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I nvention This invention relates to a refrigerant conpressor whi diPd s
1,1,1,2-tetrafl uoroethane (to be referred to as 10 Rl34a her.einafter) which
I's an HFC type refrlgerant or a mxture of HFC type refrigerants (such as a

m xt ure of R134a _ SPECIFICATION sY0-9721
TITLE OF THE INVENTION
REFRIGERANT COMPRESSOR AND COOLING APPARATUS

COMPRISING THE SAME

BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention relates to a refrigerant compressor

0w o

which uses 1,1,1,2-tetrafluoroethane (to be referred to as

10 R1l34a hefeinafter) which is an HFC type refrigeraﬁt or a
mixture of HFC type refrigerants (such as a mixture of R134a,
R32 and R125, a mixture of R134a, R143a and R125 or a mixture
of R32 and R125) as a refrigerant and a :efrigerator oil'
ﬁaving compatibility with the refrigerant and to a cooling

15 apparatus.

2. Background Art

lMost refrigerant compressors for refrigerators,
automatic vending machines and show cases have conventionally

20 used dichlorodifluoromethane (to be referred to as R12

hereinafter) as a refrigerant. This R12 falls under flon
regulations because of the disruption of the ozone layer.
R134a is now being studied for use in refrigerators as a
substitute for this R12 (refer to Laid—open.Japanese Patent

25 Application No. Hei 1-271491, for example).

_
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R32 and R125, a m xture of Rl134a, Rl143a and R125 or a m xture of R32 and
R125) as a refrigerant and a refrigerator oil having conpatibility with the
refrigerant and to a cooling 15 apparatus. 2. Background Art Mbst
refrigerant conpressors for refrigerators, automatic vendi ng machi nes and
show cases have conventionally 20 wused dichl orodifl uoronethane (to be

referred to as R12 hergi fisbigh)cRBofod SE1hELm@thardi erREU Y has| BedRdakell On
regul ati ons because of the disruption of the ozone |ayer. Rl34a is now

tbg' ng 3t gggﬁﬂh ;%1;‘ é&;;cgn%i‘att:%ﬁﬁéfgeéﬁ& Otfe aBike S URSEh LatEehfiohNis BaZal el er
HFC type mixed refrigerants from a viewpoint of environmental
preservation.

5 Howgver, HFC type refrigerants such as the
above-described R134a have poor compatibility with a
refrigerator oil such as mineral oil or alkylbenzene oil

- which is currently used and cause a failure in lubricating

the compressor due to the bad returning of the oil to the

10 compressor and the absorption of the separated refrigerant at

the time of activation.

Therefore, the inventors of the present invention
have studied a polyol ester type o0il as a refrigerator oil
which has compatibility with HFC type refrigerants such_as-

15 R134a.. However, when this polyol estei type oil is used in a

rotary type compressor, a fatty acid produded by the
hydrolysis of the oil caused by heat corrodes sliding members
and causes wear. Powders produced by this wear exert a bad
influence on organic materials such as magnet wires of

20 electric elements of the compressor and thus impair the

durability of the compressor.

The inventors have'conducted studieé to use a
combination of an HFC type refrigerant as a refrigerant and a
ﬁolyol ester type o0il as a refrigerator oil in a rotary type

25 compressor and have found that a carboxylic acid which is

S
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25 Application No. Hei 1-271491, for exanple). Al t hough

chl or odi fl uor onet hane (R22) has been used in air -conditioners and the |ike,
much attention is paid to HFC type m xed refrigerants froma vi ewpoi nt of
envi ronnmental preservation. 5 However, HFC type refrigerants
such as the above-described R134a have poor conpatibility with a

refrigerat Olpyiduced by StHB Nfd@toBdidlof| iyd REFBAIE QbterhtFhei situspent|y
used and cause a failure in lubricating
lubricating sliding members caused by the frictional heat of
the sliding members of the rotary_tYpe compressor corrodes
iron type materials or reacts with iron type materials to
5 become metal soap or sludge, thereby reducing refrigerating
capacity.

As a result, the inventors have found that the

thermal cracking of the polyol ester type oil caused by

frictional heat generated by the sliding members can be
10 suppressed by a combination of a specific polyol ester type
0il, a specific additive and a specific sliding material
(refer to Laid-open Japanese Patent Application No. Hei
6-295357).
However, accordiﬁg to the above technique, it is
15 necessary to strictly control the production process, that
is, the concentrations of water, chlorine and oxygen, in
order to suppress hydrolysis when the polyol ester type oil
is used. Therefore, the above inveﬁtidn has a problem that
control is troublesome.
20
: SUMMARY OF THE INVENTION
It is an object of the present invention which has
been made to solve the above problem to provide a
:high-performance refrigerant compressor which uses a

25 polyvinyl ether type oil having compatibility with an HFC
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the conpressor due to the bad returning of the oil to the 10 conpressor and
t he absorption of the separated refrigerant at the tine of activation.
Therefore, the inventors of the present invention have studied a polyol
ester type oil as a refrigerator oil which has conpatibility with HFC type
refrigerants such as 15 R134a. However, when this polyol ester type oil is

used in a r hRey AHS JHENESHRREh a5 fRid4a atd b IFOEtICRs- Do 1L DYEbOl ysi s

of the oil caused by heat corrodes sliding nenbers and causes wear. Powders

produced by édyﬁa@rt@%fo&é%ﬂ B4 ULNEEriBk P AU dREAld e Spguch as
magnet W res 20 electric elements of the corpressor and thus 1hpair the
thermal cracking or hydrolysis due to the frictional heat of
sliding members and the generation of a sludge céused thereby
5 without carrying out troublesome process control.

According to a first aspect of the present
invention, there is provided a refrigerant compressor
comprising a hermetically sealed container and a compressor
unit-installed in the hermetically sealed container, wherein

10 an HFC type refrigerant or a mixture thereof and a
refrigerator oil having compatibility with the refrigerant
are charged into the hermetically sealed container, and the
refrigerator oil essentially comprises a polyvinyl ether type

compound having structural units represented by the following

15 general formula (1):

RlL R3

|
-(C-¢C), - eeeeea(l)

|

20 R2 O

|

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

25 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

-4 -
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durability of the conpressor. The inventors have conducted studies to use a
conbi nation of an HFC type refrigerant as a refrigerant and a pol yol ester
type oil as a refrigerator oil in arotary type 25 conpressor and have
found that a carboxylic acid which is produced by the hydrolysis of the
pol yol ester type oil for lubricating sliding nenbers caused by the

frictional heghrBbntBEomsi dragomesbeossof the rotary type conpressor

corrodes iron type materials or reacts with iron type materials to

According to a second aspect of the present
invention, there is provided a refrigerant compressor in
which fhe refrigerant is selected from the group consisting

5 of 1,1,1,2—tet;afluoroethane (R134a), an azeotropic mixed
refrigerant coﬁsisting of 50 wt% of difluoromethane (R32) and
50 wt% of pentafluoroethane (R125), and a pseudo-azeotropic-
mixed refrigerant consisting of 44 wt% of pentafluoroethane
(R125), 52 wt% of trifluoroethane (R143a) and 4 wt% of

10 1,1,1,2-tetrafluoroethane (R134a).

According to a third aspect of the present
invention, there is provided a refrigerant compressor in
which the refrigerator oil comprises 0.01 to 1.0 wt% of a
phenolic antioxidant as an essential component and 0.01 to 2

15 wt% of an epoxy type or carbodiimide type .compound.

According to a fourth aspect of the present
ihvention, there is provided a refrigerant compressor in
which the refrigerator oil comprises 0.1 to 2 wt% of a
phosphoric ester type compound.

20 According to a fifth aspect of the present
invention, there is provided a refrigerant compressor in
which the compressor unit comprises a vane made from an iron
type material or a carbon composite material infiltrated with
aluminum and a roller made from an iron type material.

25 : According to a sixth aspect of the present
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5 becone netal soap or sludge, thereby reducing refrigerating capacity. As
a result, the inventors have found that the thermal cracking of the polyol
ester type oil caused by frictional heat generated by the sliding nenbers

can be 10 suppressed by a conbination of a specific polyol ester type oil,
a specific additive and a specific sliding material (refer to Laid-open

Japanese Paiﬁ@én@@Bh'Cﬁﬁéfa ha. pH%bl@é&9535Z¥rlb€¥§ﬁ%rcoﬁ%ﬁ@%@b&g1&9 the

above technique, It is 15 necessary to strictly control e production

process, that;ig. +hdecOAPEEREDLR! LATE BbniRiSks SNLARENRAARI FXOHISR: iifbn

type material such as high speed tool steel or an SUS type

material subjected to a single or composite surface treatment
5 by ion nitridation, nitrosu;phgrization or CrN.

According to a seventh aspect of the present

invention, there is provided a refrigerant compressor in

: which the units in which R4 is an alkyl group having 1 to 2
carbon atoms are 80 to 100 % and the units in which R4 is an

10 alkyl group having 3 to 4 carbon atoms are 0 to 20 %.

According to an eighth aspect of the present
inventing, there is provided a refrigerant compressor in
which the refrigerant comprises at least two compositions
selected from the group consisting of fluorinated

15 hydrocarbons represented by the following general formula
(2):
C,HF, cesees(2)
(wherein when 1 =1, m =1~ 2, n=2 ~3 andm + n = 4, when
l=2, m=1~4, n=2~5andm+n-=6, and when 1 = 3, m
20 =1 ~3, n=5~7andm + n = 8).

According to a ninth aspect of the present
invention, there is provided a refrigerant compressor in
which the refrigerant is selected from the group consisting
of an azeotropic mixed refrigerant consisting of 50 wt% of

25 difluoromethane (R32) and 50 wt% of pentafluoroethane (R125)
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order to suppress hydrol ysis when the polyol ester type oil is used.
Therefore, the above invention has a problemthat control is troubl esone.
20 SUMMARY OF THE INVENTION It is an object of the present invention which
has been made to solve the above problemto provide a high-performance
refrigerant conpressor which uses a 25 polyvinyl ether type oil having

Conpatipili%%dwktgégﬁdﬂaszeotropic mixed refrigerant consisting of 44
wt$ of pentafluoroethane (R125), 52 wt% of trifluoroethane
(R143a) and 4 wt% of 1,1,1,2-tetrafluorcethane (R134a).

According to a tenth aspect of the present

5 dinvention, there is provided a refrigerant compressor in
which the refrigerator oil comprises 0.0l to 1.0 wt® of a
phenolic antioxidant as an essential component and 0.01 to 2

¢ wt% of an epoxy type or carbodiimide type compound.

According to én eleventh aspect of the present
10 invention, there is provided a refrigerant compressor in
which the refrigerator oil comprises 0.1 to 2 wt® of a
phosphoric ester type compound.
According to a twelfth aspect of the present
invention, there is provided a refrigerant compressor in

15 which the compressor unit comprises a vane made from an iron

type material or a carbon composite material infiltrated with

aluminum and a roller made from an iron type material.
According to a thirteenth aspect of the present

invention, there is provided a refrigerant compressor in

20 which the compressor unit comprises a vane made from an iron

type material such as high speed tool steel or an SUS type
material subjected to a single or composite surface treatment
by ion nitridation, nitrosulphurization or CrN.

According to a fourteenth aspect of the present

25 invention, there is provided a refrigerant compressor in
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type refrigerant such as R134a as a refrigerator oil to suppress the
production of a carboxylic acid caused by thernmal cracking or hydrolysis
due to the frictional heat of sliding nmenbers and the generation of a

sl udge caused thereby 5 without carrying out troubl esone process control.
According to a first aspect of the present invention, there is provided a

refrigerant,GopRr ‘Eﬁéofxflgggp&hshﬁg.c?x R 1R arakky3e pCHRANRLTL &yl 2

conpr essor Unit insta in the hernetically seal ed container, wherein 10

ot o T PREEPREEERAS, Brsng Xeioo el aadupuesl oA s 1o,
cont ai ner, gﬂﬂyihSroup having 3 to 4 carbon atoms are 0 to 40 %.
According to a fifteenth aspect of the present
5 invention, there is provided a refrigerant compressor in
which the refrigerant comprises at least two compositions
selected from the group consisting of fluorinated

- hydrocarbons represented by the following general formula
(2):

10 CHF, ceess(2)

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

According to a sixteenth aspect of the present

15 invention, there is provided a refrigerant compressor in
which the refrigerant is a pseudo-azeotropic mixed
refrigerant consisting of 23 wt% of difluoromethane (R32), 25
wt% of pentafluoroethane (R125) and 52 wt% of
1,1,1,2-tetrafluoroethane (R134a).

20 According to a seventeenth aspect of the present
invention, there is provided a refrigerant compressor in
which the refrigerator oil comprises 0.01 fo 1.0 wt% of a
phenolic antioxidant as an essential component and 0.01 to 2

wt% of an epoxy type or carbodiimide type compound.

25 According to an eighteenth aspect of the present
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refrigerator oil essentially conprises a polyvinyl ether type conpound
havi ng structural units represented by the follow ng 15 general formnula
(1): [err] 20 wherein n is an integral nunber in the range of 1 or nore, Rl
to R3 are each a hydrogen atom or a hydrocarbon group 25 having 1 to 8
carbon atons and may be the same or different, R4 is an al kyl group havi ng

ot Do STonERyBhRThn Ml U5 GG B che bl B T L0 2
3 to which the refrigerator oil comprises 0.1 to 2 wt% of a
phosphoric ester type compound.
According to a nineteenth aspect of the present
5 invention, there is provided a rgfrigerant compressor in
which the compressor unit comprises a vane made from an iron
type material or a carbon composite material infiltrated with
z aluminum and a roller made from an iron type material.
According to a twentieth aspect of the present

10 invention, there is prbvided a refrigerant compressor in
which the compressor unit comprises a vane made from an iron
type material such as high speed tool steel or an SUS type
material subjected to a single or composite surface treatment
by ion nitridation, nitrosulphurization or CrN.

15 According to a twenty-first aspect of the present
invention, there is provided a cooling apparatus comprising a
refrigerant compressor comprising a hermetically sealed
container and a compreséor unit installed in the hermetically
sealed container, a cohdenser, an expansion device and an

20 evaporator, which are connected by pipes, wherein an HFC type
refrigerant or a mixture thereof and a refrigerator oil
having compatibility with the refrigerant are charged into
the hermetically sealed container, and the refrigerator oil
essentially comprises a polyvinyl ether type compound having

iz



4 carbon atons are 0 to 60 % According to a second aspect of the present

I nvention, there is provided a refrigerant conpressor in which the
refrigerant is selected fromthe group consisting 5 of
1,1,1,2-tetraf |l uoroet hane (Rl34a), an azeotropic m xed refrigerant

consi sting of 50 wt % of difluoronethane (R32) and 50 wt % of
pentafluorog?@ane (R125), and a pseudo-azeotropic m xed refrigerant

consi sting 24 wt % of pent afl uoroethane (R125), 52 wt% of trifluoroethane
(R143a) and 4 mﬁ@%&f ﬁg 1,1,1,2-tetrafl uoroet hane (Rl34a).

-(c-c), - ceeeea(1)
5 b
R2 O
|
R4

, wherein n is an integfal number in the range of 1 or more,
10 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

15 4 carbon atoms are 0 to 60 %.

BRIEF DESCRIPTION OF THE DRAWINGS

These objects and advantages of the present

invention will become clear from the following description
20 with reference to the accompanying drawings, wherein:

Fig. 1 is a longitudinal sectional view of a rotary
type compressor according to an embodiment of the present
invention;

Fig. 2 is a transverse sectional view of a rotary

25 type compressor of the present invention;

Fig. 3 is a diagram for explaining an Amsler wear

tester:;

Fig. 4 is a diagram for explaining a bench-stand

- 10 -
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According to a third aspect of the present invention, there is provided a
refrigerant conpressor in which the refrigerator oil conprises 0.01 to 1.0
wt % of a phenolic antioxi dant as an essential conponent and 0.01 to 2 15
wt % of an epoxy type or carbodiim de type conpound. According to a fourth
aspect of the present invention, there is provided a refrigerant conpressor
|n whi ch thg égé%ngﬁgtor oil conprises 0.1 to 2 w% of a phosphoric ester
type conpoun According to a fifth aspect of the present

| nvention, there is p{rQé' dgd;ga Bei:éggﬁgyé%n%ogﬁ%ﬁi%r dli Bg¥akC B e

conpressor unit conpris vane ma roman Ir

cooling apparatus according to the present invention.

