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speci fi call]y, the present invention is directed to an inproved regeneration
process-for zeolite-based reform ng catal ysts which involves | ow pressure,
~ high tenperature, wet ,post-treatnent after the oxychlorination stage of the
regenerati on process. Zeol ite-based rdf orm ng catal ysts, such as

Pt/ KL, exhibit superior vant agges i n.reformng Li ht ha conpare to
conventional al um na- bai‘?ﬁ*@?ﬁgﬁo EM@&)&%&O&%a@g’Fﬁ% ref orm ng,

" catal ysts deactivate due to accurrul ati omn of coke deposits in the catal yst,
and aggl oneration of fine catalyti-c netal

1.  Field of the Invention

5 The invention relates to regeneration of reforming catalysts.
More specifically, the present invention is directed to an improved
regeneratioh process. for zeolite-based reforming catalysts which
involves low pregé’iire, high temperature, wet post-treatment after the
oxychlorination stage of the regeneration process.

10 Zeolite-based reforming catalysts, such as Pt/KL, exhibit
superior advantages in reforming light naphtha compare to
conventional alumina-based reforming catalysts. _

During reforming, catalysts deactivate due to accumulation of
coke deposits in the catalyst, and agglomeration of fine catalytic metal

15 particles disperse in the catalyst into larger particles. Therefore, it is
common practice to periodically regenerate reforming catalysts to
recover their activity. However, it has been found that it is more
difficult to regenerate the zeolite-based reforming catalysts than the
conventional alumina-based catalysts.

20 Previously, regeneration procedures have been developed to
rejuvenate the zeolite-based reforming catalysts, namely P/KL
catalysts.

An example of such a regeneration procedure involves subjecting
a zeolite-based reforming catalyst to a two-stage coke burn wherein the

25 first stage of coke burn is conducted at a temperature of about at 445°C
and a pressure of about 185 psia for 2 hours with 1 vol% oxygen and a

9 to 1 recycle ratio, followed by a coke burn at a temperature of about

" 510°C and a pressure of about 185 psia for 14 hours with 3 vol%
oxygen and a 9 to 1 recycle ratio. The coke burned catalyst is then

30 subjected to oxychlorination at a temperature of about 510°C and a
pressure of about 185 psia for 8 hours with 600 vppm HC1, 0.66 vol%
water vapor, and 0.84 vol% oxygen and a 9 to 1 recycle ratio. The
oxchlorinated catalyst is then cooled down to 345°C over four hours
under oxychlorination conditions. Subsequently, the cooled

35 oxychlorinated catalyst is then stripped at 345°C with 10 vol% oxygen
and 3 vol% water vapor in.nitrogen at atmospheric pressure for 13
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patticles disperse in the catalyst into |arger particles. Thereforég, it is
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The present invention is based on the discovery that this
selectivity loss of the regenerated catalyst can be eliminated by using a
low pressure, high temperature, wet post-treatment procedure in the
procedure for regenerating aromatization catalysts in accordance with

15 the present invention.
- In this regard, the regeneration of aromatization catalysts of the
" present invention involves exposing a halogenated catalyst to a
gaseous stream including water having a partial pressure of up to
about 1.5 psia, oxygen having a partial pressure of less than about 4.5
20 psia, and an inert gas at a temperature within the range of about 450°
C to about 530°C at a pressure within the range of about 14.7 psia to
about 65 psia for a time sufficient to effect a hydrogen halide partial
pressure in offgas from the halogenated catalyst of less than about
0.004 psia to effectively remove excess halide from the halogenated

25 catalyst.

For purposes of the present invention, it is important to remove
residual halide on the catalyst after oxyhalogenation since the residual
halide released during the subsequent reduction can induce platinum
re-agglomeration.

30 The high temperature, wet post-treatment is believed to further
improve the efficiency of residual halide removal.
DETAILED DESCRIPTION

The regenei'ation process of the present invention is described in

more detail hereinbelow. ' "
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and 3 vol % water vapor in nitrogen at atnospheric pressure for 13

2 hours, fwobbsiyeeds by stripping at 345[err]C with 10 vol % oxyR§GHUSH/13Br ogen
for one hagur at atnospheric pressure. The catalyst is then purged wth
nitrogen at 345[err] C for one hour at atnospheric pressure, prior to
reducing the catalyst with 10 vol % hydrogen at 345[err] C and at nospheric
pressure for 2.5 hours. Al t hough cat ald/sts regenerated by the

procedures desggic ove have a higher activity and a better stability
than the fres s, benzene selectivity of the regenerat ed cat al yst

is 5 to 10 points 1GMe which cesamadataseonr the) catalysy sduring hydrocarbon
SUMVARY OF THErbbbSRHE OPhust be removed to regenerate the catalyst because

catalytic performance of the regenerated catalyst is impaired if coke

5 residues remain on the catalyst. Coke is removed by burning it off

with oxygen. In addition to using oxygen, ozone can also be used for

this purpose. Although not wishing.to be bound by any particular

theory, it is believed that the use of ozone speeds up the coke burn.

The partial pressure of oxygen in the gas stream during coke burn can

10 be up to 10 psia. However, care must be exercised to avoid exposing

the catalyst to excessively high temperatures. In another embodiment,

halogen halide, such as HC1, can be included in this gas flow. In

accordance with the present invention, the coke burn is conducted in

two stages: a primary coke burn at less severe conditions followed by a

15 secondary coke burn at more severe conditions. The two-stage coke

burn has been discovered to be advantageous in mitigating risk is of

exceeding zeolite decomposition temperature at the flame front. The

coke burn is conducted at a pressure from about 14.7 psia to about 300

psia, preferably within the range of about 50 psia to about 200 psia,

20 and, more preferably, at a pressure of about 185 psia. Gas flow rate to

the reactor is set to maintain at least about 0.5 FPS linear gas velocity
through the catalyst. '

The primary coke burn is initiated by injecting oxygen, ozone, or

air into the inert gas flowing to the reactors. The inlet gas

25 temperature is between about 400°C to about 500°C, and preferably

between about 400°C and about 480°C, and more preferably about 445

°C, and the oxygen concentration in the reactor inlet gas is adjusted to

between about 500 vppm and about 6000 vppm, and preferably

between about 1000 vppm and about 4000 ppm. A low concentration of

30 oxygen is used in the primary coke burn to avoid excessively high

temperature, because of adiabatic coke burn conditions. Under

adiabatic coke burn, the increase in the flame front temperature

depends solely on oxygen concentration regardless of total pressure.

Higher oxygen concentration can be used in the primary coke burn

35 when the coke burn is not carried out under adiabatic conditions.

During the primary coke burn the gas flow may be essentially devoid
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The present invention is based on the di scovery that this selectivity loss
of the regengsgigaeh cat al yst can be elinminated by using a | owPETESS4I13998 hi gh
terrperature, wet post-treatnment procedure in the procedure for regenerating
aromatization catalysts in accordance with the present invention. In
this regard, the regeneration of aromatization catalysts of the present
i nvention involves exposing a hal ogenated cagal yst to a gaseous stream
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are continuously measured to determine when the primary coke burn

10  is completed, i.e., when the molar ratio of COg to Og falls below about
3:1, which occurs typically about two to fifty hours into the burn.

At this point transition into the secondary coke burn is begun.
Gas inlet temperature is then raised at a rate of about 25°C to -about
. 50°C per hour to the secondary coke burn temperature which is

15 between about 500°C and about 530°C, and preferably within the
range of about 500°C to 520°C, and more preferably at about 510°C, at
a most preferred pressure of a 185 psia. | Simultaneously, oxygen
partial pressure is raised to a secondary coke burn level, i.e., up to
about 10 psia, preferably within the range of about 0.1 psia to about 8

20 psia, and more preferably within the range of about 2 psia to about 7
psia. In the secondary coke burn, water may be present at a partial
pressure less than about 0.3 psia, and preferably less than about 0.1
psia. However, most preferably the gas flow is essentially devoid of
water and has a water partial pressure of about 0 psia.

25 The secondary coke burn is continued until the CO9 partial
pressure in the outlet gas from the reactor falls below about 0.01 psia,
and preferably below 0.004 psia. This typically occurs about 12 hours
into the secondary burn, depending on the amount of catalyst in the

. reactor. It has been discovered that the activity of regenerated catalyst

30 isimpaired if the coke burn is tgrminated prematurely, i.e., before COg
partial pressure falls below about 0.004 psia to about 0.01 psia.

Although coke burn is performed at temperature within the
range of about 400°C to about 550°C, under conditions otherwise
described above, the result in a substantially decoked catalyst, it

35 should be pointed out that it is preferred to perform the coke burn so
that resultant agglomerated Group VIII catalytic metal particles have
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!Z)E'TAI LED DESCRI PTI ON "The regeneration process of "t he pr esent

‘I nvent i onwigSosdgsge | bed -in nore detail hereinbel ow. PCTARRA/ %
Coke whi ch accunul ates on the catal yst during hydrocarbon processing nust
be renpved to regenerate the catal yst because catal ytic perfornmance of the
regenerated catalyst is inpaired if coke residues remain on the catalyst.
Coke is renoved by burning it off vm'th oxyg’én In addition to using oxygen,

by any par i1 cORAvERES RATtde] Biford IR e, 00K, ARl Bhettudfy' speeé'?' ip
t he coke bur naverage particle size of less than about 150 A, and more preferably in
the range of about 20A to about 50A. Preferably, this can be
accomplished by controlling the temperatures during coke burn so as
5 not to exceed about 530°C and the amount of water to be present at a
partial pressure of water of less than about 0.1 psia, respectively,
during this step. For example, it is preferred that the gaseous stream
during coke burn be essentially devoid of water, in which case
resultant agglomerated Group VIII catalytic metal particles typically
10 have an average particle size of less than about 50A.

During coke burn, the gas stream is recycled or recirculated
from the tail reactor to the lead reactor, where a series of two or more
reactors is used, in order to conserve the imert carrier gas, ie,
nitrogen, by employing an in-line recycle gas compressor. Preferably,

15 about 10% of the recycle gas flow is purged with the fresh coke burn
gas prior to recirculating the stream.
Oxyhalogenation .

