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This application is a continuation-in-part of US. ap 

plication Serial No. 790,937 ?led February 3, 1959 (now 
abandoned) and relates to a process for the manufac 
ture of ?uorethylenes. 

It is known to prepare tetra?uorethylene by heating di 
?uoromonochloromethane at a high temperature for a 
short time. For example, by passing di?uorochlorometh 
ane at the rate of 180 grams per hour at 650° C. to 800° 
C. through a tube having a diameter of 8 mm. and a 
length of 700 mm., and which is open at both ends, tetra 
?uorethylene is obtained at a conversion of 25 to 30 
percent by weight calculated on the starting material 
used and in a yield of 90 percent by weight calculated on 
the starting material that undergoes reaction. The tube 
used in the aforesaid pyrolysis process is made of gra 
phite, silver or platinum. ‘ 

Experiments have been carried out in an attempt to 
increase the output (grams per hour) of tetra?uorethyl 
one by increasing the dimension of the tube so as to in 
crease the quantity of the gaseous starting material passed 
through the tube in unit time, and it has been found that 
increasing the diameter of the tube decreases the yield. 
For example, when the gaseous starting material was 
passed through a tube having an internal diameter of 24 
mm., and of which a length of 500 mm. was heated, at 
the rate of 865 grams per hour at a temperature of about 
700° C., 28 percent by weight of the difluorochlorometh 
ane used underwent reaction and the yield of tetra?uor 
ethylene was 84% calculated on the quantity of di?uoro 
chloromethane that underwent reaction. A further in 
crease of the diameter of the tube caused a further de 
crease in the yield. For example, when the gaseous 
starting material was passed through a tube having an 
internal diameter of 50 mm, and of which’ a length of 
1.0 meter was heated, at the rate of 6,900 to 7,200 grams 
per hour at a temperature Within the range of 750° C. to 
800° C., 21 percent by weight of the di?uoromonochloro 
methane used underwent reaction and the yield of tetra 
?uorethylene was only 55 to 60 percent by weight cal 
culated on the di?uoromonochloromethane that under 
went reaction. 
The decrease in yield that occurs when the internal di 
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ameter of the tube exceeds a certain value, which is 7 
within the range of about 20 to 30 mm., can be explained 
by the fact that, due to the altered conditions of flow, 
temperature distribution is not uniform within the re 
action gas. The favorable conditions necessary for heat 
ing all the molecules of the reaction gas as uniformly as 
possible cannot be ensured in a tube of large diameter, 
because the surface of the tube available for heating be; 
comes too small relative to the volume of the tube, which 
increases with the diameter, and therefore, also, rela 
tive to the quantity of gas to be reacted. The unsatis~ 
factory conduction of heat is increased when the smooth 
tube is packed with ?llers which divert the mixture in a 
direction perpendicular to the direction of ?ow, i.e. com 
plicate dilfusion to the heated wall. For example, ap 
paratus for the manufacture of chloride-containing ?uor 
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ethylenes has been described which comprises a tube hav 
ing an internal diameter of 18 mm., heated over a length 
of 90 cm. The tube is packed, preferably with glass 
balls, and is provided with a central shaft into which 
thermo-elements are placed. It has been stated that 0.4 
mol of substance can be passed per hour through that 
apparatus. A comparison of the last-mentioned appa 
ratus with the above-mentioned smooth tube which has 
an internal diameter of 8 mm. and through which about 
2 mols of substance can be passed per hour clearly shows 
that the yield which may be obtained with the tube hav 
ing an internal diameter of 18 mm. is considerably de 
creased in spite of the larger diameter and that the ap 
paratus is consequently completely unsuitable for use in 
processes in which larger quantities, for example, quan 
tities that are a hundred times the above-mentioned 
quantity, are to be passed through per unit of time. 