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention is described hereinafter with
reference to embodiments shown in the accompanying drawings.
z Fig. 1 is a longitudinal sectional view of a rotary
type compressor. Fig. 2 is a sectional view cut on line A-A
10 of the rotary type compressor of Fig. 1. In Figs. 1 and 2,
reference numeral 1 denotes a hermetically sealed container
in which an electric element 2 and a rotary compression
element 3 driven by this electric element as a compressor
unit are installed in the container in such a manner that the
15 electric element 2 is positioned above the rotary compression
element 3. The electric element 2 comprises a stator 5
having a coil 4 insulated by an organic material and a rotor
6 arranged inside the stator. The rotary compression element
3 comprises a cylinder 7, a roller 10 which is turned along
20 the interior wall of the cylinder 7 by an eccentric portion 9
of a rotary shaft 8, a vane 12 pressed by a spring 11 for
partitioning the inside of the cylinder 7 into a suction side
and a discharge side when it is pressure contacted to the
peripheral surface of the roller, and an uppef bearing 13 and

25 a lower bearing 14 for supporting the rotary shaft 8 and
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type material or a carbon conposite material infiltrated with al um num and
aroller made froman iron type material. 25 According to a

si xth aspect of the present i nvention, there is provided a refrigerant
conpressor in which the conpressor unit conprises a vane nmade from an iron
type material such as high speed tool steel or an SUS type nmateri al

subj ected t818s$h§ItReObpeANRES! be tHES ageihaaat rent 5 by ion nitridation,
ni trosul phurization or C?N. According to a seventh aspect of the present
A discharge port 15 communicating with the
discharge side of the cylinder 7 is formed in the upper
bearing 13. A discharge valve 16 for opening and closing the
5 discharge port 15 and an exhaust muffler 17 for covering the
discharge valve are attached to the upper bearing 13.
" The roller 10 is formed from an iron type material
B such as cast iron as will be described hereinafter, thé vane
12 is formed from an ir6n type material, a composite material
10 of aluminum and carbon, or an iron type material such as high
speed tool steel or an SUS type material subjected to a
single or composite surface treatment by ion nitridation,
nitrosulphurization, CrN or the like.
An HFC type refrigerant or a mixture thereof is
15 charged into a bottom portion of the hermetically sealed
container 1. The refrigerant is 1,1,1,2-tetrafluoroethane
(R134a) alone, an azeotropic mixed refrigerant (to be
referred to.as R410A hereinafter) consisting of 50 wt% of
difluoromethane (R32) and 50 wt% of pentafluoroethane (R125),
20 a pseudo-azeotropic mixed refrigerant (to be referred to as
R404A hereinafter) consisting of 44 wt% of pentafluoroetane
(R125), 52 wt% of trifluoroethane (R143a) and 4 wt% of
1,1,1,2-tetrafluoroethane (R134a), or a pseudo-azeotropic
mixed refrigerant (to be referred to as R407C hereinafter)

25 consisting of 23 wt% of difluoromethane (R32), 25 wt% of

This Sheet Has Been Replaced | - 12 -




i nventi on,
which R4 is
the units i

there is provided a refrigerant conpressor in which the units in

an al kyl
n which R4 is an 10 al kyl

group having 1 to 2 carbon atons are 80 to 100 % and
group having 3 to 4 carbon atons are 0O

to 20 % According to an eighth aspect of the present inventing, there is
refrigerant conpressor in which the refrigerant conprises at

(5&&%3£1&5§b§gﬁgﬁée@RiﬁgPL%#ﬁggﬁoyg%c psisting of fluorinated 15

provi ded a
| east two c
hydr ocar bon
Cerr]Herr
and m+ n =

10

15

20

25

s represented by the fol

gener a

]{?f%%éﬁrtetraflﬁgfoéfﬂgﬁéiPRﬂ@EQ)} =1, m=1~2, n=2~3

formula (2):

0il used as the refrigerator oil has compatibility

with the above refrigerant.

Stated more specifically, the refrigerator oil

essentially comprises a polyvinyl ether type compound having

structural units represented by the following general formula

(1):
3

R
|
cH, - cereen(1)
|
0
I
R

4

, Wwherein n is an integral 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

4 carbon atoms are 0 to 60 %.

Or the refrigerator oil

essentially comprises a polyvinyl ether type compound having

structural units represented by the above general formula

(1), in which the units in which R4 is an alkyl group having

1l to 2 carbon atoms are 40 to 100 % and the units in which R4

is an alkyl group having 3 to 4 carbon atoms are 0 to 60 %.

In addition, the refrigerator oil essentially comprises a

—_—
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1=2 m=1~4 n=2~5and m+n =6, and when 1 =3, m20 =1 ~ 3,
=5 ~7and m+ n = 8). According to a ninth aspect of the present

i nvention, there is provided a refrigerant conpressor in which the
refrigerant is selected fromthe group consisting of an azeotropic m xed
refrigerant consisting of 50 wt % of 25 difl uoronethane (R32) and 50 wt % of

pent af | uor ogidIBRA il Fvher tybe aishpours® Uty Are G taRtturaXashiesri ger ant
consi sting of 44
represented by the above general formula (1), in which the
units in which R4 is an alkyl group having 1 to 2 carbon
atoms are 40 to 100 % and the units in which R4 is an alkyl

5 group having 3 to 4 carbon atoms are O to 60 %

As an antioxidant, 0.01 to 1.0 wt% of a phenolic
antioxidant (such as DBPC) is contained as aﬁ essential

: component énd 0.01 to 2 wt% of an epoxy type or carbodiimide
type compound is contained as an acid trapping agent in the

10' refrigerator oil.

As an extreme-pressure additive or an anti-wear
agent, 0.1 to 2 wt% of a phosphoric ester type compound such
as tricresyl phosphate (TCP) is contained in the refrigerator
oil.

15 Glycidyl ether which is one of epoxy type compounds
is selected from the group consisting of hexylglycidyl ether,
Z-ethylhexylglycidyl ether and isooctadecylglycidyl ether.

The above carbodiimide type compounds are
represented by the general formula R5-N=C=N-R6 wherein R5 and

20 R6 are each selected from an alkyl group and an
alkyl-substituted aromatic group.

The oil 18 lupricates a sliding surface between the
roller 10 and the vane 12 which are the sliding members of
the rotary compression element 3.

25 The refrigerant which flows into the cylinder 7 of

S
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wt % of pent afl uoroet hane (R125), 52 wt % of trifluoroethane (Rl43a) and 4
w%of 1,1,1,2-tetrafluoroethane (R134a). According to a tenth aspect of
the present 5 invention, there is provided a refrigerant conpressor in
which the refrigerator oil conprises 0.01 to 1.0 wt % of a phenolic

antioxi dant as an essential conponent and 0.01 to 2 wt % of an epoxy type or

car bodi i m dehéypetasypoomnpredsiondelombntad ahavest Boappeskeal biyhe present
10 invention, there is provided a refrigerant conpressor in which the

refrigerat oeo@péraﬁmaﬁl betweeh thelrvi¥eef 10 BRASRRG’ vaneSHOr ikYRA 34a,
conpound. According to a twelfth aspect of the present
R410A, R407C or R404A having compatibility with the polyvinyl
ether type o0il 18 as described above.
5 E Reference numeral 19 denotes a suction pipe,
attached to the hermetically sealed container 1, for guiding
the refrigerant to the suction side of the cylinder 7 and 20
: a discharge pipe, attached to the upper wall of the
hermetically sealed container 1, for discharging the
10 refrigerant compressed by the rotary compression element 3 to
the outside of the hermetically sealed container 1 through
the electric element 2.
In the above configured rotary compressor using the
refrigerator oil composition, the refrigerant flowing into
15 the suction side of the cylinder 7 from the suction pipe 19
is compressed by cooperation between the roller 10 and the
vane 12, passes through the discharge port 15 to open the
discharge valve 16 and is discharged into the exhaust muffler
17. The refrigerant in this exhaust muffler is discharged
20 from the discharge pipe 20 to the qutside of the hermetically
sealed container 1 through the electric element 2. The oil
18 is supplied to the sliding surface between the sliding
members such as the roller 10 and the vane 12 of the rotary
compression element 3 to lubricate the surface. The

25 refrigerant compressed in the cylinder 7 is prevented from

“—*“———~————___“__
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I nvention, there is provided a refrigerant conpressor in 15 which the
conpressor unit conprises a vane made froman iron type material or a
carbon conposite material infiltrated with alum numand a roller nade from
an iron type material. According to a thirteenth aspect of the present

I nvention, there is provided a refrigerant conpressor in 20 which the

CONpr essor  WalingC AEIKeE S rtd A A RFrddiPdsidePn type material such as
hi gh speed tool steel or an SUS type naterial subjected to a single or

conposi te surface tr ealtr@rﬁolmbv}icm% dadnigidd Gha Uiy ié?&%xﬁé’ﬂeé’ra% N
According to a fourteenth aspect of the present 25 invention, there Is
provi ded a gRlEnIYAHANEY 6S9Ustrhte the present invention.

Fig. 3 is a diagram for explaining a wear test

5 which has been copducted using an Amsler wear tester.

In this respect, reference numeral 21 denotes a
fixed piece equivalent to the vane and having a curved end
with a radius of 4.7 mm, which receives a load L of 100 kg.
Reference numeral 22 rebresents a rotating piece equivalent

10 to the roller and having a diameter of 45 mm. This rotating
piece is turned at a speed of 400 rpm for 20 hours while a
pressure contact portion thereof with the fixed piece 21 is
supplied with various polyvinyl ether type oils at a rate of
120 cc/min.

15 Table 1 shows the results of abrasion tests made on
the following combinations using the Amsler abrasion tester

shown in Fig. 3.

-
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which the units in which R4 is an al kyl group having 1 to 2 carbon atons
are 60 to 100 % and the units in which R4 is an al kyl group having 3 to 4
carbon atons are 0 to 40 % According to a fifteenth aspect of the present
5 invention, there is provided a refrigerant conpressor in which the
refrigerant conprises at |east two conpositions selected fromthe group
consi sting pfablaotinated hydrocarbons represented by the foll ow ng general
formula (2):

Vane Structure of Total Acid | Wear Quantity of
Material Polyvinyl Number Test Sample
Ether (R4) (TAN)
Vane Roller
O0.1x(mm) | (um)
Comparative | Type A 0.09 0.7 “1-3
Example
. Example 1 Type A ]0.01 0.6 -1
Example 2 Type A not more 0.1 0
than 0.01
Example 3 Type A not more 0.1 0
1 than 0.01
Example Type A not more 0.1 0
than 0.01 '

[VANE]

Compa?ative Example : high speed tool steel (SKH51)

composition : C: 0.8 to 0.9, Si: not more than 0.4, Mn:
5 not more than 0.4, P: not more than 0.03,

S: not more than 0.03, Cr; 3.8 to 4.5,
Mo: 4.5 to 5.5, W: 5.5 to 6.7, V: 1.6 to
2.2, Cu: not more than 0.25, Ni: not more

. than 0.25

10 Example 1: composite material comprising aluminum and
carbon; stated specifically, carbon composite
material infiltrated with aluminum (Carbon AL)

composition: C: 55, Al: 36, Si: 6, others (such as

Mg): 3 (in wt%)

15 Example 2: iron type material such as high speed tool
- 17 - \
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10
~ 3 and m+ n

1 =3 m=1~3,n

of the present 15 invention,

whi ch the refrigerant

Cerr]Herr]F[err]
= 4, when 1

..... (2) (whereinwhen 1 =1, m=1~ 2, n =2
=2, m=1~4 n=2~5and m+ n = 6, and when
=5 ~7and m+ n = 8). According to a sixteenth aspect

there is provided a refrigerant conpressor in
I S a pseudo-azeotropic m xed refrigerant consisting

of 23 wt % of dlfluoronethaaeeé583ﬁ10851gﬂgheaeeeaaaibuargskbaes (R125) and

52 wt% of 1,1,1,2-tetr
sevent eent h aspect of
refrigerant conpressor

composition:

10 Example 3:

af | uor oet hane (R134a) According to a
the Eféééﬂént”B?“Bi@?oshﬂﬁﬁﬁrhéaﬂiBﬁLdE@a%ed

in

specifically, a material equivalent to SKH55
containing the following components and
subjected to a surface treatment by plasma
nitrosulphurization

C: 2.14, si: 4.21, Mn:

0.32, Cr: 0.32, w:

11.5, v: 7.0, Co: 8.0, Mo: 2.53, Fe: the
balénce (in wt%)

SUS type material subjected to a surface

treatment by nitrosulphurization; stated

specifically, SUS440 type material containing

the following components and subjected to a

surface treatment by plasma

15 nitrosulphurization
composition: C: 1.8 to 2.3, Si: not more than 1, Cr:
20 to 24, Mo: 0.5 to 2.6, Fe: the balance
(in wt%)
Example 4: iron type material such as high speed tool
20 steel subjected to a surface treatment by ion
nitridation and further a surface treatment by
CrN
[ROLLER] cast iron material (to be referred to as E-3
hereinéfter)
25 composition: T.C.(total carbon): 0.56 to 0.64, Si: 2.2

This g

\\\\\\\\\\\\\“‘\\\\
Wiy
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which the refrigerator oil conprises 0.01 to 1.0 wt % of a phenolic _
antioxidant as an essential conponent and 0.01 to 2 w % of an epoxy typeor
carbodii m de type conpound. 25 According to an ei ghteenth aspect
of the present invention, there is provided a refrigerant conpressor in
which the refrigerator oil conprises 0.1 to 2 wt% of a phosphoric ester

type compound. According to a nigeteol MasEe® €8 1./, Fephis maxyestion,
there is provided a refrigerant conpressor in _
0.08 max, Ni: 0.1 to 0.2, Cr: 0.20 max,
Mo: 0.07 to 0.2, Ti: 0.25 max, Fe: the
balance
5 [OIL] oil essentially comprising a polyvinyl ether type

compound having structural units represented by the

following general formula (1):

Rl R3
b
10 -(Cc-c¢Cc), - ceesss(l)
||
R2 O
I
R4
15 , wherein n is an integral number in the range of 1

or more,-Rl t0 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
20 is an alkyl group having 1 to 2 carbon atoms are 50
% and units in which R4 is an alkyl group having 3
to 4 carbon atoms are 50 %, and further comprising
0.1 to 2.0 wt% of tricresyl phosphate (TCP) and
0.01 to 10 wt% of 2-ethylhexylglycidyl ether as the
25 epoxy compound according to the present invention
(EPOX) (to be referred to as "Type A" hereinafter).
[REFRIGERANT] R134a alone

As a result, as shown in Table 1, it was confirmed

il



whi ch the conpressor unit conprises a vane nmade froman iron type materi al
or a carbon conposite material infiltrated with alum numand a roller nade
froman iron type material. According to a twentieth aspect of the present
10 invention, there is provided a refrigerant conpressor in which the
conpressor unit conprises a vane nade froman iron type material such as

hi gh speed tgol¢StRé! vahe2RatbPibYBCoRRERANBLeEUD| 86t 8dak8 8131 BUpBXIbr
conposite surface treatnent by ion nitridation, nitrosul phurization or CrN

15 inAESPAY 881 80nambYBNE ¥alth " aha2nREE! gRhntieyPEESeBL i nvention,

there is provided a cooling apparatus conprising a refrigerant conpressor
conprising a hernEtlcakkyiéeggggmed that the reason for this is the

thermal cracking of the polyvinyl ether type oil caused by
5 sliding frictional heat generated on the sliding surface
between the rotating piece 22 and the fixed piece 21 was

suppressed.

Table 2 shows the results of wear tests on the
10 following combinations using an Amsler wear tester shown in

Fig. 3.

[Table 2]

Vane Structure of Total Acid | Wear Quantity of
Material Polyvinyl Number Test Sample
Ether (R4) ( TAN)

Vane Roller
0.1x(mm) | (pm)

Comparative' Type C 0.08 0.6 -3

Example

Example 1 Type C 0.01 10.5 -1

Example 2 Type C not more 0.1 O
than 0.01

Example 3 Type C not more
than 0.01

Example 4 Type C not more
than 0.01

[VANE]

Comparative Example: high speed tool steel (SKH)

Example 1: composite material comprising aluminum and

- 20 - //:
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contai ner and a conpressor unit installed in the hernetically seal ed

contai ner, a condenser, an expansion device and an 20 evaporator, which are
connected by pipes, wherein an HFC type refrigerant or a m xture thereof
and a refrigerator oil having conpatibility with the refrigerant are
charged into the hernetically sealed container, and the refrigerator oi

e ocore oo e o] Stbeda e cerpoiny, hahag Soapousiy o
material infiltrated with aluminum (Carbon AL)
composition: C: 55, Al: 36, Si: 6, others (such és
Mg): 3 (in wt%)

5 Example 2: iron type material such as high speed tool
steel subjected to a surface treatment by
nitrosulphurization; statgd specifically, HAP

- 63 material (equivalent fo SKH54) containing
the follbwing components and subjected to a
10 surface treatment by plasma
nitrosulphurization
composition: C: 2.14, si: 0.32, Cr: 4.21, Mn: 0.32, W:
11.5, v: 7.0, Co: 8.0, Mo: 2.53, Fe: the
balance (in wt%)

15 Example 3: SUS type material subjected to a surface
treatment by nitrosulphurization; stated
specifically, SUS440 type material containiné
the following components and subjected to a
surface treatment by plasma

20 nitrosulphurization

composition: C: 1.8 to 2.3, Si: not more than 1, Cr:

20 to 24, Mo: 0.5 to 2.6, Fe: the balance

(in wt%)
Example 4: iron type material such as high speed tool
25 _ steel subjected to a surface treatment by ion

- 21 - This Sheet Has Been Reﬂlaced
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[err] 5 wherein nis an integral nunber in the range of 1 or nore, 10 R1
to R3 are each a hydrogen atom or a hydrocarbon group having 1 to 8 carbon
atons and nmay be the sane or different, R4 is an alkyl group having 1 to 4
carbon atonms, 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 al kyl group having 3 to

15 4 carbon atoms are O ton$@rYaaBRbEFaRESERPREPNLE aTHarEBOW Noaatiryit

obj ects and advantages of the present invention will beconme clear fromthe
foll ow ng description by CrN

[ROLLER] cast iron material (to be referred to as E-3
hereinafter)
5 composition: T. C. (total carbon): 0.56 to 0.64, Si:
2.2 to 2.9, Mn: 0.6 to 1.0, P: 0.18 max,
S: 0.08 max, Ni: 0.1 to 0.2, Cr: 0.20
- max, Mo: 0.07 to 0.2, Ti: 0.25 max
[Oo1IL] oil essentialiy comprising a polyvinyl ether type
10 compound having structural units represented by the
following general formula (1):

Rl R3

I

-(c-c), - ceeeed (1)
15 |
R2 O

R4
, wherein n is an integral number in the range of 1
20 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 80
25 % and units in which R4 is an alkyl group having 3
to 4 carbon atoms are 20.%, and further comprising
0.1 to 2.0 wt$ of tricresyl phosphate (TCP) and

0.01 to 10 wt% of 2-ethylhexylglycidyl ether as the

- 22 - .
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20 with reference to the acconpanying draw ngs, wherein: Fig. 1is a

| ongi tudi nal sectional view of a rotary type conpressor according to an
enbodi ment of the present invention; Fig. 2 is a transverse sectional view
of -a rotary 25 type conpressor of the present invention; Fig. 3 is a

di agram for explaining an Ansl er wear tester; Fig. 4 is a diagramfor

expl aining a bench-stagfoxy compound according to the present invention
(EPOX) (to be referred to as "Type C" hereinafter)
[REFRIGERANT] R410A or R404A
As a result, as shown in Table 2, it was confirmed
S that the vane materials of Examples 1 to 3 are all superior
in total acid number (TAN) and wear quantity of TP.
It is assumed that the reason for this is the
- thermal cracking of the polyvinyl ether type oil caused by
sliding frictional heat generated on the sliding surface
10 between the rotating piece 22 and the fixed piece 21 was
suppressed. It is élso considered that the deterioration of
the o0il is caused by the suppression of a catalytic function

due to the ineffectiveness of iron by TCP.

