ~12 -
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The upper bearing 13 is provided with a discharging

_ hole 15, cnmmuniéating with the discharging side of the

cylinder 7. Further, a discharging valve 16 for switching
the discharging hole 15 and a discharging muffler 17 are
mounted on the upper bearing 13.

ihe roiler 10 and the vane 12 are made from an iron
material. |

An oil 18 is étored at the bottom part of the
hermetically sealed container 1. The oil 18 comprises a
polyvinyl ether type compound having a structural unit.
represented by the general formula (1) as the main component,
with a pour point of -40°C or less, a-two—liquid separation
temperature of -20°C or less, a total acid number of 0.02
mgKOH/g or less, a viscosity of 8 to 100 cst at 40°C or less,
and a viscosity index of 80 or more,

Rl R3

- (C=C )= e (1)

R2 O

R4
, Wherein n is an intégral number in the range of 1 or more,
Rl to R3 are each a hydrogen atom or a hydrocarbon group
having 1 to 8 carbon atoms and may be the same or different,
R4 is an alkyl group having 1 to 4 carbon atoms, and units in
which R4 is an.alkyl group-having 1 to 2 carbon atoms are 40

to 100 ¥ and units in which R4 is an alkyl group having 3 to

This Sheet Has Been Reilaced - 13 -~
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4 ca:bon atoms are 0 to 60 %:
A phencol type antioxidant of 2,6—di-tart.butyl—p~
- cresol (ﬁBPC)-is added to the polyvinyl ether oil by 0.3 % by
weight as an additive for preventing detexioration by
5 oxidization after long term storage. Furthermore, an epoxy
.type additive is added by 0.25 % by weight as a chemical
stabilizer. |
An extreme-pressure additive of tricresyl-phosphate
(TCP) is also added to thé polyQinyl ether oil by 1 % by
10 weiéht as needéd.
A hydrofluorocarbon type refrigerant not
containing chlorine, such as R134a is sealed in the .
refrigerating cycle A.
Rl34a is adju#ted so as to have a purity of 99.5 %
15 by weight or more and a chlorine type refrigerant content of.
56 ppm. 'The equilibrium moisture in the refrigerating cycle
A.reéresented by the below-mentioned formula (2) is-adjusted
to be 150 ppm: |

(res;dual mozsture content in the refrigerating cycle)
20 _ x 10°ppm (2)
(filled o0il amount + filled refrigerant amount )

A moisture adsorbing agent having a pore diameter-
of about 3A is.used in the drier F of the refrigerating cycle
A. Further, the residual o#ygen content in the refrigerating
25 cycle A is adjusted to be 0.005 % by weight of the cycle

cantent volume.

- 14 -
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The wiring 4 of the electric driving élementhz of
the compressor B is coated wifh 3 double-structure insulating
'-matérial including a layer of heat-resistant ester (THEIC) or
esterimide at the inner side and a layer of amideimide at the
5 outer side. A PET film of a low oligomer specification (0.6
% or less as a trimer) is used as the insulating paper H for
insulating between the ﬁiring 4
Thé oil 18 luhricatés the sliding faces of the
roller 10 and the vane 12, which are sliding members of the
10 rotary compreséing element 3.
| A refrigerant to flow into the cylinder 7'of the
rotary compressing element 3 so as to be compressed by the
cooperation of the roller 10 aﬁd the vane 12 comprises R134a,
which is compatible with the oil 18, that is, a polyol ester
15 oil.

Numeral 19 represents an inhaling pipe to be
mounted on the hermetically sealed container 1 for guiding
the refrigerant to the inhaling side of the cylinder 7, and
numerél 20 represents a discharging pipe té be mounted on the

20 upper wall of the hermetically sealed container 1 and
compressed by the rotary compressing clement 2 for
discharging the refrigerant to the outside of the
hermetically sealed container 1 vie the electrically-driving
element 2.

