~ OFF- SI TE REGENERATI ON OF REFORM NG CATALYSTS OBJECT OF THE | NVENTI ON Thi s
invention relates to a process of regenerating catalysts fromcatalytic
reform ng. The catal yst generally conprises at |east one netal that can be
a netal from group VIII of the periodic table of the elenents, notably a
noble metal of this group VIII, or another precious netal such as silver
or gold. Platinumis preferably used. The catalyst optionally contains at

| east one additional nmetal selected fromthe group formed by the netals
fromgroups 7, 8, 9, 10, 13, and 14 of the periodic table of the el enents,
and copper; it OBFtSITE REGENERAZIONE REFGRIMANGIEATAINESES abl y chl ori ne,
and at | east one anorphous porous substrate, preferably with an alum na
‘base. TheBIECTIOR THE ¢aVENIFOS the nost often used contain platinum
associated with either tin or rhenium deposited on a gammua-type alum na
The process ofhis atvaitioni relates t®a prodgssios regepsrati@Satalisadiome eaamticlel y by
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combusti bl e gas (Cl- and 'I'i que gases (C3- as’ coke. The
reform rwldcca%pérws FurihSr SRAEAAIt34sPorR BaRiYsn, DRl fEdblyRhiotige f Al M REstop@l | rods
(extruded), balls, or grains, and conprises alumna, chlorine, platinum and
an addi tanoorphouspetoak siatrae] mefetabbnmvith en glotinh Hae¢. MEk lforiBigdatalyfs gr oups 7,
8, 9, 10, 13, and 14 fromthe periodic table of the el enents, and copper,
“such as thiaiost afien useiapatais platigen, rmasticiagd witldéither tin of dhieniom, déperitedon or tin,
preferably rhenium or tin. The reformng catalyst is a

a gamma-type alumina

The process of catalytic reforming is a process used very widely by refiners to
upgrade the heavy naphtha obtained by distillation, with a low octane index. The
chemical transformation of the heavy naphtha feedstock comprising mainly hydrocarbons
containing 7-10 carbon atoms per molecule consists mainly in the transformation of n-
paraffins and of naphthenes contained in the aromatic hydrocarbon feedstock, by
reactions of which the most studied are strongly endothermic. Said transformation, called
catalytic reforming, is generally obtained at high temperature (on the order of 500°C), at
average low pressure (3.5 to 25.10°Pa) and in the presence of a catalyst. It produces a

reformate, a gas rich in hydrogen, combustible gas (C;-Cy) and liquefied gases (Cs+Cy) as
well as coke.

The reforming catalyst is generally a porous solid in the form of small rods
(eXtruded), balls, or grains, and comprises alumina, chlorine, platinum and an additional
metal selected from the group formed by metals of groups 7, 8, 9, 10, 13, and 14 from the

periodic table of the elements, and copper, such as thallium, manganese, germanium,




hi ghly formul ated product whose cost is very high because of the use of
precious netal(s). During the catalytic reform ng process, the catal yst
~activity is reduced progressively mainly by deposit of coke on the
surface. Thus it is necessary periodically to go to a regeneration
operation that conprises mainly the elimnation of coke by controlled
burni ng, generally in the presence of air diluted by nitrogen (an operation
cal |l ed hereafter coke conbustion) and oxychl orination, which rmakes it
possibly mainly to redisperse the netals but also to adjust the acidity of
t he al unndiambiridiaidj rhepiumnomtin, preférably iregpivamvi i NHereformilganiahst Ba a

chl orinated organi c conpound (an operation hereafter called

oxychl orliighly faymiplaterherodush whoset dostis veryhéghdacause b thersg efisecivison of t he
reformng catalyst takes place in-situ, i.e.; at the refinery site
(on-sitéRetalild it is conducted differently depending on the catalytic

reform ng prqcess used. Lf the.catalytic reform ng progess is a
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be conveyed to a regeneration zon pat ent 34,117). The
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generally between 0. 1 and 10 days. In the redgeneration zone, the catalyst
i's firstcalddd lardafigeadeabmpustvhpireicbxythlafinaoawhich tiakes it psstiblomainBNd t hen
brought to the regeneration zone itself, where it proceeds to the

conbust iteredisperse ke, methle hut alsodr pdjubtahé aadityoorf, thad blemirmttyl addingj im anr econveyed to
the first reaction zone, generally after passing through an accumul ation
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cat al ysth.in 0 a siate where it will be active for the reformng reaction
and opt 'SiatFrFaHed ppeloraaiandn operation that corresponds to a passivation,
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in-situ, i.e., at the refinery site (on-site), and it is conducted differently depending on the

catalytic reforming process used.

If the catalytic reforming process is a continuous-type process or CCR, i.e.,
Continuous Catalytic Reforming, the catalyst flows progressively (circulating bed) in
reaction zones in which the feedstock flows and where chemical reactions associated with
catalytic reformirg take place, then it is withdrawn from the last reaction zone to be
conveyed to a regeneration zone (such as in US patent 5,034,117).

The duration of one cycle (reaction + regeneration) for the catalyst is generally
between 0.1 and 10 days. In the regeneration zone, the catalyst is first of all generally
stored in an accumulation reservoir and then brought to the regeneration zone itself,
where it proceeds to the combustion of coke, then to oxychlorination. The catalyst is
reconveyed to the first reaction zone, generally after passing through an accumulation
reservoir, after a reduction operation that makes it possible to put the catalyst into a state
where it will be active for the reforming reaction and optié)nally a sulfurization operation

that corresponds to a passivation, by the sulfur, of the additional metal used, an operation




that takes place depending on the nature of said nmetal (this sulfurization
is used, for exanple, for rheniumbut not for tin). But said reduction
operation, and said optional sulfurization operation, can also take place
inthe first reaction zone. Finally, in this case, the catalyst is
regenerated in a zone separate fromthe reaction zones but in direct
contact with them [f the reformng process is a process of the

sem -regenerative type (also called fixed bed), the catalyst is present in
the reaction zones in which the feedstock circulates, but the catalyst
does not tiek taked Flh@ depeithingéh the agtuteT sZid Mgetdl Gthavwatfagzatiohiid el for chem cal
reactions associated with catalyst reformng are taking place. In this
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case, the catal yst 1 enera In a Zo 0 'a reac n zone.
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technol ogy process, 1.e., a single process associ ates reaction zones using
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technology. In this case, the two types of regeneration are used. These

cat al yt i ceactédne mssonigted mothaasbyst refamiegire takdahg @ack. ih des yasesegeneratiefsi neri es,
have drawbacks during operation, due mainly to the lack of flexibility in

t he regeptadidaby persyraredngeneraliy for| THad@r 19 daerevemnt torl 2imorghsadRse,ype process
is directly up agai nst what happens_in the reactjon zones, and any
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of the regeneration zope, because the regeneration zone is neral |
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zones, it is also possible to isolate one reaction zone from other reaction zones, so that it
serves as regeneration zone while the other reaction zones continue to perform catalytic
reforming, but then only a part of the catalyst present in all the reaction zones is
regenerated. Thus, in this case, the catalyst is regenerated in a zone that is also a reaction
zone.

‘There are also cases where the catalytic reforming process is a mixed technology
process, i.€., a single process associates reaction zones using semi-regenerative
technology and reaction zones using continuous technology. In this case, the two types
of regeneration are used.

- These catalytic reforming processes, conventional and widely used in refineries,
have drawbacks during operation, due mainly to the lack of flexibility in the regeneration
systems used.

Indeed, regeneration in a CCR-type process is directly up against what happens in
the reaction zones, and any abnormal operation of said zones has direct repercussion dn

the operation of the regeneration zone, because the regeneration zone is generally
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. programmed to operate only under conditions of normal usage. Thus any
mal function that translates into an el evated coke content in the catalyst
~to be regenerated, with respect to the content during normal operation,
which is generally 4-5% by wei ght of coke, requires slow ng the
regeneration speed of the catalyst to prevent significant exothermcity
problens in the regeneration zone, which translates overall into a | owering
of the feedstock throughput and thus a |lowering of the unit's production,
whi ch costs the refiner dearly; or into totally changing the catal yst and
sendi ng pldgragRestto @Egademty ridér ¢dnditons BOlormelsakd. Efhuk enRpmaFnmaey t hat
recovers platinum reover, the conbustion of the coke can be inconplete.
As for rihgeresiates o bmelevsedorks conknttih ehesatilyst egenegabiakel, tithegspedt requi res
stopping the production unit during the entire regeneration period, which
cost s t hie the¢antesit derdg noymal epethtioh] which sezeheralied-S56 biveighcaficoke,i n t he
reaction zones will have led to a coke content that i s higher than during
nor mal ofseviEgsisvingtheregsperatignyenced af the gatalysf to prayertsigifeapt "refornming -
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regenerations perforne to the prior n continuous type

pr ocessesot t&dshdle)ab alcBmph®; theiFecoveRGRARNAL IMErebYdR &hé BoistibRkEthet possi bl e
to assure, with certainty, a perfect honbgeneity in conbustion or

oxychl ordokatambe inceapleent for all the catalyst particles. Finally, such
catal ytic reform ng processes conprising on-site regeneration do not make
it possible tds fonssgensatidngn guaddessyoidhe se-regenetative/typé, it tequiceatstippilg because
any sanple of the catalyst taken fromthe unit (during production and

r egener ahf produgtion uitduring thegntiraiggeneebipn perindatvhich costs therefinpydeatls cat al ytic
mass. For exanple, inconpl ete coke combustion, throughout the catalytic
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Further, regenerations in such catalytic reforming processes also pose technical
problems. Thus such regenerations involve the use of air diluted by nitrogen (with
oxygen content from 0.1 to 1% by volume) to burn the coke, in particular when the
combustion gas throughputs are high, and the injection of a chlorinated compound during

said step, which poses problems with respect to the environment. Further, regenerations
performed according to the prior art in continuous type processes (CCR) or in the semi-
regenera.tive type do not make it possible to assure, with certainty, a perfect homogeneity
in combustion or oxychlorination treatment for all the catalyst particles. Finally, such
catalytic reforming processes comprising on-site regeneration do not make it possible to
assess the quality of the totality of the catalyst because any sample of the catalyst taken
from the unit (during production and regeneration) is localized and not representative of
the overall catalytic masé. For example, incomplete coke combustion throughout the
catalytic mass would not be seen in one sampling of the catalyst. Therefore catalytic

reforming processes require, more particularly than other refining and petrochemical




