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[0003] Reforming reactions are both endothermic and exothermic.
Endothermic reactions are typically predominant in the early stages of
reforming. Exothermic reactions are predominant in the later reaction stages. A
reforming unit typically comprises a plurality of serially connected reactors with
furnaces for supplying additional heat to the reaction stream as it passes from
one reactor to the next in order to compensate for the heat taken up in the overall
endothermic character of the process. Conventionally, reforming processes have
been operated as semiregenerative or cyclic processes using fixed bed reactors or

continuous processes using moving bed reactors. Proposals have also been
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[0004] In semiregenerative reforming, the entire reforming process unit is
operated by gradually and progressively increasing the temperature to
compensate for deactivation of the catalyst caused by coke deposition, until
finally the entire unit is shut-down for regeneration and reactivation of the
catalyst which is carried out with the catalyst remaining in the reactor cases. In
cyclic reforming, the reactors are individually isolated by various piping

arrangements. The catalyst is regenerated and then reactivated while the other
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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
reforming methods and units are needed for producing lead-free fuel products
with adequate octane ratings. Reforming can also be an attractive source of
hydrogen in the refinery, especially when the sulfur level of fuels must be:

reduced to meet government regulations.

[0006] Semiregenerative reforming units may be converted to continuous

moving-bed units to take advantage of the improved yield of higher octane
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catalyst regeneration facilities. Another advantage of the present invention is
that it allows a number of existing moving-bed catalytic reformers to share a
single catalyst regeneration facility, further reducing the investment required to

convert several fixed-bed units.

[0008] According to the present invention, the technique for converting a
fixed-bed catalytic reformer unit which has at least one fixed-bed catalytic
reformer reactor to a moving bed unit converts the fixed-bed catalytic reformer
reactor to a moving-bed catalytic reformer reactor which allows continuous or
intermittent addition of fresh or regenerated catalyst to its catalyst inlet and
continuous or intermittent removal of spent catalyst from the catalyst outlet of

the reactor. The unit is provided with catalyst feed facilities for continuously or
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is desirable in that it enables the rate of catalyst flow for regeneration to be

reduced (relative to that of an integrated unit) and so relieves the burden of

catalyst handling.

[0010] An effective operating pressure for a converted reformer unit may
typically be substantially lower than the operating reactor pressure of the fixed-
bed unit. Typically, an effective operating pressure for the converted reformer
unit may be from about 15 to about 70 percent, preferably from about 20 to
about 60 percent, and more preferably from about 25 to about 50 percent lower

than the operating reactor pressure of the fixed-bed unit prior to conversion.
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facility such as a cyclic type regenerator that can be used to regenerate catalyst

from a plurality of moving-bed reformer units.

THE DRAWING

[0013] Figure 1 shows a continuous moving-bed reforming process built from
an existing high pressure fixed-bed reformer unit. Thicker lining indicates new
equipment and piping while thinner lining indicates existing equipment and

piping.
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pressure: 1035 to 3800 kPag (approx 150 to 550 psig)
temperature: 425 to 565°C (approx 800 to 1050°F)
space velocity: 0.5 to 3.0 WHW

[0017] A high pressure semiregenerative catalytic reformer can be effectively
converted to operate at a lower effective reactor pressure in the reactors of the
converted unit to secure substantial improvements in reformate quality and yield
(relative to the semiregenerative unit prior to conversion) but which does not
create an insuperable problem of catalyst handling (charge, discharge, transfer,
regeneration) once conversion has taken place. Specifically, the present
invention method allows production of reformate preferably having an octane
number of from 90 to 105, more preferably from 95 to 103, and most preferably
from 98 to 102. In addition to the improved reformate quality and yield
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attractive under some site-specific conditions to replace much of the existing

facilities.

[0020]  Preferably, the fixed-bed reformer unit will converted to a moving-bed
reformer reactor that allows continuous addition of freshly regenerated catalyst
to an inlet of the reactor and continuous removal of spent catalyst from an outlet

of the reactor. This may be achieved by the provision of suitable storage for



facilities. [0020] Preferably, the fixed-bed reforner
unit will converted to a noving-bed reforner reactor

