METHOD FOR REVAMPI NG FI XED- BED CATALYTI C REFORMERS
FI ELD OF THE | NVENTI ON [ 0001] The invention rel ates
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the invention relates to an i nproved nethod for
converting or revanping high pressure, fixed-bed
catalytic refornmers to catalytic reforners with
conti nuous, novi ng-bed reactors. CROSS REFERENCE TO
RELATED APPLI CATI ON [000Z]" Thi s application relates to
a method of converting or revanping fixed bed
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BACKRGROUND OF THEMN VBNTION

[0003] Catalytic reforming is an established petroleum refinery process. Itis
used for improving the octane quality of hydrocarbon feeds. Generally, reform-
ing refers to the total effect of molecular changes on a hydrocarbon feed,
produced by a number of reactions. Typical reforming reactions include
dehydrogenation of cyclohexanes, dehydroisomerization of alkylcyclopentanes,
dehydrocyclization of paraffins and olefins, isomerization of substituted
aromatics, and hydrocracking of paraffins. Typical reforming catalysts are
multifunctional catalysts having a hydrogenation-dehydrogenation component
dispersed on a porous, inorganic oxide support. The support may typically also

contain an acid functionality needed to mediate the reforming reactions.

[0004] Reforming reactions are both endothermic and exothermic.
Endothermic reactions are typically predominant in the early stages of reforming

while exothermic reactions predominate in the later reaction stages although the



conprises a plurality of serially connected reactors
with furnaces for supplying additional heat to the
WO e@st103987 stream as it passes from one react orP€DUSI965/013458

next in order to conpensate for the heat taken up in

the overall endotherm c character of the process.
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US 5,368, 720 and US 5, 417, 843. The unit described in
US 5,417,843 uses two trains of fixed bed reactors
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uses two trains of fixed bed units feeding into a shared moving bed reactor with
its own dedicated, fully integrated regenerator. Similar hybrid reforming units
using combinations of fixed bed and moving bed reactors are described in NPRA
Paper No. AM-96-50 “IFP Solutions for Revamping Catalytic Reforming Units”
(1996 NPRA Annual Meeting, 17-19 March 1996). US 4,498,973 describes a
moving bed reforming unit in which two moving bed reactor stacks share a
common regenerator. UOP has recently announced its CycleX™ Process for
increased hydrogen production from a fixed bed reforming unit by the addition
of a circulating catalyst reactor as the final reactor in the reactor sequence. This
reactor is provided with its own heater and regenerator as an expansion of

existing assets rather than as a substitution of them: NPRA Paper AM-03-93.



of a circulating catalyst reactor as the final reactor
in the reactor sequence. This reactor is provided with
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exi sting assets rather than as a substitution of them
NPRA Paper AM 03-93.[0006] In semiregenerative
reformng, the entire refoyning process unit is
operated by gradually and progressively increasing the
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degree of coke lay-down on the catalyst, it is possible to operate continuous units
at lower pressures than those normally used with semi-regenerative and cyclic
units in which it is important or at least desirable to extend catalyst life between

successive regenerations.

[0007] Environmental concerns have driven the removal of lead from the
gasoline pool and the introduction of premium grade, higher octane, lead-free
gasoline in Europe and the United States. In response, petroleum refiners have
changed the manner in which refinery units are run to meet the concomitant
demand for higher octane, lead-free gasoline. Catalytic reforming units produce

a major portion of the refinery gasoline pool and for this reason, improved
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hi gher octane, |ead-free gasoline in Europe and the
wopiosaesoSt at es. I n response, petrol eum refi ner BCITHY®05/013458

changed the manner in which refinery units are run to
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while reducing the costs associated with continuous regeneration. In this

conversion scheme, a fixed-bed catalytic reformer with at least one fixed-bed is
converted semiregenerative to a moving-bed catalytic reformer reactor which
allows continuous or intermittent addition of fresh or regenerated catalyst
through suitable feed facilities to its catalyst inlet. Provision is made for
continuous or intermittent removal of spent catalyst from the catalyst outlet of
the reactor by way of spent catalyst recovery facilities for collecting the spent
catalyst, storing it temporarily, and transferring it to a catalyst regeneration
facility. The moving-bed reactor, the catalyst feeding facilities and the catalyst
recovery facilities are operatively connected between themselves and to the
existing facilities (piping, ancillary equipment) of the fixed-bed unit that do not

require replacement.



