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This invention relates more particularly to the 
Conversion of Straight chain hydrocarbons into 
closed chain cyclic hydrocarbons. 
More specifically it is concerned with a process 

5 involving the use of special catalysts and specific 
conditions of operation in regard to temperature, 
pressure, and time of reaction whereby certain 
types of acetylenic hydrocarbons can be efficient 
ly converted into aromatic hydrocarbons. 
The search for catalysts to specifically control 

and accelerate desired conversion reactions 
among hydrocarbons has been attended with the 
usual difficulties encountered in finding 'catalysts 
for other types of reactions since there are no 

is basic laws or rules for predicting the effective 
ness of catalytic materials and the art as a 
whole is in a more or less empirical state. In 
using many catalysts even in connection with 
Conversion reactions among pure hydrocarbons 

20 and particularly in connection with the con 
version of the relatively heavy distillates and 
residua, which are available for cracking, there 

0 

is a general tendency for the decomposition re 
actions to proceed at a very rapid rate, necessi 

25 tating the use of extremely short time factors 
and very accurate control of temperature and 
pressure to avoid too extensive decomposition. 
There are further difficulties encountered in 
maintaining the efficiency of catalysts employed 

30" in pyrolysis since there is usually a rapid deposi 
tion of carbonaceous materials on their surfaces 
and in their pores. 
In one specific embodiment the present in 

vention comprises the conversion of acetylenic 
35 hydrocarbons having six or more carbon atoms 

in straight chain arrangement into aromatic hy 
drocarbons by subjecting them at elevated tem 
peratures of the order of 450-700° C. to contact 
for definite times of the order of 0.1-30 seconds 

40 with catalytic materials comprising major pro 
portions of refractory carriers of relatively low 
catalytic activity supporting minor proportions 
of compounds of elements selected from those 
occurring in the lefthand column of Group IV of 

45 the periodic table, these compounds having rel 
atively high catalytic activity. 

In accordance with the present invention, 
acetylenic hydrocarbons such as hexine, heptine, 
and octine are dehydrogenated and cycled in 

50 such a way that the chains of carbon atoms 
undergo ring closure to produce benzene or 
higher molecular weight alkyl derivatives there 
of. For the sake of illustrating and exemplify 
ing the type of hydrocarbon conversion reac 

55 tions which are accelerated under the preferred 

(C. 260-668) 
conditions of operation by the present types of 
catalysts, the following structural equations, are 
introduced: 
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Under properly controlled conditions of times 
of contact, temperature, and pressure which ob 
viously. Vary With the particular compound un 
dergoing treatment, once-through yields of ar 
omatics of the order of 25% to 50% by weight 
are obtainable which can be increased to over 
70% by recycling the unconverted material. 
This type of reaction was unpredictable in view 
of the type of hydrocarbon furnishing the start 
ing material and the results obtained were quite 
unexpected. The reaction mechanisms leading 
to the formation of aromatics from the acetylenic 
hydrocarbons are probably of a complicated 
character since there must obviously be Some 
shifting of the bonds between carbon atoms to 
produce aromatics characterized by So-called al 
ternate double bonds. 

It will be seen from the foregoing that the 
scope of the present invention is preferably 
limited to the treatment of acetylenic hydro 
carbons which contain at least 6 carbon atoms in 
straight chain arrangement. In the case of 
acetylene hydrocarbons containing less than 6 
carbon atoms in linear arrangement, SOme for 
mation of aromatics may take place due to pri 
mary isomerization and/or polymerization reac 
tions although obviously the extent of these will 
vary considerably with the type of compound and 
the conditions of operation. The process is 
readily applicable to acetylenes from hexine up 
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2 
to dodecine. With increase in molecular Weight 
beyond this point the percentage of undesirable 
side reactions tends to increase and yields of the 
desired alkylated aromatics decrease in pro 
portion. 
The present invention is characterized by the 

