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| nvent i @ity 9470541801 S i nvention rel ates tc( QM g deactpicravsgb/asmohi t e
based cat ?ysts and *enhanci ng the activiity o eolite based
catal ysts, particularly, but not exclu3|velf&P ‘: e zeolite -
such as zeolite L catalysts. Conpared to conventlonal TaISUSHEET %@%B@EN

reform ng catal ysts which are acidic and hi functional, zeolite REPLACED

IMPROVED METHOD OF REGENERATING DEACTIVATED CATALYST

1. Field of Invention
This invention relates to regenerating deactivated
5 zeolite based catalysts and enhancing the activity of
fresh zeolite based catalysts, particularly, but not
exclusively, large pore zeolite catalysts such as

zeolite L catalysts.
Compared to conventional alumina based reforming
10 catalysts which are acidic and bifunctional, zeolite
based catalysts such as zeolite L are non-acidic and
monofunctional, which gives advantages 1in reforming
light naphtha.
Zeolite based reforming catalysts deactivate and
15 periodically must be regenerated to recover activity.
Catalytic reforming is a major petroleum refining
process used to raise the octane rating of naphthas (Cé6
to Cl1 hydrocarbons) for gasoline blending. Catalytic
reforming is also a principal source of aromatic
20 chemicals, i.e., benzene, toluene and Xxylenes, via
conversion of paraffins and naphthenes to aromatics.
The principal reforming chemical reactions are

dehydrogenation of cyclohexane to aromatics,
dehydrocyclization of paraffins to aromatics,
25 dehydroisomerization of alkylcyclopentanes to

aromatics, isomerization of normal paraffins to

branched paraffins, dealkylation of alkylbenzenes, and

hydrocracking of paraffins to light hydrocarbons. The

hydrocracking of paraffins to light hydrocarbons is

30 undesirable and should be minimized because light
hydrocarbons have low vaiGe.

Reforming is typically carried out at temperatures

of 426 to 538°C (800 to 1000°F), pressures of 0.34 to

20.7 Mpa (50' to 3000 psi), hourly weight space
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based catal ysts such as zeolite L are non-acidic and nenofunctional, which
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Reforming is typi calFPy2ddrtted Bk % WpE? at'dy ggommercial relormers

include a Group VIII metal, such as platinum, or

to

platinum plus a second catalytic metal, such as rhenium
or iridium, dispersed on an alumina substrate.

10 Typically, chlorine is incorporated on the alumina to
add acid functionality. Alumina-based reforming
catalysts are suitable for aromatizing Cg4+ paraffins,
but are 1less effective for aromatizing Cg to Csg
paraffins because these catalysts hydrocrack more of

15 the lighter paraffins to low value fuel gas than they
convert to aromatics.

Conventional commercial catalysts are
bifunctional, i.e., the catalysts enhance i)
dehydrogenation and cyclization reactions on the

20 catalytic metal sites; and ii) isomerization on
separate strong acid sites in the catalyst. The
undesirable hydrocracking reactions also occur on the
acid sites.

Within the past few years reforming catalysts have

25 been developed which are effective for aromatizing the
Cs to Cg paraffin components of naphtha.  These
catalysts are made using zeolite, rather than alumina,
as the support for the catalytic metal. They are mono-
functional and contain relatively few strong acid

30 sites. Unlike conventional bifunctional catalysts,
zeolite based qatalysts‘accomplish dehydrogenation and
cyclization reactions as well as isomerization on the
dispersed metallic catalytic sites. Because these
zeolite-based catalysts have few strong acid sites,

35 undesirable hydrocracking reactions are repressed.
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"of ‘426 te 538[err]C (800 to 1000F), pressures of 0.34 to 20.7 Ma (50 to
3000 pswp 94/08418! y wei ght  space PCT/US93/08407 2-

velocities of 0.5 to 3.0, and in the presence of hydrogen at nolar ratios

to feed of 1 to 10. O her characteristics of reform ng processes are
well known in the art, and reference is made to US-A-4 914706 SHEET HAN BERY
t eachings on this topic. Catal ysts quryently used iy commmERiAJED

reformers include a Goup VIII netal, such as platinum
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Large pore zeolites are preferred for reforming
catalysts, i.e. zeolites with a 6 to 15 Angstrom pore
diameter. Suitable large pore zeolites for purposes of
the present invention include zeolite X, Y, and L, with
zeolite L being the most preferred support for
reforming catalysts, particularly wherein the
catalytically active metal is platinum.

For commercial reforming processes, zeolite
catalysts are preferably formed into aggregates, such
as extrudates or tablets, typically 0.08 to 0.65 cm in
size to reduce pressure drop.

During reforming, catalysts deactivate due to
accumulation of coke deposits in the catalyst, and
agglomeration of the fine catalytic metal particles
dispersed in the catalyst into 1larger particles.
Therefore, it is common practice to periodically
regenerate reforming «catalysts to recover their
activity. Unexpectedly, however, it was found that it
is more difficult to regenerate the previously
described zeolite-based reforming catalysts than the
conventional alumina-based catalysts.

In general, such regeneration procedures include:
1) burning off the coke deposits using- oxygen, 2)
redispersing the active catalytic metals by
oxyhalogenation using, for example, HCl, oxygen and
water, 3) stripping excess halogen off the catalyst
using first wet air, and then dry air as a stripping-
gas (oxygen ©post treating), and 4) reducing the
dispersed catalytic metal using a reducing agent such
as hydrogen.

In attempts to o;%rcome problems experienced

during regeneration of large—pofe, zeolite-based
reforming catalysts, various procedures have been
developed.
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catal ysts are suitable for aromati zing C8+ paraffins, but are |I|ess
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functi onal and contaln r eéw stron
zeolite- based catalysts by dlsper51ng the catalytic

metal throughout the pores or channels of the zeolite.
EP-A-0 142 352 1is similarly directed to the
10 process of regenerating a deactivated catalyst or
enhancing the activity of a fresh catalyst and
discloses that a wet nitrogen stripping step at
temperatures no greater than about 450°C may be
performed between the previously mentioned steps of
15 post treating with oxygen and reducing with hydrogen.
US-A-4 914 068 discloses the advantages of a
reduction step practiced at a temperature sufficiently
lower than the chlorination or oxychlorination step and
the benefits of cooling the catalyst in the presence of
20 oxygen before the reduction.
Attention is directed to the above-mentioned US-A-
4 925 819, Us-A-4 914 068, EP-A-0 142 352 and FR-A-
2360540 for extensive teachings on zeolite catalysts,
reforming processes and catalyst regeneration
25 techniques, all of which are applicable to performance
of the present invention.

SUMMARY OF THE INVENTION
According to the present invention there is
30 provided a process for regenerating a deactivated or

low activity reforming Egtalyst comprising a Group VIII
catalytic metal and zeolite, which process comprises:
(a) contacting the deactivated or low activity
catalyst with a gaseous stream comprising inert gas and
35 oxygen under oxidation conditions for a time effective

e - . T
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‘sites. -Unlike conventional bifunctional catalysts, zeolite based

cat al ystwoaaeesap8 i sh -dehydr ogenati on and cyclization reacti pgs/1Bs93ved40b7 as
somerization on the dispersed netallic catalytic sites. Because these
zeol ite-based catal ysts have few strong acid sites, unde
hydr ocracki ng reactions are repressed.

-3- Large pore zeolites are preferred-fgr-reform ng cat
zeolites with a 6 to 15 Angstrom pore dianeter. Suitable Iarge pore

zeolites for E%”ﬁﬁ?ﬁscgﬂe off the deactivated or low activity
catalyst to result in a substantially decoked catalyst;

(b) contacting the substantially decoked catalyst
with a gaseous stream comprising inert gas, oxygen,

5 water and a source of halogen under oxyhalogenation
conditions comprising a temperature of from 450°C to
550°C and a time effective to halogenate and disperse
the metal to result in a halogenated catalyst
comprising dispersed halogen-complexed metal;

10 (c) contacting the halogenated catalyst with a
gaseous stream comprising inert gas and oxygen under
halogen removal conditions comprising a temperature of
300°C to 400°C, a low total pressure and a time
effective to remove from the halogenated catalyst at

15 least some of the halogen complexed to the metal and
result in a gaseous stream after contact with the
catalyst comprising hydrogen halide at a partial
pressure of less than 27.6 Paa (0.004 psia); and

(d) contacting the halogenated catalyst from step

20 (c) with a gaseous stream comprising hydrogen and

. optionally an inert gas, under reducing conditions
comprising a low total pressure for a time effective to

- reduce at least some of the halogen-complexed metal in
the catalyst to the metallic state and result in a

25 regenerated catalyst comprising dispersed metal and
zeolite and a gas flow after contact with the catalyst
comprising hydrogen halide at a partial pressure of
less than 51.7 Paa (0.0075 psia).

This invention is distinguished and advantageous

30 over the prior art in several respects. Thus EP-A-0
142 352 teaches a regé;eration process wherein the
steps corresponding to steps (b) and (c) of the
invention are performed at the same temperature ranges.
It has been found according to the instant invention

35 that controlling the process conditions, including
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the present invention include zeolite X, Y, and L, with zeolite L being the

nost  pr efvd be@ssigoport for reformng catalysts, parti cul USROS N
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pressure drop. During reform ng, caLa#ygts deacti vat e| dues $’EET HAS BEEN
accunul ati on of coke deposits i.n the catalyst, and aggl ongrati ®EppActhe

fine catalytic netal particles dispersed,in the catalyst rnto rar
particles. TheF%’f‘B?EaEPFef s Wdhidh FRELEiRe ﬁ%e‘b’e&i"cﬁil EaPP§Sy e%"é?‘?‘g]r%? e

ref orm ng carad;gﬁéSatlbn toecower ihheicommerviayly Unexgerdlell ytimovever,

it was found th f 0 reggﬁ% vipusl
descri bed zeol |?{é ase éir%lrcnlﬁé éé@gb%sté t b g}snvent | or?gflee £ y
al um na- based %ﬁt%Py%rso 142 Pp2 geerehes thah pegtorarcorPhraceriures

i nclude: 13 bulbasﬂgtﬁéétt BEeﬁOK@oﬁeégﬁbhalhél e DhsIht Htapedispersh ng

the  active c£8'BLUMuEc JP'EhS oxyREIBRRO0E WG tabiealSaRig ™ ©

to instant step (b)), at 200°C or lower (instead of
about 510°C), in accordance with FR-A-2360540, results
in a worsening catalyst performance. Thus, EP-A- 0 142

10 352 teaches away from performance of step (c) at a
lower temperature than step (b).

In contrast, US-A-4 914 068 teaches that the
performance of a Group VIII metal-containing catalyst,
particularly a catalyst including a Group VIII metal on

15 a large pore zeolite substrate such as zeolite L, can
be materially improved by cooling the catalyst between
the dispersion step (corresponding to instant step (b))
and the reduction step (corresponding to instant step
(d)) of an activation or regeneration process while
20 substantially maintaining the dispersion of the Group
VIII metal, and conducting at least the initial portion
of the reduction step at a relatively low temperature.
Such cooling step may be corresponded to instant step
(c). US-A-4 914 068 provides an excellent description
25 of many of the aspects of catalyst regeneration which
are equally applicable to the present invention.
However, this prior art fails to identify or point the
person of ordinary skill in the art towards the key
parameters in the present invention which constitute
30 surprising effect. These are that in addition to

temperature, stgp {c) pr;cess conditions are controlled
to a low total pressure e.g. less than 690 kPaa (100
psia), preferably not greater than 448 kPaa (65 psia),
e.g., from sub-atmospheric to 448 kPaa (65 psia) and
35 most preferably about atmospheric pressure; and to a
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water, 3) stripping excess hal ogen of f the catalyst using first wet air,
and t hewwgroy/gssig as a stripping gas (oxygen post treating) ,p@wsg),/gg@@pm ng
the di spersed catalytic netal using a reduci ng agent sugh hy-drogen

In attenpts to overcone probl ens experienced during reg@ﬁ%ﬁﬁﬁé%ﬁﬂﬂéﬁcEN
| arge-pore, zeolite-based reforning catalysts, variols . pEeaGERs
have been devel oped. -7 - - 4-

partial pressure of hydrogen halide in the gaseous
stream after contact with the catalyst, i.e., in the
effluent gas, of 1less than 27.6 Paa (0.004 psia),
preferably less than 20.7 Paa (0.003 psia) or 13.8 Paa
] (0.002 psia), most preferably 1less than 10.3 Paa
{0.0015 psia) and particularly less than 4.8 Paa

(0.0007 psia). '
US-A-4 914 068 teaches that the effluent gas
stream from the step corresponding to instant step (c¢)
io should have an HCl concentration of less than about 300
vppm, and desirably still lower (column 13); and is
followed by a reduction step corresponding to instant
step (d) with an effluent gas stream having an HCl
concentration preferably 1less than about 75 ppmv
15 (column 14). It has now surprisingly been found that
the key factor in the regeneration process is not
hydrogen halide concentration on completion of step (c)
and (d), but rather the hydrogen halide partial
pressure. The teachings of US-A-4 914 068 all relate
20 to processes at one atmosphere pressure, at which the
preferred 300 vppm 1level corresponds to a partial
pressure of 30.3 Paa (0.0044 psia). However, when the
prior art process is performed at the more normal
reforming and regeneration pressure range of 1.03 to
25 1.38 MPaa (150 to 200 psia) the preferred 300 vppm
level equates to a hydrogen halide partial pressure of

310 Pa (0.045 psia).

Step (c¢) of the invention adopts temperature and
pressure conditions which will result in the very low
30 hydrogen halide partial pressure required in accordance
with the invention, preferably less than 10.3 Paa
(0.0015 psia). At these levels the driving force for
hydrogen halide desorption, determined by the
equilibrium between the metal halogen complex in the
35 catalyst of step (c) and the hydrogen halide vapor, is
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FR- A- 2, 360, 540 teaches that catal yst regeneration is inproved by
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Ing air before the catalyst is reduced. US- A-4 925 819
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damage the catalyst.

The halogen removed from the halogenated catalyst
in step (c) is that which has become bound directly to
the zeolite, and at least some of the halogen complexed
to the metal atoms which have become dispersed over the
zeolite during oxyhalogenation step (b). . Removal of
such complexed halogen is believed to fix the metal in
dispersed positions. In addition it results in less
hydrogen halide release during subsequent reduction,
thus helping to reduce re-agglomeration during the
reduction step. Here, the relatively low temperature
of step (c) contributes to the regeneration efficiency
by not promoting re-agglomeration of the metal.

The reduction step (d) of the invention is also
performed at low total pressure, e.g. less than 690
kPaa (100 psia), preferably not greater than 448 kPaa
(65 psia), e.g. from sub-atmospheric to 448 kPaa (65
psia); so as to result in a hydrogen halide partial
pressure in the effluent gaseous stream of less than
51.7 Paa (0.0075 psia). This low value permits
hydrogen halide to escape as the metal is reduced, and
so minimizes re-agglomeration. Step (d) is preferably
performed at a temperature lower than step (b), more
preferably from 300 to 400°C. The hydrogen partial
pressure employed is preferably greater than 103 Paa
(0.015 psia).

Preferably, the catalyst is a formed catalyst,
more preferably in the form of tablets, pellets,
spheres, and extrudates. The catalyst may include a

y
of
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2360540 for extensive teachings on zeolite catalysts, 'refornm ng
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According to the present invention there is provided a pro
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silica or mixtures of any two or more thereof to
promote binding into aggregates. As used herein
alumina binder materials include, but are not limited
to, alkali and alkaline earth - containing alumina.
The catalyst most preferably is monofunctional and non-
acidic, and the zeolite is a iarge pore zeolite, which
preferably is a type L zeolite. The type L zeolite
preferably comprises exchangeable cations such as
lithium, sodium, potassium, rubidium, cesium, calcium,
barium, or mixtures of any two or more thereof.
Potassium and/or barium are particularly preferred.

The Group VIII catalytic metal is preferably a
noble metal such as platinum, palladium, rhodium,
iridium, ruthenium or osmium, most preferably platinum.
The amount of the Group VIII catalytic metal present is
preferably from 0.05% to 6% by weight.

The catalytic metal may further comprise for
example a Group VII B metal, preferably rhenium.

As used herein, the Groups are as presented in the
Periodic Table in the Handbook of Chemistry & Physics,
published by the Chemical Rubber Company, 48th edition.

The process of the present invention preferably

comprises a linear gas velocity through the catalyst of
at least 15.2 cm/sec (0.5 FPS). As mentioned, the
concentrations of the gases used depend upon the
operating pressure and are adjusted accordingly to
yield a desired range of partial pressure of the gas
component wherein the partial pressure of gas A = the
concentration of A x the total pressure. In steps (a)
and/or (b) the effluent gas, i.e., the gas stream from
the outlet of the vessel containing the catalyst, is
preferably recycled through the vessel containing the
catalyst, rather than operating as a once-through
process. In this case a portion of the effluent gas is

Th1s Sheet Has Been Rep

™7

laced




to burn coke off the deactivated or low activity catalyst to result in a-
subst ant ivahlo¥,gaggPked catal yst; (b) contacting the squth&bﬁhth
decoked catalyst with a gaseous stream conprising inert gas, oxygen, ter
and a source of hal ogen under oxyhal ogenati on conditions conpr|3|ng a
tenperature of from450[err]Cto 550[err]C and a tine ef

hal ogenate and di sperse the metal to res I |n a halogeqéaef %T 6$BEEN
conpri sing di spersed hal ogen- conpl exed ne (c) ont SEPEARED he
hal ogenat ed catal yst with a gaseous strean1conpr|3|n i nert gas and oxygen
under hal ogen PEFBEERPLHNBILO6Ss Fbpreplages t"é%ﬁibrgi-'ﬁﬁ)é dPeFFO[ERFIC to
400[err]C, a |ITwet cptxﬁdgqoreasurelsandypltbtr&yefff@hl \&% t Bor 30 eoffr othé he

halogenated_caég%%éie é stgg{e efgrégf%2?£8§e£0ngp§@¥ed to the netal

and result in sSeou eani €r ¢con

S DETAILED DESCRIPTION OF INVENTION
Preferred embodiments of the process .0of the

invention are now discussed, with specific reference by
way of example to <chlorine as the halogen, and
regeneration in the reactor wherein the catalyst has
10 been employed in a hydrocarbon reforming process.
Pre-Regeneration Reactor Purge (Optional)

The first step in the regeneration procedure is to
purge hydrocarbons and. then purge hydrogen remaining
from hydrocarbon processing out of the reactor. This

15 is done by establishing a flow of hydrogen to the
reactor and continuing hydrogen flow until hydrocarbon
is displaced by hydrogen. Then hydrogen flow 1is
terminated, and a gas flow comprising inert gas,
preferably nitrogen, is established through the

20 catalyst bed and continued until hydrogen is displaced
with inert (gas. The gas flow 1is preferably
substantially free of contaminates, such as ethylene,
CO, and sulfur, and other substances which would be
harmful or adversely affect the catalyst. The reactor

25 may be purged in a similar manner between any of the
subsequently described steps, to remove any gases from
the reactor which might undergo a detrimental or
adverse reaction if permitted to remain in the reactor
during a subsequent step, such as oxygen and hydrogen.

30 Purging can be gpne over a wide range of
conditions. Suitable pressures are from 101 kPaa (14.7
psia) to 2.07 MPaa (300 'psia), preferably one
atmosphere, and suitable temperatures are from 400°C to
500°C. The inert gas flow rate is preferably at least

35 15.2 cm/sec (0.5 FPS) linear gas velocity through the
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cat'al yst “conprising hydrogen halide at a partial pressure of |less than 27.6
Paa (0. 0v0 9608918 and (d) contacting the hal ogenat ed cRCRIYSH3/68407
step (c) with a gaseous stream conprising hydrogen and__optionally an .
i nert gas, under reducing conditions conprising a |ow } aHi SHEESEAS BEENr} a
tine effective to reduce at | east sone of the hal ogen-cpnpl eX@EPLAGER| in
the catalyst to the netallic state and-rggsutt in a regenerated catalyst
conprising dispersed netal and zeolite and a gas flow after contact with

t he catal yst Y dr pge ' t Lal e lLess than
51°7 Paa 10, 007 e IoBUC AP AR pReRBhEL ol PERMER R
advant ageous WS tHeSWredr uBiforn gaserlow edpebributiomyacepsa. fheq2 352

teaches a regeadiadlysdn BeACeHd eRidtitiie §hepPsoLodr esfiidditichd O flreps (b)
and (c) of theol nventi on ar e ﬁe(r)for J:at. t he ﬁsaﬂﬁ terTBerﬁtEre ranges. It
has been found R MY 02ThEC st ARG M Peritt o T hat 28Rt b???n% the
process céndi onensto i fitvedhayrs adequately purges the reactor. The
effluent gas, i.e., the gas stream from the outlet of
the vessel containing the catalyst, may be recycled
through the vessel containing the catalyst, rather than
operating as a once-through process. 1In this case from
10 5 to 30% of the recycle gas is replaced with fresh

inert gas.
Coke Burn (Step (a) of Invention)
Coke which accumulates on the catalyst during
hydrocarbon processing must be removed to regenerate
15 the catalyst because catalytic performance of the
regenerated catalyst is impaired if coke residues
remain on the catalyst. Coke is removed by burning it
off with oxygen, which term includes ozone which speeds
up the coke burn. The partial pressure of oxygen in
20 this gas stream during coke burn is preferably up to 69
kPaa (10 psia). However, care must be exercised to

avoid exposing the catalyst to excessively high
temperatures. Temperatures of from 400 to 550°C are
preferably used. In another embodiment, halogen, such
25 as HCl, can be included in this gas flow. The use of
HC1l during coke burn can effectively remove the
carbonaceous residues from the spent catalyst. This
procedure dramatically reduces the coke burn
temperature and minimizes the problems of local hot
30 spots, the temperature run away, and the metal
agglomeration. The cok: burn is preferably conducted
in two stages: é primary coke burn (al) at less severe
conditions followed by a secondary coke burn (a2) at
more severe conditions. Thus, step (a) is preferably
35 performed in a first stage (al) and a second stage
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-6- tenperature, within certain specified ranges enabl es -

r egener aigpgy/osyi@ccur in a commercially acceptable tine w thoptussglaggnti ve
damage to the catalyst. Exanple 1 of EP-A- 0 142 352 teaches that
performance of a wet (Jerr] post-treat step (correspondi pg-ta instant step
(c)) on the product of an oxyhal ogenation step (correspondHHgSHEET Ha$ 8REN
step (b)), at 200[err]C or lower (instead-of about 510 err] ®EPLAGED
accordance with FR-A-2360540, results in a worsening catal yst performance.
Thus, EP-A- O 3 ches. fro r f n f sten (¢) | ower
tenperature th(;af\z%ﬂ g‘gh%lg%n ?1?"‘%%:%”?}%& , Q%Jggﬁgﬁogﬂf%og%t%acl gs?%t hat

t he perfor mandenserat@rsupthpn| skaad - daRd aiandpratldiystthe gaseous

stream of stage (al) has a lower oxygen concentration

than that of stage (a2), preferably where (a2) 1is

5 performed for a longer time than (al). The two-stage
coke burn has been discovered to be advantageous in
mitigating risk of exceeding zeolite decomposition
temperature at the flame £front. The coke burn is
preferably conducted at a pressure of from sub-

10 atmospheric to 2.07 MPaa (300 psia) or 1.38 MPaa (200
psia), with a pressure of 345 kPaa (50 psia) to 1.38
MPaa (200 psia), e.g., 1.28 MPaa (185 psia) being more
preferred. Gas flow rate to the reactor is preferably
set to maintain at least 15.2 cm/sec (0.5 FPS) linear

15 gas velocity through the catalyst.

