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furnace that HBEDIGHTHEIINVENFIOMNs: a convection section and a radi ant
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i ntroduced i mf gokendenosis ﬁlﬁt fosmaturion sudetherméai graskaglororgseheri stry primarily
takes 20placegadig bFEH P fipNcomprising ol efins |eave the

pyrol ysis f m processi ng, including quenching.

[ 0003] A ef i n [6RB2]cr acklepmsyreching ageraiwretald §s aueiVgiseds veedcioaeRCleyArqus,
propane and oReesoh OkelbaR®inB icfhl Gl gkt Uikl SxkDLLI Lotybfe cr ack

heavier liquid feedstocks, partic ose t produce tar in anounts
gr eat er than porylene, and butenes. Conventlonal steam cracklng utilizes a pyrolysis furnace

that has two main sections: a convection section and a radiant section. The

15 hydrocarbon feedstock typically enters the convection section of the furnace as a
liquid (except for light feedstocks which enter as a vapor) wherein it is heated and at
least partially vaporized by indirect contact with hot flue gas from the radiant section
and by direct contact with steam. The vaporized feedstock and steam mixture is
then introduced into the radiant section where the cracking chemistry primarily takes

20 place. The resulting products comprising olefins leave the pyrolysis furnace for
further downstream processing, including quenching.

[0003] Olefin gas cracker systems are normally designed to crack ethane,
propane and on occasion butane, but typically lack the flexibility to crack heavier
liquid feedstocks, particularly those that produce tar in amounts greater than one

25 percent. As gas feeds tend to produce little tar, primary, secondary, and even
tertiary transfer line exchangers (TLEs) are utilized to recover energy through the
generation of high pressure and medium pressure steam, as the furnace effluent
cools from the furnace outlet to the quench tower inlet. The process gas is normally
then fed to a quench tower wherein the process gas is further cooled by direct

30  contacting with quench water. ‘

[0004] Conventional steam cracking systems have also been effective for
cracking high-quality liquid feedstocks which contain fully volatile hydrocarbons, such
as gas oil and naphtha. Cracked effluent from furnaces processing these feeds can
also be guenched in at least a primary TLE, although for heavier naphthas and all
35  gas-oil feeds a secondary oil quench is often required downstream of the primary



25 percent. As gas feeds tend to produce little tar, primry, secondary,
and even tertiary transfer |line exchangers (TLEs) are utilized to recover
ener gy throug@ tF@ peration of high pressure and nedl SRSk &St eam
as the furnace e Iuent cools fromthe furnace outl et to {he guench t ower
inlet. The process gas is nornmally then fed to a quench tower wherein the
process gas i u I e t. enc
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[ 0006] Cr acki ng heavi er feeds, such as kerosenes and gas oils, produces

| ar ge anount $00961 t ar  Crapkiph hpavderdeeds. sagh @ keRBeNESi aNtians Gidprascesdaroron
and quench segiouAR of?é)r Which gads 46 F‘étﬁr?colfl r?gaﬂ'tﬁ‘@rato%rft%g&ib%rgndfd%%%h section

|nterrupt|ons to enabl e coke renoval process i s known as decoki ng.
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for periodic decoking.
may result in the deposition of coke on the inside surfaces of the radiant coils and

vor

the need for periodic decoking.
[0007] Within the industry the normal method of removing coke from the radiant
25 and quench systems of a cracking furnace is steam-air-decoking. During this
process hydrocarbon feed is interrupted to the furnace and steam passes through
the furnace. The furnace effluent is redirected from the recovery section of the
olefins plant to a decoking system. Air is added to the steam passing through the
furnace and the heated air/steam mixture removes the coke deposits by controlled
30  combustion. While steam-air-decoking is effective at removing coke deposits from
the radiant coil and quench systems of cracking furnaces, it has the drawback of
requiring a complete cessation of olefins production from the furnace for the duration

of the decoking process.



[0007]Wthin the industry the normal nethod of renoving coke fromthe
radiant 25 and quench systens of a cracking furnace is steam ai r - decoki ng.
During this idrocarbon feed is interrupted to the and

st eam passes%ﬁ?gﬁé %/he furnace. The furnace effl uent |s re |()9{ng%3d from
t he recovery sectl on of the olefins plant to a decoking system Air is
added to the M pa r ?:frfs ich m
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cracki ng furn ce tu assing thro one or st eam and/ or
wat er feed tobveécﬁéﬂeénemdée@otﬂugeg tha\hrheeseﬁiion@ aifrﬂwag‘umaéefrmtrtmm secetadeam

The St eam andiRfin}ipld prddged ddénngtm b HRASHGE nb NS BY SRR RORudeBER ReOCk

at the point ere rocar on feedstock is introduced 1nto t
furnace. The rseeesAt igdumRce rfaff@epir deassrotager tetoeatiegied arayokomnghe seqowarty t he

sections of ' BeiGHENARE oRfhs RRIRG RS AELCORILP 1d sPEAlREOLEL:

product and since no air or oxygen is ad process, the
ef fl uent dloesih@f@for@lééﬂth@@dtﬁé”taw @E@%@@Wﬁ)}eq’sr\@ﬁ‘ﬁiﬂwnﬁ@@:@’@&'ﬂ%@@é@@ﬂoﬁr'ia‘@f t he

ol efins plantys aTiN& PaACRPFace! KIchEA 8Hd LRoAGenePiles blIGRE %&%mep the 18nt

t herefore has the advantage of generating Tess variation in the olefins
product i on r &Perayers gingeveqirepliehef the entifedursaes efdneditinedire@igener at es a | ower
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process for rcé?i'%\ﬂgnf@"f@ﬁﬁéw??sohy @?&“d'kg Hyowal ﬁh@és& Gﬁ@b@yorp 583 [Rgdeaekivdgh at

| east onest g Pbr AR Snd/H GrRdH aH AyRirdfRd whlie %mahﬁqg%erfumeéeebn %ﬂ'gam
hydr ogen, while maintaining the furnace on stream and continuing t

t hermal cracRPAFOPHYERG &8 MefMipledagiing PEICEShHHL IUHEP ﬁ@ato%éﬂ@é@e'”gh‘ée%%m
and/ or wat er TaBGtébrElAGRR wfa%@fbnb%y%l hifbed s fiRfitutdieoP 1 ReRs Qo RRd

stock at the point where the drocarbon feedstock is introduced into the

furnace. [00% f {he ROE Whes *é??cﬂyét‘%%rrﬁoﬂ6@%&tﬁ9ﬂ§t‘%ﬁfr§d‘é{€§drﬂtpﬁ'ee furnace.
on-stream degegqiond AW ChE ItAY OftolelRbnRINE fiAbfs MBI ohireB@hS@shbRAbages

of steam air-decoki ng the substitution of the steamlwater m xture at the
poi nt whePe teENoesdhcRlimisatenrRy R dbe idsadyanteges £ Siefenal Seeekingbnipe

dr awbacks. B@G@éi@ﬁnohfwtr@ktéérh%%rdﬁ&@ké A0he tpbﬁaaWhér% thatdcdider® Blrodle@gpoi nt
where feed is introduced into the furnace, it nust pass through the entire

convection s&PPIHNBFSEERLAIRESPITRGRBPIS o Bepaiedhe Pf’ SRRMAECBKING §ireas

streamis st eAmMrableRe, att RepdilteviREREERIH MBrobied b tRefueaReerthedh SRt i on
and enteri ng t he radi ant section of the furnace 5§known as the crossover

t enper at ur e) NrUBEYE FAUEHONGIRBISEGIVY PrPRESShsREPY SPIS AL HRAEHI Y NEsFOKRIL hi s

section of tBRedrbiratsm Eqbriéemritre t‘ernﬁﬁa‘ﬁém%r la@ifip ethatdeh@edtioh NeRtidM @nd
capacity of conmmonl IS necessa[[]g/cto add water to the

steam The p?@@@% ed%%e@%&ggéi%bl ?\}\%e g,xrmace (known as t rossover temperature) is

beyond the capacity of the materials commonly used in this section of the furnace.
To keep the crossover temperature within the capacity of commonly used materials,
it is necessary to add water to the steam. The presence of excessive water
30 however, can generate mechanical problems if the water stratifies and runs along
the bottom section of the heated convection tubes. Such phenomena can cause the
tubes to bow, which restricts their free expansion and contraction within the tube
supports (also known as tubesheets) within the convection section. Additionally, the
requirement to add water to the decoking steam adds to the complexity of the pipe

