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This invention pertains to the production of
aromatic rich hydrocarbon liquids from petroleum
distillates and is directed more particularly to the

production of substantially pure aromatics from .

selected hydrocarbon distillates by means of a
novel combination sequence of catalytic and dis-
tillation steps.

Various methods have hitherto been proposed
for extracting, by means of selective solvents, the
aromatic compounds occurring in certain natural
petroleums. Methods have also been disclosed
for converting & portion of the non-aromatic ma-
terials in petroleum distillates to aromatics, which
may then be separated by means of selective sol-
vents, just as in the case of the originally occur-
ring aromatics.

While the aromatic compounds present or pro-
duced in petroleum fractions may be substan-
tially concentrated through the use of known
methods of solvent extraction, it is, however, un-
fortunately a fact that no known solvent is suffi-
ciently selective to recover by a simple operation
all of an aromatic compound from admixture
with the associated paraffinic and naphthenic
materials in a petroleum distillate and at the
same time to recover it in a state of sufficiently
high purity that it may be subjected directly to
nitration as, for instance, in the preparation of
explosives, or may be used directly as raw ma-
terial in other specific chemical processes.

In our earlier filed copending application Serial
No. 434,994 we disclosed a particular method of
cperating catalytic steps, which are glready more
or less well known in connection with the reform-
ing of gasolines and naphthas for their antiknock
improvement, by means of which it is possible to
produce substantially pure aromatic compounds,
such as benzene, toluene, ethyl benzene and
xylene, from appropriately chosen fractions of pe-
troleum. No complicated solvent extraction pro-
cedure is employed in our process, the appropriate
steps of catalytic conversion properly related to
simple distillation processes being adequate to
produce aromatics of better than 99% purity.
For instance, it has been found possible by means
of the particular combination of process steps
which constitutes our invention to convert s
“toluene cut,” boiling from about 180° to about
240° F,, from a California straight-run petroleum
distillate, simply and directly into nitration grade
toluene with yields of the order of 40% by weight.
Our present invention comprises a specific modi-
fication of such operation particularly adapting
it to the treatment of highly parafinic stocks,

It is the object of the present invention to pro-
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vide a relatively simple catalytic process by means
of which it is possible to prepare low boiling aro-
matic compounds from highly paraffinic petro-
leum fractions with a higher degree of purity and
in substantially improved yields over hitherto
known processes.

It is a more specific object of the present inven-
tion to provide a catalytic process wherein cata-
Iytic conversion steps are correlated with simple
distillation operations in a manner such that
selected paraffinic petroleum distillates may be
converted to substantially pure aromatic com-
pounds with relatively high yield.

It is a still more specific object of the present
invention to provide a catalytic process for con-
verting selected paraffinic petroleum fractions
substantially to aromatic compounds wherein two
coordinated stages of catalytic treatment are em-
ployed in series with a fractionation step inter-
posed hetween them.

It is another specific object of the vresent in-
vention to provide a method for converting a se-
lected, fraction of paraffinic petroleum to sub-
stantially pure aromatic compounds by catalyti- -
cally preparing an aromatic rich distillate, sepa-
rating it from non-aromatic compounds so far as
practical by fractional distillation and subjecting
the so separated fraction to a second catalytic
treatment for conversion of the residual non-
aromatic compounds.

It is & more specific object of the present in-
vention to provide a process for preparing sub-
stantially pure toluene from a petroleum hydro-
carbon fraction boiling between about 180° and
235° P. and containing a substantial proportion
of paraffinic compounds. :

Other and more specific objects of the inven-
tion will be apparent from the following descrip-
tion and the appended claims,

‘While it is conventional practice in most chem-
ical reactions, and particularly in the catalytic
processing of hydrocarbons such as in catalytic
cracking and catalytic reforming operations, to
separate from the product unreacted components
of the charge for return to the reaction in order
that the highest possible yield of the desired
product may be realized from each unit of charge,
the present operation differs significantly from
such conventional recycle operation in that it is
the desired product that is subjected to a second
catalytic treatment rather than unreacted com-
ponents of the initial charge. Our present proc-
ess further differs from the usual recycle opera-
tion in that the once-through material is sep-
arated as far as possible from components of the -
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‘original charge before being subjected o the sec-
ond stage of ecatalytic treatment whereas in re-~
cycle operation the recycled material is added to

fresh feed prior to being passed over the catalyst.

