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REGENERATION OF SEVERELY
DEACTIVATED REFORMING CATALYSTS

1. Field of the Invention
This invention relateé to regeneration of
deactivated'hydrocarbon processing catalysts comprising
catalytic metals dispersed in a zeolite, particularly
10 but not exclusively, reforming catalysts including one
or more Group VIII metals in a large pore zeolite, such
as platinum in 2zeolite L. The process of this
invention is -particularly effective for regenerating
catalysts which have been more severely deactivated
15 than is usual, for example, due to process upsets or to
multi-cycle of on-oil regeneratibn operations. Such,
catalysts regenerated in accordance with the present
invention have been found to recover more of their
activity and selectivity than if they were regenerated
20 using conventional procedures. The general principles
of the inventive process comprise (i) increasing the
severity and time of the coke burn, (ii) using a source
of ‘ high partial pressure chlorine in the
oxychlorination step to redisperse catalytic metal
25 e.g., platinum, (iii) improving chlorine. removal by a
wet, high temperature post treatment, at low pressure
and (iv) enhancing reduction of catalytic metal by
using high temperature at low pressure. -

30 2. Background <«
catalytic reforming is a major petroleum refining
process used to raise the octane_rating of naphthas (Cg
to C;; hydrocarbons) for gasoline blending. Catalytic
reforming is also a principal source of aromatic
35 chemicals, i.e., benzene, toluene and xylenes, via
conversion of parafflns and naphthenes to aromatics.
The principal reformlng chemical reactions are



activity and selectivity than if they were regenerated using conventjonal

proceduRﬁ ... The general principles of the inventive process coqgrise (i)
i ncreasithy 224 %verity and time of the coke burn, (ii) usPRY/USIBHNBEES of
hi gh parti al pressure chlorine in the oxychlorination step to

redi sperse catalytic netal e.g., platinum (iii) inproving chlorine renoval
by a wet, high tenperature post treatnent, @ |ow pressure and (ivV)
enhanci ng reduction of catalytic metal by using high tenperature at | ow
pressure. 2. Background Catalytic reformng is a major petroleumrefining

process used tg@ehghg8gbhat26harg r&fdIkhOtan@pbhagohe®its, Clehvlaro-
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Vi a dehydroisomerization of “alkylcyclopentanes to
aromatics, isomerization of normal paraffins to
5 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.
10 Reforming is typically carried out at temperatures
of 426° to 538°C (800°F to 1000°F), pressures of 0.34 to
20.7 MPa (50 to 3000 psi), hourly weight space
velocities of' 0.5 to 3.0, and in the presence of
hydrogen at molar ratios to feed of 1 to 10. Other
15 characteristics of reforming processes are well known
in the art, and reference is made to US-A-4,914,068 for
further teachings on this topic.
Catalysts currently used in commercial reformers
include a Group VIII metal, such as platinum, or
20 platinum plus a second catalytic metal, such as rhenium
or 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,
25 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 reforﬁing catalysts are bifunctional,
30 i.e., the catalysts ephance 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.
35 Within the past few years reforming catalysts have
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aromati cs, dehydro- cyclization of par af fins
aromati cs, dehydroi sonerizati-on of al kyl cycl opentanes = to
aromati cs, I somerization of normal paraffins to branched paraffins,

deal kyl ati on of al kyl benzenes, and hydrocra%klng of paraffins to light
hydr ocar bons. The hydrocracki ng of paraffins to |ight hydrocarbons is

undesirable and should be minimzed because |ight hydrocarbons have
| ow val ue. Ref@e® ngavelopsiccalwhiciar rhaxe oureen téhpeevereds to be

particularly effective for aromatizing the Cg to Cg
paraffin components of naphtha. These catalysts are
made using zeolite, rather than alumina, as the support

5 for the catalytic metal. They are mono-functional and
contain relatively few strong aciq sites. Unlike
conventional bifunctional cétalysts, zeolite based
catalysts accomplish dehydrogenation and cyclization
_reactions as well as isomerization on the dispersed

10 metallic catalytic sites. Because these zeolite-based
catalysts have few strong acid sites, undesirable
hydrocracking reactions are repressed. Zeolites which
.-are preferred for reforming catalysts are large pore
zeolites i.e. zeolites with a 6 to 15 Angstrom pore

15 diameter. Suitable large pore zeolites for purposes of
the present invention include zeolite X, ¥, and L, with
zeolite L being the most preferred support for
reforming catalysts, particularly wherein the
catalytically active metal is platinum.

20 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.

25 For production 1line-scale reforming processes,
zeolite is préferably formed into aggregates, such as
extrudates or tablets, typically 0.08 - 0.65 cm. in
size; pressure drop across zeolite powder-packed
reactor beds would be. unacceptably high and powder

30 losses via elutriation _in reactor off-gas would be
excessive. For forming the zeolite into aggregates,
oxides, such as alumina or silica, may be used as
binder materials.

During reforming, catalysts deactivate due to

35 accumulation of coke deposits in the catalyst and
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of: 426[err] to 538[err]C (800[err]F to 1000[err]F), pressures of 0.34 to.
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and int Sence of hydrogen at nolar ratios to fee

O her characteristics of reform ng processes are well known in the art, and
reference is made to US-A-4,914,068 for further teachings on this topic.
Catal ysts currently used in commercial refofnmers include a Goup VIII

metal, such as platinum or platinumplus a second catalytic nmetal, such as
rheniumor iridium di spersed on an alumna substrate. Typically,
chlorine is iagplouezdteibonofhethéuniine t catdllytaci dretfalncpaohiacley.
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par affins, but are ess ective aromati zin derr]
paraf fi ns becatRFeFRER: calthl y36s RYBRBRr aPK2Rbi€eof tO© periodically

regenerate reforming <catalysts to recover their

5 activity. Unexpectedly, however, it was found that it
is more difficult to regenerate the previously
described zeolite-based reforﬁing catalysts than the
conventional alumina-~based catalysts. Platinum-on-
zeolite L reforming catalysts are uniquely active and

10 selective for aromatizing paraffinic Cg's, Cy's and
Cg's. Catalysi activity decreases progressively with
time on o0il due to build up of coke deposits on the
catalyst. and agglomeration of platinum, and although
reactor inlet temperatures are periodically raised to

15 compensate for declining activity, periodically, the
catalyst must be regenerated to recover its initial
activity.

In general, such regeneration procedures include:
1) burning off the coke deposits using .oxygen, 2)

20 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, and 4) reducing the dispersed catalytic metal

25 using a reducing agent such as hydrogen.

For example, it is known that coke deposits may be
removed from such catalysts by heating them in the
presence of dilute oxygen at a flame-front temperature
of 430°C to 540°C. This combustion may be preceded by

30 flushing out residual hydrocarbon with inert gas, such
as nitrogen. High temperature decoking however leads
to loss of surface area of the supported metal
particles and to removal of platinum from the zeolite
channels, thereby resulting in 1loss of catalyst

35 activity. Thus, after combustion, the catalyst is
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the lighter paraffins to |ow value fuel gas than they convert to aromatics.

Convent W?&mg@@or m ng catal ysts are bifunctional, i.e., Eﬁleuiﬁ?(gsﬁfi

enhance 1 dehydrogenation and cyclization reactions on

metal sites; and ii) |sonerization on separate strong acid sites in the
catal yst. The undesirabl e hydrocracki ng reactions also occur on the acid
sites. Wthin the past few years reform ng 2atal ysts have 3 been

devel oped whi ch have been di scovered to be particularly effective for
aromatizing the C6 to C8 paraffin conponents of naphtha. These catal ysts
are often subjected to oxychlorination by contact with

oxygen and chlorine, or a chlorinated compound, such as
CCl,, at elevated. temperatures.

In attempts to overcome problems experienced

5 during regeneration of large-pore zeolite-based

reforming catalysts, various procedures have been
developed. .

US-A-4,851,380 is directed to a process for
regenerating sulfur contaminated reforming catalysts

10 composed of a zeolite and Group VIII metal which
involves intentionally agglomerating the Group VIII
metal into large agglomerates and then treating the
catalyst with a halogen acid gas to remove sulfur
contaminants.

15 - US~A-4,914,068 contains useful discussion on
oxychlorination of decoked zeolite catalysts. However,
the chlorine concentrations taught therein, at the
specified total pressures, equate to extremely 1low
chlorine or HCl partial pressures which do not give the

20 advantages of the instant invention. Moreover, US-A-
4,914,068 requires a reduction step practiced at a
temperature which is lower <than that of the
chlorination or oxychlorination step, and discloses the
benefits of cooling the catalyst in the presence of

25 oxygen before the reduction.

US-A-4,925,819, teaches improving the activity and
selectivity of " deactivated type L zeolite-based
catalysts by dispersing the catalytic metal throughout
the pores or channels of the zeolite. Such procedures

30 adequately recover the Qgtivity of catalysts which are
normally deactivated. However, it has been found that
by use of such procedures, selectivity of regenerated
catalysts are typically about 5% to about 10% lower
than fresh catalysts. Even with diligent operation,

35 reformers sometimes go into upset condition which
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reaction. Notwithstanding the disclosed effectiveness
of the procedures of US-A-4925819, these procedures
still do not fully recover the activity of severely
deactivated catalysts. Howevér, it has now been found
that by incorporating certain critical modifications as
listed above, the procedure of the present invention is
capable of regenerating severely deactivated catalysts,
and also, surprisingly, of achieving better selectivity
with normally deactivated catalysts.

SUMMARY OF THE INVENTION

According to the present invention there |is
provided a process for regenerating a deactivated
catalyst comprising a Group VIII 'catalytic metal and
zeolite, which process comprises: .

a) contacting the deactivated catalyst with a
gaseous stream comprising oxygen, inert gas and water
under oxidation conditions comprising a temperature of
from 400°C to 600°C for a time sufficient to burn coke
off the deactivated catalyst and convert the netal to
agglomerated particles which are accessible to
chlorine-containing gas in subsequent process step (b),
to result in a substantially decoked catalyst;

b) contacting the substantially decoked
catalyst with a gaseous stream comprising water, a
source of chlorine, oxygen and an inert gas under
oxychlorination conditions comprising a temperature of
from 450°C to 550°C and a partial pressure of chlorine
derived from the source of chlorine which is greater
than 207 Paa (0.03 psia) for a time sufficient for
hydrogen chloride and/or chlorine to breakthrough the
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the . metal and result in a chlorinated catalyst
comprising substantially completely dispersed chlorine-
complexed mefal;

c) contacting the chlorinated catalyst with
a gaseous stream comprising wéter, oxygen, and an inert
gas under chlorine removal conditions comprising a
temperature of from 450°C to 550°C, a 1low total
pressure, and a time effective to remove from the
chlorinated catalyst at 1least some of the chloride
complexed to the metal and result in a gaseous stream
after contact with the catélyst comprising hydrogen
chloride at a partial pressure of less than 27.6 Paa
(0.004 psia); and

d) contacting the chlorinated catalyst from
step (c) with a gaseous stream comprising inert gas,
hydrogen (and optionally water) under reducing
conditions comprising a low total pressure and a
temperature of from 350°C to 550°C for a time effective
to reduce at 1least some of the chlorine- complexed
metal in the catalyst to the metallic state and result
in a regenerated catalyst comprising dispersed metal
and zeolite.

The innovative modifications in the regeneration
procedure of the present inventidn, over the previously
identified regeneration procedures, include: (i)
increased severity and time of coke burn, i.e., running
the coke burn longer and at significantly more severe
conditions; (ii) use of‘? source of chlorine capable of
yielding chlorine at a partial pressure of greater than
207 Paa (0.03 psia), such as elemental chlorine, i.e.,
Cl;, HC1 or other chlorine-containing agent to
oxychlorinate and to redisperse the metal, preferably
Pt; (iii) improved Cl removal after oxychlorination by

and bi fyerddseuqh. zeolite based catal ysts such as zeolitelhﬁgqgggggﬁgpidic

a. For
nmed
5 cm
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s, such
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4 aggl oneration of the fine catalytic netal particleshaispersed I n the

cat al yst waofokgboer . particles. Therefore, it is comon (ﬁ] 55/65
periodically regenerate reformng catalysts to recover ac |V|ty

Unexpectedly, however, it was found that it is nore difficult to
regenerate the previ ously descri bed zeolite-based reform ng catal ysts
than the conventional al um na-based catalﬁ%ts. Pl ati numon- zeolite L
ref orm ng catalysts are uni quely active and sel ective for aromati zi ng
paraffinic Cferr]’ C[err1]; s and (Jerr]'s. Catalyst activity decreases
progressivel y \ﬂpﬁﬁaﬂ'—llm oﬂlllg@uet@mp@cﬁt\trqu ehdcoke depopuesmirahe

i.e., performing the postoxychlorination treatment at

higher temperature to strip off more residual chlorine;

and (iv) enhanced metal e.g., Pt reduction by operating

5 at high reduction temperature to complete reduction of

the metal e.g., platinum to the zero valent state and

reducing at low pressure. In addition, the decoked

catalyst may be reduced with hydrogen before step (b},

in which case an inert purge step may be required after

10 the hydrogen reduction and before oxychlorination in

step (b). The improved regeneration procedure of the

present invention may be conducted at a pressure of

from sub atmospheric to 2.07 MPaa (300 psia), although

steps (c) and (d) are conducted at low partial

15 pressures to ensure appropriate stripping of chloride

from the catalyst. 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 whérein the

20 partial pressure of gas A = the concentration of'A b4
the total pressure.

Although not wishing to be bound by any particular
theory, we believe that in practice of prior art
regeneration techniques, the reactive gases in the

25 oxychlorination step do not get access to all the
catalytic metal e.g., Pt particles inside the zeolite
channels in a severely deactivated catalyst. It is-
believed that increasing the severity of the coke burn
step, as required by step (a) of the invention, permits

30 the Group VIII catalygsc metal to be accessible to
subsequent treatment with chlorine-containing gas
because of expulsion of the metal, é.g., of platinum,
from within the microchannels of the zeolite. This
step also ciears the microchannels of foreign matter

35 such as refractory (difficult to remove) coke which, if
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-catalyst and aggloneratlon of platinum and although reactor inlet
t enper aWQ 84/0841® periodically raised to conpensate for decliOryusp3agsssyity,
periodically, the catalyst nust be regenerated to récover its initial
activity. In general, such regeneration procedures include: 1) burning off
the coke deposits using oxygen, 2) redisgersing t he active
catalytic. netals by oxyhal ogenati on using, for exanple HC , oxygen and
water, 3) stripping excess halogen off the catalyst using first wet air,
and then dry air_as a st di sper sed

F

catal yiic et ISt P Y] o Hen Py *S5EAF T heh viERny B BAnIrGEREEIRERe, it i s
known t hat colhedepetiflls maygbe reeehdgdinf,r orgglioperatesysiwtdidene&heng t hem

in the presencgfsdl | YheoOXyoelided WATH TASPE WRIGFET BLHAE to be
larger than with prior art procedures. The presence of
5 a substantial proportion, e.g., greater than 80 or 90%
by weight, of the metal in the form of particles
greater than 200 Angstrom in size has been found to
indicate that the metal has been cleared from the
microchannels and is accessible by the chlorine gas in
10 step (b). Thus in accordance with the invention the
zeolite has channels containing particles of Group VIII
metal, and the temperature and the time of the
oxidation conditions of step (a) are sufficient to
. remove a substantial amount of the particles of metal
is from inside to outside the channels in the zeolite,
preferably to the extent that the metal outside the
channels is in the form of agglomerated particles,
having a size greater than about 200A. The catalytic
metal is preferably platinum, although references
20 hereinafter to platinum should be taken as equally
applicable to other Group VIII metals.

In step (b), chlorine at. high concentration is
required to decompose and redisperse these larger metal
e.g., platinum, particles. With more aggressive

25 chlorination it is necessary to enhance the post treat
step (c) and platinum reduction step (d) to ensure
adequate removal of residual chlorine and complete
reduction of catalytic metal.

In addition to réquired steps (a), (b), (c) and

- 30 (d) , other process steps are optionally employed. Thus
according to one embodigznt, between steps (a) and (b)
there is berformed an intermediate reducing step (a')
comprising contacting the substantially decoked
catalyst with-a gaseous stream comprising inert gas and
35 hydrogen under reducing conditions for a time effective
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of :430[err]C to 540[err]C. This conbustion may be preceded by flushing out
resi dualwpygdyggugs bon with inert gas, such as nitrogen. Hi ure
P SRS

decoki ng however |eads to | oss of surface area of the supp

particles and to renoval of platinumfromthe zeolite channels, thereby
resulting in loss of catalyst activity. Thus, after conbustion, the
catalyst is 5 often subjected to oxychtBrination by contact with oxygen
and chlorine, or a chlorinated conpound, such as CCl[err], at el evated
tenperatures. In attenpts to overcone problens experienced during
regener ati on toofredycg gthpometal;asinponepdseaf the catalyst to the

metallic state. _
According to another embodiment, between steps (c)
and (d) there 1is performed a purging step (c')
5 comprising contacting the chlorinated catalyst from
step (c) with an oxygen-free displacement gas flow for
a time sufficient to purge oxygen therefrom prior to
performing step (d).

10 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The improved regeneration procedure of the present
invention has four distinct steps: a) coke burn, b)
oxychlorination, c) stripping, and d) hydrogen
15 reduction.
(a) coke burn step
Step (a) is preferably performed at a temperature
greater than 510°C and/or at an oxygen partial pressure
not greater than 69 kPaa (10 psia) and/or at a water
20 partial pressure not greater than 10.3 kPaa (1.5 psia)
and/or at a total pressure of from sub-atmospheric to
2.07 MPaa (300 psia). Prefer%bly, the temperature is
from 520°C - 600°C, more preferably 530°C - 550°C, with
530°C - 540°C being most preferred. The coke burn step
25 should ideally be conducted for a time longer than
about 6 hours, e.g. 10 - 100 hours, more preferably 36
- 80 hours, with 48 - 75 hours being more preferred and
60 - 75 hours being most preferred. 1In this step, the
partial pressure of water is preferably up to 5.2 kPaa
30 (0.75 psia), and is morg'preferably from 1.38 to 5.2
kPaa (0.2 to 0.75 psia), and most preferably from 1.38
to 3.45 kPaa (0.2 to 0.5 psia).
Preferab;y, step (a) is performed for a period of
time until the gaseous stream after contact with the
35 catalyst comprises a partial pressure of carbon dioxide
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ref orm ng catal ysts, various procedures have been devel oped. US-A-4, 851, 380
I s diregbd/ésaie process for regenerating sul fur contam ngEgdusesossssng
cat al ysts conposed of a zeolite and G oup VIII netal which involves
intentionally agglonerating the Goup VIII nmetal into | arge aggl onerates
and then treating the catalyst with a halggen acid gas to renove

sul fur contam nants. US-A-4,914,068 contains wuseful discussion on
oxychl orination of decoked zeolite catal ysts. However, the chlorine

concentrations taught therein, at the specified total pressuyres, equate to
extrenely | owP€EnhREESNENGD ]9 E@ﬁtKﬁrobr@?&Gﬁesmﬂﬂ%ﬂPA%f%ﬁié%ﬁ\&F e

advant ages of thha emséankai NUeobaopsia) Mor EBovarpreferred, SildodBBent equires
a reduction SE%Qper§¥i ggd p@%fgrmed in. a first stage (al) and a
second stage (a2) wherein stage (al) is performed at a
5 lower temperature e.g., 400 - 500°C, than stage (a2),
e.g., 520-600°C.
(b) oxychlorination step
In this stage, the substantially decoked catalyst
is treated with a second wet oxychlorination gas stream

10 compfising chlorine from a source of chlorine yielding
chlorine at a high partial pressure, preferably from
207 Paa to 2.07 kPaa (0.03 to 3 psia), more preferably
348 Paa to 6.9 kPaa (0.05 to 1.0 psia), and most
preferably 690 Paa to 3.45 kPaa (0.1 to 0.5 psia).

15 ' In a preferred embodiment, step (b) is performed
at a temperature of from 480°C to 550°C and/or at an
oxygen partial pressure not greater than 69 kPaa (10
psia) and/or at a water partial pressure of not greater
than 10.3 kPaa (1.5 psia) and/or at a total pressure of

20 from sub-atmospheric to 2.07 kPaa (300 psia) and/or for
at least two hours after HCl and/or Cl; breakthrough.
(c) wet post oxychlorination stripping step

In this stage, excess chlorine is removed from the
chlorinated catalyst using a third wet gaseous stream,

25 preferably at a temperature of from 480 to 520°C and/or
at a water partial pressure not greater than 10.3 kPaa
(1.5 psia), more preferably from 348 Paa to 2.76 kPaa
(0.05 to 0.4 psia) and/or at an oxygen partial pressure
of less than 31 kPaa (4.5 psia), more preferably from

30 4.83 to 20.7 kXPaa (0.7 to 3 psia). The total pressure
of step (c) is-requiredvto be low, and is preferably
below 690 kPaa (iOO psia) e.g., from sub-atmospheric to
448 KkPaa (65 psia), most preferably at about
atmospheric pfessure. The step is preferably performed

35 for a time sufficient to effect a chloride
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tenperature  which is |lower than t hat of the chlorination or

oxychl owmeasmsquest ep, and di scl oses the benefits of coolin )1%93 5yst I n
the presence of oxygen before the reduction. US—A—4,925,81gFfteacﬁ%§g

inmproving the activity and selectivity of deactivated type L

zeol ite-based catal ysts by dispersing the ggt alytic nmetal throughout the
pores or channels of the zeolite. Such procCédures adequately recover the
activity of catalysts which are normally deactivated. However, it has been
found that by use of such procedures, selectivity of regenerated catalysts
are typical | y SBERVSRATPCHbUt O1698F ofEP™ Hhe fFRLPr Baterd seatalyshen with
diligent operafi aless ethanerabRMTEZ00TESpHN Bt @ridpSeEmEstind ONwibidie h

corresponds to a partial pressure of about 20.7 Paa
(0.003 péia) more preferably at an offgas HCl
5 concentration of less than 10.3 Paa (0.0015 psia).
(d) reduction step
In this stage, chlorinated catalyst from which
excess chlorine has been removed is reduced by exposure
to a fourth wet gaseous stream. Preferably step (d) is

10 performed at a hydrogen partial pressure greater than
103 Paa (0.015 psia) e.g., from 103 Paa to 34.5 XkPaa
(0.015 to 5 psia), and/or a water partial pressure not
greater than 10.3 kPaa (1.5 psia), e.g., 348 Paa to
2.76 kPaa (0.05 to 0.4 psia), and/or at a temperature

15 of from 450°C to 520°C more preferably, 480° to 520°C.
The total pressure of step (d) is required to be
performed at a low total pressure, preferably below 690
kPaa (100 psia), more preferably from sub-atmospheric
to 448 XPaa (65 psia), most preferably ét_ about

20 atmospheric pressure. In a preferred embodiment, step
(d) is performed under conditions such that the gaseous
stream after contact with the catalyst comprises
hydrogen chloride at a partial pressure of less than
51.7 Paa (0.0075 psia).

