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3 Claims,

1 ,
This invention relates to a new and commer-
clally practicable method of treating hydrocarbon
oils by & series of reactions to increase the con-

tent of aromatic hydrocarbons therein, :
It 1s known that increasing the aromaticity of
paraffinic motor fuel fractions will result in an
increase in the octane number thereof. This has
been accomplished either by incorporating aro-

" matic materials boiling in the motor fuel range
or by converting a portion of the paraffinic mate-
rial in the motor fuel or material from which it
is derived, to aromatics boiling in the motor fuel
range. In order to convert paraffinic materials

- to suitable aromatic compounds it is usually nec-
essary to carry out a series of complex thermal
and/or catalytic reactions and as a necessary

(Cl. 260—673.5) -
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“fins are formed from unreacted parafiins so that
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consequence thereof certain losses occur due to

carbonization and conversion into products
which are outside of the desired boiling range.
Certain other disadvantages result from the ne-
cessity for carrying out these reactions at ele-
vated temperatures and the necessity for supply-
‘ing or abstracting heat in these reactions. Appli-
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cants have now discovered a method for increas- .

ing the aromaticity of paraffinic materials in a
simple and economic manner,

It is an object of this invention to pass a pre-
heated hydrocarbon charge through a catalyst
chamber having a plurality of appropriate cata-
lyst beds separated by thermal cracking zones to
cause successive thermal and catalytic reactions
in the charge to increase the aromatic hydrocar-
bon content thereof. . .

A more specific object of this invention is to
subject heated hydrocarbon oils to alternate
thermasl and catalytic reactions under conditions
where the paraflin content of the charge is con-
verted to olefins, the olefins reacted to form aro-
matics, the mixture again treated to form addi-
tional olefins which again are reacted to form
aromatic hydrocarbons, and these reactions al-
ternately caused to take place in a continuous
flow of hydrocarbons to substantially increase the
aromatic content of the original charge.

Another object of this invention is to provide
a method which takes advantage of the fact that
the reaction of the olefins to form aromatics is
an exothermic reaction and the formation of ole-
fins from paraffins is an endothermic reaction .
and thus each reaction may be carried out in a
manner which will wholly or partially compen-
sate for the temperature change occurring in the
other. FPurther advantage is taken of the fact
that the aromatics which are formed are rela-
tively stable under the conditions where the ole-

the addition of successive increments of aro-
madtics is effected without destruction of the aro-
matic compounds formed during previous reac-
tions.

Other and more detailed objects of this inven-

'tion will be apparent from the following disclo-

sure of one method of practicing it.

This invention resides In the steps and series
of steps of the method herein disclosed.

In genera] the charge stocks converted in the
present process are highly paraffinic materials,
the aromaticity of which it is desired to increase.
Such-materials include light naphthas boiling in
the range of, say, 200 to 400° F, straight run gas-
olines, and highly paraflinic fractions from vari-
ous sources such as the C7 and higher materials
fractionated from natural gasoline. In accord-
ance with applicants’ invention these materials
are subjected to alternate thermal and catalytic
reactions in a series of zones located within the
same reaction chamber or in contiguous or heat
exchange relationship. In the therma] zones de-
hydrogenation of paraffinic materials to olefins

25 occurs as a primary reaction and these olefinic
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materials are successively aromatized by cata-
lytic reaction to form aromatics, At{ the same
time some cracking, particularly of heavier par-
affins, also occurs. The dehydrogenation-crack-
ing reaction to form olefins is endothermic while

that for the conversion of olefins to aromatics

. has been found to be exothermic.

