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@ Catalytic reforming process.

@ A process wherein, in a series of reforming zones, or on-
stream reactors (A, B, C, D}, each of which contains a bed, or
beds of catalyst, the catalyst in the leading reforming zones is
constituted of supported platinum and a relatively low concen-
tration of rhenium, the catalyst in the last reforming zone, or
reactor of the series, is constituted of platinum and a relatively
high concentration of rhenium, and a swing reactor (5), also
containing a supported platinum and rhenium catalyst, is mani-
folded so that it can be substituted for any one of the on-
stream reactors (A, B, C, D) of the unit. The upper portion of
the swing reactor (5) contains a catalyst constituted of plati-
num and a relatively low concentration of rhenium, and the
lower portion of the reactor contains a catalyst constituted of
platinum and a relatively high concentration of rhenium. The
amount of rhenium relative to the platinum on the catalyst in
the last reactor and lower portion of the swing reactor is pres-
ent in an atomic ratio of rhenium:platinum of at least 1.5:1; pre-
ferably at least 2:1, and more preferably ranges from about 2:1
to about 3:1. The amount of rhenium relative to the platinum on
the catalyst in the lead reactors and upper portion of the swing
reactor (5) is present in an atomic ratio of rhenium:platinum
on no more than about 1:1. The beds of catalyst in the several
reactors (A, B, C, D) are serially contacted with a hydrocarbon
or naphta feed, and hydrogen, at reforming conditions the feed
flowing from one reactor of the series to the next, and serially

through the upper and fower beds of the swing reactor {5), to
produce a hydrocarbon or naphta product of improved octane,
and the product is withdrawn.
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BACKGROUND OF THE INVENTION AND PRIOR ART
Catalytic reforming, or hydroforming, is a well-

established industrial process employed by the petroleum in-
dustry for improving the octane quality of naphthas or
straight run gasolines. In reforming, a multi-functional
catalyst is employed which contains a metal hydrogenation-
dehydrogenation (hydrogen transfer) component, or components,
substantially atomically dispersed upon the surface of a
porous, inorganic oxide support, notably alumina. Noble
metal catalysts, notably of the platinum type, are currently
employed, reforming being defined as the total effect of the
molecular changes, or hydrocarbon reactions, produced by
dehydrogenation of cyclohexanes and dehydroisomerization of
alkylcyclopentanes to yield aromatics; dehydrogenation of
paraffins to yield olefins; dehydrocyclizatioén of paraffins
and olefins to yield aromatics; isomerization of n-paraffins;
isomerization of alkylcycloparaffins to yield cyclohexanes;:
isomerization of substituted aromatics; and hydrocracking of
paraffins which produces gas, and inevitably coke, the lat-
ter being deposited on the catalyst.

Platinum has been widely commercially used in re-
cent years in the production of reforming catalysts, and
platinum-on-alumina catalysts have been commercially employed
in refineries for the last few decades. In the last decade,
additional metallic components have been added to platinum as
promotors to further improve the activity or selectivity, or
both, of the basic platinum catalyst, e.g., iridium, rhenium,
tin, and the like. Some catalysts possess superior activity,
or selectivity, or both, as contrasted with other catalysts.
Platinum-rhenium catalysts by way of example possess admira-
ble selectivity as contrasted with platinum catalysts, se-
lectivity being defined as the ability of the catalyst to
produce high yields of C5+ liguid products with concurrent
low production of normally gaseous hydrocarbons, i.e., meth-
ane and other gaseous hydrocarbons, and coke.

In a conventional process, a series of reactors
constitute the heart of the reforming unit. Each reforming
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reactor is generally provided with fixed beds of the cata-
lyst which receive upflow or downflow feed, and each is pro-
vided with a heater, because the reactions which take place
are endothermic. A naphtha feed, with hydrogen, or hydro-
gen recycle gas, is concurrently passed through a preheat
furnace and reactor, and then in sequence through subsequent
interstage heaters and reactors of the series. The product
from the last reactor is separated into a liquid fraction,
and a vaporous effluent. The latter is a gas rich in hydro-
gen, and usually contains small amounts of normally gaseous
hydrocarbons, from which hydrogen is separated from the Cgt
liquid product and recycled to the process to minimize coke
production.

The activity of the catalyst gradually declines
due to buildup of cokec. Coke formation is believed to result
from the deposition of coke precursors such as anthracene,
coronene, ovalene and other condensed ring aromatic molecules
on the catalyst, these polymerizing to form coke. During
operation, the temperature of the process is gradually raised
to compensate for the activity loss caused by the coke depo-
sition. Eventually, however, economics dictate the neces-
sity of reactivating the catalyst. Consequently, in all pro-
cesses of this type the catalyst must necessarily be peri-
odically regenerated by burning the coke off the catalyst at
controlled conditions, this constituting an initial phase of
catalyst reactivation.

