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This invention relates to halogenated hydro 
carbons and more particularly to the production 
of polyhalogenated [cycloparamns] hydrocar 
bone. 7 

This is an application for the reissue of my 
Patent N0. 2,404,374. 

This invention has as an object a method for 
the preparation of completely [halogenated 
cyclopara?lns] halogen-substituted hydrocar 
bons which are designated herein as poly?uo 
rinated [cycloparafllns] hydrocarbons having 
the [structural] formula 

CnXz», wherein X represents halogen of which 
at least 4 are ?uorine and n is an integer of at 
least 3. A further object is the production of new 
fluorinated compounds of this kind. Other ob 
jects will appear hereinafter. 
The above objects are accomplished by heating 

a completely halogenated polyfiuoroethylene of 
the formula CX2=CX2 in which X is halogen 
and in which 2 or more of the halogens are 
?uorine. The conditions under which the poly 
?uorinated '[cyclopara?ins] hydrocarbons are 
\formed without conversion to higher polymer 
consists in heating the polyfiuorinated ethylene 
in the substantial absence of a polymerization 
catalyst (e. g. exclusion of air, oxygen, peroxygen 
compounds, etc), or in the presence of poly 
merization stabilizers such as are disclosed in 

,, [copending applications of Dietrich and Joyce, 
Serial No. 476,028, ?led February 15, 1943, Han 
i'ord, Serial No. 476,025, ?led February 15, 1943, 
and Brubeker, Serial No. 476,027, ?led February 
15, 1943.] United States Patents 2,407,405, 
2,407,419 and 2,407,336. The preparation of the 
stabilized tetrailuoroethylene, which is disclosed 
in the above identi?ed [copending applications] 
patents, can be accomplished by diiferent meth 
ods. One method consists in reducing the nor 
mally contained oxygen content (about 0.1 to 
0.2% by volume) to not more than 40 parts per 
million parts of poly?uoroethylene. Another 
method consists in adding polymerization in 
hibiting compounds. Compounds of this kind are 
those containing thiol sulfur, examples of which 
are n-butyl mercaptan, hydrogen sul?de, etc., 
and compounds containing amine nitrogen, for 
example, ammonia, mono-, di-, and triamines. 
Many ?uoroethylenes, other than tetra?uoro 
ethylene, for example, tri?uorochloroethylene 
and the di?uorodichloroethylenes, are compara 
tively stable against polymerization on standing 
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under pressure at normal temperature, and in 
the case of these compounds further treatment 
to stabilize these materials against polymeriza 
tion is generally not necessary. The addition of 
these polymerization stabilizers permits the reac 
tion to be carried out with poly?uoroethylenes 
which are contaminated with air or other poly 
merization catalysts. - 

A preferred form of the invention consists in 
subjecting a substantially pure completely halo 
genated poly?uoroethylene to elevated tempera 
ture and continuing the heating either as a batch 
process in a closed system or as a continuous 
?ow process. The temperature required for the 
successful operation of the process varies in 
versely, to some extent, with the pressure used 
but is above about 125° C. in all instances. The 
pressures used are not critical but may be varied 
from atmospheric to 5000 lbs/sq. in. or even ,~ 
higher. At atmospheric pressure, higher tem 
peratures are generally required. 

In order to prepare completely halogenated 
poly?uorocyclobutanes, it is usually desirable to 
carry out the reactions under pressure attem 
peratures in the range of l25°-500° C. In order 
to prepare completely [halogenated poly?uoro 
cyclopropanes] halogen-substituted three carbon 
atom poly?uorohydrocarbons, it is usually desir 
able to carry out the reaction by passing the 
polyhalogenated poly?uoroethylene through a 
reaction vessel at atmospheric pressure at the 
desired temperature which is usually in the range 
of 900° to 1400° C. The reaction products are 
scrubbed with water if gaseous or washed with 
water if liquid, dried and distilled. 
The invention is further illustrated by the fol-_ 

