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T0 ALL WHOM IT MAY CORCERN:

BE IT KNOWN, that we, GERARDUS HENDRICUS VISSER and WILLEM FREDERIK
ENGEL, subjects of the Queen of The Netherlands and residents of Amsterdam,
The Netherlands » have invented a new and useful improvement in the

SYNTHESIS OF AROMATIC HYDROCARBONS
of which the following is 2 full, clear ard exact specification.

The present invention relatea to the syntheais of aromatie hydro-
carbons from open chain hydrocarbons with the aid of certain eapecially
adepted catalytic agents.

An object of the invention is to provide a commercially practical
process for the synthesis of valumble aromatle hydrocerbtons from resdily
availabls and inexpensive saturated snd unsaturated hydrocarbona having
preferably not more than 12 carben atoms in an open cha.tn and structurally
oapable of being cyclised to aix-membered rings. A farther object of the
invention is to provide certain specific catalytic agents which upon carsful
and extensive investigation have been found to bs axceptlonally sultable and
superior to previously diaclosed catalyst preparations for the above purpoas.

Of the various classes of hydrocarbons, the paraffins, and next the
olefines, especially those of high molecular welght, are, generally aspsaking,
the least stable to heat. These bydrocarbons, elther alone or in vsrious
complsx hydrooarbon mixtures, therefore tend, upon being subjeoted to elevated
temperatures, to revert to hydrocarbons having greater thermal stability such
e;a methane, aromatic hydrocarbons, the lower olefines, acetylene, and the
like. A3 a consequence, aromatic hydrocarbons are formed to a certain extent
in many of the nmumerocus processes, such as reforming, dehydrogenation, thermal
cracking, catalytic cracking, etc., 1o which the liquid, open chain hydrocarbons,
usually in the form of petroleum stocks, are commonly subjected. Although
small amounta of arcmatic hydrocarbons are formed in certain of these proceases
when applled to particular hydrocarbon atocks, the formation of aromatic hydro-
carbons ig not the primary reaction and, furthermore, does not teke place, In

general, to any appreclable extent by synthesis from open chaln bydrocarbons.



Thus, for example, in the reforming of certain petroleusm fractions over metal
oxide catalysts, the antiknock propertles are improved, and it is often stated
that the aromatic content is incraased.. The increase of the aromatic content
somstimes noticed in the reformed stocks trested in the presence of the
dehydrogenation catalysts usually employed is, however, due primarily to the
dehydrogenation of naphthenic hydrocarbons present in the raw stock and the
inerease in the entiknock properties is due to & large extent to the production
of high antiknock olefines by dehydrogenation.

The present process, although it is well adapted to increase the
aromatic content and improve the antikrock properties of vetroleum fractions,
ia not to be considered as a simple reforming process, or the like, but as a
process for the production of aromatic hydrocarbons. In the pragent process,
the eromatic hydrocarbons are not formed in small amounts by secondary reactions,
por primarily by the dehydrogenstion of naphthenic hydrocarbons, but are formed
almost exclusively in practical quantities by direct synthesis from open chain
hydrooarbona.

The formation of aromatic hydrocarbons from sntﬁrated hydrocarbons
containing at least six carbon atoms in an open chain can take place by at
least two mechenisma.

Olefinic Hydrocarbon —-{8ly Naphthenic Hydrocarbon
(1) (s)
Paraffine Hydrocarbon (4) » Aromatic Hydrocarbon

The direct conversion of saturated aliphatic hydrooarbons to aromatic
hydrocarbone according to reaction (4) takes place, in general, to an appre-
clable extent only when quite high temperatures are employed. Reactions (1)
and {3) are aimple dehydrogenation reactions which, as is known, can be ac-
celerated by means of a large number of catalysts. The rate of reaction (2)
is, however, normally very slow and is, in general, not accelerated to any
appreciable cxtent by most of the usual catalysts proposed for catalytic
refaorming, dehydrogenation and similar hydrocarbon treatments. Thus, for

example, the oxides of iren, cobalt, nickel, vanadium, titanium, and the liks,
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which have been repeatedly proposed for treating hydrocarbons, primarily

affect the C-H hond and act as dehydrogenation catalysts. When petroleum
fractions are treated at elevated temperatures in the presence lof such

catalysts, any naphthenic hydrocarbons predent in the raw stock are dehydro-
genated to aromatic hydrocarbons and paraffine hydrocarbons are dehydrogenated

to an appreclable extent to olefines, but very litile, if any, aromatic
hydrocarbons ara formed by cycliaation via reactlon (2). Mozt of these

catalysts also act as hydrogenation catalysts and, under the conditione

most commonly employsd, considsrabls destructive hydrogenation and/or
polymerisation of the olefinic hydrocarbons formed also takes place aimultaneoualy.

