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FURNACE AND PROCESS FOR | NCI NERATI NGA DECOKE EFFLUENT
IN A TW N TUBE- PLANE FURNACE FI ELD OF THE | NVENTI ON
W@ 000402750 scl osed herein are inprovenents in fRCTHS®E9/046988
such as those enployed in the steam cracking of
hydr ocarbons. Mre particularly, disclosed herein are
an i nproved process and apparatus for incinerating

S P oRRsk IR IRETNEEESHNG e LKL ENT IN 4
oil refining proc = ; eis
produced from petrol eumresidual fractions. .
1ER YRR tions throughout the world require

E ugiégnluaﬁﬁtgﬁfgggﬂpartlcles and vol atil e conponents

[0001]ef f | Esdosst heris ateainga@ianmcads anflrticsy esedasothotcoemployed in the
prevent releasing these materials in

0 e . .
StCRIMFIFC; : thydpge . ghtwfre %E?Pl%rﬁ’ldﬁﬁ@iﬂse(a Eeraﬁnsaﬁ%g%gn]efpved process
ancllgﬁr(%[%%tﬁg o9 iﬁctﬁgeré'ﬂ LBKE tdrthed Qlui‘iﬂg tReEAWPEracliRD 9§lleyd%&?68ns.

king is the maj or conmercial process ?or th

BACKOGROUND OF THEANVILNTION, especially ethyl ene and
pyl ene, Light. olefins are produced, by the thernal
[0k " the TR Rl BIUR TR dL G SoR PRI byt SR "srgduced from
petr@BirA%EEi@eARRRORAT Ehdromh&IAWeLulh@EnsSIARIhd@SthE 8GRI require that
times. [OOOé%@In st eam cracki ng, the hydrocarbon feed '
entrgingd ¢oke pprtwiesand doktits ganedenid irheldiubuitsirgpms be gantimgd and disposed
he canvection section.of .the.furnace. The.te rat ure .
of WG Pr g Rl BB D&% il b RS 0 gETar BB efuent i
dispesdd@fbydurridg thdeniReirdin abhiaciacdtogni fi cant t her mal

crackin% begins. After preheating in the convection )
[00Q3Yt i onSteapk cipgkive it bl MAIPTLEIBRCLSIA 4GSk tQfr iej production of light

[ heat ' iant i chi
o588 SCcRRE S, LIE AR 35 ORAE ERBUELE B e
crackiap o lhydrogetbon dedia st hdncmptragrwednd fovt hedmedbamnpartial pressure for

sectjon, the furnace effluent is rapidly quenched in
shoat feRWEneeiMesdi r ect heat exchanger or by the direct

[06614390? | @R Rfanf cﬁ@ﬁiﬂ%{] tl%if h¥cﬁ‘553?'95ﬁ féegOQShrsﬁrebreheated a%ntderrrllixed with

undesi rabl e byprodu e cracking process is o
dilothen depwsirnt ithn cofivectioborctteposiths , fuoaneronTlhe tehperatede exiting the

to as "coke," on the j nner faces of the radi ant .
cop 350 sfetohus rRPrAlE deBiRtn i R N ¥ e OBLaTal, Sieifigant thermal
cra@kidg KRPinsC ofkﬁer_rmh@lﬁﬁg iRehdenpstliddsdclos etht dlaPort #B@Qilution steam
in the convection section, or in the guench system of

mixtyee fsurapade.heyldrie thegddipnic kestionrie sichicrg thodesitsidathimeal cracking.
Af?e}é glﬁegﬁéasﬁr% ndsegre%oomgrlrﬁ/al rc%{c {nrgelgast‘tg)eelqsac R Q(fl %1{ (82 diant section, the

furnace effluent is rapidly quenched in either an indirect heat exchanger or by the direct

injection of a quench oil stream.

[0005] An undesirable byproduct of the cracking process is often the deposition of
carbon deposits, commonly referred to as "coke,” on the inner surfaces of the radiant tubes of
the furnace. Depending on the feedstock being cracked, coke may also be deposited in
certain tubes in the convection section, or in the quench system of the furnace. Where
feedstocks containing non-volatile hydrocarbons, commonly referred to as asphaltenes, resid
or pitch, are processed in a furnace, including but not limited to those processes in which the
convection section is equipped with an intermediate vapor-liquid separator, foulant or coke

deposition may be expected on the internal surfaces of the separator.
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or pitch, are processed in a furnace, including but

not limted to those processes in which the convection
waeeabiozrs4i s equi pped with an internedi ate vapoPET/UsR0L046988

separator, foulant or coke deposition nmay be expected

on the internal surfaces of the separator.[0006] There

isalimt to the quantity of coke that can be

100t0 5 o T55ir s W W By of rotl ShieC ey ump St g iy fumace and

stilll Peri1BHbrta® ratige FhiRdcd SR ritioRe Eveflalpte BRe ﬂ%ﬂﬁi{@gegm to insulate or
before either the maxi num radi ant tube netal

cloge tse s rand ( TIVF) bpsrmm@ﬁelmbfortehelthmxﬁhﬁumﬁxmnamadmﬁ tube metal
ten? e?stsﬁ% Fll“o hgggg% 'rrga E}?(ggt@lgsm?%glg Xdl%ﬁ c01 %gl}rle Ocﬂroe% s reached, the
ma&i&ﬁlﬁrﬁ ROV REEH k&:tidh QReshiEre ERLH e@hch@d thd mailhﬁmc q&@clMSﬁt@m pressure
the furnace effluent is ﬂ}enc hed in a steam generating
dropuis easheds HiaigBe casergharaiicnirnage eI ER CHEPGEH 1parstea generating
e
quésttfcg%%lgatng&e gﬂggﬂéﬁﬁﬁﬁl ﬂ%}lhg%%ﬁlsl? Eg%uﬁgclt&ﬂﬁ%%u];%%%acged
[000¥Jonbugthe deflloe ﬁzannt stcdrasuir Hewkorg camhpnisest fiaanef hiku€at, CO, and

fron1stea air. dec kln s directed to a decoke
husted ke gadisics: Hﬁglc ol GFIRCE Jipan pafpad] decoljggavas dirccted

to b @EDI@L R e Ll %leé’(ﬁ{éoc{ruﬁr QAL Bie rc@k@ ﬁﬁﬁgleg Qvetr@ femoved and the vapor
at mosphére via a decoke vent stack. Depending on the

prmﬂesns geicdtd ththedenoipbegromm dﬁCQiQFO‘IGOhSaCK’;I Netteadingamithe design of the
na¥ be used to reven coke

ticl )
Ao QUG AHITET g oot A G PEob PIES GPUC Eiiile G RITPR] ake particies

acAinful 8 BB dvAllk @Mt @ulot ¢ G¥spa@ficltfre dBREKSA! HHMMTh@BSktoms of the
be di sposed of by land-fill, as a by-product, or

nmay
degakeidrem and oray begBDeIcdvshy lansk Bl sy byﬁprpda@eorde@ngrﬂgon
[OWGS?Z%WEF?&@ X,oEurn ceh etsigd g&et ﬁlt:c:&Z eg{l(vfaél%bel?ttha{tr Wt the effluent