Conditions maintained in the second stage of our
bresent process are also significantly different
than prevail in the first stage. It is believed that
these elements of novelty are highly significant
and are in large part responsible for the peculiar
advantages of the process of the present inven-
tion.

Broadly considered, our process for producing
substantially pure aromatic compounds from se-
lected paraffinic petroleum distillates may be di-
vided into four sienificant and critically related
steps, namely. a first stage low-pressure catalytic
step, an interstage separation step, a second stage
higher pressure catalytic step and a final separa-
tion step. :

In the first catalvtic stage we have found the
oxides of metals of the left-hand columns of
grouns IV, V and VI of the periodie system, and
particularly the oxideg of chromium, vanadium
and molvbdenum to be effective cyclizing agents.
These oxides may be iImpresnated in or supported
on activated aluming or the. active metal com-
ponents may be coprecivitated with the alumina
as when a solution containing a compound of the
metal together with aluminum ion is treated with
aqueous ammonis,

In the second catalytic stage substantially the
same grouv of catalvsts may be used. the result
obtained being, qualitatively at least, more de-
pendent upon the conditions maintained than
upon the specific catalyst employed. Specific
combinations and sequences of catalysts may
nevertheless possess certain auantitative advan-
tazes. Tt has for instance been found that great-
er ylelds of aromatics with less loss to coke and
£as may be secured when g chromium compound
catalvst, as described above, is employed in the
first stage with a molvbdenum containine catalyst
in the second stage than when any other catalyst
sequence is used.
i In g preferred embodiment of the process of the

present invention a catalyst in which a chrominm
compound such as g chromate or dichromate is
coprecipitated with or supported on aluming is
employed in the first stage while a catalyst in
which a molybdenum comvonent coprecipitated
with alumina from a solution containing soluble
compounds of the two metals is used under appro-
priately different conditions. described herein-
- after, in the second stage. This combination of
catalysts has been found to give the smoothest
operation and the most desirable results of any
combination yet tried.

In carrying out the process of the present in-
vention, when it is applied to the production of
pure toluene for nitration or use as a raw ma-
terial in other chemical brocesses, we prepare a
distillate from naturally oceurring, essentially
paraflinic petroleum by close fractionation to give
8 cut boiling from about 180° to 235° ¥. ‘This
stock is charged to an appropriate first catalyst
stage employing one of the above-mentioned
catalysts and is subiected therein to a tempera-
ture between about 800° and 1050° F'. in the pres-
ence of a carrier gas containing a substantial
broportion of hydrogen and at a total pressure
in the neighborhood of atmospheric and prefer-
ably not over about 50 bounds per square inch for
& time sufficient to give the desired conversion to
aromatics, as will be explained in detail in a
later section. The product from said first catalyt-
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ic stage is then separated by distillation into a
light gas fraction consisting largely of hydrogen
and methane, which may be employed directly
as the carrier gas already mentioned or further
separated to give a butane fraction which may be
removed from the process for other well known
uses, & lquid fraction boiling above butane up
to about 180° F., which may be elther recycled
for further processing or removed from the process
for use elsewhere, as may be desired, a higher
boiling liquid fraction from 180° F, to about 227°
F. which is recycled to the first catalyst stage for
further processing, & liquid fraction boiling be-
tween about 227° F, and 232° ¥. which is charged
to the second catalyst stage, and & bottoms frac-
tion boiling above about 232° F. which may be
used as a source of higher boiling aromatics or
otherwise disposed of as desired. The narrow
boiling cut from 227° B, to 232° F. is charged to
the second stage catalyst system together with a
carrier gas containing hydrogen and under sub-
stantially the same conditions as already de-
scribed for the first stage operation except that
a8 higher pressure is maintained and the rate of
charge, and hence the time of reaction in the
second stage, may be varied somewhat to accom-
modate the particular stock which is undergoing
treatment so as to produce a final toluene rich
product of the desired characteristics. This
crude toluene can then be separated by ordinary
good fractional distillation with the production
of a toluene product that may directly, or after
& slight acid treatment, be satisfactorily sub-
Jected to nitration or such other chemical use as
desired.

