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The present invention relates to improvements in the
hydroforming of naphthas. More particularly, it relates
to improved hydroforming processes wherein metal oxide-
supported noble meta] catalysts are reactivated through
the utilization of gaseous halogen, particularly chlorine,
under essentially static, superatmospheric conditions.

It is a matter of record and commercial practice to
hydroform naphthas in the presence of a platinum cata-
lyst. This platinum catalyst is usually supported on a
suitable base, such as alumina, and may also contain a
small amount of a promoter or stabilizer such as boria,
phosphoric anhydride, silica, halides or organic acids.
For instance, a commonly used composition of such cata-
lyst is one containing from 0.001 to 2.0 ‘weight percent
platinum, the remainder being the alumina Spacing agent
or base. In place of alumina, other bases having mild
cracking activity are used. In this hydroforming opera-
tion, a virgin naphthenic naphtha is contacted at elevated
temperatures and pressures with the catalyst in the pres-
ence of added hydrogen. The function of the hydrogen
is to repress the formation of carbonaceous deposits on
the catalyst,

The operating conditions of the hydroforming opera-
tion are pressures in the range of 50 to 1000 p. s, i, 8.,
usually 200 to 700 p. s. 1. g, and temperatures in the
range of 750°--1050° F., usually 900°-950° F. The hy-
drogen dilution can vary from about 1000 to 10,000
C. F./B.

The feed or charging stock to the hydroforming reactor
can be a virgin naphtha, a cracked naphtha, a Fischer-
Tropsch naphtha, or the like, and mixtures thereof, The
feed stock is preheated alone or in admixture with recycle
8as to reaction temperature. The endothermic heat of
reaction is supplied by the cooling of charge stocks during
the reaction. Normally two or more fixed bed reactors
are used in series with intermediate reheating to main-
tain an average temperature high enough for the reaction
to proceed. ‘ ’

The chemical reactions involved in the hydroforming
process include dehydrogenation of naphthenes to the
corresponding aromatics, isomerization of straight chain
paraffins to form branched chain paraffins, isomerization
of cyclic compounds such as ethylcyclopentane to form
methylcyclohéxane, and some aromatization, dealkylation
and hydrocracking of paraffins, Ina hydroforming opera-
tion which is conducted efficiently it is possible with the
use of a proper catalyst and proper conditions of opera-
tion to hydroform a virgin naphtha having an octane
number of about 50 to a hydroformate having an octane
number up to as high as-95 to 98 and obtain yields of
Cs- hydrecarbons - as high as 85%. The hydroforming
can be carried out either by the fixed bed process or in
accordance with the fluidized solid technique, e, g., see
Serial No. 188,236, filed October 3, 1950, now Patent
No. 2,689,823.

During the course of the hydroforming reaction car-
bonaceous deposits build up on the catalyst and conse-
quently diminish its activity. These deposits are removed
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by subjecting the catalyst to combustion in an oxidizing
atmosphere, i. e., air or other gas containing about 1
to 2% oxygen. .

The platinum catalysts used in this process have been
found to deactivate with usage for various reasons, among
which are changes in the physical state of the platinum.
Important factors in the latter, for example, are the
increased size of the platinum ‘crystals and - the rate of
platinum crystal growth. Contaminants such as other
heavy ‘metals also tend to deactivate the catalyst. - The
deactivation resulting from these factors should be dis-
tinguished from the simpler, more easily reversible, loss
of activity of the catalyst due to carbonization from the
hydroforming reaction itself, or diminution in hydrocrack-
ing activity due to loss of halide which can be restored
by halide addition. . :

Changes: in the platinum crystal lattice (size of unit
cell) also account to g certain extent for catalyst deactiva-
tion. Although these changes are reversible under certain
conditions of operation, the severe treatment required to
alter the lattice eventually leads to an agglomeration of
platinum crystallites which in the past has been considered
an irreversible process. Normally, therefore, “spent”
platinum catalysts are brocessed for the extraction, sepa-
ration-and recovery of the platinum which is then used to
prepare fresh catalyst,” This is, of course, an expensive’
operation, because of the platinum recovery charges 'and
the cost for manufacturing new catalysts.