Oxyhalogenation is done at a pressure within the range of about

14.7 psia to about 300 psia, preferably within the range of about 14.7

20 ' psia to about 200 psia, more preferably within the range of about 50
psia to about 200 psia, and most preferably at about 185 psia.
Oxyhalogenation temperatures are between about 480°C and 550°C,
preferably between 500°C and 530°C, and most preferably at about
510°C. Inert gas flow rate is adjusted to make the linear gas velocity

25 in the reactors above about 0.5 FPS at operating pressure and
temperature. Halogen is provided by a source of halogen which is
preferably a source of chlorine. HC1 is a preferred source of chlorine
because HC1 converts to chlonne by reaction with oxygen via the

. Deacon reaction so chlorine is in fact the active chlorinating agent
30 Water partial pressure in the reactor inlet gas is between about 0 psia
and about 3.0 psia, preferably between 0 psia and about 2 psia, and
most preferably 0.2 psia to about 2 psia. Oxygen partial pressure is
between about 0 psia and about 10 psia, preferably between about 1

psia and about 5 psia, and more preferably between about 1 psia and

35 about 2 psia. The partial pressure of the source of halogen, which is
preferably a source of chlorine, such as HC1, in the reactor inlet gas
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The partial pressure of oxygen in the gas streamduring coke burn can be up
to 10 psi awoldamenedr, care nmust be exercised to avoi d exposi NBCT/HEI4CI3998 ysSt
t'o excessiyely high tenperatures I n anot her enbodi nent, hal ogen hal i de,
such as HCl, can be included in this gas flow. In accordance with the

"~ present invention, the coke burn is conducted in two stages: a primary coke
burn at | ess severe conditions foll owed by a secondary coke burn at nore

severe conditions. The t 5; g coke byrn  has entgi scovered .to b(g
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concentration a?‘?fgr?‘é%l&t B ?@ﬁsﬁ{% @ﬂnﬁ'ﬁ(y%t %gﬁo

vppm and aboutclﬂﬁﬁﬁxe\/ﬁeéﬂ lratd andf iy éh{wrsblgt Vprapoﬂbamal 16 Othe/ pmowamid ofbout

4000 ppm gy | 08&&9}&%%@5 i !rggctg;s; it typically takes between about 2 to about 6
hours.

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

15 In a manner similar to coke burn, the gas stream is recycled, i.e.,
recirculated, from the tail reactor to the lead reactor, where a series of
two or more reactors is used, in order to conserve nitrogen of the inert
carrier gas by employing an in-line recycle gas compressor. Preferably,

- about 10% of the recycle gas flow is purged with the purged amount

20 being replaced with fresh oxychlorination gas prior to recirculating the
stream.

n

The purpose of stripping is to remove excess halogen, i.e.,

chlorine, from the catalyst. Chlorine evolves during the subsequent

25 hydrogen reduction step as HC1 and induces agglomeration of the

catalytic metal particles in proportion to 'HC1 partial pressure.

Accordingly, 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 about

30 atmospheric pressure or 14.7 psia up to about 65 psia, preferably at

about 14.7 psia, with stripping gas containing oxygen at a partial

pressure of oxygen of less than about 4.5 psia, preferably less than

about 3.0 psia, and more preferably within the range of about 0.7 psia

to about 3.0 psia, in an inert carrier gas stream. In accordance with

35 the present invention, the amount of water in the stripping gas should

be present at a partial pregsure of water of up to about 1.5 psia,
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oxygen is used in the prlnary coke burn to avoid excessi,vely high
tenperatunﬂogaeamyse of adi abatic coke burn conditions. UndeFT/HS4A3%S; c
Eoke burn, the increase in the flanme front tenperature depends solely on
oxygenfconcentration regardl ess of total pressure. Hi gher oxygen
‘concentration can be used in the primary coke burn when the coke burn is
not carried out under adiabatic conditions. During the primry coke burn
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is supphed by mJectmg water mto the reactor inlet gas stream and
5 adjusting the injected amount according to the reactor total pressure to
yield the requisite partial pressure of water. Stripping is continued
until the HC1 partial pressure in the reactor offgas falls below about
0.004 psia and preferably below about 0.0038 psia, but most preferably
below about 0.0015 psia. This typically can take between about one
10 and thirty hours.

Also, 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, i.e., 14.7 psia; however, stripping can be enhanced by pulling

15 vacuum on the reactors.

It is also important to maintain a temperature of at least about
450°C, preferably within the range of about 450°C to about 530°C,
more preferably of about 480°C to about 520°C, and most preferably at
about 510°C, during stripping. However, stripping may be carried out

20 at higher reactor pressure with reduced stripping efficiency and,
therefore, requires a longer time of stripping. |

In accordance with the stripping step of the regeneration
procedure of the present invention, the effluent gas from the stripping
step, i.e., the gas stream from the outlet of the vessel containing the

25 catalyst, is preferably not be recycled. Accordingly, the stripping step
is preferably performed as a "once-through" operation. As used herein,
a "once-through" operation involves passing the treatment gas once--
through the catalyst being regenerated. The treatment gas, after
passing through the catalyst being regenerated, as effluent treatment
30 gas is then exhausted or purged from the outlet of the catalyst bed or
reactor vessel. In the reactor train, the effluent treatment gas is
exhausted or purged from the downstream tail reactor.
Purge .
The regeneration procedure includes purge steps. Although the
35 step of purging the reactor is described in detail at this stage of the
process, it should be noted that the reactor may be purged in a similar
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deVoid of water or contains no water. At these conditions the tenperature
of the catghysisohs nai ntained safely bel ow catal yst deconpo®Criusa4/13998
femperature at a nost preferred pressure of about 185 psia. CJerr] and
oxygen, concentration in the reactor outlet gas streamare continuously
measured to determ ne when the primary coke burn i's conpleted, i.e., when
the nolar ratio of CJerr] to Qerr] falls el ow about 3:1, which occurs

typically about two to fifty hoyrs into the burn. { {his point
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and nore pref arahtiyerse ndaokiorb i perndiftedato aenxain jir dherreadtqr dewing aof a
185 psia. @ 0 Lal .S raised to a secondar
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secondary lf)Ok%lgvls?' "rate ghccngﬂf bé'8h clfgﬁf ttheab is ear.i'.rﬂeagl‘:’1 rai)'m% 0.5 FPS linear

gas velocity through the catalyst bed at operating pressure and

temperature. This insures uniform gas flow distribution across the

catalyst bed and effective gas/solid contacting for good purging action.

Purging at these conditions for one to five hours adequately purges the

15 reactor.
Hyvdrogen Reduction
The final step is reduction of catalytic metals, e.g., platinum,

now dispersed uniformly across the surfaces of the catalyst as

chlorides, to small zero valent metal clusters. .

20 This is accomplished by exposing the stripped catalyst to
hydrogen at a temperature greater than about 450°C, preferably
within the range of between about 450°C and about 530°C, more
preferably within the range of about 480°C and about 520°C, and most
preferably at about 510°C. Oxygen left in the stripping step is purged

25 with inert gas, such as nitrogen, down below the explosion limit prior
to introducing hydrogen. In the process of this invention, the
reduction is accomplished with a gas stream containing hydrogen
having a partial pressure of hydrogen greater than 0.015 psia,
preferably within the range of about 0.015 psia to about 14.7 psia,

30 more preferably of about 0.15 psia to about 5.0 psia, and most
preferably of about 0.4 psia to about 1.0 psia. The gas stream at the
reactor inlet for the hydrogen reduction step also contains water at a
partial pressure of water of up to about 1.5 psia, preferably up to about
0.75 psia, more preferably less than about 0.4 psia, and most

35 preferably within the range of about 0.05 psia to about 0.4 psia, in
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préssure-'i n the outlet gas fromthe reactor falls bel ow about 0.01 psia,
sl ow 0. 004 psia. This typically occurs abouPCTASH4LA98 i nt 0
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It

has been di scovered that the activity of regenerated catalyst is inpaired
If the coke burn is termnated prematurely, i.e., before CJerr] parti

pressure falls bel ow about 0.004 psia to ab@ut 0.01 psia.
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hydrogen feed rate is controlled such that the partial pressure HC1 in
reactor offgas does not exceed about 0.0075 psia. Preferably, the
reduction step is performed at a reactor total pressure of about 14.7
psia to about 65 psia, and preferably at about 14.7 psia. However,
reactor pressure higher than 65 psia may be used in this reduction
step. For an easy operation, it is preferable to operate this reduction
step at the same pressure as the previous stripping step. For purposes
of the hydrogen reduction step in accordance with the present
invention, the effluent gas is preferably not recycled. Accordingly, the
hydrogen reduction step is conducted as a once-through operation. 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 at least one member selected
from the group consisting of nitrogen and hydrogen to a water partial
pressure of less than about 0.004 psia, preferably less than about
0.003 psia, and more preferably less than about 0.0015 psia. This
drying step, therefore, is accomplished by reducing the partial pressure
of water in the gas stream introduced at the inlet of the vessel
containing the catalyst to result in the partial pressure of water in the
gas at the outlet of less than 0.004 psia. Thus, the gas at the outlet is
substantially devoid of water.

For purposes of the present invention, the catalyst is preferably
a formed catalyst in the form of tablets, pellets, spheres, or extrudates.
The catalyst may include a binder material preferably comprising
kaolin, alumina, silica, or mixtures thereof to promote binding into
aggregates. .As used herein alumina binder materials include, but are
not limited to, alkali and alkaline earth-containing alumina. The
catalyst most preferably is monofunctional and non-acidic, and the
zeolite is preferably a large pore zeolite, which preferably is a type L
zeolite. The type L zeolite preferably comprises exchangeable cations
such as lithium, sodium, potassium, rubidium, cesium, magnesium,
calcium, strontium, barium, or mixtures of any two or more thereof.
Potassium, magnesium, and/or, barium, are particularly preferred.
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an:average particles size of |less than 200 A, and preferably have an

aver age p%é‘sh i ze of less than about 150 [err], and nor epgI/BSR1I3%8Y in
the range 0 20A to about 50A. Preferably, this can be acconpl i shed
by control’li ng the t enperatures during coke burn so as not to exceed about
530[err]C and thHe amount of water to be present at a partial pressure of
wat er of |ess than about 0.1 psia, respectiygly, during this step. For
exanple, it is preferred that .t he gaseous stream durjng coke burn, be

essential |y devoi d hefararp VIH oatalviie mefal is prefgrablygymehls metal @lﬁli!tp
VITI catalyti CaE?lé’dmﬁﬁf tﬁatta%uﬁwheaidm FadRmA ratRhdeR GRsdhidd, sioke Of

| ess t han about

or recircul at eHr?fg%e"; hElaFH’r‘?mre g?‘g’t%wbtfgrﬁk"ag}f’b‘ga? trms et ::legd

of two or nor eprmtdspreﬁrublgcﬁ'oﬂnosdeto 6% bymeight the i nert carr| er
gas, i.e i trogenmby in o SR E

Pr eferabl y 5 about 18‘% o@%%‘%@gg@fw*igr E&Bﬁour% ggs l"t %SGr es?n coke
burn gas pri othImeetabsuehlasg'hehmmt,Mdanhlmmf@gedﬁnm‘nlBmetal

Oxyhal ogenation is e ft}@JP si a
to about 300 psia %(r&gssera%?re% ﬁy%&‘mg %&nggbg Exﬁ g%og[ﬁt‘gblebout
200 psia, nor ellpfhh Jddandbooelt of (Ghemistry, & Physt ;._, eg htb ca;l

psia, and nost Rmﬁ,fegr(ﬂ%ﬁaﬁ mtgdlﬁgg psi a.