While the process as described herein contem-
plates two separate catalyst stages arranged in
series with an efficient fractional distillation
stage between them, it will be apparent to those
skilled in the art that by providing adequate stor-
age facilities the same ultimate result can be
obtained by preparing and storing the toluene
rich 227° to 232° P, cut and substantially passing
it through the same catalyst stage in which it
was prepared but under the conditions for second
stage operation, as already described. This sec-
ond stage treatment is in no sense equivalent to
& recycle treatment through the first stage since
it is critically and positively a treatment of the
desired product separated as far as possible from
all other materials instead of being added to fresh
feed as in a typical recycle operation.

The diluting or carrier gas may, as mentioned
above, be the gas produced in the process or a
more or less similar gas derived from any other
convenient source. We have found, however,
that it sh:ould contain at least 40% by volume of
hydrogen and preferably above 509 in order that
the most efficient use of the catalyst may be real-
ized, It has also been found desirable to employ
this carrier gas in quantities up to about 3,000
cubic feet, measured under standard conditions
of temperature and pressure, per barrel of the
liquid hydrocarbon charged. 'The ratio of gas to
hydrocarbon charge on g molecular basis i then
irom zero to about three to one, which, when
the carrier gas contains 50% or more of hydro-
gen, would thus give a molecular ratio of hydro-
gen to hydrocarbon of up to about one and one-
half to one, Higher ratios may, of course, be
employed but without substantial improvement
in results.

In addition to the significant ratio of diluent
gas to naphtha just explained, we have also found
that in the second stage the proportion of hydro-
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gen in the diluting gas at any given total pres-
sure or, more broadly, its partial pressure in the
reaction mixture, is extremely significant to the
satisfactory completion of the conversion of non-
aromatic components into aromatics or into com-
pounds that are readily separable from the aro-
matic compound by fractional distillation. The

. over-all effect of a substantial partial pressure
of hydrogen is to lower the loss of charge to coke
and simultaneously to increase the period of oper-
ation between catalyst regeneration treatments
for the removal of coke deposited thereon. We
have found that the major part of this benefit
to catalyst life is realized between about two
and twenty atmospheres (30 and 300 pounds per
square inch) partial pressure of hydrogen and
usually between about three and ten atmospheres
(45 and 150 pounds per square inch). While the
total pressure on the second stage system does
not appear to be particularly critical, it will be
seen, from what has already been said, to be
substantially fixed by the limits of dilution pre-
scribed and by the desirable partial pressures of
hydrogen, to a range between about 50 and 500
pounds ver square inch and usually to between
about 100 and 400 pounds per square inch.

" With the hydrogen rich stocks consisting sub-
stantially of paraffins and only minor cuantities
of naphthenes and low boiling aromatics which
are preferred for the process of the present in-
vention, it has been found that the process gas
as produced In the first catalyst stage usually
contains sufficient hydrogen that it may be em-
ployed without further adjustment as the diluent
gas. When, however, it is desirable to recover
{from the first stage gas butanes, and possibly also
provane for use in other processes, the concen-
tration of hydrogen in the remaining gas is, of
course, increased and the gas is therefore ren-
dered even more sultable for use as the diluent
or carrier agent in our process. With the tem-
perature, total pressure, partial pressure of hy-
drogen and degree of dilution of hyvdrocarbon
charge by Inert gas regulated substantially within
the ranees just specified, the extent of conver-
sion in the catalyst stages may be varied as de-
sired by adjusting the time of the reaction or,
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more directly, the rate at which the hydrocarbon