Two major types of reforming are generally practic-
ed in the multi-reactor units, both of which necessitate
periodic reactivation of the catalyst, the initial sequence
of which requires regeneration, i.e., burning the coke from
the catalyst. Reactivation of the catalyst is then complet-
ed in a sequence of steps wherein the agglomerated metal hy-
drogenation-dehydrogenation components are atomically re-
dispersed. 1In the sémi—regenerative process, a process of
the first type, the entire unit is operated by gradually and
progressively increasing the temperature to maintain the
activity of the catalyst caused by the coke deposition, until
finally the entire unit is shut down for regeneration, and
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reactivation, of the catalyst. In the second, or cyclic
type of process, the reactors are individually isoclated, or
in effect swung out of line by various manifolding arrange-
ments, motor operated valving and the like. The catalyst
is regenerated to remove the coke deposits, and then re-
activated while the other reactors of the series remain on
stream. A "swing reactor" temporarily replaces a reactor
which is removed from the series for regeneration and reac-
tivation of the catalyst, until it is put back in series.

Various improvements have been made in these pro-
cesses to improve the performance of reforming catalysts in
order to reduce capital investment or improve Cst liquid
yields while improving the octane gquality of naphthas and
straight run gasolines. New catalysts have been developed,
0ld catalysts have been modified, and process conditions
have been altered in attempts to optimize the catalytic con-
tribution of each charge of catalyst relative to a selected
performance objective. Nonetheless, while any good commer-
cial reforming catalyst must possess good activity, activity
maintenance and selectivity to some degree, no catalyst can
possess even one, much less all of these properties to the
ultimate degree. Thus, one catalyst may possess relatively
high activity, and relatively low selectivity and vice versa.
Another may possess good selectivity, but its selectivity
may be relatively low as regards another catalyst. Platinum-
rhenium catalysts, among the handful of successful commer-
cially known catalysts, maintain a rank of eminence as re-
gards their selectivity; and they have good activity. None-
theless, the existing worldwide shortage in the supply of
high octane naphtha persists and there is little likelihood
that this shortage will soon be in balance with demand. Con-
sequently, a relatively small increase in the C5+ liquid
yield can represent a large credit in a commercial reforming
operation.

Variations have been made in the amount, and kind
of catalysts charged to the different reforming reactors of
a series to modify or change the nature of the product, or
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to improve C5+ liquid yield. Reference is made to published
U. K. Application 20606822 which presents a survey of such
prior art. Needless to say, however, albeit these varia-
tions, and modifications have generally resulted in improv-
ing the process with respect to one selected performance ob-
jective, or another, present refinery economics reguire new
and improved processes which are capable of achieving higher
conversions of the product to C5+ liquid naphthas as con-
trasted with present reforming operations.

A response to this demand embodies a process des-
cribed in said published U. K. Appliation 2060682A, wherein,
in a series of reforming zones, or reactors, each of which
contains a bed, or beds of catalyst, the catalyst in the
leading reforming zones is constituted of supported plati-
num and a relatively low concentration of rhenium, and in the
last reforming zone, or reactor of the series, the catalyst
is constituted of platinum and a relatively high concentra-
tion of rhenium. The amount of rhenium relative to the
platinum in the catalyst contained in the last reforming zone,
or reactor, is in fact present in an atomic ratio of rhenium:
platinum of at least about 1.5:1 and higher, and preferably
the atomic ratio of rhenium:platinum ranges at least about
2:1, and higher, and more preferably from about 2:1 to about
3:1. The leading reforming zones, or reactors of the series,
are provided with platinum-rhenium catalysts wherein the
atomic ratio of the rhenium:platinum ranges from about 0.1:1
to about 1:1, preferably from about 0.3:1 to about 1l:1. 1In
carrying out the operation, the beds of catalyst are con-
tacted with a hydrocarbon or naphtha feed, and hydrogen, at
reforming conditions to produce a hydrocarbon, or naphtha
product of improved octane, and the product is withdrawn.

It is known that the amount of coke produced in an
operating run increases progressively from a leading reactor
to a subsequent reactor, or from the first reactor to the
last, or tail reactor of the series as a consequence of the
different types of reactions that predominate in the several
different reactors. Thus, in the first reactor of the series
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the metal site, or hydrogenation-dehydrogenation component
of the catalyst, plays a dominant role and the predominant
reaction involves the dehydrogenation of naphthenes to aro-~
matics. This reaction proceeds at relatively low tempera-
ture, and the coke formation is relatively low. In the
intermediate reactors (usually a second and third reactor),
on the other hand, the acid site plays an important role in
isomerizing paraffins and naphthenes, and the additional
naphthenes are dehydrogenated to aromatics as in the first
reactor. In both of the intermediate reactors the tempera-
ture is maintained higher than in the first reactor, and the
temperature in the third raactor is maintained higher than
that of the second reactor of the series. Carbon formation
is higher in these reactors than in the first reactor of the
series, and coke is higher in the third reactor than in the
second reactor of the series. The chief reaction in the
last, or tail reactor of the series involves dehydrocycliza-
tion of paraffins, and the highest temperature is employed
in this reactor. Coke formation is highest in this reactor,
and the reaction is often the most difficult to control. It
is also generally known that these increased levels of coke
in the several reactors of the series causes considerable
deactivation of the catalysts. Whereas the relationship bet-
ween coke formation, and rhenium promotion to increase cata-
lyst selectivity is not known with any degree of certainty
because of the extreme complexity of these reactions, it is
believed that the presence of the rhenium minimizes the ad-
verse consequences of the increased coke levels, ableit it
does not appear to minimize coke formation in any absolute
sense. Nonetheless, in accordance with these inventions,
the concentration of the rhenium is increased in those reac-
tors where coke formation is the greatest, but most particu-
larly in the last reactocr of the series. Thus, in one of its

forms, the catalysts within the series of reactors are pro-

gressively staged with respect to the rhenium concentration,

the rhenium concentration being increased from the first to

the last reactor of the series such that the rhenium con-
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tent of the platinum-rhenium catalysts is varied signifi-
cantly to counteract the normal effects of coking.

