06AUG2003 " PROCESS USI NG STAGGERED BYPASSI NG OF REACTI ON ZONES FOR UG 2003
| NCREASED CAPACI TY" FIELD s The field of this invention is hydroca#%%ﬁ
conversion processing in nultipie reaction zones. BACKGROUND Hydrocarbon
conversi on processes often enploy nultiple reaction zones through which
hydr ocarbons pass in series flow Each reaction zone in the series often
has a 10 unique set of design requirenents. A m ni num design requirenent
of each reaction zone in the series is the hydraulic capacity to pass the
desired throughput of hydrocarbons that pass through the series. An
addi ti onal design requirenent of each reaction zone is the capability to
performa specified degree of hydrocarbon conversion. Designing a reaction
zone for a specified degree of hydrocarbon conversion, however, often

results in a xs reacPROCESSSING S TAGGERED BYPAESINGDHR he ni ni num si ze
required for hydraul REACRON ZDNEES fOR I@RWUAPAEW' hydr ocar bon

conversion process having nultiple reaction zones wth series flow of
hydr ocar bons, one reaction zone may have nore  hydraulic capacity than sone
ot her reaction zone in the series. FEEﬂgfanple, in a hydrocarbon reformng
process, the last or second-to-| ast m ng reaction zone often 2Q has
excess hydraulic capacity in conparison with the first or second reformng
reattion zbhe. field oefathisoipyerdion iw| hxdrocarken esenvession dprageseing afiadnuljipieor
addi tional throughput is not

reaction zones.

BACKGROUND

Hydrocarbon conversion processes often employ multiple reaction zones through

which hydrocarbons pass in series flow. Each reaction zone in the series often has a

1¢ unique set of design requirements. A minimum design requirement of each reaction zone
in the series is the hydraulic capacity to pass the desired throughput of hydrocarbons that
pass through the series. An additional design requirement of each reaction zone is the
capability to perform a specified degree of hydrocarbon conversion. Designing a reaction
zone for a specified degree of hydrocarbon conversion, however, often results in a

15 reaction zone being designed larger than the minimum size required for hydraulic
capacity alone. Consequently, in a hydrocarbon conversion process having multiple
reaction zones with series flow of hydrocarbons, one reaction zone may have more
hydraulic capacity than some other reaction zone in the series. For example, in a
hydrocarbon reforming process, the last or second-to-last reforming reaction zone often

20 has excess hydraulic capacity in comparison with the first or second reforming reaction

Zone.



detrinmental to the performance of the oversized reaction zone or any ohq$r
reaction zone in the series. In theory, a process unit with extra AUG 2003
hydraul ic capacity in one or nore of the reaction zones in the series
could run for years with no ill effects. Neverthel ess, perhaps 5 years

| ater when GeRerdlgcesichutixcess ﬁwaw%agggw %eéézﬁﬂoﬁé]r?r‘rfﬁﬂgh'ﬁut #1 not
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zones | he ries may have little or no excess hydraul.ic capacity? As
answer 'brlp% s[eﬁng Jﬁ}g}‘?‘?"ﬁ» @ PI9ESH Hnng'ﬁ} gﬁ@;ﬁg&rae& ﬂgﬂﬁoﬁiér) 06 A fporepfshe
4,325,8075 ﬁrovides two debott| enecking solutions that involve re-routing
the f1GRCHPN ZRYES Bt hewaiiessalthaun @ yeas with nedh efflectsi \Nevesthelassnperbaps i n
the series. One prior art solution involves bypassing a portion (B% of

t hest oyears (lagpMhery theopendess Uriitoes relampgt far intyessed throwgreut, arlintersstingd
the two small er reaction zones, passing the remai nder (100% m nus B% of
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reaction zones in the series, conbining the bypassed portion wth"t
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and the bypass line or the smal]est hydraulic capacity of the other |arger
20 reacti ong'ioﬂ'?("é?rsop this guestion, thecphinri adr (Sef: sH8V 32808 and 4IS-A-
solution, of course, is that all of the hydrocarbons that bypass one of

t hao s hBREBO7Y qurovides ztwee slehbltieneghing salutionsothat rineotes | rerroutirag tthe rilomo o .
Anot her di sadvantage of this solution is that of the total hydrocarbons

that pagiotarbonglardirel o sralleotdnset(fié rdcrtisn Binears®e ddieaUdbndpkior aft 2
the two smaller reaction zones. Therefore, on average the hydrocarbons pass
t hr ouddplution involves bypassing a portion (B%) of the total (100%) hydrocarbon flow through a
bypass line entirely around the two smaller reaction zones, passing the remainder {100%
minus B%) of the total flow of hydrocarbons in series-flow through the two smaller
15 reaction zones in the series, combining the bypassed portion with the effluent of the
second of the two smaller reaction zones, and passing the total flow of hydrocarbons
through the larger reaction zone(s) only. The flow of hydrocarbons through the series can
then be increased to the lesser of the pombined hydraulic capacity of the 'smaIIest
reaction zone and the bypass line or the smallest hydraulic capacity of the other larger
20 reaction zone(s) of the series. The primary disadvantage of this solution, of course, is
that all of the hydrocarbons that bypass one of the smaller reaction zones also bypass the

other smaller reaction zone. Another disadvantage of this solution is that of the total

hydrocarbons that pass through the series, only 100% minus B% passes through both of



fewer reaction zones, contact |ess catal yst or otherw se experience A5 ANG 200
hydr ocarbon conversion conditions for a shorter tine, and therefore i
undergo | ess hydrocarbon conversion. Were a portion of the total flow of

hydr ocarbons is bypassed around nore 5 than two reaction zones, the

di sadvant ages are conpounded. Another prior art solution involves gl aci ng

two cothecMia salientaactipn zenes; otherelees on averags thel hydrecarbans dass Harpuah
series-flow, and passing only part rather than all of the hydrocarbons
t hr ougfewsdic regedionl zehes,ezontash lessecatalyst @olothéraisec @Nperience hbydnoaaiben,
paral l el -flow reaction zones effectively into one |arge reaction zone that

I's in c@vieesioh | anditiorvd tfbr taheheHBEtinhélr 8Al  frraelord udErgs Skes8f hidroca®iones .
The fl ow of hydrocarbons through the series can then be increased to the
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zones or the small est C capacity o e ot her reaction
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reaction zopes, al so bypasses the other is parallel-flowreaction zone, the
i sadvant aganginer prigr S saiannkeives Plasinenio renseculive enalles feactiopasies: bon
flow t hrough the series passes through both of the two snaller reaction
zones. inTRaralielflow rathes thae da tsesestione Angl Rassing ronhaipart ether tany el afcthear e
t he disadvantages of this second solution. Consequently, a nmethod is
soughthydsocarbens rthrdugtir eactr paraliet teactigi zonét i ie soldionecznrhbines zhaamalleer e a
portion of the total reactant flow nust be bypassed around two or nore

Cconsecpdrali@-lodd féadionZARES, effidtivelpahrtd GYRY RIrgE ebadton! Fohdl tHdtiigtnisaliesfibact s
on hydrocarbon conversion are mnimzed. The nethod nust prevent
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series can then be increased to the lesser of the combined hydraulic capacity of the
parallel-flow reaction zones or the smallest hydraulic capacity of the other larger reaction
zone(s) of the series. Although this second scolution has an advantage in that none of the
hydrocarbons that bypass one of the paraltel-flow reaction zones also bypasses the other

15 parallel-flow reaction zone, the disadvantage of this second solution is that none of the
total hydrocarbon flow through the series passes through both of the two smaller reaction
zones. The more sméller reaction zones placed in parallel, the greater are the
disadvantages of this second solution.