It has now been found that, in the pyrolysis of com 
pounds of the formula 

in which R represents a hydrogen atom or a methyl group 
which may be halogenated and contains at least one hy 
drogen atom and of which the halogen advantageously 
has an atomic weight of at most 80, and preferably of at 
most 36, larger quantities of the starting materials under 
go reaction in unit time with the splitting off of hydro 
gen halide having a higher molecular weight than hy 
drogen ?uoride than is the case With reaction tubes of 
8 mm. internal diameter, and equally good yields of 
?uorethylenes, for example, tetra?uorethylene, are ob 
tained by carrying out the reaction in a reaction zone 
which has a slit-shaped cross-sectional area. The slit 
shaped cross-sectional area may be rectangular, elliptical 
or of another form; it may be partly or completely limit 
ed by straight lines, circles or other curved or bent lines 
and may in particular he recurrent in itself, that is to say 
endless, for example, have an annular form, all this pro 
vided that, according to the term “slit,” one dimension 
of the cross-sectional area is visibly greater than the other. 
The proportion of the length to the width of the slit shall 
at least be 2:1 and is advantageously within the range 
of 10:1 to 1000:1. Greater proportions, for example, 
proportions of 10,000:l or 100,00021, are still suitable 
but the preparation of such slits is more difficult. In the 
light of what has been said the endless slit may be de 
?ned geometrically (see the accompanying drawings) as 
follows: The cross-sectional area of the reaction cham 
ber is bounded by two lines recurrent in themselves, which 
do not intersecteach other and the distance between which 
is advantageously not more than 18 mm. and not less 
than 1.5 mm. The radius of curvature of the boundary 
lines may be in?nitely great in parts of the lines, and the 
boundary lines may partly be parallel. By cutting out 
sections of the endless slits of this type which are recur 
rent in themselves ?nite slits of any type may be made. 

It is suitable to heat only one wall of such a slit--in 
endless slits, for example, the outer wall--and to cool 
the other wall, advantageously by the incoming gaseous 
starting material which outside the reaction zone ?ows 
along said wall and is there advantageously conducted 
in counter-current to the gaseous material ?owing through 
the reaction zone. The cooling agent, in particular the 
said reaction gases, may be preheated to a certain tem 
perature in an additional heating device. 
The width of thegslit is to be within the range of 1.5 to 

18.0 mm. and advantageously Within the range of 1.5 
to 6 mm. Curved slits may have any radius of curvature. 
It is, however, advantageous that in endless slits the small 
est internal diameter is larger than 15 mm. and prefer 
ably greater than 20 mm., in particular greater than 25 
mm. The smallest external diameter of endless slits is 
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advantageously larger than 28 mm. and preferably greater 
than 32 mm., in particular greater than 37 mm. 

According to the dimensions of the slit and the quantity 
of substance to be passed through in unit time the reac 
tion chamber should have a length that is such that the 
time of sojourn in the heated reaction chamber is within 
the range of 0.01 to 2 seconds and preferably within the 
range of 0.1 to 0.8 second. The splitting off of hydrogen 
halide having a higher molecular weight than hydrogen 
?uoride can be brought about at temperatures within the 
range of 500° to 1100° C., advantageously 650° to 800° 
C. Various forms of apparatus suitable for carrying out 
the process of this invention are shown diagrammatically 
by way of example in the accompanying drawings: 

In the apparatus shown in FIGURES 1 and 2 an inlet 
tube a is arranged concentrically within an enclosing tube 
b, which latter tube is surrounded by a jacket 0 for heat 
ing the tube b. As shown in FIGURE 1, the gas used 
as starting material is passed into the tube a and is de 
flected at the inner end of this tube so as to flow in the 
opposite direction through the reaction zone d between 
the inner tube a and the outer tube b. Reaction zone a’, 
which has a slit-shaped cross-sectional area, is bounded 
by the external surface of the tube a and the internal sur 
face of the tube 17. The stream of gas ?owing through 
the reaction zone is heated on the outside by the wall of 
the tube b and is cooled on the inside by the wall of the 
inlet tube a through which the gas is introduced, the tube 
b being heated by a heating element and the inner wall 
of the tube a being cooled by the incoming gas. 
The cross-sectional area of the reaction zone d may 

have various forms, for example, it may be circular, ellip 
tical or rectangular (see FIGURE 3), so that the reaction 
zone surrounds the inlet tube a like a ring, that is to say, 
the slit-shaped cross-sectional area of the zone is closed 
upon itself and endless. Alternatively, the reaction zone 
may be arranged only on one side of the gas inlet tube. 
This form of apparatus is shown in FIGURES 4 and 5, 
and is especially suitable for carrying out the process of 
the invention on a large industrial scale, because of the 
space. 
As compared with carrying out the pyrolysis in a sim 

ple reaction tube, carrying it out in a reaction zone hav~ 
ing a slit-shaped cross-sectional area has, for example, the 
advantage that a more uniform distribution ‘of the tem 
perature in the reaction zone is achieved because of the 
countercurrent method of cooling. Substantially higher 
area outputs are attainable than with simple reaction 
tubes. By “area output” is meant the quantity in grams 
of the desired gaseous reaction product, for example, tet 
ra?uorethylene obtained from di?uoromonochlorometh 
aue, obtainable per square centimeter of available heating 
surface per hour. 
The considerably higher area outputs of tetra?uorethyl 