4 processes, permanent, and as exact as possible, a surveillance of the
catalyst. Further, in the prior art, there are essentially two types of
i npl enentation for regeneration. In certain techniques, regeneration is
performed in nmoving bed, the catalyst circulating through the separate
zones for coke conbustion and oxyhal ogenation. In other techniques,
regeneration is perforned in a single, fixed bed, each regeneration step
being performed in this bed. The processes of off-site catalyst
regeneration exist in refining for spent catalysts comng from

hydr ot r epdodgsds, perirayert Canfdrab Seaciad pUsyibR, § 5@ Peillincs bf tHeRbMAY st. Rirtiegin

hydr ocar bons, and a step of conbustion of sulfur and carbon. But they do
not conpthepeior arh ety izl esgpeniatyi o typaspf ithyldmentatiat fverdgenastadnydb s, whi ch

" generallTy do not conmprise a préecious nmetal, thus do not undergo the sanme -

r egener afqreH! teelsiques Hegengration tsaieyiprmeed ipataying heg, barcaplystarculatingias been
sought t i nore i e the off-site regeneration in order to be
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catal yti rreform ng leading.to technical. results.that are at |east as good
ond ot ¢ cfieifleS TS & ek Red B S b Bt it iehoiifh SkabSBE ' oy
cat al yst s, b8 fAhRlpshi ¢ reformng that are currently used. Another object
of the ihvention is to be able to propose off-site regenerati on nethods
for any spentTigairalasds of bATE KARIQSAERIRatibE BLiTBA te AP Speitcaadl dreast one
precious netal, preferably platinum and for which the regeneration mnust
conpri secahing freasiydenatie TiyesiprishmaingPa aaslotytepryRaidagenat i on step,
preferably oxychlorination, to redi sperse said precious netal. The

r egener aliydoocathoastang atstepod oordbusgion bHsul fue ancheagtnini. dut teekels niot cqyssebl e t o
elimnate nost of the coke deposited on the substrate and to redisperse

t he met adt eyhplhgenatiomsiep.i Hydmirpasmentivatalysts) whish gererallypdooes sempiise 2
regenerati on of a spent catalyst from refornmng, conprising at |east one
metal friFRFigronpal/ius dp pelindsteois $ag regqngrstian Hpatmgats as catalytic

reforming catalysts.

| more improve the off-site regeneration in order to be
able to propose methods of off-site regeneration of spent catalysts from catalytic
reforming leading to technical results that are at least as good and often better than
conventional on-site regeneration processes for catalysts from catalytic reforming that are
currently used.

Another object of the invention is to be able to propose off-site regeneration
methods for any spent catalyst from hydrocarbon treatment comprising at least one
precious metal, preferably platinum, and for which the regenération-must comprise at
least one coke combustion step and one oxyhalogenétion step, preferably
oxychlorination, to redisperse said precious metal. The regeneration treatment according
to the invention makes it possible to eliminate most of the coke deposited on the substrate
and to redisperse the metallic phase.

The invention thus relates to a process for regeneration of a spent catalyst from
reforming, comprising at least one metal from group VIII from the periodic table of the

elements, notably a noble metal from the platinum family (palladium, platinum, iridium,
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. elenments, notably a noble netal fromthe platinumfamly (palladium
platinum iridium 5 osmum ruthenium rhodiun) or any precious netal such
as silver and gold, optionally at |east one additional netal selected from
~the group forned by netals fromgroups 7, 8, 9, 10, 13, and 14 fromthe
periodic table of the el enents and copper, optionally and preferably at

| east one hal ogen, preferably chlorine and at |east one porous substrate,
preferably alum na. Platinumis the preferred nmetal, optionally acconpani ed
by an additional netal, rheniumor tin. Patent EP-B-710502 fromthe

appl i cangsrgies fith@surdthedifimy bit £y RESNRMAMhIGNCHECERESand (gb R omtmRNy SteS at

| east the two follow ng successive steps: - at |east one step for

conbust i kastohe bdditiapkmerat sdendd foom sted grogmfoayd by mistalshfeom groapecd 9pf a gas

Tconprising oxygen, at a tenperature between 300 and 680C, “preferably -

bet ween B&0J3asnd 5o thetneripdintabde pirthé elemishty ahd cappen optitallndndi70C, for a
period between 0.3 and 7 hours, - at |east one oxyhal ogenation step,
pr ef er abPigiessb)y al least prg hadogen; prefgrabbnehioninesnd ai least gperpapresubstralg, a

t enper at ur tween 300 and.650C, preferaply. between 35Q d 550C, for a
bor | od BB DU deTHG it 0 BHAOTS THES BiSCaNL & gm P AP oYbnat ed
corrpoundaddit§o%i6p Qt%??ﬁe%ﬁnﬁﬁrt?r?rformd off-site and a furnace selected from
anong novi ng ed urnaces, 1.e., in novenent, is used for step (1) of

conmbustion a . | : ' aces,
there are st %t%%%%ed3% %%a%@ém%hgg?%gaﬁg@b? %g% étg%%e?:grg&%g%%géggof athin

layer, vihet deiprisbeat 1@BICHhOTwd olloWidg Wttt dhe Gtpsr adi al ), flui di zed bed
furnaces or other furnaces such as circul ating bed furnaces. For exanple,

furnaces of t-hatleasobmd stepvfer caryipsticmof the colgasedeht ¢ saiddatdlyseinthwi ng t ype,
stirred and nade of a thin layer) or belt-type furnaces (i.e., nmade of a
t hi n- | aygreseanelofrgdseginprifing bkyssnprtadernperatoee wtweeny390 ando&ECf r om t he zone
where the conmbustion step takes | ace to the zone for oxyhal ogenati on.
preferably between 350 and 550°C, stil? more preferably between 350 and 470°C, for a
period between 0.3 and 7 hours,
— at Jeast one oxyhalogenation step, preferably oxychlorination, in a controlled air
atmosphere, at a temperature between 300 and 650°C, preferably between 350 and 550°C,
for a period between 0.3 and 3 hours and in the presence of a halogenated compound,
said process is performed off-site and a furnace selected from among moving bed
furnaces, i.e., in movement, is used for step (1) of combustion and step (2) of
oxyhalogenation.
Among moving bed furnaces, there are stirred bed furnaces, shaking bed furnaces
(i.e., made of a thin layer, whether the reactor is cylindrical or radial), fluidized bed
furnaces or other furnaces such as circulating bed furnaces. For example, furnaces of the
rotolouver type can be used (i.e., of the moving type, stirred and made of a thin layer) or
belt-type furnaces (i.e., made of a thin layer and moving).
In this patent, the catalyst moves from the zone where the combustion step takes
place to the zone for oxyhalogenation. |

The process according to the invention is an improvement to EP-B-710502, said

process is a multistep process of regeneration using a single reactor or a single fluidized



. The process according to the invention is an inprovenent to EP-B-710502,
said process is a nmultistep process of regeneration using a single reactor
or a single fluidized 6 bed furnace (or, nore generally, a noving bed, even
if bel ow we speak conventionally of a "fluidized" bed). The spent catal yst
is introduced into this reactor and there undergoes successively the

followng steps: - (1) optionally stripping under air, nitrogen, or a
m xture of these two gases (said stripping can also take place outside
this reactor), - (2) progressive conbustion of coke: this step (2) is a

step for p&Pmiesé (RMmék deh@allE akfovRi ERRANEveRANS Kb weab@lkdhvdnfiohdl§ dFr esence
of a gas conprising nolecul ar oxygen, for exanple air optionally diluted

by ni tr ogé&Midiatd sbedR Mgy spetty ctafyBbBriftrddncirinwe@iz réftorand thefeBdergpesef er abl y
“between 350 and 550C, for "a period between 0.5 and 10 hours.Preferably,
step 2 i sucpessivelyrikeaifollowirgrstepdi e t enperature, | ow at the begi nning
(250-450C) under air (optionally diluted with nitrogen), then thher in
the final stagd) ¢Bow2BEeCpping updy a@xvﬁag@gemwwe@ﬁgw%mayes (sai
oxychl ori nat.ion of the catalys 0 be regenerated. It will be noted that,
contrary“PBP@$@@¥@%ﬁ@b??b?%%%¥&%&§ﬁﬁﬁgm'f conbustion and oxyhal ogenati on
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parti al | yxafiptesr YptlonalNEinROHLPhirbBG, B LERHLMAAIrS f&Rrally Detvileg BOMEY shed from
t he conbustion by addition of” water and a chl orinated conpound to

redi sper 680°ChgrefRRIbA} Sotwddhes 50antl 35 0R ftta (RF08 b&peér50.9RAd 00RbIrY. f ol | owed by
calcination, consisting of halting the injection of water and the

chl or i naPeterabdyysteprids petiorred atedrizbii teinpegatore, lovcatebes bapinrine(26 0460/ §hput  of
the oxidizing gas, preferably air, - £4)'reduction, under pure hydrogen or
di | ut ed wfdegpir gmtlgnaib/ dijutad with niggeen), then igher dpthie dinal stwl(ﬁQIIzﬁiQaﬁI,on or
passivation (a bitra&%ly we use the term  "sul furization" below) during the

step of cooli ) ot F%‘PB@% potplhly O HaringRonet the catalyst to be

regenerated. It will be noted that, contrary to EP-B-710502, the two steps of combustion
and oxyhalogenatibn are performed simultaneously, or at least partially together, the
latter possibility being sometimes preferred; in this case thus the oxyhalogenation step is
at least partially mixed or entirely mixed with the combustion step. The oxyhalogenation
step, optionally at least partially mixed with the end of the preceding step, is
distinguished from the combustion by addition of water and a chlorinated compound to
redisperse the metals. The oxyhalogenation step is optionally followed by calcination,
consisting of halting the injection of water and the chlorinated compound, while
maintaining or increasing the throughput of the oxidizing gas, preferably air,

- (4) reduction, under pure hydrogen or diluted after purging with nitrogen,

- (5) optional sulfurization or passivation (arbitrarily we use the term
“sulfurization” below) during the step of cooling under hydrogen, introduction of a
sulfurized compound, this step can optionally be partially mixed with the preceding step.

