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MANUFACTURE OF PERCHLOROETHYLENE 
FROM CARBON TETRACHLORIDE IN THE 

PRESENCE OF HYDROGEN 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a process for making per 

chloroethylene by thermal, noncatalytic pyrolysis of 
carbon tetrachloride in the presence of elemental hy 
drogen and chlorine at relatively low temperatures. In 
particular, it relates to a process for production of per 
chloroethylene and hydrogen chloride using carbon 
tetrachloride as both the principal reactant and a reac 
tive diluent under conditions which maximize consump 
tion of unwanted carbon tetrachloride, while minimiz 
ing the production of heavy ends, such as hexachloro 
benzene and other tarry products. 

2. Background of the Invention 
When conventionally manufacturing perchloroethyl 

ene by chlorination of hydrocarbons and/or their par 
tially chlorinated derivatives, substantial amounts of 
carbon tetrachloride are also obtained. In addition, sub 
stantial quantities of undesirable highly chlorinated 
products such as hexachloroethane, hexachlorobutadi 
ene and hexachlorobenzene, hereinafter referred to as 
heavy ends, are formed. Carbon tetrachloride, how 
ever, is thought to be among the halocarbons which 
cause destruction of the ozone layer and is therefore 
coming to be considered a relatively undesirable prod 
uct. It has also been used as a feedstock in producing 
environmentally deleterious fully halogenated chloro 
fluorocarbons and demand for it is therefore decreasing 
for this reason as well. Because of these undesirable 
environmental attributes of carbon tetrachloride, regu 
lations governing the production and use of carbon 
tetrachloride are expected to result in a marked de 
crease in demand for carbon tetrachloride over the next 
decade. The heavy ends resulting from conventional 
processes for producing perchloroethylene are also 
undesirable and their disposal by burning can result in 
emission of undesirable compounds into the atmo 
sphere. On the other hand, the ecologically more be 
nign chlorinated hydrocarbons, notably perchloroeth 
ylene, are expected to remain in high demand because 
of their many practical uses, both as a solvent and as a 
starting material for the production of other chemicals. 
The present invention addresses this situation by pro 
viding a process for the production of perchloroethyl 
ene that consumes carbon tetrachloride and minimizes 
formation of heavy ends. 

Perchloroethylene can be produced by pyrolysis of 
carbon tetrachloride at high temperatures as mentioned 
in U.S. Pat. No. 1,930,350. As explained in U.S. Pat. No. 
3,364,272, the pyrolysis process for production of per 
chloroethylene ordinarily requires reaction tempera 
tures of the order of 800° C. The pyrolysis of carbon 
tetrachloride discussed in U.S. Pat. No. 2,447,410, re 
quires a temperature of 1300” to 1400° C. The produc 
tion of perchloroethylene at these high temperatures, 
however, has serious disadvantages. Notably, the use of 
the high pyrolysis temperatures generally requires high 
energy input to initiate and maintain the reaction, ex 
pensive materials for reactor construction, and elabo 
rate product separation to remove the unwanted heavy 
ends. 

Catalytic systems have also been used to produce 
perchloroethylene. U.S. Pat. No. 4,002,695, for in 
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stance, discloses a process for preparing perchloroeth 
ylene by reaction of carbon tetrachloride vapor with 
hydrogen in the presence of a barium chloride catalyst 
at a temperature of at least 500“ C. However, the cata 
lysts required in this method are expensive and subject 
to deactivation due to fouling with carbon. The produc 
tion of unwanted heavy ends, such as hexachloroethane, 
hexachlorobutadiene and hexachlorobenzene, is also 
promoted by the use of such catalyst. 

BRIEF DESCRIPTION OF THE DRAWING 

FIGS. 1 and 2 are schematic representations of two 
types of mixing schemes for introducing feed into the 
reaction zone. 

In these schemes, the feed is introduced into a mixing 
nozzle comprising a mixing zone where the reactants 
are pre-mixed, the mixing nozzle is inserted through a 
feed port into the reaction zone of the reactor, and the 
feed comprising the pre-mixed reactants is discharged 
from the mixing nozzle into the reaction zone of the 
reactor. 