-3



30 however, can generate nechanical problens if the water stratifies and
runs along the bottom section of the heated convection tubes. Such
phenomena canygapstediie tubes to bow, which restricts thei S; W6 Sxpansi on
and contraction Wlt?‘ll n the tube supports (also known as tu eets) within
the convection section. Additionally, the requirenent to add water to the

decoki ng st e%rﬂ%qg %8§hﬁl§m%@§%§n%emﬁ & P2V desired is an on- stream
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OF THE | NVE £ n one aspect, provi a proc (5
on- st r eam dedbk PRgtreemaleselkingoica Bykiypig fdroaetace, the st eam cracki ng furnace

i ncl udi ng nulgummmpge TR vENFoRCSi t i oned between a hydrocarbon

f eedst ock i nl'@t and a convectron section to radi ant section crossover, each
tube bank i ndPet8Ing alnpPngr aswecy, rIPvidedbdéssadroeasgdar it on-ptrede degplinp@hle. The

process i ncl Lg@@ﬁntc%kﬁ%;efgﬁwa% BRI Akl RrtdcBYh iy 968 }?@c{ée GiRs Lo @

portion of the plurali | ess than all
banks, ant® SLHQSIUW% bét\fd@@oﬁl girecaspre degsisiosk d@'eﬁt%‘énﬁt@nb/h@'opowqt@ﬁ t@f t he

15plurality diléMbé‘échrﬁ clr(?s%éverh@Qc@ltdbeof)adkhﬁ'lcmlnb' é’lp‘ﬁJréIH;b%f Q@%I atrdhged

sufficient anount to effect renoval of accurmul ated on t nterlor of

the radiant ¢6ihinsthenkibguamkh E@%mﬁeéenwm@attgef%@p%w tieimation ke Wawl &

mai ntai ni ng gybRRRBLATEEELAS p&r‘%@n %@mégﬁ&ﬂaﬁtg o?%@éés%‘f !éé% thadl R tﬁ%er%l'nBl@
crossover of bel ow about 788 In one form the process

further incl d¢Resbanke. §ﬂ‘éﬁ§9@?'”@é‘t@ﬁ‘9‘i’#ﬁ§ f?%w@@”?ﬂ@ﬁ slegm o therorigruellhet y of
tubes of Jsesgfrhap oaltdbegfoftl&% {Hh tdurtif%hé wmiphalee 6é?1k§tu¢%mﬂl§|'éﬁtcgr‘n891t to

operation, termnating the flow of hydrocarbon feed to a secon ortion of
the pluralit¢e¢t remeus ‘d(fch@ﬁc*ﬂrﬁd'ﬁteﬂl ¢n e iDigsioraf Ehepﬂaélaﬁhﬁ@'sbﬁhﬁﬁu%%

repeating th%y&é@kpéorﬁb@dén'f@@ecﬁlwvﬁmh[ %eéf]v{/mleaﬂﬁmﬂﬁﬁméoé %mb&%td‘r@eéi i
term nated and the decoking fe i's supplied toasmégé:ntueo t he

plurality of cpr@,\fe@gorbeeqt@géo Wﬁ%’i‘t é?qt‘oﬁfcrqeﬁevei’ﬁﬂfPP'SWeaqub_ég KO8t Fh time in

order to rempygisgoke hraHa i@, Rl ioAdtess GlitSeraReiudbe i) sBSt SMERAPRENABT S
fed by such tube without substantially reducing the conversion capacity of

the furna€e. PPBODSY (the 9@fa"5Yn6ft Wees phlasp thateal ehiveravitiele tipe RAMKS: ReStBRIPt i on

of the pl uraktdckingfoperation, terminating the flow of hydrocarbon feed to a second portion of
the plurality of tubes of less than all of the multiple tube banks and repeating the
steps outlined above.
[0014] In another form, the feed is terminated and the decoking feed is supplied
25  to a single tube of the plurality of tubes of less than all of the multiple tube banks at a
time in order to remove coke from the radiant coils and quench system components
fed by such tube without substantially reducing the conversion capacity of the
furnace.
[0015] In yet another form, the temperature within the portion of the plurality of
30 tubes of less than all of the multiple tube banks is about the same (within about +/-
200° C) as in the major portion of the plurality of tubes of less than all of the multiple
tube banks remaining on-stream. In a further form the decoking feed consists
essentially of steam. In still yet another form, the furnace is a steam cracking

furnace.
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the plurality of tubes of less than all of the nmultiple tube banks to
st eam cr acki rige diﬁéﬁ*(&tqfdrr*ﬁ WCO@WIT]OHSF Aang qwamméyst%rgry@mpongmté\fe@@za sush dusasr nace

for the prodygiieOma@ftaifihgyheenpetdibrel Wt NAE cdrilBbtiti @gctf?an%r}gé\aﬁN %E@tmn The
furnace includes a convecCtion sectlon conprising multiple tub

sequential |y C}ﬁ%Pt’@rdﬁé@'OM/eQ%ém%q{ﬂdﬁ%c@r%ﬁe%%fr@o@@ﬁ'% ‘éftth%ﬁ@‘rai'ty of
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st eam suppl y [f&t71on- sirebrthaeeiechgrevided igd f&ﬁtacéé?ﬂ t5e prefugtienehetsylspem

conponent s f g RinacPRELEAY aodiuénGﬁ shbtdral The iphadeUR88dEY a lcBfvedtibRBedldn of
the nultiple tube banks, a“valve fof swtching each of the plurality of

tubes wi t hi n PEWESNGARULPIE Bibet W%PQqLﬁ?F@a'WuB@‘WQSb@Y"Gﬁ’Faﬁ Jwdracatten

hydr ocar bon ff@é%}%tdcﬂ D £ ERERR stlfaMosdRBhYscxnsh 8rodSh @i 3k tRRChd@N i N
fluid conmunication with each of the plurality of tubes for thernal

cracki ng ¥f é’%’f'ﬁ)é‘a@'lﬂ@ﬁtyf elelibed At an?ﬁ‘éé'é péfﬁ‘i'%f"‘r’f@'rn fhealube ek 1| stgam

apparent fronry SHedradtheRh Q@c&ﬁrdgﬁhé PaYihkceis Yhd Guémhed8Ree céRpstimRanyi ng
drawi ngs. BRI E SCRI PTI ON OF THE DRAW NG [0018] The invention is further

expl ai ned i nOYfeP¥SR A $i¢ BHAHAPT IUHPP A4S ﬁ”?ﬁir‘gft@? EMdPle JuenkariSaRi ngs
i1 Tustratingyvaky¥ eywithindosadn of the PLrEXRABPLBEs W1 RYS than all of the multiple

tube banks from a source of hydrocarbon feed to steam from the steam supply and a
25  radiant section in fluid communication with each of the plurality of tubes for thermal

cracking of a hydrocarbon feedstock. These and other features will be apparent

from the detailed description taken with reference to accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING

[0018] " The invention is further explained in the description that follows with

30 reference to the drawings illustrating, by way of non-limiting examples, various
embodiments of the invention wherein:
[0019] FIG. 1 illustrates a schematic flow diagram of a process as disclosed
herein employed with a furnace, with particular emphasis on the convection section

of the furnace; and



enbodi nents of the invention wherein: [0019]FIG 1 illustrates a schematic
fl ow diagram of a process as disclosed herein enployed with a furnace, with
particul ar e the convection section of the furpg Pds
D10/ obasapchPaRl B8Ry Tases [0020] FIG 2 illustrates R RAMe O
fl ow di agram of a process as disclosed herein enployed with a furnace,
again, with papbyiCul af@MPAsiis QN hHBeC ABNSRLICAIREGEGBM BF 4 RRoddds nace.
PETAl LED DESGRPEN ON O PREPEAS ENEORS MK & 5?0021?%& Sus g)s ects will
now be descr i #egosgidt mﬁr%f@ﬁ@lﬂm@ wih spliengaec ageifbwdh rﬁ@ﬁtoglaé@r@&taéﬁ grpthe
purposes of il]yst foﬁtéee%n éf"[urrlxa e appreciated that the spirit and scope
of the process anci system ose here| n IS not limted to the sel ected
enbodi nents. R WEEY DES ) P : ' k®s provided herein
are not dr@mohgﬁny Radds légeéh t@rmpom% CHeséﬁt?égewnﬁnijefér}éﬁ%‘e "BN¥pecific
variations can io ustrated nment s er ence IS now
made to the fﬁ@ﬂ@ﬁenfﬁkﬁ@ﬁ@ﬁﬁi fqrl@lrmm‘a@él"bisﬁﬁ@MSétdW'ﬂlchjé@PrQﬁ'ateé ‘lhiak@Gparts
t hroughout . raki k headiMes A tmﬁﬁ@dm; i's
Oa?a'& &&H%frtgggir?&vge'% Ea] éé)éten?d Rloled nedd, ('?s b #e

given as a list pg@ﬁj abl e val ues an | ower preferable val ues,
this is to beselastrst maBtss fderepyeraitlis todpe opiedithel thE Iovres guavidest Aer@inf r om
any pair of 3a|?'e%Bpﬁfamrtgfa%prp%ﬁic\ﬁ%%?op%ﬂ%naorls‘é%r afd ﬂa?Ha‘?ﬂ? vastiord! déf be

regardl ess whether ranges are separately disclosed. Feedstocks that may be
enpl oyed Her enadai@yhedlugiraied g@@g@ng@atsadéj@@acep Srnot maks ythe Ageesr wagrethey

may be crackeflei Qlrfer¥Rr hRUEsQ] & 'd%%rgn%dhl(@a)’)a(?t@rlﬁr%h?h(ﬂﬁavyvrfernaﬁﬁ'é?ﬁ‘&JrﬁUCh
as high-boiling fractions and evaporation residuumfractions. [0022]FIG 1

represents a GYPYINAEPR. PLPIAE &AIUBrOTCHABRIPHY I$ SAENt Pal USErAf dinRer greforgble

significant qiaaRkishy I&Xferrﬂi’é\"e%\@&dlu& I RItb Bk -unebiehbod és@p@éﬁ@all%ﬂsch% S
described in US Patent No. 7,138,047 and U.S. Patent Publication No.
2005/ 0209495 3N rangRst BFPEG FORLAN BAIEPEAN LPPEr BrgFesTepisyallg apthadewenpiefieddes a

| ower radisantya8RCEgARIdA wﬁéihér%@@é@%%tega@@;y@@&lb% Slﬂé‘édb%ké-ﬂwa@%y%
upper flue gas exhaust section . In the radiant section 12, radiant

burners (not SSHINMEF NSrei0inRy Raaamaieedsiacl adapied 5 CRRFHNG dRgofs P sriBeymeay be

produce the Qesdke@tBNRAHGS Slchis, At By corRiKhadyOotadibes Ee@fas Tp-duiger s
generate hot gas that flows upward through convection section 14 and out of

the furnace f@ECHHISATGHEVAPYELigAESKUNALIEICISRRt i on 16. [0023] As shown in the

FIG 1, hydrg@@zzlyon fraed 1eRbrisen@ poBkist URRicd Sor HASIEIRS fddar BEgbortaihety f eed
val ve 20, and fl ows onward to an upper portion of the
20  significant quantity of non-volatile material. Such a furnace may be as described in
US Patent No. 7,138,047 and U.S. Patent Publication No. 2005/0209495 A1.

Referring now to FIG. 1, a pyrolysis furnace 10 includes a lower radiant section 12,

an intermediate convection section 14 and an upper flue gas exhaust section 16. In
the radiant section 12, radiant burners (not shown) provide radiant heat to a
25 hydrocarbon feed to produce the desired products by thermal cracking of the feed.
The burners generate hot gas that flows upward through convection section 14 and
out of the furnace 10 through flue gas exhaust section 16.
[0023] As shown in the FIG. 1, hydrocarbon feed enters an inlet tube 18,
passes through inlet feed valve 20, and flows onward to an upper portion of the
30  convection section 14 where it is preheated. As shown, a plurality of tubes 18 are
arranged in parallel and represented schematically by external tube bank 22.
Although not shown, each of the plurality of inlet tubes 18 may be provided with an
inlet feed valve 20. As shown, each of the plurality of tubes 18 is in fluid

communication with a corresponding heat exchange tube 24 of convection section
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30 convection section 14 where it is preheated. As shown, a plurality of
tubes 18 are arranged in parallel and represented schematically by external

tube bank 22.uAbLhRRkgk not shown, each of the plurality R dsieshidbddbes 18
may be provided wth an inlet feed val ve 20. As shown, eacf1 of tJhe

plurality of tubes 18 is in fluid comunication with a correspondi ng heat

exchange t UbetuBé1 b3hk 28NVefel Lhéénofstﬁ&ttérﬂﬂ leth@%l%%%@%%Eﬂ/ /P Y BrAagh

tube bank 26. The use of the term"plurality of tubes"” is nmeant to refer to

the fact t hatthﬁh@e&@ﬁ\#@é*@ﬂcﬁ@c%‘cﬂ‘? #narfanged \mafalﬁge@@hméwée Uk B RS Al e
tube bank haseadt @agbes WO JavhRe 1A% Eﬁé\ﬁ“ ||r?|FIGA~¢I shpvubdd ErleGscI'fJemaQI'CSIW

tubes are schenmatically represented, al hfgé 1urnaces havi ng 3
tl

10, 12, 16, IT8PESENRAGINOUG lUEesp MaKEg ﬁre O 2oﬁ6twearﬁ>kﬂ@waér bon_F ead
can take ay [002d] kKnowRe %Yeﬁe@ﬁ% o@ﬁh@ﬁ%r@@érb!or? |r%ejd| cdn”taﬁ(Qean@r%rm RBRAAY V-

t he heating includes indirect contact of in the upper convect’ion
section 14 ofthegpeof ferﬂwaaeslﬂ'bmhemrho@ewa@/ g%asatmedm'vq*@ dige@rengecel on

12 of the furfageed tnzmp%epeenmua«teemhlﬁhedthebmm%a 10f wiP Aol fii8 bbé&
exanpl e, by passing the feed through the heat_exchange tubes |ocateéed

iowithin the f&ﬁ%#@c&aﬂ@ﬁt §%Cé'9ﬂ dr of dhefurace %r-ﬂh%éarlbe apeUREhed.dty Waeof

preheated hydipoms * Sssindans HREGFRA tBEREAIEKchdnge\RbES IdFBMdbe
i ntroduced to the Im&eﬁeﬁ\?ﬂﬁe@v %rgygr bon feed u'?hrough i r?e 390 and dilution

st eam may 'be W'WW@G&@B&P‘PE'H? éa@jwnﬂﬂrfét%fue@cedpm a mxture. As may be

appreci at ed, [goggjur al After b prehited hV&@cé’rQoﬁf%edb&lﬁrth@r&ﬁ?edtran Fé.%&ﬁérl €4, and
are 15 represent ed schematically by exter naI bank

plurality of “&@ameyilfediragugesylopiberehaaled ‘i’foﬁ%Pa'P If‘%‘ffd Eﬂ‘iﬂugﬂ H:ner éBraé’gent ed

schemat i cal | wilborextegin@by RNKtréSucehdhRiughBe b arlers 4 ikt pragheay ed feed
in an anpbunt of fromat |east about 0% to 100% based on the total anmount of

wat er and di I3RPIESHRIRY e R ke PTbYyalReilighs 30 May sPefi@need da Rarle! and are

accor dancg Wrgfreodtfed a6mBmakRaMp wbﬁ@rr@oubm( be mmet 8 dd’t@ht@@f BiedrPRRIsbon
f eed such th%@ no dilution steamis added. The sum o ht of the

wat er flow aff@ TREPBEMaNThIntaEal ?P%\ﬁr%FW%&Edt%Fé‘eﬁ‘é‘f'%"ydjé(sﬁgﬁt%”ﬂa'r%t| on
zone H20 requigr eftatep mayHeearicting ke pieh84ted YeHd0iB @inhaou o frain ANESS dbeut