Consequently, a method is sought for passing hydrocarbons through multiple

20 reaction zones where a portion of the total reactant flow must be bypassed around two or
more consecutive reaction zones, but where nevertheless the detrimentat effects on

hydrocarbon conversion are minimized. The method must prevent hydrocarbons that

bypass one of the reaction zones from also bypassing the next reaction zone in the



series. Furthernore, the nmethod nust maxim ze the total anount of 06 AUG 2003 §
hydr ocarbon t hat passes through all of the reaction zones that are

hypassed. SUMVARY 5 This invention is a nethod of hydrocarbon conversion
wherein a portion of the total hydrocarbon flow is bypassed around nore

t han .Cﬂﬁie"s.ethhﬁQm%&’ée thé' rieth6d 'rﬁ&st%a&Wﬁ r%"tl;}e E&E\fﬁéﬁgﬂ ofh taﬂﬂzgfb%rl that"®

enbodi nent of this iInvention, prior to ["ue

R, Lt R o two portions e

portion of the effluent is :L o conbined with hydrocarbons that bypassed
that reaction zone and the conbined stream is passed to the next reaction"
zone in the series, so that none of the hydrocarbons that bypassed that
reaction zone al so bypass the next SUMMARY zone in the series. The other
portion of the effluent bypasses that next reaction zone in the series and

i s passed tDhislirvention-isbatreethodxdf hydacarton conversion Whereiea sortiosef thesetalhe
portion of the effluent that :L 5 bypasses the next reaction zone is split

from tHRiretdrboa Mowdis Bypds8ed Qﬁ@urﬂ:l Rebré iRaie bhé Liéﬂétlonv‘téﬂé Y sBYﬁé FABUPS

t hat bypassed the reaction zone which produced the effluent met hod of

hi I !
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of the_ reacti.on_zones,al so, b next ion.,, 20 zO
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;:“’iflsel fl ow met hod wher ein none, or 6% ofedghe hydroc:erogs t hat bypass

one r dB8t ireACtPH&ORE si§ Ty, stgded Heton %@ npastiens. orOnerRortian t ofethes effluent dsd i s

vastly superior to the prior art bypassing nethod, wherein all, or 100%
of 1¢ hecamkined avithohydrobatbobg hatsbypassed duati reactibrOzaneAaiG! #e®@ombined stream

is passed to the next reaction zone in the series, so that none of the hydrocarbons that
bypassed that reaction zone also bypass the next reaction zone in the series. The other
portion of the effluent bypasses that next reaction zone in the series and is passed to the
one-after-next reaction zone in the series. Because the portion of the effluent that
15 bypasses the next reaction zone is split from the effluent prior to combining the effluent
with any hydrocarbons that bypassed the reaction zone which produced the effluent, the
method of this invention is called "staggered bypassing.”
One of the main advantages of this invention is that none, or 0%, of the
hydrocarbons that bypass one of the reaction zones also bypasses the next reaction
20 zone in the series. In this aspect, this invention is as good as the prior art parallel-flow
method, wherein none, or 0%, of the hydrocarbons that bypass one reaction zone also
bypass the next reaction zone in the series, and is vastly superior to the prior art

bypassing method, wherein all, or 100%, of the hydrocarbons that bypass one reaction




- zone al so bypass the next reaction zone in the series. Another advantgl e of

this invention is that this invention maximzes the total anmount of( 5 AUG 2003
hydr ocarbon feed that passes through all of the reaction zones that are
bypassed. In this invention, if B, %is the mass portion of the

hydr oc abhe alsodiypaisithg nésaeeadtidrozémein the Seriegact i on zone that is bypassed
around the first reaction zone and B2%is the mass portion of the

hydr ocar bon ¥ I fil.r Beact.l oo : [
bypassed ar podieradEbiac of s, Ryehion (&' gt 1@ hlEEE Malibfles' P, tota
hydr oc feeed, t ha ses,.through both reagtion zones. i s_the product,
(Y00 AUy & rhadboRoRRS A SsSs echishe Bl it the” Baionerpnign Malore
exanpl g i f 10% mass of the hydrocarbon io feed to the unit is to be
bypassB¥P ndn &g invsintipRelf By %eds themase pertieny efdbe ihydrocareen-contginingferd s
10% B2%is 11.1% and the product (100% mnus B, % tinmes (100% m nus B2%
i s 80940 the filst seaxtionpione thatis, bypeassedrarennd the fisst sesctROzarie thd Byl isothy bon
feed through both reaction zones, conpared to only a slightly higher val ue

of 100fmass npertiod 08% they h9@bcaftin-éditaibingC efffieht lDY RRE SAir8o ré&dtiopd zame! tRatTieh
| ower value of 0% for the is prior art parallel-flow nmethod. To summari ze
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bypassing met ecause, I S I Aventi on passes on Yy 1€Sss
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| nprovenent ayer the prior art 20 parallel-flow nethod because, while

nei t heMIYHBseb LXRRISIADIRErANAR FOX FXpRlE, ifH0%pAss of the bydeearhonon

passes much nore hydrocarbons through both reaction zones. It is believed

t hav bieegotohthe wiitiszione thiypassett accursbeach khithehfiish sndbsrdondereactiom zooess

and nmaxi m zing the hydrocarbons that pass through both reaction zones,

this i theanB{%1is 16%IB,% B 11.1%, and the product (100% minus B,%) times (100% minus
B,%) is 80%. In this example, then, this invention passes 80% of the hydrocarbon feed
through both reaction zones, compared to only a slightly higher value of 100% minus
10%, or 80%, for the prior art bypassing method and a much lower value of 0% for the

15 prior art parallel-flow method.

To summarize these advantages, this invention is an improvement over the prior
art bypassing method because, while this invention passes only slightly less
hydrocarbons through both reaction zones, this invention bypasses no hydrocarbons
around both reaction zones. This invention is also an improvement over the prior art

20 parallel-flow method because, while neither bypasses hydrocarbons around both reaction
zones, this invention passes much more hydrocarbons through both reaction zones. ltis

believed that by both minimizing the hydrocarbons that bypass both reaction zones and

maximizing the hydrocarbons that pass through both reaction zones, this invention results




0-6 AUG 2003 in a higher degree of hydrocarbon conversion capacity igg Ay6 2003
conparison to the prior art nethods. This invention is particularly

advant ageous for those hydrocarbon conversion processes that enploy not
only a series of reaction zones but, because the reactions are 5

endot r‘iﬁrén'l'ﬁ%l’i’e'ir Hé%ﬂeéﬂhgdro%ﬁﬁne%@fsien Sﬁﬁaﬁﬁy ﬁré C{Oﬁﬁﬂg%w & fhd’ %ﬂ%%ﬁ of

cool ing zonés betWween t react1on zones. s 1 nvention,

duti es %{hot e internediate heating or cooling zones between the earlier or
upstre’g reaction zones in the series can be shifted to later or
downstream reaction.zones in the series. This can be advantageous for

t hose proceS¥8sinvention dg particylaty advantagecHy B these ohydrogarhome cpaversionn
zones but also :Lo of the internediate heating or cooling zones. Although
t hi s iRreeassesthatemployanet gnly pdresisif seactioneacnesi my, because thegeactiorsugieput
such existing process units that enploy a series of reaction zones of which
sone henviothenmie onpsotherinic, auoeinplpytahseriest dfdnermebiate hastmy bpBodigdsiies
applicable to new process units that absent this invention would have

ot her vheeBA SthedRHEBR zdris. Sy Eéihﬁlﬁ%i hiigﬁ,""% gi“ﬁ%%té}yt eOfé P iate

through a series of reaction zones. In road e IS 1nvention
. . . .. : : i ¢ a
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The hydrocarhons .react in the first reactiop zone, d a hydrocar bon-
Cont a8 AR 18 BUEF e distidie sATonzonRa Iadhs $6Ti5e: - His FRR e SANATHPSone.
A second portion 20 of the phar%e streamand a first portion of the first
ef f | udRf thasedyaressesphatieguire debsttlepraking ehoet only o the regpetionyones Hubsiso
react in the second reaction zone, and a hydrocarbon- containing second
ef ib uaftthe intesmediateheatihganncdalingzohes.second reacti on zone. A second
portion of the first effluent stream and the second effluent stream are
recovered fAkwaughethis invention is primarily applicable to revamping to a higher throughput

such existing process units that employ a series of reaction zones of which some have

more hydraulic capacity than others, this invention is also applicable to new process units

that absent this invention would have otherwise been designed for strictly series-flow of

1s hydrocarbons through a series of reaction zones.