25 In the refrigerator oil composition used in the

- 15 -
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fotary type compressor with the_abpvefmentiéne&.
configuraticn, the refrigerant R134a2 flown into the inhaling
side of the cylinder 7 of the inhaling pipe 19 is compressed-
by the cooperation of the roller 10 and the vane 12 and opens

S the discharging valve 16 through thé discharging hole 15 so

| as to be discharged into the discharging muffler 17. The
refrigerant in the discharging muffler 17 is discharged
outside the hermetically sealed container 1 from the
discharging pipe 20 via the electric driving element 2. The
10 oil 18 is supplied to sliding members, such as the sliding

surfaces of the roller 10 and the vane 12 of the rotary
compressing element 3 for lubrication. Further, it prevents
leakage of the refrigerant compressed in the cylinder 7 to
the low pressure side. |

15 According to this embodiment, the following effects
.can be achieved.

According to the configuration of claim 1, the
polyvinyl ether oil 18 of the presenf invention has a good
compatibility with R134a in the entire temperature range used

20 in the refrigerator A so that the two—layér separation of the
refrigerant and the oil can be prevented.

Therefore, since the polyvinyl ether oil 18 can
always exist in the state of being dissolved in Rl34a in a
1ow'temperature range of -30°C or lower in the refrigerating

25 cycle A so as to be of a low viscosity as a whole, the oil

—_
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return to the compressor B becomes good. Accordingly, the
cil supply to the Bearing sliding-ﬁortions 8, 13, 14 can be
ensured without lowering the oii surface of the compressor B
so that galling or seizure can be prevented.

Furthermore the polyv1nyl ether oil 18 of the
present invention can 1ower the actual vxscosity-and reduce
the ﬁechanical loss to improve the performance coefficient of
the compressor B owing to the function characteristic of oils
of improving the lubrication on the iron sliding portions
including the shaft 8§, and the bearings 13, 14 of the |
compressor B and a function of easily dissolving with a
refrigerant (R134a). | '

According to the configuration of claim 2, since
the purity of the R1§4a refrigeraet ie-extremely high;'a
chemically-stable performance can be achieved without the
contamination of a foreign substance or CFC in the
refrigerating cycle A.

According to the configuration of claim 3,
corxosion in the refrigerator and deterioration of a motor
insulating material (PET material) can be prevented.

According to the configuration of claim 4,
deterioration'by.oxidization of the polyvinyl ether oil 18
and generation of sludge caused by polymérization can be
prevented so that a highly reliable refriéerator can be
provided.

- 17 - .. This Sheet g
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According to the configuration af claim 5, the
polyvinyl ether oil 18 can.imérpve the st;?ility_with respect
to'the oxidized deterioration so that the performanée and
reliability of the dompressor B can be improved.

This was confirmed by the experiment result of a
sealed tube test with the polyvinyl ether oil 18 containing
DBPC of the present invention sealed.

fhat.is, according to the polyvinyllether oil 18
containing DBPC of the present invention in the qonditions of
aging at 90°C for 29 days for adjusting the.moisture content
to. be 200 ppm, the total acid number became 0.01 or less at
the initial stage so as to havé a preferable result.

According to the configuration of claim 6, a strong
chemical adsorption film can be formed on the bearing sliding
surfaces 8, 10, 13, 14 so that the lubrication of the sliding
portions 8, 10, 13, 14 is further improvéd to prevent galling
and seizure.

The above-mentioned- effects were confirmed also by
the eﬁdurance test result with the device shown in FIG. 2.

That is, in the grsph of FIG. 2 with the endurance
test time plotted in horizontai-axis and the contamination
amount (sludge amount) plotted in vertical axis, the best
result was obtained with the'specimen Iﬁ using a specimen Y
of the polyvinyl ether bil 18 of. the present invention

containing additives (DBPC, epoxy, etc.) under the standard B

- 18 -
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‘with the production standard of the device restricted

~ according to the present invention (restriction on purity of

the refrigerant, moisture in the refrigerating cycle A,

chlorine and air amount).

Wherein FIG. 2, the contents of the specimen I-1IV

is represented as below.

Table 1
additive production standard
I none A
II X A
IIX Y A
Iv Y B

additive X: DBPC + BTA + TCP

Additive Y: DBPC + BTA + TCP + €poxy

Production standard A: (conventional standard)

Refrigerant purity: 99.90 % by weight

Equilibrium moisture content in the refrigerating cycle
A: 600 ppm o

Residual air content in the refrigerating cycle A: 0.03
2 by weight

Chlorine residual content in the refrigerating cycle A:

400 ppm

Standard B: (standard of the present invention)

Refrigerant purity: 99.95 % by weight

Equilibrium moisture content in the refrigerating cycle

_—
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A: 200 ppm

Residual air content in the refrigerating cycle A: 0.01
% by weight

Chloriﬁe residual content in the refrigerating cycle A:
100.ppm

Although R134a is provided as an example of a
hydrofluorocarbon éype refrigerant not containing chlbrine in
the present invention, it is riot limited thereto since a
polyol ester oil of the présent inveption shows an excellent
compatibility with other ch'éypé refrigerants so that it can
be applied to the refrigerants.

