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[0001] Di scl osed herein are inprovements in furnaces, such as those enployed
in the stean1crack|ng of hydrocarbons. Mre partlcularkﬁa di scl osed herein

are an i np? 89U cess and apparatus for incineratindTHRPBI8EA duri ng
the steam cracking of hydrocarbons. BACKGROUND OF THE | NVENTI ON [ 0002] I n
the mpjority of oil refining processes enployed today, coke is produced
fromto petrol eum reS| dual fract [ ons EnV| ronrrent aI regul ati ons throughout
the world rE ‘ INE LOKE FFRLAENNTVAent s i n

ef fl uent st rms be capt urecl‘\amﬁ-jmw@ &zﬁvet rel easi ng these

materials into the environnent. Frequently, such effluent is disposed of by
bur ni ng tEﬁgﬂhggﬂiaiiﬁfggigﬁgnerator [ 0003] St eam cracking is the ngjor
conmer ci a duction of light 15 olefins, especially
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convection sectlon of the furnace. The tenperature exiting the 20
convect | oR AUD RREINVENEON ned to be just at the point where

significa ootzh'er ”aﬂn tﬁé’ ﬁﬁjéhﬂr%f%ﬁ%fﬂﬁng HbéRies RMBRGE lobis), béké1§‘§roﬁﬁ’d%&%hi on
section, the vapor feed/dil'ution steamm xture is rapidly heated in the

radi ari® seefrdlom rasidualfiaoiens. hEnvosmental reelations thioughoih e vgridereqeireethatesi r ed

degree of th@deH% dfidfds d'@@l%nl@%ﬁﬁ Qtﬁ LR sérbns hﬁli&fe 3 4 the

fur nace e?lgl ent l|g§15ra |&9y quenchet in et er an mc?g(é ct %e]gf&%& anger

or by theofitor ycvelmmeasp:gdhﬁ@rmmmés mtre thetenwirpnment e Fraquently, such effluent is
disposed of by burning the mixture in an incinerator.

[0003] Steam cracking is the major commercial process for the production of light
15 olefins, especially ethylene and propylene. Light olefins are produced by the thermal
cracking of hydrocarbon feeds at high temperature and low hydrocarbon partial pressure for
short residence times.
[0004] In steam cracking, the hydrocarbon feed is first preheated and mixed with
dilution steam in the convection section of the furnace. The temperature exiting the
20 convection section is generally designed to be just at the point where significant thermal
cracking begins. After preheating in the convection section, the vapor feed/dilution steam
mixture is rapidly heated in the radiant section to achieve the desired thermal cracking.
After the desired degree of thermal cracking has been achieved in the radiant section, the
furnace effluent is rapidly quenched in either an indirect heat exchanger or by the direct
25  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
30 feedstocks containing non-volatile hydrocarbons, commonly referred to as asphaltenes, resid
or pitch, are processed in a famace, 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.




[ 0005] An undesirabl e byproduct of the cracking process is often the
deposition of carbon deposits, comonly referred to as "coke," on the inner
surfaces of the radiant tubes of the furnace. Depending on the feedstock
bei ng cra £ may al so be deposited in certain t i
convectloﬁ&sgé%ﬁgﬁ or in the quench systemof the qu#%@%?&@ﬁé$§‘30

f eedst ocks contai ning non-vol atil e hydrocarbons, comonly referred to as
asphal tenes, resid or pitch, are processed in a furnace, including but not
limted to those processes in which the convection section is equipped with
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recently, furnace designs have becone available t irect t uent
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single-t ane fir bXISI| n FIG 1., 00 illustrated in
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mount ed g 1 Phef* EPige! WHEWHH&&R%W%BE@Q@{‘? gllvents t he
pl ane of in@di siipic-fubEBRnSiRBH:NE INREMKEH: FIGN . such designs, the decoke

effluent is. injected into the radiant firebox 2 wwth a flane on one side
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25  injected decoke effluent stream is the flame from furnace floor mounted burners 5. On the

other side of the decoke effluent stream is the plane of radiant tubes 3 being decoked. In such

designs, the decoke effluent is injected 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
30 crosion 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




30 erosion of the radiant wall refractory by the abrasive coke particles as
the turbul ent decoke effluent stream expands after |eaving the injection
nozzl es. Moreover, it can be undesirable to inject the decoke effluent
streamin imty to the radiant tubes of the WO

2010/ 02754‘%@%?%8%9/ 046988 the tubes are the cool estgcgit‘ﬁﬁ@?@“@% sting in
the radiant firebox and may retard the conbustion of the coke particles.