[ 0026] As sho n er be added to t reheated feed prior to
hadi ) on of alh b1 bedsna e ST Vasru Ry an AT aege%awegeﬁ ay
reduce 25 umdeahd@rbdo@d Bz Sif e €orbantet Wit drBrrh M J0ve whateP eS8 betdugadto the
originating fr 6%g t he _hydrocarbon feed, (%ater and d| tion Stf

may be apzﬁre@P"grPE%f oREh figtnestiuion staem 4t e H‘ersluﬂ“t‘t"l} eIt g

comonl y ref Walt@'dlotnpalﬁﬁth@ cmatn@f sfeamM®iw pfoviieeane faamissire\eédcort RenadidDt i on
of water and dil ution ste to the@pr eheat ed {‘1 dr ocar bon feed coul d be

acconpl i shed "tHRY [RAT RGO dﬁ?'fﬁoh AEREATRA0 Partialiptessye. nreferred to use a
sparger assetg2s] 36. AMéswri B FGef ewalel ynagdstesiden ta thé padhesteariged pAd. toAs

Do et TS 0 TR T R TSR A% AR o DS BRI
i nner andsoutadegiab@uiressusd ﬂaﬂdaﬂ&w,s in elsp ericeye byeant mgmea@abmdmy@rmear bon
I ﬁ?guLLOY\ﬁet F %8Ehbgrq] fe%r(]jn\lljvlafaer a];ulj %%tlst)%as(fgém AlAg(?n yrbee]c aeygpe}gcllgted\ga those skqlwa
in the art, such fluctuations are commonly referred to as a water-hammer or steam-
hammer. While the addition of water and dilution steam to the preheated
hydrocarbon feed could be accomplished using any known mixing device, it is
30 preferred to use a sparger assembly 36. Water is preferably added in a first sparger
44. As shown, first sparger 44 comprises an inner perforated conduit 38 surrounded
by an outer conduit 42 so as to form an annular flow space 40 between the inner and
outer conduits 38 and 42, respectively. The preheated hydrocarbon feed flows

through an annular flow space. Also preferably, water flows through the inner
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WO 2010/ 005633PCT/ US2009/ 044586 perforated conduit 38 and is injected into
the preheated hydrocarbon feed through the openings (perforations) shown in

i nner condui ty38¢005c58Y be appreciated, a plurality of pspRakaRseassenbdlies
36 may be arranged 1n parallel. [0027]Dilution steam nmay be i ntroduced

through line 46 to the preheated 5 hydrocarbon feed in a second sparger 58.

As shown, seconf -sB@ceRuICSs bﬂ@'né%?e%t@fhntd“ﬂ\%rprgﬁéét@cﬁ ﬁy@r@c%{iﬁ'h‘ééd #rough
sur r ounded by an outer conduit 54 so as form an anhul ar fl ow space 56

bet ween t he itAf&Peainas dRrreratiopalshayn wlnaﬁdcwu'tﬁ@sp@%t’“%’ep? appiesiaidelfeat ed
hydrocar bon f;ﬁ&ght&%ﬂ%\@é§ 4938mPRdL36 m§§b9%ﬁan§a¢|ﬁ%awnem thr Ough the

annul ar fl ow sgace hereafter, dilution s fl ows through the inner

io perforat d802Bndui PlgPnastgamsman; ke ié@dieach traeg fias et &trl'ﬁ/(ﬂ’r%‘t‘?ﬁ?e@on

feed through ﬁyaﬁoc@%ﬂ'f@wm@%c%ﬁa @bé@@ﬁée SRO¥HWA) sbéu?@rsp%ﬁayﬂlsetmc%es an
[0028] I n another form the first and second spargers 44 and

respectively, '”%ﬁreo%@ﬁte‘é)fcoad@bﬁ? FeFrodrAesHBY @n 3BIeracongh e, S9 ﬁSV\‘;ﬁlfeﬁntaf’i‘e

first and secondia?Rew 3p5c 568 baderthe HRSPARIINS %nd@fﬁS?QﬁH’@@tr%QpéoﬂvéI{/U' d
fl ow communication in series. The 15 first and second spargers 44 and

are i nt er conndetFaheded hysracarbenfeashigumiienineosetenhae ppers a dfi'QW%thﬂPl{SW

| nt er connect ghe GAnulBHGIRIWA SRR 867 FRSBERArY dﬁ!@t’;’onrrkﬁé'aﬁgﬂmé Qﬁro@?ﬁl e uHhéron
steam wi th preheated hydrocarbon feed is describ

ed U.
7,090, 76510 [ (ReY9raiRd FefiquUter? g ﬁsswegfe@dmtouwgrpr@@ﬁqt@%qurﬁga@%,fi%} th&%@é’rrbl y

36 t he m xt qpﬁ@og@n s ( Egﬂ@@g@{@gﬂow@mnn%ﬁau@m di lution steam fl ows back
into furnace 10 through heat exchange tube 64 of tube bank 66 wherein the

mxture is fdPQiﬁﬂr he'&t%@t%rtf?mh the Nihard S6FANDIPa9e e VAL PO esREA YN 14.

The further heaphhef QfsPér@@r ByShanABe Qs Sreed, pamitiake faéwanfdogé&bk@@wgboé
t hose of ordinary skil n the art. The further heatin

i ndi rect cont‘%c@r?/do?s TREPGAIXRY | HEORVETES dh Meid dloporPrmu 'Fat{ci’:"e‘nfﬁ?r“ﬁ%cér heo 25
with hot fs ue;rg@&@%etém;sd?gerrsaﬂlaa:mtsmretmtérrbo'hae@tédnmﬂu;aurbwa@oenmmﬂcalo@an be

acconpl i shed, non-limting exa aSSI feed through
e o ur o't 3 b Mt R B DB e | Bt e abaDeR A ARG BT e
convection se@didntickistedmtiie 5@%@@@%&0&%& WdNg deb@ibeddh U.SrRdteiead.i ng
of the m xture ejr‘isln t ube bank 66 e resulting heated m xture exits the

convection sédi? 14, 30 bypassing the superheated high pressure steam
section 70 apgoZgpen rWé’fufrth@WHbﬁféfed ipen fediting e dfbrgdir Bidemblyess, twmr\ge

tube 72 of tu ank 74, erein t xture i.s furt eated
e TR ok, Bt st e L o b o e Yo’
hydrocar bon heedexchnatd tubs @4 & tudleitank 56 @adr&iX tHesmixiige csomm&@thsaltecs\emm an
ggib?oggagggwll agg)@/b 2:%%\2% |ort1 ggct%% 4st_F§ea][11 rt%urp I'?eraqgato %e Il'u%r]ocavpcm feed
can take any form known by those of ordinary skill in the art. The further heating
may include indirect contact of the feed in convection section 14 of the furnace 10
25 with hot flue gases from the radiant section 12 of the furnace. This can be
accomplished, by way of non-limiting example, by passing the feed through the
plurality of heat exchange tubes 64 located within tube bank 66 of the convection
section 14 of the furnace 10. Following the additional heating of the mixture within
tube bank 66, the resulting heated mixture exits the convection section 14,
30  bypassing the superheated high pressure steam section 70 and then may flow back
into furnace 10 through heat exchange tube 72 of tube bank 74, wherein the mixture
is further heated within a still lower portion of convection section 14.
[0030] The mixture of hydrocarbon feed, water and dilution steam exits the

convection section again at tube 84 and bypasses the downstream superheated high
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pressure steam section and export 88. The mi xture flows to one or nore
tubes 90 and is fed to a flash separation vessel 92 for separation. As nmay

be appreci at ego 0080853 More tubes 90 are arranged in pargihRbiédssare fed
by a plurality of tubes 84, represented schematically by external bank 86.