charge is fed to the process.
We have found that in producing toluene from
a paraffinic straight-run gasoline, the toluene
cut should be charged to the first catalyst stage
at such a rate as will give a debutanized product
containing aporoximately 409 of aromatic com-
pounds In order that the highest over-all yield
of toluene from a given amount of charge may
be produced with best efficiency and the least
operating difficulty. With the more active phys-
ical modifications of the above-mentioned cata-
lysts and the conditions of operation as already
given, this degree of conversion is realized by
charging from about 0.7 to 3.0 volumes of hydro-
- carbon (measured as liquid) per volume of cata-
1yst (including voids) per hour. While it is true
that with a lower conversion in the first stage
. a slight increase in the over-all yield of toluene
may be realized, this is possible only with a sub-
stantial reduction in the capacity of any given
plant. With a conversion in the first catalyst
stage to give more than about 409 of aromatics
~ in the debutanized product, the ratio of toluene
to gas and light liquid, boiling below about 180°
¥., is found to decrease rapidly and hence the
yield of toluene per unit of charge is reduced
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proportionally by such higher conversion in the
first stage. :

While it is possible that this optimum conver-
sion in the first stage for highest plant efficiency
and highest ultimate yield of toluene might be
slightly different for charging stocks varying
widely in the nature and relative proportions of
the components in the 180° to 250° -F. boiling
range, such variations will be found to be readily
determinable and hence are believed to be com-
prehended by our invention.

The conditions to be maintained in the second
catalyst stage are, as already indicated, substan-
tially different in several respects from those em-
ployed in the first stage. These differences may
vary slightly with the sequence of catalysts used
but should in general fall within the ranges speci-
fled. In addition to the possible slight variation
in hydrogen concentration in the carrier gas and
in the other conditions mentioned above, it may
also be desirable to alter the feed rate to the sec-
ond stage slightly to produce the absolute maxi-
mum yields of toluene with minimum loss of
charge to gas and coke.

Instead of making adjustments in the feed rate,
while maintaining a constant average tempera-
ture of reaction, in order to secure the desired de-
gree of conversion in either first or second cata-
lyst stages, it has been found more desirable under
certain circumstances to maintain a fixed feed
rate and to adjust the inlet temperature to the
catalyst chamber to give the desired conversion,
the temperature being readjusted as may be nec-
essary to compensate for fluctuations or changes
in catalyst activity in order to maintain the ex-
tent of conversion constant throughout the oper-
ation. Ordinarily it will be found most conven-
ient to fAix the point of operating temperature
control at the inlet to the catalyst chamber, the
temperature there being adjusted to that which
is found, with a given apparatus and stock, to
give the desired degree of conversion. This point
of temperature control is chosen since the tem-
perature at any point within the catalyst
chamber is a much less definite quantity due to
the rather large temperature drop through the
catalyst due to endothermic heat of reaction.

One preferred embodiment of the process of the
present invention will now be explained with ref-
erence to the figure of the attached drawing. It
will be appreciated that this figure is ~ schematic
representation or flow diagram of the process and
has no reference whatever to the specific appara.-
tus in which the process may be effected. All
valves, condensers, heaters and like conventional
items of equipment have been accordingly omit-
ted.

For the production of toluene the liquid hydro-
carbon charge to the first stage of the process is
preferably a closely fractionated cut from a par-
affinic petroleum having a boiling range from
about 180° to 235° F. This charge may be passed
through line 1 to the first stage heating zone 5
to which are also passed recycle gas from line 3,
light recycle liquid from line 13, heavy recycle lig-
uid from line 31 and extraneous hydrogen from
line 2 when necessary. The preferred ratio of re-
cycle gas to total Hquid feed to the catalyst cham-
ber is of the order of 1500 cubic feet per barrel.
At this ratio it is desirable that the recycle gas
should contain at least 40%, and preferably above
50%, of hydrogen and that the molecular ratio of
hydrogen to liquid hydrocarbon charge be of the
order of 0.75:1. The extraneous hydrogen added
through line 2, as already mentioned, is thus em-
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ployed whenever necessary to bring the hydrogen
content of tiis carrier gas entering
Zone within this desired range.

The heated mixture from zone § is Dassed
through 4ne 6 to the fArst catalyst stage repre~
Sented by drums I and I’ which contain g pel-
leted, coprecipitated, chromium-gluminum cata.
lyst. A pressure of about 15 pounds per square
inch absolute is maintained in the reaction zZone

with an inlet temperature of bevween 900° and !