Thus eI complete process of regenerating reforming catalysts is involved, off-site

or ex-situ, in a fluidized bed, but where the catalyst does not circulate from one step to




- sulfurized compound, this step can optionally be partially mxed with the
precedi ng step. Thus a conplete process of regenerating reformng catal ysts
is involved, off-site or ex-situ, in a fluidized bed, but where the

" catal yst does not circulate fromone step to 7 the other (said catalyst is
called noncirculating); it would circulate "around itself," while staying
confined in the sane reactor for the different steps of this treatnment. In
ot her words, its average statistical path during the treatnent is zero. It
is a "batch" process. Steps (2), (3) and (4) are carried out in the sane
zone of ihB@tHee BRI atalyst ishalléddiRulatiigBAtwolld kirddlgte ¢Sbutbitself, omliild ed out _
simul taneously or at |east partially together. Qur process also appears as
an i npr osteymglt;orﬁ‘mbdhﬁrthb @arhl&eéetﬁx; B)ﬁﬁq,eémﬁeremtesk@ts loﬁgusttﬁeatrimtrhgﬂlmr at| on of a
‘reforming catalyst based on zeolite L, the various conbustion, ‘
oxyhal ogenlsi iravarage stra@xmeltpa@ndtgmﬁhe @@tmgltcazaro el ivutbaioh” process- bed, or to
US- A-5,573,988 also with generatlon steps_in fixed bed. The advantages
of the n%Rﬁpﬁa%c,(éwda(éwP&ﬁrﬁ@ OBt ipfle ﬁaﬁ\?éﬁﬂ? pfthaFeactonet the FIreaentePs. bat ch
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(whi ch area@amrataﬁaaah g bdeRed 68NN BRESHAWbr fNIWADD YT 9884050 Wit exanpl e), -
bat ch process ing it possible to have erX|b|I|ty in the redi spersion

st eps f ofegerrationsteps inHixed bedai n, the di spersion of platinumon the spent
catal yst can be variable and necessitate variable dwell tines or
condi ti ons duFheragvaniggsialodthemavi poocess adgaltdmg tp thecisgention kierthe folloposi bl e to
add specific steps if necessary. A cataly poi soned by sul.fur would
require a spechadh RyeesEmpling i@lopsyblﬁ & bpars Lﬂeﬁbﬂﬂ! & the stepy; Cofrdn aatplysts _
tsce)ggglr gfs Cal L cﬂ’oéa?l?oafls tﬁ% ar}gto be sttrrllpphedqrrlg eagce e,stwép ? others?r?otal ternating, high
— batch process making it possible to have flexibility in the “length” of the steps,
i.e., in the dwell time in each step. Certain catalysts are only 5% carbon, others 15 or
20%, necessitating management of the exothermic steps of removing the carbon under
variable conditions (which a conventional CCR loop does not know how to do, for
example),
- batch process making it possible to have flexibility in the redispersion steps for
platinum. Here again, the dispersion of platinum on the spent catalyst can be variable
and necessitate variable dwell times or conditions during oxychlorination,
- batch process making it possible to add specific steps if necessary. A catalyst
poisoned by sulfur would require a special cycle partially to desulfurize it: an operation
sometimes called “shampooing” with hydrogen, which is an alternating, high temperature
treatment, partly under hydrogen and partly under oxygen and optionally a halogen, to
desorb part of the sulfur,

- possibility of isolating and thus characterizing “sublots” from the total batch,

useful for quality control and traceability of these heterogeneous catalysts with precise




- treatnent, partly under hydrogen and partly under oxygen and optionally a
hal ogen, to desorb part of the sulfur, - possibility of isolating and thus
characterizing "sublots" fromthe total batch, useful for quality control
and traceability of these heterogeneous catalysts with precise 8 _
specifications, - good managenent of the "surveillance" of the product
cont ai ni ng hi gh-value, precious netals in the context of a batch process.
The catal yst passes fromthe storage location to a single reactor, there
undergoes the entire regeneration cycle, and returns to storage, -
product i ggecificatidndes and dusts confined to a small nunber of |ocations, in
conparison to a continuous unit conprising several geographically separate
steps, - consgadmanayemadtufthd “surveilémenvf the phduttepngasnglobh-calognt act t han
a rotating furnace w tha sinple barrel, thus a better ~result~from
oxychl or piggiphpmetals ineecogisnieela hajch procese r The oatal ysppassestiramathelsyosags require
specific treatnent sequences, this type of process would nake it possible
to respol¥2igntp agiglreaqterk therg qlld?r.goqﬁh%e Briye segeneralion @ickgandyetuses tPnvent i on
is particularly well suited for treatnment of spent catal ysts containing

pl ati nun?'€38% as those coming froma process of treating petrol eum

f eedst ocks (b—yp{oﬁil(g{og'o??i};esa ecfu@t%rcoﬁtri]rlle% t& rgr%gl?surlnﬁ r%ff.lc;[cggo fsI i>§1ed or moving
bed type. The'regeneration process accor i ng PERE T NIt Bn makes it
possi bl e i i : : -slf.e regeneration
of the pﬁng{amgé}ft.o alr%;l%fgﬁuis Il:lgllt g&ﬁﬁ} léég% éﬂv{@)@%@é&?g@lﬁ%ﬁ]&&%{?& ;{)boszé ible better to
control the twnpidemablyReducsd BRSst@bnt; €generating a catal yst, conprising at

| east one precious netal, preferably platinum which are the steps of coke
conbust i on andetteygaitsolid oattacn thanfubtatieg furhdre withgesfhapietbansl, thueea®steeraccor di ng
to the invention nmakes possible mani pul ation external to the reaction site
of the cesaltfrem oxychlorination,

- more generally, if certain types of catalysts require specific treatment sequences,
this type of process would make it possible to respond with great flexibility.

The process according to the invention is particularly well suited for treatment of
spent catalysts containing platinum such as those coming from a process of treating
petroleum feedstocks (by reforming), whether this process is of the fixed or moving bed
type.

The regeneration process according to the invention makes it possible for the
refiner to resolve problems posed by on-site regeneration of the prior art. In particular,
said process makes it possible better to control the two principal steps of regenerating a
catalyst, comprising at least one precious metal, preferably platinum, which are the steps
of coke combustion and oxychlorination. Further, the regeneration process according to
the invention makes possible manipulation external to the reaction site of the catalyst
comprising at least one precious metal. This would not be envisaged by one skilled in the
art up to now, mainly because manipulation of a very costly catalyst comprising at least
one precious metal and the off-site oxyhalogenation step, preferably off-site

oxychlorination, were obstacles difficult to surmount.



- conprising at |east one precious netal. This would not be envisaged by one
skilled in the art up to now, mainly because mani pul ati on of a very costly
catal yst conprising at |east one precious netal and the off-site

- oxyhal ogenation step, preferably off-site oxychlorination, were obstacles
difficult to surnount. 9 Sunmary of the invention The regeneration process
according to the invention is perfornmed off-site, i.e., it is perforned
outside the catalytic reformng unit, and nore generally outside the site
of the refinery. The catalyst is renoved fromthe reaction zones of the

r ef i nery Suinhery offthgRRestedned before returning to said zones. Optional step
(1) of the process, stripping, is useful when the catal yst contains

hydr ocar bons EUesmgbrmdatlomtpmoqesgcpmdmgm) Yhe ﬂMtlbmiﬁ}Erfonnmltofﬁmteeﬁ it msat ed
“before driving the “catalyst to a high tenperature inan oxidizing -~

at nosphepeformgi 9ut§tdﬁ|t1§ﬁ)¢arﬁﬂjyﬁ0§eﬁ>emfngrumﬁdand mets genkirally eussideths sitheldhe i on,

ei t her g%g air or under nitrogen m xture of these two gases. Step
(2) of cHABESt i1ds caighst isremeyed Sogy tihe&am@} gongs pHihe sefe, s8R bon and t he
hydr ogen, const . coke.  at variable tenperature, and nore

parti cul E%eratﬁigaeﬁdf@m’%mﬁm ®S ow at the beginning (250-450C) under
air (optional ¥tn§1‘| [el?glt)‘@'fliﬂ% s})r@ée%sr thigi%g i G?%l%l%tﬁ%et %t’al%@‘éﬁtélg?' stage