ene obtained by the pyrolysis of di?uoromonochloro 
methane at temperatures within the range of 650° C. to 
900° C., and preferably 700° C. to 850° C., is illustrated 
by the fact that about 0.09 gram of tetra?uorethylene is 
obtained per hour per square centimeter of surface of a 
known reaction tube having a diameter of 8 mm., whereas 
about 0.82 gram of tetra?uorethylene is obtained per hour 
per square centimeter of surface of reaction tube in the 
process of the invention. In the latter case the area out 
put is therefore about 900 percent greater. Moreover, 
the rate of output of the desired product in the process 
of the invention can be increased to any desired extent by 
enlarging the dimensions of the apparatus without reduc 
ing the quantity of starting material that undergoes con 
version or the yield obtained. 

In constructing the apparatus used in the process of the 
invention care must be taken that the dimensions of the 
gas inlet zone and of the reaction zone, and especially the 
width of the slit-shaped reaction zone, are suited to the 
quantity of gas to be passed through in unit time and to 
the desired reaction temperature. For example, the con 
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ditions of heat transfer should be as favourable as pos 
sible, the mean residence time of the reaction gas in the 
reaction zone and the pressure drop should not be too 
great, and the preheating of the gas in the gas inlet tube 
should not be excessive. The width of the slit-shaped 
reaction zone is ‘advantageously so chosen that the heat 
transfer coefficient, which determines the heat transfer 
from the heated wall of the reaction chamber to the in 
terior thereof, is within the range of 70 to 120 kilogram 
calories per square meter, per hour per degree centigrade, 
including the radiant heat. The quantity of gas passed 
through the apparatus in unit time or the velocity of flow 
in the reaction zone is so chosen that the temperature re 
quired for the pyrolysis is attained and that the residence 
time of the gases in the reaction zone is adequate, and that 
the di?erence between the temperature of the heated Wall 
of the reaction chamber and the temperature of the reac 
tion gas therein does not exceed 30 to 40° C. If the di 
ameter of the gas inlet tube is relatively large a heatable 
displacement body may additionally be incorporated in 
the tube. In apparatus of large dimensions it is particu 
larly suitable to use double slits. In this case two reac 
tion zones having slit-shaped cross-sectional areas are ar 
ranged in such a way that their cooled surfaces are oppo 
site each other and cooled by the same stream of gas. For 
example, two reaction zones having endless, slit-shaped 
cross-sectional areas may be arranged concentrically in 
such a manner that they are separated by a common inlet 
zone and that their surfaces which are opposite each other 
are cooled by the same stream of gas while the external 
surface of the outer reaction zone and the internal surface 
of the inner reaction zone are heated. In this manner it 
is also possible to combine more than two reaction zones 
of slit-shaped cross-sectional area. The process of the 
invention can be used not only for the manufacture of 
tetra?uorethylene from di?uoromonochloromethane, but 
also, for example, for the manufacture of 1,1-di?uorethyl 
one from l-chloro-l,1-difluorethane at a temperature 
within the range of 650° C. to 900° C., and preferably 
700° C. to 850° C.; or for the manufacture of 1,1-di 
?uoro - 2,2 - dichlorethylene from 1,1-di?uoro-1,2,2-tri 
chlorethane at a temperature within the range of 200° C. 
to 550° C. or 600° C., and preferably of 450° C. to 580° 
C.; or for the manufacture of tetra?uorethylene from 
l,l,2,2-tetra-?uorochloroethane at a temperature within 
the range of 600° C. to 1000° C., and preferably 700° C. 
to 800° C.; or for the manufacture of tri?uorochlorethyl 
ene from 1,1,Z-tri?uoro-1,2-dichlorethane. 
The manufacture of 1,1-di?uorethylene from l-chloro 

1,1-difluorethane by the process of the invention can be 
carried out at a temperature within the range of 850° C. 
to 900° C., with a conversion of starting material of 98% 
and a yield of ?nal product amounting to 98%, calcu 
lated on the quantity of l-chloro-1,1-di?uorethane that 
undergoes conversion. 
The extent of the improvement in carrying out the last 