In cyclic reforming, typically three or four re-
actors are arranged in series, and a swing reactor is mani-
folded in the unit such that it can occupy any position in
the reactor train as reactors are taken out of service and
the catalyst regenerated, and reactivated. Thus, in a ty-
pical catalyst regeneration, reactivation sequence in a
reactor series, four reactors and a swing reactor, the swing
reactor spends less than about twenty-five percent of the
time in the first two reactor positions of the series, while
in the remaining period the swing reactor occupies either
the third or last reactor position. The last reactor of the
series remains on oil about seventy percent of the time. 1In
practicing the process wherein high rhenium is concentrated
within the platinum-rhenium catalyst of the last reactor of
the series, and staged in progressively higher concentration
in the other reactors with highest rhenium concentration
within the last reactor of the series, it may appear advan-
tageous to substitute a high rhenium platinum-rhenium cata-
lyst in a reactor occupying the last position of the series
when this reactor is off o0il for regeneration, and reactiva-
tion of the catalyst. However, placing a high rhenium plat-
inum-rhenium catalyst in the swing reactor serves no useful
purpose in the overall operation, and in fact results in
significant Cg* liquid yield loss when the swing reactor oc-
cupies the first two positions as is required in convention-
al operations.

Tt is, nonetheless, the primary object of the pre-
sent invention to provide a new and further-improved process,
particularly one which will provide enhanced Cz* liguid
yield, catalyst activity and catalyst activity maintenance
credits. '

This object and othiers are achieved in accordance

: with the present invention, embodying improvements in a pro-

cess for reforming naphtha, with hydrogen, in a cyclic re-
forming unit which contains a plurality of platinum-rhenium
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catalysts containing on-stream reactors in series, and a
platinum-rhenium catalyst-containing swing reactor manifolded
therewith which can be periodically placed in series and sub-
stituted for an on-stream reactor while the latter is removed
from series for regeneration and reactivation of the cata-
lyst. The initial and intermediate on-stream reactors of the
series each contain a bed, or beds, of catalyst constituted
of supperted platinum and a relatively low concentration of
rhenium, the last on-stream reforming reactor of the series
contains a catalyst constituted of platinum and a relatively
high concentration of rhenium, and the swing reactor contains
multiple beds of catalysts, an upper bed which contains cata-
lyst constituted of supported platinum and a relatively low
concentration of rhenium and a lower bed which contains cata-
lyst constituted of supported platinum and a relatively high
concentration of rhenium. Preferably, the amount of rhenium
relative to the platinum in the last reforming reactor, and
in the lower bed of the swing reactor, is present in -an
atomic ratio of at least about 1.5:1 and higher, more pre-
ferably from about 2:1 to about 3:1. The amount of rhenium
relative to the platinum in the initial and intermedi;te on-
stream reactors of the series, and upper bed of the swing
reactor, are provided with platinum-rhenium catalyst wherein
. . . . may L0-Cl.iko 11,29 from absuc
the atomic ratio of rhenlum:platlnumlrangéi“ffBﬁ"éBG%ﬁlO.l:l
to about 1l:1, and preferably from about 0.3:1 to about 1l:1,
most preferably from about 0.5:1 to about 1:1. The beds of
catalyst in the several reactors, inclusive of the swing re-
actor are serially contacted with a hydrocarbon or naptha
feed, and hydrogen, at reforming conditions the feed flowing
from one reactor of the sexies to the next, serially through
the upper and lower beds of the swing reactor, to produce a

‘hydrocarbon, or naphtha product of improved octane, and the

product is withdrawn.

Staged system credits in selectivity, catalyst ac-

.tivity and catalyst activity maintenance are provided by the

use of a swing reactor containing an upper fixed bed of plat-
inum-rhenium catalyst having a relatively low concentration

- ]
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of rhenium:platinum, and a lower fixed bed of platinum-
rhenium catalyst having a relatively high concentration of
rhenium:platinum. Suitably, the upper bed reactor contains
from about 50 to about 90 percent, preferably from about 70
percent to about 85 percent of the catalyst, based on the
weight of catalyst in the reactor; the balance of the cata-
lyst (50 percent to 10 percent, preferably 30 percent to 15
percent) being contained in the lower bed, or beds, of the
reactor. When the swing reactor is in the position of the
first or second of the on~-stream reactors, the endotherm is
sufficient to minimize cracking reactions in the lower zone
of the reactor, thereby suppressing Cst liquid yield loss.
On the other hand, in the last and second to last on-stream
positions, the high concentration of rhenium in the lower
bed, or beds, is beneficial in improving coke tolerance at
the elevated temperatures,

These features and others will be better understood
by reference to the following more detailed description of the
invention, and to the drawing to which reference is made.

