FI RED HEATER FOR A HYDROCARBON CONVERSI ON PROCESS BACKGROUND OF THE

| NVENTI ON [ 0001] Hydrocarbon conversion processes often enploy nmultiple
react i on wones/tingieugh whi ch hydrocarbons pass in a seriPpe3/Uskawo282ach
reaction zone in the series often has a uni que set of design requirenents.
A m ni nrum desi gn requi renent of each reaction zone in the series is the
hydraul i ¢ capacity to pass the desired throughput of hydrocarbons that pass

through. the SeiRes HERTERCEOROARYISRBICHREEAHECAPERsRONGARDAIRAS! | on zone

is sufficient heating to pertorma specified degree o n
conversion. [0002] One well-known hydrocarbon conversion process can be
catalytic reformng. Cenerally, catalytic reforming is a well-established

hydr ocar bon conversion prB REbINIY &2F THE INVENTKYINeum refining i ndustry
for inmproving the octane quality of hydrocarbon feedstocks, the prinmary
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to yiel nes, |somnerization tuted 'aromatics, a

hydr ocr @biaugipof oplaydrbtamens Ahatgfassnthrapghetbdsteviek. Anradaddiomahgesigor acker ,
straight run, FCC _or coker. naphtha, and n_contain_many other cpnponents
such as "RILBEERSAL AT reacimB Ehar s sullkiat Adaiiithie PRARTSE Pedr er cegree

fur nacesyidfyaraddrson esAeersibnhydr ocarbon conversion processes, such as
reform ng, 'to heat the process fluid before it is reacted. Cenerally, fired

heat@rs [0002Lir nd2re welidingun laydracarboadiaaversion peodesatdandezertelytio heat the
such as SIS ot Bl ARIRES FiPraREHR Ay EeRRRIREILO BB Sonvect | on
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section first allows for the process fluid to recover nore heat fromthe
flue gaPdhenaddeality génpdmcagoon feedsinsks cthediiingaytrrefugtofaeforming being a

motor gasoline blending component or a source of aromatics for petrochemicals.

15 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 cyclohexanes, isomerization of substituted aromatics, and

20 hydrocracking of paraffins. A reforming feedstock can be a hydrocracker, straight
run, FCC, or coker naphtha, and can contain many other components such as a
condensate or a thermal cracked naphtha.

[0003] Heaters or furnaces are often used in hydrocarbon conversion processes,
such as reforming, to heat the process fluid before it is reacted. Generally, fired

25 heaters or furnaces include an all radiant fired heating zone to heat the fluid with an
optional convection section being used for another service, such as producing
steam. Other fired heaters can have an initial convection section followed in a series
by a radiant section. Having the convection section first allows for the process fluid to
recover more heat from the flue gas because, generally, the convection section is at

30 a lower temperature as compared to the radiant section of the heater. Additionally,

-1-



a lower tenperature as conpared to the radi ant section of the heater.

Addi tional ly, both of these heater designs are applicable to charge heaters
and i nt erwearavsélEach section includes tubes to contai rRCThS2@00e8236 1 uid
flow ng through the heater. [0004] However, these conventional designs
suffer di sadvantages. Sonetinmes a conversion unit is [imted by the heater
If increasing the firing of the heater raises the tenperature of the
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OX|d|ze on the sides of the tubes, leading to the formation of scale that
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’ temperatures. %/Ietal catalyzed coking canycaus% the shutdown of reforming units for

maintenance work to remove the coke deposits in the reactors resulting from the
onset of metal catalyzed coke formation in the fired heater tubes. As a result, lower
tube wall temperatures are very desirable.

20 [0006] There are several solutions to coking problems associated with high tube
wall temperatures, but each has its drawbacks:

[0007] a) sulfur can be injected that inhibits coke formation, but this solution
generally decreases reformer yields and may be unnecessary for some feeds that do
not tend to coke;

25 [0008] D) the radiant tubes can be replaced with tubes of different alloys that can
raise the maximum allowable heater tube wall temperature, but these alloys tend to
be more expensive;

[0009] ) the heater can be enlarged with more tubes and/or burners to increase
surface area, but enlarging a heater is usually expensive; and

30 [0010] d) a heater can be added to the series of heaters to provide some of the
required duty, so the size of the existing heater can be decreased. However, adding

a heater is also usually expensive.



[0010] d) a heater can be added to the series of heaters to provide sone of
the required duty, so the size of the existing heater can be decreased.
However, wodbrgiiasiheat er is al so usual ly expensive. [ 001 PCi/uskoloags2been
considered very inportant to design fired heaters so that the distribution
of fluid fromthe manifold across the set of parallel heater tubes is as
uni form as possible. Problens arise with maldistribution of the fluid
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to increase the capacity of the units. fired heater tube wal

t enpler atthe dgbe that Irises to theshigbesthubelwalkiempesatire nit thealiist tiberwets t@ehaveoct ane

t enper actpSer FOVEH TLRCER PLaiifE Tost ke FR Tt Wskng RAED A OEnensi ve
fired hamtieof bkl wall Sagierbiure belisratipe fiestltlise oauldreadh%he wppetiimit. t he

estimated cost of a conversion unit, such as a reformng unit. [0013] Wen
desi gni 18032 i r Addiiieapky, sopretimes ranverpen Wiitsasgsefurbished derigg t he

mani f ol | 8 t t S : i riables are
sel ecte u@%@ﬁ”@ﬁ?{éﬁsﬁ%%% gg@?gﬁhﬁa%' t@}gt}gphﬁcﬂgﬁéﬂﬁ% lﬁr bi shnment
many0 dedegpevaturedtaslimitehs pbiential fowalngta i ctéwsevar ieddrheste wotd ek iheashseo
significant expense. For exanple, panifold sj %e and tube dianmeter are
costly t'8 EPAHJRIORUNIISeSYETHAS BRTOMBING Wiitsh ﬁb.u%}"@Hé‘?WH?@tu%‘é{P%ﬁ'@s
techniq i Vi I ct ed.
For oxarca e eop R e FElIBRGTYPlardt B (e R e el et
t he presmliseadriEp2@ibriosXd% lof thenestirodiddvenst abewensersimtuhit,suchlasea it was
comon engi neering practice to assune under those conditions that uniform
di stri bJ?ﬂ?SW'%Engchi eved. However, today's anal yses show that is not

necessarody3}f r Ugvh&rsdesigaiha firddiiEatee ust i afnewpaitess! the difdtthel t has
been di scovered that the | ong hel d engi neering assunptions were not al ways

adequat enanitpleslj thetameter ohjnebeater tuliss andiethes designeasiabiest arerseieciod
to best suit the process at hand. However, during refurbishment, many design

variables are set, or changing the variables would lead to significant expense. For
example, manifold size and tube diameter are costly to change at the time of

20 refurbishment. Furthermore, analysis techniques of today may uncover problems
that went previously undetected. For example, if the ratio of the pressure drop across
the heater tubes to the pressure drop across the manifold was above a specific
value, it was common engineering practice to assume under those conditions that
uniform distribution was achieved. However, today’s analyses show that is not

25 necessarily true, especially in the case of refurbishments.
[0014] It has been discovered that the long held engineering assumptions were
not always adequate and adjustments may need to be made to achieve uniform flow
distribution across heater tubes. Some adjustments, such as increasing the size of
the manifold, may be quite costly. However, once the problem was discovered to be

30 maldistribution of flow across the heater tubes, applicants found an inexpensive
corrective design change that involved placing a restriction orifice adjacent the inlet
of at least one select heater tube. It is likely that a restriction orifice may be placed
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di stribution across heater tubes. Sone adjustnents, such as increasing the
size of the manifold, nay be quite costly. However, once the probl em was
di scover enioo10p76mal di stri buti on of fl ow across the heaPer/usanes?28270
applicants found an i nexpensive corrective design change that involved
placing a restriction orifice adjacent the inlet of at |east one sel ect
heater tube. It is likely that a restriction orifice may be pl acedadj acent

the inl ; [ I eg. @ Eh ON

or' 1 ce e e S Bl HBE R S ElerP ol WdesC A e RO L O ¢ Lbes
t 0 achi eveay beelacatkadjasenitthe [dDAe6df e muge Isefactdd bbatentybes toesthiéwet then
orificeﬁn%i beLﬁl aced in between the inlet manifold and the inlet to the
heater t € "8Yer embodi ments include installi ng a restriction orifice
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heat er tubes |l ocated towards the mddle of the fired heater nay receive
heat fr diankipaden heseofhurners and be capabl e of heating fluid faster than
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resud ti reg the inlet oftseléctee aehterduivdéetaiiseraayahtageesfdiatispotd withini ssfieabodi ment ,

t hose tybes not located in a hot spot nmay have restriction orifice placed
t the. TTALET 01 tihEaboaR BE™LOBE™ OB ciay UB08 S des B ma e iaNaly Haf e
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[ 0017] ore, ere is a desire to increase the
conver sitwmat inom tvem detsaaf exsersdndciee cagamaraf heaengwlld fastesénan otrerwi t hout

[ [ t | t f the di sadvapt ts di d ab :
Cor r ect R RGPS T Iog: DRIGHIRE RO HCaN i tnEeS sBiesh BaEsafiy B8 on
ori {4 ce iA@@abed Pelafive &AER restbttheMcdigntubBs willr e r@@@ltigg fiid étﬂl%aeﬁmgedi ng
tube wall tenperature limtations. BRI EF SUMVARY OF THE | NVENTI ON [ 0018] A

fired hdhedlesteemnperajurg In Bus embedimeant frasesiebes oot lagatathinfahal seotset  of
may have a restriction orifice placed at the inlet of the heater tube in order to cause a
greater flow rate through those heater tubes located within the hot spot of the heater.
[0017] Therefore, there is a desire to increase the feed through a conversion unit
20 and not exceed the maximum tube wall temperature without incurring at least some
of the disadvantages and costs discussed above. Correcting maldistribution through
the use of at least one restriction orifice can help increase fluid through the fired

heater without exceeding tube wall temperature limitations.

25 BRIEF SUMMARY OF THE INVENTION

[0018] A fired heater comprising at least one radiant section, a manifold, a set of
heater tubes having inlets and outlets in fluid communication with the manifold, at
least one restriction orifice adjacent to at least one heater tube inlet and in the fluid
flow path from the manifold to the inlet, and at least one burner. The fired heater may

30 comprise multiple radiant sections, each section having the above-listed
components. Each radiant section may be separated by firewalls.
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heater tubes having inlets and outlets in fluid communication with the
mani fol d, at |east one restriction orifice adjacent to at |east one heater
t ube i nl ewoanty/iimeithe fluid flow path fromthe manif ol dPCo/ush@oioed2ee , and
at | east one burner. The fired heater may conprise nmultiple radi ant
sections, each section having the above-listed conponents. Each radi ant
section may be separated by firewalls.[0019] The fired heater nay be

enpl oyeqopigp NYHEr&d ﬁ@Qte‘FWB%ea I&é&ﬁ%hy&ﬂ&%ancc{?ﬁﬁlﬁﬁ/gerﬂﬁh';bﬁj@ées%ass' ng

a hydrocarbon streamthroug t one hea [ t l'east one
bur ner, TEhe prbicaas irmmesopasmgjadwdronwborystraamdhtmtgh airessiatneoneatéener al | vy,

I T e e e
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and outlets in fluid communication with the mani folds, at | east one
rest¥i ctthmug@rthe|raélanhse¢t@nf bbefote exitng ;ﬂm heatesntheheadianteechanicooipdises a

et orm iep phlicbher AR, 538} abhEatBhl s naiid lese Ak stieR FRUETY &
st ream igophradhieatioy WibCAE boasifdlds, et tdast i erragirtibn deifite anthen@xd fibhrpatgh t he
optional convection section, and then to an inlet of the reaction zone.