25 In addition to the foregoing, purge steps may be
used between any of the previously described stages as
desired or as deemed to be necessary from the
standpoints of safety and technology. In this regard,
an inert gas e.g., nitrogen purging step should ideally

30 be used before reduction to remove oxygen from the
reactor to avoid formzhg an explosive gas mixture.
Also, the optional hydrogen reduction step (a') may be
used after step a) but before step b) in which case the
reduction wiﬁh hydrogen should ideally be preceded and

35 followed with a purging of an inert gas, such as

Sy
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6 severely deactivate the catalyst. Exanpl es of upset conditions include
| oss of WY84/0§¢19 f1 ow or hi gh tenperature excursions duepPOTPUSE3Z0853Si Ve
‘cracki ng reaction. Notw thstanding the disclosed effectiveness of the
procedures of US-A-4925819, these procedures. still do not fully recover
the activity of severely deactivated catal ysts. However, it has now been
found that by incorporating certain critical nodifications as |isted above,
the procedure of the present invention is capable of regenerating severely
deactivated c lysts n al so rlsingly, of achieving better
selectivity vﬁl%r)é’ rFr‘eill 6’§§cﬁ \7§t£’ "catal ysts. SUMMARY OF THE | NVENTI ON
According to the pﬂ@samllnbenmn@enﬂmgqgithat within each of steps

(a) - (d) and the optional additional steps, there are

several parameters (e.qg., temperature, pressure,

5 partial pressure, end points, concentrations) which may

be varied within the required ranges in order to

control the procedure and effect of the regeneration

process. For ease of understanding of the scope of the

invention, these parameters have been listed as "ranges

10 of conditions" in Table 1. In this table the ranges of

conditions given for each parameter of each process

step are intended to be read independently of the

ranges given for every other parameter. Those ranges

indicated as suitable are intended to be understood as

15 indicating those exemplary ranges which may be employed

in performance of the invention, and not as any

delineation of the scope of the invention. Further

description of the preferred means of implementing the

inventive process is provided hereinafter, and this

20 should be read in éonjunction with the "ranges of
conditions" of Table 1. '

a) Coke burn: The purpose of the coke burn step

is to remove carbonaceous materials which accumulate on

the catalyst during ﬁydrocarbon processing off the

25 catalyst by oxidizing it. The coke burn is best
conducted in two phases - a primary coke burn (al)
followed by a secondary coke burn (a2). The primary

coke burn is done at less severe conditions (lower

temperature and lower inlet oxygen concéntration) than

30 the secondary coke burn. This is because thermal

excursions to excessivef& high temperatures can occur

if heavily coked deactivated catalyst were exposed to
severe coke burn conditions directly.

As a practical matter, prior to regeneration of a

35 deactivated catalyst, the reactors are purged to remove
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provi ded a process for regenerating a deactivated catalyst conprising a

G oup Vo sapgsajytic metal and zeolite, which process corrpi,lgﬁga$9§?%ss

contacting the deactivated catalyst with a gaseous stream frpr

oxygen, inert gas and water under oxidation ‘conditions conprising a
tenperature of from400[err]Cto 600[err]C for a time sufficient to burn
coke of f the deactivated catal yst and convéft the metal to aggl orerat ed
particles whi ch are accessi bl e to chlorine-containing gas in
subsequent process step (b), to result in a substantially decoked catalyst;
b) cont act i mesidval suh@ramrmlhy leftokinl dhieal yeactwrtsh ahgasetims stream

oxyanl o t“’at*ﬁ*dr‘ﬁ"d‘%t. e e, T eel Bk
oxychl orinati on condi
55%[ ERR] C and “ﬁaﬁl’u &° Q:ﬁ?’&s‘?lt}ll@goﬁ 2hPHr Phehydrogen to the reactors

and continuing hydrogen flow until hydrocarbon is

5 displaced by hydrogen. Then flow of an inert gas such

as nitrogen is established through the catalyst beds

and wmaintained to purge the hydrogen. Linear gas

velocity is wmaintained above about 15.2 cm/sec (0.5

FPS) for the purges and the coke burn and for all

10 subsequent steps in the regeneration procedure. The

inert gas flowing to the inlet of the reactors during

the first stage of the coke burn step (al) is heated to

temperature using the feed preheater furnace. A gas

stream comprising low concentrations of oxygen (Table

15 1l) and an inert gas 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

20 the total pressure. High oxygen concentration can be

"used in 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 nitrogen is used.

25 The primary coke burn step (al) is preferably continued

until the molar ratio of carbon dioxide to oxygen in

the reactor outlet gas falls to about 3:1. The time to

complete the primary coke burn phase varies with the

. concentration of coke on the catalyst, space velocity,

30 and oxygen concentratioQ in the reactor inlet gas and

can take between five and fifty hours. ~ The first

gaseous stream in this stage of the process may be

substantially dry or contain an amount of water at a
partial pressure taught in Table 1.

35 The secondary coke burn step (a2) is initiated by

Tty
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derived fromthe source of chlorine which is greater:than 207 Paa (0.03
psi a) fevoaqtosg® sufficient for hydrogen chloride and/or c ' /bésss

br eakt hrough t he 7 catalyst to an HO + C[ERR] partial pressure greater
than 138 Paa (0.02 psia) so as to chlorinate and di sperse the nmetal and
result in a chlorinated catalyst corrprl Si ngérs]ubstant ially completely

di spersed chl ori ne- conpl exed netal ; tacting the chlorinated
catal yst with a gaseous strean1conpr|5|ng wat er, oxygen, and an inert gas
under chlorine removal conditions conprising a terrperature of from
450[ERR]C to g,@(;{qgm gnll@q gnerh glas temperature to above 510°C, and

raising inlet oxygen concentration to yield an oxygen

partial pressure as taught in Table 1. Water is

introduced to the reactor inlet gas stream to yield

5 water partial pressure as taught in Table 1. In this

regard, when the first stage burn is carried out at a

lower water partial pressure fhan the second stage coke

burn, it is preferred that the catalyst be saturated

with the higher water partial pressure used in the

10 second coke burn before increasing the temperature.

Preferred temperatures, times, end points and pressures

are as taught in Table 1. Lower and higher total

pressures may be used when the concentrations of gases

. are adjusted accordingly to yield equivalent partial

15 pressures of the gas component wherein the partial

pressure of gas A = the concentration of A x the total

pressure.

In addition to removing essentially all the coke

from the catalyst, a second important purpose of the

20 coke burn step is to expel the catalytic metals in

zeolite microchannels to the outside surfaces of the

catalyst and as a consequence the catalytic metal is

agglomerated into particles which are typically larger

than about 200 &. The substantial removal of catalytic

25 metal from inside the =zeolite channels is assured by

conducting the secondary coke burn phase at a

temperature above 510°C with water present for at least

6 hours. Although not wishing to be bound by any

particular theory, it is believed that the severe

30 agglomeration condit;gns clears the zeolite

microchannels of detritus such as refractory coke, and

improves access to the catalytic metals for subsequent
redispersion.

The effluent gas, i.e., the gas stream from the

35 outlet of the vessel containing the catalyst, can be

2oe oy
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pressure, and a tinme effective to renmove fromthe chl ori nat ed cat al yst at

| east s e chloride conplexed to the netal and res '
9405413 .. mp met ér asgeous
stream after contact with the catal yst conpri sing, hydrogéh ch 3%p§e at

partial pressure of |ess than 27.6 Paa (0.004 psia); and d) contacti ng
the chlorinated catalyst fromstep (c) with a gaseous stream conpri sing

I nert gas, hydrogen (and optionally Hater) under reduci ng
conditions conprising a low total pressure and a tenperature of from
350[err]Cto 550[err]C for atime effective to reduce at |east sone of the
chl ori ne- conpkexeclledealring tdukeapudyst I tite bt netyeled athennd result

in a regenerakedceabal Yok CeHAR i sEPtudhePessed Ml rnd RAQJdd e anfhe
i nnovative nodifications, in the regeneration .
replaced with fresh “inert gas to remove combustion
products from the system. The purge rate is typically
5 5% to 30% of the recycle gas rate.

b) oxychlorination: " The purpose of the
oxychlorination step is to fedisperse the catalytic
metals back into the zeolite microchannels by
converting the metals to their chlorides. The metal

10 chlorides are mobile and distribute facilely over the
catalyst surfaces.

In the process of this invention, redispersion is
accomplished by treating the decoked catalyst with a
gas stream containing chlorine from a source of

15 chlorine, oxygen, and water. Preferably the source of
chlorine comprises organochloride compounds, elemental
chlorine, and HCl. Preferred organochloride compounds

comprise carbon tetrachloride, chloroform, methyl
chloride, methylene chloride, dichloroethane,
20 trichloroethane, and dichloroethylene, and mixtures
thereof. Preferably the source of chlorine is Clj,

HCl, or CCl,, most preferably Cl,. The oxychlorination

step is conducted suitably at a total pressure at or

above atmospheric pressure, as shown in Table 1. The

25 concentrations of oxygen, water, and chlorine~

containing compound injected at the reactor inlet are

adjusted according to the reactor total pressure to

yield the respective reactor inlet partial pressures,

as shown in Table 1, Qherein the partial pressure of

30 gas A = the concentrg}ion of gas A x the total
pressure. )

The oxychlorination is continued at least until

HCl and/or chlorine appears in the reactor outlet gas

stream at a partial pressure greater than about 138 Paa

35 (0.02 psia) which is referred to herein as the

/ 10 xy
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procedure.of the presenf.1nvention, over the previouély I dentified
regener W@ 94/0541% ocedur es, i ncl ude: (i) increased sevePCryusasdogssse of

coke burn, i

severe conditions (ii) use of a source of chlorine capable of vyieldi
chlorine at a partlal pressure of greater than 207 Paa (0.03 psia),
el enental chlorine, i.e., dferr], HA or other chlorine-contain
agent to Oxychlorinate and to red|sperse the netal, preferably Pt;

i mproved G
t enper at ur e,
treat ment at

10

15

20

25

30

35

i R T R ﬁaﬁgﬁ’rég‘tb%gt oy ey

breakthrough it is preferred continue
oxychlorination for two to four hours to make sure all
the catalyst is thoroughly oxychlorinated.

c) Stripping: The purpose of stripping is to
remove excess chlorine from the catalyst. Chlorine
evolves during the subsequent hydrogen reduction step
as HC1l and induces agglomeration of the catalytic metal
particles in proportion +to HCl partial pressure.
Accordingly, within limits, the more chlorine stripped
from the catalyst prior to reduction, the higher will
be the activity of the regenerated catalyst.

To improve the removal of chlorine, stripping is
done at low pressufe e.g., about atmospheric pressure.
Total pressure and component partial pressures are as
shown in Table 1. Stripping is continued until the HCl
partial pressure in the reactor offgas falls below the
levels shown in Table 1. This typically can take
between about one and thirty hours. As previously
mentioned, oxygen flow to the catalyst is terminated
and the flow of wet inert gas is continued for a time
to thoroughly purge oxygen from the system prior to
introducing Hj.

To promote and enhance the efficiency of chlorine
evolution, it is important that the stripping step be

‘done at as low a pressure as practicable. In most

cases this is about atmospheric pressure; however,
stripping can be enhanced by pulling vacuum on the
reactors. Also, it is important to maintain a
temperature of at least about 450°C, preferably within
the ranges shown in Tabiz 1. However, stripping may be
carried out at higher reactor pressure with reduced
stripping efficiency and therefore requires a longer
time of stripbing.

The effluent gas, i.e., the gas stream from the

Oy
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hi gher tenperature to strip off nore residual chlorine; and (iv) enhanced

met al e.wo 94705419ducti on by operating at high reduction temeygEsd/fesss
conpl ete reduction of the netal e.g., platinumto the zero va(ent state and

reducing at |low pressure. In addition, the decoked catal yst nay be reduced
wi th hydrogen before step (b), in which casg_an inert purge step may be
required after the hydrogen reduction and btf or e oxychlorination in step
(b). The inproved regeneration procedure of the present invention may be
conducted at a pressure of from sub atnospheric to 2.07 MPaa (300 psia),

al t hough st eps©PRE}ein® d¥her ¥egsplucoaFadningw the tfatabistssuF@R P8 ensure
appropriate stieppcngdof chfoiicded rparybeedatakbyista fradEidciOnNeEntthat i ons

L
inert gas. The purge rate is typically 5% to 30% of
5 the recycle gas rate. Ideally, though, this step is

once through.

da) Reduction: The final step is reduction of
catalytic nmetals, e.g., platinum, now dispersed
uniformly across the surfaces of the catalyst as

10 chlorides, to small zero valent metal clusters.

This is accomplished by exposing the stripped
catalyst to hydrogen at a temperature greater than
about 450°C, preferably within the range as shown in
Table 1. Oxygen left in the stripping step is purged

15 with inert gas, such as nitrogen, down below the
explosion 1limit prior to introducing hydrogen. The
reduction is accomplished with a gas stream containing
hydrogen having a preferred partial pressure of
hydrogen greater than 103 Paa (0.015 psia), preferably

20 within the range shown in Table 1. The gas stream at
the reactor inlet for the hydrogen reduction step also
may contain water at a partial pressure as shown in
Table 1, and the reduction is preferably conducted for
a period of one to two hours. Although the exact

25 reduction conditions used may vary, higher regenerated
catalyst activity is achieved when the reduction
temperature is over 450°C. Hydrogen feed rate is
controlled such that the partial pressure HCl in
reactor offgas does not exceed 51.7 Paa (0.0075 psia).

30 Preferably, the reduction step (d) is performed at a
reactor total pressure\zf atmospheric to 448 Paa (65
psia), and preferably at about étmospheric. However,
reactor pressure higher than 448 Paa (65 psia) may be
used in this reduction step. For an easy operation, it

35 is preferably to operate this reduction step at the
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partial pressure of the gas conponent wherein the partial pressure of gas A
= the owpoarysapg i on of A x the total pressure. Al though nicyigbiggsdso be
-bound by any particular theory, we believe that in practice of prior art
regeneration techniques, the reactive gases in the oxychlorination step do
not get access to all the catalytic netal &9 Pt particles inside the
zeolite channels in a severely deactivate&'catalyst. It is believed that

i ncreasing the severity of the coke burn step, as required by step (a) of
the invention, permts the Goup VIII catalytic metal to be accessible to
subsequent  tF3% RAASSYFHS S dHiOMERLIIR StiRPingasts®Pcause of expul sion
of the netal, e.g.1n ofthilsat hpdFpgehomrelihbt Dok hester) othiaitrlen ofanldhe

zeolite.  Th 5§ €0 &l 58y Che L8 YO NEL ScOdr T PR ELENTRRL &
10 to 30% purge. Preferably, this reduction step is

5 carried out without recycle. In such embodiment,
however, the catalyst has to be dried out after wet

reduction in step (d) and before introducing

hydrocarbon feed into the reactor with a drying gas

comprising e.g., nitrogen or hydrogen, to a preferred

10 water partial pressure of 1less than 27.6 Paa (0.004
psia), more preferably less than 20.7 Paa (0.003 psia),
and most preferably less than 10.3 Paa (0.0015 psia).
This drying step, therefore, is accomﬁlished by
reducing the partial pressure of water in the .gas

15 stream introduced at the inlet of the vessel containing
the catalyst through the introduction of the drying gas
so as to result in a reduced partial pressure of water
in the gas at the outlet. Thus, the gas at the outlet
is substantially devoid of water. .

20 As previously mentioned, an optional hydrogen
reduction step may be introduced after step (a) and
before step (b).

As previously discussed, before hydrogen is
introduced, however, oxygen remaining in the reactor

25 after the coke burn must be purged from the reactor to
preclude forming combustible mixtures of hydrogen and
oxygen. In this stage, oxygen purging is preferably
accomplished by cutting off oxygen flow and continuing
nitrogen flow through the reactors.

30 For purposes of th present invention, feéding
nitrogen for about 30 minutes to about two hours, with
one hour being most preferred, at a temperature of
about 510°C and a pressure within the range of between
about atmospheric and 2.07 MPaa (300 psia) are suitable

35 for reducing oxygen concentration to a safe level; and

1oe oy -
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such as refractory (difficult to renove) coke which,- i f 9 not renoved,

woul d | mevifseoM th reform ng reactions. The netal, e.qg. ' '
-aggl onerates outside the zeolite into particles which havgcgggﬁaéﬁg%% to

be larger than with prior art procedures. The presence of a substanti al

proportion, e.g., greater than 80 or 90% by weight, of the nmetal in the

formof particles greater than 200 Angstrofitin size has been found to

i ndi cate that the netal has been cleared fromthe mcrochannels and is

accessible by the chlorine gas in step (b). Thus in accordance with the

i nvention t heth&ol PLErAESNCchhbmeas ctrkediting isar madhtsinkdGr bup tHd |
catalyst beds at least about 15.2 cm/sec (0.5 FPS) to
achieve adequate gas distribution and gas/solid
contacting.

5 Hydrogen reduction step (a') 1is initiated by
starting flow of hydrogen into the hitrogen flowing
into the reactors. Cconditions of hydrogen reduction
can be varied over a wide range, as shown in Table 1.

After completing hydrogen reduction, hydrogen flow

10 is terminated 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 exémple, passing inert

gas through the catalyst at about atmospheric to about

15 2.07 MPaa (300 psia) and about 450°C to about 550°C,
preferably between about 450°C to about 530°C, above
about 15.2 cm/sec (0.5 FPS) for about 30 minutes

adequately clears hydrogen.
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preferably to the

outside the channels is in the form of aggl onerated

amount of PCEUSABIBESES of

frominside to outside the channels in the zeolite,

and the tenperanre and the tine of the oxidation conditions of

step (ayvoxdeosudficient to renove a substanti al

-net al

extent that the netal

net al ., ,
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reduction of catalytic netal. In addition to required steps (a), (b), (c) _
and (d),wuo ®gosqapocess steps are optionally enployed. Thus megeseiggsdso one
enbodi nent, between steps (a) and (b) there is performed an internedi ate
reducing step (a') conprising contacti ng t he substantial ly decoked
catal yst with a gaseous stream conpri Sing 5@¢rt-gas and hydrogen under
reduci ng conditions for a tinme effective 10 to reduce the netal
conponent of the catalyst to the netallic state. According to another
enbodi ment, between steps (c) and (d) there is perfornmed a purging step

(") The regeneration procedure of the present
invention is particularly effective for regenerating
severely deactivated catalysts which are not fully

5 regenerated using known procedures. Also, the present
procedure regenerates normally deactivated catalyst to
higher activity and selectivity than known procedures.

The effluent gas, i.e., the gas stream from the
outlet of the vessel containing the catalyst, can be

10 recycled. If it is recycled then a fraction of the
effluent gas must be purged and replaced with fresh
inert gas. The purge rate is typically 5% to 30% of
the fecycle gas rate.

For purposes of the present invention, preferred

15 catalysts are monofunctional catalysts based on large
pore zeolite crystals bound together by a binder which
is preferably kaolin, silica, or most preferably
alumina. The large pore zeolite is preferably zeolite
L and more preferably includes exchangeable cations at

20 least a portion of which are selected from 1lithium,
sodium, potassium, rubidium, cesium, magnesium,
calcium, strontium, barium, and mixtures of any two or
more thereof. More preferably the exchangeable cation
is potassium or barium, and most preferably potassium.

25 The Group VIII catalytic metals are preferably
noble metals e.g., platinum, palladium, rhodium,
iridium, ruthenium and osmium, and most preferably
platinum. The amoﬁnt of the Group VIII Qatalytic metal
present is preferably from 0.05% to 6% by weight.

30 The catalytic metal may further comprise a Group
VII B metal, such as rgénium. The Groups identified
herein are as presented in the Periodic Table in the
Handbook of Chemistry & Physics, published by the
Chenmical Rubbér Company, 48th edition.

35 : In a preferred embodiment, the base of the
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conpr-i sing contacting the chlorinated catalyst fromstep. (c) wth an
oxygen-woest/0843p! acenment gas flow for a tinme sufficient topEpned3EEEEN
.therefromprior to performng step (d). DETAI LED DESCRI PTI ON OF PREFERRED
EMBODI MENTS The i nproved regeneration procedure of the present invention
has four distinct steps: a) coke burn, b% oxychl orinati on, c)

stri pping, and d) hydr ogen reducti on. %a) coke burn step Step (a) is
preferably performed at a tenperature greater than 510[err]C and/or at an

oxygen parti al gressure not greater t han 69 kPaa (1OE§$ia and/or, at a
wat er parti al Sprai¥st el RoRPRF@X{BRTEANN’ 99, 3eRPEEE (4.3 %% PG at a
total pressureyofvefigbm amd- dtsrosqied cihbo 20076 VEaa eik@fddaties).. For

Preferably, tp&rgsgpgrqhyr%hgs present invention, however, binders

other than alumina, such as silica, kaolin and clay may

5 be used; and formed shapes, other than extrudates, such

as spheres, tablets, pellets and extrudates may also be

used. The formed catalyst is preferably loaded with

platinum by ion exchange so that the metal loading is

preferably between 0.6% and 0.9% by weight.

10 Representative publications disclosing details of

catalyst preparation, characterization, and manufacture

include US-A-3,216,789 which describes zeolite L; US-A-

4,104,320; 4,416,806; and, 4,568,656 which describe

processes of ion exchange of platinum into zeolite L;

15 and US-A-4,595,668; 4,595,669; and 4,595,670 which

describe preferred reforming catalysts comprising

platinum on zeolite L which has finely dispersed

platinum.

The activity of a catalyst is a measure of its

20 ability to convert feed to products. While a catalyst

may have a high activity, the products formed may not

be necessarily the desired products. The term

"selectivity" is a measure of the ability of the

catalyst to convert feed to desired products. Activity

25 maintenance concerns the ability of the catalyst to
maintain activity over time at conversion conditions.

The decline in catalyst activity at conversion

conditions is believed to be due primarily to crystal

growth or agglomeration of the noble metal particles to

30 about the size of the zeolite channels (about 12A) and

| secondarily to the forﬁ;tion of coke on the external

and internal surfaces of the catalyst. At the same

noble metal loading, catalysts containing particles or

crystals of ﬁoble metals of a size greater than that

35 disclosed above are less active and less selective than

—_—_—
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frrom520[err]C - 600[err]C, nore preferably 530[err]C - 550[err]C, with
530[ err Wo 94/048{9err] C bei ng nost preferred. The coke burn pterusebasssk
-ideally be conducted for a tinme |onger than about 6 hours, e.g. 10 - 100
hours, nore preferably 36 - 80 hours, with 48 - 75 hours being nore
preferred and 60 - 75 hours bei ng nost pre%(grred. In this step, the partial
pressure of water is preferably up to 5.2 aa (0.75 psia), and is nore
preferably from1.38 to 5.2 kPaa (0.2 to 0.75 psia), and nost preferably
from1.38 to 3.45 kPaa (0.2 to 0.5 psia). Preferably, stepbgc%) i s perforned
for a period GREAL¥ECEnGOMtEHRIGYs &G saldeh HATS T LETactW W She |

catal yst conpagg@smarpgetli ahetd ES pare iefllesartiocidi aebdéte channels.
Coke formation, probably due to complex condensation
and dehydrogenation reactions, results in the shielding
5 of the noble metal from the reaction mixture, thereby
limiting the catalytic sites available for promoting
reactions. '

As catalytic activity declines by virtue of
agglomeration and coke formation, yield of desirable

10 products will decline, and depending upon the economics
of the operation a process employing the catalyst will
have to be interrupted and catalyst activity restored
to its initial wvalue. Generally, catalytic activity
can be maintained by increasing temperature, but there

15 are limits beyond which the temperature cannot be
increased, for example, temperatures which will change
the nature of the zeolite or lead to undesirable side
reactions or exceed reactor material limitations.
Particularly for zeolite based catalysts, temperatures

20 higher than 538°C or 594°C (1000°F or 1100°F) are
preferably avoided.

Catalyst activity will decline faster over time as
severity increases. Factors which increase severity
include: increasing temperature, reducing hydrogen to

25 oil mole ratio, reducing hydrogen partial pressure,
reducing total pressure and temperature, increasing
feed rate per volume of catalyst (space velocity), and
increasing type of hydrocarbon in the feed.

