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The present invention relates to an improved 
process for producing acetylenic hydrocarbons 
free from any substantial amounts of other un 
saturated hydrocarbons. The invention relates 
more particularly to the vapor phase selective 
halogenation of normally gaseous olefinic hydro 
carbons in admixture with normally gaseous 
acetylenic hydrocarbons. A particular aspect of 
the invention relates to the vapor phase cata 
lytic selective chlorination of ethylene in admix 
ture with acetylene. 

Suitability of acetylenic hydrocarbons, such 

O 

as, for example, acetylene, methyl acetylene, etc., 
as starting or intermediate material in many 
processes for the production of chemical deriva 
tives therefrom is often dependent upon their 
state of purity. Processes enabling the large 
scale production of the acetylenic hydrocarbons, 
such as those comprising the pyrogenic treat 
ment of normally gaseous or normally liquid pe 
troleum hydrocarbons, generally yield products 
containing the desired acetylenic hydrocarbons 
in admixture with other unsaturated hydrocar 
bons not readily separable therefrom by practi 
cal Scale separating means available heretofore. 
In the production of acetylene by the thermal 
treatment of petroleum hydrocarbons complex 
mixtures are obtained containing acetylene in 
admixture with substantial amounts of other 
normally gaseous hydrocarbons such as, for ex 
ample, methane, ethylene, ethane, propylene, 
propane, butylenes, butanes, etc. Removal of 
higher boiling hydrocarbons, such as propane, 
propylene and still higher boiling materials, is 
relatively simple. However, for many uses the 
residual acetylene-containing gas is unsuitable 
because the ethylene which it still contains inter 
feres with the subsequent processes. 
Such mixtures could only be utilized in relatively 
uneconomical ways. Processes have been dis 
closed heretofore enabling the separation, with 
relatively high efficiency, of an acetylene-con 
taining fraction from Such complex mixtures 
which is relatively free of any substantial 
amounts of Saturated hydrocarbons and of un 
saturated hydrocarbons having more than two 
carbon atoms to the molecule such as propylene 
and higher boiling olefins and the diolefilins. 
Such crude acetylene is, however, often contami 
nated with substantial amounts of ethylene ren 
dering the material unsuitable where starting or 
intermediate material of high purity is required. 
Heretofore, the production of commercially pure 
acetylene from such complex mixtures was gen 

Heretofore. 
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erally obtainable only by relatively uneconomi 
cal methods. 

It is an object of the present invention to pro 
vide an improved process for the more eficient 
production of acetylenic hydrocarbons free of 
any substantial amounts of olefinic hydrocar 
bons having the same numper of carbon atoms 
to the molecule as the acetylenic hydrocarbons. 
Another object of the invention is the pro 

vision of an improved process for the more eff 
cient production of acetylene free of any sub 
stantial amounts of ethylene from crude acet 
ylene-containing gaseous mixtures comprising 
the acetylene in admixture with ethylene. 
A more particular object of the invention is 

the provision of an improved process for the 
more efficient production of acetylene of high 
purity from hydrocarbon mixtures obtained by 
the pyrogenic treatment of petroleum hydrocar 
bons and containing the acetylene in admixture 
with substantial amounts of ethylene. 

Still another object of the invention is the 
provision of an improved process for the efficient 
vapor phase selective halogenation of ethylene 
in the presence of substantial amounts of acet 
ylene. Other objects and advantages of the in 
vention will become apparent from the following 
detailed description thereof. 

In accordance with the invention acetylenic 
hydrocarbons which are free from any Substan 
tial amounts of other unsaturated hydrocarbons 
are obtained from mixtures comprising the 
acetylenic hydrocarbons in admixture with other 
unsaturated hydrocarbons having the same 
number of carbon atoms to the molecule as said 
acetylenic hydrocarbons by contacting the acet 
ylenic hydrocarbon-containing mixture in the 
vapor phase, in the presence of a halogen, with 
an alkali metal halide and/or an alkaline earth 
metal halide, thereby selectively halogenating 
substantially all of the olefins in the mixture in 
the absence of any substantial reaction of the 
acetylenic hydrocarbons. 
The process of the invention is broadly ap 

plicable to the selective halogenation of olefins 
in the presence of acetylenic hydrocarbons which 
are not readily separable therefrom by practical 
scale separating means available heretofore. It 
is, however, applied with particular advantage to 
the production of acetylenic hydrocarbons of 
high purity from mixtures consisting essentially 
of a lower acetylenic hydrocarbon, such as, for 
example, acetylene, methyl acetylene, ethyl acet 
ylene, and the like, in admixture with an olefinic 
hydrocarbon having the same number of carbon 
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atoms to the molecule as the acetylenic hydro 
carbon. The process of the invention is of par 
ticular value because of its ability to produce 
acetylene which is substantially free of ethylene 
from gaseous mixtures containing unsaturated 
hydrocarbons consisting essentially of acetylene 
and ethylene with unusually high efficiency. 
A particular advantage of the invention re 