35

40

The invention may be carried out by arranging
in a reaction chamber a series of alternate ther-
mal and catalytic zones, The thermal zones may
be open spaces or may contain relatively inert
contact material of the nature of firebrick, Alun-
dum, or silicon carbide. These zones should be
of sufficient dimension to provide the desired con-
tact time necessary to effect thermal dehydro-
genation and cracking at the flow rate of charge
which is used. The catalyst zones contain a de-

. sired catalyst for effecting aromatization and this
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catalyst should be one which would be specific
enough for aromatization and polymerization re-
actions to result in a net exothermic effect. Such
catalysts include bauxite, silica-alumina, and
chromium oxide alone or preferably activated by
admixture with oxides of aluminum, iron, molyb-
denum, thorium and the like; Heavy metal salts
may also be used. Among these may be men-
tioned the molybdates and tungstates of nickel,
vanadium, chromium and iron. In particular it
has been found that the use of bauxite will result
in a substantial exothermic reaction at the tem-
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peratures'and under the conditions described

herein and that this exothermicity may under ‘

the proper conditions be of the same order as the
temperature drop occurring to the endothermic
reactlon which takes place in the thermal zones.

In view of the fact that In accordance with
this invention both endothermic and exothermic
reactions are taking place, it is intended that
advantage of this fact may be taken in order to
permit mutual compensation for heat loss or rise
in the respective zones. Thus if the thermal con-
-version Zzone is of such dimensions as to permit
a temperature drop of 50° PF. to take place, the
catalyst and dimenslons of the catalytic'zone
are so selected as to permit a temperature rise
in that zone of approximately 50° F. so that when
the efluent from that zone enters the next thermal
conversion zone it will have been elevated to the
desired initial conversion temperature. The tem-
perature drop in this next thermal conversion
zone may be compensated for by the temperature
rise which occurs in the succeeding catalytic zone.
Thus the two reactions may be carried out with-
out the necessity for supplying additional heat to
the endothermic zones or removing heat from the
exothermic zones.

Further control of temperature or reaction time
in the respective zones may be obtained by the
use of an inert diluent such as steam which may,
if desired, be heated to an extent sufficient to
‘provide for removing or supplying the desired
amount of heat to or from the respective zones.
Thus in case the femperature drop or temperature
rise, as the case may be, in any zone is insuffieient
to compensate for the change in temperature of
the preceding or succeeding zone, the deficiency
may be compensated for by the use of heated
diluent. Inasmuch as the use of diluent will de-
crease contact time it may be desirable to com-
pensate for this decrease by increasing the depth
of the successive zones in proportion to the con-
centration of diluent. It is also frequently desir-
able to add diluent to the feed entering the ther-
mal conversion zones in order to maintain the
contact time therein sufficlently low to bromote
. olefin formation. This will of course necessitate
an increase in the depth of the catalyst zones in
order to provide a sufficient contact time to per-
mit substantial aromatizing to take place.

Ordinarily, the dehydrogenation reaction is con-
ducted at a slightly higher temperature than the
aromatizing reaction, for example, with a tem-
perature in the range of about 1000 to 1200° ¥,
for the thermal dehydrogenation reaction is pure-
ly thermal, so that the aromatization reaction
.will be conducted at a slightly lower initial tem-
perature due to the temperature drop in the pre-
.ceding Zone. Because of practical considerations
the extent of this temperature drop should pref-
erably not be greater than about 100° F. In order
to obtain substantial olefin formation in the de-
hydrogenation zone & contact time of 0.05 to 1
second may be used, while in the aromatization
zone & contact time of 0.5 to 2 seconds may be
provided. I

In the accompanying drawings the single figure
is a diagrammatic illustration of an apparatus
suitable for illustrating the procedural steps of
the method herein claimed.

In accordance with this invention a catalyst
chamber or case 10 is employed of any suitable
and well known construction {n which s plurality
of catalyst beds C of suitable catalyst are sup-
ported on perforated or permeable supports S
in spaced relation, as shown in the drawing, to
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, 4.
form spaces or volds V between the catalyst beds.
Thus it is clear from the drawing, in relation to
the flow path of the charging stock, that it passes
alternately through the volds or spaces and the
cafalyst beds as it progresses from the inlet of
the catalyst case to the outlet.

