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This invention relates to an improved method for the
pyrolytic dehydrofluorination of 1,1,1-trifluoroethane to
produce vinylidene fluoride.

It is known that 1,1,1-triflucroethane, CH;CF;, can be
dehydrofluorinated by heating at elevated temperatures.
This reaction is described in U.S. Patent 2,480,560 which
recommends pyrolysis temperatures of from 600 to 1800°
C. Examples of the pyrolysis of CH;CF; (Examples 1
and II) are given at temperatures ranging from 750° C.
to 910° C. According to this patent, a mixture of prod-
ucts is obtained including substantial amounts of high
boiling materials.

In accordance with the present invention, it has now
been unexpectedly found that there are many marked
advantages to be obtained by carrying out the pyrolysis
at temperatures well above those previously recommended.
It has been found that by carrying out the pyrolysis of
CH,CF; at temperatures of from 1050 to 1500° C. and
preferably from 1100 to 1300° C., it is not only possible

to obtain high conversions to vinylidene fluoride at very 3

high throughputs, but that along with these advantages
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there is also obtained a marked and completely unexpected .

improvement in the selectivity of the pyrolysis reaction
with respect to vinylidene fluoride. At the lower tem-
peratures previously recommended, at the relatively low
space velocities required to obtain an acceptable conver-
sion, there is obtained, in addition to vinylidene fluoride,
both high boiling and low boiling side products. The
high boiling materials, i.e. boiling well above the boiling
point of CH,—CF, may typically represent a yield loss
of from 5% to 25%. The low boiling side products, i.e.
boiling close to CHy=CF,, consist of materials such as
fluoroform, acetylene, vinyl fluoride, and tetrafluoro-
ethylene, and may typically represent a yield loss of the
order of 5%. These low boiling materials are undesirable
not only in that they represent a substantial yield loss,
but because they are difficult to separate from vinylidene
fluoride.

In contrast to the relatively poor selectively of the
pyrolysis reaction under these previously described condi-
tions, under the pyrolysis conditions of the invention,
involving higher temperatures and very short contact
times, it is possible to obtain almost guantitative yields
-of vinylidene fluoride, with often less than two percent
yield losses due to high and low boiling side products.
Of particular note is the fact that the production of low
boiling materials, difficult to separate from CHy=CF,,
may be readily reduced to levels of well under 1%. This
greatly simplifies the problem of purifying the vinylidene
fluoride product, since it is feasible to separate such small
amounts of low boiling side products by adsorption tech-
niques, molecular sieves or the like, whereas it would be
necessary to employ expensive distillation techniques to
separate the much larger quantities of these low boilers
produced in accordance with prior processes.

This very marked in the selectivity of the pyrolysis
reaction at higher temperatures is completely unexpected.
‘While it is recognized that the use of higher temperatures
in pyrolysis reactions favor higher conversions per pass
and higher throughputs, it is also recognized that as the
reaction temperature increases, the probability of side re-
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actions giving unwanted byproducts also increases, and
indeed as the temperature increases beyond certain levels,
complete degradation of the starting material occurs.
It would be expected accordingly that at higher tempera-
tures, the selectivity of the pyrolysis reaction would fall
off, and that at the higher energy levels prevailing side
reactions would occur at an increasing rate. This would
tend to be true particularly for degradation reactions,
such- as those producing one carbon compounds, e.g.
CHF; and CH,F,, resuluting from carbon bond scission.
Contrary to these expectations however, there is instead
obtained, in accordance with the invention, a many fold
decrease in the amount of both high boiling and low boil-
ing side products, as will be illustrated by the detailed
examples which follow.