FIG. 3 shows a Scotch York type reciprocating type-
compressor of another embodimert of the present invention.
The entiré.configuration shown in FIG.'3 comprises a
compressor 110, a ﬁechanical portion 111 for compre;sing a
reffigerant, a case ll2, an underslung.spring 113, a stator
114 comprising an electric driving portion (electric driving
element of the compressor), stator fixing bolts 115, and
washers 116 of a synthetic-rﬁbber.

The compressor further comprises a stator mounting
leg 117, and a crank shaft 11B. A prédétermined gap is
provided between the stator 114 and the rotor for driviné the

rotor as an electric driving element of an ordinary

' CONPressor.

The compressor main body comprises the electric

\
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driving portion for driving the above-mentioned mechanical

rortlon 111, and the compressor main body is hanged on the

case 112 by the underslung spring 113.

The stator 114 is fixed to the stator fixing leg
117 by a.plurality of stator fixing bolts 115 via the washer
116 of a synthetic rubber.

As heretofore mentioned, acéording to the present
invention, a preferable refrigerator can be obtained since
the total acid number of a polyvinyl efher o0il is reduced to
restrain the generation of a meral soap to prevent adverse
effect on the refrigerating cYcle; and decomposition,
oxidization deterioration, or polymerization reaction by the
effect of oxygen or chiorine-is restrained t¢ prevent the
generation of a metal soép and a polymer sludge by usihg a
certain material for the pclyvinyl ether oil iﬁ a certain
physical property range with a‘special additive, maintaining
the purity of a hydrofluorocarbon type refrigerant ét a high
value or restraining the equilibrium moisture of the
refrigeratihg cycle.

While the presently Preferred embodiments of the
present inrention have been shown and déscribed, it will be
understood that the present invention is not limited thereto,
and that various changes and modifications may be made by
those skilled in the ér% withou't” departing from the scope of

the invention as set forth in'thé.appended'éiéims.
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WHAT IS.CLAIHED IS:

1. A refrigerator comprising a fefriggrafing cycle using a
hydrofluorocarbon type rgfrigg;ant not containing chlorine'or
a refrigerant mixture thereof, with a refrigerator oil
compatible with the refrigerant sealed, wherein the
refrigerator oil comprises a polyvinyl ether type compound
having a structural unit represented by the general formula
(1) as the main component, with a pour point of -40°C or
less, a two-liquid sepatation temperature of -20°C or less, a
totai acid number of 0.02 mgKOH/g or less, a viscosity of B

to 100 cst at 40°C or less, and a viscosity index of BO or

more,
Rl R3
[ 1 .
-(c-cCc), - ceeeee(1)
I
R2 O
R4

, Wherein n is an integral number-in tﬁe range of 1 or more,
Rl to R3 are each a hydrogen atom or a hydrocarbon éroup
having 1 to 8 carbon atoms and méj be the same or-different,
R4 is an alkyl group having i to 4 carbon atoms, and units in
which R4 is an alkyl group havingll to 2 carbon atoms are 40
to 100 % and units in which R4 is an alkyl group having 3 to

4 carbon atoms are 0 to 60 .

2. The refrigerator accérding to claim 1, wherein the
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hydrofluorocarbon type refrigerant has a purity of 99.5 % by
waight oxr more, with the content of a chlerine type

refrigerant of 2000 ppm or less.

5 3. The refrigerator according to claim 1, wherein the
equilibrium moisture in the refrigérating cycle represented
by the equation (2) is 200 ppm or less:

{residual moisture content in the refrigerating cycle)
- x 10°ppm (2)

10 (filled oil amount + filled refrigerant amount).

4. The refrigerator according to claim 1, wherein the
residual oxygen content in the refrigerating cycle is 0.2 %
by weight or less with respect to the content volume of the

15 refrigerating cycle.

‘5. The refrigerator according to claim 1, wherein the

refrigerator oil contains 0.01 to 1f0 ¥ by weight of a pheﬂol

type antioxidant as an esééntial comnponent and 0.01 to 2 % by
20 weight of an epoxy type or carbodiimide type compound with

respect to its o0il content.