In the measurement of activity maintenance all

30 variables are fixed and only the catalyst differs.
Thus, an activity of on;‘catalyst over a period of time
can be directly compared to the activity of another
catalyst over the same time period where feed, hydrogen
to oil ratioé, pressures, etc., are constant.

35 One activity test utilized for purposes of the
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of- l ess than 69 Paa (0.01 psia), nore preferably less than 27.6 Paa (0.004
psi a) . Wonoavopasf erred enbodi ment, step (a) is perfornmedpcrfusosiegsss St age
(al) and a second stage (a2) wherein stage (al) is perfornmed at a | ower
tenperature e.g., 400 - 500[err]C, than stage (a2), e.g., 520-600[err]C.

(b) oxychlorination step In this stage, t e substantial ly decoked catal yst
is treated with a second wet oxychl orinati'dn gas stream conprising chlorine
froma source of chlorine yielding chlorine at a hi gh partial pressure,
preferably from 207 Paa to 2.07 kPaa (0.03 to psia), nore preferably 348
Paa to 6.9 kPELSERtOFRRL LTI s %@?ﬁ%tapF%F@?EB??“‘%BmPEhS%BgB 45
kPaa (0.1 toaﬂbcﬁntps4¢a) wtln %2 powiEY reexendodnaerdos sisghdXynds geetor ned at

a tenperatur gyl LLPM 80! & 1Ghd 0£839bRTREC UMY i s As10°, 1.0
weight hourly space velocity (WHSV), 839 kPaa (121.7
5 psia), 4.25 Hy/oil molar ratio. Benzene yield as a
percent of feed after 46 hours is a good measure of
catalyst activity. '
Although the regeneration process herein may apply
to deactivated catalysts at any stage of deactivation,
10 it 1is particularly suitable for those which are
severely deactivated.
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oxygen partia

pressure not greater than 69 kPaa (10 psia) and/or at

wat er paybigdlosaigssure of not greater than 10.3 kPaa (1.5 psi Sﬁmys
total pressure of from sub-atnospheric to 2.07 kPaa (300 psia) and/ o
at least two hours after HCL and/or Cl[err] breakthrough. (c) wet po

oxychlorination stripping step In this sta
fromthe chlorinated catalyst using a thir

wet gaseous stream pref

at a tenperature of from480 to 520C and/or at a water partial press
greater than 10.3 kPaa (1.5 psia), nore preferably from 348 Paa to 2

kPaa (0.05 to

0.4 psia) and/or at an oxEFAMEEEBti al pressure of |ess

31 kPaa (4.5 psia), nore preferably from4.83 to 20.7 kPaa (0.7 to 3

The total pressure of ste c) Is required, be low, .and is prefera
bol ow 690 kPaa (100T8s: EGTASEInG { pkRARUBE S dndusfaple (F 1AVERELSH:

5

10

15

20

25

30

35

In all examples, parts and percentages are given by
weight for solids and liquids and by volume for gas
compositions, and temperatures in degrees Centigrade
unless otherwise noted. Examples 1 through 18 were
performed at one atmospheric total pressure. In all
Examples, the HCl level in the effluent gas after the
stripping step (c) and after the reduction step (d) was
less than 27.6 Paa (0.004 psia) and in most cases less
than 2.76 Paa (0.0004 psia) partial pressure, as
measured or calculated. )

Example 1
A 0.64 wt $ Pt on KL-zeolite extruded catalyst was

used to aromatize a light naphtha feed. The flow of
hydrogen to the reactor was cut off and the catalyst
was exposed to pure hydrocarbon feed for about 5 hours
at reforming conditions. The catalyst was thus
deactivated, i.e., coked up severely, as indicated by
accumulation of about 15 wt. % by weight of coke in
contrast to a normally deactivated catalyst which
typically contains about 1 wt. % coke.

Two grams of the severely deactivated catalyst
were regenerated by the following standard HCl + O,
redispersion procedure:

First coke deposit was removed by'burning (al) at
450°C with 20 vol. % O, in helium at 500 cc/min. for 30
minutes; then temperatQEe was increased to 510°C and
water at 2.2 vol. % was added, and the catalyst was
subjected to these conditions (a2) for 2 hours. Next
HC1l was added to the gas stream to give 0.16 vol. % and
at the same time oxygen concentration was reduced to 10

vol. %, resulting in a low approaching zero Cl, partial

toe g

—————
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448 kPaa . (65 psia), " nost preferably at about at nospheri c

pressur avOobmsaiep i s preferably perforned for a tinme PC:"I‘IUFb?/b@ﬁs to
ef f ect a chloride 12 concentration in offgas fromthe chlorinated

catal yst of |ess than about 200 vppm at one at nosphere, which corresponds
to a partial pressure of about 20.7 Paa (0.Q03 psia) nore preferably
at an offgas HClL concentration of |ess £Han 10.3 Paa (0.0015 psia). (d)
reduction step In this stage, chlorinated catal yst fromwhich excess
chlorine has been renoved is reduced by exposure to a fourth wet gaseous
stream Pref ePA§SEUEEep (gyei§ota1 gas flow rate was maintained at

500 cc/min. The oxychlorination treatment (b) was
performed for 2.5 hours with a breakthrough HCl + Cl,
partial pressure of 16.6 XPaa (2.4 psia). After the

5 previously described oxychlorination procedure, the
catalyst was treated (c) with 2.2 vol. % water, 10 vol.
% 0 and 87.8 vol. % helium for 1 hour. Oxygen was
purged out in about 10 minutes with wet helium
containing about 2% water vol. %. Hydrogen reduction

10 (d) was conducted at 510°C with 10 veol. % Hy, and 2.2
vol. % HyO and 87.8 vol. % helium at a flow rate of 500
cc/min. for 1.5 hdurs. The regenerated catalyst was
designated as Catalyst A. '

15 Example 2
The coked catalyst wused in Example 1 was

regenerated with the regeneration procedure as
described in Example 1 except that during the second
stage (a2) of the coke burn procedure, the temperature

20 was increased to about 530°C which was thereafter
employed and the treat time was extended to about 6
hours; also during oxychlorination, 0.82 vol% Cl,
instead of HCl was employed, [Cl, partial -pressure and
breakthrough HCl and Cl, partial press each approx. 834

25 Paa (0.121 psia)}. The regenerated catalyst
regenerated in accordance with the present invention
was designated as Catalyst B.

Example 3
30 The above two catq&ysts were evaluated using 3-
methylpentane feed. The reaction was carried out at

510°C at a space velocity of 20 w/w/hr, Hp/oil-6 (6
molar - ratio of Hj to-oil), and 724 Paa (105 psia).
Table 2 shows the catalyst performance of Catalyst A
35 and B. Catalyst B which was regenerated by a process
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performed at a hydrogen partial pressure greater than 103 Paa (0.015 psia)
e. 0., fwowogésaipaa to 34.5 kPaa (0.015 to 5 psia), and/ or peryeésrogaasti al
.pressure not greater than 10.3 kPaa (1.5 psia), e.g., 348 Paa to 2.76 kPaa
(0.05 to 0.4 psia), and/or at a tenperature of from450[err]C to 520[err]C
nore preferably, 480[err] to 520[err]C. The total pressure of step (d)
Is required to be perforned at a | ow t ot&l pressure, preferably bel ow
690 kPaa (100 psia), nore preferably from sub-atnospheric to 448 kPaa (65
psia), nost pref erabla at about atnospheric pressure. In a preferred
embodi ment, siBpacaprianger vikhebhe iereesh vt QuShorRat PAERGESseous
stream afterpefig8hacyieliit &ndt B€lecti Al tisttharoqutadgsthipdr ogen chlori de at
a partial pressure of less than 51.7 Paa (0.0075 psia). In addition to the
f oregoi ng, purge steps nay be

Table 2
5
Catalyst Wt% Benzene Wt% Benzene Selectivity
@ 10 Hr. @ 25 Hr. @ 25 Hr.
A 24.5 20.2 67.3
B 26.3 22.6 68.8
Example 4

A 0.85 wt % Pt on KL-zeolite catalyst was
~deactivated durihg aromatization of a 1light naphtha
10 feed. One gram of this catalyst was regenerated with
the procedure of Example 1, except that after the
second coke burn, the catalyst was reduced a' at 510°C
with 20 vol. % H; and 2.2 vol. % water for 1 hour
before an HC1 + 0, oxychlorination. The HC1
15 concentration was 0.32 vol. %, (breakthrough partial
pressure approx. 324 Paa (0.047 psia); Cl, partial
pressure approx. 2zero). The regenerated catalyst was
designated as Catalyst C. -

20 Example 5
The coked catalyst used in Example 4 was

regenerated with the same procedure as-Example 2 except
that in the second coke burn, the burn time was
increased to 22 hours and there was a wet hydrogen

25 reduction (a') before the Cl; + O3 oxychlorination,
(Cl, and breakthrough pé?tial pressure (pp) as reported
in Example 2). -The'regenerated catalyst was designated
as Catalyst D.

30
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used ‘between any of the previously described stages as desired or as deened
to be V¥R8448419 from t he standpoints of safety and technolpgayusé3rogdsiss
-regard, an inert gas e.g., nitrogen purging step should ideally be used
before reduction to renove oxygen fromthe reactor to avoid form ng an
expl osive gas m xture. Also, the optional Jfaydrogen reduction step (a') may
be used after step a) but before step b) in which case the reduction with
hydrogen shoul d ideally be preceded and followed with a purging of an inert
gas, such as 13 nitrogen, before step b). It will be understood that

wi thin each of steps

Example 6
The above two catalysts were evaluated using 3-
methylpentane feed. The reaction was carried out at
5 510°C at a space velocity of 20 w/w/hr, H,/0il-6, and
724 Paa (105 psia).  Table 3 shows the catalyst

performance of Catalyst C and D. Catalyst D which was
regenerated by the instant invention shows better
catalyst performance than Catalyst C.

10
Table 3
Catalyst Wt% Benzene Wt% Benzene Selectivity
@ 10 Hr @ _25 Hr @8 25 Hr
c 22.2 18.3 69.6
D 25.2 20.8 69.8
i5 Example 7
A catalyst was deactivated through 6 cycles of on-
oil and regeneration operations in the Catalyst
Treating Unit. One gram of this catalyst was
regenerated using exactly the same procedure as Example
20 1 (Cl and breakthrough pp as in Example 1). The

regenerated catalyst was designated as Catalyst E.

Example 8
The deactivated cétalyst used in Example 7 was

25 employed in this example. Four grams of this catalyst
was regenerated_ using gkactly the same procedure as
Example 2 except that the time of the coke burn step
was extended to 69 hours (Cl; and breakthrough pp as in
Exanmple 2). The regenerated catalyst was designated as

30 Catalyst F.
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-
(a) - (d) and the optional additional steps, there ark several paraneters
(e.g., WOarpsq19t ure, pressure, partial pressure, end PP /33593/08555
-concentrations) which may be varied within the required ranges 1In
-order to control the procedure and effect of the regeneration process. For
ease of understandlng of the scope of theTiﬁvention, t hese paraneters have
been listed as "ranges of conditions" able 1. In this table the ranges
of conditions given for each paraneter of each process step are intended to
be read i ndependently of the ranges given for every other paraneter.
Those ranges indicated as suitable are intended to be understood as
I ndi cating those exenpl ary ranges WExdmpby $e enployed I n performance of

t he i nvention, andTﬂgta%gvgnM: Ihggg%gggso éiﬁgy%ted ?%1%8V§nt'on

Furt her descrlptlon of the preferre ans of
methylpentane feed. The reactlon was carrled out at
5 510°C at a space velocity of 20 w/w/hr, Hy/o0il-6, and
724 Paa (105 psia). Table 4 shows the catalyst

performance of Catalyst E and F. Catalyst F which was
regenerated by the instant invention shows a better
catalyst performance than Catalyst E.

10
Table 4
Catalyst Wt% Benzene Wt% Benzene Selectivity
@_IO'Hr @ 25 Hr @ 25 Hr
E 19.6 16.0 67.6
F 21.5 18.8 64.6
15 Advantages of the ©present invention in the

regeneration of Pt on KL-zeolite include the
externalization of the Pt particles to the outside
surface of the zeolite crystallites during high
temperature coke burn which appears to open up the

20 zeolite <channels for Pt redistribution in the
oxychlorination step. The redispersion of large Pt
particles which are larger than about 200 & requires
high concentration of chlorine to facilitate the
formation of mobile Pt chloride species. Although not

25 wishing to be bound by .any particular theory, it is
believed that this redié%ribution of external Pt into
zeolite channels may promote highly dispersed Pt
clusters which reside near the channel mouths thereby
yielding better catalyst performance.

30 The following examples using fresh catalysts give
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| nventive: process is prOV|ded hereinafter, and this should be read in

conj uncWQR4AA419 t he "ranges of conditi ons" of Table 1. a)pEphssobrlogsss The
‘pur pose of the coke burn step is to renove carbonaceous naterials which
accunul ate on the catal yst during hydrocarbon processing off the catalyst
by oxidizing it. The coke burn is besf; conducted in tw phases - a
primary coke burn (al) followed by a secondary coke burn (a2). The primary
coke burn is done at | ess severe conditions (|l ower tenperature and | ower

inlet oxygen g e §$I than the sec ndar oke bur n. This is
because therma %x%%é dﬁgg o@§xc%%%Y%e eﬁarﬁﬁﬁatures can occur if
heavi |l y coked deactivated catal yst were exposed to severe coke burn

conditions directly. As a practical ggRhb8k 18rior to regeneration of a

A sample of about 3 grams of a 0.85 wt % Pt/KL-

5 zeolite catalyst was subjected to a 510°C calcination

of 20 vol. % O3, 2.2 vol. % HyO0 and 77.8 vol. % helium

at a flow rate of 500 cc/min. for 2 hours. Less than

10% of the Pt formed particles had a size greater than

about 200 A. Substantial amount of Pt remained inside

10 the zeolite channels as large and small particles.
This catalyst was designated at Catalyst G.

Example 11
Ten grams of the fresh catalyst used in Example 11

15 were calcined at 530°C in 20 vol. % O, 2.2 vol. % Hy0,
and 77.8 vol. % helium at a flow rate of 500 cc/min.
for 64 hours. Substantially all the Pt was removed
from the zeolite channels to the external surface of
the zeolite crystallites as particles larger thaq about

20 200 A. This catalyst was designated as Catalyst H.

Example 12
Two grams .each of Catalysts G and H were

regenerated using the same regeneration procedure as
25 that in Example 1 except that in oxychlorination higher
HCl concentration (0.58 vol. %) was used, [breakthrough
Pp approx. 586 Paa (0.085 psia); Cl, pp approx. zero].
The regenerated catalysts were designated as Catalysts
I and J, respectively.
30
EQZmple 13
Two grams each of Catalyst G and H were regeherated
using the same procedure as in Example 12 except that
HCl concentration in oxychlorination was increased to
35 1.08 vol. %, [breakthrough pp approx. 1.1 kPaa (0.15%9
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deactivated catalyst, the reactors are purged to renove 14 residua

hydr ocaM@04/0548f t in the reactors when the hydroprocessi NnBCTR®981ggssE | S

‘'t er m nat ed. This may be done by establishing a flow of hydrogen to the
reactors and continuing hydrogen flow until hydrocarbon is displaced by
hydrogen. Then flow of an inert gas such qé%nitrogen I s established through
the catal yst beds and naintai ned to purge the hydrogen. Li near gas
velocity is maintai ned above about 15.2 cnisec (0.5 FPS) for the purges and

the coke burn_and for. all subsequent steps_jn the regeneration. procedure.
The inert gasPPidwi ntha PR HEPRYTEY 4R Qhe MG CGRERIATRY catalyses

were designatgd as Catalysts K and L respectively.
Catalysts I, J, K, and L were evaluated by 3-
methylpentahe aromatization and hydrogen chemisorption
5 as described in Example 3. The results are in Table 5.
Higher concentrations of HCl produces higher Cl,
concentration via the Deacon reaction:
4 HC1 + 05 = 2 Cl, + H,0.

10 Table 5
Catalyst H/Pt Wt% Benzene Bz Selectivity
@ 25 Hr @ 25 Hr
Fresh 0.78 19.4 68.2
I 0.59_ 22.2 67.6
J 0.37 18.6 68.7
K 0.71 22.9 69.3
L 0.59 21.2 ' 68{5

Table 5 indicates that higher HCl concentration in
the HC1 + 05 oxychlorination improves platinum
15 dispersion for the 510°C calcined catalysts (Catalysts
I and K) from 0.59 to 0.71 and 530°C calcined catalysts
(Catalysts J and L) from 0.37 to 0.59. Catalyst
performance is also affected, especially in the case of
catalysts J and L.
20
_ ‘ Example 14 _ .

Two grams each of Catalystsr G and H were
regenerated using the égme regeneration procedure as
that in Example‘z in which oxychlorination was carried

25 out with 0.82 vol. % Cl, [breakthrough and Cl; pp as in
Example 2]. The regenerated catalysts were designated
as Catalysts M and N respectively. Catalysts M and N
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the first. stage of the coke burn step (al) is heated to tenperature using
t he feadOM&ISd® er f urnace. A gas stream conpri sing | ow POF/USaBf085550ns of
.oxygen (Table 1) and an inert gas is used in the prinmary coke burn to avoid
excessively hi gh t enper at ur e, because of adi abatic coke burn

condi tion. Under adi abatic coke burn, thgyincrease in the flame front

t enper at ure depends sol ely on oxygen concentration regardl ess of the total
pressure. H gh oxygen concentration can be used in primry coke burn when
t he coke burn_is not s atlc cond|

ext er nal coolvl'erﬁetc?vt teegdgt gﬁ?f’gﬁﬁe Bl a aé a”t erc':gpa?ﬁty

i nert gas ot Harquermg@hemssmworrhba@riLmaEya@plke 5|]ron %@pr(%l%lﬁ%
preferably coptd nyedrawidlgthe nolar ratio of carbon dioxide to oxygen in
the reactor outlet gas falls to about 3:1. The time to

5 Table 6
Catalvst H/Pt Wt% Benzene Bz Selectivity
825 Hr 825 Hr
Fresh 0.78 19.4 68.2
M 0.73 21 69.8
N 0.74 25.4 70.2

Table 6 indicates that high Cl, concentration

completely redisperses the particles of Pt which are

10 200 A formed during the 530°C calcination.

Additionally, the 530°C calcined catalyst (N) showed a

much higher activity than the fresh and the 510°C

calcined catalyst (M) after Cl, + O, oxychlorination.

Although not wishing to be bound by any parficular

15 theory, this suggests that redispersion of the large Pt

particles on the external surface of the zeolite

crystallites (530°C calcined catalyst (N) ) leads to

highly dispersed Pt clusters in the zeolite channels

but close to the channel mouths compared to the case of

20 redispersing agglomerated Pt particles inside =zeolite
channels (510°C calcined catalyst (M) ).

Example 15.
A 0.84 wt % Pt on KL-zeolite extruded catalyst was

25 used to aromatize a li&%t naphtha feed. The catalyst
was severely deactivated and heavily coked. The color
of the catalyst was black. Three grams of the catalyst
were regenerated by the following HCl + O, redispersion

procedure. First coke deposit was removed by burning
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conplete the primary coke burn phase varies with the concentration of coke

on the wabeh)s419 space vel ocity, and oxygen concentration pRriR® or
«inlet gas and can take between five and fifty hours. The qi rs?ioggésteous

streamin this stage of the process nay be substantially dry or contain an
anount of water at a partial pressure tau_.g‘pt in Table 1. The secondary coke
burn step (a2) is initiated by 15 raising inlet inert gas tenperature to
above 510[err]C, and raising inlet oxygen concentration to yield an oxygen

partial pressure .as taught in Table 1. VWter s introduced to the
reactor inlef gﬁgos{?rgéﬁﬁt &Oyivé?r}d % Oz in helium at 1000 cc/min.
for 1 hour. Then temperature was increased to 510°C
and held at 510°C for 12 hours. Next water and HC1
were added to the gas stream to give 3.3 vol. % water
5 and 0.33 vol. % HC1, “and at the same time oxygen
concentration was still maintained at 10 vol. %. The
total gas flow rate was maintained at 1000 cc/min. The
oxychlorination treatment (b) was for 6 hours;
[breakthrough pp 338 Paa (0.049 psia); Cl, pp approx.
10 zero]. The catalyst was then cooled to 345°C under
substantially same gas environment and was treated with
3.3 vol. % water, 10 vol. % O, and 87.8 vol. % nitrogen
for 1 hour. Oxygen was purged out in about 10 minutes
with nitrogen. Hydrogen reduction was conducted at 345
15 °Cc with 10 vol. % H; and 90 vol. % helium at a flow
rate of 1000 cc/min for 1 hours. The regenerated
catalyst was designated as Catalyst O.

Example 16
20 The coked cataiyst used in Example 15- was
regenerated:- with the regeneration procedure in
accordance with the present invention. The coke was
first removed by burning (al) at 445°C with 10 vol. %
oxygen in nitrogen for 1 hour. The temperature was

25 raised to 530°C under 20% 0O, 2.2% H, and balanced
helium. The catalyst temperature was held (a2) at 530°
C for 69 hours before it was cooled to 510°C. During
oxychlorination (b), catalyst was treated with a gas
mixture of 2.2%H,0, 20%0,, 1.5% Cl,, and balanced He
30 for 2.5 hours at 510°C, [Cl2 and breakthrough pp = 15.2
kPaa (0.221 psia)]. After the oxychlorination, the
catalyst was treated (c) with 2.2 vol. % water, 10 vol.
% O3, and 87.8 vol. % helium at 510°C for 1 hour.
Oxygen was purged in about 10 minutes with wet helium.
35 Hydrogen reduction (d) was conducted at 510°C with 20%

e
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water partial pressure as taught in Table 1. In thi's regard, when the
first sWagd/(841h is carried out at a lower water partial PEFesos/oRERN t he
-second stage coke burn, it is preferred that the catalyst be saturated with
the higher water partial pressure used in the second coke burn before
increasing the tenperature. Preferred temggeratures, tines, end points and
pressures are as taught in Table 1. Lower and higher total pressures may
be used when the concentrations of gases are adj usted accordingly to yield

equi val ent rtial r onegt erein . the rtial
pressure of E}laé zzz—R{cﬁ"isa%cloﬁ%e% r &t ?o%a% 'thé éPmpl‘aé:ss"hrE%Y’n
addi tion torla&?o\ﬁ%gsggsé?ﬁﬁmm-y 8br tIhé ms: om'Jtrhe raegahgsated second

i mportant pearelgsef whkedeakgnaten eheBiystt . expel the catalytic metals in

5 Example 17
Catalysts O and P and fresh catalyst were evaluated

by an aromatization reaction with a mixed feed of 60
wt% 3-methyl pentane and 40 wt% n-hexane. The reaction
was carried out at 510°C at a space velocity of 8
10 w/w/hr, Hp/0il-2.5, and 724 Paa (107 psia). Table 7
shows the catalyst performance of fresh catalyst and
Catalysts O and P. Catalyst P which was regenerated by
the current invention shows a better catalyst
performance than Catalyst O and fresh catalyst.

15
Table 7
Catalyst Wt% Benzene Bz Selectivity
@ 46 Hxr @ 46 Hr
Fresh 37 76
6] 33 65
P 40 - 75
Example 18
20 A 0.85 wt% Pt on KL-zeolite catalyst was used to

aromatize a light naphtha feed. The catalyst was

normally deactivated in that it contained about 1-2%

coke. The coke 1level was regenerated by the

conventional procedure as described in Example 15.
25 This catalyst is designateg as Catalyst Q.