In the drawing:

. The FIGURE depicts, by means of a simplified flow
diagram, a preferred cyclic reforming unit inclusive of mul-
tiple on-stream reactors, and an alternate or swing reactor
inclusive of manifolds for use with catalyst regeneration and
reactivation equipment (not shown).

Referring generally to the FIGURE, there is des-
cribed a cyclic unit comprised of a multi-reactor system,
inclusive of on-stream Reactors A, B, C, D, and a swing Re-
actor S, and a manifold useful with a facility for periodic
regeneration and reactivation of the catalyst of any given
reactor, swing Reactor S being manifolded to Reactors A, B,
C, D so that it can serve as a substitute reactor for pur-
poses of regeneration and reactivation of the catalyst of a
reactor taken off-stream. The several reactors of the
series A, B, C, D, are arranged so that while one reactor
is off-stream for regeneration and reactivation of the cata-
lyst, the swing Reactor S can replace it and provision is
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also made for regeneration and reactivation of the catalyst
of the swing reactor.

In particular, the on-stream Reactors A, B, C, D,
each of which is provided with a separate furnace or heater,
Fa, or reheater Fy, Fc, Fp, respectively, are connected in
series via an arrangement of connecting process piping and
valves so that feed can be passed in seratim through Fpa,
FgB, FcC, FpD, respectively; or generally similar érouping
wherein any of Reactors A, B, C, D are replaced by Reactor S.
This arrangement of piping and valves is designated by the
numeral 10. Any one of the on-stream Reactors A, B, C, D,
respectively, can be substituted by Swing Reactor S as when
the catalyst of any one of the former requires regeneration
and reactivation. This is accomplished in "paralleling" the
swing reactor with the reactor to be removed from the cif-
cuit for regeneration by opening the valves on each side of
a given reactor which connect to the upper and lower lines
of swing header 20, and then closing off the valves in line
10 on both sides of said reactor so that fluid enters and
exits from said swing Reactor S. Regeneration facilities,
not shown, are manifolded to each of the several Reactors A,
B, C, D, S through a parallel circuit of connecting piping
and valves which form the upper and lower lines of regenera-
tion header 30, and any one of the several reactors can be
individually isolated from the other reactors of the unit and
the catalyst thereof regenerated and reactivated.

In conventional practice the reactor regeneration
sequence is practiced in the order which will optimize the
efficiency of the catalyst based on a consideration of the
amount of coke deposited on the catalyst of the different
reactors during the operation. Coke deposits much more
rapidly on the catalyst of Reactors C, D, and S than on the
catalyst of Reactors A and B and, accordingly, the catalysts
of the former are regenerated and reactivated at greater
frequency than the latter. The reactor regeneration seguence
is characteristically in the order ACDS/BCDS, i.e., Reactors

A, C, D, B, etc., respectively, are substituted in order by
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another reactor, typically swing Reactor S, and the cata-
lyst thereof regenerated and reactivated while the other
four reactors are left on-stream.

With reference to the FIGURE, for purposes of
illustrating a catalyst regeneration, reactivation sequence,
it is assumed that all of Reactors A, B, C, D and S were
charged ab initio with fresh presulfided catalyst, and Re-
actors A, B, C, D then put on-stream. The catalyst of each
of the several Reactors A, B, C, D are then each removed
from the unit as the catalyst is deactivated, the catalyst
of each subsequently regenerated, and reactivated in conven-
tional segquence, supra.

In conducting the reforming operations, substan-
tially all or a major portion of the moisture is scrubbed,
or adsorbed from the hydrogen recycle gas which is returned
to the unit to maintain a dry system. The recycle gas of the
stream should be dried sufficiently such that it contains a
maximum of about 50 parts, preferably 20 parts, per million
parts of water.

The invention, and its principle of operation, will
be more fully understood by reference to the following exam-
ples, and comparative data, which characterizes a preferred
mode of operation.

EXAMPLES

In a first run, Reactors A, B, C, D and S were each
charged with a commercially supplied catalyst which contained
platinum and rhenium well dispersed upon the surface of a
gamma alumina support. The catalyst, Catalyst X, was dried,
calcined, and then sulfided by contact with an admixture of
n-butyl mercaptan in hydrogén, the gas having been injected
into the reactor to provide a catalyst (dry basis) of the
following weight composition, to wit:

Catalyst X

Platinum 0.3 wt.%
Rhenium 0.3 wt.%
Chloride 0.9 wt.%
Sulfur 0.07 wt.%
Alumina Balance wt.%
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In a second run, Reactors A, B and C were each
then charged with a portion of Catalyst X. Reactor D, and
the lower portion of Reactor S, were each then charged with
a catalyst, Catalyst ¥, similar in all respects to Catalyst
X and similarly treated, except that Catalyst ¥ (dry basis)
was of the following composition:

Catalyst Y

Platinum 0.3 wt.%
Rhenium 0.67 wt.$%
Chloride 1.1 wt.?