SUMMARY OF THE INVENTION 

The present invention provides a noncatalytic ther 
mal process for making perchloroethylene and hydro 
gen chloride from carbon tetrachloride, elemental hy 
drogen and chlorine by introducing these reactants into 
a reaction zone, with the hydrogen and chlorine being 
introduced in amounts sufficient to provide heat for the 
pyrolysis of carbon tetrachloride. Carbon tetrachloride 
is introduced to serve both as a reactant and a diluent in 
the reaction zone in an amount sufficient to maintain the 
reaction temperature between 'about 500° and about 
700“ C. Thecarbon tetrachloride can be either in the 
vapor phase or liquid phase or a mixture of vapor and 
liquid phases. 
The amounts of hydrogen and chlorine introduced 

into the reaction zone depend on the amount of carbon 
tetrachloride that is converted to perchloroethylene. 
The particular amounts are also a function of the reac 
tor conditions, i.e. temperature, pressure, residence 
time. As more carbon tetrachloride is converted, more 
hydrogen is needed to supply the heat, however, less 
chlorine is required. 
A gaseous product mixture containing unconverted 

carbon tetrachloride, chlorine, perchloroethylene and 
hydrogen chloride is withdrawn from the reaction zone 
and condensed, whereupon perchloroethylene, hydro 
gen chloride and any heavy ends are separated from the 
mixture. The process is characterized by a net consump 
tion of carbon tetrachloride. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

The pyrolysis of carbon tetrachloride to form per 
chloroethylene is represented by the following equa 
tion: 

2 CC14+Heat—>C2Cl4-+-2 C12 (1) 

The reaction is an equilibrium reaction that is endother 
mic and favors the formation of carbon tetrachloride 
under conventional conditions. The promotion of the 
formation of perchloroethylene, a commercially impor 
tant product, accompanied by maximum consumption 
of unwanted carbon tetrachloride is increasingly recog 
nized as being desirable. 
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It has been found that the addition of elemental hy 
drogen and chlorine to the reactor can result in an in 
crease in the amount of carbon tetrachloride consumed 
during production of perchloroethylene by pyrolysis 
while at the same time providing the heat required for 
the pyrolysis of the carbon tetrachloride. The elemental 
hydrogen reacts with a portion of the chlorine in the 
reactor, as shown in equation (2): 

H2+Cl2—>2 HCl+Heat (2) 

As this reaction generates heat in the reaction zone, if 
thus helps to drive forward the endothermic reaction of 
equation (1), which results in the production of perchlo 
roethylene, without the need for external heating of the 
reactor as required by the prior art. 

It has further been found, however, that this release 
of heat requires control and that this control can be 
achieved by having excess carbon tetrachloride in the 
reactor where it thus acts as a diluent. The result is that 
under ?xed reaction zone conditions of temperature and 
pressure, and in the presence of hydrogen and chlorine, 
an increase in the conversion of carbon tetrachloride to 
perchloroethylene, as shown by equation (1), is ob 
tained. 
By combining reactions (1) and (2), this theoretically 

produces the overall net reaction shown-below: 

2 CC14+2 H2->C2Cl4+4 HCl (3) 

In addition to consuming carbon tetrachloride, net reac 
tion (3) produces perchloroethylene without any sub 
stantial or significant formation of undesirable heavy 
ends, such as hexachloroethane, hexachlorobutadiene 
and hexachlorobenzene. This is a further advantage of 
the process because of environmental difficulties and 
expense associated with the disposal of such heavy 
ends. 
The present invention is directed to a process for the 

manufacture of perchloroethylene by the noncatalytic 
thermal pyrolysis of carbon tetrachloride in the pres 
ence of elemental hydrogen and chlorine at relatively 
low temperatures, for example between about 500° and 
about 700° C., and preferably between about 575' and 
about 625° C., wherein consumption of unwanted car 
bon tetrachloride is maximized while the production of 
heavy ends is minimized. 
As stated earlier herein, the hydrogen and chlorine 

are introduced into the reaction zone in amounts suffi 
cient to provide heat for the pyrolysis of carbon tetra 
chloride. The amount of hydrogen introduced will de 
pend upon the reaction conditions as well as the amount 
of carbon tetrachloride and chlorine present in the reac 
tion zone. In general, the mole ratio of hydrogen to 
carbon tetrachloride in the feed mixture is between 
about 0.1 and about 2.0, and preferably between about 
0.3 and about 0.9. Chlorine is introduced into the reac 
tion zone either as elemental chlorine or as a product of 
the pyrolysis reaction of carbon tetrachloride as shown 
in reaction (1). The chlorine is introduced in an amount 
at least sufficient to completely react with the hydro 
gen, as shown in reaction (2), to produce hydrogen 
chloride and to provide sufficient heat energy to con 
vert carbon tetrachloride to perchloroethylene. In a 
preferred embodiment, chlorine is introduced in an 
amount sufficient to result in between about 0.1% and 
about 15.0%, more preferably between about 5.0% and 
about 8.5%, of free, i.e., unreacted, chlorine in the reac 
tor effluent or product mixture, which is commonly 
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4 
described as excess chlorine. Excess chlorine in the 
reactor effluent or product mixture ensures that no 
unreacted hydrogen is present in the effluent and also 
prevents the formation of carbon. An additional bene?t 
of excess chlorine being introduced into the reaction 
zone, as stated in U.S. Pat. Nos. 2,442,324 and 2,727,076, 
is a reduction in the formation of heavy ends. 
The carbon tetrachloride is introduced into the reac 