W0 b@tt/03d7kows conti nuous addition of freshly rePEenesmIB4041
catalyst to an inlet of the reactor and conti nuous
renoval of spent catalyst froman outlet of the
reactor. This may be achieved by the provi si on of
suitabl e storage for WD 2004/ 039720 2003/ 034041
oregepetsdatately sy ate fra Hgeneiasw Ché@ iﬁ)asrtwo or more

i b, BTGy AR 6B i e
fégené 1RSI AdeRbn @ e Brii 6L QM i %%H%!’e reBéderhtdr Y\ef‘in@égrated with
regenerator is integrated with the”(second)

rmqsmonﬂl) a¢avtdauttaindut not withitke firstytactontraimy i.brthieregenerator
.e. the regenerator for the converted unit is a
nfﬂdi-thI@ gorvarted undbis farai-ded lcanteéﬁgg@wrat@geﬁeﬁham reggperator may

%%bﬂlyul‘ée%é}ta% "ottt b UL Lt e Mg s b
ﬁg & dé% nEfa?éT{HeV&tﬁ RER RS 12\6?6 re-g%ré‘ OThe non-

eactors nay e on-site (same ref I nery

pxh&fgrhtedrre@cttofsaﬂwy be sntgite. (shime refinsryvwslynt) bhat remote sites. In
substantial capital cost of the regenerator is .
phisoway i Tdiﬁétlbﬂit?mrlfddla?é@ll cast oh theeregenerptor dg prapeardenasely reduced

a0 Ee CROOTS QISEBl Derciplear B gearsrcpdngites

cyclic) reformer wunit to operation w th noving-bed
reactors may include the replacenent or conversion of

B@OQQPSt TheechiveibrPeth figad bed (suidirpgedledtblel of diclicpfeformer
e fixed bed reactors in the unit to noving-bed

ragt tooperatioe with mpyig-betidactare mayfinglide teorapdaceseent or

RG] BO R PR R RN sl pERed b

%a@t%?seglstﬁg%iﬁgqnmﬁ dk%gctro?saofﬂé éata{i@y fg#%ﬁlt?é SHAREd
e-'by-s

In a Si e or arrangenen epen |ng on

sddrferte@ GnitrdaanE SontMeorRanyemglised @aerd #illlbe®peratively
addi tion of catal yst |oading, recovery (unloading)

aminectzd s¥igh exiating plant squipsoeritaaseneosssdry t Abeimoengded reactors
B8 R ToSR Fog PIder PESidin pE RGBS B claneading on sit
requirements. The conversion does require addition of catalyst loading, recovery
(unloading) and transfer facilities associated with the interface between the
continuous reactor(s) and the regeneration facilities which have been selected,
that is, off-site, non-integrated on-site or partly integrated (shared regenerator)

regeneration.

[0022]  The spent catalyst recovered from the reforming unit may be collected
and transferred to on offsite regeneration facility. Preferably the catalyst may be
recovered in a continuous manner. The spent catalyst that exits the last reactor

will be collected in a spent catalyst storage container and then transferred in



that is, off-site, non-integrated on-site or partly
integrated (shared regenerator) regeneration. [0022]
wab@4epond cat al yst recovered fromthe refornm PQr/usion3/034041
may be collected and trandferred to on offsite
regeneration facility. Preferably the catal yst may be
recovered in a continuous manner. The spent catal yst
that exits the last reactor w !l be collected in a
spealler batches tr daimsy eigweetin panmer&ﬁw%hi% fortransppEatiey to an
i n..WWO 2004/ 039720..PCT/ US2003/ 034041 10 smal | er
t?gfsétﬁe@g‘?’}fr%‘(iﬂfécgftyspeci al containers suitable for
transportation to an offsite regeneration facility.
[0023] The catalyst nay be collected in storage
deu23es (THe eatlyse anlydbaesliected/essetagp danites (drsiss cortiners,
to the regeneration facility. The facilities for

cwsas) andfransfetred inbeaeginegationefasyifhic Thatlarijities degcollecting
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tdop¢KStio221200 3¥eS(5 5AUS $allpR) daie NAkERRKSeBa ey eoudd include
mai ntai ning an inert, atnosphere during | oadin

tspaciaHy rdesignod traakis, rall cath, 0g shippbtgzeqntain@rmpagiﬁsqf
regeneration facility can he gn aoffsite or an onsit .
TRSRRAIE a8 apdakmesoheEn CPERe, Os g ansppriafipn and unfoading,
conditions permt. In nost cases the regeneration
facility will preferably be i ndependent and only