Gener al IfEDmtﬂW%'r}l%tf’BﬁPﬁfQig tQ§i heateriubgdslehtandealdeasrRNeRWNGF. i ncl udi ng at
| east On:lﬁ Neh, ofherr%g( rg%%dr Rﬁe@s%ﬁ @(ﬂ%e 6§B ﬁg Fbtféﬁﬁuhbon and
ng sec

a refor eac |nc a rea on Zone.
conpl i samit aﬂcepa:asmlg au;:trtwm irhuding dgdrozasminsothrauegit e radizes sbeormgexhl et s
and outlets in fluid communi gation with tH mani f.o0 at | east one

restrict hfﬂﬁig&thﬁ&p@oﬂﬁ' W ECHAN geEiQty 3pshtHER F%ﬁ‘ﬁt"ﬂ'é?%ih@treﬁﬁ?m 6Pfto a
heat er ty@gerall %%e réfb‘?mﬂ% LR FHCI R AYeaG onel AdH | Péﬂo‘ﬁi(%ﬁﬂbééb’ovif' nery or

pet rochem cal Pproducti on acility can include a re uni t
t ur n mayburnet, adadantsackon,iand audphtgn&t dooveetgn szect@d; and asrefarinong reemloran
opti onal. rm n react.o I ant

é vectlontsectlonT { Cg a E[I g ﬁection
can i ncl'0gHYR9q (&gC 'PU&Q”ﬁavF%éa%{ﬂ” i 'P”aﬁ‘? %ﬂ'?eédf‘ eé?” SUUIEETENPldS. 9
hydiocare@pf AEERAMNISEY RAVIAG ifl86 dIRPé&ets IfuitHorimbRicBBoe WithrRed Wi th a
restriction orifice, and an optional convection section can include a

second troaeifelds aige@ﬁi ang! restripian axifieatn the fwd flowceatyifra the: ingtdnaaiéeldon

can havaos heflel s blsfeld AfeR Ll piliue hec o e e orT no reacter

[0021] An exemplary refinery or petrochemical production facility can include a
reforming unit, which in turn may include a heater including a burner, a radiant

20  section, and an optional convection section, and a reforming reactor. The radiant
section can include a first tube having an inlet and an outlet for receiving a
hydrocarbon stream entering the heater, the inlet being equipped with a restriction
orifice, and an optional convection section can include a second tube having an inlet
and an oultlet for receiving the hydrocarbon stream exiting the first tube of the radiant

25 section. The reforming reactor can have a reaction zone, which can receive the
hydrocarbon stream from the outlet of the second tube.
[0022] The present invention can, with respect to conversion units such as
reforming units, allow the economic design or expansion of an existing reforming unit
by correcting maldistribution of fluid across the fired heater tubes in one or more fired

30 heater cells using selectively placed restriction orifices. In an existing heater unit,
such a modification may be done with minimal changes to the existing heater
components, thereby reducing both the capital costs of equipment and shutdown
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hydr ocarbon stream fromthe outlet of the second tube. [0022] The present
invention can, with respect to conversion units such as reformng units,

al | ow t hewecoranv@4desi gn or expansi on of an existing reComseeg/oese by
correcting maldistribution of fluid across the fired heater tubes in one or
nore fired heater cells using selectively placed restriction orifices. In
an existing heater unit, such a nodification may be done with m ninal

changes tﬁﬁe.tmse’fﬁéhfé&nbﬁ%ﬁgoﬁ%ﬁﬁ %ﬁcul%ﬁgmy&{itﬁe%li s aRRlifg bhe

capital costs of equi pnent and shutdownti ne. °Thus, e present inhvention
can be pistinguheateyswiédringsfobrmedaxiorunn éuzenyiahderaperatirst limitatlosmat ehichuisf er i ng

L ST RS0 L PRl B S0l (o gL bl o
resul t anpwht FexdiitBpefirRd Hather Bk !wdIrPRIcrhire(sI s8IréQu eSOt Rgal

potential for netal catalyzed coking in the (fgl red heater tubes, which can
i ncreasdor metalgatalpred cgkiog in the Wed nubesawbich casrieercasd the otldbdibyre of

2bove. - HidTneaesi R R Eo1s AP bSH SRR BB e RS
advant ageigustrér ebkinguoltiorefad distusseer sissved B p@seht InvehBat ean taldeeise when
for exanple, the fired heater has exhibited areas of increased or decrease

heat i npifed BRMentipEdRETeRiechd \@ntageousriipirination @ Asid agress @ set ohfichenmat i ¢
depi cti I ' : j Iy ' unit
and o rter BReEXHER B EAPEIC TR rebhedBrnabe el SRR SUMBIARELA ot i
depi®t i aeondéasd héatanputa porti on of an exenplary reformng unit of the
present invention. [0025] FIG 3 is a schematic dual cross-sectional view
of an exenplary heater with an optional commopn convection section and a

plurality of radiant SWIE‘FT‘@ESE%R‘@?I(BNE(?PWHE m%f\@q@s [0026] FIG 4 is a

schematic cross-sectional view of the | et mani restriction orifice,
and inlet to a heater tube of the present invention. [0027] FIG 5 is a
schenat i[0023bssFHect isomarherinatic depictien o enraxenmmaryoefineyghbbean eglude &i n

the il RO AFahdS efrfing BnR oFER! SlesbiPRv@hiHe Present invention
15 [0024] FIG. 2 is a schematic depiction of at least a portion of an exemplary
reforming unit of the present invention.
[0025] FIG. 3 is a schematic dual cross-sectional view of an exemplary heater
with an optional common convection section and a plurality of radiant sections of the
present invention.
20 [0026] FIG. 4 is a schematic cross-sectional view of the inlet manifold, restriction

orifice, and inlet to a heater tube of the present invention.

[0027] FIG. 5 is a schematic cross-sectional view of the restriction orifice located
within the inlet manifold and the inlet to a heater tube of the present invention

25 DEFINITIONS

[0028] As used herein, the term "hydrocarbon stream” can be a stream including
various hydrocarbon molecules, such as straight-chain, branched, or cyclic alkanes,
alkenes, alkadienes, and alkynes, and optionally other substances, such as gases,
30 e.g., hydrogen, or impurities, such as heavy metals. The hydrocarbon stream may be
subject to reactions, e.g., reforming reactions, but still may be referred to as a

hydrocarbon stream, as long as at least some hydrocarbons are present in the
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[0028] As used herein, the term "hydrocarbon streanmt can be a stream

I ncl udi ng various hydrocarbon nol ecul es, such as strai ght-chain, branched,
or cycli cwal2kemasqi4al kenes, al kadi enes, and al kynes, an#CoiSeanakd2yo ot her
substances, such as gases, e.g., hydrogen, or inpurities, such as heavy
nmetal s. The hydrocarbon stream nay be subject to reactions, e.g., reformng
reactions, but still nay be referred to as a hydrocarbon stream as |ong as
at | east t i on.

o SRR AU REBBRS TR, BRERRbch o R ARl dIRarRa o0
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i ncl ude "2ANRE 888%6%0%889&'% SU?RSJJP%I 88‘?f 8@%935”?%'&(1 a
feed st reff%ﬂnc%dé)ér%\ﬁ?@df&%‘#béﬁ fRN Sk, ahy 6&:#98#1 fedAHEER &f feel hg feed

hydr ocarbon nol ecul es ey be abbrevi at ed c2, C3 Cn where "n"

r epresergircanne pombneddeed stneem at ameffluent. H‘éonre,odebdae tydrarsireon| e. [ 0029]

2 hoat e pEcutyheY o HBeuB Rt GEcbant 1 S OrP ALt aEel s e RS,
For rel aicualin SRR HBSS caBonRAkeuB! T 1y by radi ant and

secondart | convective rel eased by, e.g., the fuel gas
bur ned @029]5 héatused HéBéEB]O}heAErm'ealdlbat seationt Igenelsmlmréfemsslkeatseotlorsetai on"

enerally refers. to ecll 0t % heat ,
o 1P savinta 25 15 Bhl e Sundantaly oyl Efisa dno A g Blatygh o5
thed| Uecl%tutfe%'cﬁ%ﬁ@ﬂeﬁb’ ptrlPr?arfl;‘f'%k rQﬂ%nP’a‘ﬁ@@@c&&’dérﬁﬁb?%éh@éctuv@%a‘?ta' ly, 7
to 15% of the heat is lost throu the stack, so usually no nore than 93%

of the Heausfererelagsed by e. getlﬂelélel igasunlirnéd by thenheaterr adi ant and convecti on
section the ter can lh/ cl udg?a fur.nace, a
t

d h
ohor o iaasll > Had st Rt B der RoorhEEbn BERGT ol et S AtathBl o,

and can dfechékter adceiveag tt 090 @592 8F et hSRChiiarilydy tERRCtio anaFREBAHAMY
section, or a conbination of at |east one radiant section and at | east one

convect |b3hra§ea;rttmﬁt tr@EsrfAr bEre BESoRIIPEIgaN, Greased PrirNfTiebsies Gogmgd bxing al | vy,
Cpd Al Ydefio JUURERY OPPl 5% SRAE AEAL RABCAPITIHAG 5 ER AN Y HBATbE 2

reac i on Syst 9 2% reactron e rea
than 93% of the heat released by the fuel is utilized in the radiant and convection

sections.

[0031] As used herein, the term "heater" can include a furnace, a charge heater,

or an interheater. A heater can include at least one burner and can include at least
20 one radiant section, at least one convection section, or a combination of at least one

radiant section and at least one convection section.
DETAILED DESCRIPTION OF THE INVENTION

[0032] Generally, a catalytic conversion of a hydrocarbon-containing reactant
stream in a reaction system has at least two reaction zones where the reactant

25 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 that can include a
reaction zone, may be placed along side each other. In the stacked form, one
common reaction vessel can contain multiple and separate reaction zones that may

30 be placed on top of each other. In both reaction systems, there can be intermediate
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stream flows serially through the reaction zones. Reaction systens having
mul tiple zones generally take one of two forns: a side-by-side formor a
st acked fwormionzdéthe si de-by-side form nultiple and sepaTAiSe00M28206 on
vessel s, each that can include a reaction zone, may be placed al ong side
each other. In the stacked form one conmon reaction vessel can contain
mul tiple and separate reaction zones that nay be placed on top of each

other. | éa?iaybrrc%%ﬁ# BBtWYSH FiEreakhiGh $068¢ einB [ gt eRs rasktRhs

cool i ng en th eaction zones, dependin et her the reactions can
be endotdasr e endothemtdm’reﬂortherMOBS] Although the reaction zones can

i ncl ud nmb ts f b f h d
upt 1 ow TRESET ooSinebish PR ECHEED <oiiiche BELEP M ZOHROP e AT ISP S 1o
i nventi Qﬁ/d'récaﬁfBBh *fl@@l/éﬂfﬁh BLA6RANGN, (W, dhd %b@ﬂloﬁ'tﬁé’rﬁ@@t%nﬁ’rﬂoﬁone
general Iy includes cylindrical sections having varyi nom nal

cr osssedenetit) zene swhigdrthisdaventicmia &Wélﬁd amawb@hr@cbab tA radiakflawe

cyri nar ARz SR el iR ol g CREDAR ARG VK inG ortpal b= ©

retaini r@cﬁ@h@l%eé@d@tu@mlwMc@@luallmgpﬁomwmﬁh thetreadtiondzcie. Beieflyhat are
both coaxi ally-di sposed within the reaction vessel. The inner screen nmay

have a rédiahfpw reactiomzone typically degludesmp Gah'w'qah&aqt@nl\@§§eltmalﬂma of the
out er S‘i{yﬁgﬁmgéﬁ@u%}f@ﬂggﬁé‘?al m@%@&# apa %Céfllﬂa |?z{f1r|r9r?§r c,saqglg P@%I{]ﬁgea t hat

is |less reacti on vesse ctan treamis

I nt [®@ductdeemthat ahe batinchaxialbpdispodert witkim mbeeactmrd\eessel I Thef inhbescreant i on

vessel and the out5|de surface of the outer s ree[] B}?@'E ﬁ nt stream can
g8s AhQ

pass t hrBBYRAYRE RIP Rl deiema) CressseeTtionaaRIeR AT & e afete
bet ween éfﬁi‘@er?%r%h €8 ?\%R}ead‘ﬁ% IH%I' !é‘?ﬁal 6§‘§ ecﬁ%ﬂﬁ h%??&%QFtHJWtHa@”er
he