An overhead portion may be 5 renoved via |line 94, pass through valve 98 and

returned 1o faeoaee sknd m&&i@%n@%ﬁ?o@mh%@%&ﬂ‘?@flé@@t@fmé 8PP Rlbed A

wherein the mxture i s further hin a | ower portion of convection
section 14. @eeisdgdiha Tgspisgpareiiey vessel PAdY Waé?rt@”pr%ﬁlméécpea@ﬂ?r%?t%ged

in parallel affd &rRorkaRb&seNhRGEHFREIR b&alidI YndYar& ek PAMK oPBbes 84,
10[ 0031] Upon exiting the convection section 14 again at tube 104 the heated

hydr ocar bon wgprgggrgtg@ fehemrbcalydasitestd thank 83 t A IVGFRAEePPrEPN tHdY hgl

cracking of tr@@]obé/dj(n@%é@Q”paé%ﬁﬁr&ﬂjgﬁtv%ief%eﬂwdtr@tdrrk&i foaxdinaiok 1896l NERY
have a tenper ature bet ween about 5C to about 760C (about 800F t o about

1400F) or abduchais tige 488 ¢ tursoakaliBuvherendhe ryxtuisolstiutiaxdiepied S{in 32] As

may be appregbgéeportibf A Jo)ﬁpé&@h JRHOH Vi S Ohbe NRe®, K0 piukdify @F 8ifed 4t 5»@
convection section 14 for process preheat and vaporization is nore than

that requiredreddgst éﬂ@a@trravaecm peralighanc @ f‘?%ﬁs%ﬁe%t's@éﬁﬁ‘@t@am P¥ eXgpal
on- stream degRkk@g. to prevent heating beyond the Iimts of the pipi ng Thi S
is particul arlé}]true for heavy |iquid feed furnaces with direct oil

and thus Ho tIPeHHfer Vponexlivhiifyernverii®) segdignnid AIP A riv® 4P ibiINgat o

ot herw se be R!éér"b@ﬁt@@abébdttbeché(?éw&ﬂtée‘éfb@Qﬁih'eq[lrnlaéea@rtﬁ@@ﬁm dréibkﬁ?geém' ary
FIG 1. [0033 n hydrocarbon operation, for exanple, the feed ma

preheat ed i n thRihydrprab Pirbd N 1RtesTeesytp (g fel aﬁéﬁ?ﬂ%’i‘/‘abé‘a%@e@ ﬁEPt‘f'rﬁrt her

preheating ccwédwéheaboumwbttbl@lb@uttxmecl@@tsﬁm @6(3 F%f@bgmoomﬁrggggwadgg |
process "junps" aroy ssure hoiler feed water an
st eam super h&xpPY Wﬁ@kcfﬁb%ao$%gftﬁﬁPﬁ@r1366§Beat ed in bank 74. At this point

the partigall xoo'mgorl zRsImfa9 &d a‘dp%ﬁlétw iY artysieks phRsBRSiuaiaRe COThengda antef ed
to a vapor-ll ui d separator ? The vapor grod ct fromthe va or-Ilcawd
separator i s MO REEHHACK A nR'GCESTe PANGRLENE yVaPPriE 1985'3991‘0?

depi ct ed schesmlidegad bpehbw 67don G, e @c&ﬁt@;nmfe,m eshuirad FdrGn- staeammmga
30plurality f control valve [ ur ned_f or eat, i n bank

d
205 betor e pidBieg e bPEIGe BLs S 81F PBI e HisdE rgricolary tE T nédly

[ 0034] Advant ageehsddyfurriabes el a|rébt@in@abmdn@tm@mmfsfa@asé ERghahber (crnE;s,t ream
decoki ng stre fraction of t cess

makes 1 BosSiB BoTB (% Al THE R SUFRERER Tt (7 BRI O SPH P Stean)
in the on- st KB&WM in exemplary FIG. 1.
[0033] In hydrocarbon operation, for example, the feed may be preheated in
multiple tube bank 26. Dilution steam may be added and further preheating
conducted in multiple tube bank 66. As shown in FIG. 1, the process "jumps" around
25 a high pressure boiler feed water (HPBFW) 68 and steam superheat bank 70 and is
further preheated in bank 74. At this point the partially vaporized feed from the
various passes are combined and fed to a vapor-liquid separator 82. The vapor
product from the vapor-liquid separator is distributed back into the plurality of tubes
94 (eight are depicted schematically by 96 in the case presented in FIG. 1) through a
30 plurality of control valves 98 and is returned for final preheat in bank 102 before
passing to the radiant section for cracking.
[0034] Advantageously, the herein disclosed process of passing the on-stream
decoking stream through only a fraction of the process preheating area makes it
possible to eliminate the use of water (in addition to the steam) in the on-stream
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WD 2010/ 005633PCT/ US2009/ 044586 decoki ng operation, while staying within
the tenperature limtations of the crossover piping 104. As discl osed

herein, the rguBhd6:Lf the process preheating area carbcq%sg@,%“ggg process
preheat duty. As may be appreciated, the configuration of exenplary FIG 1

illustrates a furnace that neets th| s requirenment and is designed 5for
cracking heavaredokﬂﬁ déeFa%%ﬁ'Swﬁ%r%tﬁx} R Wi thO femYdratlibd ﬁnﬂ‘tétn%ﬁ& bPthe ¢rB&39E N

accordance herew t in one for m an i nventive rocess t he on- stream
decoki ng of aPiPligifde Asodipgosaddiaraiadthetrr@aingena t@emoqq‘$§|m%ne@@n9rﬁrqa e

tube banks 26y %%t Mp%@s&l%?eh%%f [SEi YA%C’ﬁnlaQ'tSTén%Hpr*é@l'aYé%er!h@ ¥ d?&tﬁfanﬂ

f eedst ock inl et a radi ant section crossover 104, each tu bank 26
66, 74 and 10?@1”?1%4%(5‘@91 'Iittstrateﬁlaﬁua?acwh@ifme@t@é@szaqw@meﬂgen@rﬁd%med

respectively, fo%r%@iﬂ&?ﬂeé@lﬂ@h%é@s‘ chénh]th‘a%ﬁWoFaHQQ’rW 26, 66, 74 and
102. The process includes the steps of termnating the flow of hydrocarbon

feed to a porl0P3¥ of tmhacqerdanseiheyewih. iwes fom, auinverivenrioters fof thess- t han
al | of the Musickl Godohp crarkinaR8.1056 oxcicnthel OdnacsUrphi.aignglgsekis

feed conprising steamtd the portion plurality of tubes , 6
and 100 of 18Ke<8, 6hait aNd 1@ sarizdy ROsitioNedatverRn padfocaHON desdstagkdmiet 102

to effect remyald @Fao%qifge%ﬁt&masa%@rd]oaneéé?ﬁubé\bsrﬁn@6 6ef 74 Bﬁdqgf‘%ﬁ}dﬁr@n
coils, the radiant coils, and quench éstem conp onent's, fed by such

convect i off t FREaHi 9TdubRS 24, &ﬂnﬁ%@”‘ém rfﬁé@%’t“lﬁ‘?’é ajfangRe '%B?f@@@t"w%‘r“ﬂ 83%% i on

to radi ant seghd @BnERESEOVAS add402f m%g?&éEQHélué@@e%te@Qf t%%%f%gl"%et he
portion of the plurality of tubes of Iessthan 20 of

the multipl e foupd NysresToes fegd to ?APOQH’G of ¢ze PlyralpuPlaeD &h G GO

operation af tiggs ghesali dfahe [AIOBHE TR bankentd, \6% mmsmzalsﬁgplylﬂglwd@@oktr@e
steps of termnati ng the flow of hydrocarbon f gortl on of t

plurality of "eeheampisingateamyodhg p?@@”ﬁth%ﬁ'gr%"WaW tHP‘PS $ ¢h&0ANY: | Qﬂ & tube

banks 26, 1566, lesbknhamndil b@%e raup@byuwwbankd%otssnm heedo2 BoefdunsdridianBf coke
essentially of steamto ortion of the uralltg/ of tubes 24, 64, 80
and 100 of | ESEUTHEIRA91 ”lﬁ o o 1ths ﬁP%VeLCU&éCB'éW@ ssliargecoly.4ang, quartsh ¢ o

ef fect renovalysiem @@k@n@ﬁtéur@d B S6brogbrivBetionnLiBEd @hil®mali@nihgd @Ripefdides and

guench system conponents fed by such conyection tu ile i nt i ng a
fomperarare. & T LERRSCAN S AN Se6TaeTP S oL dB1 o R Er b P d R o

bel ow about Jaﬁa(}etlamnagwdwer;ﬁirwmbﬂgetpnealapbafubb@awM tdvearnd vo@bi uteys fHantdunbes
24, 64, 80 angfloo s t han | e tube banks 26, 66, 74