use of a particular group of composite catalytic 
materials which employ as their base catalysts 
certain refractory oxides and silicates which in 
themselves. may have some slight specific catalytic 
ability in the dehydrogenation and cyclization 
reactions but which are improved greatly in this 
respect by the addition of certain promoters or 
Secondary catalysts in minor proportions. These 
base supporting materials are preferably of a 
rugged and refractory character capable of with 
standing the Severe use to which the catalysts 
are put in regard to temperature during service 
and in regeneration by means of air or other 
oxidizing gas mixtures after they have become 
fouled with carbonaceous deposits after a period 
of service. AS examples of materials which may 
be employed in granular or pelleted form as sup 
ports for the preferred catalytic substances may 
be mentioned the following: 
Magnesium oxide 
Aluminum oxide 
Bauxite Crushed firebrick 
Bentonite clays Crushed silica 

Glauconite (greensand) 
It should be emphasized that in the field of 

catalysis there have been very few rules evolved 
which will enable the prediction of what ma 
terials will catalyze a given reaction. Most of 
the catalytic Work has been done on a purely 
empirical basis, even though at times, certain 
groups of elements or compounds have been found 
to be more or less equivalent in accelerating 
certain types of reactions. 
In regard to the base catalytic materials which 

are preferably employed according to the present 
invention, Some precautions are necessary to in 
sure that they possess proper physical and chemi 
cal characteristics before they are impregnated 
with the promoters to render them more efficient. 
In regard to magnesium oxide, which may be 
alternatively employed, this is most conveniently 
prepared by the calcination of the mineral 
magnesite which is most commonly encountered 
in a massive or earthy variety and rarely in 
crystal form, the crystals being usually rhom 
bohedral. In many natural magnesites, the 
magnesium oxide may be replaced to the extent of 
several per cent by iron oxide. The mineral is 
of quite common Occurrence and readily obtain 
able in quantity at a reasonable figure. 
pure compound begins to decompose to form the 
oxide at a temperature of 350° C., though the 
rate of decomposition only reaches a practical 
value at considerably higher temperatures, usually 
of the Order of 800° C. to 900° C. Magnesite is 
related to dolomite, the mixed carbonate of 
calcium and magnesium, which latter mineral, 
however, is not of as good service as the relatively 
pure magnesite in the present instance. Mag 
nesium carbonate prepared by precipitation or 
other chemical methods may be used alternatively 
in place of the natural mineral. It is not neces 
sary that the magnesite be completely converted 
to oxide but as a rule it is preferable that the 
conversion be at least Over 90%, that is, so that 
there is less than 10% of the original carbonate 
remaining in the ignited material. 
Aluminum oxide which is generally preferable 

Montmorillonite clays 
Kieselguhr 

The - 

2,217,009 
as a base material for the manufacture of 
catalysts for the process may be obtained from 
natural aluminum oxide minerals or ores such as 
bauxite or carbonates such as dawsonite by proper . 
calcination, Or it may be prepared by precipita 
tion of aluminum hydrate from solutions of 
aluminum sulfate, nitrate, chloride, or different 
other salts, such as alums, and dehydration of 
the precipitate of aluminum hydroxide by heat. 
Usually it is desirable and advantageous to 
further treat it with air or other gases, or by 
other means to activate it prior to use. 
Three hydrated oxides of aluminum occur in 

nature, to wit, hydrargillite or gibbsite having 
the formula, Al2O3.3H2O, bauxite having the 
formula Al2O3.2H2O, and diaspore having the 
formula. Al2O3.H2O. Of these three minerals the 
corresponding oxides from the trihydrated and 
dihydrated minerals are Suitable for the manu 
facture of the present type of catalysts and these 

