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1 
This invention relates to a process of making 

perchlorethylene as a direct chlorination prod 
uct of methane. 
A process of making perchlorethylene is well 

known in the art, which is based upon the pyro 
lytic conversion of carbon tetrachloride, accord 
ing to the equation: 

This reaction is endothermic and proceeds only 
at a high temperature, generally in the range of 
600° to 1500° C., the preferred range, according 

' to Patent No. 1,930,350, being about 800°—900° C. 
The starting material for the process, carbon 

tetrachloride, can be made in various ways, one 
familiar way being by the chlorination of meth 
ane according to the equation: 

The reaction of chlorine with methane is highly 
exothermic, and in order to avoid an excessive 
temperature rise it is usual to conduct the chlo 
rination in stages accompanied by cooling. 
Otherwise, if the temperature becomes too high, 
the reaction gets out of control and decomposi 
tion occurs with formation of carbon and hydro 
gen chloride as end products, according to the 
equation: ' 

The art has resorted to various expedients for 
controlling the reaction temperature, one of the 
most common being to dilute the methane with 
a large volume of inert gas, which serves as an 
alrnorbent medium for the heat of reaction. Vari 
ous gases have been proposed as the diluent, such 
as N2, CO and HCl, although the most common 
diluent ls methane itself, a suf?ciently large ex 
cess thereof, in proportion to chlorine, being used 
to hold the reaction temperature below that at 
which carbonization occurs. When methane and 
chlorine are reacted without external cooling to 
absorb the heat of reaction the volumetric excess 
of methane over chlorine should be substantially 
more than 100 per cent in order to prevent car 
bonlzation. In such proportions the chlorinated 
product is largely methyl chloride, CHaCl. This , 
in turn may be further chlorinated in succeeding 
stages, using care not to add too much chlorine 
in any stage so that suitable temperature con 
trol may be maintained. 
To produce carbon tetrachloride as the ?nal 

chlorination product of methane is a tedious 
process, owing to the precautions required to con 
trol the reaction temperature. However, we have 
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found that the most seriousof the aforemen 
tioned disadvantages of the direct chlorination 
of methane are avoided. if the process is so con 
ducted as to fornl perchlorethylene, instead of 
carbon tetrachlor1de,_as the major end product. 
Inasmuch as the commercial demand for per- - 
chlorethylene in the industries is rapidly increas 
ing, while that for carbon tetrachloride at pres 
ent is relatively static, a more direct and economi 
cal process for making perchlorethylene is to be 
desired than those that have been heretofore 

, ‘used on a commercial scale. ‘ 
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Our invention has various objects, among 
which are the following: (1) to provide a proc 
ess of making perchlorethylene by the direct 
chlorination of methane or a methane-rich gas, 
such as natural gas; (2) to carry out the chlorin-. 
ation reaction in a single stage; (3) to produce a 
high yield of perchlorethylene as compared with 
other chlorination products; (ll) to cause the re 
action to be thermally self sustaining without ne 

cr cooling; (5) to re 
number of process steps from the basic 

raw materials to finished product, as compared 
with |processes hitherto employed. Other objects 
and advantages will become evident as the de 
scription proceeds. 
In our approach to the problem of the direct 

thermal chlorination of methane we conceived 
that the use of a readily condensable vapor, in 
stead of a gas, as a diluent for the mixture of 
methane and chlorine would be of advantage, 
because the higher speci?c heats of such vapors 
give them a higher heat absorbing capacity than 
that of a gas, requiring a smaller volume of vapor 

duce the 

- for an equal temperature controlling effect and 
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simplifying product recovery. It appeared that 
carbon tetrachloride, being the end chlorination 
product of methane, would be a desirable diluent, 
since it would not undergo further chlorination 
and would be inert to the action of chlorine. 
Upon investigation it was found that only about 
1.5 to 2.5 volumes of C014 vapor were su?icient 
to control the heat of reaction of one volume‘ of 
methane with from 2 to 4 volumes of chlorine 
so as to prevent explosion and carbonization of 
the mixed gases, without necessity for any exter 
nal cooling or for gradual or stepwise"; dition 
of the chlorine. Thus it was indicated ‘thatfmeth 
ane could be completely chlorinated'at one step 
without other temperature control than" that pro 
vided by the admixture of diluent vapors of car— 
bon tetrachloride itself. v f '_ ,_ j 