In a broad embodiment, this invention is a hydrocarbon conversion process in
which a first portion of a hydrocarbon-containing charge stream is passed to a first
reaction zone. The hydrocarbons react in the first reaction zone, and a hydrocarbon-
containing first effluent stream is withdrawn from the first reaction zone. A second portion

20 of the charge stream and a first portion of the first effluent stream are passed to a second
reaction zone. The hydrocarbons react in the second reaction zone, and a hydrocarbon-

containing second effluent stream is withdrawn from the second reaction zone. A second

portion of the first effluent stream and the second effluent stream are recovered from the



6-0 6 AUG 2003 process. In another broad enbodi nent, this inventicn[ﬂ§Aﬁtsz
hydr ocar bon conversion process in which a first portion of a

hydr ocar bon-cont ai ni ng charge streamis passed to a first reaction zone.

The hydrocarbons react in the first reaction zone, and a hydrocarbon- 5

cont ai gidedséi rst effluent streamis withdrawn fromthe first reaction zone.
A second portion of the charge streamand a first portion of the first

eact i ¢ n5 SRRELREREEphofbrl 5T v bl B GRS oh o Benkie

ef fl uent trear‘g Is withdrawn fromthe second reaction zone. A -second
porti off WF"CPhE 5t Rertigns of 2 Atydeqqashon-santatiing shargeasfearstis passed oA firste
second effluent stream 1o are passed to a third reaction zone. The

hydr ocegdsber zosgct The hyldkocatbos reacttin dhe Avstereactionl zane, and a hydrocarbon-
hydr ocar bon-containing third effluent streamis wthdrawmm fromthe third

reast i containimgfirst sfflaent stesars iasthdmin fromithe first eeddtIOA Zoned A 8EEBHH PSrtion
process in which a hydrocarbon-containing charge streamand a

pr o ch ! . g
y romewh%gq@%fg%@%é ﬁﬁgoflﬁﬁséﬂﬁe t%iﬂ]@n‘ﬂ%ﬂeéﬂér@r;{?sg?égé g;s oRRi ne

stream A fir t conbi streamis e passed

to a firsi ' he drocarbons,. are reformed. A
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reforming zone. A second portion of the first conbined streamand a first
porti ofP AINRLS G dangt vt stieams (Sulidrawn drarm B SREPRAJeRBHoR 2R chrRpcond
conbi ned stream The second conbined streamis 20 heated and passed to a
secondPerEipe ofithefitsh gHluenhetregmirarshatjeast afisst pettionrafdhe second eflaeohetream
reform ng zone, and a hydrocarbon-containing second effluent streamis

W thdranenpdssenh tohe tlsirt crattioefaonel nthe bpdrocArboas aedctpiarthe ahird freadtion’ zdorss,

ef fl uent stream
and a hydrocarbon-containing third effluent stream is withdrawn from the third reaction

zone.

In another embodiment, this invention is a reforming process in which a
hydrocarbon-containing charge stream and a hydrogen-containing recycle stream are
15 combined to form a first combined stream. A first portion of the first combined stream is
heated and passed to a first reforming zone, where the hydrocarbons are reformed. A
hydrocarbon-containing first effluent stream is withdrawn from the first reforming zone. A
second portion of the first combined stream and a first portion of the first effluent stream
are combined to form a second combined stream. The second combined stream is
20 heated and passed to a second reforming zone. The hydrocarbons are reformed in the
second reforming zone, and a hydrocarbon-containing second effluent stream is

withdrawn from the second reforming zone. A second portion of the first effluent stream

and a first portion of the second effluent stream are combined to form a third combined



and a first portion of the second effluent streamare conbined to foqehn@
third conbi ned 7 06AUR003 stream The third conbined streamis heat ,QOZUUJ
passed to a third reform ng zone. In the third reform ng zone the

hydr ocarbons are reforned, and a hydrocarbon-containing third effluent
stream,s w thdrawn fromthe. third reformn zone., A secpn ortion of, the
seconcEga, othe BiRLctined ssan R Aarph Al ASrP e h 1RGP Bt ha 228”1 1t m
fourth s conbined stream The fourth conbined streamis heated and passed

to a fi&g hird reforsing #gnedhe hydrraasbente ars iefetaehoard 8 Bydrecarbepcantainingom
whi ch a hydrocarbon- containing product streamis recovered. BRIEF

DESCRI thrd@iflgent e abRivvwiti@raenTihendhethings reforming2omeat A secood pdirtiy efthef a
preferred enbodi nent of this invention. DETAI LED DESCRI PTI ON Thi s

| nvent sedbnds effliieht Gielam tandt the thiddakffluept estrewaT Sr@todibined to form a fourth
hydr ocar bon-containing 1s reactant streamin a reaction system having at
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a reaction, .zone, are placed along side each other. In the stacked form
one cofRAIAININEHBIAdYRt PR istaco¥Ri®dai ns the nul tipl e and separate reaction
zones that are placed on top of each other. In both reaction systens,
there can be internediate heating or cooling between the reaction zones,
dependi ng on whet her the reactions are endotherm c or exotherm c. Although
the reaction zones can BRIFEF DESCRNWPTIONOF THE DRAVWNGeNt s f or

10 The drawing is a schematic flow diagram of a preferred embodiment of this

invention.

DETAILED DESCRIPTION

This invention is applicable to the catalytic conversion of a hydrocarbon-containing
15 reactant stream in a reaction system having at least two reaction zones where the
| reactant stream flows serially through the reaction zones. Reaction systems having
multiple zones generally take one of two forms, a side-by-side form or a stacked form. In
the side-by-side form, multiple and separate reaction vessels, each comprising a reaction
zone, are placed along side each other. In the stacked form, one common reaction
20 vessel contains the multiple and separate reaction zones that are placed on top of each
other. In both reaction systems, there can be intermediate heating or cooling between

the reaction zones, depending on whether the reactions are endothermic or exothermic.