' The primary coke burn is initiated by injecting
oxygen, ozone, or air into the inert gas flowing to the
reactors. The inlet gas temperature is preferably from
400°C to 500°C, more preferably from 400°C to 480°C, and

20 most preferably about 445°C. The oxygen concentration
in the reactor inlet gas is préferably adjusted to from
500 vppm to 6000 vppm, more preferably from 1000 vppm
to 4000 ppm. A low concentration of oxygen is used in
the primary coke burn to avoid excessively high

25 temperature, because of adiabatic coke burn condition.
Under adiabatic coke burn, the increase in the flame
front temperature depends solely on oxygen
concentration regardless of total pressure. Higher
oxygen concentration can be used in the primary coke

30 burn when the coke burn is not carried out at the
adiabatic condition, e.;; an external cooling to the
reactor is available or a higher heat capacity inert
gas other than nitrogen is used. During the primary
coke burn the gas flow may be essentially devoid of

35 water or include an amount of water, e.g., to a water

\
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particularly a catalyst including a Goup VIII netal on a |arge pore

zeol i te swbjgyesdsggsuch as zeolite L, can be materially inpropeg/ o3ggsabr ng
t'he catal yst between the di spersion step (corresponding to instant step

(b)) and the reduction step (corresponding to instant step (d)) of an

activation or regeneration process while substantially p
di spersion of the Goup VIII netal, and cgopducting at le s’trH{Sh%Iﬁ IE&P
portion of the reduction step at arelatively Iowtenper ure ol ing

step may be corre€£0ﬂded t 0 i nstant stg (c% 14 Q68 pr oi*ldes an
excel | ent desc?#ptidn &F ETEM SfO% hBPa Be aéf[‘al( sPS&dener afFdn whi ch
are equal ly applhe caje txtidmmprdseiTig | ook | chmrrﬂom‘ed:'le,rabﬂiys pesoraart

fails to identplyr piyPBELSLE RATSALA OF dONRLY S lyidh t g BLtaf ovar ds

t he key paraneters in resent invention which constltute sut pri si ng
ef fect . Thegere gpgeferably PRdlli tPod 3t kBaperddt BSd2)st 3P4 cHOBEocess
condi ti onss ar ept@férabled ¢ 0| aw t @t 3l ]apggsuua q;,cgia)l £ss pnleanth88ekPaa

(100 poia); PrELSATRLnC! Bt Sallan i KPRe (8 Dy LLOT
at nospheric pwm@smte;nedd t safely below catalyst decomposition
temperature at a most preferred pressure of about 1.28
MPaa (185 psia). CO2 and oxygen concentration in the
10 reactor outlet gas stream are continuously measured to
determine when the primary coke burn is completed,
i.e., when molar ratio of CO2 to 02 falls below a
preferred threshold ratio of 3:1, which occurs
typically about two to fifty hours into the burn. The
18 time to complete the primary coke burn step varies with
the concentration of coke on catalyst, space velocity,
and oxygen concentration in the reactor inlet gas.
Then transition into the secondary coke burn step
(a2) is begun. Gas inlet temperature is preferably
20 raised at a rate of about 25 to 50 degrees C per hour
to the secondary coke burn temperature which is
preferably from 500°C to 550°C, more preferably from
500°C to 520°C, and most preferably at about 510°C, at a
most preferred pressure of 1.28 MPaa (185 psia).
25 Simultaneously, oxygen partial pressure is raised to a

preferred secondary coke burn level, e.g., up to 69
kPaa (10 psia), more preferably from 690 Paa (0.1 psia)
to 55 kPaa (8 psia), and most preferably from 13.8 kPaa
(2 psia) to 48.3 kPaa (7 psia). In the secondary coke
30 burn, water may be p;eient for examplé at a partial
pressure up to  20.7 kPaa (3 psia), preferably up to
13.8 kPaa (2 psia), and more preferably up to 6.9 kPaa
({1 psia). However, most preferably the gas flow is
essentially devoid of water and has a water partial
35 pressure of O.
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-7- partial pressure of hydrogen halide in the gaseous stream after

contact ww®bgtoggigcatal yst, i.e., in the effluent gas, of |epgrhheds/g9409 Paa
(0. 004 psia), preferably less than 20.7 Paa (0.003 psia) or 13.8 Paa (0.002

psia), nost preferably less than 10.3 Paa (0.0015 psia) F--et-arty
less than 4.8 Paa (0.0007 psia).. US-A-4 914 OpSHIS SEgTedAS BREY
REPLALER (o)

the effluent gas streamfromthe step gqrresponding to]inst

The secondary coke burn (or single coke burn, if
only one stage is used) 1is continued until the CO2
partial pressure in the outlet gas from the reactor

.falls below a preferred level of 69 kPaa (0.01 psia),

5 and more preferably 27.6 Paa (0.004 psia); this

typically occurs about 12 hours into the secondary

burn, depending on the amount of catalyst in the

reactor. It has been discovered that the activity of

regenerated catalyst is impaired if the coke burn is

10 terminated prematurely, i.e., before CO2 partial

pressure falls below 27.6 Paa (0.004 psia) to 69 Paa
(0.01 psia).

During coke burn, the gas stream is preferably

recycled or recirculated from the tail reactor to the
15 lead reactor, where a series of two or more reactors is

used, in order to conserve nitrogen of the inert

carrier gas by employing an in-line recycle gas

compressor. Preferably, about 10% of the recycle gas

flow is purged with the fresh coke burn gas prior to
20 recirculating the stream.

Pre-Oxychlorination Hydrogen Reduction (Optional Step

(a'}))

Regenerated catalyst activity is higher when the

catalyst is exposed to hydrogen after coke burn, but

25 before oxychlorination (b). Thus, in a preferred
embodiment between steps (a) and (b) there is performed
an intermediate reducing step (a') comprising

contacting the substantially decoked catalyst with a
gaseous stream comprising inert gas and hydrogen under
30 reducing conditions for a time effective to reduce the
metal component of the éztalyst to the metallic state.
Step (a') is préferably performed at a hydrogen partial
pressure greater than 103 Paa (0.015 psia) and/or a
temperature of from 300 to 550°C and/or a total
35 pressure not greater than 20.7 MPaa (300 psia) and/or

e
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shoul d have an HO concentration of |ess than about 300 vppm and desirably

still | oweroqzesdieam 13); and is followed by a reduction stepCrousespededi ng
to instant step (d) with an effluent gas stream having an HO concentration
preferably | ess than about 75 ppmv (columm 14). It has paow surprisingly

been found that the key factor in the regeneration procesSHISSSHEET HyVSBOEGT
- hal ide concentration on conpletion of step &c) and (d),] but REPEAdYEF t hq
hydrogen halide partial pressure. The teachi ngs of Us- A2 9I4 068t
relate to pro e h uLe, [ d 300
vppm | evel co?’?@@‘pi‘h S ? gaéﬂg? ? Raﬁ{%é;ésrgie?eggf V%(t)t.e?Pg&; %BEO%EA% &'gsl‘l(sg)
However, whenStt¥&@3gv-i or art process is perforned at the nore nornal

reform ng and regengr atﬁﬁ‘v%@§§yredﬁ%w%s@:ﬁ 1. %?em:el SSyMPaerlSOléo 200

psia) the preferre%PSOO vppm | evel equates to hydr o rtial
P eobure of 3iBteRpgges Gyast  FenSHEnE. 4 he'y EERAFRR BT MBS

t enper at ube aceker éssuy emeshdbei Puggsd cfrqmltheesaacton tioe pragludey
hryg; ogen ha: 'eggﬁaﬁgly %oxg&gig%fer SRt Btd NoRCORf VY Wahl B ddyenti on,
P y e.g., by cutting off oxygen flow and continuing

nitrogen flow through the reactors, e.g., from 30

minutes to several hours at a temperature of about 510°
10 C and at a pressure of from 101 kPaa (14.7 psia) to

2.07 MPaa (300 psia), to reduce oxygen concentration to

a safe level; the nitrogen 1linear velocity is

preferably maintained in "the catalyst beds at at least

15.2 cm/sec (0.5 FPS) to achieve adequate gas
15 distribution and gas/solid contacting.

Hydrogen reduction is initiated by starting flow
of hydrogen into the nitrogen flowing into the
reactors. Conditions for hydrogen reduction step (a')
can be varied over a wide range. Hydrogen partial

20 pressure is preferably greater than 103 Paa .(0.015
psia), more preferably from 103 Paa (0.015 psia) to 101
kPaa (14.7 psia), most preferably from 1.03 kPaa (0.15
psia) to 34.5 kPaa (5 psia), and particularly between
2.76 kPaa (0.4 psia) and 6.9 kPaa (1 psia). Total
25 pressure is e.g. from 101 kPaa (14.7 psia) to 2.07 MPaa
(300 psia), preferably to 1.38 MPaa (200 psia), more
preferably to 448 kPaa (65 psia), and most preferably
at about one atmosphere. Temperatures of from 300°C to
550°C are satisfactory, with 450°C to 530°C being
30 preferred, 480°C to 520°C being more preferred, and
about 510°C most prefé?red. Linear gas velocity
through fhe catélyst beds should achieve uniform gas
distribution and effective gas/solid contacting with
the catalyst. In an axial adiabatic reactor the gas
35 flow is preferably at least 15.2 cm/sec (0.5 FPS).
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(0.°0015 psia). At these levels the driving force for hydrogen halide
desor pt i W0 94/4s8418r m ned by the equilibrium between the mmSmbmen
conplex in the catal yst of step (c) and the hydrogen halide vapor, is
-8- such as to permt dehal ogenation in comrercially acceptable tine

peri ods. The alternative would be to run at normal refengsaLEEPNHAS BEEN
pressure, under which condition extrengly-l ong periods uld beemeeded to

achieve the |ow hydrogen halide partial pressures,
Reduction time of up to 5 hrs is normally adequate with
30 minutes to 2 hrs being preferred.
Water can be introduced to the reactor (a'), e.g.,
inlet gas stream during preoxyhalogenation reduction
5 step to yield water partial pressure of up to 6.9 kPaa
(1 psia), 13.8 kPaa (2 psia) or 20.7 kPaa (3 psia),
although it is most preferred that the gas stream be
essentially devoid of water.
After completing hydrogen reduction step (a'),
10 hydrogen flow 1is cut off and inert gas flow is
continued to purge hydrogen so that oxygen required in
the next step can be safely introduced. The purge can
be done over a wide range of conditions; for example,
passing inert gas through the catalyst at about one
15 atmosphere to 2.07 MPaa (300 psia) at a temperature of
from 300°C to 550°C at a gas flow rate above 15.2
cm/sec (0.5 FPS) for about 30 minutes to several hours
adequately clears hydrogen.
In this hydrogen reduction step (a'), as wgll as
20 the coke burn step (a), wherein the gas is recycled
(except for the amount eg 10% purged), hydrogen can be
also recycled. This hydrogen reduction step is most
preferably performed in once through manner and at
atmospheric pressure.
25 Pre-Oxychlorination Conditioning (Optional Step (a''))
The activity of regenerated catalyst is increased

by exposing the catalyst to water and oxygen prior to

oxychlorination. Thus, according to a preferred
embodiment, between steps (a) and (b) there is
30 performed a catalyst conditioning step (a'') comprising

contacting the catal§§t with a gaseous stream
comprising inerﬁ gas, oxygen and water under conditions
and for a time to saturate the catalyst with water and
form a substantially water saturated catalyst.
35 Preferably, the substantially saturated catalyst has a
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whi‘ch | ong periods under regeneration conditions could damage the catal yst.
The hal wyepd4/08418ved from t he hal ogenated catal yst in step (ROT/US98/08407hi ch
has becone bound directly to the zeolite, and at |east sone of the haI ogen
conpl exed to the nmetal atons which have becone di spersed ove =

during oxyhal ogenation step (b). Renoval of such conpl exq
believed to fix the netal in disperseé pgsi<tions. In additi“e
in less hydrogen haI [ de rel ease during subsequent reduction, thus hel pi

to reduce resagal r%\f%rgt':”iﬁge 4BeL DSAUGH La00st e Fioud Ncselt] vel v

Iowterrperature O ontri utes to the regener on erti1clenc

not pronotin®k es-tﬁjbl b?rre ati obteR {ae' hetaprefer RRKEDFTeRA s"!‘épa(d) of

t he lnventlortdn@e’nﬂmwrcﬁprf@&na;sodmﬂbtma#c HrebAdN €a \Eaigerhﬁéﬁtiilﬁn 690

kPaa (100 psi ref er abl ter ,than 448 kP 6 from
sub- at rmsphelpl)éﬁ urf4éq%°a d é % gg %glkt% res?ﬁl S(J‘ 3 rh{l/a‘?%g%rg hal i de
partial pPressouwwgdm pactaall mmqssg:ggemt soreatesf thass 6ﬂarkPaE 7(1®Paa

(0.0075 psi Psia) IHipor! ¥ tubie pREslLe Budr ogiRfatil | 8aho 2sgppe as

the netal is reduced, and
MPaa (300 psia).

This treatment saturates the catalyst with water

and oxidizes metals in the catalyst. The amount of

10 water adsorbed by the oxide support of the catalyst
depends on the partial pressure of water in the gas
phase. During the reduction step (a'), which is
optionally carried out after the coke burn step (a),

the amount of water on the catalyst may not be at the

15 right condition since water partial pressure may be too
low in the reduction step. The water partial pressure
is increased by injecting water into the reactor in the
post chlorination conditioning step (a'') so that the
oxide support can acquire the equilibrated amount of

20 adsorbed water under the specified water partial
pressure. Wetting the catalyst, preferably to
saturation prior to initiating oxychlorination avoids
exposing dry catalyst to chlorine at oxychlorination
conditions which has been discovered to impair activity

25 of regenerated catalyst.

Pre-oxychlorination conditioning step (a'') may be
carried out at a pressure of atmospheric to 2.07 MPaa
(300 psia), preferably to 1.38 MPaa (200 psia), more
preferably of 345 kPaa (50 psia) to 1.38 MPaa (200

30 psia), and most preferably at about 1.28 MPaa (185
psia), and temperatures of from 300°C to 540°C, with
temperatures of 500°C to 530°C being preferred, and a
temperature of about 510°C being most preferred. Water
partial pressure may be, e.g., up to 20.7 kPaa (3.0

35 psia), preferably to 13.8 kPaa (2 psia), more

tde iy [
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so mnimzes re-aggloneration. Step (d) is preferably perforned at a
t enper at \Wwe desa18t han step (b), nore preferably from 300 t ecEO0se3/08407
The hydrogen partial pressure enployed is preferably greater than 103 Paa

(0.015 psia). Preferably, the catalyst is a forned c ta+ st Or-e-
preferably in the formof tablets, pellets, spheres, andTé dﬁ%%es h
catal yst may include a - 18 - o. RERGACED,

material, preferably conprising kaolin, alumna,
preferably between 1.38 kPaa (0.2 psia) and 13.8 XkPaa
(2 psia) and most preferably at about 6.9 XPaa (1
psia); oxygen partial pressure may be, e.g., up to 68
kPaa (10 psia), with 69 kPaa (1 psia) to 34.5 kPaa (5
5 psia) being preferred, and with 6.9 kPaa (1 psia) to
13.8 kPaa (2 psia) being more preferred. Gas linear
velocity through the catalyst beds is preferably
maintained above 15.2 cm/sec (0.5 FPS) at operating
pressure and temperature. Flow of the gas stream
10 containing inert gas, oxygen and water is preferably
continued for an additional 2 hours after water partial
pressure in the reactor outlet stream exceeds about
5.24 kPaa (0.76 psia) and preferably for up to about 80
minutes longer to insure that the catalyst is saturated
15 with water at the water partial pressure employed and
that metals are completely oxidized.

Oxyvhalogenation (Step (b) of Invention)
The catalytic metals at this point in the.
regeneration procedure are typically agglomerated.
20 Metal halide (chloride) molecules are mobile and
disperse across the zeolite surfaces with facility. 1In
step (b), the metals are halogenated (chlorinated) by

exposure to oxygen, water and a source of halogen

(chlorine) all in an inert carrier gas. Preferably the

25 source of halogen in step (b) is a source of chlorine,

such as Clpy, HCl, chlorinated hydrocarbons, such as

carbon tetrachloride and mixtures of two or more
thereof, most preferably HCI.

Oxyhalogenation is for example carried out at a

30 pressure of about atmospheric to 2.07 MPaa (300 psia),

preferably to 1.38 MPaa (200 psia), more preferably

from 345 kPaa (50 psia) to 1.38 MPaa (200 psia), and

most preferably at about 1.28 MPaa (185 psia).

Oxychloiination temperatures are for example from 480°C

35 to 550°C, preferably 500°C to 530°C, and most preferably
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sillita or m xtures of any two or nore thereof to pronmbte b

nding into

aggr egat 80 94/05488 used herein alum na binder material s i ndPQEY&ISIB(D84CT e
not limted to, alkali and alkaline earth - containing alum na. The

catal yst nost preferably is nonofunctional and non- acidic,
Is a large pore zeolite, which preferably is a type L zeolit
zeolite preferably conprises exchangeab+eirgati ons such as |
pot assi um rubi dium cesium calcium barium or m xtures of

and the zeolite

o THIS SHEET MRS BEEN
[ hi umREPDACEDN

any two or

nore thereof. Botags,un angler, barmnyprar gaparfigyl abky P ef erle8drapiy The
G oup VI catahétlc tal is %%eferabl .a noble netal _such as Ebatlnunl

pal | adi um rho@PdHeter dtem T
The amobunt of tkeecGoesp ¥bbiecalal gticmfeéal pdeserrPd)s prtef

hefP8m drin8&F uf@SmoIelRFerdr ath

A&t i num

epairlayt ithhgom

0.05%t0 6% bygyeg%gngeng{lg ,Tézegnpfg%gaféé%.{é.c TEL Rl 1 0By DUCEREE GO 39 HeOT

exanple a G ou y rhenrum

hereln,ethe

Groups areSas FPBIERt depFaIhe HOdr | sanEerEB| £ nchhertBAdEok T6RCCAOR st ry
& Physics, publdishedodygéie hentpal fedbbes GamRabn 486h @fiddie is The

process of therggﬁgnttﬂenvgggion prafer

ferably, .
ve c‘iorlnae&ng agent. Water partial

pressure in the reactor inlet gas is for example up to

20.7 kPaa (3.0 psia), preferably to 13.8 kPaa

(2 psia),

10 and most preferably from 1.38 kPaa (0.2 psia) to 13.8
kPaa (2 psia). Oxygen partial pressure is for example

up to 69 kPaa (10 psia), preferably from 6.9 kPaa (1

psia) to 34.5 kPaa (5 psia), and more preferably from

6.9 kPaa (1 psia) to 13.8 kPaa (2 psia).
15 source (HCl) partial pressure in the reactor

Halogen
inlet gas

is for example up to 3.45 kPaa (0.5 psia), preferably
from 138 Paa (0.02 psia) to 3.45 kPaa (0.5 psia), and
more preferably from 138 Paa (0.02 psia) to 2.07 kPaa

(0.3 psia), and most preferably from 138 Paa (0.02

20 psia) to 1.38 kPaa (0.2 psia).

Completion of oxychlorination step (b) is signaled

by appearance of chlorine and HCl, referred to herein

25

30

35

as chlorine breakthrough, -in the reactor effluent gas
at a partial pressure preferably greater than 69 Paa
{0.01 psia). Time to chlorine breakthrough after
initiation of HCl1l flow is proportional to the chlorine
feed rate and is inversely proportional to the amount
of catalyst in the reactors; it typically takes from 2
to 6 hours. _

After chlorine breakthrough, oxychlorination is
preferably continued for® an additional time period of
up to 6 hours, ﬁreferably for from 2 hours to 5 hours.