Sul fur 0.15 wt.%
Alumina Balance wt.$%

The upper portion of Reactor S, in the second run,
was charged with a portion of Catalyst X, the catalyst
charged to Reactors A, B, and C. The upper portion of Reac-
tor S contained 70 wt.% of the total catalyst charge, and the
lower portion of Reactor S contained 30 wt.% of the total
catalyst charge to the reactor.

The catalyst type charged to each reactor and the
fraction of the total catalyst charge, based on the weight
of the total catalyst in all reactors, the catalyst regenera-
tion time required for each reactor in its respective posi-
tion, and the equivalent isothermal temperature (E.I.T.) in
each of the runs is given in Table 1.

Table 1
Reactor Catalyst Fraction Total Regeneration E.I.T.

Type Catalyst Charge Time °F
A (Runs 1 & 2) X 0.131 24 860
B (Runs 1 & 2) X 0.217 24 917
C (Runs 1 & 2) X 0.217 36 952
D (Runs 1 & 2) Y 0.217 36 972
S (Run 1) X 0.217 36 function
of posi-

tion
S (Run 2) 70%X/30%Y 0.217 36 function
- of posi-

tion

Reforming runs were then initiated, Reactors A, B,

C and D having been placed on~stream with Reactor S in stand-
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by position, by adjusting the hydrogen and feed rates to the
reactors, the feed being characterized as a naphtha blend
which had, as shown in Table 2, the following inspections:

Table 2
ASTM Distillation, °F

Initial 166

5 203
10 214
20 , 227
30 239
40 253
50 269
60 283
70 299
80 315
%0 333
95 346
Final B.P. 358
Octane No., RON Clear 35.0
Gravity, °API 58.9
Sulfur, Wt. ppm 0.5
Analysis, Vol. Percent
Paraffins 66.3
Naphthenes 22.7
Aromatics 11.0

The temperature and pressure of the reactors in
each run were then adjusted to the operating conditions
required to produce a 100 RONC octane Cs5t liquid product, and
the run was continued at generally optimum reforming condi=-
tions by adjustment of these and other major process vari-
ables to those given below:

‘Major Operating Variables Process Conditions
Pressure Psig . 175
Reactor Temp., E.I.T. °F 950
Recycle Gas Rate, SCF/B 3000

The runs were continued until such time that suf-
ficient coke had deposited on the catalyst of a reactor that
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regeneration, and reactivatiop of the catalyst of a given
reactor was required. Each reactor of the series was peri-
odically replaced in each run and the catalyst thereof re-
generated, and reactivated for a time period as given in
Table 1. Reactors C and D, and Reactor S when placed in the
position of Reactors C and D, thus require 36 hours for re-
generation and reactivation, whereas Reactors A and B require
24 hours. The regeneration in each instance was accomplished
by burning the coke from the coked catalyst, initially by
burning at 950°F by the addition of a gas which contained

0.6 mole percent oxygen; and thereafter the temperature was
maintained at 950°F while the oxygen concentration in the

gas was increased to 6 mole percent. Reactivation in each
instance was conducted by the steps of: (a) redispersing
the agglomerated metals by contact of the catalyst with a
gaseous admixture containing suf?icient carbon tetrachloride
to decompose in situ and deposit 0.1 wt.% chloride on the
catalyst; (b) continuing to add a gaseous mixture containing
6% oxygen for a period of 2 to 4 hours while maintaining tem-
perature of 950°F; (c) purging with nitrogen to remove essen-
tially all traces of oxygen from the reactor; and (d) reduc-
ing the metals of the catalyst of contact with a hydrogen-
containing gas at 850°F.

In each instance after a regeneration/reactivation
sequence, the activation of the catalyst was completed by
sulfiding the catalyst of all of Reactors A, B, C, D and S
by direct contact with a gaseous admixture of n-butyl mer-
captan in hydrogen, sufficient to deposit 0.001-0.1 wt.%
sulfur on the catalyst.

Referring to Table 3 there is tabulated a conven=-
tional reactor regeneration sequence ACDS/BCDS, inclusive of
starting step "O" (Column 1) wherein all of Reactors A, B, C,
and D are on-stream and serially aligned, with swing Reactor
S in standby, and eight additional steps, viz. steps 1
through 8, wherein Reactors A, C, D, S and B, C, D, S are
replaced one by one with swing Reactor S. The fourth column
of the table shows the time period each reactor remains off-



- 14 - 0067014

1 stream for regeneration, and reactivation; a total of 264
2 hours.