1025° ¥, Under these conditions and with the
charging material Indicated, the desired exten;
. of reaction can be effected at a charging rate of
about 0.2 {0 0.3 volumes of liquid charge per vol-

ume of catalyst containing space ner hour, The 2

reaction mixture is passed from the eatelyst zone

the heating

- fraction would be passed

through line 7 (1’) %o a first stage Hquid stabiiizer -

8 wherein the butane ang lghter ecomnonents of
the charge may be sepavated from the normally
liguid components, the Hght fraction being paseed
shrough iine 3 for subsequent treatment, as de-
scribed later herein, while the normalily louid
product is passed through line {9 t¢ a Arst stage
stll, 11, This Arst stage stil} may in fact conaist
of one or several separate stills gz may be found
more convenient and econemical in the prepara-
tion of the desired ciose-cut Iractions. A low boil-
ing fraction from siart to about 180° P, will usti-
ally be taken off and removed from the system.
A side stream boiling from 180 to about 227° ®,
may be returned through ine i8 as 3 light recycie
stock to the first heating zone 5. A crude toluene
fraction boiling from about 227° to 232° . will be
recovered for use as the charging materia] to the
second stage of the process while the fraction
boiling above 232° 7, may be removed through
line 18 and sent forward to a xylene still for the
recovery of the higher boiling aromatics,

" Recycle gas is charged to the second heating
zone {8 from line !§, additional hydrogen, when
required, from Ine {7 and second stage recycle
Hguid from line 26. The recycle or carrier gas to
the second stage need not be quite so rich in hy-
drogen as the gds in the Arst stage bui in any
event it should contain at leasi 209, of hydrogen,
and preferably at least 30%. The rate of charg-
ing gas io the second stage will usually be sub-
stantially higher than to the Srst stage, that Is,
about 6,000 cuble feet per barrel of crude toluene
charged from lIine (4 as compared o less than
about 3,000 cuble feet to stage cne. A pressure of
about 215 pounds per square inch absoluie and an
inlet temperature between sbout 950° and 1025°
F. are maintaineqd in the second stage of the proc-
ess. The lquid feed rate is of the order of 1.0
vol./vol./hr. when an active coprecipitated molyb-
denum- aluminum catalyst is employed,

The product from the second catalyst stage IT
(IT") is passed through Iine 20 (20’ to the second
stage lquid stabilizer 21 wherein the butare and
lighter gases are separated from the normally
liquid components, the former being discharged
from the system or passed through Iine 22 to
line § for treatment together with the gaseous
product from the first stage, while the normally
liquid fraction is discharged through line 23 to
toluene still 24, The toluene still 24 may, as in
the case of the first stage still, actuslly consist
of one or more stills conveniently arranged to
most efficiently prepare the desired close frac-
idlonated cuts. A start to about 220° P, cut may
e taken overhead from this still through line
!5 to line 10 and still (1, A 220° to 230° F. frac-
ion may be prepared for return through line
'8 as second stage recycle liquid to the second
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stage heating zone {8, Tn some instances it may
be preferable to include this latter cut with the
iight cut, whereupon the combined start to 230° 3,
through line 28 ag al-
ready described. ' A 230° 0 232° P, fraction, which
will now contain 99%4- toluene, is discharged
Shrough line 27 while the hottoms boiling ahove
232° B, may he discharged from the system or
sent through ilne 28 tn the sylene still 29 for
recovery of such higher boiling aromatics as may
e nresent, :

The nylene stinl 29, tn whieh the bottoms frac-
slons from fArst stage stili it and toluene still 24
are combined, will usuelly he operated o give
three fractions: A 235° i 278° P, cut which is
removed at 39 and discharged from the system,
sent to the absorber 32 or gent by Yine 31 a8 heavy
recyele lquid to the frs heating zone 5, g 275°
10 298° 3, cub removed b 33 ‘which will contain
& mixture of $he three izomeric sylenes and ethy!
enzene, and s hotioms eut boling above 295° 7.
which is removed at 34 ang discharged from the
system or sent through line 35 to absorber 82.