through suitable feed facilities to its catal yst
inlet. Provision is nmade for continuous or
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[0011] According to the present invention, a fixed-bed catalytic reformer unit
is converted to moving bed reactor/cyclic regenerator operation by re-using the
fixed bed reactors of the original unit as regenerator vessels operated in cyclic
regeneration mode in a converted regeneration section. A flow connection,
suitably a liftpipe, is provided to convey spent catalyst from the spent catalyst
outlet of a new moving bed reactor section to the converted regenerator section,
together with a flow connection for regenerated catalyst from the regenerator
section to the catalyst inlet of the new moving bed reactor section. A flow
control distributor directs spent catalyst sequentially to each of the regenerator

vessels to carry out the regeneration with regeneration gas. Each regenerator



[0011] According to the present invention, a fixed-bed
catal ytic reformer unit is converted to noving bed
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[6013] Figure 1 shows a continuous moving-bed reforming process built from

an existing cyclic reformer unit.

DETAILED DESCRIPTION

[0014] The present invention provides a substantially lower cost option for
refiners to make significant improvements to the performance and service factor
of existing fixed-bed reformer units. Non-continuous (or fixed-bed) catalytic
reformers which can be subjected to the present conversion scheme could be

semi-regenerative catalytic reformers or swing-reactor (also referred to as cyclic



having to provide a new regeneration circuit. THE
DRAW NG [ 0013] Figure 1 shows a continuous novi ng- bed
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a purge of residual hydrocarbons (nitrogen purge), oxidative regeneration to
burn off the accumulated coke on the catalyst, halogenative rejuvenation
(usually a chlorination treatment), followed by a purge of oxides and residual
occluded gases and a final hydrogen reduction, after which the reactor is
returned on line by bringing it “on-oil” again while another vessel is taken off-
oil for regeneration. Normally, the swing time has been about three to five
days. For convenience, the term “regeneration gas” is used here to comprehend
the various gases used in the regeneration sequence referred to above, including
the heated purge gas (usually nitrogen), oxidative gas for coke burn-off,

halogenation gas for rejuvenation, purge gas, hydrogen for reduction and, if

required by the catalyst chemistry, the pre-sulfiding gas treatment.
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reactor. Although the regeneration is carried out in a cyclical operation with the
spent catalyst passing successively between the new moving bed reactor section
the former reactor vessels (now functioning as regenerator vessels), the
provision of suitable spent and regenerated catalyst receivers (along with an
adequate catalyst inventory) will allow for continuous catalyst flow to the

reactor section.

[0018] The conversion of a fixed bed (semi-regenerative or cyclic) reformer
unit to operation with moving-bed reactors comprehends the replacement of the
fixed bed reactors by a moving bed reactor section. Normally, since moving bed

operation provides optimal reforming performance, all the former fixed-bed
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provi des _for ready catal yst transfer between
arrangementsswilbneashior by mogifie as soguired ta suit tglayputof the

conyersi on, does requisye additi f talyst t f
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sotlated wth cyclic units. Feed (oil)
equipment in this circuit is adapted to regenerating the catalyst in place in the

reactor vessels, with the appropriate sequence of regeneration gas, this same
equipment can be directly applied to the cyclic regeneration mode which is used
in the converted unit. If, however, a former semi-regenerative reformer is
converted to the new mode of operation, a catalyst regeneration circuit with its
associated compressors, furnace, chemical injection facilities as well as valving,
piping and manifolding will need to be supplied and connected appropriately to
the former reactor vessels. The general form of this equipment as well as its
service requirements and manner of use will follow those of conventional cyclic

units and, being well known, will not be described in detail here.



arrangenments will need to be nodified as required to

suit the layout of the converted unit and its
wep@saeioohal requirenents. [0019] As menti onedPEDUS®)5/613458

former cyclic reformng unit has the necessary

catal yst regeneration circuit ready for use in the new

application. Since the equOfpnent in this circuit is
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not be described in detail here.[0020] Figure 1, given
furngegs apgl gthsrangillayy itenwwhichawat ¢anysotonaltfer yhe reactor stack.