SCreen. St reamt at my e CO ect e ndri ca space
i nsi de tdidhé neaationcressal. @anelnellmthac&emmntfs’cmm iseuntreelu@edamta#memnulart hough

th ti t h t dth : b

cyl 1 nar 139208 G e B Wk o ey SRiBh e od rndafe i d SuiRe Afien

sques e, QheOSEeeR! T PeBYISht SIRRANELA Ha8s tﬁ%ﬂgh(ﬂﬁé ofiter sepdur, glatv I%'E‘hal@lnd

techni cal considerations. As an exanpl e, general ry%th@elﬁls comon for the

out er sdhesighttberasnuias @a@emtwam&e:wﬁen@arae@l a neugcreen; aid pass be an
o e RGBSR s oAb anhc ) B ATRRER T R P ¢ he
space inside the inner screen can be withdrawn from the reaction vessel. Although
the reaction vessel, the outer screen, and the inner screen may be cylindrical, they
20 may also take any suitable shape, such as triangular, square, oblong, or diamond,
depending on many design, fabrication, and technical considerations. As an
example, generally it is common for the outer screen to not be a continuous
cylindrical screen but to instead be an arrangement of separate, elliptical, tubular
screens called scallops that may be arrayed around the circumference of the inside
25 wall of the reaction vessel. The inner screen is commonly a perforated center pipe
that may be covered around its outer circumference with a screen.
[0034] Preferably, the catalytic conversion processes include catalyst that can
include particles that are movable through the reaction zones. The catalyst particles
may be movable through the reaction zone by any number of motive devices,
30 including conveyors or transport fluid, but most commonly the catalyst particles are
movable through the reaction zone by gravity. Typically, in a radial flow reaction
zone, the catalyst particles can fill the annular space between the inner and outer
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wal | of the reaction vessel. The inner screen is comonly a perforated
center pipe that nmay be covered around its outer circunference with a
screen. [WO2d4jo/Rr@afier ably, the catal ytic conversion pro®eTdssoiones2ade
catal yst that can include particles that are novable through the reaction
zones. The catal yst particles may be novabl e through the reaction zone by
any nunber of notive devices, including conveyors or transport fluid, but
oSt COrgERBlrs, WHict? e s balRY Gty 81 od AN bAitIAILANS: WGl Zone
by gravity. Typically,” 1n a radia ow reaction zone, the catalyst

parti cl €soroanbdtidrh pohéoraoina reactiopaonehandeeatalydigairtivies maydeintredsiceéens,

whi ch may, be, cal | ed t cat al.yst_ bed., Catal yst rticl can, be w thdrawn
rom a DO SIRHBITRDE! 16 BB ods. Torestana) nelfcirs SReter el Mede

i ntroducgdctidh forfe EAR sBBSEARIMIY b fRRoVERR FEH RO PPocebRErdyainaatel iRar ticl es
w t hdrawn fromthe final reaction zone can subsequently be recovered from
t he pr odgegenciatigaFenatadhe pracesegenisargfemad 1@ asothter rérctipnozanss Likewise,
transfer

adava + dg CPiuEhghn 6806 \EA aREN AT B ST RIN AL REABHGL o° e

process,aduridab)taé prdedsshastahge thdtege et Rgehdraed @0 neg@idratiod @08eW t hi n
the process, or catalyst that is transferred from another reaction zone.

[0035] 1WiEhi8 thepraresk caiceatalystkas & sansfatred 4ne anaties Aea@Raane- zones are
di scl os 055) US n'?u&%ﬁig/éfr@?@t% \lré%s%sltthﬁé?hé%s{é&%p%@é‘@@rﬁ;@q@aﬁéﬁ“ ch are

i ncor pora herein eference 1 n elr entirety. - the transfer
of the diisclos$ed N 0Bi3)FOE sB6lanstUP,13@,166, thedeactings eawhiahnareone t o

another, the introduction of fresh catalyst particles, and the w thdrawal
of spentineaiparajes Rsieiniayi relerapie Bt neiireyr Gephraly: die/ Eensieaasiier
condu t ol RS HLEREASAAEIS (EINLAELBHCN LIRS HARBRIRE AR ciSh ude

vari ous Ions~froma range of crude ol One exenplary feedstoc
conver t adf fleghtdedslgstppartieles eandjtheewdhdpwah of apes Gatalystgeariclahiace effagtede a
napht ha,, i ncl udi i ercent .or parts by wei ght based on the total weight

of hydraéﬁﬂ*@@n%atglgsﬁﬁgngﬂﬁ WS i scl osed in the Table: Tabl e [0037] The

sul far qoose] f uThe 9eédstacRdcSREPRANSISth@BE proGeddiel'cadanciQbe Vafibggen
cont ai ni ng conpounds are neasured as, respectively, elenmental sulfur or

ni t r ogerfractings divouatrenge of aruderoitenOne exesgelary teedstodkecosivedad by, these

respect id{’gké(SSe%t@é?ﬁ%%lﬂl ﬁﬁ%ﬁJtdes a stream, which may be a naphtha, including, in
percent or parts by weight based on the total weight of hydrocarbons in the stream
as disclosed in the Table:
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[0037]

The sulfur or sulfur containing compounds and the nitrogen or nitrogen

containing compounds are measured as, respectively, elemental sulfur or nitrogen.

The amounts of sulfur and nitrogen can be measured by, respectively, standard test
methods D-4045-04 and D-4629-02 available from ASTM International, 100 Barr
Harbor Drive, P.O. Box C700, West Conshohocken, Pa., U.S.A.

[0038]

Processes having multiple reaction zones may include a wide variety of

hydrocarbon conversion processes such as reforming, hydrogenation, hydrotreating,

dehydrogenation, isomerization, dehydroisomerization, dehydrocyclization, cracking,

and hydrocracking processes. Catalytic reforming also often utilizes multiple reaction

zones, and will be referenced hereinafter in the embodiments depicted in the

drawings. Further information on reforming processes may be found in, for example,
US 4,119,526; US 4,409,095; and US 4,440,626.

[0039]

Usually, in catalytic reforming, a feedstock is admixed with a recycle

stream comprising hydrogen to form what is commonly referred to as a combined

feed stream, and the combined feed stream is contacted with a catalyst in a reaction
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392F). In sone cases, it is also advantageous to charge pure hydrocarbons
or m xtures of hydrocarbons that have been recovered fromextraction units,
for exanpwe,2orvafiféimat es from aromati cs extracti on or st pairgiseeiolzs2mno
paraffins, which are to be converted to aromatics. In sone other cases, the
feedstock may al so contain |ight hydrocarbons that have 1-5 carbon atons,
but since these |ight hydrocarbons cannot be readily reforned into aromatic
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pass through a conbi ne | heat™ exchanger. In the conbi ned heat
ex changeoncensatienmoinrapteenic aad wdstaniieey stigighk chaingiargffingat with t he

Feed st Moo Skt = ShhBey 6 RnARATR rblen SeBhuRReRent Bulita Iy
i nsuf f i cdyenidizatorherdctibhs. TeaTbiieded erdrget steaks s hdshtigs torslsiing et
tenperature of the first reaction zone. [0042|_L Cenerally, hydrogen is

suppl i edringinaliyaf aerhinears and raraffinsdhaiCarbes wihinihgassehngeandtsl e of

hydr ocar e rg ; ' b [ ef erably
suppl i eaﬁﬁguéﬁbgﬁhgﬁgﬁggﬁudﬁ{a&c?#e?ggs?aﬁdaﬁgg@éﬁglL@yggaﬁﬁgpoczae%r per nole
of h(lyplr gnd_ubesl sfre@ﬂstmg?mltéesi ngturéiegas];eanig,csynﬂn?mgas]pﬁng&mmh e like.
suppli1e It ma e Su e ps.treamo the co I ne ee excnanger,
Sonpst s b AlBinatue bR Teabnr b tatnieaty 2ouaT GoRRUS R Chome BRANaBME r cam
ofthec(%r{:g'- f ) ; , M@: euppl i ed
before ent ey?ﬁéglyt(ﬁg&rﬁgﬁiﬁgé%?gs ¥ '? %fdtf ee¥l h@%&ﬁ%ﬁg@gﬁ?ge Z?@%ﬁﬁyg\een | f

hydr ogerrunsandotrapkex, ¢ dsalinetnainge maphitasocar disn Heeesest wcadvamtades Ther st
reaction zo

O b AR ed ST EE SR RS o

| n- 84 t U-GAiIRSSIAL o YO EPa2TT (&R S 04hs 80P | afi@aRidnbdiMiE pbitt dithCfeXt ur e

with the first reaction zone effluent and then can become avail abl e as

hydr ogerrange 1 d 68 ée @228° ¢ dakeutlci? 0 lor2&hd aitmay baanweleetedrfractianttheieof ones.

This in v%iEH generally can be a higher-boiling fraction commonly referred to as a heavy
naphtha, for example, a naphtha boiling in the range of 100 to 200°C (about 212 to
392°F). In some cases, it is also advantageous to charge pure hydrocarbons or

20 mixtures of hydrocarbons that have been recovered from extraction units, for
example, raffinates from aromatics extraction or straight-chain paraffins, which are to
be converted to aromatics. In some other cases, the feedstock may also contain light
hydrocarbons that have 1-5 carbon atoms, but since these light hydrocarbons cannot
be readily reformed into aromatic hydrocarbons, these light hydrocarbons entering

25  with the feedstock are generally minimized.
[0040] An exemplary flow through the train of heating and reaction zones is a 4-
reaction zone catalytic reforming process, having first, second, third and fourth
reaction zones, which can be described as follows.
[0041] A naphtha-containing feedstock can admix with a hydrogen-containing

30 recycle gas to form a combined feed stream, which may pass through a combined
feed heat exchanger. In the combined feed heat exchanger, the combined feed can

be heated by exchanging heat with the effluent of the fourth reaction zone. However,

-11-



hydrogen in the first reaction zone effluent usually anounts to 0.5-about 2
nol es of hydrogen per nole of hydrocarbon feedstock. [0043] Usually, the
conbi ned woediwtir@am or the hydrocarbon feedstock if neCiyuscagose
provided with the hydrocarbon feedstock, enters a heat exchanger at a
tenperature of generally 38 to 177C (about 100 to 350 F), and nore usually
93 to 12 1 C (about 200 to 250 F). Because hydrogen is usually provided