The abscrber 32 is employed for separating the
butane and sometimes alap the propane fractions
from the gases produced in the frst and second
stage treatments. These heavier zaseous hydro-
carbons are absorbed in a sponge lquid which
may be 8 hydrocarbon Yquid provided especlally
for that purpose or may, as already herein indi-
cated, be the intermediate and/or heavy Hquid
fractions produced during the reaction, such as
the bottoms eut from the first stage or toluene
stills or the ouiside fructions from the xylene
still, The saturateg sponge lquid from absorber
32 may be removed through line 36 and sent to
a recovery system, not shown, or sent through
ine 31 to the first heating zone § as heavy recycle
liquid. The gases leaving the absorber at 31 are
bassed by Hne {8 to the second heating zone (8,
by lines 18 and 3’ to the recycle gas holder 38,
or by iines 16 and 3 to the first heating zone §,

While, for convenience, the drawing has shown
both the first and second catalyst stages ag com-
posed of two catalyst drums, so arranged that
the catalyst in one drum may be regenerated
while the other is on stream, it will be appre-
clated that any meore convenient number of
drums may be empioyed, ¥or instance, when on
stream periods shorter then sbout one hour are
desirable, it may be found necessary to provide
three or mere drums for sach cabalyst stage in
order that the compiete cycle of on stream and
regeneration steps may wproceed without inter-
ruption. The inert gases necessary for purging
the catalyst drums prior to their regeneration,
and necessary salso for diiuting the air used in
reburning the catalyst, are stored in purge gas
holder 3% which is shown with appropriate con-
nections to the catalyst qrums of both stages
of the process. In general, it i3 desirable in re-
generating catalysts of the class employed in the
present process to dilute the aip employed in
regeneration sufficiently that temyperature in the
catalyst may be held below the polnt at which
appreciable inactivation of the more sensitive
catalysts may occur. This temperature is about
1200° F. Instead of effecting this temperature
control by flue gas recycle, it may equally well be
effected by the now well known method of build-
ing into the catalyst chamber heal dissipating
means such as fins, flues and tubes for circulating
& cooling fluid,

In order that the progressive Incresgse in
toluene content of the hydrocarbon Hquid.as it
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passes through the process of the present inven-
tion may be better visualized, the approximate
percentage of toluene contained in the liquid
passing through lines 10, {4, 23 and 27 has been
- Indicated on the drawing. While these values
may vary somewhat with different charging
stocks, they may be substantially regulated by
controlling. the conversion effected in the first
stage so that the liquid passing through line 10
will contain  about 40% aromatics. With the
average paraffinic stock used as a basis for the
foregoing description, the crude toluene charge
(line 14) to the second stage will then contain
approximately 90% total aromatics, the second
stage product (line 23) passing to the toluene

10

16

still will contain about 96% toluene and the final -

product discharged through line 21 will be sub-
stantially pure (99%-) toluene. For conven-
ience in visualizing the process, these figures have
been indicated enclosed in circles at the appro-
priate points on the drawing. The over-all yields
of toluene that have thus been obtained vary

20

from about 32 to 42% by volume of the liquid _

charge.

The process of our present invention may be
further illustrated by reference to the following
specific example:

Example

A fraction from a paraffinic straight-run gaso-
line boiling between 180° and 240° F. (true boiling
points) was subjected to the two-stage process
just described wherein a chromic oxide-alumina
composition was used as the catalyst in the first
stage and a molybdenum-alumina coprecipitate
was employed in the second. The operating con-
ditions and results obtained were as follows:

1st stage 2d stage
Temperature AVey O e ciacecccae 950 960
Pressure p. 8. i. abs 15 215
Feed rate (liq.) v./v./hr.. - 0.25 1.0
On stream periods, min. - 60 60
Gas recycle, cu. ft. /bbl feed - 1, 500 6, 000
Yield, vol. percent liquid oo 80 96
Coke loss, wt. percent. 1.0 1.1
Gas loss, wt. percent ..._._____ - 15.0 3.0
Toluene vol. percent of prod. . 20.0 99.0
Toluene yield vol. percent chg__ . coocoonfoamaceocmaan 35

‘While the foregoing discussion and examples
have been directed particularly to the production
of toluene from a typical paraffinic stock, it is
equally possible to produce the other low boiling
aromatics, such as benzene, ethyl benzene and
Xylene, from the appropriate fractions of a similar
stock.