Analysis of the product obtained when carrying 
out the reaction under the above conditions, 
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however, revealed a high percentage of perchlor 
ethylene. Alter allowing for the carbon tetra 
chloride initially added as diluent, it was found 
that the principal chlorination product so ob 
tained was perchlorethylene. In fact, under some 
conditions a yield of perchlorethylene in excess 
of 100 per cent, on the basis of methane. was 
obtained, which evidently ._was derived from the 
conversion to perchlorethylene of a portion of the 
carbon tetrachloride diluent. 
The effectiveness of the above procedure for 

the thermal chlorination of methane, then, de 
pends not only on the absorption of sensible heat 
by the diluent vapors, but also on the heat ab 
sorption of the endothermic reaction whereby 
perchlorethylene is formed from carbon tetra 
chloride. In theory the reactions 1 and 2, supra. 
proceed simultaneously, the exothermic heat of 
reaction 2 being balanced to maintain the proper 
temperature in the reaction .zone by the en 
dothermic heat of reaction 1 plus the heat ab 
sorption of the added carbon tetrachloride em 
ployed as the diluent. A summation of Equations 
1 and 2 gives the equation: 

Theoretically, while 4 mols of chlorine are re 
quired per mol of methane to form carbon tetra 
chloride, the ratio is only 3/1 when perchlor 
ethylene is the end product. A secondary reac 
tion occurring in the process causes the forma 
tion of a small amount of hexachlorethane by 
addition of chlorine to the perchlorethylene. 
Lower temperatures within the operable range 
are favorable to hexachlorethane formation, but 
at most it occurs to only a minor degree. 
In carrying out our process separate streams 

of methane and chlorine are mixed in desired pro 
portion, and to the mixed gas stream vapors of 
carbon tetrachloride are added in amount suf 
ficient to prevent carbonization of the reacting 
mixture. 
into a reaction chamber, wherein the reaction is 
initiated by usual means, such as an electrical 
heater or the equivalent. The reactiontempera 
ture may thereafter be maintained by the heat 
of reaction without need for further heating. The 
chamber walls preferably are heavily insulated to 
avoid heat loss by radiation as far as possible, 
and gas inlet and outlet pipes are provided. The 
reaction is substantially instantaneous and pro 
duces a de?nite front in the ?owing gas stream. 
The rate of ?ow of the entering gas stream is reg 
ulated to correspond to the size of the chlorinator 
so as to maintain the reaction front within the 
chlorination chamber. Due to the speed of the 
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The mixture of gas and vapor is led ‘ 
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reaction a chlorinator of small dimensions oper- I 
ating in continuous ?ow has the capacity for pro 
ducing a large daily output. The reacted mixture 
passesimmediately from the chlorinator and is 
conducted to a condensation and separation sys 
tem for recovery of products, wherein the liquid 
products are condensed and distilled to separate 
perchlorethylene. The carbon tetrachloride re 
covered on distillation may be returned to the 
process. 
The relative proportions of methane, chlorine 

and carbon tetrachloride can be varied consid 
erably to produce conditions favorable to a sub 
stantial yield ofperchlorethylene. It is conven 
ient to express the proportions of chlorine and 
carbon tetrachloride in the reaction mixture on a 
numerical basis as mols or volumes per unit mol 
or volume of methane. Assuming a suiiicient pro 
portion of carbon tetrachloride in the mixture to 
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prevent carbonization. the proportion of chlorine. 
i. e. the Cl2/CH4 ratio, may vary from about 2 
to about 6. Best yields are obtained with a 
C12/CH4 ratio of 2.5 to 4, the theoretical ratio be 
ing 3, as shown by Equation 4. An excess of chlo 
rine above the theoretical proportion apparently 
acts as a diluent in similar manner to the carbon 
tetrachloride. The eifect of varying the Cir/CH4 
ratio, with a constant CCl4/CH4 ratio, is shown 
in Table I, in which the proportions of the feed 
components and of the yield of perchlorethylene 
are expressed in mols. 

