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This application relates to the art of trans 
ferring heat from one point to another and 
spécifically to the art of refrigeration. . 

Heretofore, as far as we are aware, refrig 
erants and heat transfer agents have been chosen chiefly for their boiling points and 
stability in the refrigerating or heat transfer 
eycle irrespective of other desirable proper 
ties, such as non-inflammability and non-tox 

o icity. - - - - 
It is the object of our invention, on the 

other hand, to provide a process of refrigera 
tion and, generically, a process of heat trans 
fer in which these desirable properties, such 

Is as non-inflammability and non-toxicity, are 
obtained in combination with the desired boil 
ing points. , · 

Broadly stated, the part of our process 
which deals with the controlling of the prop 

zo erties of the refrigerating or heat transfer 
agents consists in replacing hydrogen by 
fluorine or other halogen, or both, in aliphatic 
hydrocarbons in which at least one hydrogen 
has already been replaced by fluorine. 

25 Broadly stated, the part of our process 
which relates to the transfer of heat or the production of refrigeration comprises chang 
ing the physical state of, for example, by con 
densing or evaporating, a halo-fluoro deriva 

30 tive of an aliphatic hydrocarbon, and dissi 
pating to, or withdrawing from, an object to 
be heated or cooled, the latent heat necessary 
for changing the physical state of the said. 
derivative. By, a halo-fluoro derivative of an 

35 aliphatic hydrocarbon we mean a derivative 
º containing more than one fluorine atom with 
or without other halogen atoms, or one fluor 
ine atom with one or more other halogen 
atoms. » 

Referring now specifically to our mode of 
controlling the properties of the refrigerating 
or heat transfer agent, aliphatic monofluor 
ides form the structural nucleus on which 
the agents are built. Broadly speaking, if in 
the structural formula CHF we increase the 
fluorine i content (number of atoms) by the 
substitution of fluorine for hydrogen, the 
boiling point decreases, stability increases, in 
flammability decreases, and toxicity de 

50 creases. If we keep the fluorine content con 

40 

The degree to which these variations take 

mined by applying the boiling points qf Some 

stant and substitute another halogen for hy 
drogen in the nucleus, the boiling point in 
creases, the stability decreases, the toxicity 
increases, and the inflammability decreases. 
place depends on what the other halogen 
(chlorine, bromine, or iodine) is. As the ratio 
of the halogen content to the hydrogen con 
tent increases the inflammability decreases. 

Because there are several variables, and be 
cause of the value of relative proportions, we 
have placed the compounds of the group dis 
cussed on plots wherein i , . 

Fig. 1 is a plot applying the rules of sub 
stitution to typical groups having one car 
bon atom, - YA 

Fig.2 is a plot applying the rules to groups 
having two carbon atoms, and - 

Fig. 3 is a key to Fig.2, showing the radi 
cals corresponding to the numbers used in 70 

65 

Fig. 2. - 

?eferring to the plots generally, the dashed 
lines indicate fluorine substitutions, and the 
solid lines indicate chlorine substitutions. 
Similar plots are obtained with bromine and 
iodine in place of chlorine except that the 
plot is elongated in the direction of higher 

73 " 

temperatures with bromine, while withiodine 
the temperatures are still more elevated. 
The º amount of elongation is readily deter 
of these compounds. . 

Referring specifically to Fig. 1, this plot. 
contains all the compounds which can bede 
rived from CHF by chlorine and/or fluorine 
substitutions, together with data which assist 
in the formation of the plot. On the base line 
appear-the numerals zero to four which show 
halogen content, and the vertical line gives 
the approximate boiling points in degrees 90 
centigrade. At each point of intersection is . 
given the chlorine and fluorine content and 
the complete formula of the corresponding 
compound is found by making this halogen 
substitution for hydrogen in the formula , 95 
CH. We have drawn a horizontal dashed . . . 
line. at about - 25° centigrade to indicate ap proximately the optimum vapor pressure * ... a ) 

conditions which we desire for operating an 
air cooled refrigerator. It is obvious that one 100 