W th t heth@%‘é’éﬂﬁ 'b*PPrRa:E %@%ed %ﬂbéﬂhﬂﬁ%& 08&%%9‘?‘% cdg@]bm%girf'e@ﬁ?fera?d -

herein as the c nblned heat exchanger, even ogen i s supplied
with t heaxwdngeralslgmemb'dssmﬁﬁmenw\beatlthg ,contiened feasdneitedne dal theedesieecc hanger

heat s theleff%nbl ne g % éé”t ransferring heat fromthe effl uent
st ream df P& urpé} rr"‘?n'F?S e ' one to the combined feed stream
Pref er aljogq2f heGé‘h@PéI@eﬂ 8%@nh§§hp6l%@d“@}ﬂ@hd‘esarﬁﬁrﬂo@ﬂt 6\9‘13&0 203hdleE ofhan a

di rect, heat” exchanger, in order to prevent valuable reformate product in
t he § asthydse@en per meeothysirocardban feedstotheataringi thg reaction zenesoiityidregert eed,

aual i 1y AL UL E hrbak e FREDL AN AR MR b Barol PR B nea

feed st rrpa@ gy drdsarbas feddRacdK @rﬁtemgeh@Féddm@ntzoﬁbeemWde@nristshgpnétnbl ned
feed heat exchanger could be conpletely cocurrent, reversed, m xed, or

cross flibWaytaeesynriigd p’eﬁstréﬁﬁl OfsthﬁrC@FTébla%qi ﬁe%ﬁmf@f@@r rQQWnStWr%.Of the
1
\?\ﬁureegfdb{rfti@ﬂé% lffé es?fi’?{atr@e'? c%rjuﬁroéh ?Jé%ﬁ?gttn M@Hoﬁhgtr&%rﬂ%f@ﬁéj {%ﬁ]%q’] @M

acts one end d end) of
t helleatexechehgegdltemdtaes, ob h;ldeogmwhaydnb émﬂueﬂ&ﬂfew@ﬁenggnhmwmmge

exchang@oBmyELng McreCBpa et dxBHp driar BvG0RaIs NofHsy ekt J5
react | on Rsebh o@&foem@f.rmebehﬁfe 2bhé, (18l ARPInd-RTRRIHING Fedttohisn ¢ he

heat exc nger xchanges heat with conbl ne eed strea hat 1s al so
at its deU@G&urweﬂrmetmimséreaqtlbnrzonbe:anesaelddr)ydr@ggeas a/ty-prodiuberhenidy( i .

the hot en of the corrb ne eed heat exchanger rface, the | reactlon
Jone. of TGN OF IESFBRGERE. EETiBeRE PaBSiRe M ittt fone M piisbRES,

t enper atwitretheMirshidactibs zbﬂéteﬂm@?ﬂ%ﬂﬁ%en eantRebnidgvdiableas hpdrogen theat
exchange surface and thereby exchange heat. Between the cold and hot ends

of the HbatseenahgrptionrONgNd other Hawnsiream: ieaation Aenes.fThi@ it Sitit r eam and
the Conm)}a?ggér?%dthe first reaction zone effluent usually amounts to 0.5-about 2 moles of

hydrogen per mole of hydrocarbon feedstock.
[0043] Usually, the combined feed stream, or the hydrocarbon feedstock if no

20 hydrogen is provided with the hydrocarbon feedstock, enters a heat exchanger at a
temperature of generally 38 to 177°C (about 100 to 350°F), and more usually 93 to
121°C (about 200 to 250°F). Because hydrogen is usually provided with the
hydrocarbon feedstock, this heat exchanger may be referred to herein as the
combined feed heat exchanger, even if no hydrogen is supplied with the

25 hydrocarbon feedstock. Generally, the combined feed heat exchanger heats the
combined feed stream by transferring heat from the effluent stream of the last
reforming reaction zone to the combined feed stream. Preferably, the combined feed
heat exchanger is an indirect, rather than a direct, heat exchanger, in order to
prevent valuable reformate product in the last reaction zone's effluent from

30 intermixing with the combined feed, and thereby being recycled to the reaction
zones, where the reformate quality could be degraded.
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streamflow in generally opposite directions, so that, in general, at any
point along the heat transfer surface, the hotter the tenperature of the
| ast reacwoeniizuna4ef fl uent stream the hotter is the tecpasaiwnes206 the
conbi ned feed streamw th which the |ast reaction zone effluent stream
exchanges heat. For further information on flow patterns in heat
exchangers, see, for exanple, pages 10-24 to 10-31 of Perry's Chem cal

Ent neerR0akndARAKugISIE [ alibhnor 6 dchth ko RAGPE robin BRI ¢ 184 21

publ i sh MG aw Book Conpany in Ne
r ef er enceactiort rahe bﬁlwenhstr@amw;hu@@necambmedtfaedctmabenelmbrfwwoh@hbe

O BS54 P B SR ME  SIEN T 55
prefer at&dﬂnk&éérréhﬁ@ 2@8‘0&@@%@5@@5 OPa“bﬁarHsl?% mekbRt t'het Eﬁlﬁcérﬂbi’rﬁ‘edh@éd end

approach" is defined as based on a heat exchanger that exchanges
heat5 betsikgam,aviit ateits q:déestrtempteurainreme@tam pneends(i-eedne sald endsif dee

¢ eact | o eeo RGBT bBm oSt e bt <RRRERELIAF Ml bRt dtha,,

react i orgonersffleért stegaim sbnteets the cbld end g thenhgat éxempagsisurfacefat itbe combi ned
feed stream and t2 is the outlet tenperature of the conbined feed stream

Then, ascoldest te@peiaiurer a5 wall ol toe 35 feadiiontZeneceiluglrstraane, whils abi
i h
el | or eSSBS AR e el ERa T B atogs ABSL M iR oHRRAA | o

in the |fasd streamttnﬁt lwﬂebﬁt Fftbmm tet;spmuherr‘rgﬂm thB Ee@t eahahged Ateed .
stream 6] A ou shel | - t ube t t exchangers e used,
anot her detsd i e 5o eapkof @&&%@ﬂgﬁiﬁfﬁﬁa@remﬁ@a & yfacefomltiter s
are wel 'regﬁtwrgz&ﬁ@eﬁra Ft‘?éa%' @1 AR, ed’Pe ?btfhfétrtﬁéufr h%ﬂestd' stinct

fornms, suc spiral ate an rame, raze ate
fin- and-teutperatwmwmmha:he hte;apex@;aﬂm,gmrﬁadrtbediwd;endtmédhegbaair@tdh;anga pages

11-21 t 1 23 P Ch | di t
Sl Ced o andYprapy eonanGaiat siteanihe sl R B endt St edtoany. i n
New or I%XCh@I‘] 8%&ﬁa&@%@]laétﬁe@&%rﬁf@r@éﬂlﬁ@ht stréim GpribthB’MssEd fddeam can

| eave the conbi ned feed heat exchanger at a tenperature of 399 to 5 16C
(about m@am)ﬂgwoug)enerally opposite directions, so that, in general, at any point along

the heat transfer surface, the hotter the temperature of the last reaction zone effluent
stream, the hotter is the temperature of the combined feed stream with which the last
reaction zone effluent stream exchanges heat. For further information on flow

20 patterns in heat exchangers, see, for example, pages 10-24 to 10-31 of Perry's
Chemical Engineers' Handbook, Sixth Edition, edited by Robert H. Perry et al.,
published by McGraw-Hill Book Company in New York, in 1984, and the references
cited therein.
[0045] Generally, the combined feed heat exchanger operates with a hot end

25 approach that is generally less than 56°C (about 100°F), and preferably less than
33°C (about 60°F), and more preferably less than 28°C (about 50°F). As used
herein, the term "hot end approach” is defined as follows: based on a heat
exchanger that exchanges heat between a hotter last reaction zone effluent stream
and a colder combined feed stream, where T1 is the inlet temperature of the last

30 reaction zone effluent stream, T2 is the outlet temperature of the last reaction zone
effluent stream, t1 is the inlet temperature of the combined feed stream, and t2 is the

outlet temperature of the combined feed stream. Then, as used herein, for a
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[ 0048] Consequently, after exiting the conbined feed heat exchanger and
prior to entering the first reactor, the conbined feed stream often
requires wodntoyanak heating. This additional heating camrCoaSar10i0e82a0 heat er,
which is commonly referred to as a charge heater, which can heat the
conbined feed streamto the desired inlet tenperature of the first reaction
zone. Such a heater can be a gas-fired, an oil-fired, or a m xed
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comon cmsREH Yeed§@éarhr ansfer section that is heated by the flue gases
fromthe radiant sections. [0049] Desirably, the streamfirst enters the
r adi ant [8846] onAhougre shelhaad-tbige twpe keataxchangersmay belusedTaeoder eam can

mant ol Qs e S B4R s EAEHDEbEE Rifle B8 SRR 2R U VIFEEY (e
t op por tdopmmehsdl dVelabrimpesevierd] @iffsrehDaes Histinct foemb aglichngs spiedli praténd exi t
at the bottomwhere the tenperature is hottest in the radiant section, or

conver sénd frameepragediplatelit. tane Riake f@k?‘ﬂdé@b‘@ hpesop |at@|t§éflf%¢>éﬁﬂ%m,gef9nérest ream
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subsequ one i'np ube further
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heat er tﬁjc?ﬁh The restriction orifice(s) operate to control the flow

distrib CQRPgey: e Arkpine! 984at er tubes. [0050] Afterwards, the
conbi ”ectgﬁﬁ?g St 6REeRHbIFAERL, tﬁé‘@or’i’iB‘dé&“@bd%@r‘é‘éﬁf&éﬁlba'i/%cthé%r’r?ﬁlnéc"i:at sane
treamcan e

heat er. nter and exit top or |[ower portion of
convect ifeed peat emhartger ehaéemheaturmoiﬁﬁS tmﬁ1@ﬂ€e(®duhé‘50ém%0&l’?).|r eis

| t t tl t wh
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SubsequelarBERLEIS WhARYE Hdar O ohied L8R I o licOhiefor © heaters

descri be
temperature of the first reaction zone. Such a heater can be a gas-fired, an oil-fired,

or a mixed gas-and-oil-fired heater, of a kind that is well known to persons of

20  ordinary skill in the art of reforming. The heater may heat the first reaction zone
effluent stream by radiant and/or convective heat transfer. Commercial fired heaters
for reforming processes typically have individual radiant heat transfer sections for
individual heaters, and an optional common convective heat transfer section that is
heated by the flue gases from the radiant sections.

25 [0049] Desirably, the stream first enters the radiant section of the heater by way
of an inlet manifold. The stream can enter and exit the top or lower portion of the
radiant section through the manifold and into U-shaped or inverted U-shaped heater
tubes, or enter the top portion where the temperature is lowest in the radiant section
and exit at the bottom where the temperature is hottest in the radiant section, or

30 conversely, enter at the bottom and exit at the top. Preferably, the stream enters and
exits the top portion of the radiant section for this and any subsequent heaters. At
least one inlet to at least one heater tube further has a restriction orifice between the
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charge or an interheater) can have the streamenter the radi ant section
then the optional convection section, nay have the streamenter the

opti onal worrvextira@n section and then the radi ant secti omrCTarS20map28rave t he
streamenter only the radiant section, depending, e.g., on the maxi numtube
wal | tenperature l[imtations. [0052] Commercial fired heaters for reformng
processes typically have individual radiant heat transfer sections for

i ndi vi d‘@'e H‘Pﬁw%fofs?ﬁd‘%é‘infé%@?@bmﬁ ﬁt\é?ﬁﬁtz?’el‘Hé%%tch’tuBH%frﬁ%@??EbPﬁett@at may

be heate ue gases e radi ant sections nperature of
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inlet t t f the f t t' |ly 482 to 560 C
(abour | SHBEE. SABa8latsklidhubi] Thes Srasalind SaE D Shind Sl
[0053] Quefioh o teERNeRe AR AT SPddmRAPSE et 8nd BRit thd &p 6raBkkt 98rti6h”@f the
conbi ned feed stream may undergo conversion reactions. I'n a comon form

t he ¥ ef dheicagveetiresactioanoeeptesine op pertian ysterp e iermneeraturedelawest imeact i on

o eact 8 soRUREE thr oy EyFE o RKiBl] AR Gl plfet W ofy "™
Because doehfv@cmrngecftmcﬂwrm Uoghidpedanbetiat aré usnalp) en@itatd slopwags,Wre and
are generally endotherm c, each reaction zone usually has associated with

it one cﬁonl’fﬁfste%e%ﬁ?rn@f tB@@@ﬁomn@ﬁXﬁ@éihqﬂﬁ)@ Peeferaiy .dhe streamn G"é@ﬁ ge
t
gt onoh SR P ORI BTV B CaRe B AR

whet@ atsubseqtient h&mténson of the reactant stream and at |east a portion of

t he cat al partic flow seriall throu eactio zones These

ot o m H00P MG L Ibagd beridsiniopd hiank.Onfioes FEafEs HEarbectiaEiL? Sorm as
di scuss e AOOUP an MBI RENHAE thbI3ErehR] Bhig) Bk FRAGH ReBoR T o™l | Y
effected In"the presence catalyst particles conprised of one or nore