sides in its ability to effect the efficient selective 
halogenation of the olefinic content of acetylene 
olefin mixtures consisting predominantly of 
acetylenic hydrocarbons. Thus acetylene hav 
ing a purity of 99.5% is readily obtained from 
acetylene-ethylene mixtures the ethylene con 
tents of which range from about 1.5 to about 11 
mole per cent. The invention is, however, in no 
wise limited to the treatment of mixtures of acet 
ylenic and olefinic hydrocarbons containing 
acetylene in any specific amount and the ole 
finic content of the hydrocarbon charge to the 
process may range from a fraction of a per 
cent to fifty mole per cent, and higher, of the 
mixture. Materials substantially inert under 
the conditions of execution of the process, such 
as, for example, normally gaseous paraffinic hya 
drocarbons, hydrogen, nitrogen and the like, may 
be comprised in the charge to the reaction zone. 
The halogens employed in the selective halo 

genation of the process are the halogens whose 
atomic numbers, lie in the range of from 17 
to 33 inclusive, that is, chlorine and bromine. 
Of the suitable halogens, chlorine, because of its 
generally greater availability, is usually pre 
ferred. Halogen is introduced into the systern 
at a rate which will assure its passage into the 
reaction zone in an amount substantially equal 
to the stoichiometrical amount required to effect 
the addition halogenation of the olefin-content 
of the hydrocarbon charge. Although the halo 
gen may be introduced into the reaction zone 
in amounts exceeding such stoichiometrical 
amount, its introduction in substantial excess is 
preferably avoided. It is further to be under 
stood that the amount of halogen added will 
be governed by the degree of purity of the acet 
ylenic hydrocarbons desired. When it is not in 
tended to effect the removal of substantially all 
of the olefins from the acetylenic hydrocarbons, 
the halogen is added in amounts below the 
stoichiometrical equivalent of the olefinic con 
tent of the charge. 
The selective halogenation in accordance with 

the process of the invention is effected in the 
presence of a catalyst the effective component 
of which consists of one or more alkali and/or 
alkaline earth metal halides. The suitable hal 
ides employed are the halides of the members 
of the left-hand sub-group of groups I and II 
of the periodic table. Suitable halides of the 
alkali and/or alkaline metal halides which are 
employed, comprise the chlorides, bromides, fluo 
rides, iodides and mixed halide salts. Examples 
of such suitable catalysts are: NaCl, KC, LiCl, 
RbCl, CsC, CaCl2, BaCl2, SrCl2, NaBr, KBr, 
LiBr, CaBr2 Srbra, BaBra, KI, NaI, NaF, BaF2, 
Ca2, CaF2, CSI, Csbr, KF, etc. Of these salts the 
chlorides, bromides and fluorides are preferred. 
Of these materials those of granular form, as 
distinct from those of crystalline form, are gen 
erally preferred. 
The salts may be employed as such by them 

selves, or may be used in admixture with or Sup 
ported upon, suitable solid carriers which are 
not attacked by the halogen and which are sub 
stantially inert under the reaction conditions, 
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4. 
Such solid support or diluent materials comprise, 
for example, silica, Celite, magnesia, carbon, 
Carborundum, silicon carbide, crushed brick, 
gravel, diatomaceous earths, asbestos, etc. Of 
these carrier and/or diluent materials those of 
porous structure are particularly preferred. The 
invention is in no wise limited to the utilization 
of catalysts and carriers comprised in the above 
defined broad class obtained from any specific 
source or produced by any specific method of 
preparation. The halide salts are preferably em 
ployed in the anhydrous state. 

