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This application: is a. continuation-in-part of
our ‘copending -application Ser. N. 138,264, filed
January 12, 1950 (now apandoned).

This invention relates to our dlscovezy of a
new and useful process of making perfiuoro cle-
ﬂns

+ More particularly, the invention relates to the
preparation of terminally-unsaturated aliphatic
perfluoro mono-clefins- having from two to nine
carbon -atoms in ‘the molecule, . These :com-
pounds are non-cyclic. fluoreccarbons, consisting
solely of carbon and fluorine, wherein the mole-
cule has one double bond, which unites g ter-
minal carbon atom to the adjacent beta carbon
atom. The generic formula is:

CnFant1CP=CFs

where 7 has a vaiue from zero to seven.

We have discovered that these compounds can ,

be prepared in very high yields by a simple dry-
reaction procedure. This procedure involves the
pyrolytic decarboxylation and defluorination of
an anhydrous alkali-metal salt of a perfluoro-
alkyl monocarboxylic acid having from three to
ten carbon atoms in the molecule. It has been
found that such a salt, if in an anhydrous state
and free from hydroxyl compounds, can be
heated at a temperature of the order of 200 to
350° C. so as to decompose at-a controllable rate
in a non-violent manner to yield the correspond-
ing perfluoro olefin. The -heating causes  the
carboxylate salt radical and a fluorine atom in
beta position to be split off from the perfluoro
salt molecule. This results in unsaturation be-
tween the alpha and beta carbon atoms of the
resultant fuorocarbon  molecule. The ‘normal
by-products formed are carbon dioxide and an
alkali-metal fluoride salt. Under favorable con-
ditions the yield of perfluoro olefin -compound,
having one less carbon atom in the moelecule'than
the starting compound, is essentially quantltamve
(atleast 90%).

This reactmn can be represented as follows:

‘ : A
'C..an-nc FiCF:600M —— CuF2:1CF=CF¥2-- CO3+MF

where M is an alkali-metal ‘atom, and n has a
value from zero to-seven.  When n is zero, the
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starting compounds are FCF:CF:COOM, that is,

the alkali-metal salts of pentafiyoropropicnic *

acid. When n is unity, the starting compounds
are CF:CF:.CF:COOM, that is; the alkali-metal
salts of normal heptafluorobutyric acid. ~When
n'is' g higher integer, the starting compounds are
‘the -alkali-metal salts of the higher perfluorc
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acids, in- which' case ‘the perfluoro alkyl chain
represented by the CnFan+1 formula can be either
a-straight chain or a branched chain.

It has been found that high yields can only
be obtained when use is made of the alkali-metal
salts- (salts of lithium, sodium, potassium, rubid-
ium and cesium). The other metal salts, the
ammonium salts, and the acids, either do not
vield the desired perfluoro olefins in significant
amounts -or do not form them in ‘high yields:
The potassium and sodium salts are of chief
practical interest and the sodium salts are pre-
ferred. It should also be noted that the obtain-
ing of high yields of fluorocarbon: olefins is pe-
culiar to the salts of monocarboxylic acids.. The
salts of pelycarboxylic' acids do not.produce per-
fluoro olefins in good yields.

The effective use of the aforesaid alkali-metal
salts is critically dependent upon freedom from
the presence of water., Our process is a dry re-
action process. Unless the salts are in.an an-
hydrous state, and free from the presence of hy-
droxyl compounds, when heated at any temper-
ature sufficiently high to cause decompositions,
the formation of by-products due to the presence
of water will reduce the yield of the desired per-
fluoro olefin. - These undesired by-producis are
fuorocarbon hydrides, flucrocarbon acids, and
fluorocarbon acid fluorides. They are produced
when even a trace of water is preseni. When
apprecigble water is present the yield of the
desired perfluoro olefin is reduced virtually to
zero owing to the.greater tendency of the. salt
to 'undergo reactions involving water as a react~
ant.

Thus it can be seen that experiments employ=
ing salts as 4 non-dehydrated or only partially
dehydrated state would not reveal our discovery.

The desired result is not obtained if an alcochol
is . present, owing to the effect of the hydroxyl
radicals.