10 

to obtain the most desirable 

2 

may deviate more or less from this line to 
obtain optimum conditions which include 
some other factors, so that within the neigh 
borhood of this line we can provide a suit 
able refrigerant to meet a wide variation in 
limitations imposed. If under other refrig 
erating conditions another optimum line is 
found desirable, the same choice may be made 
in the neighborhood of that line. In fact, the 
actual operation of the refrigerator and the 
providing of the characteristics of the refrig 
erant are here combined as one problem so as 

rocess of re 
frigeration under a given set of conditions. 
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In Figure 2 we have shown the same mode 
of controlling the properties of a refrigerant 
carried to compounds of the same type as in 
Figure 1 but having two carbon atoms. The 
key to the chart is given in Fig.3. For ex 
ample compound O.1 is CH3-CH2F, com 
pound 29 is CHF2.CCl2F, compound 1.5 
is CHF.CHCl3, and compound 2.2 is 
CHF.CHF. 
When we choose as our nucleus a com 
ound having two or more carbons atoms we 
Ää that the structural formula gives a choice 
as to where the substitutions of the halogens 
shall be made. For example, the structural . 
formula of CHF is CH - CHF, which has 
a boiling point at about - 32° C. If we make 
a fluorine substitution for hydrogen in the 
second radical of this structural formula so 
that it reads CH -- CHF, we have a refriger 
ating agent whose boiling point is about -45° 
C. If we make the fluorine substitution for 
hydrogen onto the other carbon atom so that 
the formula reads CHF -- CHF the glig 
point of this refrigerant is about - 22° C. 
This illustrates the general rule that the fluor 
ine substitution for hydrogen onto a carbon 
atom already linked to a halogen lowers the 
boiling point, whereas the fluorine. Substitu 
tion for hydrogen onto a carbon atominot 
already linked to a halogen raises the boiling 
point. "The substitution of chlorine, bronine 

- or iodine for hydrogen raises the boiling 
point, but the substitution in a radical which 
does not already contain a halogen raises the 
boiling point more than when the substitution 
is made in a radical which already contains 
a halogen. 
The plot may be expanded in like manner 

with other aliphatic mono-fluorides. As the 
number of carbon atoms increases the com 
plexity and extent of the plot will increase 
together with the number of halogens present. 
These halogen derivatives of aliphatic mono 
fluorides may be represented by the formula 
CHmFX in which v 
C represents carbón and in the number of 

carbonatoms in the molecule which is always 
equal to one or more. H represents hydrogen and m, the number 
of atoms thereof, which may equal zero and 
still fulfill the requirements of our invention. 

to be cooled, while if a heating 
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F represents fluorine and p the number of 
atoms thereof which is always equal to on? 
O” O’62, 
X represents chlorine, bromine or iodine or 

combinations thereof and r the total number 
of such atoms. r may be zero when p is 
greater than one. V 
Among the chemical groups that these re 

frigerants fall in are halogen derivatives of 
aliphatic mono fluorides, halogen derivatives 
of alkyl i mono fluorides, aliphatic fluoro 
halides, alkyl fluoro halides, fluoro deriva 
tives of methyl fluoride, fluoro halo deriva 
tives of methane and fluoro chloro deriva 
tives of methane. 
Thus by our mode of making fluorine 

and/or other halogen substitution in a mono 
fluoride, we can meet any conditions of re 
frigeration and provide our refrigerant with 
the desired properties, such as non-toxicity 
and non-inflammability, , along with such 
properties as stability and proper boiling 
points. 

Referring more specifically to the part of 
our process which relates to the actual trans 
fer of heat, we accomplish this transfer of 
heat by chánging the physical state, of the 
refrigerant, for example, by condensing or 
evaporating our aliphatic hydrocarbon de 
rivative which contains more than one fluor 
ine atom with or without other halogen 
atoms, or one fluorine atom with one or more 
other halogen atoms, and by dissipating to 
or withdrawing from an object to be heated 
or cooled, the heat necessary for the change 
in physical state. More specifically, to pro 
duce refrigeration, we may evaporate the 
desired derivative in the vicinity of a body 

effect is 
desired, we may condense the derivative in the vicinity of a body to be heated, it being 
understood, of course, that the terms “evap 
oration” and “condensation” 
separation of a gas from, and the absorption 
of a gas in, an absorbent respectively. 
Our invention will probably find its great 

est utility by adjusting both the mode of 
preparing the refrigerant to obtain desirable 
characteristics and the mode of using the 
refrigerant to obtain a process of refrigera 
tion or heat transfer which meets the limi 
tations imposed. We prefer to employ re 
frigerants boiling above — 60° C. 

bviously our invention is not limited in 
its application to any specific form of ap 
paratus for carrying out the mode of opera 
tion described and it will not be necessary for 
a complete understanding of the invention to 
show a specific embodiment of apparatus. 
Nor is the present invention limited to the 
examples set forth for a particular advance 

- of the present invention resides in the fact 
that a great number of new refrigerants with 
graduated properties is rendered available, 
and that one is accordingly enabled to secure 

include the 
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the most suitable refrigerant for varied pur 
poses. 
We claim :- 
1. The process of refrigeration which com 

5 prises condensing a halogen derivative of 
an aliphatic mono fluoride and then evapo 
rating the said derivative in the vicinity of a 
body to be cooled. 