This invention provides an improved method of main-
taining activity and selectivity of ‘the catalyst in a fixed
bed hydroforming process.. The method comprises in -
combination treating freshly regenerated catalyst with
halogen-containing 8as under essentially static, superat-
mospheric conditions, stripping excess halogen from the
catalyst, and reutilizing the thus-treated catalyst in the
reaction zone wherein it is reduced and reactivated, ‘

In accordanice with this-invention, commercially pure
chlorine or dried chlorine, i, e, containing no more than
0.3 weight percent water, is injected into the freshly re-
generated catalyst bed. The catalyst bed is essentially
at atmospheric pressure after regeneration and is at a
temperature of about 1000° ‘'F.  The reactor system is
blocked off and the pressure on the system due to the
presence of gaseous chlorine is allowed -to build up to
about 175 p. s.'i. 8., at which pressure the reactor con-
tains gaseous chlorine to the extent of about 2% by
weight on catalyst. This pressure gradually decreases to
about 130 pounds or less as the chlorine is reacted and/or
adsorbed on the catalyst, The reactivation is essentially
complete when the pressure has leveled off at the lower
level. The residual chlorine is vented and the still hot
reactor is stripped with air or flue gas to remove residual
chlorine down to essentially the level of fresh catalyst,
i’e., about 0.5 weight percent or less. . - . )

It is surprising to learn that gaseous halogens accom-
plish this effect, because. gaseous hydrogen halide acids
do not have the same effect on deactivated catalysts,
Conversely, experimental data demonstrate that this re-
activation is more than a so-called restoration. of halo-
gen content to the catalyst, The halogen content of the
reactivated catalyst can be reduced to a level below that
of the deactivated catalyst, but its activity remains mark-
edly improved, .

The noble metals for treatment in accordance with,
the present invention include platinum, palladium, gold,
silver, iridium, thodium, ruthenium, osmium, etc. These
noble metals are generally associated and supported on
a metal oxide and particularly an oxide of a meta] in the
left hand columns of groups III to VIIT of the periodic
table including particularly the oxides of silica, alumi-
num, titanivm, zirconium, hafnium, thorium,’ vanadium,
tantalum, chromium, molybdenum, -tungsten, uranjum,
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manganese, zinc, cobalt, nickel, etc. 1t is understood that
the catalyst can comprise two or more noble metals and/
or two or more metal oxides. In still other cases, one or
more activating components may be included in the cata-
lyst. Particularly suitable .is the platinum on alumina
catalyst.

Various gaseous halogens can be utilized, i. e., chlo-

rine, fluorine, and bromine. Chlorine is particularly
preferred because of efficiency, cost, safety, and corro-
sion factors.
- Alternatively the chlorine pressure can be maintained
at 175 p. s. i. g, or even higher, by making up the
before-discussed pressure loss with air, an oxygen-con-
taining gas or oxygen, or by continuing to add chlorine
during the reactivation. As a matter of fact, the presence
of this air or oxygen appears to catalyze the desired re-
activation. The air or oxygen and chlorine can be added
up to a pressure corresponding to the design pressure
rating of the unit.

The amount of chlorine utilized is in the range of 1
to 10 weight percent on catalyst and preferably 1 to 3
weight percent. For a typical catalyst consisting of 0.6%
platinum on an alumina derived from the hydrolysis of
aluminum alcoholate, the chlorine required in a static
system for operation at 1000° F. and equivalent to 2
weight percent on catalyst would correspond to a pres-
sure of about 175 p. s. i. & The partial pressure of the
chlorine gas would be 100% of the total pressure. All
other things being equal, the higher the pressure, the
more rapid the effect.

The stripping gases that can be used to reduce the
halogen content include commonly available stripping
gases such as hydrogen, nitrogen, flue gas, oxygen, air,
steam, etc., or combinations thereof. The chloride con-
tent of the stripped catalyst is preferably 0.1 to 0.5
weight percent on catalyst.

The temperature of halogen treatment utilized is in
the range of 600°-1200° F., and preferably 900°-1000°
F. To eliminate heat input, the catalyst will generally be
treated at temperatures prevailing in the unit. The pre-
ferred time interval of treatment is in the Tange of 5 to
60 minutes, but, as will be understood by those skilled
in the art, the treating time can be varied to obtain the
desired degree of reactivation.
 This invention will be better understood by reference
to the flow diagram shown in the drawing.

In the drawing, 7 represemts a reactor, a single one
being shown, containing a bed C of catalyst, the active
component of which catalyst is.a platinum group metal,
such as platinum itself, carried on a suitable support such
as active alumina. In the operation, hydrogen-contain-
ing recycle gas recovered from the crude product is with-
drawn from a separator S via line 1, then passed through
compressor 2 into line 3, from which it is charged through
heat exchanger 12, thenceto a furnace 4, heated in coil 5,
withdrawn and charged via line 6 into reactor 7.

The hydrogen-containing gas enters the top of the
reactor and passes downwardly through the bed C of
catalyst.