Although the reaction zones can comprise any number of arrangements for




80 6 AUG 2003 hydrocarbon flow such as downfl ow, upflow, and cros%fd Rk 0%
the nost conmon reaction zones to which this invention is applied are
radial flow. A radial flow reaction zone generally consists of cylindrical
sections having varying nom nal cross-sectional areas, vertically and

coaxi al | | eaction zone. iefly, ' flow,.
oant | LR shich M HONEMME IR AT FrosSliw, thk. s, Eiblor] rédtiion
containin cyl.indrical outer catalyst retaining screen and a ¢ylindrical
Cnner 200SH &gﬁm@% g\["ﬁi IRyeRYGL i apRigd Fre radiah flowo 4 Fadigl fiow Jeaetion.izoRet he
reaction vessel. The inner screen has a nominal, internal cross-sectional
ar ea tg@enerplly icepsistshah cylingricaf sestionshaving vaeing namindl drass-sectionah areas,
internal cross-sectional area that is less than that of the reaction

vessel verlitallyr ad taatialodisposedrto formntheadsctioh zovied  Bheflyrankddiil fiomaesadiiohween
the inside wall of the reaction vessel and the outside surface of the

out er SeHeEppicdilie cofisiisalt a SéyiRantsafRion weﬁ;sah coRtainif tsrc%gnﬁgﬁéot.{ém

radi ally through the annul ar 'space between the outer scFeen an I nner

screen e i YRS 2 I LkS.Coll ed
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reaction vessel. is, Al ugh the reaction vessel, the outer screen,, and the
hner Sl iageis wthi e eesfion \BRSS) ik TS sosel 4% S AL e
such as triangul ar, square, oblong, and dianond, depending on nmany design,
f abr i cefepeBectonaltareanthablis derssthasy that o dhe raftee sargene whieh ihas aomrinal,or
the outer screen to not be a continuous cylindrical screen but to instead

be aninternahgesssectibnal cvea dhat isdess ftharc tiat df ubelreactory vessel.c Alhecrbastarit! ops
that are arrayed 20 around the circunference of the inside wall of the

reagt i strearm s pitrodlibed iinto ehe aAnGIaRspace B&tWRRAtNe stk ival af e rRittien Nepselt hat
IS covered around its outer circunference with a screen.
and the outside surface of the outer screen. The reactant stream passes through the
outer screen, flows radially through the annular space between the outer screen and the
inner screen, and passes through the inner screen. The stream that is collected within
the cylindrical space inside the inner screen is withdrawn from the reaction vessel.
15 Although the reaction vessel, the outer screen, and the inner screen may be cylindrical,
they may also take any suitable shape, such as triangular, square, oblong, and diamond,
depending on many design, fabrication, and technical considerations. For example. it is
common for the outer screen to not be a continuous cylindrical screen but to instead be
an arrangement of separate, elliptical, tubuiar screens called scallops that are arrayed
20 around the circumference of the inside wall of the reaction vessel. The inner screen is
commonly a perforated centerpipe that is covered around its outer circumference with a

screen.

This invention is preferably applicable to catalytic conversion processes wherein



This invention is preferably applicable to catalytic conversion prgqp&@gmm
wherein 9 0 6 AUG 2003 the catal yst conprises particles that are novable

t hrough the reaction zones. The catalyst particles are novable through the
reaction zone by any of a nunber of notive devices including conveyors or

transpgur.t I d, but .nost_co | y the catal yst rtjcles .are novab

t hr ough'®t ﬁ%garyégc?q'%wl?ﬁnBaﬁyﬂ%swﬁ&'%o?r@ewagteaalri’gsh 'Itbﬁl reaction zopes.  Jhe;
flow s reaction zone the catalyst particles fill the annul ar space between
t he i nfAlyshRadidles: aresmovable, thigiiahhthesreaglics Fonaeoyanuiof st nwaker chmativet
particles are withdrawn froma bottom portion of a reaction zone, and

cat al ydeviges trichding soaveyars af dramgporitfvidy budpnestredromooly theecatalyat particlesone.
The catal yst particles withdrawn froma reaction zone can subsequently be

r ecov earedmbvablet throughoteseaclGrg 2o by aHe iferce dT@aVIEY. aTysitalko it athdidd ow
process, or io transferred to another reaction zone. Likew se, the catalyst

par ki c.le%%naﬁci%etmeacétsggg Pﬁﬁicneéom?tﬁgnﬁmai:%ba&wetw@ﬁ éﬁlé i Snd Sther

added to the process, c yst that een ' regenera n a regeneration

zone Wi thin.t I; r lvs h s transferred fro anot her
Fenct | SrSb s RIS ER 1o 0G, GaBwt Dot R bR abRRerP  boem
zones and that may be 3 9 used to practice this jnvention are shown in

US- A- PGB D14 ERFASHDR 20NE, ﬁ@@,%&ﬁvst palizles are Hitradyeed inlg; 3 Jor pettiongof the
catal yst particles fromone reaction to another, the introduction of fresh
cat al yreacpen Zooeesl heagatalyst particesr withdrawefiomcatreastion pene can esbssquently
effected through catal yst transfer conduits. Experience in the use of such
st ackebe sysdvanred fasn ke Iproceds; ygenalatedyipt £ régemsratio? Gorb@frthi srocedsrer i s

a constraint on the hydraulic capacity of reaction zones where reactants
fl ey thamifehed tdRNbiHErH88ctIN £6He! NiREwRR! tHE ERBly st PhftickRRdded 1Bt a réadtion
zone can be catalyst that is being newly added to the process, catalyst that has been
regenerated in a regeneration zone within the process, or catalyst that is transferred from
another reaction zone.
Hlustrative reaction vessels that have stacked reaction zones and that may be
15 used to practice this invention are shown in US-A-3,706,536 and US-A-5,130,106.
Transfer of the gravity-flowing catalyst particles from one reaction to another, the
introduction of fresh catalyst particles, and the withdrawal spent catalyst particles is
effected through catalyst transfer conduits.
Experience in the use of such stacked systems, as well side-by-side systems, has
20 shown that there is a constraint on the hydraulic capacity of reaction zones where
reactants flow through a moving bed of catalyst particles. This constraint is a

phenomenon usually referred to as catalyst hang-up or catalyst pinning. Briefly, pinning

occurs in a radial flow reaction zone when the horizontal force of the process vapor on a
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phenomenon usually referred to as catal yst hang-up or catal yst pinning.
Briefly, pinning occurs in a radial flow reaction zone when the hoifiAbE 2003
force of the process vapor on a 10 0 6 AUG 2003 catal yst particle creates a
greater frictional force against either the centerpipe or other catalyst

par ti ctatalyshpartidhe cogates tagreuted fiictora. fofenagainenéither theecdiRbripes br Raérd Cl e
I's "pinned" against the centerpipe and does not flow freely downward

t hr ougkathivet Le®1h . aRRivilat; i SGHd ' | Ll 2,
Limes o aye! {PRTRC Thad IS QrRVERHA) fBrcef * CORRuEmITTIR, Coldst, @it s %
whi ch &} S, d« ' [ 1.C ' e ' var i of, hydrocar bon
conver i[ Or?}edp?é’ eséstgges%gﬂé}gl eh%/@r ga%%gﬂ ﬁ?dlw f%ﬂﬁ?%’ﬁf‘fhﬁ?wh e reaction
dehydrogenati on, 1spnerjzation, dehydrojsomerization, dehydrocyclization,

Cr aok e, Spi s SEREiRedln BPin.del 2t ol Linesibal Shtiohs. peadopced
hydrocarbon_ conversion process to which the present invention is

appPi cabl e Peooesses having suiinie ngactian heesftorwhichehisi fvestonris cppibable

i nvention contained herein will be in reference to its application to a

cat al yincludee& owitdengarietgcofi bpdogatbom tonversior procesdesr s06le.asBhi@idgeénation,
catalytic reformng, a feedstock is adm xed wth a recycle stream