:J[ﬂ_dM]ECt The cROHAE tecRdrat dnhfadil R chh 68 ladloffstfeirtn ensite facility
nit "al t hough t'he shared regenerator configuration

payfepeblp esairkily | matbdeif site denditimnk peimitc dn nagst cases the
ci rcunstances, | ndependent. regeneration fa&] itie

wegmqrm@ fﬁ@ﬂimt@;m&xéw&q independenhgnd gaby indirestly
11i_ng. uni |
vl pfihe et RREE SRR SPRER S tndr R Rbr

%?Fi%{lfﬁﬂﬁ‘ll mby 8% E)B'biibIeYaﬂd)événrkﬁashﬁBfGQhmeftﬁimﬁkélﬁnﬁances.
we as the regeneration facility, |ower investnent

dadépdnaent tegeheration fcikitids ivilh timseaparateaubertangusdy dicmm any
According to this enmbodi nent a :
particular reforming unit and may regenerate catalyst from one or more
reforming units. This will allow for increased operational flexibility for the
reforming units as well as the regeneration facility, lower investment cost (on
unit basis) and improved reformate product. According to this embodiment a
centrally located catalyst regeneration facility receives spent catalyst from a
plurality of moving-bed reformers continuously or intermittently and supplies

the reactors of these units continuously or intermittently with regenerated

catalyst.

[0025]  Any typical reforming catalyst may be used, including those compris-
ing one or more Group VIII noble metals on a refractory support. The catalyst

will contain a hydrogenation-dehydrogenation function (hydrogen transfer) and



centrally located catal yst regeneration facility
recei ves spent catalyst froma plurality of

worenwisp7Red ref ormers continuously or interm t PENUB3003/034041
and supplies the reactorsl1df these units continuously
or intermttently with regenerated catalyst. [0025]
Any typical reform ng catal yst may be used, including
those conpris-_ing one ar nore G oup VLI.I noble netal )
o %leléfw&rbr@X@ﬂBl&é ipcluge gatalyisiy GURPTiSg platin, tip, ahenium,

hyds ogepat |.an- |.0 nct i .
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o piantany splcriéel ATRhRG JPpPbHIRITALS X3jre R Ay Secomprises
oplatieme phatimahsand\ipy ef glatindmsangdehivinnoh substantially spherical
substantially spherical alum na support particles. A
pHmdng supnost patistesc Spberiselparticlas pauprelgred fosunevamaent

tin r.plati.nu nd r.heni n substantiakly. . oo
PR e e An e SRR Bhinbigimal attrition
particles are preferred for novenent through the

novi ng bed reactors and ot her equi pnent with m nimal
0026} | orny type 26 e gsmerdticpefaoilities aenebatsah Oaeipréferred

may be used. One preferred regeneration facility may
inggengfation sasikityuay énglade AgopdauqusgaAing: hashregsngration tower

ORGSRt oSBT AT B BBl BrSSses or
EEE NG e AP AR et dfiohpr P TRTO R Sacip T batch
Gependrhtich pravetelsi the Hotdlue Gas [RepehéMEBR CRMUKdMracteristic of

Anot her exanple is a shut down sem regenera- tive unit
L@secdwe&@l\’\ﬁ@ﬁg@w]&m&‘at&n@thm exagaplerisaisbut dgwo 3gmirggenera-

sui t ahl e regener.at.i rocedure may, i nclude a

s ks sty TonRasalyist FeecBslioRt or i nat i on,

oxi des purge, and reduction procedure. However,
depending on the type of catalyst it may al so include

qoezy fi didiGtabie &%éhe@ﬁoh heocddesenridhtivde RIB&ROEHrBon purge,
I't may be preferable to conplete the reduction and

molss biuf,dixygchlpfinatde ssadss) purge.cmd teduciegeprrcetute. However,
c talg.st has been {et ulrned fronil . .

epending on the type of catalyst it may also include presulfiding as part of the
regeneration procedure. It may be preferable to complete the reduction and
presulfiding (if necessary) after the regenerated catalyst has been returned from
the offsite regeneration facility immediately before feeding the regenerated
catalyst to the top of the lead reactor. The oxy-chlorination procedure may vary
significantly. At a minimum it may include the addition of a chloride containing

agent such as Cl,, HCI, or a pumpable organic chloride after the coke burn to

replace the chloride lost during the coke burn. However, it may also include a
continuous addition of a chloride agent during the coke burn. It may also
include over-chlorination after the coke burn followed by a chloride

equilibration step after the platinum metal has been thoroughly redispersed. The



the offsite regeneration facility imredi ately before
feeding the regenerated catalyst to the top of the