tion zone in an amount sufficient not only to serve as the 
principal reactant but also to maintain the temperature 
between about 500' and about 700' C., preferably be 
tween about 575' and about 625° C., by serving as a 
diluent in the reaction. Temperatures below about 500' 
C. result in lower conversions of carbon tetrachloride 
to perchloroethylene, while the higher temperatures of 
conventional pyrolysis reactions encourage side reac 
tions and carbon formation. If desired, inert diluents 
such as hydrogen chloride and/or nitrogen may be used 
to help control reactor temperatures. However, it is 
preferred to recycle carbon tetrachloride from the pro 
cess separation and/or distillation steps as well as intro 
duce extraneous carbon tetrachloride diluent in order to 
control reactor temperatures. Recycling carbon tetra 
chloride increases perchloroethylene production while 
maximizing carbon tetrachloride consumption. Per 
chloroethylene may also be recycled, however, it is not 
preferred as the ability to minimize carbon tetrachloride 
is reduced. The speci?c amount of carbon tetrachloride 
added will depend upon whether the carbon tetrachlo 
ride is introduced in the vapor phase, the liquid phase or 
as a mixture of vapor and liquid phaseskthe proportions 
of hydrogen and chlorine present, and the temperature 
and pressure of the reaction zone. a 
The carbon tetrachloride may be introduced into the 

reaction zone either as a liquid or a vapor or a mixture 
of liquid and vapor, and it may be introduced either as 
a pure compound or as part of a mixed stream contain 
ing other chlorinated hydrocarbons such as chloroform, 
perchloroethylene, trichloroethylene, hexa 
chlorobutadiene, hexachlorobenzene or hexachloroeth 
ane. However, it is preferred to use a chloro-organic 
stream which has a carbon tetrachloride concentration 
of at least 50 weight percent. 
The reactants comprising the carbon tetrachloride, 

chlorine and hydrogen, including excess carbon tetra 
chloride which serves as a diluent, can be injected di 
rectly into the reaction zone without a mixing nozzle if 
all the reactants and diluent are in the vapor phase, as is 
common in the prior art. However, if the carbon tetra 
chloride is at least partially in the liquid phase, the car 
bon tetrachloride, chlorine and hydrogen are ?rst intro 
duced into an inlet of a mixing nozzle which is inserted 
or discharges into the reaction zone to achieve pre-mix 
ing of the feed material. This practice improves the 
mixing efficiency of the reactants and thus increases the 
ability of the reaction zone to produce the desired prod 
ucts. Two types of mixing arrangements for introducing 
feed into the reaction zone through a mixing nozzle are 
schematically represented in FIGS. 1 and 2. These dia 
grams are meant only to be illustrative of the concept 
and should not be construed as all inclusive, thus limit 
ing the invention. 
As shown in FIG. 1, the liquid carbon tetrachloride, 

chlorine and hydrogen can be introduced into the mix 
ing zone of the mixing nozzle inserted into the reactor 
to pre-mix the reactants. The reactor feed material en 
ters the mixing zone and is inserted or discharges into 
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the reaction zone of the reactor. The products of the 
reaction are then discharged from the reactor. 
FIG. 2 illustrates the mixing diagram for feeding a 

mixture of liquid carbon tetrachloride and vapor carbon 
tetrachloride into the reactor. When a mixture of liquid 
and vapor carbon tetrachloride is fed into the reactor, it 
may be preferred in some cases for at least a portion of 
the vapor carbon tetrachloride and hydrogen to be fed 
into the reactor in a feed port separate from the mixing 
nozzle in which the chlorine and remaining liquid and 
/or vapor carbon tetrachloride are fed. The hydrogen is 
preferably fed with a portion of the vapor carbon tetra 
chloride in order to prevent carbon formation from hot 
spots, i.e., localized zones of high temperature in the 
reactor due to rapid reaction with insufficient cooling 
or mixing. Although not preferred, the chlorine may be 
fed into the reactor in a feed port separate from the 
mixing nozzle in which the carbon tetrachloride and 
hydrogen are fed. - 
While the process of the present invention has been 

described as being conducted in one reactor, the present 
invention alternatively can be carried out in two sepa 
rate reactor stages operating in series. The ?rst stage 
consists of reacting the carbon tetrachloride with chlo 
rine and hydrogen in the presence of excess carbon 
tetrachloride diluent. The reactor effluent is fed to a 
second stage reactor wherein additional chlorine and 
/or hydrogen is injected. 