lowing examples in which parts are by weight. 
In the case of the poly?uorobutanes, and also 

in the case of the poly?uorinated hydrocarbons 
of higher carbon content, the compounds are be 
lie'ued to be cyclic in structure. Thus, the com 
pletely halogenated poly?uorobutanes are re 
garded as having the cyclic structure 

since the octa?orobutane is shown to be quite 
certainly octa?uorocyclobutane for the [reasons 
given in Example I. On the other hand, the pres 
ent three carbon atom poly?uorohydrocarbons' 
are regarded as having a linear or openchain 
structure and as being poly?uoropropenes since 
detailed investigation of the structure of the 
csFs compound shows quite conclusively that it 
is hexa?uoropropene. I 
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EXAMPLE 1 

A stainless steel pressure vessel is flushed with 
nitrogen, closed. evacuated to about 1 mm. of 
mercury pressure, cooled in- solid carbon dioxide. 
and charged with 100 parts of tetra?uoroethylene 
containing less than 10 parts per'miilion oi oxy 
gen. The reactor is heated with agitation at 
200° C. for 13 hours and then allowed to cool 
to room temperature. The pressure is gradually 
bled down by releasing the gas into a solid carbon 
dioxide-acetone cooled receiver. The condensate, 
which amounts to 94 parts, is iractionally dis 
tilled through a low temperature still. Ten parts 
boiling at —56° C. in —-5° C.’ and 80 parts boiling 

» at -—5° C. toe-4° C. are obtained. The principal 
product is shown to be octa?uorocyclobutane 
by molecular weight determination (Found: 197. 
Calcd. 200). and its great chemical inertness 
indicates vthat it does not contain ethylenic un 
saturation. Pure octa?uorocyclobutane boils at 

- —5° C. and melts at —48° C. It is not changed 
by heating at 200° C. for 2 hours under 2000 
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lbs/sq. in. hydrogen pressure in the presence ' 
of 20% of its weight of a nickel-on-kieselguhr 
hydrogenation catalyst. It is not changed by 
heating under pressure at 1 0° C. in the presence 
of 2.5% of its weight of yl peroxide for 
6 days. Likewise, it remains unchanged when 
heated in a closed system under pressure with 
50% or its weight of zinc dust at 200° C. for 3 
hours, with half its weight of anhydrous alumi 
num chloride at 100° C. for 4 days and with half 
its weight of anhydrous antimony pentachloride 
at 100° C. for 4 days. It is not oxidized by dilute 
aqueous potassium permanganate and it does not 
react with bromine even in sunlight. 

EXAMPLEII 

A silver lined pressure vessel is evacuated to 
tree it 01' air and then charged with 150 parts 
of anhydrous hydrogen fluoride and 50 parts of 
tetra?uoroethylene which contains 0.1% to 0.2% 
by weight of oxygen and 0.5% by/ weight or "Ter 
pene B” which is a CIOHIB hydrocarbon traction 
consisting mainly of dipentene and terpinolene 
boiling at 176°-196° C., having an nD" or 1.470 
1.478 and a d1" of 0855-0870. The vessel is 
heated while agitating at 197° to 200° C. for 8 
hours. The product is then discharged by releas 

then into a solid carbon dioxide-acetone cooled 
receiver. The condensate in the latter receiver 
amounts to 40 parts. It is fractionally distilled 
in a low temperature still whereupon 5.5 parts 
or a fraction, boiling at —48" to —45° C., having 
a molecular weight oi’ 112.5; and 21.5 parts of 
a second i'raction, boiling at —5.5° to --4.5‘’ C., 
having a molecular weight of 194, were obtained. 
The ?rst fraction is penta?uoroethane formed 
by the addition 01' hydrogen ?uoride to tetra 
?uoroethylene while the second fraction is octa 
?uorocyclobutane. 