As will be apparent from the above, catalysta which selectively .
affect the C-H bond and act primarily as hydrogenstion and/or dehydrogenation
catalysts are not the most suitable for the produc¢tion of aromatic hydrocarbons
by cyclisation. In order to produce appreciable quantities of aronatic
hydrocarbons in a practical temperature range via reactions (1), (8), anmd (B},
it is desirable to employ a catalyst which catalyzes both dehydrogenation
(Reactions {1) and (8) )} and oyclization (Reaction (2) ) and is so balanced
that the rates of reactions (1) amd (2) sre as nearly equal as poasible. If
the rate of reactlon {1) greatly excseds that of reactlon (2}, large amounts
of free olefinesa arse formed. This is undesirable both in the direct production

" of aromatic hydrocarbons and in the reforming of petroleum diastillates, aince
in the former it leads to low yleld and undesirable polymer formation, and in
the latter it tends to give distillates which suffer high losses in refining
and are lasa stable on storage.

The property of catalysing the cyclization reaction (2) is possessed
only by a relatively few materials practically restricted to the oxides of
the metals on the left hand side of Group VI of the Periodic System of the
Elements. Of these metal oxides, chromium oxide is by far the most active.
Although the production of aromatic hydrocarbons through cyeclization with the
aid of this catalyst has been the subject of considerable study, the resulis
have remained primarily of academic interest ard no commercilally practical

process has hitherto resulted.
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We hava found certain superior combination catalysts which give
high conversions to arcmetic compounds, produce pra.ctically no olefines and
relatively pure hydrogen, have exceptionally long active 1ife, and can be
efficiently and repeatedly remctivated in a most aimple and practical manner.
These catalysts are composed essentially of oxides of chromium and aluminum
in certain ratios and ir intimate assceiation. We have, morsover, found that
these catiyst combinations are further considerably improved by the presence
of certain quantities of alkali metal compounds.

The combination chromium oxids-alumine catalysts, which we have
found to be especially suitable for catalysing the production of aromatie
hydrocarbons from open chain hydrocarbons, contain chromium oxide and aluminum
oxide in molecular ratios of from 90 to 60 atomp of chromim to 10 to 40 atoms
of aluminum. If it is assumed for the purpose of calculation that the aluminum
exiats in the catalyst in the form of Alg0; and the chromium aa Cry0y, this
correaponda to from about 7% to about 31% by weilght of aluminum oxide in the
chromium oxide-aluming mixture, The diatinct superiority of the present
combination catalysts and the effect of the ratio of the componsnts are
illustrated in the following example:

EXAMPLE T

A series of combinatlon Cr-Al oxide cntalyla‘ha contalning various
ratios of Cr/Al were praparad by continuously introducing solutions of a
chromium compound, solutions of an aluminum compound, and a golution of ammonia
in the desired proportions into a mixing chamber. The precipitated producta
were heated for a short tlme at 97°C., cooled to 25°C., filtered, washed with
water, dried for two hours at 105°C. in a drying oven and finally treated at
850°C. for four hours in a stream of hydrogen. The resultant oxide products
were presgsed into pastllles of 5§ mm diameter and 4.5 mm thickness and placed
in equal volume emounts in a suitable catalyst itube mounted in an electrically
heated furnace. In separate and comparable experi.menlts pure normal heptane
was passed over each of the catalysts at a temperature of 465°C. and & contact

time of 15.8 sec. The yields of aromatic hydrocarbons (predomipantly toluene)
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corresponding to the catalysts containing different atomic ratios of Cr/Al
under thess conditions are shown graphically in Figure I of the attachad
drawing. The pronounced superlority of the present combination catalystis
having atomic raties of Cr/AL of from about 90/10 to about 80/40 and the
great influence of this ratio are clearly seen upon inspection of the graph.

The curve of Figure I, shows the yields of aromatie hydrocarbons
at the end of 15 hours of contimous use. The decided superiority of thess
catalysts i3 even mors pronounced if the total average yleld of aromatie
hydrocarbons, taken for the total time of use, is considsred. This is shown
in Figure II of the attached drawing whersin the weight per cent of normal
heptane converted to aromatic hydrocarbons over a period of 31 hours of
gontinuous operation is plotted against the composition of the catalyst.
Since the density, cost, and chromium content of the catalyst decrease with
decreasing ratios of Cr/Al, the results shown in these graphs are in roality
evsn better than it would appear sincs they are all based on experiments using
equal volumes of catalyat.