Thus our process is g dry- process wherein
the anhydrous salt of the acid is heated at a
decomposition temperature in the absence of hy-
droxyl compounds: :

We have: found that the salts whiek we em-
ploy can be effectively dehydrated by extended
heating at temperatures which are sufficiently
high for this purpose but which are not high
enough to cause-decomposition of the salt mole-
cules.  That is to say, and this is an important
aspect, the alkali-metal salts ‘of perflyoro-alkyl
monocarboxylic acids are stable in aguecus solu-
tions and are Stable at-temperatures which are
sufficiently high-to permit of dehydrating them
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prior to being decomposed at still higher temper-
atures pursuant to our process.

The behavior of these salts is in marked con-
trast to that of the corresponding chlorinated
salts. The latter decompose spontaneously and
rapidly in aqueous solutions at room itempera-
ture. The eminent French chemist, J. Boeseken,
reported in 1927 that the sodium salt of pento-
chloropropionic acid (CClsCCLCOONa) decom-
poses so rapidly in agueous solution at 25° C
that he was unable to measure the conductivity
(Rec. trav. chim., vol. 46, pp. 341-3). He stated
that the salts of this acid can be prepared by nsu-
tralizing the acid with a cold saturated solution
of & base and evaporating the neutral sciuticn
at a low temperature. The resultant salts would
necessarily be in a hydrated form and Boescken
did not describe dehydrating the saits to an an-
hydrous svated.

of salts of hydrochloric acid, carbon dicxide and
teurachlom ‘rhylene The salts of highsr per-

chloro acids would be even more unstable, and
so far as we are aware neither they nor the higher
perchloro acids have even been reported.

In striking contrast to such behavior,
sodium salt of pentafluoropropicnic acid

(CF:CF:CO0Na)

for instanee, is highly stable in agueous sclu-
tions and it can be fully dehydrated, even at
elevated temperatures, without decomposing.
Hence it is evident that our discovery that this
salt can be thermally dehydrated without de-
composition and can then be further heated in
an anhydrous state at a still higher temperature
(e. g., 200-350° C.) to cause decomposition and
obtain a quantitative yield of tetrafiucrosthylens
(C2F4), does not involve any analogy to the be-
havior reported by Boeseken, but is entirely dis-
parate and peculiar to the perfiuoro sait. The
formation of Csi"s is also contra-indicated if
ahalogy is relied on, since this salt when moish
does not yield CaF4 on decompaosition, contrary to
the behavior of moist. CCls3CCL.COCNe i yieiding
C:2Cl: when decomposed.

We have found that the scdium saits of the
perfluoro acids are more easily dehydrated than
the potassiur: salts, which is one reason for pre-
ferring them. It has been found that hesting
the sodium salts (at say 100° C.) to cause dehy-
dration need not be fully carried to completion
prior to heginning the heating of the salts up to
the decomposition temperature (e. g., 2060-350°
C.), since veliance can be placed on appreciable
further dehydration oceurring during such heat-
ing up so as to complete the dehydration prior to
decomposition and thus cobtain a quantitative
yieid of the desired periluoro olefin. However,
even a sodium salt requires more than mere
evaporation to apparent “dryness” of an aqueous
solution thereof in order to be properly condi-
tioned, since the water of hydration will not ke
adequately removed merely upon direct heating
of the hydrated salt up to a decomposition tem-
perature unless a very gradual elevation of tem-
perature over a long time is employed.

The anhydrous salts can be prepared by neu-
tralizing an agueous solution cf the selected per-
fluore acid with sodium hydroxzide (or other
alkali-metal hydroxide), evaporating to dryness,
and heating the salt at 106° C. for a sufficient
period to dehydrate it. Fleating the sodium salt
solutions in air at 100° C. for eight hours resulis
in a properly dehydrated salt mass, which can

the

He saig that they are very un-.
stable and decompose rapidly with the formation ¢
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then be pulverized before being charged to the
reaction vessel. The anhydrous salt must be
stored in an hermetically sealed container to ex-
clude moisture, as it is very hygroscopic.