Having now described and illustrated our “two-
stage catalyst” process comprising a particular
combination of catalytic and distillation steps
for the production of substantially pure aromatic
liquids from selected paraffinic petroleum frac-
tions, we claim:

1. Process for the production of a substantially
pure liquid aromatic which comprises subjecting
a selected narrow boiling fraction from a paraf-
finic base petroleum to reforming, dehydrogena-
tion and cyclization over & metal oxide catalyst
containing as the active component an oxide of a
metal selected from the group consisting of the
metals in the left-hand columns of groups IV, V
and VI of the periodic system at a temperature
between 800° and 1050° F., a pressure of about
15 p. s. 1. absolute and in the presence of a hydro-
gen containing carrier gas in the ratio of about
two molecules of gas per molecule of hydrocarbon
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charge for a time suficient to produce a liquid 7

10

product falling substantially in the same range ag
the original charge and containing a significantly
higher concentration of aromatic compounds
than the charge, fractionally distilling this liquid
product to produce a cut boiling substantially
within the range of the original charge, subject-
ing said cut to a second treatment with a metal
oxide dehydrogenation catalyst containing as the
active component an oxide of a metal selected
from the group consisting of the metal of the left
hand columns of groups IV, V, and VI of the
periodic system at a pressure higher than em-
ployed in the first stage, collecting the liquid
product and sharply fractionating it to separate
the desired aromatic in a substantially pure state.

2. Process for the production of toluene which
comprises subjecting a fraction from a paraffinic
petroleum boiling in the range from abhout 180° to
about 240° F. to the action of a catalyst compris-
ing chromic oxide and alumina at a temperature
between about 900° and 1025° F. under a pressure
of about atmospheric and in the presence of a
carrier gas containing at least 40% hydrogen,
said carrier gas being in the ratio of about 1500
cubic feet per barrel of liquid charge for a time
sufficient to produce a debutanized liquid product
containing about 40% of total aromatics, frac-
tionally distilling said liquid product to produce
a sharp cut boiling between about 227° and 232° F
subjecting said cut to a second catalytic trea.t-
ment over a coprecipitated molybdena-alumina
catalyst in the presence of a carrier gas contain-
ing free hydrogen at a temperature between about
900 and 1025° F. and under a pressure of about
200 p. s. 1. for a time sufficient to produce a de-
butanized product containing at least 90%
aromatics and subjecting said product to an effi-
cient fractional distillation to produce a fraction
containing at least 99% toluene,

3. Process as in claim 2 wherein the catalyst in

the second stage is a coprecipitated vanadium
oxide-aluiminum oxide composition.
4. Process for the production of an aromatic
rich stock which comprises subjecting a selective
narrow boiling paraffinic distillate to the action
of a cyclization catalyst containing as the active
component an oxide of a metal selected from the
group consisting of the metals of the left-hand
columns of groups IV, V and VI of the periodic
system at substantially atmospheric pressure and:
a temperature between about 900 and 1025° F. in
the presence of a carrier gas containing a sub-
stantial proportion of free hydrogen, collecting
the liquid product, fractionally distilling said col-
lected liquid product for the removal of com-
ponents boiling both above and below the original
charge and subjecting the so segregated liquid
boiling within the range of the original charge
to a second catalytic treatment with a catalyst
containing as the active component an oxide of a
metal selected from the group consisting of the
metals of the left hand columns of groups IV, V,
and VI of the periodic system in the presence of
a carrier gas containing free hydrogen and at a
pressure substantially higher than that employed
in the first stage for the conversion of non-
aromatic compounds to render the aromatic com-
pound separable by fractional distillation.