6. The refrigerator according to claim 1, wherein the
refrigerator oil contains 0.1 to Z % by weight of &
i 25 phosphoric acid ester type compound with respect to its oil

content.
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7. The refrigerator according to claim 1, wherein the

-refrigeranf iz 2 1,1,1,2-tetrafluornethane (R134a), an

. azetropic mixture refrigerant containing-50 % -by weight of

difluorometﬁane (R32) and 50 % by weight of pentafluoroethane
(R125), or a p#eudoazetropic mixture refrigerant containing
44 % by weight of pentafluoroethane (3125), 52 % by weight of
trifluoroethane (R143a) and 4 % by weight of
1,1,1,2-teérafluoroethane {R1343).

.
8. A refrigerator comprising a - compressor unit sealgd in a
hermetibally sealed container, with an HFC type refrigerant
or a refrigerant mixture “therecf and a refrigerator oil
compatible with the refrigerant sealed in the hermetically
sealed container, wheiein the refrigerator.oil éomprises a
polyvinyl ether type compound having a structural uﬁit
represented by the general formula (1) aé the main component,
with a pour point of -40°C or less, a tﬁo—liquid Separation
temperature of -20°C or less, a total acid number of 0.02
mgKOH/g or less, a viscosit& of & %o 100 cst at 40°C or less,
and a viscosity index of 80 or morse,

Rl RS

~(C-C )=  aeeens (1)

R2 O

R4

» wherein n is an integral number in the range of 1 or more,
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Rl to R3 are each a hydrogen atom or a8 hydrocarbon group
baving 1 to 8 carban atoms and may be the same or dirferent,
R4 is an alkyl group having 1 to 4 carbon atoms, and units in
which R4 is an alkyl group havind 1 to 2 carbon atoms are 80
5 to 100 % and units in whieh-R4 is an alkyl group having 3 to

4 carbon atoms are 0 to 20 %.

9. The refrigerator according to claim 8, wherein the
- hydrofluorocarbon type refrigerant'has a purity of 99.5 % hy
10 weight or more, with the content of a chlorine type

refrigerant of 2000 ppm or less.

10. The refrigerator according”to claim 10, wherein the
equilibrium moisture in the refrigerating cycle represented

15 by the formula (2) is 200 ppm or less:

(residual mwoisture content in the refrigerating cycle)
x 10°ppm (2)

(filled o0il amount + filled refrigerant amount).

20 11. The refrigerator according to claim 8, wherein the
residual oxygen amount in the refrigerating cycle is 0.2 % by
weight or less with respect to the content volume of the

refrigerating cycle.

25 12. The refrlgerator accordlng to clalm 8, wherein the

refrigerant comprises at least two compounds selected from
\
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the group consisting of hydrofluorocarboﬁ types.representeﬂ
by the general formula (3):

C.RF, (3)
wherein when 1 = 1, m =1~2,n=2~3andm+n-= 4, ﬁhen
l1=2, m=1~-4,n-= 2-5andm+n=6, andwhenl =3, m

=1-3, n=5~7andm¢+n-=8.

13. The refrigerator acéording to claiT 8, wherein the
refrigerant is an azetropié mixture refrigerant containing 50
% by weight of difluoromethane (R32) and 50 % by weight of
pentafluoroethane (RlZS), or.a pseudocazetropic mixture
refrigerant containing 44 % by weight of pentafluoroethane
(R125), 52 % by weight of trifluoroethane (R143a) and 4 % by

weight of 1,1,1,2-tetrafluorocethane (Ri34a).

14. The refrigerator according to claim 8, wherein the
refrigerator oil contains 0.0l to 1.0 % by weight of a phenol
type antioxidant as.an essential component and 0.01 to 2 % by
weight of an epoxy type or carbodiimide type compound with

respect to its oil content.

15. The refrigerator according to claim 10, wherein the
refrigerator oil contains 0.1 to 2 % by weight of a
phosphoric acid ester type compound with respect to its oil

content.