frohunhe agemrdt besokt badk tbah@ﬁﬁyb@sa bethdriummacd rathidai Itl‘ian\fbayt deb&ke drum. In
CO in the decoke effluent steamis converted to

this gy tthe COninghe dpeokeehfiucah yteamye comeeries ke Chr @Iidcmégntent is that any
un@@%%dggkéﬁQﬁkﬂ%R%th1n&98~%g In such designs, a decoke

uent 'streami1s inject t hrough one or nore
[Oﬁﬂﬁzl es In rsutt eleilgm) ra décdkhecffluem asn&ammsn'ﬂ]j(dcn‘:idz Ehrdim one or more

si de | |ncineration 0 articles.
o i AT Pl ADBRICA § SRR bt a%&@%ﬂﬁtlmﬁ pr fiigeration of coke

par‘tl'ale‘é‘ Gh iR redfand SRR ezf\ft!yfﬁ%ﬂt arféﬂ%@m@ntsﬂop %eelnﬁ d¢06n B @@@oke effluent
firebox is illustrated in iI'Tustrated

intp p skElgE-tube-piine dimelAixris dhxstrktedafF]Cuént | s | nj ect ed

1041 o Avinitietd SR ERtmelr fR0E: SR MIRER! Siuchuy into me

radidif® firdbsxCihesgiatrkes af hbwasd 11§EHeeH(FBr|0°f thO@urhh@MBOhI@@ side of the
furnace floor nmounted burners 5. On the other side of

injedied decobk efflfent sfegpm sSttheéhmeserrhefumaa@] dogrf mppgfied purners 5. On the
othe#J ? ﬁé h%lecilseg(lg(r? eg@ ggtre 1 1S ﬁg lragg 8% 1%1 1a]11;c ttrug)gsog S%ggﬁ?%okgd. In such
de§1ﬁ@0’ﬂlemc@ﬂ&fﬁuﬁﬁ 1@11ﬁ§jacted into the radiant firebox 2 with a flame on one side and
the cooler radiant tubes 3 on the other side.

[0011] In furnace designs of the type depicted in FIG. 1, there exists the potential for
erosion of the radiant wall refractory by the abrasive coke particles as the turbulent decoke

effluent stream expands after leaving the injection nozzles. Moreover, it can be undesirable

to inject the decoke effluent stream in close proximity to the radiant tubes of the furnace, as
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the cool er radi ant tubes 3 on the other side. [001 1]
In furnace designs of the type depicted in FIG 1
W0 bape2#xi sts the potential for erosion of thePCHUB202/046988
wal | refractory by the abrasive coke particles as the
turbul ent decoke effluent stream expands after | eaving
the injection nozzles. Mreover, it can be undesirable
to.inject,the decoke effl.uent .styeam.i n ¢l ose
the, BT e i GOpIFSC i PR ib o4 ghE Mo FHIEE, by retard  the
cotbRERnTehd doRe pRRIcRE! surface existing in the radiant
firebox and may retard the conbustion of the coke
[0Q3]t i cI dbercf@orehatThaeededisean wwnaevadsiurmaeeieenfiggration that enables the
inj'ec El%f%gcofklé][e?fgfe%t ﬁlgon Iehlfe%E@otxltv%:ﬁh tugﬂiehcge%?}*%l}lgi%% )B(P I%.i%rhdgﬂi ns.

injection o eco fluen

SUMP ARYiGF AL ENVENTIONr desi gns. SUWARY OF THE
| NVENTI ON [ 001 3] Discl osed herein, in one aspect, is
[0Q13] naggsgseg h@m i gehapect wosmase af # gypergyeh as those used for the

or kBl D ect LRIV FROR S ffach dEprovided that includes

a taddnafircoixr eloxadidrefircheht @pinptising boxumaapflost hgviag a centerline, a
furnace floor _having a centerline, a plurality of .

phﬁé_&m@ dggakerihtont HPSLONARZHEY POdCHEiTEsY 2o 1 the centerline for

inj @c‘ilingcd%@&ket OrfuBR GREEihth MR Fdiant Tr&fki PHIALKQST burners arranged to
ef f Fuent upward into the radiant firebox, a plurality

forof a st fdurzmgedd & scdomdring dfibusners,igaeh bfic blibmeess positioned on

on BB S B AP o DL SR il e Ry RSP plnc o rcan
coi k&l faf disteitle drodt@ahiPihe WQEZcE $hat thd fifsBlindbRIRNGE is spaced from

radi ant coils spaced at a di stance greater than the
theggonteaiieceot thatfumpec flppisand omeheghmsuidreristhe seatpemedisfthofirst row of
bultnlgre QI?(? 5? cloh{i] gl fe OF I1'r]aediafnltI E:g]?s::]sg)a%écf) Aa (ﬁﬁgnc%rkr%ﬂgr R&H Fhe distance that
SIde™o e centerline as i r'st row of° bufners,

theaddorl BRcomisiridranespated Adinahé cetilisic 9P arefirmte Aoor and on the same
_di stance areater than the di stance that the second
sidg jofy thegentsflingers 4hq secawbwagoffugpss-he centerline of the

nace f | aqr d ' t rhi
0o 18 B oA P pRIRy Ry iy (PE ESRLE WOBE at least o
parateldngts pb toral a thyrddinchafritnencss adea &surthnifredofaduomgs,ahch line of burners

| east two paralle|] Jines _to forma third |ine of .
SPASE AL GRGA ?%lal fligtanee frogy thy genkyldne %ﬂ@ﬁ fufigge djoor at a distance

grddt: MRInSthe RAGSR e 3 URS Fd ik of BAMR! ootk ShAMGEsdcbRAM IR of radiant
centerline of the furnace floor at a distance greater

coifsham spheeddien g eentdriine phehef furmsice Ploanecsplectivaedly.alit another form, the

o RO PR SR G Rl hage ool = e spaces

[00E5IPect iy §ky andtheradghh@k Frohm sthit@l 41k Buletd ¥f @ plurality of burners
burners includes prem x staged arr burners. [001p5] In

cagpeinclafoe hemanorirrhamlerpy st tsbabadngin upstiepmroadof dewestream end
and hl{lrne_ﬁiulnt i%teg%leg}lg{entﬁ% %Bﬁge%{*}l A Jicyvgl%tr%a MR Y h@hte tip mounted on the
cnanper,; a burner ube navi ng an ups reamend, a
doganraty @anfendburner tube adjacent a first opening in the furnace, so that combustion
of the fuel takes place downstream of the burner tip; and a fuel orifice located adjacent the
upstream end of the burner tube, for introducing fuel into the burner tube. In still another
form yet, the upstream end of the burner tube receives fuel and flue gas, air or mixtures
thereof and each the burner further includes at least one passageway having a first end at a

second opening in the furnace for admitting flue gas and a second end adjacent the upstream

end of the burner tube.
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and a venturi internediate the upstream and downstream
ends; a burner tip nounted on the downstream end of