In such processes as the present, it 1s neceasary, for pursly
economical reasons, to reactivate the catalyst as aocon as its activity fallae
below an arbitrarily set minimum. The applicable "on stream period” which
may be smployed with any catalyst befors it is necesasary to undergo reactl-
vation is, thersfore, of great practical importance. Although some of the
previously proposed catalysts are capable of being roactivated, they require
excessive time for rsactivation, i.e. the ratio of the "on astream time" to
the "reactivation time" is low. The time required for the yleld of aromatic
hydrocarbons to depreciate to an arbitrarily set comversion of 20% in the
above-described experiments 1s shown graphically in Figure III. It is aesn
from thia graph that whereas pure chromium oxide catalyst deteriorated in
8-1/2 hours and a catalyst consisting of chromium oxide and alumina in the
molecular ratio of 1:1 deterlorated in 16-1/2 hours, the catalysts of the
present invention containing the chromlum oxide and alumina in the molecular
ratlos of 90/10 to 60/40 maintained a conversion above 20% for as long a8

25 hours.
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The distinet superlority of the presesunt catalysts is quite remarkable
and unique and 1s practically restricted to these particular combinationa of
the oxides of chromium and aluminum. If the chromium oxide ig replaced by
oxides of Fe, Co, Ni, Mn, Mo, or other metal oxides known to exert a strong
dehydrogenation action, for example, the catalyst is found to act primarily
85 a dehydrogenation catalyst and 1ittle or no aromatic hydrocarbons are
formed by cyclization. Alsc, on the other hand, the effect of the aluminm
is quite unlque and is not an equivalent of other related oxides. This is
clearly shown in the following table showing results obtained upon treating

normal heptane with various catalyst combinations containing chromium oxider

TABLE I
Conversion in % by Welght

After 4-1/2 After 13-1/g

Catalyset _ hours hours 4 Depreciation
Cry0y-Alg0y 42 29 L1
Cr,04 34 11.5 89
Cra0y-Zn0 58 18 45
Crg0y~ThO, 52 10 69
Cry04-B,04 50 17 43
Cry0g-Bad 28 8 79

The reascn for the pronounced maximum activity of the present
catalyst combinations containing chromium oxide and alumins in these particular
ratios has not been definitely established. It i3 known that varlous metal
oxides such as those of Zn, Si, Th, T4, B, etc., are able to stabilize the
structure of certaln especially prepared vitreous chromic oxlde gels claimed
to be suitable for catalyzing hydrogenation and dehydrogenation reactions.
This, however, relates to the stabllizing of a speclal form of chromlum oxidas
against structural deformation by heat rather than an improvement in the cata-
lytic properties. This stabilizing effect is, furthermore, produced by a wide
range of ratios of a variety of metal oxides and is not confined to a narrow

range of concentrations of aluminum oxide. While we do not desire cur invention
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¢0 be limited in any mamner by the soundneas or accuracy of any theorias
advanced to explain the advantagesous results obtained, it is believed that
the marked superiority of the present catalysts for the synthesis of aromatic
hydrocarbons from open chain hydrocarbons is due not only to a proper balance
of the dehydrogenation and cyclization activities, but also to the formation
during use of mixtures containing certain lower oxide forms in the most
sfficient ratioc. The fact that catalytically active lower oxide forma are
produced in the catalyst combination during use has been definitely proven.

While the above-described binary mixtures constitute a class of
superlor catalyats for the conversion of open chain hydrocarbons to aromatic
hydrocdrbons, the praferred catalysta of the present invention are those of a
more complex typs which contain alkall metsal compounda.