novi ng- bed reform ng process unit which has been

converted froma former cyclic reformer. The converted
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the baasheef therseackd. Caiblyst nves dowmobEdmsgh theaticton of thetstack
the catalyst handling circuit, omtti ngodet ails of the

progregsivelyafronmbactacbesh ¢ntesing tbe watadyst paleh 1 0 Asatwila¢ kopaef the
stack g, Bving s spertatasicnger LB B9 oo of dhe last reactor
i SEEE1AE, o T ST B i o
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reactor at the top of the stack and effluent renoved

lift pbt andiftleatiainer 28dacvhichdhe spent catalyst is entrained by lift gas

which elevates the catalyst up liftpipe 24. The lift gas, supplied through conduit

25 under the control of differential pressure/flow controller 27, is suitably

booster gas, that is, gas from the compressor of the recycle gas circuit, compris-

ing mainly hydrogen with minor quantities of hydrocarbons, which is heated to

approximately 350°C (about 700°F) in effluent heat exchanger 28.

[0022]  After being conveyed upwards in liftpipe 24, the spent catalyst passes
into disengager 30 and then into surge vessel/elutriator 31 in which the lift gas is
separated and fines removed. The fines are recovered in the fines recovery
section with filters 32A and 32B and fines collector 33; gas passes out to the gas
circuit through line 34.



the bottom of the stack. Catalyst noves down through
the reactors of the stack progressively frombed to
whews/1e395eri ng the catal yst inlet 10A at the tPEI/US20051€13458

stack and | eaving at the spent catalyst outlet 10B at
the bottomof the last reactor in the stack (here, the
fourth reactor). The spentllcatal yst passes down from
the catal yst outlet through a spent catal yst renoval

lift pot or lift
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in the fines recovery section with filters 32A and 32B

and dowblé block and bleed valves 444a44Bad4€s areyprovidednat thesatalyst
circuit throuygh |ine 34.[0023] Fromthe suyge
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40A, 40B, 4CC and doubl e bl ock and bl eed val ves 41A,

41B, 41C to regenerator vessels 12, 13 and 14. Bl ock
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suppltﬁ to the doubl e and bl eed
mode, and the remaining one is in the “Regenerated Catalyst Discharge” mode.
The double block and bleed motor operated valves on the regenerator flow allow
the reactors to be isolated from regeneration gas flow when they are in the

“Spent Catalyst Fill” mode or the “Regenerated Catalyst Discharge” mode.

“Spent Catalyst Fill”” Mode

[06025] When aregeneration vessel is filling it is isolated from regeneration
gas flow by double block and bleed valve arrangements 41A, 41B, 41C at the
inlets and 44A, 44B, 44C at the outlets of the vessels. Catalyst is flowing from
the flow control hopper/distributor 36 into the selected regenerator vessel

through the spent catalyst fill line that protrudes through the regeneration flow



val ves on the outlets is provided in conventional
manner as shown with gas supplies, suitably of
wo edosneoy7 f uel gas through |ines 45A, 45B, 45CIVER®OZIM 3458
catal yst can be adm tted when required through valve 7
1 fromcatalyst drum 70. [0024] Regenerator vessels
12, 13, 14 are the previ odd8ty used axial reactors
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gas inlet spool piece 12A, 13A, 14A, and out of the

exchanges and regepetitiangasrangkchenzicaldnjegtionaluring the pegenepatiae
These facilities will be flexible enough to meet the regeneration procedure

requirements for known reforming catalysts. The regeneration sequence with its
purge, coke burn-off, halogenation, purge, reduction and, if desired, pre-
sulfiding, can be carried out according to conventional practice as dictated by
operational requirements and catalyst chemistry in a manner comparable to that

used in conventional cyclic units.