‘The charging stock is preheated before dellvery
to the catalyst case In a preheater {1 of any sult-
able construction. The charging stock is sup-
plied from the source through the line 12 to the
heating colls 13 of the preheater and from there
through the line (4 into one end of the catalyst

. case 10. As will be described later, a suitable
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diluent may be added to the charging stock
through the lne I8 for admixture therewith be-
fore preheating and/or the same or a different
diluent may be introduced into the charging stock
at one or more reasction zones in the catalyst
case through the line 16 and its branches. The
reacted fluld is withdrawn from the catalyst case
{0 and delivered to any suitable separating or
fractionating equipment, not shown, by the line
1. The contemplated resctions are carried out
In the catalyst case under pressures from 0 to 200
pounds per square inch, and therefore, the various
lines are suitably valved and controlled in an ob-
vious manner to maintain the selected operating
pressure. ) :

In one actual demonstration of this process,
the hydrocarbon ofl charging stock, which was g
light naphtha containing mainiy paraffins, some
oleflns, some aromatic hydrocarbons and other
eyclic compounds such as cycloparaffins, was sup-
pled to the preheater 11 where its temperature
was ralsed to approximately 1140° F. The charge
stock had a boiling range of about 200-400° F.
In this operation the charging stock was diluted
with steam in the welght ratio of oil to steam
of about 6 to 1, and the mixture was fed at the
rate of 8 to 10 barrels of oll per hour.

‘The catalyst employed was 10-20 mesh granu-
lar bauxite although other catalysts as described
may be used in this process. In the particular
operation described the catalyst beds were about
3 feet In diameter and progressively increased in
depth from 2 feet at the top to 4 feet gt the bot-
tom. The thermal spaces varied in depth from 2
feet at the top to 3 feet at the bottom.

Olefins are formed in the mixture while in
the first space V and under the temperature and
bressure conditions and flow rate noted. Some
olefins, of course, may be formed in the pre-
heater and in the line 14 on the way to the
catalyst case., The mixture then proceeds
through the first catalyst bed C where a portion
of the olefins present in the mixture is converted
into aromatic hydrocarbons. During the reac- .
tion in the first space, which is a thermal re-
action, heat is absorbed since this is an endo-~
thermic reaction. However, quring the reaction
in the catalyst bed, which is of course a catalytic
reaction, heat Is given off since this is an exo-
thermie reaction. Therefore the temperature
of the mixture in the catalyst bed rises. When
the mixture proceeds to the next space V fur-
ther olefins are formed and the temperature
falls to be followed by an increase in temper-
ature of the mixture during the formation of
additional aromatic hydrocarhons from the ole-
fins just formed. These alternate reactions con-
tinue as the mixture moves through the catalyst
case and the percentage of arcmatic hydrocar-
bons present graduslly increases in view of the
fact that under the conditions noted previously
formed aromatic hydrocarbons are stable during
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the subsequent reactions and particularly dur-
ing the thermal reaction resulting in the forma-
tion of olefins. As shown, provision is made
for the -introduction of heated diluent into the
thermal spaces to supply additional heat in the
event sufficient exothermic heat is not developed
in the catalytic zones.

In the example being given there was a net

zone and in the absence of any catalyst for a time

- of 0.05 to 1 second, passing the resulting material

production of 11,.15% of aromatic hydrocarbons. .

The resulting mixture was
through the line {7, first, to suitable separating
equipment to remove the diluent steam there-
from, and then to suitable fractionating equip-
ment of conventional form to fractionate the
product in accordance with the uses to which
it was to be put. The resultant product in this
case is very valuable as an ingredient of high-
octane high-rich rating aviation gasoline.