15 Table 3 shows the results of wear tests on the
following combinations using an Amsler wear tester shown in

Fig. 3.
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tester; and Fig. 5is a refrigerant circuit diagramof a cooling apparatus
according to the present invention. 5 DETAILED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS The present invention is described hereinafter with reference
to enbodi ments shown in the acconmpanying drawings. Fig. 1 is a |ongitudinal
sectional view of a rotary type conpressor. Fig. 2 is a sectional view cut
on line A-A[§gbqg BRe rotary type conpressor of Fig. 1. In Figs. 1 and 2,
reference nunmeral 1 denotes a hernetically sealed container in which an

electric 6|{"“ﬂ-“——*“T“:‘?‘“’T‘?"f““?“? ----- O CF et [ o TV Ty —t-H
electric elf Fthafsiure of Total Acid | Wear Quantity ;;_1
Material Polyvinyl Number Test Sample
Ether (R4) ( TAN)
Vane Roller

O0.1x(mm)

Comparative
Example

Type B 0.07 0.5 -2

Example 1 Type B not more 0.5 : 0

than 0.01

Example 2 Type B not more 0.2 -1
: than 0.01

Example 3 Type B ‘not more 0.2 -1 ’
' than 0.01

Type B not more 0.1 0]
than 0.01 "
[VANE]
Comparative Example: high speed tool steel (SKH)
Example 1: composite material comprising aluminum and
5 carbon; stated épecifically, carbon composite

material infiltrated with aluminum (Carbon AL)
composition: C: b5, Al: 36, Si: 6, others (such as
Mg): 3 (in wt%)
Example 2: iron type material such as high speed tool
10 steel subjected to a surface treatment by

nitrosulphurization; stated specifically,
HAP63 material (equivalent to SKH54)
containing the following components and
subjected to a surface treatment by plasma

—_—
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unit are installed in the container in such a manner that the 15 electric
el enment 2 is positioned above the rotary conpression elenent 3. The

el ectric elenent 2 conprises a stator 5 having a coil 4 insulated by an
organic material and a rotor 6 arranged inside the stator. The rotary
conpression elenment 3 conprises a cylinder 7, a roller 10 which is turned

along 20 the interior wal}h;efokliephutindeiod by an eccentric portion 9 of
a rotary shaft 8, a vane 12 pressed by a spring 11 for partitioning the

nside of the cyboifgLsLibto ac_%ugt.han gideoagd acgi sghaggeml.dg wheny.t

pressure contac 0 the peripheral surface of the roller, and an upper

bearing 13 and 25 a | ower bearigg_g§ §9r7§59p86§iggoghﬁogogggé'sgggtt%eand
balance (in wt%)

5 Example 3: SUS type material subjected to a surface
treatment by nitrosulphurization; stated
specifically, SUS440 type material containing
the following components and subjected to a
surface treatment by plasma

10 nitrosulphurization

composition: C: 1.8 to 2.3, Si: not more than 1, Cr:

20 to 24, Mo: 0.5 to 2.6, Fe: the balance

(in wt%)
Example 4: iron type material such as high speed tool
15 steel subjected to a surface treatment by ion

nitridation and further to a surface treatment
by CrN
[ROLLER] cast iron material (to be referred to as E-3
hereinafter)
20 composition: | T. C. (total carbon): 0.56 to 0.64, Si:
) 2.2 to 2.9, Mn: 0.6 to 1.0, P: 0.18 max,
S: 0.08 max, Ni: 0.1 to 0.2, Cr: 0.20
max, Mo: 0.07 to 0.2, Ti: 0.25 max, Fe:

the balance

U i



closing the openings of the cylinder 7. A discharge port 15 communicating
with the discharge side of the cylinder 7 is fornmed in the upper bearing
13. A discharge valve 16 for opening and closing the 5 discharge port 15

and an exhaust nuffl er

17 for covering the discharge valve are attached to

t he upper bearing 13. The roller 10 is formed froman iron type materi al

such as cast iron as wildy o, de3eriied datelnaklielniie Rieskhic Y Bk

froman iron type material, a conpos

10

15

20

e nateria
following general formula (1):

Rl R3
|
- ( C - C )n_ ......(1)
|
R2 O
|
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 having 1 to 8 carbbn 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 70
% and units in which R4 is an alkyl group having 3
to 4 carbon atoms are 30 %, and further comprising
0.1 to 2.0 wt$ of tricresyl phosphate (TCP) and
0.01 to 10 wt% of 2-ethylhexylglycidyl ether as the
epoxy compound according to the present invention

(EPOX) (to be referred to as "Type B" hereinafter)

[REFRIGERANT] R407C

As a result; as shown in Table 3, it was confirmed

that the vane materials of Examples 1 to 3 are all superior

25 in total acid number (TAN) and wear quantity of TP.

It is assumed_ghat the reason for this is the

thermal cracking of the polyvinyl ether type oil caused by

sliding frictional heat generated on the sliding surface

-
- 26 - .
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10 of alum num and carbon, or an iron type material such as high speed
tool steel or an SUS type nmaterial subjected to a single or conposite
surface treatnment by ion nitridation, nitrosul phurization, CN or the |iKke.
An HFC type refrigerant or a mxture thereof is 15 charged into a bottom
portion of the hernetically sealed container 1. The refrigerant is

1,1, 1, 2-tet rpétweeActhaneotBting) pakere222BnaZ eAkr @Ek@ngiE@erQ i ger ant

(to be referred to as R410A hereinafter) consisting of

di f | uor omet haagptE8deaandre0iwt ¥ ab E@HEQ&EHQ&O%EQQH%héR&a%églﬁgation of

pseudo- azeotropic mxed refrigerant (to be referred to as
hereinafter)tgensi st i89caliséd Wy"aRE BERHRELLPLACLENE catalytic function

due to the ineffectiveness of iron by TCP.

5
Table 4 shows the results of.a durability test on
; an actual refrigerant compressor comprising the following
- elements using a bench-stand tester shown in Fig. 4 based on
the evaluations of Tablés 1, 2 and 3.
10 The bench-stand tester comprises a compressor A,

condenser B, expansion valve C and evaporator D all of which
are connected by pipes and test conditions are as follows:
Pressure at High Level: 27 to 28 kg/cm’ G,
Pressure at Low Level: 46 kg/cm?(L
15 Operation Frequency: 100 Hz,
Operation Time: 1,000 hr,
Refrigerant: R134a, R410A, R404A, R407C
Temperature of Upper Portion of Case: 95 to 100°C
Each material is as follows:
20 [VANE]
Comparative Example 4: high speed tool steel (SKH)
Example 1: composite material.comprising aluminum ana
carbon; stated specifically, carbon composite

material infiltrated with aluminum (Carbon AL)

25 composition: C: 55, Al: 36, Si: 6, others (such as
- 27 - This Sheet
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(R125), 52 wt% of trifluoroethane (R143a) and 4 wt % of

1,1,1,2-tetrafl uoroethane (R134a), or a pseudo-azeotropic m xed refrigerant
(to be referred to as R407C hereinafter) 25 consisting of 23 wt % of

di fl uoronet hane (R32), 25 wt % of - 13 - pentafluoroethane (R125) and 52

w%of 1,1,1,2-tetrafluoroethane (R134a). G| used as the refrigerator oi
has conpatibility with the abovgg5?f§ig§ﬁa9£%)

Example 2: iron type material such as high speed tool
steel subjected to a surface treatment by
nitrosulphurization; stated specifically,

5 HAP63 material (equivalent to SKH54)
containing the following components and
subjected to a surface treatment by plasma

. nitrosulphurization
composition: C: 2.14, Si: 0.32, Cr: 4.21, Mn: 0.32, WwW:
10 11.5, v: 7.0, Co: 8.0, Mo: 2.53, Fe: the
balance (in wt%)

Example 3: SUS type material subjected to a surface
treatment by nitrosulphurization; stated
specifically, SUS440 type material containing

15 the following components'and subjected to a
surface treatment by plasma
nitrosulphurization

composition: C: 1.8 to 2.3, Si: not morelthan 1, Cr:
20 to 24, Mo: 0.5 to 2.6, Fe: the balance

20 ' (in wt%)

Example 4: iron type material such as high speed tool
steel subjected to a surface treatment by ion
nitridation and further to a surface treatment
by CrN

25 [ROLLER] cast iron material (to be referred to as E-3

—_—
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5 _ Stated nore specifically, the refrigerator oil essentially
conprises a polyvinyl ether type conpound having structural units
represented by the follow ng general formula (1): [err] 10 15 wherein n is
an integral nunmber in the range of 1 or nore, RlL to R3 are each a hydrogen
atom or a hydrocarbon group having 1 to 8 carbon atons and nmay be the sane

or different, R4 is anpalkyl having 1 to 4 carb t d ' '
. . nakkY ha®te g rbon atoms, and units in
20 which R4 is an aIkyF grogb hgging 1 to 2 carbon atons are 40

composition: T. C. (total carbon): 0.56 to 0.64, Si:
2.2 to 2.9, Mn: 0.6 to 1.0, P: 0.18 max,
S: 0.08 max, Ni: 0.1 to 0.2, Cr: 0.20
5 max, Mo: 0.07 to 0.2, Ti: 0.25 max, Fe:
the balance

[OIL] oils of A, B and C types shown in Tables 1 to 3

As a result, és shown in Table 4, the wvane

10 materials of Examples 1 to 4 are all good because they
exhibit good results and higher durability than a combination
of a cohventional refrigerant R-22 and mineral oil (Mineral).

. As shown in Fig. 5, by connecting a refrigerant

compressor a, condenser b, expansion device c and evaporator

15 4 by pipes_and charging the above-mentioned HFC type
refrigerant or mixture thereof (R134a, R410A, R404A or R407C)
and the above-mentioned refrigerator oil (Type A, B, or C)
having compatibility with the refrigerant into the
hermetically sealed container 1 of the compressor a, there

20 can be provided a cooling apparatus (such as a refrigerator,
air conditioner or show case) which can prevent the returning

of the oil and has a high refrigerating capacity.

-—
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to 100 % and units in which R4 is an alkyl group having 3 to 4 carbon atons
are 0 to 60 % O the refrigerator oil essentially conprises a polyvinyl
ether type conmpound having structural units represented by the above
general formula 25 (1), in which the units in which R4 is an alkyl group
having 1 to 2 carbon atons are 40 to 100 % and the units in which R4 is an
al kyl group W@abieg 2Jto 4 carbon atons are 0 to 60 % In addition, the

refrigerator oil essentially conprises a -14-
Vane Structure Refrigerant Durability Test u
Material of Used
' Polyvinyl Wear | Sludge | TAN
Ether (R4)

Comparative | Type A R134a G B B
Example
Example 1 Type A R134a G G G

) Example 2 | Type A R134a E |E G
Example 3 Type A R134a E E G
Example 4 Type A R134a E E G "
Comparative | Type C R410A, R404A | G B B
Example

" Example 1 Type C R410A, R404A | G G G

Example 2 Type C R410A, R404A | E E G
Example 3 Type C R410A, R404A | E E G "
Example 4 Type C R410A, R404A | E E G
Comparative | Type B R407C G B B
Example
Example 1 Type B R407C G G G
Example 2 Type B R407C E E G "
Example 3 Type B R407C E E G "
Example 4 Type B R407C E E |G ."

*Note: E: excellent, G: good, B: bad

The following points have been found from the above
results:
5 (1) | Since the HFC type refrigerant does not contain
chlorine atoms, it is inferior to CFC type and HCFC type

refrigerants in the lubricity of a sliding portion.

- 30 - This Sheet Has Been Rep
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pol yvi nyl ether type conpound having structural units represented by the
above general fornula (1), in which the units in which R4 is an al kyl group
having 1 to 2 carbon atons are 40 to 100 % and the units in which R4 is an
al kyl 5 group having.3 to 4 carbon atons are 0 to 60% As an anti oxi dant,
0.01 to 1.0 wt% of a phenolic antioxidant (such as DBPC) is contained as an
essential coldbnent andhenothecratipopsiannadipkygrope baviagbdditbnde type
conpound is contained as an acid trapping agent in the 10 refrigerator oil.
As an extr ergapbeRr satemadtPt apeabkyhnguaup- havinggdnto 4. ¢arbof atemst iz

phosphoric ester type conpound such
the structure of the polyvinyl ether oil is made a

predetermined ratio in accordance with the type of the above
5 HFC type refrigerant and a predetermined vane material is
selected in accordance with the ratio, the polyvinyl ethef
- oil does not separate when the separation temperature ranges
from a high temperature side to a low temperature side, that
is, from 35 to 10°C. Thereby, the refrigerator can exhibit a
10 predetermined refrigerating capacity.
Stated specifically, the relationship between the
structure of the polyvinyl ether oil and the separation

temperature is shown in Table 5 below.

This Sheet Has Been Reﬂlaced
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as tricresyl phosphate (TCP) is contained in the refrigerator oil. 15

A ycidyl ether which is one of epoxy type conpounds is selected fromthe
group consi sting of hexylglycidyl ether, 2-ethyl hexylglycidyl ether and

I sooct adecyl gl yci dyl ether. The above carbodiinm de type conpounds are
represented by the general formula R5-N=C=N-R6 wherei.n R5 and 20 R6 are
each sel ect ddtgblen%h al kyl group and an al kyl -substituted aromatic group
The oil 18 lubricates a sliding surface between the roller 10 and the vane
12 whi ch ar éefhehRalationshvipiBetwedn t The rStongteovep@EsEhenPelyvinyl 3Ether

0il And The Separation Temperature

high-temperature side/low-temperature side (unit: °C)

Structure of R4 il | Refrigerant

R134a R407C R410A

- 80~100/0~20% 50 or more / | 50 or more / |} 50 or more /
50 or less -50 or less

80~100/0~20% 50 or more / | 50 or more / | 50 or more /

-~50 or less -44

60~100/0~40% 50 or more / | 50 or more /
=20 -15

40~100/0~60% 50 or more / | 50 or more /
10 -19

—
REMARKS: The mark "---" means that the separation

occurs at entire temperature range.

The same function and effect are expected from the
5 following vane materials as other examples.
For exampie,
(1) composite material éomprising aluminum and
. . carbon and having the following composition
composition: C: 55, Al: 36, Si: 6, others (such
10 as Mg): 3 (in wt%)
(2) fiber reinforced aluminum alloy having the
following composition
composition: C: 55, Al: 36, Si: 6 (in wt%)

(3) ceramic such as zirconia (ceramic)

_ - 32 -
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25 The refrigerant which flows into the cylinder 7 of t he
rotary conpression elenment 3 and i s conpressed by cooperation between the
roller 10 and the vane 12 is R134a, R410A, R407C or R404A havi ng
conpatibility with the polyvinyl ether type oil 18 as descri bed above. 5
Ref erence nuneral 19 denotes a suction pipe, attached to the hernetically

seal ed container 1, fongldediciddiE alRive,dictitirditg o Y iptiesdrte of the
cylinder 7 and 20 a discharge pipe, attached to the upper wall of the

invention, thermal cracking caused by frictional heat
generated by sliding members and the generation of sludge can
be suppressed by a combination of a specific HFC type

5 refrige;ant, a polyvinyl ether type o0il having a specific
structure and a specific sliding material, and there is no
carboxylic acid generated by hydrolysis when a conventional
polyol ester type oil is used. As a result, a
high-performance rotary-compressor and cooling apparatus can

10 be provided without the need for complicated process control.