In the process of the invention the hydrocar 
bon charge is contacted with the catalyst at a 
temperature in the range of from about -50 to 

t 300° C., and preferably from about 50 to 
00° C. 

pheric, atmospheric and superatmospheric pres 
Sures enabling the maintenance of at least a Sub 
stantial part of the hydrocarbon charge in vapor 
phase are employed. Pressures in the range of, 
for example, from about atmospheric to about 
150 p.s. i. g. have been found satisfactory in the 
treatment of acetylene-ethylene containing mix 
tures. Time of contact will vary of course with 
variations in composition of the charge, the type 
of catalyst, operating conditions and degree of 
purity of the acetylenic hydrocarbons desired. 
Under the above-defined conditions substan 

tially all of the olefin content of the charge will 
be selectively halogenated and converted to or 
ganic reaction products consisting essentially of 
the halo-olefin addition product. Thus, in the 
treatment of a mixture consisting essentially of 
acetylene and ethylene with chlorine under the 
above-defined conditions, the ethylene in the 
charge is selectively converted to reaction prod 
ucts consisting essentially of ethylene dichloride 
in the absence of any substantial reaction of the 
acetylene. When bromine is employed as the 
halogen the ethylene is selectively halogenated 
to reaction products consisting essentially of 
ethylene dibromide. 
The process of the invention is executed in any 

suitable type of conventional apparatus enabling 
the contact of the hydrocarbon and halogen 
charge with the catalyst in the vapor phase un 
der the above-described operating conditions. 
The reactors employed may comprise One Or 
more zones of enlarged cross-sectional area, such 
as a chamber, and/or of restricted cross-sec 
tional area, such as an elongated coil. Suitable 
means are provided for introduction of reactants 
and catalysts and for the maintenance of the 
operating conditions of temperature and pres 
sure therein. The hydrocarbon charge and the 
halogen may be mixed prior to introduction into 
the reaction zone at one or a plurality of points 
along the length thereof. A part of the hydro 
carbon charge and/or the halogen may be in 
troduced separately into the reaction zone. 

Effluence from the reaction zone is passed to 
conventional product-separating means wherein 
the acetylenic hydrocarbon is separated from 
the organic reaction products comprising olefin 
halides and any remaining unconverted halogen. 
The separating means may comprise, for exam 
ple, one or more such steps as adsorption, distill 
lation, solvent extraction, scrubbing, and the like. 
The following examples are illustrative of the 

production of an acetylenic hydrocarbon in a 
high state of purity from a mixture consisting 

75 
essentially of an acetylenic hydrocarbon and an 
Olefia; 

Pressures employed may vary widely 
within the scope of the invention. Subatmos 
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A 10 ft. long tubular reactor having an inside 
diameter of one inch is packed with 4-6 mesh 
granular calcium chloride. A gaseous mixture 
consisting essentially of 89 mole per cent acet- . 
ylene and 11 mole per cent ethylene is passed 
through the reactor at a rate of 10 gram-moles 
per hour. Chlorine is mixed with the hydrocar 
bon charge prior to its passage into the reactor 
at the rate of 1.16 gram moles per hour. The 
pressure in the reactor is maintained at 6.5 atin. 
and the temperature at 100° C. Suitable precau 
tions are taken to prevent acetylene explosions. 
Reaction of the chlorine proceeds to substantial 
completion. Effluence from the reactor is passed 
through charcoal absorbers wherein chlorinated 
hydrocarbons are removed. The gas leaving the 
charcoal absorbers is analyzed and found to 
contain about 99.4 per cent acetylene and only 
about 0.6 per cent ethylene. About 99 mole per 
cent of the acetylene charged is recovered. 
At intervals the charcoal absorbers are regen 

erated by passage of steam through them. The 
efluent steam is condensed and organic chlorides 
separated from the water by stratification. An 
alysis of the separated organic chlorides shows 
that they contain about 92 per cent ethylene di 
chloride, about 8 per cent trans-dichloroethylene 
with minor traces of cis-dichloroethylene and 
high boiling compounds. 

Eacample II 
A catalyst is prepared by soaking 0.5 inch pel 

lets of diatomaceous earth in sodium chloride 
solution, draining excess liquid therefrom and 
drying the impregnated diatomaceous earth. The 
pellets are found to contain 5 per cent sodium 
chloride by weight. A 10 foot long reactor hav 
ing an inside diameter of 12 inches is packed with 
the dried sodium chloride-impregnated pellets. 
A gaseous mixture consisting essentially of 98.5 

per cent acetylene and 1.5 per cent ethylene is fed 
to the reactor at a feed rate of 100 gram-moles 
per hour. Chlorine is mixed with the hydrocar 
bon stream at a rate of 3.3 gram-moles per hour. 
The pressure in the reactor is maintained at one 
atmosphere and the temperature at 150° C. 
Effluence from the reaction zone is scrubbed with 
kerosene to absorb chlorinated hydrocarbons. 
The scrubbed gas is analyzed and found to Con 
tain over 99.9 per cent acetylene and less than 0.1 
per cent ethylene. 
The claimed invention is: 
1. The process for separating a normally gase 