and 102 1§ hylibear Bi¢ 56 cand %@Q@p T AP U BB RO RS g oHeFRODer

"portion of tdter gddekiabi ty of tubes" is nmeant to refer
[0036] The inventive process also includes the steps of terminating the flow of
hydrocarbon feed to a portion of the plurality of tubes 24, 64, 80 and 100 of less than
all of the multiple tube banks 26, 66, 74 and 102, supplying a decoking feed
25 consisting essentially of steam to the portion of the plurality of tubes 24, 64, 80 and
100 of less than all of the multiple tube banks 26, 66, 74 and 102 to effect removal of
coke accumulated on the interior of the radiant coils and quench system components
fed by such convection tubes while maintaining a temperature at the convection
section to radiant section crossover 104 of below about 1450° F; and returning the
30  portion of the plurality of tubes 24, 64, 80 and 100 of less than all of the multiple tube
banks 26, 66, 74 and 102 to hydrocarbon processing operation.
[0037] By the use of the term “portion of the plurality of tubes” is meant to refer
to at least one and less than all of the plurality of tubes. By the use of the term “less
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to at least one and less than all of the plurality of tubes. By the use of
the term”less WO 2010/005633PCT/ US2009/ 044586 than all of the nmultiple

t ube banks" 0 refer to at |east one and less t t he
mul tiple tub ‘§8a ﬁk}mm{ 0038]In practice, a portion of thefjag{“%%/ﬂﬂ’%of t ubes
24, 64, 80 and 100 of less than all of the nmultiple tube banks 26, 66, 74
and 102 are t, it I by
cutting our th8 AbCrbe HATAT R SorRE e et frdtto SIS 0% B REE Rty

t hrough t he tailiiee multlpl@belse pankisn suffi ci ent anmount to renove the coke from
the interior her c - f C es.
After decoki n[‘gs?’élhe tu gtﬁcet gbdé’?"’gwé@éés'?g '%%8‘%%9%34@9 e?%o@éb@ |%:éué'lt)tl ng
out the decokhamgal eétmeandltlplettukumwataﬁeGGeEfblaed19&@@9 taken Wfesiread, mothaed
servi ce. 0 ] e i

controll ed51 t h%hggﬁa dgﬁé @?ftﬁr@r%%élis !H &ﬁ'\qfﬁ%{e@el@ﬁm ﬁgadﬁé:r%%bé\tgvaﬂ%gaarﬂdmy
be passed thrmglngarqﬁcokmg feedphpughithe/tube ov ilbee 201N suffigient Foeuitt teltrpeMer eam
of the plural

When a si ngl eth%)(éﬂggrg F%te% %G(Ee Eésgde'drtt c%ongaheco Héh E%@%rﬁn%awde%} %%ed up
to any of theumvﬁandemwmtubepn@bgaﬂe averrepteeeqmorml ﬂmehy guttipbeut s
under goi ng a Aance

herewi t h, thghgggﬁqﬁﬁ\%@\%g? lmgé]ggﬁé g%éoogg and ?tgé%vtg%g?ﬁ%\%%r head product
fromthe wapdP039]qui dSisepdioarss in decplidg dhmpade @W'ﬁ@'%%ﬁa‘i%’frﬁb‘?q paghgmet he
plurality of diihss dohibi\ARe% PR YebAR HERNTASNBE BatibalthGudn AP YPMHEOf

the ei ght tubes of convection e radi ant sectioh) wever,
as may be 20appeiéiichvedles al4 tof noiné downsisant pf Gte piwisey of 20Nk ah@sets of

convection bapkg, 26 t%s%augﬁloﬁeWé?\ A Qm@%%ﬁﬁ’él RIvRNeatis 885y it decokin
[ 0040] Ref erence 1s now nmade to exenp wherein a furnace 20
cracki ng gas steasisnayubs Ilagd etph@ne%pf ﬁﬁ)ﬁ@rﬁi@cﬂ@" BaPFaSgUR A IPTe MRS dé‘hce
herew th. ,;Fungage 2000d ngl Hﬁld‘e?%éné o4 orf- @t@éawtde%eﬁﬁngoepé’réa@n abnkiDégs MRdi at e

convection 25 section 214 an upper flue gas exhaust section 216. In
the radiant %@@rﬂ@rﬁpezmerewtadﬂmfema@th(ér\salxeh@@ i HREeH FibiieduaRAdvVERteaReat

to a hydr ocar cf #8fh IR RARANGSd IRBates |’éefgd an%ﬂjk&ﬁr% @fnénﬁlﬁé TesChHRGK NY

of the feed. e burners generate hot gas that flows upwardly through

convect i on s@&rﬁ’éh op fupegrEn Ehﬁewemda%fcaﬁﬁéeﬁrm%%bz@ t1hr36¥ﬁjh°? heeCights
exhaust sect iyps2df coRr084 AR 102! Had rtl"i‘é ‘?Qd|bﬁ‘t §é&ﬂﬁk}arl¥oﬁé\@r 8s may be

hydrocarbon feed may enter an inlet tube . pass_through inlet feed val ve

220, and %l owreifrEies. tad Adrhepperiitpef tudsh 26f Gﬂr?éldc%ﬁm%eqnvsdl%wkér?@zf&
where it is phghaab®din ﬁ%ro%'a@y\ﬁrehaa@ewl@élty of tubes 218 may be arranged
SC

in parallel and represented ematically by external tube bank 222,
Al t hough not [Q¢4%kn, e%%fﬁreé‘ﬁeﬂ%@p"bl”iﬁdﬁltf’te%e%‘f)'afhﬁ& 2 yéerrly afemBPeePA&S wi t h
an cracking gas feeds such as ethane or propane is configured in accordance herewith.

Furnace 200 includes a lower radiant section 212, an intermediate convection

25  section 214, and an upper flue gas exhaust section 216. In the radiant section 212,
radiant burners (not shown) provide radiant heat to a hydrocarbon feed to produce
the desired products by thermal cracking of the feed. The burners generate hot gas
that flows upwardly through convection section 214 and then out of the furnace 200
through flue gas exhaust section 216.

30 [0041] As illustrated in exemplary FIG. 2, hydrocarbon feed may enter an inlet
tube 218, pass through inlet feed valve 220, and flow onward to an upper portion of
the convection section 214 where it is preheated. As shown, a plurality of tubes 218
may be arranged in parallel and represented schematically by external tube bank
222. Although not shown, each of the plurality of tubes 218 may be provided with an

-11-



WD 2010/ 005633PCT/ US2009/ 044586 i nl et feed val ve 220, or the arrangenent
may use a single feed valve as shown. As illustrated, each of the plurality
of tubes 218 js.in fluid conmmunication with a correspondj , change
tube 224 of c‘gﬁ\}%‘c?‘["?%ﬁ section tube bank 226. [0042] Pr e%gggjlstﬁ}’g@(iff‘%?he
hydrocarbon feed can take any form known by those 5 of ordinary skill in

he upper conlBLILENUEAZ0oR BT ABRoURER HRPLEES 6ERRE a0P Tk fadst "

from the radiibudtrageictdash &lheoplutdiiey plinuzase2280s iThiud camnanicatioonplth shed,
by way of non-limting ex e [ , : heat
exchange t ubecsorrle(%%%ricgrg; %ﬂ%%?%apﬁgﬁcb%nvec Q%SW}%%{’:'??%%BQ il%%nﬁ(%esf ur nace
200. Upon exi[0D42] t ubBrdhantin2@bthe inydtdeerbpnebehtad tdkeethyrfaym lhaowen &y those
Lemmerature DSBS, R0 B, o phgH, R heke? Mgl ookl GR0E, o
about 175C t an ditouppe2 80 dctibo sect®BOH 4t af thd furhads0I) witl 00UBleAfases ftorethe
pr eheat ed hydr o o] i t pef,.. t ' 4,
01Ut on st oa0 ALy Baot AT F Shilstfriaee o8k Trh SR e RAL Y ypr o hth
Di | uti on st edimiiirg esarepebpy weisghyg tbe faed dmough td hadt ercsngalbiobes RQ%eedi . e. |
about 20%to 9 sed.. i i b i gk
about 25% or @Eﬂr@%{g %g%%uﬁ %8%9{] %ﬁ%éﬁfhgﬁ’ﬂan%k%? %'n%%a%ﬂﬁgq&g?rgﬁbfa%’
[ 0044] As faur tthe préheatest feat edayi haex eripinpenptiure detveced, abdue 90T & tlairgoelf 315°C
hydr ocar bon o i ho I It | o
exchanger (TL%&@??,H f@g%b zLaJls%a(5 528%‘%@%3 ‘?E@t 13%%“2%%%?29%@4?@&?%Fnace
ef fl uent gasds @60t SAWE) lve dtedwean rbautel 76f CHy drtooh2b0i¢ et $08°Mitd @bdwn
steam | eaves 5tr?ge,:‘i)exchanger through |ine 294. The cool ed furnace effl uent

