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This invention relates particularly to the con- hydrocarbons from dﬁphatic hydrocarbons in-
version of straight chain hydrocarbons into cluding parafins and olefins which comprises
closed chain or cyclic hydrocarbons. subjecting said aliphatic hydrocarbons ata tem-

More specifically it is concerned with a proc- perature in the approximate range of 450-650° C.
ess involving the use of particular catalysts and g to contact for different times of the order of
specific conditions of operation in regard to tem- 10.1-60 seconds with a catalytic material compris-
perature, pressure, and time of reaction where- ing essentially a major proportion of thorium
by aliphatic hydrocarbons can be .converted effi~ oxide and a relatively minor proportion of ox-

_ ciently into aromatic hydrocarbons. -~ ides of elements selected from the members of

In the straight pyrolysis of pure hydrocarbons 10 the left-hand columns of groups 5 and 6 of the
or hydrocarbon mixtures, such as those encoun-, periodic table. T ‘
tered in fractions from petroleum or those occur- According to the present invention aliphatic
ring naturally or produced synthetically, the re- or straight chain hydrocarbons having 6 or more
actions involved which produce eromatics from carbon atoms in chain arrangement in their

- paraffins and olefins are of a complicated char- 15 structure are specifically dehydrogenated in such

acter and are difficult to control: - s way that the chain of carbon atoms undergoes

The search for catalysts to specifically control ring closure with the production in the simplest
and accelerate desired conversion reactions case of benzene from n-hexane or n-hexene and
among hydrocarbons has been attended with the in the case of higher molecular weight paraffins
usual difficulties encountered in finding cata- 20 of various alkyl derivatives of benzene. Under

lysts for other types of reactions since there are properly controlled .conditions of temperature,
no basic laws or rules for predicting the effec- pressure, and time of contact, very high yields of
tiveness of catalytic materials and the art as a . the order of 75 to 90% of the benzene or aro-
whole is in a more or less empirical state. In - matic compounds are obtainable which are far
using ‘catalysts even in ¢onnection with conver- 2§ in excess of any previously obtained in the art
sion reactions among pure hydrocarbons and either with or without catalysts. For the sake
particularly in connection with the conversion of of illustrating and exemplifying the types of hy-
the relatively heavy distillates and residua which drocarbon conversion reactions which are spe-
are available for cracking, there is a general cifically accelerated under the preferred condi-
tendency for the decomposition reactions to pro- 30 tions by the present types of catalysts, the fol-
ceed at a very rapid rate, necessitating the use lowing structural équations are introduced:

of extremely short time factors and very ‘accu-~ CH: cH
rate control of temperature and pressure to avoid ) / Z N\
too extensive decomposition. There are further - » CH: CH:s _ CH OX
difficulties encountered in maintaining the effi- 35 CH:; CH: - CH
clency of catalysts employed in pyrolysis: since cﬁ, \cé
there is usually a rapid deposition of carbona~-
ceous materials on their surfaces and in their . n-Hezaco Benzeno
pores. . . - CH: C—CHs
The foregoing brief review of the art of hydro- 46 - ;cﬁ, \CE,__C];, Cﬁ \CH
carbon pyrolysis is given to furnish a general é — (I; o+ 4H:
background for indicating the improvement in E’ CHs & CH
such processes which is embodied in the present- CHs © CH
invention, which may be applied to the treat- . n-Heptane - Toluene
ment of pure paraffin or olefin hydrocarbons, hy- 46 CH . om
drocarbon mixtures containing substantial per- é \’ ’ Z \
centages of parafin hydrocarbons such as rela- cH; CH—CH: - CH ¢-CH:i .
tively close cut fractions producible by distilling H; .CHy—CH: H C—CH: ?
petroleum, and analogous fractions which con- . ch \c
tain unsaturated as well as saturated straight &0 B
chain hydrocarbons, such fractions resulting ' _ n-Octans ' o-Xyleno -
from cracking operations upon the heavier frac- Ethyl benzene and m-xylene and p-xylene are
tions of petroleum. ’ also formed from n-octane by & combination of

In one specific embodiment the bresent inven- - . reactions involving dehydrogenation, cyclization,
tion comprises a process for producing aromatic 86 and isomerization, but no idea is oftered as to
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the probable order in which these reactions occur.

