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This invention relates to decontaminating 
products obtained in the pyrolysis of CHCIF2 
and particularly to rendering innocuous the 
toxic impurities present in the higher boiling 
products obtained in the pyrolysis of CHCIF2. 

Oowning et al., in Patent 2,384,821 granted 
On September 18, 1945, and Park et al., in an 
article "Synthesis of Tetrafluoroethylene,' ap 
pearing on pages 354 to 358, inclusive, of In 
dustrial and Engineering Chemistry, vol. 39, 
No. 3, for March, 1947, disclose the pyrolysis of 
CHCIF2 at temperatures of from about 600° C. 
to about 000 C. to produce C2F4 (tetrafluoro 
ethylene) and higher boiling, fuorinated prod 
ucts commonly referred to as “high boilers.' 
Upon removal of acids, the C2F4 and unreacted 
CHCIF2 from the pyrolysis mass, the “high 
boilers' are obtained as a residue, amounting 
to about 20 pounds to about 35 pounds for every 
100 pounds of CF4 produced, which boils above 
-40 C., generally in the range of from about 
-30° C. to about 200° C. Such residue is a 
mixture of highly fluorinated straight-chain and 
cyclic aliphatic compounds, the boiling points of 
the individual members thereof varying from 
about -30° C. to about 228° C. Over 97% of 
such "high boiler' residue is made up of such 
stable and non-toxic compounds as CHF2-CCIF2, 
cyclic CF8 and compounds of the Series repre 
sented by the formula, H(CF2) C1 wherein in 
varies from 3 to 14. Such residue, or mixture 
of higher boiling compounds, and the various 
fractions and components thereof Will be herer 
inafter referred to, for convenience, as “high 
boilers.' 
The 'high boiler' residue or mixture is con 

taminated with from about 2% to about 3% of 
highly toxic compounds which are characterized 
by a pungent odor. These toxic compounds have 
not been positively identified and their chemical 
constitutions and Structures have not been ex 
actly determined. They are definitely known to 
be highly fluorinated Organic compounds, at least 
some of which contain chlorine. They appear 
to contain a cyclic structure. The boiling points 
and tentatively assigned formulae of some of 
such toxic compounds are disclosed in the article 
by Park et al. hereinbefore referred to, and par 
ticularly in Table II on page 358. 
These toxic compounds render the vapors of 

the “high boilers” containing them so toxic on 
inhalation as to make extremely hazardous the 
handling of the material for any further desired 
processing or their disposal as Waste materials. 
This is demonstrated by the fact that test rats, 
when exposed to air containing about 3% by 
volume of the contaminated "high boilers' for 
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15 minutes, died within an hour from severe 
hemorrhagic pulmonary edema. Such toxic com 
pounds cannot be separated from the 'high 
boilers' by fractional distillation, apparently be 
cause they forra azeotropes with constituents of 
the “high boilers,” and appear in substantially. 
all fractions of the 'high boiler' mixture ob 
tained by fractional distillation. 

It is an object of the present invention to 
provide an economical, efficient, commercially 
practicable method for rendering the toxic con 
pounds in the “high boilers' innocuous. An 
other object is to provide a method of rendering 
the toxic compounds innocuous and removing 
then from the “high boilers.' Further objects 
are to advance the art. Still other objects will 
appear hereinafter. 
The above and other objects may be accom 

plished in accordance with my invention which 
comprises mixing at least 3% by weight of an 
hydrous ammonia, with the pyrolysis products 
which boil in the range of from about -30° C. 
to about 228 C., obtained in the pyrolysis 
CHCIF2 at temperatures of from about 600 C. 
to about 1000° C., and which contain toxic in 
purities, in the liquid phase at temperatures of 
from about -75° C. to about 50° C., and main 
taining the annonia, in admixture With the 
liquid pyrolysis products under such conditions 
until reaction of the annonia. With the toxic 
impurities is substantially complete. I have 
found that anhydrous ammonia, reacts spon 
taneously and with the evolution of considerable 
heat with the impurities in the “high boilers' 
at temperatures as low as -75 C. to form in 
nocuous brown compounds which are Solid at 
ordinary temperatures and in Soluble in the “high 
boilers' and in Water, but Which are fairly Soul 
ble in methanol. If it is desired to recover con 
stituents of the “high boilers,' the annonia. 
reaction products may be separated therefrom 
by filtration, fractional distilation, extraction 
with solvents or the like. If the constituents, cf 
the “high boilers' are not to be recovered but 
are to be disposed of aS Waste, then the decon 
taminated material may be safely discarded as 
such. However, in such latter case, it will gen 
erally be preferred to mis, the decontaminated 
material with methanol or other Solvent for the 
ammonia, reaction products or to carry out the 
decontamination in the presence of Such Solvent 
SO as to facilitate the discharge of the decon 
taminated material from the reaction vessel and 
its Subsequent disposal. 
The 'high boilers,' which are to be treated in 