(500-5500). epIs intégr

oxychl or hﬂﬁ%éa%bns Qo 1ﬁﬂ3€ifs§o%1t§9f Thd BetBEh&: bl eliRRaRE bef-&% &ivthEpecan
optionally be followed by calcination, consisting in ting the injection

of wat er caMlgstas  biHhaEhAGLRE in af ORRIHOiteR. m&ilmlapﬂmglﬁ effoinftdr €asi ng the
t hroughput of the oxidizing gas, preferably air. Then optlonally ot her

t r eat mendccetdipgstochin idvehtiayeitikanhddilagr o @pddrditrugenyor atnfigtuiey/@pithek teat al yst
used. Thus it is desirable, to obtain afterward an activated catal yst that
i's readyg3se¥ use in the catalytic unit, to proceed to a step (4) of
reduction. It _is perforned under hydrogen that is pure or diluted after an
i ndi spensabl eStﬁn K?Q@f 6‘th‘ilstt196§‘éfﬁlstsrlﬂé’ﬁ‘?&f?ﬁélvﬁ]éfé&lﬁéﬁg thgcarkon apghideat ur e

general | l¥ (P rogen, Sons t(l)lgnts 09 co?ce a?\/arla%(lie t%rrn%&%%u%e ahd more particularly, as

indicated above, low at the beginning (250-450°C) under air (optionally diluted with
nitrogen), then higher in. the final stage (500-550°C). This last step is integrated with step
(3), called oxychlorination, or redispersion of the metallic phase. This step can optionally

_ be followed by calcination, consisting in halting the injection of water and of chlorinated
.compound, while maintaining or increasing the throughput of the oxidizing gas,
preferably air. Then optionally other treatment steps can follow, variable depending on
the type of catalyst used. Thus it is desirable, to obtain afterward an activated catalyst
that is ready for use in the catalytic unit, to proceed to a step (4) of reduction. It is
performed under hydrogen that is-pure or diluted after an indispensable purge of nitrogen
from the reactor, at a temperature generally between 200 and 700°C, and preferably
between 400 and 550°C. Finally, the catalyst can require a last step, step (5), which was
arbitrarily called “sulfurization” above. Thus, this can be a “fine tuning,” for example a
passivation, or a selectivization by adding sulfur-containing molecules. This is necessary
for certain catalysts, notably those that contain rhenium associated with platinum,

rhenium having properties tending toward hydrogenolysis, which can be destroyed by
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bet ween 400 and 550C. Finally, the catalyst can require a | ast step, step
(5), which was arbitrarily called "sulfurization" above. Thus, this can be.
a "fine tuning," for exanple a passivation, or a selectivization by adding
sul fur-containing nolecules. This is necessary for certain catalysts,
notably those that contain rhenium associated with platinum rhenium
havi ng properties tending toward hydrogenol ysis, which can be destroyed by
10 selective sulfurization. This step is performed in the presence of a gas
preferably containing hydrogen in the presence of a sul fured conpound. The
|l atter is%leeﬁb@ﬁﬂﬁdzétfoﬁnﬂhﬁ&t%ri@paf&mﬁﬂ thie Pees&ick ol b gad prefeeablydi , or

pol ysul furs), hydrogen sul fide, the nmercaptans, thiophenic conpounds, and
any ot herontainipghytlogearit dieniresgnsudffasulfared calnpeundt Ghd éenisoskected frbS under
“hydrogen pressure. This step can be partially integrated with the

pr ecedi rije group cobpusingsuliurs g@avaéi, pepdlysutfa), dydiogen sthédssthep of cool i ng
under hydrogen. The optional off-site sulfurization step is a conventional

t r eat merPEISERENSaRPPRCNIE GOPROURES.HAERY Ader compoprGeataning sfiliand akls ¢ he

M Tl SN NS
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accor di ng,qt&eh NehPERGRSH MG ﬁ@m}iﬂé{%ﬂts{e? s 4 Sorfefind] YShmeRAPLhEL NI at
| east one precious netal selected fromthe group formed by silver, gold,

rut heni wlfufdd@dgsandpal | adi um osmium iridium and platinum preferably
platinum optionally and preferably at | east one hal ogen, preferably

chl ori ne (gen®haproyest hecoeding ®nthe inventivet tiessron{priassch B&addipn wep @htionafiy ef er abl y
between 0.5 and 1. 1% by weight of chlorine in the case of a spent catal yst
f r om catfallgwedby aftep of sulfprizationaf theesatelysb nButpler sylivrizaiiost step ean adsolbect ed from
anong substrates of the types alumna, silica, zeolite or coal, preferably
sai d catRsripaned af the sitgrof thptrplingrifisr. 3t HKogengraly dthe catplytip eeforguee Wit a catal ytic
reform ng catal yst, the catalyst regenerated according to the invention is
a porous solid generally in the form

Detailed description

The catalyst regenerated according to the process of the invention is a catalyst
comprising at least one precious metal selected from the group formed by silver, gold,
ruthenium, rhodium, palladium, osmium, iridium, and platinum, preferably platinum,
optionally and preferably at least one halogen, preferably chlorine (generally the content
is between 0 and 3% by weight, preferably between 0.5 and 1.1% by weight of chlorine
in the case of a spent catalyst from catalytic reforming) and at least one porous substrate
selected from among substrates of the types alumina, silica, zeolite or coal, preferably
said catalyst is a catalytic reforming catalyst. In the case of a catalytic reforming catalyst,
the catalyst regenerated according to the invention is a porous solid generally in the form
of small rods (extruded), balls or grains, which most often consist of alumina, chlorine,
platinum and at least one additional metal. The additional metal is generally selected
from the group formed by the metals of groups 7, 8, 9, 10, 13, and 14 from the periodic
table of the elements and copper, such as thallium, manganese, germanium, indium,

iridium, rhenium, or tin, preferably rhenium, iridium, or tin.
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- of small rods (extruded), balls or grains, which nost often consist of
alum na, chlorine, platinumand at |east one additional netal. The
additional nmetal is generally selected fromthe group forned by the netals
~of groups 7, 8, 9, 10, 13, and 14 fromthe periodic table of the elenents
and copper, such as thallium manganese, germanium indium - iridium
rhenium or tin, preferably rhenium iridium or tin. 11 The preparation of
the catal yst regenerated according to the invention is conventional. In
the case , according to the invention, of a reformng catalyst, it

general | y conplid gregarhtionedfitcatilyst Fegemaitad scoordiidwe theipsértiahes duri ng

i npregnation: the 1onic precursor, soluble in water, is exchanged at the
sur f ace odnveitenslidstthieatase , dcherdogttatheshvension tdfemefomming cételysidit filtered, and
dried; then it unde_r‘gb‘"’es'_‘caT cination under air sweeplngata ~tenperature
gener al | genstallyleomypripasdixetion ¢idhe Be@IS onghe sybsiraik diirg inpregnatien: g ianigst nust
agai n be reduced t? be ready for use. This operation is perfornmed at high
t enper at BEEPTSIntplyble v dge i syrkaigert & thesusiaes 9f the gibsirateribe fgalsHis i n cont act

to reduce the

ith the,hyd b it ] |
hydr ogentbit s iterrduand drisd St 1 updsraess caicpagion wdBEatr SePREA i ng a

sul furiz v : h:St ek Spy: td I e Sul i i of the

cat al yst%ﬂl\ﬁﬁﬁ%ﬁgg%ﬁwlg}g@ééjIt}g/aaislfo aﬁeAg[%fdﬁ% %Ci?%ﬁg# t%%{aﬁ?%t%rﬂ{g %eni um or
iridium a&ﬂ?bé&@ﬁﬂed@@B@}e‘éé} for hse?-Thié"éBe‘EﬁioWi%erﬁﬁmé@QﬁﬁgH @hﬁ)gpauﬁl@”er ally
conprises at least |% by weight of carbon, preferably between 3 and 20% by
vei ght .. diitlet RRIr6@meressieC Pindilfibetde béifg piig Rbitad widl théhyRpedkbdslialsyst from
catalytic reformng, its chlorine content is generally between 0.5 and

1. 1% by gemeghy nedseany th redudeahd linidsogenyigsit activityoff €fe sfub)! mesalAc parcpleof
stripping hydrocarbons. It is optional insofar as the spent catalysts do
not cont By injesting afulfurized e@napdpdrtoisas thewptional step of blpfication@fthe t he react or
in a batch under. nitrogen, .under. diluted air, or under ,é)_ure air. If the

t r eat mentigjyst; w@cwwsag%?m%l%lf Blsedditiopy] mataldseRNEY OHEdUBnG it will be
able to be rformed iln a rmﬂe V\/nerl«)a the bed is n } fluidi zagghi Preferably,
operation wit HePRRAGAIALSh-Gu SRISHM ST Dyrgenestiehisi g Y SoipaRes A& a 1 ui d
bed, wil i%%?%@eﬁélﬂ%k geﬁ‘ﬁo&%re?‘&%?@emﬁegn 3 and 20% by weight. In the case,

according to the invention, of a spent catalyst from catalytic reforming, its chlorine

content is generally between 0.5 and 1.1% by weight.

According to this invention, step (1) is a step of stripping hydrocarbons. It is
optional insofar as the spent catalysts do not contain all of the free hydrocarbons. It is
petformed in the reactor in a batch under nitrogen, under diluted air, or under pure air. If
the treatment gas is nitrogen, the operation is endothermic, and it will be able to be
performed in a mode where the bed is not fluidized. Preferably, operation with a high
throughput of gas containing oxygen, thus a fluid bed, will nevertheless be chosen, so
that the temperature of the bed can be made to rise as quickly as possible. The operation
is thus integrated with step (2) of carbon combustion, this step being able to be quasi-
transparent during the phase of rising temperature in oxidizing atmosphere. The' content
of hydrocarbons in the exiting gases must be sufficiently low so that it is below the limits
of explosivity.