W@ baoeaswer tube adjacent a first opening in tPEI/US2009/046988
furnace, so that conbustion of the fuel takes place
downstream of the burner tip; and a fuel orifice
| ocat ed adj acent the upstream end of t he burner tube

int oduc fuel int he bur ube In sti
10GFH), ner T GRRURSE ESDChePaied daih Bhajogs o racisgpHae 4 deoke ofluent
stré@€ 8T ¥ EFrnhidtefor RChrbHULI0HRT cttildne Othe Hirhhét BSudRr @0f radiant firebox
and each the burner further includes at |east one
haying ¢ dgraaes fleniyiba éu@a¢d ffl@,qr h@mgatceateglm,eoﬁt) adpi@lﬁilhfgof dgcoke effluent
nj Ecél%gcneo%?fa? %éou%{esd?éﬂg en ac n %%;fl aeﬁlﬁ%}lg %f Bﬁ% e?oke effluent
upaldt ey tirspakht fipgboxi (Eoda pﬁlréiltyfﬁif hehdro brrh I’Iaffahhl’l?gﬁrst line of
a decoke effluent stream of a furnace for t
burnerscngta ssronsk ling ofyhusneas, cpetelipqpinprecrs ﬁesluqugm(qppomg sides of the
t e a I
PR e e e o fnd 0010 b B plphe B HATEEL spaced at o
disednt¢ geater Itkrwnehdi dsnnootat s fimmlinced batmengis opacadjfmetite centerline of

to the centerline for injecting decoke effl uent upward
the; Rigace H0oF 2l he iR GY q ot fhe"centrlineapy thy B BUF Rbrwmers: (1) a
sec%hﬂ @ﬂ]ﬂ@ df tRidne E@ﬂsaspfa&erdse& ald'lﬁzﬁlcg o W MRSh & HQtaﬁcéﬁﬁ%@ second line

i'ne of burners, each |ine of burners posi ti oned
of bpposs rsQSpgc@ieEromf the h:en‘ptlmeacbﬁ thy fofnadetﬂohle ard thLtbmsarne side of the
n nozz a ne of di
conffhfEn T SRARLFRH o bt o usfhoiBeiGien B B qiEiceling decoke

effiRBt dpwal ihtb N AidAYFRSOR al&g&@@@&ﬁertlﬁ@mﬁaqumace In another form,
centerline of the furnace floor and on the sanme side

thegtbovy éea@ém @p IpFaedesswithaut ap ragqorm@wymg dgciicaserig burngy stgbility. These
0 of ce

an(g r%‘gla? q”ezp[ bg gﬁéa?ance % dt%%e gg é%%cﬁ‘%tlgh %Sl%f with reference to
aabmqmﬁﬁagu&wﬁp@ced fromthe centerllne of the furnace

floor and an the sane S|de of the centerline as the

RIEFDES PEIHE DRAWINGS | i ncl udes the step of
ect i f
[o?ﬁl’]eboxw ong n?gcden;bg 19%%@ dhegé@tltroﬁgdéget%}lﬁ&}g with reference to
theadrat/ings ilfustrating, be valywfaocheatiting sxangey) venoudermd, thotdin:

decr ase in burper stabilit se. .
and%g&hgp %%\‘5‘%@@%}0 14 C%’éfe%tﬁfﬁlép g‘rlﬁna‘fer Hnen eﬂ%F“éi ipjgting decoke
effﬁféﬁﬁ'iﬁooé blﬁ%eit@&e%E Wi findcefrRcigace to acconpanyi ng
draw ngs SCRI PTI ON' OF' THE DRAW NGS [ 0017]
Fur #h6r 2 éxpbeicnaticof agnoacdatngamehie idemsordaped rewlatfor injecting

foll j h r,ef ce.to the d ngs illustrating,

ceggpe gt Tl SRR LR RS R ous. 1 or s
whelreGn3 Kl Splah viRwdof GhefRick F1dd sAowaipy @rﬁlh@ﬁ@l of decoke effluent
furnace arrangenent for injecting decoke effluent into

inj @pt@inn@zz;le% oeanist atanes the gerterling fehigsectipg decokejodflgent upward into the
rmﬁmﬁ tIC of a furnace arrangenent, in accordance
for injecting
FIG. 4 illustrates an elevation partly in section of a burner of the type illustrated in

FIG. 3;

FIG. 5 is an elevation partly in section taken along line 5--5 of FIG. 4; and
FIG. 6 is a plan view taken along line 6--6 of FIG. 4.
DETAILED DESCRIPTION OF PREFERRED FORMS

[0018] Although the forms disclosed herein are described in terms of use within a

furnace or an industrial furnace such as for the production of ethylene, it will be apparent to

-4 -
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decoke effluent into a doubl e-tube-pl ane furnace
firebox; FIG 3 is a plan view of a furnace floor
wabawierg4a plurality of decoke effluent injectP@RUS2009/046988
nozzl es nmounted al ong the centerline for injecting
decoke effluent upward into the radiant firebox; FIG
4 illustrates an elevation partly in section of a
bur.ner. of the type .illustrated.in FIG 3: FIG 5 is, an
ong S 05H Ghfsat (A He SEEDITGR VAREH APSigae Vs aBpligiotiy to other
prdck$s cohpRfts Find mBthb&s, ubh B %‘r%ﬁaﬁlglée fh&mang ﬂco]'l:zféﬁs &r Bracking of
of FIG 4. DETAILED DESCRI PTI ON OF PREFERRED EORVE
otheoac®h, mifinhgughileme Tlosnthedicya | fogeae heical phadl be understood to mean
SCh i er f.use wthin a furnace or
oGRS RE 4 R B Rbl B eb® oy ORBERoBh o methoas.
[0@19]y| enRefdrtiniinbly foeF Y eid 31 9@Be-1@ihitifK icktmplart B@bodiment of a
art that the teachings provided herein also have .
furgegs) 1 & wbillupteajed. o Fuaes 19meyelesols mpenissd dn dhdpiedbstisasof cthylene.
| . j q i .
FuHEC1 Frcll R o PR, et B, PRlin R A1 P Ringd ARAIIRE 14 having
a ¢varelime $halThebescaunfiehsttand “tentenbas’ fismmaoeso dnodhpass its broadest

A I T W —
paddeNeHrb R ﬂo‘ﬁ@hlﬁ%ﬁ%kﬁ’t&ﬂ/ o?ﬂﬁﬂéﬁeg&ﬂ@(ﬁr 1of @eﬁt&"liﬂ@geimr]?QtHﬁZof a width of

I I'lustrated.” Furnace 10 nay b a type use
abqrt edivot botessffoetheypupescs BlithramstatOdisclourde sAsaillustditechin FIG. 3 ; a

fi.reb 12 di ant firebox 12 hayi a furn fl oor .
pluggficg oPugety [ dtepssed Yonse peSMERD g s o forfva fist line of
burne@Nteddd N&cohd lINEBNburhBrseIRC eXMATTR dftturRrOHHREd a substantially equal

reasonabl e interpretation. As such, "centerline" is

distragp fromgthe e¢rderling Leofifimace flear 1¢uind oamppesing sidetsefdhe centerline L.
[Odéb;]oug h 4 ﬁ%ng&égBE%dgaﬁP éoel%i Ilﬁ fa%?r?g}‘éﬁa&%lfé?{oo%é‘la%er P passing through

terline

thd esagerlih®L bhehirpasetoaf 14 hadipespandicuttr ol s WumhacdSloor 14.  As

dllustrated in FIG 3 ; a plurality of burners 100 is

illyspratgd dadlGr dnfrst whrnsfardiant ¢qilse) jspacrd a2 distapeg gyegter than the