WO e@d/osgact or. The oxy-chlorination procedure PERUSENY034041
significantly. At a mninmu2it may include the
addition of a chloride containing agent such as Cl12,
HC1, or a punpable organic chloride after the coke
burn to replace the chloride |ost duripg the coﬁe
tretual reganevation procadyrednight incdvdrenncomBiatian sl dhese
addi tiqon of chloride agent during the coke burn. It
ng@O%ﬁlagwn‘ie @Flﬂﬂg&over- chlorination after the coke
burn followed by a chloride equilibration step after
the platinum netal has been thoroughly redi spersed.
T0e28 20041039 gR&nHGT £Xi5RPRU11B AMbivs d omtirtueals catalytic
regeneration procedure m ght include any conbination .
ahovingsked reffiorsringarpesss uaethif). oliis unjtge bejlt fogype existing high

Utoigt S BB At eborsa R fy FObY ARG e Bellbetor cases

i 4 - j i i.Gh | g & er:ali ve
i insfalIRR SVE Bed At bilich RIRIMREIAT fiRB%AEYEE ¥
affhrigefifeat.| | IGitRGeqNigerests CRs examiple intited aep) divede,i astacked

a side-by-side arrangenent. |f site requirenents, for
axactpt eonfiguratien cankleweldibetuaed with & cordeguentigduetaon in catalyst

ComR Ao b B R PRI o
gs?[%ép;ﬁ%re ﬂ;lé%%; A %%aéfg&striémvﬁ]oﬂp%n@ r%gétﬁr fo BRYet reactor in the

gravity trick rom one reactor
ttPaih Nen Fexirere AGtREr liking MedichtednBw dquifrnent #ndlpiping while
thicker Iining indicates new equi pnment and pi pi ng ‘
vthiriner lintrignindicatéswxigfingetiuipmest and piping equi pnent and
pi pi ng. [0029] The conversion includes repl aci ng each
sem regenerative reactor (not shown) with a new

hag- bed r 2. . ' .
APL28F, o3t sParbRlorhpls rétach R pfsBenepgtive reactor (ot
fsh8sh) Gtk el Sib0TmgSedfdaBlo2 @ 7WhT ChS5, dagtalling £ tresiddenerated
fresh/regenerated catal yst through line 11 with fee
watdlysillbadingyplatibree 1832 fresh batalysesdoyageodimn 20 evhich can be fed

i ncl ude spent catal yst storage druns. 71 and 73, intra-
with uﬁesh/rggenerated cat%l yst througf% ?ine lLi w1th]fee<{1 controlleldnby valve 13.

Other newly added items include spent catalyst storage drums 71 and 73, intra-
unit catalyst transfer equipment including collectors 24, 54, 64, lift pots 31, 61,

69 and transfer lines 53, 58, 59, a spent catalyst loading platform 24, dust filters
26, a Ny cooler 28, a N circulator 30, make-up nitrogen supply 32 and a Hp

preheater 34. Similar facilities for unloading spent catalyst form the last reactor
are shown which include a disengaging hopper 71, lock hopper 73, and loading |
platform 74. Other additional items re discussed below. The following existing
equipment items are retained and reused in the converted unit: charge furnace
36, reheat furnaces 38, 40, feed/effluent heat exchanger 42 and associated lines,
effluent cooler 44 and associated lines, product separator 46, recycle compressor

48 and chloride treaters 50.



unit catal yst transfer equi pnment including collectors
24, 54, 64, lift pots 31, 61, 69 and transfer lines

w® 30457269, a spent catal yst | oadi ng pl at f or lPCHUSTNF 034041

filters 26, a N2 cooler 283 a N2 circul ator 30,
make-up nitrogen supply 32 and a H2 preheater 34.
Simlar facilities for unloading spent catal yst form
the last reactor are shown which include a

di sengagi ng hopper 71, |ock hopper 73, and | oading

HoPRhr mid Spoit i nECaiaf ! R B O RANE S

retai ned and reused in the converted unit: charge

furnace };‘?gsh 5a‘?§g§tta%1f dﬁég&?&&%d ?éﬁtciﬂfsg frd i B §¥‘f%éé inee{kteneration

heat exchanger SsocCl ate I nes, e

cfaeilgy istgflaesd oﬁ&@z&ﬁh%?%ifdrhﬁﬁ@ an®@h@deC{o heRagacpited Ratalyst
recycl e conpressor and chloride treaters 50. WO