In a manner similar to coke burn step (a), the gas
stream from (b) may be recycled, i.e., recirculated,
from the tail reactor to the lead reactor, where a
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conprises a linear gas velocity through the catal yst of at |east 15.2
cnisec WO $4/63398 . As nentioned, the concentrations of PCHASIZHS4E7
used depend upon the operating pressure and are adjusted accordingly to
yield a desired range of partial pressure of the gas conponent wherein the
partial pressure of gas A = the concentration of A X thetatal-—pressure —
In steps (a) and/or (b) the effluent gaszoi-e., the gas pFHERSHEFOME BEEN
outl et of the vessel containing the catalyst, is preferaply. s &EFepedD
through the vesssle fogkaldidndfhaesat alamluolat her uslan Oferaklieg as @

once-t hrough process | S case portion of f | uent gas i.s
conserve nitrogen of the inert carrler gas by employing

an in-line recycle gas compressor. Preferably, about
10% of the recycle gas flow is purged with the purged
5 amount being replaced with fresh oxychlorination gas
prior to recirculating the stream.
Post Oxychlorination Cool Down {Optional Step (b'))
Higher regenerated catalyst activity is obtained
when the post oxychlorination steps are conducted at

10 lower temperature, i.e., within the range of 300°C to
400°c, and preferably at about 345°C, than the
oxychlorination temperature which is from 450°C to 550°
c. Preferably, the catalyst is cooled from
oxychlorination temperature to a lower post treat

15 temperature prior to oxychlorination post treatment.
Thus, in this embodiment, between steps (b) and (c)
there is performed a cooling step (b') comprising
contacting the oxyhalogenated catalyst of step (b) with
a gaseous stream comprising inert gas and/or oxygen

20 and/or water and/or a source of halogen, preferably the
gaseous stream of step (b), which gaseous stream is at
a temperature effective to reduce the temperature of
the catalyst to a value of from 300 to 400 °C.
Preferably the cooling is done under an oxychlorination

25 atmosphere to prevent premature reduction and
agglomeration of catalytic metals. In this embodiment
of the present invention, cool down is accomplished by
continuing the flow of oxychlorination feed gas, for
example having a HCl1l partial pressure of up to 3.45

30 kPaa (0.5 psia), preferably from 138 Paa (0.02 psia) to
3.45 kPaa (0.5 psia), more preferably 138 Paa (0.02
psia) to 2.07 kPaa (0.3 psia), and most preferably 138
Paa (0.02 psia) and 1.38 kPaa (0.2 psia).
Alternatively, a gas which is essentially devoid of HCl

35 can be wused in this stage while reducing the
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- 10 - preferably purged and replaced with fresh inert gas. The purge rate
is typi cO H/08418 5% t o 30% of the recycle gas rate, prefergaryu$ssos4do to
20% DETAI LED DESCRI PTI ON OF | NVENTI ON Preferred enbodi nents of the
process of the invention are now di scussed, with specific rEﬁgnp@ggﬂbyAmgzhw
of exanple to chlorine as the hal ogen, and regeneration in [he reaptQFep

wherein the catal yst has been enpl oyed- @ia-hydrocarbon ref OrmTgprocess-

Pre-Regeneration Reactor Purge (Optional) The first step in the
regeneration L0 U 9€; HY ALQGAS ?%'&}51 @é‘chB?” t@lLéTg@a@ ggen
remai ni ng from rocar on processi ng out ctor 1's” done by

est abl i shi ng #9Ywter ik odenero qwqr@éanﬁsranaoweﬁernuweﬁwro@@n flow
until hydrocaryon tﬁardtﬁel—@geﬂcsbbf Rl ogglipmenthed thedrageit dh@w is

term nated, aqgla %empera urénﬁfgﬁn%pégg%ae%es’ Cool down does not
5 impair regenerated catalyst performance when done under
an oxychlorination atmosphere.
Post-Oxychlorination Stripping (Step (c) of Invention)
It has been discovered that it is beneficial to

regenerated catalyst activity to remove halogen
10 (chlorine) from the catalyst prior to the final
reduction, and that the more chlorine removed before
the final hydrogen reduction, the higher the activity
of the regenerated catalyst. Essential and preferred
conditions for step (c), and the reasons therefore, are
15 discussed hereinbefore. Step (c) is preferably
accomplished by exposing the catalyst to a stream of
inert gas containing oxygen at the lowest pressure,
i.e., atmospheric pressure or even vacuum, which can be
used depending on the circumstances. However, pressures
20 as high as 448 kPaa (65 psia), and preferably aﬁ about
atmospheric may be used in certain situations.
Temperature during this stripping step is from 300°C to
400°C, with 345°C being preferred. Water may be
present in the treat gas during stripping step (c), for
25 example at a partial pressur'e of up to 20.7 kPaa (3
psia), preferably up to 13.8 kPaa (2 psia), more
preferably 69 Paa (0.01 psia) to 6.9 kPaa (1 psia), and
most preferably 1.38 kPaa (0.2 psia) to 4.14 kPaa (0.6
psia). Where water is included in the gas flow, the
30 stripping is referred to herein as a wet stripping.
Oxygen partial pressure‘in step (c) is for example up
to 31 kPaa (4.5 psia), preferably up to 20.7 kPaa (3
psia), and more preferably 4.83 kPaa (0.7 psia) to 20.7
kPaa (3 psia). The inert gas flow rate during this
35 stripping step is preferably fixed to maintain at least
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preferably nitrogen, is established through the catalyst bed and

cont i nuagowayedsidydrogen is displaced with inert gas. PAI{ES93HA8407 f | ow
is preferably substantially free of contani nates, such as ethylene, CO

and sul fur, and other substances which would be harnful o ver-sel y-affeet-
the catalyst. The reactor may be purged in a simlar manhéitilpSHAEE fiAgMF=of
the subsequently described steps, to renpze-any gases froip_the RERACEP

whi ch m ght undergo a detrinmental or adverse reaction if permtted to

remain in the rsgafté}ﬁ/sdé‘é' tg.3 %@E?e%‘%{étazsti& S&THC By O¥NIE8HgANEhe

hydr ogen. ur grng _can done over wi de range of conditions.
Sui t abl e presgﬁfé%lefrteqerCiﬁn 101 kPaa (14 7 psia) to 2.07 MPaa (300

psia), preferablyyaneseiipsphgr én amd spiéabbeslenpesatibed ae@nferom
1) cor D b s LA P BbEp il shecal webcrans
5 effluent, i.e., exhaust HCl par 1al pressure, falls
below 27.6Paa (0.004 psia), preferably below 10.3 Paa
(0.0015 psia) and more preferably below 4.8 Paa (0.0007
psia); exhaust HCl partial pressure in this range
signals that chlorine concentration on the catalyst is
10 acceptably 1low. Typically, exhaust HCl partial
pressure falls into the 27.6 Paa (0.004 psia) to 4.8
Paa (0.0007 psia) range after 2 to 12 hours of wet

stripping treatment.
Optionally, water flow may be then discontinued

15 and the flow of inert gas and oxygen continued for
about one hour to dry the system to prepare for the
subsequent hydrogen reduction. The water partial
pressure at the reactor outlet is then preferably less
than 27.6 Paa (0.004 psia), more preferably less than

20 20.6 Paa (0.003 psia), and most preferably less than
10.3 Paa (0.0015 psia). In this embodiment, oxygen
flow is cut off and inert gas flow is continued for
about one hour to purge oxygen out of the reactor
system prior to introducing hydrogen.

25 Alternatively, the stripping or soaking can be
performed with a substantially dry gas stream having a
partial pressure of water of essentially zero.

As in the hydrogen reduction step, these stripping
steps, which are most preferably performed at

30 atmospheric pressure, use once-through gas, which is
then exhausted or purged‘from the outlet of the reactor
vessel. In a reactor train, the gas would be purged or
exhausted from the ‘downstream tail reactor.
Alternatively, this step can be performed using recycle

35 gas at a pressure up to 448 kPaa (65 psia).
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- 11 - -catal yst bed at operatlng pressure and tenperature.

Thi s i nsures

uni f or mvp@94f0sa¥e di stribution across the catal yst bed and PEBIISI38407

.gas/solid contacting for good purging action.

for one to fi

i.e., the gas streamfromthe outlet of the vessel cont

may be recycl
operating as
recycl e gas

| nventi on)
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Purging at these conditions

al di'fg gepeacabal ystj

ve hours adequately purges the reactor. I[ ikgpnt‘gasLN

ed through the vessel comta@maning the cataly

m—eperttTET T Nan

a once-through process. In this case fromb5 to 30% of the

FihgEP! hhrERGERi bRE(E1ERS (aPOke BHYEntS6RP gaé of o
——-%bkgﬁmgrgg—accumm7n1§rnﬂ—gﬁg‘ araryst d
processi ng must beTFQnﬁﬁﬁﬁltétFEgéﬂeFQFeregenera fon progghﬁge y&" e on

reduce the catalytic metals, which at this point are
dispersed in the =zeolite as chloride molecules, to
their zero valent metallic state without substantial
agglomeration. Preferably a gaseous stream comprising
inert gas which is substantially devoid of oxygen is
passed for a time sufficient to lower oxygen partial
pressure to below 138 Paa (0.02 psia) so as to avoid
formation of an explosive mixture when hydrogen is
added. Then reduction in accordance with the present
invention is accomplished by introducing hydrogen, for
example, at a partial pressure greater than 103 Paa
(0.015 psia), preferably 103 Paa (0.015 psia) to 101
kPaa (14.7 psia), more preferably 1.03 kPaa (0.15 psia)
to 34.5 kPaa (5 psia), and most preferably 6.9 kPaa (1
psia) to 20.7 kPaa (3 psia), into the inert gas flowing
to the reactors, which induces rapid evolution of
hydrogen halide into the treat gas. However, towards
the end of this step a gas flow which is essenfially
100% hydrogen could be used, making the inert gas
optional. Thus, hydrogen halide, e.g., HCl partial
pressure rises as the reduction treat gas, in this step
the inert gas including hydrogen, moves downstream
through the catalyst. 1Initially (first few minutes of
reduction) a high level of hydrogen halide is released
and moves rapidly through the catalyst bed. After this
wave of hydrogen halide, it is desirable to minimize
hydrogen halide partial pressure, preferably to less
than 138 Paa (0.02 psia). This step is continued until
an endpoint HCl partial Eressure at the reactor outlet
is 1less than 5f.7 Paa (0.0075 psia). It has been
discovered that reactions between HCl1l and unreduced
catalyst downstream of the reaction front impair
regenerated catalyst activity. Accordingly, the

/"'
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the catal yst because catal ytic performance of the regenerated catal yst

i npai r ed WO 9¢/9k418 esi-dues remai n on the catal yst.
wi t h oxygen, which termincludes ozone which speeds up the

burning it off

S

Coke i s r POVER934(8407

coke burn. The partial pressure of oxygen in this gas st _EI[a'_[I'én"d‘tﬁ“ -coke
burn is preferably up to 69 kPaa (10 psia). However, ¢ar SEQP‘ 63 -M-q
exercised to avoi d exposing the cataly&tzuo—excessively hi &PSEDr es.
Tenperatures of from400 to 550[err]C are preferably used. |n another

enbodi ment, hatQ8eREi SHCH AS dddaud@y beol NphHERE2eN £RES OfSefd@ion The

use of HC1l dur.i

ve the carbona eous

ng coke b cap effectively r
resi dues froml?ﬁgw%‘?féntHééat AR5t unreduceg) oE@gggé{s tar amatPca®¥SeT riuces
the coke b mih ereer e e amldminrztb]zes témctpiais ensredudtocal  hict

Coke burn s prETSrantsY o Setroe B et lofhy . il OO ATV e (4

at |ess seﬁ/ereowmcﬁmtxmm‘vm B d

severe conditi®@dfperathhts, o8t 8pof@) tbs 4poe¢,erahhypri~%rfte%mq iat aaddutst
stage (al) andBfSQFCOHngE?greductlon is performed at low pressure,
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preferably at the lowest practicable pressure, i.e.,
about atmospheric pressure, and hydrogen addition rate
is controlled to minimize hydrogen halide partial
pressure throughout the reduction. Gas velocity
through the catalyst bed is preferably maintained at
above 15.2 cm/sec (0.5 FPS) for good gas contacting.
Reduction time of one to seven hours has been
discovered to be suitable for insuring complete
reduction, with up to six hours being preferred.

As in the previous reduction step, this stage of
hydrogen reduction, which is most preferably performed
at atmospheric pressure, uses once-through hydrogen
with nitrogen as the inert carrier gas, which is then
purged downstream of the tail reactor. Alternatively,
this step can be performed using recycled hydrogen and
nitrogen for example at a pressure up to 448 kPaa (65
psia).

An alternative of the steps after wet post-
oxychlorination stripping is to purge the catalyst with
wet nitrogen and follow by wet hydrogen reduction. In
this case, water is present, for example at a partial
pressure at the reactor inlet up to 20.7 kPaa (3 psia),
preferably to 13.8 kPaa (2 psia), more preferably 69
Paa (0.01 psia) to 68 kPaa (1 psia), and most
preferably 1.38 kPaa (0.2 psia) to 4.14 kPaa (0.6
psia). However, the catalyst has to be dried out after
wet reduction, before introducing hydrocarbon feed into
the reactor, for example to a water partial pressure

e g e
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- 122 - "(a2), wherein (i) stage (al) is perfornmed at a | ower

t enper atWPOH4/@3438 stage (a2) and/or (ii) the gaseous sPCEAIRISTOSI0Age
tal) has a | ower oxygen concentration than that of stage (a2), preferably
where (a2) is perforned for a longer tine than (al). The. N
burn has been discovered to be advantageous in mtigati QETW%W FHAS BEEL
exceedi ng zeolite deconposition tenperasure at the fla f r JPLACED Thg |
coke burn is preferably conducted at a pressure of from sub- atnospheric

to 2.07 MPaa {300 Reld) 7.4 B8aM(820040Qsia), preferably less than

20.7 Paa (0.003 psia), and more preferably less than
10.3 Paa (0.0015 psia).
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psia), with a pressure of 345 kPaa (50 psia) to 1.38 MPaa (200 psia),
e.g., 1.9 d47e5418185 psia) being nore preferred. Gas fl owpCaigEsIzgog4be
reactor is preferably set to maintain at |least 15.2 cmsec (0.5 FPS)

| inear gas velocity through the catalyst. The primary coke burn is
initiated by injecting oxygen, ozone, or air into the inert gas flow ng
the reactors. The inlet gas tenperature pg preferably fr
500[err]C, nore preferably from400[err]C to 480[err]C,
about 445[err] P oxygen concentration in the reacto
preferably adj from 500 vppmto 6000 vppm nore preferably from
1000 vppm t o BeoEPFaving |laxpmpdiesedtllastaats theydavengigsed in the

pri mary coke yxamgix avoid excessively high tenperature, because of

adi abati c coké burn_conditipn. Under, adi abatic _cok urn,.the increase in
the flame front t&?pe?%\%%f%s‘c HEHEndES 28018 u%agﬁ of o?(?%ieﬁge T .
concent r atd on bawghnrdl tds s lwfineotcaint aimdgsirte.64 wtHi ghelatipgen The
concentrati on LA REWSAL bl ¢ R PSR IS e oRlks sRun 15
not carried out at “the adiabatic conditior, e.g. an external cooling to the
reactor is avdi |'¥bte Porc@kei Yher Hdwe &gHasmipgi famy was terminated.

The catalyst was regenerated at 1.27 MPaa (185 psia)

using the following procedural stages. Linear gas

10 velocity through the catalyst was 15.2 cm/sec (0.5 fps)
and the inert carrier gas was nitrogen:

1. Coke burn step (al) at 445°C for two hours
with 1 vol. % oxygen, {(12.8 XkPaa/l1l.85 psia partial
pressure) .

15 2. Coke burn step (a2) at 510°C for 14 hours
with 3 vol% oxygen (38.3 kPaa/5.55 psia partial
pressure) .

3. Oxychlorination step (b) at 510°C for three
hours with 600 vppm HCl, 0.66 vol. % water vapor, and

20 0.84 vol. % oxygen.

4. Cool down step (b) to 345°C over four hours
under oxychlorination atmosphere. _

5. Stripping step for three hours with 0.66 vol.
% water vapor and 0.84 vol. % oxygen, to an HCl partial

25 pressure of 447 Paa (0.0648 psia).

6. Stripping step with 0.84 vol. % oxygen for
one hour.

7. Purge with nitrogen for one hour.

8. Reduction step with 0.2 vol. % hydrogen for

30 2.5 hours-to an HCl partial pressure of which fell from
a value of 510 Paa (0.0?2 psia) immediately after the
initial HCl wave, to a final value of 76.5 Paa (0.0111

psia).
The catalyst regenerated with this procedure

35 (outside the scope of the invention) is designated as

e This Sheet Has Been Replaced




'géé othet than nitrogen is used. During the primary coke burn the gas
fl ow mayweo4es418ti al |y devoid of water or include an anounpPCUfUSEVE8407
e.g., to a water - 13 - partial

pressure of up to 20.7 kPaa (3 psia). Thus, the gas stream duri.
coke burn preferably has a partial pressure of water Yf}ﬁsgghﬂﬂﬁggﬁiéé;\
(3 psia), nore preferably of 0 to 13.8-kpaa-(2 psia), andinost pemACERD| Y
of Oto 6.9 kPaa (1 psia). At these
Catalyst A. A sample of the same catalyst was
regenerated using the steps 1 through 4; followed by
steps 5 through 8 which were modified as follows:
5a. Stripping step (c) at 345°C with 10 vol.
5 % oxygen and 3 vol. % water in nitrogen at atmospheric
pressure for three hours to an HCl partial pressure of
3.0 Paa (0.00044 psia). '
6a. Stripping step (c) at 345°C with 10 vol.
§ oxygen in nitrogen for one hour at atmospheric

10 pressure.
7a. Purge with nitrogen for one hour at
atmospheric pressure.
8a. Reduce with hydrogen 10 vol. % for 2.5
hours at atmospheric pressure to an HC1l partial
15 pressure of which fell from a value of 75.8 Paa (0.011
psia) immediately after the HCl initial wave, to a
final value of 6.0 Paa (0.00088 psia).
The catalyst regenerated with this modified
procedure according to the invention is designated as
20 Catalyst B. The activity of Catalyst A and B was
compared by running both at reforming conditions for 46
hours and then determining their benzene yield and
selectivities. The test conditions were: 510°C; 8 -
weight hourly space velocity (whsv); 738 kPaa (107
25 psia); 4.25 hydrogen to o0il molar ratio; on a feed
comprising 40 wt. % normal hexane and 60 wt. % 3

methylpentane. :
CATALYST Bz YIELD., WT. % Bz SELECTIVITY
WT. % '
30 A 26 64
B _ 34 69

This exaﬁple shows that if the  post
oxychlorination stripping step is done at low
(atmospheric). pressure rather than at the higher

35 (conventional) oxychlorination pressure (1.27 MPaa),

e L
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condi ti ons

t he

tenperature of the catalyst is maintained safely

bel ow  ¥&Da4A4ps418 deconposition tenperature at a nost pref POTAOSIBVESONI €

of about 1.28 MPaa (185 psia).

CO2 and oxygen concentration in the reactor

outl et gas stream are continuously neasured to determ ne when the prinmary
coke burn is conpleted, i.e., when nolar ratio of CO2 to 2_falls-bel-ew-a

preferred

to fifty hours into the burn. The tine to conmplete the pri frary dREAREPH
t i . | yst Vi | ty, and
oxygen concentélg\fgl 2%%@ %gité ?%?&%%ﬁg{fb&;%ﬁﬁ@lgﬁ%rné%silter% 8'%{91 nt o

step varies w

t he secondary &R HGIn efépueph2)gass eEguiess ©Chani Aetb t BAperR A is

r PpSEeh Alesbd@i£1 Dy POOUI L1 tro 5D Mr@@.sodimgssifmqr tied the
secondary coke_burn, te;%? ature which is t%eeferabl%/ fro O%r Cto
250[err] G, morRFOHEFeY A9 TS LeREO0TEF (9 T SERITITIRE SR THINS rid or abl y
at about 90[ es¥grQd fiatarat hpshighef erred pressure of

Si mul t aneously, oxygen partial pressur.s,
coke burn | evel,

preferably

threshold ratio of 3:1, - waich occurs typibarlsSBBFURAR RGN

-

|

e.ﬂi, up to 69 kPaan o re i
Paa (0.1 psia) e catalyst of Example was subjected” to a
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regeneration procedure entirely performed at
atmospheric pressure. The linear velocity of gas
flowing through the reactor was 15.2 cm/sec (0.5 £fps)
and the inert carrier gas was nitrogen.

The catalyst was dried under flowing nitrogen at
250°C for 12 hours. The catalyst was coke burned (step
(al)) at 445°C with 2.6 vol. % oxygen in nitrogen for
two hours and then (step (a2)) at 510°C with 20 wvol. %
oxygen for 22 hours. Oxygen was purged from the
reactor by cutting off oxygen flow and continuing
nitrogen flow for 30 minutes.

The catalyst was reduced (step (a')) by passing
hydrogen over it at 510°C for one hour. Hydrogen was
purged from the reactor by passing nitrogen through the
reactor for thirty minutes.

Platinum in the catalyst was redispersed (step
(b)) with a gas containing 0.3 vol. % HCl, 3.4 vol. %
water vapor, and 10 vol. % oxygen at 510°C for six
hours. Temperature was reduced (step (b')) to 345°C.
The catalyst was stripped to 1less than the minimum
detectable level of 3.0 Paa (0.00044 psia), of residual
HCl1l (step (c)) with air containing 3.4 vol. % water
vapor at 345°C for one hour. Air was purged from the
reactor with nitrogen and the catalyst was reduced
{step (d)) with a gas stream containing -20 vol. %

- hydrogen in nitrogen at 345°C for one hour to an HCl

partial pressure of less than 3.0 Paa (0.00044 psia).
This regenerated catalyst is designated Catalyst C.

This Sheet Has

Been g

i

1.28 MPaa (185 psia).
to a preferred secondary
preferably from 690



to 55 kPaa (8 psia), and nost preferably from 13.8 kPaa (2 psia

kPaa (7W3P#405418 n t he secondary coke burn, water may be prfg(g'é’ 593/(93497
exanple at a partial pressure up to 20.7 kPaa (3 psia), preferably up to
13.8 kPaa (2 psia), and nore preferably up to 6.9 kPaa (1 _psia).....However- »
nost preferably the gas flowis essentially devoid of water.iand:-has a mate

partial pressure of O.

- 29 - - 14 REPLACED The

secondary coke burn (or single coke burn, if only one stage 1's used)
continued until theh€O&SfFdriment was repeated with another three
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gram sample of the coked catalyst except that the
catalyst was not reduced with hydrogen (step (a'))
after the coke burn (step (al) and (a2)). The catalyst
regenerated without preoxychlorination hydrogen
reduction is designated Catalyst D.

Catalyst C and D, each regenerated according to
the invention, were tested for reforming activity and
benzene selectivity by the method described in Example
I.

CATALYST Bz YIELD. WT. % Bz SELECTIVITY
WT. %
C 33.7 68
D 25.5 64

The activity and selectivity of catalyst C which
was reduced with hydrogen after coke burn and before
oxychlorination was significantly higher than that of
catalyst D.

Example III
This example shows that preoxychlorination

reduction with hydrogen (step (a')) after coke burn
(step (a)), and post oxychlorination stripping (step
(c)) at low (atmospheric) pressure rather than at
oxychlorination (step (b)) pressure 1.20 MPaa (175

psia) improves recovery of activity and selectivity.
The deactivated catalyst of Example I was regenerated
using the following procedure:

The catalyst was coke burned (al) at 450°C and
1.20 MPaa (175 psia) for 10 hours with 0.2 vol. %
oxygen in nitrogen. Linear gas velocity was maintained
at 15.2 cm/sec for the &éntire regeneration procedure.
The coke burn was completed (a2) at 510°C and 175 psia.
The catalyst was oxychlorinated (b) to redisperse
platinum by adding 0.15 vol. % HCl to the gas stream
flowing into the reactor for 4.5 hours. Then, the

TMSSh
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partial pressure in the outlet gas fromthe reactor falls below a preferred
| evel of WaD94MMs418(0. 01 psia), and nore preferably 27.6 Paa fQTO0L93363487 ;
this typically occurs about 12 hours into the secondary burn, depending

on the anount of catalyst in the reactor. It has beefpdiscovered
that the activity of regenerated catalyst is inpaired if th cokeggw_gabbs

termnated prematurely, . e., beforgo €Jerr] parti al =pressurefalts
bel ow 27. 6 Paa (0.004 psia) to 69 Paa (0.01 psia). During coke burn,

the gas streamjs &:seg erahl ycgg%gl e%i oF rﬁ%H cyhgéed Jy ogykhe taiil er eact or

to the |l ead reacto where a serie or nore reactors IS use

order to conse&OREIHGINSYen tie thélPHertoéarr’fJé‘F g Wpxesrasrdipitg ogen n I|ne
recycl e gas copfass¥inatidef gagblyixtw@bout 1Bfe Ofcaft:lanysftCY\Gég Gxed low is

br e Oxychl ori %%ﬁﬁsa%?sgeﬁa%aﬁiﬁi B ftp e i ) 3% SR at e
cat al yst &t i \passing d gbas sheeamheonhadhysyg Ds8@xpoded %t @Xwemogmd after
coke burn, butg g4 wvol. % water vapor in nitrogen through the
catalyst. Stripping was completed by cutting off water
vapor flow and continuing flow of the oxygen in
nitrogen stream at 1.17 MPaa (170 psia) and 345°C for
10 one more hour. Oxyvgen flow was cut off and nitrogen
flow was continued to purge oxygen out of the reactor
system, Then the catalyst was reduced by passing 2
vol. $ hydrogen in nitrogen at 345°C and 1.17 MPaa (170
psia) through the catalyst for two hours. This
15 regenerated catalyst is designated E (not in accordance
with the invention).