e

gases | eave t xchanger through line 306. The plurality of tubes 294 feed
a correspondi[@@A3d ur ahitenihe preheated dwdivsadpentfegseexitadae gpprargoavestinr sect®nN266

with the Ié;l Otzgﬁodﬁﬁ’igh stfan} n%ypdeuiﬁ%(jti%c%éd%rohﬁtgitﬁ% %9@.% Qe AU Bl Rlon

val ves 29 efein the mxture 1s ther within a |ower por!uon of
convection sétaanis added Mhweight phen avewnt afableastheddw @0¥c ieb@botik dvctan

take any for %E?ﬁ%b(’),?ybéééﬂs& HﬁutBﬁd%té‘%?%efﬁjgéi#;tléte{){nattiggstaiﬂout 388, busd BeL:

heating may include indirect contac _ I'n convection section 214
of the furna@eoRP%yilagethon dilltips stearedy weihtt he radi ant 30 section 212 of

t he furnace. i43 can | : Y g PR by
passi ng the Tlgdgicﬁt hr pﬁ%ﬁrfﬁ%gmp t%t§$W$X%plﬁ§'%§%%ég(ﬂtﬁﬂg;}g @g?&?tb?gt ed
within tulie Heatkabgilwontsiears dawedntioon treesfer e eachaggen Hé-E) #ORasech2ema

Fol | owi ng t hgeasldiahy ﬂ@'an'&%ﬁéé{%g!} hBh@rﬂcé%Wu‘én%é‘{;éé@%@SbZﬁ?ebP@ﬂgd ABfuret he

resulting heated mxture exits the convection section 214, bypassing the
super heat ed 18f fyrotgoon ke Gos sHis T ERPded/eg4as s6chenagsiirauostlisam®4 e cteon

270 and t hen .gBKq ffdrﬁg\éebé\ﬁbetﬂﬁ RQed ﬁtéw@?rf’e é@ﬂaﬁq?'er%bgrhﬁ-‘@é 3@ changerdigag 272

of tube bank 274, wherein € mxture 1s further heated within a still

| ower porti oftlkes 294rfeed € erreseendinghpipiality poRES|exRRaNgExH %26 Oh{Hded@aKbon

feed and i | ybs QnSthe AW dazhidt8n€ BRYSAR) bPRibas $86tdIRA KKltbradhlAvédgos,
bypasses t he downstream superheated high pressure steam'section and export

288. The mi xtMieeeid fhevixiuse isduiinerdipates Withimaldaver portiorRr ggrvastan sestienzide
tube 300 of trHbe,Ranke304 \ﬁfhﬁfee}i\@réd%g%cgi el @nitakd Why i kesbedy WdsBidt a

| ower portion of convection sect’ion . _ o
ordinary skill in the art. The further heating may include indirect contact of the feed

in convection section 214 of the furnace 200 with hot flue gases from the radiant
30 section 212 of the furnace. This can be accomplished, by way of non-limiting
example, by passing the feed through the plurality of heat exchange tubes 264
located within tube bank 266 of the convection section 214 of the furnace 200.
Following the additional heating of the mixture within tube bank 266, the resulting
heated mixture exits the convection section 214, bypassing the superheated high

S12-



[ 0046] Upon exiting the convection section 214 again at tube 304 the heated
i ohydrocarbon is passed to the radi ant section 212 of the furnace 200 for

thermal crackin the hydrocarbon. The heated feed to section
may have a te%g?lgjowle} bet ween about 425C to about 760C" li‘ 0?%‘8%&
about 1400F) or about 560 to about 730C (about 1050F to about 1350F) .

[0047] | n-heavyyell 96abon. 1 acking GRPHALIAR LERKEALES 4B (LM Fear

i nternal 15s aces o e radi ant tu uces the e
Cross-sect i oradchargeatubé 27 Aef tuhiedqankmnebfyenwcmssmume iIsgfutiherhesatqor edisoees t o

maintain a cops ant ﬁ%ﬂlﬁggﬁwﬁﬁt@ %ec??i lfg is an effective insulator, its
a cC

formati on on s[t'ube onpani ed by an increase in furnace
t ube tenper atf0045]t o nﬂnmttmtmremfagzdinonqberh feech amaodilutio ghampitathengpnvection

temper at ures. SRNPEL oaliE il o bisRs R LRSI Lyl eoRQbi.ah, Libgit s

the practi cal errpera can be’ e
conver si on arsciorehmtd egmmm%dvamwgemmm |strhferrmelrte|fnrndcesélD@sfe’dugh bealss

and apparat us gnﬁggﬂgsé%a ¢ %%a%tk%fwe%gﬂhhggn ahree@wl{r%% Qo

fraction of th aréa na m nat e the
use of water Io\mertdmet:cmmfs:bnmﬁsect@eédm ng operation, while stayl ng within

the tenperat l'tf)@4é]' m t@é(%rp ?gig&{) tﬁehgongfegt?o%oéleec'ﬁorﬁ) IRk a%oét tué@ %43@9 MRERq

herei n, the remalnder ocess preheating ar in process
preheat duwt y.hyp@Ba®pAsisidasest tathesd raohahé seotveet? oh theedurnase 20Q f@ragherreal

arranged 1n Ramikhoodr hih erdcgrb%ﬂcweaﬂg?_i{ag%gﬁ ¥ feSRUBhALedIiNGaY Rapsha! | ©!

(eight are depi c 1call e exceptio
mul tiple t ubéemaﬁht@@eetmmh@lbou@&lﬁm ab@UW@@eCf(aﬁﬂUt 8@@ Fhowghut 109y wi t h

3 4, 6 8 Ja%outlf?eo%%boét”ﬂsoléé%&t%@@q@to pSuiRBoTs appreciated each pass

consi sts of a serpentine arrangenent o t| pl e tube banks 226,
266, 274 and[8@W]are lalheapy bwgsarpc@h@@kmﬁ@ﬁwtlpm qohe beiees e BN die éarealon

214. 15 surfaces of the radiant tubes and reduces the effective cross-sectional area of the
tube, thereby necessitating higher pressures to maintain a constant throughput.
Since coke is an effective insulator, its formation on tube walls also must be
accompanied by an increase in furnace tube temperature to maintain cracking
efficiency. High operating temperatures, however, result in a decrease in tube life,

20 which limits the practical temperature that can be employed, as well as the ultimate
conversion and yield.
[0048] Advantageously, the herein disclosed process and apparatus that
passes the on-stream decoking stream through only a fraction of the process
preheating area makes it possible to eliminate the use of water in the on-stream

25 decoking operation, while staying within the temperature limitations of the crossover
piping 304. As disclosed herein, the remainder of the process preheating area can
be kept in process preheat duty.
[0049] As illustrated, the convection section 214 may be arranged in banks of
tubes. In each bank there are several tubes in parallel (eight are depicted

30  schematically in FIG. 2, with the exception of multiple tube bank 226, which is shown
to have four, although furnaces with 3, 4, 6, 8, 10, 12, 16, and 18 are known). As
may be appreciated, each pass consists of a serpentine arrangement of tubes.
Multiple tube banks 226, 266, 274 and 302 are all process preheat banks in the

convection section 214.



