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This invention relates to a process for treating
hydrocarbon mixtures to remove fluorine there-
from. More specifically it relates to the treat-
ment of synthetic hydrocarbons produced in the
presence of active fluoride catalysts to remove
small amounts of organically combined fluorine
present in compounds admixed with the hydro-
carbons. The invention is particularly adapted
to the treatment of hydrocarbons produced by
alkylation of isoparaffinic hydrocarbons with
olefinic hydrocarbons using active fluoride cat-
alysts, including hydrogen fluoride or hydro-
fluoric acid and mixtures comprising essentially
hydrogen fluoride and boron fluoride.

The alkylation of branched chain paraffinic
hydrocarbons such a5 isobutane and isopentane
with olefinic hydrocarbons to produce saturated
liquid hydrocarbons utilizable as gasoline motor
fuels with high antiknock properties, is a recent
development which is beginning to assume com-
mercial importance. By this means relatively
low-boiling isoparaffinic hydrocarbons may be
alkylated with low-boiling olefins, thereby con-
verting materials which have relatively low com-
mercial value into hydrocarbons with high anti-
knock values, said hydrocarbons being particu-
larly useful as components of aviation gasoline.

Active fluoride catalysts Including hydrogen
fluoride or hydrofluoric acid and mixtures com-
prising essentially hydrogen fluoride and boron
trifluoride are used in the alkylation of isoparaf-
fins by olefins, but it has been found that the re-
sultant alkylation product frequently contains
minor quantities of fiuorine in combination with
some of the hydrocarbon radicals, possibly due to
Interaction of hydrogen fluoride with olefinic con-

- stituents of the reaction mixture, Boron fluoride
assists hydrogen fluoride in catalyzing the alkyla-

. tion. of an isoparaffin by ethylene and higher

- olefins, but in this case also the product contains

: small quantities of fluorides as do those formed

. in the presence of hydrogen fluoride from an iso-
parafiin and an olefin of higher molecular weight
than ethylene. ) ) )

Although the fluorine content of theé hydro-
carbon product of gasoline boiling range is rarely
very high, the presence of fluorine is undesirable
both from the standpoint that the combustion
products of such a fuel are extremely corrosive,
as well as the fact that its antiknock value, gén-

.erally expressed by the term “octane number,”

(CL

- added thereto.
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is considerably reduced either when the gasollﬂﬁ
is used as such, or when a small amount of an
anti-detonating agent such as lead tetraethyl'is
Thus it may be shown that the
gasoline fractions containing as much as 0.1 by
weight of fluorine have inferior antiknock prop-
erties particularly as concerns their response to
lead tetraethyl as compared to the otherwise same
material which contains substantially no fluorine
compounds. The present invention offers g
method for reducing the fluorine content of the
hydrocarbon alkylation product to a point whera
this adverse effect is no longer substantial.

In one specific embodiment the present inven-
tion comprises a process for treating hydrocar-
bons produced by catalytic alkylation of isoparaf-
fins. with olefins in the presence of an active
fluoride catalyst, by treating said hydrocarbons
with a fluoride of a metal of group XI of the
periodic table under dehydrofluorinating condi-
tions of temperature and pressure, and recover-
ing the treated hydrocarbons.

According to the present invention the liquid
hydrocarbon product containing organic fluorine
compounds obtained from alkylation in the pres-
ence of a catalyst containing hydrogen fluoride,
is contacted with a fluoride of a metal of group
II of the periodic table and preferably with a
fluoride of a metal of the calcium group gener-
ally known as the alkaline earth metals and in-
cluding calcium, strontium, and barium. Fluo-
rides of other group IT metals including mag-
nesium, zinc, cadmium, and mercury are also
usable although not necessarily under the same
conditions of operation.

This dehydrofluorination treatment in the
presence of a group II metal fluoride, including
alkaline earth metal fluorides, is carried out at a
temperature generally above 100° C. and prefer-
ably at about 300° C. when using a lquid space
velocity of between about 1 and 5, but under con-
ditions such that substantially no decomposition
of the hydrocarbon alkylation product occurs due
to cracking or to other undesirable reactions. At
higher temperatures, which generally do not ex-
ceed 400° C., highei space velocities are em-
ployed. The term ‘“space velocity” refers to the
volume of liquid hydrocarbon product charged
per volume of meta] fluoride per hour, ‘The pres-
sure employed during defluorination may be at-
mospheric, subatmospheric, or superatmospheric,
the last named being used mainly in the interest
of increasing the plant treating capacity even
though the reaction is favored by lower pressures.