3 Table 3 _

4 Reactors Reactor Time Required for

5 Oon=- Being Regeneration, and

6 Stream Regenerated Reactivation, Hours
7 0 ABCD S -

g 1 SBCD A 24

9 2 ABSD Cc 36
10 3 ABCS D 36
11 4 ABCD S 36
12 5 ASCD B 24
13 6 A BSD C 36

14 7 ABCS D 36

15 8 ABCD S - 36

16 Calculations show that in the cyclic reforming
17 operation Reactor D is out of service for the required cata-

(o)
o]

lyst regeneration, and reactivation, 27% of the total time
period. Conversely, Reactor D is in service 73% of the to-

[
fte]

tal time period. Optimum benefits, however, can be achieved

NN
N - O

rhenium catalyst is fully utilized at the tail reactor posi-

N
w

tion. This ideal condition, though it is not possible to

(|8
(=N

achieve 100% of the time in a conventional cyclic reforming
operation, is represented in Table 4. Thus, ideally the use
of the high rhenium platinum-rhenium catalyst in the tail
reactor can provide a 15% activity credit and a 1.0% Csgt

NN
N oy

28 liguid volume yield credit as contrasted with an operation
29 which employs a conventional platinum=-rhenium catalyst, or
30 platinum-rhenium catalyst which contains an atomic ratio of
31 rhenium:platinum of 1l:1 in all of the reactors of the unit.
32 In the normal cyclic reforming operation with the
33 full benefits of the high rhenium platinum-rhenium catalyst
34 utilized 73% of the period, and lost during the 27% of the
35 period when a swing Reactor S containing a platinum-rhenium
36 catalyst having an atomic ratio of rhenium:platinum of 1:1

only during the actual period when the high rhenium platinum-

37 is swung on line, the overall advantage as shown by reference

38 to Table 4 is reduced to a 12% activity credit and a 0.8%
39 Cs* liquid volume yield credit.
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In accordance with this invention, however, as fur-
ther shown by reference to Table 4, an activity credit of
14% and a 0.9% C5+ liquid volume percent yield credit are
obtained. These advantages result because the high rhenium
platinum-rhenium catalyst is utilized more effectively, and
to a greater extent of time in the D reactor position. 1In
both the C and D reactor positions the high rhenium-platinum-
rhenium catalyst of swing Reactor S provides some advantages,
even if maximum utilization is not possible. Moreover, the
lower catalyst bed of swing Reactor S of the present inven-
tion takes advantage of the endotherm which normally occurs
in the bottom portion of a reactor in the A and B positions,
this preventing yield loss by cracking such as has been ob-
served with high rhenium platinum-rhenium catalysts employed
in lead reactor positions (i.e., swing reactor charged with
100% high rhenium platinum-rhenium catalysts).

Table 4
950°F overall E.I.T.; 175 Psig; 3000 SCF/B

100 ROMN

Case Credits
Activity cgt vield

Ideal + 15% + 1.0 LV %
Normal Cyclic
Operation + 12% + 0.8 LV%
This Invehtion + 14% + 0.9 LV%

The present process, or process of this invention,
thus affords a much closer approach to the ideal than pos-
sible in normal cyclic reforming reactions.

In one of its aspects, optimum utilization of rhen-
ium-promoted platinum catalysts is obtained by providing the
catalyst of the initial, or first reactor of the series with
rhenium in concentration adequate to provide an atomic ratio
of rhenium:platinum ranging from about 0.1:1 to about 0.5:1,
preferably from about 0.3:1 to about 0.5:1. The catalyst of
the intermediate reforming zones, as represented by the reac-
tors intermediate between the first and last reactors of the
series, and the upper portion of the swing reactor are pro-
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vided with rhenium in concentration adequate to provide an
atomic ratic of rhenium:platinum ranging from about 0.5:1
to about 1l:1, preferably above 0.5:1 to about 0.8:1. The
last reactor of the series and lower portion cf the swing
reactor are provided with rhenium in concentration adequate
to provide an atomic ratio of rhenium:platinum from about
1.5:1 to about 3:1, preferably from about 2:1 to about 3:1.
The last reactor of a series, whether the series contains
less than three or more than three reactors, and the lower
portion of the swing reactor are always provided with a
catalyst which contains an atomic ratio of rhenium:platinum
of at least 1.5:1 and preferably contains an atomic ratio of
rhenium:platinum ranging from about 2:1 to about 3:l.

The catalyst employed in accordance with this in-
vention is necessarily constituted of composite particles
which contain, besides a carrier or support material, a'hy-
drogenation-dehydrogenation component, or components, a
halide component and, preferably, the catalyst is sulfided.
The support material is constituted of a porous, refractory
inorganic oxide, particularly alumina. The support can con-
tain, e.g., one or more of alumina, bentonite, clay, dia-
tomaceous earth, zeolite, silica, activated carbon, magnesia,
zirconia, thoria, and the like; though the most preferred
support is alumina to which, if desired, can be added a suit-
able amount of other refractory carrier materials such as
silica, zirconia, magnesia, titania, etc., usually in a
range of about 1 to 20 percent, based on the weight of the
support. A preferred support for the practice of the pre-
sent invention is one having a surface area of more than 50
m?2/g, preferably from about 100 to about 300 m2/g, a bulk
density of about 0.2 to 1.0 g/ml, preferably about 0.4 to
0.8 g/ml, an average pore volume of about 0.2 to 1.1 ml/g,
preferably about 0.3 to 0.8 ml/g, and an average pore dia-
meter of about 30 to 300°A.