The present process can be carried out in a

simple reaction vessel which is direct-fired, or is
heated in a furnace, or, preferably, is indirectly
heated by means of a heat-exchange fluid (e. g,
a fused sait type, or molten lead, or a high-boiling
fluorocarbon compound) to permit of more uni-
form heating and betier temperature control.
Either batch or contiluous procedures can be used.
As hydrogen fluoride is not evolved, laboratory
experiments can be conveniently performed with
“Pyrex” glass vessels. Vessels of stainless stesl
are suitable.
A suitable lahoratory apparatus is a distilling
flask located in an electrically-heated furnace
and connected to a trap cooled by Dry Ice-
acetone. A further trap, cooled by liquid air,
can be used for condensing the by=-product carbon
dioxide, if desired. The reaction can be-carried
out at atmospheric pressure, and at reduced and
elevated pressures.

The particular temperature in any given case
is chosen and regulated to cause a smooth con-
trotled reaction and non-violent evolution of the
gaseous products. The temperature will depend
upon the particular salt employed and its purity,
and upon the processing conditions. The reac~
tion appears to be slightly exothermic, the con-
tinued application of heat serving tc overcome
heat losses from the reaction zone which other-
wise would cause the temperature to fall.. When
a batch procedure is used, the salt mass should
be slowly heated up to the reaction temperature
1o avoid over-shooting and the onsst of a violent
reaction, and the further application oi heal
should ke carefully regulated. The best coniipl
is effected not by a controi of temperature as in-
dicated by a temperature measuring device {(such
as a thermometer) but by using the eveolubion of
gas as the indicator of the heating condition.
When incipient decomposition commences, as. in-
dicated by the onset of gas evolution, the further
application of heat should ke carefully regulaied.

Higher temperatures can be empioyed when
a continuous process is used. iIn this case the
reaction can be regulated by introducing the salt
into the reaction zone at a rate that is slow
enough to prevent a violent reaction condition.
Thus a femperature of 350° C. might be used
even though in the case of a particular batch
procedure a temperature of 360° C. might 1‘e
found to be the highest safe temperatuve.

The temperatures to which reference is being
made are those measured just outside the wall of
the reaction vessel. S

Decomposition generally occurs most effec-
tively at a temperature somewhat above the meit-
ing point of the fluorocarbon salt, so that by~
rolysis oceurs with the salt in 4 fused or moiten
condition. Thus sodium n-hegtafiuorobutyrate
(CF3CF2CF2CO0Na) has a melting point of about
240° C. and will be in a molten state when de-
composing at 300° C. The sodium fluoride re-
action product has a.melting point of about. 1000°
C. and hence is present in a solid state, so. that
the reaction residue is a solid porous mass. Ilow-
ever, decomposition of the fluoroearbon starting
salt can occur when it is in a solid state (belowy
the meiting point), in which case the reaction
will be of the solid phase type.

The product- compound tm’aﬁuoroethylen
CrF.=CFz, has previously been . produced coms
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mercially by another process on a substantial
scale. It is used in manufacturing the polymer
thereof, polytetrafluoroethylene (commercially
available from Du Pont under the trade-mark
“Teflon”). Our process provides an alternative
procedure for making CFy=CFy that has com-
mercial utility.

The present process has particular importance
for making the higher perfluoro olefins contain-
ing from three to nine carbon atoms in the mole-
cule, represented by the formula:

CnF2n+1CP=CF2

where n has an integer value of one to seven.
These are made from the corresponding alkali-
metal salts represented by the formula:

CnFan+1CFCF2CO0M

where n likewise has an integer value of one to
seven. These higher perfluoro olefins have not
previously been made by any process known to
us which is at all comparable in cost to our
process.