In parallel, three graﬁs of the catalyst were
regenerated by the regeneration procedure in accordance
with the present invention as described in Example 16.
This catalyst is designated as Catalyst R. catalysts Q
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zeolite mcrochannels to the outside surfaces of the catalyst and as a
consequppR,gdage catal ytic netal is agglonerated into part ipghggsedppgsasar e
-typically larger t han about 200 [err] The substantial renoval of catalytic
metal -frominside the zeolite channels is assured by conducting the

secondary coke burn phase at a tenpgrature above 510[err]C with water

present for at |east 6 hours. Al t hough not w shing to be bound by any
particular theory, it is believed that the severe aggloneratlon
condi ti ons cl ears zeolite mcrochannels of detritus such as

refractory @i, RanHeFﬁprSV%éu%E‘é%ss“’f‘EF”c h&h&at AFPPPELABEAPE 1BFSSubsequent
redi sper si orcontit iefrf | desdr s ineExahpke ga3. st rkxbidd rdmihdecdkes et of the

vessel cont %ﬁ@%ﬁ&%&ﬁﬁégﬂioﬁ%@&dure in accordance with the

present invention achieves higher activity and
5 selectivity than a conventional procedure used to
regenerate a normally deactivated catalyst.

Table 8
Catalvst Wwt% Benzene - Bz Selectivity
@ _46 Hr @ 46 Hr
Q 37 72
R 40 75
- 10
Example 19

A 0.85 % wt. % Pt on formed KL-zeolite catalyst was

‘used to aromatize a light naphtha feed. The catalyst

was normally deactivated, i.e., the catalyst contained

15 about 1-2% coke. The catalyst was regenerated using

the following procedure:

The coke was removed by cocke burn (al) at 450°C for

10 hours with 0.2 vol.. % oxygen in nitrogen under 1.28

MPaa (185 psia) total pressure and 15.2 cm/sec (0.5

20 FPS) linear velocity. The coke burn (a2) was further

" carried out at 510°C for 16 hours with 3.5 vol. %

oxygeh. After oxygen was purged out, the catalyst was

reduced (a') at 510°C with 50% hydrogen for 1 hour.

After hydrogen was purged out, the catalyst was then

25 pre-condltloned for oxychlorlnatlon with 0.89 vol. %

oxygen and 0.87 vol. % water vapor at 510°C under 1.17

MPaa (170 psia)'fotal pressure. HCl was added to the
stream to a concentration of 0.15 vol. % for 4.5 hours B

[{breakthrough pp = 889 Paa (0.129 psia); Cl2 pp 69 Paa

30 (0.010 psia)]. The catalyst was cooled to 345°C under

This Sheet Has Been Replaced




16 recycl ed during coke burn. If it is recycled then a fraction of the
ef f | uerwo®asaust be purged and replaced with fresh i nert REIUSH3/08585v e
-conbustion products fromthe system The purge rate is typically 5%to 30%
of the recycle gas rate. b) Oxychl ori nat i on: The purpose of the
oxychlorination step is to redisperse thg,catalytic netals back into

the zeolite mcrochannels by converting the netals to their chlorides.
The netal chlorides are nobile and distribute facilely over the catal yst

Furfaces: | Bl LECRETPLobbLE, UARL | BheaiOLoRaS Gl ScoBgeTR! Shed by
with 5 vol. % oxygen and 0.84% vol. % water vapor at
345°C under afmospheric pressure for 8 hours. Water
vapor was removed from the stream, and the catélyst was

5 further treated at 345°C for 2 hours. After oxygen was
purged out from the system, the catalyst was reduced at
345°C with 7 vol. % hydrogen for 6 hours. The catalyst
is designated as Catalyst S.

A batch of the similar normally deactivated 0.85%
10 Pt/KL-zeolite catalyst was regenerated by a
regeneration procedure in accordance with the present
invention. The coke was removed by coke burn (al) at
450°C for 10 hours with 0.2 vol% -oxygen in nitrogen
under 1.17 MPaa (185 psia) total pressure and 15.2
15 cm/sec (0.5 FPS) velocity. The coke burn was further
carried out (a2) at 530°C for 69 hours with 1.6 vol. %
oxygen and 0.2 vol. % water vapor. The catalyst was
oxychlorinated (d) with 1.7 vol. % oxygen, 0.12 vol. %
Cl;, and 0.2 vol. % Hy0 at 510°C for 2.5 hours under
20 1.17 MPaa (185 psia) total pressure, [breakthrough pp =
2.04 kPaa (0.296 psia); Cly pp = 1.53 KkPaa (0.222
psia)]. The catalyst was then treated (c) with 10.5
vol. % oxygen and 2.2 vol. % water vapor at 510°C under
atmospheric pressure for 10 hours; to an HCl1l partial
25 pressure of 45.5 Paa (0.0066 psia). After oxygen was
purged out from the system, the catalyst was reduced
(d) at 510°C with 5.8 vol. % hydrogen and 2.2 vol. %
water vapor for 1.5 hours at atmospheric pressure, to
an HCl pp of 15.2 Paa (0.0022 psia). The catalyst is
30 designated as Catalyst T.
~§
The activities of Catalysts S and T in 1light
naphtha aromatization under the following conditions:

35
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gas stream containing chlorine froma source of chlorine, oxygen, and

wat er. W@d40s8d19y the source of chlorine conprises organoogtUsdIsossss
-conpounds, elenmental chlorine, and HCl. Preferred organochl ori de conpounds
conprise <carbon tetrachloride, chl orof orm met hyl chl ori de,

met hyl ene chl ori de, di chl oroet hape, trichloroethane, and

di chl oroet hyl ene, and m xt ures thereof. Preferably the source of

chlorine is Cf[err], HJ, or Cd[err], nost preferably Cferr]. The .
oxychlorination step is conducted suitably at a total pressure at or above

at nospheric pressure, as shown in Table 1. The concentrations of

oxygen, wat er, and chl orine- containing conpound injected at the

reactor inlet’ arepgsligist&s accordi ng dfhdie Jgactor total pressure to yield
the respective re c}tc% I nlet parti al 'lp—"'—'rseswsﬁtérves, as shown in Table 1, ,

wherein the parti €sfure of
5 60% nCg 2 Hy/0il Molar Ratio
40% iCg 105 psia
505°C

The normally deactivated catalyst regenerated in
accordance with the present invention has higher

10 activity and selectivity than the catalyst regenerated
by the HCl procedure.

Table 9
Catalyst Wt% Benzene : Bz Selectivity
100 Hr 100 Hr
S - 43 66
T 48 68

15
The catalysts regenerated by the process of this
invention may be employed as reforming catalysts using
reforming conditions which are well known in the art.
In summary, the present invention 1is seen to
20 provide a method which is particularly effective for
regenerating severely deactivated reforming catalysts,
preferably extrudates of potassium-exchanged zeolite L
containing platinum, so as to substantially restore
catalyst activity and activity maintenance to the
25 catalyst. The regeneration proCedﬁre of the present
invention, however, is also useful for regenerating
normal deactivated reforming catalysts.

- This Sheet Has Been Re’ilaced




gas ‘A =
.the reactor

HC  and/or
preferred

chl ori ne. After bpeakt hrough, hisSheetElasBeen Replaced
to conti nue oxychlorination for two to l! “II
sure all the catalyst is thoroughly oxychlorinated. C )

the concentration of gas A x the total pressure.

. . . - The
oxychl awvpmardsam i s continued at |east until HC1 and/or chiR§T/HEIHPSBArs in

outlet gas streamat a partial pressure greater—than—about—138
Paa (0.02 psia) which is referred to herein as the T%.? "brﬁakthrough"

purpose of ghihirpi.Ng is to renmove excess chlorine fromthe catalyst.

Chl ori ne

10

15

20

25

30
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1. A process for regenerating a deactivated
catalyst comprising a Group VIII catalytic metal and
zeolite, which process comprises:

a) contacting the deactivated catalyst with a
gaseous stream comprising oxygen, inert gas and water
under oxidation conditions comprising a temperature of
from 400°C to 600°C for a time sufficient to burn coke
off the deactivated catalyst and convert the metal to
agglomerated particles which are accessible to
chlorine-containing gas in subsequent process step (b),
to result in a substantially decoked catalyst;

b) contacting the substantially decoked
catalyst with a gaseous stream comprising water, a
source of chlorine, oxygen and an inert gas under
oxychlorination conditions comprising a temperature of
from 450°C to 550°C and a partial pressure of chlorine
derived from the source of chlorine which is greater
than 207 Paa (0.03 psia) for a time sufficient for
hydrogen chloride and/or chlorine to breakthrough the
catalyst to an HCl + Cl, partial pressure greater than
138 Paa (0.02 psia) so as to chlorinate and disperse
the metal and result in a chlorinated catalyst
comprising substantially completely dispersed chlorine-
complexed metal;

c) contacting the chlorinated catalyst with
a gaseous stream comprising water, oxygen, and an inert
gas under chlorine removal conditions comprising a
tempefature of from 450°C to 550°C, a low total
pressure, and a time effective to remove from the
chlorinated catalyst at least some of the chloride
complexed to the metal and result in a gaseous stream
after contact with the catalyst comprising hydrogen
chloride at a partial pressure of less than 27.6 Paa

tre g
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evol ves during the subsequent hydrogen reduction step as HCL and i nduces '
aggl omrengbigapesafeo t he catalytic nmetal particles in proporti ®€TYUSIID8SSarti al
.pressure. Accordingly, within limts, the nore chlorine stripped fromthe
catal yst prior to reduction, the higher will be the activity of the
regenerated catal yst. To inprove the renpygl of chiTbsiShest HasBe¢ lntgdl s done
at low pressure e.g., about atnospheric pressure. To

conponent parti al pressures are as shown in Table 1 rlﬁ 'ﬁ

until the HO( £y %lal pressu%p in the reactor offgas fa l's be ow the |evels
shown in TabI P § typlcally can take between about one and thirty
hours. As previously nﬁﬁtloﬁ@@taG%}génth?oﬁhﬁgr@hétéét9?9%%Y$§ £%9Mi nat ed

and the flowgﬁep/»e(fc)l Rt &a%als%oﬁ%ms*tﬂéﬁﬁl tempRibifg LRetbOgosIGAhy purge

oxygen from the stem pr.i or
Y9 Hl géﬁa ugdeg reduc1ng conditions comprising a 1low

contlnued

5 total pressure and a temperature of from 350°C to 550°C
for a time effective to reduce at least some of the
chlorine- coﬁplexed metal in° the catalyst to the
metallic state and result in a regenerated catalyst
comprising dispersed metal and zeolite.

10
2. A process according to claim 1 wherein step
(a) is performed at a temperature of from 520°C to 600°
C and/or at an oxygen partial pressure not greater than
69 kPaa (10 psia) and/or at a water partial pressure
15 not greater than 10.3 kPaa (1.5 psia) and/or at a total
pressure of from sub-atmospheric to 2.07 MPaa (300
psia) and/or for a time of from 48 to 75 hours.

3. A process according to claim 1 or 2 wherein
20 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), preferably less than 27.6 Paa
(0.004 psia).
25
4. A process according to any preceding claim in
which step (a) is performed in a first stage (al) and a
second stage (a2) wherein stage (al) is performed at a
lower temperature than stage (az2).
30
5. A process acbofﬁing to claim 4 wherein (al)
is performed at a temperature of from 400° to 500°C and
(a2) is performed at a temperature of from 520° to 600°
cC.
35
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i-ntroducing Herr} --——-‘Fe”pr—eﬂﬁt—e*and'—enhance the effiki ency of chlorine
evol utworg4/03419s | rrportant th t the stripping step be dorRCEAUSA3/08858 a

. pressure as practi cases this is about atnospheric
pressure; however, MIIH be enhanced by pulling vacuum on the
reactors. Al so, tant tg maintain a tenperature of at

| east about 450[err]C, preferably within the ranges shown in Table 1.
However, stripping may be carried out at higher reactor pressure with

reduced stri ppi ef fi cl,epa¥san &EF forec.re e r i of
stripping. The effl ue%t }_3?: 8 sl’g 2d Cﬁ‘-&;stét %a“gm ?récé&’ c1alh
wherein step (a) ox1datlon is carried out untll the

metal is agglomerated to particles greater than 200
Angstrom in size, a substantial proportion of which are
5 located outside the channels of the zeolite.

7. A process according to any preceding claim
wherein step (b) is performed at a temperature of from
480° to 550°C and/or at an oxygen partial pressure not

10 greater than 69 XPaa (10 psia) and/or at a water
partial pressure not greater than 10.3 kPaa (1.5 psia)
and/or at a total pressure of from sub-atmospheric to
2.07 MPaa (300 psia) and/or for at least 2 hours after
HCl and/or Cl; breakthrough.

15 '

8. A process according to claim 7 wherein step
(b) is performed at an oxygen partial pressure of from
.13.8 to 27.6 kPaa (2 to 4 psia) and/or at a water
partial pressure of from 1.38 to 5.17 kPaa (0.2 to 0.75

20 psia) and/or at a total pressure of from 345 kPaa to
1.38 MPaa (50 to 200 psia).

9. A process according to any preceding claim

wherein step (b) is performed at a chlorine partial

25 pressure of from 207 Paa to 20.7 kKPaa (0.03 to 3 psia),
preferably from 345 Paa to 6.9 kPaa (0.05 to 1 psia).

10. A process according to any preceding claim

wherein step (c) is performed at a temperature of from

30 480° to 520°C and/or at a water partial pressure not

greater than 10.3 kPaa (173 psia) and/or at an oxygen
partial pressure of less than 31 kPaa (4.5 psia).

11. A process according to claim 10 wherein step
35 (c) is performed at a water partial pressure of from
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18 outlet of the vessel containing the catalyst, can be recycl ed.
i s recyebed/gsasn arhfsrsa&tl{smea:fke hedef f | uent gas nust be ppcyads®wesssepl aced

‘with fresh inert ga
recycle gas rate
Reduct i on:

pl ati num

chl ori des,

about 450[err|C, pre

, this step is. once through. d)

1f it

rate is typically 5%to 30%of the

The'fin!‘l nelg) 'S Eieductlom;@f catalytic netals, e.g.,

now dispersed uniformy across the surfaces of the catal yst as
to small zero valent netal clusters. This is acconplished by

exposing theg rparg)e? oCat. a,lsth,aﬁ1 dbggen oat ﬁgﬁggg&y%bgr eat.er t han

er abl he range as e 1.

Oxygen

left in theQﬁMQﬁﬁMHﬁfQﬁ%i)RﬁﬁiﬁﬂiﬁxpﬁmfﬁOFnérﬁzgaéa FecR & fR3dgen, down

bel ow t he

10

15

20

25

30

35

(0.7 to 3 psia).

12. A process according to any preceding claim
wherein step (c) is performed at a total pressure of
from sub-atmospheric to 448 kPaa (65 psia), preferably
at about atmospheric pressure.

13. 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
catalyst comprisgs a partial pressure of hydrogen
chloride of less than 10.3 Paa (0.0015 psia).

14. A process according to any preceding claim
wherein step (d) is performed at a hydrogen partial
pressuré greater than 103 Paa (0.015 psia) and/or at a
temperature of from 480° to 520°C and/or in the
presence of water, preferably at partial pressuré not
greater than 10.3 kPaa (1.5 psia).

15. A process according to claim 14 wherein step
(d) is performed at a hydrogen partial pressure of from
1.03 kPaa to 34.5 kPaa (0.15 to 5 psia) and/or at a
water partial pressure of from 345 Paa to 2.76 XkPaa
(0.05 to 0.4 psia).

16. A process according to any preceding claim
wherein step (d) is performed at a total pressure of
from sub-atmospheric to 448 kPaa (65 psia), preferably
at about atmospheric pressure.

17. A process according to any preceding claim
wherein step (d) is performed under conditions such

A




expl.osion linit prior to introducing hydrogen.  The reduction is
" acconpvOoIlageh4re t hTids $hed Had BeerRa t ai ni ng hydrogen havi ngPGI/piS83/8855%d
[ ter than 103 Paa (0.015 psia), preferably

. partial pressure of
within the range s . The gas stream at the reactor inlet for
t he hydrogen reduction step also may comfzain water at a partial pressure as
shown in Table 1, and the reduction is preferably conducted for a period of
one to two hours. Al t hough the exact reduction conditions used nmay vary,

hi gher regengratgd calal 4 %‘F[e ré?c]&[g afl ta)élgty%r LR MREN hite c.’é%qligkk:on

tenperature 1S over ogen fee rate 1s controlled
such that (IRFRFSS%I hpEeger e chdeTifer et Br RITGRS BEESHIE eRéeed 51.7

Paa (0.0073¢i aharPraaf.er alay, (d.heomrdyeiiiagn step (d) is performed at a
reactor total pressure of atnospheric to 448 Paa (65
] 18. 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
10 conditions for a time effective to reduce the metal
component of the catalyst to the metallic state.

18. A process according to any preceding claim

wherein between steps'(c) and (d) there is performed a

15 purging step (c') comprising contacting the chlorinated

catalyst from step (c) with an oxygen-free displacement

gas flow for a time sufficient to purge oxygen
therefrom prior to performing step (d).

20 20. A process according to any preceding claim
wherein the 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

25 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)
30 - has an activity for aromatizing hexanes to benzene in
accordance with the test defined in Example 3 hereof,
measured in weight percent yield of benzene, which is
at least 1.5 wt% greater than the activity of the low
activity catalyst before regeneration according to the

35 invention.
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psia), and preferably at about atnospheric. However, reactor pressure

hi gher Wle94/85439Paa (65 psia) may be used in this reducti GCIIUSE3/08835 an
‘easy operation, it is preferably to operate this reduction step at the

19 sanme pressure as the previous stripping step. In this hydrogen reduction
step, hydrogen and inert gas may be recydsged to the reactor inlet wwth a 10

to 30% purge. Preferably, this reduction step is carried out wthout
recycl e. In such enbodinent, however, the catalyst has to be dried out
after wet reduction in step- (d) and bef ore i ntroduci ng

hydr ocar bon feed igto‘ihe reactor wth a drying gas
. process for reforming hydrocarbons

comprising contacting hydrogen and naphtha with a
catalyst regenerated in accordance with the process

5 according to any preceding claim, to produce aromatic
hydrocarbons.
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2 - Y%oer3-3 s
-conprising e.g., nitrogen or hydrogen, to a preferted-usa r-at i
“presgureotefl THgRE2d- 6" Paa (0004 psia), hor '
Paa ?6‘ 003, pls*fé?l;af@a’“ﬁ%st p‘?;eferabl y. less thar
Thi s dry{gg ae%é;” \VS”H conpl i shed by“r‘ i J !
' preséure_gd_ ?b f é“@aé‘stf% m i ntroduced dt Wl g S
cont ai'ni;ng" th c%ra‘# yst P RiBdgh-t-He |n]troduct;0f( ot 3 pie dryﬁ,né 3§ & '«as*to
resuL RS °} eduréisgd parﬂPahf ressyre of waterjin the gas at the outlet. :
Thus, ‘the gadsREEEHTe..out.l.et..i.s..sulistanti al | y devoitd: of: wmrﬁﬁﬁmAS"ﬁVeyLously
nentloned an optional hydrogén reduction ste na"be i ntroducedarteér step
(a) and before step (b). As pr Il fore hydrogen i s

i ntroduced, however, oxygen mmxnulvgggnrREﬂURMtNEHcKTALYST

1. Field of the Invention

This invention relates to regeneration of
deactivated hydrocarbon processing catalysts comprising
catalytic metals dispersed in a zeolite, particularly
but not exclusively, reforming catalysts including one
or more Group VIII metals in a largé pore zeolite, such
as platinum in zeolite L. The process of this
invention is particularly effective for regenerating
catalysts which have been more severely deactivated
than is usual, for example, due to process upsets or to
multi-cycle of on-oil regeneration operations. Such,
catalysts regenerated in accordance with the present
invention have been found to recover more of their
activity and selectivity than if they were regenerated
using conventional procedures. The general principles.
of the inventive process comprise (i) increasing the
severity and time of the coke burn, (ii) using a source
of high partial pressure chlorine in the
oxychlorination step to redisperse catalytic metal
e.g., platinum, (iii) improving chlorine removal by a
wet, high temperature post treatment, at low pressure
and (iv) enhancing reduction of catalytic metal by
using high temperature at low pressure.

2. Backaround

Catalytic reforming is a major petroleum refining
Process used to raise the octane rating of naphthas (Cg
to C;; hydrocarbons) for gasoline blending. Catalytic
refgrming 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

This is the replacement sheet
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after the coke burn nmust be purged fromthe reactor to preclude formng
conbustible m xtures of hydrogen and oxygen. In this stage, oxygen
purging is preferably acconplished by cutting off oxygen flow and
continuing nitrogen flow through the reactors. For purposes of the present
I nvention, feeding nitrogen for about 30 mnutes to about two hours, wth
one hour belng nost preferred, at a tenperature of about 510[err]C and a
pressure within the range of between about a?nospherlc and 2.07 MPaa (300
psia) are suitable for reducing oxygen concentration to a safe |level; and

20 the nitrogen Iinear velocity is nmaintained in the
dehydrogenation of cyclohexane to aromatics, dehydro-

cyclization 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°F to 1000°F), pressures of 0.34 to
20.7 MPa (50 to 3000 psi), hourly weight space
velocities of 0.5 to 3.0, and in the presence of
hydrogen at molar ratios to feed of 1 to 10. Other
characteristics of reforming processes are well known
in the art, and reference is made to US-A-4,914,068 for
further teachings on this topic.

Catalysts currently used in commercial reformers
include a Group VIII metal, such as platinum, or
platinum plus a second catalytic metal, such as rhenium
or 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 reforming 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

This is the replacement sheet
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catal yst beds

gas distribution

at

—

| east about 15.2 cmisec (0.5 FPS) to achi eve adequat e

and gas/solid contacting. Hydrogen reduction step (a')

i's initiated by starting flow of hydrogen into the nitrogen flowing into
Condi tions of hydrogen reduction can be varied over a w de
range, as shown in Table 1. After conpleting hydrogen reduction, hydrogen
flowis termnated and inert gas flowis conginued to purge hydrogen so

t hat oxygen required in the next step can be safely introduced. The purge
can be done over a wi de range of conditions; for exanple, passing inert gas

the reactors.

t hrough the ca
about 450[err]
about 530[err]

h d
(B Blyebiida REIhTAgy ko BB d1RLolERRal3 e‘?;) to

Ranipimel aiaut effegtines ooy 0 agoppSizisg abeet B0
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 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 zeoclite-based
catalysts have few strong acid sites, undesirable
hydrocracking reactions are repressed. 2eolites which
are preferred for reforming catalysts are large pore
zeolites i.e. zeolites with a 6 to 15 Angstrom pore
diameter. Suitable large pore zeolites for purposes of
the present invention include zeclite X, Y, and L, with
zeolite L being the most preferred support for
reforming catalysts, particularly wherein the
catalytically active metal is platinum.

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.

