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This invention relates to refrigerants and more 

' _ in‘ing‘ "compounds 

and mixtures ‘thereof-which ‘are useful as refrig 
era-nts. 
‘The mixed ?uori'ne-and'chlorine derivatives of " 

‘methane and ethane have attained wide-spread 
use in the ?eld of refrigeration as aresu’l't of 
their chemical inertness, their low speci?c 
‘volumes and ‘the ‘wide range "of ‘boiling points 
which "is available in- Ithe various members ‘of ‘the 
‘series. Di'fluorodichloromethane' 1(B'. 'P. r-#2'9.‘8° 
Ci), ‘?uorotrichloromethane (B. ‘P. "23.7" C.'), 
?uerodichloromethane ‘('13. ‘P. 5859° :C.‘) and tetra 
fl-uorodichloro'ethane ~(B'.'P. 35° C.) are among 
the mostcommonly use-d ‘compounds of this ‘type. 
‘Other valuable ‘members of the series are mono 
chloropenta?uoroethane, which ‘boils-at —-‘38.‘5° 
C., and chlorodi?uoromethane, which boils at 
~40.8° C. These compounds make it possible to 
attain lower temperatures than can be reached " 
with the refrigerants ‘mentioned above. 

It is necessary that ‘a ‘considerable range of 
refrigerants having various boiling points be 
available in order to perm-it ef?cient design v(of . 
apparatus for various refrigerating needs. The 
selection of the most isati-sfactury ‘equipment must 
be made with a view to the temperature to be 
attained, the power cost, the cost of the refriger 
ating apparatus itself, and .re'duii'emj? .ofsp'ace. 
To the extent that a ‘wide range ‘or refrigerants :) 
is not available, this factor must also be taken 
into account and in some cases becomes con 
trolling. Greater e?iciency and ?exibility of 
design therefore becomes possible as additional 
refrigerants of suitable characteristics are de 
veloped. 
When apparatus designed to employ a par 

ticular refrigerant has been installed, the need 
sometimes arises for greater refrigerating capac 
ity. This may be obtained by the use of a re 
frigerant having a lower boiling point and con 
sequently a higher vapor pressure at the temper 
ature attained by the gas prior to its being com 
pressed and lique?ed. The capacity of any given 
refrigeration compressor is roughly proportional 
to the pressure'of the gas at the suction side of 
the compressor. Since the compressor can 
handle a ?xed volume of gas per unit of time, 
an increase in the suction pressure means an in 
crease in the number of moles of gas put through 
the compressor in a given time. An increase in 
the number of moles means an increase in the 
total amount of heat required to vaporize the 
liquid in the evaporator, and an increase in the 
amount of heat that is removed from the 
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refrigerated space. In general, other factors sees 
‘as variations in "the ‘latent heat ‘of ‘vaporization 
play a relatively minor part in determining ‘the 
change in “capacity of a ‘given refrigeratingap 
paratus which will result from the substitution 

of one refrigerant for another. 1 In a given apparatus, vit is not possible to 

a refrigerant ‘having a boiling point too much 
lower than that for which the apparatus Ehas 
been designed, as the power inputiib‘ecomes 
vdesirabIy high iand‘the compressor-motor become-‘s 
‘overloaded. ' 

:In' order ‘to provide somewhat greater refriger 
ating capacity :for, installations sdesigne‘difor the 
use of ehlorodi?uoremethane ‘withoutssubstantial 
change in ‘power input, is therefore :desirable 
to employ a :gas which may he lique?ed slightly 
‘below the boiling point of that material. ' In this 
general boiling range, propane and propylene are 
‘the only pure ' compounds .known having suitable 
'pr'dper'tiesfand ‘sufficient-availability for extensive 
use ‘as refrigerants. vPropane :boils at #42910.- :and 
vpropylene :a't eat-48° G; :Howeverpeach xo’fxthes'e 
@compdimds' is iiamnia'bl'e, and presents ‘an :ex 
lplesionhazardrin casefof leakage‘ ‘ I 

‘The use of aaeotropie mixtures :of pure :ma 
terials {as refrigerants :is disclosed in iSi vPa'tent 
ND.- ?2_,l¢'0.l,199:3 and “elsewhere :inwtheart.‘ {Such 
mixtures have the advantage v:over pthe‘r @gas 
mixtures that the rvapor"-_.eomposition sofifthe 
azeotrope is the same as the liquid composition 
with which it is in equilibrium. With non 
azeotropic mixtures, fractionation takes place 
during the refrigeration cycle, with consequent in 
crease in condenser pressures and reduction in 
evaporator pressures and an overall loss of em 
ciency. Azeotropic gas mixtures are not subject 
to this defect. 