Conpr i iydretre ¥ AshyarsheribAClBhetiration: ehli’disdrie afti%ﬁcaélg@rggy izatlo}f,

usual feedstock for catalytic reformng is’a petroleumfra nown ‘as
napht hg. hayy ot al e,r_%%'li int. of . B%n n..en
Dot 11 rg2chiay B BB it iR 8, Riosf el bratege SRirBEaR
particul arly applicable to .the treatpent of straight run pht has .
Pt 1 Siversion BRapeSId whish e, biSghl Fikenfion % EPRHI o caliig refoming.
substa_Ft lally straight chain paraffinic hydrocarbons, which are subject to
ar dfat [ReEfUR ther disgHssier 18] dhegiaMentian cani@med berein »ll ikenin seferensesto its
Reform ng may be defined as the total effect produced by dehydrogenation of
application to a catalytic reforming reaction system for ease of reference.
Briefly, in catalytic reforming, a feedstock is admixed with a recycle stream
comprising hydrogen and contacted with catalyst in a reaction zone. The usual feedstock
for catalytic reforming is a petroleum fraction known as naphtha and having an initial
15 boiling point of 82°C (180°F) and an end boiling point of about 203°C (400°F). The
catalytic reforming process is particularly applicable to the treatment of straight run
naphthas comprised of relatively large concentrations of naphthenic and substantially
straight chain paraffinic hydrocarbons, which are subject to aromatization through
dehydrogenation and/or cyclization reactions.
- 20 Reforming may be defined as the total effect produced by dehydrogenation of
cyclohexanes and dehydroisomerization of alkylcyclopentanes to yield aromatics,

dehydrogenation of paraffins to yield olefins, dehydrocyclization of paraffins and olefins to

yield aromatics, isomerization of n-paraffins, isomerization of alkylcycloparaffins to yield

11



cycl ohexanes and dehydroi someri zation of al kylcyclopentanes to yield gg aug 2003
aromatics, dehydrogenation of paraffins to yield olefins,

dehydrocycl i zation of paraffins and olefins to yield aronmatics,

i sonmeri zation of n-paraffins, isonerization of alkyl cycl oparaffins to yield

11 O6A 03 cycl ohexane I sonmeri.zation of substitut mat i ¢s, d

iy o PARIENER. BIMATRARcn SIRRURSIGRSR ATOAIEH o AN XEPURRRAG. BF H26088. oy
be found in, for exanple, US-A- 4,119,526, US-A-4,409,095 and

US- A- 4Fuidlers irformationt arwref@rmergomqegseeaaav obe i foundr inal foy exarapleedJBrA+ he
presence of catalyst 5 particles conprised of one or nore G oup VIII

(1 UPAGHA12(B26n bi8-A-41209,095 @add)S-AUA40B28.  iridium rhodium palladiun
and a hal ogen conbined with a porous carrier, such as a refractory

i nor gani ¢ oxi g&talyfib erefctfrivgy Seadkon @'ﬁbﬁfhﬂllyﬂeﬂ"écted&notm pregénce ﬁf'IQ:a‘tﬁlyét
met aI The preferred noble metal is platinum The halogen is normally

chl g ised ot on%CHF‘THB e/ G@fpﬂvﬁPﬁUPﬁt %gpgn%@rﬁé{a@ (?h ’gﬁlélihum

rraterrasare vvnasthe umna w

e, MR SRR AR 2 BRIy oL R 40

Preferably the carrier vaI have surface area of from 100 to 500 n2/g
The pdiefiagtasy ingrganigaxide. yleq)ﬁetabrsamavmtara@eO% 2i0aWbPiopf Groun Vi metak o
3.1 mm (1/16 to 1/8 in), though they may be as large as 6.35 mm (1/4 in).
In a phHhe ipcefeaedrrumenetabis,pla&vwneﬂhe halogedas inoabally thloriveusdluoanaliy st
particles which fall in a relatively narrow size range. A preferred

cat al ysdmmoniy Uséd cairiefelTeie prefeirdd sluntidd hiaterials drdiknownt & tlo garmmaf eta
reform ng reaction, catalyst particles becone deactivated as a result of

TEShIATh AU At USRS 100 4 GBSO REI kIOt U9 gt o
refor ”bﬂ%%eﬁ?ar‘éﬁdtgﬁ'sto the performance of the catalyst is the surface area of the carrier.
Preferably, the carrier will have a surface area of from 100 to 500 m*/g. The particles are
usually spheroidal and have a diameter of from 1.5 to 3.1 mm (1/16 to 1/8 in), though they
may be as large as 6.35 mm (1/4 in). In a particular regenerator, however, it is desirable
15 to use catalyst particles which fall in a relatively narrow size range. A preferred catalyst
particle diameter is 3.1 mm (1/16 in).
During the course of a reforming reaction, catalyst particles become deactivated as
a result of mechanisms such as the deposition of coke on the particles; that is, after a
period of time in use, the ability of catalyst particles to promote reforming reactions
20 decreases to the point that the catalyst is no longer useful. The catalyst must be
reconditioned, or regenerated, before it can be reused in a reforming process.

In preferred form, the reforming process will employ a moving bed reaction vessel

and a moving bed regeneration vessel, and the present invention is applicable to such a
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20 decreases to the point that the catalyst is no |onger useful. The

catal yst nust be reconditioned, or regenerated, before it can be rqygq@pnm;
a reformng process. In preferred form the reform ng process will enploy a
novi ng bed reaction vessel and a noving bed regeneration vessel, and the

pr esentefbiinggrofedss ﬂ&ﬁmoecétanﬁfﬁéhiael%}rg Jé? ({;&gr% e38od GLAUD Which is

process. Regenerated calal yst particles are e reaction vess

whi ch § 5 ' C ' . Se | _r tion.zones, .and particles
1l ow ¢ YPisall Rofbrista R eR deBeticHYHEE, ohfiRe dRudes Ao AiondPeliRaridn,
the bottom qf the.reaqtiqgn vessel .and _transported to the regeneration
vessel YeI5¢ %egf%’ neﬁé&"’ﬁ)ﬁ'ﬂ @e@’g}éq’r,a“ﬁ' fram th 3’@[5‘05‘ Pgd%éﬁﬂ?tl%h veseRlaand i s
typically used to regenerate the catalyst to restore its full ability to
pr onot apgpasted g thexdepeneration- vessebs2 ln3the usgenaration, essebna multi-step

US- A- 3,692,496 describe catal yst regeneration vessels that are suitable

f or susregeneeativerf processyistypicaliys usedCd adgesierdteahs cavalgst ay réstorelttsofug abilMe to
various regeneration steps and then is withdrawn fromthe regeneration

vessel pifbte’ RASPARG Glatliorid)e USACS 68D, 208S Q?SAA—QYWHB.SU?%@,GQZ%QG

provi ded for adding fresh catalyst as naké-up to and for wf awm ng spent
cataly : f te. thr .eactjon _and
e genedesbR tatelS) RREREMor RURER I orf Sk ol UhBUH2 (GmRE Hrtlss
practige, it Jds sem contipuous. By sem continuous npovenent it is _peant the
Fepeat Gatayst flovss by orpaafTOudt, tad yAiows tRBRTETaHon. slens,&Hd ihen i wiBaawn
spaced_points in tine. For exanple, one batch every twenty m nutes may be
15 wi tHemaihe regshetatienymssehand tianspeded te dhe veadion vasselv Amangementsagre: ake
five mnutes, that is, catalyst will flow for five mnutes. If the
catal yRrovideddior adgingnfreshy eatablst as makeatip telapd foamdthdrawing spent satalyst front hi s
batch size, the catalyst bed in the vessel may be considered to be
cont i ntheysrbgesHVMogeménbof cataiyatthrovgh o feastibh andfegenattforn{esdilisadfimg
referred to as continucus though, in practice, it is semicontinuous. By semicontinuous
movemnent it is meant the repeated transfer of relatively small amounts of catalyst at
closely spaced points in time. For example, one batch every twenty minutes may be
15 withdrawn from the bottom of the reaction vessel and withdrawal may take five minutes,
that is, catalyst will flow for five minutes. If the catalyst inventory in a vessel is relatively
large in comparison with this batch size, the catalyst bed in the vessel may be considered
to be continuously moving. A moving bed system has the advantage of maintaining |
production while the catalyst is removed or replaced.
20 The drawing illustrates an embodiment of the present invention as applied to a
catalytic reforming process. The drawing shows only the equipment and lines necessary