Various factors are important in controlling the de 
gree of mixing of the liquid diluent with the other reac 
tants and diluent that are supplied in the vapor phase. 
These factors include the manner in which the liquid is 
introduced into the reaction zone of the reactor, the 
temperature and pressure of the liquid feed that is in 
jected, the identity or composition of the liquid feed, the 
velocities of the materials to be mixed, and the condi 
tions inside the reactor zone itself. In a preferred em 
bodiment, the vapor feeds are introduced into the reac 
tion zone of _ the reactor with a velocity through the 
ori?ce in the nozzle of at least about 30 meters per 
second (100 feet per second) and preferably between 
about 60 and about 77 meters per second (200 and 250 
feet per second). The upper limit on the velocity is sonic 
velocity, although such high velocity is not preferred. 
Although not essential to the invention, it may be desir 
able to heat the liquid and/or vapor feeds prior to in 
jecting them into the reactor in order to increase the 
turbulence in the mixing zone of the mixing nozzle. 
Heating the vapor feed to a higher temperature in 
creases the volumetric ?ow of the gas, which increases 
the velocity at which the vapor feed is introduced into 
the reaction zone and results in better mixing of the 
gases. Heating the liquid feed to a higher temperature 
increases its viscosity, which makes the liquid easier to 
atomize and results in better dispersion of the liquid in 
the vapor feed. One skilled in the art of nozzle design 
will recognize that additional methods may be useful in 
obtaining a high degree of turbulence in the mixing zone 
to promote good mixing prior to entering the reaction 
zone. 

Reactor pressure is important, but not critical. While 
the preferred operating pressure is between about 0 and 
about 4.5 atmospheres absolute (50 psig), higher pres 
sures can be employed. The reactor can either be a 
back-mixed or plug flow type with suitable refractory 
lining as is common in the industry. 
The perchloroethylene product may be puri?ed by 

conventional methods illustrated in the prior art, such 
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6 
as effluent quenching, condensing, and distillation in 
order to separate the perchloroethylene product from 
unconverted carbon tetrachloride, hydrogen chloride, 
chlorine and other by-products. 
The invention may be understood in more detail from 

the following examples. It should be understood that 
these examples are illustrative only and should not to be 
construed as limiting the invention which is set forth in 
the appended claims. 

EXAMPLE 1 

Vaporized chlorine, elemental hydrogen, and liquid 
carbon tetrachloride were continuously introduced into 
a back-mixed reactor chamber. The reactor chamber 
consisted of a carbon lined vessel consisting of about 1.9 
cubic feet of volume. The reaction chamber was main 
tained at a temperature of approximately 595° C. and 3.7 
atmospheres absolute pressure. The hot reaction gases 
at the exit of the reactor were indirectly cooled with 
water in a distillation-type quench tower with a bottoms 
temperature of about 165° C. The vapors of carbon 
tetrachloride and perchloroethylene going overhead of 
the quench tower were condensed by indirect cooling 
to separate them from the hydrogen chloride and unre 
acted chlorine, and fractionally distilled to recover the 
product. All of the carbon tetrachloride was fed as a 
liquid. 
The results are shown in Table I. 

EXAMPLE 2 

Example 1 is repeated with the exception that the 
carbon tetrachloride was introduced as a mixture of 
vapor and liquid. The results are shown in Table I. 

TABLE I 

Effect of Hydrogen Addition on Pyrolysis of CC14 

Example No. l 2 

Feeds, kg/hr 
C12 7.0 14.1 
Hydrogen .206 .363 
Liquid CC14 20.3 24.3 
Vapor CC14 0.0 41.0 
Total 27.5 80.0 

Excess C12, vol. % 5.7 8.0 
(in reactor effluent) 
Molar Ratio of Reactants 

Hz/CCL; 0.77 0.42 
Products, kg/hr 
C2C14 2.0 4.6 
C4Cl6 .005 0.0 
C6Cl6 0.0 .014 
BC] 7.5 13.2 
CCl4 Consumed, kg/hr 3.7 8.6 
Wt. Ratio of C2C14 Produced 
to CCB Consumed 
C2Cl4/CCl4 .55 .54 
Wt. Ratio of Products 