The presence of certaln quantities of alkali metal atoms in the
catalyat, it is found, increases the yleld of aromatic hydrocarbons [ormed,
inorsapes the reactivity of the catalyst for the productlon of arcmatlc
hydrocarbons, indmsaa the 1life of the catalyst, ard materially alds in the
catalyst reactivatlon. The effect of certain quantities of alkall metal
¢compounds in these respects 1a quite different thun might be expected. For
sxample, if a potassium compound 1s added to purs chromfum oxide catalyst,
it 13 found that amounts greatsr than about 1% K destroy the cyclizing ability
of the cataelyst almoat completsly. In tho ocase of the pr-.aant chromium oxide-
alumins catalysts, howsver, the sffect of the presence of ulkali metal compounds’
18 exactly the opposite. In the present catalyst compositions very small
amounts of alkali metal compounds exert a alight inhiblting effect and larger
amounta have a very benefloial effect. The effect of slkall metal in the
present catalyst compositions 1a clearly showm by the following example:
EXANPLE I )

A quantity of Cx/Al hydroxide having an atomic ratio of Cr/Al of 70/50
was prepared. To portions of the Cr/Al hydroxide there were added sufficient
amounta of agueous KNO, solutlons of suitable concentrations to produce pastes

having the desired potasaium content. The pastes were stirred until they were



LY

\\\\\ 407100
of even consistency, dried for 18 hours at 150°C., and then treated for an
additional four hours with hydrogen at 350°C., The various catalysts so
prepared {containing 0.00, 0.3, 0.85, 1.0, 1.5, 1.7, 2.1, £.5, 5.5, 4.8,
5.0, 5.5, 8.0, and 8.0 per cent of potassium) were employed under identical
coxditions for the cyclizatdon of p-heptane at 465°C. and & contact time of
15.8 sec. The yislds in per cent by weight of heptans converted to aromatic
hydrocarbons in a period of 46 hours of continuous operation are shown
graphlcally in Figure IV in the accompanying drawing.

Whereas the beneficisl effect of the combination of chromium and
aluminum oxides appears to be practically limited to ﬂd.s particular combination,
the effect of alkall metal compounds is found to be general to the alkall
metals of Group I of the Periodic System. While K, Na, Rb, and Cs all show
the same beneficial effects, the affect of potassium is somewhat more
pronounced and this materlal is therefore praferred.

The amount of alkall metal compound incorporated into the Cr/Al
oxide is preferably adjuated to give acatalyst combinationa which are the most
effective in the oyclization process. In gensral, amounta of alkell metal
compound ranging from about 15 to 20 alkali metal atoms par each 100 molecules
of the Cr/Al oxide combination are found to give the beat results. Amounts
ranging from 2 to about 50 alkali metal atoms are, however, often advantagecua
and may be employed.

The alkali metal may be incorporated in the form of alkall metal
cowpounda such, for instance, as sulfetes, nitrates, carbonates, hydroxides,
oxldes, phoaphates, bicarbonates, borates, aluminates, salts of orgsnic acida,
and the like. The éubatantial equivalency of some of the various anlons 1
11luatrated by the following example:

EXAMPLE I1T

A serles of Cr/Al oxide catalysta (70:30) containing 2-1/2% K in
the form of various potassium cogpounds,waa prepared. The catalysts were
teated for their activity in the cyclization of normal heptane at 465°C. and
15,8 sec., contact time under comparable conditions. The results were as

followas
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TABLE 11

Per cent by Welght of Normal Heptane
Converted to Aromatic Hydrocarbons.

After 4-1/2 After 28-1/2
K Compound Applied hourg hours
KOH 46 26
KNO, 41 22
EaPO, 40 24
. : 45 23
K350 42 22

The approximate eguivalency of the various compounds of the alkalil
metals 1s dus, no doubt, to the fact that they change to other forms {or
even to & common form) during the use of the catalyst. GCenerally speaking,
the alkaline-reacting water soluble compounda of the alkali metals, such as
the hydroxidss in particular, glve excellent result.a. s and are more deslirable
from a technical point of view gince they ars, in general, easily incorporated
in the catalyst, inexpensive, noncorrosive, and do not generate harmful vapors
during use. The nitrates, however, are somewhat more advantageous in certain
other respacts. The catalyst pills prepared uaing KOH, for example, are of
exceedingly loose atructurs, whereas those prepared using an squivalent
amount of XNO3 and compressed under the same pressure are very fim. Catalysts
preparsd using KNOy slso show a momswhat higher activity after regenaration.
The chlorides, sulfides and salis of strong oxidiaing acids such, for inatance,
as the bichromates, are somewhat lesa preferred.

The presence of alkali metal atoms in the present catalysis not only
increases the efficiency of tha Cr-Al oxide combination for catalyaing the
l production of aromatics but also increases the selectiviiy of the catalyst.
Thus, the gas produced when employing slkali-containing catalysts is less
contaminated with products of side reactions arnd consists almost entirely of
hydrogen. The gas produced when cyclizlng normal heptans with the ald of the

above described catalyst containing 5% K, for example, analyzed:

-9~
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1% Unsaturated hydrocarbons
5% Saturated hydrocarbons
The present catalysis may be prepared in a variety of ways. One
of the essential requirements of the preparation is, however, ths thorough
and intimate association of the components of the combination.

