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This invention relates chiefly to manufacture 
of dichlorodifluoronethane, CCF, carbon tetra 
chloride, CC4, and other valuable products and 
by-products from chlorine and ethylidene fluo 
ride, CH3CHF2, readily available raw materials. 

Dichlorodifiuoromethane is ordinarily made by 
a relatively cumbersome process involving the 
fuorination of carbon tetrachloride with hydro 
gen fuoride in the presence of antimony fluoride 
catalyst. Carbon tetrachloride is customarily 
produced by chlorinating carbon disulfide by a 
process which introduces the difficult problem 
of handling and recycling precipitated sulfur 
which in turn is utilized to make more carbon 
disulfide from a source of carbon such as char 
Coal or methane. Carbon tetrachloride thus ob 
tained must be carefully purified to remove the 
last traces of Sulfur. 
The principal objects of this invention are 

provision of processes by which it is possible to 
prepare dichlorodifiuoromethane and carbon 
tetrachloride and other fluorochloro and chloro 
products, by exhaustive chlorination and so 
called chlorinolysis (disunion of carbon atoms by 
the action of chlorine) of ethylidene fluoride. 

In accordance with the invention, it has been 
found that the foregoing objects may be accom 
plished by heating ethylidene fluoride at ten 
perature not less than 550° C. and not more than 
900 C. in the presence of certain suitable amounts 
of chlorine, and recovering the sought-for prod 
ucts from the resulting reaction mixture. 

Particularly with respect to production of 
CCl2F and CC14, the reaction effected may be 
represented by the following equation: 

F Heat F 
B---f + 5C, C--CI + C-i-F + Ec 

B E. h 
The process may be carried out in a tubular 

reactor of suitable length, equipped at one end 
with pipe connections facilitating introduction 
into the reactor of the desired proportions of raw 
materials, and at the outlet end with a gas off 
take pipe for conducting the exit gas to the prod 
ucts recovery system. The reactor is provided 
with an external heating jacket together with 
means for maintaining controlled temperatures 
within the reactor. The reaction preferably 
should be carried out in the absence of catalysts 
such as active carbon and compounds of silicon. 
Hence, the reactor is preferably made of a neu 
tral or non-catalytic material such as graphite. 
The process is readily adaptable to a continu 
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and chlorine are continuously introduced into a 
reaction zone, subjected therein to the herein 
after described temperature conditions, and the 
resulting reacted mixture Continuously dis 
charged from the reactioi Zone. 

Dichlorodifluoromethane is a preferred sought 
for end product of the present process and ac 
cordingly the reaction is carried out in the pres 
ence of sufficient chlorine to obtain dichloro 
difluoromethane, appreciable quantities of Such 
product being obtainable when less than 5 molec 
ular proportions of chlorine per mol of ethylidene 
fluoride are introduced into the reaction zone. 
While less than 5 molecular proportions of chlo 
rine may be used, no particular advantage arises 
since conversion of ethylidene fluoride would be 
correspondingly reduced. To obtain acceptable 
yields of CCl2F2 and CC4, not less than 5 molec 
ular proportions of chlorine should be charged 
into the reactor. An excess of chlorine is prefer 
able, and it has been found that best results are 
secured when there is introduced into the re 
action zone 5-6 molecular proportions of chlorine 
per mole of ethylidene fluoride. 
We find that exhaustive chlorination and 

chlorinolysis of ethylidene fuoride may be ef 
fected by maintaining temperature in the reactor 
at not less than 550° C. and not more than 900 
C. While chlorinolysis takes place at tempera 
tures above 550° C., higher temperatures are de 
sirable to substantially initiate and maintain 
chlorinolysis. Temperatures of not less than 
about 650° C. are preferred, and the preferred 
operating range is 650-800° C. Temperatures 
above about 900 C. serve no useful purpose and 
should be avoided to prevent unnecessary decom 
position. 
Assuming the presence in the reaction zone of 