In the foregoing table the structural formuls
of each of the primary parafiin hydrocarbons has
been represented as a nearly closed ring instead
of by the usual linear arrangement for the sake
of indicating the rossible mechanisms involved.
No attempt has been made to indicate the possi-
ble intermediate existence of mono-olefins, di-
olefins, hexamethylenes or alkylated hexamethyl-
enes which might result from the loss of various
amounts of hydrogen. It is not Enown at the
present time whether ring closure occurs at the
loss of one hydrogen molecule or whether dehy-
drogenation of the chain carbons occurs so that
the first ring compound formed is an aromatic
such as benzene or one of its derivatives. ‘'The
above three equations are of a relatively simple
character indicating generally the type of reac-
tions involved but in the case of n-parafiins or

mono-olefins of higher molecular weight than o

the octane shown and in the case of branch chain
compounds which contain various alkyl substitu-
ent groups in different positions along the 6-car-
bon atom chain, more complicated reactions will

be involved. For example, in the case of such a o

primary compound as 2,3-dimethyl hexane the
principal resultant product is apparently o-xylene
although there are concurrently produced defi-
nite yields of such compounds as ethyl benzene
indicating an isomerization of two substituent
methyl groups. In the case of nonanes which are
represented by the compound 2,3,4-trimethyl
hexane, there is formation not only of mesitylene
but also of such compounds as methyl ethyl ben-
zene and various propyl benzenes. .
It will be seen from the foregoing that the scope
of the present invention is preferably limited to
the treatment of aliphatic hydrocarbons which
contain at least 6 carbon atoms in straight chain
arrangement. In the case of paraffin hydrocar-
bons containing less than 6-carbon atoms in
linear arrangement, some formation of aromatics
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may take place due to primary isomerization re- .

_ actions 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 parafins from hexane up
to dodecane and their corresponding oledns.
With increase in molecular weight beyond this
point the percentage of undesirable side reac-
tions tends to increase and yields of the desired
alkylated aromatics decrease in proportion.

The thorium oxide carrier referred to above
has a relatively low dehydrogenating activity,
while the oxides of the elements mentioned are
of relatively high catalytic activity and furnish
by far the greater proportion of the observed
. catalytic effects. The oxides of these several ele-
ments vary somewhat in catalytic activity in any
given reaction comprised within the scope of the
invention and this varlation will be greater in
the case of different types of dehydrogenation
and isomerization reactions.

In regard to the preparation of thoria employed
as a carrier or support for the preparation of
dehydrocyclization catalyst, it may be stated that
thoria may he obtained by known methods from
a number of minerals including thorite, oranglte,
and thorianite.

The catalytic dehydrogenating eﬁlclency of
thorium is greatly improved by the presence of
oxides of .the preferred elements in relatively
minor amounts. The oxides which constitute
the principal active catalytic materials -may be
deposited upon the surface and in the pores of
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the thoria granules by several slternative meth-
ods such as for example the ignition of nitrates
which have been absorbed or  deposited from
aqueous solution by evaporating or by similar
Ignition of precipitated hydroxides. As an alter-
native method though obviously less preferable
the finely divided oxides may be composited me-
chanically with the thoria gronules either in the
wet or in the dry condition. The point of achiev-
ing the most uniform practica? disiribution of the
oxides on the thoria should be borne in mind con-

stantly since the observed catalytic effects evi- -

dently depend principally on surface action.
The oxide of vanadium which results from igni-
tion of the nitrate, the hydroxide, or the car-
bonate is principally the pentoxide V20s which
is reduced by hydrogen to form the- tetroxide
V204, or the corresponding dioxide VOz2 and then
to the sesquioxide V203. In any case the primary
deposition of vanadium compounds upon thoria
granules may be made by the use of the soluble
vanadyl sulfate or the nitrate and also solutions
of ammonium and alkali metal vanadates may be
employed, which furnish alkaline residues on
ignition. It is probable that the sesquioxide is
the principal compound which accounts for the
catalytic activity observed with vanadium cata-
Iysts in reactions of the present character.
Columbium has several oxides which may be
employed as catalyst components supported by

thorie although the iower oxides are most like- .

ly to exist under the conditions employed in the
process. The pentoxide Cb20s results from the
ignition of the pentahydroxide which may be pre-
cipitated from solutions of soluble compounds
such as the mixed fluoride of columbium and
potassium. - Solutions of alkali metal columbates
may also be employed as a source of catalytic ma-
terial, these furnishing an alkaline residue on
drying and ignition. The pentoxide is definitely
reduced by hydrogen or by hydrocarbons at the
preferred temperatures of operation so that the

essential catalysts for the major proportion of

a run will probably include the lower oxides CbOz,
Cb203 and ChO.

