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(57) ABSTRACT 

A refrigerant composition comprising di?uoromethane 
(R-32), penta?uoroethane (R-125), 1,1,1,2-tetra?uoroethane 
(R-134a), and n-pentane, preferably prepared by mixing 
n-pentane preliminarily in R-134a, and mixing into a refrig 
erant of R-32 and R-125, With the n-pentane contained in a 
range of 0.1 Wt. % to 14 Wt. % of the total Weight, and a 
refrigerating apparatus employing the refrigerant composi 
tion composed of above. It is an object of the present 
invention to develop a non?ammable refrigerant composi 
tion capable of using refrigerating machine oil such as 
mineral oil and alkyl benzene Which is used in refrigerating 
apparatus, none in risk of destroying the oZone layer, excel 
lent in cooling performance, superior in lubricating perfor 
mance, and outstanding in heat resistance. 
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Compatible characteristic curve of n-pentane in R~134a 

(°C) 

— l O I 

—20 One phase 

_3O_ 

_40_ Temperature 
Two phases 

I "TO 

I 

2 3 4 5 6 7 8 %wt 

Concentration of n-pentane 

F/G.4 



Patent Application Publication Aug. 30, 2001 Sheet 3 0f 4 US 2001/0017364 A1 

F/G.5 
g 
I II 

\ / 9 

7 _, 

a IO 

F/G.6 
g 

9 / n’ 



Patent Application Publication Aug. 30, 2001 Sheet 4 0f 4 

l6 

Fl 67 

I4 l2 

3 5 

US 2001/0017364 A1 

35 

3 



US 2001/0017364 A1 

REFRIGERANT COMPOSITION AND 
REFRIGERATING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a refrigerant com 
position and a refrigerating apparatus, and more particularly 
to a refrigerant composition Which does not destroy the 
oZone layer, is non?ammable, is compatible Well With 
refrigerating machine oil such as mineral oil and alkyl 
benZene, and presents a stable and uniform liquid phase, and 
to a refrigerating apparatus using the same. 

[0003] 2. Background Art 

[0004] The conventional refrigerant hitherto used in the 
refrigerating machine is mostly dichlorodi?uoromethane 
(hereinafter called R-12), or R-500 composed of an aZeo 
tropic mixture refrigerant of R-12 and 1,1-di?uoroethane 
(hereinafter called R-152a). The boiling point of R-12 is 
—29.65° C. at atmospheric pressure, and that of R-500 is 
—33.45° C., Which are ideal for ordinary conventional refrig 
erating apparatuses. Even When a suction temperature into a 
compressor is relatively high, they have properties of not 
raising the discharge temperature so high as to induce oil 
sludge of the compressor. Moreover, R-12 is compatible 
Well With the refrigerating machine oil such as mineral oil of 
the compressor, and plays a role of returning the oil in the 
refrigerant circuit into the compressor. 

[0005] These refrigerants, hoWever, have a high latency of 
oZone destruction, and When released into the atmosphere to 
reach the oZone layer high above the earth, they destroy the 
oZone layer. The oZone layer destruction is induced by 
chlorine radical (Cl) in the constructions of the refrigerants. 
Accordingly, refrigerants not containing chlorine radical are 
expected as substitute refrigerants, such as di?uoromethane 
(hereinafter called R-32), penta?uoroethane (hereinafter 
called R-125), and 1,1,1,2-tetra?uoroethane (hereinafter 
called R-134a). The boiling point of R-32 is —51.7° C. at 
atmospheric temperature, that of R-125 is —48.5° C., and 
that of R-134a is —26.0° C. 

[0006] These chlorine radical-free refrigerants R-32, 
R-125 and R-134a are poor in compatibility With general 
refrigerating machine oil such as mineral oil or alkyl ben 
Zene, and often caused lubrication troubles of the compres 
sor due to Worsening of returning of oil to the compressor, 
or sucking refrigerants separated from oil upon starting after 
shutdoWn, etc. 