Heavy ends/C2Cl4 .002 .003 

As seen in Table I, the pyrolysis of carbon tetrachlo 
ride to perchloroethylene is maximized by the introduc 
tion of elemental hydrogen into the reaction zone while 
minimizing the production of unwanted heavy ends. 
The mole ratio of hydrogen to carbon tetrachloride 
added to the reactor is most preferably between about 
0.4 and about 0.8. 
With the present teaching in hand, persons skilled in 

the art will be able to determine the optimum mole ratio 
of hydrogen to carbon tetrachloride by performing 
routine preliminary tests for each case. The particular 



7 
ratio, however, will depend upon, for example, the 
particular reactor conditions, the amount of chlorine 
introduced, and whether the carbon tetrachloride is in 
the vapor or liquid phase, or is a mixture of the vapor 
and liquid phases. 
While the invention has been described in terms of 

certain preferred embodiments, modi?cations obvious 
to one with ordinary skill in the art may be made with 
out departing from the scope of the present invention. 
What is claimed is: 
1. A noncatalytic thermal process-for making per 

chloroethylene and hydrogen chloride from carbon 
tetrachloride, in the presence of hydrogen under condi 
tions which maximize consumption of carbon tetrachlo 
ride, which process comprises introducing the follow 
ing materials into a reaction zone: 

(a) carbon tetrachloride as the principal reactive com 
Pound; 

(b) elemental hydrogen and chlorine, the hydrogen 
and chlorine being introduced in amounts sufficient 
to provide heat for the pyrolysis of carbon tetra 
chloride at a reaction temperature between about 
500" and about 700‘ C.; and 

(c) excess carbon tetrachloride as a diluent in an 
amount suf?cient to maintain the reaction tempera 
ture between about 500° and about 700' C.; 

and withdrawing a product mixture from the reaction 
zone, condensing the product mixture, and separating 
perchloroethylene from the product mixture. 

2. The process of claim 1, wherein the mole ratio of 
hydrogen to carbon tetrachloride added into the reac~ 
tion zone is between about 0.1 and about 2.0. 

3. The process of claim 2, wherein the mole ratio of 
hydrogen to carbon tetrachloride introduced into the 
reaction zone is between about 0.4 and about 0.8. 

4. The process of claim 1, wherein the diluent com 
prising carbon tetrachloride is in the liquid phase. 

5. The process of claim 1, wherein the diluent com 
prising carbon tetrachloride is in the vapor phase. 

6. The process of claim 1, wherein the diluent com 
prising carbon tetrachloride is a mixture of liquid and 
vapor phase carbon tetrachloride. 

7. The process of claim 6, wherein the elemental 
hydrogen, chlorine and mixture of liquid and vapor 
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carbon tetrachloride are introduced into the reaction 
zone by means of a mixing nozzle. 

8. The process of claim 7, wherein the reactants are 
pre-mixed in a mixing zone of the mixing nozzle. 

9. The process of claim 6, wherein the hydrogen is 
fed with a portion of the vaporized carbon tetrachloride 
into the reaction zone through a feed port separate from 
the mixing nozzle through which the chlorine and re 
maining carbon tetrachloride are fed. 

10. The process of claim 1, wherein the carbon tetra 
chloride separated from the product mixture is recycled 
to the reaction zone. 

11. The process of claim 1, wherein chlorine intro 
duced as elemental chlorine and chlorine generated in 
the reaction zone as a product of pyrolysis of carbon 
tetrachloride are present in the reaction zone in an 
amount sufficient to convert the hydrogen chloride, 
provide the heat for the pyrolysis of carbon tetrachlo 
ride and leave free chlorine in the resulting converted 
product mixture. 

12. The process of claim 11, wherein the chlorine is 
introduced in an amount sufficient to leave between 
about 0.1 and about 15.0 volume percent of free chlo 
rine in the resulting converted product mixture. 

13. The process of claim 12, wherein the chlorine is 
introduced in an amount sufficient to leave between 
about 5.0 and about 8.5 volume percent of free chlorine 
in the resulting converted product mixture. 

14. The process of claim 3, wherein the vapor feeds 
are introduced into the reaction zone with a velocity of 
at least about 30 meters per second. 

15. The process of claim 14, wherein the vapor feeds 
are introduced into the reaction zone with a velocity of 
between about 60 and about 77 meters per second. 

16. The process of claim 3, wherein the reaction tem 
perature is between about 575' and 625° C. 

17. The process of claim 16, wherein the pressure in 
the reaction zone is between about 0 and about 10 atmo 
spheres. 

18. The process of claim 17, wherein the pressure in 
the reaction zone is between about 1.0 and about 4.5 
atmospheres absolute. 

19. The process of claim 17, wherein said reaction 
zone is in a back-mixed reactor or a plug ?ow type. 
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