Table I 

ma Yield 

No. 

on. 00:. 01, 0,01. 131E983“ 

100 300 204 0.5 20.0 
100 300 213 35.4 78.0 
100 300 304 00.0 1120 
100 300 500 00.0 00.0 
100 300 600 15- O 30. 0 
100 1100 800 0.0 0.0 

The theoretical yield of perchlorethylene is 50 
mols per 100 mols of methane and 300 mols of 
chlorine. The actual yield for the tabulated ex 
amples rises to a maximum at a Cir/CH4 ratio of 
3.64, and thereafter diminishes progressively as 
the proportion of chlorine is further increased. 
It will be observed that the maximum yield shown 
in the table is more than theoretical, which is ac 
counted for by the conversion of a portion of the 
carbon tetrachloride used as diluent. 
The proportion of carbon tetrachloride to be 

added to the reaction mixture is primarily deter 
mined by the relative volume required to prevent 
carbonization of the methane. The highest yield 
of perchlorethylene at any particular Cir/CH4 
ratio is indicated when the lowest proportion 
of the diluent is used which is su?icient for the 
purpose. The chief function of the diluent is to 
absorb enough of the heat of reaction to pre 
vent an excessive rise of temperature, but if too 
large a proportion of the diluent is used the tem 
perature of the mixture will be held so low that 
the formation of perchlorethylene is suppressed. 
There is a considerable range within which the 
proportion of carbon tetrachloride can be varied. 
this range depending somewhat upon the propor 
tion of chlorine in the reaction mixture. When 
the molar ratio Cir/CH4 is 2, the practical work 
ing range for the ratio CCl4/CH4 is about 1.5 to 4. 
At a. Clz/CH4 ratio of 3, the ratio COM/CH4 is 
from 2 to 5. For Cl2/CH4 ratios above 3, where 
the excess over the theoretical chlorine propor 
tion also exerts a diluting e?ect, the lower and 
upper limits of the range of the CCl4/CH4 ratio 
are gradually lowered as the proportion of chic 
rine increases, approximately as shown in 
Table II. 

Table 11 

M01 Ratio oowom 
Mol Ratio Cir/CH4 

Minimum Maximum 

1.0 4.0 
2.0 0.0 
1.5 4.5 
1.0 4.0 
.5 as 

The tabulated values apply when the process is 
conducted so as to be thermally self-sustaining 
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without substantial loss of heat by radiation. 
If the process were carried out in such way that 
heat loss by radiation was considerable, the above 
values for the ratio CCli/CHiv wold be lowered, 
whereas, if external heat were added, the values 
might be increased. In general, the values shown 
by the table set out the range within which a 
good yield of perchlorethylene can be obtained 
and carbonizatlon of the reacting gases can be 
avoided. 
The effect upon the yield of perchlorethylene 

by varying the proportion of diluent is shown in 
Table III. In the table columns 1, 2 and 3 show 
the moi proportions of CH4, C12 and C014, re 
spectively, the ?rst three examples having a moi 
ratio Gig/CH4 of 2.73, and in the last six ex-' 
amples a ratio of 3.64. Columns 4 and 5 show 
the calculated mol percentages of CCh and 
C2014 in the liquid reaction product, assuming 
theoretical conversion of CH4 to C2014 by reaction 
with Ch in the stoichiometric proportions of 1 
mol CH4 to 3 mols C12. Columns 6, 7, 8 and 9 
shotsr the actual mol percentages ‘of C614, C2014. 
'CEClS and CHCla found in the liquid reaction 
product, the presence of a small amount of 0201s 
as byoproduct being due to chlorination of a 
portion of the C2014, as already explained, while 
CHO]; is the result of incomplete chlorination of 

a function of the concentration of diluent vapor ' 
of carbon tetrachloride, and will vary inversely 