While the presently preferred embodiments of the

present invention have been shown and described, it will be
understood that the present invention is not limited thereto,
and that various changes and modifications may be made by

15 +those skilled in the art without departing from the scope of

the invention as set forth in the appended claims.
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hernetlcally seal ed container 1, Tor discharging the 10 refrigerant

conpressed by the rotary c 3 to the outside of the
hernetically seal ed contai 3mm m;malg"m eI ectric elenment 2. In the
above configured rotary conpressor usi refrigerator oil conposition
the refrigerant flowing into 15 the suction side of the cylinder 7 from

the suctiongaPergOcraInmeppigssed by cooperati on between the roller 10 and
the vane 12, passes through the discharge port 15 to open the discharge

valve 16 angd_is dischgr ga@ra beahite coi P@é&boﬁuﬁbhﬁtiéing'rbehé&ﬁl@iﬁ.@aﬁmlf in
this exhaust nmuffler is disc arged 20 Trom the discharge pipe 20 to the

outside of LhgyBgrBBhkadhk¥ and a compressor unit installed in the

hermetically sealed container, wherein an HFC type
5 refrigerant or a mixture:thereof and a refrigerator oil
having compatibility with the refrigerant are charged into
the hermetically sealed container, and the refrigerator oil
essentially comprises a polyvinyl ether type compound having
structural units represénted by the following general formula
10 (1):

1 R3

R
|
-(C-C), - ceeeea(l)
I
15 R2 O
I
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
20 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
4 carbon atoms are 0 to 60 %.
25
2. The refrigerant compressor of claim 1, wherein the

refrigerant is selected from the group consisting of

1,1,1,2-tetrafluoroethane (R134a), an azeotropic mixed

- 34 -
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seal ed container 1 through the electric elenent 2. The oil 18 is supplied

to the sliding surface between the sliding nmenbers such as the roller 10

and the vane 12 of the rotary conpression element 3 to lubricate the

surface. The 25 refrigerant conpressed in the cylinder 7 is prevented from

-16- being | eaked into a | owpressure side. The follow ng exanpl es and

conparati ve safirpgesanteconsestingf oEt Bor withl bt GateubbemBitane! (RAONELR)-
50 wt¥ of pentafluoroethane (R125), and a pseudo-azeotropic
mixed refrigerant consisting of 44 wt% of pentafluoroethane
(R125)i 52 wt¥ of trifluoroethane (143a) and 4 wt% of

5 1,1,1,2-tetrafluoroethane (R134a).

3. The refrigerant compressor of claim 1, wherein the
. refrigerator oil comprises 0.01 to 1.0 wt% of a phenolic
antioxidant as an essential component and 0.01 to 2 wt% of an

10 epoxy type or carbodiimide type compound.

4. The refrigerant compressor of claim 1, wherein the
refrigerator oil comprises 0.1 to 2 wt% of a phosphoric ester

type compound.

15
5. The refrigerant compressor of claim 1, wherein said
compressor unit comprises a vane made from an iron type
mate;ial or a carbon composite material infiltrated with
aluminum and a roller made from an iron type material.
) 20

) 6. The refrigerant compressor of claim 1, wherein said
compressor unit comprises a vane made from an iron type
material such as high speed tool steel or an SUS type
material subjected to a single or composite surface treatment

25 Dby ion nitridation, nitrosulphurization or CrN.

_—
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Fig. 3 is a diagramfor explaining a wear test 5 which has been conducted
using an Ansler wear tester. In this respect, reference nuneral 21 denotes
a fixed piece equivalent to the vane and having a curved end with a radius
of 4.7 mm which receives a load L of 100 kg. Reference nuneral 22
represents a rotating piece equivalent 10 to the roller and having a

di ameter of745 mm ThasreeragePanki 86fpkeskdtNe8mptidiageadnekmé@d calmyf or
20 hours while a pressure contact portion thereof with the fixed piece 21

i s SUpp"Edséﬁiéﬁvé6h95§n89|&Mﬂn¥|cShBEés&MPeuﬁi£Slﬁétaliéhelﬁftﬁ%o cc/mn.
15 Table 1 shows the results of abrasion tests nmade on
hermetically sealed container, wherein an HFC type
refrigerant or a mixture thereof and a refrigerator oil
5 having compatibility with the refrigerant are charged into
the hermetically sealed container, and the refrigerator oil

essentially comprises a polyvinyl ether type compound having

structural units represented by the following general formula

10 Rl R3
|
-(c-cCc), - ceeeea(1)
|
R2 O
15 |
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
having 1 to 8 carbon atoms and may be the same or different,
20 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 80
to 100 % and units in which R4 is an alkyl group having 3 to

s 4 carbon atoms are 0 to 20 %.

25 8. The refrigerant compressor of claim 7, wherein the
refrigerant comprises at least two compositions selected from
the group of fluorinated hydrocarbons represented by the

following general formula (2):

LLLELE i



the foll ow ng conmbi nati ons using the Ansl er abrasion tester shown in Fig.

3. [Table 1] Vane Structure of Total Acid War Quantity of
Mat eri al Pol yvi nyl Nunber Test Sanpl e Ether (R4) (TAN)
Vane Roller O0.1x(nm ([err]m Conparative Type A 0. 09
0.7 3

C,HF, ceneea(2)

10

15

20

25

(wherein when 1 =1, m =1~ 2, n=2 ~3 and m + n = 4, when
1=2, m=1~4, n=2~5andm+n-=6, and whenl = 3, m

=1~3, n=5~7andm+n = 8).

9. The refrigerant compressor of claim 7, wherein the
refrigerant is selected from the group consisting of an
azeotropic mixed refrigerant consisting of 50 wt% of
difluoromethane (R32) and 50 wt% of pentafluoroethane (R125),
and a pseudo—azeétropic mixed refrigerant consisting of 44
wt$ of pentafluoroethane (R125), 52 wt% of trifluoroethane

(R143a) and 4 wt% of 1,1,1,2-tetrafluorcethane (R134a).

10. The refrigerant compressor of claim 7, wherein the
refrigerator oil comprises 0.01 to 1.0 wt% of a phenolic
antioxidant as an essential component and 0.01 to 2 wt% of an

epoxy type or carbodiimide type compound.

11. The refrigerant compressor of claim 7, wherein the
refrigerator oil comprises 0.1 to 2 wt% of a phosphoric ester

type compound.

12. The refrigerant compressor of claim 7, wherein the
compressor unit comprises a vane made from an iron type
material or a carbon composite material infiltrated with

-
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Exanpl e Exanple 1 Type A 0.01 0.6 -1 Exanple 2

| Type A not nore 0.1 0 than 0.01 Exanple 3 Type A
not nore 0.1 0 than 0.01 Exanple 4 Type A not nore
0.1 0 than 0.01 [VANE] Conparative Exanple : high speed tool steel

(SKH51) conposition : C 0.8 to 0.9, Si: not nore than 0.4, M 5
not nore thaldninuP: amdtamokléhanadeOBrom an iron type material.

13. The refrigerant compressor of claim 7, wherein the
compressor unit comprises a vane made from an iron type

5 material such as high speed tool steel or an SUS type
material subjected to a single or composite surface treatment

by ion nitridation, nitrosulphurization or CrN.

14. A refrigerant'compressor comprising a hermetically

10 sealed container and a compressor unit installed in the
hermetically sealed container, wherein an HFC type
refrigerant or a mixture thereof and a refrigerator oil
having compatibility with the refrigerant are charged into
the hermetically sealed container, and the refrigerator oil

15 essentially comprises a polyvinyl ether type compound having
structural units represented by the following general formula
(1):

Rl R3
|
20 - (C-C)n- 0...0-(1)

I

R2 O
I
R4

25 , wherein n is an integral number in the range of 1 or more,
R1 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

- 38 - " This Sheet Has Been Repl
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S: not nore than 0.03, Cr; 3.8 to 4.5, Mb: 4.5t0 5.5 W 55to06.7, V.

1.6 to 2.2, Cu: not nore than 0.25, Ni: not nore than 0.25 10 Exanple 1:

conposite material conprising alum num and carbon; stated specifically,

carbon conposite material infiltrated with al um num (Carbon AL)

conposi tion: C. 55, Al: 36, Si: 6, others (such as My): 3 (in w% 15

Exanpl e 2. whichlRA 1¥P8n"BLR¥LAGrouphhasihggh tBeedcheBbn atoms are 60
to 100 % and units in which R4 is an alkyl group having 3 to

4 carbon atoms are 0 to 40 %.

5 15. The refrigerant compressor of claim 14, wherein the
refrigerant comprises at least two compositions selected from

the group of fluorinated hydrocarbons represented by the

oy,

following general formula (2):
C,HF_ ceeeea(2)
10 (whereinwhen 1 =1, m=1~2, n=2~3 and m + n = 4, when

l1=2, m=1~4, n=2~5andm+n=26, and when 1 = 3, m

=1~3, n=5~7andm+n = 8).

16. The refrigerant compressor of claim 14, wherein the

15 refrigerant is a pseudo-azeotropic mixed refrigerant
consisting of 23 wt% of difluoromethane (R32), 25 wt% of
pentafluoroethane (R125) and 52 wt% of

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

: 20 17. The refrigerant compressor of claim 14, wherein the
refrigerator oil comprises 0.01 to 1.0 wt% of a phenolic
antioxidant as an essential component and 0.01 to 2 wt®% of an

epoxy type or carbodiimide type compound.

25 18. The refrigerant compressor of claim 14, wherein the

_
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-18- steel which is subjected to a surface treatnent by _
ni trosul phuri zation; stated specifically, a material equivalent to SKH55
containing the foll ow ng conponents and 5 subjected to a
surface treatnent by plasnma nitrosul phurization conposition: C 2.14, S
0.32, C: 4.21, Wn: 0.32, W 11.5, V: 7.0, Co: 8.0, My 2.53, Fe: the
bal ance (i n nefdideratomnpll GmpriséyI 1Y peo nitwt$ abf salphosphorbcaester
surface

type compound.

19. The refrigerant compressor of claim 14, wherein the
5 compressor unit comprises a vane made from an iron type
material or a carbon composite material infiltrated with

aluminum and a roller made from an iron type material.

fy o 0

20. The refrigerant compressor of claim 14, wherein the
10 compressor unit comprises a vane made from an iron type

material such as high speed tool steel or an SUS type

material subjected to a single or composite surface treatment

by ion nitridation, nitrosulphurization or CrN.

15 21. A cooling apparatus comprising a refrigerant
compressor comprising a hermetically sealed container and a
compressor unit installed in the hérmetically sealed
container, a condenser, an expansion device and an

' evaporator, which are connected by pipes, wherein an HFC type

20 refrigerant or a mixture thereof and a refrigerator oil

'anoe, Y

having compatibility with the refrigerant are charged into
the hermetically sealed container, and the refrigerator oil
essentially comprises a polyvinyl ether type compound having
structural units represented by the following general formula
25 (1):
—_—
This Sheet Has B
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treatnment by nitrosul phurization; stated specifically, SUS440 type materi al
containing the foll owi ng conponents and subjected to a surface treatnent by

pl asma 15 ni t rosul phuri zati on conposition: C 1.8to 2.3,
Si: not nore than 1, C: 20 to 24, Md: 0.5 to 2.6, Fe: the balance (in W%
Exanpl e 4: iron type material such as high speed tool 20

steel subjected tRia rgrface treatnent by ion nitridation and further a
surface treatnentlby FrN :

—(C=-C ), = eeeenen (1)
||
5 R2 O
|
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 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

4 carbon atoms are 0 to 60 %.

.

\
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[ ROLLER] cast iron material (to be referred to as E-3 hereinafter) 25

conposi tion: T.C. (total carbon): 0.56'to 0.64, Si: 2.2 -19- to 2.9,
Mt 0.6 to 1.0, P: 0.18 max, S: 0.08 max; Ni: 0.1 to 0.2, C: 0.20 max, Mo:
0.07 to 0.2, Ti: 0.25 max, Fe: the balance 5 [O L] oil essentially

conprising a polyvinyl ether type
ABSTRACT OF THE DISCLOSURE

A refrigerant compressor is configured such that a
compressor unit is installed in a hermetically sealed
container, an HFC type refrigerant or a mixture thereof and a

5 refrigerator oil having compatibility with the refrigerant
are charged into the hermetically sealed container, and the
refrigerator oil esséntially comprises a polyvinyl ether type

~ compound having structural units represented by the following
general formula (1):
10

1 3

Rl R
||
-(C-cC), - ceeeee(1)
|
RZ O
i5 ]
R4
, Wherein n is an integral number in the range of 1 or more,
R1 to R3 are each a hydrogen atom or a hydrocarbon group
having 1 to 8 carbon atoms and may be the same or differenf,
20 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 are 0 to 60 %. As a result, the generation of
a carboxylic acid:caused by thermal cracking or hydrolysis

25 due to frictional heat generated by sliding members is

prevented and the generation of sludge is thereby suppressed.

Sheet Has Been Re{ilaced
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¢+ conpound having structural units represented by the follow ng general
formula (1): [err] 10 15 , Wherein nis an integral nunber in
the range of 1 or nore, Rl to R3 are each a hydrogen atom or a hydrocarbon
group having 1 to 8 carbon atons and may be the sanme or different, R4 is an
al kyl group having 1 to 4 carbon atonms, and units in which R4 20

I's an al kyl group having 1 to 2 carbon atons are 50 % and units in which R4
is an al kyl group having 3 to 4 carbon atons are 50 % and further

conpri sing :

Fig. 1
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0.1 t0:2.0 % of tricresyl phosphate (TCP) and 0.01 to 10 wt % of

2- et hyl hexyl gl yci dyl ether as the 25 _ epoxy conpound according to
the present invention (EPOX) (to be referred to as "Type A" hereinafter).

[ REFRI GERANT] R134a alone As a result, as shown in Table 1, it was
confirnmed -20- that the vane materials of Exanples 1 to 3 are all
superior in total acid number (TAN) and wear quantity of TP.

This Sheet Has Been Replaced e
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¢+ It 1s assuned that the reason for this is the thermal cracking of the

pol yvinyl ether type oil caused by 5 sliding frictional heat generated on
the 5liding surface between the rotating piece 22 and the fixed piece 21
was suppressed. Table 2 shows the results of wear tests on the 10

foll owi ng conbi nati ons using an Ansler wear tester shown in Fig. 3. [Table
2] . Vane - Structure of Total Acid War Quantity of Materi al

Pol yvi nyl Nunber Test Sanpl e Ether (R4) ( TAN)

Fig'. 3

=/

21
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. Vane. : Roller O0.1x(m) ([err]m Conparative Type-C 0. 08

0.6 -3 Exanple Exanple 1 Type C . 0.01 - 0.5 -1
Exanpl e 2 Type C not nore 0.1 0 than 0.01 Exanple 3
Type C not nore 0.1 0 than 0.01 Exanple 4 Type C

not nore 0.1 0 than 0.01 [ VANE]

Fig. 5
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) : o i~
~-Conpar ati ve Exanpl e: high speed tool steel (SKH) Exanple 1: %%Q%(iltes

-, material conprising alunm num and -21- carbon; stated speci f | calll‘:ygg
¥carbon conposite material infiltrated with aIun1nun1(Carbon AL)
conposi tion: C. 55 A: 36, Si: 6, others (such as My): 3 (in wt% 5
Exanpl e 2: iron type material sucklas hi gh speed tool steel subjected
to a surface treatnent by SPECIFICATION :

TITLE OF THE INVENTION

REFRIGERANT COMPRESSOR AND COOLING APPARATUS

COMPRISING THE SAME REPLACEMBNT SHEET

14 JAN 195

" BACKGROUND OF THE INVENTION

1. Field of the Invention_
This invention relates to a refrigerant compressor
which uses 1,1,1,2-tetrafluoroethane (to be referred #o as
10 R1l34a hereinafter) which is an HFC type refrigerant or a
mixture of HFC type'refrige:ants (such as a-mixturé of.R134a;
R32 and.R125, a mixture of.R134a, R143a and R125 or a mixture
of R32 and R125) as a refrigerant and a refrigerator oil
-having compatibilify with the refrigerant and to a cooiing

15 apparatus.-

2. Background Art

Most refrigerant compressors for refrigerators,
automatic vending machines and show cases have conventionally

20 used dichlorodiflﬁoromethane {to be referred to as R12

hereinafter) as a refrigerant. This R12 fails under flon
regulations becéuse of the disruption of the ozone layer.
R134a is now being stud;ed for use in.refrlgerators as a
substitute for this R12 (refer to Lald-open Japanese Patent

25 Appllcation No. He1 1-271491, for example).

REPLACEbﬂﬂTFSHEETS j?
B Description : paged ... to pmgd

=+ - .p{ Claim(s) paged% to paged &.
B Drawing(s) : paged ... to paged ..
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ni trosul phurization; stated specifically, HAP 63 material |(gquival e{,‘H9§§
SKH54) containing the foll ow ng conponents and subjected tjo ja 14 JA '

surface treatnent by plasma nitrosul phurization conpositiopn: C 2. 14,
0.32, Cr: 4.21, WMn: 0.32, W 11.5, V:_7.0, Co: 8.0, M: 2.B3, Fe: the
bal ance (in wt% 15 Exanple 3: $85 type material subj

e S, 3P BE R B g SO VP
in air conditioners and the iike, much attention is paid to
- HFC type mixed refrigerahte from a viewpoint of environmental
preservation.