10 For purposes of the present invention, as described above, the
process conditions comprise a linear gas velocity through the catalyst
of at least about 0.5 FPS.

The concentrations of the gases used, expressed as partial
pressure, depend upon the operating pressure and are adjusted

15 accordingly to yield a desired range of partial pressure of the gas
component wherein the partial pressure of gas A = the concentration of
A x the total pressure.

|-1

EXAMPLE 1

The activity of the fresh and regenerated catalysts were
20 compared by running both at the reforming conditions of 505°C, 1.3

WHSYV; 105 psig; 2 Ho/oil; on a Cg raffinate feed.
For purposes of this example, a typical regeneration procedures

as follows was used for regenerating the catalyst.
Initially, the catalyst is subjected to a two-stage coke burn
25 wherein the first stage of coke burn is conducted at a temperature of
about 445°C under a pressure of about 185 psia for 2 hours with 1 vol%
oxygen and a 9 to 1 recycle ratio, followed by a coke burn at a
temperature of about 510°C under a pressure of about 185 psia for 14
hours with 3 vol% oxygen and a 9 to 1 recycle ratio. The coke burned
30 catalyst is then subjected to oxychlorination at a temperature of about
510°C under a pressure of about 185 psia for 3 hours with 600 vppm
HC1, 0.66 vol% water vapor, and 0.84 vol% oxygen and a 9 to 1 recycle
ratio. The oxychlorinated catalyst is then cooled down to 345°C over
four hours under oxychlorination conditions. Subsequently, the cooled
35 oxychlorinated catalyst is then stripped at 845°C with 10 vol% oxygen
and 3 vol% water vapor in. pitrogen at atmospheric pressure for 13
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Oxyhal ogenati on tenperatures are between about 480[err]C.and 550[err]C,
pr ef er abl ywéedwaen 500[err] C and 530[err] C, and nost pref.er OOV ut
510[err]C lInert gas flowrate is adjusted to make the linear gas velocity
in the reactors above about 0.5 FPS at operating pressure and tenperature.
Hal ogen i s provided by a source of hal ogen which is preferably a source of
chlorine. HCl is a preferred source of chlarl ne because HCl converts to

chl orine by reacti of,,w t xygen via ac acid on | o] s in
fact the a>c1t i 5@“6% %H‘W&g ﬁlﬁ%gﬂgﬂ’tgg ﬂfaggﬁpga %a#(?gﬁjgsoﬁé%ﬁnt%y (%eé{ct or
inlet gas is Fateeehoabatiatthaspherienreabmd. Bhe catalyst jsrthfenr pintgedowitheen 0
psia and aboulygBghdat A5 For P U %t (atraBEpHeri® Brigkid Prof. ydxyoen
partial pressure Fs between about psia and abo sia, pretferably

bet ween about redweing thecratblyst withdi0avoldn hydvegenat B&b b apdoatmesnhentout 1
psia and a%OUbrgssQﬁje%r-ﬁ@hﬁﬁfé.i al pressure of the source of hal ogen, which

a c

5 el er by B Sar el ey M 1bbBoksgsy et 0
Fresh nerated

Bz Yield, wt% 32 42

Bz Selectivity, % 74 64

The regenerated catalyst gives a higher benzene yield than the
fresh catalyst. However, the benzene selectivity of the regenerated
catalyst is 10 points lower than that of the fresh catalyst. Further

. 10 improvement in benzene' yield of the regenerated catalyst can be
realized if the selectivity loss can be eliminated.
- EXAMPLE 2

The aromatization activities of the fresh and the regenerated

catalysts at 140 hours under test conditions of 50 psig, 2 WHSV, 543°
15 C, and 4 Ho/oil with Cg/C7 raffinate feed.

‘The regeneration procedure used in Example I was used for
purposes of Example II except that stripping was performed at 510°C
with 10 vol% oxygen and 2.2 vol% water vapor in nitrogen at
atmospheric pressure for 10 hours; purging was accomplished using

20 2.2% water in nitrogen at 510°C for one hour at atmospheric pressure;
and reducing was performed with 5.8 vol% in hydrogen and 2.2 vol%
“water at 510°C and atmospheric pressure for 2.5 hours. The catalyst is
then cooled down under dry hydrogen stream to 454°C and held at 454 -
°C for 6 hours to thoroughly dry out the catalyst. The water partial
25 pressure at the reactor effluent is less than 0.004 psia.

The results are tabulated below:
< Fresh Regenerated
BTX Yield, wt% 31 . 63
BTX Selectivity, % 82 82

The regenerated catalyst has a BTX yield twice that of the fresh
catalyst. The deactivation rate of the fresh catalyst is about 6 times of
that of the regenerated catalysts. The 5 to 10 points of selectivity debit

30 existed in the previous P/KL catalysts, regenerated with a low-
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6 ranges up to about 0.5 psia, preferably within the range of about 0.01 .
psia to aw%s,g;ogp psia, more preferably of about 0.02 to ab®CU/US41398% a,
and nost preferably within the range of about 0.02 to 0.2 psia. In
accordance with the present invention, conpletion of oxychlorination is

si gnal ed by appearance of chlorine and HC1, referred to herein as chlorine
breakthrough, in the reactor effluent gas at2a partial pressure greater

than 0.01 psia. Tinme to chlorine breakthrough after inifiation of 1
flowis proportfIHIERULS, { PRStRERtNARE AR JORERE 3PRFATS 0PN, psgq;%,eneratéac

Br?port i ogal ttdg,t?l twﬁﬂuahe ipeevel ye?geneg\ahbﬁ proaeduwres; it typically takes
et ween abou 0 ter ¢

oxychlorination i s xﬁﬁ'éﬁl%f%‘fldﬁﬂc%?dgﬁ P%ﬁ?e&eﬁeﬁggﬁ&%g%ﬁﬂéwge% out 6
hours, prefer ahwgntmnlthat selectizifiydosé cahde el?nimalb&d by usinglovs pressuge,

Irgc?r gﬁrgsédSI%o%ﬁP% ?g":ﬁlee rea&osw:?eﬁﬁﬁeﬁf g?%‘fé{ﬁéﬁgneéeéﬁsrg” es of

two or nore react orAlthgughawt wishingée Q!-l#é V@%P%ﬁr ePnye 1% For t
believed that the high temperature wet post-treatment at 510°C is

believed to further improve the efficiency of residual C1 removal.
EXAMPLE 3
10 The aromatization activities of the fresh Pt/KL catalysts and
regenerated Pt/KL catalysts, regenerated according to the present
invention, were compared at 120 hours under test conditions of 488°C,
160 psig, 2 Ho/oil, and 1.3 WHSV with a Cg raffinate feed.
The regeneration procedure in accordance with the present
15 invention used to regenerate the Pt/KL catalyst for this example
involved subjecting the catalyst to a two-stage coke burn wherein the
first stage of coke burn is conducted at a temperature of about 445°C
under a ﬁressure of about 185 psia for 2 hours with 1 vol% oxygen and
a 9 to 1 recycle ratio, followed by a coke burn at a temperature of about
20 - 510°C under a pressure of about 185 psia for 14 hours with 3 vol%
oxygen and a 9 to 1 recycle ratio. The coke burned catalyst is then
subjected to oxychlorination at a temperature of about 510°C under a
pressure of about 185 psia for 8 hours with 600 vppm HC1, 0.66 vol%
water vapor, and 0.84 vol% oxygen and a 9 to 1 recycle ratio.
25 Subsequently, the oxchlorinated catalyst is then stripped at 510°C
with 10 vol% oxygen and 2.2 vol% water vapor in nitrogen at
atmospheric pressure for 10 hours. The catalyst is then purged with
2.2 vol% water nitrogen at 510°C for one hour at atmospheric presé.ure,
prior to reducing the catalysi: with 508 vol% hydrogen and 2.2 vol%
30 water at 510°C and atmospherig pressure for 2.5 hours.
The catalyst is then cooled down under dry hydrogen steam to
454°C and held at 454°C for 6 hours to thoroughly dry out the catalyst.
The water pressure of the effluent is less than 0.004 psia.
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carrier gas by enploying an in-line recycle gas conpressor. Preferably,
"about 10%obsadweerecycle gas flowis purged with the purgedPGHESIHISES ng
teplaced with fresh oxychlorination gas prior to recirculating the stream
Post - Oxyhal ogenati on Stri ppi ng The purpose of stripping is to renove
excess halogen, i.e., chlorine, fromthe catalyst. Chlorine evolves during
t he subsequent hydrogen reduction step as H&1 and i nduces aggl onerati on of
the catal ytic net I i I Lt . HC1 partial pressure.
Accordi ngly, the 2%1}%?%%#]@# ?ﬁ%h%‘?@?g%(gagggg%&ghe catal yst prior to
reduction, the higher will be the activityliteshhe regenerated