- For production line-scale reforming processes,
zeolite is preferably formed into aggregates, such as
extrudates or tablets, typically 0.08 - 0.65 cm. in
size; pressure drop across zeolite powder-packed
reactor beds would be unacceptably high and powder
losses via elutriation in reactor off-gas would be
excessive. For forming the zeolite into aggregates,
oxides, such as alumina or silica, may be used as
binder materials. . -

During reforming, catalysts deactivate due to
accumulation of coke deposits in the catalyst and

This ig the replacement shast
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adequately cl ears hydrogen. 21 [err] The regeneration procedure
of the present invention is particularly effective for regenerating
severely deactivated catal ysts which are not fully regenerated using known
procedures. Also, the present procedure regenerates normally deactivated
catalyst to higher activity and selectivity than known procedures. The
effluent gas, i.e., the gas streamfromthe

4

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. Platinum-on-
zeolite L reforming catalysts are uniquely active and
selective for aromatizing paraffinic Cg's, C;'s and
Cg's. Catalyst activity decreases progressively with
time on o0il due to build up of coke deposits on the
catalyst and agglomeration of platinum, and dlthough
reactor inlet temperatures are periodically raised to
compensate for declining activity, periodically, the
catalyst must be regenefated to recover its initial
activity.

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, HC1, oxygen and
water, 3) stripping excess halogen off the catalyst
using first wet air, and then dry air as a stripping
gas, and 4) reducing the dispersed catalytic metal
using a reducing agent such as hydrogen.

For example, it is known that coke deposits may be
removed from such catalysts by heating them in the
presence of dilute oxygen at a flame-front temperature
of 430°C to 540°C. This combustion may be preceded by
flushing out residual hydrocarbon with inert gas, such
as nitrogen. High temperature decoking however leads
to loss of surface area of the supported metal
particles and to removal of platinum from the zeolite
channels, thereby resulting in loss of catalyst
activity. Thus, after combustion, the catalyst is
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outl et of the vessel containing the catal yst, can be recycl ed. If it is
recycled then a fraction of the effluent gas nust be purged and repl aced
Wth fresh inert gas. The purge rate is-typically 5%to 30% of the recycle
gas rate. For purposes of the present invention, preferred catal ysts are
nonof uncti onal catal ysts based on |arge pore zeolite crystals bound
together by a binder which is preferably kaolin, silica, or nost preferably
alum na. The large pore zeolite is preferably zeolite L and nore preferably
i ncl udes exchangeabl e cations at |east a portion of which are selected from

trontium bapPERT CRESIERTON ot SANFALRE SBRERSTe Pler SoPEakhr ¢ AL er abl y
t he exchangeabkygent and cBlpvingsi om arclvber imated dcompound of sucibl3s
pot assi um CCl,, at elevated temperatures.

In attempts to overcome problems experienced
during regeneration of large-pore zeplite-based
fefarminq éatalysts, various procedures have Dbeen
developed. z

Us-A-4,851,380 1is directed to a process for
regenerating sulfur contaminated reforming catalysts
composed of a zeolite and Group VIII metal which
involves intentionally agglomerating the Group VIII
metal into large agglomerates and then treating the
catalyst with a halogen acid gas to remove- sulfur
contaminants. _

US-A-4,914,068 contains useful discussion on
oxychlorination of decoked zeolite catalysts. However,
the chlorine concentrations taught therein, at the
specified total pressures, equate to extremely low
chlorine or HCl partial pressures which do not give the
advantages of the instant invention. Moreover, US-A-
4,914,068 requires a reduction step practiced at a
temperature which is lower than that of the
chlorination or oxychlorination step, and discloses the
benefits of cooling the catalyst in the presence of
oxygen before the reduction.

US-A-4,925,819, teaches improving the activity and
selectivity of deactivated type L zeolite-based
catalysts by dispersing the catalytic metal throughout
the pores or channels of the zeolite. Such procedures
adequately recover the activity of catalysts which are
normally deactivated. However, it has been found that
by use of such procedures, selectivity of regenerated
catalysts are typically about 5% to about 10% lower
than fresh catalysts. Even with diligent operation,

reformers sometimes go into upset condition which
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The G oup VIIl catalytic metals are preferably noble 'netals e.g.,
platinum pal I adi um rhodi um iridium rutheniumand osmum and nost
preferably plati num The amount of the Group VIII catalytic netal present
is preferably fromO0.05%to 6% by weight. The catalytic netal may further
conprise a Goup VII B netal, such as rhenium The G oups identified
herein are as presented in the Periodic Table in the Handbook of - Chem stry
& Physics, published by the Chem cal Rubbér Conpany, 48th edition. In a

preferred enbodi nent, the base of the 23 catalyst is approximately 70%
zeolite L and 30% al um na
severely deactivate the catalyst. Examples of upset

conditions include loss of hydrogen flow or high
temperature excursions due to excessive cracking
reaction. Notwithstanding the disclosed effectiveness

of the procedures of US-A-4925819, these procedures.
still do not fully recover the activity of severely
deactivated catalysts. However, it has now been found

‘that by incorporating certain critical modifications as

listed above, the procedure of the present invention is

capable of regenerating severely deactivated catalysts,

and also, surprisingly, of achieving better selectivity

with normally deactivated catalysts. '

"

SUMMARY OF THE INVENTION

According to the present invention there is
provided a process for regenerating a deactivated
catalyst comprising a Group VIII catalytic metal and
zeolite, which process comprises:

a) contacting the déactivated catalyst with a
gaseous stream comprising oxygen, inert gas and water
under oxidation conditions comprising a temperature of
from 400°C to 600°C for a time sufficient to burn coke
off the deactivated catalyst and convert the metal to
agglomerated particles which are accessible to
chlorine-containing gas in subsequent process step (b),
to result in a substantially decoked catalyst;

b) contacting the substantially decoked
catalyst with a gaseous stream comprising water, a
source of chlorine, oxygen and an inert gas under
oxychlorination conditions comprising a temperature of
from 450°C to 550°C and a partial pressure of chlorine
derived from the source of chlorine which is greater
than 207 Paa (0.03 psia) for a time sufficient for
hydrogen chloride and/or chlorine to breakthrough the

Date:



by weight and is forned into 0.16 cm extrudates. -~ For purposes of the
present invention, however, binders other than alum na, such as silica,
kaolin and clay may be used; and fornmed shapes, other than extrudates, such
as spheres, tablets, pellets and extrudates may al so be used. The forned
catalyst is preferably | oaded with platinumby ion exchange so that the
nmetal loading is preferably bet ween 0.6% 7 and 0.9% by wei ght .
Representative publications disclosing details of catalyst preparation,
characterization, and manufacture include US-A-3, 216,789 which descri bes

zeolite L; US-A- 4.4 806~qan 1288, o3 Mo TX=ToT (0
processes of i oncﬁs(%%sngép%fa%l Izlité:?'nglgmcllﬁt g’afgé;é?t gq‘%?sande [1?5 A- 4Jx158%3a6%8;
4,595, 669; and A¥FH5PER0 (fhi02h RRELR) | B8 3% Hr FRYCTiRRrbe ARG H:ERANAS S

conprising platithen onezed! | badl Wdsilithasihi nel y ctilepdnated catalyst
comprising substantially completely dispersed chlorine-
complexed metal; _

c) contacting the chlorinated catalystiﬁith
a gaseous stream comprising water, oxygen, and an inert
gas under chlorine removal conditions comprising a
temperature of from 450°C to 550°C, a 1low total
pressure, and a time effective to remove from the
chlorinated catalyst at least some of <the chloride
complexed to the metal and result in a gaseous stream
after contact with the catalyst comprising- hydrogen
chloride at a partial pressure of less than 27.6 Paa
(0.004 psia); and :

a) contacting the chlorinated catalyst from
step (c) with a gaseous stream comprising inert gas,
hydrogen (and optionally water) under reducihg
conditions comprising a 1low total pressure and a
temperature of from 350°C to 550°C for a time effective
to reduce at 1least some of the chlorine- complexed
metal in the catalyst to the metallic state and result
in a regenerated catalyst comprising dispersed metal
and zeolite.

The innovative modifications in the regeneration
procedure of the present invention, over the previously
identified regeneration procedures, include: (1)
increased severity and time of coke burn, i.e., running
the coke burn longer and at significantly more severe
conditions; (ii) use of a source of chlorine capable of
Yielding chlorine at a partial pressure of greater than
207 Paa (0.03 psia), such as elemental chlorine, i.e.,
Cl,, HC1 or other chlorine-containing agent to
oxychlorinate and to redisperse the metal, preferably
Pt; (iii) improved Cl removal after oxychlorination by
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pl ati num The activity of a catalyst is a nmeasure of its ability to convert
feed to products. Wiile a catalyst may have a high activity, the products
frormed may not be necessarily the desired products. The term
"selectivity” is a neasure of the ability of the catalyst to convert feed
to desired products. Activity maintenance concerns the ability of the
catalyst to maintain activity over tine at canversion conditions. The
decline in catalyst activity at conversion conditions is believed to be due
prinmarily to crystal growth or -agglomeration of the noble metal particles

Lo about the si 2pesbrihy 280l inigrehepRstatahol! ahd)agnd hecgpdasity, o

the formati on of, coke on i he exte I nt r.faces o
catalyst. At £HE-<arRSTHMinG gFeI (?zﬁ’ﬁtﬁé‘ycg&f’ﬁll?#§°eorﬁ%ﬁ?ﬁ’?ﬂ‘tpaPP| cles
or higher temperature to strip off more re51dual chlorine;

and (iv) enhanced metal e.g., Pt reduction by operating
at high reduction temperature to complete reduction of
‘the metal e.g., platinum to the zero valent state and
reducing at low pressure. In addition, the decoked
catalyst may be reduced with hydrogen before step (b),
in which case an inert purge step may be required after
the hydrogen reduction and before oxychlorination in
step (b). The improved regeneration procedure of the
present invention may be conducted at a pressure of
from sub atmospheric to 2.07 MPaa (300 psia), although
steps (c) and (d) are conducted at low partial
pressures to ensure appropriate stripping of chloride
from the catalyst. The concentrations of the gases
used depend upon the operating pressure and are
adjusted accordingly to yield a desired range of
partial pressufe of the gas component wherein the
partial pressure of gas A = the concentration of A x
the total pressure.

Although not wishing to be bound by any particular
theory, we believe that in practice of prior art
regeneration technigques, the reactive gases in the
oxychlorination step do not - get access to ‘all the
catalytic metal e.g., Pt particles inside the zeolite
channels in a severely deactivated catalyst. It is
believed that increasing the severity of the coke burn
step, as required by step (a) of the invention, permits
the Group VIII catalytic metal to be accessible to
subsequent treatment with chlorine-containing gas
because of expulsion of the metal, e.g., of platinum,
from within the microchannels of the zeolite. This
step also clears the microchannels of foreign matter
such as refractory (difficult to remove) coke which, if
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“crystals of noble nmetals of a size greater than that disclosed above are
| ess active and | ess selective than 24 catal ysts containing the smaller
:particles. Moreover, agglonerated netal particles block zeolite channels.
Coke formation, probably due to conplex condensation - and dehydrogerati on
reactions, results in the shielding of the noble netal fromthe reaction
m xture, thereby limting the catalytic si%es avai l abl e for pronoting
reactions. As catalytic activity declines By virtue of aggloneration and
coke formation, yield of desirable products will -decline, and dependi ng
upon the econom cs .

_ not removed, would interfere with reforming reactions.

The metal, e.g., platinum, agglomerates outside the
zeolite into particles which have been found to be
larger than with prior art procedures. The presence of
a substantial proportion, e.g., greater than 80 or 90%
by weight, of the metal in the form of particleé
greater than 200 Angstrom in size has been found to
indicate that the metal has been cleared from the
‘microchannels and is accessible by the chlorine gas in
step (b). Thus in accordance with the invention the
zeolite has channels containing particles of Group VIII
metal, and the temperature and the time of the
oxidation conditions of step (a) are sufficient to
remove a substantial amount of the particles of metal
from inside to outside the channels in the =zeolite,
preferably to the extent that the metal outside the
channels is in the form of agglomerated particles,
having a size greater than about 200A. The catalytic
metal is preferably platinum, although references
hereinafter to platinum should be taken as equally
applicable to other Group VIII metals.

In step (b), chlorine at high concentration is
required to decompose and redisperse these larger metal
e.g., platinum, particles. With more aggressive
chlorination it is necessary to enhance the post treat
step (c¢) and platinum reduction step (d) to ensure
adequate removal of residual chlorine and complete
reduction of catalytic metal.

In addition to required steps (a), (b), (c) and
(d) , other process steps are optionally employed. Thus
according to one 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
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of the operation a process enploying the catalyst will have to be
interrupted and catal yst activity restored to its initial value.
Generally, catalytic activity can be mai ntained by increasing tenperature,
but there are limts beyond which the tenperature cannot be increased, for
exanpl e, tenperatures which will change the nature of the zeolite or |ead
to undesirable side reactions or exceed reactor material limtations.
Particularly for zeolite based catal ysts, tenp@ratures higher than
538[err]C or 594[err]C (1000F or 1100[err]F) are preferably avoi ded.
Catal yst activity will decline faster over tinme as severity increases.

Factors which i ngs egequeeVveailid Ymétel UBBmponkAer &FSitige t €8DLIPEI €p rethiCi Ng

hydrogen to oil nole,fatio educi ng hydrogen partial pressure, reducing
total pressure é%%é?%%%%r%fﬁﬁ%' I ncreasi ng
According to another embodiment, between steps (c)

and (d) there 1is performed a purging step (c')
comprising contacting the chlorinated catalyst from
step. (c) with an oxygen-free displacement gas flow for
‘a time sufficient to purge oxygen therefrom prior to
performing step (d).

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The improved regeneration procedure of the present
invention has four distinct steps: a) coke" burn, b)
oxychlorination, c) stripping, and d) hydrogen
reduction. '

(a) coke burn step

Step (a) is preferably performed at a témperature
greater than 510°C and/or at an oxygen partial pressure
not greater than 69 kPaa (10 psia) and/or at a water
partial pressure not greater than 10.3 kPaa (1.5 psia)
and/or at a total pressure of from sub-atmospheric to
2.07 MPaa (300 psia). Preferably, the temperature is
from 520°C - 600°C, more preferably 530°C - 550°C, with
530°C -~ 540°C being most preferred. The coke burn step
should ideally be conducted for a time 1longer than
about 6 hours, e.g. 10 - 100 hours, more preferably 36
~ 80 hours, with 48 - 75 hours being more preferred and
60 - 75 hours being most preferred. In this step, the.
partial pressure of water is preferably up to 5.2 kPaa
(0.75 psia), and is more preferably from 1.38 to 5.2
kPaa (0.2 to 0.75 psia), and most preferably from 1.38
to 3.45 kPaa (0.2 to 0.5 psia). |

Preferably, 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
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feed rate per volune of catal yst (space velocity), and increasing type of
hydr ocarbon in the feed. In the neasurement of activity maintenance al
variables are fixed and only the catalyst differs. Thus, an activity of one
catal yst over a period of time can be directly conpared to the activity of
anot her catal yst over the same tinme period where feed, hydrogen to oi
ratios, pressures, etc., are constant. One,activity test utilized for

pur poses of the 25 present application i'S to pass a feedstream
conprising about 40a wt. % nornmal hexane and 60% i sohexanes over the

catalyst at the follown condltlons 510[err]C, 1.0
y of less than Paa (0.01 s{a; more preferably less

than 27.6 Paa (0.004 psia). In a preferred embodiment,
step (a) 1is performed in a first stage (al) and a
second stage (a2) wherein stage (al) is performed at a
lower temperature e.g., 400 - 500°C, than stage (a2),
‘e.g., 520-600°C.

(b) oxychlorination step

In this stage, the substantially decoked catalyst
is treated with a second wet oxychlorination gas stream
comprising chlorine from a source of chlorine yielding
chlorine at a high partial pressure, preferably from
207 Paa to 2.07 kPaa (0.03 to 3 psia), more preferably
348 Paa to 6.9 kPaa (0.05 to 1.0 psia), and most
preferably 690 Paa to 3.45 kPaa (0.1 to 0.5 psia).

In a preferred embodiment, step (b) is performed
at a temperature of from 480°C to 550°C and/or at an
oxygen partial pressure not greater than 69 kPaa (10
psia) and/or at a water partial pressure of not greater
than 10.3 kPaa (1.5 psia) and/or at a total pressure of
from sub-atmospheric to 2.07 XPaa (300 psia) and/or for
at least two hours after HCl and/or Cl,; breakthrough.
(c) wet post oxychlorination stripping step

In this stage, excess chlorine is removed from the
chlorinated catalyst using a third wet gaseous streanm,
preferably at a temperature of from 480 to 520°C and/or
at a water partial pressure not greater than 10.3 kPaa
(1.5 psia), more preferably'from 348 Paa to 2.76 kPaa
(0.05 to 0.4 psia) and/or at an oxygen partial pressure
of less than 31 kPaa (4.5 psia), more preferably from
4.83 to 20.7 kPaa (0.7 to 3 psia). The total pressure
of step (c) is required to be low, and is preferably
below 690 kPaa (100 psia) e.g., from sub-atmospheric to
448 kPaa (65 psia), most preferably at about
atmospheric pressure. The step is preferably performed
for a time sufficient to effect a chloride
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wei ght hourly space velocity (WHSV), 839 kPaa (121.7 psia), 4.25
Herr]/oil nolar ratio. Benzene yield as a percent of feed after 46 hours
is a good neasure of catalyst activity. A though the regeneration process
herein nmay apply to deactivated catalysts at any stage of deactivation, it
is particularly suitable for those which are-severely deactivated. 26
EXAMPLES The fol |l owi ng exanples illustratel2he invention. I'n all exanples,
parts and percentages are given by weight for solids and Iiqui.ds and by
vol ume for gas .

concentration in offgas from the chlorinated catalyst

of less than about 200 vppm at one atmosphere, which
corresponds to a partial pressure of about 20.7 Paa -
(0.003 psia) more preferably at an offgas HC1
concentration of less'than 10.3 Paa (0.0015 psia).

(d) reduction step

In this stage, chlorinated catalyst from which
excess chlorine has been removed is reduced by exposure
to a fourth wet gaseous stream. Preferably step (d) is
performed at a hydrogen partial pressure greater than
103 Paa (0.015 psia) e.g., from 103 Paa to 34.5 kPaa
(0.015 to 5 psia), and/or a water partial pressure not
greater than 10.3 kPaa (1.5 psia); e.g., 348 Paa to
2.76 kPaa (0.05 to 0.4 psia), and/or at a température
of from 450°C to 520°C more preferably, 480° to 520°C.
The total pressufe of step (d) is required to -be
performed at a low total pressure, preferably below 690
kPaa (100 psia), more preferably from sub-aﬁmospheric
to 448 kPaa (65 psia), most preferably at about
atmospheric pressure. 1In a preferred embodiment, step
(d) is performed under conditions such that the gaseous
stream after contact .with the catalyst comprises
hydrogen chloride at a partial pressure of less than
51.7 Paa (0.0075 psia).

In addition to the foregoing, purge steps may be
used between any of the previously described stages as
desired or as deemed to be necessary from the
standpoints of safety and technology. In this regard,
an inert gas e.g., nitrogen purging step should ideally
be used before reduction to remove oxygen from the
reactor to avoid forming an explosive gas mixture.
Also, the optional hydrogen reduction step (a') may be
used after step a) but before step b) in which case the
reduction with hydrogen should ideally be preceded and
followed with a purging of an inert gas, such as
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*conpositions, and tenperatures in degrees Centigrade unl ess otherw se

not ed. Exanples 1 through 18 were perforned at one atnospheric total
pressure. In all Exanples, the HCl level in the effluent gas after the
“stripping step (c) and after the reduction step (d) was |ess than 27.6 Paa
(0.004 psia) and in nost cases less than 2.76 Paa (0.0004 psia) parti al
pressure, as neasured or calculated. Exanple 1 A 0.64 wt %Pt on KL-zeolite

extruded catal yst was used to aromatize ad3ight naphtha feed. The fl ow of
hydrogen to the reactor was cut off and the catal yst was exposed to pure
hydrocarbon feed for about 5 hours at reformng conditions. The
catal yst wasit# pea§f¢y@1§@b ibe., coked up severely, as indicated by
accunul ation of 1?‘%e un&gfgﬁbg;t Rf COk%hln each of steps

(a) - (d) and the optional additional steps, there are

several parameters (e.qg., temperature, pressure,

partial pressure, end points, concentrations) which may
be varied within the required ranges in order to
control the procedure and effect of the regeneration
process. For ease of understanding of the scope of the
invention, these parameters have been listed as "ranges
of conditions" in Table 1. 1In this table the ranges of
conditions given for each parameter of each process
step are intended to be read independently of the
ranges given for every other parameter. Those ranges
indicated as suitable are intended to be understood as
indicating those exemplary ranges which may be employed
in performance of the invention, and not as any
de;inéation of the scope of the invention. Further
description of the preferred means of implementing the
. inventive process is provided hereinafter, and this
should be read in conjunction with the "ranges of
conditions" of Table 1.
a) Coke burn: The purpose of the coke burn step
- is to remove carbonaceous materials which accumulate on
the catalyst during hydrocarbon processing off the

catalyst by oxidizing it.  The coke burn is best
conducted in two phases - a primary coke burn (al)
followed by a secondary coke burn (a2). The primary

coke burn is done at less severe conditions (lower
temperature and lower inlet oxygen concentration) than
the secondary coke burn. This is because thermal
excursions to excessively high temperatures can occur
if heavily coked deactivated catalyst were exposed to
severe coke burn conditions directly.

As a practical matter, prior to regeneration of a
deactivated catalyst, the reactors are purged to remove
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contrast to a nornally deactivated catal yst which typically contains about
1 w. %coke. Two grans of the severely deactivated catal yst were
rregenerated by the follow ng standard HC + O[err] redi spersion procedure:
First coke deposit was renoved by burning (al) at 450[err]C with 20 vol. %
02 in heliumat 500 cc/mn. for 30 mnutes; then tenperature was increased
to 510[err]C and water at 2.2 vol. % was added, and the catal yst was

subj ected to these conditions (a2) for 2 hours. Next HCl was added to the
gas streamto give 0.16 vol. %and at the ¥hne tinme oxygen concentration
was reduced to 10 vol. % resulting in a | ow approaching zero C[err]

arti al

P ' residual hydrocarbons left in the reactors when the

hydroprocessing operation is terminated. This may be
done by establishing a flow of hydrogen to the reactors
and continuing hydrogen flow until hydrocarbon is
displaced by hydrogen. Then'flow of an inert gas such
as nitrogen is established through the catalyst beds
and maintained to purge the hydrogen. Linear gas
velocity is maintained above about 15.2 cm/sec (0.5
FPS) for the purges and the coke burn and for all
subsequent steps in the regeneration procedure. The
inert gas flowing to the inlet of the reactors during
the first stage of the coke burn step (al) is heated to
temperature using the feed preheater furnace. A gas
stream comprising low concentratioris of oxygen (Table
1) and an inert gas 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
the total pressure. High oxygen concentration can be
used in 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 nitrogen is used.
The primary coke burn step (al) is preferably continued
until the molar ratio of carbon dioxide to oxygen in
the reactor outlet gas falls to about 3:1. The time to
complete the primary coke burn phase varies with the
concentration of coke on the catalyst, space velocity,
and oxygen concentration in the reactor inlet gas and
can take between five and fifty hours. The first
gaseous stream in this stage of the process may be
substantially dry or contain an amount of water at a
partial pressure taught in Table 1.

The secondary coke burn step (a2) is initiated by
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27 pressure. The total gas flow rate was naintained at 500 cc/ mn. The
oxychlorination treatnment (b) was performed for 2.5 hours with a

br eakt hrough HC1 + Cl[err] partial pressure of 16.6 kPaa (2.4 psia).