accordance with my invention, may be the resi 
due obtained after removal of the acidic con 
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stituents, the tetrafluoroethylene and any tia 
reacted CHCIF2. Alternatively, such residue taay 
be subjected to one or more fractional distilla 
tions and then the treatment applied to each 
fraction which contains the toxic compounds. 
At least about 3% by weight of anhydrous an 

monia, based on the "high boilers' treated, is 
required for reaction with the toxic compounds. 
Preferably, an excess of annonia, from about 
5% to about 10% by weight, is enployed. Much 
larger excesses of ammonia, can be used, if de 
sired, but such larger excesses have the disad 
vantage of requiring larger equipment and the 
recovery of such larger amounts of ammonia, 
The liquid “high boilers' may be added to the 
liquid ammonia or the ammonia may be added 
to the “high boilers.' 
The process has been carried out successfully 

at -75° C. and at 50° C. Preferably, it will be 
carried out at temperatures of from about -20 
C. to about 50° C. While reaction may be carried 
out, at temperatures substantially above 50 C., 
such higher temperatures will be generally un 
desirable because of the high pressures that 
would be required to maintain the reaction in 
the liquid phase and to maintain the annonia 
in effective contact with the "high boilers.' An 
monia is somewhat soluble in the 'high boilers.' 
Since the reaction takes place Spontaneously 
upon mixing the liquids, pressure is without in 
fluence on the reaction and hence only such 
pressures as will maintain the reactants in con 
tact in the liquid phase will be required. The 
reaction takes place in the liquid phase only. All 
efforts to decontaminate the "high boilers' in the 
vapor phase, even at temperatures as high as 
500° C., were unsuccessful. . 

Usually, where constituents of the "high boil 
ers' are to be recovered, it will be preferred to 
employ substantially pure anhydrous ammonia. 
However, even where constituents of the "high 
boilers' are to be recovered, it will some times 
be found desirable to carry out the reaction in 
the presence of methanol, or other solvent for 
the ammonia and the reaction products. This 
serves to lower the ammonia pressure and to 
facilitate discharge of the decontaminated na 
terial from the reaction vessel and transportation 
to other apparatus for further processing. In 
order to effect reasonable solution of the reaction 
products, from about 3 to 6 gallons of methanol 
per 100 pounds of the "high boilers' (from about 
19% to about 40% by weight) should be used. 
Larger amounts of methanol may be used, if de 
sired. Aqueous solutions, including concentrated 
ammonium hydroxide, are ineffective and hence 
the presence of any substantial amount of water 
must be avoided. 

In order to more clearly illustrate my invention 
and preferred modes of carrying the same into 
effect, the following examples are given: 

Econoe 1 
To 360 g. of 'high boiler' residue in a 600 cc, 

steel cylinder was added 16 g. of anhydrous am 
monia (4.25% by weight). After standing for 28 
hours, a liquid phase sample was scrubbed by 
passing the vapor through water, dried with 
CaSO4 and tested on rats. After an 8 minute 
exposure period, the rats were killed and ex 
amined; their lungs showed slight congestion but 
no gross edema. A similar sample, taken after 
standing 28 days, produced only a slight dis 
coloration and congestion when similarly tested. 
Another sample, treated with 3.1% by weight of 
ammonia for 50 hours, produced no gross pathole 
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ogy. A sample of the untreated 'high boilers,' 
Scrubbed, dried and tested in the same mainer aS 
the ammonia, treated ones, produced marked 
edema, areas of hemorrhage and general conges 
tion. In all these tests, the air contained about 
5% by volume of “high boiler' vapor. 