The catalyst for the present process is utilized
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in the form of powder, granules, or particles of
definite size and shape formed by mechanical
means. A preferred catalyst is obtained by mix-
ing about 95% by weight of a fluoride of a group
II metsal or a mixture of stich fluorides with about
5% by weight of powdered graphite and form-
ing the mixture into pellets by a pelleting ma-
chine. Before being used in the process, the
catalyst is generally dried and calcined, pref-
erably in e dry substantially inert gas as hydro-
gen, nitrogen, or air, with or without small
amounts of anhydrous hydrogen fluoride at a
temperature in the approximate range of the
treating temperature,

The different catalysts which may be produced
by compositing different fluorides of group II
metals as well as different proportions of the vari-
ous fluorides are not necessarily equivalent in
their action in catalyzing the removal of fluorine
from alkylation products produced in the pres-
ence of a catalyst containing hydrogen fluoride.

We have found that alkyl fiuorides as such or
dissolved in hydrocarbons, including those pro-
duced by alkylation in the presence of active
fluoride catalysts, are converted into substantial
amounts of olefins and hydrogen fluoride by con-
tact under the above indicated treating condi~
tinns with a fluoride or mixture of fiuorides of
group II metals. In order to prevent substan-
tial recombination of hydrogen fluoride with said
olefins, the product recovered from the metal
fluoride treatment is quickly treated further to
remove hydrogen fluoride. For example, the mix-
ture conteining the olefin and hydrogen fiuoride
is passed over solid granular sodium fluoride or
potassium fluoride either of which forms with
hydrogen fluoride an addition compound of the
type NaF.HF. The olefin so liberated in the
parafiinic alkylation product usually represents
only a very small proportion of the total defluc-
rinated product. If desired, hydrogen fluoride
may be recovered from the double salt by heat-
ing and it may then be utilized further as catalyst
for the hydrocarbon alkylation reaction. Other
means of removing hydrogen fluoride from: the
resulting mixture of paraffinic and olefinic hydro-
carbons and hydrogen fluoride include washing
the treated product with water, a solution con-
taining an alkali, or a solution containing a salt
which will react with hydrogen fluoride to pro-
duce an insoluble or non-volatile fiuoride.

The process of this invention is also utilizable
for converting alkyl fluorides into hydrogen
fluoride and olefins or for converting a mixture
of alkyl fluorides into hydrogen fluoride and a
mixture of olefins.

The following example is given to show results
obtainable in the operation of the process, but it
should not be considered to unduly limit the
broad scope of the invention.

A substantially butane-free hydrocarbon
product formed by alkylation of isobutane with

“{sobutene at 25° C. in the presence of anhydrous
hydrogen fluoride and containing 0.13% by
weight of fluorine, is passed under atmospheric
pressure through a nickel tube containing a
pelleted composite of 95% by weight of calcium
fluoride and 5% by weight of graphite maintained
at 300° C. When the alkylation product contain-
ing fluorine is charged at an hourly liquid space
velocity of 2, a treated hydrocarbon product is
obtained equivalent to 97% by volume of the
hydrocarbon fraction trcated and containing
0.01% by weight of fluorine. '

The character of the present invention and
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particularly its practical value are evident from
the preceding specification and example given,
although neither section is infended to unduly
limit its generslly broad scope.

We claim as our inveption:

1. A process for treating a hydrocarbon mix-
ture containing as an impurity a relatively small
percentage of organically combined fluorine to
remove fluorine therefrom which comprises con-
tacting said mixture with a fluoride of a metal
of group II of the periodic table under dehydro-
fluorinating conditions of temperature and pres-
sure, and recovering the treated hydrocarbons.

2. A process for treating a hydrocarbon mix-
ture containing as an impurity o relatively small
percentage of alkyl fluorides to remove fluorine
therefrom which comprises contacting said mix-
ture with a fluoride of a metal of group II of
the periocdic table under dehydrofluorinating con-
ditions of temperature and pressure, and recover-
ing the treated hydrocarbons.

3. A process for treating a hydrocarbon mix-
ture containing as an impurity a relatively small
percentage of organically combined fluorine and
produced by catalytic alkylation of an isoparaf-
finic hydrecarbon with an olefinic hydrocarbon
in the presence of an active fluoride catalyst’
which comprises, treating said mixture with a
fluoride of a metal of group II of the periodic
table under dehydrofiuorinating conditions of
temperature and pressure, and recovering the
treated hydrocarbons.