After the previously described oxychlorination procedure, the catal yst was
treated (c) with 2.2 vol. %water, 10 vol. %O[err] and 87.8 vol. % helium
for -1 hour. Oxygen was purged out in about 10 mnutes with wet helium
cont ai ni ng about 2% water vol. % 'FydrogéHsreduction (d) was conducted at
510[err]C with 10vol. % Herr], and 2.2 vol. % Herr]O and 87.8 vol. %
heliumat a flowrate of 500 cc/mn. for 1.5 hours. The regenerated

catal yst was uetsimattolet pexntygas tefremptuere theabewkedlOtWht aindt used

in Exanple 2aj¥®8g inlet oxygen concentration to yield an oxygen
partial pressure as taught in Table 1. Wwater is
introduced to the reactor inlet gas stream to yield
water partial pressure as taught'in Table 1. In this
regard, when the first stage burn is carried out at a
lower water partial pressure than the second stage coke
burn, it is preferred that the catalyst be saturated
with the higher water partial pressure used in the
second coke burn before increasing the temperature.
Preferred temperatures, times, end points and pressures
are as taught in Table 1. Lower and higher total
pressures may be used when the concentrations of gases
are adjusted accordingly to yield equivalent partial
pressures of the gas component wherein the partial
pressure of gas A = the concentration of A x the total
pressure. _

In addition to removing essentially all the coke
from the catalyst, a second important purpose of the
coke burn step is to expel the catalytic metals in
zeolite microchannels to the outside surfaces of the
catalyst and as a consequence the catalytic metal is
agglomerated into particles which are typically larger
than about 200 A. The substantial removal of catalytic
metal from inside the zeolite channels is assured by
conducting the secondary coke burn phase at a
temperature above 510°C with water present for at least
6 hours. Although not wishing to be bound by any
particular theory, it is believed that the severe
agglomeration = conditions clears the zeolite
microchannels of detritus such as refractory coke, and
improves access to the catalytic metals for subsequent
redispersion.

The effluent gas, i.e., the gas stream from the
cutlet of the vessel containing the catalyst, can be
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regener at ed W th the regeneration procedure as described in
Exanpl e 1 except that during the second stage (a2) of the coke burn
procedure, the tenperature was increased to about 530[err] C which was
thereafter enployed and the treat time was extended to about 6 hours;’ al so
during oxychlorination, 0.82 volt C[err] instead of HOJ was enpl oyed,
(C[err] partial pressure and breakthrough HO and CJ[err] partial press
each approx. 834 Paa (0.121 psia)). 16 The regener at ed cat al yst
regenerated in accordance with the present invention was designated as

Cat al yst B. Exanple 3 The above two catal ysts were eval uated using 3-

met hyl pentangd&rAea dbLingacbkeNpien.carf# edeoyls ate &f r{kedt aa space
velocity of 20 W w hr, '# er rkle/ Olelf-fEiuge?\tml ar r<;;1ntu|s oLe 2 219- gldl )hndand 724
Paa (105 psiffaction of t 9 purg

replaced with fresh inert gas to remove combustion

products from the system. The purge rate is typically

5% to 30% of the recycle gas rate.

b) Oxychlorination: The purpose of the
oxychlorination step is to redisperse the catalytic
metals back into the 2zeolite microchannels by
converting the metals to their chlorides. The metal
chlorides are mobile and distribute facilely over the
catalyst surfaces.

In the process of this invention, redispersion is
accomplished by treating the decoked catalyst with a
gas stream containing chlorine from a source of
chlorine, oxygen, and water. Preferably the source of
chlorine comprises organochloride compounds, elemental
chlorine, and HCl;j Preferred organochloride compounds
comprise carbon tetrachloride, chloroform, methyl
chloride, methylene chloride, dichloroethane,

" trichloroethane, and dichloroethylene, and mixtures
thereof. Preferably the source of chlorine is Cl,,
HCl, or CCl,;, most preferably Cl,. The oxychlorination
step is conducted suitably at a total pressure at or
‘above atmospheric pressure, as shown in Table 1. The
concentrations of oxygen, water, and chlorine-
containing compound injected at the reactor inlet are
adjusted according to the reactor total pressure to
yield the respective reactor inlet partial pressures,
as shown in Table 1, wherein the partial pressure of
gas A = the concentration of gas A x the total
pressure. , ,

The oxychlorination is continued at least until
HCl and/or chlorine appears in the reactor outlet gas
stream at a partial pressure greater than about 138 Paa
(0.02 psia) which is referred to herein as the
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Tabl e 2 shows the catal yst performance of Catalyst A and B

Catal yst B
whi ch was regenerated by a process 28:in accordance with the present
i'nventi on shows a hi gher benzene yield and selectivity than Catal yst A
Tabl e 2 Catal yst W % Benzene W % Benzene Selectivity @10 Hr
25 H. A 24.5 20. 2 67.3 B 26. 3
22.6 68.8 Exanple 4 A 0.85 w7 % Pt on KL-zeolite catalyst
was deactivated during aromatization of a |ight naphtha

"breakthrough" of HCl1l and/or chlorine. After
breakthrough, it is preferred to continue

oxychlorination for two to four hours to make sure all

the catalyst is thoroughly oxychlorinated.

c) Stripping: The purpose of stripping is to

rehove excess chlorine from the catalyst.

Chlorine

evolves during the subsequent hydrogen reduction step
as HCl and induces agglomeration of the catalytic metal

particles in proportion to HCl1l partial

pressure.

Accordingly, within limits, the more chlorine stripped
from the catalyst prior to reduction, the higher will

be the activity of the regenerated catalet.

To improve the removal of chlorine, stripping is
done at low pressure e.g., about atmospheric pressure.
Total pressure and component partial pressures are as
shown in Table 1. Stripping is continued until the HC1
partial pressure in the reactor offgas falls below the
levels shown in Table 1. This typically can take
between about one and thirty hours. As previously
mentioned, oxygen flow to the catalyst is terminated
and the flow of wet inert gas is continued for a time
to thoroughly purge oxygen from the system prior to

introducing H,.

To promote and enhance the efficiency of chlorine
evelution, it is important that the stripping step be

done at as low a pressure as practicable.

cases this is about atmospheric pressure;

In most
however,

stripping can be enhanced by pulling vacuum on the
reactors. Also, it is important <to maintain a
temperature of at least about 450°C, preferably within
the ranges shown in Table 1. However, stripping may be
carried out at higher reactor pressure with reduced

. stripping efficiency and therefore requires a longer

time of stripping.

The effluent gas, i.e., the gas stream from the

@
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feed. One gramof this catalyst was regenerated with the procedure of

Exanple 1,

except that after the second coke burn, the catal yst was

r educed

a' at 510[err]Cwith 20 vol. % H2 and 2.2 vol. % water for 1 hour before

an HC1 + (err] oxychlorination. Thee HO concentration was 0. 32
vol . 9% (breakthrough partial pressure approx. 324 Paa (0.047 psia);
Cl[err] partial pressure approx. zero). 1Bhe regenerated catal yst was
designated as Catalyst C. Exanple 5 The coked catalyst wused in
4 was regenerated with the sane procedure as Exanple 2 except that

setcoEddcoke mu%n,et% heg behe ;dé%%aascéx?ﬁsmﬁ?@ taez%almwtandc&:aeb_e w?_s a
we yarogen reau 1 on . erore rr + err]. OxXyc IL.natl on,
(Alerr] and xbﬁcé’aﬁjt#‘ougﬁ%paﬁ‘i i af 5@5;5&&3 (%bﬁ'l a8 % 5?%1&5‘ §F' ¥l

effluent gas must be purged and replaced with fresh
inert gas. The purge rate is typically 5% to 30% of

the recycle gas rate. Ideally, though, this step is.

once through.
d) Reduction: The final step is reduction of
catalytic metals,  e.gqg., platinum, now dispersed

" uniformly across the surfaces of the catalyst as

chlorides, to small zero valent metal clusters.

This is accomplished by exposing the stripped
catalyst to hydrogen at a temperature greater than
about 450°C, preferably within the range as shown in
Table 1. Oxygen left in the stripping step is purged
with inert gas, such as nitrogen, down below the
explosion limit prior to introducing hydrogen. The
reduction is accomplished with a gas stream containing
hydrogen having a preferred partial pressure of
hydrogen greater than 103 Paa (0.015 psia), preferably
within the range shown in Table 1. The gas stream at
the reactor inlet for the hydrogen reduction step also
may contain water at a partial pressure as shown in
Table 1, and the reduction is preferably conducted for
a period of one to two hours. Although the exact
reduction conditions used may vary, higher regenerated
catalyst activity is achieved when the reduction
temperature is over 450°C. Hydrogen feed rate is
controlled such that the partial pressure HC1 in
reactor offgas does not exceed 51.7 Paa (0.0075 psia).
Preferably, the reduction step (d) is performed at a
reactor total pressure of atmospheric to 448 Paa (65
psia), and preferably at about atmospheric. However,
reactor pressure higher than 448 Paa (65 psia) may be
used in this redpction step. For an easy operation, it
is preferably to operate this reduction step at the

Exanpl e
in the
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“in Exanple 2). The regenerated catal yst was designated as Catal yst D 29
Exanpl e 6 The above two catal ysts were eval uated using 3- nethyl pentane

_feed. The reaction was carried out at 510[err]C at a space velocity of 20
wwhr, Herr]/oil-6, and 724 Paa (105 psia). Table 3 shows the
catal yst performance of Catalyst C and D. Catalyst D which was regenerated
by the instant invention shows better catalyst performance than Catal yst C
Tabl e 3 Cat al vst W % Benzene W % BeriZene Sel ect-ivity

same pressure as the previous stripping step. _

In this hydrogen reduction step, hydrogen and
inert gas may be recycled to the reactor inlet with a
10 to 30% purge. Preferably, this reduction step is
carried out without redycle. In such embodiment,
however, the catalyst has to be dried out after wet
reduction in step (d) and before introducing
hydrocarbon feed into the reactor with a drying gas
comprising e.g., nitrogen or hydrogen, to a preferred
water partial pressure of less than 27.6 Paa (0.004
psia), more preferably less than 20.7 Paa (0.003 psia),
and most preferably less than 10.3 Paa (0.0015 psia).
This drying step, therefore, |is accomplish;d by
reducing the partial pressure of water in the gas
stream introduced at the inlet of the vessel containing
the catalyst through the introduction of the drying gas
so as to result in a reduced partial pressure of water
in the gas at the outlet. Thus, the gas at the outlet

. is substantially devoid of water. _

As previously mentioned, an optional hydrogen
reduction step may be introduced after step (a) and
before step (b).

As previously discussed, before hydrogen |is
introduced, however, oxygen remaining in the reactor
after the coke burn must be purged from the reactor to
preclude forming combustible mixtures of hydrogen and
oxygen. In this stage, oxygen purging is preferably
accomplished by cutting off oxygen flow and continuing
nitrogen flow through the reactors.

For purposes of the present invention, feeding
nitrogen for about 30 minutes to about two hours, with
one hour being most preferred, at a temperature of
about 510°C and a pressure within the range of between
about atmospheric and 2.07 MPaa (300 psia) are suitable
for reducing oxygen concentration to a safe level; and
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@10 Hr @5 Hr @25 H C _ 22.2 18. 3
69.6 D 25. 2 20. 8 69. 8 Exanple 7 A catal yst
was deactivated through 6 cycles of on- oil and regeneration operations in
the Catalyst Treating Unit. One gram of this catalyst was
regenerated using exactly the sanme procedure as Exanple 1 (Cl[err] and
br eakt hrough pp as in Exanple 1). The regenerated catal yst was desi gnated
as Catalyst E. Exanple 8 The deactivated c¢atal yst used in Exanple 7 was
enployed in this exanple. Four grans of this catal yst was regenerated using
exactly the sane proocedure as Exanple_2 except that the tipe of the coke
burn step washtt HFEPISS 63 1R6ars VeLeFitYants bRt R P adhen
catalyst beds at least about 15.2 ecm/sec (0.5 FPS) to

achieve adequate gas distribution and gas/solid
contacting. '
Hydrogen reduction step (a') is initiated by
starting flow of hydrogen into the nitrogen flowing
into the reactors. Conditions of hydrogen reduction
can be varied over a wide range, as shown in Table 1.

After completing hydrogen reduction, hydrogen flow

is terminated and inert gas flow is continued to purge
hydrogen so that oxygen reguired in the next step can
be safely introduced. The purge can be done over a
wide range of conditions; for examplé, passing inert
gas through the catalyst at about atmospheric to about
2.07 MPaa (300 psia) and about 450°C to about 550°C,
preferably between about 450°C to about 530°C, above
about 15.2 cm/sec (0.5 FPS) for about 30 mnminutes

adequately clears hydrogen.
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nmet hyl pent ane

The reaction was carried out at-510[err]C at a space velocity of 20

The regenerated catal yst was desighated as Catal yst F.
H2/ oi | - 6,

Exanpl e 9 The above two catal ysts were eval uated using 3-

f eed.

Exampl e 2).

t he

4 shows

Tabl e

and 724 Paa

w w hr,
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@10 Hr @25 Hr @25 H E 19.6 16.0

67.6 F 21.5 18.8 64. 6 Advantages of the
present invention in the regeneration of Pt on KL-zeolite i ncl ude
the externalization of the Pt particles to the outside surface of the

zeolite crystallites during high tenperature coke burn which appears to
open up the zeolite channels for Pt redjstribution in the

oxychl orination step. The redi spersion of Targe Pt particles which are
| arger than about 200 A requires high concentration of chlorine to
facilitate the formation of nobile Pt chloride species. Although not

w shing to be bound by any particular theory, it is believed that this
redi stribution of extigsnalrdgeridtatiziol i peockedarel s afiy khenot eriesgnty

di spersed Pt invention is particularly effective for regenerating
severely deactivated catalysts which are not fully
regenerated using known procedures. Also, the present -
procedure regenerates normally deactivated catalyst to
higher activity and selectivity than known procedures.

The effluent gas, i.e., the gas stream from the
outlet of the vessel containing the catalyst, can be
recycled. If it is recycled then a fraction of the
effluent gas must be purged and replaced with fresh
inert gas. The purge rate is typically 5% to 30% of
the recycle gas rate.

For purposes of the present invention, preferred
catalysts are monofunctional catalysts based on large
pore zeolite crystals bound together by a binder which
is preferably kaolin, silica, or most preferably
alumina. The large pore zeolite is preferably zeolite
L and more preferably includes exchangeable cations at
least a portion of which are selected from lithium,
sodium, potassium, rubidium, cesium, magnesium,
calcium, strontium, barium, and mixtures of any two or
more thereof. More preferably the exchangeable cation
is potassium or barium, and most preferably potassium.

The Group VIII catalytic metals are preferably
noble metals e.g., platinum, palladium, rhodium,
iridium, ruthenium and osmium, and 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 a Group
VII B metal, such as rhenium. The Groups identified
herein are-as'presented in the Periodic Table in the
Handbook of Chemistry & Physics, published by the
Chemical Rubber Company, 48th edition.

In a preferred embodiment, the base of the
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clusters which reside near the channel nouths thereby yielding better

catal yst performance. The foll ow ng exanples using fresh catal ysts give

31 sone support to the above interpretation. Exanple 10 A sanple of about 3
grans of a 0.85 wt % Pt/KL- zeolite catalyst was subjected to a 510[err]C
calcination of 20 vol. %02, 2.2 vol. % H02nd 77.8 vol. % heliumat a
flowrate of 500 cc/mn. for 2 hours. Less than 10% of the Pt -forned
particles had a size greater than about 200 A Substantial anount of Pt

remai ned insi deJdip A0l id & GhanEl s &Y | AYS NG 198! lafH0€ | BUmina
by weight and is formed into 0.16 cm extrudates. For
purposes of the present invention, however, binders
other than alumina, such as silica, kaolin and clay may
be used; and formed shapes, other than extrudates, such
as spheres, tablets, pellets and extrudates may also be
used. The formed catalyst is preferably loaded with
platinum by ion exchange so that the metal loading is
preferably between 0.6% and 0.9% by weight.
Representative publications disclosing details of
catalyst preparation, characterization, and manufacture
include UsS-A-~3,216,789 which describes zeoclite L; US-A-
4,104,320; 4,416,806; and, 4,568,656 which describe
processes of ion exchange of platinum into zeolite L;
and US-A-4,595,668; 4,595,669; and 4,595,670 which
describe preferred reforming catalysts comprising
platinum on 2zeolite L which has finely dispersed
platinum.

The activity of a catalyst is a measure of its
ability to convert feed to products. While a catalyst
may have a high activity, the products formed may not
be necessarily the desired products. The term
"selectivity" is a measure of the ability of the
catalyst to convert feed to desired products. Activity
maintenance concerns the ability of the catalyst to
maintain activity over time at conversion conditions.

' The decline in catalyst activity at conversion
conditions is believed to be due primarily to crystal
growth or agglomeration of the noble metal particles to
about the size of the zeolite chénnels {about 12A) and
secondarily to the formation of coke on the external
and internal surfaces of the catalyst. At the same
noble metal loading, catalysts containing particles or
crystals of noble metals of a size greater than that
disclosed above are less active and less selective than
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This catal yst was designated at Catalyst G Exanple 11 Ten grans of the
fresh catal yst used in Exanple 11 were calcined at 530[err]Cin 20 vol. %
Jerr], 2.2 vol. % H20, and 77.8 vol. % heliumat a flow rate of 500
cc/mn. for 64 hours. Substantially all the Pt was renoved fromthe
zeolite channels to the external surface of the zeolite crystallites as
particles |arger than about 200 A. This catal Y#% was desi gnated as Catal yst
H Exanple 12 Two grans each of Catalysts G and H were regenerated
usi ng the sanme regeneration procedure as that in Exanple 1 except that in
oxychl orination htafelys€s €OnteDhing i tie (SmdBlep| pattivaesusetoreover,

(breakt hrough ppcﬁfﬁ?’ ra%é Paa é ggggre@%@sca?kalz@&f@@f%an%‘%&%l-

The regenerated
Coke formatlon, probably due to complex condensation -

and dehydrogenation reactions, results in the shielding
of the noble metal from the reaction mixture, thereby
limiting the catalytic sites available for promoting
reactions.

As catalytic activity declines by virtue of
agglomeration and coke formation, yield of desirable
products will decline, and depending upon the economics
of the operation a process employing the catalyst will
have to be interrupted and catalyst activity restored
to its initial value. Generally, catalytic activity
can be maintained by increasing temperature: but there
are limits beyond which the temperature cannot be
increased, for example, temperatures which will change
the nature of the zeolite or lead to undesirable side
reactions or exceed reactor material limitations.
Particularly for zeolite based catalysts, temperatures
higher than  538°C or 594°C (1000°F or 1100°F) are
preferably avoided.

Catalyst activity will decline faster over time as
severity increases. Factors which -increase severity
include: increasing temperature, reducing hydrogen to
oil mole ratio, reducing hydrogen partial pressure,

- reducing total pressure and temperature, increasing
feed rate per volume of catalyst (space velocity), and
increasing type of hydrocarbon in the feed.

In the measurement of activity maintenance all
variables are fixed and only the catalyst differs.
Thus, an activity of one catalyst over a period of time
can be directly compared to the activity of another
catalyst 6vér the same time period where feed, hydrogen
to oil ratios, pressures, etc., are constant.

One activity test utilized for purposes of the
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I and'J; respectively. Exanple 13 Two grans each of Catalyst G and H were
regenerated using the sane procedure as in Exanple 12 except that HC
concentration in oxychlorination was increased to 1.08 vol. %
(breakt hrough pp approx. 1.1 kPaa (0.159 32 psia); C[err] pp approx.
zero]. The regenerated catal ysts were designated as Catal ysts K and L
respectively. Catalysts I, J, K and L were evaluated by 3- nethyl pentane
aromati zation and hydrogen chemi sorptigg as described in Exanple 3. The
results are in Table 5. Hi gher concentrations of HC produces higher
Clerr]

present application is to pass a feedstream comprising

about 40 wt. % normal hexane and 60% isohexanes over

the catalyst at the following conditions: 510°C, 1.0

weight hourly space velocity (WHSV), 839 kPaa (121.7

psia), 4.25 Hy/o0il molar ratio. Benzene yield as a

percent of feed after 46 hours is a good measure of

catalyst activity.

Although the regeneration process herein may apply
to deactivated catalysts at any stage of deactivation,
it 1is particularly suitable for those which are

severely deactivated.
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concentration via the Deacon reaction: 4 HO + Jerr] =2 Cferr] +

H err] 0. Table 5 Catal yst H Pt W % Benzene Bz Selectivity @
25 Hr @25 H Fresh 0.78 19. 4 68. 2 |
0.59 22.2 67.6 J 0. 37 18.6

68.7 K 0.71 22.9 69.3 L 0. 59

21.2 68.5 Table 5 indicates that hggher HO concentration in the
HCL + dJderr] oxychlorination i nproves platinum di spersion for the

510[err] C cal cined catalysts (Catalysts |I and K) from0.59 to 0.71 and

530[err] C cal cined catal ysts (Catal ysts J from 0.37 to 0.59
Catal yst performance is also affected, es in the case of

The following examples illustrate the invention.
In all examples, parts and percentages are given by
weight for solids and liquids and by volume for gas
compositions, and temperatures in degrees Centigrade
unless otherwise noted. Examples 1 through 18 were
performed at one atmospheric total pressure. In all
Examples, the HC1l level in the effluent gas after the
stripping step (c) and after the reduction step (d) was
less than 27.6 Paa (0.004 psia) and in most cases less
than 2.76 Paa (0.0004 psia) partial pressure, as
measured or calculated.

Example 1

A 0.64 wt % Pt on KL-zeolite extruded catalyst was
used to aromatize a light naphtha feed. The flow of
hydrogen to the reactor was cut off and the catalyst
was exposed to pure hydrocarbon feed for about 5 hours
at reforming conditions. The catalyst was thus '
deactivated, i.e., coked up severely, as indicated by
accumulation of about 15 wt. % by weight of coke in'
contrast to a normally deactivated catalyst which
typically contains about 1 wt. % coke.

Two grams of the severely deactivated catalyst
were regenerated by the following standard HCl + O,
redispersion procedure:

First coke deposit was removed by burning (al) at
450°C with 20 vol. % O, in helium at 500 cc/min. for 30
miﬁutes; then temperature was increased to 510°C and
water at 2.2 vol. % was added, and the catalyst was
subjected to these conditions (a2) for 2 hours. Next
HCl was added to the gas stream to give 0.16 vol. % and
at the same time oxygen concentration was reduced to 10
vol. %, resulting in a low approaching zero Cl, partial
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catalysts J and L. Exanple 14 Two grams each of Catalysts
were regenerated using the sane regeneration procedure as that

G and H

] I n Exanple 2
i n which oxychlorination was carried out with 0.82 vol. % d[err]
(breakthrough and Cl[err] pp as in Exanple 2]. The regenerated catal ysts

were designated as Catal ysts Mand N respectively. Catalysts Mand N
wer e eval uated by 3-nethyl pentane aromati zati on and hydrogen chem sorption

(as in Exanple 3). The results are in Tabég 6. Table 6

pressure. The total gas flow rate was maintained at
500 cc/min. The oxychlorination treatment (b) was
performed for 2.5 hours with a breakthrough HCl + Clj
partial pressure of 16.6 kPaa (2.4 psia). After the
previously described oxychlorination procedure, the
catalyst was treated (c) with 2.2 vol. % water, 10 vol.
"% O and 87.8 vol. % heliﬁm for 1 hour. Oxygen was
purged out in about 10 minutes with wet helium
containing about 2% water vol. %. Hydrogen reduction
(d) was conducted at 510°C with 10 .vol. % Hy;, and 2.2
vol. % H30 and 87.8 vol. % helium at a flow rate of 500
cc/min. for 1.5 hours. The regenerated catalxst was
designated as Catalyst A. "

Example 2
The coked catalyst wused in Example 1 was

regenerated with the regeneration' procedure as
described in Example 1 except that during the second
stage (a2) of the coke burn procedure, the temperature
was increased to about 530°C which was thereafter
employed and the treat time was extended to about 6
hours; also during oxychlorination, 0.82 vol$ Cl;
instead of HCl was employed, [Cl, partial pressure and
breakthrough HCl1l and Cl,; partial press each approx. 834
Paa (0.121 psia)). The regenerated catalyst
regeherated in accordance with the present invention
was designated as Catalyst B.