for an understanding of the invention. The drawing shows a common reaction vessel 100

that contains four stacked reaction zones: an upper first reaction zone 10, an
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production while the catalyst is renoved or replaced. 20 The draw ngh 6 AUG 2003
Il lustrates an enbodi nent of the present invention as applied to a .
catal ytic reform ng process. The drawi ng shows only the equi pment and |ines
necessary for an understanding of the invention. The drawi ng shows a
commoninteymeadiale secans reaition tzomie 20nbai interinediats tthiok edactiac one IMNASd 2N
upper first reaction zone 10, an 13 06AU&003 intermnedi ate second reaction

zone 2bottemn fonltArreatiich eohdid0d TRaSS FaUt réﬁ&ﬁ)rﬁ%né’é‘gaeasizﬁetéﬁ)m ié?wtﬁ Bnd
reacti on zone 40. These four reaction zones are sized as to |l engtff and

annul aenfaIgeereRCdABAk 3AoP ind BEERR A LulP g RE GSPbuBR. & Bid Ll O

of the total catalyst volune iIs reaction zon o I
zone 2 .1 eaction.5 zope 30 %.in reaction ne . I'n norma
oper at ?%tﬁ%éﬁ’éweo?s ﬁg&e Wefeé"tcﬁ‘an ﬂpsﬂt@@ﬂ fPastion zone ﬁﬁt P8 & deadtiopugh
a line_46 apd a b let nozzle 44 into first reaction zone 10. The catalyst
par i cf¥¥ 350%‘ ] ?fr'axrﬁ@g;fm%ﬂﬁer 40.stn nermal pparationefresh ooregenenatedaatalyystn
zone 20, from second reaction zone 20 to third reaction zone 30, and from

t hi rd pafdiglesare intaduasl theodghuatliner4fandam intetenokle Fhintodfiral KaictipArdone! es
are ultimately withdrawn fromio common reaction vessel 100 through an

out | et 1qorThelCatalyst! particlesefidd by dratit) ftin Mef fdaehien zone! i ¥WBcsAY pettiohhe
line 106 nmay be transported to a conventional continuous regeneration

zone, ¥dHecho! FoMdecoRB8WRaktbrt ﬂ?nedﬁg‘% tHlrd @éﬁfiéﬂa 9@@/&5 ahe aﬁ& fcth ‘fi‘lbi?@ K‘(?%{iirgﬂu gh

the conmon reactor vessel 100 can be control regul’ating I of
o A 301 R Al il el DBl o™
11, Rl S Tonioas ah i S el i B A hemien
next tv?ritﬁc?rgvjnl ?rwoatqhh h%r ?iﬁg r ‘ll3 (CJ)G? Sﬁza? gé rt?zi\r?sg&)}tregnton%pTogeerglt%no;lI ggnt];nru%%tsl o
regeneration zone, which is not shown in the drawing. The flow rate of catalyst through
the common reactor vessel 100 can be controlled by regulating the rate of withdrawal of
catalyst particles through line 106 in order to achieve a desired degree of catalytic
15 performance (i.e., activity of catalyst, yield of desired products, and selectivity of desired
products over undesired by-products) in the reaction zones 10, 20, 30, and 40.
Turning next to the flow of hydrocarbons, a straight-run naphtha gasoline fraction
boiling in the 82 to 204°C (180-400°F) range is charged to the process through é line 12
and is admixed with a hydrogen-rich gas stream flowing through a line 16 to form a
20 combined feed stream, The combined feed stream flows through a line 14 to a heat
exchanger 110, which heats the combined feed stream by heat exchange with the

effluent stream of fourth reaction zone 40 flowing through a line 108. The heated

combined feed stream passes through a line 22 and divides into two portions.
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boiling in the 82 to 204C (180-400F) range is charged to the process

through a line 12 and is adm xed wth a hydrogen-rich gas streamfloQ/\ﬁl‘wG 2003
through a line 16 to forma 20 conbined feed stream The conbi ned feed
streamflows through a line 14 to a heat exchanger 110, which heats the

Feact | ShPLBRAaG ?P%%f’fﬁﬁ *S?g‘ﬁ*ﬁﬂﬁﬁﬁiﬁ%g@%ﬂﬁ?@é’t%&"hﬁ?%ﬁ@%ﬁg%ﬁ it "
: i i Vi ' ' .14 Q 6 _AUG

2003 A SAiRP A e nEs B §Flbe cofpiietleseCiedi Bavsexbomnah elec b

streamto the first rea(}‘:'tion zone 10. This portion of the combi ned feed

st reant%d ¢ Reatssrrhwhichchenis the sireamniqythendesiied tsppgratere 198 dhe inlefeof

streamto the desired tenperature of the inlet of first reaction zone 10,
and t hiist peaction z20nediyland thempagses thréughsa line 42tto dirst reactiohGzorEy 10.c Ty pisal
reaction zone inlet tenperatures are from454 to 549C (850 to 1020F) at

reast i wactipn eamy @detoferhperatited dre fdmkabs 8 (519°C5BIOtRAO20% )0kt rdd&ion
remai ni ng approximately 10 mass-% of the conbined feed streamis diverted

ar oundnfRRE(rds"6 FEIATAS tH9a! I((?'lcrﬁgﬂgf%b&d ?ﬁ(l) @E@t él’;htﬁggfﬂag@pé %r@ﬁn}aﬁgg 105

passed to the second reaction z v
conbi n Q S rough a.line 24, flo asuring instrunment io
25 11 fizo5es ofahk RAMHISSE ol NI Bverd <igund, nith I ShirraBrhelSt bl e
reactign ‘%O{]e 20. vi a I%(?g@?ﬁz, heater 60, and line 74. Control_aof this
por t i ofeoHrst FRAQUBRAANEDTY. f istpasserite the seppRd Jeagtioneonesddi athingivestede 34
operated on flow control. A set-point that corresponds to the desired flow
rate tPediegofthe combinezufepd steasepasses thraughras tinei2énfiove sreasudngiinstiuroemint
28 provides a signal 32 that corresponds to the difference between the
actroal 28, imef 2@)wegalkating vdlvel 32, cedi lined36, lamd theh @ntdrs @egbnd headtionezohe. 2070ia
effluent streamis recovered fromthe first reaction zone 10 through a |line
48. line 72, heater 60, and line 74. Control of this portion of the combined feed stream is by
means of the regulating valve 34 operated on flow control. A set-point that corresponds
to the desired flow rate through the line 24 is present in the instrument 28. The
instrument 28 provides a signal 32 that corresponds to the difference between the actual
15 flow rate and the desired flow rate through the line 24.
An effluent stream is recovered from the first reaction zone 10 through a line 48.
The effluent stream from the first reaction zone 10 is divided into two portions.
Approximately 90 mass-% of the effluent stream passes through line 68 and combines
with the diverted portion of the combined feed stream flowing through line 36 to form the
20 feed stream to the second reaction zone 20. Because reforming reactions are generally
endothermic, the second reaction zone feed stream passes through the line 72 and

through the heater 60 which reheats the stream to the desired inlet temperature of the