EXAMPLE III 

A stainless steel lined reactor is evacuated to 
about 1 mm. of mercury pressure and then 
charged with 195 parts of chlorotri?uoroethylene. 
The reactor is mounted in a horizontal position, 
agitated and heated at 200° C. for 11 hours. The 
product is discharged and the productiwhich 
is a liquid, is washed with water, dried and dis 
tilled. One hundred and twenty-four parts 01' 
dichlorohexa?uorocyclobutane. which boils at 
58° to 59° C., is obtained. Analysis: Calcd. for 

25 

30 

35 

40 

. ing the gases through an ice-water scrubber and - 

60 

75 

. 4 V 

C4Chl'e: F, 48.9; CI, 30.45; molecular weight, 233; 
MD,- 28.09. - Found: F, 48.65; Cl, 30.17; molecular 
weight, 222. 225, 227; MD, 28.12; nu”, 1.3339; d4" 
1.6462. Ninety-tour parts of dichlorohexaiiuoro 
cyciobutane dissolved in 100 parts of absolute 
alcohol is treated with 75 parts of zinc dust by 
heating under re?ux (or 4 hours. The reaction 
product which distills from the reaction mixture 
is dried by passing through a calcium chloride 
drying tube and collected in a solid carbon di 
oxide-acetone cooled vessel. Upon distillation, 
49' parts of hexa?uorocyclobutene boiling at 5° 
to 6° C. is obtained. The molecular weight or 
the product is found to be ‘157. The theoretical 
value 01' hexa?uorocyclobutene is 162. Hexa 
?uorocyclobutene absorbs bromine from a carbon 
tetrachloride solution to give 1,2-dibromohexa 
?uorocyclobutane. Forty-nine parts of hexa?u- ' 
orocyclobutene is treated with moist bromine in 
sunlight to obtain 32 parts of 1,2-dibromohexa 
?uorocyclobutane boiling at 96° C. Analysis: 
nu”. 1.3889; d4", 2.1981; F, 35.96; Br, 49.08; 
Calcd. for C4F8Br2: F, 35.4; Br, 49.7. 

EXAIWPLE IV 

A silver lined pressure vessel is charged as in 
Example I with 150 parts or anhydrous hydrogen 
?uoride and 60 parts of l,l-dichloro-2,2-di?uoro 
ethylene. The vessel is heated while agitating 
at 199° to 200° C. for 101/2 hours, discharged and 
the product is washed with water, dried and 
distilled. A yield of 2.4 parts of tetrachloro 
tetra?uorocyclobutane which distills at 128° 
129° C. and melts at 81° C. is obtained. Analysis: 
Calcd. for C4F4Cl4: F. 28.55, Cl, 53.3. Found: 
F, 28.4; C1, 52.74. . 

EXALIPLE V 

A 34" length or #24 gauge platinum wire is 
suspended as a double loop inside along cylin 
drical copper vessel and heated electrically to a 
bright redness (1340° C. by optical pyrometer). 
Tetra?uoroethylene containing 0.5% or “Terpene 
B” is passed into the top or this cell at the rate 
of 24.4 parts per hour and the pyrolysis products 
are collected in a receiver cooled with a solid car 
bon dioxide-acetone mixture. Tetra?uoroethyl 
ene is passed into the reaction vessel for 20.5 
hours and the volatile constituents, which amount 
to 478 parts are fractionally distilled. Upon dis 
tillation, 213 parts of [hexa?uorocyclopropane] 
hera?uoropropene boiling at —31° C. is obtained. 
Upon treatment or 69 parts of [hexa?uorocyclo 
propane] hexa?uoropropcne with aqueous bro 
mine in direct sunlight 66 parts of [1,3-dibromo 
hexa?uoropropane] dibromohexa?uoropropane 
lzoiling at 70° to 72° C. is obtained. Analysis: 
n9", 1.3590; d4”, 2.1728; Br, 50.82; Calcd. for 
CaFtBI‘s: Br, 51.6. 