[0007] Accordingly, the present inventor attempted to mix 
these refrigerants Which are poor in compatibility With 
mineral oil or alkyl benZene With n-pentane excellent in 
compatibility With them, and discovered that the refrigerat 
ing machine oil such as mineral oil and alkyl benZene 
discharged from the compressor into the refrigerant circuit 
can be recovered into the compressor even When using these 
refrigerant mixture. 

[0008] The invention is hence intended to solve the above 
problems by presenting a refrigerant composition With a 
purpose of using refrigerating machine oil such as mineral 
oil and alkyl benZene in a refrigerant not containing chlorine 
radical, by blending a chlorine radical-free refrigerant With 
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n-pentane having a boiling point of +36.07° C. at atmo 
spheric pressure, and a refrigerating apparatus using the 
same. 

[0009] On the other hand, When the a chlorine radical-free 
refrigerant and n-pentane are separately supplied in refrig 
erating circuits, it is very dif?cult to feed them uniformly 
into the refrigerating circuits because of difference in vapor 
pressure betWeen the tWo having difference in boiling point. 
Furthermore since the mixture of the tWo is not a uniform 
liquid phase, oil return to the compressor may be not 
suf?cient. In addition, there is risk of ?re induced if such 
refrigerant composition leaks. Accordingly, it is other object 
of the present invention to solve such problems by mixing 
such chlorine radical-free refrigerant and n-pentane prelimi 
narily, and using them as a refrigerant composition having a 
stable and uniform liquid phase. 

[0010] As a result of intensive study on the above subjects, 
the inventor has discovered that a non?ammable refrigerant 
composition having a stable and uniform liquid phase can be 
obtained by mixing a refrigerant poor in compatibility With 
mineral oil or alkyl benZene preliminarily With a speci?ed 
amount of n-pentane having a boiling point of +36.07° C. at 
atmospheric pressure excellent in compatibility With mineral 
oil or alkyl benZene, and that the refrigerating machine oil 
such as mineral oil and alkyl benZene discharged from the 
compressor into the refrigerant circuit can be recovered into 
the compressor even When such refrigerant composition is 
employed, thereby solving the above problems, and hence 
completed the invention. 

SUMMARY OF THE INVENTION 

[0011] The feature of the present invention claimed in 
claim 1 relates to a refrigerant composition comprising 
di?uoromethane, penta?uoroethane, 1,1,1,2-tetra?uoroet 
hane, and n-pentane. 

[0012] Furthermore, another feature of the present inven 
tion claimed in claim 2 relates to a refrigerant composition 
prepared by mixing n-pentane preliminarily With 1,1,1,2 
tetra?uoroethane, and mixing the mixture into a refrigerant 
of di?uoromethane and penta?uoroethane, Wherein the con 
tained n-pentane is in a range of 0.1 Wt. % to 14 Wt. % of 
the total Weight. 

[0013] In addition, the third feature of the present inven 
tion claimed in claim 3 relates to a refrigerant composition 
containing n-pentane by 14 Wt. % or more in the preliminary 
mixture With 1,1,1,2-tetra?uoroethane, and by 14 Wt. % or 
less in the ?nally resulted refrigerant. 

[0014] The fourth feature of the present invention claimed 
in claim 4 relates to a refrigerant composition composed of 
1,1,1,2-tetra?uoroethane and n-pentane, Wherein n-pentane 
is dissolved in 1,1,1,2-tetra?uoroethane in a range of 0.1 Wt. 
% to 7.3 Wt. % of total Weight. 

[0015] The ?fth feature of the present invention claimed in 
claim 5 relates to a refrigerating apparatus comprising a 
condenser for condensing and liquefying a refrigerant, an 
evaporator for evaporating a lique?ed refrigerant, and a 
compressor for compressing an evaporated and vaporiZed 
refrigerant and discharging it into the condenser, Wherein a 
refrigerant composition in any one of claims 1 to 4 is used 
as the refrigerant to be compressed by the compressor. 
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[0016] The sixth feature of the present invention claimed 
in claim 6 relates to a refrigerating apparatus as set forth in 
claim 5, Wherein a refrigerant composition having n-pentane 
dissolved in 1,1,1,2-tetra?uoroethane by about 6 Wt. % of 
the total Weight. 