mentioned reaction is apparent from the fact that the lit 
erature shows that the thermal splitting of 1-chloro-l,l-di 
?uorethane as hitherto carried out is always accompanied 
by the splitting off of hydrogen ?uoride, in addition to 
hydrogen chloride, with the formation of large quantities 
of l-chloro-l-?uorethylene as by-product (see US. Pat 
ents Nos. 2,627,529; 2,551,573; 2,628,989 and 2,774,799). 
The statements in the literature show that the conversions 
of starting material were within the range of 20 to 85% 
by weight, and the yields of 1,1-di?uorethylene were at 
best 64% by weight. This was due to the formation of 
l-chloro-l-?uorethylene as an undesired by-product (see 
US. Patent No. 2,774,799). It is known from the liter 
ature that in the latter reaction the formation of l-chloro 
l-?uorethylene as an undesired by-product can be avoided 
by using a catalyst, for example, a copper catalyst in the 
form of the metal or as a copper salt or as a mixture of 
a copper salt with another metal salt. When the reaction 
is carried out in the presence of such a catalyst the yield 
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of 1,1-di?uorethylene at a reaction temperature within 
the range of 650° C. to 700° C. amounts, according to 
the statements made in the literature, to 96% by weight, 
while 94% by weight of the starting material undergoes 
conversion. In this case the area output was 0.17 gram 
of the desired ?nal product per hour per square centimeter 
of the surface of the reaction chamber. Accordingly, as 
compared with this, the area’ output of the aforesaid com 
pound is 750% greater when made by the process of the 
invention under the conditions described above. Accord 
ingly, in addition to the higher area output, the process of 
the invention has the further advantage that, in the manu 
facture of 1,1-di?uorethylene from 1-chloro-1,1-di?uor 
ethane, the excellent yields of 97 to 98% by weight can 
also be obtained in the absence of a catalyst and without 
the undesired splitting oil of hydrogen ?uoride. 
An important advantage of the process of the invention 

is that very good conversions of starting material and 
yields are obtained without the use of a catalyst. How 
ever, the process of the invention may be carried out in 
the presence of a catalytically active non-metal, metal, 
metal alloy or compound, for example, carbon, copper, a 
copper-nickel alloy, platinum, platinum-iridium, plati 
num-rhodium or single or mixed sintered metal oxides, 
such as aluminum oxide, beryllium oxide or magnesium 
oxide or spinels. The catalyst may be disposed in the re 
action zone in various ways. For example, the walls of 
the reaction zone may consist of the catalytic material or 
of silver or they may be lined therewith. Metals or metal 
.alloys may be present in the reaction zone, for example, 
in the form of wire or wire netting. Particularly good 
yields of ?uor-ethylenes can be obtained by carrying out 
the reaction in the presence of platinum or a platinum 
alloy. 
The following examples serve to illustrate the invention 

but they are not intended to limit it thereto. 

Example 1 

3,500 grams (40.4 mols) of di?uoromonochlorometh 
ane were passed in the course of 30 minutes at a tempera 
ture of 760° C. and a rate of about 7.0 kilograms per hour 
through a reaction apparatus analogous to that shown in 
FIGURES 1 and 2. The gas inlet tube a which was made 
of stainless steel and lined with platinum had a length of 
about 940 mm. and a diameter of 44 mm. The outer 
tube b had a diameter of 50 mm., so that the slit-shaped 
annular reaction zone had a width of 3 mm. The mean 
residence time of the gas in the reaction zone was 0.2 
second. The products leaving the reaction apparatus 
were cooled in a cooling apparatus, ‘after the hydrogen 
chloride that had been split off had been washed out with 
water, and were condensed in a cooling trap. 

Distillation of the condensate gave 547 grams (5.45 
mols) of tetra?uorethylene, 2.491 grams (28.8 mols) of 
difiuoromonochloromethane and 40 grams of a fraction 
having a higher boiling point. 

409 grams (11.2 mols) of hydrogen chloride were 
found by titration. Accordingly 28.8% of the di?uoro 
monochloromethane used as starting material had under 
gone conversion and the yield of tetra?uorethylene was 
94% calculated on the di?uoromonochloromethane that 
had undergone conversion. 

If desired, the gas inlet tube may have a different ex 
ternal diameter within the range of, for example, 14 to 
47 mm. 

Example 2 

1.997 grams (19.7 mols) of 1-chloro-1,1-di?uor 
ethane were passed in the course of 38 minutes at 850° 
C. and a rate of 3.10 kilograms per hour through the 
reaction apparatus‘ described in Example 1 (see FIG 
URES 1 and 2 of the accompanying drawings), but it was 
lined with platinum or a platinum alloy. The mean resi 
dence time of the reaction gas in the reaction zone was 
0.6 second. On distilling the condensate 1.189 grams 
(18.6 mols) of 1,1-di?uorethylene and 59 grams (0.59 
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mol) of unreacted 1-chloro-1,1-di?uorethane were ob 
tained. The washing water contained 699 grams (19.15 
mols) of hydrogen chloride determined by titration. 
Accordingly, 97 percent of the 1-chloro-1,1-di?uorethane 
used as starting material had undergone conversion and 
the yield of 1,1-difluorethylene was 97.5 percent calcu 
lated on the l-chloro-l,l-di?uorethane that underwent 
conversion. 