5 

O 

5 

20 
materials have furnished types of activated 
alumina which are entirely satisfactory as Sup 
ports for the preferred catalysts. Precipitated 
trihydrates can also be dehydrated at moderately 
elevated temperatures to form satisfactory alu 
mina Supports. The mineral daWSonite having 
the formula Na3A (CO3)3.2Al(OH)3 is another 
mineral which may be used as a source of alumi 
num oxide, the calcination of this mineral giving 
an alkalized aluminum oxide which is apparently 
more effective as a Support in that the catalyst is 
more easily regenerated after a period of service. 
Alumina in the form of powdered corundum is 
not suitable as a base. 
It is best practice in the final steps of prepar 

ing aluminum oxide as a base catalyst to ignite 
the hydrated oxides for some time at tempera 
tures within the approximate range of 600-750 
C., which probably does not correspond to com 
plete dehydration of the hydroxides but appar 
ently gives a catalytic material of good strength 
and porosity so that it is able to resist for a long 
period of time the deteriorating effects of the 
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service and regeneration periods to which it is 
subjected. In the case of the clays which may 
serve as base catalytic material for supporting 

45 

promoters, the better materials are those which 
have been acid treated to render them more 
siliceous. These may be pelleted or formed in 
any manner before or after the addition of the 
promoter catalyst since ordinarily they have a 
high percentage of fines. The addition of cer 
tain of the promoters, however, exerts a binding 
influence so that the formed materials may be 
employed without fear of structural deteriora 
tion in Service. 
Our investigations have also definitely demon 

strated that the catalytic efficiency of such sub 
stances as alumina, magnesium oxide, and clays 
which may have some catalytic potency in them 
selves is greatly improved by the presence of 
compounds of the preferred elements in rela 
tively minor amounts, usually of the order of less 
than 10% by weight of the carrier. It is most 
common practice to utilize catalysts comprising 
2 to 5% by Weight of these compounds, particu 
larly their lower oxides. 
The promoters which are used in accordance 

with the present invention to produce active 
catalysts of the base materials include generally 
compounds and more particularly oxides of the 
elements in the lefthand column of Group IV 
of the periodic table including titanium, zircon 
ium, cerium, hafnium, and thorium. In general 
practically all of the compounds of the preferred 
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2,217,009 
elements will have some catalytic activity though 
as a rule the Oxides and particularly the lower 
oxides are the best catalysts. Catalyst COm 
posites may be prepared by utilizing the soluble 
compounds of the elements in aqueous solutions, 
from which they are absorbed by prepared gran 
ular carriers or from which they are deposited 
upon the carriers by evaporation of the solvent. 
The invention further comprises the use of 
catalyst composites made by mixing relatively 
insoluble compounds with carriers either in the 
wet or the dry condition. In the following para 
graphs some of the compounds of the elements 
listed above are given which are soluble in Water 
and which may be used to add catalytic material 
to carriers. The known Oxides of these elements 
are also listed. 

Titanian 

Compounds which will ultimately yield titanium 
catalysts on heating to a proper temperature are 
absorbed by stirring them with warm aqueous 
solutions of Soluble titanium compounds, such as 
for example titanium nitrate having the formula 
5TiO2.N2O5.6H2O, which is sufficiently soluble in 
warm water to render it, readily utilizable as a 
source of titanium oxides. Other soluble com 
pounds which may be used to form catalytic de 
posits containing titanium are the various alkali 
metal titanates. Other compounds of titanium 
acids, including compounds of the alkaline earth 
and heavy metals may be distributed upon the 
carriers by mechanical mixing either in the wet 
or the dry condition. The lower oxides are gen 
erally the best catalysts. The oxide resulting 
from the decomposition of such compounds as 
the nitrate and the hexahydrate is for the most 
part the dioxide TiO2. This oxide, however, is 
reduced by hydrogen, or by the gases and vapor 
ous products resulting from the decomposition 
of the Enono-olefins treated in the first stages of 
the reactions so that the essential catalyst for 
the larger portion of the period of Service is the 
sesquioxide Ti2O3. 