[0017] Furthermore, the seventh feature of the present 
invention claimed in claim 7 relates to a refrigerating 
apparatus as set forth in claim 5 or 6, Wherein mineral oil or 
alkyl benZene oil is used as refrigerating machine oil. 

[0018] The eighth feature of the present invention claimed 
in claim 8 relates to a refrigerating apparatus as set forth in 
claim 7, Wherein a rotary compressor is used as the com 
pressor and alkyl benZene oil is used as refrigerating 
machine oil. 

[0019] As the present invention is thus constituted, by 
mixing n-pentane excellent in compatibility With refrigerat 
ing machine oil such as mineral oil and alkyl benZene With 
a chlorine radical-free refrigerant poor in compatibility With 
refrigerating machine oil such as mineral oil and alkyl 
benZene, the refrigerating machine oil such as mineral oil 
and alkyl benZene discharged from the compressor into the 
refrigerant circuit can be recovered in the compressor. 

[0020] In the present invention, moreover, n-pentane 
Which is ?ammable and is hardly miscible With refrigerant 
such as R-32 and R-125 at ordinary temperature is prelimi 
narily mixed in refrigerant R-134a at a predetermined rate, 
and is further mixed With refrigerants R-32 and R-125, and 
even When the mixing rate of n-pentane With refrigerants 
R-32 and R-125 varies, the mixing ratio of n-pentane is 
limited Within 14 Wt. %, and thereby n-pentane is not 
separated from R-32 and R-125 at ordinary temperature. 

[0021] The refrigerant composition in Which n-pentane is 
dissolved in R-134a in a range of 0.1 Wt. % to 7.3 Wt. % of 
the total Weight is a non?ammable refrigerant composition 
With a stable and uniform liquid phase, not becoming uneven 
in the concentration distribution, or separating into tWo 
phases even if stored for a long period. Accordingly, the 
refrigerant composition of the present invention can be 
supplied precisely and stably into a refrigerating circuit, and 
is moreover compatible Well With refrigerating machine oil, 
and therefore the refrigerating machine oil such as mineral 
oil and alkyl benZene discharged from the compressor into 
the refrigerant circuit can be easily recovered in the com 
pressor. In addition, in case the refrigerant composition 
Would leak, it involves no possibility of ?re. 

[0022] Furthermore, in the refrigerating apparatus accord 
ing to the present invention comprising a condenser for 
condensing and liquefying a refrigerant, an evaporator for 
evaporating a lique?ed refrigerant, and a compressor for 
compressing an evaporated and vaporiZed refrigerant and 
discharging into the condenser, by using any one of the 
refrigerant compositions above mixing n-pentane With an 
excellent compatibility With refrigerating machine oil such 
as mineral oil and alkyl benZene in a chlorine radical-free 
refrigerant, as the refrigerant to be compressed by the 
compressor, the refrigerating machine oil such as mineral oil 
and alkyl benZene discharged from the compressor into the 
refrigerant circuit can be easily recovered in the compressor. 

[0023] The non?ammable refrigerant composition com 
posed of chlorine radical-free refrigerant and n-pentane 
blended at a speci?c rate according to the present invention 
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can be charged into a same gas cylinder, and therefore the 
non?ammable refrigerant composition can be precisely and 
stably supplied into the refrigerating circuit by a charging 
device coupled to the refrigerating circuit. 

[0024] The combination of the type of compressor such as 
rotary compressor or reciprocating compressor and the type 
of refrigerating machine oil such as mineral oil or alkyl 
benZene is not particularly limited in the present invention. 
HoWever, When the rotary compressor is used as the com 
pressor, partly because return of oil into the compressor is 
smooth, it is desired to use an alkyl benZene oil as refrig 
erating machine oil. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a front vieW of a refrigerating apparatus 
in one of embodiments according to the present invention; 

[0026] 
[0027] FIG. 3 is a compatibility characteristic curve of 
R-134a and n-pentane; 

[0028] FIG. 4 is a refrigerant circuit diagram of refriger 
ating apparatus according to the present invention; 

[0029] FIG. 5 is a sectional vieW of essential parts of 
compressor according to the present invention; 

[0030] FIG. 6 is a sectional vieW of essential parts of other 
compressor according to the present invention; and 

[0031] FIG. 7 is a tWo-element refrigerant circuit diagram 
shoWing other embodiment according to the present inven 
tion. 