EXAMPLE IV

Chromlc oxide prepared by thermal decomposition of chromi¢ nitrate
at 200°C. was mixed with dry, very finely divided "Activated Alunina® in the
ratlo of 70 mola to 30 mols, respectively. This mixture was them thoroughly
triturated in a mortar with sufficient solution of KNOy to produce a catalyst
containing 5% K, and finally pilled.

When this catalyst was employed in the cyclisation of normal heptane
the arcmaiic content of the product was 21% by weight. Although the per cent
conversion with this catalyst is low, the total yleld of aromatic hydrocarbong
produced per given welght of ocatalyst 1s much better than can be obtained with
chromic oxide alone.

EXAMPLE ¥V

A catalyst was prepared s described in Example IV sxcept that a
chromic oxide prepared by the thermal decomposition of ammonium chromats wap
ezployed. When this catalyst was smployed for the eyclisation of normal
heptane, the aromatic content of the product wes B0%. Except for the somewhat
lower average conversion afforded by thege catulysts, the properties of the
catelysts described in Examples IV and V are excellent.

A better method for producing very intimate contact of the chromiwm
and aluainm oxides is by means of chemical precipitation. Thua, for instance,
& hydrous oxide of chromium may be precipitated from a soluble chromivm
compound, such a8 chromic acid, a chromate, & bichromate, a trichremate,
chromic nitrate or the liks. The alumina may be preclpitated separately from
a golution of a soluble aluminum compound and mixed with the chromium oxide.
Furthermore, the two cxides may be co-precipitated from a common solution.

For the preparation of the present catalysts by precipitation methods either

-10-
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dilute or concentrated solutione of the chromium compound and/or aluminum
compound may be employed. The hydrous oxides may, furthermore, be precipi-
tated by any suitabls base such, for example, as dilute or concentrated
NH,OH, NaOE, KOH, etc. The mixture of chromium and aluminum oxides is pre-—
ferably compressed or otherwise formed into plecea of catalyst of sultable
shape and siza. The alkali matal compound may be incorporated in the catalyst
at, any convenlent stage in the preperation. Prior to usse, the catalyst is
preferably treated for a short time with hydrogen. This pretreatment, (which
i8 not essential) is usually effected at about 300-600°C.

Inert materials such ss pumlice, majolica chips, diatomacecus earth,
clays, carbon, and the like, may be incorporated with the hydrous oxides for
the purpose of diluting, cheapening, increasing the mechanical strength of the
catalyst, increasing the porosity, etc. This is illustrated by the following
example:

EXAMPLE VI

A solution containing chromium nitrate and aluminum nitrate in the
deairad proportions and containing carbon black in swspension, was precipl-
tated with the aid of ammonium hydroxide. The precipitate containing the
carbon black finely dispersed therein was filtersd, weshed, and dried. After
incorporating the deslred amount of KOH and pilling, the catalyst mixture
contained 108 by welght of carbon. The catalyst pills were first treated with
ateam at 800°C. and then at 650°C. until substantially free of carbon. In
this way very active and porous catalyst pllls were prepared.

The present catalysts containing oxides of chromium and aluminum
in suitable ratios and preferably containing an alkall metal compound may
also, if desired, contain small proportions of other substances which may
increase the activity, increase the catalyst life, aid in the catalyst
reactivation, inhibit undesirable side reactions, or the like. Thus, for
example, the catalyst may, in general, be improved to & certaln extent by
incorporating small quantities of promoters, such as copper compounds, thallium
compounds, or the like. The incorporation of 6% of CudD in a catslyst contailning
potassium equivalent to 6% K, 0, for sxample, increases the conversion to

aromatic hydrocarbons by about 1 to 2%.

~11-



In order for any catalyst of the present type to be economically
practical, it must of necessity be capable of simple and repeated reactivation.
Although chromiua oxide itself possesses a fair ability to catalyze cyclization
reactions and can be reactivated, the catalytic cyclization activity drops so
fast that it can be used only for very short perlods beitween reactivations.