The same deactivated catalyst was regenerated
using the preferred procedure of the invention. The
catalyst was coke burned (al) at 450°C and 1.17 MPaa

20 (170 psia) with 0.2 vol. % oxygen in nitrogen for 10
hours and then (a2) at 510°C with 3.5 vol. % oxygen for
16 hours. Linear gas velocity through the catalyst was
15.2 cm/sec throughout the regeneration procedure and
the inert carrier gas was nitrogen. Oxygen was purged
25 out of the reactor system by continuing nitrogen flow
after cutting off oxygen and then the catalyst was
reduced (a') with 50% hydrogen in nitrogen at 510°C for
one hour. Hydrogen was purged out of the reactor
system by continuing nitrogen flow after cutting off
30 hydrogen and then the catalyst was preconditiéned (a'")
for oxychlorination by\freating it with 0.89 vol. %
oxygen and 0.87 vol. % water vapor at 510°C and 1.20
MPaa (175 psia). The catalyst was oxychlorinated (b)
to redisperse platinum by adding 0.15 vol. % HC1l to the
35 carrier gas stream. The catalyst was stripped (c) at

ey _— e
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before oxychlorination (b). Thus, in a preferred enbodi nent between
steps (AYOMAPSEW there is performed an internediate redt@/m.@%/()s{t@p
(a') conprising contacting the substantially decoked cat af ygﬁ:““
gaseous stream conprising inert gas and hydrogen under reducing
for a tine effective to reduce the netal conponent of the
netallic state. Step (a') is preferably 3@erfornmed at a hydrogen partlal
pressure greater than 103 Paa (0.015 psia) and/or a tenperature of from 300
tOd;550[ err] C spe¥or £t ohfhoBpRESHES BRlesEuedl ehwilthan 20.4xdMPage L8900 psi a)
and/ or

containing 5 vol. % oxygen and 0.84 vol. % water wvapor
for eight hours to an HCl partial pressure of 10.3 Paa
(0.0015 psiaf. Water vapor flow was cut off and the
5 catalyst treated with dry oxygen in nitrogen mixture
for two hours. Oxygen was purged out of the system by
continuing nitrogen flow for two hours. Finally, the
catalyst was reduced (d) at 345°C with 7 wvol. %
hydrogen in nitrogen for six hours to an HCl1l partial

10 pressure of 7.6 Paa (0.0011 psia). This regenerated
catalyst, designated F, is regenerated according to the
invention.

Catalyst F exhibited 30% higher activity and

selectivity for aromatizing hexane streams to benzene
15 than did Catalyst E, when subjected to the test
described in Example I.

As evidenced by the Examples, the process of the
invention is one which preferably will regenerate a
catalyst after use in reforming processes, to a benzene

20 activity which is at least 25 percent greater than the
activity of an equivalently coked catalyst that has
been regenerated by a conventional procedure not
including the parameters specified for steps (c¢) and
(d). The process of the invention is also effective to

25 increase the activity of fresh catalyst which has not
yet been subjected to reforming reactions, preferably
to a benzene activity amounting to a weight percent
benzene yield which is at least 1.5 wt% greater than
the untreated, low activity catalyst. In each case,

30 the activity teét employed is as described in Example

I ~
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- 15 - wth the additional presence of water in the gaseous stream

As  prewousl/gs418li scussed, before hydrogen is introduced®Cldkgsa8407
remaining in the reactor after the coke burn nust be purged fromthe
reactor to preclude form ng conbustible m xtures of hydrogen and oxygen,

e.g., by cutting off oxygen flow and continuing nit rogqu
reactors, e.g., from30 mnutes to sewers -hours at a tenpErSa$HERE BAS BBt
510[err] C and at a pressure of from 101 kPaa (14.7 psija) t REPLOGERPaa |

(300 psi a),_telﬂiggge oxygen concentration to a safe level; the
nitrogen |inear—velocity is preferably maintained in the catalyst beds
at at |east 18.2 &npsecesgofior ppgpnerppingcpi doactiviabe@rer ¥

di stribution apdigasisekirdra@nachtBlyst complydsogenaredogpi wnIiis initiated
ro int.o th itrogen, f

Condi 1 ons f oF SHPaY SR ERdc et ZEPpeEa T oaR BECTarT cOREr St hy e
range.  Bydrogen faiti abngeetdngethe geatbiubtgdgeraler 2@BAVIDS Paa
(0.015 catalyst with a gaseous stream comprising inert gas and

oxygen under oxidation conditions for a time effective

to burn coke off the deactivated or low activity

catalyst to result in a substantially decoked catalyst;

10 (b) contacting the substantially decoked catalyst

with a gaseous stream comprising inert gas, oxygen,
water and a source of halogen under oxyhalogenation
conditions comprising a temperature of from 450°C to
550°C and a time effective to halogenate and disperse
15 the metal to result in a halogenated catalyst
comprising dispersed halogen-complexed metal;

(c) contacting the halogenated catalyst with a
gaseous stream comprising inert gas and oxygen under
halogen removal conditions comprising a temperature of

20 from 300°C to 400°C, a low total pressure and a time
effective to remove from the halogenated catalyst at
least some of the halogen complexed to the metal and
result in a gaseous stream after contact with the
catalyst comprising hydrogen halide at a partial

25 pressure of less than 27.6 Paa (0.004 psia); and

(d) contacting the halogenated catalyst from step
(c) with a gaseous stream comprising hydrogen under
reducing conditions comprising a low total pressure for
a time effective to reduce at least some of the

30 halogen-complexed metal in the catalyst to the metallic
state and result in a reéénerated catalyst comprising
dispersed metal:and zeolite and a gas flow after
contact with the catalyst comprising hydrogen halide at
a partial pressure of less than 51.7 Paa (0.0075 psia).

35
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psia), nore preferably from 103 Paa (0.015 psia) to 101 kPaa (14.7 psia),
nost pr 8¥@94M05¢18 rom 1. 03 kPaa (0.15 .psia) to 34.5 kPaa (PqRIUSY3/084a7
particularly between 2.76 kPaa (0.4 psia) and 6.9 kPaa (1 psia) Tot
pressure is e.g. from 101 kPaa (14.7 psia) to 2.07 MPaa (3J0QuSSSHEET HAS BEEN !
preferably to 1.38 MPaa (200 psia), nore preferably to 448 kPaaR@BEAg@?a),_J
and nost preferably at about one atnosplsre- Tenperatures 6F from 300[err]C
to 550C are satisfactory, wth 450C to 530[err]C being preferred,
480[err] C to $20C he} e di~a oyt r ts
preferred. §i_i ne%?ﬂ)nggggV%ng%fs{?ﬁ?htr:%ugga?ﬁeycgrtlg%%{sf %fe%% g‘ﬁgui'?i

achi eve uni f P RS eR st %uF?’BHeﬁﬁ'ﬁuéﬁ‘égt fremgdlP kP BSeEntand/ialy with

the catal yst.a pressusxi 6f fdbabstbeatraspperibetgas. bt owpas psederably at
least 15.2 nggfg)(gné/gﬁggn oxygen partial pressure not more than
5 69 kPaa (10 psia).

A

]
Z.

3. A process according to claim 1 or 2 wherein step
(a) is performed for a period of time until the gaseous
stream after contact with the catalyst comprises a

10 partial pressure of carbon dioxide of less than 69 Paa
(0.01 psia).

4. A process according to any preceding claim wherein
the gaseous stream in step (a) additionally comprises
15 water and/or a source of halogen. .

5. A process according to any preceding claim wherein
step (a) is performed in a first stage (al) and a
second stage (a2), wherein (i) stage (al) is performed

20 at a lower temperature than stage (a2) and/or (ii) the
gaseous stream of stage (al) has a lower oxygen
concentration than that of stage (a2).

6. A process according to any preceding claim wherein
25 step (b) is performed at an oxygen partial pressure not
greater than 69 kPaa (10 psia) and/or a water partial
pressure not greater than 20.7 kPaa (3 psia) and/or a
halogen source partial pressure prior to contact with
the catalyst of not less than 138 Paa (0.02 psia)
30 and/or a total pressure of not more than 2.07 MPaa (300

psia). ~

7. A process according to any preceding claim wherein
in step (b) the gaseous stream after contact with the

*
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- 16- Reduction tinme of up to 5 hrs is normally adequate with 30 mnutes

to 2 hr SVOH4RPIPS ef er r ed.

wat er parti al

20.7 kPaa (3 psia), although it is nost preferred that tihgygagEehh
essentially devoid of water. After- Bénmpl eting hydrqggen Réﬁﬁéﬁﬁﬂ%&&

step (a'), hydrogen flowis cut off and inert gas flow i sscontinued—to

. Wat er can be introduced to tHRCY&39840a' ),
e.g., inlet gas streamduring preoxyhal ogenati on reduction step to yield
pressure of up to 6.9 kPaa (1 psia), 13.8 kPaa (2 psia)

or

purge hydr ogerusa tahth aaXW0 e dB@d et d1vdtheorprlisesep parthaisafel y
I ntroduced. The pu

exanpl e, passP s§%g? %8£§E% doneﬁ%¥%%'3§¥%§$§%F§%%a8§dpqgﬁégi gz;pLg;e to

2.07 MPaa (300 psia) at a tenperature of from300[err]Cto 550[err]C at a

gas flowratg abave,okesk according to any preceding claim wherein

5

10

15

20

25
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35

step (c) is performed at a total pressure not greater
than 690 kPaa (100 psia), preferably from sub-
atmospheric to 448 kPaa (65 psia).

9. A process according to any preceding claim wherein
step (c) is performed for a period of time until the
gaseous stream after contact with the halogenated
catalyst compriées a partial pressure of hydrogen
halide of less than 10.3 Paa (0.0015 psia), preferably
less than 4.8 Paa (0;0007 psia).

10. A process according to any preceding claim wherein
the gaseous stream in step (c) additionally comprises
water and/or is performed at an oxygen partial pressure
not greater than 31 kPaa (4.5 psia).

11. A process according to any preceding claim wherein
step (d) is performed at a temperature of from 300 to
400°C and/or a hydrogen partial pressure greater than
103 Paa (0.015 psia) and/or with the additional
presence of water in the gaseous stream.

12. A process according to any preceding claim wherein
step (d) is performed at a total pressure not greater
than 448 kPaa (65 psia); preferably from sub-
atmospheric to 448 kPaa (65 psia).

~
13. A process éccording to any preceding claim wherein
in step (a) and/or step (b) at least a portion of the
gaseous stream after contact with the catalyst is
recycled to the respective step, and/or in step (c)

—
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cmsec (0.5 FPS) for about 30 minutes to several hours ade uatel cl ears
hydr ogeWwO 94/0541Bn t hi s hydrogen reduction step (a'), as we %l:’f'f@s@ake
-burn step (a), wherein the gas is recycled (except for the anDunt eg 10%

purged), hydrogen can be al so recycl ed. Thi s hydrogen
nost preferably perforned in once through manner and at ) 1 E
pressure. Pre-Oxychlorination Conditionidy < Optional St 8- ,,A ne

activity of regenerated catalyst is increased by exposing the catalyst to
wat er and Oxygﬁa/af'Qa)tﬁoﬁéYSh|thn§bE@Bus stThumf, afﬂéﬁOtdhngctto a

Catalyst condviFBnFhG CeEpiva- i ERpveRnyBofbacrragtofale SEePg o™ °

with -a gaseous stream conprising inert gas, oxygen and water under

condi tions ang,f or yapthERskOa8RbYH6ERY EeeaﬁﬁtEkﬁ%&dﬂhbhcmﬁﬁﬁrwﬁaée&ﬁr”1 a
substantially water sat ur at ed cat al refer %ed e substantially

sat ur at ed5cat BPFYeeRa§tgps (2) and (b) there is perfor
intermediate reducing step (a') comprising contacting

the substantially decoked catalyst with a gaseous
stream comprising inert gas and hydrogen under reducing
conditions for a time effective to reduce the metal

10 component of the catalyst to the metallic state.

15. A process according to claim 14 wherein step (a')
is performed at a hydrogen partial pressure greater
than 103 Paa (0.015 psia) and/or a temperature of from

15 300 to 550°C and/or a total pressure not greater than
2.07 MPaa (300 psia) and/or with the additional
presence of water in the gaseous stream.

16. A process according to any preceding claim wherein
20 between steps (a) and (b) there is performed a cétalyst
conditioning step (a'') comprising contacting the
catalyst with a gaseous stream comprising inert gas,
oxygen and water under conditions and for a time to
saturate the catalyst with water and form a
25 substantially water saturated catalyst.

17. A process according to claim 16 wherein the
substantially saturated catalyst has a moisture content
in equilibrium with the gaseous stream of step (a'').
30
18. A process according to claim 16 or 17 wherein step
(a'') is performéd at a temperature of from 300 to 550°
C and/or a water partial pressure not greater than 20.7
kPaa (3 psia) and/or an oxygen partial pressure not

LT —
LT



- 17 - noisture content in equilibriumwth the gaseous stream of step
(a''). SVOP4es418 is preferably performed at a tenperature RET/AUSIMBHY t o
540[err] C and/ or a water partial pressure not greater than 20.7 kPaa (3
psia) and/or an oxygen partial pressure not greater than 69 kPaa (10 psia)

and/or a total pressure not greater than 2.07 MPaa (30
treatnent saturates the catal yst with waBér —and oxi di z
catal yst. The amount of water adsorbed by the oxide

0 psi a) This
b THIS SBEET HAS BEEN
upporREPBACED e

cat al yst depengiSeitet Nenfaréo akp4y eps0inss ) V@i or M tHtdapressure
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not greater than 2.07 MPaa (300 psia).

19. A process according to any preceding claim wherein
between steps (b) and (c) there is performed a cooling
step (b') comprising contacting the oxyhalogenated
catalyst of step (b) with a gaseous stream comprising
inert gas and/or oxygen and/or water and/or a source of
halogen, preferably the gaseous stream of step (b),
which gaseous stream is at a temperature effective to
reduce the temperature of the catalyst to a value of
from 300 to 400°C.

20. A process according to any preceding claim wherein
the reforming catalyst comprises a type L zeolite
optionally containing potassium or barium as
exchangeable cations and/or the Group VIII catalytic
metal comprises platinum and/or the Group VIII metal is
present as from 0.05 to 6 wt% of the catalyst, which
optionally comprises a binder. '

21. A process . according to any preceding claim wherein
the regenerated catalyst produced in step (d): (i) is
produced from a deactivated (coked) catalyst and has an
activity for aromatizing hexanes to benzene in
accordance with the test defined in Example I hereof
which is at least 25 percent greater than that of a
catalyst which has been regenerated by a procedure not
including the operating -parameters of steps (c¢) and (d)
as defined in claim 1; or (ii) is prodﬁced from a low
activity catalyst and ha¥ an activity for aromatizing
hexanes to benzene in accordance with the test defined
in Example I hereof, measured in weight percent yield
of benzene, which is at least 1.5 wt% greater than the

e
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phase. " During the reduction step (a'), which is optionally carried
out aft a¥OtM&Sddke burn step (a), the amount of water on tRCIESIBAB8407nay
hot be at the right condition since water partial pressure may be too | ow
in the reduction step. The water partial pressure is ipcreased--by----
injecting water into the reactor in the post chlorinati )ﬁ%ﬁﬂﬁ@'i'gﬁﬁn’gué‘:%p
(a'"'") so that the oxide support can acgud?7e~-the equilibgated RERLARED of i
adsor bed water under the specified water partial pressure. Wetting the
catal yst,  prefarally off &HRALWALIR WAty lcatR iyt balforg oxychl orination
avoi ds exposi %dry cat.al yst to chlorine-at oxychlorination conditions

whi ch has beert “§i<E BAFSRENT &0t ithe PGB ner at ed cat al yst .

Pre-oxychlorination conditioning step (a'') nay be carried out at a

- of ' . i a). .Q:1 .38 MP
0500 psi ), ners prSProssy PE YE iy By bealhBnl flphriRihe®, f0A0
psia), afd nEeRtadiamB¥dragen ard nephdhopyd th egsasaiypt and

tenperat ures @hdenePad a6 lacdordaleeivilth tiel brioe@eer atubedinl 8e0[err] C

o S300er] C Be NGB ast] e LURRICY Wionde s AhrBIBLELRLC D1 10

| This Sheet Has Been Repiaced
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partial pressure may be, e.g., up to 20.7 kﬁﬂ%ﬁ%&ﬁ”fﬁka)’ ﬂéﬁb@gﬁ@%ﬁ_Sﬂgﬂ'

13.8 kPaa (2 psia), nor e
preferably between 1.38 kPaa (0.2 psia) and 13'§§W%3§ (2 psifa) and”noig
preferably at about 6.9 kPaa (1 psia); oxygen fit preqsur e §a§§ﬁé¥ 1
evg., up to 69 kPaa (10 psia), with 69 kPaa (1 pst 0 34. 95 kPaa (5. .
psia) being preferred, and with 6.9 kPaa (1 psia) t 13. 8tkPaa (2 psia)
being nore preferred. Gas linear velocity through the catjglysi beds is

preferably . -1 -

IMPROVED METHOD OF REGENERATING DEACTIVATED CATALYST

1. Field of Invention

This invention relates to regenerating deactivated
zeolite based catalysts and enhaﬁcing the activity of
fresh zeolite based catalysts, particularly, but not
exclusively, large pore =zeolite catalysts such as
.zeolite L catalysts.

' Compared to conventional .alumina based reforming
catalysts which are acidic and bifunctional, zeolite
based catalysts such as zeolite L are non-acidic and
monofunctional,- which gives advantages in reforming
light naphtha.

Zeolite based reforming catalysts deactivate and
periodically must be regenerated to recover activity.

Catalytic reforming is a major petroleum refining
process used to raise the octane rating of naphthas (Cé6
to Cl1 hydrocarbons) for gasoline blending. Catalytic
reforming is also a principal source of aromatic
chemicals, i.e., benzene, toluene and Xylenes, via
conversion of paraffins and naphthenes to aromatics.

The principal reforming chemical reactions are

dehydrogenation of cyclohexane to aromatics,
dehydrocyclization of paraffins  to aromatics,
dehydroisomerization of alkylcyclopentanes ~ to

aromatics, isomerization of normal paraffins to
branched paraffins, dealkylation of alkylbenzenes, and
hydrocracking of paraffins to light hydrocarbons. The
hydrocracking of paraffins to 1light hydrocarbons is
undesirable and should be . minimized because 1light
hydrocarbons have low value.

Reforming is typically carried out at temperatures
of 426 to 538°C (800 to 1000°F), pressures of 0.34 to
20.7 Mpa (50 to 3000 psi), hourly weight space



mai nt ai ned above 15.2 cmsec (0.5 FPS) at operating pressure__and

Flow of the gas stream containing inert}{g )

and water is preferably continued for an additional 2 hours a??@#ﬁﬁﬁﬁﬁﬁ'SHEer
(=

t enperature

partial pressure in the reactor outlet stream exceeds about
(0.76 psia) and preferably for up to about 90 m nutes |onge

. 24 kPaa
o §i BsHEB 1997

—+

that the catalyst is saturated wth water at the water partijall_pressure
enpl oyed and - that netals are conpl etety20oxi dized. Oxyhal oggnation (Step
(b) of Invention) The catalytic metals at this point inlthe

regeneration procedure arogFtbeiscaLgy 298] onpiat edy Mafal phalsed el CBIFOri de)

mol ecul es ar eveb®Ft bt &hid
facility. |n Bye@pogdd, atHHeoht AFatiRe

| sperse across the zeglite surfaces with
a?%dl(EﬂlﬁPrnated) by exposure

to 0XY96P1 “ﬁfer apechér SeHacacaebriiskagen dthkefopringl Iprocessénentecarrier
gas. Preferably the sourcg h gen.i;n S r _ghl,orine,
such as d 2, w3l ERPRi ﬁgt gfaeh%grgbcgpﬁoﬁ%&%ﬁ%@%s@c?}%@% ES RN, _
and i xtures of4tews oforofur they cofachhigngs pprf thad| YOPIEF:
nyha|099nat'0n'f%iﬁﬁl§§@§phﬁrféﬁfl9dd%gdainacommercial reformers

etrachl ori de

include a Group VIII metal, such as platinum, or
platinum plus a second catalytic metal, such as rhenium
;r iridium, dispersed on an alumina substrate.
Typically, chlorine is incorporated on the alumina to
add acid functionality. - Alumina-based reforming
catalysts are suitable for aromatizing Cg+ paraffins,
but are less effective for aromatizing Cg to Cg
paraffins because these catalysts hydrocrack more of
the lighter.paraffins to low value fuel gas than they
convert to aromatics. '

Conventional commercial catalysts are
bifunctional, i.e., the catalysts enhance i)
dehydrogenation and cyclization reactions on the
catalytic metal sites; and ii) isomerization on

separate strong acid sites in the catalyst. The
undesirable hydrocracking reactions also occur:- on the

~acid sites.