To inprove the re s 1af orine, strippingpgis done at about at pheric
pressure or 14.7 %?h%@t‘_é&a out 65 psi a, prgPerabI y at about 14. r7négsi a,
with stripping gB% delechiviiyn® oxygen at a paPPial pressure of oxyg88 of

| ess than about 4.Phesdelectifify ofobhe regehefdietl adlyst3id ristored 2t ther e
preferably wtaglnogrgﬁ range of .about 0.7 psia to about 3.0 psia, in an
inert carriervgig e frgsh ¢a rdance with the present invention, the
anount of water in the stripping gas should .be present at a parti al
pressure of water of up to about 1.5 psia,
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preferably up to about™ 0.75 psia, nore preferably is up to about 0.4 psia,

and nost pxed $rikbeeyy vmthnmsi,&elﬂszyggﬁ{ cedbout 0.05 psia to ABCWUSIA/18998Si a.
Preferably the requisite in the stripping gas is supplied
by injecting water into tﬂ t gas stream and adjusting the

I nj ected anount accordi ng total pressure to yield the
requi site partial pressure of vvater Stl’l ppildg is continued until the HCL
parti al pressu%e reactor offgas falls bel ow about 0.004 psia and
preferably bel 0.003 psia, but nost preferably bel ow about 0.0015

psia. This typicalll. canA aprodess Wean ﬁdgenbr@l?lﬁgalad deluc’atmtéd)ufe&brmmg

Al so, to pronp enhance t fficieng |ne y

i mportant that E%F?gy %t Hlpg Sseilil elbg%l@gd(?ﬁ'e lé}e%a?ﬁho aoB ?léi é;gtalyst

practicabl e. | compgzisingsats leacatsone Gooup Vlillvegtalytic metal, zeohte and a
5 binder, said process comprising the following steps:

a) subjecting said deactivated catalyst to a first
gaseous stream comprising inert gas and oxygen present at a partial
pressure up to 10 psia under oxidation conditions comprising a

10 temperature of from 400°C to 530°C and a pressure of from 14.7 psia to
' 300 psia, and for a time effective to burn coke off said deactivated
catalyst to result in a gas flow at said outlet comprising a partial
pressure of COg of less than 0.01 psia and a substantially decoked
catalyst comprising Group VIII catalytic metal particles having an
15 average particle size of less than 150A.

b)  treating said substantially decoked catalyst with a
second gaseous stream comprising inert gas, oxygen at a partial
pressure of up to 10 psia, water at a partial pressure of up to 3 psia,

20 and a source of halogen at a partial pressure of up to 0.5 psia under
oxyhalogenation conditions comprising a temperature of from 480°C to
550°C and a pressure of from 14.7 psia to 300 psia for a time effective
to halogenate and disperse said at least one Group VIII catalytic metal
to result in a halogenated catalyst comprising dispersed at least one

25 Group VIII catalytic metal and a gas flow at said outlet comprising a
partial pressure of halogen of greater than 0.01 psia;

c) exposing said halogenated catalyst to a third
gaseous stream comprising water having a partial pressure of up to 1.5
30 psia, oxygen having a partial pressure of less than 4.5 psia, and an
inert gas at a temperature of from 450°C to 530°C at a pressure of from
14.7 psia to 65 psia for a time sufficient to effect a hydrogen halide
partial pressure in offgas from said halogenated catalyst of less than
0.004 psia to effectively remove excess halide from said halogenated

35 catalyst; and '
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pressure, i.e., 14.7 a however strlpplng can be enhanced b pul Iing
vacuum onwm!rs/rseen:tors SSheetHa ee o | nportant to mai nt XCA/UHIA/13998
tenmperature of at |east. C, preferably within the range of
about 450[err] Cto about re preferably of about 480[err]C to
about 520[err]C, and nost preferably at about 510[err]C, during stripping.
However, stripping may be carried out at hilgher reactor pressure with
[oduced SUTTPPING of {1 CHSrCY dBflcink Haih OpRlod BNLA *Satbl A bl I
stri ppi ng. I n_accorfdance t he regeneration
procedure of €¥eesgr badide ihaserhdeon remaved fbmeﬁﬂngdEngrmdtH@lggﬁ!deng

step, i.e., tpgtalpst 8 £ %ﬂloghé&ﬁ;so'éﬁe%&n% 25 $ifert COAM j?dﬂ%ehhe
catal yst, is preferabl t berecycl ed. tQcco g 3/ th strl ping step is
preferably pelP¥ed Rﬁ?@éﬂ%gﬁ%ﬂjﬁ 8PSt Fatee having 2

tﬁnce :hlrdil'?hbama} pi-esmren:;ﬁgmaso (125 psiw attmetémraanfet qﬁaﬁ'omds{):@moough
the oatalyet BEPISAbEERERIHELr iR 14 7HAE % SBT0aTte SHeRE SRR 1A C e
or purgekd froneGreupiVIHicabalytivametdldnysstid eatalyst tethe metalisstate and t he
reactor traingy étﬁ?n’f% ‘aﬁ&rﬁifgﬁacta%%as I s exhausted or purged fromthe

downstream t ai reac e regeneration procedure includes
purge steps. Although t he

10 2. A process according to claim 1 further comprising
exposing said halogenated catalyst after step c) to a displacement gas
flow for a time sufficient to purge oxygen from said halogenated
catalyst prior to reducing said halogenated catalyst in step d).

15 3. A process according to claim 1 or 2 wherein said exposing
said halogenated catalyst after step c) to a dlsplacement gas flow is
performed as a once-through operation.

4. A process according to any preceding claim wherein said
20 pressure in step a) is from 50 psia to 200 psia.

5. A process according to any preceding claim wherein the
Group VIII catalytic metal particles in step a) have an average particle

size from 204 to 50A.
25
6. A process according to any preceding claim wherein said
partial pressure of water in said first gaseous stream is less than 0.1
psia.
30 7. A process accordmg to any preceding claim wherein said

gaseous stream in step a) is substantially devoid of water.

8. A process according to any preceding claim wherein said
partial pressure of CO9 in said outlet gas flow in step a) is less than
35 0.004 psia.

W



step of purging the reactor is described in detail at this stage of the
process, o §Moed beThJ@S@dtHahﬁtenRhéacpcbactor may be purged PATAISY/IAPES
manner between any of t SI red or deenmed to be neccessary. For
exanpl g, i't is of practw tﬂ e to purge between steps to renove any
gases fromthe reactor rch mg undergo a detrinmental or adverse
reaction if permtted to remain in the reaqtfpr during a subsequent step,
such as oxygen and _hydrogen. i ng can be%‘gl ne over vvi.de r.ange of
conditions. SuitabPe pr ?EP"e‘é‘Scaé-'ﬁoF tor aBh BreGeng,cl ?“BSW e out
300 psia and tempebadimrednstepta)iefroan S00POte 580°Ci n t he range of about
480[err] C to about 520[err]C. The preferred pressure is about 14.7 psia.
The inert gas

10. The process according to any preceding claim wherein
5 said partial pressure of oxygen in said first gaseous stream in step a) is
from 0.1 psia to 8 psia.

11. A process according to any preceding claim wherein said
partial pressure of oxygen in said second gaseous stream in step b) is
10 from 1 psia to 2 psia.

12. A process according to any preceding claim wherein said
partial pressure of water in said second gaseous stream in step b) is
from 0.2 psia to 2 psia. '

15

13. A process according to any preceding claim wherein said
partial pressure of halogen in said second gaseous stream in step b) is
from 0.02 psia to 0.3 psia.

20 14. A process according to any preceding claim 13 wherein
said source of halogen in said second gaseous stream in step b)
comprises a- source of chlorine comprising Clg, HCl, chlorinated
hydrocarbons, or mixtures of Clg, HCl and chlorinated hydrocarbons.

25 15. A process according to claim 14 wherein said source of
chlorine is Clg, HCI, or mixtures thereof.

16. A process according to any preceding claim wherein said
temperature in step b) is from 500°C to 530°C.
30 -
17. A process according to any preceding claim wherein said
process comprises maintaining halogen partial pressure of greater
than 0.01 psia in said gaseous stream at said outlet in step b), and
continuing the treating in step b) with said gaseous stream having a
35 partial pressure of halogen of greater than 0.01 psia for a time period
of up to 6 hours. '

e
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flow rate should be sufficient to establi sh at least about 0.5 FPS |inear
"gas Vel ociioyesfigsgeugh trhie Skeatrak Bech RBsistedtt oper ating pressur e PETEIS94/13998

tenperature. This insur - flow distribution across the catal yst
bed and effective gas/s ' g for good purging action. Purging at
t hese conditions for o s adequately purges the reactor.

Hydr ogen Reducti on The final step isl7eduction of catalytic netals,
e.g., platinum now di spersed unifornly across the surfaces of the catal yst
as chlorides, to small zero valent netal clusters. This is

acconpl i shed by exp®si nd piveess micpmadingatoahny tprecedipng dgim whereinesgidr at ur e
greater than 4 L bhRi:L he range of between about
450[err] C anoﬁge%(y){d{egg%féé{rt&,%nﬁgég’rgg%wﬁ\}éi hin the range of about
480[ err] C and about 520[err]C, and nost preferably at about 510[err]C
Oxygen lefst in theygtri ppi €Qed dafyy tirecE@ig GRSmM Siedted® at

> 1 Apggp OE'QCdOE m%,qgrl or, I?.o

ni trogen, down bel ow t he .Qsi on L nt yoduci ng, hydr n. 1In
the process oeashapartigaef said gasflewgerting said ontlefrin ¢ 1 ey S

stream cont ai gy guidndét) @i AeYedrd £ peetibhalf Jaid gy Bowf extitidipogdd @ittett er

than 0.015 psia re)f.erabl &/ithi n E_lgle range of about 0.0 15 psia to about

14. 7 psi a, m)‘PeétﬁE’etP e‘Fé’SFWéiS o581 Blets sia to about 5.0 psia, and nost
10 20. _A process according to any preceding claim wherein said

partial pressure of water in said third gaseous stream in step c) is less |
than 0.4 psia at said inlet.

21. A process accdrding to any preceding claim wherein said
15 partial pressure of oxygen in said third gas flow in step c) is from 0.7
psia to 3 psia.

22. A process according to any preceding claim wherein step
¢) is continued at least until partial pressure of halogen halide in said
20 offgas at said outlet is less than 0.0015 psia.

23. A process according to any preceding claim wherein said
temperature in step c) is from 480°C to about 520°C.

25 24. A process according to any preceding claim wherein said
pressure in step c) is 14.7 psia.