“Regenerated Catalyst Discharge” Mode

[0027] When a regenerator vessel is being emptied, it is isolated from
regeneration gas flow by double block and bleed valve arrangements at the vapor
inlet and outlet of the reactor. Catalyst is discharged from the regenerator vessel
through the appropriate regenerated catalyst discharge line 50, 51, 52 that
protrudes through the vapor outlet spool piece 12B, 13B, 14B of the respective



12B, 13B, 14B as indicated by gas flow arrows (not

nunbered). Regeneration off-gases are sent to the
w@ersht®ws7 i n t he conventi onal way. The cat al ysSPCT/USm®85/013458

are isolated fromthe regeneration gas with the double

bl ock and bl eed val ve arrangenents 41A, 41B, 41C, 44A,

44B, 44C on the inlet andldutlet sides respectively.
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12,01 A Mrebpecli netlosegpar abl e to that used in
‘conventional cycli’c units. "Regenerated Catal yst

Di scharge" Mdde [0027] When a regenerator vessel is

Cyclé€longrobnptied, it is isolated fromregeneration gas
fl ow by doubl e bl ock and bl eed val ve arrangenents at
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51, 52 that protrudes through the vapor outlet spool
conveitsorml 198 TB8condallafactht® menapaiatthe flove o bpandatudpstes

intg a lift entrainer 60 beneath_the regenerator
from\y,ﬂgglg
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10. _The spent catalyst filling |line that protrudes
Catalyst Boiptyinge medge nEhisinvlves astuation of theeatalystelewnalyes
and tﬁg @as ?’)VAV valved gﬁ:& LYO%&(X to iogtafrll ﬂlseer%quired actions, all of which
can be carried out by conventional controllers, control circuits, actuators and
related equipment. The regeneration cycle for the catalyst will be determined by
catalyst and operational requirements and may be under the control of the main
cycle controller or a regeneration sub-controller operating under the overall
control of the main controller. The regeneration cycle controller of either type
will need mainly to control the flow of regeneration gas to the vessel which is in
the “Regeneration” mode. Typically, this will include a regeneration gas
sequence comprising a hydrocarbon purge (hot nitrogen), coke burn (hot
oxygen-containing gas), oxy-chlorination, oxides purge (hot nitrogen), and
reduction (hydrogen). The reduction step may, however, be carried out at the
inlet of the reactor section, for example, above the first reactor in a stacked

configuration and, if so provided, may be omitted from the sequence carried out



Cycle Control [0028] The regeneration cycle operation
is under the control of a sequential cycle controller
w@ ps/16396%n) and associ ated control equi pnent, PEl/USP5/013458
which is of conventional type. The controller acts to
mai ntain the flow of spent catalyst fromthe flow
control hopper/distributod4to the sel ected
. regeneration vessel which is in the "Spent Catal yst
in tha-{qEEPHIFUORRFELIOR: 8é1}era‘farm@n§ aRhe sepuenee;will derliCiated by
(IY§ e t L egener at.or..
catalf et Bnds 1Tl He 25RO Y <oy G MR A Ehtions
to the E@A8ebAkbPANE ¥FpropAat: FroQision ifltheasseherafbA sytem.
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actuation of the catalyst flow valves and the gas fl ow
Unit Layowts and bl ocks to obtain the required actions, al
of which can be carried out by conventiona
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Reforming Catalyst

[0030] Any typical reforming catalyst suitable for moving bed operation may
be used, consistent with the equipment limitations and feed and operational
requirements. Suitable catalysts include those comprising one or more Group
VIII noble metals on a refractory support. The catalyst will contain a
hydrogenation-dehydrogenation function (hydrogen transfer) and an acid
function. Examples include catalysts comprising platinum, tin, thenium,
iridium, tin or combinations of these metals. A preferred support includes
substantially spherical alumina support particles. A preferred catalyst comprises

platinum, platinum and tin, or platinum and rhenium on substantially spherical



[ 0029] Because this is essentially a conversion or

revanp schene, the final unit layout will nornmally be
waledoenesosed to a | arge degree by specific sitePCT/US2005/013458

requi renents. So, the configuration and |ocation of

the reactor section may well be constrained by the

site as well as the rel atilde | ocation of the
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mnimal attrition. Reform ng Catal yst Regeneration
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[0031] A typical regeneration procedure includes a
hydr ocar bon purge, coke burn, hal ogenqtion (usually
W@005a0896T | nati on), oxides purge, and reducti OPCT/US2005/013458

procedure. However, depending on the type of catal yst

it may also include presul fiding as part of the

regeneration procedure. TFBE€-oxy-chlorination procedure
CLA%'Vary significantly. At a mnimumit may include

*addition of a chloride containing agent such as

C.2, HA, _ or a punpable _organic chloride after the
L chicBetodfor the enveeeon R adhrest baskeatalticaafarmpr mis hookee
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reoneratign sea@dyr section for carrying out catal ytic
reform ng reactions on a reforner feed; converting at
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anjes @d ike maydng hedirgastorisecdon.of the novi ng bed react or
section.