disgaléﬂ’cé{hak Lh%qirgtflitglgf%ﬁﬁl%rsl% i@%gacég%l%%%g cbhRinRT. OMhE BliRace floor 14
, each line of burners spaced a substantially equa

andlos tthn sand sidmoff hiee cardéréint iLnes the dfrstf iomnaCBurhtwdé. Mdsandd plane of

on opposjng sides of e centerline L, [0020] A firs
radgfng gl p 2 rlgafral%ﬁedcmﬁl@e?%pf © rP%?ﬁ‘él_S&h‘iﬁ)&g]élﬂP%Fentt?fhﬁei of furnace
floBt BNEndD RGO REHER Adee 188RE&INkIpMhelor@dditdiQoils 22 is spaced at a
furnace floor 14 and perpendicular to the furnace
disfdnoorgrdater than ith¢ dsstange dlifati the Fe@nd3ling iof durprand isfspaced from the

radi ant ils 20 is spaced at a di st.ance great.er than
co fingisq/dtnats fide’ PHARRFT e S P B RahATe i b ¥eond ow of
buseace®d fromthe centerline L of the furnace floor 14

and on the sane side of the centerline L as the first

[00251) of Btitnsfesring o KIGEcarradp.add diplurality of decoke effluent injection

nozzles 24 is mounted along the centerline L. Decoke effluent injection nozzles 24 are
provided for the injection of decoke effluent upward into radiant firebox 12. The plurality of
decoke effluent injection nozzles 24 are fed decoke effluent through distribution piping 30 to
distribute coke among the decoke effluent injection nozzles 24.

[0022] In one form, furnace 10 may also include a second plurality of burners 100
arranged along at least two parallel lines D3 and D4 to form a third line of burners 26 and a
fourth line of burners 28, cach line of burners spaced a substantially equal distance from the

centerline L of the furnace floor 14 at a distance greater than the distance that the first plane

-5-
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radiant coils 22 is arranged parallel to plane P

passi ng through the centerline L of furnace floor 14
waedopzispendi cul ar to furnace floor 14. SecondP@l/HR0W046988

radiant coils 22 is spaced at a distance greater than

t he di stance that the second line of burners 18 is

spaced fromthe centerline L of furnace floor 14 and

t he ide of the cept rI'ne as the cond row ..
of Glingg FoiBr-D 218 1 5219 PEPF Pl MAEPLREIsTg o MeEeelon 1 gentrlne L of
theJfurriod fldoPl 4 k@&bbdtiveRfl decoke effluent i njection
nozzles 24 is nmounted along the centerline L. Decoke
[0Q23]| uentn ppgreden ohiumacz!18s zdrom’fborpfe@du@ &bt prahepthé and, in the case
o MRG0 55 HYL BISRE B RoSRAfpeom n e

com@zabieScatibnad® of&’dmde@ QBG Thé |t®tﬁ rafufy oxigifg convectlon section 32 is
di stri bution E|p|ng 30 to distribute coke anong t
genraelbkdesegned de Ae af o weet thsnp iz yhas sizaificapighomal ﬁra@h@g commences.

Tyglgﬁlﬁj rf& LS gﬁ%&%@us%%gg%ﬁﬂf (1)% %&ﬁg | O%O%eégaf)t)gﬂg%g)ﬂﬂe ? Y50°F (620°C)

arran | east
forl gasesl BRdandbobx tl d5G°Gr CﬁZGo(f)]tor abdult Nes5ofF tnshEy for2taphtid feeds, and
a fourth Iine of burners , C ne. of hurners
abQys a@é&g 3 &b <patt ABRY bé&ﬁ% 75" §SafLﬂf ecthagnfacle After preheating in
coihRBE& bdchin 8204 vhhig ééﬁ/&ﬁﬁ%n@té&‘ﬂ{ nﬁﬁf‘tuﬁ:t is leﬁbaﬁfﬁﬁﬁﬁﬂy heated in the

greater than the distance that the first aneo
radiandi ssatiorc G4l & 20hiavk thmeiesmxblh@ebloefn‘éeonalr adtlang. cdh¢ scoil outlet

22 d.fromth line, L .
ternfiegiprey Eggéﬁ%eﬁﬁéléﬁeg%%wnﬁ%ﬁ%a b B R ot 1450°F
(7960¢C) by e qsb@mr (fgqs@t)! for foh aﬂ f@éd@, hewdued 5807, (8115°¢B about 1600°F

case of i id feeds compbn east partia

|
(8030 Raresphtharidedss wed awplttrﬂ g oL Least partially iecy for ethone
feecdg.n;/&?{:e% ltl?ende%l%&i dgéir aHr g&‘ffn lgas beellg Ehelgr\pe%rl% 5'& S t section 34,
exitli SeC F d 1%

ng conve &eneral 1y desi

thebRrrice offlueasis rhmelyapieﬁ&he‘dhﬁ e®h&i a@nnﬁﬂr@ahtaattdxehwmgbr 36 and/or by the
cracki ng conmences. % pically, for exanple this
dlrt:@ﬂwé@tmﬂf@ quengibivie stempOrtibeseicd)-o about 11500F

S?C)l %%E&%g é)lOO% Q%aé%]%%hhw ’%hé éfg&g{:ocfcg?eg%caraél&d over time an

unde%ﬁ@ﬂE Hub ToEly tumaedidatile b3pddEct( 30O Crackorg pbbanes tieedeposition of
After preheat n.convection s cti n 32, vapo
carpgR FRFYS @@ﬁ @%efh?nnm%sm %Cqssofttg i mtfordé%()m 22 of furnace 10.

DeB@rﬁfn?gj ohMhd @&dﬁ@gk %&ﬁlgsﬁ"&tﬁe@ nccﬁé ﬁlﬁ’yl_@f‘sb"t%vé’epbﬂ?ed in the convection
desired |l evel of thermal cracking he coil "outl et

coilsedpefr mnurcqlo(nomﬂ roadi ghetqusedt $yotenB8a6 ob fovpadeyl Oc akor feedstocks
f from 14500F.(7900C) ,to ab 1500
copfipky My B8 Tyfoch B CORMBIY [2080E ¢ 81 Sdle 3nRat. o pitch
whid0BRFpilb8dR8C)in foFurAaRhinhhi@eths, caRdctanosctid® a9 Uquipped with an
(845C) to about 16500F (9000C) for ethane feeds. After

interyeedipées ivaRa-lapiét sepaptton lsekadPpasitivakinay akiasbbexected on the internal
&n%x%kgyﬁgsé ARdi ant section 34, the furnace effluent
fQ’ ueriched in either an indirect heat