25. A process according to any preceding claim wherein step

¢) is performed as a once-through operation.
30 | «
26. A process according to any preceding claim wherein said
partial of hydrogen in said fourth gaseous stream in d) is from 0.015

psia to about 5 psia.
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out 1.5 psia, preferably up to about
0.75 psia, nore prefer about 0.4 psia, and nost preferably
within the range of about 0 05 psia to about 0.4 psia, in

9 inert gas, and the reduction is conductedjgor a period of about one to

about two hours. Al t hough the exact reductiqn conditions used
vary, hydrogen feed%.at eAlm'OéQﬂﬁtaCGPI@Ggsﬁ?c@XIiﬁchﬁMﬁglﬂ nlb? HCl
in reactor offa3%iAqG5%sB@fe BF YARMAr 3R0sHidOFRRTR gisedus FtRfaendbl ytept ﬂ)‘lls

reduction step 1s perf l{med at a reactor total pressure of about 14.7
ess than 0.4 psia.

preferably of about h0 sia to abouyt CF% 0 psia. The gas streamat the
react or t he n step al So cont ai NS PEIATESY4A3998
parti al p%@éﬁ( éeb of vvaT:E Euiﬁﬁ P

5 28. A process according to any preceding claim 1 wherein said
pressure in step d) is 14.7 psia.

29. A process according to any preceding claim wherein said
temperature in step d) is from 480°C to 520°C.
10
80. A process according to any preceding claim wherein step
d) is performed as a once-through operation.

3. A process according to any preceding claim wherein the

15 deactivated catalyst comprises a type L zeolite, said type L zeolite
optionally containing exchangeable cations comprising lithium,
sodium, potassium, rubidium, cesium, magnesium, calcium, strontium,

barium, or mixtures thereof.

20 82. A process according to claim 31 wherein said
exchangeable cations comprise potassium, barium, magnesium, or
mixtures thereof.

83. A process according to any preceding claim wherein said
25 Group VIII catalytic metal as from 0.05 to about 6 wt% of the catalyst.

34. A process according to any preceding claim wherein said
at least one Group VIII catalytic metal comprises platinum.

30 85. A process é.ccordi.gg to any preceding claim wherein said
catalyst further comprises rhenium.

86. A process according to any preceding claim wherein said
binder comprises kaolin, alumina, silica, or mixtures thereof.
35
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psia to about 65 psia, and preferably at about 14.7 psia. However reactor
pressure wiogisasodhan 65 psi.a may be used in this reduction gFE’H 4'58

easy operation, it is preferable to operate this reduction step at the same
pressure as the previous stripping step. For purposes of the hydrogen
reduction step in accordance with the present invention, the effluent gas
is preferably not recycled. Accordingly, tB8 hydrogen reduction step is

conducted as a onc thr ugh..aner W@rg
catal yst has to begdrl e% gp?(%ﬁée#b%iel gjrfebdé'l(r:i?h%n 1IN sé 4#}2” an f“J:E)e ore
i ntroduci ng hiineae yelasity of gaspews streanasdn Fleps ), b),dc ¢hsthrenghi si ng

at |east one gRARRKaBRLSSDHBIFPM the group consisting of nitrogen and
hydrogen to a water partial pressure of |ess than about 0.004 psia,

preferably | ess than about 0.003 psia, and nore preferably | ess than about
0. 0015 psisa. This 88yi nA preyesstdreondingeto any precedingstlaimbyhepeincsaid t he

partial pressure of vyate'.' s streamintroduced at the inlet of the
vessel cont alm% ,"é.ré%;séﬂf%% sult in the partial pressure of water
in the gas at the outlet of | ess than 0.004 psia Thus, the gas at the
outlet is substantigl!y d f e 4! esent
I nvention, the catgﬁyst ?Igircg?%r%% gforrreaélc Iz.ﬁ%&}fg aaa£ orn%f
tabl ets, pel | CAIBPTiSHE dmngaﬁméxrqg@aar@@ cﬁ’@l)@&t%ﬂ%rsﬁteﬂﬁ’) bmeubw&stlagm nder
materl al 10 ef g4idP| pegeAiBPated atalyst to a drying gas comprising nitrogen,
hydrogen, or mixtures thereof to result in a water partial pressure of
less than 0.004 psia in effluent from said vessel.

40. A process for reforming hydrocarbons comprising

15 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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kaolin,- alumna, silica, or mxtures thereof to pronote binding into
aggregates. _As used herein alumna binder materials include, but are not
limted to,falkali and al kal i ne earth-containing alunina. The catal yst nost
preferably is nonofunctional and non-acidic, and the zeolite is preferably
a large pore zeolite, which preferably is a type L zeolite. The type L
zeolite preferably conprises exchangeabl e cations such as lithium sodium
pot assi um rubi dium cesium nagnesium calcium strontium barium or
m.xtures of any two or nore thereof Potassium nmagnesium and/or barl um
are particularly preferred. 10
The Goup VIII catalytic netal is prefer-ably a noble netal such as '
platinum palladium rhodium iridium rutheniumor osmum nost

A low-pressure, high-temperature, wet post-treatment after oxyhalogenation during regeneration to improve activity and selectivity

i recovery of a regenerated catalyst involves exposing a halogenated catalyst to a gaseous stream including water baving a partial pressure .

: of up to 1.5 psia, oxygen having a partial pressure of less than 4.5 psia, and an inert gas at a temperature within the range of about 450 °C
to about 530 °C at a pressure within the range of about 14.7 psia to about 65 psia for a time sufficient to effect a hydrogen halide partial
pressure in offgas from the halogepated catalyst of less than about 0.004 psia to effectively remove excess halide from the halogemwd

catalyst.
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gx;r',g

preferably plati nhum The amount of the Goup VIIl catalytic metal presgrﬁqz‘”'j
Is preferably fromO0.05%to 6% by wei ght. The catal ytic netal may

furt her conprise, for exanple, a Goup VI| B netal, such as rhgge

is a preferred Goup VII B netal. As used herein, the gr )ﬁ ELAGQV ﬁ’f SHEF]
presented in the Period Table in the Handbook of Chem stry & Phygics,

publi shed by the Chem cal Rubber Conpany, #8th edi t i on Fo BU{ PN 9997
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oxychlorination stage of the regeneration process.

Zeolite-based reforming catalysts, such as Pt/KL, exhibit
superior advantages in reforming light naphtha compare to
conventional alumina-based reforming catalysts.

During reforming, catalysts deactivate due to accumulation of
coke deposits in the catalyst, and agglomeration of fine catalytic metal
particles disperse in the catalyst into larger particles. Therefore, it is
common practice to periodically regenerate reforming catalysts to
recover their activity. However, it has been found that it is more
difficult to regenerate the zeolite-based reforming catalysts than the
conventional alumina-based catalysts. _

Previously, regeneration procedures have been developed to
rejuvenate the zeolite-based reforming catalysts, namely Pt/KL
catalysts.

An example of such a regeneration procedure involves subjecting
a zeolite-based reforming catalyst to a two-stage coke burn wherein the
first stage of coke burn is conducted at a temperature of about at 445°C
and a pressure of about 185 psia for 2 hours with 1 vol% oxygen and a
9 to 1 recycle ratio, followed by a coke burn at a temperature of about
510°C and a pressure of about 185 psia for 14 hours with 3 vol%
oxygen and a 9 to 1 recycle ratio. The coke burned catalyst is then
subjected to oxychlorination at a temperature of about 510°C and a
pressure of about 185 psia for 8 hours with 600 vppm HC1, 0.66 vol%
water vapor, and 0.84 vol% oxygen and a 9 to 1 recycle ratio. The
oxchlorinated catalyst is then cooled down to 345°C over four hours

under oxychlorination conditions. Subsequently, the cooled
oxychlorinated catalyst is then stripped at 345°C with 10 vol% oxygen
and 3 vol% water vapor in.nitrogen at atmospheric pressure for 13
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Although catalysts regenerated by the procedures described
above have a higher activity and a better stability than the fresh
catalysts, benzene selectivity of the regenerated catalyst is 5 to 10

" points lower than that of the fresh catalyst.
Y

The present invention is based on the discovery that this
selectivity loss of the regenerated catalyst can be eliminated by using a
low pressure, high temperature, wet post-treatment procedure in the
procedure for regenerating aromatization catalysts in accordance with
the present invention.

In this regard, the regeneration of aromatization catalysts of the
present invention involves exposing a halogenated catalyst to a
gaseous sfream including water having a partial pressure of up to
about 1.5 psia, oxygen having a partial pressure of less than about 4.5
psia, and an inert gas at a temperature within the range of about 450°
C to about 530°C at a pressure within the range of about 14.7 psia to
about 65 psia for a time sufficient to effect a hydrogen halide partial
pressure in offgas from the halogenated catalyst of less than about
0.004 psia to effectively remove excess halide from the halogenated
catalyst.

For purposes of the present invention, it is important to remove
residual halide on the catalyst after oxyhalogenation since the residual
halide released during the subsequent reduction can induce platinum
re-agglomeration.

The high temperature, wet post-treatment is believed to further
improve the efficiency of residual halide removal.

DETAILED DESCRIPTION

The regeneration process of the present invention is described in

more detail hereinbelow.
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The partial pressure of oxygen in the gas stream during coke burn can
be up to 10 psia. However, care must be exercised to avoid exposing
the catalyst to excessively high temperatures. In another embodiment,
halogen halide, such as HC1, can be included in this gas flow. In
accordance with the present invention, the coke burn is conducted in
two stages: a primary coke burn at less severe conditions followed by a
secondary coke burn at more severe conditions. The two-stage coke
burn has been discovered to be advantageous in mitigating risk is of
exceeding zeolite decomposition temperature at the flame front. The
coke burn is conducted at a pressure from about 14.7 psia to about 300
psia, preferably within the range of about 50 psia to about 200 psia,
and, more preferably, at a pressure of about 185 psia. Gas flow rate to
the reactor is set to maintain at least about 0.5 FPS linear gas velocity
through the catalyst.