sufficient chlorine to substitute for all of the hy 
drogen atoms of the ethylidene fluoride and to 
support chlorinolysis, exhaustive chlorination 
and chlorinolysis take place rapidly, and the gas 
stream may be passed thru the reactor at any 
suitable rate. Good conversion of ethylidene 
fluoride in the reactor is appreciably dependent 
upon Space velocity per hour (volumes of reactant 
gas at room temperature per volume of reaction 
chamber per hour), the term "conversion' in 
dicating the amount by Weight of starting ma 
terial which reacts during the course of the re 
action. Space velocity per hour should be ordi 
narily not more than 5000-6000, and preferably 
in the range of 150 to 1000. 
The exit gas of the reactor comprises prin 

outs operation in which the ethylidene fluoride 56 cipally CCF (B. P. minus 30' C.), CCF (B.P. 
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plus 23.8° C.), CC (B. P. 77° C.), CCsCFC) 
(B. P. 92 C.), CaCls (B. P. 122 C.), (CaCls (neits 
and sublimes at about 83 (C.); and Smaller 
amounts of other relatively high boiling nateo 
rials such as C2Cl3EF2 (B. P. about 72 C.); plus 
HCl and some HF and unreacted chlorine. Sich 
a gas may be treated in any suitable way to re 
cover the desired products. For example, the 
gas stream may be water-washed to remove 
most of the hydrochloric acid, washed with mild 
NaOH solution to remove chlorine and the last 
traces of HCl, and finally dried as by use of cal 
cium chloride or silica gel. The exit of the dry 
ing step comprises principally CC2F, CCl3F, CCA, 
and some CCl3CF2Cl and CCA. If desired such 
gas stream may be cooled to say zero degrees C. 
to condense CCl3F, CCl4, CCCC and C2C4 
and permit recovery of CaCl2 in the form of a 
gas. Thereafter, the liquid mixture of CCl35, 
CC4, CCl3CF2Cl and C2Cl4 may be distilled to 
Separate and recover these materials individually. 
Most of the C2C6 as well as Some of the other 
products boiling above room temperature collect 
in the bottom of the water scrubber as heavy oily 
layers. Such higher boiling reaction product 
collecting in the water and/or NaOH. Scrub 
bers may be recovered by suitable decantation 
and distillation operations. By-products such as 
HCl and chorline may be recovered in any suit 
able way. 

Following is an example of practice of the in 
vention: Ethylidene fluoride and chlorine in the 
nolecular proportion of 1:5.5 respectively were 
mixed and passed at 150 S. W. H. through a net 
tral reactor (graphite tube) heated externally to 
naintain reaction temperature of about 700 C. 
The exit gases were washed with water to re 
move the halogen acids and with caustic soda, 
Solution to take out unreacted chlorinie. The 
CC2F2 in the product passed through the scrub 
bers and was condensed in a trap immersed in a 
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dry ice acetone bath. In this operation, the 
higher boiling materials collected as heavy oily 
layers in the water and Natoi scrubbers and 
were drawn of to a storage vessel at regular 
intervals. These reaction products were sepa 
rated into the several constituents by fractional 
distillation. From 100 molar parts of ethylidene 
fluoride, there were recovered 36 molar parts of 
CCl2F, and 33 molar parts of CCli. esser quan 
tities of CCF, C2Cl and CaCls were obtained. In 
all, about 85% of the carbon in the ethylidene 
fluoride entering the reactor was recovered as a 
valuable reaction product. 
We claima: . 
1. The process which comprises heating eth 

ylidene fluoride at temperature not less than 
550° C. and not more than 900° C. in the pres- . 
fence of at least sufficient chlorine to form die 
fluorodichloromethane. 

2. The process which comprises heating eth 
ylidene fluoride at temperature not less than 
550 C. and not more than 900° C. in the pres 
ence of at least 5 molecular proportions of chlo 
rine to thereby form difiuorodichloromethane and 
carbon tetrachloride simultaneously. 

3. The process which comprises heating eth 
ylidene fluoride at temperature not less than 650° 
C. and not more than 800° C. in the presence of 
at least 5 molecular proportions of chlorine to 
thereby form difluorodichloromethane and car 
bon tetrachloride simultaneously. 

4. The process which comprises heating eth 
ylidene fluoride at temperature not less than 650° 
C. and not more than 800° C. in the presence of 
at least 5-6 molecular proportions of chlorine to 
thereby form difiuorodichloromethane and car 
bon tetrachloride simultaneously, and recover 
ing difluorodichloromethane and carbon tetra 
chloride from the resulting reaction mixture. 
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