G oup ViddtiohblUEEegtidn @pch@blmayrhaae $he stregam epitert thewoptional cbrumctionhodi um
and pallad u us carrier

hal nbi d
e earpRbnaTeR ol A, SEeD0n g iy AvE B St &'er ShyRE FheBnt °
al up na-gacaibh r@@ﬁé’rﬁlrﬁ%@?’\% r %Qh@“nﬁ‘&(m@hﬂ{db‘étwalﬂémﬁé@mrbhﬂl|f‘afﬁ|'bﬂ13y3t may

contai n 0. 05- about -%of Goup VIII netal, a | ess expensive catalyst,

such as [Q082l al ysemowricial friedgenters-fabeeiornaing IDCEBSE typically have ingetidualmay

be used. ra-dr,%%t heat transfer sections for individual heaters and a common convective heat

transfer section that may be heated by the flue gases from the radiant sections. The

temperature of the combined feed stream leaving the charge heater, which may also

20 be the inlet temperature of the first reaction zone, is generally 482 to 560°C (about
900 to 1,040°F), preferably 493 to 549°C (about 920 to 1,020°F).
[0053] Once the combined feed stream passes to the first reaction zone, the
combined feed stream may undergo conversion reactions. In a common form, the
reforming process can employ the catalyst particles in several reaction zones

25 interconnected in a series flow arrangement. There may be any number of reaction
zones, but usually the number of reaction zones is 3, 4 or 5. Because reforming
reactions occur generally at an elevated temperature and are generally endothermic,
each reaction zone usually has associated with it one or more heating zones, which
heat the reactants to the desired reaction temperature.

30 [0054] This invention can be applicable in a reforming reaction system having at
least two catalytic reaction zones where at least a portion of the reactant stream and

at least a portion of the catalyst particles flow serially through the reaction zones.
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preferred noble netal is platinum In addition, the catalyst may contain

I ndi um and/ or a | anthani de series netal such as cerium The catal yst

particl eswoayloaliz@4cont ai n 0. 05- about 0.5 wt-% of one oPCEAIS201G0282P0 | VA

(1 UPAC 14) netals (e.g., tin, germanium and |ead), such as described in US
4,929, 333, US 5,128,300, and the references cited therein. Cenerally, the
hal ogen is normally chlorine and the alumna is commonly the carrier.

Preferr e@&“e%\‘d?ﬁqiﬁ@?&ﬁt%h% temdediBe §$l@e tgﬁélidg]? &t oR WA 18N a8

and eta um na genera I ng nost preferr e property rel atea to the
per f or neis@ussedtadioveat al yst is the surface area of the carrier. Preferably,
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range. A preferred catalyst particle dianeter is 1.6 nm (about 1/1 6th

i nch). [@0%BD 00%-beki? @gth‘Vq)@fe@wpa\ﬁllleﬁﬁtaéye lessioxpens e Aafalystysech 85 aa

novi ng I e In the
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ow t rou reaction vesse ity. a may wi t hdrawn from

the " bot toiANdTaN e SFase 1A Sichas ooliin; i baiahek et as by dleheomelon

vessel . d §51dbBuf égaew@%abf&%&ﬁﬁfo%era N (15688 163ROBISE oNtiR! 0cess 19

typically used to regenerate t cata st torestoelts u ability to

pr onot erg;a‘rmamuum archeEdysuchUs Gem'ﬁibeﬁﬁm us @SBE,,M,L%@ ‘eZ&jBQ!S EB]CB’@E 496
descri be ata tcgﬁtenera{ﬁ aon s that.are s | % ﬁ} {
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regeqer ag b@ﬁm%rﬂﬁ%él@ﬁ'rrle'ﬁelnre%rréw bfﬂﬁﬁlﬂ%nétéﬂﬁlsté'r@ JRaPRceRt 2AA the@sel and
transported to the reaction vessel. Cenerally, arrangenents are provided

for adduaigmn%yﬁtfbgaramsancagtar@uﬁum@)ge@e@m bedng moshlm«mra@ @p@@romeﬂyal yst

reganer PR L be TR Moo GERRIAE 1 Mt kbR e RuBR,

Preferably, the carrier has a surface area of 100 to 500 m2/g. The activity of

catalysts having a surface area of less than 130 m2/g tend to be more detrimentally
20  affected by catalyst coke than catalysts having a higher surface area. Generally, the
particles are usually spheroidal and have a diameter of 1.6 to 3.1 mm (about 1/1 6" to
1/8™ inch), although they may be as large as 6.35 mm (about 1/4™ inch) or as small
as 1.06 mm (about 1/24" inch). In a particular reforming reaction zone, however, it is
desirable to use catalyst particles which fall in a relatively narrow size range. A
25 preferred catalyst particle diameter is 1.6 mm (about 1/16™ inch).
[0056] A reforming process can employ a fixed catalyst bed, or a moving bed
reaction vessel and a moving bed regeneration vessel. In the latter, generally
regenerated catalyst particles are fed to the reaction vessel, which typically includes
several reaction zones, and the particles flow through the reaction vessel by gravity.
30 Catalyst may be withdrawn from the bottom of the reaction vessel and transported to
the regeneration vessel. In the regeneration vessel, a multi-step regeneration

process is typically used to regenerate the catalyst to restore its full ability to promote
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practice, it is sem continuous. By sem continuous novenent it is neant as
the repeated transfer of relatively small anmounts of catalyst at closely
spaced powotsiinzéidne. For exanpl e, one batch every twemCy/useomies7tmy be
wi t hdrawn fromthe bottom of the reaction vessel and w thdrawal my take
five mnutes, that is, catalyst can flow for five mnutes. If the catalyst
I nventory in a vessel is relatively large in conparison with this batch
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movi ng. system can have vantage of naintaining
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I nvention can be operated at reform ng conditions, which include a range of

pr eskur €sengrady Arrgnganocentatane pphded fqyrasising es cotalyst @s898ke&pr(tgrndabout 0

R

psi (9) ) -redbgorpued aéderdratiorslvesasld s SRacefdet®td by cohtiROusmsaghoin t he total
catalyst volune in all of the reaction zones is generally 0.1 to 10 r

prefer argctice, i is semiceHinuebp eBy sEMEGUHINKOYS MQwerer ihis Meauss thas

mention I re
o ! DTSR iR oBENRNB s ARBIRIE AL A6 AF R0, HOs B

t enpeer attime. Fdr éxaengles se batwte\@ny hogety cainutes me§z$>et\nmm'awa frarhehe
terrperature of .the fi reaction ead i s eral | 6to4 C(about

500 o dHton) of taremcliah veSe ana Eawahay daRanT® Gunbie: Tt Y&t 500
and mor &44St kor YRR, Iﬁtﬂoé?cha‘?efilyét"!ﬁv%{ﬂbﬁ) m%"@ééééﬂs P\fé]’%tw@?y Fa H of the

reacti on zones. Consequently, I qui y Space ocity HSV) In
the fi rsrlorm;wtstqnomtrztfnebatﬂmwde dhetclaéalmttl:wldwsttheabaw may baeohsidetreduct i on
zone, c3an bet?wn |a X 0, 2-200 .hr ~ d rFferabI 2 é %00 h nd nore

pr ef er atiSCEHTYOHFYHFP &'”gc;%rm?\é{fwe t §e6’gtcgp>;'éveﬁ £ EAPREOIE A wi t hdr awn
frOITSth&néﬂntéhm@%@&u&!br?@ﬁﬁ’e fedctaRser retdved greepr@ereact i on zone, such
particl enerally have a coke content of |ess than 2 w-% based on the

wei ght dﬂogzl al yypicallypdeerateefaasalygimoyemenidibrorgmine ¢aéalashbedﬁ Me@yct i ons

that occup b ohigsitfeSss 45.5 kg (about 100 pounds) per hour to 2,722 kg (about 6,000
pounds) per hour, or more.
[0058] The reaction zones of the present invention can be operated at reforming

20  conditions, which include a range of pressures generally from atmospheric pressure

of 0 to 6,895 kpa(g) (about 0 psi(g) to 1,000 psi(g)), with particularly good results
obtained at the relatively low pressure range of 276 to 1,379 kpa(g) (about 40 to 200
psi(g)). The overall liquid hourly space velocity (LHSV) based on the total catalyst

volume in all of the reaction zones is generally 0.1 to 10 hr-1, preferably 1 to 5 hr1,

25  and more preferably 1.5 t0 2.0 hr-1.
[0059] As mentioned previously, generally naphthene reforming reactions that
are endothermic occur in the first reaction zone, and thus the outlet temperature of
the first reaction zone can be less than the inlet temperature of the first reaction zone
and is generally 316 to 454°C (about 600 to 850°F). The first reaction zone may

30  contain generally 5%-about 50%, and more usually 10%-about 30%, of the total
catalyst volume in all of the reaction zones. Consequently, the liquid hourly space
velocity (LHSV) in the first reaction zone, based on the catalyst volume in the first
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reaction zone, generally the tenperature of the effluent of the first
reaction zone falls not only to Il ess than the tenperature of the conbi ned
feed to twe2biwarémmeacti on zone, but also to | ess than Phe/usesivoest7o nl et
tenperature of the second reaction zone. Therefore, the effluent of the
first reaction zone can pass through another heater, which is comonly
referred to as the first interheater, and mhich can heat the first reaction
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the first reaction zone inlet tenperature. 62] On exiting the first
i nter hea’t'mfefoge,riéeaafﬂl;erttr@éthe fiest re@atonumezc:aﬁep@sruhmgh aneteesheatersecond
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Gener al |rb§actf‘tm/\@dr% efflueat tcetMpedeiirgtianiee Er peradde QT 3hé BEcORE AREtibA2ONEON ZONe
Is less than the tenperature decline across the first reaction zone,

because [0RB1} eacBenprally rbeates is referrethio asapriatereater whea dins legategener al | y
| ess en%\@%m\f/ot@?&,c}n@or{ %a%bbr%? tﬁ@ﬂ t(?:l?ﬁl{%recblsldtrggct[dnnr fén ﬁg%'ff?g't Zone.

Despite Sonewh éra ne acr reaction
zone t reaetidn pemd eﬁhehhetremdeai«esathbl interzedter ata rtampetdhaﬂe&sﬁgeﬁelr{ally at a
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60% and Ry ?erh‘ﬁé#%kurlé 45Uk 0%t Rreltsi 5O b AIFS arkPbAErabTy AB Of

t he reaction zone
more than 1°C (about 2°F), more than the inlet temperature of the second reaction

zone. Accordingly, the inlet temperature of the second reaction zone is generally 482
to 560°C (about 900 to 1,040°F), preferably 493 to 549°C (about 920 to 1,020°F).

20  The inlet temperature of the second reaction zone is usually at least 33°C (about
60°F) greater than the inlet temperature of the first reaction zone, and may be at
least 56°C (about 100°F) or even at least 83°C (about 150°F) higher than the first
reaction zone inlet temperature.