As & consequence, the time that the catalyst is "on reactivation” congiderahly
exceeds that of the productive "on stream pericd”. Furthermore, pure chromium
oxide catalysts are permanently damaged during use so that each succeeding
reactdvation is less complets, and after only a very few reactivations the
catalyst can no longer be profitably reactivated and must be repleced. The
reactivation is generally effected by blowing a stream of oxygen or oXygen—
containing gas through the bed of catalyst in aitu at & suitabla tanperature,
The temperature must be accurately adjusted and maintained above the ignition
temperature of the carbonaceous matter to be oxidized from the catalyst and
below the temperaturs peculiar to each individual catalyst at which the catalytic
activity ls quickly and permanently destroyed. The control of the temperature
of reactivation (usually by controlling the oxygen content and/or amount of
reactivating gas) is very difficult due to the highly exothermie¢ naturse of the
reaction. Another diasadvantage of reactivation in thia wanner, which is of
paramount importance from the commeroial point of view, is that no materlals
sultable for construction of the catalytic chamber have as Yot besn found which
are sultable and yet capable of withstanding thia treatment for more than a
short time. Ceramic materials do not allow sufficlent heat transfer and all
metal alloys so far tried catalyze the deposition of carbon after a relatively
few resction-reactivation cycles.

The present catalysts, especially those containing from about 1 to
5% of an alkali metal, are exceptionally advantageous ag rsgards their ability
to be reactivated. With the present catalysts good average conversions may be
obtained with exceptionally long on stream periods, (for example, an average
converaion of 353% for an on streanm period of 48 hours), the reactivaiion may
be affected in a mors advantageous and simple manner, and the cycle may be

repeated meny tlmes without serious permanent damage to the catalyst., For
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example, the activity of the catalyst deterioratea to about half of the
original activity after about 1000 hours of use on stréaam. Like the
hitherto-proposed chromium oxide catalysts, the pressnt catalysts may be
reactivated in the usual manner with oxygen or an oxygen-contalping gas, if
for any reason this is desired. The present catalyst, however, unlike the
hitherto-proposed chromium oxide catalysts, may also be reactivated in a
much more efficient, economical and easy manner by a treatment with steam.
The reactivation with steam is found to give much bebier resulis than with
oxygen not only as regards the temperature control,tube material, etc., but
also as regards the reactivation itself. By simply treating the catalyst
with steam, for example, at 450%C. toc 850°C., the activity of the catalyst
is restored substantially completely in a short time; in fact, the first
few reactivatlons usually increase the efficlency of the catalyst beyond
that of the original fresnh catalyst. It is, furthermors, found that the
reactivation with steam increases the selsctivity of the present catalysta
to a oertailn extent so that the gas produced using the reactivated catalyst

contains less urdesirable contaminants. This 1s shown in the following

" table:
TABLE IIE
An s_of t Ga
After 8 On Stream Periocds and
Fresh Catalyst 2 Renctivations with Steam,

92.5% H, 95.6% Hj,
1.0% Unoaturated Hydrocarbons 0.4% Unsaturated Hydrocarbons
8.5% Saturated Hydrocarbons 4.0% Saturated Hydrocarbons

When reactivating with oxygen the above-mentloned effects are
usually reversed.

The present catalysts and process are especially suitable for the
production of aromatic hydrocarbons and relatively simple mlxturea of
aromatic hydrocarbons from individual hydrocarbons having preferably not

more than twelve carbon atoms in an open chain and capable of being cyclized
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to six-membered rings and/or hydrocarbon mixtures containing ene or more of
such hydrocarbona in appreciable quantities. Thug, the present process is
applicable to the economic production of mono-nuclasr arcmatlec hydrocarbons
from aydrocarbons contalning at least six and preferably not more than twelve
carbon atoms in an open chain. = For example, the predominant aromatie
hydrocarbons found in the product when treating a few of such open chain

hydrocarbons are shown in the following table:

TABLE IV
Predominant Aromatic Hydrocarbons
n_Chain Hydrocarbon Employed Found in the Reaction Product
N-Hexane Benzene
N-Heptans Toluens
2-Meathyl Hexane Toluene
N-Octane Ortho Xylene
2,5-Dimethyl Hexane Para Xylens
N-Nonane Ortho Methyl Ethyl Benszene
N-Decane Ortho Methyl Propyl Benzens
Hexone-1 Benzene
Hexene-2 Benazens
N-Ootene Ortho Xylene