second reaction zone 20. After heating, the second reaction zone feed stream passes
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The effluent streamfromthe first reaction zone 10 is divided into 5 2003
portions. Approximately 90 mass-% of the effluent stream passes thr E@H
| ine 68 and conmbines wth the diverted portion of the conbined feed stream
flowi ng through line 36 to formthe zo feed streamto the second reaction

zone 2¢hrobigh ahe dineefDidTeM@r lseabhd PESctivhezciRNEN alThe refiAsihg SipPrexinidislysfy ond
reaction zone feed stream passes through the line 72 and through the

noat of RSl 61'vie B Liifarh Akl fallish 120 8! &mm{&pstwihé he

second reaction zone e SECOI’I reac I On zone

strea 06AUG2003 't hr ough he | ine 7 nter s cond re

zone gbggﬁ éﬁg % h}%éﬁ"b‘?‘% %%[%e?g I lwggseﬁfg}ﬁp s ‘?rom
the first reaction zone is diverted around both the heater 60 and second
react i giyedgAPortion gf dhe frst Jeaehipn gone, eflyeptalrears Passae thioughta dinef2; dloved
portion of the first reaction zone effluent stream passes through a |ine
52, sf | owasunpasnsiramenh Sd; dinenb2 5eegulating ealve riyuarat iling 64 ard 58nteemnthird ne
64, and enters third reaction zone 30 via line 88, heater 70, and |line 92.
Cont r oteatttiohhichepB0 i lin@ 88, Iheaterr 70, aricelived BAN Conteol &dff thiseportivhr SRl firsby
means of the regul ating val ve 58 operat ed on flow control by signal 56

t hat CFHdc.%Hoilﬂw% EfubhRe stedrhei &e%%vaemet,agueﬁﬁg% a;%nr O%ﬁﬁé@& oh!

rates through line 52. An e qu nt streamis Fecovere e secon

31 B fPol 5 GHELE  E he EBE 04 B

the effl uent rea S t hr I ne 66 and c t he dlverted
bor t 1 ofoH Al I 5. ABEHSY SireR® i feCver e HoMue SeHend ISariah Fiough
line 64 to formt_he feed streamto the third reaction zone 30. The third
reddt i A thiowghtaling 18 st ream passes through the line 88, through the heater
70 which heats the streamto the

The effluent stream from the second reaction zone 20 is divided into two portions.

Approximately 90 mass-% of the effluent stream passes through line 66 and combines
with the diverted portion of the effluent stream from the first reaction zone flowing through
line 64 to form the feed stream to the third reaction zone 30. The third reaction zone feed
15 stream passes through the line 88, through the heater 70 which heats the stream to the
desired inlet temperature of the third reaction zone 30, and then through the line 92 to
enter third reaction zone 30. The remaining approximately 10 mass-% of the effluent
stream from the second reaction zone is diverted around both the heater 70 and third
reaction zone 30, and is passed to fourth reaction zone 40. This diverted portion of the
20 second reaction zone effluent stream passes through a line 78, flow measuring
instrument 82, line 88, regulating valve 86, and line 94, and enters fourth zone 40 via line
96, heater 80, and line 102. Contro! of this portion of the second reaction zone effluent

stream is by means of the regulating valve 86 operated on flow control by signal 84. An

16




desired inlet tenperature of the third reaction zone 30, and then thr‘ﬁ”ﬁ?BUG 2003
the line 92 to enter third reaction zone 30. The remai ni ng approxi mat

10 mass-% of the effluent streamfromthe second reaction zone is diverted
around both the heater 70 and third reaction zone 30, and is passed to

fourt hemaaﬁttstfé’arﬁwr%cﬁOereBm&ndhéfﬁwde«%aeﬁtm bore 96 thrdagh @ iRCgEd reaction
zone effluent stream passes through a line 78, flow rreasurl ng instrunment

vih ILEE o5 MR dbrgtedh i fopl e T8 Fedlfof ”%0“0?57@ fﬁ?@fﬁ%ﬁi%’é“ﬁ?%&%‘)
56, opa e < ihei i n%‘F‘%Jﬂ?‘[']BSP”i i aPoad Marion 18 fptinaobiush g to ©

streamis recovered fromthe third reaction zone_30 through a Iine 98. The
ef f | uelMmstheetand shaamto the feurtheseaction zene 480 dbeblovad twaction Heone feed ed
portion of the effluent streamfromthe second reaction zone flow ng

t hr sugstréamgaddes throlighrthe tiee f9%e threugh dhe theatdreB(0 whichhheats ¢he aireannto e
The fourth reaction zone feed 5 stream passes through the [ine 96, through

t he hegédiedShlethempenfaieSoftthe folimie AsadtiontZope 418 dndafieh thRughtRBahat 102tPf
the fourth reaction zone 40, and then through the |ine 102 to enter third

react | ef Mk 49%ct1%?| f&%gﬂ”t ﬁtéfﬁﬁzfﬁu' t! strdan 3¢ $& efvéd’??oh’??h% ?Jg‘%ﬁllﬂ réﬁf?tféﬂnon

zone 4 t rough streamtromth reac

zone 40 _passes the h exchanger |o 110, which cools the effluent
strearff %@ﬁ? H%ﬁ‘g ‘F@th the conbined feed stream flow ng through the
line 14. The fourth reactlon zone effluent streamthen Eﬁsses t hrough a

line 112 t ol Be efflient streamfrerpthe furth fepetieny zonr AP Paspesiia the heat exsbanrger
inlet tenperature of the separator 90, and then passes through a line 114
t 0 18ephtGtwhicbzools thee pfluenb stream by heatékthange with dbencomtinedifeed dtreato a
hydr ogen-contai ning gas streamthat is w thdrawn
flowing through the line 14. The fourth reaction zone effluent stream then passes through
a line 112 to a cooler 120 which cools the effluent stream to the desired inlet temperature
of the separator 90, and then passes through a line 114 to separator 90. In separator 90,
the effiuent stream is separated into a hydrogen-containing gas stream that is withdrawn
15 through a line 18 and a liquid stream containing the product reformate that is withdrawn
through the line 116. One portion of the hydrogen-rich gas stream flows through the line
16, combines with straight-run naphtha being charged to the process, and is recycled to
the common reaction vessel 100, as described previously. Another portion of the gas
stream is passed through line 118 to conventional product separation facilities, which are
zo not shown in the drawing, for recovery of a hydrogen-rich gas stream. By hydrogen-rich it
is meant a gas stream having a hydrogen content of at least 50 mol-%. The product

reformate stream is passed through the line 116 to conventional product separation

facilities, which are also not shown in the drawing, for recovery of high octane product, for
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I's through a line 18 and a liquid stream containing the product refﬂ{gﬁ@ﬁl%l
that is wwthdrawn through the Iine 116. One portion of the hydroge i

gas streamflows through the Iine 16, conbines with straight-run naphtha
bei ng charged to the process, and is recycled to the common reaction

vessel eddifipleaa réfosaatd hdving evieedsich.cldididiaie manbéomtiag of ABoghes. streami s
passed through line 118 to conventional product separation facilities,

Wi eh > . . ¢ . e
Ich are 2§ dﬁ%lcﬁb@%mﬁ@d :ohu? 1Kt AN gh ech RSN X%r@ uf"tH@’éfa%ﬁ@ gghglgtsoas

stream By hydrogen-rich | IS meant a gas stream having a h

conten t % T pr.o 0, tr | ass .
hrough ¢ Ryt EoF: am Py Geiien ABoE BBk acle S er B S9R eRRES R o
are alt%o not sthg i.n tf}e dr awi .ng, for recover$/ of high octane product, for
17 0 6PRRSORSHST I¥s dpyention inghuderepetion, #PAgS dhdtcmprise Bve R Bore feadtiofver
rating of about 95. It should be pointed out that although each reaction
zond | Yeasels. @eahiwith 2 eatsalyst bedoan guisitsargan, apd@n ianercsareen s dhesna reactiomn

i nner screen, the reaction zones that are within the scope of this

i nventZane icanl edmprisectriora thanesné hebctimpuessel. t vEormsequenty r eactieam tbat
vessels, each with a catalyst bed, an outer screen, and an inner screen.