[1,3 - dibromohexailuoropropane] Dibromo 
heza?uoropropane is debrominated by treatment 
with zinc dust in alcohol by heating under re?ux. 
Fifty-nine parts of [hexa?uorocyciopropane (B. 
P. —31° 0.)] heza?uoropropene (B. P. -'-'31° C.) 
is thus obtained from 140 parts oi’ [1,3-di 
bromohexa?uoropropane] dibromoheza?uoro 
pane. Upon treatment of [hexa?uorocyclopro 
pane] hexa?uoropropene with 5% aqueous hy 
dro?uoric acid at 200° C. hepta?uoropropane 
(B. P. —18.5° to —17° C.) is obtained. ' 

EXAMPLE VI 

A steel jacketed silver tube (0.6" I. n. x 54" 
long) is heated at 695° to 730° C. over a 36" 
section and 270 parts of tetra?uoroethylene con 
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taining 0.5% of "Terpene B" is passed through 
at atmospheric pressure during 4.5 hours. The 
ellluent gases are passed in order through a water 
scrubber, calcium chloride drier, and collected in 
a receiver cooled with a. solid carbon dioxide 
acetonc mixture. The condensate, - which 

- amounts to 225 parts, is distilled to obtain 12 
parts of a product boiling in the range of. —-63° to 
—-32° C., 56 parts boiling at -32° to —23° C., 
16 parts boiling at -23° to —7° C., 90 parts at 
-7° to -—5‘’ C., and 22 parts at —5° to +13°' C. 
The fraction boiling at —'7° to —-5‘’ C. is bubbled 
through moist bromine in bright [sun light] 
sunlight, scrubbed with 10% sodium hydroxide 
solution, dried and redistilled. The puri?ed prod 
uct distills at '—4° to -—5‘’ C. and is shown to be 
octa?uorocyclobutane. The fraction boiling at 
~32° to —23° C. is refractionated and found to 
boil at —31° C. and is [therefore hexatluorocy 
clopropane] hexa?uoropropene. 
.Octafluorocyclobutane is converted into [hexa 

?uorocyclopropane] heza?uoropropene by pass 
ing octafluorocyclobutane through the hot ?la 
ment pyrolysis apparatus described in Example 
V. Thus, in an experiment in which 32 parts of 
octa?uorocyclobutane was passed through the 
pyrolysis apparatus during the course of 8 hours, 
6 parts of tetra?uoroethylene, 10 parts of [hexa 
fiuorocyclopropane] herca?uoropropene and 11 
parts 01' unchanged octa?uorocyclobutane are ob 
tained. 

EXAMPLE VII 

The silver pyrolysis tube (described in Example 
V1) is ?lled with 8-14 mesh activated charcoal. 
The top of the tube is connected to a cylinder 
containing tetra?uoroethylene while the lower 
end of the tube is connected, in turn, to a water 
cooled condenser, a bleed down valve, a drying 
tube and ?nally a solid carbon dioxide-acetone 
cooled receiver. Two hundred and eighty parts 
of tetra?uoroethylene is passed through the tube 
heated to 420°-450° C. at a pressure of 30-35 
lbs/sq. in. during 3 hours. Fifteen parts of liquid 
product (d425, 1.6849; molecular weight 370) is 
collected at the water cooled condenser and 8'7 
parts of product is collected in the solid carbon 
dioxide-acetone cooled receiver. Upon fraction 
ation of the lower boiling product, 41 parts of 
octa?uorocyclobutane is obtained. The liquid 
product is believed to be a mixture of higher 
boiling completely fluorinated cyclopara?lns such 
as deca?uorocyclopentane, dodeca?uorocyclo~ 
hexane and tetradeca?uorocycloheptane, etc. A 
fraction having a molecular weight of 408 which 
corresponds to hexadecafluorocyclooctane is iso 
lated from this mixture. 
Among the completely halogenated poly?uoro 