Example 3
The above two catalysts were evaluated using 3-
methylpentane feed. The reaction was carried out at

510°C at a space velocity of 20 w/w/hr, Hz/oil-6 (6
molar ratio of Hp to oil), and 724 Paa (105 psia).
Table 2 shows the catalyst performance of Catalyst A
and B. cCatalyst B which was regenerated by a process

This |
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Cat al yst _ H Pt W % Benzene Bz Selectivity @5 Hr @5
Hr Fresh 0.78 19. 4 68.2 M 0.73

Z1 69.8 N 0.74 25. 4 70.2 Table

6 indicates that high CdJ[err] concentration conpletely redisperses the
particles of Pt which are 200 A forned during t he 530[err]C
calcination. Additionally, the 530[err]C calciggd catalyst (N) shoved a
much higher activity than the fresh and the 510[err] C cal cined catalyst (M
after Cferr] + Jerr] oxychlorination. Al though not wishing to be bound by

an articul ar thegr s.that_redispers of the

part el es on the gﬁt%‘?ﬁ&?é‘éﬂ%%?@f chfBrisehe CERFOREIh, $h8us 2 Hidher.
cal ci ned cat al ystPERFeRe| ¥haid: andj galectivity stiamtCatakystsAin the
zeolite channels

Table 2

Catalyst Wt% Benzene Wt% Benzene Selectivit

8 10 Hr. 8 25 Hr. @ 25 Hr.
A 24.5 20.2 67.3
B 26.3 22.6 . 68.8
Example 4

A 0.85 wt % Pt on KL-zeolite catalyst was
deactivated during aromatization of a light naphtha
feed. One gram of this catalyst was regenerated with
the procedure of Example 1, except that after the
second coke burn, the catalyst was reducéd a' at 510°C
with 20 vol. % H, and 2.2 vol. % water for 1 hour
before an HC1 + 0, oxychlorination. The HCl
concentration was 0.32 vol. §%, (breakthrough partial
pressure approx. 324 Paa (0.047 psia); Cl; partial

pressure approx. zero). The regenerated catalyst was
designated as Catalyst C.

_ Example 5
- The coked catalyst used in Example 4 was

regenerated with the same procedure as Example 2 except
that in the second coke burn, the burn time was
increased to 22 hours and there was a wet hydrogen
reduction (a') before the Cl; + O; oxychlorination,
(Clz and breakthrough partial pressure (pp) as reported
in Example 2). The regenerated catalyst was designated
as Catalyst D.
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but close to the channel nouths conpared to the case of redispersing

aggl onerated Pt particles inside zeolite channels (510[err] C cal ci ned
.catalyst (M ). Exanmple 15 A 0.84 w % Pt on KL-zeolite extruded catal yst
was used to aromatize a |ight naphtha feed. The catal yst was severely
deactivated and heavily coked. The color of the catalyst was black. Three
grans of the catal yst were regenerated by e followng HO + (err]

redi spersi on procedure. First coke deposif was renpved by burning 34
at 450[err]C with 10 vol. %02 in heliumat 1000 cc/mn. for 1 hour. Then
tenperature was increased to 510[err]C

Example 6

The above two catalysts were evaluated using 3-
methylpentane feed. The reaction was carried out at
510°C at a space velocity of 20 w/w/hr, H,/o0il-6, and
724 Paa (105 psia). Table 3 shows the catalyst
performance of Catalyst C and D. Catalyst D which was
regenerated by the instant invention shows better
catalyst performance than Catalyst C.

Table 3
Catalyst Wt% Benzene Wt% Benzene Selectivity
10 Hr @ 25 Hr @ 25 Hr
C 22.2 18.3 : 69.6
D 25.2 20.8 69.8

Example 7
A catalyst was deactivated through 6 cycles of on-
oil and regeneration operations in the Catalyst

Treating Unit. One gram of this catalyst was
regenerated using exactly the same procedure as Example
1 (Cl; and breakthrough pp as in Example 1). The

regenerated catalyst was designated as Catalyst E.

Example 8
The deactivated catalyst used in Example 7 was
employed in this example. Four grams of this catalyst
was regenerated using exactly the same procedure as
Example 2 except that the time of the coke burn step
was extended to 69 hours (Cl; and breakthrough pp as in

Example 2). The regenerated catalyst was designated as
Catalyst F.
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and held at 510[err]C for 12 hours.

gas streamto

flow rate was
(b) was for
approx. zeroj.
substantial ly

in about 10 m

for 1 hours.
Exanpl e 16

—

Next water and HClL were added to the
give 3.3 vol. %water and 0.33 vol. % HCO, and at the sane
ti me oxygen concentration was still maintained at 10 vol. % The total

mai nt ai ned at 1000 cc/m n. The oxychl orination treatnent

gas

6 hours; (breakthrough pp 338 Paa (0.049 psia); Clerr] pp

The catal yst was then cool3@ed to 345[err] C under

same gas environnent and was treated with 3.3 vol. % water
10 vol. % err] and 87.8 vol. %nitrogen for 1 hour. Oxygen was purged out

nutes with nitrogen. Hydrogen reduction was conducted at 345
[err]Cwith 10 vol. % H2 and 90 vol. % heliumat a flow rate of 1000 cc/mn

The regenerated cat alBXaBB&&-2jesi gnat ed as Catal yst O
The above two catalysts were evaluated using 3-

methylpentane feed. The reaction was carried out at
510°C at a'space velocity of 20 w/w/hr, Hp/oil-6, and
724 Paa (105 psia). Table 4 shows the catalyst
performance of Catalyst E and F. Catalyst F which was
regenerated by the instant invention shows a better
catalyst performance than Catalyst E.

Table 4
Catalyst Wt% Benzene Wt% Benzene Selecgivity .
@ 10 Hr @ 25 Hr @ 25 Hr
E 19.6 16.0 67.6
F 21.5 . 18.8 64.6

Advantages of the present invention in the
regeneration of Pt on KL-zeolite include the
externalization of the Pt particles to the outside
surface of the =zeolite crystallites during high
temperature coke burn which appears to open up the
zeolite <channels for Pt redistribution in the
oxychlorination step. The redispersion of large Pt
particles which are larger than about 200 4 requires
high concentration of chlorine to facilitate the
formation of mobile Pt chloride species. Although not
wishing to be bound by any particular theory, it is
believed that this redistribution of external Pt into
zeolite channels may promote highly dispersed Pt
clusters which reside near the channel mouths thereby
yielding better catalyst performance.

The following examples using fresh catalysts'give
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The coked catalyst wused in Exanple 15 was regenerated W th t he

regeneration procedur e I n accordance with the present invention. The
coke was first renmoved by burning (al) at 445[err]Cwith 10 vol. % oxygen
in nitrogen for 1 hour. The tenperature was raised to 530[err] C under 20%

Jerr], 2.2% H2 and bal anced helium The catal yst tenperature was held (a2)
at 530[err] C for 69 hours before it was cooled to 510[err]C.  During
oxychlorination (b), catalyst was treated with a gas m xture of 2.2%i20,
20992, 1.5% C[err], and balanced He for 2.5 hours at 510[err]C, (Cl2 and
breakt hrough pp = 15.2 kPaa (0.221 psia)]. After the oxychlorination,
the catal yst wasomhe estmpgoft)tev the 2akovel inteyptetatidnyol. % Jerr], and
87.8 vol. %heliumat 510[err]C for 1 hour. Oxygen was purged in about 10
mnutes with wet helium Hydrogen reduction (d) was conducted at 510[err]C
with 20% Example 10

A sample of about 3 grams of a 0.85 wt % Pt/KL-
zeolite catalyst was subjected to a 510°C calcination
of 20 vol. % 03, 2.2 vol. % Hy0 and 77.8 vol. % helium
at a2 flow rate of 500 cc/min. for 2 hours. Less than
10% of the Pt formed particles had a size greater than
about 200 A. substantial amount of Pt remained inside
the 2zeolite channels as large and small particles.
This catalyst was designated at catalyst G.

Example 11 :
Ten grams of the fresh catalyst used in Example 11

were calcined at 530°C in 20 vol. % O3, 2.2 vol. % H0,
and 77.8 vol. % helium at a flow rate of 500 cc/min.
for 64 hours. Substantially all the Pt was removed
from the zeolite channels to the external surface of
the zeolite crystallites as particles larger than about
200 A. This catalyst was designaiéd as Catalyst H.

Example 12
Two grams each of Catalysts G and H were

regenerated using the same regeneration procedure as
that in Example 1 except that in oxychlorination higher
HCl concentration (0.58 vol. %) was used, [breakthrough
PP approx. 586 Paa (0.08S péia); Cl, pp approx. zeroj.
The regenerated catalysts were designated as Catalysts
I and J, respectively.

Example 13
Two grams each of Catalyst G and H were regenerated

using the same  procedure as in Example 12 except that
HCl concentration in oxychlorination was increased to
1.08 vol. %, (breakthrough pp approx. 1.1 kPaa (0.159
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35 H2, 2.2 vol.% water and 87.8 vol. %heliumat a flow rate of 500 cc/mn.
for 1.5 hours. The regenerated catal yst was designated Catal yst P.
Exanple 17 Catalysts 0 and P and fresh catal yst were evaluated by an -
aromati zation reaction with a m xed feed of 60 wt % 3-net hyl pentane and 40
wt % n- hexane. The reaction was carried out at 510[err]C at a space velocity
of 8 wwhr, H2/oil-2.5 and 724 Paa (107 psa). Tabl e 7 shows the

catal yst performance of fresh catal yst and Catalysts 0 and P. Catalyst P

whi ch was regenerated by the current I nvention shows a better
cat al yst

psia); Cl, pp approx. zero). The regenerated catalysts
were designated as Catalysts K and L respectively.
Catalysts I, J, K, and L were evaluated by 3-
methylpentane aromatization and hydrogen chemisorption
as described in Example 3. The results are in Table 5.
Higher concentrations of HCl1 produces higher Cl,
concentration via the Deacon reaction:

4 HCl + O = 2 Cl; + H30.

Table §
Catalyst H/Pt Wt% Benzene Bz Selectivity
e 25 Hr @ 25 Hr
Fresh 0.78 19.4 ' 68.2
I 0.59 22.2 67.6
J 0.37 18.6 68.7
K 0.71 22.9 69.3
L 0.59 21.2 68.5

Table 5 indicates that higher HCl concentration in

the HC1 + 0O; oxychlorination improves platinum

. dispersion for the 510°C calcined catalysts (Catalysts

I and K) from 0.59 to 0.71 and 530°C calcined catalysts

{Catalysts J and L) from 0.37 to 0.59. Catalyst

performance is also affected, especially in the case of
catalysts J and L.

Example 14
Two grams each of Catalysts G and H were

regenerated using the same regeneration procedure as
that in Example 2 in which oxychlorination was carried
out with 0.82 vol. % Cl; (breakthrough and Cl, pp as in
Example 2]. The regenerated catalysts were designated
as Catalysts M and N respectively. Catalysts M and N
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performance than Catalyst 0 and fresh catalyst. Table 7 Catal yst

W % Benzene Bz Selectivity @46 Hr @46 Hr Fresh
37 . 76 0 . 33 - 65 P

- 40 - 75 Exanple 18 A 0.85 wt% Pt on KL-zeolite catal yst was
used to aromatize a |light naphtha feed. The catalyst was normally
deactivated in that it contai ned about 1-2% coke. The coke |evel was

regenerated by the conventional procedure3ds described in Exanple 15.
This catalyst is designated as Catalyst Q In parallel, three grans of the
catal yst were regenerated by the regeneration procedure in accordance

were evaluated by 3-methylpentane aromatization and
hydrogen chemisorption [as in Example 3]. The results
are in Table 6.

Table 6
Catalyst H/Pt Wt% Benzene Bz Selectivity
825 Hr @25 Hr
Fresh 0.78 19.4 ' 68.2
M 0.73 21 69.8
N _ 0.74 25.4 70.2

Table 6 indicates that high Cl; concentration
completely redisperses the particles of Pt which are
200 A formed during the 530°C calcination.
Additionally, the 530°C calcined catalyst (N) showed a
much higher activity than the fresh and the 510°C
calcined catalyst (M) after Cl; + Oz oxychlorination.
Although not wishing to be bound by any particular
theory, this suggests that redispersion of the large Pt
particles on the external surface of the zeolite
crystallites (530°C calcined catalyst (N) ) leads to
highly dispersed Pt clusters in the zeolite channels
but close to the channel mouths compafed to the case of
redispersing agglomerated Pt particies inside zeolite
channels (510°C calcined catalyst (M) ).

Example 15
A 0.84 wt % Pt on KL-zeolite extruded catalyst was
used to aromatize a light naphtha feed. The catalyst
was severely deactivated and heavily coked. The color
of the catalyst was black. Three grams of the catalyst
were regenerated by the following HCl + O; redispersion

procedure. First coke deposit was removed by burning
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with the present invention as described in Exanple 16. This catalyst is
designated as Catalyst R Catalysts Q 36 and R were evaluated under
the aromatization test condition described in Exanple 17. Table 8

i ndi cates that the regeneration procedure in accordance with the present

I nvention achi eves hi gher activity and selectivity than a
conventional procedure used to regenerate a nggnmally deactivated catal yst.

Tabl e 8 Cat al yst W % Benzene Bz Selectivity @46 Hr
@46 H Q 37 72
' at 450°C with 10 vol. % O in helium at 1000 cc/min.
for 1 hour. Then temperature was increased to 510°C

and held at 510°C for 12 hours. Next water and HCl
were added to the gas stream to give 3.3 vol. % water
and 0.33 vol. % HCl, and at the same time oxygen
concentration was still maintained at 10 vol. %. The
total gas flow rate was maintained at 1000 cc/min. The
oxychlorination treatment (b) was for 6 hours;
(breakthrough pp 338 Paa (0.049 psia); Cl, pp approx.
zero]. The catalyst was then cooled to 345°C under
substantially same gas environment and was treated with
3.3 vol. % water, 10 vol. % O, and 87.8 vol. % nitrogen
for 1 hour. Oxygen was purged out in about 10 minutes
with nitrogen. Hydrogen reduction was conducted at 345
°C with 10 vol. % H; and 90 vol. % helium at a flow
rate of 1000 cc/min for 1 hours. The regenerated
catalyst was designated as Catalyst O.

Example 16
The coked catalyst wused in Example 15 was

regenerated with the regeneration procedure in
accordance with the present invention. The coke was
first removed by burning (al) at 445°C with 10 vol. %
oxygen in nitrogen for 1 hour. The temperature was
raised to 530°C under 20% 03, 2.2% H; and balanced
helium. The catalyst temperature was held (a2) at 530°
C for 69 hours before it was cooled to 510°C. During
oxychlorination (b), catalyst was treated with a gas:
mixture of 2.2%H,0, 20%03, 1.5% Cl;, and balanced He
for 2.5 hours at 510°C, [Cl2 and breakthrough pp = 15.2
kPaa (0.221 psia)]. After the oxychlorination, the
catalyst was treated (c) with 2.2 vol. % water, 10 vol.
% 0, and 87.8 vol. % helium at 510°C for 1 hour.
Oxygen was purged in about 10 minutes with wet helium.
Hydrogen reduction (d) was conducted at 510°C with 20%
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R 40 75 Exanple 19 A 0.85 %w. %Pt on
formed KL-zeolite catal yst was 'used to aromatize a |ight naphtha feed. The
catal yst was nornmally deactivated, i.e., the catalyst contained about 1-2%
coke. The catal yst was regenerated using the foll ow ng procedure: The
coke was renoved by coke burn (al) at 450[err]C for 10 hours with 0.2 vol.
% oxygen in nitrogen under 1.28 MPaa (1&% psia) total pressure and 15.2
cnmsec (0.5 FPS) linear velocity. The coke burn (a2) was further carried

out at 510[err]C for 16 hours with 3.5 vol. % oxygen. After oxygen was
purged out, %16 fai awit seRckedunRd 4.9 /b1 516l &idisan 40 a0%:fydr ogen
for 1 hour. ‘ter drogen was purged out, the catalyst was then

pre- condltuﬁﬁiFfBF heSIMERt | $RTwi 1P ONBYT§o| . Ghe regenerated
catalyst was designated Catalyst P.

Example 17
Catalysts 0 and P and fresh catalyst were evaluated

by an aromatization reaction with a mixed feed of 60
wt% 3-methyl pentane and 40 wt% n-hexane. The reaction
was carried out at 510°C at a space velocity of 8
w/w/hr, Hz/o0il-2.5, and 724 Paa (107 psia). Table 7
shows the catalyst performance of fresh catalyst and
Catalysts O and P. Catalyst P which was regenerated by
the current invention shows a better catalyst
performance than Catalyst O and fresh catalyst.

Table 7
Catalyst Wt% Benzene Bz Selectivity
@ 46 Hr Q@ 46 Hr
Fresh 37 76
(o] 33 65
P 40 75

xa e 18
A 0.85 wt% Pt on KL-zeolite catalyst was used to

aromatize a light naphtha feed. The catalyst  was
normally deactivated in that it contained about 1-2%
coke. The coke 1level was regenerated by the

conventional procedure as described in Example 15.
This catalyst is designated as Catalyst Q.

In parallel, three grams of the catalyst were
regenerated by the regeneration procedure in accordance
with the present invention as described in Example 16.
This catalyst is designated as Catalyst R. Catalysts Q
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oxygen and 0.87 vol. %water vapor at 510[err]C under 1.17 MPaa (170 psia)
total pressure. HClL was added to the streamto a concentration of 0.15

vol. % for 4.5 hours [breakthrough pp = 889 Paa (0.129 psia); Cl2 pp 69 Paa
(0.010 psia)]. The catalyst was cooled to 345[err] C under 37 sane gas
envi ronment . The catal yst was then treated with 5 vol. % oxygen and 0. 84%
vol. % water vapor at 345[err] C under atnospheric pressure for 8 hours.

Wat er vapor was renpved fromthe stream and 8&e catal yst was further
treated at 345[err]C for 2 hours. After oxygen was purged out fromthe
system the catalyst was reduced at 345[err]C with 7 vol. % hydrogen for 6
hours. The catal pd R were evaluated under the aromatization test

condition described in Example 17. Table 8 indicates
that the regeneration procedure in accordance with the
present invention achieves higher activity and
selectivity than a conventional procedure used to
regenerate a normally-deactivatgd catalyst.

Table 8
Catalyst Wt% Benzene Bz Selectivity
8 46 Hr @ 46 Hr
Q 37 72
R 40 75
Example 19

A 0.85 % wt. % Pt on formed KL-zeolite catalyst was
used to aromatize a light naphtha feed. The catalyst
was normally deactivated, i.e., the catalyst contained
about 1-2% coke. The catalyst was regenerated using
the following procedure:

The coke was removed by coke burn (al) at 450°C for
10 hours with 0.2 vol. % oxygen in nitrogen under 1.28
MPaa (185 psia) total pressure and 15.2 cm/sec (0.5
FPS) linear velocity. The coke burn (a2) was further
carried out at 510°C for 16 hours. with 3.5 wvol. %
oxygen. After oxygen was purged out, the catalyst was
reduced (a') at 510°C with 50% hydrogen for 1 hour.
After hydrogen was purged out, the catalyst was then
pre-conditioned for oxychlorination with 0.89 vol. %
oxygen and 0.87 vol. % water vapor at 510°C under 1.17
MPaa (170 psia) total pressure. HCl was added to the
stream to a concentration of 0.15 vol. % for 4.5 hours
[breakthrough pp = 889 Paa (0.129 psia); Cl2 pp 69 Paa
(0.010 psia)]. The catalyst was cooled to 345°C under
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I's designated as Catalyst S. A batch of the simlar normally deactivated
0.85% Pt/ KL-zeolite cat al yst was regener at ed by a regeneration
procedure in accordance with the present invention. The coke was renoved
by coke burn (al) at 450[err]C for 10 hours with 0.2 vol % oxygen in
.nitrogen under 1.17 MPaa (185 psia) total pressure and 15.2 cm sec (0.5
FPS) velocity. The coke burn was further camried out (a2) at. 530[err]C
for 69 hours with 1.6 vol. % oxygen and 0.2 vol. % water vapor. The
catal yst was oxychlorinated (d) with 1.7 vol. % oxygen, 0.12 vol. %

Alerr], and O.gapedl gadb H[n‘%&&b@méht510['ﬁ*ié] Gaftgrlg%t5 Mréhéﬁd%&-e&tﬁ MPaa
(185 pS|a) total ressure %breakthrou si a)

gh :
Cllerr] pp = NPaaved: 232 Hgen 2 TﬁesﬁétXPQStﬁmﬂ?Yﬁ%nvF 85t &% (c)
with 1_0. 5 vol . :%S?chga-rdemdaemaspnén% peesuyrepafont 85 Hijuris.] C wader

vapor was removed from the stream, and the catalyst was
further treated at 345°C for 2 hours. After oxygen was
purged out from the system, the catalyst was reduced at
345°C with 7 vol. % hydrogen for 6 hours. The catalyst
is designated as Catalyst S.

A batch of the similar normally deactivated 0.85%
Pt/KL-zeolite catalyst was regenerated by a
regeneration procedure in accordance with the present
invention. The coke was removed by coke burn (al) at
450°C for 10 hours with 0.2 vol% oxygen in .nitrogen
under 1.17 MPaa (185 psia) total pressure and 15.2
cm/sec (0.5 FPS) velocity. The coke burn was further
carried out (a2) at 530°C for 69 hours with 1.6 vol. %
oxygen and 0.2 vol. % water vapor. The catalyst was
oxychlorinated (d) with 1.7 vol. % oxygen, 0.12 vol. %
Cl;, and 0.2 vol. % H;0 at 510°C for 2.5 hours under

1.17 MPaa (185 psia) total pressure, [breakthrough pp =
2.04 XkPaa (0.296 psia); Cl; pp = 1.53 kPaa (0.222
psia)]. The catalyst was then treated (c) with 10.5
vol. % oxygen and 2.2 vol. % water vapor at 510°C under
atmospheric pressure for 10 hours; to an HCl partial
pressure of 45.5 Paa (0.0066 psia). After oxygen was
purged out from the system, the catalyst was reduced
(d) at 510°C with 5.8 vol. % hydrogen and 2.2 vol. %
water vapor for 1.5 hours at atmospheric pressure, to
an HCl pp of 15.2 Paa (0.0022 psia). The catalyst is
designated as Catalyst T.

The activities of cCatalysts S and T in 1light
naphtha aromatization under the following conditions:
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at nospheric pressure for 10 hours; to an HC partial pressure of 45.5 Paa
(0.0066 psia). After oxygen was purged out fromthe system the catalyst
was reduced (d) at 510[err] Cwith 5.8 vol. % hydrogen and 2.2 vol. % water
vapor for 1.5 hours at atnospheric pressure, to an HCO pp of 15.2 Paa
(0.0022 psia). The catalyst is designated as Catalyst T. The activities of
Catalysts S and T in |light naphtha aromatsigzati on under the follow ng

condi tions: 38 Feedstream Conditi ons M xed C6s 1.8
VWHSV 60% nC err ] 2 /G| Mlar Ratio
Feedstream Conditions
Mixed Cgs 1.8 WHSV
60% nCg ' 2 H5/0il Molar Ratio
40% icCg ' 105 psia
' 505°C

The normally deactivated catalyst regenerated in
accordance with the present invention has higher
activity and selectivity than the catalyst regenerated
by the HCl procedure.