In combination with the high temperature specified, it.
is critical to use very short contact times, namely contact
times less than about 0.3 second and preferably less than
about 0.1 second. At contact times of the usual order of
magnitude employed in pyrolysis reactions of this type,
typically of the order of 3 to 8 seconds, the process of
the invention would be inoperative due to the thermal
degradation of the reactants and reaction products.  In
general, the higher the temperature, the shorter the con-
tact time which will be used. The lower limit of contact
time is set only by practical considerations such as pres-
sure drop through the reactor and the desired rate of con-
version.  Generally, it will not be less than about 0.0001
second. Preferred contact time will generally range from
about 0.001 to 0.1 second. ’

As used herein, contact time is defined as follows:

Contact time (seconds)=
heated reactor volume

volume of gas per second (calculated at reaction
temperature and pressure) fed to reactor

The reaction temperature is taken as the observed tem-
perature of the reactor wall (measured e.g. by a thermo-
couple in contact with the outside wall) near the center
of the heated zone where the rate of heat loss to the sur-
roundings is at a minimum. - In determining heated reac-
tor volume portions of the heated zone substantiaily be-
low reaction temperature are ignored. Thus for exam-
ple, where the reactor takes the form of a tube surrounded
by a furnace, the tube wall temperature may tend to fall
off rapidly at either end of the furnace due to rapid trans-

‘fer of heat to the cooler surroundings and/or cooling by

incoming reactants, and accordingly those substantially
cooler portions of the tube adjacent the ends of the fur-
nace are ignored in determining the heated reactor volume.

It'is to be understood that the optimum confact time
‘at any given reaction temperature will be influenced to
some extent by factors such as reactor design, the extent
to which the reactant is preheated, and the character of
the gas flow through the reactor, i.e. whether turbulent
or laminar, since these factors influence the approach of
average gas temperature to reactor wall temperature.
Other conditions being. equal, preheating the reactants,
and smaller reactor cross.sections favor. closer .approach
of gas to reactor wall-temperature and accordingly favor
shorter contact times. Similarly, conditions providing
turbulent as distinguished from laminar flow also favor
a closer approach of gas to reactor wall temperature and
correspondingly shorter contact times.

The short contact times indicated above - correspond
to very high space velocities ranging from 2000 to 200,000 -
per hour and higher. * [Space velocity is defined as vol-
umes of reactant (measured at-standard temperature and
pressure (STP), ie. 0° C. and 760 mim. Hg) per volume
of heated reactor per hour.] This is in sharp contrast to’
the much lower space velocities previously employed in
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this reaction, typically of the order of 100 to 500 per hour.
Preferred space velocities in accordance with the inven-
tion will generally range from 5,000 to 100,000 per hour.
Such high throughputs have the important advantage of
greatly reducing reactor volume.

As previously stated, the reaction temperature in ac-
cordance with the invention is maintained within the
limits of about 1050° C. to 1500° C. and preferably
from about 1160° C, to 1300° C. At temperatures below
about 1050° C. the desired combination of high space
velocities, high conversions per pass and very high yields
is not obtained, while at temperature above about 1500°
C. it becomes difficult, as a practical matter, to maintain
the extremely low contact times necessary to avoid ther-
mal degradation of the reactants. In the preferred range
of 1100° to 1300° C., the optimum combination of high
space velocities, high conversions and close to quanti-
tative yields, together with optimum ease of operation,
will generally be obtained.

The pyrolysis reaction is conveniently carried out by
continuously passing a stream of the starting material
through an elongated tube preferably having a high ratio
of wall area to cross sectional area so that heat may be
rapidly and continuously transferred from the heated re-
actor walls to the gaseous reactants. The tube may
have any desired cross sectional shape, such as circular,
elliptical, oval or the like and should be constructed of
materials resistant to attack by the reactants or reaction
products at the operating temperatures. Preferred ma-
terials of this type include for example, platinum, or
platinum lined tubes, platinum alloys such as platinum-
rhodium. . Other materials such as nickel or nickel alloys
also may be used.

Reaction pressure is not critical and may be atmos-
pheric, sub-atmospheric, or super-atmospheric. While
atmospheric pressure operation will generally be found
most convenient, sub-atmospheric- pressures; ranging as
low as about 25 mm. Hg as a practical limit, ‘may be
found useful in some cases. Super-atmospheric pressures
may range, e.g. up to about 10 atmospheres. Preferred
operating pressures -will generally range from 100 mm.
Hg to atmospheric pressure.

The following examples are intended to illustrate spe-
cific embodiments of the invention.