200r4£0 oraX2 (PCThe)s2ah3t Ueacaters 118 JooB3®ppenl1d p\d'rem itas purged

the converted upit_ operates as .follows; Fresh catal yst
ovith 9&59&%&@@ B AT yiegemoyarepdualais; The P@tggﬁbw& £Bn

gl PR SRy 1 9B AL B M By BAA IS ded rroun
qafead ¥/ gihd VAR 2aNfosedudtih/h@ek/ SReReisidd cMBbE: 11 _oiéI 3%1? of first

purged wth nitrogen fromline 15 to Tenove resi
aeactoifi@ byavay pEtrandet hiper 521 (Gasd$§ esmeded frotrhkoppertl 2 in

engager 19 where it is |ifted with h dro}gﬁe@n as fed
(S BgERN b 42 fgd@ﬁwwahwgbimeﬁ@o&_ Yot T §8/26. Reduced

TGRS plf BB Hirar 00023 Ri€ cotahisy By R 7 dtaliss moves
Ry OOl HPRatfr AN lIASE RS REOHANiACTA it bffters
tohtal§sticollectoratiovhiel iy fal with dlydsdgehl ol kaswbsodsh line 39.

Cat al yst noves by gravi t%@dommrqs in reactor 27 _
ratallyss ffOJéWﬁtt%lYﬁW‘ﬁ&ngfIZ en gntegs liflegngager 3 bathers Biis lifted

SPbR 1 fieR St difemefimini bt St oy don i -ETisd thapueh
NORRABRE i R C e hn S ER R diberkacing hihertia dof
R0 dd R cior 5gudter WIRLN & dritdi8lret3or INGHeRE &St estRiWward to

the second di sengagi ng hopper 44 atop
the outlet and passes into catalyst collector 54, followed by lift engager 61.

Catalyst from lift engager 61 is then lifted with a hydrogen rich gas to
disengaging hopper 16 atop third and last reactor 65 from which it then passes to
the inlet of the third and last reactor 65. Catalyst flows downward through
reactor 65 to collector 64 and then to lift engager 69. Catalyst from lift engager
69 is lifted with a hydrogen rich gas to disengaging/storage drum 71 in which
gas is separated from the catalyst and passes through elutriation tube 22 to dust
filter 26. The spent catalyst is then transferred to lock hopper 73 where it is
purged with nitrogen and finally loaded into the shipping containers on Spent

Catalyst Loading Platform 24.



second reactor 57 after which it enters reactor 57

where it noves downward to the outlet and passes into
wa@ a10aloyweo col | ector 54, followed by |ift engageeT/642003/034041

Catalyst fromlift engager 161 is then |lifted with a

hydrogen rich gas to disengagi ng hopper 16 atop third

and Iast reactor 65 fromwhich it then passes to the

08 o Tk st cBee st WS THE R detdtS ! et e line
t@f i)icrlﬁr\l/%eﬁﬁ ‘ﬁgﬁ{]o ﬁ%ﬁ rlc%gﬁ(é'lﬁ tgag R hlag: 13390 PHEL t Hedt éfchanger

rogen gas to di séengagi ng storag

2 1gnd thentoWiedieat ARBadeSretiiel ﬁbﬁﬂt}fercﬁiglhmnﬁﬁmbwre-heat
and passes through elutriation tube 22 to dust filter

ﬁmrnmt gpﬁ:ﬁ intt ednfaet Wwith thaeaq:ataliyﬁwﬂffmst wdctay 270 Adter passage
Fiwatyfrss gefion 34 & PeneeS Sh P Ya“@éqg@?r{eé{wg Rimgie 3 6alpo o
Al B ol 98 A3 g e

ef"ﬁeﬂ[ystd therduiehétofb5] ReFérnPite @fﬂu@ﬁmﬁ théWh@kdfkation @s taken via

82 pi‘cki ng up hydrogen rich recycle gas fromline
tlinec89 taemirgh dast exchhagagel? antPreaydettyeinogan Imaeehelaanger 34 to
furnace retained fromthe origipal unit. From pre-heat

quﬂnae%cqq ek ard thenrda élaﬁt8§ctp the eKisting pé@dtaﬂtygﬁarawr 46 in

% ith 108286 of e okl o F AN oA i Bhareg o &
e§sorr4%t RdBbughaMe 77°ax§c13 £R€s Eﬁﬁ&ié%rreéyole E‘% f8ligh line

at furnace 40 (retained) nd finally tot
r83ab:ickrto&ﬁe uRéf eromtleroagh Iemtnhgfdhd)mmdd‘r&ezttbrsrii) tocthetrefinery.
is taken via line 89 to charge heat exchanger 42 and
rnstabidizag aelogmateris secaeathingengtsling d5. ef f 1 uent cool er
44 and then via line 88 to the existing product
separator 46 in which liquid and as are separat ed.