The primary coke burn is initiated by injecting oxygen, ozone, or
air into the inert gas flowing to the reactors. The inlet gas
temperature is between about 400°C to about 500°C, and preferably
between about 400°C and about 480°C, and more preferably about 445
°C, and the oxygen concentration in the reactor inlet gas is adjusted to
between about 500 vppm and about 6000 vppm, and preferably
between about 1000 vppm and about 4000 ppm. A low concentration of
oxygen is used in the primary coke burn to avoid excessively high
temperature, because of adiabatic coke burn conditions. Under
adiabatic coke burn, the increase in the flame front temperature
depends solely on oxygen concentration regardless of total pressure.
Higher oxygen concentration can be used in the primary coke burn
when the coke burn is not carried out under adiabatic conditions.
During the primary coke burn the gas flow may be essentially devoid
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decomposition temperature at a most preferred pressure of about 185
psia. COg2 and oxygen concentration in the reactor outlet gas stream
are continuously measured to determine when the primary coke burn
is completed, i.e., when the molar ratio of COg to Og falls below about
3:1, which occurs typically about two to fifty hours into the burn.

At this point transition into the secondary coke burn is begun.
Gas inlet temperature is then raised at a rate of about 25°C to about
50°C per hour to the secondary coke burn temperature which is
between about 500°C and about 530°C, and preferably within the
range of about 500°C to 520°C, and more preferably at about 510°C, at
a most preferred pressure of a 185 psia. Simultaneously, oxygen
partial pressure is raised to a secondary coke burn level, i.e., up to
about 10 psia, preferably within the range of about 0.1 psia to about 8
psia, and more preferably within the range of about 2 psia to about 7
psia. In the secondary coke burn, water may be present at a partial
pressure less than about 0.3 psia, and preferably less than about 0.1
psia. However, most preferably the gas flow is essentially devoid of
water and has a water partial pressure of about 0 psia.

The secondary coke burn is continued until the COg partial
pressure in the outlet gas from the reactor falls below about 0.01 psia,
and preferably below 0.004 psia. This typically occurs about 12 hours
into the secondary burn, depending on the amount of catalyst in the
reactor. It has been discovered that the activity of regenerated catalyst
is impaired if the coke burn is terminated prematurely, i.e., before CO9
partial pressure falls below about 0.004 psia to about 0.01 psia.

Although coke burn is performed at temperature within the
range of about 400°C to about 550°C, under conditions otherwise
described above, the result in a substantially decoked catalyst, it
should be pointed out that it is preferred to perform the coke burn so
that resultant agglomerated Group VIII catalytic metal particles have
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accordance witdy & e BT$388'530°C and the amount of water to be present at a
partial pressure of water of less than about 0.1 psia, respectively,
during this step. For example, it is preferred that the gaseous stream
during coke burn be essentially devoid of water, in which case
resultant agglomerated Group VIII catalytic metal particles typically
have an average particle size of less than about 50A.
During coke burn, the gas stream is recycled or recirculated .
from the tail reactor to the lead reactor, where a series of two or more
reactors is used, in order to conserve the inert carrier gas, i.e.,
nitrogen, by employing an in-line recycle gas compressor. Preferably,
about 10% of the recycle gas flow is purged with the fresh coke burn
gas prior to recirculating the stream. '
Oxyhalogenation is done at a pressure within the range of about
14.7 psia to about 300 psia, preferably within the range of about 14.7
psia to about 200 psia, more preferably within the range of about 50
psia to about 200 psia, and most preferably at about 185 psia.
Oxyhalogenation temperatures are between about 480°C and 550°C, |
preferably between 500°C and 530°C, and most preferably at about
510°C. Inert gas flow rate is adjusted to make the linear gas velocity
in the reactors above about 0.5 FPS at operating pressure and
temperature. Halogen is provided by a source of halogen which is
preferably a source of chlorine. HC1 is a preferred source of chlorine
because HC1 converts to chlorine by reaction with oxygen via the
Deacon reaction so chlorine is in fact the active chlorinating agent.
Water partial pressure in the reactor inlet gas is between about 0 psia
and about 3.0 psia, preferably between 0 psia and about 2 psia, and
most preferably 0.2 psia to about 2 psia. Oxygen partial pressure is
between about 0 psia and about 10 psia, preferably between about 1 -
psia and about 5 psia, and more preferably between about 1 psia and
about 2 psia. The partial pressure of the source of halogen, which is
prefefably a source of chloring, such as HC1, in the reactor inlet gas
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chlorine feed rate and is inversely proportional to the amount of

catalyst in the reactors; it typically takes between about 2 to about 6

hours. _

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

In a manner similar to coke burn, the gas stream is recycled, i.e.,
recirculated, from the tail reactor to the lead reactor, where a series of
two or more reactors is used, in order to conserve nitrogen of the inert
carrier gas by employing an in-line recycle gas compressor. Preferably,
about 10% of the recycle gas flow is purged with the purged amount
being replaced with fresh oxychlorination gas prior to recirculating the
stream.

- ion Strippi

The purpose of stripping is to remove excess halogen, i.e.,
chlorine, from the catalyst. Chlorine evolves during the subsequent
hydrogen reduction step as HC1 and induces agglomeration of the
catalytic metal particles in proportion to HC1l partial pressure.
Accordingly, 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 about
atmospheric pressure or 14.7 psia up to about 65 psia, preferably at
about 14.7 psia, with stripping gas containing oxygen at a partial
pressure of 'oxygen of less than about 4.5 psia, preferably less than
about 3.0 psia, and more preferably within the range of about 0.7 psia
to about 3.0 psia, in an inert carrier gas stream. In accordance with
the present invention, the amount of water in the stripping gas should
be present at a partial pressure of water of up to about 1.5 psia,
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preferably up to about 0.75 psia, more preferably is up to about—0%
psia, and most preferably within the range of about 0.05 psia to about
0.4 psia. Preferably the requisite amount of water in the strippihg gas
is supplied by injecting water into the reactor inlet gas stream and
adjusting the injected amount according to the reactor total pressure to
yield the requisite partial pressure of water. Stripping is continued
until the HC1 partial pressure in the - reactor offgas falls below about
0.004 psia and preferably below about 0.003 psia, but most preferably
below about 0.0015 psia. This typmally can take between about one
and thirty hours.

Also, 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, i.e., 14.7 psia; however, stripping can be enhanced by pulling
vacuum on the reactors.

It is also important to maintain a temperature of at least about
450°C, preferably within the range of about 450°C to about 5§30°C,
more preferably of about 480°C to about 520°C, and most preferably at
about 510°C, during sﬁripping. However, stripping may be carried out
at higher reactor pressure with reduced stripping efficiency and,
therefore, requires a longer time of stripping.

In accordance with the stripping step of the regeneration
procedure of the present invention, the effluent gas from the stripping
step, i.e., the gas stream from the outlet of the vessel containing the
catalyst, is preferably not be recycled. Accordingly, the stripping step
is preferably performed as a "once-through" operation. As used herein,
a "once-through" operation involves passing the treatment gas once-
through the catalyst being regemerated. The treatment gas, after
passing through the catalyst being regenerated, as effluent treatment
gas is then exhausted or purged from the outlet of the catalyst bed or
reactor vessel. In the reactor train, the effluent treatment gas is
exhausted or purged from the downstream tail reactor.

Purge

The regeneration procedure includes purge steps. Although the
step of purging the reactor is described in detail at this stage of the
process, it should be noted that the reactor may be purged in a similar
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Purging can be done over a wide range of conditions. Suitable
pressures can range from about 14.7 -psia up to about 300 psia and
suitable temperatures are those within the range of about 480°C to
about 520°C. The preferred pressure is about 14.7 psia. The inert gas
flow rate should be sufficient to establish at least about 0.5 FPS linear
gas velocity through the catalyst bed at operating pressure and
temperature. This insures uniform gas flow distribution across the
catalyst bed and effective gas/solid contacting for good purging action.
Purging at these conditions for one to five hours adequately purges the
reactor. | :
Hydrogen Reduction

The final step is reduction of catalytic metals, e.g., 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 of between about 450°C and about 530°C, more
preferably within the range of about 480°C and about 5§20°C, and most
preferably at about 510°C. Oxygen left in the stripping step is purged
with inert gas, such as nitrogen, down below the explosion limit prior
to introducing hydrogen. In the process of this invention, the
reduction is accomplished with a gas stream containing hydrogen
having a partial pressure of hydrogen greater than 0.015 psia,
preferably within the range of about 0.015 psia-to about 14.7 psia,
more preferably of about 0.15 psia to about 5.0 psia, and meost
preferably of about 0.4 psia to about 1.0 psia. The gas stream at the
reactor inlet for the hydrogen reduction step also contains water at a
partial pressure of water of up to about 1.5 psia, preferably up to about
0.75 psia, more preferably less than about 0.4 psia, and most
preferably within the range of about 0.05 psia to about 0.4 psia, in
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reactor pressure higher than 65 psia may be used in this reduction
step. For an easy operation, it is preferable to operate this reduction
step at the same pressure as the previous stripping step. For purposes
of the hydrogen reduction step in accordance with the present
invention, the effluent gas is preferably not recycled. Accordingly, the
hydrogen reduction step is conducted as a once-through operation. 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 at least one member selected
from the group consisting of nitrogen and hydrogen to a water partial
pressure of less than about 0.004 psia, preferably less than about
0.003 psia, and more preferably less than about 0.0015 psia. This
drying step, therefore, is accomplished by reducing the partial pressure
of water in the gas stream introduced at the inlet of the vessel
containing the catalyst to result in the partial pressure of water in the
gas at the outlet of less than 0.004 psia. Thus, the gas at the outlet is
substantially devoid of water.
For purposes of the present invention, the catalyst is preferably
a formed catalyst in the form of tablets, pellets, spheres, or extrudates.
The catalyst may include a binder material preferably comprising
kaolin, alumina, silica, or mixtures thereof to promote binding into
aggregates. .As used herein alumina binder materials include, but are
not limited to, alkali and alkaline earth-containing alumina. The
catalyst most preferably is monofunctional and non-acidic, and the
zeolite is preferably a large pore zeolite, which preferably is a type L
zeolite. The type L zeolite preferably comprises exchangeable cations
such as lithium, sodium, potassium, rubidium, cesium, magnesium,
calcium, strontium, barium, or mixtures of any two or more thereof.
Potassium, magnesium, and/or, barium, are particularly preferred.
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preferably platlnum Theygmount of the Group %III catalytic metal
present is preferably from 0.05% to 6% by weight.

The catalytic metal may further comprise, for example, a Group
VII B metal, such as rhenium, which is a preferred Group VII B metal.

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

For purposes of the present invention, as described above, the
process conditions comprise a linear gas velocity through the catalyst
of at least about 0.5 FPS.