FIG. 2 is a general refrigerant circuit diagram; 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0032] The present invention is described hereinafter With 
reference to embodiments, but it should be noted that the 
present invention is not limited to these embodiments alone 
so far as not departing from the true spirit of the present 
invention. 

[0033] FIG. 1 is a front vieW shoWing a refrigerating 
apparatus in one of embodiments according to the present 
invention. FIG. 2 is a general refrigerant circuit diagram. 

[0034] Reference numeral 1 denotes a refrigerator install 
ing a compressor 2. Reference numeral 3 designates a 
refrigerant charger for charging a refrigerant into the com 
pressor 2. Reference numeral 4 shoWs a refrigerant container 
for feeding a refrigerant into the refrigerant charger 3. 
Reference numeral 8 denotes a charging device comprising 
the refrigerant charger 3 and the refrigerant container 4. The 
compressor 2 is sequentially combined With a condenser 5, 
capillary tubes 6, and an evaporator 7, and thereby a 
refrigerant circuit is constituted. 

[0035] The refrigerant circuit shoWn in FIG. 2 is ?lled 
With a refrigerant mixture of R-32, R-125, R-134a, and 
n-pentane. The composition is 20 to 30 Wt. %, preferably 25 
Wt. %, of R-32, 10 to 20 Wt. %, preferably 15 Wt. %, of 
R-125, 40 to 60 Wt. %, preferably 50 Wt. %, of R-134a, and 
0.1 to 14 Wt. %, preferably 10 Wt. %, of n-pentane. 

[0036] If the blending ratio of R-32 is less than 20 Wt. %, 
the coef?cient of performance (COP) is loWered, and if 
exceeding 30 Wt. %, it may ignite When leaking into the 
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atmosphere. If the blending ratio of R-125 is less than 10 Wt. 
%, the discharge temperature of the refrigerant discharged 
from the compressor 2 is too high, and if exceeding 20 Wt. 
%, the COP is lowered, While the global Warming potential 
(GWP) increases. If the blending ratio of R-134a is less than 
40 Wt. %, the pressure in the refrigerant circuit is too high, 
and if exceeding 60 Wt. %, the evaporation temperature 
becomes high. 

[0037] To the refrigerant of R-134a, preliminarily, n-pen 
tane is mixed by a speci?c rate, and then mixed in the 
refrigerant of R-32 and R-125. At this time, n-pentane is 
added to the refrigerant of R-134a by 14 Wt. % or more, and 
is mixed to the refrigerant of R-32 and R-125 so as that the 
amount of n-pentane is 14 Wt. % or less. That is, n-pentane 
is compatible Well With mineral oil or alkyl benZene, but is 
high in boiling point and is ?ammable, and therefore if the 
blending ratio exceeds 14 Wt. %, required cooling tempera 
ture may not be obtained in the evaporator 7, and it may 
ignite if leaking into the atmosphere. Hence, n-pentane is 
mixed With the refrigerant of R-134a at a speci?c ratio, and 
then mixed With the refrigerant of R-32 and R-125, so that 
the total blending ratio of n-pentane to the total Weight may 
not exceed 14 Wt. %. 

[0038] Incidentally, n-pentane can not be mixed With a 
chlorine radical-free refrigerant such as R-32 and R-125, but 
is mixed With the refrigerant of R-134a at ordinary tempera 
ture, so that a mixed refrigerant may be prepared in the 
presence of the refrigerant of R-134a. 

[0039] By mixing n-pentane by about 10 Wt. %, it may 
optimiZe the cooling temperature, improve the return of 
refrigerating machine oil such as mineral oil and alkyl 
benZene to the compressor, and avoid risk of ignition. 