[Oﬂﬂﬁlhang@[s m&y Bnaippécidiyd,tthefurnace designs disclosed herein enable incineration
of unburned coke particles of a decoke effluent stream. The decoke effluent stream is
injected into the furnace radiant section fire box in close proximity to the flames produced by
at least the adjacent plurality of burners 100 in the floor of furnace 10. Such close proximity
provides maximum heating and oxidation to the coke combustion process. As may be

appreciated by those skilled in the art, it is undesirable to inject the decoke effluent stream in

close proximity to radiant coils 20 and 22 of furnace 10, as radiant coils 20 and 22 provide
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direct injection of a quench fluid stream (not
illustrated). [0024] As nentioned above, regardless of

w0 baofzsdst ock bei ng cracked, over time an undeSI/Dain046988
but | argely unavoi dabl e byproduct of the cracking
process is the deposition of carbon deposits (coke) on
the inner surfaces of the radiant coils 20 and 22 of

tm;urggce éﬁﬁ%té %@d%ggng% ]ﬁL g?@%ﬁ%ggﬁ %p%%%%ﬁgggyrdmﬁthe

co@$uﬁﬁﬁ¥@gkh%ﬁe§@%kk@n 32, or in the quench system 36
of furnace 10. For feedstocks contalnu§§ non-vol atil e
P

[omr ocarsors, breendinry Hef ér ired typicd ssingptrliané e, plane firebox 2,
thel egxrgts tnﬁ opPrortl %Ht 18][168{1 TR o B0 uen% qntlorr antlﬁrego 2 With a flame on

conv EC sectron IS (S]]

oné @tderalﬁdthat@orean@alaﬂm €piisdors ﬁ@amehblo slde COIK&h@l dp@kiet dffiient stream is
al so be expected on the internal surfaces of the

inj %“é‘ﬁb@&t%@se tp @0’26515 ofpadizayfirsbon i eBicAoEd0 niRENiFe plﬁ‘a(@@hng effect of
agl@st k%ltﬁé@ ;Psec% fhd gﬁ{%ﬁﬁgzcoﬂéébégﬁ A Qiaffl wall refractory (not

Urned ¢oke partic 'uent strea
111u'|§t’reted)3b30ﬂxe ooké bamnles at tlfeaiem)]sa ¢ffipedtsedarn Rkparide @fter leavrng the floor
furnace r glant section fire box in close proximty to
injeqlionmozglest pr oduced by at |east the adjacent plurality

[o627]bur n@f&aﬂt@@edu@l TR finQeds a‘ﬂti hdhEREsciRed Bt ﬁérﬁlﬁeche injection

prOX|n1ty provi des’ maxi num heating and oxidation t
of tdaeokpokiélucuimngs ttho tﬁrqzhoacm $hat Agaxaym beaimgr &omathedblbryers may be

ol B meR S et i agienn OB gE B oorery T i B potental fo

erdsRfll Afhc 1@@ah w0 rFRdtoty Rl bbusRAGAII&imiasted adi ant
coils 20 and 22 provi dethe cool est 'surfaces existing

[0(?213]t he Aagpaens eepebax cmbodmerngudhe plugdisy pf byinaist lyﬂon%fyfumace 10
rnaéz 1nc{)eesrggn§a{%r ourﬁ%tﬁrlfggtagéd %ue? b%{orgegsi Esgrgteldlcalrrrg ?’8“{?55(3 prlrrnx staged air

buindBeordoaitendtione BRxeo?, I hﬁétﬁeref@mttﬁe prurdlfty iofbulndts 109 of furnace 10
i nject the decoke effluent into radiant firebox 2 wth
may mehide FAMEHataged é‘lrahﬂmﬁﬁea%@["@?natﬂé{dw&ht cosginaiop mcludmg the

prdcBfingHiOl bRHRE, lankfls HTERIR ool 4t MurRd SRPE Fopund in U.S. Patent

Noad,629,6113, 51;()92;17 16 andz 6,87 He8@ abt cogeres béwﬂnahfart hereby incorporated by
adiant caqils .3 exi sts otentl f or

refgices oh tRFr CEEchht r%ﬁ byragts a%ft gwf tss: 14 fal @é@ﬁ%u%)pmduced and

cofhetdifl SRR hdsC&EFirRSd [tRG e A8 GRK Ref fdr%@bleﬁfeﬁ%%mwall mounted

expands after |eaving the floor injection nozzles
buifn@@2 AVhibeltharthiad boe of Wmtﬂsé6famdmlaa:ﬁ>$1rthrlme E bhiogss 28 rnay of the same

is herein per 't e in tion,of de
iR ORI inE BT bBR! Thind B8 st Qi Tk 2 o8 o dypmers may
be tR10Ydd BRY thirdBie eﬁb@ﬁeﬂs%%d 18 foluFeH Min€ @0 bliMers RO M ¢ 6se skilled in
radi ant coils may be experienced, and the potenti al

thefagt wil @gdléshuléﬁer&tﬁéi p Alat-Hame Rarmer psemedbatoy (ypreally biabilized, at least in
paft IR AHL rhloe 64y m nat ed.

[0029] An exemplary form of a premix staged air burner 100 capable of producing the
tall steady flames beneficial in the furnaces and methods disclosed herein is illustrated in
FIGS. 4-6. Burner 100 includes a freestanding burner tube 112 located in a furnace floor 14,
or such as in a burner well in floor 14. The burner tube 112 includes an upstream end 116, a
downstream end 118 and a venturi portion 119. A burner tip 120 is located at the
downstream end 118 and is surrounded by an annular tile 122. A fuel orifice 111, which may

be located within fuel spud 124, is located at the top end of a gas fuel riser 165 and is located
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[0028] In various exenplary enbodinents, the plurality

of burners 100 of furnace 10 may i nclude raw gas
wWher1nees41 st aged- fuel burners, staged air bur nRECHUS2009/046988

prem x staged air burners or conbinations thereof. In

another formthe plurality of burners 100 of furnace

10 may include prem x staged air burners and

ptional l i [ ti ns, i r ecedi

ot PR SER P L0 o BB M3 PRsp Bl el b e PIRGCRhEd 12 Fresh or
amBBRMt e i Ruoduddd iktoS pﬂﬁﬁﬁ@rﬁlr @ﬂﬁ&beﬂd@@ﬁnﬁ@% alﬁa({?%ablé- @arnper 137b

and 6,877,980, the contents of which are hereby
to s oriffothet Biel by theerpstispmeetidn! thef ﬁheehmmﬁretqbe W2t gnd pass upwardly
thrgllilgrhn&le Ve%{ it Qper | Ee%dg géﬂ aé@slc‘g{gﬁfof etllrlréeﬁlef edr ges%geylﬁ géjcr].]l?s %ownstrearn of
thfinguppl2oment ary wal I nount ed burners. Wile the

third l'ine of burners 26 and the fourth |ine

of
[0G5ifner s Aoaluidlify OF aiheorsaied {sppdIEs. prads @r%rfgmatﬁén gfsecondary air
ch%%e@q?? ai'lg d[hltot& h R \ngrga 'ﬂ%ﬁ% 316 Cﬁ%‘% a%g’lf)l Fresh or ambient air

rner |rd
entotsrthe se::oﬁdiar@ rad dhhmbéromrzt thrdulgh edpnﬁtablerdaetp@rszg4 ahd palmes ¢hrough the
[l ed l'fvmll read|I %stand
Stag?da%ﬁ PP ¢ Tyrgac;fa Prayage $egon E”a%t?%ﬁdscpg’:?ﬂlﬁti%d