5 However, HFC type refrigerants such as the
abdve-desbribed R134a have poor compatibility wirh a
refrigerator oil such as mineral oil or alkylbenzene oil
which is currently used end cause a feilure in lubricating
‘the compressor due to the bad returning of the oil to the

10 compressor and the absorption of the separated refrigerant at
the time of activation. |
Therefore, the inventors of.the present invention
have studied a polyol ester type oil as a refrigerator oil
which has compatibility with HFC type.refrigerants such as
15 .R134a. However, when this polyol ester type oil is used ih a
rotarf type compressor, a fatty acid produced by the
hydrolysis of the oil caused by heat corrodes sliding ﬁembers
and causes wear. Powders produced by this wear exert a bad
influence on organic materials.sﬁch as magnet'wiree of
_20 electric elemepts of the coméressor and thus impair the
durability of the compressor.
The inQentors have conductedlstudies to use a
combination of an HFC type refrigerant es:e refrigerant and a
polyocl ester type oil es ; refrigerator oil in a rotary type

25 compressor and have found that a carboxYlic acid which is
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surface treatnment by plasma 20 ~nitrosul phyrijzaji,o

conposi tion: C 1.8to 2.3, Si: not nore than 1, C: 20 |tc 2514%”1%?85 o]
“2.6, Fe: the balance (in wt% Exanple 4:. iron type matjerlial such as

hi gh speed tool 25 steel subjected to a qurface treatnent
by ion -22- nitridation and further® a surface treat rest :

10

15

20

25

produced by the hydrolysis of the polyol ester type oil for

lubricating sliding members caused by the frictional heat of
the sliding members of the rotary type compressor corrodes
iron type materials or reacts with iron type materials to
become metal soap or sludge, thereby reducing refrigerating
capacity.

As a result, the inventors have found that the
thermal cracking of the polyol ester type oil caused by
frictional heat generated by the.sliding-members_can-be
suppressed by a combination of a specific polyol ester type
0il, a specific additive and a specific sliding material
(refer_to Laid-open Japanese Patent Application No. Hei
6-295357). |

However, accoroing to the above technique, it is
necessary to strictly control the production process, that
is, the concentrafions of water, chlorine and oxygen, in
order to suppress hydrolysis when the polyol ester'type oil |
is used. Therefore, the above invention has a problem-that

control is troublesome.

- SUMMARY OF THE INVENTION

It is an object of the present invention which has
been made to solve the above problem to provide a
high-performance refrigerant compressor which uses a

polyvinyl ether type o0il having compatibility with an HFC



b

by N [ROLLER] cast iron material (to be referred to

conposi ti on: T. C. (total carbon): 0.56 to O.
M1 0.6 to 1.0, P: 0.18 max, S:- 0.08 max, Ni: 0.1 to O.
0.07 to 0.2, Ti: 0.25 max [A L] oil essentially co
et her type 10 conpound havFﬁQ—structural uni t

RETLAVDIMGIND OIDGL

s |E-3 hereinaftdr)
-S4 .pan 199 2 19,
_C}L 0. 20 nBmx, IM4:

the fO"9“‘€9p8998£§£g895ﬁ¥'éuéﬁ)anﬁﬂéhalés a refrigerator oil to

10

15

20

25

suppress the production of a carboxylic acid caused by
thermal cracking or:hydrolysis'due to the frictional heat of
sliding members and the generation of a sludge caﬁsed thereby
without carrying out troublesome'process control.

According to a first aspect of the present
invention, there is prévided a refrigerant compressor
comprising a hermeticelly sealed.container and a compressor .
nnit insfalled in the hermetically sealed eontainer, wherein
en HFC type refrigerant or a mixture thereof and a
refrigerator o0il having compatibility with the refrigerent
are charged into the hermetically sealed container, and the
refrigerator o0il essentially comprises e polyvinyl ether type
compound havihg_structural units represented by the foliowing

general formula (1):

Rl R3
| - |

-(Cc-¢Cc), -  ...... (1)
|| |
R2 ©
-

R4
, wherein n is an integral number in the range of 1 or more,
Rl to R3 are each a hydfogeﬁ atom or a hydrocarbon group
haVing 1 to 8 carbon atoms and may be the same or different,
R4 is an alkyl greup 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



wherein n i.s an integral nunber in the range of 1 20 REP Adg%éﬂqug{
1o R3 are each a hydrogen atom or a hydrocarbon group havijn 2%':3 —CaFBoH

atons and may be the same or different, R4 is an al kyl grgup h;ilvi P‘%@ S?SD 4
carbon atons, and units in which R4 is an al kyl group havijnd 1 #o %
atons are 80 25 % and units=r which R4 is an gl Kyl _group havir

DOT;

3 to 4 carb n:g¢§ 9 r conprising 0.1 tjo 2.0 w % of
tricresyl p%osp a[EZu: @5 gr?(? gﬁ%f; ;5{)6 t1%8 wt % of 2- et hyl hexygtyret-ehy—et-her

-as the

10

15

20

25

'According to a second aspect of the present

invention, there is provided a refrigerant compressor in

 which the refrigerant is selected from the group consisting

of 1,1,1,2-tetrafluoroethane (R134a), an azeotropic mixed
refrigerant consisting of 50 wt% of difluoromethane (R32) and
50 wt% of pentafluoroethane‘(R125), and é pseudo-azeotropic
mixed refrigerant consisting of 44 wt$% of pentafluorcethane
(R125),'52 wtd® of trifluordethane (R143a) and 4 wt¥ of
1,1,1,2-tetrafluoroethane (R134a).

According to a third aspect of the present

‘invention, there is provided a refrigerant compressdr in

which the refrigeratof oil comprises 0.01 to 1.0 wt% of a

phenolic antioxidant as an essential component 5nd 0.0i to 2
wt¥ of an epdxy type or carbodiimide type compound.

Accordihg to a fourth aspect of the present
invéntibn, there is provided a refrigerant compressdr in
which the ;efrigefator oil comprises 0.1 to 2 wt%:of a
phbspﬁoric ester.type compqund;

According to a fifth aspect of the present
invention,'theré is pro#ided a refrigerant comﬁressor in

which the compressor unit comprises a vane made from an iron

'type.material or a carbon composite material infiltrated with

aluminum and a roller made from an irdn type material.

According to a sixth aspect of the presehf



-
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. -23- epoxy conpound according to the present invention | GPOX) (T0 D€ -
referred-to as "Type C' hereinafter) [REFRI GERANT] R4A10A lor 474944\ 1698 a

~-result, as shown in Table 2, it was confirned 5 that tjhg vane materi alis jof
Exanples 1.to 3 are all superior in taotal acid nunber (JTA
gquantity of TP. It is assuned that thkRe*=eason for this}is the thermnal

cracking ointlatpBhY VitRukeCilChrbyRael! b c8¥EEHeRYUNt! LEMBYSEELR gyl frew!
generated on the sliding surface 10 between the rotating piece 22 and the

fixed piecgn?ln"fie compressor unit comprises a vane made from an iron

tfpe.ﬁaterial such as high speed tool_steél or an SUS type
material subjected to a single or composite surface treatment
5 by ion nitridation, nitroSulphurization or CrNL
According to a seventh aspect of the presenf
invention, fhere is provided a refrigerant compressor in
which the units in which R4 is an alkyl group_haVing 1 to 2
carbon atoms are 80 to.ioo % and the units in which R4 is an
10 alkyl group having 3 to 4.carbon atoms are 0 to 20.%.
| According to an eighth'aspeét o£ the presenf
inventing, there is provided a refrigerant compressor in
which'thé refrigerant comprises at least two compositions
éelected from the gfoup consisting of fluorinated |
15 hydrocarbons represented by the following general forﬁula'
 .§2):' |
- CHF ceeses(2)

1"m™ n .
(wherein when 1 = i, m=1~ 2; n=2~3andm+ ﬁ = 4,.when
1= 2, m.=_1~4,n=2~5_an.dm+.n_=6, and when 1 = 3, m
20 =1 ~3, n=5~7andmnm + n.é 8). |
According to a.ninth.aspect of the'preéent
~invention, there is pro#ided a refrigerant compressor in
which-the refrigerant is selected from the group_coﬁsisting

of an azeotropic mixed refrigerant cohsisting of 50 wt% of

25 difluoromethane (R32) and 50 wt% of pentafluoroethane (R125)
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suppressed. It is also considered that the deterioration the oi T TS

caused by the suppression of a catalytic function due.to the 14 JAN 1998

ineffectiveness of iron by TCP. 15 Tabl e 3 sho t he results of
wear tests on the followng conbinationf usi ng an Ansl er ar—t-ester—show
in Fig. 3. -24- [Table 3] Vane ~—~ Structure of otal Acid . \Wear.

Quantity of 4ng a pseudo-azeotropic mixzed refrigerant consisting of 44

wt¥ of pentafluoroethahe {R125), 52 wt% of trifluorocethane
(R14éa) and 4 wt% of i,1,1,2-tetraf1uoroethane (R134a).
According to a tenth aspect of the present
5 .invention, there is provided a refrigersnt compressor in
which the refrigerator oil comprises 0.01 to 1.0 wt% of a
phenolic antioxidant as an essential componeht and 0.01 to 2
wt% of an epoxy type or carbodiimide type compound.
~ According to an eleventh aspect of the present
10 ihvention, there is provided a refrigerant compressor in
which the refrigerator oil comprises 0.1 to 2 wt% of aﬁ_
phosphoric ester type compound. -
According to a twelfth aspect of the present
invention, there is provided a refrigerant.compressor ih
15 which the compressor unit comprises a vane made from an iron
type material or a carbon composite material infiltrated with
aluminum and a roller made from an iron type material. |
According to a-thirteenth aspect of the present.
~invention, there is provided a refrigerant compressor in
20 - which the compressor unit comprises a vane made from an iron
type material such as high speed tool steel or an SUS type
material subjected to a single or composite surface treatment
by ion nitridation nitrosulphurization or CrN.
According to a fourteenth aspect of the present

25 invention, there is provided a refrigerant compressor in




Materi al

Vane
0.5

Roller O.1x(nmm .  ([err]m Conparative Type B

Pol yvi nyl Nurber Test Sanple Ether [R4) 146A(\;T1993
- 0.07

-2 Exanpl e Exanple 1 Type B not nore | “65 o

than 0.01 Exanple 2 Type B . not nore 0.2 | -1 than 0.01
-Exanpl e 3

Type B

10

15

20

25

Type B not nore =802 -1 than 0. 0T EXanpre—%
whicthhenghgts ig'%hich R40is an alkyl group having 1 to 2

carbon atoﬁs are.60 to 100 % and the units in which R4 is an
alkyl group having 3 to 4 carbon atoms are 0 to 40 %.
According to a fifteenth aspect of the present
invention, there is provided a refrigerant compressor in
which rhe refrigerant comprises at least fwo compositions
selected from the group consisting of fluorinated |

hydrocarbons représented by the following general formula

(2):

' CHF, ceeea(2)
(wherein when 1 = 1, m =1~2,n=2~3 and.m + n= 4( when
1=2,m=1 ~'4, n=2-~5andm+n =26, and when 1 = 3, m
=1 ~'3, n=5~7andm+n = 8).

Aocording to a sixteenth aspect of the presenr |
invention, there is provided a refrigerant compressor in
which the refrigerant is a pseudo-azeotropic mixed

refrigerant consisting of 23 wt% of difluoromethane (R32), 25

wt$ of pentafluoroethane (R125) and 52 wt% of

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

According tola seventeenth aspeot of the present
invention, there is providéd a refrigerant compressor in
which the refrigerator oil comprises 0.01 to 1.0 wt% of a
phenolic antioxidant as an essential component and 0.01 to 2
wt¥ of an epoxy type or carbodiimide type compound.

According to an eighteenth aspect of the present



than 0.01 [VANE] Conparative Exanple:  high speed tool stpe
Exanpl e 1: conposite material conprising alum numand 5

“carbon; stated specifically, carbon conposite material infi
al um num ( Carbon AL) comnposition: C_55 Al: 36, Si: 6, ofhers (such as
My): 3 (in w% Exanple 2: I ron P#%e material such as h
10

B . . ~nSt gel subj.ected. a .S g;gﬂ;gﬁﬁﬁ{%% o s
'nitrosulphﬁ???gfﬁgﬁf 3?5?%69?p§%?9%?%F1?,*ﬁ%%@?ewéteria eqﬁqﬁﬂﬁﬁn to
SKH54)

at ad. it h
ettt

which the refrigerator oil comprises 0.1 to 2 wt% of a
.phosphoric ester type compound.
| According to a nineteenth aspeét of the present
5 inﬁention; there is provided a'refrigeraht compressor in
which the compressor ﬁnit'comprises a vane ﬁade from an iron
type material or a carbbn composite material infiltrated with
alumiqum and a roller made from an iron type material. |
According to a twentieth aspecf of the present
10 invéntion, there is'prdvidéd a refrigerant compressor in
which thé COmpressbr unit compfises a vane made from an iron
type material such as high speed tool steel or an SUS type
materiél subjected to a single or composite surface treatment
.by ion nitridation, nitrosulphurization or CrN. |
15 According to a twenty-first aspect of the_preseht
invention,.there is provided a-cooling apparatus comprising a.
'refrigeranﬁ compressor compfising a hermetically.sealed
container and a compressor unit instalied in the hermetically
' sealed-containér, a condenser, an expansion device and an
20 evaporator, which are connected by pipes, wherein an HFC type
.refrigerant or a mixture thereof and a refrigerator oi;
having compatibility with the refrigerant aré charged into
the hermetically sealed containér, and the fefrigerator oil
essentially comprises a polyvinyl ether type compound having

25 structural units represented by the following general formula



containing the foll ow ng conponents and subjected to a surface treatnment by

_plasma

-25- nitrosul phurizati on conposition: C 2.14, Si: 0.32, C

"4.21, Mh: 0.32, W 11.5, V. 7.0, Co: 8.0, Md: 2.53, Fe: the balance (in

10

15

20

25

w% 5 Exanple 3: SUS type rraterﬁfl subjected to a suface trealmeoie,
by nitrosul phurization; stated —= | REPLACEMENT SHEET
(1): . :
' 14 JAN 1998
R1 R3
. |
-(Cc-cCc), - ceenea(1)
1 |
R2 O
|
R4

, wherein n is an integral number in the range of 1 or more,
R1 fo R3 aré each a hydrogen atom or a hydrocarbon group
having 1 to 8 carbon étomsland 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 160 $ and units in which:R4 ié an alkyl group having 3 to

4 carbon atoms are 0 to 60 %.

BRIEF DESCRIPTION OF THE DRAWINGS

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

' Fig. 1 is a longitudinal sectional view of a rotary
type compressor according to an embodiment of the present
invention; |

| Fig. 2 is a transverse sectional view of a rota;y
type compressor of thelpresent invention;
Fig. 3 is a diagram for explaining an Amsler wear
tester;

Fig. 4 is a diagram for explaining a bench-stand



specifibally, SUS440 type material containing the follow ng REBD@@EN&EHESF
subjected to a surface treatnent by plasma 10 :

EET

ni t rosul phuri zati on conposition: C. 1.8 to 2.3, Si: not npr¢ Hﬁ?ﬂﬁigﬁﬁﬁf

20 to 24, Mo: 0.5 to 2.6, Fe: the balangf (in wt% Exanple
type material such,as high speed tool —~ - S

I~

ekl _subj ected

to a surfacgekkeaimapl by ion nitridation and further to a purface

treatment by CN [ ROL

10

15

20

25

Fig. 5 is a refrigerant circuit diagram of a

cooling apparatus according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

| The preseﬁt invention is described hereinafter with
reference to embodiments shown in the accompanying drawings.

Fig. 1l is a longitudinai sectionei view of a rotary

type compressor. Fig. 2 ie e sectional view cut on line A-A
of the rotary type compressor of fig. 1. In Figs. i and 2,
reference numeral 1 denotes a hermetically sealed container
in which an electric element 2 and a rotary compression
element 3 driven by this'electric.element as a compressor
unit are inStalled in the container in such a manner that the
eleCtrie element 2 is positioned above the rotary compression
element 3. The electric eiement 2 comprises a stator 5
having a coil 4 insulated by an organic material and a rotor
6 arranged inside the stator. The rotary compression element
3 comprises a cylinder 7, a foller 10 which is turned along

the interior wall of the cylinder 7 by an eccentric portion 9

of a rotary shaft 8, a'&ane'lz.pressed by a spring 11 for

partitioning the inside of the cylinder 7 into a suction side
and a discharge side when'it_is pressure contacted to the
peripheral surface of the roller, and an upper bearing 13 and

é lower bearihg 14 for eupporting the rotary shaft 8 and

LER] cast iron naterjal-(to be referretto—as—E-3—— |




herei nafter) 20

Si:

oi |

structural

10

15

20

25

2.2 t0 2.9, Mh: 0.6 to 1.0, P: 0.18 nux,
Cr: 0.20 nax,

essentially conprising a polyvinyl i%her type

' closing the openings of the cylinder 7.

conposi tion: T. C. (total carbon): Q.