[0062] On exiting the first interheater, generally the first reaction zone effluent

25 enters the second reaction zone. As in the first reaction zone, the endothermic
reactions can cause another decline in temperature across the second reaction
zone. Generally, however, the temperature decline across the second reaction zone
is less than the temperature decline across the first reaction zone, because the
reactions that occur in the second reaction zone are generally less endothermic than

30 the reactions that occur in the first reaction zone. Despite the somewhat lower
temperature decline across the second reaction zone, the effluent of the second
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Consequently, the liquid hourly space velocity (LHSV) in the second
reaction zone, based on the catalyst volune in the second reaction zone, is
gener al | yw0.20103111€4134 h , preferably 1.3 to 67 h , andpeors2@oetserably 3.3
to 13.4 h . [0064] The second reaction zone effluent can pass a second

I nterheater (the first interheater being the previously described

I nterheater between the first and the second reaction zones), and after
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and fromthere to a fourth reaction zone. The fourth reaction zone contains

gelne.‘r al !®th%d% lignigl hewry space! \rg}roeit){)/ﬂ-ﬁﬁ\s)d%thaafsett:md feﬂc?ipP@@nfL yséI

four . ShoQibbe Al SRR A 8 Seeobf wlumh ARE R 8RRy e igkout oo

Eg 1’0491rF.D,;§)r8fe‘?5k9§/ﬁ% Yo é‘ﬁ%r“oaﬁé%&a@%@ra@@%.g% ]thlzﬂr'ﬂ:.)' [0065] Because
e reform’ng reactions that occur 1n e second and subsequent (i.e.,

third arf0064lr t iherseaond osactionesorar efflgemasaal pysd & secamdlmtérbeater (thesfirst hose
that occur in the first reaction zone, the te rature dr t hat, occurs in
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fir r ' , t action zone
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thére to a fourth reaction zone. The fourth reaction zone contains generally 30% to -
80%, and more usually 40% to 50%, of the total catalyst volume in all of the reaction
zones. The inlet temperatures of the third, fourth, and subsequent reaction zones are
generally 482 to 560°C (about 900 to 1,040°F), preferably 493 to 549°C (about 920

20  to 1,020°F).
[0065] Because the reforming reactions that occur in the second and subsequent
(i.e., third and fourth) reaction zones are generally less endothermic than those that
occur in the first reaction zone, the temperature drop that occurs in the later reaction
zones is generally less than that that occurs in the first reaction zone. Thus, the

25 outlet temperature of the last reaction zone may be 11°C (about 20°F) or less below
the inlet temperature of the last reaction zone, and indeed may conceivably be
higher than the inlet temperature of the last reaction zone.

[0066] The desired reformate octane of the Cg+fraction of the reformate is
generally 85 to 107 clear research octane number (C5+RONC), and preferably 98 to
30 102 C5+RONC.

[0067] Moreover, any inlet temperature profiles can be utilized with the above-

described reaction zones. The inlet temperature profiles can be flat or skewed, such
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[ 0068] The | ast reaction zone effluent stream can be cooled in the conbined
feed heat exchanger by transferring heat to the conbined feed stream After
| eavi ng twe 20uviré1ed feed heat exchanger, the cool ed | agCTriSaawoes2ed f | uent
passes to a product recovery section. Suitable product recovery sections
are known to persons of ordinary skill in the art of reform ng. Exenplary
product recovery facilities generally include gas-liquid separators for
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catal yst particles becone deactivated as a result of nechani snms such as the
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can be rgramady skidnethe ot of egferaingt EstemRirgptoddictirécd ety estilitesagdrriralyr ng
process. [0070] The draw ng}si i llustrate an enbodi ment of the present

i nvent i JRCIHEe Sigtliceid separa B 40ryaaRaralEIhRYArREED PHELs s thrawugn fawi ngs are

t | f trat d t ded to | t
Phe® scofyeeaTtn oRbebiobh Heslasbieactos RoR STHETL FUEAG: SHATARGHRUTS Show
onl yp t N&gRAHh® mep%?ﬁlﬂ%ﬁﬁéagl%ﬁéﬁﬁfnyofftﬁé C?zg g‘ﬁb Iﬁ‘ygﬂbeﬁrtféf’lstﬂkaﬁn the

i nvention and do not show equl pnent such ressors

exchangeemairgdet ofahy esfonha Iraadition, tfh%%@ﬁ’fatehﬁﬁy 6é sepgteted ppdi ng of the
i nvention and which are well known to persons of ordinary skill in the art

of hydr ststiigban prtecekgntrgiormatsy st and privpavy refoemaie fractﬂqn inery 100 is
schemat '[ﬁﬁbb d%‘rlﬁbefﬂe cgg%(?rc?fﬁ]%eféﬁfnlﬁac?egf@t% Wik lédrﬁO?l g%% n&é’crﬂezoat lon unit

150 and "a ormng esurfuri z I on uni nél ude an
i nl et 1%tal§19t martlblets bbﬁemeadehcalvdmé greadt ofomeceadisos sL2. as[tﬂ@?Z] The

ref or m nogep%gltltonzg‘ocoig%nl tﬂ%l pua?’ﬁclgs ht g% |se)e<1ﬁ2ra Q %%Flog o?hm% |rneroer rﬂengbility of

catalyst particles to promote reforming reactions decreases to the point that the
catalyst is no longer useful. The catalyst can be reconditioned, or regenerated,
before it is reused in a reforming process.
[0070] The drawings illustrate an embodiment of the present invention as applied

20  to a catalytic reforming process. The drawings are presented solely for purposes of
illustration and are not intended to limit the scope of the invention as set forth in the
claims. The drawings show only the equipment and lines necessary for an
understanding of the invention and do not show equipment such as pumps,
compressors, heat exchangers, and valves which are not necessary for an

25 understanding of the invention and which are well known to persons of ordinary skill
in the art of hydrocarbon processing.
[0071] Referring to FIG. 1, a refinery 100 is schematically depicted. The refinery
100 can include a desulfurization unit 150 and a reforming unit 200. The
desulfurization unit 150 may include an inlet 154, an outlet 158, and a desulfurization

30 reactor 180.
[0072] The reforming unit 200 can include a heat exchanger 204, a reforming

reactor 210 having an inlet 212, an outlet 214, and a plurality of reaction zones 216,
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reactor 2 10 having an inlet 2 12, an outlet 2 14, and a plurality of
reaction zones 2 16,a separator 290, and at | east one heater or furnace
300. Genewal2bw/11t61@ heat exchanger 204 heats the feed t@Crhs2@boesléty of
reaction zones 2 16 receiving an effluent 286 froma reaction zone.
Generally, the plurality of reaction zones 216 includes a first reaction or
a reaction zone 230 having an inlet 232 and an outlet 234, a second

reaction, §%a§ﬁ%d®a‘éh8%ﬁé‘a§t %b@the%‘ﬂ%r gﬁr}grrﬁébe%ﬁq Berrtaiy, "ﬂ'?é’h@a# hird

reacti on zone having an in an outlet 254,"’and a fourth
r eact i orexcbaeg@620 beatsgheareéd iaethedaradindotrreaction EDH%2’|6THEBI\‘/II‘199]’1 reaction

zone inl 2 al so be the inlet of th reac 2 10 .
e o Shudi 2eb e fhafioh 2t cREns Iy et Shidenti g 2bRES 536, 2 1214
of the r.ﬁagaé@, AGir§0@akLEH6n 8r éQeact'U?fﬁzcﬁﬁe ?@@ﬁbwﬂ@%ﬁhﬂﬁit%zm arf BGﬂetaB@

plurality of heaters 302, can include a first or charge heater 306, and a

pl ural i t€yS©¢0r1d1lteeph@latZ@ﬂ% 24phavigapinieta?42 gndaniavtiet Ré4t andalnigd can

|t ex nedBaptosheondp80 BRGGLar i S5 GEP RN JulkER BE o ittty R uBh PR
pr ef er al#g0 ivadhg bAlinley 262 abdraresstiet 384, Thae Ifistiraatticreedne® miet 232 candisan
Opt i onal convection section or an op ti onal separ ate convection section 3

18; the g V@tlni%?émﬁééﬁ%ref%om@arﬁapﬁ% Pd@eSkrilaryadie wethyeprten zppepdiebl y a

luralit n |
gonvect |%6rﬁpésaer£?| egtﬂ&%ﬁﬁlﬁé%gé?glt er hgg?e ggaacg?\glgltlc Eggﬁgth Fteeést one
bur neer, :molefseclalab)a plupality af heate?%gmrcmér mﬁluaéf? ﬂrazst oadha'rge rmtegie?@ﬁ .3, and
anotlona VCtl Ctl n the thir er ea.t an
el ude BOTARET GieBaiser2BoT e luBlly of TelHeatPi A Ca S 4 3.
di 1 { E h
adi ant s@eh4Aa8r gzqoa SR AE SRR SROBHES iR 1SRG IFF. THOGTSheERe

radi ant section general 'y i ncludes, respect ver at
| east orfeated3@hcan inotude aﬂeastiﬁne Bﬁmea,rpreﬁfeblyanluwtthoébum*s i 308, 2ect i on

3 18, 342,.362 and e eral ncludes especti vel | east, one
Somvect 1 Biant eI S A & ol BopVedin SRR G ol R oA "S5,
and| 876 metlivd Y&&ion SrpasE *ﬁVﬁ'erterfﬂéhtém:% cadthchidk aneast bed bdmkp, an
inlet 338 and an outlet 340, an inlet 358 and an outlet 360, and an inl et

378 and Riafesably e plgsity shbunesh\ase: iagadianb eectiam 3%‘H,LBHCBMODHQ@B|384 can

out 1 ot #55VRT REIORAEE e sEhorkf Eesly S8t gl et Aeddl e plfieR™ 27

preferably a plurality of burners, 352, a radiant section 354, and an optional
convection section 362; and the third interheater 370 can include at least one burner,

20 preferably a plurality of burners, 372, a radiant section 374, and an optional
convection section 382.
[0073] Each radiant section 310, 334, 354 and 374 generally includes,
respectively, at least one radiant tube 312, 336, 356 and 376; and each convection
section 318, 342, 362 and 382 generally includes, respectively, at least one

25 convection tube 320, 344, 364 and 384. Each radiant tube 312, 336, 356, and 376
can include, respectively, an inlet 314 and an outlet 316, an inlet 338 and an outlet
340, an inlet 358 and an outlet 360, and an inlet 378 and an outlet 380. Each
convection tube 320, 344, 364, and 384 can include, respectively, an inlet 322 and
an outlet 324, an inlet 346 and an outlet 348, an inlet 366 and an outlet 368, and an

30 inlet 386 and an outlet 388. Moreover, although only one tube is discussed for each
section 310, 318, 334, 342, 354, 362, 374 and 382 and the plurality of burners 308,
332, 352, and 372 for each respective heater 306, 330, 350, and 370 in the
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inlet 386 and an outl et 388. Mreover, although only one tube is discussed
for each section 3 10, 3 18, 334, 342, 354, 362, 374 and 382 and the

pl uralitywof2otwmmnans 308, 332, 352, and 372 for each regpEaistme/obseat er 306,
330, 350, and 370 in thereformng unit 200, it should be understood that
general ly each section can include an inlet manifold, a series of parallel
tubes, at least one orifice restrictor between the inlet manifold and at

| east o ;d'nrﬁ“ﬁigh@ﬁ@b it SRSLIBEURde J‘éﬂﬁ)dpt%f"{;eﬁéraﬁ)‘/'@ééh[sggﬁorfe% Melide  in

mani f ol eater can inclu several burners
t hi s exearpintetynamiodd, areemes oheanabéldubesptieasitome @ifioe reatmichor etween rhkye bed

r eact or, ere ener ted t al,yst t|cI n be iintro ed
thr ougn 818 okt & RSP RRETarD Al Srbne Ao ehrdies flitss et SHE V)
an out | ghahifsd o deHth\hehter éérﬂ%cﬁ%@séx@@&l@urﬁb@ ng processing, a raw

hydr ocarbon feed 140 enters the desul furization unit 150 via an inlet 154.