;fggﬁ%’ﬂenN'lkﬁ Eerg?ocr 7‘57&%% %‘iﬁfﬂ%ﬁﬁé&?ﬂnhﬁgh GRIE u?ﬁﬁfég 338nd passes

roug I ne passes elt as re gas

ttbrthe gltrd gemd oop ¥idkedckt cuttdremus hnd)thmtﬂlrdltg‘}plungdfﬁl to lift
existinlg chloride treaters 50 to the refinery :
\ngagen 17 2&@@1 m@pgemkse beglg miodaced inta d@@l@hoppqare??’mrough line

L}%O (ﬁlfl%%lf ﬁ‘rg‘ %tg th'lfc‘?’uglhn ocijus% %?tersribo chmtrogen cooler 28

before returning to the nitrogen loop through knock out drum 45.

[0033] Figure 1 does not depict the actual offsite or centrally located on-site
regeneration facilities. Several different designs for these regeneration facilities
may be used. A preferred design is likely to vary based on the actual project

specifics. Options for offsite regeneration systems may include:

1) facilities already available from commercial catalyst regeneration

companies;

2) continuous moving-bed regeneration technology;



to the nitrogen | oop via knock out drum 45 and then

through Iine 51 to lift engager 17 with nitrogen al so
wheing3i7ad r oduced into | ock hopper 23 through PCTES2005034041

Gas fromthe reactors passd§8 through the dust filters

26 to nitrogen cooler 28 before returning to the

nitrogen | oop through knock out drum 45. [0033] Figure

1 does not depict the actual offsite or centrall
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| ocat 60 orommerciallypsdahle Gislie seggneratian fagdiigs dncluding Hot

e s bes ROl olr g by oA PEERF GREMING, TRohnology;
sed on the actual project specifics. Options for
offsite regeneration systens nmay include: 1)
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regeneration facilities including Hot Flue Gas
Technol ogy of fered by ExxonMbil POMNERFORN | NG
TO034b| og/él,riatlons af thegiresenyt imathed magnineligener at i ve
catal ytic reformer of various configurations

dedi cafyed sEﬁ’diﬁ? il pehheht&iFselensdvedemenandbutes of A8 34dt reactor
Vari ati'ons of The present "nethod may i ncl ude:

)
genchird pairty capelmst eatlat ydio wihwgedetatetietdatalysitibea fed;
the last reactor to a third party catalyst vendor who
will regenerate the catalyst for,a fee; 2) building an,
over siZed hué@me%rweaﬁwfs%é@gqn@&a%l %ﬁﬁwa pgrt of a conversion

conver sio ' : i Ski sewir )
SR B P R Gl S 3P ORERRY Wesioed
Gagderste datAyRtGHdA othiFinitstthad mARYIsel e divepieayer t ed;

3) "build an oversized regeneration facility at sone

central location and size it to rQEener ate catal yst

f r om @)hebuildrmnravgesizeceigencratipn facinty atrsompecondtl decation and

that, wll be converted; . . . .
ste 1t to regenerate catafyst g‘om other semiregenerative reformers in the region

1

that will be converted;

4) use an existing idle semiregenerative reformer or move those idle
facilities to some more appropriate location to regenerate the spent catalyst from
other operating semiregenerative reformers in the region that will be converted;

and

5) expand existing regeneration facilities at one or more locations that
already use continuous catalytic regeneration technology so that the onsite
facilities at that site (or sites) can also regenerate catalyst from other units (in
addition to the catalyst that they currently regenerate from their own integrated

unit).



4) use an existing idle semregenerative reforner or
nmove those idle facilities to sone nore appropriate

wo omaswm t 0 regenerate the spent catal yst fropCT/051063/034041

operating semregenerativelseforners in the region
that will be converted; and 5) expand existing
regeneration facilities at one or nore | ocations that
al ready use continuous catalytic regeneration
tgggﬂﬁéébﬁy so that the onsite facilities at that site
(or sites) can al so regenerate catalyst from ot her
units (in . addition to the catalyst th t he )
d0P3Sht | \bablogesente rEvBiafiAsiBilRY SHIJP Avalnat fe ynit of
&p 2004/ 039720 PCT/ US2003/034041 16 EXAMPLE [0035]