The process is also applicable for the productlion of poly-nuclear
aromatic hydrocarbons from alkylated aromatic and hydro-arcmetic hydrocarbons,
such as n-butyl benzene, n-smyl benzene, n-butyl cyclohexans, crotyl benzene,
and the like. Of the various applicable hydrocarbons we have found that, in
genoral, somewhati better remults ares obtained with normal and alightly branched
hydrocarbons and that olefinic hydrocarbons are converted scmewhat more easily
than their saturated analogues. Applicable hydrocarbon mixtures nay also con-
tain higher and/or lower boiling cyclizable and noncyclizable hydrocarbona,
naphthenié hydrocarbons, paraffinic hydrocarbons, olefinic hydrocarbons, and
the like. Thus, for example, normal heptane has been cyclized in the pressnce
of methane, propane, propylens, benzens, toluene, isc-octane, and 2-methyl

pentans, and excellent yields of toluene obtained.
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The process is suitable for the conversion of peraffinic and olefinic
hydrocarbong in light petroleum fractions, such as gasoline, ete., into
aromatic hydrocarbons. By treating such petroleum fractions according to
the present process, thelr aromatic content is considerably increased {any
hydro-aromatic hydrocarbons which may be present are also dehydrogenated to
aromatic hydrocarbons), very little cracking occurs and a stable product of
low olefine content and increased antiknock properties ia obtalned. Peroxides
have been found to be very detrimental in the process. Olefines and/or
olefinic stocks, if employed, are  preferably substantially peroxide-free.

The hydrocarbon or hydrocarbon mixture to be treated according to
the present process is preferably passed as a vapor through & bed of the
catalyst supported in a suitable converter and maintained at the desired
temperaiure by any suitable heating means. Whils pressures both below and
pomewhat above atmospheric pressurs {for inatance 1 to 5 atm.) are applicabls,
the process is praferably executed in practice at atmoapheric pressurs or
thersabouts. The hydrocarbon %o be treated is preferably substantially
fres of water and/or compounds, such as the alecohols which form water under
the reaction condltiona.

In order to produce the beat yields of aromatic hydrocarbons and
realize the maximum efficilency of the oatalyat, the temperature in the
catalytic converter 1s prefsrably muintained between about 400 and 800°C.
Tamperaturez lower than about 400°¢, ars, ln general, leas deslrable since
they requirs low space velocities and give low conversions. Temperatures
above about 600°C. allow much higher space velocities and high conversions but
are, in general, less desirable aince they are apt to lead to cracking and
carbon depoaition.

At temperatures between about 450° and 500°C. the contact time is
preferably at least five sec. A1 higher temperatures somewhat higher space
velocltles may be employed, especlally by dilutlng the feed with hydrogen
the contact time may then be decreased even to less than one second, e.g.

1/2 aecond.
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EXAMPLE VIT

Normal nonane was passed at a rate of 20 cma (24.35 gm.) per hour
at 465°C. and atmospheric pressure over 40 cma (37 gm.) of compressed catalyst
pills of about 5 mm consisting of a mixturs of chromium oxide and aluminum
oxide in a molecular ratio of 70:50 and 18 atoms of potassium (added in the
form of KOH) per each 100 molecules of the mixed oxiéea. The liquid reaction
product obtained during a period of 10 hours amounted to 83% by weight of the
initisl material and containad:

71% by weight of aromatic hytirocarbons
6% by weight of olefines
23% by weight of paraffins
The aromatlc hydrocarbon fraction consisted of about 80% by welght of ortho-
methyl ethyl benzene.

The hydrocarbon product obtained, according to the protess, may
be treated by any one of the many known methods to remove the aromatic
hydrocarbons formed in the treatment, or, if deslred, non-aromatio hydrocarbona
may be removed leaving a concentrated aromatic fraction. In many casos,
aspeclally when operating &t low converaions, it may be desirable to subject
the product io one or more further treatmants to further increase the content
of aromatic hydrocarbons. In auch cases it ism ugually desirable to separate
high boiling polymers from the pruduct betwesn treatments.

The above examplea, which have been presented solely to illustrate
various aspects of the invention, ars not to be considered as limiting the
invention. It is to be understood that modifications will be readily
apparent to those skilled in the art and that no limitations are intended

other than those imposed by the scops of the appended clajms.
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WE CLAIM AS QUR INVENTION:

1. A catalytic agent for the synthesis of aromatic hydrocarbons
from open chain hydrocarbone consisting of compressed pills comprising an
intimate mixtura of oxides of chromium and alumimum in a molecular ratlo
of from 30:10 to 50:40 respectively, and an alkali metal compound in an
amount corresponding to from 2 to 30 atoms of alkall metal per each 100
melecules of said mixed oxides.