[0631]! eaStIn 'o?de@ b treml&)ﬁla{t@ Eluf Wadatsn W Furnd @08%he éplmary air chamber,

exenplary formof a prem x staged air burner
FGRaghadt | 1€6 aiktepdo o opgningel 40alin thet fbemd yf fihcafvesacb ddahiocthalprimary air

chei}qql’l)e{ﬁg]?‘bf UE afge?s Ii? ggawmtdgggébghﬁdﬁgl hﬁr | niélislilrating effect of fuel

pas’s{@etﬁi gﬂ Iv@ﬂtuhturmez{f BukRe tibk2] 120 qatﬂg@l rﬂa‘ﬂn@f tHer 18Ry air and flue gas
| oor or such as in a burner wel n floor 14. The

ar@dmmé in prigery14ip charebaydas, whichps pﬁ@rafm tbﬁ aorm@ cognbustion. Therefore,
r n d r Qrt] rner

BTl 309 MDA D5 M HEA e e

tenSporatoten dedl aby radulafddilciz NOL emlkdbns A Flusihg oF iphitiafly Lloking damper

whi ch be located within fuel spud 124, is |ocated
13% re@ﬁ@t&%ﬁ a@RENtGT fieshay thajern br dewmipty hg@rimary air chamber 126 and

R e L R e

[Oﬁﬁﬂjl ent laione |f6rrm, rthtxmgmmyl bemrmteprbmoyldamg tvedn arrhmre primary air

chiels B ¥ ! Db R CHHERED BEGH O b 1oy bt SiaBaely 13 and 138 ar

cotBe RRAS cHRMRLA ¥r Ecﬁfa%digathdtahgaﬁ’ £} BeiprPAidd 88widiPeach channel 137
Conbustion of the fuel and fFesh air occurs downstream

andfl 38 e phaduner tuibpleh2@ 20080k FGRIducal6 tsheof geid flppgagair mixing
130 (see FIGS. 5 and 6) originate in a secondary air
anber 132 and pass through the furnace floor 14 into

[0038] fur naigthglfay b¢ AFthePEnRARBIER} a Biate RBMBESI Y3 the lower end of the
secondary air charrber 132 t hrough adj ust abl e danpers

innegwaH od thea@R slugthlGu ghhetmate scaghed 183 extgeds igtolthe pripwgy air chamber
12%.03‘:%1%5'3’1%1@%6113 erplr8§ Lgoern%Eg a?eﬂ%% tSZéagﬁg t&%w)féﬁg& and a longer

n or recircu
FGRUdwaeBo tpfbrﬁdi’tes l@d’tteﬁﬁﬁ;}dngl r chanber,

(0]

[0034] Unmixed low temperature ambient air (primary air), is introduced through
angled channels 137 and 138, each having a first end comprising an orifice 137a and 138a,
controlled by damper 137b, and a second end comprising an orifice which communicates
with FGR duct 176. The ambient air so introduced is mixed directly with the recirculated

flue gas in FGR duct 176. The primary air is drawn through channels 137 and 138, by the
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FGR duct 176 extends from opening 140, in the floor of

the furnace 14 into the primary air chanber 126. Fl ue
w@am0/0g75dr awn t hrough FGR duct 176 by the i nspPCEHUBI009/046988

effect of fuel passing through venturi 119 of burner

tube 112. In this manner, the primary air and flue gas

are mxed in primary air chanber 126, which is prior

insp b SAERRPT the LA 0 b G oF Gop o WEh P hsrigpgined within
gad §fdang Th@ emblcatEr hRYPBRLNAR as BREuISd @dvesul t,
reduci ng NOx em ssions. Closing or partially cI03|ng

OQﬁﬁ}per 1givantegenuplyce sniktyee efvsomtabefit 3¢% 4t abgut 0Maflug ggs and from
abou“:f ?d /a% !%lﬂotu StOU/e a%lbleq}%ré{r %houl{i *B%"’ﬁ%w %hrou Fﬁifrd%?ty 176. 1t is
provi € vacuum necessar o draw

parttllaﬁlafly rpﬂ@t@ﬁ*edi tin@ra ﬂafktut[eQQ%buﬂ OB @dsrﬁndﬂabﬂuﬂ QO‘V(BMnblent air be
be pronoted by providing two or nore prinmary

empleyathe Tde B3omEHy anddocation pfidicdr peitoatdhleqgrr du%tﬁ mayebe varied to
obt-ghfthg géﬁfé‘a‘p%rckﬁ%gm fﬂ%ng@g&d G9Biehr fECL1 on,
cylin uare

rical gap nmay be prOV|ded
[0088]ween e apbracban ﬁ&ll otiBiée alnd, 1dBcht mayr bd lavated within gas spud 124,
turbul ence zone in the F duct 76 wher.e goad fl.ue

disghargey fcking bigngdebs 512 (AT PNKSS Wi ﬁagna QA1F, egifeafated flue gas or

ml%%r’tﬁ&goibyﬂ?e Riahe Jrabeteckddarl ﬂd%e% as Qe 'i)rlﬁ{bgy Qi‘r tﬁé’hedlscharges
inner wall of the FGR duct 176. The ate nenb

froexbwnelstip hl(b Thﬂernpqtmmam yheawetntluhmrbem 115261? burher tpbei bZ is maintained
duct. 7 effect

belggv”%g oG AR ek home Sanagrest b felyenturi o support

combudtiod: SO&HhryURm Kestide@Wot SRIPRIcathEr Rnffiikice er @k air required for
rimary air), is introduced through angled channels

comBystighd 138, each haV|ng a first end conpr|3|ng an

[Od)j?gfl Ceér}S?%t qo]ﬂ% Use o? roI ed bﬁ anotl%‘e%zcgch aeu% to achieve
a secon en COﬁprSIng an or |ce comruni cat es

lowdrtflanfe@@n@eraturd #houghhdilvtiohi I1§tfhto@hrth($@sel dﬂsfd@dﬂ@ﬁdtlbﬁ Steam can be
m xed directly with the recirculated flue gas_ in

injefied inthe Primey §iF PHEeyseegndarysaigehamber h S%@Hﬂ@h% Hm%ed through one
or hidfe %%(leﬁmﬁ; CtlB%{l tﬁl%g ?I%p I éﬂth!l teﬂf ﬁlﬁlﬁl e 'i’lf]s?%tfaﬂl?l steam is injected

passi ng throug uel on
upstoatred fiteelvertiidi N gas spud 124. The anbient air may be

100 o o SHH RASHRALBICS090% o ADTOBOW Mo Yol cfircles the
bulfnrep 'ﬁbamuﬁlog&e/ﬂ o9 tﬁ@ Qiétxxztﬁﬁ’e/é?n@ '@QH enk & the %%@r duke112 to provide a

drawn through FGR duct is particularly
batpreeb@weedafohﬁtofat fhenet dcrvelsmearabcﬁ tite B@Rér fripu@0gad bathdFGR duct 176 in

out 50% anbi ent ai.r ed. .The geo tr . . .
tnq BE8Hep G SR dnaze s PRt PR 0 TG o D provided in
addifibh &AWHIP 16Btebbvidies ARGl BiriDESELIRI8Re of aff‘ﬂaﬁﬁ dd@dmstream of the

and anbient air. [0036] In operation, fuel orifice

burpen tip WA0 end RER dvet | Beated within gas spud 124,

[0039] In operation of the furnace 10 disclosed herein, it is desirable to make the
transition from the single decoke effluent line 30 to the plurality of decoke effluent injection
nozzles 24 by passing the effluent through a series of symmetrical dividing lines. In this
manner, the coke contained in the decoke effluent stream is distributed among the various
injection nozzles 24. Therefore, in one form, decoke effluent distribution piping 30 is
provided to more evenly distribute coke among the plurality of decoke effluent injection

nozzles 24.