ethylenes which are applicable "in this invention 
are chlorotri?uoroethylene, 1,1-di?uoro-2,2-di 
chloroethylene, 1,2-di?uoro-1,2-dichloroethylene, 
bromotriiluoroethylene and tetra?uoroethylene. 
However, the polyiluoroethylenes containing 3 
?uorine atoms react more readily than those con 
taining 2 fluorine atoms. Tetrailuoroethylene is 
particularly preferred as it reacts the most 
readily. 
The present process can be carried out con 

veniently either as a batch process in a closed 
system or as a. continuous flow process. The tem 
perature required for the successful operation of 
the process varies inversely, to some extent with 
the pressure used but'is above about 125° C. in 
all cases. The pressures used are not critical but 
may be varied from atmospheric to 5000 lbs/sq. 
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in. or even higher. When higher temperatures, 
e. g., above 500° C. are used the reaction is gen 
erally carried out at atmospheric pressure using 
the continuous ?ow process. The operating con 
ditions can be varied widely depending upon the 
products desired. Thus, at lower temperatures, 
e. 8.. in the range of 125° to 500° C., high yields 
oi' completely halogenated poly?uorocyclobutanes 
are obtained, whereas the formation of complete 
ly [halogenated poly?uorocyclopropanes] halo 
gen-substituted poly?uoropropenes is favored‘ 
where the reaction is carried out in the temper 
ature range of 900° to 1400" C. In the interme 
diate range of 500° to 900° 0., mixtures of com 
pletely [halogenated polyiluorocyclopara?ins] 
halogen-substituted poly?uoa-ohyd'rocarbons are 
obtained. The time required for carrying out the 
reaction can be varied from a few minutes‘ to 
several days depending upon the operating con 
ditions such as temperature and pressure. 
The process can be operated continuously or 

intermittently. The reaction can be carried out 
in a closed system or in the vapor'phase by pass 
ing the completely halogenated polyfiuoroethyl 
ene through a hot reaction tube. The reaction 
can be carried out under subatmospheric, at 
mospheric, or superatmospheric pressure in the 
range of .01 to 1000 atmospheres. The preferred 
pressure range is 1 to 200 atmospheres. 
The reaction can be carried out in any suit— 

able reaction vessel such as iron, steel, stainless 
steel, silver, platinum, Monel metal, copper and 
other metals and alloys which are capable of 
withstanding heat and pressure. In the batch 
process the reaction is preferably carried out 
with agitation although agitation is not always 
necessary. 
Although there is no objection to the presence 

of small amounts of water in carrying out the 
process of this invention, it is preferable that the 
reaction be conducted under substantially an 
hydrous conditions. However, in certain cases, 
the presence of water may be advantageous to 
help dissipate the heat of the reaction. Other 
adjuvants are not usually necessary but in some 
instances a variety of materials may be added 
to the reaction mixture. These include activated 
charcoal, hydrofluoric acid, sodium ?uoride, cal 
cium ?uoride, borax, etc. 
The products obtained by the practice of this 

invention are useful as heat transfer liquids in 
refrigerating systems and as various chemical 
intermediates such as in the production of dye 
stuifs, [pharmaceuticals] solvents, etc. 
As many apparent widely different embodi 

ments of this invention may be made without 
departing from the spirit and scope thereof, it 
is to be understood that I do not limit myself 
to the specific embodiments thereof except as 
de?ned in the appended claims. 

I claim: 
[1. A process for preparing completely halo“ 

genated polyfluorocyclopara?ins which compris 
es heating at a temperature of at least 125° C. 
a completely halogenated ethylene of the for 
mula CX2=CX2 wherein X is halogen and at 
least 2 of the halogens are ?uorine] 

[2. A process for preparing completely halo 
genated polyfiuorocycloparaf?ns which compris 
es heating a completely halogenated ethylene 
of the formula CX2=CX2 wherein X is halogen 
and at least 2 of the halogens are ?uorine at a 
temperature of 125° C. to 1400” 0.] 