Thus, lypaaetiPreaihezeme cafMPerTBrd By Sass AtbreNAan GHE rEALtivRSS6dsel. For
Consequently, a streamthat bypasses a reaction zone can therefore bypass

nor et Safinpee af ﬁ%ﬁ%ﬁ&g\hﬁéﬁeﬂvo Fé%\rcti?ﬁ”%ﬂgé,ewitﬁﬂ% ﬂ&gi?%%&fbﬁ\%&‘?ée géﬁ@éiﬁing

reaction zones, I'rTst reaction zone conpri
vessel s that .. ' ' f.l ow.. d the second reaction zone conprising
one. + oeLacngh YeeSeid HhatGirgiin SFtie it B B8 REPRP EEFIOR R coRinp ne
exanpl g, ﬁheé!porti,on ’Cf'{inthe char ge .Stream t hat B,asses to the first
r eaBt | 'GRCYSM ¥eFse!Je willin dae seepq b Hhis ANRIYANt HB thiexanple: thsh PoEeaepisther
the first reaction zone. The effluent of the second reaction vessel of the
first ¢heatgeisyeapbinat passemiortbedirt reastionezgna pagsesfin shees flowtthraught thertweone.
Then, in
reaction vessels of the first reaction zone. The effluent of the second reaction vesse! of
the first reaction zone is, therefore, the effluent of the first reaction zone. Then, in
accordance with this invention, a portion of the effluent of the first reaction zone bypasses
15 the second reaction zone, and the remainder of the effluent of the first reaction zone
combines with the portion of the charge stream that bypassed the first reaction zone.
This example does not limit the scope of this invention as to the number of reaction
vessels that comprise a single reaction zone.
Although the amount of diversion or bypass of the total hydrocarbon flow around
20 each reaction zone in the drawing is 10 mass-%, it is believed that the benefits of this
invention can be achieved if the amount of bypass is generally between 0.1 mass-% and

99.9 mass-% of the total hydrocarbon flow. It is believed, however, that because of

process economics and the inevitable foss of conversion the amount of bypass is

18



accordance with this invention, a portion of the effluent of the fir tﬁAUGZW}
reaction zone bypasses 1 -9 the second reaction zone, and the remai nder of
the effluent of the first reaction zone conbines with the portion of the
charge streamthat bypassed the first reaction zone. This exanple does not

limt the s f this invegntion_.as to the nunber gf reagtjon essel

that BRIl Befrenn L Fpaske s ond ol nask T ers erelresti bepvehn, & Fsitor
bypass_of the total hydrocarbon flow around 20 each reaction zone in the
dr awi ng"¥S01Ma88s2- 0, it is believed that the benefits of this invention
can be achieved if the anmount of bypass is generally between 0.1 mass-% and
99. 9 nBAAIMSof the total hydrocarbon flow. It is believed, however, that

because of process econom cs and the inevitable | oss of conversion the

amount of bypass A lbyditBcdtbbnAdweith proeésy edrhrisiegween | mass- % and 50
mass-% and nore preferably between 5 mass-% and 30 mass-% CLAIMS: 1. A

hydrsocar bonayon%miﬁg aoﬁl%ﬁ SRioNOG4 ihﬁ]iifb‘&érb% A orﬁéiﬁﬁied‘&lagrgéiétr%ranp% by of

a hydrocar bon- contai n ng charge streamto a ftirst act1dbn zone, reactlng

hyd | ' ' ' , d w.t hd i fr. id. fi
hact s ReB dhes 3efelld BhoroBadnt i e i Vealhd ehPéL B ittsa R BlaC b, ° o
second 83.[ ion of said charge streamand a_first porti on of said .fi rst

ef fl ueﬁg' IrStIgRFiQN Zonga Svdrecasken-santarying firskbgllueRlstigAMocar bons i n sai d

second io0 reaction zone, and withdrawing from said second reaction zone a
hydr ocar bonbtont #Rss$ing a secanthpertion fraaid charge, steesin @ndr 2 ficst qrartion of paidduct
stream contai ning a second portion of said first effl uent
first effluent stream to a second reaction zone, reacting hydrocarbons in said second
10 reaction zone, and withdrawing from said second reaction zone a hydrocarbon-containing
second effluent stream; and
c) recovering a product stream containing a second portion of said first effluent
stream and at least a portion said second effluent stream.
2. The hydrocarbon conversion process of Claim 1 further characterized by
15 passing the product stream recovered in step (¢) to a third reaction zone, reacting
hydrocarbons in said third reaction zone, and withdrawing from said third reaction zone a
hydrocarbon-containing third effluent stream.
3. The hydrocarbon conversion process of Claim 2 further characterized in
that a second portion of said second effluent stream and at least a portion of said third
20 effluent stream are passed to a fourth reaction zone, hydrocarbons are reacted in said
fourth reaction zone, and a hydrocarbon-containing fourth effluent stream is recovered

from said fourth reaction zone.

4. The process of Claim 2 wherein a second portion of said second effluent
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stream and at |east a portion said second effluent stream 2. The

hydr ocar bon conversion process of Claim1l further characterized by Q.6 AUG 2003
passi ng the product streamrecovered in step (c) to a third reaction zone,
reactin hydrocarbons in said third reaction zone, and w thdraw ng from

sai d t Alfeamranstsaid thighaBiuent styehn isrecoveredrisyprot et fidtsdichidcesst Stream

3. The hydrocarbon conversion process of Claim2 further characterized in

that a secofid poiheqrooésssef Clafasang d?%WvHé’%ﬁ §é‘8%%€b ' ion
of said third 20 effluent stream are passe r{o Ia oufhl!:il or?ﬁeoeﬁc |or{d%8§ ,

yar ocar Don eom Sn e T hor e PP g bl B SRt o g

hydr ocar bon-containing fourth e uen vered fromsaid
fourth reacgi on T r.ocess, of .Claim.2 wherein a second portion of
said secondé'ef fl E'gﬁfp r?ée‘bs E‘eg&ﬂnﬁo 29 ﬁe‘gﬁme'éﬁﬁ’él S@!ﬂe 8e¢9nd: podion eksriddfirskam
i's rec%ﬁere taségﬁroduci frﬂ%said grocess. 5. The process of Clains 1, 2 or
3 wher & HEASTIFAR CORWNSES A (5shP te 40 anassaVenef said firshaffluenpstrean. at | east 5
to 30 nass-% of said charge stream 6. The process of Clains 1, 2 or 3
wher ei n sai € secOhe precesoof oElaimms dl,f2ret 3 Whefdih ubst hidroeambopo BBRERBMAL

|l east 5 to 30 mass-% of said first effluent stream 7. The process of

Cl ai msPrPcess d¢ selggtedeframy the igravp camnisisting ool eeforming, ralkylatisg, i Geslkylatibgd
fromthe &r]ou _consjsting of reform ng, alkylating, deal kylating,

hydrog}é\ﬁjé g@é,)thgydrwqrgggatp@, defpireganatingng iséreenzing,z i ghydroisomerizing,

h . vl H Ui 7 : el
de ydré)e'hsy%rrrgéy'c izin ,’cragﬁiné,dér?gmdrloélra% fng(.:rackI ng. and hydrocracking. 10 20
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