As noted in the example above, no additional
heated diluent was added to the spaces through
the line I6 and its branches but where it is de-
sired to vary the reaction time this can be con-
trolled by the volime of the heated diluent in-
troduced directly into the spaces through the line
16 or its branches, either as an addition to that
added to the mixture through the line 15 or as
an alternative thereto. Thus reaction time as
well as temperature may be controlled in- whole
or in part by the use of diluent at a predeter-
mined volume or temperature. It is to be noted
that in addition to steam other inert gases such
as nitrogen or methane can be used for the same
purpose. It is also within the purview of this
invention to employ heating coils in the spaces
V for supplying heat to the thermal reaction an
thereby controlling the reaction time. N

To be more specific with regard to the example
described above, the following observation tem-
peratures are noted remembering . that the
charge stock was  delivered into the reaction
chamber at a temperature of 1140° . 'The tem-
perature in the first catalyst bed averaged about
1100° F. and in the first space below it about
1075° F. The temperature of the mixture in
the upper part of the second catalyst bed was
1090° ¥. and in the lower part 1100° F. ‘The
temperature in the next space V was 1080° F.
and in the upper part of the next catalyst bed
1077° P. At about the center of this beqd it was
1076° ', In the next, that is the last space V,
the temperature was 1087° P. In the upper
part of the last catalyst bed it was 1095° F., at
the center 1097° F, and near the bottom 1093° P,
Thus it will be seen that by alternate thermal
and catalytic reactions there was very little total

then passed:
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loss of heat in the charge as between the top .

of the first catalyst bed and the bottom of the
last one.

From the above description it will be apparent
to those skilled in the art that the method here~
in disclosed Is capable of some variation within
the novel scope thereof without departure from
the true subject matter of the invention. We
do not, therefore, desire to be strictly limited to
the llustrative example herein given but rather
by the limitation of the appended claims,

What is claimed is:

1, A process for converting a paraffin hydro-
carbon material boiling in the gasoline range to
aromatic hydrocarbons, which comprises heating
such a material to a temperature in the range of
1000 to 1200° F. and maintaining same within this
temperature range in an endothermic conversion
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containing olefins so produced into contact with
a mass of solid granular catalyst which promotes
exothermic aromatization and polymerization re-
actions for a reaction time of 0.5 to 2 seconds to
effect an exothermic hydrocarbon reaction, pass-
ing hydrocarbons efiluent from said catalyst mass
through a second endothermic conversion zone
in the absence of a catalyst for a reaction time
of 0.05 to 1 second, passing the resulting material
containing olefins so produced into contact with -
a second mass of solid granular catalyst which
promotes exothermic aromatization and polymer- -
ization reactions for a reaction time of 0.5 to 2
seconds to effect an exothermic hydrocarbon re-
action, each of said endothermic reactions being .
carried out without addition of heat from an out-
side source, and recovering from efluents of the
last said zone an aromatic hydrocarbon material
boiling in the gasoline range so produced.

2. A process for converting a paraffin hydro-
carbon material boiling in the range of 200 to
400° ¥. to aromatic hydrocarbons, which com-
prises heating such a material to a temperature
in the range of 1000 to 1200° F. under a pressure
not greater than 200 Ibs. sq. in. and maintaining
same within this temperature and pressure range
in a subsequent endothermic conversion zone and
in the absence of any catalyst and added heat for
a time of 0.05 to 1 second and such that g tem-
perature fall of not more than 50° F. takes place,
passing the resulting material containing olefins

80 produced into contact with a mass of solid

granular catalyst which promotes  exothermic
aromatization and polymerization reactions for a
reaction time of 0.5 to 2 seconds and such that
a temperature rise of not more than 50° F. takes
place in the absence of added heat to effect an
exothermic hydrocarbon reaction, passing hydro-
carbons effluent from said catalyst mass throngh
at least one additional series of endothermic and
subsequent, exothermic conversion zones operated
under the same conditions as those just recited,
and recovering from efluents of the last exother-
mie conversion zone an aromatic hydrocarbon
material boiling in the gasoline range so produced.
3. A process according to claim 2 wherein the

aromatization catalyst is bauxite.

. PAUL H. JOHNSON.

ROBERT R. PARKER.
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