S: 0.08 max, Ni| L%W@@SEET

Mb: 0.07 to 0.2, Ti: 0.25 nmax, Fe: the balancqg 35 [Q L]

-26- cqngouhd hEnvi1998

units represented by the

A discharge port 15 communicating with the
discharge side of the cylinder 7 is formed in the upper
bearing 13. A discharge valve 16 for openihg and closing the

discharge port 15 and an exhaust muffler 17 for covering the

discharge valve are attached to the upper bearing 13.

The roller 10 is formed from an iron type materiai
such-as cast iron as will be described hereinafter, the wvane
12 is formed from an iron type material; a comﬁosite material
of aluminum and carbon, or an iron type material such és high
speed tool steel or an_SUS typé material subjecfed té é

single or composite surface treatment by ion nitridation,

‘nitrosulphurization, CrN or the like.

An HFC type refrigerant or a mixture thereof is
charged into a bottom portion of the hermetically sealed
container 1. The refrigefant is 1,1,1,2-tetrafluoroethane

(R134a) alone, aﬂ azeotropic mixed refrigerant (to be

| referred to as R410A hereinaftef) consisting of 50 wt% of

difluoromethane (R32) and 50 wt% of pentafluorcethane (R125),

a pseudo-azeotropic mixed refrigerant (to be referred to as

R404A hereinafter) consisting of 44 wt% of pentafluorocetane
(R1255,.52 wt% of frifluorbethane (R143a) and 4 wt% of
1;1,1,2-tetrafluor6ethane (R134a), or a pseudo-azeotropic
mixed.refrigerant_(to be referred to'és R407C hereinafter)

consisting of 23 wt% of difluoromethané (R32), 25 wt% of




follow ng general fornula (1): [err] 5 10 : , Wherein n is_an

I ntegral nunber in the range of 1 or nore, RL to R3 are eg
atom or a hydrocarbon group having 1 to 8 carbon atons angd
or different, R4 is an alkyl group having 1 to 4 carbon at
whi ch R4 15 is an al kyl groug3having 1 to 2 car

% and units to 4 carl
% and furtléerhe(lzg(;gnqur.&?%fén% iﬁ?él] (?H%:’I)Ogg\ﬁ) ?%I cresy p_hosphate (TCP) and

1,1,1,2-tetrafluorocethane (R134a).

DR AP SHERT

ons
bd

n &32?1%"’3#5@57'

on atons_are

0il used as the refrigerator oil has compatibility

with the above refrigerant.

5 . Stated more specifically, the refrigerator oil

essentially comprises a polyvinyl ether type compound having

structural units represented by the following general formula

(1):
'Rl R3

10 | |
| -(c-c), - ceeeee(1)
B

R2 O

]

15 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

having 1 to 8 carbon atoms and may be the same or different,

R4 is an élkyl group having 1 to 4 carbon atbms, and units in

20 which R4 is an alkyl group having 1 to 2 carbon atoms are 40

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

4 carbon atoms are 0 to 60 ¥. Or the refrigerator oil

essentially comprises a polyvinyl ether type compound having

structural units represented by the above general formula

25 (1), in which the units in which R4 is an alkyl group having

1 to 2 carbon atoms are 40 to 100 $ and the units in which R4

is an alkyl group having 3 to 4 carbon atoms are 0 to 60 %.

In addition, the refrigerator oil essentially comprises a




. _ | |REPLACEMENT SHEET
0.01 to 10 wt % of 2-ethyl hexyl gl ycidyl ether as the 20 - EpOXY
conpound according to the present invention (EPOX) (to be ref e gefhn epgggs
"Type B" hereinafter) [REFRI GERANT] R407C As a result, as|shown in Tab .
it was confirned that the vane materials of Exanples 1 to|3‘a+e—ald
superior 25 in total acid number (TAN:l4md wear quantity|of TP. It is
assuned tha he.re QR far, .t t : ' T potyviTyt
et her type é?#YXaﬁg d E?egltgpﬁchmP ﬁgnggvggétgégﬁékgggg 8%E$ﬁe sliding

surface represented by the above general formula (1), in which the

units in which R4 is an alkyl group having 1 to 2 carbon
atoms are 40 to 100 % and the units in which R4 is an alkyl
5 group having 3 to 4 carbon atoms are 0 to 60 %

As an antioxidant, 0.0i’to 1.0 wt¥ of a phenolic
antioxidant (such as DBfC) is contained as an essential
component and 0.01 to 2 wt% of an epoxy type or carbodiimide
type compound is contained as an acid trapping agent in the

10 rafrigerator oil.;_'

As an extreme-pressure additive or an anti-wear
agent, 0.1 to 2 wt¥% of a phosphoric ester type compound such
as tricresyl phosphate (TCP) is contained in the refrigerator
oil; |

15 | _ Glycidyl ether which is one of epoxy type compounds
is selected from the group consisting of hexylglycidyl ether,
2-ethylhexylglycidyl ether and isococtadecylglycidyl ether.

The above carbodiimide'type componnds are
:ep:esented by.the genetal formula R5-N=C=N-R6 wherein R5 and

20 R6 are each selected_from an alkyl groub and an
alkyl-substituted aromatic group. |

The oil 18 lubricatss a sliding surface bétWeen the
_roller 10 and the vane 12 which are the sliding menbers of
the rotary compression element 3.

25 The refrigerant which flows into the cylinder 7 of




bet ween the rotating piece 22 and the fixed piepe'21 was suppr
al so considered that the deterioration of the oil is caused by
suppression of a catalytic function due to the ineffectiveness

TCP. 5 Table 4 shows the results of a durability test on an a¢t &=

REPLACEMENT SHEET
edseu: [
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1114 Jan 998

refrigerant conpressor conprisi.ng the LﬂéLomﬁng el enents using a

- s ' [ o 4 vl ' aptres—i—2
bench- st and s e Uk dddhod! dGRO"S i 2! dald e 7 T

and 3. 10

2

conprises & conpressor A,

condenser B HRans i W ifecn Ak SAPYANY R hSTvall oY ;s R134a,

10

15

20

25

R410A, R407C or R404A ha\'ring compatibility with the polyvinyl
ethef type ©0il 18 as described above. |

Reference numeral 19 denotes a suction pipe,
attached to thg hermetiéally sealed container 1, for guiding
the refrigeranf.to the suction side of the cylinder 7 and 20
a discharge pipe, éttached to the upper wall of the

hermetically sealed container 1, for discharging the

refrigerant compressed by the rotary compression element 3 to

the outside of the hermetically sealed container 1 through
the electric element 2.

In the above configured rotary compressor using the
refrigerator oil composition, the refrigérant flowing ihto
the suction side of thé cylinder 7 from the suction pipe 19
is compressed by cooperation betweén the roller 10 and the
vane 12, passes through the discharge port 15 to open the
discharge valve 16 and is discharged into the.exhaust muffler
17. Thé'refrigerant ih this exhaust ﬁuffler is discharged
from the discharge pipe 20 to the outside of the hermetically
sealed container 1 through the electric element 2. The oil
18 is supplied to the sliding surface between the sliding
members such as the roller 10 and the vane 12lof the rotary
compression element 3 to lubricate the surface. The

refrigerant compressed'in the cylindér 7 is prevented from



are connected by pipes and test conditions are as follows: -

Level: 27 to 28 kg/cnferr] G Pressure at Low Level: 46 kg/gmerr] G 15
"Qperation Frequency: 100 Hz, Qperation Tine: 1,000 hr, Refr|g r drfk JARIEES,
RA10A, R404A, R407C Tenperature of Upper Portion of Case: 9p to 100C Each
material is as follows: 20 [ VANE] Conpareti ve Exanpl e 4: hi gh speed t ool
steel (SK : I ; ' |t e Jmhald &y nprising allbudnum and

car bon; s%ﬁ%ﬁgg |d_cajﬂtﬁ%{cr2'r ohﬁconpose% ?gdéo '

10

15

The following exémples and comparative examples are
given to further illustrate the present invention. '

Fig. 3 is a diagram for explaining a wear test

which has been conducted using an Amsler wear tester.

In this respect, reference numeral 21 denotes a
fixed piece equivalent to the vane and having a curved end
with a radius of 4.7 mm, which receives a load L of 100 kg.
Reference numeral 22.represents a rotating piece equivalent
to the roller and having a diameter of 45 mm. This rotating
piece is turned at a speed of 400 rpm for 20 hours while a
pressure contact portion_fhereof.with the fixed piece 21 is
supplied with wvarious polyvinyl ether type oils at a rate of
120 cc/min. B

Table i shows the resulfs of abrasion tests made on
the folldwing combinatioﬁs.using the Amsler abrasion tester

shown in Fig. 3.



: T —————
material infiltrated with al uni num (Carbon AL) 25 - c{REBLACENMENT SHEET
55, Al: 36, Si: 6, others (such as -28- My): 3 (in w9% HExanple 2: :
iron type material such as high speed tool steel subjecteq. to h4sian 098
treatment by nitrosul phurization; stategd specifically, 5
HAP63 material (equivalent to SKH54) céhtaining the fol | o\ frg—Tonmpoments
and [Table 1] '
i vane Structure of Total Acid | Wear Quantity of
Material Polyvinyl Number Test Sample
h R4 TAN
Ether ( ) ( ) Vane Roller
0.1x(mm) | (pm)
Comparative | Type A 10.09 0.7 -3
Example
Example 1 Type A 0.01 0.6 -1 “
Example 2 Type A not more 0.1 0
than 0.01
Example 3 Type A not more 0.1 0
than 0.01
Example 4 Type A not more 0.1 0
than 0.01

[VANE]

Comparative Example : high speed fool steel (SKH51)

10 Example 1:

15 Example 2:

composition : C: 0.8 to 0.9, si: nét mofe than 0.4, Mn:
not more than 0.4, Pi-not more than 0.03,
S: not méfe than 0.03, Cr; 3.8 to 4.5,

Mo: 4.5 to 5.5, W: 5.5 to 6.7, V: 1.6 to
2.2, Cu: not more than 0.25,'Ni: not more
than 0.25

composite matérial compriéing aluminum and
carbon; stated specifically, carbon compdsite
material infiltrated with aluminum (Carbon AL)
composition: C: 55, Al: 36, Si: 6,'others (such as
Mg): 3 (in wt$)

iron type material such as high speed tool



S PR LAY SN ]
subjected to a surface treatnment by plasma nitrosul phuri Zatji on conp05|t|cn:
C 2.14, Si: 0.32, C: 4.21, M 0.32, W 10 | 140881398 v
7.0, Co: 8.0, Md: 2.53, Fe: the balance (in wt% Exanple |3: SUS typ
mat eri al subjected to a surface treatnent by nitrosul phurfli zation; stated
specifically, SUS440 type materi al contdﬁnlng 15 the

) S ermorent e SR Uhih 3£ UbMRERTY ol |
treatment by nitrosulphurization; stated
specifically, a materiél equi&alent to SKH55
containing the following components and

5 : subjected fo a surface treatment by plasma
nitrosulphurization |
composition: C: 2.14, Si: 0.32, Cr: 4.21, Mn: 0.32, W:
11.5, v: 7.0, Co: 8.0, Mo: 2.53, Fe: the
balance (in wt%)

10 Example 3: ~ SUS type material subjected to a surface
treatment by nitrosulphurization; statéd
specifically, SUS440 type material containing
the following components and subjected to a
surface treatment by plasma

15 : nitrosulphurization

composition: C: 1.8 to 2.3, Si: not more than 1, Cr:

20 to 24, Mo: 0.5 to 2.6, Fe: the balance

(in wt%)
Example 4: iron type material such as high speed tool
20 steel subjected to a surface treatment by ion

nitridation and fufther a surface treatment by
CrN
[ROLLER] cast iron material (to be referred to as E-3
hereinafter) |

25 composition: T.C.(tbtal carbon): 0.56 to 0.64, Si: 2.2



20 to 24, Mo: 0.5 to 2.6, Fe: the bal ance 20 (in W%
Exanpl e 4: iron type material such as high speed tool steel subjected
"to a surface treatnment by ion nitridation and further to a surface
treatment by N 25 [ROLLER] cast irgn material (to be referred to as E-3
herei nafter) conposition: T. C (t carbon): 0.56 to. 0.64, Si

to 2.9, Mn: 0.6 to 1.0, P: 0.18 max, S
0.08 max, Ni: 0.1 to 0.2, Cr: 0.20 max,
Mo: 0.Q7 to 0.2, Ti: 0.25 max, Fe: the
balance
5 [OIL]_' 0il essentially comprising.a polyvinyl ether type
ﬁompound having structural units represented by the

following general formula (1):

RL R3 REPLACEMENT SHEET
10 R é_c'; b= eeeans (1) | | 14aN1998
| 1|a2 cla | |
~e
15 : , wherein n is an integra;-numbér in the range of 1

or more, Ri 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
20 o is an alkyl group having i tb 2 éarbon atoms are 50
%.and.units in which R4 is an alkyi group having 3
to 4 carbon atoms are 50 %, and further comprising-
0.1 to 2.0 wt% of tricresyl phosphate (TCP) and
0.01 fo 10 wt% of 2fethylﬁexylglycidyl ether as the
25 | ' epoxy compound according to the present invention
(EPOX) (to be feferred to as "Type A" hereinafter).
[REFRIGERANT] R134a alone

As a result, as shown in Table 1, it was confirmed




< r AREUL LAk I/ /3lid RS T R ulkuﬂa '}
2.25to'2.9,-Nh: 0.6 to 1.0, P: 0.18 max, ‘S: 0.08 max, N} 0.1t COn
0.20 5 max, Md: 0.07 to 0.2, Ti: (.35 iﬁxﬁhgaﬁm%he
bal ance [A L] oils of A, B and C types shown in Tablled 1 to 3 As a
result, as shown in Table 4, the vane 1Q materials of Edanples 1 to 4 are
all good because they exhibit good res#s and hi gher du ,

conbi nat | O%lﬁ%%tﬁé’%&%'ﬁ% {814 icgier gﬁrgé Ny N r@f@'ai’i'

As shown in y connect Ing are ant™ conpr essor

i o (P Y L Loy LR RS Al £ 9 i e

above- nention

s&%{]f&fl )

enser b,

It is assumed that the reason for this is the
thermal cracking of the polyVinyl ether type 0il caused by
sliding frictional héat_generated on the-sliding surface
between the rotating piece 22 and the fixed piece 21 was

suppressed.

Table 2 shows the results of wear tests on the

10 following combinations using an Amsler wear tester shown in

Fig - 3.'0
[{Table 2]
Structure of

Polyvinyl
Ether (R4)

Total Acid
Number

Wear Quantity of
Test Sample

(TAN)

Vane
0.1x(mm)

Type C

0.08

0.6

Type C

0.01

Type C

not more
than 0.01

Type C

not more
than 0.01

Type C

ﬂ Example 4

[VANE]

not more
than 0.01

- Comparative Example: high speed tool Steel {SKH)

'~ Example 1:

composite material comprising aluminum and



above-nmentioned refrigerator oil (Type A, B, or C havin
with the refrigerant into the hernetically seal ed cont ai
conpressor a, there 20 can be provi ded cool i ng appar at
refrigerator, air conditioner or shOM/éﬁke) whi ch can pr

B - o | hEILAUEREND Jiind
refrigerant or m xture thereof (Rl34a, R410A, R404A or RAOYC) and the

) ForiphyaN 958y
hef 1 of the

s (suciras—a
pvent -t he returni

of the oil and has a high &Sébbaera%aaadcaﬁééhtycallyLTaakaoA]caﬁpes1te
Structure Ref ri ger.ant EUrablllty Test -

material lnflltrated w1th aluminum (Carbon AL)
composition: C: 55, Alﬁ 36, Si: 6, others (such as
Mg): 3 (in wt%) |
5 Example 2: iron type méterial such as high speed'tcol
steel subjected to a surfaée treatment by'
nitrosulphurization; stated specificél;y, HAP
63 material (equivalent to SKH54) containing
the_followihg components'and subjgcted to a
10 sﬁrface treatment by plasma
nitrosulphurization
composition: C: 2.14, Si: 0.32, Cr: 4.21, Mn: 0.32, W:
| 11.5, V: 7.0, Co: 8.0, Mo: 2.53, Fe: the
_ balance (in wt¥)
 '15 Example 3: SUS type material subjected t63a surfacé |
| treatment by nitrosulphurizafion;_stated
_specifically; SUS440 type material containing
the following components and subjected to a
surface tfeatmént by plasma
20 nitrosulphurization |
composition: C: 1.8 to 2.3, Si: not more_than l1, Cr:
20 to 24, Mo: 0.5 to 2.6, Fe: the balénce
(in wt%)
Example 4: | -iron type material such as high speed'tool

25 ' steel subjected to a surface treatment by ion



S T TSN G v

Mat eri al of Used Pol yvi nyl _ V‘éar14SJMqu

TAN Ether (R4) Conparative Type A R134a G
Exanpl e Exanple 1 Type A R134a G G S Eﬂawp'ﬂ
2 Type A R134a _ E G Exampl e Type A
R134a E E G Exanpl = Type A R1s4a
E : G Conparative Tyﬂ%ﬁ?ldatlon Rh&0 Ay r@ﬁQQAtoGa surﬂ%ce treaﬂ%ent
Exanpl e Exanple 1 Type C R410A, R404A

by CrN '

[ROLLER] cast iron material (to be referred to as E-B
hereinafter) | |
5 composition: T. C. (total carboh): 0.56 to 0.64, Siﬁ-
| 2.2lto 2}9, Mn: 0.6 to 1;0, P: 0.18 max,
8: 0.08 max, Ni: 0.1 to 0.2, Cr: 0.20
max, Moﬁ 0.07 to 0.2, Ti: 0.25 max
[OIL] .oil gssentially comprisihg a polyvihyl éther type
10 - compound having structural units rebresented.by the
following_general formula (;): | |

Rl R3

[
_ -(c-c), - ceeenn (1)
15 | | E o
R2 O

R4
, wherein n is an integral number in the range of 1
20l ' or more, Rl to R3 are eaqh'a hydfogen atom or a
hydrocarbon group haﬁing 1 to 8 éarbon atoms and
may be the séme or different, k4 is an alkyl groub
having 1 to 4 cérbon atoms, and units in which R4
is.an aikyl'group'having 1 to 2 carbon atoms.are 80
25 | % and units in wﬁich R4 is an alkyl gfdup having 3 |
to 4 carbon atoms are 20:%)'and.further cOmprising
0.1 to 2.0 wt%.of tricresyl phosphate (TCP) and

0.01 to 10 wt% of 2-efhylhexylglycidyl ether as the



B

fol lowi ng points, havei&%% f(%%n%ef " etij}ee lQ:OQVGasr y!pteS c" -hereinafter)

10

15

[REFRIGERANT] R410A or R404A

As a result, as shown in Table 2, it was confirmed
that the vane ﬁaterials of Examples 1 to 3 are all superior
in total acid number (TAN) and wear quantity of TP.