According to this invention, step (2) is thus a step for combustion of the coke
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- that the tenperature of the bed can be nmade to rise as quickly as

possi ble.. The operation is thus integrated with step (2) of carbon
conbustion, this step being able to be quasi- transparent during the phase
of rising tenperature in oxidizing atnosphere. The content of hydrocarbons
in the exiting gases nust be sufficiently low so that it is below the
limts of explosivity. According to this invention, step (2) is thus a
step for combustion of the coke 12 present on said catalyst in the presence
of a gas conprising oxygen, at a tenperature between 300 and 680C,

pr ef er abprgsdaedmetdcaaPstamthe Poéienceflddia gas pafipridthdoedypegat Htemparachrd0 hours.  In
the scope of the regeneration process according to the invention, this step
(2) for baweencdbud bBOK, 'psefqzrdrly between B50 aldeSOi’(difmea:Ipe(rimd betwden §)S dndd

furnace. The gas used in theé conbustion step i's either a mXxture of air
and nitr ngbwrS olnn thruscepapfthe regeagrgtionqugesss adserdie tarks iaventionijbissispl owed wi t h
very gregﬁ | ance i.s t he tenperature, t he coke . conmbustign reaction

obvi ousl eRRpsiquyis erfprmed g dyidized (o mpyiag) brddumass, 08 83takes it

bl e h th f ) h t [ ] te th
hear b %%ﬁﬁ& ecs*&ﬂ‘f%wteﬁ%“%ﬁ% f dniga gro pbdey Oga%mfﬁ s e di sol osed
in Us A %?%%4@5@%%& 1%%%%%% grQQt&lg«?an% ﬁ%e{% {dré‘ thd&ipr ef erred

case of ca romca ytlc an’inp paraneter also to

be noni t Qfhsiich fehGioh r3>|b91roh£l? b@ﬁ?tv@@texeiheﬁﬁ]@ S&at @hmafzed gheruplakor i ne content
of the spent catal yst, before elimnation of carbon, is often about 1%
The tri cialted iglosstblead s KEh thasdpdput of ghe) apd BNie B wld beacemBtieieat rom fal | i ng
totoo lowa level, for exanple, below 0.5% by weight. A significant
conditi quodmed,o:ou’&rm‘yao theyfixeddsd paicesses sich eschnid dijclosethén HRA-Aj86§,495
characteristic of this gas can be expressed by the dewpoint; the latter is
pr ef er abdyU$-dsE5THhaTs. 10Che meeh@ﬂefretgam@er@@ ca$etof|cgtalyrs’f§éronra¢ﬁttalmﬁat t he

cat al yst not be exposed to high_concentrations or of H2O produced
from  t HETEEAR &1 JRRPriaatRaraagier also tp be mypaitered ds Wﬂ@hlorlae eqnggnt P%\@ner ation

A f bed K t bl.e. t
P ougnpatesSer ThE ST coplinlFy FRFCo s "aBe aitmaborbfliion, falf
COMPOUNdg o, A, BRI o bfimidioMiRlaboh 6o frbRnPEAMSon: FbABLEYg i B

low a level, for example, below 0.5% by weight. A significant condition is to use a dry

gas (air, for example). The humidity characteristic of this gas can be expressed by the
dewpoint; the latter is preferably less than 10°C, more preferably 0°C. It is important that
the catalyst not be exposed to high concentrations of CO/CO, or of H,O produced from
the combustion reaction, as is the case with in-situ regeneration processes. A fluid bed
furnace makes it possible to inject large throughputs of dry gas, which limits the
concentrations of these compounds, detrimental to the quality of the product. Finally, the
hot points and the preferential paths of the gas are reduced.

According to this invention, step (3) is an oxyhalogenation step. It is easily
integrated into step (2) because the catalyst remains in the same reactor. It consists in
adding water and a chlorinated compound, with oxidizing gas, making it possible to
destroy metallic aggregates and their transformation into anions dispersed on the surface
of the substrate. The controlled atmosphere of the gas used, notably air, generally

comprises preferably 0.1 to 1% (by volume) of water, at a temperature between 300 and
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- hot points and the preferential paths of the gas are reduced. According to
this invention, step (3) is an oxyhal ogenation step. It is easily
integrated into step (2) because the catalyst remains in the sanme reactor.
It consists in adding water and a chlorinated conpound, with oxidizing
gas, making it possible to destroy netallic aggregates and their
transformation into anions dispersed on the surface of the substrate. The
control |l ed at nosphere of the gas used, notably air, generally conprises
preferably 0.1 to 1 % (by volune) of water, at a tenperature between 300
and 13 6B8EC, pretirsilpbitveties seemd S36T, and a hbREenatddomphaldpprpaiagaconpound,
preferably a chlorinated conpound, a conpound conprising preferably between
1 and 6 claphmated¢ommmundraccoimpbandcantirizirigyeefatablysbepesenfaind Slacbosatimsas car bon
~tetrachloride CCL4 or dichloropropane C3HACIZ  The final "content of i
hal ogeni endhtosf eerinesatemsyprarmal ¢rate Mek e parbongeirgghiorda € @etoabl y bet ween 0. 8
and 1. 9%,ﬁtﬁd generally, in the preferred case of refaqrm.ng czgtal ysts
wher e t hflishioxansensse Cabidn cthg fmpl eontesyt iof haloganig catpbyshistighenthen § 25mBY ~ 1. 296 by
wei ght, preferapl ef ween 0 1.1.%Db ight. The duration of this
step 3, &BSgLW@ab&gﬁ?ﬁ?@,&%ﬁﬂgo%@d@#@%m } pr’}-ngn@S.‘e he use of such
a type o ] I.dj . for eration

st eps, rrial%eljg{.ilfll%j C%%gsst?@rléergﬂégbﬁg% 8\3%%‘%@4’1&%%%&3%@ llfsggb%)?ét?ﬁeen @?gg ment of the
cat al yst 120y Wi, pleRraifty BEREn 1 D3R | A0MBY LERROTTIRIEIRLARE Il sigpd s of the
treating gas. FurfRer, said step (3) of oxyhal ogenation, preferably

oxychl or byaky 6Nexabiple, 0gh RetOEMN ad 7 hogs.eat flexibility of the operating
conditions, thus in the preferred case, according to the invention, where
t he hal ogen i Thalseof surh,a type offlyddbal &l fmidivedypd fadnecey fudeil tiver - chl ori nati ng
conditions, leading to a chlorine content of the catalyst during said
oxychl or fegenaradionstapp makgh dpossitde tolingyeeythevedrgegeneiforf texaentinent ofiies
overchlorination, .thus nakes it possible to have great efficiency in the
redi sper SEFSLAVOldiRgE, AEtCXRIPlE. the fymationpf prelermgel mgm@ém%mat%g%g, on the

ot her hapd,, undesir e.on the final catalyst, because |t cgonfers overly
acidic SE%)B@F%SP@S“@ %?i)%%é’h%l?%ﬁ?ﬁ“%gregﬂﬁ Xy chlormation, gan Reper €duced to

with great flexibility of the operating conditions, thus in the preferred case, according to

the invention, where the halogen is chlorine, it is possible to operate under over-
chlorinating conditions, leading to a chlorine content of the catalyst during said
oxychlorination step higher than 1.5% by weight, for example. This overchlorination
thus makes it possible to have great efficiency in the redispersion of the metallic phase.
This chlorine content being, on the other hand, undesirable on the final catalyst, because
it confers overly acidic properties onto the aluminous substrate, it can then be reduced to
reach the zone of preferred chlorine content, allowable for reforming catalysts, around
0.9 to 1.2% by weight.

The characteristics of the catalyst coming from step (3) of oxychlorination are
generally the following. The coke content of said catalyst is generally less than 1%,
preferably less than 0.2% by weight. As indicated above, the chlorine content is
generally higher than 0.2% by weight of halogen, and more particularly for a reforming
catalyst said content is generally between 0.8 and 1.9% by weight of chlorine, preferably

between 0.9 and 1.2% by weight of chlorine and still more preferably between 1.0 and
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- reach the zone of preferred chlorine content, allowable for reformng
catalysts, around 0.9 to 1.2% by weight. The characteristics of the
~catalyst comng fromstep (3) of oxychlorination are generally the