The concentrations of the gases used, expressed as partnal
pressure, depend upon the operatmg pressure and are adjusted
accordingly to yield a desired range of partial pressure of the gas
component wherein the partial pressure of gas A = the concentration of
A x the total pressure. '

EXAMPLE 1

The activity of the fresh and regenerated catalysts were
compared by running both at the reforming conditions of 505°C, 1.3
WHSYV; 105 psig; 2 Ho/oil; on a Cg raffinate feed.

For purposes of this example, a typical regeneration procedures
as follows was used for regenerating the catalyst.

Initially, the catalyst is subjected to a two-stage coke burn
wherein the first stage of coke burn is conducted at a temperature of
about 445°C under a pressure of about 185 psia for 2 hours with 1 vol%
oxygen and a 9 to 1 recycle ratio, followed by a coke burn at a
temperature of about 510°C under a pressure of about 185 psia for 14
hours with 3 vol% oxygen and a 9 to 1 recycle ratio. The coke burned
catalyst is then subjected to oxychlorination at a temperature of about
510°C under a pressure of about 185 psia for 3 hours with 600 vppm
HC1, 0.66 vol% water vapor, and 0.84 vol% oxygen and a 9 to 1 recycle
ratio. The oxyéhlorinated catalyst is then cooled down to 345°C over
four hours under oxychlorination conditions. Subsequently, the cooled -
oxychlorinated catalyst is then stripped at 345°C with 10 vol% oxygen
and 3 vol% water vapor in. pitrogen at atmospheric pressure for 13



catal yst prior to reducing said hal ogenated catalyst in step d)., 3. -
A process according to claiml or 2 wherein said exposing said hal ogenat ed -
catal yst after step c) to a displacenent gas flowis perfornmed as a

once-t hrough operati on. 4. A process according to any.preceding.
claimwherein said pressure in step a) is from50 psia to 200 psi a.
5. A process according to any precedi ngjg¢laimwherein the Goup VIII

catal ytic netal partlcles in step a) have an avera?e particle size from20A

to 50 err]. hours, folpwed hyptoppiag ¢ 4adCngith Por SeHESON BIEPEEherei n
said parti alfopf)ﬁéw :ﬂ'.fat‘fﬁtg drit SrdisQufd, r%e%%&@‘éﬁ@ﬁﬁé@ﬁhtéed Qgéh t han

0.1 psia. C£ss ac ord| n an r.ecedi ng cl ai m V\/nerel n
sai d gaseou§’1§’iqg§3maﬁn 5‘3% fg}' ?%eg'i'ﬂ}é'{ z?%’t ?g‘iq i4188’\7‘& Hr"’(ﬂsgﬁ%'t 8.
A process agedudinggtleocatayygtrweithdl hgoldh c’uymllrmgtmejtrsﬁa&hnd atmosphenc

pressure for 2.5 hours.
The benzene (Bz) yield and selectivity at 150 hours are:

Fresh Regenerated
Bz Yield, wt% 32 42
Bz Selectivity, % 74 64

The regenerated catalyst gives a higher benzene yield than the
fresh catalyst. However, the benzene selectivity of the regenerated
catalyst is 10 points lower than that of the fresh catalyst. Further
improvement in benzene- yield of the regenerated catalyst can be
realized if the selectivity loss can be eliminated.

The aromatization activities of the fresh and the regenerated
catalysts at 140 hours under test conditions of 50 psig, 2 WHSYV, 543°
C, and 4 Hy/oil with Cg/C7 raffinate feed.

The regeneration procedure used in Example I was used for
purposes of Example II except that stripping was performed at 510°C
with 10 vol% oxygen and 2.2 vol% water vapor in nitrogen at
atmospheric pressure for 10 hours; purging was accomplished using
2.2% water in nitrogen at 510°C for one hour at atmospheric pressure;
and reducing was performed with 5.8 vol% in hydrogen and 2.2 vol%
water at 510°C and atmospheric pressure for 2.5 hours. The catalyst is
then cooled down under dry hydrogen stream to 454°C and held at 454
°C for 6 hours to thoroughly dry out the catalyst. The water partial
pressure at the reactor effluent is less than 0.004 psia.

The results are tabulated below: '

Eresh Regenerated
BTX Yield, wt% .81 - 63
BTX Selectivity, % 82 82

The regenerated catalyst has a BTX yield twice that of the fresh
catalyst. The deactivation rate of the fresh catalyst is about 6 times of

. that of the regenerated catalysts. The 5 to 10 points of selectivity debit
existed in the previous PY/KL catalysts, regenerated with a low-



partial pressure of CJerr] in said outlet gas flowin step a)
0. 004 psi a.

process according to any preceding clai mwherein said tenperat
a) is fromb500[err]Cto 530[err]C 10. The process acg
any preceding claimwherein said partial pressure of oxygen in
gaseous streamin step a) is from0.1 psia to 8 psia.

n
g
f

step

Jidi 1897

irst

REPLA T3t PSHEET

urE|

d3

shi d
A

1

11.

process according to any precedi ng cl ai ml\gﬁerei n said
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temperature, post-treatment no longer appear on the regenerated

catalyst with the improved regeneration procedure.

This example evidences the unexpected discovery of the present
invention that selectivity loss can be eliminated by using low pressure,

high temperature, wet post-treatment in the regeneration procedure.

Although not wishing to be bound by any particular theory, it is
believed that the high temperature wet post-treatment at 510°C is
believed to further improve the efficiency of residual C1 removal.

EXAMPLE 3

The aromatization activities of the fresh Pt/KL catalysts and
regenerated Pt/KI. catalysts, regenerated according to the present
invention, were compared at 120 hours under test conditions of 488°C,

160 psig, 2 Ho/oil, and 1.3 WHSV with a Cg raffinate feed.

The regeneration procedure in accordance with the present
invention used to regenerate the Pt/KL catalyst for this example
involved subjecting the catalyst to a two-stage coke burn wherein the
first stage of coke burn is conducted at a temperature of about 445°C
under a pressure of about 185 psia for 2 hours with 1 vol% oxygen and
a 9 to 1 recycle ratio, followed by a coke burn at a temperature of about
510°C under a pressure of about 185 psia for 14 hours with 3 vol%
oxygen and a 9 to 1 recycle ratio. The coke burned catalyst is then
subjected to oxychlorination at a temperature of about 510°C under a
pressure of about 185 psia for 3 hours with 600 vppm HC1, 0.66 vol%

water vapor, and 0.84 vol% oxygen and a 9 to 1 recycle

water at 510°C and atmospherig pressure for 2.5 hours. '

ratio.
Subsequently, the oxchlorinated catalyst is then stripped at 510°C
with 10 vol% oxygen and 2.2 vol% water vapor in nitrogen at
atmospheric pressure for 10 hours. The catalyst is then purged with
2.2 vol% water nitrogen at 510°C for one hour at atmospheric pressure,
prior to reducing the catalysf with 508 vol% hydrogen and 2.2 vol%

The catalyst is then cooled down under dry hydrogen steam to
454°C and held at 454°C for 6 hours to thoroughly dry out the catalyst.

The water pressure of the effluent is less than 0.004 psia.



partial_ pressure of oxygen in said second gaseous streamin step b) is from

1l psiato 2 psia. 12. A process according to any pregeding claim
wherein said partial pressure of water in said second gaseous p:Fg:Qa “";;“"
step b) is from0.2 psia to 2 psia. 13. A process aclddrding #gtamitel |

preceding claimwherein said partial pressure of hal ogen in sjai
gaseous streamin step b) is fromO0.02 psia to 0.3 psia. 135 AN 297
process according to any preceding claim13 wherein said sourjcq of hal ogen

in said second gaseous streamin step b)jgonprises a source gf chlforine
conprising CJferr], HA, chlorinated hydrocarbons, or mxtures.of_C[err],

HCI and chl ori nateeresulisene babulated asfollows: A process according to claim
14 wherein said source of chlorine is O [erégh HC, or m xt UuRegehnlesated.

16. A process .di.ng .to any preceding ¢laimwherein said tenpgrature in
step b) is from%%ﬁ‘gﬂr?‘@%to 530[err]C. . %'0 i

BZ Selectivity, % 69 ' 68
The selectivity of the regenerated catalyst is restored to the
value of the fresh catalyst.




17.
conpri Ses nai ntai ni ng hal ogen parti al
sai-d gaseous streamat said outlet in step b), and conti nui (g the treating !
in step b) with said gaseous stream having a parti al

A.process according to any preceding clai mwherein sai-d- process .. o
pressure of greater} f:han0: 0l ‘psia- ln,

greater than 0.01 psia for a time period of up to 6 hours.

17

18. A process according to any

pressure in step b) is from50 psia to 206 psi a. 3

CLAIMS

1. A process for regenerating a deactivated reforming

- catalyst in a vessel having an inlet and an outlet, said catalyst

comprising at least one Group VIII catalytic metal, zeolite, and a
binder, said process comprising the following steps:

a) subjecting said deactivated catalyst to a first

gaseous stream comprising inert gas and oxygen present at a partial
pressure up to 10 psia under oxidation conditions comprising a
temperature of from 400°C to 530°C and a pressure of from 14.7 psia to
300 psia, and for a time effective to burn coke off said deactivated
catalyst to result in a gas flow at said outlet comprising a partial
pressure of COg of less than 0.01 psia and a substantially decoked
catalyst comprising Group VIII catalytic metal particles having an
average particle size of less than 150A.

b) treating said substantially decoked catalyst with a
second gaseous stream comprisirig inert gas, oxygen at a partial
pressure of up to 10 psia, water at a partial pressure of up to 3 psia,
and a source of halogen at.a partial pressure of up to 0.5 psia under
oxyhalogenation conditions comprising a temperature of from 480°C to
550°C and a pressure of from 14.7 psia to 300 psia for a time effective
to halogenate and disperse said at least one Group VIII catalytic metal
to result in a halogenated catalyst comprising dispersed at least one
Group VIII catalytic metal and a gas flow at said outlet comprising a
partial pressure of halogen of greater than 0.01 psia;

c) exposing said halogenated catalyst to a third
gaseous stream comprising water having a -partial pressure of up to 1.5
psia, oxygen having a partial pressure of less than 4.5 psia, and an
inert gas at a temperature of from 450°C to 530°C at a pressure of from
14.7 psia to 65 psia for a time sufficient to effect a hydrogen halide
partial pressure in offgas from said halogenated catalyst of less than
0.004 psia to effectively remove excess halide from said halogenated
catalyst; and