Example 3 

288 grams (1.7 mols) of 1,1-di?uoro-1,2,2-trich1or 
ethane were passed at 550° C. in the course of 1 hour 
through the reaction apparatus described in Example 1 
(see FIGURES 1 and 2 of the accompanying drawings). 
From the quantity of hydrogen chloride that had been 
split off, which was determined by titration, it was found 
that 92 percent of the starting material had undergone 
conversion. The yield was 90 percent calculated on the 
1,1-di?uoro-1,2,2-trichlorethane that underwent reaction. 
We claim: 
1. In the process for preparing ?uorethylenes by pyro 

lytic dehydrochlorination of a compound of the formula 
RCFzCl, in which R is a member selected from the group 
consisting of hydrogen, methyl, and methyl substituted 
by from one to two halogen atoms having an atomic 
Weight of at most 36, the improvement which comprises 
pyrolyzing said compound by passing it in the gaseous 
state through a reaction zone having a slit-shaped cross 
section de?ned by a single self-recurrent line, the length 
to-width ratio of said slit-shaped cross-section being at 
least 2: 1, and the width of said section being between 1.5 
mm. and 18 mm. 

2. A process as in claim 1 wherein said reaction zone 
is bounded by at least two opposing walls, one of which 
is heated and the other of which is cooled. 

3. The process as in claim 2 wherein said cooled wall 
is cooled by a stream of said compound to be pyrolyzed 
before said stream enters said reaction zone. 

4. The process as in claim 2 wherein the coe?icient of 
heat transfer at said heated wall is from 70 to 120 kilo 
calories per square meter per hour per degree centigrade. 

5. The process as in claim 1 wherein said compound is 
pyrolyzed in the presence of a catalyst selected from the 
group consisting of platinum and platinum alloys. 

6. The process as in claim 5 wherein said catalyst is 
present at the walls of said reaction zone. 

7. A process as in claim 1 wherein di?uoromono 
chloromethane is pyrolyzed at a temperature of from 
650° C. to 900° C. to produce tetra?uorethylene. 

8. The process as in claim 1 wherein 1,1-di?uoro-1 
chloroethane is pyrolyzed at a temperature of from 650° 
to 900° C. to form 1,1-di?uoroethylene. . 

9. In the process for preparing ?uorethylenes by pyro 
lytic dehydrochlorination of a compound of the formula 
RCFzCl, in which R is a member selected from the group 
consisting of hydrogen, methyl, and methyl substituted 
by from one to two halogen atoms having an atomic 
Weight of at most 36, the improvement which comprises 
pyrolyzing said compound by passing it in the gaseous 
state through a reaction zone having a cross-section in the 
form of an endless slit de?ned by a ?rst self-recurrent 
line separated by at least 15 mm. from a central point 
enclosed by said ?rst line, and by a second self-recurrent 
line surrounding said ?rst line and said central point, said 
second line being separated by at least 28 mm. from said 
central point and by from 1.5 mm. to 18 mm. from said 
?rst line. 

10. The process as in claim 9 wherein said reaction 
zone is bounded by at least two opposing walls, one of 
which is heated and the other of which is cooled. 

11. The process as in claim 10 wherein said cooled 
wall is cooled by a stream of said compound to be pyro 
lyzed before said stream enters said reaction zone. 

12. The process as in claim 10 wherein the coefficient 
of heat transfer at said heated wall is from 70 to 120 
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kilocalories per square meter per hour per degree centi 
grade. 

13. The process as in claim 9 wherein said compound 
is pyrolyzed in the presence of a catalyst selected from 
the group consisting of platinum and platinum alloys. 

14. The process as in claim 13 wherein said catalyst 
is present at the walls of said reaction zone. 

15. A process as in claim 9 wherein di?uoromono 
ehloromethane is pyrolyzed at a temperature of from 
650° C. to 900° C. to produce tetra?uorethylene. 

16. The process as in claim 9 wherein 1,1-di?uoro-l 
chloroethane is pyrolyzed at a temperature of from 650° 
C. to 900° C. to form 1,1-di?uoroethylene. 
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