2. The process of refrigeration which com 
prises condensing a halogen derivative of 
an alkyl mono fluoride and then evaporating 
the said derivative in the vicinity of a body 
to be cooled. 

3. The process of refrigeration which 
comprises condensing a halogen derivative 
of methyl fluoride and then evaporating the 
said derivative in the vicinity of a body to 
be cooled. X- K 

4. The process of refrigeration which com 
prises condensing a fluoro-halo derivative of 
methane and then evaporating the said de 
rivative in the vicinity of a body to be cooled. 

5. The process of refrigeration which com 
prises condensing a fluoro-chloro derivative 
of methane and then evaporating the said 
derivative in the vicinity of a body to be 
cooled. A 

6. The process of refrigeration which com 
prises condensing difluoro-dichloro methane 

80 and then evaporating it in the vicinity of a 
body to be cooled. I N 

7. The process of refrigeration which com 
prises condensing a fluoro halo derivative of 
an aliphatic hydrocarbon and then evaporat 
ing the said derivative in the vicinity of a 
body to be cooled. 

8. The process which comprises substitut 

15 
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25 

35 

ing halogen for hydrogen in an aliphatic 
monofluoride to thereby obtain a heat transfer agent having predetermined requirements of 
vapor pressure, toxicity, and inflammability, 
evaporating the heat transfer agent and con 
densing the evaporated agent. 

9. The process which comprises substitut 45 ing halogen for hydrogen in an aliphatic 
i monofluoride to thereby obtain a refrigerant having predetermined requirements of vapor 
pressure, toxicity, and inflammability, evap 
orating the said refrigerant and condensing 

50 the evaporated refrigerant. 
10. The process o Essing refrigeration 

which comprises condensing a fluoro-chloro 
derivative of an aliphatic hydrocarbon and 
then evaporating the said derivative in the 
vicinity of a body to be cooled. . 

11. The process of producing refrigeration 
which comprises condensin 
derivative of an aliphatic hydrocarbon and 

55 

00 vicinity of a body to be cooled. . 
comprises condensing a bromo-fluoro deriva 
tive of methane and then evaporating the said 
derivative in the vicinity of a b to be 

SS cooled. dy 

a fluoro-bromo 

then evaporating the ?aid derivative in the 
12. The process of refrigeration which 

3 

13. The process of refrigeration which 
comprises condensing monofluoro-dichloro 
methane and then evaporating it in the vi 
cinity of a body to be cooled. . v 

* 14. The process of refrigeration which 
comprises condensing a fluoro-halo deriva 
tive of ethane and then evaporating the said 

70 

derivative in the vicinity of a body to be 
cooled. W 

15. The process of refrigeration which 
comprises condensing a fluoro-chloro deriva 
tive of ethane and then evaporating the said 
derivative in the vicinity of a body to be 
cooled. 

16. The process of refrigeration which 
comprises condensing a fluoro-bromo deriva 
tive of ethane and then evaporating the said 
derivative in the vicinity of a body to be 
cooled. 

17. The process of refrigeration - which 
comprises e condensing tetrafluoro-dichloro 
ethane and then evaporating itin the vicinity 
of a body to be cooled. " . 

18. The process of refrigeration which 
comprises condensing difluoro-tetrachloro 
ethane and then evaporating it in the vicinity 
of a body to be cooled. 

19. The process of transferring heat which 
comprises condensing a fluoro-halo derivative 
of an aliphatic hydrocarbon and evaporating 
the said derivative. W 

20. The process of transferring heat which 
comprises condensing a fluoro-chloro deriva 
tive of an aliphatic hydrocarbon and evapo 
rating the said derivative. 

21. The process of transferring heat which 
comprises condensing a halo-fluoro derivative 
of methane and evaporating the said deriva 
tive. -" 

22. The process of transferring heat which 
comprises condensing a chloro-fluoro deriva 
tive of methane and evaporating the said de 
rivative. 

23. The process of transferring heat which 
comprises condensing a halo-fluoro deriva 
tive of ethane and then evaporating the said 
derivative. . . - 

24. The process of transferring heat which 
comprises condensing a chloro-fluoro deriva 
tive of ethane and then evaporating the said 
derivative. 

In testimony whereof we affix our signa 
tures. V 

THOMAS MIDGLEY, JR. 
ALBERTIT L. HENNIE. 
ROBERT R. McNARY. 
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