Ezxample

A batch of 17 1bs. of anhydrous sodium normal
heptafluorobutyrate was charged to a closed 9
gallon stainless steel kettle, which was then heated
by means of external electrical heaters to a tem-
perature at which a controlled evolution of gas
took place (about 10 cubic feet per hour). Heat-
ing was regulated to maintain this rate of gas
formation. The gas mixture was scrubbed with
an aqueous KOH solution to remove the carbon
dioxide, and was then condensed in a receiver.
The reaction was completed in 4 hours. The
product collected in the receiver weighed 10.4
Ibs. and was identified as substantially pure hexa-
fluoropropylene, CFi:CF=CF2. The yield was
96%. In other experiments, a 99% yield was
obtained. 'This reaction can be written as fol-
lows:

A
C;FCOONa ——— C3Fg 4 COz + NaF

The following table shows illustrative perfluoro
olefins, having two to nine carbon atoms in the
molecule, which we have obtained by our process.
The boiling points were measured at 730~745 mm.
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of alkali-metal salts of perfluoro-alkyl monocar-
bogylic acids having the formula:

CnF22+1CF2CF2COOM

where n has a value from zero to seven and M
is an alkali-metal atom, which comprises heating
the salt, in an anhydrous state and in the absence
of hydroxyl compounds, at a decomposition tem-~
perature of the order of 200 to 350° C., regulat-
ing the heating conditions to obtain a smooth
controlled reaction of sufficient duration to pro-
duce a high-yield conversion of the salt to the
corresponding perfluoro olefin, and recovering
the latter.

2. A process according to claim 1, wherein a
sodium salt is used.

3. A dry-reaction process of making terminally
unsaturated perfluoro olefins having from three
to nine carbon atoms in the molecule and having
the formula:

CaF2n+1CF=CF2

by pyrolytic decarboxylation and defluorination
of alkali-metal salts of perfluoro-alkyl monocar-
boxylic acids having the formula:

CaFon+1CF2CF2:COOM

where n has an integer value from one to seven
and M is an alkali-metal atom, which comprises
heating the salt, in an anhydrous state and in
the absence of hydroxyl compounds, at a decom-
position temperature of the order of 200 to 350°
C., regulating the heating conditions to obtain
a smooth controlled reaction of sufficient dura-
tion to produce a high-~yield conversion of the
salt to the corresponding perfluoro olefin, and
recovering the latter. :

4. A process according to claim 3, wherein a
sodium salt is used.

5. A dry-reaction process of making hexa-
fluoropropylene (CF:CFP=CF2) which comprises
heating anhydrous sodium normal heptafluoro-
butyrate (CF3CF2CF:COONa) in the absence of
hydroxyl compounds and at a temperature of
the order of 200 to 350° C. at which controlled
decomposition occurs, until there has been at
least a 909% conversion to hexafluoropropylene,
and recovering the latter.

6. A dry-reaction process of making perfluoro
monoolefins from alkali-metal salts of perfluoro-

Mol. Weight |Percent Fluorine
Comapound B.P.(°C)

Found | Ceale. | Cale. | Found

CP3=CF2. e eeeecceena —76t0 ~75_. 99 100
CIsCF=CF;.... —29. ... 150 150 Jecoceefaceacan
CF3CF,.CF=CF;._ —2to~1__._ 201 200 78,0 75.9
CF3(CF9:CF=CF2 -1 20t030._.... 250 250 76.0 75.9
CF3(CF2)6CF=CFze o oeene. 12360124 |ecoeean. 450 76.0 76.5

These perfluoro olefins have in common an in-
frared absorption peak at 1795 c¢cm.—! which is
characteristic of the double bond in

CnF2n+1CF=CF2

We have published a brief account of our
process in the August 1951 issue of the Journal
of the American Chemical Society, vol. 73, page
4054,

We claim:

1. A dry-reaction process of making terminally
unsaturated perfluoro olefins having from two to
nine carbon atoms in the molecule and having
the formula:

CnFan+1CF=CF2

by pyrolytic decarboxylation and defluorination
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alkyl monocarboxylic acids having from three
to ten carbon atoms in the molecule, which com-
prises heating the salt, in an anhydrous state
and in the absence of hydroxyl compounds, at
a decomposition temperature of the order of 200
to 350° C. at which controlled decomposition oc-
curs and until a high yield of perfiuoro olefin
product is obtained, and recovering the latter.
LYLE J. HALS.
THOMAS S. REID.
GEORGE H. SMITH.
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