Genef al I[074he Morebyerlr schishexemplady eabpodinentethe wioyning peaciar dp@icenal | y

oL, e 95 e n Bl HEGPr 534 EABRRTlipd gt B oo bon

ni t r ogerintregucidstbivssgttla #he\P20 vidanrialet hygrle Qavhor §wad chfdlystesanaditeriat he
desul furi zation reactor 180 to _renove sul fur and/or nitrogen containing

conpound® ogliet\perzrlead?4yinea 236 bl e cont ami nants. [0076] Afterwards, a

stream e[ﬁgzgﬂroﬁﬁhh 'brééésﬁéﬁ’]rﬁ aorf?e‘\?hg(ﬁ%UEFMn'fé g K RERA tﬂ%'he%hffgrg%‘é_t%?mo ey

exit th Ifurlz t'1on enter reformn

I ni to al lynit t5@viatareimtet 2548, Eaneralye theeray hy@rmbmbmﬁeéddgmﬁlsgmefesahﬁlyam 292

fromthe s rator 90. Next, the stream 270 can _enter, t heat exchanger
el deulin

204 to H¥ etigATly castainingfydsagen fiaihag&oh yetibern ey Th& &AWt r eam
270 ent q{yﬁréé‘aerag@%@diygg%ﬁlgﬂhﬁE@Ih"leé‘elé'Eﬁ|rh bﬁﬁesg%ggﬁ%fsté%hfﬂﬁé gd in the

at | east ‘one t Ity of butners e charge heater
306, anditrbgen, mndiemssedtatmveoﬁheafawd”uydsmarbomf@edL$40|naaayteMertheet 322 to be
heated i t,}e at,. | east At .this

be 320 b
tr eam SRSUETERlion Regit POHBdeREvesut A1e s BT eoniAbTa $IrBSWRS  on
zones 23Ghs B ab BferdossiBlY cBhfapiinkhg. first reaction zone 230 via the inlet
232 and exit via the outlet 234. An effluent 274 fromthe first reaction

zone 23(008%6] entAftermiaeds, dsteeam se bydiweag®n streamher @ degulf@8®d o be heat ed
by hydrocarbon stream 270 may exit the desulfurization unit 150 and enter the

reforming unit 200. Initially, the stream 270 may receive a recycled hydrogen gas
stream 292 from the separator 290. Next, the stream 270 can enter the heat

20  exchanger 204 to be heated by an effluent 286. That being done, generally the
stream 270 enters the radiant section 310 via the inlet 314 to be heated in the at
least one tube 312 by the plurality of burners 308 of the charge heater 306, and then
can enter the convection section 318 via the inlet 322 to be heated in the at least one
tube 320 by the flue gases. At this point, the stream 270 is sufficiently heated to be a

25  feed 272 to the first reaction zone 230. The feed 272 may enter the first reaction
zone 230 via the inlet 232 and exit via the outlet 234. An effluent 274 from the first
reaction zone 230 can enter the radiant section 334 via the inlet 338 to be heated by
the plurality of burners 332 of the first interheater 330, and then enter the convection
section 342 to be heated by the flue gases. Afterwards, the stream 270 can be a

30 feed 276 to the second reaction zone 240. The feed 276 may enter the second
reaction zone 240 via the inlet 242 and exit via the outlet 244.

20



the plurality of burners 332 of the first interheater 330, and then enter
the convection section 342 to be heated by the flue gases. Afterwards, the
st ream 2A90carn/tigs1a feed 276 to the second reacti on zon@CZAB2010es2ieed 276
may enter the second reaction zone 240 via the inlet 242 and exit via the
outlet 244.[0077] Subsequently, the stream 270 can be an effluent 278 from
the second reaction zone 240 and enter via the inlet 358 of the radiant

Eﬁ?tn';g [gggng]? F’ﬁ]ﬂﬁ%ﬁhéﬁgsi/,ﬁhé%?reﬁh t?@géré%%ﬁ éﬁ%eﬁ?@?é)}’roﬁﬂﬁme@ ORI ty of

e second i nterheat er ter exiting the radi ant
sect i on raadtion z2onén240 andeant&oda thé st 3&hai thedadimyt secton 3k tababveatdadn

' 362 V] L nl be h ' | be, 364 b
he. 11 udhgae Bbogs Gpe Wik 206 Ry o BN ARy oY PuliRre aR2A oS 58600 Rieesiati o
252 as %é@%ﬁte?%&utﬁﬁg th8®adiBht SedtRmcidPRazREBUAE36Athe sWaRAS27( AfaysSt ream

270 can exit via thé outlet 254 as the effluent 282 fromthe third reaction
zoned 25enteatherapnventian secton 3k diatthe dalet 306 8y he deatdtkinttheral I¢ast onkeat er

ol ur a1 1 1y PEPOR B dlel ol A8k ng e Pl B8pldR508 830 Behieh e

convect iZ8? geatfeod 28820 hatHifdercaoli®t z866 260. Afteheatis dth)stfdane 270 228 .exitext ,
the stream 270 can enter via the inlet 262 as a feed 284 of the fourth

r eact i or¥ia iropl 254 asihe effiuerictdRrarndhei lbid reasionaionectR0 ek may eaiaf 270
can ex! {35, &Lz 280nalin IS EAWEAL SARGLIAR iMNS 2RIodaldprout | et

264. That being done, can pass roug exchanger 204
to heat thbatdastaneludfe 3@6 byithe yheretityadidueneds@BY28That beingedals, thdstredml uent

oxi t at ARLCAR BTG T EORNSSHPA SIS0 g2 e BIcheRile BA heALRA S9AUSan exit at
the bott sLﬂt@%g]tr;e;\gfregmgm Sard Bhf%rg%%teﬁ%' iAfeY 2@2‘%%% f?‘é@tzééf‘éf e B8aAn 270

fl ows tHtoug I ant section an n throu e optional convection
sect i on reactir zafie £266. Atert endergoidg agiRiitjor@bopnweerdiod7 (e strearh AnOdcareexit

under st ood th 0 t of three heaters.i.n the ser,j an, have this flow
sequences naTLRE! 2aRet b hlePio e 268 e e el 2ar pdrTidRgnt - such
as an oy, tiee ERIUIBANESG cian%ass?tﬂﬂ@u@hﬁl@@,@k&?&wgfe&@@'@Vhédﬂﬁr%lgfﬂeé\ﬂ g, i onal
convection section then the radi ant section, or the stream 270 can fl ow

only t hrasudiRcessesdabave. section and not a convection section. Sinilarly,
each di f[i)ﬁrigf't Afterwards, the effluent 286 can enter the separator 290, where the

recycled hydrogen gas stream can exit at the top of the separator 290 and a
reformate stream 294 can exit at the bottom.

20 [0079] Although in this exemplary embodiment the stream 270 flows through the
radiant section and then through the optional convection section in all of the heaters
306, 330, 350, and 370, it should be understood that one, two or three heaters in the
series can have this flow sequence, and the remaining heaters can have a different
arrangement, such as an opposite sequence, i.e., the stream 270 can flow through

25 an optional convection section then the radiant section, or the stream 270 can flow
only through a radiant section and not a convection section. Similarly, each different
heater in series may have restriction orifices associated with different heater tubes.
[0080] In another exemplary embodiment as depicted in FIG. 2, at least a portion
of a reforming unit 400 may include at least one heater or furnace 410 and at least

30  one reforming reactor 440 including a reaction zone 450. Although only one furnace
410 and one reforming reactor 440 are depicted, it should be understood that the

reforming unit 400 may include other furnaces or reforming reactors, such as side-
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heater in series may have restriction orifices associated with different
heat er tubes. [0080] In another exenplary enbodi nent as depicted in FIG 2,
at | east woporwiladi4of a reformng unit 400 nmay incl ude &CTIUSa&/028220 heat er
or furnace 4 10 and at |east one reform ng reactor 440 including a reaction
zone 450. Although only one furnace 4 10 and one reform ng reactor 440 are
depicted, it should be understood that the reform ng unit 400 may i ncl ude

ot her fun £ ' ' 6 I '
%Wéeézgfgrrgtug@d&d}g. A%%B%éd, S AR rﬂ%?%n?ér%e j,@'ff§6?4% to

reactors.” As , a stream may enter the furnace o0 be heated
in a radeh¢ateddn macadiéint 2ebiivi At2 havioger uprertpartiot 416 aadd bwWeryeertigror t i on

4 18 by at, | t b , f bl .pl | it 414 Dbef
ent or i nt BHPGRtleaRLonc BHO G pRIEEBbET blbrau of Eliiards £l SRR eleskibao, * ©
di scusseshtidharonveittieh Sedfith QZOI@_eﬁér%;N‘K,t {he StRRPA 2P0! diselssbdldbdVe, BRfers

radi ant section 4 12 before entering the optional convection section 420.
Desi ¥ abland exits fserndbenupper pattionst 1® efdbegadianppectionot t4 befose entgringbe

tho. st r AoBSEouRbcART sBOlaEphrRBarYY e AR 280 ShistE 2 hiombb The
enmbodi mesrionnl 492 s st cahmttion dechien deoigaeskifsar hatterewwe  surtiomg24ni t, it
shoul d be understood that the disclosed features can inplenented during the

revanp diftewasss dhe sjenead &) can eptastbe reforming reralasi4d0. | i nitati ons i nposed
by maxi be I : | ; t for a
neater d808itocAlousl FPEBoUchts Ukt Bay BUBLL KF Belesy RIFREBHRE | Ul
Genel al Irgforiring anidesshauld fherunideestoes ithainthe wisclogsdd faatumes rcahumplerénted

exceed 640 C (about 1, 1 84F), For revanping such a heater in the reformng
o oG B T aEE of S HiNIing HRACCIA T HEOTE: 18 TS, IrmiAianbe uni ¢
could h [ %t Aoy '

St noupt BeS8d LRCTEARRM LR walt e Boietits! Tnd Ay ARRE LD ERpalaReL

opt i onalfocameatari cam degsnidougn, ifor etasople, the cordpositiondr ey ot the tubéor m ng

units described .aboye.may. incl ude. one or nore heaters or, furnac bat have
" bl ur al GRYTA i SR TeCdet TR T A WA HORCERL oGl O SBhOEa BABC
secis on.(abaut 1,84 For FRi@isihgSutR afidatesin tAeherr@ind Uit GAi8 dsfifddige, a
comon convection section 502 and a plurality of radiant sections 516, such

as a fi rathoughinghwanting habgdoaiwet it the onit govlsclhae arincagasast feedrrete of
I nter hea]td% tg%ﬁ%,%s%?y 28‘%9' a third radi ant or second interheater
[0082] Although the embodiments described above depict heaters with their own
optional convection sections, it should be understood that the reforming units
20  described above may include one or more heaters or furnaces that have a plurality of
radiant sections sharing a common optional convection section. Particularly, referring
to FIG. 3, a heater 500 can include a common convection section 502 and a plurality
of radiant sections 516, such as a first radiant or charge section 520, a second
radiant or first interheater section 540, and a third radiant or second interheater
25  section 550. The flue gas rising from the radiant sections 520, 540 and 550 can enter
the convection section 502 and exit a stack 560. The common convection section
502 generally includes several convection tubes 506 in a parallel configuration 508.
Each tube 506 having an inlet 510 and an outlet 512 can be somewhat U-shaped
and orientated on its side, where several tubes 506 can be stacked front-to-back in
30 rows. In this exemplary embodiment, the common convection section 502 can be
divided into portions or rows 514. One or more convection tubes 506 can correspond
to the first radiant section 520, namely the stream 270 can flow from the radiant
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section 550. The flue gas rising fromthe radi ant sections 520, 540 and 550
can enter the convection section 502 and exit a stack 560. The conmon
convect i omOogeari1e614502 general |y i ncl udes several conveeCirars2ambes7606 in a
paral l el configuration 508. Each tube 506 having an inlet 5 10 and an
outlet 5 12 can be sonewhat U shaped and orientated on its side, where
several tubes 506 can be stacked front-to-back in rows. In this exenplary

erbodi 4oﬁ ?0@8%%&%’??%%6@5‘1éﬁFﬂh‘e%n‘é@én%’th@ndH YodRm 30,0 portions

or rows or nore convection tubes can correspond to the first
radi ant /ﬁﬁmugbmmeptimhﬂqu G0tecan bemmelmed:aldeﬁﬂayw ft sbouldhze vadiérataoskect i on

520 t t 14 t ] ti ' :

ALt hougHNeLyiBes SrishatapearaBesttle. BicoAr enpariasahashayesed L BgsdRange
under stgqgcg,ﬁ@ge@é@efu&glwg@m@g@ iAr8wROSSi bl e, such as orientating the
U shaped tubes flat and stacking several tubes 506 vertically in rows.