" presents results of a feasibility study to

eval uate the unit of Fi guraABLETABLE 1
Semi regenerative Revanp wi tir OFfsite Process

Regeneratton—Before Revanp ¢ L S Fontam ' -
40%5’*<”‘§§§&3§‘e%"§r TOREFARp vth Offsite
97 g

i day (kbd) 4,770 (30) 5, p
1d0 Reactor Pressure, kPa Co8344 (485) Daggcranon

S )
(360) G5+ Yield, LV 72.5[ 7BeforeiBevampudt i on. (Figure 1)
n

TSR T2 120 LAt Badgpecn

24&%&@?@@ RO#B5 to 360 psip) desphse an increase i100

f ged—Tate from4, 770 to 5,406 1B/ day (30 [t0 34 _KDdJ-
THiReactenReessne, IPag@sir resé@ﬁ‘é(‘éﬁ%om t he r?élf&2ré60)
ta | Rf.aln.a,, relatively consta + reflormate yield
des‘g?fsftlgldsé‘sfe/r”i ty increaspe fromr)@sscfo 121

Hy Production, n.L.L.! (SCF/B) 77 (435) 130 (733)

[0036] Reactor pressure is reduced about 25 percent, from 3344 to 2482 kPag
t \

(485 to 360 psig) despite an increase in feed rate from 4,770 to 5,406 m’/day (30

to 34 kbd). This reduction in reactor pressure allows the refiner to maintain a

relatively constant Cs5+ reformate yield despite a severity increase from 95 to

100 RON. Hydrogen production also increases by almost 70% from 77 to 130
n.11.7! (435 to 733 scf/B).

[0037]  Catalyst regeneration facilities may be used to regenerate spent
catalyst from more than one reformer, thus achieving economies of scale and (2)
to achieve somewhat more modest pressure reductions and yield improvements,
but at a significantly lower project investment than existing conversions with

dedicated continuous catalyst regeneration facilities.




100 RON. Hydrogen production al so i ncreases by al nost

70% from77 to 130 n.l.l1."1 (435 to 733 scfB). [0037]
w@210al03%20 r egeneration facilities may be used POT/US2003/034041

regenerate spent catalyst ifrom nore than one

reformer, thus achi eving econom es of scale and (2)

to achi eve sonmewhat nore nodest pressure reductions

and yield inprovenents, but at a significantly |ower

p@b{’éMSii nvest ment than exi sting conversions wth

dedi cated conti nuous catal yst regeneration facilities.

WO 2004/ Q39720 PCT/ US2003/ 034041 7 INS: 1. A

met hod fdr t ﬁeme%?éefpg theconvession Q%a-fﬁfgbﬁaeﬁs%t%iﬂle reformer
ref.or ner . ..un vin d,.re r .Jon, the
iRl Floy e i SOt e g TRE B AR o Do
reformng reactor of a fixed-bed catalytic reforner

unit having at | east one fixed-bed catal ytic reformer

react or tconvertingat fegsbent fisedbyd reforming reactor efatfored-bed
that al llows contjnuous or intermttent acidi_ti on of

featalytiy relogmen pal daving atilcast one tixeddted Gpgalytip reforger reactor to
t he nmovi pg-sbed, .reagtor and continyous or..interni.tfent
ameyIRE BFd SahyticdRformeracaseanihat AW phtinugi of inigrthittent
RN PR k) 069, SO N O i moving e

arbedoy ahd icohgtumis driigtemmviteig romdvakaftdpent tatalyshfiogi agatalyst
fresh or regenerated catalyst | continuously or

i outlet wif themoving-bed rRactdnt i nuous novi ng- bed react or
through the catalyst inlet; adding spent catalyst
recovery facilities for collecting the spent catalyst

fromthe I : . . ' -
and trand ggitrn ic>r£1)§h%1 ﬁgﬁé gltplél g%“%&?%‘lr?dg%l?t& oj%%ggllrn g}ﬁ%?itrlnﬁiﬁaa at the

caalall ysinlet ef giemaiimnbédgiatior YombiharRingsfregi or reigegeratedccatalyst
wi th'the reactor fromwhich the catalyst is renoved,
continuously or intermittently to the continuous moving-bed reactor through the

catalyst inlet;

adding spent catalyst recovery facilities for collecting the spent
catalyst from the catalyst outlet of the moving bed reactor, and transferring the
spent catalyst to a reforming catalyst regeneration facility which is not integrated

with the reactor from which the catalyst is removed;

operating the moving-bed reactor at an effective pressure to improve
reformate quality and yield relative to those of the reformate product from the

fixed-bed unit before the conversion;

removing continuously or intermittently spent catalyst from the
moving-bed reactor; and transferring it to the non-integrated regeneration

facility.