Table 9
Catalyst Wt% Benzene Bz Selectivity
100 Hr 100
S 43 66
T 48 68

The catalysts regenerated by the process of this
invention may be employed as reforming catalysts using
reforming conditions which are well known in the art.

In 'summary, the present invention is seen to
provide a method which is particularly effective for
regenerating severely deactivated reforming catalysts,
preferably extrudates of potassium-exchanged zeolite L
containing platinum, so as to substantially restore
catalyst activity and activity maintenance to the
catalyst. The regeneration procedure of the present
invention, however, 1is also useful for regenerating
normal deactivated reforming catalysts.
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40% i Cerr] 105 psia 505[err]C The nornally deacti vated
catal yst regenerated in accordance with the present invention has higher
activity and selectivity than the catal yst regenerated by the HC

procedure. Table 9 Catal yst W % Benzene ThiS8heat@aS Bbdn Replieed 00 Hr

@100 H S _ 43 66 T I8

68 The catal ysts regenerated by the process 3 this inH“lﬂliul mt“um :
wel |

to

enpl oyed as reform ng catal ysts using reform ng condith
known in the art. In sunmmary, the present invention is seen
provi de a net hogpafmeh is particularly effective for

1. A process for regenerating a deactivated
catalyst comprising a Group VIII catalytic metal and
zeolite, which process comprises:

a) contacting the deactivated catalyst with a
gaseous stream comprising oxygen, inert gas and water
under oxidation conditions comprising a temperature of
from 400°C to 600°C for a time sufficient to burn coke
off the deactivated catalyst and convert the metal to
agglomerated particles which _are accessible to
chlorine-containing gas in subsequent process step (b),
to result in a substantially decoked catalyst;

b)" contacting the substantially” decoked
‘catalyst with a gaseous stream comprising water, a
source of chlorine, oxygen and an inert gas under
oxychlorination conditions comprising a temperature of
from 450°C to 550°C and a partial pressure of chlorine
derived from the source of chlorine which is greater
than 207 Paa (0.03 psia) for a time sufficient for
hydrogen chloride and/or chlorine to breakthrough the
catalyst to an HCl + Cl, partial pressure greater than
138 Paa (0.02 psia) so as to chlorinate and disperse
the metal and result in a chlorinated catalystm
comprising substantially completely dispersed chlorine-
complexed metal;

c) contacting the chlorinated catalyst with
a gaseous stream comprising water, oxygen, and an inert
gas under chlorine removal conditions comprising a
temperature of from 450°C to 550°C, a low total
pressure, and a time effective to remove from the
chlorinated catalyst at least some of the chloride
complexed to the metal and result in a gaseous stream
after contact with the catalyst comprising hydrogen
chloride at a partial pressure of less than 27.6 Paa
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regenerating sexeLﬂLl_QQQEL%xgﬁed reform ng catal ysts, preferably
extrudat es of potassi um exchanged—zeolite L containing platinum so as to
substantial ly re§M@ﬂﬁmeﬁam*M@%h@ﬁtjvity and activity maintenance to the

catal yst. The r i cedure of the present invention, however,
I's al so useful fo normal deactivated reform ng catal ysts.
39 CLAIMS: 1. A process enerating a deactivated catal yst conpri sing

a Goup VIl catalytic nmetal and zeolite, whA®h process conprises: a)
burni ng coke off the deactivated catal yst '
(0.004 psia); and ,
d) contacting the chlorinated catalyst from
- step (c) with a gaseous stream comprising inert gas and
hydrogen under reducing conditions comprising a low
total pressure and a temperature of from 350°C to 550°C
for a time effective to reduce at least some of the
chlorine- complexed metal in the catalyst to the
metallic state and result in a regenerated catalyst
comprising dispersed metal and zeolite.

2. A process according to claim 1 wherein step
(a) is performed at a temperature of from 520°C to 600°
C and/or at an oxygen partial pressure not greater than
69 kPaa (10 psia) andfor at a water partial pressure
not greater than 10.3 kPaa (1.5 psia) and/or at a total
pressure of from sub~atmospheric to 2.07 MPaa (300
psia) and/or for a time of from 48 to 75 hours.

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), preferably less than 27.6 Paa
(0.004 psia).

4. A process according to any preceding claim in
which step (a) is performed in a first stage (al) and a
second stage (a2) wherein stage (al) is performed at a
lower temperature than stage (a2).

5. ‘A process according to claim 4 wherein (al)
is performed at a temperature of from 400° to 500°C and
(a2) is performed at a temperature .of from 520° to 600°
C.
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and converting the metal to aggl omerated particles which are accessible to

chl orine-containing gas in subsequent process step b) by contacting the

catalyst for at least 6 hours.with a gaseous streamgakkE S Heeh IsN&an,
inert gas and water under oxidation conditions conpr
d

ture of

from400[err]C to 600[err]C to substantially decoke

it B
1 !mm
{ I
aggl onerate the catalyst to the extent that 8$t | east HIJH \“Eﬂ

nmetal is agglonerated outside the channels
greater than 200 Angstromin size; b)

of the
the zeolite as particles
chlorinating and dispersing the

nmetal of the substantially decoked catal yst by contracting the catalyst
with a gaseous stred®m cofprPEPFRESBEFOraingure® apy NeHFTHNI SdR¢Ben

and an

chl ori ne

| ner tyhed@Sin
t enper at ure of

S06ST (@§Y Cbk Ddd s 01 sC et i @S cR@MUntSi Ng the
metd] 420l YdhGnedata®Pl €5 e NG 2 PG LR T QAR €280
Angstrom in size, a substantial proportion of which are

located outside the channels of the zeolite.

7. A process according to any preceding claim
wherein step (b) is performed at a temperature of from
480° to 550°C and/or at an oxygen partial pressure not
greéter than 69 kPaa (10 psia) and/or at a water
partial pressure not greater than 10.3 kPaa (1.5 psia)
and/or at a total pressure of from sub-atmospheric to
2.07 MPaa (300 psia) and/or for at least 2 hours after
HCl and/or Cl, breakthrough. |

8. A process according to claim 7 wherein step
(b) is performed at an oxygen partial pressure of from
13..8 to 27.6 kPaa (2 to 4 psia) and/or at a water
partial pressure of from 1.38 to 5.17 kPaa (0.2 to 0.75
psia) and/or at a total pressure of from 345 kPaa to
1.38 MPaa (50 to 200 psia).

9. A process according to any preceding claim
wherein step (b) is performed at a chlorine partial
pressure of from 207 Paa to 20.7 kPaa (0.03 to 3 psia),
preferably from 345 Paa to 6.9 kPaa (0.05 to 1 psia).

10.
wherein
480° to
greater
partial

11.

A process according to any preceding claim
step (c) is performed at a temperature of from
520°C and/or at a water partial pressure not
than 10.3 kPaa (1.5 psia) and/or at an oxygen
pressure of less than 31 kPaa (4.5 psia).

A process according to claim 10 wherein step

(c) is performed at a water partial pressure of from
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derived from t he—sourece—of—chlorine which is at |east 207 Paa (0.03 psia),
until the hydrOQ%n chl ori de and/or chlorine which breaks through the
h ITWBWQ partial pressure greater than 138 Paa

- catal yst reaches as
(0.02 psia) to su m npl etely chlorine-conplex and di sperse the
metal; c) r enov

one of the chlorine fromthe netal by
contacting the chlorinated catal yst with a®*gaseous stream conpri sing water,
oxygen, and an inert gas under chlorine renoval conditions at a tenperature
of from450[err]Cto 550[err]C, and a total pressure bel ow 690 kPaa (100
psia), until t3% hRaiaogen BLGorkReai (0t RE gaskouspsirpamngdi/oer anedct with

the catalyst flyged QarPal i fesbssUse BebAW42820 F2aA 4. H94 prbad: and
(0.7 to 3 psia). -

12. A process according to any preceding claim
wherein step (cj is performed at a total pressure of
from sub-atmospheric to 448 kPaa (65 psia), preferably
at about atmospheric pfessure.

13. 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
catalyst comprises a partial pressure of hydrogen
chloride of less than 10.3 Paa (0;0015 psia). ’

14. A process according to any preceding claim
wherein step (d) is performed at a hydrogen partial
pressure greater than 103 Paa (0.015 psia) and/or at a
temperature of from 480° to 520°C and/or in the
presence of water, preferably at partial pressure not
greater than 10.3 kPaa (1.5 psia).

15. A process according to claim 14 wherein step
(d) is performed at a hydrogen partial pressure of from
1.03 kPaa to 34.5 kPaa (0.15 to 5 psia) and/or at a
water partial pressure of from 345 Paa to 2.76 KkPaa
(0.05 to 0.4 psia).

16. A process according to any preceding claim
wherein step (d) is performed at a total pressure of
from sub-atmospheric to 448 kPaa (65 psia), preferably
at about atmospheric pressure.

17. A process according to any preceding claim
wherein step (d) is performed under conditions such
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40 d) reducing at |east some of the chlorine- coanexed~HEL§L~Lﬂ_Lﬁir
catalyst to the netallic state by contacting the chlorinated catal yst from
Step (c) with a gaseous stream conprising inert gas aibisSheetagaan | d
reducing conditions at a total pressure bel ow 690 kPaa a
tenperature of from350[err]C to 550[err]Cto result ””Hhmmm@&w

catal yst conprising dispersed netal and 4&olite. 2. A proce ng to
claiml1l wherein step (a) is perforned at a tenperature of from520C to

600[ err] C and/or at an oxygen partial pressure not greater than 69 kPaa
(10 psia) atbatrtha¢ gasadaes Poréanl aptesscontaot wiethtehe tdavalPs kPaa

(1.5psia) agfhpisdl Ryb@oBerP’ GESMELad" atl UM S4PE 2L IO O 07 MPaa

(300
less than 51.7 Paa (0. 0075 psia).

18. 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 gaseocus
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.

19. A process according to any preceding claim
wherein between steps (c¢) and (d) there is performed a
purging step (c') comprising contacting the chlorinated
catalyst from step (c) with an oxygen-free displacement
gas flow for a time sufficient to purge oxygen
therefrom prior to performing step (d).

20. A process according to any preceding claim
wherein the 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
Optiqnally comprises a binder.

21. A process according to any preceding claim
wherein the regenerated catalyst produced in step (d)
has an activity for aromatizing hexanes to benzene in
accordance with the test defined in Example 3 hereof,
Mmeasured in weight percent yield of benzene, which is
at least 1.5 wt% greater than the activity of the low

activity catalyst before regeneration according to the
invention.
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psia) and/or for a time of from10 to 100 hours. 3. A process according
to claim1 or 2 wherein step (a) is performed for a period of tine until

t he gaseous stream after <contact wth the catalyst ,has a carbon

di oxi de partial pressure below 69 Paa (0.01 psia), preferably bel ow

27.6 Paa (0.004 psia). 4. A process according to any preceding claimin
which step (a) is perforned in a first stage (al) and a second stage (a2)
wherein stage (al) is performed at a | ower4fenperature than stage (a2). 5.
A process according to claim4 wherein (al) is perfornmed at a tenperature
of from400 to 500[err]C and (a2) is perforned at a tenperature of from 520
to 600[err] C '

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

—
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REPLACEMENT SHEET 41 6. A process according to any preceding claim
wherein step (a) is performed for..a time of from48 to 75 hours. 7. A
process according to any preceding claimwherein step (b) is perforned at a
tenperature of from480 to 550[err]C and/or at an oxygen partial pressure
not greater than 69 kPaa (10 psia) and/or at a water partial pressure not
greater than 10.3 kPaa (1.5 psia) and/ at a total pressure of from

sub- at nospheric to 2.07 MPaa (300 psia) and/or for at |least 2 hours after
HC1L and/or C[err] breakthrough 8 A process accordrng toclaim?7
wherein step (b) rEGEGHS2 VT ] :

A process for regenera.tin'g severely deactivated reforming
catalysts comprising at least one Group VIII metal on
zeolite comprises (a) coke burn at severe conditions to
improve the accessibility of the metal particles by
transporting them to the outside of the 2zeolite
microchannels; (b) metal redispersion by = wet
oxychlorination with elemental chlorine and oxygen; (c)
stripping with a gas stream comprising oxygen and water at
low pressure to remove as much residual chlorine as
possible; and (d) reduction of catalytic metals with
hydrogen at low pressure.

This ig the repiacement sheet

Date: © 4 MAR 1997



- T—.
1378 to 27‘ GRPARH AT A psha)-—andlor at a water partial pr es®IPE? P rom
:1.38 to 5~£L¥. aa. (0,2 o0 75 psfa) and/or at a total pressure of from 345
kPaa to; 1.,,8 " A process according to any

) O,
dj. g performed at a chl orRERLAGEMENRISHEET

precedi ngy ) : P ey
' n‘rﬁ 7095 4 0b 207 kPaal (0 03 to 3 psia), preferably from 345

Paa to 6. 9 kPaaC"o OBAZEE --1- oshagpid . 103 process according to any preceding

t 3Iptenperature of from480[err] to
ressure not greater than 10.3 kPaa
(1.5 psi a) and/or at AR ox‘ygen‘""parh dl pressure of |ess than 31 kPaa (4.5
psia). 11. A pC€hAEMS:according to claim 10 wherein step (c) is perforned at
a water partial pressure of from

clalmV\/rhereln step (c) |s per f or med

..........

1. A process for regenerating a deactivated
catalyst comprising a Group VIII catalytic metal and
zeolite, which process comprises:

a) burning coke off the deactivated catalyst
and converting the metal to agglomerated particles which

are accessible to chlorine-containing gas_ in subsequent

process step b) by contacting the catalyst for at least

6 hours with a gaseous stream comprising oxygen, inert
gas and water under oxidation conditions comprising a
temperature of from 400°C to 600°C to substantially decoke

that at least 80% by weight of the metal is agglomerat_g_q&
outside the channels of the zeolite as particles greater

than 200 Angstrom in size;

b) chlorinating and dispersing the metal of
the substantially decoked catalyst by contracting the_
catalyst with a gaseous stream comprising watei:,__ ‘a source
of chlorine, - oxygen and an inert gas under |

oxychlorination conditions compriSing a temperature of
from 450°C to 550°C and a partial pressure of chlorine
derived from the source of chlorine which is at least 207
Paa (0.03 psia), until the hydrogen chloride and/or
chlorine which breaks through the catalyst reaches an HC1
+ c12 partial pressure greater than 138 Paa (0.02 psia)
to substant:l.ally completely chlor:.ne-complex and disperse

_ the metal H

c) removing at least some of the chlorine
from the metal by contacting the chlorinated catalyst
__w:.th a gaseous stream comprising water, oxygen, and an

inert gas under chlorine removal conditions at a
temperature of from 450°C to 550°C, 'and a total pressure
below 690 kPaa (100 psia), until the hydrogen chloride in
-the gaseous_stream after contact with the catalyst falls
to a partial pressure below 27.6 Paa (0 004 psia); and
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REPLACEMENT SHEET 42 345 Paa to 2.76 kPaa (0.05 - 0.4 psia) and/or at an
.oxygen partial pressure of from4.82 Paa to 20.7 kPaa ( REPLAGERIENT ISHEET 12.
A process according to any preceding claimwherein step (c) is performed at
a total pressure of from sub-atnospheric to 448 kPaa (65 psia), preferably
at about atnospheric pressure. 13. A process according to any preceding
claimwherein step (c) is perfornmed until the hydrogen chloride in the
gaseous stream after contact with the catalyst falls to a partial pressure
bel ow 10.3 Paa (0.0015 psia). 14. A process4%Fcording to any preceding
claim -

d) reducing at least some of the chlorine-
complexed metal in the catalyst to the metallic state by'
contacting the chlorinated catalyst from step (c¢) with a
gaseous stream comprising inert gas and hydrogen under
reducing conditions at a total pressure below 690 kPaa
(100 psia) and a temperature of from 350°C to 550°C to
result in a regenerated catalyst comprising dispersed
metal and zeolite.

2. A process according to claim 1 wherein step
(a) is performed at a temperature of from 520°C to 600°
C and/or at an oxygen partial pressure not greater than
69 kPaa (10 psia) and/or at a water partial pressure
not greater than 10.3 kPaa (1.5 psia) and/or at a total
pressure of from sub-atmospheric to 2.07 MPaa (300
psia) and/or for a time of from 10 to 100 hours.

3. A process according to claim 1 or 2 wherein
step (a) 'is performed few—a—poriod—of—time until the
gaseous stream after contact with the catalyst

‘has . a carbon dioxide partial pressure below
69 Paa (0.01 psia), preferably below 27.6 Paa

(0.004 psia).

4, A process according to any preceding claim in
which step (a) is performed in a first stage (al) and a
second stage (a2) wherein stage (al) is performed at a
lower temperature than stage (a2).

5. A process according to claim 4 wherein (al)
is performed at a temperature of from 400° to 500°C and
(a2) is performed at a temperature of from 520° to 600°
C.
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wherei.n step (d) is perforned at a hydrogen partial pressure greater than

. 103 Paa (0.015 psia) and/or at a tenperature of from 480[eréﬂ(})t%ﬁ 0C
and/or in the presence of water, preferably at partial pres il N(}r%@f@r
than 10.3 kPaa (1.5 psia). 15. A process according to claim 14 wherein step
(d) is performed at a hydrogen partial pressure of from1.03 kPaa to 34.5
kPaa (0.15 to 5 psia) and/or at a water partial pressure of from 345 Paa to
2.76 kPaa (0.05 to 0.4 psia). 16. A process according to any preceding
claimwherein step (d) is perforned at a totg pressure of from -

sub- at nospheric to 448 kPaa (65 psia), preferably at about atnospheric
pressure. 17. A process according to any preceding claimwherein step (d)

is performed until the hydroggRach! Qddi-dihg to any preceding claim
wherein step (a) 1is performed for a time of from 48 to 75 hours.

7. A process according to any preceding claim
wherein step (b) is performed at a temperature of from
480° to 550°C and/or at an oxygen partial pressure not
greater than 69 kPaa (10 psia) and/or at a water
partial pressure not greater than 10.3 kPaa (1.5 psia)
and/or at a total pressure ©of from sub-atmospheric to
2.07 MPaa (300 psia) and/or for at least 2 hours after
HCl and/or Cl, breakthrough.

8. A 'process according to claim 7 wherein step
(b} is performed at an oxygen partial pressure of from
13.8 to 27.6 kPaa (2 to 4 psia) and/or at a water
partial pressure of from 1.38 to 5.17 kPaa (0.2 to 0.75
psia) and/or at a total pressure of from 345 kPaa to
1.38 MPaa (50 to 200 psia).

S. A process according to any preceding claim
wherein step (b) is performed at a chlorine partial
pressure of from 207 Paa to 20.7 kPaa (0.03 to 3 psia),
preferably from 345 Paa to 6.9 kPaa (0.05 to 1 psia).

10. a procesé according to any preceding claim
wherein step (c) is performed at a temperature of from
480° to 520°C and/or at a water partial pressure not
greater than 10.3 kPaa (1.5 psia) and/or at an oxygen
partial pressure of less than 31 kPaa (4.5 psia).

11. A process according to claim 10 wherein step
(c) is performed at a water partial pressure of from
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43 the gaseous stream after contact with the catalyst Falls to a

_partial pressure bel ow 51.7 Paa (0. 0075 psia). 18. A rocess according
" to any preceding clai mwherein between steps (a) and (b)R WkﬁOEMENTQﬂEE?rned
an internediate reducing step (a') conprising contacting the substantially
decoked catal yst with a gaseous stream conprising inert gas and hydrogen
under reducing conditions for a tine effective to reduce the netal

conponent of the catalyst to the nmetallic stagfe. 19. A process according to
any precedi ng claimwherein between steps (c) and (d) there is perforned a

345 Paa to 2.76 kPaa (0.05 - 0.4 psia) and/or at an
‘oxygen partial pressure of from 4.82 Paa to 20.7 kPaa
(0.7 to 3 psia).

12. A process according to any preceding claim
wherein step (c) is performed at a total pressure of
from sub~atmospheric to 448 kPaa (65 psia), preferably
at about atmospheric pfessure.

13. A process according to any preceding claim
wherein step (c) is performed until the hydrogen chloride
in_the gaseous stream after contact with the catalyst falls to a
.partial pressure below 10.3 Paa (0.0015 psial. .

14. A process according to any preceding claim
wherein step (d) is performed at a hydrogen partial
pressure greater than 103 Paa (0.015 psia) and/or at a
temperature of from 480° to S520°C and/or in the
presence of water, preferably at partial pressure not
greater than 10.3 kPaa (1.5 psia).

15. A process according to claim 14 wherein step
(d) is performed at a hydrogen partial pressure of from
1.03 kPaa to 34.5 kPaa (0.15 to S5 psia) and/or at a
water partial pressure of from 345 Paa to 2.76 KkPaa
(0.05 to 0.4 psia).

l16. A process according to any preceding claim
wherein step (d) is performed at a total pressure of
from sub-atmospheric to 448 kPaa (65 psia), preferably
at about atmospheric pressure.

17. A process according to any preceding claim
wherein step (d) is performed until the hydrogen chloride in

__——_—/—_d_______,_—-— " N L
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purgikng step (c') conprising contacting the chlorinated catalyst fromstep
. (c) with an oxygen-free displacenent gas flow for a tine sufficient

to purge oxygen therefromprior to performng step (d). REﬁQAﬁ@MPN?
according to any preceding claimwherein the catal yst conprises a ype
zeolite optionally cont ai ni ng potassium or barium as exchangeabl e

cations and/or the Goup VIII catalytic netal conprises platinumand/or the
Goup VIII netal is present as from 0. 05 6 W% of the catal yst, which
optionally conprises a binder. - A process according to any preceding claim

wherein the regenerated catal yst produced in step (d) has an activity for
aromati zi ng hexaqgﬁ%to benzene in ac%grdance w1thtf§h {gt defiped in

Exanpl e 3 her eof ?rﬁ%ﬁﬁiﬂna RETSRNEIF R G F 2R Rt ch i s
' falls to & partial pressure
below 51.7 Paa (0. 0075 psia).

18. 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 <fow——a—time—effeetive- to reduce the metal
component of the catalyst to the metallic state.

18. A process according to any preceding claim
wherein between steps (c) and (d) there is performed a
purging step (c') comprising contacting the chlorinated
catalyst from step (c) with an oxygen-free displacement
gas flow fer—a—-—time—sufficiant- to purge oxygen
therefrom prior to performing step (4d).

20. A process according to any preceding claim
wherein the 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.

wherein

measured in weight percent yle{g benzene, which is
at least 1.5 wt3 greater than the actiV of the low

activity catalyst before regeneration aééordipq
i‘n"‘entiuu 0
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at’least 1.5 wt % greater than the low activity catal yst
before regeneration according the 44 21. A  process for ref orm ng
hydr ocar bons conprising contacting hydrogen and naphtha with a catal yst
regenerated in accordance with the process accordi.ng to any preceding
claim to produce aromatic hydrocarbons. REPLACEMENT SHEET

44

2l. A process for reforming hydrocarbons
comprising contacting hydrogen and naphtha with a
catalyst regenerated in accordance with the process
according to any preceding claim, to produce aromatic
hydrocarbons. "

-
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