[ 00838] APPB3LighABhOygh adlydadieatadnintthe fifstradianhagetion Sk geperaogachener al |y

T a pardiint SEElT R0 20,418 880 Al v RF s ek GRS spd N P arkiing an
inlet 5Znfigdraaion@ad, elesh3y Barhbad2araweas2hsting e iard 508iat &1 edtlet
upwardl y, and several such tubes 522 can be stacked front-to-back. The

radi ant 3¥bMRYRe SnewBail-shegedsmdenensatedamyardle apg SeverakaLEs whes and
574 and 4 gﬂ[c%éf'pﬁe s eﬁ%@ég@n\fgeﬁbagﬁ ‘Pﬁé‘té’dlbﬁtységtloné'%@@r 546?3%@ §§@Caﬁrﬂ>@ 552

Utilizin rocar bon streamc irst
radi@nt sepatated b@Z’OewtaheB?atanld@M arad pmtude)mesqdecmvekynaemnnamy csfetmrnens 502

beforeeterl ref n zone 230 as depicted in FIG
O Dboe i oudand s Ullitia M hesish B0t & e ahbeao b pireqld Gor @Tternidt of d 528
and the y Q'ﬂf»‘ét rQHuaﬁ?éé&foﬁﬁﬁtﬁéﬁa't a%fg‘?j’orﬁcm 6ﬂé’\e’oﬁ€éétfdn0§ééggn‘?§gg‘;hcg 529

| ocat ed et ween t mani f and t I nlet eater tube
restri ctbecforeoernteﬂn@, érgy eorefemphgyeactioat zeen2 3 asnepicteddn &MG. he i nl et of

h h h heat d I t t
or' 11 cedORl beFiit S)ByS A 7Rt 0% Biea o hEE ML 528 R isar oo
heajer et Bf BEARALRIS522 Th iRt 8 EhGWREStHBEGH orifiGe 5P9YtAEY bbfweeh thehe
restriction orifice may be located within the inlet or outlet manifold in

the pat Mmanifald@ndithe dnlet evihester wderkdd. f DUeh adgestriction arifier: Maydheemplayed Fi g

5, Shous, a0 8011 GEIRAL Sho bF S oBn Bt ILEb oY MRtk hd B 11 <

of heat
interheaters, or restriction orifices may be employed with respect to select heater

tubes in the charge heater or interheaters. In another embodiment, as shown in FIG.

20 5, the restriction orifice may be located within the inlet or outlet manifold in the path
of the fluid flow of the manifold to or from the heater tube. Fig. 5, shows an
enlargement of the area of the inlet manifold 528 and the inlet of heater tube 522 in
order to show restriction orifice 529 located inside the inlet manifold and the inlet of
heater tube 522.

25 [0085] Without further elaboration, it is believed that one skilled in the art can,
using the preceding description, utilize the present invention to its fullest extent. The
preceding preferred specific embodiments are, therefore, to be construed as merely
illustrative, and not limitative of the remainder of the disclosure in any way
whatsoever.

30 [0086] In the foregoing, all temperatures are set forth uncorrected in degrees
Celsius and, all parts and percentages are by weight, unless otherwise indicated.
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order to show restriction orifice 529 |ocated inside the inlet manifold and
the inlet of heater tube 522. [0085] Wthout further elaboration, it is

bel i eved wbabioanesigki |l ed in the art can, using the pre®etiusgod®ss2reé pti on
utilize the present invention to its fullest extent. The preceding
preferred specific enbodi nents are, therefore, to be construed as nerely
illustrative, and not limtative of the remai nder of the disclosure in any
way what K i ; t ; sfarth
ngor odPaaTF ) st 8ilre dlrd b8 R 8 epPicdidns! BARACHG BRLRAIODS cid

wei ght, hewemwedtdnebwrmrpordtechbyeoef{amé] The entire disclosures of all

i cat tent bl j cat. ted h h t ed
oy "t of orl0BE P BE8 e RiRBIS desrtpEMR SIS bR SThfar SREN AP he- ar
can easith¥ e%§éﬁtrél%h@réd?@nﬁﬁ:%%tth@'lmfé?ﬁlbﬁcérﬁf '\Aﬁ%b@lﬁd@ﬁaﬁtlhg?rrdnﬁ“ﬂ%‘éblﬂf‘ and,

w t hout departing fromthe spirit and scope thereof, can nake various
chanyes capgi theeeafi ears maketvasiola\cbanges and rmrhmathnsmf theunvensonsages

ot b0 BAONGksdeetalt FENGMOR" oo "one neater tube having an

inlet and an outlet wherein the inlet is in fluid communication with the
inlet manifold, at |east one restriction orifice |located within the fluid
flow path of the inlet manifold to the inlet of a heater tube, and at | east
one;burner. 2 . The fired heater of claim1l wherein the restriction orifice
IS }ocated between the inlet manifold and the inlet of a heater tube or
within the inlet manifold adjacent the inlet of a heater tube. 3 . The
fired heater of claim1 further conprising, a set of N heater tubes each
having an inlet and an outlet wherein each inlet is in fluid conmunication
with the inlet manifold, a set of from1l to Nrestriction orifices, each
restriction orifice located in the inlet manifold adjacent the inlet of a
heat er tube or between the inlet nmanifold and the inlet of a heater tube. 4

The fired heater of claim1l wherein specific heater tubes are selected to
have a restriction orifice located in the inlet manifold adjacent the inlet
of a heater tube or
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between the inlet of the heater tube and the inlet manifold to result in
uniformdistribution of fluid across all heater tubes. 5 . The fired heater
of cl ai mwowharEréi4speci fic heater tubes are sel ected t®Chaseoi/oeeseri cti on
orifice located in the inlet manifold adjacent the inlet of a heater tube
or between the inlet of the heater tube and the inlet manifold to result in
at | east one set of heater tubes having a first flowrate of fluid, and a
second tARfst ubes having a second flow rate of fluid. 6 . The fired
heater of claim 1l wherein the diameter of the orifice is the sane or
different for each restriction orifice. 7 . The fired heater of claim1l
further tonfirddsherieatornpesing oaeadianysadtionnas daet mandold, ah duties mamifeld,

addi ti onal set of a sec adi ant sec second i nl e manl ol.d, at

| east orft $R%1O5E Realer W%%?d'%a” m'%&arad]ane% h‘f"h%’fe'r\}\mer@ 3 HbTI“H'HI et isin
fluid c tiRet; 7 i y &%

burngr an‘cij Uﬁ%ltapg@vammh tggs@ﬁ @%@gagjela\?vlee?%tt er%ﬁtﬁtéor@g#é thgats%gigﬂgﬂburner
8. A hthecﬁIuaHmm patmotihei inket prandfesstacibepnlies ohg heatarituige card, dfr leeair drom
streamthrongh at | east one fired heater conprising a radiant section, an
inlet nmatHPgl I'd, anoutlet manifold, at |east one heater tube having an inlet

and an outthes fireh Hediter dfh@aibd Whéréln'tﬁefrééth@tl&@m Fé%bé’c@d‘@eft\beérﬁ‘%é nl et
mani fold, at | east one restriction orifice |located within the inlet

mani f ol dn@am@fﬁtd ame theninkat o heatentube arupthin theymleteaanifale adigcent gni f ol d
and, t he er tube, and at |east one burner before passing the
str éim t'hlggﬁ%?gggferqﬁ éreactl on zone. 9 . The hydrocarbon conversion

process A fite hdatercdfalldihB1 fuvitedreiompridngita $&astN aBatdritlitst Egett Bavihgr t her
conprises a plurality of interheaters, wherein each interheater conprises

at | eastanoetandrast OU%?trVH&ﬁrﬁﬁt e%@b'ﬂ“i%r‘ﬁ Irhﬂwawumcafﬂon witgithg indeheat er
tube havi, ﬁ’lfc%' é@h@{)fﬁ&ﬂ 2 N%ét?{:t@%“éhﬁ%éﬁ %%% I BL Bkt hf‘c% lodhtbd in the
commnlcalon W t he i nl et nani eas oneres riction orifice

| ocat ed imiet mamifoltbadjatentt tharinlEbbia beatedjtave ot betweamthetinlet neanifeld @nd t ube or

bet ween t manifold and the inlet of a heater tube, and the process
further t E%r‘r‘ﬂ?f% #hepEdiRRy an effluent froma first reaction zone to a

First inf &fifaeeielrheMiéH & daik'¢ vﬁ?eEréuHeéHec ffcq{Bét&etuB?,% e ‘sé%%%éﬁﬂ& H&/Eg PASSES

throughtheflrst I nterheater ore exiting the first Interheater to enter
a restriction orifice located in the inlet manifold adjacent the inlet of a heater tube or

between the inlet of the heater tube and the inlet manifold to result in uniform
distribution of fluid across all heater tubes.

20 5. The fired heater of claim 1 wherein specific heater tubes are selected to have a
restriction orifice located in the inlet manifold adjacent the inlet of a heater tube or
between the inlet of the heater tube and the inlet manifold to result in at least one set
of heater tubes having a first flow rate of fluid, and a second set of tubes having a
second flow rate of fluid.

25 6. The fired heater of claim 1 wherein the diameter of the orifice is the same or
different for each restriction orifice.

7. The fired heater of claim 1 further comprising at least one convection section and
at least one additional set of a second radiant section, a second inlet manifold, at
least one heater tube having an inlet and an outlet wherein the inlet is in fluid

30  communication with the second inlet manifold, at least a second burner, and a
firewall positioned between the burner and the second burner.

8. A hydrocarbon conversion process comprising passing a hydrocarbon stream

through at least one fired heater comprising a radiant section, an inlet manifold, an
27-



second reaction zone. 10 . The hydrocarbon conversion process according to
claim9, wherein the hydrocarbon conversion process conprises reformng,
al kyl at i /g0 2dmaiikeéshat i ng, hydrogenati ng, hydrotreating, Pdehysdeiogesrat i ng,
I sonmeri zi ng, dehydroi sonerizi ng, dehydrocyclizing, cracking, or
hydr ocr acki ng.
outlet manifold, at least one heater tube having an inlet and an outlet wherein the
inlet is in fluid communication with the inlet manifold, at least one restriction orifice
located within the inlet manifold adjacent the inlet of a heater tube or between the
inlet manifold and the inlet of a heater tube, and at least one burner before passing
5  the stream to at least one reaction zone.
9. The hydrocarbon conversion process according to claim 8, wherein the at least
one fired heater further comprises a plurality of interheaters, wherein each
interheater comprises at least one burner, a radiant section, a manifold, at least one
heater tube having an inlet and an outlet wherein the inlet is in fluid communication
10 with the inlet manifold, at least one restriction orifice located within the inlet manifold
or adjacent the inlet of a heater tube or between the inlet manifold and the inlet of a
heater tube, and the process further comprising passing an effluent from a first
reaction zone to a first interheater wherein the effluent from the first reaction zone
passes through the first interheater before exiting the first interheater to enter a
15 second reaction zone.
10. The hydrocarbon conversion process according to claim 9, wherein the
hydrocarbon conversion process comprises reforming, alkylating, dealkylating,
hydrogenating, hydrotreating, dehydrogenating, isomerizing, dehydroisomerizing,
dehydrocyclizing, cracking, or hydrocracking.
20
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