ous acetylenic hydrocarbon in a high state of 
purity from a hydrocarbon mixture consisting es 
sentially of a normally gaseous acetylenic hydro 
carbon and an olefin having the same number of 
carbon atoms to the molecule as said acetylenic 
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assoria 
gaseous mixture containing unsaturated hydro 
carbons consisting essentially of a normally gase 
Ous acetylenic hydrocarbon and an olefin having 
the same number of carbon atoms to the molecule 
as said acetylenic hydrocarbon, which comprises 
contacting said mixture in admixture with a 
halogen having an atomic number in the range 
of from 17 to 35 inclusive in the vapor phase 
with a solid halide of a member of the left-hand sub-group of groups I and II of the periodic table 
at a temperature of from about -50 to about 
300 C., Said halogen being present in an amount 
Substantially equal to the stoichiometrical 
amount required to effect the addition halogena 
tion of the olefin content of said mixture, there 
by selectively halogenating said olefin leaving 
Substantially all of said, acetylenic hydrocarbon 
unchanged, and recovering the acetylenic hydro 
carbon originally present in said mixture from 
the resulting halogenated olefin. 

3. The process for separating a normally gase 
ous acetylenic hydrocarbon in a high state of 
purity from a hydrocarbon mixture consisting 
essentially of a normally gaseous acetylenic hy 
drocarbon and an olefin having the same number 
of carbon atoms to the molecule as said acetylenic 
hydrocarbon, which comprises contacting said 
mixture in admixture with chlorine in the vapor 
phase with Solid calcium chloride at a tempera 
ture of from about 50 to 200° C., said chlorine 
being present in said admixture in an amount 

stoichiometrical 
amount required to effect the addition chlorina 
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hydrocarbon, which comprises contacting said 60 
mixture in admixture with a halogen having an 
atomic number in the range of from 17 to 35 
inclusive in the vapor phase with a solid halide 
of a member of the left-hand Sub-group of groups 
I and II of the periodic table at a temperature 
of from about -50 to about 300° C., said halogen 
being present in an amount substantially equal 
to the stoichiometrical amount required to effect 
the addition halogenation of the olefin content 
of said mixture, thereby selectively halogenating 
said olefin leaving substantially all of Said acety 
lenic hydrocarbon unchanged, and recovering the 
acetylenic hydrocarbon originally present in said 
mixture from the resulting halogenated olefin. 

2. The process for removing olefins from a 
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tion of the olefin content of said mixture, thereby 
Selectively chlorinating said olefin leaving sub 
stantially all of the acetylenic hydrocarbon un 
changed, and recovering the acetylenic hydro 
carbon originally present in said mixture from 
the resulting chlorinated olefin. 

4. The process for separating normally gase 
Ous acetylenic hydrocarbon in a high state of 
purity from a hydrocarbon mixture consisting es 
Sentially of a normally gaseous acetylenic hy 
drocarbon and an olefin having the same number 
of carbon atoms to the molecule as said acetylenic 
hydrocarbon, which comprises contacting said 
mixture in admixture with chlorine in the vapor 
phase with Solid sodium chloride at a temperature 
of from about 50 to about 200° C., said chlorine 
being present in said admixture in an amount sub 
stantially equal to the stoichiometrical amount 
required to effect the addition chlorination of the 
olefin content of said mixture, thereby selectively 
chlorinating said olefin leaving substantially all 
of the acetylenic hydrocarbon unchanged, and 
recovering the acetylenic hydrocarbon originally 
present in said mixture from the resulting chlor 
inated olefin, . 

5. The process for separating acetylene in a 
high state of purity from a hydrocarbon mixture 
consisting essentially of acetylene and ethylene 
which comprises contacting said mixture in ad 
mixture with a halogen having an atomic num 
ber in the range of from 17 to 35 inclusive in the 
vapor phase with a solid halide of a member of 
the left-hand sub-group of groups I and II of the 
periodic table at a temperature of from about 
-50 to about 300° C., said halogen being present 
in said admixture in an amount Substantially 
equal to the stoichiometrical amount required to 
effect the addition halogenation of the ethylene 
content of said mixture, thereby selectively halo 
genating said ethylene leaving substantially all 
of the acetylene unchanged, and recovering the 
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acetylene originally present in said mixture from 
the resulting halogenated ethylene. 