5. Process for the production of substantially
pure toluene from a paraflinic petroleum distillate
which comprises subjecting a fraction from said
distillate boiling within the range from about 180°
to about 240° F. to the action of a catalyst com-
prising chromium oxide and alumina in a first
stage at a temperature between about 900° and
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1050° P\ and a pressure of substantially atmos-
pherie in the presence of a recycle gas contalning
between about 45 and 90% free hydrogen, sald
gas being present in quantity less than about 3000
cubic feet per barrel of liquid charge, collecting
the liquid product formed, separating from said
Hquid product by extreme fractionation a toluene
rich fraction containing substantially only hydro-
carbon Impurities that are Inseparable from
foluene by sald fractionation, subjecting said
crude toluene fraction to the action of a copre-
cipitated catalyst comprising molybdenum oxide
and alumins at & temperature between about 900°
and 1050° F', and a pressure between about 50 and
300 p. s. i, in the presence of a carrier gas con-
taining free hydrogen in the ratio of between
2000 and 12,000 cubic feet of gas per parrel of
iiquid charge whereby the hydrocarbon materiais
agsociated with the toluene are converted io sib-

sbances that are separable from the toluene b7 9

iractional distillation and effecting said separg-
tion to produce toluene of nitration grade,

8. Process for producing a substantially pure
relatively low boiling aromatic compound from s
parafinic hydrocarbon fraction containing con-
stituents boiling within the gasoline boiling range,
which comprises aromatizing said parafinic frac-
tion by subjection to the action of a dehydrogena-
tion catalyst comprising coprecipitated aluming
and an oxide of a metal selected from the group
consisting of the metals in the left-hand columns
of groups IV, V and VI of the perlodic system af
% temperature from about 800° to 1050° F. in the
presence of a carrier gas containing at least 40%
by volume of hydrogen, &t & total pressure from
about atmospheric to about 50 pounds ber square
inch, with a molecular ratio of hydrogen to hy-
drocarbon up to one and one-half to one, and at &
space velocity of about 0.2 to about 3.0 volums of
lquid hydrocarbons charged per volume of
catalyst space per hour, separating from the re-
sulting product by fractional distillation s rela-
tively narrow cut containing essentially only the
desired saromatic compound and other con-
stituents inseparable therefrom by {fractional
distillation, subjecting said narrow cut to the
action of a catalyst comprising coprecipitated
alumina and an oxide of a metal selected from
the group consisting of the metals in the iefie
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hand columns of groups IV, V and VI of the
periodic system in the presence of a carrier gas
centaining at least 209% by volume of hydrogen,
2t a total pressure higher than that maintained
in said aromatizing zone and being of the order
of from 50 to 500 pounds per square inch and at
a partial pressure of hydrogen from about 30 to
200 pounds per square inch to transform said cut
and render sald arcmatic compoung separable
therefrom by fractional distillation, fractionally
distilling the resulting produet to separate there-
Irom substantially vure aromatic compound,

7. Process as deflned in clajm 8, in which said
Arst mentioned metal oxide is a chromium oxide
and said second mentioned metal oxide is a molyb-
denum oxide,

8. Process as defined in claim 8, in which sald
frst mentioned metal oxide is a vanadium oxide,

3. Process as defined in ciaim &, in which said
Arst mentloned metal oxide is a molybdenum
oxide,

10, Process for the production of hydrocarbon
distillate fractions rich in aromatic compounds
which comprises subjecting a selected parafiinic
petroleum fraction to the aciion of a metal oxide
aromatizing catalyst containing as the active
component an oxide of a metal selected from the .
group consisting of the metals in the left-hand
columng of groups IV, V and VI of the periodic
system at a temperature of 806° to 1050° F, in the
presence of added hydrogen and st a pressure of
about atmospheric to about 50 pounds per square
inch, fractionally distilling the product to sepa-
rate a cut boiling in approximately the same
range as the orginal charge and containing the
desired aromatic, subjecting the so separated cut
to a second catalytic treatment with a catalyst
containing as the active component an oxide of &
metal selected from the groups consisting of the
metals of the left hand columns of groups IV, V,
and VI of the periodic system at g higher pressure

" than employed in the first stage to render the

aromatic compound in said cut separable there-
Irom by fractional distillation ang fractionating
the resulting product to separate in substantiaily
bure form the aromatic rich lguid produced,
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