[0040] In other embodiment, the refrigerant circuit in FIG. 
2 is ?lled With a refrigerant composition of compatible 
matter having n-pentane dissolved in R-134a in a range of 
0.1 Wt. % to 7.3 Wt. % of the total Weight. More preferably, 
the refrigerant circuit is ?lled With a refrigerant composition 
of compatible matter having n-pentane dissolved in R-134a 
by about 6 Wt. % of the total Weight. 

[0041] In FIG. 3, the upper region of the compatible 
characteristic curve is a region in Which both are present 
uniformly and stable in one phase, and the loWer region is 
a region in Which both are separated into tWo phases. It can 
be knoWn from the compatible characteristic curve shoWn in 
FIG. 3 that the cooling temperature may be optimiZed in the 
ordinary condition of use of the refrigerating apparatus by 
adjusting the mixing rate of the tWo in a speci?c range. 

[0042] FIG. 4 is a refrigerant circuit diagram shoWing the 
charging device 8 for charging the refrigerant composition 
comprising the refrigerant charger 3 and the refrigerant 
container 4. 

[0043] For example, the refrigerant composition of the 
compatible matter having n-pentane dissolved in 1,1,1,2 
tetra?uoroethane in a range of 0.1 Wt. % to 7.3 Wt. % of the 
total Weight is charged into the refrigerant container 4, and 
is supplied into the refrigerant circuit by the charging device 
8 comprising the refrigerant charger 3, charging line, and 
others. 

[0044] The composition has n-pentane by 0.1 Wt. % to 7.3 
Wt. % of the total Weight, preferably 0.2 Wt. % to 7.3 Wt. %, 
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and more preferably about 6 Wt. %, thereby optimiZing the 
cooling temperature, improving the return of refrigerating 
machine oil such as mineral oil and alkyl benZene to the 
compressor, and avoiding risk of ignition. 

[0045] If the dissolving ratio of n-pentane is less than 0.1 
Wt. %, oil return to the compressor is poor. If the dissolving 
ratio of n-pentane is more than 7.3 Wt. %, it is not preferable 
because non-?ammability is not enough, the liquid phase is 
not uniform, or components may separate into tWo phases. 

[0046] FIG. 5 shoWs an example of the compressor 2 of 
reciprocating type to be used in the present invention. The 
compressor comprises a hermetically sealed container 11, a 
compressor main body 9 installed in this container 11, and 
refrigerating machine oil 10 stored in the bottom of the 
sealed container 11 for lubricating the sliding parts of the 
compressor main body 9. The refrigerating machine oil 10 
may be either mineral oil or alkyl benZene. 

[0047] FIG. 6 shoWs an example of compressor 2‘ of 
rotary type to be used in the invention. The compressor 
comprises a hermetically sealed container 11‘, a compressor 
main body 9‘ installed in this container 11‘, and refrigerating 
machine oil 10‘ stored in the bottom of the sealed container 
11‘ for lubricating the sliding parts of the compressor main 
body 9‘. The refrigerating machine oil 10‘ may be alkyl 
benZene. 

[0048] In the above explanation, the single-element refrig 
erating circuit is shoWn, but the same effects are obtained by 
composing a tWo-element refrigerating circuit 14 by con 
necting a high temperature side refrigerating circuit 16 and 
a loW temperature side refrigerating circuit 12 With a cas 
cade condenser 13 as shoWn in FIG. 7, and ?lling the 
compressor 15 of the high temperature refrigerating circuit 
16 of the tWo-element refrigerating circuit With the refrig 
erant composition of the present invention and refrigerating 
machine oil. 

[0049] As described above, according to the present 
invention, the refrigerant composition is composed of dif 
luoromethane, penta?uoroethane, 1,1,1,2-tetra?uoroethane, 
and n-pentane, or the refrigerant composition is composed 
of compatible matter having n-pentane dissolved in 1,1,1, 
2-tetra?uoroethane by a speci?c rate, and therefore the 
refrigerant having a loW risk of destroying the oZone layer 
may be used With the refrigerating machine oil such as 
mineral oil and alkyl benZene Which are excellent in lubri 
cating performance and superior in heat resistance. 