Within the past few years reforming catalysts have
been developed which are effective for aromatizing the
Ce to Cg paraffin components of naphtha. These
catalysts are made using zeolife, rather than alumina,
as the support for the catalytic metal. They are mono-
functional and contain relatively few strong acid
sites. Unlike conventional bifunctional catalysts,
zeolite based catalysts accomplish dehydrogenation and
cyclization reactions as well as isomerization on the
dispersed metallic catalytic sites. Because these
zeolite-based catalysts have few strong acid sites,
undesirable hydrocracking reactions are repressed.



pressure of about atnospheric to 2.07 MPaa (300 psia), preferably to 1.38

MRaa (200 psia), nore preferably from 345 kPaa (50 psia) to a £
psia), and nost preferably at about 1.28 MPaa (185 pg¥g$@Aﬂﬁﬁ et HUEET

Oxychl orination tenperatures are for exanple from480[err]Gté 550[e ]§§
preferably 500[err]C to 530[err]C, and nost preferably ééi 7
- 19 - at about 510[err]C Inert gas flowrate is pre1erab|v

adjusted to nake the |inear gas veIociLyBiQ t he "

Large pore zeolites are preferred for reforming
catalysts, i.e. zeolites with a 6 to 15 Angstrom pore
diameter. Suitable large pore zeolites for purposeé of
the present invention include zeolite X, Y, and L, with
zeolite L Dbeing the most préferred support for
reforming catalysts, particularly wherein ‘the
catalytically active metal ié platinum.

| For commercial reforming processes, zeolite
catalysts are preferably formed into aggregates, such
as extrudates or tablets, typically 0.08 to 0.65 cm in
size to reduce pressure drop.

During reforming, catalysts deactivate due to
accumulation of doke deposits in the catalyst, and
agglomeration of the fine catalytic metal particles
dispersed in the catalyst into larger particles.
Therefore, it is common practice to periodically

regenerate reforming catalysts to recover their
activity. .Unexpectedly, however, it was found that it
is more difficult to .regenerate the previously
described zeolite-based reforming catalysts than the
conventional alumina-based catalysts.

In general, such regeneration procedures include:

. 1) burning off the coke deposits using oxygen, 2)
redispersing the active catalytic metals by
oxyhalogenation using, for example,_ HCl, oxygen and
water, 3) stripping excess halogen off the catalyst
using first wet air, and then dry air as a stripping
gas (oxygen ©post treating), and 4) reducing the
dispersed catalytic metal using a reducing agent such
as hydrogen.

In attempts to overcome probleﬁs e;perienced
during regeneration of large-pore, zeolite-based
reforming catalysts, various procedures have been
developed.



reactors above 15.2 cmisec (0.5 FPS) at operating pressure_and cos-

tenperature. HO is a preferred chlorine source because Chgpgmy§$$tr gt
chlorine by reaction wth oxygen via the Deacon reaction 4o chloripre=+ SW“ﬂ
really the active chlorinating agent. Water partial pres urv iréetﬁﬁ,} 1097
reactor inlet gas is for exanple up to 20.7 kPaa (3.0 psia) r efser y to
13.8 kPaa (2 psia), and nost preferably from 1. 38 kPaa (0.2 p!

kPaa (2 psia). Oxygen partial pressure #s-for exanple up tp 69 kPaa (10

psia), preferably from6.9 kPaa (1 psia) to 34.5 kPaa (5 ps grreTToT €

preferably fromeﬁhkiﬁ@73éd P80 ateakledd thatkRada{ZsPSia enerat@hﬁge”
source (HA) jgsartlal r_pre‘?éf g}é}in the reactor inlet gas is exanple up to
3.45 kPaa (0.5 psitdP ePtdngaa (902 6§F&}Y§6 3. 86%RPaa (0.5

psia), and nmra{ths:he:rraaﬁnwﬁ rom hs&fiaatxﬁ&aQZwﬁ)Sha)vatthZ &ld kPaa1ifg3
psia), and mogiy [y f P, sia) to 1.38 kPaa (0.2
psi a). an eﬁ%\éo He é%ﬁ%\aﬁoégs'?e%g( b) is signaled by .
appear ance of chl d§ife 4an82§+0819r dieaches t 8 Baosiedure cfdor improving

breakt hrough,thien ke iveaet oanal f§4BaEt JREL Al S PULAA 1 WUEIBURGpRI ef er ably

reater than 69 ,Paa
9 z8011¥%-based catalysts by dispersing the catalytic

metal throughout the pores or channels of the zeolite.
: EP-A-0 142 352 is similarly directed to the
process of regenerating a deactivated catalyst or
ehhancing the activity of- a fresh catalyst and
discloses that a wet nitrogen strippiﬁg step at
temperatures no greater than about 450°C may be
performed between the previously mentioned steps of
post treating with oxygen and reducing with hydrogen.

US-A-4 914 068 discloses the advantages of a
reduction step practiced at a temperature sufficiently
lower than the chlorination or oxychlorination step and
the benefits of cooling the catalyst in the presence of
oxygen before the reduction.

Attention is directed to the above-mentioned US-A-
4 925 819, US-A-4 914 068, EP-A-0 142 352 and FR-A-
.2360540 for extensive teachings on zeolite catalysts,
reforming processes and catalyst regeneration
techniques, all of which are appllcable to performance
of the present invention.:

SUMMARY OF THE INVENTION
According to the present invention there is

provided a process for regenerating a deactivated or
low activity reforming catalyst comprising a Group VIII
catalytic metal and zeolite, which process comprises:
(a) contacting the deactivated or low activity
catalyst with a gaseous stream comprising inert gas and
oxygen under oxidation conditions for a time effective



(0.01 psia). Time to chlorine breakthrough after initiation of HC
fl-ow is proportional to the chlorine feed rate and is invergety

proportional to the amount of catalyst in the reactors; it
from2 to 6 hours. After chlorine breakthrough, oxych
preferably continued for an additional tinme period of up to
preferably for from2 hours to 5 hours. In a manner s
burn step (a), the gas streamfrom (b) may be recycled, i.e
fromthe tail reactor to the |ead reacto?, where a

- 20 -
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to burn coke off the deactivated or low activity

catalyst to result in a substantially decoked catalyst:;
(b) contacting the substantially decoked catalyst

with a gaseous stream comprising inert gas, oxygen,

water and a source of halogen under oxyhalogenation

conditions comprising a temperature of from 450°C to
550°C and a time effective to halogenate and disperse

the metal to result in a halogenated catalyst
comprising dispersed halogen-complexed metal;

(c) contacting the halogenated catalyst with a
gaseous stream comprising inert gas and oxygen under

halogen removal conditions comprising a temperature of

300°C to 400°C, a low total pressure and a time

effective to remove from the halogenated catalyst at
least some of the halogen complexed to the metal and

result in a gaseous stream after contact with the

catalyst comprising hydrogen halide at a partial
pressure of less than 27.6 Paa (0.004 psia); and

{d) contacting the halogenated catalyst from step
(c) with a gaseous stream comprising hydrogen and
optionally an inert gas, under reducing conditions

comprising a low total pressure for a time effective to
.reduce at least some of . the halogen-complexed metal in
the catalyst to the metallic state and result in a
regenerated catalyst comprising dispersed metal and
zeolite and a gas flow after contact with the catalyst
comprising hydrogen halide at a partial pressure of

less than 51.7 Paa (0.0075 psia).

This invention is distinguished and advantageous
over the prior art in several respects. Thus EP-A-0
142 352 teaches a regeneration process wherein the
of the
invention are performed at the same temperature ranges.
It has been found according to the instant invention

steps corresponding to steps (b) and (c)

that controlling the process conditions,

including




series of two or nore reactors is used, in order to conserve nitrogen of

the inert carrier gas by enploying an in-line recycle gas
Preferably, about 10% of the recycle gas flowis purged w
amount being replaced with fresh oxychlorination gas prio

t e stream Post Oxychlorinati on Cool Down(Optional Step {b'})
regenerated catal yst activity is obtalned when t he post oxydh
steps are conducted at |ower tenperature,® 7.e., within the
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300[err]C to 400[err]C, and preferably at about 345[qrr]C, than the |
oxychl ori nat i denrperadnateyr ewmbhn:h icefttadim 4 SPleavifli@d orsacbe-—eaavw:

Preferably, EQ%ene%%E§B$§%o

d
t enperat ure OSt q'g’[%t nperature prior to

post treatnenﬁlt?ﬁﬁ§ ﬁq?%QﬁQ$¥¥ﬂxﬁﬂmﬁ9ﬂ t%eFﬂéeﬁa§Pé§§t(b)

conme¥BiRMGH L dTe time

Ly o

I's perfornmed afcg@e-prg ostleuz @32) t%@fahblﬁlmtcwr%ﬁmdéqﬁﬂ))@hﬁmg@?at ed

catal yst of ste QQ&

t .
oxygen and/ or P ter 53&/ Ste a%(r)rgrs ; J’ﬁ‘g%mrb%g Iﬁrﬁlgfn'glr%g% eg%a&dggceié)rﬁ;

st ream of steph(eb)grqnmccm gés@@uso:syhaamgémaaion step (correSpondlng

to instant step (b)), at 200°C or lower (instead of
about 510°C), in accordance with FR-A-2360540, results

:in a worsening catalyst performance. Thus, EP-A- 0 142

352 teaches away from performance of step (c) at a
lower temperature than step (b).

In contrast, US-A-4 914 068 teaches that the
performance of a Group VIII metal-containing catalyst,
particularly a catalyst including a Group VIII‘metal on
a large pore zeolite substrate such as zeolite L, can
be materially improved by cooling the catalyst between
the dispersion step (corresponding to instant step (b))
and the reduction step (corresponding to instant step
(d)) of an activation or regeneration process while
substantially maintaining the dispersion of the Group
VIII metal, and conducting at least the initial portion
of the reduction step at a relatively low temperature.
Such cooling step may be corresponded to instant step
(c). US-A-4 914 068 provides an excellent description
of many of the aspects of catalyst regeneration which
are equally applicable to the present invention.
However, this prior art fails to identify or point the
person of ordinary skill in the art towards the key
parameters in the present invention which constitute
surprising effect. These are that in addition to
temperature, step (c) process conditions are controlled
to a low total pressure e.g. less than 690 kPaa (100
psia), preferably not greater than 448 kPaa (65 psia),
e.g., from sub-atmospheric to 448 kPaa (65 psia) and
most preferably -about' atmospheric pressure; and to a



a tenperature effective to reduce the tenperature of the catalyst to a
vatue of from 300 to 400 [err]C. Preferably the cooling is

oxychl orination atnosphere to pr event premat ure red CﬂEBDArEWﬁﬂW'SHFET
aggl oneration of catalytic netals. In this enbodinent of tjhe

i nvention, cool down is acconplished by continuing the flo
oxychl orination feed gas, for exanple having a HO partia

to 3.45 kPaa (0.5 psia), preferably from 138 Paa (0.02 psi
(0.5 psia), nore preferably 138 Paa (0 2 psia) to 2.07

and nost preferablx f38 Paa 38
psia). AlternaPRFE!S, é""‘fﬁﬁs‘ﬁﬁ cﬁ’q shé(§§€ﬁﬁnal P916I€§0| o oft
used in thisststameafitleir] econtaleici wdtht hthe catalyst, i.e., in the

effluent gas, of less than 27.6 Paa (0.004 psia),
preferably less than 20.7 Paa (0.003 psia) or 13.8 Paa
(0.002 psia), most preferably less than 10.3 Paa
(0.0015 psia) and particularly 1less than 4.8 Paa
(0.0007 psia). |
US-A-4 914 068 teaches that the effluent gas
stream from the step corresponding to instant step (c)
should have an HCl concentration of less than about 300
vppm, and desirably still 1lower (column 13); and is
followed by a reduction step corresponding to instant
step (d) with an effluent gas stream having an HCl

-
:

concentration preferably less than about 75 ppnv
(column 14). It has now surprisingly been found that
the key <factor in the regeneration process is not
hydrogen halide concentration on completion of step (c)
and (d), but rather the hydrogen halide partial
pressure. The teachings of US-A-4 914 068 all relate
to processes at one atmosphere pressure, at which the
preferred 300 vppm 1level corresponds to a partial
pressure of 30.3 Paa (0.0044 psia). However, when the
prior art process is performed at the more normal
reforming and regeneration pressure range of 1.03 to
1.38 MPaa (150 to 200 psia) the preferred 300 vppm
level equates to a hydrogen halide partial pressure of
310 Pa (0.045 psia).

Step (¢) of the invention adopts temperature and
pressure conditions which will result in the very low
hydrogen halide partial pressure required in accordance -
with the invention, preferably 1less than 10.3 Paa
(0.0015 psia). At these levels the driving force for
hydrogen halide desorption, determined by the
equilibrium between the metal halogen complex in the
catalyst of step (c) and the hydrogen halide vapor, is



- 21- tenperature. The tinme required to cool the catal ysg—dowrTO SUCH, - |
| ower tenperatures, however, depends on the characteristics (EEPLRQE&@%%“E@
equi pnent in the plant and the tenperature drop specified. CootdoWnA. does
not inpair regenerated catalyst performance when done under| ah 19 FE&%%%?
oxychl ori nati on at nosphere. Post-Oxychlorination Stripping {Step (c) of
| nvention) It has been discovered that it is beneficiall|tdTegenerated
catalyst activity to renove hal ogen (chlorine) fromthg catal yst prior
to the final reduction, and that the Tdte chlorine renoved batore the final
hydr ogen reduction, the higher the activity of the regenerated catal yst. |
Essential arstigh efas$ r etiocopdiemibns debr logepatdpn arich t heommesehaliYier ef ore,
are di scussegec QM bof Bhe periodSt 6P THE) altErnBt L7687 Wl ALOMBY T shed by

exposi ng the cata gst to a streamo ] . .
run a normal regeneration pressure, under which

condition extremély long periods would be needed to
achieve the low hydrogen halide partial pressures,
which long periods under regeneration conditions could

damage the catalyst.

. The halogen removed from the halogenated catalyst
in step (c¢) is that which has become bound directly to
the zeolite, and at least: some of thé halogen complexed
to the metal atoms which have become dispersed over the
zeolite during oxyhalogenation step (b). Removal of
such complexed halogen is believed to fix the metal in
dispersed positions. In addition it results in less
hydrogen halide release during subsequent reduction,
thus helping to reduce re-agglomeration 'during the
reduction step. Here, the relatively low temperature
of step (c¢) contributes to the regeneration efficiency
by not promoting re-agglomeration of the metal.

The reduction step (d) of the invention is also
performed at low total pressure, e.g. less than 690
kPaa (100 psia), preferably not greater than 448 kPaa
(65 psia), e.g. from sub-atmospheric to 448 kPaa (65
psia); so as to result in a hydrogen halide partial
pressure in the effluent gaseous stream of less than
51.7 Paa (0.0075 psia). This low value permits
hydrogen halide to escape as the metal is reduced, and
so minimizes re-agglomeration. 'Step (d) is preferably
performed at a temperature lower than step (b), more
preferably from 300 to 400°C. The hydrogen partial
pressure employed is preferably greater than 103 Paa
(0.015 psia).

Preferably, the catalyst is a formed catalyst,
more preferably in the form of tablets, pellets,
spheres, and extrudates. The catalyst may include a




However, pressures as~h|gh as 448 kPaa (65 psia), and prgf
at_m)spheric may be used in certain situations. Te
this stripping step is from300[err]C to 400[err]C,  wit
preferred. Water may be present in the treat gas du |ng stripping ste
(c), for exanple at a partial pressure ofgup to 20.7 kPa
preferably up to 13.8 kPaa (2 psia), nore preferably 69 Paa (0 01 pS|a) to

6.9 kPaa (1 a), and nost prefer 38 kPaa (0.2 t 4, kPaa |

(0.6 pS|a§ p&héh??mﬂ%ﬁeq¥§#2uﬁﬁﬁé§f%&%%rﬁ?%ﬁﬁ??#%ﬂlk$%£fétr$p%?%6 aa.

referred to h@nﬂmmaasoa watixstreppi of. imwgdn«pamulam0pﬁes§bﬁ§epﬁ st@p (c)
for exanpl 4. bl t 7 3

s nd %e prefe %‘i{?ﬁ}% q.‘Pﬁ:'!DSI a")Oqg7 ps”%éI Y s ugla KEeeLd

psia), and no to 20.7 kPaa i
The inert gas ajuinEatlel ¥n§aFﬁFéa%§r s ihftest PUT s 3F LR GD &mféﬁ‘gd to

maintain at | ast alkali and alkaline earth - containing alumina.
The catalyst most preferably is monofunctional and npn-
acidic, and the zeolite is a large pore zeolite, which
-ﬁreferably is a type L zeolite. The type L zeolite
.preferably comprises exchangeable cations such as
lithium, sodium, potassium, rubidium, cesium, calcium,
barium, or mixtures of any two or more thereof.
Potassium and/or barium are particularly preferred.

The Group VIII catalytic metal is preferably a
noble metal such as platinum, palladium, rhodium,
iridium, ruthenium or osmium, most preferably platinum.
The amount of the Group VIII catalytic metal present is
preferably from 0.05% to 6% by weight. '

The catalytic metal may further comprise for
example a Group VII B metal, preferably rhenium.

As used herein, the Groups are as presented in the
Periodic Table in the Handbook of Chemistry & Physics,
published by the Chemical Rubber Company, 48th edition.

The process of the present invention preferably
comprises a linear gas velocity through the catalyst of
at least 15.2 cm/sec (0.5 FPS). As mentioned, the
concentrations of the gases used depend upon the
operating pressure and are adjusted accordingly to
yield a desired range of partial pressure of the gas
component wherein the partial pressure of gas A = the
concentration of A x the total pressure. In steps (a)
and/or (b) the effluent gas, i.e., the gas stream from
the outlet of the vessel containing the catalyst, is
preferably recycled through the vessel containing the
catalyst, rather than operating as a once-through
process. In this case a portion of the effluent gas is
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beds. Wet stri ing in the previousl descri bed nann r
- PELS e reactor” o TR R e

until HC partial pressure in the reactor effluent,

partial pressure, falls below 27.6Paa (0.004 pS|a) pr ferably bel ow
10.3 Paa (0.0015 psia) and nore preferably bel ow 4.8 Paa §0.J0009 PBEBRS?
exhaust HC partial pressure in this range signals that chlqrine

concentration on the catalyst is acceptabdy- |ow Typi gally, exhaust
HCl partial pressure falls into the 27.6 Paa (0.004 psiai_10 4.8 Paa

(0.0007 psia)prar@eaBilpurddl 12n80Wed 1Uc Pl withi PRidih t ERaLERYas.
The purge rate is typically from 5% to 30% of the
recycle gas rate, preferably from 10 to 20%.

.DETAILED DESCRIPTION OF INVENTION

Preferred embodiments of the process of the
invention are now discussed, with specific reference by
way of example to chlorine as the halogen, and

}egeneration in the reactor wherein the catalyst has
been employed in a hydrocarbon reforming process.
Pre—-Regeneration Reactor Purge (Optional)

The first step in the regeneration procedure is to
purge hydrocarbons and then purge hydrogen remaining
from hydrocarbon processing out of the:reactor. This
is done by establishing a flow of hydrogen to the
reactor and continuing hydrogen flow until hydrocarbon
is displaced by hydrogen. Then hydrogen flow is
terminated, and a gas flow comprising inert gas,
preferably nitrogen, is established through the
catalyst bed and continued until hydrogen is displaced
with inert - gas. The - gas flow 1is preferably
substantially free of contaminates, such as ethylene,

.CO, and sulfur, and other substances which would be
harmful or adversely affect the catalyst. The reactor
may be purged in a similar manner between any of the
subsequently described steps, to remove any gases from
the reactor which 'might undergo a detrimental or

adverse reaction if permitted to remain in the reactor
during a subsequent step, such as oxygen and hydrogen.
Purging can be done over a wide range of
conditions. Suitable pressures are from 101 kPaa (14.7
psia) to 2.07 MPaa (300 psia), preferably one
atmosphere, and suitable temperatures are from 400°C to
500°C. The inert gas flow rate is preferably at least
15.2 cm/sec (0.5 FPS) linear gas velocity through. the




Optionally, water flow may be then discontinued and the flow of inert gas

and oxygen continued for about one hour to dry the systemg T T -

t he subsequent hydrogen reduction. The mgter pértial ﬁﬁgbéﬁﬁéﬁg{%ﬂﬁ@T
reactor outlet is then preferably less than 27.6 Paa (0. 004 a), nore
preferably | ess than 20.6 Paa (0.003 psia), and nost prefefabl gd'st_ﬁﬁt%ﬁ
10.3 Paa (0.0015 psia). In this enbodinment, oxygen flowi$ cut of f _and
inert gas flowis continued for about gng,hgur to purge oxygen out of the
reactor systemprior to introducing hydrogen. Al ternatively, the

stripping or soaking can be perforned with a substanti all S_stream
havi ng a partFéﬁaéﬁé§su?%dcﬁaQNaPEFrGFlégseHFPéPP?eze§¥éi egmﬁé?%%P

hydrogen redughiign iHstixed h&ﬁﬁféirﬁl Qﬁsnglﬁvepdlstmﬂmtuoar acrosst the

\a/:ne];ﬁr?ls)l %/hen erf;gé edb?ifa r% %I%? l%rﬁgsgg%?e?ﬁg O‘E&?‘:Féeg%tﬂgghvessel I n
a reactor tragnpdtmmqyxngmnntn¢napuE@G@ngeﬁmaﬁﬁﬁéﬁ copddpionspefor
downstream  {all to FRACIREurd Eaéaafalt\équy utxhje% stie® sanckerper frrgred
usi ng recycle as at a pressure up i |§ 65 Bs |a):
fluent gas, i.e., the gas strea tfom “the outlet of
the vessel containing the catalyst, may be recycled
7£hrough the vessel containing the catalyst, rather than
operating as a once-through process. In this case from
5 to 30% of the recycle gas is replaced with fresh
inert gas.
Coke Burn (Step (a) of Invention) -

Coke which accumulates on the catalyst during
hydrocarbon processing must be removed to regenerate
the catalyst because catalytic performance of the
regenerated catalyst is impaired if coke residues
remain on the catalyst. Coke is removed by burning it
off with oxygen, which term includes ozone which speeds
up the coke burn. The partial pressure of oxygen in
this gas stream during coke burn is preferably up to 69
kPaa (10 psia). However, care must be exercised to
avoid exposing the catalyst to excessively high

. temperatures. Temperatures of from 400 to 550°C are
preferably used. In another embodiment, halogen, such
as HCl, can be included in this gas flow. The use of
HC1 during coke burn can effectively remove the
carbonaceous residues from the spent catalyst. This
procedure dramatically reduces the coke burn
teﬁperature and minimizes. the problems of local hot
spots, the temperature run away, and the metal
agglomeration. The coke burn is preferably conducted
in two stages: a primary coke burn (al) at less severe
conditions followed by a secondary coke burn (a2) at
more severe conditions. Thus, step (a) is preferably
performed in a first stage (al) and a second stage
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I A the regeneration procedure is to reduce the catalytic
this point are dispersed in the zeolite as chloride nole
zero valent netallic state without substantial agglonera
gaseous stream conprising inert gas which is substanti al
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Is passed for a tine sufficient to | ower oxygen parti al
138 Paa (0.02 psia) so as to avoiA - 12 -

br essure to bel ow

(a2), wherein (i) stage (al) is performed at a lower
temperature than stage (a2) and/or (ii) the gaseous
stream of stage (al) has a lower oxygen concentration
than that of stage (a2), preferably where (a2) |is
performed for a longer time than (al). The two-stage
coke burn has. been discovered to be advan—t'ageous ‘in
mitigating risk of exceeding zeolite decomposition
temperature at the flame front. The coke burn is
Preferably conducted at a pressure of from sub-
atmospheric to 2.07 MPaa (300 psia) or 1.38 MPaa (200
psia), with a pressure of 345 kPaa (50 psia) to 1.38
MPaa (200 psia}, e.g., 1.28 MPaa (185 psia) being more
preferred. Gas flow rate to the reactor is preferably
set to maintain at least 15.2 cm/sec (0.5 FPS) linear
gas velocity through the catalyst.