2. A method according to claim 1 in which the fixed-bed catalytic reformer
unit has a plurality of fixed-bed catalytic reforming reactors which are

converted to a plurality of cyclic operation catalyst regenerator vessels.

3. A method according to claim 2 which includes providing (i) a flow
connection for spent catalyst from the spent catalyst outlet of the moving
bed reactor section to one of the catalyst regenerator vessels and (ii) a flow
connection for regenerated catalyst from the regenerated catalyst outlet of
one of the catalyst regenerator vessels to the regenerated catalyst inlet of

the moving bed reactor.

4. A method according to claim 3 in which the flow connection for the spent
catalyst from the spent catalyst outlet of the moving bed reactor section is

connected at the end remote from the reactor section to a spent catalyst



2. A nmethod according to claim1 in which the
fixed-bed catalytic refornmer unit has a plurality of

w0 poosdedssd catal ytic reform ng reactors whi ch BEBUS2005/013458
converted to a plurality of cyclic operation catalyst
regenerator vessels. 3. A nethod according to claim?2
whi ch incl udes providing-17- a fl ow connection for
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reactor. 4. A nethod according to claim3 in which the
f regenetek catadyst ffrom the catplbyst regematatet véssehistdoansgted tat

t al yst tl.et of the npving bed reactor section js
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t £l L Strihuyt for sel ectivel
Fa@RPESed Britellifl el cRlatysd o P EfifyiPipler of
CeHeAbing RGERAEDE Q6ctiiSsel s. 5. A nmethod according to
claim3 in which the fl ow connection for the

regenerated catal yst fromthe catalyst regenerator
vAsmethadsaceording te dlazm 4 hewhich eashotgerieration Wessel has an

catal yst regener at vessel to a regenerated catal yst
c’d{l‘F ‘P%fetg’h? 5%%%%@6{@?%@83@893@%{ to the
catalyst inlet of the noving bed reactor section. 6. A
t : i [ . r ion
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crffeinyisig reagenes@iontbmpdses & pliraliy oIdeREARAE rdiEtdR in a
claiml in which the noving bed, continuous teform ng
reettically stackedporfigiation and the catalyst yegenerationr sectign
reactars in a vertfj stacked configuration _and the
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reactors o Nng unit.

A method according to claim 7 in which the spent catalyst outlet of the
moving bed reactor section is connected for spent catalyst flow to a spent
catalyst lift engager which has a spent catalyst outlet connected for spent
catalyst flow to a liftpipe to convey spent catalyst to a spent catalyst flow
distributor for directing spent catalyst to one of the plurality of catalyst

regenerator vessels.

A method according to claim 8 in which each of the plurality of catalyst
regenerator vessels is connected for regenerated catalyst flow to a
regenerated catalyst lift engager which has an outlet for regenerated
catalyst flow to a liftpipe to convey regenerated catalyst to the catalyst

inlet of the moving bed reactor section.



8. A nethod according to claim7 in which the spent
catal yst outlet of the noving bed reactor section is

w@oemngesd for spent catalyst flow to a spent PEL/EE208$/013458

10.