T

Qr ecedi ng cl ai mj V\,hle etn saird—" "

pressure of hal ogen bf
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19. A process according to any preceding claimwherein at |

of sai g gas flow exiting said outlet in step a) is recycled PXPQMM@‘TOSHEET
and at |east a portion of said gas flow exiting said outlet step b) is
recycled to said inlet. 20. A process according to eny cgﬂﬂn'gg'[
claimwherein said partial pressure of water in said third gaseous Stream

in step c) is less than 0.4 psia at said inlet. 21. A '‘process .
according to any preceding claim vvherei n Eid parti al pressdre of oxygen in

said third gas flowin step sia to 3 - L:42. A
process according to y pr «?@i’ﬂ g] %%r&tﬁdstcé 5t @""Ebn‘t"hﬁé_éd at
| east until exaess dHaljpdeeslsay ehadn hﬁdxﬁ@]ﬁd hbjfl d%bjeﬁtmgl Gadd f Halbgahasad d
outlet is | 0 process_accor
pr ecedi ng cl%g;faln&g\ﬁg? e %gégtkgsé(agﬁ%'ﬁ a%F{ﬁaén. fPpEisIng 1ngrt £35, g’i@?%eﬁ Cto
about 520[ eh@ving a partialypressupe gresterdheoy 0i0i$ psiaaand prateediavinglai m
wherei n sai gartial pressure of up to 1.5 psia at a temperature of from 450°C to
530°C at a pressure of from 14.7 psia to 65 psia to reduce said at least
one Group VIII catalytic metal in said catalyst to the metallic state and
result in a regenerated catalyst.

2. A process according to claim 1 further comprising
exposing said halogenated catalyst after step c) to a displacement gas
flow for a time sufficient to purge oxygen from said halogenated
catalyst prior to reducing said halogenated catalyst in step d).

. 3. A process according to claim 1 or 2 wherein said exposing
said halogenated catalyst after step c) to a displacement gas flow is
performed as a once-through operation.

4. A process according to any preceding claim wherein said
pressure in step a) is from 50 psia to 200 psia.

5. A process according to any preceding claim wherein the
Group VIII catalytic metal particles in step a) have an average particle
size from 204 to 50A.

6. A process according to any preceding claim wherein said
partial pressure of water in said first gaseous stream is less than 0.1
psia.

7. A process according to any preceding claim wherein said
gaseous stream in step a) is substantially devoid of water.

| 8. A process according to any preceding claim wherein said
partial pressure of CO9 in said outlet gas flow in step a) is less than
0.004 psia.

* c L " S *



pressure in step ¢) is 14.7 psia. 25. A process accor ¢i-ag-t.o.any
preceding claimwherein step c) is performed as a once-throug R@nggﬂs@ﬂ{ SHEET
26.: A process according to any precedi ng claimwherein said parttat—of-——-+

hydrogen in said fourth gaseous streamin d) is fromO0.015 psita altq abput L-} |
osia. 18 27. S&é 371‘

according to any preceding claim1l wherein said partial pressyre of vat.er
in said fourth gaseous streamin step d) i 46 ess than 0.4 psi

9. A process according to any preceding claim wherein said
temperature in step a) is from 500°C to 530°C.

10. The process according to any preceding claim wherein
said partial pressure of oxygen in said first gaseous stream in step a) is
from 0.1 psia to 8 psia.

11. A process according to any preceding claim wherein said
partial pressure of oxygen in said second gaseous stream in step b) is
from 1 psia to 2 psia.

12. A process according to any preceding claim wherein said
partial pressure of water in said second gaseous stream in step b) is
from 0.2 psia to 2 psia.

13. A process according to any preceding claim wherein said
partial pressure of halogen in said second gaseous stream in step b) is
from 0.02 psia to 0.3 psia.

14. A process according to any preceding claim 13 wherein
said source of halogen in said second gaseoué stream in step b)
comprises a source of chlorine comprising Clg, HCI, chlorinated
hydrocarbons, or mixtures of Clg, HCI and chlorinated hydrocarbons.

15. A process according to claim 14 wherein said source of
chlorine is Clg, HCI, or mixtures thereof.

16. A process according to any preceding claim wherein said
temperature in step b) is from 500°C to 530°C.

17. A process according to any preceding claim wherein said
process comprises maintaining halogen partial pressure of greater
than 0.01 psia in said gaseous stream at said outlet in step b), and
continuing the treating in step b) with said gaseous stream having a
partial pressure of halogen of greater than 0.01 psia for a time period

of up to 6 hours.
* [ L ] S *




28. A process according to any preceding claim1 wherein said pressure.in.,
step d is 14.7 psi a. 29. A process according to any'\.pxe«caedingﬁ"-.l 5
claimwherein said tenperature in step d) is from480[err]C- Q.’Sﬁb{'bu}@;
30. A process according to any preceding clai mwherein step d is
perfornmed as a once-through operation. 31. A process accor di; ng ¢o ,
any precedi ng claimwherein the deactivat eﬂz cat al yst corrprl ses a type L _: |
zeolite, said type L zeolite optionally cohtaining exchangeabl € cations !
conprising |ithium sodi um potassium rubidium cesium NMBYNESI UM mmrmmsond
cal cium strontl u r or. mxtyres. thereof SS
cccording. to ol A8 -2 Phps Mer Ui ob 30 Reeceding eﬁlﬁiﬁ‘ghé?s%fsﬁgi

pot assi um bpresmrenagateplh)m fmmrﬁmpsmdm 20tepsiaf . A process
according to any preceding claimwherein said

19. A process according to any preceding claim wherein at
least a portion of said gas flow exiting said outlet in step a) is recycled
to said inlet, and at least a portion of said gas flow exiting said outlet -
in step b) is recycled to said inlet.

20. A process according to any preceding claim wherein said
partial pressure of water in said third gaseous stream in step c) is less
than 0.4 psia at said inlet.

21. A process accdrding to any preceding claim wherein said
partial pressure of oxygen in said third gas flow in step c¢) is from 0.7
psia to 3 psia.

22. A process according to any preceding claim wherein step
¢) is continued at least until partial pressure of halogen halide in said
offgas at said outlet is less than 0.0015 psia.

23. A process according to any preceding claim wherein said
temperature in step c) is from 480°C to about 520°C.

24. A process according to any preceding claim wherein said
pressure in step c) is 14.7 psia.

25. A process according to any preceding claim wherein step
¢) is performed as a once-through operation.

26. A process according to any precedi'ng clamm whe;gin said
partial of hydrogen in said fourth gaseous stream in d) is from 0.015
psia to about 5 psia. :

* c L M - *



Goup VIII catalytic nmetal as from0.05 to about 6 wt % of the ..'ca'tg_a_l_;:yst_';' R
34. A process according to any preceding clai mwherein said at-teast-ome™".

G oup VIII catalytic nmetal conprises platinum 35. A process
according to any preceding claimwherein said catalyst further conprises”
rheni um 36. A process according to any preceding claimwherein ... :
sai d bi nder conprises kaolin, alumna, silica, or m xtures thereof.

19 37. A process according to any pr&eding cl ai m wherein the

27. A process according to any preceding claim 1 wherein said
partial pressure of water in said fourth gaseous stream in step d) is
less than 0.4 psia. '

28. A process according to any preceding claim 1 wherein said
pressure in step d) is 14.7 psia.

29. A process according to any preceding claim wherein said
temperature in step d) is from 480°C to 520°C.

30. A process according to any preceding claim wherein step
d) is performed as a once-through operation.

3.1._ A process according to any preceding claim wherein the
deactivated catalyst comprises a type L zeolite, said type L zeolite
optionally containing exchangeable cations comprising lithium,
sodium, potassium, rubidium, cesium, magnesium, calcium, strontium,
barium, or mixtures thereof. '

32. A oprocess according to claim 381 wherein said
"exchangeable cations comprise potassium, barium, magnesium, or
mixtures thereof.

33. A process according to any preceding claim wherein said
Group VIII catalytic metal as from 0.05 to about 6 wt% of the catalyst.

34. A process according to any preceding claim wherein said
at least one Group VIII catalytic metal comprises platinum.

35. A process according to any preceding claim wherein said
catalyst further comprises rhenium. '

36. A process according to any preceding claim wherein said
binder comprises kaolin, alumina, silica, or mixtures thereof.
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linear velocity of gaseous streans in steps a), b), c), and d) - through-'said
catalyst is 0.5 FPS. 38. A process according to any preceding-clatm -
wherein said inert gas conprises nitrogen. 39. A process according
to any preceding claim further conprising drying said regenerated catal yst
after step d) by subjecting said regenerated catalyst to a drying gas
conprising nitrogen, hydrogen, or m'xturesléhereof to result in a water
partial pressure of less than 0.004 psia in effluent fromsaid vessel .- Co
40. A process fal7.refdrproggss bychrdimg Horany quepedinigngatmnivdereing thy dr ogen
and napht ha w al,V, e I n | S
accordi ng towzﬁlé&gzggg%#ng?%%i#%g %%E%&gdﬁkg%%gt Iﬁg %E?‘ﬁ:gfﬁgﬁg‘g@%

said catalyst is 0.5 FPS.

38. A process according to any preceding claim wherein said
inert gas comprises nitrogen.

39. A process according to any preceding claim further
comprising drying said regenerated catalyst after step d) by subjecting
said regenerated catalyst to a drying gas comprising nitrogen,
hydrogen, or mixtures thereof to result in a water partial pressure of
less than 0.004 psia in effluent from said vessel.

40. 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. |

Y
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REGENERATION OF AROMATIZATION CATALYSTS

ABSTRACT

A low-pressure, high temperature, wet post-treatment after
oxyhalogenation during regeneration to improve activity and
selectivity recovery of a regenerated catalyst involves
exposing a halogenated catalyst to a gaseous stream
including water having a partial pressure of up to 1.5
psia, oxygen having a partial pressure of less than 4.5
psia, and an inert gas at a temperature within the range of
about 450 ,C to about 530 °C at a pressure within the range
of about 14.7 psia to about 65 psia for a time sufficient
to effect a hydrogen halide partial pressure in offgas from
the halogenated catalyst of less than about 0.004 psia to
effectively remove excess halide from the halogenated

catalyst.