di scharges fuel into burner tube 112, where it m xes
Wth primary air, recirculated flue gas or m xtures
W@ bapezfs41 The m xture of fuel, recircul ated f|REF/HsR09/046988
and primary air then discharges fromburner tip 120.
The m xture in the venturi portion 119 of burner tube
112 is maintained below the fuel-rich flamability
iqnt; i.e. there is insufficient air i.n the venturi.
10049, o i fioughliont Siiondie s gpesped pifh bR b Pottcular means,
makdrRYd &R foh@s, le b daindefstdodahaithe iR@kiidER do@limited to the particulars
~conmbustion. [0037] In addition to the use of flue gas
disgloseqd aiid axéamds taagibetveyalende Withiube seppaohtbevedaimewer f1 ame
tenperature through dilution is through the use of
steaminjection. Steamcan be injected in the primary
air or the secondary air chanber. Steam nay be
i njected through one or nore steaminjection tubes
115, as illustrated in FIG 4. Preferably, steamis
i njected upstream of the venturi. [0038] Stil
referring to FIGS. 4-6, a wall 160 may be provi ded
that encircles the burner tip 120 nmounted on the
downstream end 118 of the burner tube 112 to provide a
barrier between a base of a flame downstream of the
burner tip 120 and both FGR duct 176 in the furnace
and one or nore air ports 130. In one form a partia
wall 195 is provided in addition to wall 160, to
provide a further barrier between a base of a flane
downstream of the burner tip 120 and FGR duct 176.
[0039] In operation of the furnace 10 di scl osed
herein, it is desirable to make the transition from
the single decoke effluent Iine 30 to the plurality of
decoke effluent injection nozzles 24 by passing the
ef fl uent through a series of symmetrical dividing
lines. In this manner, the coke contained in the
decoke effluent streamis distributed anong the
various injection nozzles 24. Therefore, in one form
decoke effluent distribution piping 30 is provided to
nore evenly distribute coke anong the plurality of
decoke effluent injection nozzles 24.[0040] Although
the invention has been described with reference to
particul ar neans, materials and forns, it is to be
understood that the invention is not |limted to the
particul ars di scl osed and extends to all equivalents
Wi thin the scope of the clains. CLAIMS: Wat is clained
is: 1. A furnace for the cracking of hydrocarbons,
conprising: (a) a radiant firebox, said radi ant
firebox conprising a furnace floor having a
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centerline; (b) a plurality of decoke effl uent

i njection nozzles nounted al ong or adjacent to said
wa@enverisine for injecting decoke effluent upwaPCI/U81009/046988

said radiant firebox; (c) a plurality of burners

arranged to forma first line of burners and a second

line of burners, each line of burners positioned on
cr’ ing sides of said plurality of decoke effl uent
—li&%gs-ti on nozzles; (d) a first plane of radiant coils
wisRacasinrl i@ di stance greater than the distance that

said first line of burners is spaced fromsaid
1. centefuriase ferfthe aagkihg phhvdrogdrowns, eanapremng he sane si de

of %agl d %erggﬁﬁti ER%o@S said! gdigltr ﬁltebrxo ng%f ri?i ZEgne%ﬁc’rhac%nﬁoor having a

(e) second pl ane of radidnt corts spaced~at a
celesihgnce greater than the distance that said second

line of burners is spaced fromsaid centerline of said

fur fce pIMwRliyRf dsoknefigpeinicten ppzaes Mowead along s adjacent to
. i S . . . o C|ain]
saif Bl e TRAARCAS O OLs PHRDAC Syt nl0aid WAARE Brtion?) S0
at (®ast atplwalp@rodibluaderd arreged @ foomm farst linsof hirnes afd a second line
urners and a cond |ine of burners, each Lin fo.
of BHMEY sea@p ge% &' PUgs Pt On QRN SdFnAb sl pgelity of decoke
effRRhOink@ALERHIA; Of said furnace floor and on opposing
sides” of the centerline. 3. The furnace of claiml1,

fur{der ednprilsiensf radigeicanld sphagr alt ktdystafce lpneatarthan the distance that

) d al t | t wo. [lel i t
saif g B, Gronesed Tharh R REHRHE at sz HEPEY on the same

sid8BE baill cOReiPhe BYEAE Fisst SdAeEBudeSURRt anti al |y equal
di stance fromsaid centerline of said furnace fl oor at

a di®t anesceprdanlanc ehudiaghpelldipseetheten tlistance gegter ithagi the distance
thal ls%ﬁese?ofndrl Ioafygur&e(%g Iisss %@?d ?rgﬁldsafde Cc%ﬂ% lptlea&esaﬁ{ jfEumace (?oor and on
radl ant coi spacad fromsal d { sal

S are spa centerline o

thef sdrmadr dflseidrcentedfieas shidebsond4ow Bidufndrsnace of claim
1, wherein said first plane of radiant coils is
2. ar r ARG EYpreroficlaam b, avhgroy said Py ALY IGHTaged along at least two

par%ﬁ@lfjl ok ik forff 3 Fi?s't fink gf B%@rsfakﬁ%rsem lﬁg&%ﬁ&weﬁh life of burners
sal urnace floor. b5. e furnace of claim1l, "wherein
spxad ch sescmdaly aqealodistaach &woin caidl entesliar pésgeldfurnace floor and on

ar al |. o a plane passing through said centerline of

|t
opRosing F L $PESINand per pendi cul ar to said furnace

3. f 1 0qhe GurnhBe of YIMACE Rfth&l &diprisindB&EEIM Sdtdlity of burners arranged
plurality of burners conprises raw gas burners,

alogg atydadst el palldidinss tes faged thiid lilipheursers pmdmi fougth digedf burners,
eacgllli lgnebol{rbrlll%e%s g)pracg gts)lilbns?atni‘.iglrl]? e(ﬁur;l‘la Eiles%)afnbe from said centerline of said furnace
floor at a distance greater than said distance that said first plane of radiant coils and said
second plane of radiant coils are spaced from said centerline of said furnace floor,
respectively.

4. The furnace of claim 1, wherein said first plane of radiant coils is arranged parallel to
a plane passing through said centerline of said furnace floor and perpendicular to said furnace
floor.