operating the noving-bed reactor at an effective
pressure to inprove reformate quality and yield

WO edoasareo t o t hose of the reformate product frpoT/UR®03/034041
fixed-bed unit before the d®nversion; renoving
continuously or intermttently spent catalyst fromthe
novi ng-bed reactor; and transferring it to the
non-integrated regeneration facility. WO 2004/039720
PCT/ US2003/ 034041 18 2. The nethod of claim1, in

ohieh th ont aci | ; . ]
g RIS 00 i eSO RS o
it din,  which th Rt | | ' :
rehenp Rl ooty YikehertioR GETEY B PRI Gy CRFARAF ¥ and in
S SIFE L ST oM IR BETA 0yt o
B plurdlitisd Hredorningamitstdoatinbyudly er pitarmitienylypfegenerates the

reformng units with regenerated, catal yst. 3. The,
rpehbertaly stangd supplies sonineousiyer ibearidiently dhe phgalityiaf

is.an., off-site regenerati facility adapted to

refng patts B‘Qﬁ’( reépec‘qa@ Caﬁ&é’?ﬁ'a plurality of

reformng units. 4. The nmethod of claim1l, in which

the regeneration facility is a noving bed regenerator

i nt egr at 8d Wihénietlsed onclaimMi, g whéch thefregemoration faciliy is an
of a capacity which enables it to accept the catalyst .
fafbsite negemevitiogp faetlity edapted to s¢geanseate spemrcatadysidrqm a plurality
after. cqonversion. 5. The nethod of claim11, in which

{1 efQrIURE BBHSr ef orming unit  includes a plurality of
fixed bed reactors connected in a series train for
reformer charge flow fromone reactor to the next in

the traip, efgadnthahbLblain 1onwhidlethe regererativn fgriligds a
reactor connected in a series train for reformer

ahavige Hedawgenmtator fimtegrasebwithrigsesand Iyexing bed refosmes pait and
reactor to t in the tr

h t in. 6. T t hod of
(gL sapacin wie Aales R4p APyt e At Hed Flsubpyiie bed reactor

of the converted unit after conversion.

5. The method of claim 1, in which the fixed bed reforming unit
includes a plurality of fixed bed reactors connected in a series train for reformer
charge flow from one reactor to the next in the train, each of which is converted
to a moving bed reactor connected in a series train for reformer charge flow and.

for reforming catalyst flow from one reactor to the next in the train.

6. The method of claim 5 in which the catalyst flow in the reactor

train is cocurrent with catalyst flow in the reactor train.

7.  The method of claim 1 in which the moving bed reactor is
operated after the conversion at a pressure lower than the pressure of the fixed

bed reactor before conversion.



train is cocurrent with catalyst flowin the reactor

train. 7. The nethod of claim1 in which the noving
whewa4neged or is operated after the conversi onPErL/US2003/034041

pressure |ower than the prdg¢sure of the fixed bed

react or before conversion. W 2004/ 039720

PCT/ US2003/ 034041 19 8. The nethod of claim?7 in.
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metals on a refractory support. 14. The net hod of )
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lower than the pressure within the range of 1035 to 3800 kPag at which the fixed

bed reactor is operated before the conversion.

12. The method of claim 11 in which the moving bed reactor is
operated after the conversion at a pressure which is equal to 25 to 50 percent
lower than the pressure within the range of 1035 to 3800 kPag at which the fixed

bed reactor is operated before the conversion.

13. The method of claim 1, in which the fresh or regenerated catalyst

comprises one or more Group VIII noble metals on a refractory support.

14. The method of claim 1, in which the fresh or regenerated catalyst

comprises a hydrogenation-dehydrogenation function and an acid function.



WD 2004/ 039720 PCT/ US2003/ 034041 20 15. The nethod of
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17. The method of ¢laim 1, in which the catalyst feeding facility is
operatively connected with the moving-bed catalytic reformer reactor; the
catalyst recovery facility is operatively connected with the moving-bed catalytic
reformer reactor and the catalyst feeding facility, the catalyst recovery facility
and the moving-bed catalytic reformer reactor are operatively connected with
existing fixed-bed unit facilities including reforming charge heaters and

reformate prodﬁct recovery facilities retained from the fixed bed unit.