Zirconium 

The soluble compounds of zirconium which 
may be used as primary sources of catalytic ma 
terials in aqueous solution include the slightly 
soluble zirconium ammonium fluoride, the tetra 
chloride, the fluoride, the iodide and particularly 
the more soluble selenate and sulfate. The crys 
talline Selenate has the formula Zr(SeO4)2.4H2O 
and the Sulfate which is the more soluble of the 
two, has the formula Zr(SO4)2.4H2O. As in the 
case of the other alternative elements the tetra 
hydroxide may be precipitated from a solution of 
the sulfate or other soluble salt onto the surface 
and into the pores of an active granular carrier 
by the addition of alkaline carbonate or hydrox 
ide precipitants, after which the zirconium hy 
droxide is ignited to produce the dioxide. The 
principal oxide of zirconium is the dioxide and 
there is little evidence to indicate the existence 
of a monoxide since the dioxide is not reducible 
by hydrogen at moderate temperatures and it 
has been shown that carbon in the electric fur 
nace reduces the dioxide directly to the metal. 

Cerium 
A properly prepared and activated carrier is 

ground and sized to produce granules of relatively 
Small mesh of the approximate order of from 4 
to 20 and these may be caused to absorb com 
pounds which will ultimately yield compounds 

3 
of cerium on heating to a proper temperature by 
stirring them with warm aqueous solutions of 
soluble cerium compounds, such, as for ex 
ample cerium nitrate having the formula, 
Ce(NO3)3.6HaO, which is sufficiently soluble in 
warm water to render it readily utilizable as a 
source of cerium oxides. Other soluble com 
pounds which may be used to form catalytic de 
posits containing cerium are the various alkali 
metal cerous nitrates, such as for example 
sodium cerous nitrate having the formula 
2NaNO3.Ce(NO3)3.H2O. As a rule the lower ox 
ides are the best catalysts. Cerium has a num 
ber of oxides including the trioxide CeO3, the 
dioxide CeO2, the heptoxide Ce4O7, and sesqui 
oxide Ce2O3. The dioxide results from the igni 
tion of cerous nitrate, cerous sulfate, cerous car 
bonate or cerous Oxalate and also from the igni 
tion of ceric nitrate, ceric sulfate or ceric hy 
droxide. Hydrogen reduces the dioxide to the 
heptoxide, and it is probable that this Oxide plus 
a certain amount of the sesquioxide are active 
catalysts. 

Hafnium 
In general the properties of hafnium from a 

chemical and to some extent a catalytic stand 
point are intermediate between those of zir 
Conium and thorium though in most reactions 
hafnium compounds more closely correspond to 
those of zirconium. There is but one known 
Oxide, the dioxide Efog and this Oxide is not 
readily reducible and probably exists as such 
when used in minor proportions as a constituent 
of catalyst composites in hydrocarbon dehydro 
genation reactions. Soluble compounds of half 
nium include the oxychloride having the formula 
HfOCl2.8H2O and the oxalate which is soluble 
in an excess of Oxalic acid. The mixing of this 
Oxalate Solution with the miscellaneous carriers 
proposed and the evaporation of the solution 
gives a residual material which can be ignited to 
leave a residue of the dioxide. Hafnium sulfate 
catalysts may be developed by igniting compos 
ites of relatively inert carriers and hafnium sul 
fate at temperatures of about 500° C. On ac 
Count of the rarity of hafnium its compounds are 
Seldom commercially utilizable although the 
Oxide in particular has been found to exert a 
good catalytic influence in the types of reactions 
under consideration. 

Thoritin 

The element thorium furnishes a number of 
compounds which can be used as primary sources 
of catalytic material for deposition upon the 
types of carriers disclosed. The following com 
pounds are sufficiently soluble in water to enable 
them to be used in aqueous solution to saturate 
prepared granular carrier particles: the bromide 
ThBr4, the chloride Thcl4, the iodide ThI, and 
the nitrate ThCNO3)4 which is most conven 
iently used as the tetrahydrated or dodecahy 
drated salt. . From any of the soluble salts men 
tioned the tetrahydroxide ThCOH)4 may be pre 
cipitated by the use of alkali carbonates or 
alkali hydroxides and then ignited to produce 
the dioxide. The phosphates and sulfates and 
the sulfide are relatively insoluble and may be 
incorporated with the carrier particles either in 
the wet or the dry condition. The nitrate may 
be directly ignited, of course, to produce the 
dioxide. 
While the identification of some other oxides 