6. The process for removing ethylene from a 
gaseous mixture containing unsaturated hydro 
carbons consisting essentially of acetylene and 
ethylene which comprises contacting said mix 
ture in admixture with a halogen having an 
atomic number in the range of from 17 to 35 in 
clusive in the vapor phase with a solid halide of 
a member of the left-hand sub-group of groups 
I and I of the periodic table at a temperature of 
from about -50 to about 300° C., said halogen 
being present in said admixture in an amount 
substantially equal to the stoichiometrical 
amount required to effect the addition halogenas 
tion of the ethylene content of Said mixture, 
thereby selectively halogenating said ethylene 
leaving Substantially all of the acetylene un 
changed, and recovering the acetylene originally 
present in Said mixture from the resulting halo 
genated ethylene. - 

7. The process for separating acetylene in a 
high state of purity from a hydrocarbon mixture 
consisting essentially of acetylene and ethylene 
which comprises contacting said mixture in ad 
mixture with chlorine in the vapor phase with 
a solid chloride of a member of the left-hand sub 
group of groupS and I of the periodic table at 
a temperature of from about -50 to about 300° 
C., said chlorine being present in said admixture 
in an amount substantially equal to the stoichi 
ometrical amount required to effect the addition 
chlorination of the ethylene content of said mix 
ture, thereby selectively chlorinating ethylene 
leaving substantially all of the acetylene un 
changed, and recovering the acetylene originally 
present in Said mixture from the resulting chlor 
inated ethylene. . 

8. The process for removing ethylene from a 
gaseous mixture containing unsaturated hydro 
carbons consisting essentially of acetylene and 
ethylene which comprises contacting said mix 
ture in admixture with chlorine in the vapor 
phase with a solid chloride of a member of the 
left-hand Sub-group of groupS I and II of the 
periodic table at a temperature of from about 
-50 to about 300° C., said chlorine being present 
in Said mixture in an amount Substantially equal 
to the stoichiometrical amount required to effect 
the addition chlorination of the ethylene content 
of said mixture, thereby selectively chlorinating 
ethylene leaving substantially all of the acetylene 
unchanged, and recovering the acetylene orig 
inally present in said mixture from the resulting 
chlorinated ethylene. 

9. The process for separating acetylene in a 
high state of purity from a hydrocarbon mixture 
consisting essentially of acetylene and ethylene 
which comprises contacting said mixture in ad 
mixture with chlorine in the vapor phase with 
solid sodium chloride at a temperature of from 
about 50 to about 200° C., said chlorine being 
present in said admixture in an amount substan 
tially equal to the stoichiometrical amount re 
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8 
quired to effect the addition chlorination of the 
ethylene content of said mixture, thereby selec 
tively chlorinating ethylene leaving substantially 
all of the acetylene unchanged, and recovering 
the acetylene originally present in said mixture 
from the resulting chlorinated ethylene. 

10. The process for separating acetylene in a 
high state of purity from a hydrocarbon mixture 
consisting essentially of acetylene and ethylene 
which comprises contacting said mixture in ad 
mixture with chlorine in the vapor phase with 
Solid calcium chloride at a temperature of from 
about 50 to about 200 C., said chlorine being 
present in said admixture in an amount sub 
stantially equal to the stoichiometrical amount 
required to effect the addition chlorination of the 
ethylene content of said mixture, thereby selec 
tively chlorinating ethylene leaving substantially 
all of the acetylene unchanged, and recovering 
the acetylene originally present in said mixture 
from the resulting chlorinated ethylene. 

11. The process for treating a normally gaseous. 
acetylenic hydrocarbon containing an olefinic 
hydrocarbon having the same number of carbon 
atoms to the molecule as said acetylenic hydro 
carbon, which comprises contacting said mixture 
in admixture with a halogen having an atomic 
number in the range of from 7 to 35 inclusive 
in the vapor phase with a solid halide of a mem 
ber of the left-hand sub-group of groups I and 
II of the periodic table at a temperature of from 
about -50 C. to about 300° C., said halogen being 
present in said admixture in an amount substan 
tially equal to the stoichiometrical amount re 
quired to effect the addition halogenation df the 
olefin content of said mixture, thereby selectively 
halogenating said olefin leaving substantially all 
of the acetylenic hydrocarbon unchanged. 

12. The process for treating a normally gaseous 
acetylenic hydrocarbon containing an olefinic hy 
drocarbon having the same number of carbon 
atoms to the molecule as said acetylenic hydro 
carbon, which comprises contacting said mixture 
in admixture with chlorine in the vapor phase 
with solid sodium chloride at a temperature of 
from about -50° C. to about 300° C., Said chlorine 
being present in said admixture in an amount 
substantially equal to the stoichiometrical 
amount required to effect the addition chlorinar 
tion of said olefinic hydrocarbon, thereby selec 
tively chlorinating said olefinic hydrocarbon 
leaving substantially all of said acetylenic hydro 
carbon unchanged. 

HARRY A. CHENEY. 
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