-

/ £. A process for converting open chaln hydrccarbons to aromatic

e

‘_." hydrocarbons which compriges contacting vapors of a hydrocarbon containing

v not more than 12 carbon atoms in an open chain snd structurally capable of
being cyclized to a aix-membered ring at a temperature of from 400%C. to 800YC.
and for a contact time of at least a 1/2 secound with a catalyst comprising
an intimate mixturs of oxides of chromium and sluminum in a molscular ratio
of 90110 to 80140 respectively, and an alkall mete]l compound in an amount
corresponding to from 15 to 20 alkali metal atoms per each 100 wmolscules of
anid mixed oxides, and pariodicelly restoring the activity of said catalyst
by treating with steam at a temperature of from 450°C. to 850°C.

5. A process for converting open chailn hydrosarbons to aromatle
hydrocarbona which comprises contacting vapors of a hydrocarbon containing
not more than 12 carbon atoms in an opsn chain and structurally cepable of
being cyclised to a aix-membered ring at a temperature of from 400°C. to 600°C.
and for a contact t.ino of at lsast a 1/2 second with a catalyst comprising an
intimate mixture of oxides of chromium and aluminum in a molecular ratio of
90:10 to 60140 reapectively, and an alksll metal compound in an amount
corresponding to from 2 to 50 alkall metal atoms per each 100 molecules of
said mixed cxides, ard periodically restoring the activity of said catalyst
by treating with steem at a temperature of from 450°C. to 850YC.

4. A process for the production of aromatic hydrocarbons which comprises
contacting vapors of a hydrocarbon containing not more than 12 carbon atoms in an
open chain and structurally capable of belng cyclized to a six-membered ring at a
temperature of from 400°C. to 600YC. and for a contact time of at least a 1/2 second
with a catalyst comprising an intimate mixture of oxides of chromium and aluminum in
a molacular ratio of 90:10 to 60:40 respectively, and an alkall metal compound in an

amount corresponding to from 15 to 20 alkall metal atoms per sach 100 molecules of
sald mixed oxides.
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S. & process for the production of aromatic hydrocarbons which
comprises contaching vapors of a hydrocarbon containing not more than 12
carbon atoms in an open chain and structurally capable of being cyclized into
a six-membered ring at a temperature of from 400°C. to 800°C. with a catalyst
comprising an intimate mixture of oxides of chromium and aluminum in a molecular
ratlo of 90:10 to 60:40 respectivaly, and an alkali metal compound in an amount
corresponding to from 2 to 30 alkali metal atoms per each 100 molecules of sald
mixed oxides.

6. A catalytic agent capable of catalyzing the synthesis of aromatic
hydrocarbons from open chaln hydrocarbons comprising an intimate mixture of
oxides of chromium and aluminum in a molecular ratio of from 50:10 to 80:40
respectively and potasaium nitrats in an amount corresponding to from 15 to
20 atoms of potasslum per each 100 molecules of said mixed oxides.

7. A catalytic agent capable of catalyzing the synthesis of aromatic
hydrocarbons from open chain hydrocarbona comprising an intimate mixturs of
oxides of chromiun and aluminum in a molecular ratio of from 90110 to 60:40
Trespectively and potassium hydroxide in an amcunt corresponding to from 16
to 20 atoms of potassium per sach 100 molecules of aaid mixed oxides.

8. A oatalytic agent capable of catalysing the synthesis of arcmatio
hydrocarbons from open chain hydrocarbons comprising an intimate mixture of
oxides of chromium and aluminum in a molecular ratio of fram 90:10 to 60340
respectively and a potassium compound in an smount corresponding to from 15
to 20 atoms of potassium psr each 100 molecules of sald mixed oxides.

9. A catalytic agent capable of catalyzing the synthesis of aromatic
hydrocarbone from open chain hydrocarbons comprising an intimate mixture of
oxides of chromium and aluminum in a molecular ratlo of from 90:10 to 60140
respectlvely and an alkall metal compound in an amount corresponding to from
15 to 20 atomsz of alkell metal per each 100 molecules of said mixed oxides.

10. A catalytic agent capable of catalyzing the synthesis of aromatie
hydrocarbons from open chain hydrocarbons comprising an intimate mixture of
oxides of chromium and aluminum in a molecular ratic of from 90:10 to 60:40
respectively and an alkall metal compound in an amount corresponding to from

2 to 50 atows of alkali metal per each 100 molacules of said mixed oxides.
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Gertified to be the drawings referred to INVENTOR
in the specification hereunto annexed,