It is assumed tﬁat“the reason for this is the

thermal cracking of the polyvinyl ether'type 0il caused by

' sliding frictional heat generated on the sliding surface

between the rotating piece 22 and the fixed piece 21 was

suppressed. It is also considered that the deterioration of

the oil is caused by the suppression of a catalytid'function

due to the ineffectiveness of iron by TCP.

Table-3 shows the results of wear tests on the

following combinations using an Amsler wear tester shown in

_Fig. 3.

R [BAVE S AR VITIME NI § IV A)

Exanpl e 2 Type C R410A, R4O4A E - E . ¢ Fxamle 3

Type C R410A, R404A E E G Exanmpl e 4 Typkd AN 1998

"R410A, R404A E E G Conparative Type B R407C : 5
B Exanpl e Exanple 1 Type B R407C G G

G Exanpl e 2 Type B R407C 23 E E G Fxanple 3

Type B R407C ... G | Tvs { o

RADTC g ¢ epony compgung accordingCodTH Brbsent idition,,



5 (1)
- at ons,

lubricity of a sliding portion. .

Since the HFC type refrigerant does not Joi
it is inferior to CFC type and HCFC type refri derja
When tih

-31-

(2)

RE

PLACEMENT SHEET

RPRIL:

having 3 to 4

al kyl group having 1 to 2 carbon atonms fp an al kyl grqup
carbon atons in the structure of the p i nyl ether qi
predet erm npfap i 931 N accordance with the type of th

refrigerant and a predeterm ned vane naterial is

i's made a

Vane Structure of Total Acid | Wear Quantity of
Material Polyvinyl Number Test Sample
Ethe R4 TAN
r (Rd) ( ) Vane Roller
O.1x(mm) | (pm)
Comparative | Type B 0.07 0.5 -2
Example : '
Example 1 Type B not more 0.5 0]
than 0.01
Example 2 Type B not more 0.2 -1
than 0.01
Example 3 Type B not more 0.2 -1
than 0.01 '
Example 4 Type B ‘not more 0.1 0
' ' than 0.01 '

[VANE]

Comparative Example:-

Example 1:
5
composition:
.Example 2:
10

- high speed tool steel (SKH)

composite material comprising aluminum and

carbon; stated specifically, carbon composite

material infiltrated with aluminum (Carbon AL)

C: 55, Al: 36, Ssi:

Mg): 3 (in wt%)

6, others (such as

iron type material such as high speed tool

steel subjected to a surface treatment by

nitrosulphurization; stated specifically,

HAP63 material (équivalent to SKH54)

containihg the following components and

subjected to a surface treatment by plasma



selected in accordance with the ratio, the polyvinyl -ethe
separate when the separation tenperature ranges froma hi
side to a low tenperature side, that is, from35 to 10[er
refrigerator can exhibit a 10.predeterniEed refrigerating
specifically, the relationship between & structure of t

REPLACRSENT SHRET

1€ Thereby, th
chpdod UAN B8t e

(L

he| pol yvinyl eth
OW. =325

oil and the separation te”“ﬁ?é%éﬁéﬁﬂﬁhfﬁ%% lgd1fTable 5 be

composition: C: 2.14, Si: 0.32, Cr: 4.21, Mn: 0.32, W:

11.5, V: 7.0, Co: 8.0, Mo:
balance (in wt$%)

5 Example 3: SUS type material subjected to

2.53, Fe: the

a surface

treatment by nitrosulphurization; stated

'specifically, SUS440 type material contéining

the following components and subjected to a

surface treatment by plasma

10 nitrosulphurization

composition: C: 1.8 to 2.3, Si: not more than 1, Cr:

20 to 24, Mo: 0.5 to 2.6,

Fe: the balance .'

" (in wt%)
Example 4: iron type material such as high speed tool
15 . _ steel subjected to a surface treatment by ion

nitridation and further to a su

by CrN

rface treatment

[ROLLER] cast iron material (to be referred to as E-3

hereinafter)
20 composition: T. C. (total carbon): 0.56

2.2 to'2.9, Mn: 0.6 to 1.0

to 0.64, Si:

, P: 0.18 max,

S: 0.08 max, Ni: 0.1 to 0.2, Cr: 0.20

max, Mo: 0.07 to 0.2, Ti: 0.25 max, Fe:

the balance

25 [0IL] oil essentially comprising a polyvinyl ether type




[Tabl e 5] The Rel ationship Between The Structure O The Pol yvinyl Ether O |
And The Separation Tenperature high-tenperature side/lowtenperature side
(unit: [err]C) Structure of R4 Type of Ol Refrigerant (Cl~C2/ C3~C4)

R134a R407C R410A ~ R404A 80~100/0~20% Type D 50 or nore /
50 or nore / 50 or nore / 44 | -50 or « or less -50 or |less | ess
80~100/0~20% Type Cbompéﬁnarhﬁﬁiﬁg s2QultufBlicuhied 95p¥@%%n%e%75& ﬁﬂ% or
-50 or less -44 - | ess 60~100/ 0~40% Type B | nore 50
or nmore / -20 -15following general formula (1):
ME] '
- | _REPLACE ENT SHEET|
| o B
5 S(C=-Cy = eeeen. (1) | 149N 1998
[ |
R2 ©
I
R4
10 | , 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 having 1 to 8 carbon atoms and
may be the same or differént, R4 is aﬂ alkyl group
-having 1 to 4 catbbn atoms, and units in which R4
15 is an alkyl group having 1 to 2 carbon atoms are 70
% and units in which R4 is an alkyi gfoup'having 3
to 4 carbon atoms are 30 %, and further ¢omprising
0.1 to 2.0 wt% of triéresyl phosphate (TCP) and
0.01 to 10 wt% of 2-ethylhexylglycidyl ether as the
20 epoxy compound according.to;the present invention
(EPOX) (to be referred to as "Type B" hereinafter)
[REFRIGERANT] R407C |
As a result, és shown in Table 3, it was confirmed
that the vane materials of Examples 1 to 3 are all superior
25 in total acid'numﬁer (TAN) and wear quaﬁtity of TP.
It is assuméd.that the'reason for this is the
thermal cracking of_the:polyvinyl ether type oil caused by

sliding frictional heat generated on the sliding surface




PAA LS aviidNE SEIT |

40~100/ 0~60% Type A 50 or nore / 50 or nore/ b 10 -19
REMARKS: The mark "---" means that the separation occurk jt ldhdANeI998
‘tenperature range. The same function and effect are expected fromthe 5
follow ng vane materials as other exanples. For exanple,| (1) conposite
mat eri al conprising alum num and car bo¥and havi ng the fiellow ng

conposi ti onpsBiadsi th@Ntotatindpidte 2P, ard  the Piked Spiscsilvwas

as M): 3 (in w% (2) fiber reinforced alum num.alloy ‘having the

: suppressed. It is also considered that the deterioration of

the o0il is caused by the suppression of a catalytic function

due to the ineffectiveness of iron by TCP.

5
Table 4 shows thg results of a durability test on
an actual refrigerant compressor comprising the following
elements using a bench-stand tester showh in Fig. 4 based on
the evaluations of'Tabies 1, 2 and 3. |
-10 o The bench-stand tester comprises a cbmpressor A,

condenser B, expansion valve C and evaporator D all of which

are connected by pipes and test coﬁditions are as follows:

Pressure at.High Level: 27 to 28 kg/cm?(L

Pressu;e at Low LeQel: 46 kg/cm{CL

15 bperation Frequency: 100 Hz,

Oﬁeration Tiﬁe: 1,000 hr;

Refrigerant: R134a, R410A, R404A, R407C

Temperature of Upper Portion of Case: 95 to 100°C

Each material is as foilows:
20 [VANE] | | |

Comparative Example 4: high speed tool steel (SKH)

Example 1: cémposite material comprising aluminum and
carbon; stated spécifiCally, carbon composite
material infiltrated with aluﬁinum (Carbon AL)

25 compositioni C: 55, Al: 36, Si:.6, others (such as




ceram c such as zirconia (ceramc) -  -33- As described accortthg

foll owi ng conposition conposition: C 55 Al: 36, Si: REPhA@Eﬁ@mQBS “?
the present e

-0l |

i nventi on,

havi ng a specific

10

15

20

‘Example 2:

t hermal cracking caused by fricti n ‘@2&”9%9 ra
by sliding nmenbers and the generation of _sludge can be s pares by

conmbination of a specific HFC type 5 rdﬁ&Lgerant, a pol yyi pyH—ether typel

‘Mg): 3 (in wt%)

20

iron type material such as high speed tool
steei subjected to a surface treatment by
nitrosulphurization; stated specifically;
HAP63 material (equivalenf to SKﬁ54)
containing the following components and
subjected-to a surface trgatment by plasma

nitrosulphurization

. composition: C: 2.14, si: 0.32, Cr: 4.21, Mn: 0.32, W:

Example 3:

11.5, v: 7.0, Co: 8.0, Mo: 2.53, Fe: the
balance (in wt%)

SUS type material subjected to a surface

treatment by nitrosulphurization; stated

specifically, SUS440 type material containing
the following components and subjected to a

surface treatment by plasma

nitrosulphurization

composition: C: 1.8 to 2.3, Si: not more than 1, Cr:

- Example 4:

5 = [ROLLER]

20 to 24; Mo: 0.5 to 2.6, Fe: the balance
(in wt¥%)
iron type material such as high speed tool

steel subjected to a surface treatment by ion

‘nitridation and further to a surface treatment

by CxrN

cast iron material (to be referred to as E-~3



structure and a specific sliding material, and there is n
%gnerated by hydrol ysis when a conventional polyol ester
a result, a high-performance rotary conpressor and coo} ihg 13
10 be provided without the need for co i cated process . Wile the
presently preferred enbodi ments of the=fffesent invention |have Tk _
and described, it w | hdyidaiestpod that the present in Lon_is not
limted thereto, and that various changes and nodi.fications may be nade by

15 those skill ed ddigddi @ildn W t outc dqRadd NG f:h @ SRS A. 841 si:
I nvention as set forth in the appende cl ai ns.

2. 2 to 2. 9 Mn: 0.6 to 1.0, P: 0.18 max,

S: 0.08 max, Ni: 0.1 to 0.2, Cr: 0.20
5 .. ' .max, Mo: 0.07 to 0.2, Ti: 0.25 max, Fe:
the balance

[OIL] " o0ils of A, B and C types shown in Tables 1 to 3

As a result, as shown in Table_4, the vaae_
.10 _materials of Examples 1 to 4 are all good because they
.exhibit good results and higher durability than'a combination
of a'conVentional refrigerant.R-22 and mineral oil (Mineral);'
As shown in Fig. 5, by connecting a'refrigerant
cempressor a, condenser b, expansion device ¢ and evaporator
15 4 by pipes ahd charging.the above?mentioned HFC type
refrigerant or mixture thereof (R134a, R410A, R404A or R407C)
and the above-mentioned refrigerator oil (Type A, B, or C)
_having,cempatibiliry with_the refrigerant into the |
hermetically sealed container 1 of.the compressor a, there
.20_ can be provided a cooling apparatus (such as a refrigerator,
air conditioner or show case) ﬁhich can prevent the returning

of the oil-and has a high refrigerating capacity.



ot
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-34- WHAT IS CLAIMED IS 1. A refrigerant conpres BEPLQG' EQﬁhgﬁgﬁT
hernetically seal ed container and a conpressor unit installled in the
hermetical |y seal ed contai ner, wherein an HFC type 5 refii gerbétAd 1598
m xture thereof and a refrlgerator oi | V|ng conpatibilijty with the
refrigerant are charged into the hernet y seal ed confainer, and the

refrigeratorpg qﬁpntlally conprises a polyvinyl etherifLype conpound
havi ng stru[tura]I

ts represented by the follow ng general formula.

Vane Structure Refrigerant Durability Test

‘Material | of | Used ' '

Polyvinyl Wear | Sludge | TAN
_ Ether (R4)
Comparative | Type A R134a G B B
Example : '

IExample 1 Type A R134a G G G

IIExample 2 Type A R134a E E G'
Example 3 Type A R134a E E G
Example 4 Type A | R134a E E G
Comparative | Type C R410A, R404A | G B B
Example '

“ Example 1 Type C R410A, R404A | G G G
Example 2 Type C R410A, R404A | E E G
Example 3 Type C R410A, R404A | E E G
Example 4 Type C R410A, R404A | E E G
Comparative | Type B _R4Q7C G B B
Example ' '
Example 1 Type B R407C G G G
Example 2 Type B E E G
Example 3 Type B E E G
Example 4 Type B E E G

*Note: E: excellent, G: good, B: bad

The following points have been found from the above
fesults: | |
5 (1) .. Since the HFC type refrigerént does not contain
chlorine atoms, it is inferior to CFC type and HCFC type

refrigerants in the lubricity of a sliding portion.



10 (1): [err] 15 wherein n is an integral nunber in the range of 1 or nore,
Rl to R3 are each a hydrogen atomor a hydrocarbon group 20 having 1 to 8

carbon atons and may be the same or different, R4 is an alkyl group having
1 to 4 carbon atonms, and units in which R4 is an alkyl group having 1 to 2
carbon atons are 40 to 100 % and units +#=which R4 is an al kyl group having
3 to 4 carbqr2at ons arkhéh t€hdP4atidd o an alklehjrdL&f rﬂ&ﬁiﬁ\tlcmessor -

of claim1, wherein the
carbon atoms to_an alkyl group having 3 to 4 carbon atoms in
- the strUcture of.the polyvinyl ether oil is made a
predetermined.ratio in accordance with the type cf the abovel
5 HFC type refrigerant and a.predeterﬁined vane material is
selected in accordance with the ratio, the polyvinyl ether
oil does not separate when the separatlon temperature ranges
from a high temperature side to a low temperature side, that
- is, from 35 to 10°C. Therehy, the refrigerator can exhibit a
10 predetermined refrigerating Capacity. |
Stated speciflcally, the relationship betweén the
structure of the polyv1ny1 ether oil and the separatlon _

temperature is shown in Table 5 below.

REPLACEMENT SHEET
14 JAN 998




refrigerant is selected fromthe group consisting of

1,1,1,2-tetrafl uoroethane (R134a), an azeotropic m xed
consi sting of 50 -wt % of difluoronethane (R32) and 50 w %o
pent af | uor oet hane (R125), and a pseudo- gzeotropi c m xedjr
consi sting of 44 wt % of pentafl uoroet ha#&~ R125), 52 wt $o
(143a) and 4pupePfspd 1,1, 1, 2-tetrafl uoroethane (R134a)§ 3.
refrigerant conpressor of claim1, wherein the refrigerator

The
COTpPTrises:

0.01 to 1.0 pHeor ARIMIMIH Between The Structure Of The Polyvinyl Ether

ol'l

0il And The Separation Temperature

high-temperature side/low-temperature side (unit: °C)

Structure of R4 Type of Oil | Refrigerant
(C1~-C2/C3~C4) .
: : R134a R407C R410A R404A
80~100/0~20% Type D 50 or more / | 50 or more / | 50 or more / | 44/ =50 or
=50 or less -50 or less less i
80~100/0~20% Type C 50 or more / | 50 or more / | 50 or more / | 37 /=50 or
' ' =50 or less | -44 =23 less '
60~100/0~40% || Type B 50 of more / | 50 or more / | ——- ——
=20 -15 '
40~100/0~60% - || Type A 50 or more / | 50 or more / | ~—- —_—
10 -19 '

REMARKS: The mark "---" means that the separation

occurs at entire temperature range.