[0050] In the formdepicted in exenplary FIG 2, decoking steam nmay be
controll ed through control valve 312. The decoki ng steam may be passed

t hrough any of the valves 314 to a point downstream of valve 298. Wen a
tube i s undergoi ng on-stream decoki ng service, the respective valve 298 is
closed, and the 5 feed and dilution stean1nixture IS fed to remaining tubes
of convecti on s 266, 274 a 02 and t ion 212. As nmay be
Spprect ated. OO Loelt 1S SRy AEPFEA BamerIRYany theltokal SPEA B (o
secondary TLEcaHdli¢e touyhi coniioDesss 3p2. el'raatdes@{wg et@anEr)ﬁAMBbEaasé@cﬁ €06ddH n
this Exanple a s depicted in Iar Decoklng

t
steamis pr ov?rl:}’e\é?ér%n"g@ﬁ?r I B2t Pl‘?'%éﬂw %‘E’P?%blo Ve V\‘?eiﬁ%%'é YWy
steam may be paRsgihd bii-etigim aRyolktg béreice atheeespbtivd valve poB it cickmanand eam of

| 98. A val 8 d di t ube 94 f
Ceuti g, the. Baba onk G Y83 s By o L PSR Dian REoat Sa E
t hat tube. Vapor add 302edtetd @ﬂ@duebctfdnomz hessvaporod bppredagepal atiiggs 82 i s

fed to the other sev S nvectlo bank 1 adiant section
150 A1 tabescigredivRekiah sl e R SRSl g oo, b e et Bopianent
servi ce. [0052kmedtissfvaet ory decoking is achieved when the operation is
conducted in accordance herewith. All { , test procedures, and ot her
docunents cited 20 herein, including docunents, are fully

i ncor por ated [0g51]ef er enthées Emn‘hplﬂe aeistnt as@ebnctﬁdsnlexsmpary SiGotis enmpmysd st ent
with this invention urisdictigns i.n whi su cor oration
' ber i £t eq. DRSS 5 Hm@ord Pk podtiqibu MRl Grgy e PR OERIS
have been desm;mbmhwhdﬂsespadthrou@raamygfthétvaMesth14)e) alpdiet ddowaostreahadf welrel ous
ot her nodifi ns., W arent to.an e readil e by those
oK1 ed i t R afta Rt SSRGS Toshiv g Wit o ol d¥Bg the

i nvention. Acediedi ngjlsyand tqguescheystémt emdmohehtsathat laes s&ex:bpg toét tube. cVapors

ded h I
per ei n but® r &t REEee raf R bbb 8RR SRl LERTRUAIEERE el ie
features of pﬂt:emueaxbd)rebarwmz@ndmecdzdmrﬁgedtmn 2.t Aktubey efntdneectionrbahksiRég al |
features whi %J% k %ﬁgﬁ i ér%? ssgprgﬁe%%%gh/lc@.ems t hereof by those skilled

inthe art to I'nv per
[0052] Satisfactory decoking is achieved when the operation is conducted in

accordance herewith. All patents, test procedures, and other documents cited
20  herein, including priority documents, are fully incorporated by reference to the extent
such disclosure is not inconsistent with this invention and for all jurisdictions in which
such incorporation is permitted.
[0053] While the illustrative embodiments of the invention have been described
with particularity, it will be understood that various other modifications will be
25 apparent to and can be readily made by those skilled in the art without departing
from the spirit and scope of the invention. Accordingly, it is not intended that the
scope of the claims appended hereto be limited to the examples and descriptions set
forth herein but rather that the claims be construed as encompassing all the features
of patentable novelty which reside in the invention, including all features which would
30 be treated as equivalents thereof by those skilled in the art to which the invention

pertains.
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CLAIMS: What is clainmed is: 1. A process for the on-stream decoking of a
st eam cracki ng furnace having a convection section having upper and | ower
portions for preheating a hydrocarbon feedstock, a radiant section for
cracki ng said hydrocarbon feedstock, and a quench system for quenching
cracked hydrocarbons from said radi ant section, the furnace including

mul tiple tghalagnks positioned between a hydrocarbon feedstock inlet and a
radi ant sectron crossover, the radiant section including radiant coils,
each tube BAI/SGwMgditig a plurality of tubes arranged within the tube
bank, the process conprising the steps of: (a) termnating the flow
of hydrocarbon feed to a ggrtlon of the plurality of tubes of the nultiple

t ube banks in fhe AdiRgess ik en-eheasderesing @‘msteam crackig fuiigpe PRYIRY a

decoki ng f §eEnGURBA isSLits l%\ﬁr%mhé&rtah@ IBWEL hHorf fo b%halam@blhkjuro@éraoubes of
the multiple tube banks in the lower convection section of step

a) t
ef fect rentoedptost atadanksechion fat @@cHRd sRE hvdresarkan fsedstack At %%wqrgchand

quench 3y5§)ﬁé¥6rﬁ(?&p@urlﬁﬁhﬁlgf&§'ck*éﬂ I5/dedtatBPe SroMiishd Biaft 3édlioRdta fupibeer at ure
at the convection section to radi'ant section crossover of bel ow 788 C.

2. The procBskdipg reyltiplmtube banksirositionesh Peteiegy:a hydrocarkan fegdstpee inlptane

hydrocar bog h&igek éébt.bh%r@é%bbéromh@fradlm snslcuéralmcnoaucy rddidiR oo, éfhstubBan al |
of the multiple tube banks of p (a) termnating the fl ow of

hydr ocar boPe E¥lUdinga asle@HEY Bf)lnfqeénar(ﬁ?”%‘i‘ewﬂ'l"[lr@ﬁ tupe opanky 38R REPCESEss t han
al | of thecdmibddi tﬂets%g geanks in the | ower convection section; and (e)
repeati ng steps process of any precedi nglucl aim wherein

the feed is te@ ntsfr@'aaw)f\?ﬁ'ewcpéemﬁwoﬁ@{b%é%qte aRppian A dhe BUERIE 9fgl e t ube

of the pl uigksé bythemditisRefubRTbahRS B thE folverlcbnctibhSediishidrd e t ube banks at a
time. 4.The process of any preceding claim wherein the hydrocar bon f eed

termnated i n & epsYPRYINGGheipGaking fae ‘é‘ﬁ'ﬂ?”%’igrgﬁﬂmft? bie Rei b e PiytAlity

separ at or . ofaudd¥ofRhd FRRDIAlba BinKafin BhelloWer donvactidn sactivher fém (d) b€ effect
hydr ocarbon feed -15-
removal of coke accumulated on the interior of radiant coils and quench system
components fed by such tubes while maintaining a temperature at the convection

section to radiant section crossover of below 788° C.

2. The process of claim 1, further comprising:

(c) returning the hydrocarbon feed to the portion of the plurality of tubes of
less than all of the multiple tube banks of step (a);

(d) terminating the flow of hydrocarbon feed to a second portion of the
plurality of tubes of less than all of the muitiple tube banks in the lower convection
section; and

(e) repeating steps (b) and (c).

3.  The process of any preceding claim, wherein the feed is terminated and
the decoking feed is supplied to a single tube of the plurality of tubes of less than all
of the multiple tube banks at a time.

4.  The process of any preceding claim, wherein the hydrocarbon feed

terminated in step (a) comprises a vapor stream from a vapor/liquid separator.

5. The process of any of claims 1, 2 or 3, wherein the hydrocarbon feed
-15-



termnated in step (a) conprises a vapor streamfroma secondary transfer
| i ne exchanger. 6. The process of any preceding claim wherein the
decoking feed supplied in step (b) does not include added water. 7.
The process of any preceding claim wherein the tenperature within the
portion of the plurality of tubes of less than all of the nultiple tube

banks duri Rgmitaed (P btepS (@M dddhisad-a ¢a6br Gtdant henpbtge%bhaé&yqfaﬁsgé@qgﬁrneof I ess

than all of the multiple tube banks remai ni ng on-stream he
process of €4{{#NBfecedi ng claim wherein the decoking feed supplied in step
(b) consists of steam

6.  The process of any preceding claim, wherein the decoking feed supplied

in step (b) does not include added water.

7. The process of any preceding claim, wherein the temperature within the
portion of the plurality of tubes of less than all of the multiple tube banks during step
(b) is within +/- 200° C of the plurality of tubes of less than all of the multiple tube
banks remaining on-stream.

8.  The process of any preceding claim, wherein the decoking feed supplied
in step (b) consists of steam.
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