11.

lift engager which has a spent catal yst outl et
connected for spent catalyst flowto a liftpipe to
convey spent catalyst to-d8spent catal yst flow

distributor for directi spent catal yst to one of the
oimsihodacgprding b plaim Ly mchides daeasdor seleativaly hod
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catalyst flowto a liftpipe to convey regenerated
cAtmethod fop theheonyarsion of aifinesk-bexd cathlyticoeforgedpentit having
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I @6ie BE MhRHo& 8b infé:ift engager. 11. A nethod for
t he conversion of a fixed-bed catalytic refornmer unit

[ . ' £ fixed b catal ytic reform
B0vi8pd otpHPhod doeBlunient RirpaE ot § ol EbCH Hrea
OB&I ffbihindeadtofs nWhRA A1y AS &fon?ﬁ}% uni t,
t he net hod coﬁprissi ng: provi glané a fi e%%gggﬁ%gggl ytic
refamemfgediard cdraiedogta plurality of fixed bed
reform ng reactors in which catalytic reformng
r B idiAB & MBvidg B0 EaRimi ARG efdrtnifid tedctsk Qdtion for carrying
provi dihg a novi ng bed, continuousTretorm ng reactor
seuttdatalyfio refoaming regctiohs omtakfdriner feddyr m ng reacti ons
on a reformer feed; converting a plurality of the
f borRrigsla ?ﬁﬁ@ﬁ SOthe SR ObS &??Hﬁ%gfrbétﬁgfsk@ﬂthe fixed-bed
catalytic reforrer unit to catal yst “regenerator
vestalgtis reformec ahitlty shtal ygy eogerretaton vesselsiiam outalght i s
connected for_ spent and regenerated catal yst
regeneration section which is connected for spent and regenerated catalyst

flow between the moving bed reactor section and the catalyst regeneration

section;

providing a flow connection for spent catalyst from a spent catalyst outlet
of the moving bed reforming reactor section to each catalyst regenerator

vessel and

providing a flow connection for regenerated catalyst from a regenerated
catalyst outlet of each catalyst regenerator vessel to the regenerated

catalyst inlet of the moving bed reactor section,

providing a flow controller for selectively directing reforming catalyst

regeneration gas to each catalyst regeneration vessel

reforming a reformer feed in the moving bed rector section,
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13.

14.

el hORab el PEon G GHEH F5Rul

fl ow between the noving bed reactor section and the
catal yst regeneration section; providing a flow

w@oemngeson for spent catalyst froma spent car@l/ysS1005/013458

outl et of the noving bed reform ng reactor section to
each catal yst regenerator vessel and providing a flow
connection for regenerated9eatal yst froma regenerated
cat al‘yst out | efp of, each_catal yst regenerator vessel to

tFRENQVBE ARPHTEPTENRE CH@lySt Arqan the sRank catalysi @ubletiof the
r %r%rbectffetagﬂﬂ’se -&yi ding a flow controller for
ecti vely

se Irecting reformng catalyst regeneration
gas to each catal yst regeneration _vessel reformng a
r%%%mgetﬁefse%r liefpl%llﬁagﬁa Y rem@ved £rasp the catalyst outlet of

| Shu e

s@fthlySiregBASatifl sbhiforspent reform ng catal yst renoved
fromthe catal yst outlet of the noving bed reactor

EEEh b o SRR BB HBR} e e R BrietE e
redsQEIByiré@ii) teFbrohin td&%lgﬁt@%éﬁéraﬁ&g gﬂ?ﬂﬁ{)hgﬁ‘ HESREyst
by directing reform ng catal yst regenefation gas

tinrthe gégdneeativat wdsgsl, i n t he regeneration vessel,
W t hdrawi ng regenerated reform ng catal yst fromthe

SRR RS RSORS00

cwher yegenerdtion iotcotripdetechrad M ng reactor section. 12 A
met hod according to claim 1l in which the fixed-bed

o Da L ed
ol el HeTRd sofdrmi e oA fo Mataalybiinlie e,
aefarinyiag resgensyctioar vessel in the catal yst
regeneration

A method according to claim 11 in which the fixed-bed catalytic reformer
unit includes a plurality of fixed bed reforming reactors each of which is
converted to a catalyst regenerator vessel in the catalyst regeneration
section, each catalyst regeneration vessel having (i) a spent catalyst inlet
connectable for spent catalyst flow to the spent catalyst outlet of the
moving bed reactor section and (ii) a regenerated catalyst outlet
connectable for regenerated catalyst flow to the catalyst inlet of the

moving bed reactor section.