of thorium such as the pentatrioxide Thaos and 
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the monoxide Tho has been claimed as well as 
a peroxide having the formula. Th2O7, it has been 
shown that the principal oxide catalyst in oper 
ations of the present character is the ordinary 
dioxide. It is to be emphasized that the oxide 
is the preferred catalyst since in general it ex 
hibits greater and more selective catalytic action 
than any other compounds which may be formed 
upon the carrier Surfaces. 
The most general method for adding promot 

ing materials to the preferred base catalysts, 
which if properly prepared have a high adsorp 
tive capacity, is to stir the prepared granules of 
from approximately 4 to 20 mesh into solutions 
of salts which will yield the desired promoting 
compounds on ignition under suitable conditions. 
In some instances the granules may be merely 

... stirred in slightly warm solutions of salts until 
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the dissolved compounds have been retained on 
the particles by absorption or occlusion, after 
which the particles are separated from the excess 
solvent by settling or filtration, washed with 
water to remove excess Solution, and then ig 
nited to produce the desired residual promoter. 
In cases of certain compounds of relatively low 
solubility it may be necessary to add the Solu 
tion in successive portions to the adsorbent base. 
catalyst with intermediate heating to drive off 
solvent in order to get the required quantity of 
promoter deposited upon the surface and in the 
pores of the base catalyst. The temperatures 
used for drying and calcining after the addition 
of the promoters from solutions will depend en 
tirely upon the individual characteristics of the 
Compound added and so general ranges of tem 
perature can be given for this step. 
In some instances promoters may be deposited 

from solution by the addition of precipitants 
which cause the deposition of precipitates upon 
the catalyst granules. As a rule methods of me 
chanical mixing are not preferable, though in 
some instances in the case of hydrated or readily 
fusible compounds these may be mixed with the 

s 

proper proportions of base catalysts and uni 
formly distributed during the condition of fusing 
Or fluxing. 
In regard to the relative proportions of base 

catalyst and promoting materials it may be 
stated in general that the latter are less than 
10% by weight of the total composites. The 
effect upon the catalytic activity of the base 
catalysts caused by varying the percentage of 
any given compound Or mixture of compounds 
deposited thereon is not a matter for exact cal 
culation but more One for determination by ex 
periment. Frequently good increases in catalytic 
effectiveness are obtainable by the deposition of 
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as low as 1% or 2% of a promoting compound 
upon the Surface and in the pores of the base 
catalyst, though the general average is about 5%. 

It has been found essential to the production 
of high yields of aromatics from acetylenic hy 
drocarbons when using the preferred types of 
catalysts that depending upon the acetylenic hy 
drocarbons or mixture of hydrocarbons being 
treated, temperatures from 450-700° C. should 
be employed, contact times of approximately 
0.1 to 30 seconds and pressures approximating 
atmospheric. The times of contact most com 
monly employed with acetylenic hydrocarbons 
having from 6-12 carbon atoms to the molecule 
are of the order of 10 to 20 seconds. It will be 
appreciated by those familiar with the art of 
hydrocarbon conversion in the presence of cata 
lysts that the factors of temperature, pressure, 

and time will frequently have to be adjusted 
from the results of preliminary experiments to 
produce the best results in any given instance. 
The criterion of the yield of an aromatic having 
the same number of carbon atoms in the ring 
as the original acetylenic hydrocarbon charged 
had in the chain will serve to fix, the best condi 
tions of operation. In a general sense, the rela 
tions between time, temperature, and pressure 
are preferably adjusted so that rather intensive 
conditions are employed of sufficient severity to 
insure a maximum amount of the desired 
cyclization reactions with a minimum of unde 
sirable side reactions. 
In Operating the process the general procedure 