The primary coke burn is initiated by injecting
oxygen, ozone, or air into the inert gas flowing to the
reactors. The inlet gas temperature is preferably from
400°C to 500°C, more preferably from 400°C to 480°C, and
most preferably about 445°C. The oxygen concentration
in the reactor inlet gas is preferably adjusted to from
500 vppm to 6000 vppm, more preferably from 1000. vppm
to 4000 ppm. A low concentration of oxygen is used in
the primary coke burn to avoid. excessively high
temperature, because of adiabatic coke burn condition.
Under adiabatic coke burn, the increase in the flame
front temperature depends solely on oxygen
concentration regardless of total pressure. Higher
oxygen concentration can be used in the primary coke
burn when the coke burn is not carried out at the
adiabatic condition, e.g. an external cooling to the
reactor is available or a higher heat capacity inert
gas other than nitrogen is used. During the primary
coke burn the gas flow may be essentially devoid of
water or include an amount of water, e.g., to a water



formati on of an expl osive m xture when hydrogen is added. __Then reduction

hydrogen, for exanple, at a partial pressure greater than

i A accordance with the present invention is acconplished b?@fﬂhCEﬂEﬁTWHEET
3. Paa (0.015
ps

psia), preferably 103 Paa (0.015 psia) to 101 kPaa (14.7

a),
preferably 1.03 kPaa (0.15 psia) to 34.5 kPaa (5 psia), ahd nﬁs@% fiﬁ'?ab y

6.9 kPaa (1 psia) to 20.7 kPaa (3 psia), into the inert gpsiflowng-to—tne

reactors, which induces rapid evolution of hydrogen palide into
treat gas. However, towards the end St 1nis step a gas flew-wai-ch

t he
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essentially 100% hydrogen could be used, naking the inert gas opt

i onal

Thus, hydrogepattalaliepreesyre oHClupatoi &10.pr ekBare (3i wsiads- t hdhbéduct i an
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react or outl etonditions the temperature of the catalyst 1is

hi gh

¢at al yst

.02
at the

maintained safely below catalyst decomposition -

temperature at a most preferred pressure of about 1.28
- MPaa (185 psia). CO2 and oxygen concentration in the
reactor outlet gas stream are continuously measured to
determine when the primary coke burn is completed,
i.e., when molar ratio of COoz to 02 falls below a
preferred threshold ratio of 3:1, which occurs
typically about two to fifty hours into the burn. The
time to complete the primary coke burn step varies with
the concentration of coke on catalyst, space velocity,
and oxygen concentration in the reactor inlet gas.
Then transition into the secondary coke burn step
(a2) is begun.. Gas inlet temperature is preferably
raised at a rate of ‘about 25 to 50 degrees C per hour
to the secondary coke burn temperature which is
preferably from 500°C to 550°C, more preferably from
.500°C to 520°C, and most preferably at about 510°C, at a
most preferred pressure of 1.28 MPaa (185 psia).
Simultaneously, oxygen partial pressure is raised to a
preferred secondary coke burn level, e.g., up to 69
kPaa (10'psiai, more preferably from 690 Paa (0.1 psia)
to 55 kPaa (8 psia), and most preferably from 13.8 kPaa
(2 psia) to 48.3 kPaa (7 psia). In the secondary coke
burn, water may be present for example at a partial
pressure up to 20.7 kPaa (3 psia), preferably up to
13.8 kPaa (2 psia), and more preferably up to 6.9 kPaa
(1 psia). However, most preferably the gas flow is
essentially devoid of water and has a water partial
pressure of 0.




Is less than 51.7 Paa (0.0075 psia). It has been di scope] y
reacti ons between HO and unreduced catal yst downstream o éﬁgAbg@E§$c§ﬁEET

front inmpair regenerated catalyst activity. Accordi ngl ¥, the
- 24 - reduction is conducted to mnimze the interactio teﬂm@eﬁﬁﬁﬁ@ﬂ
and unreduced catalyst. In order to mnimze these} Undesirable

reactions, reduction is preferably pejformed at |ow temperature relative

to oxychlorination step (b) tenperature, for exanple, at

The secondary coke burn (or single coke burn, if
only one stage is used) is continued until the CO2.
partial pressure in the outlet gas from the reactor
falls below a preferred level of 69 kPaa (0.01 psia),
and more preferably 27.6 Paa (0.004 psia); this
typically occurs about 12 hours into the secondary
burn, depending on the amount of catalyst in the
reactor. It has been discovered that the activity of

- regenerated catalyst is impaired if the coke burn is
terminated prematurely, i.e., before CO2 partial
pressure falls below 27.6 Paa (0.004 psia) to 69 Paa
(0.01 psia).

During coke burn, the gas stream is preferably
recycled or recirculated from the tail reactor to the
lead reactor, where a series of two or more reactors is
used, in order to conserve nitrogen of the inert
carrier gas by employing an in-line recycle gas
compressor. Preferably, about 10% of the recycle gas
flow is purged with the fresh coke burn gas prior to

- recirculating the stream. '
Pre-Oxychlorination Hydrogen Reduction (Optional Step
(a"))

Regenerated catalyst activity is higher when the
catalyst 1is exposed to hydrogen after coke burn, but

before oxychlorination (b) . Thus, in a preferred
embodiment between steps (a) and (b) there is performed
an intermediate reducing step (a') comprising

contacting the substantially decoked catalyst with a
gaseous stream comprising inert gas and hydrogen under
reducing conditions for a time effective to reduce the
metal component of the catalyst to the metallic state.
Step (a') is preferably performed at a hydrogen partial
pressure greater than 103 Paa (0.015 psia) and/or a
temperature of from 300 to 550°C and/or a total
pressure not greater than 20.7 MPaa (300 psia) and/or



tenperature of 300[err]C to 400[err]C, and preferably at about 345[ers]
Abso, reduction is perfornmed at | ow pressure, preferably Lﬁh§WEQ$Q§WET
practicabl e pressure, i.e., about atnospheric pressure, vdr gen
addition rate is controlled to mnimze hydrogen halidejpartial g Sggfr
t hroughout the reduction. Gas velocity through t fe 1c&t & % be
preferably maintained at above 15.2 cnisec (0.5 FPS) fol dood gas
contacting. Reduction time of one to §pé§y.pours has beg¢n discovered to
be suitable -for insuring conplete reduction, with ug_tQ six -hows—betrTig
preferred. ~ As in the previous reduction step, this stage of hydrogen _
reduction, whwitth i shepaddiitd | preseneemed avakeFpdpherie FREEOUSe, uses
once-t hrough dpysigoen with nitrogen as the inert carrier gas, which is then
purged downstream of the tail teactpr. Alternatiyely, thi ep c be
per f or med usi ng réf@cl@ﬁeﬁ§8PSé¥naﬁ%fqﬁiﬁ% en %8¥°§ amﬁ¥§%§é%ﬁprg§sure up
to 448 kPaa (ii:msimded, oxypnen| tremadmiivey oint hbestngasctain cafher Sost -
oxychl orinati ty L ppi LS bo t atealy | [ and
fol |l ow by meté)%ezr%%%g fraga{t-]ctb iteorfm#%é‘d PEOEI ‘thle) SFeabddl VS BEEEQQ@@ -
forming combustible mixtures of hydrogen and oxygen,

e.g., by cutting off oxygen flow and continuing

nitrogen flow through the -reactors, e.g., from 30
minutes to several hours at a temperature of about 510°
C and at a pressure of'from 101 kPaa (14.7 psia) to
2.07 MPaa (300 psia), to reduce oxygen concentration to
a safe level; the nitrogen 1linear velocity is
preferably maintained in the catalyst beds at at least
15.2 cm/sec (0.5 FPS) to achieve adequate gas
distribution and gas/solid contacting.

Hydrogen reduction is initiated by starting flow
of hydrogen into the nitrogen flowing into the
reactors. Conditions for hydrogen reduction step (a')
can be varied over a wide range. Hydrogen partial
pressure is preferably greater than 103 Paa (0.015
psia), more preferably from 103 Paa (0.015 psia) to 101
kPaa (14.7 psia), most preferably from 1.03 kPaa (0.15
.psia) to 34.5 kPaa (5 psia), and particularly between
2.76 kPaa (0.4 psia) and 6.9 kPaa (1 psia). Total
pressure is e.g. from 101 kPaa (14.7 psia) to 2.07 MPaa
(300 psia), preferably to 1.38 MPaa (200 psia), more
preferably to 448 kPaa (65 psia), and most preferably
at about one atmosphere. Temperatures of from 300°C to
550°C are satisfactory, with 450°C to 530°C being
preferred, 480°C to 520°C being more preferred, and
about 510°C most preferred. Linear gas velocity
through the catalyst beds should achieve uniform gas
distribution and effective gas/solid contacting with
the catalyst. In an axial adiabatic reactor the gas
flow is preferably at least 15.2 cm/sec (0.5 FPS).



this case, water is present, for exanple at a partial pressure at _the

reactor inlet up to 20.7 kPaa (3 psia), preferably to 13! TS BREET
more preferably 69 Paa (0.01 psia) to 6.9 kPaa (1 psia), aﬁgﬁﬁﬁyq@%“ﬂSSﬁE“

p(eferably 1.38 kPaa (0.2 psia) to 4.14 kPaa (0.6 psia). ver §§
catalyst has to be dried out after wet reduction, before (ﬂu(ﬁ&% a7
hydr ocarbon feed into the reactor, for exanple to a mater e
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Reduction time of up to 5 hrs is normally adequate with
30 minutes to 2 hrs being preferred. '

Water can be introduced to the reactor (a'), e.g..
inlet gas stream during preoxyhalogenation reduction
step to yield water partial pressure of up to 6.9 kPaa
(1 psia), 13.8 kPaa (2 psia) or 20.7 kPaa (3 psia),
although it is most preferred that the gas stream be
essentially devoid of water.

After completing hydrogen reduction step (a'),
hydrogen flow is cut off and inert gas flow 1is
continued to purge hydrogen so that oxygen required in
the next step can be safely introduced. The purge can
be done over a wide range of conditions; for example,
passing inert gas through the catalyst at about one
atmosphere to 2.07 MPaa (300 psia) at a temperature of
from 300°C to 550°C at a gas flow rate above 15.2
cm/sec (0.5 FPS) for about 30 minutes to several hours
adequately clears hydrogen.

In this hydrogen reduction step (a'), as well as
the coke burn step (a), wherein the gas 1is recycled
(except for the amount eg 10% purged), hydrogen can be
also recycled. This hydrogen reduction step is most

_preferably performed in once through manner and at
atmospheric pressure.
Pre-Oxychlorination Conditioning (Optional Step (a''))

The activity of regenerated catalyst is increased

by exposing the catalyst to water and oxygen prior to

oxychlorination. Thus, according to a preferred
embodiment, between steps (a) and (b) there |is
performed a catalyst conditioning step (a'') comprising

contacting the catalyst with a gaseous stream
comprising inert gas, oxygen and water under conditions
and for a time to saturate the catalyst with water and
form a substantially water saturated catalySt.
Preferably, the substantially saturated catalyst has a



| ess than 27.6 Paa (0.004 psia), preferably |less than 20.7 Paa (0.003
psia), and nore preferably I ess than 10.3 Paa (0.0015 psia) :
- 26 - EXAMWPLES The follow ng exanples illustrate the iinge 'ggmgﬁ$quEE*l
The catal yst used was an extrudate of zeolite L bound w tﬁ ' S
containing 0.64 w. %platinum The catal yst was run at refO{ ' 1997
conditions. It contained 1 wt. % coke when the reform ng rpun %Lg%a '

t erm nat ed. - 17 -
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moisture content in equilibrium with the gaseous stream
of step (a''). Step (a'') is preferably performed at a
temperature of from 300 to 540°C and/or a water partial
pressure not greater than 20.7 kPaa (3 psia) and/or an
oxygén partial pressure not greatér than 69 kPaa (10
psia) and/or a total pressure not greater than 2.07
MPaa (300 psia).' ‘

. This treatment saturates the catalyst with water
" and oxidizes metals in the catalyst. The amount of
water adsorbed by the oxide support of the catalyst
depends on the partial pressure of water in the gés
phase. During the reduction step (a'), Wwhich is
optionally carried out after the coke burn step (a),
the amount of water on the catalyst may not be at the
right condition since water partial pressure may be too
low in the reduction step. The water partial pressure
is increased by injecting water into the reactor in the
post chlorination conditioning step (a'') so that the
oxide support can acquire the equilibrated amount of
adsorbed water under the specified water partial
pressure. "Wetting the catalyst, preferably to
saturation prior to initiating oxychlorination avoids
exposing dry catalyst to chlorine at ogychlorination
conditions which has been discovered to impair activity
of regenerated catalyst. : _

Pre-oxychlorination conditioning step (a'') may be
carried out at a pressure of atmospheric to 2.07 MPaa
(300 psia), preferably to 1.38 MPaa (200 psia), more
preferably of 345 kPaa (50 psia) to 1.38 MPaa (200
psia), and most preferably at about 1.28 MPaa (185
psia), and temperatures of from 300°C to 540°C, with
temperatures of 500°C to 530°C being preferred, and a
temperature of about 510°C being most preferred. Water
partial pressure may be, e.g., up to 20.7 kPaa (3.0
psia), preferably to 13.8 kPaa (2 psia), more



The catal yst was regenerated at 1.27 MPaa (185 psia) using mggm e
procedural stages. Linear gas velocity through the catpl mgQ’@g"éﬁtET

cnmsec (0.5 fps) and the inert carrier gas was nitrogen: Coke burn
step (al) at 445[err]C for two hours with 1 vol. % oxygen, (L21£kﬁ&ﬂiﬁ39785
psia partial pressure). 2. Coke burn step (a2) at pl@lerr]C for 14
hours with 3 vol % oxygen (38.3 kPaa/5.55 psia parti al pressure) 3.

Oxychlorination step (b) at 510[err] C.fog Lhree hours w t he8QQ vpom HJ
0.66 vol. % water vapor, and 0.84 vol. %oxygen 4. Cool down step

re. 5.
(7)o g cBPEEPYERI R, 156" BYCTIOT) THLET BN S ot o
oxygen, to ?2 (ﬂﬂpﬁhﬁgk i @lndglrlwsfc}r ep;)égdﬁfzzgygﬂf%ﬂ %ﬂﬁn;osﬁaP kPaa 6(1 o vi th
LT O0En' o BREaRath. pevar Euc e LEn ot 0,2 B T N en o
psia) being preferred, and with 6.9 kPaa (1 psia) to
13.8 kPaa (2 psia) being more preferred. Gas linear
velocity through the catalyst beds is preferably
maintained above 15.2 cm/sec (0.5 FPS) at operating
%ressure and temperature. Flow of the gas stream
containing inert gas, oxygen and water is preferably
continued for an additional 2 hours after water partial
pressure in the reactor outlet stream exceeds about
5.24 kPaa (0.76 psia) and preferably for up to about 90
minutes longer to insure that the catalyst is saturated
" with water at the water partial pressure employed and
that metals are completely oxidized.
Oxyhalogenation (Step (b) of Invention)
The catalytic metals at this point in the
regeneration procedure are typically agglomerated.
Metal halide (chloride) molecules are mobile and
disperse across the zeolite surfaces with facility. 1In
step (b), the metals are halogenated (chlorinated) by
exposure to oxygen, water and a source of halogen

(chlorine) all in an inert carrier gas. Preferably the
source of halogen in step (b) is a source of chlorine,
such as Clp, HCl, chlorinated hydrocarbons, such as
carbon tetrachloride and mixtures of two or more
thereof, most preferably HCL.

Oxyhalogenation is for example carried out at a
pressure of about atmospheric to 2.07 MPaa (300 psia),
preferably to 1.38 MPaa (200 psia), more preferably
from 345 kPaa (50 psia) to 1.38 MPaa (200 psia), and
most preferably at about 1.28 MPaa (185 psia).
Oxychlorination temperatures are for example from 480°C
to 550°C, preferably 500°C to 530°C, and most preferably



~

2.5 hours to an HO partial pressure of which fell froma value of 510 Paa
(0.074 psia) imrediately after the initial HO wave, topa—f+ra—vaEus-Qbst
76.5 Paa (0.0111 psia). The catal yst regenerated w kREHﬁﬁSEH@@Ee%ﬁﬁﬁ?
(outside the scope of the invention) is designated as i
-727 - Catalyst A A sanple of the same catalyjt| vag FEBEBET atec
using the steps 1 through 4; followed by :
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H

at about 510°C. Inert gas flow rate is preferably
adjusted to make the linear gas velocity in the
reactors above 15.2 cm/sec (0.5 FPS) at operating
pressure and temperature. HCl is a preferred chlorine
source because HCl converts to ‘chlorine by reaction
with oxygen via the Deacon reaction so chlorine is
really the active chlorinating agent. Water partial-
pressure in the reactor inlet gas is for example up to
20.7 kPaa (3.0 psia), preferably to 13.8 kPaa (2 psia),
and most preferably from 1.38 kPaa (0.2 psia) to 13.8
kPaa (2 psia). Oxygen partial pressure is for example
up to 69 kPaa (10 psia), preferably from 6.9 kPaa (1
psia) to 34.5 kPaa (5 psia), and more preferably from
6.9 kPaa (1 psia) to 13.8 kPaa (2 psia). Halogen
~ source (HCl) partial pressure in the reactor inlet gas
is for example up to 3.45 kPaa (0.5 psia), preferably
from 138 Paa (0.02 psia) to 3.45 kPaa (0.5 psia), and
more preferably from 138 Paa (0.02 psia) to 2.07 kPaa
(0.3 psia), and most preferably from 138 Paa (0.02
psia) to 1.38 kPaa (0.2 psia).

Completion of oxychlorination step (b) is signaled
by appearance of chlorine and HCl, referred to herein
as chlorine breakthrough, in the reactor effluent gas
at a partial pressure preferably greater than 69 Paa
(0.01 psia). Time to chlorine breakthrough after
initiation of HCl flow is proportional to the chlorine
feed rate and is inversely proportional to the amount
of catalyst in the reactors; it typically takes from 2
to 6 hours.

After chlorine breakthrough, oxychlorination is
preferably continued for an additional time period of
up to 6 hours, preferably for from 2 hours to 5 hours.

In a manner similar to coke burn step (a), the gas
stream from (b) may be recycled, i.e., recirculated;
from the tail reactor to the lead reactor, where a



steps 5 through 8 which were nodified as foll ows: RerL @Ml ngekl
step (c) at 345[err]Cwth 10 vol. % oxygen and 3 vol. % wat ' pt-F-Oge
at atnospheri.c pressure for three hours to an HC partial gr szrefﬁﬁiggﬁ

Paa (0.00044 psia). 6a. Stripping step (c) at 345[fr ﬁC ] 0

7a. Purge with nitrogen for one hour at nospheri c pressur " 8a.

vdl . % oxygen in nitrogen for one hour at atnospheric presqur
ie.