The same function and effect aié.expected from the
5 follqwing vane materials as other examples.
For example,
(1) composite maferial comprising aluminﬁm and
carbon and having the following composition
composition: C: 55, Al: 36, Si: 6, others (such
.10 : | as Mg); 3 (in wt%)
(2) fibér réinforced aluminum alloy having the
following composition |
composition: C: 55, Al: 36, Si: 6 (in wt%)

(3) ceramic such as zirconia (ceramic)



antioxi dant as an essential conmponent and 0.01 to 2 w%of an 10 epoxy type

or carbodiimde type conpound. 4. The refrigerant conpressor of
Claim1, wherein the refrigerator oil conprises 0.1 to 2 ww%of a
phosphoric ester type conmpound. 15 5. The refrigerant conpressor of

claim1l1, wherein said conpressor unit cﬁﬁﬁ:ises a vane made froman iron

type material or a CarRQNAGLEPLBLE aBBYE! | Sbcthihg ' 86 Cthdf bRedliti num and

aroller made froman iron type materi a rigerant

conpressor of ,elAtfihd, PHEFRAY SfhEking caused by frictional heat

generated by sliding members and the generation of sludge can
be suppressed by a combination of a specific HFC type

5 refrigerant, a polyvinyl ether type oil having a speoific
structure and a specifio sliding material, and there is no
carboxylic acid generated by hydrolysis when a conventional
polyol ester type oil is usod. As a result, a
-high-perfotmance rotary compressor and cooling apparatus can

10 be provided without the need for complicated process control.

While the presently preferred embodiments of the

presemt invention have.been shown and described, it will bé
undérsfood that the present invention is not limited thereto,
and that various ohanges and modifications may be méde by

15 -those skilled im the art without départing from the scope of

the invention as set forth ih the appended claims.

REPLACEMENT SHEET
14 JAN 1998




conpressor unit conprises a vane nade from an iron type material such as
hi gh speed tool steel or an SUS type material subjected to a single or
conposite surface treatnent 25 by ion nitridation, nitrosul phurization or
CrN. 7. A refrigerant corrpreég_ conprising a hernetically seal ed
contai ner and a conpressor unit install in the hermetically seal ed
contai ner, WHATITS CLAIMED yysx refrigerant or a mxture thereof and a
refrigerator oil 5 having conpatibility with the refrigerant are charged
into 1. A refrigerant compressor comprising a hermetically
sealed container and a compressor unlt installed in the
hermetlcally sealed container, wherein an HFC type
5 refrigerant or a mixture thereof and a refrigerator oil
. having compatibility with the refrigerant'ate charged into
the hermetically sealed container, and the refrigerator oil
essentially compriées a polyvinyl ether type compound having

structural units represented by the following genéral formula

10 (1):

R1 R3 | REPLACEMENT SHEET
- ( CI:-(IZ ), - ceeeea(l) _ 14 JAN 1998
15 1|22 cl) | | | |
iy

, wheréin n is an infegrai number in thé range of 1 or more,
Rl to R3 are each.a hydrogen atom or a hydrocarbon group

20 having 1 to 8 carbon atoms and may be the same or différent,
R4 is an alkyl group having 1 to 4 carbon atoms, and units in
.which R4 is an alkyl group having 1 to 2 cafbon afoms are 40
to 100 % and units in which R4 is an alkyl group having 3 to
4 carbon atoms are 0 to 66 %.

. _
2. The refrigerant compressor of claim 1, wherein the
refrigerant is selected from the group consisting of

1,1,1,2-tetrafluorocethane (R134a), an azeotropic mixed

Ay



the hernetically seal ed container, and the refrigeratjor Oik\ﬁﬁ§?ﬂwiﬂ
I'ts

conpri ses

represented by the follow ng general fornmula (1): 10 [errl—15-Wh¢rein
nis an integral nunber in the range of, 1 or nore, Rl to R3 are each a
hydrogen atom or a hydrocarbon group héﬁ?ng 1 to 8 cartomatoms—adTTEY

S Al Sl BB TR T AEER 3T R AR el 1

)
a polyvinyl ether type conpound havi ng stryctjura

be
the same or,dbf{gcethe. SBnBlekiogon! Kl yEEOUP §2¥1NgrntindnBal RED) LAY,

and units

In an a on atons are

group havi ng

to 100 96angouﬂ{%So%”p&ﬂ%&?lﬁérhétﬁ@nglk%izgsPUQnBaXngengQaZGOtropic

10

15

‘mixed refrigerant consiSting of 44 wt% of pentafluorcethane
(R125), 52 wt% of trifluoroethane (143a) and 4 wt% of

1,1,1,2—tetrafluqroethane {R134a).

3. The refrigerant coﬁpfessor of claim 1, wherein the
refrigerator o0il comprises 0.0i-to 1.0 wt$% of a phenolic
antioxidant as an essential component.and 0.01 to 2 wt% of an
epoxry type or carbodiimide type compound.

r _ _
4. The refrigerant compressor of claim 1, wherein the
refrigerator oil comprises d.l to 2 wt%-of a phosphoric ester

type compound.

5. The refrigerant compressor of claim 1, wherein said
compressor unit comprises a vane made from an iron type
material or a carbon composite material infiltrated with

aluminum and a roller made from an iron typé material.

6. The refrigerant gompressbr of claim 1, wherein said
compressor unit.comprises a vane made from an iron type
material such as high speed tool steel'orlan SUS type
material éubjected to a single or composite surface treatment

by ion nitridation, nitrosulphurization or CrN.

* < L L} S *



foll owi ng general fornula (2): 37 C['e_é{ Herr]F[grr]
(Mwmu1wm11:1,m—1.~2 n

AV B e W i 2 A RV EEAI AL

4 carbon atons are 0 to 20 % 25 8. - The refricerimt con(})res<
claim7, wherein the refrigerant conprises at |east |tV
sel ected fromthe group of fluorinated. hydrocarbons r resented by t

4

(2)

401 of

he

m=1

nd m+ n _A7 when 1

2 ~7D and ”1+Anrefﬁlgéﬁgnﬂhéaméres§ornbomprlslng a hermetlcally

.sealed contalner and a compressor unit installed in the

hermetically sealed contalner wherein an HFC type

refrigerant or a mlxture thereof and a refrlgerator oil

having compatibility w1th the refrigerant are charged into .

the hermetically sealed container, and the refrigerator oil

essentially comprises a'polyvinyl ether type compound having

structural units represented by the following general formula

10

), - SN

15

, 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

having 1 to 8 carbbn atoms and may be the same or different,

20 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 80

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

4 carbon atoms are 0 to 20 $%.

25 8. The refrigerant compressor of claim 7, wherein the

refrigerant comprises at least two compositions selected from

the group of fluorinated hydrocarbons represented by'the

fbllowing general formula (2)£
-

) O R A



=1~ 3, n

=5~7andm+n=28). 50. - The re REEE$€E§§%ﬁh§§§§§ r

of claim7, wherein the refrigerant. is selected fromth I hg

of an azeotropic m xed refrigerant consisting of 50 @’of % Aﬁg ? hhne
(R32) and 50 wt % of pentafl uoroethane (R125), 10 and eu 8 €0 ro

)

m xed refrigerant consisting of 44 mxw@gl—pentafluoro t (R125) M- % -

10.

essenti al

10

15

of trlfluoroeth%n # R143a) and 4 Wt w%of 1,1,1,2-tetra Iuoroethane (R134a).
The rePrTg@rant conp# gso
'refrlgerato

r of claim 7, where&rmThe—415
WBeleeGATRAIEES O QL 4o L0 %6 of azphe%ol e A R dant A
npone oof dn o
l=2, m=1~4, n=2~5andm+n-=26, and when 1 = 3, m

= 1_~ 3, n=25 ~7and m + n = 8).

S. : The refrigerant compressor of claim 7, wherein the

refrigerant is selected from the group consisting of an

azeotropic mixed refrigerant consisting of 50 wt$% of

'difluorOmethane'(R32).and 50 wt% of pentafluoroethane (R125),

and a pseudo-azeotropic mixed refrigerant consisting of 44
wt® of pentafluoroethane (R125), 52 wt% of trifluoroethane

(R143a) and 4 wt% of 1,1,1,2-tetrafluoroethane (R134a).

10. - The refrigerant compressor of claim 7, wherein the

refrigerator oil comprises 0.01 to 1.0 wt% of a phenolic

antioxidant as an essential component and 0.0l to 2 wt% of an

epoxy type or carbodiimide type compound.

o 1. The refrigerant compressor of claim 7, wherein the

20

refrigerator oil comprises 0.1 to 2 wt% of a phosphoric ester

type compdund.

12. : The refrigerant compressor of claim 7, wherein the
compressor unit comprises a vane made from an iron type

material_or a carbon composite material infiltrated with

N A
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epoxy type or carbodiimde type conpound. 11. hel refrigerant
conpressor of claim7, wherein the 20 refrigerator oif jcoft@risr49% 1

wt % of a phosphoric ester type conpound. 12. ~ The frefrigerant _
conpressor of claim?7, wherein the conpr.essor uni t cgnprTses—a varme-Tade
froman iron type 25 material or a car =conposite material infiltratdd

Wi th al und e A8 £nd 0&'&? f%_g Jieon}vﬁ I Lon; t%r?etyn&et Chagiridtr:

The refrlgerant conpressor el eh

—

q 2

13. The refrigerant.compréssor of claim 7,'wherein the
compressor unit comprises a Qane méde_from an iron type

5 material such as high speed tool steel or an SUS'type
material subjected to a'single or compdsite sﬁrface treatment

by ion nitridation, nitrosulphurization or CrN.

14. A refrigerant compressor comprising a hermetically
10 sealed container and a compressor unit installed in the
hermetlcally sealed container, wherein an HFC type
refrlgerant Oor a mixture thereof and a refrlgerator oil
having compatibility w1th the refrigerant are charged into
the hermetically sealed container, and the refrigerator oil
15 essentially comprises a polyvinyl ether type compound having
structural units represented by the following general formula
(1):
Rl R3
1 -
20 -(c-¢c), - ceeeeal(l)
R |
R2 O
I
R4
25, wherein n is an intégral nuﬁber in the fange 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 alle group having 1 to 4 carbon atoms, and units in

(A U R W



conpressor unit conprises'a Vane made from an iron type |5 rngf%4$ﬁﬂg%%cﬁ S
Qigh speed tool steel or an SUS type material subjected |t '

~conposite surface treatnment by ion nitridation, nitrosullphurization or Cr
14. A refrigerant conpressor conprising a herneticalrty—t0—seated
contai-ner and a conpressor unit i nst al F88—~n t he hernetically seal ed

' , ' EC t . %t |
Fof i gor ai of FAT I Pt S e LA &7 B B YRl e nd ML 69 1 o
conpr 1 see. a Soro0S e MY B8 wildch W e i e S e Y

conprises a polyvinyl pe conp having
represent ed oy LA, U G I YL ad Y. 2

5 '15.' The refrigerant compreséor of claim 14, wherein the
refrigerant comprises at least_fwo compositions'selected from
the group of fluorinated hydrocarbons represented by the
followihg general férmula (2): |

C,H.F, ceeeai(2)
10 (wherein when i =1, m=1~2,n=2~3 and m+n = 4, when

l =2, m=1~4, n=2 ~ 5 and m+n = 6, and when 1 = 3, m

=1~3, n=5~7andm+ n = 8).

16. The refrigerant compressor of claim 14, wherein the :

15 refrigerant is a pseudo-azeotropic mixed reffigerant
consisting of 23 wt$% of difluoromethane (R32), 25 wt% of
pentafluoroethane (R125) and 52 wt% of

1,1,1;2-tetrafluoroethane (R134a).

20 17. The refrigerant compressor of claim 14, wherein the
refrigerator oil comprises 0.01 to 1.0 wt% of a phenolic
antioxidant as an essential component and 0.01 to 2 wt% of an

epoxy type or carbodiimide type compound.

. 25 18. ) The refrigerant compressor of claim 14, wherein the -
-

O



(1): [err] 20 25, wherein n is an integral number in th VA@%E@GL§§EET

nore, RL to R3 are each a hydrogen atom or a hydrocarbo
8 carbon atons and may be the same or different, R4 is

having 1 to 4 carbon atons, and units in -39- which R4lis an al kyl gnot
having 1 to 2 carbon atons are 60 z

refrigerator oil comprises 0.1 to 2 wt¥® of a phospho

type compound.

19. The refrigerant compressor of claim 14, wherein the
5 compressor unit comprises a vane made from an iron type
material or a carbon composite material infiltrated with

aluminum and a roller made from an iron type material.

204 | The refrigerant compressor of claim 14, wherein the
10 compressor unit cdmprisesla vane made from én iron type

material such as'high speed tool steel or an SUS type

material subjeéted to a single or composite surface tfeatment

by ion nitridation, nitrosulphurization or CrN.

15 21. ' A cooling apparatus comprising a refrigerant
compréssor comprising a hermetiéally sealed container and a
compressor unit installed in the hermétical;y sealed
container, a condenser, an'expansion device and an,'
evaporator,_which are connected by pipes,-ﬁherein an HFC type

20 refrigerant or a mixture thereof and a refrigerator oil.

- having combatibility with the refrigerant are charged into
the hermetically éeéléd container, and the refrigerator oil
essentially comprises a polyvinyl ether type compound having
structural uhits represented by the following general formula

- : ; _
LT
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to 100 % and units in which R4 is an al kyl group having 3 to 4 carbon atons
are 0 to 40 % 5 15. The refrigerant conpressor of claim 14, wherein
tthe refrigerant conprises at |east two compositions selected fromthe group
of fluorinated hydrocarbons represented by the follow ng general formnula
(2): derr]Herr]Ferr] ...... (2) 10=*herein when 1 =1, m=1~ 2, n =
2 ~ 3 and m+ n =4, w@en 1=2 m=1~4n=2 ~'5 and m+ n = 6, and
when 1 = 3, m= 11 n=5~7and m+n = 8). 16. The refrigerant
conpressor of cl bﬂ]l mhereln the 15 rF{{lgerant s a pseudo azeotroplc

m xed refrigeraﬁt [ T

5 R2 0

R4
, Wherein n is an integra; nﬁmber in the range of 1 or more,
Rl to R3 are each a hydrogen atom or a hydrbcérbon group
10 having i 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

4 carbon atoms are 0 to 60 $%.
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consisting of 23 wt% of difluoronethane (R32), 25 wt%.of pgnga
(;R125) .and :52 wt% of 1,1,1, 2- tetraﬁluoroethane (R134a). 20j1
_refr|gerant conpressor of claim 14, wherein the refrigeratpr
0.01 to 1.0 wt % of a phenolic antioxidant as an essential f[co _
0.01.to 2 wt% of an epoxy type or carbaﬂ%;n1de type conpoynd. 25 18.
The refrigerant conpressor of cla|n114 _mherein t he - 40-

W

ol W gﬁ&m*-

REFRIGERANT COMPRESSOR AND COOLING APPARATUS COMPRISING

THE SAME

ABSTRACT OF THE DISCLOSURE

A refrigerant compressor is configured such that a

- compressor unit is installed in a hermetically sealed

container, an HFC type refrigerant or a mixture thereof and a
refrigerator oil having comparlbllztv with the refr;geran

fare charged into the hermet;cally sealed con*a*ne-, and the

'refrzgerator oil essentially comprises a polyvznyl ether type

- compound having structural units represented by the following

..m

a5

~general formula (1):

-, 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

: havzng 1 to 8 carbon atoms and may be the same or different,

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

4 carbon atoms are 0 to 60 %¥. As a result, the generation of -

- a carboxylic acid caused bY-thermal_cracking cr hydrolysis

due to frictional heat genarated by sliding members is

prevented and the'generation of sludge is thereby suppressed,_'

Figure 1



refrigerator oil conprises 0.1 to 2 W% of a phosporic ester type conpound.
19, The refrigerant conpressor of claim 14, wherein the 5 conpressor
unit conprises a vane nade froman iron type material or a carbon conposite
material infiltrated with alum numand a roller made froman iron type
material . 20. The refrigerant conpressor of claim 14, wherein the 10
conpressor unit conprises a vane made fLom an iron type material such as

hi gh speed tool steel. or an SUS type material subjected to a single or
conposite surface treatnment by ion nitridation, nitrosul phurization or CrN.
15 21. A cooling apparatus conprising a refrigerant FREEA
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conpressor conprising a hernmetically seal ed contai ner and a conpressor unit
»ftnstalled in the hernetically seal ed container, a condenser, an expansi on
devi ce and an evaporator, which are connected by pipes, wherein an HFC type
20 refrigerant or a mxture thereof and a refrigerator oil having
conpatibility with the refrigerant are charged into the hernetically seal ed
container, and the refrigerator oil essgntially conpri'sgs_a polyvinyl ether
t ype conpound having structural units represented by thdRpknl kew R ner-ah
formula 25 (1): : R%gﬂﬁggggiﬂgggﬁy?j

14 JAN 1998 /
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[err] 5 wherein nis an integral nunber in the range of 1 or nore, Rl to R3
*&re each '‘a hydrogen atom or a hydrocarbon group 10 having 1 to 8 carbon
atons and nay be the sane or different, R4 is an alkyl group having 1 to 4
carbon atons, and units-in which R4 is an alkyl group Qg
atons are 40 to 100 % and units in V\:hl ch R4 is an al kylf REPbADENGEN gﬁﬁ“‘t“ 4
carbon atons are 0 to 60 % -3- ]
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Fig. 5
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