R
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16. A refrigerator comprising a compressor unit sealed in a

harmetically sealesd container, with an HFC type refrigerant

or a refrigerant mixture thereof and a refrigerator oil

compatible with the refrigerant sealed in the hermetically
sealed container, wherein fhe refrigerator'oil comp;ises a
polyvinyl ether type compound heving'a structural unit.
represented by the general formula (1) as the main component,
with a pour point of -40°C or less, a two-liquid separation
temperature of -20 C or less, a total acid number of 0.D2
mgKOH/g or less, a viscosity of 8 to 100 cst at 40°C or less,

and a viscosity index of 80 or more,

R1 R3
|
-(Cc-~-C), - ceeeea(1)
[ | -
R2 O :
| ;
R4

.+ wherein n is an ihtegrel'nhmbef-in tpe.range of 1 or more,
R1 to k3 are.each a h&drogen atom or a hydrbcarbon group
having 1 to 8 carbon atoms and may be the seme or different,
R4 is an alkyl group having l.to.4 carbon atoﬁs, and units in
which R4 is an alkyl éroup_haviﬁg 1 to 2 carbon atoms are 60
to 100 ¥ and units in which R4 is an alky; group having 3 to

4 carbon atoms are 0 to 40 %.

17. The refrigerator according to claim 16, wherein the

hydroflucrocarbon type refrigerant has a purity of 99.5 % by
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weight or more, with the content of a chlorine type

refrigerant bf 2000 ppm or less.

18. The refrigerator according to claim 16, wherein the
5 equilibrium moisture in the refrigerating cycle represented
by the formula (2) is 200 ppm or less:

(residual moisture content in the refrigerating cycle) )
— x 10°ppm  (2)

(filled o0il amount + filled refrigerant amount).

10
19. The refrigerator according'tolclaiﬁllﬁ, wherein the
residual oxygen amount in the fefrigerating cycle is 0.2 % hy
weight or less with respect to the content volume of the
refrigerating cycle.

15

| 20. The refrigerator according to claim 16, wherein the
refrigérant_comprises at least two compoundé selected from
the group consisting of hydrofluorocarbon types represented
by the general formula (3): |

20 ‘CHF, (3)

wherein when 1

1, m=1-~2, n=2=3andm+ n =4, when
l1=-2,m=1~4,n=2~5andm+n'=6, and when'l = 3, m

'=1-3, n=5-7andm+n = 8.

25 21. The refrigerator according to claim 15, wherein the
refrigerant is a pseudbazetropic'mixture refrigerant

I | | -.zs'-
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containing 23 % by weight 6f'&ifihorqﬁethéné (R32), 25 % by
waight of pentafluéroéthane (R125), 52 % by weight of
1,1,1,2-tetrafluoroethane (R134a), or a pseudeocazeotropic
mixture refrigérant containing 25 % by weight of
difluoromethane (R32), 15 % by weight of pentafluoroethane

(R125), 60 % by weight of 1,1,1,2-tetrafluoroethane (R134a).

22. The refrlgerator accord;ng to clalm 16, wherein the
refrigerator 011 contalns 0. 01 to 1.0 % by weight of a phenol
type antioxidant as an essential component and 0.0 to 2 % by
weight of an epoxy type or carbodiimide type compound with

respect to its oil content.

23. The refrigerator according to claim 16, wherein the
refrigerator oil contains 0.1 to 2 % by weight of a
phosphoric acid ester type compound with respect to its oil

content.

24. A refrigerator comprising d'réfrigerant'compressor, a
condenser, an expansion device, and an evaporator, connected
to each other with pipes, with an HFC type refrigerant or a
refrigerant mixture thereof and-a refrigerator oil compatible
with the refrigerant.sealed in a hermetically sealed
container, wherein the refrigeratbf oil comprises a polyvinyl

ether type compound having a structural unit represented as
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the main component, with a pour point of —40°C or less, a
two-ligquid separation temperature of -20°C or less, a total
acid number of 0.02 mgKOH/g or less, a viscosity of 8 to 100

cst at 40° C or less, and a v1sc051ty index of 80 or more,

5 Rl R3
| |
-(c-c), - ceveea(1)
|
R2 O
10 [
R4

, wherein n is an ihtegral number in the range of 1 or'mere{
Rl to R3 are each a hydrogeﬁ atom or a hydfocarbon'group
having 1 to 8 carbon atoms and maf be the same or different,

15 R4 is an alkyl greup having 1 to 4 carbon atoms, and units in
which R4 is an alkyl group having.l to 2 carbon atoms are 40

to 100 % and units in which R4 is an alkyl group having 3 to

4 carbon atoms are 0 te 60 %.
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