is to vaporize hydrocarbons or mixtures of hydro 
carbons and after heating the vapors to a suit 
able temperature within the ranges previously 
Specified, to pass them through stationary masses 
of granular catalytic material in vertical cylin 
drical treating columns or banks of catalyst-con 
taining tubes in parallel connection. Since the 
reactions are endothermic it may be necessary 
to apply some heat externally to maintain the 
best reaction temperature. After passing through 
the catalytic Zone the products are submitted to 
fractionation to recover cuts or fractions con 
taining the desired aromatic product with the 
separation of fixed gases, unconverted hydrocar 
bons and heavier residual materials, which may 
be disposed of in any suitable manner depend 
ing upon their composition. The overall yield. 
of aromatics may be increased by recycling the 
unconverted acetylenic hydrocarbons to further 
treatment with fresh material, although this is 
a more or less obvious expedient and not specifi 
cally characteristic of the present invention. 
The present types of catalysts owning to their 

more or less specific action under the limited 
conditions of operation specified maintain their 
activity over relatively long periods of time. 
However, when their activity begins to diminish 
after a period of service, it is readily regenerated 
by the simple expedient of oxidizing with air or 
other oxidizing gas at a moderately elevated tem 
perature, usually within the range employed in 
the dehydrogenation and cyclization reactions, 
This Oxidation effectively removes traces of car 
bon deposits which contaminate the surface of 
the particles and decrease their efficiency. It is 
characteristic of the present types of catalysts 
that they may be repeatedly regenerated with 
only a very gradual loss of catalytic efficiency. 
During oxidation with air or other oxidizing 

gas mixture in regenerating partly spent mate 
rial, there is evidence to indicate that when the 
lower oxides are employed, they are to a large 
extent, if not completely, oxidized to higher oxides 
which combine with basic carriers to form com 
pounds of variable composition. Later these com 
pounds are decomposed by contact with reducing 
gases in the first stages of service to reform the 
lower oxides and regenerate the real catalyst and 
hence the catalytic activity. 

Eacample I 
The general procedure for manufacturing the 

catalyst was to dissolve titanium nitrate in cold 
water and utilize this solution as a means of 
eventually adding titanium oxides to a carrier. 
A saturated solution of titanium nitrate in 100 
parts of water was prepared and the solution was 
then added to about 250 parts by Weight of ac 
tivated alumina, which had been produced by cal 
cining bauxite at a temperature of about 700° C. 
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2,217,009 
followed by grinding and sizing to produce par 
ticles of approximately 8-12 mesh. Using the 
proportions stated, the alumina exactly absorbed 
the Solution and the particles were first dried at 
100° C. for about two hours and the temperature 
was then raised to 350° C. in a period of eight 
hours. After this calcining treatment the par 
ticles were placed in a reaction chamber and the 
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titanium oxides reduced in a current of hydrogen 
at about 500 C., when they were then ready for 
service. - 

Hexine-1 was vaporized and passed over the 
granular catalyst prepared as described, using a 
temperature of 510 C., substantially atmospheric 
preSSure, and a time of contact of 16 seconds. 
The yield of pure benzene under these conditions 
was found to be 24 by weight of the normal 
hexine-1 charged. By recycling of the uncon 
Verted material the ultimate yield of benzene was 
raised to 55%. 

Eacample II 

Heptine-1 was treated with the same type of 
catalyst as in Example I at a temperature of 530 
C., Substantially atmospheric pressure and 12 sec 
Onds contact time. The yield of toluene on a 
Once-through basis was found to be 26 by Weight 
and again it was found that by recycling the 
unconverted heptine-1 the yield of the desired 
toluene could ultimately be brought to 52%. 

Eacample III 

To manufacture granular catalyst, particles of 
activated alumina prepared by calcination at a 
temperature of about 1500' F., the particles vary 
ing in size from approximately 10 to 20 mesh, 
Were stirred in a moderately saturated Solution 
of zirconium sulfate while adding a solution of 
Sodium hydroxide to precipitate, zirconium hy 
droxide on the alumina particles. Subsequent 
filtering and washing of the granules was followed 
by the ignition of the hydroxide to produce Zir 
conium dioxide which acted as the catalyst. 
Hexine-1 was vaporized and passed over the 
granular catalyst prepared as described, using 
a temperature of 550° C., substantially atmos 
pheric pressure, and a time of contact of 15 sec 
onds. The yield of pure benzene under these 
conditions was found to be 16% by weight of the 
hexine-1 charged. By recycling of the uncon 
verted material the ultimate yield of benzene was 
raised to 43%. 