4. A process for treating a hydrocarbon mix-~
ture containing as an impurity a relatively small
percentage of organically combined fluorine
which comprises, contacting said. mixture with
a fluoride of an alkaline earth metal under de-
hydrofluorinating conditions of temperature and
gressure and recovering the treated hydrocar-

ons,

5. A process for freating a hydrocarbon mix-
ture containing as an impurity a relatively small
percentage of organically combined fluorine and
produced by catalytic alkaylation of an isopar-
affinic hydrocarbon with an olefinic hydrocarbon
in the presence of an active fluoride catalyst
which comprises, contacting said mixture with
calcium fluoride under dehydrofluorinating con-
ditions of temperature and pressure, and recov-
ering the treated hydrocarbons.

6. A process for treating a hydrocarbon mix-
ture containing as an impurity a relatively small
percentage of organically combined fluorine and
produced by catalytic alkaylation of an isopar-
affinic hydrocarbon with an olefinic hydrocar-
bon in the presence of an active fluoride catalyst
which comprises, contacting said mixturé with
strontium fluoride under dehydrofluorinating
conditions of temperature and pressure, and re-
covering the treated hydrocarbons.

7. A process for treating a hydrocarbon mix-
ture containing as an impurity a relatively small
percentage of organically combined fluorine and
produced by catalytic alkaylation of an isoparaf-
finic hydrocarbon with an olefinic hydrocarbon
in the presence of an active fluoride catalyst
which comprises, contacting said mixture with
barium fluoride under dehydrofiuorinating con~
ditions of temperature and pressure, and recov-
ering the treated hydrocarbons.

8. A process for treating a hydrocarbon mix-
ture containing as an impurity a relatively small
percentage of organically combined fluorine and
produced by catalytic alkylation of an isoparaf-
finic hydrocarbon with an olefinic hydrocarkon
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in the presence of an active fluoride catalyst con-
taining hydrogen fluoride which comprises, con-
tacting said mixture with a fluoride of a metal
of group II of the periodic table at a temperature
of from about 100° to about 400° C., and recover~
ing the treated hydrocarbons.

9. A process for treating a hydrocarbon mix-
ture containing as an impurity a relatively small
percentage of organically combined fluorine and
produced by catalytic alkylation of an isoparaf-
finic hydrocarbon with an olefinic hydrocarbon
in the presence of an active fluoride catalyst con-
taining hydrogen fluoride which comprises, con~
tacting said mixture with a fluoride of an alkaline
earth metal at a temperature of from about 100°
to about 400° C., and recovering the treated hy-
drocarbons.

10. A process for treating a hydrocarbon mix-
ture containing as an impurity a relatively small
percentage of organically combined fluorine and
produced by catalytic alkylation of an isoparaf-
finic hydrocarbon with an oleflnic hydrocarbon
in the presence of an active fluoride catalyst con-
taining hydrogen fluoride which comprises, con-
tacting sald mixture with calcium fluoride at a
temperature of from about 100° to about 400° C,,
and recovering the treated hydrocarbons. .

11. A process for treating a hydrocarbon mix-
ture containing as an impurity a relatively small
percentage of organically combined fluorine and
_produced by catalytic alkylation of an isoparaf-
finic hydrocarbon with an olefinic hydrocarbon in
the presence of an sctive fluoride catalyst con-
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taining hydrogen fluoride which comprises con-
tacting said mixture with strontium fluoride at a
temperature of from about 100° to about 400° C.,
and recovering the treated hydrocarbons.

12, A process for treating a hydrocarbon mix-
ture containing as an impurity a relatively small
percentage of organically combined fluorine and
produced by catalytic alkylation of an isoparaf-
finic hydrocarbon with an olefinic hydrocarbon
in the presence of an active fluoride catalyst con-
taining hydrogen fluoride which comprises, con-
tacting said mixture with barium fluoride at a
temperature of from about 100° to about 400° C.,
and recovering the treated hydrocarbons. )

13. A process for treating a hydrocarbon mix-
ture containing as an impurity a relatively small
percentage of organically combined fluorine to
remove fluorine therefrom which comprises con-
tacting said mixture with a substantially anhy-
drous fluoride of a metal of group II of the
periodic table at a temperature of from about
100° to about 400° C., and recovering the treated

_hydrocarbons.

14, A process for treating a hydrocarbon mix-
ture containing as an impurity a relatively small
percentage of alkyl fluorides to remove fluorine
therefrom which comprises contacting said mix-
ture with a substantially anhydrous fiuoride of a
metal of group II of the periodic table at a tem-
perature of from about 100° to about 400° C., and
recovering the treated hydrocarbons.
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