- following. The coke content of said catalyst is generally less than 1 %
preferably | ess than 0.2% by weight. As indicated above, the chlorine
content is generally higher than 0.2% by wei ght of hal ogen, and nore
particularly for a reformng catalyst said content is generally between
0.8 and 1.9% by wei ght of chlorine, preferably between 0.9 and 1.2% by

wei ght ofl.1éhbpweigkt afivtllosine] Therdisgergioebdthableyallicphaseneeds & lanebdeh 1. 1% by

wei ght of chlorine. The dispersion of the netallic phase needs to have been
consi der aprisiderabtyr isersestdiby thehexybalp petatioremedtinont, prefeathipoxychloriedtemabl y
oxychlorinatjon. The dispersion i s expressed by a nondi mensional value,
whi ch i s Thhdispasipp issepied byreondigiepaipnad alyeoriclois theratip besieestichl e at t he
surface and th? nunber of tota.lIP]1 attgms, and | i s me urﬁd bé tgchni gques of
gas quanPiPPEST ewaEiod st peressiblg at 5@1}{@%3@@1@@{1}@1} tiPtghatomSERd naci f i ¢
surface gf | ¥yst is general. dified Ijtile t he .oxyhal ogenati on
treat m&*nfS ,méﬁrglgrfe %?ggﬁ%&g%ﬁc 56t ‘ﬂur?gtlb%%%ﬁsofﬁ?nclgééo%?gﬁx¥%?3&#% catal yst,
t he specipf,d 8 j I : . nore often
bet ween '{é%&gﬁ%&zsg%&nc%/dgﬁh&&%ﬂessg\é n#ﬁwgﬁllﬁggmhﬁ%do xg%%#%éggfrﬁgg? rate the

i nvent i OftedtiheSOPRRAIT AT ok VBIdRb&dn. ah theMabd O retdm@lpycatibt, lthd¥pbéifie 1 ts scope.
They were conducted on the scale of a pilot process. Exarrprpe 1: Conparison
not accosufangistgenérally betweer 5®aid 300geXIgr2at nfire bRAerBbdtiviedl Joedd A3Gpz/at

catal yst from naphtha reformng with a basis of 0.25% of platinum and

0. 25% of rhenium contains 0.73% by weight of chlorine, 14.5% of carbon and
0. 8% of _hydrocarbons. The equival ent of 100 g of oxide base is |oaded into
an adi abBxdplessactor that has a current of preheat ed gas runni ng through
it. This gas gan ge nitrogen, .air, .m xture of these 2 gases, and can
have water vapdif© Pwﬂﬁgcﬁ’iﬁlgl’lgff)F@‘ﬁféﬁ%a’&d’a‘@&tl%w pomppzing;thq prior art

without in any way limiting its scope. They were conducted on the scale of a pilot

process.

Example 1: Comparison not according to the invention: regeneration in a fixed bed

A spent catalyst from naphtha reforming with a basis of 0.25% of platinum and
0.25% of rhenium, contains 0.73% by weight of chlorine, 14.5% of carbon and 0.8% of
hydrocarbons. The equivalent of 100 g of oxide base is loaded into an adiabatic reactor
that has a current of preheated gas running through it. This gas can be nitrogen, air, a
mixture of these 2 gases, and can have water vapor or dichloropropane added to it, as will
be detailed below.

The catalyst first undergoes a step of desorption of the volatile hydrocarbons or
“stripping” (1), then a carbon combustion step (2), coupled with an oxychlorination step
(3). One proceeds as follows: |

The temperature is brought in 4h to 220°C with a throughput of 2001/h of nitrogen
(stripping step 1). Then one proceeds to steps 2 and 3 of combustion and

oxychlorination, which are integrated. Here, the gas takes on the following volumetric
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be detail ed below The catalyst first undergoes a step of desorption of the
vol atil e hydrocarbons or "stripping" (1), then a carbon conbustion step
(2), coupled with an oxychlorination step (3). One proceeds as foll ows:

- The tenperature is brought in 4h to 220C with a throughput of 2001/ h of
nitrogen (stripping step 1). Then one proceeds to steps 2 and 3 of
conbustion and oxychlorination, which are integrated. Here, the gas takes
on the follow ng volunetric 15 conposition: dry nitrogen at 0.5% oxygen,
0.8% water, 0.04%chlorine (introduced in the form of dichloropropane,

whi ch r eesthiositionf dry mittogeh ach b%roxg gas 0@%wdder, 003 éomer @itodeacediis ter ought up
to 350Cin 6 h. Aplateau of | h is observed, then the oxygen content is

br ought foomMddbblorergopang, wiielnrdacts 89/fotmiydgchlotic a¢iti #C1). oTlE%::dpﬂ:riamga | h. Then
the “tenperature is broughtin I'h to 400C under "a nixture of 0.5% of 02,
wher e pl itbeenght wf to 336° Came6 lobAdlateat oftlhds ehserved thaothe pxyeen ciient i950C, 490C

df 510C t f I'h., Th t th b ht
to 1o%naf?rm¥$r5t%% ﬁ@gé@ﬁg e%f%‘cfﬁ»gurneaﬂew%fgxa(g g entier s hi o OO

t h d d t t
Sooe Prrlpgalit & ot o' S 10T inde s Do b Wiz 6102 WREe BRFRIEICE 1t ont i s
reasur ey ukED.ARY £, 4 1809PIRL Uiy BUBIRECATARY AprRRur ed by the

BET net hod e meta sper5| on, neasur e-quantity of oxygen

adsor bedpafchifor rlﬁdﬂiétdxﬁ}geﬂ%%nt Wgéx%@ﬁght k> 102% Hﬁ@fﬁ@&i THE ténpdratiRt @l 1 i C

surface " atons. The neasure of the chlorine cont 'S perforrred by the
conduct i fiied s\aghi@dbwiérediendet ti¢ stdossHeraMidrthe@ Holuts8R08%, teh@iithogt Nitric acid
solution at 0.1 N having been used to release chlorine fromthe catalytic
sur f ace)chl@arebod water oo 2208CSul f ur  Speci fic Di spersion % by % by ppm by

Surface of platinum
The results obtained are summarized in Table 1.

The carbon content is measured by a LECO device, the specific surface area is
measured by the BET method. The metallic dispersion, measured by the quantity of
oxygen adsorbed after reduction under hydrogen, is expressed in % of metallic surface
atoms. The measure of the chlorine content is performéd by the conductimetry technique
(titration with a silver solution, a nitric acid solution at 0.1 N having been used to release

chlorine from the catalytic surface).

Carbon Chlorine Sulfur  Specific Dispersion

% by % by ppm by Surface of platinum
Treatment weight weight — weight (m2/g) (%)
Steps 1+2+3  0.12 1.14 42 199 96

Table 1: Characteristics of the catalyst after carbon combustion and oxychlorination.

In comparison with fresh catalyst, (i.e., with catalyst before its introduction for the
first time into the catalytic reforming zone) that would have a chlorine content of 0.85%
by weight, a dispersion of 100% and a specific surface of 203 m2/g, the characteristics of

the catalyst after oxychlorination are very satisfactory, but the method of fixed bed
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- Treat ment wei ght wei ght weight (n2/g) (% Steps 1+2+3 0.12 1.14 42 199 96
Table 1: Characteristics of the catalyst after carbon conbustion and
oxychlorination. In conmparison with fresh catalyst, (i.e., with catalyst
~before its introduction for the first tinme into the catalytic reformng
zone) that would have a chlorine content of 0.85% by weight, a dispersion
of 100% and a specific surface of 203 n2/g, the characteristics of the
catal yst after oxychlorination are very satisfactory, but the method of
fixed bed 16 regeneration is long. It is rather well mastered at the

| abor at ofegermeatiof,is L e Itds fafliet Well niasterana @R lhbudatstyrscak,| noretdifiicslt @ni f i cant
catal yst mass and the uncertainties over the gas distribution not

guar ant emianagepedusertly Hbersigaifieart gatelfysttrhass bndtie mpodrtainfieeoyr dtbugss com ng from
this step 1s then reloaded into the same regeneration Treactor to undergo
t he fol | digirivgtien egiguegrntieedg perfeshhbqmygeasity efiih¢ tieatmenti on (5). About 9 g of
catalyst is treated by a throughput of 20 I/h of 50/50 hydrogen/nitrogen
mxture, fronfiREO %ﬁ‘rﬁ?‘@%q‘i"é}r%'é%%%ﬂ}ﬁ deggelggise intgfhasame 1g7eeradQe over 6h

and a plateau of .2h. . The tenperature is. again.l red tQ,.400C Jleft at a
o1t oot FOFOA RARER M FHORPE SaPs i Frisdon 28 PreRbihERy G- BRI s of 0703
grans/ ho : Ak i ] i .
t enper at %%taelys-[ _ ééa‘r?éeag)g{ or |“§h%ﬁ\régée@/%§ f%n(?ge; %derﬁékn}énﬁtéé‘éggfm 1%:{{‘1?4-, ie‘%Lf?eth%lnal ytic
results Qﬁbieﬁth&rﬁ?é_}aﬁ?eﬂﬁAEO@m'&h iﬁ@aséb@é%h'aﬂd&?f&'téﬁu%f 2exggpt for platinum
di spersion. The lTatter is n0 |onger neasured reliably after a

sul f uri zeiperatdrs Bajga@Nbwerddey400PE, 16t B d JatehDfor Chevhilsdimah@ distlfide iexcept for
t he sul fur- anount. The results obtained are sumrari zed in Table 2.

Car bonChintoduveSeat the rBpef0.03 glbhsfhonsiTir témpyrattisyipwonshySa féraéthgothepl at i num

Tr eat ment wei ght wei ght wei ght (n2/ g) ( 0? Steps 1+2+30.121. 144219996
ambient temperature, the reactor is purged of nitrogen, then of air. The analytic results of

this 5-step treatment are shown in table 2, except for platinum dispersion. The latter is no
longer measured reliably after a sulfurization treatment. They are similar for the two
products, except for the sulfur amount.

The results obtained are summarized in Table 2.

Carbon Chlorine ~ Sulfur  Specific Dispersion
%by % by ppm by Surface of platinum
Treatment weight weight weight  (m2/g) (%)
Steps 1+2+3  0.12 1.14 42 199 96
Steps 1+2+3
+4+5 0.09 1.03 810 201 -

Table 2: Characteristics of the catalyst after carbon combustion, oxychlorination,

reduction, and sulfurization.