' as the concentration of diluent in the absence of 
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methane. Column 10 shows the percentage of - 
theoretical yield of C2614 actually recovered in 
the product, while column 11 shows the total per 
centage conversion of CH; to chlorinated C2 
compounds (C2C14+C2C1s). ‘ -. 
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extraneous factors modifying the thermal bal 
ance of the reaction. There is a minimum con 
centration of the diluent which is required to 
absorb suillcient heat to hold the temperature 
just below the carbonization point of methane. 
As the concentration of diluent is increased 
above the minimum the reaction temperature is 
correspondingly reduced, and as the temperature 
is reduced the yield of perchlorethylene falls ac 
cordingly. A secondary effect or the lowered 
temperature is an increase in ratio of hexaohlo 
rethane to perchlorethylene in the liquid product, I 
as shown in Table III. The maximum yield of 
perchlorethylene, therefore, is attained by oper 
ating close to the minimum concentration of 
carbon tetrachloride as diluent, although main 
tenance of a reasonable margin of safety is an 
important practical consideration. 
The highest yields of perchlorethylene are ob 

tained with a Cir/CH4 ratio between 2.5 and 4, 
and a CC14/CH4 ratio between 2 and 4. We prefer 
to operate the process without the application of 
external heating or cooling, the reaction tempera 
ture being 'maintained solely by the thermal bal 
ance of the reactions occurring in .the' presence 
of the diluent‘vapors of carbon tetrachloride. ‘ 
Operating in this way within the above ranges of 
proportions the observed temperature within the 
reaction zone is generally on the order of 500° 
to 600° C. ' I 

Table 111 

M01 Per Cent ' 

M015 Feed “5383;,” Actual Product, Mol Per Cent Per Cent Yield 
Conversion . 

(n (2) (a) _ (4) (5) (e) (7) (a g) ,(10) {1,1,}, 
C H4 (113 (1C1. C014 C1014 C014 C1011 C1016 0 C13 C3014 C201, 

100 273 165 78. 4 21. 6 67. 0 28. 2 3. 6 l. 2 130. 5 147. 2 
100 273 300 86. 8 13. 2 82. 9 10. 3 2. 6 4. 2 7S. 0 97. 7 
100 273 385 39. 5 10. 5 88. 5 5. 6 2. 3 3. G 53. 3 75. 2 
100 364 230 82. 2 17. 8 72.0 .26. 2 1. 8 ______ __ 147. 2 157. 3 
100 364 256 83. 7 l6. 3 78. 2 20. 6 l. 2 ______ _ _ 126. 4 133.7 
100 364 290 85.3 14.7 81.8 17.0 1.2 ______ ,_ 115.6 123.8 
100 364 392 88. 7 11. 3 89. 6 3. O ' 2. 4 ______ _ _ 70. 8 92. O 
100 364 473 90.5 9.5 91.7 2.0 1.1 5.2 21.1 34.8 
100 364 776 93. 9 6.1 96. 0 0. O O. 9 3.1 0. 0 14. 7 

In the above examples a yield in excess of 100 
per cent of theory indicates thevconverslon of a 
portion of the added carbon tetrachloride to 
perchlorethylene. Where the yield is less than 
100 per cent of theory, either. one or both of two 
conditions exist in the reaction mixture, namely, 
that some carbon tetrachloride is formed by 
chlorination of methane without being converted 
to perchlorethylene, or that a portion of the 
methane passes through the reaction without be 
ing chlorinated or is only incompletely chlorin 
ated. When there is a deficiency of chlorine with 
respect to the theoretical C12/CH4 ratio of 3/1, 
as in Examples 1-3, methane or its partially 
chlorinated derivatives, e. g. chloroform, are 
found in the reaction product. On the other 
hand, with an excess of chlorine over the 3/1 
ratio, chlorine is present in the exit gases. 