The element tantalum which has the highest
atomic number of the fifth group of elements
herein mentioned, also has the pentoxide TazOs,
a tetroxide TasQs: and probably a sesquioxide
Taz03. The higher oxide is prepared by the ig-
nition of the precipitated pentahydroxide pre-
cipitated from soluble salts.

The element chromium has three oxides, the
trioxide CrOs, the dioxide CrOz, and the sesqui-
oxide Crz0s, the last named being readily pro-
duced by heating the trioxide in hydrogen or hy-
drocarbon vapors at a temperature of 250° C.
The dioxide has been considered to be an equi-
molecular mixture of the trioxide and the sesqui-
oxide. The oxides are readily developed on the
surface and in the pores of thoria granules by
utilizing primary solutions of chromic acid
H>CrOs or chromijum nitrate Cr(NO3)s. The ig-
nition of the chromic acid, the nitrate, or the pre-
cipitated trihydroxide produces primarily the tri-
oxide which is then reduced to the sesquioxide
to furnish an active catalyst for use in reactions
of the present character.

The two 'most important oxides of molybde-
num which are employed alternatively in the pro-
duction of dehydrocycllza.tion catalysts, accord-
ing to the present mventlon, are the dioxide
MoOz, and the sesquicxide Moz03. Since the re-
duction of the trioxide by hydrogen begins &t
about 300° C. and the réduction is rapid at 450°

————
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C. the effective catalytic material is principally
the sesquioxide. The trioxide may be added to
the active thoria carrier from a solution of am-
monium molybdate which is added in amounts
- just requisite to wet the carrier-granules uni-
formly and the mass is then dried and calcined.

The -element tungsten has three oxides: the
trioxide WO3, the dioxide WOz, and the sesqui-
oxide Wz0s.  The trioxide is readily soluble in

aqueous ammonia from which it may be deposit- .

ed upon thoria granules and it is ordinarily re-
duced preliminary to service by.the action of
hydrogen at a relatively high temperature.
Tungstic acids may be precipitated from the hy-
drated oxides and these may be heated to drive
off water and leave a residue of oxides on the
carrier particles. oo

In regard to uranium, which is the heaviest
member of the present natural group of elements
whose oxides are preferred as catalysts, it may
merely be stated that while this element fur-
nishes catalytic oxides having some order of cata-
1ytic activity, its scarcity and cost naturally pre-
clude its extensive use in practice.

Tt has been found essential in the producticn o

of high yields of aromatics from paraffinic hy-

drocarbons when using the preferréd types of
' dehydrocyclization catalysts that, depending
upon the paraffinic hydrocarbon or mixture of
hydrocarbons being treated, temperatures from
450 to 650° C. should be employed, contact times
of approximately 0.1-60 seconds, and pressures
approximating atmospheric. The use of sub-
atmospheric pressure of the order of Y2 atmos-.
phere may be-beneficial in that reduced pres-
sure generally favors selective dehydrogenation

reactions, but on the other hand moderately su- -

peratmospheric pressure, usually of the order of
less than 100 pounds per square inch, increases
the capacity of commercial plant equipment, so
‘that in practice a balance is struck between these
two factors.

While the present process is particularly ap-

" plicable to the production of the corresponding
aromatics from an aliphatic hydrocarbon or a
mixture of aliphatic hydrocarbons the invention
may be employed also to produce aromatics from
olefinic hydrocarbon fnixtures such as distillates
from paraffinic or mixed-base crude petroleum.
In this case the aromatic character of the dis-
tillate will be increased and as a rule the octan
number of the product will be higher than that
of the charging stock. If desired and found feasi-
ble on a basis of concentration, the aromadtics pro-
duced in the hydrocarbon mixtures may be re-
covered as such by distillation to fractions of
proper boiling range followed by chemical trcat-
‘ment with reagents capable of reacting selective-
1y with them. Another method’ for concentrat-
ing aromatics will involve the use of selective scl-
vents such as liquid sulfur dioxide, furfural, chlo-

~rex, and alcohols.

Thus by the process of this invention a par-
affinic gasoline, naphtha, or other hydrocarbon
fraction may be contacted with a thoria-contain-
ing dehydrocyclization catalyst so as %o produce
a 20-509% yield of aromatic hydrocarbons per
pass admixed with relatively small proportions
of similarly formed olefins and unconverted par-
affins. For effecting this cyclization the par-
affinic fraction is contacted, for example, with a

material comprising granular activated thoria .

supporting 4-32% by weight of chromium sesqui-
- oxide. 'The cyclicized material containing rela-
tively small amounts of olefins may be recycled
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to further contact with the dehydrocyclization
catalyst so as to convert these olefins into fur-
ther quantities of aromatics and form a substan-

‘tially olefin-free aromatic product.