A method according to claim 12 in which the inlets of the catalyst
regenerator vessels are each sequentially connected for spent catalyst flow
between the spent catalyst outlet of the moving bed reactor section and the
spent catalyst inlet of the regenerator vessel to admit spent catalyst to the

regenerator vessel in sequence for regeneration.

A method according to claim 13 in which each catalyst regenerator vessel

sequentially: first, receives spent catalyst from the spent catalyst outlet of



section, each catalyst regeneration vessel having (i)
a spent catalyst inlet connectable for spent catalyst

WO b@#/103951 he spent catal yst outlet of the novi PQI/bea05/013458

15.

16.

17.

18.

19.

reactor section and (ii) a regenerated catal yst outl et
connectable for regenerated catalyst flowto the
catal yst inlet of the novi2lg bed reactor section. 13.

A.nmet hod accprding to.claim12 in which the inlets of
¢ e Tmayinghad Teagion spelion: Seeandsreceives eheRnisa ialystal | y

c f fl n,.t he ent
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aﬁl%et epent ) yst tohﬁgsgﬁ%ﬁ%ﬁ??%@%@%ﬁf ifitn othe
seafabystimlétord the geordngtbedmeactdr settivat hod according to
claim 13 in which each catal yst regenerator vessel

sequential ly: .first, recejves, spen{ catalyst fromthe
S Bapethogiaceiding i@ Plaimar 1w hish GRghist b Xl regenerator

SSEEL sORRANY SARRYE oD AhARE BB Eisrhprag o
cidgah¥ated athlyst Ilﬁﬁ%%gﬁgﬁi\ivﬁﬁh‘lfa%%%' outle? fohrecdhSGRRY 9€S

regenerated catal yst for return to the catalyst 1nlet

ofatalyst flowi toq liftpipedacbavey esgenorated batalysoes thectatalyst
according to claim14 in which each of the catal yst
r@é‘@rﬁr@@é@a%s@éﬂ@i s sequentially connected for
regenerated catal yst discharge to a regenerated

cat | L1y i ch. | et for .

B BHDU Acbbi R RO Bt Hish 3R RS sy sOCisleraiyely

r GigEMe Eitige degonerd hidhgt i
oAl bat sl IR ROR Yt oI pIalihy 6t gatalyst
vieigcherator | viedseds iteserpichoe tostheaepenarhteddiasalipsylific eggager.
regenerated catalyst flow fromeach of the plurality

of catalyst regenerator vessels jn sequence to the
A gBaPg AR oS I Rt 1812 Hah ke sca Cathlstiagier of the
ina: 1o i i i t_catal X
SRR B0 B oA EReLE SRRED! o S50 B
CérigabySWhidioast Dspsent RRAlysE duflby&dnrettdd for spent catalyst flow
to a liftpipe to convey spent catalyst to a spent catalyst flow distributor for

directing spent catalyst sequentially to each of the catalyst regenerator

vessels.

A method according to claim 11 in which the fixed bed catalytic reforming
unit is a cyclic reforming unit including a regeneration circuit which is
incorporated into the converted unit to direct catalyst regeneration gas

through the catalyst in the regeneration vessel during the regeneration step.

A method according to claim 18 in which the catalyst regeneration gas
directed through the catalyst includes a sequence of purge gas, oxidative
gas to remove coke from the catalyst and halogen-containing gas for

catalyst rejuvenation.



engager which has a spent catal yst outl et connected
for spent catalyst flowto a |iftpipe to convey spent
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20.

directing spent catalyst sequentially to each of the
catal yst regenerator vessels. 18 A nethod according to
claim1l in which the fix@d-bed catalytic reformng

unit is icre ng u i ncluding a ‘
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18 in |ch the caral yst regeneratlon gas Irecte
t bomapgbestapluraliwyl ofstatalysi regdeseratior gessetsecaiivefied gforf abe
oxi dative gas tao renove coke fromthe catal yst and
hixed bed eanetars of tbe Haed bed refarmingpnitej uvenat i on. 20. A
met hod according to claim 13 in which the noving bed,
conti nuous reform ng reactor section conprises a
plurality of reformng reactors in a vertically
stacked configuration and the catal yst regeneration
section conprises a plurality of catal yst regeneration

vessel s converted fromthe fixed bed reactors of the
fixed bed reformng unit.