‘The inversely varying yield of perchlorethyle'ne 
with increasing proportion of carbon tetrachlo 
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ride in the reacting mixture is accounted for by, 
the progressively increasing effect of the diluent 
in depressing the reaction temperature. The 
actual temperature within the reaction zone is 

‘ The foregoing mode of operation can be modi 
fied, if desired, to apply some degree of external 
control of the reaction temperature independently 
of the proportion‘ of diluent in the reacting mix 
ture. Thus the chlorinator may be provided with 
external heating or cooling means, and the proc 
ess so conducted as to maintain the desired re 
action temperature by addition or subtraction of 
heat, as the case may be, to some extent inde 
pendently of the proportion of diluent in the re 
acting mixture, although such mode of operation 
would not safely permit reducing the proportion 
of diluent much below the minimum limits al 
ready stated. For example, a fused salt bath, 
heated'to a suitable temperature, may be used as 
a temperature control medium for the process, 
and the reaction gases bubbled through the same 
in themanner known to the art for other chlori 
nation reactions. 
The temperature- of the reaction zone in our 

process, which, as stated above, is generally in the 
range of 500° to 600° C., is signi?cantly lower than 
the temperatures required for pyrolyzing carbon 
tetrachloride to form perchlorethylene, when i 
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carried out separately. which are on the order oi’ 
about 800° C. or higher. We have found that, for 
a contact time comparable to that existing in our 
process, the pyrolysis of carbon tetrachloride at 

8 
of methane occurs, passing the gaseous mixture 
in the absence or a chlorination catalyst into an 
insulated zone in which reaction occurs, the tem 
perature being maintained within the aforesaid 

chlorine and carbon tetrachloride, in which the 
molar ratio Clo/CH4 is from 2 to 6 and the molar 
ratio CCh/Cm is a value between 0.5 and 5 at 
which the carbon tetrachloride vapors by dilution 
and heat absorption maintain the temperature 
of the ensuing reaction above 500° C. but prevent 
it from rising to the point where decomposition 
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530°-630° C. gives a yield of perchlorethylene of 5 range- by the heat 01' reaction, and separating 
only about 1.0 per cent of theory. and at 810°—860‘.’ , perchlorethylene from the reaction products. 
C. a yield of only 38-0 per cent of theory. Under 2. Process according to claim 1, in which the 
the conditions of our process for thermal chlorina- ratio Ola/CH4 is between 2.5 and 4 and the ratio 
tion of methane, in which carbon tetrachloride is cap/cm is a value between 2 and 4 sumcient to 
presumed to be formed as an intermediate prod- 1° maintain the reaction temperature between 50')“ 
uct, we not only can obtain the theoretical yield and 600- c_ - 
or perchlorethylene within a temperature range - 
of 500°~600° 0., but also a substantial degree of 3% 
pyrolysis of the carbon tetrachloride added as 5 wmM'E BROWN‘ 
diluent. 1 a ' ' 

The examples in Table IV show actual reaction 
zone temperatures as obtained by thermally self_- REFEBENCFS CITED 
sustained operation under representative condi- The following references are of record in the 
tions within the preferred range 01' the invention. __ ?le of this patent: 

Table IV 

Mols Feed Product, M01 Per Cent Per Cent Yield T m 

SOP" 
cm 01,. con CCh 0,01. 0,01. 0,01. ‘0.01. ' 

301 356 82.3 15.0 2.1 122.0 144.0 536 
340 211 78.0 20.0 1.4 135.0 1440 v 539 
340 I 350 85.6 13.1 0.1 110.0 115.0 531 

The invention can be practiced not alone for 30 ‘UNITED STATES PATENTS 
the thermal chlorination of methane itself, but N l . 

also with-the use of a, methane-rich gas, such as F338;“ strggg‘?gr Oct n?atemsa 
natural gas. The presence of small amounts of 2‘2o0’254‘ _ Bender """" " Ma}; 14'. 1940 
inert gases in the natural gas will not materially 2’200‘255 Bender """""" “ May 14’ 1940 
a?ect the yields of perchlorethylene, wlule ethane 35 2:252’536 Wiley __' """"" " Aug 12’ 1941 
in the gas will be chlorinated largely to perchlor- 2 305’821 wlmmer """"" "' Dec‘ 22' 1942 
et lene also. ’ ’ """"" " ' ' 

‘#8 c; m; ' .. FOREIGN PATENTS 
l. A process of making perchlorethylene which Number country _ Date 

' comprises forming a gaseous mixture of methane, ‘0 58,273 Austria __________ __ Mal; 26, 1913 
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