These catalysts consisting of thoria activated
by oxides of the elements of the left-hand col-
umns of groups 5 and 6-of the periodic table may
be composited with stabilizing oxides such as
magnesium oxide to produce a catalyst composite
which retains its aromatic~-forming activity after
many periods of use and reactivation by burn-

. ing off carbonaceous deposits in an oxygen-con-

15

taining atmosphere. Composites of thoria and
activating metal oxides such as are hereinabove
described effect a relatively high conversion of

. paraffins into aromatics per pass together with
_high total Hquid hydrocarbon recovery and rela-
~ tively low gas formation.
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The process of this invention makes possible
the production of aromatic concentrates or aro-
matic-paraffinic hydrocarbon mixtures which are
free from olefins and suitable for solvent extrac-
tion or other methods of separating pure aro-
matics, or which may be used directly for nitra-
tion or for other chemical reactions to which the
presence of olefins would be objectionable. By
this process the olefins formed incidental to the

‘cyclization reaction are converted into aromatics

thereby increasing further the yield of these de-
sirable hydrocarbons. i

The following example is introduced to show
results obtainable in the operation of the process,
although these data are not presented with the .
intention of unduly limiting the broad scope of
theinvention: :

) EXAMPLE

A catalyst .containing 8% by weight of chro-

" mium sesquioxide and 92% by weight of thorium
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oxide was prepared by dissolving 84.2 parts by
weight of crystalline chromic nitrate,

Cr(NOs3)3.9H20

and 385 parts by weight of thorium nitrate,
Th (NO3) +.4H20, in 8000 parts by weight of water,
followed by precipitating the hydrated oxides by
addition of 225 parts by weight of concentrated
ammonium hydroxide solution. The precipitates
were removed from the solution by filtration,
wased with distilled water, dried at 150-200° C.,
then pressed into cakes on a hydraulic press, and
later broken and sized to produce 10-12 mesh
particles which were calcined in a stream of dry
air at 550° C. for one hour.

This granular calcined catalyst was employed
as a filler in a tube through which normal hep-
tane was passed at 550° C. at a charging rate
corresponding to an hourly liquid space velocity
of 2. Table 1 gives results obtained on normal
heptane in the presence of the above described
catalyst consisting of approximately 8% chro-
mium sesquioxide and 92% thoria. )

TABLE 1

Cyclization of normal heptane in the presence of
8% chromium sesquioride and 92% thoria

Yields, weiéht per cent of charge:

Total hydrocarbon .. 93.2
TolUeNe o oo 24.2
CarPON — o e e 1.9
Gas, uncondensed___ e _. 6.8

Yields, weight per cent of heptane decompOSed:'
TOIUENE - e e -78.2
Gas
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Composition of hydrocarbon recovery, welght

per cent:
Paraffins o 62
OlefANS oo 12

-Naphthenes _.__ -—- 0

Aromatics oo 26
Analysls of gas, vol. per cent:

"HYArOZOI oo e 89.4
Olefins oo il 1.4
Paraffins ol . 8.9
Carbon index oo . 1.63
Carbon monoxide oo 0.3

The results given in Table 1 show that a rela-
tively high per cent of the heptane decomposed
was converted into toluene in the presence of the
chromium sesquioxzide-thoria catalyst, the yields
of toluene per pass being of the order of 26% by
weight of the charge.

The foregoing sbecification and example show
clearly the character of the invention and the
results to be expected in its application to ali-
phatic hydrocarbons inclutling parafins and ole-
fins, although neither section is intended to un-
duly limit its generally broad scope. ’

I claim as my invention:

1. A process for producing aromatic hydrocar-
. bons from aliphatic hydrocarbons containing at
~ least six carbon atoms in straight chain arrange-
ment which comprises dehydrogensating and cy-
clicizing said aliphatic hydrocarbons under de-
hydrocyclization conditions of temperature and
pressure in the presence of a dehydrocyclization
catalyst comprising essentially a major propor-
tion of thorium oxide and relatively minor pro-
portions of magnestum oxide and an oxide of an
element selected from the members of the left-
hand column of group 6 of the periodic table.