EXAMPLE 1

1,1,1-trifluoroethane is passed through a platinum lined
Inconel tube having a 6 mm. inside diameter. A middle
6"’ section of the tube is maintained at a tube wall tem-
perature of 1200° C. by means of an electric furnace con-
centric with the tube. Temperature is measured with a
platinum-10% platinum-rhodium thermocouple in con-
tact with the outside surface of the reactor tube in the
center of the furnace. The exit gases are passed through
a tube packed with sodium fluoride heated to 100° C.
to remove hydrogen fluoride and are then collected in
a liquid nitrogen cooled trap. The reactor and the prod-
uct handling system inclading the cooled receivers and
hydrogen fluoride scrubber are maintained at a reduced
pressure of about 130 mm. Hg.

The flow of CH3;CF; is adjusted to a space velocity
of 9700 volumes (at STP) per hour per volume of heated
reactor space, corresponding to a confact time of 0.01
second.

Low temperature fractional distillation of the organic
product readily separates a vinylidene fluoride fraction
(B.P. —85° C. at atmospheric pressure); a fraction of
unreacted CH3CF; (BP. —47.5° C. at atmospheric pres-
sure); and a small residue consisting of a complex mixture
of higher boiling products (boiling approximately from
—40° to.over 100° C.). The vinylidene fluoride frac-
tion is shown to be 99.5% pure by gas chromatography.
The small amount of impurities -in the CHs—CF, are
shown by gas-liquid chromatographic separation -and in-
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frared spectral analysis to consist principally of fluoro-
form, acetylene, vinyl fluoride, and tetrafluorcethylene.

There is obtained a total conversion of CH3CF; to
product of 75.4%; a conversion to CH;/—=CF, of 74%;
a yield of CHy=CF, of 98.1% with only a 1.4% yield
of high boiling side products, and a yield of low boiling
side products of only 0.5%.

EXAMPLE 2

In order to demonstrate the marked advantages of
the present invention, CH;CF; is pyrolyzed in the man-
ner described in U.S. Patent 2,480,560. The conditions
used are substantially those shown in Example II of that
patent. CH;CF; is passed at atmospheric - pressure
through a platinum lined nickel tube and having an 18
mm, inside diameter, the middle section of which is
heated to 820° C. The rate of flow of CH3CF; is ad-
justed to 24 grams per hour. To afford a basis for com-
parison with Example 1 above, the heated reactor vol-
ume is chosen to provide the same total conversion to
preduct as in Example 1 viz, 76%. This results in a
heated reactor volume of 38.8 milliliters, giving a
CH;CF; space velocity of 200 volumes of CH3CF; (at
STP) per volume of reactor per hour, corresponding to
a contact time of 4.4 seconds.

The exit gases are treated and collected as described
in Example 1. By low temperature fractional distilla-
tion of the product there is separated a vinylidene fluoride
fraction, a CH;CF; fraction and a substantial amount
of high boiling product (B.P. —40° to over 100° C.).
The vinylidene fluoride fraction is only 95% pure, being
contaminated with 5% of low boiling materials inclad-
ing CHF=CH,, HC=CH, CHF; and CH,F,. There is
obtained a total comversion of CH3CF; to product of
76%, a conversion to CHy;=CF, of 66%; a yield of
CH==CF, of only 86.5%; a yield of high boiling side
products of 8.5% and a yield of low boiling side prod-
ucts of 5%.

“Table I below, comparing the results obtained in Ex~
amples 1 and 2 at equal rates of conversion when oper-
ating respectively at 1200° C. and 820° C. shows the
striking advantages of the high temperature operation:

Table I
Example 1 Example 2
Temperature, ° C. oo omcccmemceeae 1,200 820
Contact time (scconds) - 0.01 4.4
Space velocity/hour_ _____ am 9,700 200
Total conversion to products, mole percent. 75.4 76
Conversion to CH;=CFj, mole percent.... 74 66
Percent yield of CHy=CFa..._ . _._o.._ 98.1 86.5
Percent yield of high boiling side products.. 1.4 8.5
Percent yield of low boillng side products. 0.5 5

As can be seen from Table I by operation in accord-
ance with the invention, there is obtained a fifty fold
increase in the throughput rate (space velocity) at the
same total conversion to product. - The yield of vinyl-
idene fluoride is increased from less than 87% to over
98%. The low boiling, difficulty separable impurities
in the vinylidene fluoride fraction are lowered ten fold,
namely from 5% to 0.5%. This greatly simplifies the
subsequent purification to obtain' substantially pure
CHy=CF,,