The oil to be treated, which is ordinarily a virgin

naphtha containing from 30 to 45% of naphthenes, is
introduced in the present system through line 8, is there-
after heated by heat exchange in 12 and in coil 9 in fur-
nace 4 to a temperature of around 950° F., thereafter
withdrawn from the furnace 4 through line 10 and
charged into the bed of catalyst with the recycle gas.
Under conditions more fully set forth hereinafter, the
desired conversion takes place, the principal chemical
reaction being one in which naphthenes are dehydro-
genated to the corresponding aromatic, as where meth-
yleyclohexane is dehydrogenated to form toluene. The
vapors and gases €merge from the reactor via line 11 to
exchangers and coolers 12 wherein the normally ‘liquid
constituents are condensed and thereafter charged via
line 13 into the separator S. The crude product is with-
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drawn from separator S via line 14 and delivered to pro-
duct purification in equipment not shown while the net hy-
drogen-containing gas which is produced is sent to re-
covery not shown through line 15. Recycle gas leaves
through line 1 as indicated above.

As explained before, carbonaceous materials build up
on the catalyst, making regeneration necessary. Suitable
stripping gas such as nitrogen, scrubbed flue gas, or the
like which serves to remove entrained or adsorbed hydro-
gen or hydrocarbon materials is injected through line 16
into reactor 7 and the stripping gas and stripped gases
are taken overhead through line 17. The catalyst is then
regenerated by burning. A preferred means of carrying
this out is by first burning with dilute air from line 18,
e. g., 1-2 mol percent oxygen at temperatures of about
650-800° F. The regeneration gases are taken off
through outlet line 17 and cooled in a waste heat boiler
(not shown) to remove heat of combustion. The cooled
(to about 800° F.) flue gases are returned or recycled
back to the reactor through line 16. In an advantageous
modification, after burning has been completed the tem-
perature is then raised to 1100° F. at higher oxygen
pressvres, €. 8. 100% air at 200 pounds pressure. The
reactor is then vented to substantially atmospheric pres-
sure, Pure chlorine-containing gas is introduced through
line 18 into reactor 7, where it contacts the regenerated.
catalyst at a temperature of around 1000° F. The reactor
is blocked off from the rest of the system by closing the
valves and the pressure on the system is allowed to
build up by continuing to add chlorine until a pressure
of about 175 p. s. i. g is reached, at which pressure the
reactor contains chlorine to the extent of about 2%
by weight on catalyst. ‘The pressure decreases to about
130 pounds or less as the chlorine is reacted and/or
adsorbed on the catalyst. The reactivation is essentially
complete at the point where the pressure levels off and
the remaining chlorine is vented off through line 17.
The still hot reactor is vented and stripped with air or
flue gas which enters through line 16 cr 18. The cata-
lyst is in turn finally activated by the contacting with
hydrogen and/or hydrocarbon feed as the reaction is
again initiated.

While it is not intended that the process of this inven-
tion be restricted to any proposed mechanism of operation,
it is apparent that the chlorine reactivation treatment
brings about a redistribution of the platinum crystallites
resulting in an increase in the specific platinum surface
area and thus the activity of the catalyst.

In the hydroforming process itself the feed stock is
preheated to reaction temperature, which may be 800°-
1000° F., preferably about §75°-950° F. To avoid ther-
mal degradation, time should be minimized in the transfer
or feed inlet lines. The preheated feed stock may be sup-
plied to the reaction vessel in admixture with hydrogen-
rich recycle gas or it may be introduced separately as
shown. The recycle gas, which contains from about 80
to 99 volume percent hydrogen, is also preheated to re-
action temperatures of about 800°—1000° F., preferably
about 875°-950° F., prior to the introduction thereof into
inlet line 4. It may be supplied to the reaction vessel in
admixture with the preheated feed stock or may be intro-
duced separately. The recycle gas should be circulated
through the reactor at a rate of from about 1000 to 10,000
cubic feet per barrel of naphtha feed. The amount of
recycle gas added is preferably the minimum amount that
will suffice to carry the necessary heat of reaction into the
reaction zone and keep the carbon formation at a satis-
factory low level.

Space velocity or the weight in pounds of feed charged
per hour per pound of catalyst in the reacter depends
upon the temperature, activity level, or platinum content
of the catalyst, the character of the feed stock, and the
desired octane number of the product. Space velocity
for a platinum on alumina gel can vary, for example,




2,351,308

5
from about 0.5 wt. oil/hr./wt. cat. to about 10 wit.
oil/hr./wt. cat.
In order to explain the invention more fully, the fol-
lowing conditiens of operation of the various compenents
are set forth below and in the examples.