The metal hydrogenation-dehydrogenation component
can be composited with or otherwise intimately associated

with the porous inorganic oxide support or carrier by var-
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ious techniques known to the art such as ion-exchange, co-
precipitation with the alumina in the sol or gel form, and
the like. For example, the catalyst composite can be formed
by adding together suitable reagents such as a salt of plat-
inum and ammonium hydroxide or carbonate, and a salt of alu-
minum such as aluminum chloride or aluminum sulfate to form
aluminum hydroxide. The aluminum hydroxide containing the
salts of platinum can then be heated, dried, formed into
pellets or extruded, and then calcined in nitrogen or other
non-agglomerating atmosphere. The metal hydrogenation com-
ponents can also be added to the catalyst by impregnation,
typically via an "incipient wetness" technique which re-
guires a minimum of solution so that the total solution is
absorbed, initially or after some evaporation.

It is preferred to deposit the platinum and rhen-
ium metals, and additional metals used as promoters, if any,
on a previously pilled, pelleted, beaded, extruded, or
sieved particulate support material by the impregnation
method. Pursuant to the impregnation method, porous refrac-
tory inorganic oxides in dry or solvated state are contacted,
either alone or admixed, or otherwise incorporated with a
metal or metals-containing solution, or solutions, and there-
by impregnated by either the "incipient wetness" technique,
or a technique embodying absorption from a dilute or concen-
trated solution, or solutions, with subsequent filtration
or evaporation to effect total uptake of the metallic com~
ponents.

Platinum in absolute amount, is usually supported
on the carrier within the range of from about 0.01 to 3 per-
cent, preferably from about 0.05 to 1 percent, based on the
weight of the catalyst (dry basis). Rhenium, in absolute
amount, is also usually supported on the carrier in concen-
tration ranging from about 0.1 to about 3 percent, prefer-
ably from about 0.5 to about 1 percent, based on the weight
of the catalyst (dry basis). The absolute concentration of
each, of course, is preselected to providé the desired atomic
ratio of rhenium:platinum for a respective reactor of the
unit, as heretofore expressed. In the tail reactof, and
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lower portion of the swing reactor, the rhenium is pro-
vided in major amount relative to the platinum whereas, in
contrast, in all other reactors and upper portion of the
swing reactor the rhenium is provided in minor amount, or
no more than about an equal amount, relative to the plati-
num, based on the atomic weight of these metals, one with
respect to the other. 1In compositing the metals with the
carrier, essentially any soluble compound can be used, but
a soluble compound which can easily be subjected to thermal
decomposition and reduction is preferred, for example, in-
organic salts such as halide, nitrate, inorganic complex
compounds, or organic salts such as the complex salt of
acetylacetone, amine salt, and the like. Where, e.g., pla-
tinum is to be deposited on the carrier, platinum chloride,
platinum nitrate, chloroplatinic acid, ammonium chloropla-
tinate, potassium chloroplatinate, platinum polyamine, pla-
tinum acetylacetonate, and the like are preferably used.
A promoter metal, or metal other than platinum and rhenium,
when employed, is added in concentration ranging from about
0.1 to 3 percent, preferably from about 0.05 to about 1 per-
cent, based on the weight of the catalyst.

To enhance catalyst performance in reforming opera-
tions, it is also required to add a halogen component to the

- catalysts, flourine and chlorine being preferred halogen com-

ponents. The halogen is contained on the catalyst within the
range of 0.1 to 3 percent, preferably within the range of
about 1 to about 1.5 percent, based on the weight of the
catalyst. When using chlorine as a halogen component, it is
added to the catalyst within the range of about 0.2 to 2 per-
cent, preferably within the range of about 1 to 1.5 percent,
based on the weight of the catalyst. The introduction of
halogen into catalyst can be carried out by any method at any
time. It can be added to the catalyst during catalyst pre-
paration, for example, prior to, following or simultaneously
with the incorporation of the metal hydrogenation-dehydro-

genation component, or components. It can also be introduced
by contacting a carrier material in a vapor phase or liquid
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phase with a halogen compound such as hydrogen flouride, hy-
drogen chloride, ammonium chloride, or the like.

The catalyst is dried by heating at a temperature
above about 80°F, preferably between about 150°F and 300°F,
in the presence of nitrogen or oxygen, or both, in an air
stream or under vacuum. The catalyst is calcined at a tem-
perature between about 500°F to 1,200°F, preferably about
500°F to 1,000°F, either in the presence of oxygen in an air
stream or in the presence of an inert gas such as nitrogen.

Sulfur is a highly preferred component of the cata-
lysts, the sulfur content of the catalyst generally ranging
to about 0.2 percent, preferably from about 0.05 percent to
about 0.15 percent, based on the weight of the catalyst (dry
basis). The sulfur can be added to the catalyst by conven-
tional methods, suitably by breakthrough sulfiding of a bed
of the catalyst with a sulfur-containing gaseous stream, e.g.,
hydrogen sulfide in hydrogen, performed at temperatures rang-
ing from about 350°F to about 1,050°F and at pressures rang-
ing from about 1 to about 40 atmospheres for the time neces-
sary to achieve breakthrough, of the desired sulfur level.