Eacamaple 2 
To an evacuated 5 gallon steel autoclave 

equipped with brine cooling, plow type agitation, 
and the usual vapor and standpipe connections, 
etc., was added one gallon of methanol and 2 
pounds of anhydrous annonia. The pressure in 
the autoclave, at a liquidi temperature of 4° C., 
was 8 p.s. i. a. A total of 24 pounds of toxic 
"high boiler' residue was then added at an aver 
age rate of 1 pound per minute. Within a half 
hour after the addition had been completed, the 
decontaminated liquid was Sampled, scrubbed by 
passing the vapor through water, dilute sulfuric 
acid, and water again (to remove methanoi and 
excess annonia), dried with CaSO4 and later 
tested for toxicity. As a result of this ammonia 
treatment, the test rats, instead of suffering from 
severe pulmonary hemorrhagic edema, were 
found to be, for all practical purposes, perfectly 
normal after a 6 minute exposure to air contain-- 
ing 4% by volute of the decontaminated ma 
terial. 

It will be understood that the preceding ex 
amples are given for illustrative purposes solely 
and that my invention is not to be limited to the 
specific embodiments disclosed therein. Within 
the scope of this disclosure, as heretofore given, 
it will be evident that the proportions of reac 
tants and solvent, the temperatures, pressures, 
Order of steps, apparatus and the like may be 
varied as desired. Also, any desired fraction may 
be separated from the "high boiler' residue and 
treated in accordance with the principles of my 
invention. 
Since the most characteristic property of 

highly fluorinated aliphatic compounds is their 
unusual stability and inertness to chemical reac 
tion, it was wholly surprising to find that the 
toxic impurities in the "high boilers' would react 
with ammonia and, particularly, so remarkably 
spontaneously. It was also quite surprising to 
find that the reaction would take place only in 
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the liquid phase and with only anhydrous am 
monia. 

It will be apparent that my invention is an 
important advance in the art. It makes pos 
sible the disposal of the 'high boilers' or the 
further processing thereof to recover desired 
Constituents and the marketing and commercial 
use of such constituents without toxic danger to 
perSons coming in contact therewith or required 
to handle the "high boilers.' The reaction is 
complete and requires only small amounts of a 

0 low cost material, ammonia. The process is 

O 

simple and easily carried out with readily avail 
able and inexpensive apparatus. Accordingly, 
my invention provides a commercially practicable 
and economical process for decontaminating the 
"high boilers.” 

claim: 
1. The process for decontaminating the py 

rolysis products which boil in the range of from 
about -30 C. to about 228 C., obtained in the 
pyrolysis of CHCIF at temperatures of from 
about 600 C. to about 1000 C., and which con 
tain highly fluorinated organic toxic impurities, 
which process comprises mixing the pyrolysis. 
products in the liquid phase at temperatures 
of from about -75 C. to about 50 C, with at 



2,558,624 
5 

least 3% by weight of anhydrcus ammonia, and 
maintaining the ammonia in admixture with the 
liquid pyrolysis products under such conditions 
until reaction of the ammonia. With the toxic in 
purities is Substantially complete. 

2. The process for decontaminating the py 
rolysis products which boil in the range of from 
about -30° C. to about 228 C., obtained in the 
pyrolysis of CHClF2 at temperatures of from 
about 600° C. to about 1000 C., and which con 
tain highly fluorinated organic toxic impurities, 
which process comprises mixing the pyrolysis 
products in the liquid phase at temperatures 
of from about -75° C. to about 50° C. with 
from 3% to about 10% by weight of anhydrous 
ammonia, and maintaining the ammonia in ad 
mixture with the liquid pyrolysis products under 
Such conditions until reaction of the ammonia, 
with the toxic impurities is substantially, com 
plete. 

3. The process for decontaminating the py 
rolysis products which boil in the range of from 
about -30° C. to about 228 C., obtained in 
the pyrolysis of CHClF2 at temperatures of from 
about 600° C. to about 1000 C., and which Con 
tain highly fluorinated organic toxic impurities, 
which process comprises mixing the pyrolysis 
products in the liquid phase at temperatures 
of from about -75° C. to about 50° C. With from 
about 5% to about 10% by weight of anhydrous 
ammonia, and maintaining the ammonia in ad 
mixture with the liquid pyrolysis products under 
such conditions until reaction of the ammonia, 
with the toxic impurities is substantially COm 
plete. 

4. The process for decontaminating the py 
rolysis products which boil in the range from 
about -30° C. to about 228° C., obtained in the 
pyrolysis of CHClF2 at temperatures of from 
about 600° C. to about 1000° C., and which con 
tain highly fluorinated organic toxic impurities, 
which process comprises mixing the pyrolysis 
products in the liquid phase at temperatures 
of from about -20° C. to about 50° C. With at 
least 3% by weight of anhydrous ammonia, and 
maintaining the ammonia in admixture with 
the liquid pyrolysis products under such con 
ditions until reaction of the ammonia. With the 
toxic impurities is substantially complete. 