Reduce with hydrogen 10 vol. % for 2.5 Hours at atnospheri sare=t0 an
HCl partial pressure of which fell froma value of 75 8 Paa (0,011 -psi a)
i mredi ately asecies h@_fHOFW¢ nPti MoxmyvEeachonst ilfal usetue 15¢ FEERPaLO
(0.00088 psi ajonservdfitfagahyst thedenerdt edrrieihgabhby empdokiad
procedure according.to the invention is designated as tqg t The
activity of C%FaF?s@lﬂezﬁﬁf%?%&wgﬁinﬁapgaeﬁg°Funn|ﬁﬁeg%f% %?’rgp8pﬁ1ng
conditions for0¥%6oliothe aretydien gies ef howi ng Pheigedbaridneteeptirgrd
Comec vl bescyPURE, IR OPbluehs WA coBlAl eliodi . bay' Y
prior toO recirculating the stream. :
Post Oxychlorination Cool Down(Optional Step (b'))
Higher regenerated catalyst activity is obtained
~ when the post oxychlorination steps are conducted at
lower temperature, i.e., within the range of 300°C to
400°C, and preferably at about 345°C, than the
oxychlorination temperature which is from 450°C to 550°
- C. Preferably, the catalyst is cooled from
oxychlorination temperature to a lower post treat
temperature prior to oxychlorination post treatment.
Thus, in this embodiment, between steps (b) and (c)
there is performed a cooling step (b') comprising
contacting the oxyhalogenated catalyst of step (b) with
a gaseous stream comprising inert gas and/or oxygen
and/or water and/or a source of halogen, preferably the
gaseous stream of step (b), which gaseous stream is at
a temperature effective to reduce the temperature of
the catalyst to a value of from 300 to 400 °C.
"Preferably the cooling is done under an oxychlorination
atmosphere to prevent - premature reduction and
agglomeration of catalytic metals. In this embodiment
of the present invention, cool down is accomplished by
continuing the flow of oxychlorination feed gas, for
example having a HCl partial pressure of up to 3.45
kPaa (0.5 psia), preferably from 138 Paa (0.02 psia) to
3.45 kPaa (0.5 psia), more preferably 138 Paa (0.02
psia) to 2.07 kPaa (0.3 psia), and most preferably 138
Paa (0.02 psia) and 1.38 = kPaa (0.2 psia).
Alternatively, a gas which is essentially devoid of HCl
can be wused in this stage while reducing the
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4.25 hydrogen to oil nolar ratio; on a feed CONPri-siig 40—tz
hexane and 60 wt. % 3 net hyl pent ane. CATALYS RE#LAEBMSQEE'"?T
Bz SELECTIVITY W. % A 26
34 69 T hg Ie t
t hat | f t he post oxychlorination stripging ﬂg&éﬁﬁgﬁﬂg SRS
at | ow (at nospheric) pressure rather than
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temperature. The time required to cool the catalyst
down to such lower temperatures, however, depends on
the characteristics of the equipment in the plant and
the temperature drop specified. Cool down does not
impair regenerated catalyst perfofmance when done under
an oxychlorination atmosphere. |
Post-Oxvchlorination Stripping (Step (c) of Invention)

) It has been discovered that it is beneficial to
regenerated catalyst activity to remove halogen
(chlorine) from the catalyst prior to the final
reduction, and that the more chlorine removed before
the final hydrogen reduction, the higher the activity
of the regenerated catalyst. Essential and preferred
conditions for step (c), and the reasons therefore, are
discussed hereinbefore. Step {c) is preferably
accomplished by exposing the catalyst to a stream of
inert gas containing oxygen at the lowest pressure,

i.e., atmospheric pressure or even vacuum, which can be
used depending on the circumstances. However, pressures
as high as 448 kPaa (65 psia), and preferably at about
atmospheric may be wused ' in certain situationms.
Temperature during this stripping step is from 300°C to

. 400°C, with 345°C being preferred. Water may be

present in the treat gas during stripping step (c), for
example at a partial pressure of up to 20.7 kPaa (3
psia), preferably up to 13.8 kPaé (2 psia), more
preferably 69 Paa (0.01 psia) to 6.9 kPaa (1 psia), and
most preferably 1.38 kPaa (0.2:psia) to 4.14 kPaa (0.6
psia). Where water is included in the gas flow, the
stripping is referred to herein as a wet stribping.
Oxygen partial pressure in step {(c) is for example up
to 31 kPaa (4.5 psia), preferably up to 20.7 kPaa (3
psia), and more preferably 4.83 kPaa (0.7 psia) to 20.7
kPaa (3 psia). The inert gas flow rate during this
stripping-step is preferably fixed to maintain at least




t hus enabling a hydrogen halide partial pressure in the tﬁ%ﬁiéééﬁggigﬁgg%

gas of less than 27.6 Paa (0.004 psia), especially less

(0.0015 psia), the activity and selectivity of the regenprft€d catal yst |s
significantly higher. Exanpl e |1 { gHEEB d88A st
of Exanple | was subjected to a regeneration procegduie entirel

per f or med at atnospheric pressure._ ,,The linear ve$06rty. of gas

flowing through the reactor was 15.2 cnf'sec (0.5 fps) angl the inert carries

gas was nitrogen, The catal yst was dried under flomnng ni trogen at
'ﬁgu?sF h

250' C for 12 m/3RE B VERSMallRBRE BESHSERYTEY (RhFPugh AR err]C
with 2.6 vol .cédtakxygenbedsnitrogen for two hours and then (step (a2)) at .

i 0
From the reactor WSt oSEETREiBR 15y hl” ARaNAaNs Worts HOT Mot BPBRRR T | ow
for 30 m nutekS contipeedaunkjdt Hids pagduicdd Heespuxe’ 3 bhepaesichgr
hydrogen overeffl@wén®10[ield],C £RhafBe hRUL .- pddEh PO MBS URE Jedafiigm t he
reactor by pabsesigvg 917t%8ggn (torlro%%ghpst:{]ae), preferably below 10.3 Paa
(0.0015 psia) and more preferably below 4.8 Paa (0.0007
psia); exhaust HC1 partial pressure in this range

sSignals that chlorine concentration on the catalyst is

- acceptably low. Typically, exhaust HCl partial
pressure falls into the 27.6 Paa (0.004 psia) to 4.8
Paa (0.0007 psia) range after 2 to 12 hours of wet
stripping treatment.

Optionally, water flow may be then discontinued
and the flow of inert gas and oxygen continued for
about one hour to dry the system to prepare for the
subsequent hydrogen reduction. The water partial
pressure at the reactor outlet is then preferably less
than 27.6 Paa (0.004 psia), more preferably less than
20.6 Paa (0.003 psia), and most preferably less than
10.3 Paa (0.0015 psia). In this embodiment, oxygen
flow is cut off and inert gas flow is continued for
about one hour to purge oxygen out of the reactor
'system prior to introducing hydrogen.

Alternatively, the stripping or soaking can be
performed with a substantially dry gas stream having a
partial pressure of water of essentially zero.

As in the hydrogen reduction step, these stripping-
steps, which are most preferably performed at-
atmospheric pressure, use once-through gas, which is
then exhausted or purged from the outlet of the reactor
vessel. 1In a reactor train, the gas would be purged or
exhausted from  the downstream tail reactor.
Alternatively, this Step can be performed using recycle
gas at a pressure up to 448 kPaa (65 psia).



reactor for thirty m nutes. Platinumin the catal yst_.was redispersed

(step (b)) with a gas containing 0.3 vol. % HC1, 3.4 vol. %&?@A@Fgﬁﬁﬁ@}yﬁT
and 10 vol. % oxygen at 510[err]C for six hours. Tenperatura vas..r.educed

(step (b)) to 345[err]C. The catal yst was stripped to | gss Eegnlﬁgge
m ni nrum detectable | evel of 3.0 Paa (0.00044 psia), of rgsigd gﬁ’ep

(c)) with air containing 3.4 vol. % water vapor at 345[erf]&
Air was purged fromthe reactor with Rigtsogen and the catjal yst -was reduced
(step (d)) with a gas stream containing 20 vol. % hydrog

?SS%SBLLC fSIC)rFlg%q_ @g g% a&eggjctg_%rgt I(§t§£ e@gur&_ qu)eggﬁamagt 3C0 Paa
P The final step in the regeneratilion procedure is to

reduce the catalytic metals, which at this point are
dispersed in the zeolite as chloride molecules, to
their zero valent metallic state without substantial
agglomeration. Preferably a gaseous stream comprising
inert gas which is substantially devoid of oxygen is
passed for a time sufficient to lower oxygen partial
-5ressure to below 138 Paa (0.02 psia) so as to avoi
formation of an explosive mixture when hydrogen is
added. Then reduction in accordance with the present
invention is accomplished by introducing. hydrogen, for
example, at a partial pressure greater than 103 Paa
(0.015 psia), preferably 103 Paa (0.015 psia) to 101
kPaa (14.7 psia), more preferably 1.03 kPaa (0.15 psia)
to 34.5 kPaa (5 psia), and most preferably 6.9 kPaa (1
psia) to 20.7 kPaa (3 psia), into the inert gas flowing
to the reactors, which induces rapid evolution of
hydrogen halide into the treat gas. However, towards
the end of this step a gas flow which is essentially
100% hydrogen. could be used, making the inert gas
optional. Thus, hydrogen halide, e.g., HCl1l partial
pressure rises as the reduction treat gas, in this step
the inert gas including hydrogen, moves downstream
through the catalyst. 1Initially (first few minutes of
reduction) a high level of hydrogen halide is released
and moves rapidly through the catalyst bed. After this
wave of hydrogen halide, it is desirable to minimize.
hydrogen halide partial pressure, preferably to less

than 138 Paa (0.02 psia). This step is continued until
an endpoint HCl partial pressure at the reactor outlet
is less than 51.7 Paa (0.0075 psia). It has been

discovered that reactions between HCl1l and unreduced
catalyst downstream of the reaction front impair
regenerated catalyst activity. Accordingly, the




- The experinent was repeated with another three -
of the coked catal yst except that the catalyst was not reducegﬁﬁp%ﬁﬁﬁ%&fEShng?
hydrogen (step (a')) after the coke burn (step (al) and (a2)]).{ The '
catal yst regenerated without preoxychlorination hydr dgeh 1 Be &8 1997

IS designated Catal yst D. Catal yst C and D, each regenerjatigd_accordi ng

to the invention, were tested for reformng activity and benzene

selectivity by the nethod described i m~BEanple |. CATALXSI. Bz

YIELD. WI. % - Bz SELECTIVITY WI. % C 33.7

68 D reduction is 2bofducted to minimize 6the intkhmactiowity

and sel ecti vi B%t?:‘;e%at ﬁEXSt gdvmgpe%\?é%cﬁ]?%%ﬁﬁ%\é%h hydfr?ge&c?%] erté:oke )

burn and bef ore "oXychl ori nati on Was

> "OXY i gher™1han at 0
minimize these undesirable reactions, reduction is

preferably performed at low temperature relative to
oxychlorination step (b) temperature, for example, at a
temperature of 300°C to 400°C, and preferably at about
345°C. Also, reduction is performed at low pressure,
preferably at the lowest practicable pressure, i.e.,

‘about atmospheric pressure, and hydrogen addition rate

is controlled to minimize hydrogen halide partial
pressure throughout the reduction. Gas velocity
through the catalyst bed is preferably maintained at
above 15.2 cm/sec (0.5 FPS) for good gas contacting.
Reduction time of one to seven hours has been
discovered to be suitable . for insuring complete
reduction, with up to six hours being preferred.

As in the previous feduction step, this stage of
hydrogen reduction, which is most preferably performed
at atmospheric pressure, uses once-through hydrogen
with nitrogen as the inert carrier gas, which is then
purged downstream of the tail reactor. Alternatively,
this step can be performed using recycled hydrogen and
nitrogen for example at a pressure up to 448 kPaa (65

.psia).

An alternative of the steps after wet post-
oxychlorination stripping is to purge the catalyst with
wet nitrogen and follow by wet hydrogen reduction. In
this case, water is present, for example at a partial
pressure at the reactor inlet up to 20.7 kPaa (3 péia),
preferably to 13.8 kPaa. (2 psia), more preferably 69
Paa (0.01 psia) to 6.9 kPaa (1 psia), and most
preferably 1.38 kPaa (0.2 psia) to 4.14 kPaa (0.6
psia). However, the catalyst has to be dried out after
wet reduction, before introducing hydrocarbon feed into
the reactor, for example to a water partial pressure



catal yst D. Exanple 111 This e
t hat preoxychl orination reduction with hydrogen (step (a|) )y—-after—toke"
burn (step (a)), and post oxychlorination stripping (step (c )1 a‘t g w1597
(atnospheric) pressure rather than at oxychlorination ($tép %b ?

K REMLACEMEHBWE EET

oz

pressure 1.20 MPaa (175 psia) inproves recovery of activity—anmd
selectivity. The deactivated catal yst of Exanple |I was regen(fr at ed usi ng

the foll owi ng procedure: The catal yst was coke burned (&—at
450[err] C and 1.20 MPaa (175 psia) for 328 bours with 0.2 vol. % oxygen in
nitrogen. Linear gas velocity was naintained at 15.2 cnisec for the entire

regenerati on ,pr.qc . »4h e r I ( t [ C and
175 psi a. Thelecsast ?%/%f g\gégo%?éhj @J'ldr‘lba{\@%s‘f‘%grpt %E%g(%%?elr)éelép%%t ?fﬁ%]r]n by
addi ng 0. 15 281.7 9Bl (0o 00Re Rfticd )st r aBfh MR nBrEAE5aPAY &S ofPRBr 4.5
hours.  Theno.3 Ra (0.0015 psia).




- 30 - catalyst was cooled (b') from510[err]C to 345[efr] Y T,
centinuing the flow of t he HCl / oxygen/ ni t rogen oxy éﬁﬁ%ﬁﬂﬁﬁmhoﬁﬁk%ﬁs

m xture. The catalyst was then stripped (c) at 1.17 MPaa (1170 psia) and
345 C by passing a gas stream containing 0.87 vol. % oxygerl dnf BEB4A29¥oll.
% water vapor in nitrogen through the catalyst. St{igping was
conpleted by cutting off water vapor flLowg and continugng flow of e
oxygen in nitrogen streamat 1.17 MPaa (170 psia) and 3f§5[err] C for one

nore hour. égﬁgglggﬁlmas cut off and nitrogen flow was continued to
purge oxygen 0 reactor system Then the catal yst was reduced by,

passi ng 2 vol . Teeny@ldpwing exanmdes ikl estsiate |hanthventZiapaa (170
EXAMPLE I

The catalyst used was an extrudate of zeolite L
bound with alumina containing 0.64 wt. % platinum. The
catalyst was run at reforming conditions. It contained
1l wt. % coke when the reforming run was terminated.
The catalyst was regenerated at 1.27 MPaa (185 psia)

-using the following procedural stages. Linear gas
velocity through the catalyst was 15.2 cm/sec (0 5 fps)
and the inert carrier gas was nltrogen

1. Coke burn step (al) at 445°C for two hours
with 1 wvol. & oxygen, (12.8 kPaa/l1.85 psia partial
pressure) .. .

2. Coke burn step (a2) at 510°C for 14 hours
with 3 wvol% oxygen (38.3 kPaa/5.55 psia partial

pressure).

3. Oxychlorination step (b) at 510°C for three
hours with 600 vppm HCl, 0.66 vol. % water wvapor, and
0.84 vol. % oxygen. ' '

4, Cool down step (b) to 345°C over four hours
under oxychlorination atmosphere.

5. Stripping step for three hours with 0.66 vol.
% water vapor and 0.84 vol. § oxygen, to an HCl partial
pressure of 447 Paa (0.0648 psia).

6. Stripping step with 0.84 vol. % oxygen for

one hour.
7. Purge with nitrogen for one hour.
8. Reduction step with 0.2 vol. % hydrogen for

2.5 hours to an HCl partial pressure of which fell from
a value of 510 Paa (0.074 psia) immediately after the ’
initial HCl wave, to a final value of 76.5 Paa (0.0111
psia). N '

The catalyst regenerated with this procedure
(outside the scope of the invention) is designated as



psia) through the catalyst for two hours. This regeneREPbACIENT \SHFET

is designated E (not in accordance with the invention). ThEe same
deactivated catal yst was regenerated using the preferred pr cedu&eg %ﬁgy
i nventi on. The catal yst was coke burned (al) at 450[err]Cjand 1.1 aa

(170 psia) with 0.2 vol. %oxygen in nitrogen for 10 hours gnd Then (azy—=
510[err]Cwith 3.5 vol. % oxygen for 16 hours. Linear gas vglocity through

the catal yst was 15.2 cnisec throughou}_mgze_regeneration procedure and tne
inert carrier gas was nitrogen. Oxygen purged out of the reactor system
by continuing nitrogen flow after cutting off oxygen and then the catal yst

was reduced (&atakysh 5696 hydPogéampdeni Pfogdieat ST erF3 ¥t o Fiour ..
Hydrogen was regepetdatedt Wirndetheeatleds Systaroughcont i foiligweid riogen

(2 For oxySHeB SatPBRuBy Br ERLFRg "or WhER G 85 ool P e and 0. 87
vol . % water vapor at 58%6[er SECippdny. stepPas)( B A Witthel Caf@l yst was
oxychl orinat ed oxRyeh0 an@dizRRISE P!@dt&HM AY nddetogen akd atghosphdidcto the
carrier gas S%&%%ghreT %rc% ?é@“ﬁéﬁ?ﬁ5¥J'£¥69c1(§£r%5a1 pressuré of
3.0 Paa (0.00044 psia).
_ ' 6a. Stripping step (c) at 345°C with 10 vol.
.% oxygen in nitrogen for one hour at atmospheric
pressure.
7a. Purge with nitrogen for one hour at
atmospheric pressure.
8a. Reduce with hydrogen 10 vol. % for 2.5
hours at atmospheric pressure to an HCl1l partial
pressure of which fell from a value of 75.8 Paa (0.011
psia) immediately after the HC1l initial wave, to a
final value of 6.0 Paa (0.00088 psia).
The <catalyst regenerated with this modified
procedure according to the invention is deéignated as
Catalyst B. = The activity of Catalyst A and B was
compared by running both at reforming conditions for 46
hours and then determining their benzene yield and
. selectivities. The test conditions were: 510°C; 8
weight hourly space velocity (whsv); 738 kPaa (107
psia); 4.25 hydrogen to oil molar ratio; on a feed
comprising 40 wt. % normal hexane and 60 wt. % 3

methylpentane.
CATALYST Bz YIELD. WT. % Bz SELECTIVITY
WT. %
A 26 64
B 34 69

This example shows that . if the post
oxychlorination stripping step is done at low
(atmospheric) pressure rather than at the highet
(conventional) oxychlorination pressure (1.27 MPaa),



- 31 - 345C at atnospheric pressure with a gas streanRE

vol . % oxygen and 0.84 vol. % water vapor for eight hours tq L oartfg FET
pressure of 10.3 Paa (0.0015 psia). Wat er vapor flow was ¢ut and the
catal yst treated with dry oxygen in nitrogen m xture for twp rodré FEE%@%%
was purged out of the system by continuing nitrogen flow fof twe-hours
Finally, the catalyst was reduced (d)L 5 345[err]C w h 7 vol. %
hydr ogen in nltrogen for six hours to an HCl partlal

thus enabling a hydrogen halide partial pressure in the
step (c) effluent gas of less than 27.6 Paa (0.004 n
psia), especially less than 10.3 Paa (0.0015 psia), the
activity and selectivity of the regenerated catalyst is
significantly higher.

Example II .
The catalyst of Example I was subjected to a
regeneration procedure entirely performed at
. atmospheric pressure. The linear velocity of gas

flowing through the reactor was 15.2 cm/sec (0.5 fps)
and the inért carrier gas was nitrogen.

The catalyst was dried under flowing nitrogen at
250°C for 12 hours. The catalyst was coke burned (step
(al)) at 445°C with 2.6 vol. % oxygen in nitrogen for
two hours and then (step (a2)) at 510°C with 20 vol. %
oxygen for 22 hours. Oxygen was purged from the
reactor by cutting off oxygen flow and continuing
nitrogen flow for 30 minutes.

The catalyst was reduced (step (a')) by passing
hydrogen over it at 510°C for one hour. Hydrogen was
purged from the reactor by passing nitrogen through the
reactor for thirty minutes.

Platinum in the catalyst was redispersed (step
(b)) with a gas containing 0.3 vol. % HCl, 3.4 vol. %
water vapor, and 10 vol. % oxygen at 510°C for six
hours. Temperature was reduced (step (b')) to 345°C.
The catalyst was stripped to less than the minimum
detectable level of 3.0 Paa (0.00044 psia), of residual
HCl (step (c)) with air containing 3.4 vol. 3% water
vapor at 345°C for one hour. Air was purged from the
reactor with nitrogen and the catalyst was reduced
(step (d)) with a gas stream containing 20 wvol. %
hydrogen in nitrogen at 345°C for one hour to an HCl
partial pressure of less than 3.0 Paa (0.00044 psia).
This regenerated catalyst is designated Catalyst C.



pressure of 7.6 Paa (0.0011 psia). This regenerated catal ys tﬁgmqgﬁﬁﬂaﬁég.%“T
F, Is regenerated according to the invention. Catal yst Fie
hi gher activity and selectivity for aromati zi ng hexane strean
than did Catal yst E, when subjected to the test described in
As evidenced by the Exanples, the process of the invention ig
preferably will regenerate a catalyst after use in reformngjprocesses, to
a benzene activity which is at |east 25,gercent greater than khe—aettvity
of an equivalently coked catal yst that has been regenerated by a

conventi onal proc re not _i.ncl d|n t he para rs .spec ed for steps
(c)vandl(d). ghe p %%e§§ P&F 158 |anﬁt|Eﬁ§)§F%.s p P&b AE?%age t.he

activity of forath cam@lest ofhi the haoked \ctdigest swbgceec;xtedthatr ethem ng
reactions, prehaiafly Was? RERZEEACLd VI IRTRYAR O (3cupl OPL. pprcent

benzene y|eId |c |s at | east i reater ea ed,” | ow

activity catd tBH's‘b sctlﬂ? a@t liand t ag) )efrpI%%dCii%ahESt
descri bed inﬂ@gﬁﬂﬁﬁided without preoxychlorination hydrogen

reduction is designated Catalyst D.
Catalyst C and D, each regenerated according to
ghe invention, were tested for reforming activity and
" benzene selectivity by the method described in Example

I.
CATALYST Bz YIELD. WT. % Bz SELECTIVITY
WT. 3
C 33.7 68
D 25.5 64

The activity and'selectivity of catalyst C which
was reduced with hydrogen after coke burn and before
oxychlorination was significantly higher than that of
catalyst D.

Example III

This example shows that preoxychlorination
reduction with hydrogen (step (a})) after coke burn
(step (a)), and post oxychlorination stripping (step
{c)) at low (atmospheric) pressure rather than at

oxychlorination (step (b)) pressure 1.20 MPaa (175
psia) improves recovery of activity and selectivity.
The deactivated catalyst of Example I was regenerated
using the following procedure: '
The catalyst was coke burned (al) at 450°C and
1.20 MPaa (175 psia) for 10 hours with 0.2 wvol. &
oxygen in nitrogen. Linear gas velocity was maintained
at 15.2 cm/sec for the entire regeneration procedure.
The coke burn was completed (a2) at 510°C and 175 psia.
The catalyst was oxychlorinated (b) to redisperse
platinum by adding 0.15 vol. $ HCl to the gas stream
flowing into the reactor for 4.5 hours. Then, the
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deactivated or low activity reform ng catal yst conpri sing agﬁigugy@ﬂ 3
catalytic nmetal and zeolite, which process conprises: ( ay—burning. cok“

off the catal yst by contacting the catalyst with a gaseous stregn#
conprising inert EB
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catalyst was cooled (b') from 510°C to 345°C while
continuing the flow of the HCl/oxygen/nitrogen
oxychlorination gas mixture. The catalyst was then
stripped (c) at 1.17 MPaa (170 psia) and 345° C by
passing a gas stream containing 0.87 vol. $ oxygen and
0.84 vol. % water vapor in nitrogen through the
catalyst. Stripping was completed by cutting off water
vapor flow and continuing “flow of the oxygen in
nitrogen stream at 1.17 MPaa (170 psia) and 345°C for
one more hour. Oxygen flow was cut off and nitrogen
flow was continued to purge oxygen out of the reactor
system. Then the catalysi: was reduced by passing 2
vol. % hydrogen in nitrogen at 345°C and 1.17 MPaa (170
psia) through the <catalyst for two hours. This
regenerated catalyst is designated E (not in accordance
with the invention).