The feed or charge stock can be a virgin naphtha,
cracked naphtha, a naphtha from a coal ligquefaction process,
a Fischer-Tropsch naphtha, or the like. Such feeds can con-
tain sulfur or nitrogen, or both, at fairly high levels.
Typical feeds are those hydrocarbons containing from about 5
to 12 carbon atoms, or more preferably from about 6 to 9 car-
bon atoms. Naphthas, or petroleum fractions boiling within
the range of from about 80°F to about 450°F, and preferably
from about 125°F to about 375°F, contain hydrocarbons of car-
bon numbers within these ranges. - Typical fractions thus
usually contain from about 15 to about 80 vol.% paraffins,
both normal and branched, which fall in the range of about
Cg to Ciss from about 10 to 80 vol.% of naphthenes falling
within the range of from about Cg to Cjij.

The reforming runs are initiated by adjusting the
hydrogen and feed rates, and the temperature and pressure to
operating conditions. The run is continued at optimum re-
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forming conditions by adjustment of the major process vari-
ables, within the ranges described below:

Major Operating Typical Process Preferred Process
Variables Conditions Conditions

Pressure, Psig 50-750 100-400

Reactor Temp., °F 900-1,200 900-1,000

Recycle Gas Rate, sCF/B 1,000-10,000 1,500-4,000

Feed Rate, W/Hr/wW 0.5-10 1.0-5

It is apparent that various modifications and
changes can be made without departing from the spirit and
scope of the present invention, the outstanding feature of
which is that the octane quality of various hydrocarbon feed-
stocks, inclusive particularly of paraffinic feedstocks, can
be upgraded and improved.

Conversion of Units

Temperature expressed in °F are converted to °C by subtracting 3é and
then dividing by 1.8.

Gauge Pressures in pounds per square inch gauge_(psig) are converted to

their gauge equivalents in kiloPascals (kPa) by multiplying by 6.895.

Liquid Volumes in barrels (B or Bbl) are converted to litres by multiplying
by 158.97. '

Gas volumes expressed in standardized cubic feet (SCF) are converted to
their equivalents in litres by multiplying by 28.316.

W/Hr/W means weight of feedstock per hour per unit weight of catalyst.

Catalyst regeneration times herein are expressed in hours unless

otherwise stated.
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CLAIMS

1. 2 process for reforming naphtha, with hydrogen,
in a cyclic reforming unit comprised of a plurality of seri-

"ally connected on~-stream platinum-rhenium catalyst-containing

reactors, inclusive of one or more lead reactors, a tail
reactor and a swing reactor which can be substituted for any

.one of the on-stream reactors while the latter is off-stream

for regeneration, and reactivation of the catalyst, the cata-
lyst of the tail reactor containing a major concentration of

‘rhenium relative to the concentration of the platinum, as

contrasted with the concentrations of rhenium and platinum

‘contained in the lead reactors, the atomic ratio of rhenium:

platinum in the tail reactor being maintained at least about
1.5:1, while the catalyst of the lead reactors contain a minor
concentration of rhenium or no more than an equal amount of
rhenium, relative to the platinum, the naphtha flowing in
sequence from one reactor of the series to another and con-
tacting the catalyst at reforming conditions in the presence
of hydrogen, characterized by maintaining on the catalyst in
the upper portion of the swing reactor, a minor concentration
of rhenium, or no more than an equal amount of rhenium, rela-

‘tive to the platinum, and maintaining, on the catalyst in
"the lower portion of the swing reactor a major concentration

of rhenium relative to the concentration of the platinum, the
atomic ratio of rhenium:platinum being at least about 1.5:1.

- 2. A process according to claim 1 further charac-
or anmount
terized in that the concentratloqkpf catalyst contained in the
upper portion of the swing reactor which contains a relatively

low concentration of rhenium, relative to the platinum, ranges

"from about 50 percent to about 90 percent of the total cata-
“lyst charge in the swing reactor, based on the weight of the

catalyst in said reactor.

3. A process according to claim 1 or claim 2 fur-
YT ameun

' ther characterized in that the concentratlonlpf catalyst con-

talned in 'the lower portion of the swing reactor which con-
tains a relatively high concentration of Yhemium, relative to
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the platinum, ranges from about 50 percent to about 10 per-
cent of the total catalyst charge, based on the weight of the

. catalyst in said reactor.

4. A process according to any one of claims 1
&h%%ag@ 3 further characterized in that the atomic ratio of
rhenium:platinum in the catalyst of the tail reactor and
lower portion of the swing reactor ranges from about 2:1 to
about 3:1.

+ 5. A process according to any one of claims 1
E%qguga 4 further characterized in that the catalyst of the
tail reactor and lower portion of the swing reactor contains
from about 0.01 to about 3 percent platinum and from about
0.01 to about 3 percent rhenium.

£o 6. A process according to any one of claims 1
&hﬁéﬁgﬂ 5 further characterized in that the catalyst of the
tail reacter and lower portion of the swing reactor contains
from about 0.01 to about 3 percent halogen.

7. A process according to any one of claims 1
6 further characterized in that the catalyst of the
tail reactor and lower portion of the swing reactor is sul-
fided, and contains up to about 0.2 percent sulfur.

to 8. A précess according to any one of claims 1
&h{éugﬂ 7 further characterized in that the atomic ratio of
rhenium:platinum in the catalyst of the lead reactors and
upper portion of the swing reactor ranges from about 0.01l:1 to
about 1l:1.

9. ACg

process of any one of claims 1 to 8.

+ liquid naphtha product whenever produced by the
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