Eacample IV 

The general procedure in the preparation of 
the catalyst was to dissolve cerous nitrate in Water 
and utilize this solution as a means of adding 
Cerium oxides to a carrier. 20 parts by weight of 
cerous nitrate was dissolved in about 100 parts by 
Weight of Water, and the Solution Was then added 
to about 250 parts by weight of activated alumina, 
which had been produced by calcining bauxite at 
a temperature of about 700° C. followed by grind 
ing and sizing to produce particles of 8-12 mesh. 
Using the proportions stated the alumina exactly 
absorbed the solution and the particles were first 
dried at 100 C. for about two hours and the tem 

5 

perature Was then raised to 350° C. in a period of 
eight hours. After this calcining treatment the 
particles were placed in a reaction chamber and 
the cerium dioxide reduced in a current of hy 
drogen at about 500° C. to produce the oxide Ce4O7 
when they were then ready for service. 

Hexine-1 was vaporized and passed over the 
granular catalyst comprising an alumina base 

S 
supporting about 4% by weight of the cerous 
oxide, using a temperature of 630 C, substantial 
ly atmospheric pressure, and a time of contact of 
5 seconds. The yield of pure benzene under these 
conditions was found to be 26% by weight of the 
hexine-1 charged. By recycling of the uncon 
verted material the ultimate yield of benzene WaS 
raised to 72%. 
We claim as Our invention: 
1. A process for the production of aromatic hy 

drocarbons from acetylene hydrocarbons having 
at least 6 carbon atoms in straight-chain arranges 
ment, which comprises dehydrogenating and 
cyclicizing the acetylene hydrocarbon by Subjec 
tion to a temperature of the order of 450 to 700 
C. for a period of about 0.1 to 30 Seconds in the 
presence of a compound of a metal from the left 
hand column of Group IV of the periodic table 
and selected from the class consisting of titanium, 
Zirconium, cerium, hafnium and thorium. 

2. A process for the production of aromatic 
hydrocarbons from acetylene hydrocarbons hav 
ing at least 6 carbon atoms in straight-chain ar 
rangement, which comprises dehydrogenating and 
cyclicizing the acetylene hydrocarbon by sub 
jection to a temperature of the order of 450 to 
700° C. for a period of about 0.1 to 30 seconds 
in the presence of an oxide of a metal from the 
lefthand column of Group IV of the periodic table 
and selected from the class consisting of titanium, 
Zirconium, cerium, hafnium and thorium, 

3. A process for the production of aromatic 
hydrocarbons from acetylene hydrocarbons hav 
ing at least 6 carbon atoms in straight-chain ar 
rangement, which comprises dehydrogenating and 
cyclicizing the acetylene hydrocarbon by sub 
jecting to a temperature of the Order of 450 to 
700° C. for a period of about 0.1 to 30 seconds in 
the presence of a solid granular catalyst compris 
ing a major proportion of a carrier of relatively 
low catalystic activity Supporting a minor pro 
portion of a compound of a metal from the left 
hand column of Group IV of the periodic table 
and selected from the class consisting of titanium, 
zirconium, cerium, hafnium and thorium. 

4. A process for the production of aromatic 
hydrocarbons from acetylene hydrocarbons hav 
ing at least 6 carbon atoms in straight-chain ar 
rangement, which comprises dehydrogenating and 
cyclicizing the acetylene hydrocarbon by Sub 
jection to a temperature of the order of 450 to 
700° C. for a period of about 0.1 to 30 seconds in 
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the presence of a solid granular catalyst compris 
ing a major proportion of a carrier of relatively . 
low catalytic activity supporting a minor propor 
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