2. A process for producing aromatic hydrocar-

bons from aliphatic hydrocarbons containing.

straight chains of 6-12 carbon atoms per molecule
which comprises dehydrogenating and cyclicizing
sald aliphatic hydrocarbons under dehydrocycli-
zation conditions of temperature and pressure in
the presence of a dehydrocyclization catalyst
comprising essentially a major proportion of
thorium oxide and. relatively minor proportions
of magnesium oxide and an oxide of an element
selected from the members of the left-hand col-
umn of group 6 of the periodic table,

3. A process for producing aromatic hydrocar-
bons from aliphatic hydrocarbons containing
straight chains of 6-12 carbon atoms per molecule
which comprises dehydrogenating and cycliciz-
ing said aliphatic hydrocarbons at a temperature
of the order of 450-650° C. in the presence of a
dehydrocyclization catalyst comprising essential~
ly a major proportion of thorium ozide and rela-
tively minor proportions of magnesium oxide and
an oxide of an element selected from the mem-
bers of the left-hand column of group 6 of the
periodic table. '

" 4. A process for producing aromatic hydrocar-.

bons from aliphatic hydrocarbons containing
straight chains of 6-12 carbon atoms per mole-
cule which comprises dehydrogenating and cycli-
cizing said aliphatic hydrocarbons at a tempera-
ture of the order of 450-650° C. under a pressure
in the range of substantially atmospheric {o ap-
proximately 100 pounds per square inch in the

presence of a dehydrocyclization catalyst com-
prising essentially a major proportion of thorium.
oxide and relatively minor proportions of mag-
nesium oxide and an oxide of an element selected

8 from the members of the left-hand column of
group 6 of the periodic table,

5. A process for producing aromatic hydrocar-
bons from aliphatic hydrocarbons containing
straight chains of 6-12 carbon atoms per mole-

18 cule which comprises dehydrogenating and cycl-
cizing said aliphatic hydrocarbons at a tempers-
ture of the order of 450-650° C. under g pressure
in the range of substantially atmospheric to ap-
proximately 100 pounds per square inch for an

15 average time of contact of approximately 0.1-60
seconds in the presence of a dehydrocyclization
catalyst comprising essentially a major propor-
tion of thorium oxide and relatively minor pro-
portions of magnesium oxide and an oxide of an

20 element selected from the members of the left-
hand column of group 6 of the’periodic table
consisting of chromium, molybdenum, tungsten,
and uranium.

6. A process for producing aromatic hydrecar-

26 bons from aliphatic hydrocarbons containing
straight chains of 6-12 carbon atoms per molecule
which comprises dehydrogenating and cyclicizing
_said aliphatic hydrocarbons at a temperature of
the order of 450-650° C. under a pressure in the

30 range of substantially atmospheric to approxi-

mately 100 pounds per. square inch for an aver-
age time of contact. of approximately 0.1-60 sec-
onds in the presence of a dehydrocyclization cat-
alyst comprising essentially & major proportion
of thorium oxide and relatively minor propor-
tions of magnesium oxide and an oxide of ¢hro-
mium, .
" 7. A process for producing aromatic hydro-
carbons from aliphatic, hydrocarbons containing
4v straight chains of 6-12 carbon atoms per mole-
cule which comprises dehydrogenating and cy-
clicizing said aliphatic hydrocarbons at a tem-
berature of the order of 450-650° C. under a pres-
sure in the range of substantially atmospheric to

45 approximately 100 pounds per square inch for
an average time of contact of approximately 0.1-
60 seconds in the presence, of a dehydrocycliza-
tion catalyst comprising essentially a major pro--
portion of thorlum oxide and relatively minor

80 proportions of magnesium oxide and an oxide of
molybdenum.

8, A process for producing aromatic hydro-
carbons from aliphatic hydrocarbong containing
straight chains of 6-12 carbon atoms per mole-

65 cule which comprises dehydrogenating and cycli-
cizing sald aliphatic hydrocarbons at a tempera-
ture of the order of 450-650° C. under a pressure
in the range of substantially atmospheric to ap-
proximately 100 pounds per square inch for an

60 average time of contact of approximately 0.1-60
seconds in the presence of a dehydrocyclization
catalyst comprising essentially a major propor-
tion of thorium oxide and relatively minor pro-
portions of magnesium oxide and an oxide of an

65 element selected from the members of the left-
hand column of group 6 of the periodic table con-
sisting of chromium, molybdenum, tungsten, and

uranium.
WILLIAM J. MATTOX.
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