Example 2: Comparison not according to the invention: fixed bed regeneration without

intermediate stop

Example 1 is repeated under analogous conditions. The same catalyst is used and

the same sequences of regeneration and oxychlorination are used as those of example 1;
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Steps 1+2+3 +4+50.091. 03810201- Table 2: Characteristics of the catalyst
after carbon conbustion, oxychlorination, reduction, and sul furization.
Exanpl e 2: Conparison not according to the invention: fixed bed
regeneration without internediate stop Exanple 1 is repeated under

anal ogous conditions. The sane catalyst is used and the sane sequences of
regeneration and oxychlorination are used as those of exanple 1; 17 but
here, at the end of oxychlorination, sequences 4 and 5 of reduction and

sul furization are connected w thout voiding the reactor of spent catal yst
in the shuheresgetheed dfoxytldadiabion, stigenc&siihidss elatdictiedl aad silfatipaihni zed in
Table 3. Carbon Chlorine Sul fur Specific D spersion % by % by ppm by

Sur f ace af cphracied witholUireading thie revetaghof speat gialysven thhtsargerRiggierdtidn St eps 1+2+3
0.10 1.08 760 197 - +4+5 Tabl'e 3. Characteristics of the catalyst after
car bon cteatiast Thatesudts pblaingd eresuimorarized mdlebld dn, and sul furi zati on perfor med
in a fixed bed in series. The anal yses show that the experinment can be
repeated correctly, whether the treatnments are perforned with an

i nterruption betwedri@eps $higrines orSwlfurecSpseifiy J¥ispeagon The qual ity of
this catalyst is satitsfactor¥.byThe twopmbawbsfese ofofplasing@t hod are the | ong
dwel | ti'hesatopent he fweighice, aweighthe f aweighhat(m2)s net%pd in series does not
make it possible to take a honpbgeneous sanple in the catalytic bed at the
end of shteps Br1+3 neakiv e the 1d8spersi o0 Examgd e 3: -Regenerati on according
to the invention. A quantity of 100 g of catalyst identical to the one used
in exanpl est4+Sand 2 is .

Table 3: Characteristics of the catalyst after carbon combustion, oxychlorination,

reduction, and sulfurization performed in a fixed bed in series.

The analyses show that the experiment can be repeated correctly, whether the
treatments are performed with an interruption between steps 3 and 4 or directly in series.
The quality of this catalyst is satisfactory. The two drawbacks of the method are the long
dwell time in the furnace, and the fact that this method in series does not make it possible
to take a homogeneous sample in the catalytic bed at the end of step 3 to measure the

dispersion.

Example 3: Regeneration according to the invention.

A quantity of 100 g of catalyst identical to the one used in examples 1 and 2 is
used to perform an experiment in a fluid bed apparatus, supplied by a gas throughput of
2000 liters/hour, whose composition varies during the treatment sequence. As indicated
below, the catalyst first undergoes stripping step (1), then carbon combustion step (2),
coupled to oxychlorination step (3). The temperature, controlled by a thermocouple
placed in the catalytic bed, is brought in 1/21h to 220°C under nitrogen throughput
(stripping, step 1). Here, the gas assumes the following volumetric composition: dry

nitrogen with 5% oxygen, 0.8% water, 0.04% chlorine. Then combustion and
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‘used to performan experinent in a fluid bed apparatus, supplied by a gas

t hroughput of 2000 liters/hour, whose conposition varies during the
treatment sequence. As indicated below, the catalyst first undergoes
~stripping step (1), then carbon conbustion step (2), coupled to
oxychlorination step (3). The tenperature, controlled by a thernocouple

pl aced in the catalytic bed, is brought in 1/21h to 220C under nitrogen

t hroughput (stripping, step 1). Here, the gas assunes the follow ng

vol unetric conposition: dry nitrogen with 5% oxygen, 0.8% water, 0.04%

chl or i neoxychininatherbars perdornrd dstd 20a0d@) the tehglet e & r@ispd i r3FOLC (St eps 2 and
3): the tenperature is raised up to 350C in 1/2h. A plateau of 1/2h is

obser vedl1/2fthérplatheu efekPleisabsereed. sThon thegbmpératute 2 bhraughti60Ch todEEC a ni xture
~of 5% 02, then lTeft for 1/2h. Then the Sane séquéencé at 450C "490C, and
finally Badscamixraeize Qdsther laftfor YRb. Bhenjiba samemicanence st 499k 4908ught to 10%

i h j d , d hi h , f
2on" Do antemag TR Rl R 8 Sneinent s dronduesehiid PR gL | o
di f i ti d | o d d
o sconnest o LA 80 cSYASHILLOD BAASTR0E By RS GBS
regener algdolt RhRrit¥nd Watb@H20 VR 081 isydis%H%le %? %g) s garf eduction, then

sul furization in the reactor that was just use eps”1, 2, and 3, but
in a fixeduatioh sister @N®a 8smpIeld reMBveiddtha &l k&anhs e lindbAthgen, a 50/ 50
hydrogen-nitrogen mxture 1s introduced and the tenperature is raised in 3
hour s t o(stp® C+aw8). Thaé tatfl9st régenbratedshiatvay id theptaivemibnallnubijraaes at ur e agai n
is brought down to 400C, left at this plateau for |h while dinethyl

di sul fi dedidgionnthensilfeidatiin iQ tHBregutamtbativoasjust Tikee! foestyaria and 3t batrin al owers i n
1/2h to the anbi ent tenperature, the reactor is purged of nitrogen, then of
air. ThBxqdedbistdenei fallows) afiera purgerarder aidrogen, 719/ 3 hydrogen-nitrogen

Car bonChl ori | f ur Specj fi cDi [ % by% b bySur f f_plati

Tr rea'? nmn?%érg%S&HPékF&g&g%%@%t{‘%lg rr;lise?i ir}/ 3%101%??0%60){C%d l%(f:tqurZ pratinum

hours at this plateau. The temperature again is brought down to 400°C, left at this plateau

for 1h while dimethyl disulfide is introduced at 0.18 grams/hour. The temperature then
lowers in 1/2h to the ambient temperature, the reactor is purged of nitrogen, then of air.

- The results obtained are summarized in Table 4.

Carbon Chlorine Sulfur Specific ~ Dispersion
%by - % by ppmby  Surface  of platinum
Treatment weight weight weight  (m2/g) (%)
Steps 1+2+3  0.04 1.13 40 203 98
Steps 1+2+3
+4+5 0.03 1.03 830 201 -

Table 4: Characteristics of the catalyst after carbon combustion, oxychlorination,

reduction, and sulfurization.

Example 4: Regeneration, according to the invention, without intermediate stop.

Example 3 is repeated, but here, at the end of step 3 of oxychlorination, one
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- Steps 1+2+30. 041. 134020398 Steps 1+2+3 +4+50. 031. 03830201- Tabl e 4:
Characteristics of the catalyst after carbon conbustion, oxychlorination,
reduction, and sulfurization. Exanple 4. Regeneration, according to the
invention, without internmediate stop. Exanple 3 is repeated, but here, at
the end of step 3 of oxychlorination, one 19 proceeds directly to a step 4
of reduction of the catalyst, then to a step 5 of sulfurization of the sane
catal yst. These steps 4 and 5 are perforned successively in fluid bed in
the sane reactor as the one used for steps 1, 2, and 3. Notably, at the end
of st epspibeecds dizaly3o a siep 4i f r&duictibn PORS cdrhi@st] thed RIS RoSaMmligatioh t he
catalyst to analyze it and, in this exanple 4, at the end of these steps
1, 2, andfBe sabocatalydte Themsteped ahd § agrmerfoometsuasessineg én floidied imthe exanpl e 3
- and shown on the first Tine of table 4. Then to perform steps 4 and 5, '
oper at i ngpMIEAEPR 3 dhrsongriabbipssisps b 2 red? Yotably, trihestdrsisteps 1.ak, endided, but
in fluid,bed. and .not in fixed recisely, at the end of step 3 of

. t .. Mo ]
oxychl or ftASHIRessibl do waye aéalilpgf?(}ﬁl?rc@é‘ YSEWCP@F‘IYH'? it gy dih thisesmplot i xt ure of
hyd d njt IS int t t h hput of . 2000 1/.h d
1 o0en 0 ) AAOERL: PSP B2, 21

and | eft i : IS aj ught down
a1 et TS AR ont il APl Gtc IO SUDER RSy SRR i

i nt r oducgshdtion ar @HHhBRUiveniR@xarh SEBFAksLl SupBAld bsd ARMRE G 1n 1/ 2h to
the ambi.ent tenperature, the reactor 1s purged of nitrogen, then of air.
After t hiisediegdeMurapicoiela)d taxanafefep BatfioRVchiirReae) hed hdgta 1Mh dagait 20
hours, the internediate product and the final product are analyzed. An
advant agendsf nitropéns a 5 &6A maik mige/of ly dtdyes andiieopeds attedsedpt h tigotghpahalr act eri ze
the product after oxychlorination, platinumdispersion being the key

anal ysi s2Q90 lfhpad one proseasis gsbnideampih} s thet¢mpsratarebefaingd i hewrs fo 4605Gi f i cant

in the appl.icatiqn of catal ytic_reform ng.. The qualit of the product is
superi or & eft% %th IS8 Q’lb&@éﬁ'&t ?ﬁeofﬁwﬁﬁa%e Isrrepip g hepvex s laft and 2

at this plateau for 1h while dimethyl disulfide is introduced at 0.18 grams/hour. The