The same deactivated catalyst was regenerated
using the preferred procedure of the invention. The
catalyst was coke burned (al) at 450°C and 1.17 MPaa
(170 psia) with 0.2 vol. % oxygen in nitrogen for 10
hours and then (a2) at 510°C with 3.5 vol. % oxygen for
16 hours. Linear gas velocity through the catalyst was
.15.2 cm/sec throughout the regeneration procedure and
the inert carrier gas was nitrogen. Oxygen was purged
out of the reactor system by continuing nitrogen flow
after cutting off oxygen and then the catalyst was
reduced (a') with 50% hydrogen in nitrogen at 510°C for
one hour. Hydrogen was. purged out of the reactor
system by continuing nitrogen flow after cutting off
hydrogen and then the catalyst was preconditioned (a'')
for oxychlorination by treating it with 0.88 vol. %
oxygen and 0.87 vol. % water vapor at 510°C and 1.20
MPaa (175 psia). The catalyst.was oxychlorinated (b)
to redisperse platinum by adding 0.15 vol. $ HCl to the
carrier gas stream. The catalyst was stripped (c} at



gas and oxygen under oxidatipn_conditions to substantial §ﬁ$§ﬁeﬁgﬁgt§ﬁﬁgT

cat al yst; (b) hal ogenating the netal of the substant
catal yst by contacting the catalyst with a gaseous streanjc inpr|5|n I ner

gas, oxygen, water and a source of hal ogen under oxyhal ofehatji ®rFEE 1997
conditions conprising a tenperature of fromd450[err]C to p5Q[err]C ta

hal ogen - conpl ex and di sperse the catal ytic netal; (c) renoving at
| east some of the hal ogen fromthe netal contacting the_hal ogenated
catal yst with- a gaseous stream conprisi i nert gas and oxygen under

hal ogen renoval conditions at a tenperature of from 300[err]Cto 400[err]C
and a total pre¢8 e 3ot reaseherhen SIGsERFR (Mid-psid), 985t i ISHHREM

hydrogen hal i dgohfaifEng 5 vol. % oxygen and 0.84 vol. % water vapor
for eight hours to an HCl partial pressure of 10.3 Paa
(0.0015 psia). Water vapor flow was cut off and the
catalyst treated with dry oxygen in nitrogen migture
for two hours. Oxygen was purged out of the system by
continuing nitrogen flow for two hours. Finally, the
catalyst was reduced (d) at 345°C with 7 vol. &
hydrogen in nitrogen for six hours to an HCl partial

pressure of 7.6 Paa (0.0011 psia). This regenerated
catalyst, designated F, is regenerated according to the
invention.

Catalyst F exhibited 30% higher activity and
selectivity for aromatizing hexane streams to benzene
than did catalyst E, when subjected to the test
described in Example I.

As evidenced by the Examples, the process of the
invention is one which preferably will regenerate a
catalyst after use in reforming processes, to a benzene
activity which is at least 25 percent greater than the
activity of an equivalently coked catalyst that has
been regenerated by a conventional procedure not
including the parameters specified for steps (c) and
(d). The process of the invention is also effective to
increase the activity of fresh catalyst which has not
yet been subjected to reforming reactions, preferably
to a benzene activity amounting to a weight percent
benzene yield which is at least 1.5 wt% greater than
the untreated, low activity catalyst. In each case,
the activity test employed is as described in Example -
I.




gaseous stream after contact with the catalyst faIIs to a partial pres
bel ow 20.7 Paa (0.003 psia); and ‘ -
hal ogen- conpl exed netal in the cat BEEMIIlCR&PEﬁ&t
contacting the hal ogenated catal yst S+e |
conpri si ng hydrogen under reducing condltlons at a
greater than 690 kPaa, (100 psia) until the hydrogen hal
after contact with the catalyst falls-t @32 & partial pres$u
(0.0075 psia)-
CLAIMS:
1. A process for regenerating a deactivated or low

activity reforming catalyst comprising a Group VIII
catalytic metal and zeolite, which process comprises:

(a) contacting the deactivated or low activity
catalyst with a gaseous stream comprising inert gas and
oxygen under oxidation conditions for a time effective
to burn coke off the deactivated or low activity
catalyst to result in a substantially decoked catalyst;

(b) contacting the substantially decoked catalyst
with a gaseous stream comprising inert gas, oXxygen,
water and a source of halogen under oxyhalogenation
conditions comprising a temperature of from 450°C to
550°C and a time effective to halogenate and disperse
the metal to result in a halogenated catalyst
comprising dispersed halogen-complexed metal;

(c} contacting the halogenated catalyst w1th a
gaseous stream comprising inert gas and oxygen under
halogen removal conditions comprising a temperature of
from 300°C to 400°C, a low total pressure and a time
effective to remove from the halogenated catalyst at
least some of the halogen complexed to the metal and
result in a gaseous stream after contact with the

'catalyst comprising hydrogen halide at a partial
pressure of less than 27.6 Paa (0.004 psia); and

(d) contacting the halogenated catalyst from step
(c) with a gaseous stream comprising hydrogen under
reducing conditions comprising a low total pressure for
a time effective to reduce at least some of the
halogen-complexed metal in the catalyst to the metallic
state and result in a regenerated catalyst comprising
dispersed metal and zeolite and a gas flow after
contact with the catalyst comprising hydrogen halide at
a partial pressure of less than 51.7 Paa (0.0075 psia).

R “‘,‘]ﬁ*ﬁﬁ‘,‘iji,ﬂi{f,ﬁ],,,




- 33 - 2. process accordi g to claim1 wherein step Jfa)is -
performed at a tenperature of from400 to 550[err]C and/omEpLgﬂﬁmrmﬁé§§ﬁWe

of from sub-atnospheric to 2.07 MPaa ﬂﬁg
partial pressure not nore than 6P SH&TR&@%?QI?N 1%3{@:%
according to claim1 or 2 wherein in step o) ti

continued until the gaseous stream after contact the—catatyst
has a carbon di oxi de partial pregsggre bel ow 69 Paa)(0.01 psia).

\.n.ll \J/\]UUII

.2. A process according to claim 1 wherein step (a) is
performed at a temperature of from 400 to 550°C and/or
a pressure of from sub-atmospheric to 2.07 MPaa (300
psia) and/or an oxygen partial pressure not more than
69 kPaa (10 psia). '

3. A process according to claim 1 or 2 wherein step
(a) is performed for a period of time until the gaseous
stream after contact with the catalyst comprises a
partial pressure of carbon dioxide of less than 69 Paa
(0.01 psia).

4. A process according to any preceding claim wherein
the gaseous stream in step (a) additionally comprises
water and/or a source of halogen. '

5. A process according to any preceding claim wherein
step (a) is performed in a first stage (al) and a
second stage (a2), wherein (i) stage (al) is performed
at a lower temperature than stage (a2) and/or (ii) the
gaseous'stream of stage (al} has a lower oxygen
concentration than that of stage (a2).

6. A process according to any preceding claim wherein
step (b) is performed at an oxygen partial pressure not
greater than 69 kPaa (10 psia) and/or a water partial
pressure not greater than 20.7 kPaa (3 psia) and/or a
halogen source partial pressure prior to contact with
the catalyst of not less than 138 Paa (0.02 psia)
and/or a total pressure of not more than 2.07 MPaa (300
psia).

7. A process according to any preceding claim wherein
in step (b) the gaseous stream after contact with the

-
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4. A process according to any precedi ng claimwherein the gaseous

streamin step (a) additionally conprises wat er and/ pr—a-source

hal ogen. S. A process according to any p G FRLIAGEMENT 55?@%

(a) is perforned in a first stage (al) aﬂﬁi@“ﬁﬁ strage—(a2);

wherein (i) stage (al) is perforned FLf np retqr Fhanag? age
S _

(a2) and/or (ii) the gaseous stream of stage (al) h omer oxyger
con- centration than that of stage $a2). 6. A proge accoraing to
any preceding'clain1mherein step (b) is performed at {an oxygen parti.al
pressure substantially decoked catalyst comprises a partial

pressure of halogen of at least 69 Paa (0.0l psia).

8. A process according to.any preceding claim wherein
step (c) is performed at a total pressure not greater
than 690 kPaa (100 psia), preferably from sub- '
atmospheric to 448 kPaa (65 psia).

19. A process according to any preceding claim wherein
step (c) is performed for a period of time until the
gaseous stream after contact with the halogenated
catalyst comprises a partial pressure of hydrogen
halide of less than 10.3 Paa (0.0015 psia), preferably:
less than 4.8 Paa (0.0007 psia).

10. A process according to any preceding claim wherein
the gaseous stream in step (c) additionally comprises
water and/or is performed at an oxygen partial pressure
not greater than 31 kPaa (4.5 psia).

11. A process according to any preceding claim wherein
step (d) is performed at a temperature of from 300 to
- 400°C and/or a hydrogen partial pressure greater than
103 Paa (0.015 psia) and/or with the additional
presence of water in the gaseous stream.

12. A process according to any preceding claim wherein
step (d) is performed at a total pressure not greater
than 448 kPaa (65 psia), preferably from sub-
atmospheric to 448 kPaa (65 psia).

13. A process according to any preceding claim wherein
in step (a) and/or step (b) at least a portion of the
gaseous stream after contact with the catalyst is
recycled to the respective step, and/or in step (c)

e
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not greater than 69 kPaa (10 psia) and/or a water partial pressure
not greater than 20.7 kPaa (3 psia) or a hal ogen sp I
i mﬁéw HEET

pressure prior to contact with thg THSSREET ]
. 07 MPaa
r : g |1ng FEé%g&

(0.02 psia) and/or a total pressure of fot NOREPIiAR s
psia). 7. A process according to any preceal ;]
step (b), contacting is continued until the gaseous

-35—

and/or (d) none of the gaseous stream after contact
with the catalyst is recycled to the respective step.

l14. A process according to any preceding claim wherein
between steps (a) and (b) there is performed an
intermediate reducing step (a') comprising contacting
the substantially decoked catalyst with a gaseous
stream comprising inert gas and hydrogen under reducing
conditions for a time effective to reduce the metal
component of the catalyst to the metallic state.

15. A process according to claim 14 wherein step (a')
is performed at a hydrogen partial pressure greater
than 103 Paa (0.015 psia) and/or a temperature of from
300 to 550°C and/or a total pressure not greater than
2.07 MPaa (300 psia) and/or with the additional
presence of water in the gaseous stream.

- 16. A process according to any preceding claim wherein
between steps (a) and (b) there is performed a catalyst
conditioning step (a'') comprising contacting the
catalyst with a gaseous stream comprising inert gas,

. oXygen and water under conditions and for a time to
saturate the catalyst with water and form a
substantially water saturated catalyst.

177 A process according to claim 16 wherein the
substantially saturated catalyst has a moisture content
in equilibrium with the gaseous stream of step (a'').

18. A process according to claim 16 or 17 wherein step

{a'') is performed at a temperature of from 300 to 550°

ol ;nd/or a water partial pressure not greater than 20.7

kPaa (3 psia) and/or an oxygen partial pressure not
\
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stream after contact with the substantially decoked C

en partial pressure of at |east 69 Papa—(0. 01 psia). EREPEA@EF@W%??FET
according to any preceding clai mwherein ! THISSSHAET(KAS BSEN g f

total pressure of from sub- at nospherf_c t o REEBAGHPRA (6E p é %
process according to any preceding clai mwhereinn p (cf FE ‘%37
contacting is continued until the hydrogen hal i de par | &

| ess than 10.3 Paa (0.0015 psia), preferably |l ess thanj{4.8 Paa (0.0007

psia). 10. A process according to any precedi ng cl ai m whefrernmthke

gaseous streagreateireRha®) 63dgkPaiaonalol psd@PEingydr a total pressure

not greater than 2.07 MPaa (300 psia).

19. A process according to any preceding claim wherein
between steps (b) and (c) there is performed a cooling
step (b') comprising contacting the oxyhalogenated
catalyst of step (b) with a gaseous stream comprising
inert gas and/or oxygen and/or water and/or a source of

’halogen, preferably the gaseous stream of step (b),

which gaseous stream is at a temperature effective to
reduce the temperature of the catalyst to a wvalue of
from 300 to 400°C.

20. A process according to any preceding claim wherein
the reforming catalyst comprises a type L zeolite
optionally containing potassium or barium as
exchangeable cations and/or the Group VIII catalytic
metal comprises platinum and/or the Group VIII metal is
present as from 0.05 to 6 wt% of the catalyst, which
optionally comprises a binder.

21. A pfocess_according to any preceding claim wherein
the regenerated catalyst produced in step (d): (i) is

‘produced from a deactivated (coked) catalyst and has an

activity for aromatizing hexanes to benzene in
accordance with the test defined in Example I hereof
which is at least 25 percent greater than that of a
catalyst which has been regenerated by a procedure not
including the operating parameters of steps (c) and (d)
as defined in claim 1; or (ii) is produced from a low
activity catalyst and has an activity for aromatizing
hexanes to benzene in accordance with the test defined
in Example I hereof, measured in weight percent yield
of benzene, which is at least 1.5 wt% greater than the
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, S
LT



water and/or is performed at an oxygen parti al press
t.than 31 kPaa (4.5 psia). 11. A processgaccording to any
wherein step (d) is performed at
400[err]C and/or a hydrogen partial pr
(0.015 psia) and/or with the additional
gaseous stream 12. A process according to any precedingjc
step (d) is perforned at a total pressure not greater

(65 psia), preferably from sub-atnos- - 37 -pheric to 448
13. A process according to any preceding claimwherein in

and/or step (Drefbit§ast en@OidhO8cPivit§ catalyst before

regeneration according to the invention.

22. A process for reforming hydrocarbons co
contacting hydrogen and naphtha with a catal
. regenerated in accordance with the process a
any preceding claim, to produce aromatic hyd

! mqeﬁﬁﬁzasv

e _not gL eat.er
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t han 448 kPaa

step () .

mprising
yst
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rocarbons.
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gaseous stream after contact with the catalyst is rg
respective step, and/or in step (c)
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-35 - and/ or (d) none of the gaseqyﬁ,l‘;;1 élgam (,Unrou,t

with the catalyst is recycledtothe C—t B FE
according to any preceding claim V\/nereN@HH SV ' (a) an??gz
there is perfornmed an I nt er medi & ConprrsrTry

cont acti ng

IMPROVED METHOD OF REGENERATING DEACTIVATED CATALYST
ABSTRACT
A process for regenerating a deactivated catalyst or

redispersing catalytic metals in a fresh catalyst
comprising at least one Group VIII catalytic metal and

‘zeolite comprises coke burn, oxyhalogenation, lower

pressure, reduced temperature stripping, and low pressure
final hydrogen reduction, with controlled hydrogen halide
partial pressures in the stripping and reduction stages.

ot Has Been Replaced.
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the substantially decoked catal yst w t'h a gaseous stre lmw@

inert gas and hydf qﬁgp hE@FF Tr(ducing condi qsgggﬁqyfjgﬁﬁ éﬁﬁ%@

to reduce the 4& 5#5&*&& pf t he catalgé tallic state.

15." A process accp r}I ng to claimi4|wherein step Jgﬁ) perfornmed at a
15 ps

hydrogen partial pr¢s@3 ejaNdd8%®r|than - 32 103 Pag ia) and/or a
tenperature of frpm300 to 5pOfjerr]C and/or at pressure not
greeater than 2.07 MPaa (300 psfa) and/or with the "affdi ti onal presence
of. water int gasequs stream 1&.afM@r ocess according to any
precedi ng cl ai m wherein

1. A process for regenerating a deactivated or low

activity reforming catalyst comprising a Group VIII
catalytic metal and zeolite, which process comprises:

(a) burning coke off the catalyst by contacting

the catalyst with a gaseous stream comprising inert

gas and oxygen under oxidation conditions to

substantially decoke the catalyst;

(b) halogenating the metal of the substantially

decoked catalyst by contacting the catalyst with a

gaseous stream comprising inert gas, oxygen, water and

a source of halogen under oxyhalogénation conditions

comprising a temperature of from 450°C to 550°C to

halogen - complex and disperse the catalytic metal;

(c¢) removing at least some of the halogen from

the metal by contacting the halogenated catalyst with

a gaseous stream comprising inert gas and oxygen under

halogen removal conditions at a temperature of from

300°C to 400°C and a total pressure not greater than

690 kPaa (100 psia), un;il the hydrogen halide in the

gaseous stream after contact with the catalyst falls

to a partial pressure below 20.7 Paa (0.003 psia); and

(d) reducing at least some of the halogen-

complexed metal in the catalyst to the metallic state

by contacting the halogenated catalyst from step (c)

with a gaseous stream comprising hydrogen under

reducing conditions at a total pressure not greater

than 690 kPaa, (100 psia) until the hydrogen halide in

the gas flow after contact with the catalyst falls to

a partial pressure below 51.7 Paa (0.0075 psia).

| AT




between steps (a)pard—tb—tiere |; erfornmed a catal yst _condi tionin
step (a") conpris rRiRtAﬁE%H“FrngE t | the catalyst with a g@BEBL&CE@\ﬂE%HﬂEEI
conprising inert gas; uxygen ng water under conditions and for a tine
to saturate the catalxﬁg ;m terjand forma substantially water
saturated catal ysy. A progegs ad%%rding to claim 16 wherein

t he subst anti atty—satrturated cataly as a _noisture in
equi | i bri um it h 1%&36%%%%’553??%%’& %‘P eﬁ aim 1 ("y‘?rellﬁ StEpprg%tsé's

according to claitgg r?étf WY Relpti8Rure of 3ol 4BoPELf 8568€¢ dhaFor

tenperature of from 30
a pressure of from sub-atmospheric to 2.07 MPaa (300

psia) and/or an oxygen partial pressure not more than

69 kPaa (10 psia).

3. A process according to claim 1 or 2 wherein in step

(a), contacting is continued until the gaseous stream

after contact with the catalyst has a carbon dioxide

partial pressure below 69 Paa (0.01 psia).

4. A process according to any preceding claim wherein the
gaseous stream in step (a) additionally comprises

water and/or a source of halogen.

5. A process according to any preceding claim wherein
step (a) is performed in a first stage (al) and a
second stage (a2), wherein (i) stage (al) is performed
at a lower temperature than stage (a2) and/or (ii) the
gaseous stream of stage (al) has a lower oxygen con-

centration than that of stage (a2).

6. A process according to any preceding claim wherein
step (b) is performed at an oxygen partial pressure
not greater than 69 kPaa (10 psia) and/or a water
partial pressure not greater than 20.7 kPaa (3 psia)
and/or a halogen source partial pressure prior to
contact with the catalyst of not less than 138 Paa
(0.02 psia) and/or a total pressure of not more than

2.07 MPaa (300 psia).

7. A process according to any preceding claim wherein in

step (b), contacting is continued until the gaseous

AR




- 36 - 550[err] C and/or_a,

20.7 kPaa (3 psia)
Céss ac
3 ondr 6%

partial pressure nqﬁ_ rgater t han
artial pressure EMER L han
pressure not greater than 2?§g%§%aa

dindg to any preceding claimwherein

s |pdr for¥fed a cool i ng

69 kPaa (10 psi a)
(300 psia). 19.
between steps (b)

alogen partial pressure of at least 69

Paa (0.01 psia).

8. A process according to any preceding claim wherein

step (¢) is performed at a total pressure of from sub-

atmospheric to 448 kPaa (65 psia).

9. A process according to any preceding claim wherein in

step (c¢), contacting is continued until the hydrogen

halide partial pressure is less than 10.3 Paa (0.0015

psia), preferably less than 4.8 Paa (0.0007 psia).

10. A process according to any preceding claim wherein the
gaseous stream in step (c) additionally  comprises
water and/or is performed at an oxygen partial

pressure not greater than 31 kPaa (4.5 psia).

11. A process according to any preceding claim wherein
step (d) is performed at a temperature of from 300 to
400°C and/or a hydrogen partial pressure greater than
103 Paa (0.015 psia) and/or with the additional

presence of water in the gaseous stream.

12. A process according to any preceding claim wherein
step (d) is performed at a total pressure not greater
than 448 kPaa (65 psia), preferably from sub-atmos-
pheric to 448 kPaa (65 psia).

13. A process according to any preceding claim wherein in
step (a) and/or step (b) at least a portion of the
gaseous stream after contact with the catalyst is

recycled to the respective step, and/or in step (c)

—
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step (b') conpri s

%g?foxyhalogenated cat HEPEACEMIENT SHEET
ind

(b) with a gaseou$ , it I nert gas and/or oxygen and/ or
water and/or a SOWrCgu aigen, preferably the gaseous stream of
step (b), whijch} g mys at a tenperature effective to

reduce the tenpera t to3a val ue of from 300 to

400[err]C. 20. tqQ any preceding clai mwherein the
reform ng cat al ys&f they gagecus stEeadh A5 c6ARERRENg

14. A process according to any preceding claim wherein
between steps (a) and (b) there is performed an
intermediate reducing step (a’) comprising contacting
the substantially decoked catalyst with a gaseous
stream comprising inert gas and hydrogen under
reducing conditions for a time effective to reduce the

metal component of the catalyst to the metallic state.

15. A process according to claim 14 wherein step (a’) is
performed at a hydrogen partiai pressure greater than
103 Paa (0.015 psia) and/or a temperature of from 300
to 550°C and/or a total pressure not greater than 2.07
MPaa (300 psia) and/or with the additional presence of

water in the gaseous stream.

16. A process according to any preceding claim wherein
between steps (a) and (b) there is performed a
catalyst conditioning step (a") comprising contacting
the catalyst with a gaseous stream comprising inert
gas, oxygen and water under conditions and for a time
to saturate the catalyst with water and form a

substantially water saturated catalyst.

17. A process according to claim 16 wherein the
substantially saturated catalyst has a moisture
content in equilibrium with the gaseous stream of step

(a") .

18. A process according to claim 16 or 17 wherein step

(a") is performed at a temperature of from 300 to

* 4 L M S *




exchangeabl e cati ofy / Lhe.@FQup VI catalytic Qﬁﬁ@w. =
pl ati num and/or th =S%§F!(I%§E@IE?‘§F %%‘t@f IS present as frmy\ oT Eﬁg\ﬁ@
of the catalyst, whi ch optionally conprises a binder.
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560°C and/or a watet partial pressure not greater than

20.7 kPaa (3 psia) and/or an oxygen partial pressure
not greater than 69 kPaa (10 psia) and/or a total

pressure not greater than 2.07 MPaa (300 psia).

19. A process according to any preceding claim wherein
between steps (b) and (c¢) there is performed a cooling
step (b’) comprising contacting the oxyhalogenated
catalyst of step (b) with a gaseous stream comprising
inert gas and/or oxygen and/or water and/or a source
of halogen, preferably the gaseous stream of step (b),
which gaseous stream is at a temperature effective to
reduce the temperature of the catalyst to a value of

from 300 to 400°C.

20. A process according to any preceding claim wherein the
reforming catalyst comprises a type L zeolite
optionally containing potassium or barium as
exchangeable cations and/or the Group VIII catalytic
metal comprises platinum and/or the Group VIII metal
is present as from 0.05 to 6 wt% of the catalyst,

which optionally comprises a binder.

\ .
T

RO g 1]

L ] s



i REPLAGEMENT SHEE !
REPLACEVIENT SHEET |,

-

23 JAN 1983

IMPRO&ED METHOD OF REGENERATING DEACTIVATED CATALYST

ABSTRACT

A process for regenerating a deactivated catalyst or
redispersing catalytic metals in a fresh catalyst
comprising at least one Group VIII catalytic metal and
zeolite comprises coke burn, oxyhalogenation, Ilower
pressure, reduced temperature stripping, and low pressure
final hydrogen reduction, with controlled hydrogen halide

partial pressures in the stripping and reduction stages.