It is an object of this invention to provide low 
boiling compositions which are useful as refriger 
ating agents, and more particularly to provide an 
azeotropic mixture which is effective in low tem 
perature refrigerating installations. A further 
object is to provide a refrigerant which may be 
used to give somewhat greater refrigerating ca 
pacity with apparatus designed for use with 
chlorodi?uoromethane. 
I have discovered that mixtures of 1,1-di?uoro 

ethane and monochloropentafluoroethane form 
an azeotrope boiling at approximately ——41.3° C., 
in which about 69 mole percent is monochlo 
ropenta?uoroethane. The mixture is a highly 
useful refrigerant suitable for replacement of 
chlorodi?uoromethane in refrigeration equip 
ment when somewhat greater capacity is desired. 



3 
Its use results in 5.5% greater refrigerating 
capacity than is obtained with chlorodi?uoro 
methane, other conditions being the same. This 
mixture has the further advantage that only 
slight changes in the boiling point occur when 
the composition is varied over a considerable 
range on either side of the actual azeotropic com 
position. Mixtures containing between 60 and 
80 mole percent monochloropenta?uoroethane 
all boil between about -—41.1° and -41.3° 0., so 
that there is little tendency for fractionation to 
take place with any of these mixtures. They 
are all effective refrigerating agents. 
The boiling points of mixtures of 1,1-difluor0? 

ethane and monochloropenta?uoroethane were 
determined experimentally with the following 
results: 

Boiling 
Mole percent monochloropenta?uoroethane point’ 0 O‘ 

—24. 7 
-—33. 1 

It is apparent from these ?gures that a 
minimum-boiling azeotrope exists at approxi 
mately 69 mole percent monochloropenta?uoro 
ethane and that the change in boiling point be 
tween the limits of 60 and 80 mole percent mon 
ochloropenta?uoroethane is very small. The boil 
ing point of the mixture containing 60 mole per 
cent monochloropentofluoroethane and also of 
the mixture containing 80 mole percent of this 
component will be seen to be approximately 
—~41.1° C. 
In preparing these mixtures, it is desirable that 

the components be at least 99% pure and that 
they contain no appreciable amount of impuri 
ties which are corrosive or which separate upon 
evaporation, so as to interfere with the efficiency 
of refrigeration. No special mixing procedure 
need be followed, provided the proper relative 
amounts of the two components are used. 
The compositions disclosed herein are chemi 

cally inert, non-in?ammable and are essentially 
non-corrosive. They combine the valuable char 
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'4 
acteristics possessed generally by ?uorochlorohy 
drocarbons with a low boiling point which is of 
particular signi?cance when low temperatures 
are to be attained or when extra capacity must be 
obtained with existingrefrigerating equipment. 

If the azeotropic mixturehere disclosed is sub 
stituted for pure monochloropenta?uoroethane, 

> an increase in refrigerating capacity of 20% is 
obtained. The capacity of apparatus designed for 
and containing monochloropento?uoroethane 
may be increased easily and effectively by re 
moving from 20 to 40 percent of the refrigerant 
and replacing it with an equal number of moles 
of 1,1-di?uoroethane. 
These refrigerants may be used in domestic or 

commercial refrigerators and freezers, industrial 
cooling systems and air-conditioning systems, or 
in any other system in which cooling is e?ected 
by the evaporation and expansion of liquid re 
frigerant. In such systems, the expanded gas is 
compressed and condensed to a liquid, and is re 
cycled to the expansion device. Various speci?c 
types of refrigerating units for which the com 
positions here disclosed are of value are described 
in “Refrigeration Fundamentals,” 6th edition, 
1949 (American Society of Refrigerating ‘En 
gineers). _ < 

I claim: 
1. A low-boiling refrigerant composition which 

consists of a mixture of 1,1-di?uoroethane and 
monochloropenta?uoroethane. in which the mole 
percent of monochloropenta?uoroethane is 69. 

2. A low-boiling refrigerant composition con 
sisting of a mixture of 1,1-di?uor0ethane and 
monochloropenta?uoroethane, in which the mole 
percent of monochloropenta?uoroethane is be 
tween 60 and 80. 
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