temperature again is lowered in 1/2h to the ambient temperature, the reactor is purged of
nitrogen, then of air. After this regeneration and oxychlorination procedure lasting about
20 hours, the intermediate product and the final product are analyzed. An advantage of
this technology is this intermediate sampling to characterize the product after
oxychlorination, platinum dispersion being the key analysis of the entire sequence, this
criteria being the most significant in the application of catalytic reforming. The quality
of the product is superior to that of the products obtained in preceding examples 1 and 2
(with a flexibility and an ease that are higher compared to the technique of example 3,
where the reduction and sulfurization steps of the catalyst are performed in fixed bed and

not in fluid bed). The results obtained are summarized in Table 5.
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- (with a flexibility and an ease that are higher conpared to the techni que
of exanple 3, where the reduction and sulfurization steps of the catal yst
are perforned in fixed bed and not in fluid bed). The results obtained are
summari zed in Table 5. 20 Carbon Chlorine Sul fur Specific D spersion % by%
byppm by Surfaceof platinum _ Treatment ._.__...__weight--wei ghtweight.
..(m/g)_ __ (%) Steps 1+2+30.061.0840 20297 Steps 1+2+3 0.041. 02830 205-
+4+5 Table 5: Characteristics of the catalyst after carbon conbustion,
oxychl orination, reduction, and sulfurization. The overall tine, conpared

to the prior art, orte in ex 3 rey: icularly in
exanplep4 t hanks tggﬁﬁghlarggﬁgﬁgﬁtityp ??asiggﬁggtEEWQQk& eat er
S,

stoichioqﬁ%ﬁxmgf thezr% ctants etter ag s? 2 )con a%&ﬁb%%d not ably nore
rapiid changing: - of tH® enperat@le. ThEYERt a8 i's pet’Bbtually nobile,

t hus hot _poi t ha nifest _ thenselves in fixed bed are avoi ded when it
i's desirggmfg$§ﬂ%rtéﬂg?he stedém To su (hp, op%&%ting é%cording to exanpl e
4. In short, gferating according to exanple 4 brings a considerable
econorricsii’%ﬁ+3 when one operates industrially, each year, on tens, even

hundr eds of tons of talysts. I n addition, the quality of the product is
hi gher on o %fg] Q8?n mobi | &-%ed frofl bett%&5 honogénei ty grain by

rati ons
in. i f .th i f. red i d | furization,
Ohrs i ast oOEbL SR lstt L RE M AR b HELE R SBRusR el b o o n

by reduction, and sulfurization.

The overall time, compared to the prior art, was shortened in example 3 and more
particularly in example 4 thanks to the large quantity of gas injected, a greater
stoichiometry of the reactants, better gas/solid contact, and notably more rapid changing
of the temperature. The catalyst is perpetually mobile, thus hot points that manifest
themselves in fixed bed are avoided when it is desired to shorten the steps.

‘To sum up, operating according to example 4.

In short, operating according to example 4 brings a considerable economic profit
when one operates industrially, each year, on’tens, even hundreds of tons of catalysts. In
addition, the quality of the product is higher on operations in mobile bed from a better
homogeneity grain by grain. In particular for the operations of reduction and
sulfurization, this last operation requiring a titration the most precise possible grain by
grain. Finally, the mobile bed makes it possible to carry out regular samplings, which

makes it possible to optimize the control of the process.
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~grain. Finally, the nobile bed nakes it possible to carry out regul ar
sanplings, which nakes it possible to optim ze the control of the process.
21 CLAIMS 1. Process of regeneration of spent catal ysts from hydrocarbon
reform ng, the catalyst conprising at |east one precious netal selected

fromthe group formed by elenments of group VIII, silver, and gold,
chlorine and at | east one anorphous porous support, with an al um na base,
said process conprising at least the follow ng steps: - at |east one step

for conbustion of coke present on said catalyst in the presence of a gas

- conprising nol ecul ar oxygen, at a pempeisature between 300 and 680C, for a
duration between 0.5 and 10 hours, - at 1east one oxychlorination step, in
t he presence of a chlorinated conpound under controlled atnosphere of
“humidair, at a tenperature between 300 and 650C, - a reduction step,

t hese steps beiPngpepesfiregemecitidodf spsittcatalysts frdve hgdnearbmi mafprmingethener at i on
zone in which the catalyst to be regenerated is found in the formof a

f 1 ui di zeehtalyyromprisng atleasyonsrprecionsungigl selseigd from the sroup foraed bydi ng to cl ai m
1, wherein the steps_of conbustion and oxychlorination are perforned
separ at e¢l9m§ma<>’§%re%¥§1ihxﬁém angl goiy, shlogige a&%@rlﬁﬂsmpetaawémumrpuwer ein the

oxychlorination,step is artigil mxed with the e q‘ot t he conbusti on

Step. 4. SBPYLI Al i e S PhRcRs £OMRHEPE e R b doliaring SEpoust i on and
hl oF . Lol . .

of the.pr eced: s ogReb i TEEhLALA SROEOHBA r el TERAERT BEFRERARS, | ° 1

Pr 001 ©554 405 QBRNHiOMORYuBPALs8Y of 1ZRRrARE GerokBISNo A 6RO gk & 11 nal

stage at 5 550 Process "according to one of the preceding clains,

wher ei n diligtighadetlaen t0. Phidai oneirs,

- at least one oxychlorination step, in the presence of a chlorinated compound

under controlled atmosphere of humid air, at a temperature between 300 and 650°C,

- a reduction step,
these steps being performed "off-éite" in the same, single regeneration zone in which the
catalyst to be regenerated is found in the form of a fluidized, not circulating or a moving
bed.

2. Process according to claim 1, wherein the steps of combustion and
‘oxychlorination are performed separately and successively.

3. Process according to claim 1, wherein the oxychlorination step is partially
mixed with the end of the combustion step.

4. Process according to claim 1, wherein the step of combustion and
oxychlorination are performed simultaneously.

5. Process according to one of the preceding claims, wherein the spent catalyst is
subjected to progressive combustion by heating to 250-450°C, under .air up to a final
stage at 500-550°C.

6. Process according to one of the preceding claims, wherein the catalyst obtained
at the end of the oxychlorination step is subjected to at least one of the following steps:

- calcination
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~at the end of the oxychlorination step is subjected to at |east one of the
follow ng steps: - calcination 22 - sulfurization. 7. Process according to
one of the preceding clains, applied to the regeneration of a reform ng
catal yst and conprising the followi ng steps: - (1) optional stripping under
air, under nitrogen, or a mxture of these two gases, - (2) progressive
conbustion, - (3) oxychlorination, optionally foll owed by cal cination, -
(4) reduction under hydrogen, - (5) optional sulfurization. 8. Process
according to claim7, wherein all the steps are perforned in the sane
reactor. 9. Pragfssat@cording to one of the preceding clains, wherein the
~spent catalyst is subjected to an optional stripping, a conbustion step,
an oxychl ori natHrocessiceprding to@de of ihe precsdiap claimps, bgpizt ity the regshératiorzalt | on
“step;, and wherein one proceeds toa shanpooing of "said~ catalyst. 10.
Process atdomihgitlysiane cafpridias {he delbaivimgystepsai ns wherei n t he spent catal yst
is subjected, before the step of coke conbustion, to a _stripping step
under air and/ @) optignal Hrpping ynder pir. gEEeINIBREHy O HFIHYE ShECHF WOrSSSr ecedi ng
cl ai mrs wherein &he step of , oxychlorination consists in an addition of
water, and of @ P‘Eﬁ’lgfeﬁsa‘g%ﬁ‘m&l&}?ﬂ nd with air. 12. Process according to one
of the precedjﬁgoclcﬂo@%a\{\@neroegina h R rbolcldﬂ%qlal(tmrmsphere in the
oxychlorinatio s)t(yep CORTAr R8T (D fé%ib VoIGne of water. 13. Process

according to one QlcddtmdEOnRtidag ¢l aims wherein the reduction step is
carried out un@gf h(f/ roélen, purég or diluted, after purging of the reactor

wi th nitrogen, (5)gpbnat sudfutigsear at ure of 400- 500C.

8. Process according to claim 7, wherein all the steps are performed in the same
reactor.

9. Process according to one of the preceding claims, wherein the spent catalyst is
subjected to an optional stripping, a combustion step, an oxychlorination step, a reduction
step, optionally a sulfurization step, and wherein one proceeds to a shampooing of said
catalyst.

10. Process according to one of the preceding claims wherein the spent catalyst is
subjected, before the step of coke combustion, to a stripping step under air and/or
nitrogen.

11. Process according to one of the preceding claims wherein the step of
oxychlorination consists in an addition of water, and of chlorinated compound with air.

12. Process according to one of the preceding claims wherein the controlled
atmosphere in the oxychlorination step contains 0.1 to 1% by volume of water.

13. Process according to one of the preceding claims wherein the reduction step is
carried out under hydrogen, pure or diluted, after purging of the reactor with nitrogen,
and at a temperature of 400-500°C.

14. Process according to one of the preceding claims applied to the regeneration
of a reforming catalyst and comprising after the reduction (4) a step (5) of sulfurization

by introduction of a sulfur compound during the step of cooling under hydrogen.
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14. Process according to one of the preceding clains applied to the
regeneration of a reformng catalyst and conprising after the reduction
(4) a step (5) of sulfurization by introduction of a sul fur conpound
during the step of cooling under hydrogen. 23 15. Process according to the
claim 14 wherein the catal yst contains rhenium associated with platinum
16. Process according to one of the preceding clains wherein the conbustion
step uses a dry gas whose dew point is |lower than 10C. 24

15. Process according to the claim 14 wherein the catalyst contains rhenium

associated with platinum.

16. Process according to one of the preceding claims wherein the combustion step

uses a dry gas whose dew point is lower than 10°C. -
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