EXAMPLES 3 to 7

In these examples, CH3CF; is passed through a plati-
num tube having an inside diameter of 2.4 mm,. heated
over about 9”7 of length (reactor volume 1.05 milliliters)
to the temperatures shown in Table ¥I below. As in Ex-
ample 1, the exit gases are passed through a tube packed
with sodium fluoride heated to 100°-C. to remove hy-
drogen fluoride and are then collected in a liquid nitro-
gen cooled trap. - The reactor and the product handling
system are maintained at a reduced pressure as shown
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in Table II. The results obtained in Examples 3 to 7 at
various temperatures, contact times and corresponding
space velocities are shown in Table II,

&

2. A method in accordance with claim 1 in which said
reactor is heated to a temperature of about 1100° C. to
about 1300° C.

Table 1T
Temp., Input Contact Space Percent con- | Percent yield
Example °C. prassure, ime veloeity yersion to | of CH:=C¥;
mm. Hg | (seconds) | per hour CH:=CFs

S S 910 115 0.02 6,000 6 99
4 910 140 0.01 13, 000 1 58
| J 1,100 130 0.02 6, 000 77 99
[ 1,220 170 0. 008 16, 000 82 98
Y 1,200 225 0. 006 30, 000 56 99

Table I further illustrates the combination

of high 15

conversions, very high throughputs and almost quanti-
tative yields obtained in accordance with the invention.
The results of Examples 5, 6 and 7 at temperatures of
1100 to 1220° C. contrast sharply with results obtained
in Examples 3 and 4 at 910° C. where at similar space
velocities, insignificant conversions were obtained.

EXAMPLES 8-10

Using the same equipment as described in connection
with Examples 3 to 7, CHzCF; was pyrolyzed at 900° C.

3. A method for producing vinylidene fluoride by
the pyrolytic dehydrofiuorination of 1,1,1-trifluoroethane
which comprises passing a stream of said fluoroethane
through a reactor heated to a temperature of 1050° to
1500° C. at a contact time of less than about 0.1 second.

4. A method in accordance with claim-3 in which said
reactor is heated to a temperature of 1100° C. to 1300° C.

5. A method for producing vinylidene fluoride by
the pyrolytic dehydrofluorination of 1,1,1-trifluoroethane
which comprises passing a stream of said fluoroethane
through a tube heated to a temperature of 1050° to 1500°
C. at a contact time of about 0.001 to 0.1 second.

and 1250° C. respfactively at atmospheric pressure. The 6. A method for producing vinylidene fluoride by
results are shown in Table III below: the pyrolytic dehydrofiuorination of 1,1,1-trifluoroethane
Table I which comprises passing a stream of said fiuoroethane
¥ 30 through a tube heated to a temperature of 1100° to 1300°
T comtat |8 Porcont Peroont C. at a contact time in the range of from about 0.001
.y niac ace ercen ercent
Ex. glgp t?img, vel%city conversion to| yield of to 0.1 second. . . . B . .

seconds | per hour | CH:=CF: | CHy=CFs 7. A method in accordance with claim 6 in which said
_ pyrolysis is carried out at a pressure of from about

8n 900 0.06 15,600 2 99 35 100 mm. Hg to about 1 atmosphere.
e B >0 2,000 - e 8. A method for producing vinylidene fluoride by
the pyrolytic dehydrofluorination of 1,1,1-trifluorcethane

Examples 8-10 again illustrate the outstanding advan-
tages of very high throughputs, high conversions accom-
panied by almost quantitative yields obtained by operation
in accordance with the invention. Examples 8 and 9 car-
ried out at 900° C. and 10600° C. show the insignificant
conversions obtained under similar operating conditions.

We claim:

1. A method for producing viaylidene fluoride by
the pyrolytic dehydrofluorination of 1,1,1-trifluoroethane
which comprises passing a stream of said fluoroethane
through a reactor heated to a temperature of 1050 to
1500° C. at a contact time of less than about 0.3 second.
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which comprises passing a stream of said fluoroethane
through a tube heated to a temperature of 1050° C. to
1500° C. at a contact time of less than about 0.3 second,
at least the lining of said tube being composed primarily
of platinum.
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