Hydroforming conditions

Preferred ‘ Range = Hxample
Catalvst Composition.________ 0.6% Pt on | 0.001-3% Pt ’ 0.67; Pt.
Al 03, on ALG3. !
Inoleg Reactor Temperature, | 875-925. ____ 850—1,000“__! 900.
Pressilre, p.s.igo . 200-500_.___. 50~1,000._._. 200.
Cu%.ft..lof reeycled gas fed/bbl. 4,000—6,000.... 1,000-10,000._{ 5,000.
of oil.
Regeneration conditions
Preferred Range Example
Temperature, ® F______________.____ 900-1,110 | 700-1, 200 1,000
Pressure, p.s. i g__. 5400 0=70( 200
Residence time, hour 1-5 0. 25-20 4
Chlorine treatment conditions
Preferred Range Exemple
Treat:
Temporature, °© F__ 960-1,000 | 600-1, 200 1,070 3
Pressire, p. s. 1. g._ o 100-220 10-1, 300 175
Cls Partial Presstre, p. 5. i g___ 130-230 1-1, 600 175
Wt. Percent Cly on Catalyst.__. 1-3 1-10 2
Time of Treatment, minutes. _. 10-60 5240 20
Stripping:
Temperature, ° ¥_________._____ 800-1,000 | €00-1, 200 1,000
Time, hovrs. ... 1-4 0.5-10 3
Presstre, p.s. 1. g__ 0-50 0-1, 000 3
Wt. Percent Cly on Stripped
Catalyst ... _..__.__________ 0.1-0.5 .01-1 0.5

Separate nozzles can be used for the injection of chlo-
rine to the system rather than utilizing the larger nozzles
required for feed injection. This effects operating econo-
mies because it minimizes the amount of equipment ex-
posed to the corrosive action of chlorine.

Air blow-back can be used to remove chlorine from
the larger equipment lines where its presence is unneces-
sary.

A guard chamber of alumina can be utilized immediate-
ly before the body of catalyst in order to protect the latter
from products of metal corrosion.

Corrosion problems can be minimized, especially as z

regards metal corrosion products contaminating the cata-
lyst, by various types of reactor design. One such means
is to have the reactor wall so constructed that ceramic
material constituies the internal surface. This can be
followed by a bonded alloy and then carbon steel with a
normal insulation binding outside of the shell. This type
of construction helps prevent corrosion products from con-
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taminating the catalyst and also protects the shell itself,

Among the advantages of the process of this invention
is the fact that only a very limited amount of cold material
is added to the hot reaction system. The hot reactor and
catalyst serve as their own heat supply and no loss in
temperature takes place during the reaction period. Other
processes, using once-through flowing air to dilute the
chlorine, for example, would cool the catalyst bed as much
as 200° during the reaction pericd. No excess equipment
is needed over that conventionally utilized in hydroform-
ing processes. The use of pure chlorine normally results
in a dry system which eliminates any problems of drying
of reactants or materials.

It is to be understood that this invention is not limited
to the specific examples, which have been offered merely
as illustrations, and that modifications may be made with-
out departing from the spirit of this invention.

What is claimed is:

1. In a fixed bed process for hydroforming petroleum
fractions at a pressure in the range of 50 to 1000 p. s. i. g.
using an alumina supported hydroforming platinum cata-
Iyst which becomes deactivated during the process and
contains carbonaceous deposits which are burned off by
oxidation in a regeneration step at elevated temperatures
and pressures, the improvement which comprises the steps
of venting te atmosgheric pressure the reactor coniaining
said hot regenerated catalyst at a temperature in the range
of 600° to 1200° F., building up the pressure in the re-
actor with gaseous chlorine to a static chlorine partial
pressure in the range of 130 to 230 p. s. i. g. with the re-
actor vent line closed and reacting chlorine with said
catalyst under said static conditions, venting the reactor

" to substantially atmospheric pressure and stripping the

thus treated catalyst to remove excess chlorine therefrom
to a level from 0.01 to 1 wt. percent based on the sup-
ported catalyst and reutilizing the thus treated catalyst in
the hydroforming process.

2. The process of claim 1 in which the gaseous chlorine
is utilized in an amount of about 2 weight percent under
a pressure.of about 175 pounds p. s. i. g.

3. The process of claim 1 in which an oxygen contain-
ing gas is added to the closed reactor during said chlorine
treatment to compensate for chlorine absorbed by reac-
tion with said catalyst.
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