5. The furnace of claim 1, wherein said second plane of radiant coils is arranged parallel

to a plane passing through said centerline of said furnace floor and perpendicular to said

furnace floor.
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7. The furnace of claim®6, wherein said prem x staged
air burners of said plurality of burners each

W@porses: (a) a primary air chanber; (b) a bRETES2009/046988
tube having an upstream end, a downstream end and a
venturi internediate said upstream and downstream
ends (c) a burner tip nounted on the downstream end

bur ner .t.ub acent first ening in the
6. 7 ur 13k S et te T R RS ot b SRR R eas bumers
sta?&lﬂﬂ&l b@RBsOfta Gl ok (RIHAEE Préh stARE alrburierd s€dontMihdtiods thereof.
ocat ed adjacent t he upstrean1end of said burner tube,

7. f or Thatfuoder phelainuél wheten saiddromizngrgadutie bugiersTofesaid plurality of

furn im1l, wherein the furnace is a steam
%?gﬁégﬁcm?ﬁﬁﬁgce 9 The furnace of claiml1l used in a

met d f@mnmn@ym@ba&nmg a decoke effluent stream of a
furnace for the production of ethylene, the furnace
i nclRidi ng purperatubsdicite #R reBBmAdng dowiatisa@eend and a venturi

intbloRRfene LREUEMEIAGAA R ORY LG, 8 conterline, (1)
urality o ec uent 1 njection nozzles nounted
aI ong or aatdxjrmemt mbontbdh&ncthatdevvlnstr@mf ond bfig@dtbungr tube adjacent a
decoke efflu upward i nto the rag g(%}flre?ox i
firs{ apeRipg Ty the s oGt S pgen Af g Gpantakes plage dopgatream of said
bukr Bprapgrs and a second Iine of burners, each line of
burners positioned on opposing sides of the plurality
of @dcoke %&fbuﬁn@10@¢®bﬁ¢@ﬁmmdhqhesumﬁmvmdaﬁf&n@ﬂnunm'ume,ﬁn
spaced at a di stance greater
Hu&ﬂﬂﬂngﬁgﬂ&%gﬁgﬁ%@‘ gﬁmthe first line of burners is
8. spaqad firh&d dfieaisen hdktdimteFirmbbeisfalidacaaddinofuradtd. on
the sane side of the centerline as the first row of
9. bur A surngee)ofglamclongd ph amectlyrd foaicineratingia decelynefdyenitstream of a
[ r&ate [ t. .
furﬁac% Rk ?ﬁ]ebﬁ roﬁlel?[;% | éf éstgalglééd htE ?ut%% ff\lgluh{?% 1 % ga%%%gﬂrgbox having a

furhadenfboee, the Gahac@bod hating asanerlBied@i) @fplﬁrhEtyQﬁf teseiaffuent injection
as the second row of burners; the nethod conprising

norfzrk@ rgpwpehplong gy acme@&tq the ceriebng f@flfu cGaRg d?ﬁsmﬁﬁlqem ypward into
Il'éﬂla'h’taﬁir B;( (fﬂ)r °R4 8f gut{q@% &f&qgﬁ 3 mpogmo%}ﬁqme of burners and a

urnace ["oor. e net ereln
seqohd diak iof Ypuoferdy leacdehlse oSbancrpgsiioatdog opposirgasitest (vﬁ:the plurality of
| lines to forma f.irs e of burners and

de@ﬂ%%aﬁ&uean [éecHen poFaiesy ?W 2 HEHh phﬂﬁ 8? Brdiang Pofy paest aisgance greater

thaduls liyMdcalthyt BaYRL: 1eHeSEERNGERek 9 RpdhE ff‘o%ﬂl’i"er &én@&hﬁ’é of the furnace
the furnace floor and on opposi ng sides of

flogeatdeon theesame sideheg thetdnsetliog agtheifrrstoows @frhmmrs (v) a second plane of
radiant cgllss spna eé te a %}s?a%ce greapér %lg tli]lg dls%:n% %ha% ﬁel lsjeecond line of burners is

spaced from the centerline of the furnace floor and on the same side of the centerline as the
second row of burners; the method comprising the step of:

(a) injecting decoke effluent upward into the radiant firebox along the centerline
of the furnace floor.
10.  The method of claim 9, wherein the plurality of burners is arranged along at least two
parallel lines to form a first line of burners and a second line of burners, each line of burners
spaced a substantially equal distance from the centerline of the furnace floor and on opposing

sides of the centerline.
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upward substantially along the plane passing through
the centerline of the furnace floor and perpendi cul ar

wo 01vz7siur nace floor. 12. The net hod of cl ai nPOT/US2009/046988
further conprising positioning a second plurality of
burners arranged along at | east two parallel lines to
forma third line of burners and a fourth Iine of

bur h_.line bur ners ace a subst.anti al |

L oquaRe ahefh o8 H5n St AaearORITRAE. Ge Y of drigsis dkeoke cfftuent
up‘$vhl‘210§ubﬁﬁnt‘?algﬂ 6888 AR BSing Iﬂﬁfﬂu e deifcAMeortthdturhf® floor and

first plane of radiant coils and the second pl ane of
petrpa@kilaui@r todh¢ Bireace fbpaced fromthe centerline of the

f ur %gte eféll}oocfg f 0151%? e h%el %I‘%Sﬁﬂ%}gself(l(%}q}lgg%gggnd n%lurfamél of burners

arr@ti?g‘edail’@hgaatfleasf kwl@ p@taﬂelolﬁne@ltdtfms thif@ieObf Blirnars and a fourth line of
predet erm ned | ocati on adj acent a fuel spud with

buggesh cash linenfulruandre ypased pupbangially epugli %mﬁegfmx@ ﬂtqn@enterhne of the

fur&yc%l 1833 24 ta%'cé rea{ey@n gQE%leta Kl {8 A ftrﬁgjrleﬁ%fof %dl@ﬂt coils and the
urner tip Gwnstream o redeterm ne ocat

sedohé phine bét‘adﬁanp c@iy drp kiercad fry)nstﬂ:le cauadiad obthe a"ultnlal:eeﬂoc(rdl)espectlvely

for _each of th lurality of hurners drawing a stream
13of fﬁﬁ@le&%i qeliidPich &t Hererivne ﬂ@§£ﬁ‘é’ﬁ§ to the

' ns%)r at 'c&gblﬁlgr{g(eg{el %Es %Qﬂbﬂﬁé %gs F{J Rix @RS t5Xebf Mda ?l&%etermined

fuel "spud; a ombust i g t gas downstre
locafion hdjadent mérel Bplpi within steheaim Idfll‘aﬂitbeOﬁleEmeﬁ erm ned
| ocat.i on. hod of ,claim 13

t .
fur Rloe. HistHirgadhY Bl s AR U 145 &3 95 Bk dhiiRglieiop bumer tp

do@hﬁfdﬁh%ftﬁ&bfeﬁ@térrﬁﬁg@ [dcatidld tROSirhdrary fgiph&@lly kirsdunded by a tile;
plane of radiant coils parallel to a plane passin

t hr &Dgh fweea@érﬂfethpuphlera fy ethbumeisndreeing] @@tream od fluer gas from the

ter er endi a
fur%lacenlgcrgs n%eo ? gln qm%pﬁra%n%co re]g o %nrggmo%lstecli éueg rg@s g}({)linln% the fuel spud;

angaral l el to a plane passing through the centerline of
the furnace floor on a side opposite of the first side
f {Re cepmbyitingethafyclpgrspdamnispayr of gher Pane fipagnstream of the

prefdleﬁ%med location.

14. The method of claim 13, wherein the furnace is a steam-cracking furnace.

15.  The method of claim 9, further comprising positioning the first plane of radiant coils
parallel to a plane passing through the centerline of the furnace floor on a first side of the
centerline and perpendicular to the furnace floor and the second plane of radiant coils parallel
to a plane passing through the centerline of the furnace floor on a side opposite of the first

side of the centerline and perpendicular to the furnace floor.
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