[0050] In addition, in the present invention n-pentane is 
preliminarily mixed in 1,1,1,2-tetra?uoroethane, and then 
mixed in the refrigerant of di?uoromethane and penta?uo 
roethane, and the n-pentane is mixed in a range of 0.1 Wt. % 
to 14 Wt. % of the total Weight, and therefore the n-pentane 
not compatible With the refrigerant of di?uoromethane or 
penta?uoroethane can be mixed With the refrigerant of 
di?uoromethane and penta?uoroethane, so that the risk of 
ignition of ?ammable n-pentane is loWered Without sacri 
?cing the cooling performance. 

[0051] Furthermore, the refrigerant composition of the 
present invention composed of compatible matter having 
n-pentane dissolved in 1,1,1,2-tetra?uoroethane in a range 
of 0.1 Wt. % to 7.3 Wt. % of the total Weight presents a 
particularly stable and uniform liquid phase, and this is a 
non?ammable refrigerant composition With no possibility of 
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n-pentane separating from the refrigerant composition, and 
is hence excellent in cooling performance and none in risk 
of ignition of the ?ammable n-pentane. In addition, since the 
refrigerant according to the present invention can be charged 
into a single gas cylinder Without using plural ones, it is 
possible to supply precisely and stably into the refrigerating 
circuit by the charging device coupled to the refrigerating 
circuit. 

[0052] Furthermore, the refrigerating apparatus of the 
present invention using these refrigerant compositions main 
tains the refrigerant composition in the refrigerating circuit 
in the same compatible matter in one uniform phase of liquid 
having n-pentane dissolved in 1,1,1,2-tetra?uoroethane in a 
range of 0.1 to 7.3 Wt. % of the total Weight as initially 
charged, and therefore the+refrigerant composition to be 
supplementally added later may be the same composition as 
that initially charged, and it is easy to control maintenance 
and supply refrigerant composition additionally, and it is 
also excellent in economy. 

What is claimed is: 
1. A refrigerant composition comprising di?uoromethane, 

penta?uoroethane, 1,1,1,2-tetra?uoroethane, and n-pentane. 
2. A refrigerant composition prepared by miXing n-pen 

tane preliminarily With 1,1,1,2-tetra?uoroethane, and miX 
ing into a refrigerant of di?uoromethane and penta?uoroet 
hane, Wherein the contained n-pentane is in a range of 0.1 
Wt. % to 14 Wt. % of the total Weight. 
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3. A refrigerant composition as set forth in claim 2, 
Wherein n-pentane is preliminarily miXed in 1,1,1,2-tet 
ra?uoroethane by 14 Wt. % or more. 

4. A refrigerant composition composed of 1,1,1,2-tet 
ra?uoroethane and n-pentane, Wherein n-pentane is dis 
solved in 1,1,1,2-tetra?uoroethane in a range of 0.1 Wt. % to 
7.3 Wt. % of total Weight. 

5. A refrigerating apparatus comprising a condenser for 
condensing and liquefying a refrigerant, an evaporator for 
evaporating a lique?ed refrigerant, and a compressor for 
compressing an evaporated and vaporiZed refrigerant and 
discharging into the condenser, Wherein a refrigerant com 
position as set forth in any one of claims 1 to 4 is used as the 
refrigerant to be compressed by the compressor. 

6. A refrigerating apparatus as set forth in claim 5, 
Wherein a refrigerant composition having n-pentane prelimi 
narily dissolved in 1,1,1,2-tetra?uoroethane by about 6 Wt. 
% of the total Weight. 

7. A refrigerating apparatus as set forth in claim 5 or 6, 
Wherein mineral oil or alkyl benZene oil is used as refrig 
erating machine oil. 

8. A refrigerating apparatus as set forth in claim 7, 
Wherein a rotary compressor is used as the compressor and 
alkyl benZene oil is used as refrigerating machine oil. 