3. A process for preparing completely halo 
genated poly?uorocyclobutane which comprises 
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heating a halogenated ethylene oi the formula 
CX==CX= wherein x is halogen'and at least 
2 of the halogens are ?uorine, said process. com 
prising heating said halogenated ethylene at a 
temperature 01' 125° C. to 500° C.’ under super 
atmospheric pressure. . 

[4. A process for preparing completely halo 
genated poly?uorocyciopropane which comprises 
heating a halogenated ethylene oi’ the formula 
CX2=CX2 wherein X is halogen and at least 2 
of the halogens are ?uorine, at a temperature of 
900° 0. t0 1400“ C. at atmospheric pressure] 
‘[5. The process set forth in claim 1 in which 

at least 2 of the halogen substituents are/?uorine 
and the remainder are chlorine] v 

[6. A volatile completely halogenated poly 
fluorocyclobutane oi the formula _ 
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in which X is halogen and in which at least 4 ‘ 
oi the substituent X are ?uorine and at least 2 
are halogen other than ?uorine] - 

7. A. process for preparing octa?uorocyclobu 
'tane which comprises heating tetra?uoroethyl 
ene at a temperature 0! 125 ° C. to 500° C. under 
superatmospheric pressure. I 

[8. A process for preparing hexa?uorocyclo 
propane which comprises heating tetra?uoro 
ethylene at a temperature of 900° C. to 1400” 
C. at atmospheric pressure] 

[9. The volatile completely halogenated poly 
?uorocyciobutane of the formula set forth in 
claim 6 in which 6 of the substituent X are ?uo 
rine and the remaining two are chlorine] 

10. .4 process for Preparing completely halo 
genated poly?uorohydrocarbons which compris¢ 
es heating at a temperature of at least 125° C. 
a completely halogenated ethylene of theformula 
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CXz=CXz, wherein X is halogen and at least 2 ‘o 
of the halogens are ?uorine. 

8 
11. ‘A process for preparing completely halo 

genated polytluoropropene which comprises 
heating a halogenated ethylene of the formula 
CXz=CXz, wherein X is halogen and at least 2 
of the halogens are ‘?uorine, at a temperature 
of 900° C. to 1400°~ C. at atmospheric pressure. 
12. The process set forth in claim 10 in which 

at least 2 o] the halogen substituents are ?uo 
rine and the remainder are chlorine. 
.13. A process for preparing hexafluoropropene 

which comprises heating tetrafluoroethylene at 
a temperature of 900° C. to 1400“ C. at atmos 
pheric pressure. 

14. A process for preparing completely halo 
genated poly?uorohydrocarbons which compris 
es heating at a temperature of about 200° C. to 
about 800°C. a completely halogenated ethylene 
of the formula CXz=CXz, wherein X is a halogen 
and at least 2 of the halogens are ?uorine. v 

15. A process for preparing completely halo 
genated poly?uorhydrocarbons which comprises 
heating at a temperature of about 200° C. to 
about 800° C. a completely halogenated ethylene 
of the formula CX2=CX2, wherein X is a halogen 
and at least 2 of the halogens are ?uorine and 
the remainder are chlorine. ' . 

16. A process for preparing at least One com 
pound of the group selected from heza?uoro 
propene and octa?uorocyclobutane which com 
prises heating tetra?uoroethylene at a tempera 
ture of about 400° C. to about 800° C. 

17. Dichlorohexa?uorocyclobutane, having a 
boiling point of about 59°. 

18. A volatile completely halogenated poly 
?uorocyclobutane o)‘ the class consisting of di 
chlorohexajluorocyclobutane having a boiling 
point of about 59° C., LZ-dibromohexa?uoro 
cyclobutane and tetrachlorotetra?uorocyclobu- ' 
tane which distills at about 129° C. . 

JESSE HARMON. ‘ 

No references cited. 