5. The process for decontaminating the py 
rolysis products which boil in the range of from 
about -30° C. to about 228° C., obtained in the 
pyrolysis of CHClF2 at temperatures of from 
about 600 C. to about 1000 C., and which con 
tain highly fluorinated organic toxic impurities, 
which process comprises mixing the pyrolysis 
products in the liquid phase at temperatures of 
from about -20° C. to about 50° C. with from 
3% to about 10% by weight of anhydrous am 
monia, and maintaining the ammonia in ad 
mixture with the liquid pyrolysis products under 
Such conditions until reaction of the ammonia, 
with the toxic impurities is Substantially con 
plete. 

6. The process for decontaminating the py 
rolysis products which boil in the range of from 
about -30° C. to about 228° C., obtained in the 
pyrolysis of CHCIF2 at temperatures of from 
about 600° C. to about 1000 C., and which con 
tain highly fluorinated organic toxic impurities, 
which process comprises mixing the pyrolysis 
products in the liquid phase at temperatures 
of from about -20° C. to about 50° C. With from 
about 5% to about 10% by weight of anhydrous 
ammonia, and maintaining the ammonia in ad 
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6 
mixture with the liquid pyrolysis products under 
Such conditions until reaction of the ammonia, 
with the toxic impurities is Substantially com 
plete. 

7. The process for decontaminating the pyro 
lysis products which boil in the range of from 
about -30° C. to about 228 C., obtained in the 
pyrolysis of CHClF2 at temperatures of from 
about 600° C. to about 1000 C., and which con 
tain highly fluorinated organic toxic impurities, 
which process comprises mixing the pyrolysis 
rroducts in the liquid phase at temperatures of 
from about -75° C. to about 50° C. With at least 
3% by weight of Substantially pure anhydrous 
ammonia, and maintaining the ammonia, in ad 
mixture with the liquid pyrolysis products under 
Such conditions until reaction of the ammonia, 
with the toxic impurities is substantially com 
plete. 

8. The process for decontaminating the pyro 
lysis products which boil in the range of from 
about -30° C. to about 228° C., obtained in the 
pyrolysis of CHClF2 at temperatures of from 
about 600 C. to about 1000 C., and which con 
tain highly fluorinated organic toxic impurities, 
which process comprises mixing the pyrolysis 
productS in the liquid phase at temperatures of 
from about -20° C. to about 50° C. with from 
about 5% to about 10% by weight of substantially 
pure anhydrous ammonia, and maintaining the 
ammonia in admixture with the liquid pyrolysis 
products under such conditions until reaction of 
the ammonia, with the toxic impurities is Sub 
stantially complete. 

9. The process for decontaminating the pyro 
lysis products which boil in the range of from 
about -30° C. to about 228 C., obtained in the 
pyrolysis of CHCIF2 at temperatures of from 
about 600° C. to about 1000 C., and which con 
tain highly fluorinated organic toxic impurities, 
which process comprises mixing the pyrolysis 
products in the liquid phase at temperatures of 
from about -75 C. to about 50 C. With at least 
3% by weight of anhydrous ammonia dissolved 
in from about 19% to about 40% by weight of 
methanol based on the pyrolysis products, and 
maintaining the ammonia in admixture with the 
liquid pyrolysis products under such conditions 
until reaction of the ammonia, with the toxic 
impurities is substantially complete. 

10. The process for decontaminating the pyro 
lysis products which boil in the range of from 
about -30° C. to about 228 C., obtained in the 
pyrolysis of CHClF2 at temperatures of from 
about 600° C. to about 1000 C., and which contain 
highly fluorinated organic toxic impurities, which 
process comprises mixing the pyrolysis products 
in the liquid phase at temperatures of from about 
-20° C. to about 50° C. with from about 5% to 
about 10% by weight of anhydrous ammonia, dis 
Solved in from about 19% to about 40% by Weight 
of methanol based on the payrolysis products, 
and maintaining the ammonia in admixture with 
the liquid pyrolysis products under Such condi 
tions until reaction of the ammonia, with the 
toxic impurities is substantially complete. 

WILLIAMS. MURRAY. 
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