[ 0012] Therefore, what is needed is an inproved furnace configuration that
enabl es the i njection of decoke effluent into the firebox w thout the

defi ci encith tyes ¢ dhe geddesyrpyrfo® suniveRy the mgdigny fxebR|ao a0 18D sk osed

herein, | R,RBEBSRE | ifddr nace of a type such as those used for the
cracki ng g? h roca%g?ls&aﬁlr? one aspect of the invention, a furnace is

provi ded H0@12]i nc| Whisefore, whetiiantedéd 1s@b dmprovéticfurnack emfigiratiebtbat epelblprthei ng a
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side of the centetline as the second row of burners.

[0014] In one form, a second plurality of burners are arranged along at least two
parallel lines to form a third line of burners and a fourth line of burners, each line of burners
20  spaced a substantially equal distance from the centerline of the furnace floor at a distance
greater than the distance that the first plane of radiant coils and the second plane of radiant
coils are spaced from the centerline of the furnace floor, respectively. In another form, the
plurality of burners includes premix staged air burners.
[0015] In yet another form, the premix staged air burners of the plurality of burners
25 each include a primary air chamber; a burner tube having an upstream end, a downstream end
and a venturi intermediate the upstream and downstream ends; a burner tip mounted on the
downstream end of the burner tube adjacent a first opening in the furnace, so that combustion
of the fuel takes place downstream of the bumer tip; and a fuel orifice located adjacent the
upstream end of the burner tube, for introducing fuel into the burner tube. In still another
30 form yet, the upstream end of the burner tube receives fuel and flue gas, air or mixtures
thereof and cach 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 bumer tube.




25 each include a primary air chanber; a burner tube having an upstream
end, a downstream end and a venturi internediate the upstream and
downstream ends; a burner tip nounted on the downstream end of the burner

t ube adj acgBboRebishist opening in the furnace, so that 305} %Qséjf t he
fuel takes place downstream of the burner tip; and a fue orrtice | ocated

adj acent the upstream end of the burner tube, for introducing fuel into the
burner tube. In still another 30 formyet, the upstreamend of the burner
tube receiyes fuel and flue gas, air or mxtures thereof and each the
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anot her f Bierboyafeatutss ox prevadedvthont an Jsearpanisias dpareaseiin bumen stebilipa sy
decr eqﬁ: b %W?agﬁésa\?ﬂll bd X%aaigﬁ ﬁ%mléiead%gtﬂ?& B&CribtRA k&S with rbreRficARpar ent

fromt etall ed description taken wth reference to acconpanyi ng
dr awi ngs. 2RPMPFYDERSIRVEES. ON OF THE DRAW NGS [0017] Furt her expl ained is

provi ded hﬁﬂ‘:ﬁ%@m bmmgﬂmswm reference to the draw ngs

i1 lustrat , | es, various forns, wherein:
20HG. 1 i 0047} chertatther exdplained anpmmidecd iathe fdasaniptien thiat foligesevith réferencanjoect i ng
decoke effl, Lé?a%ngis%&sﬁgﬁggi, by lw%} b t%%:lﬁxlxi?iﬂge e)Ialﬁl:[p K35 Garibud t?nbrgs)f Wherein:
20 FIG. 1 is a schematic of a conventional furnace arrangement for injecting decoke
effluent into a single-tube-plane furnace firebox;
FIG. 2 is a schematic of a furnace arrangement, in accordance herewith, for injecting
decoke effluent into a double-tube-plane furnace fircbox;
FIG. 3 is a plan view of a furnace floor showing a plurality of decoke effluent
25  injection nozzles mounted along the centerline for injecting decoke effluent upward into the
radiant firebox;
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
30 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
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FIG 2 is a schematic of a furnace arrangenent, in accordance herewith, for
I njecting decoke effluent into a doubl e-tube-plane furnace firebox;
FIG 3 is a plan view of a furnace floor showing a plurality of decoke

ef f | uent )] I on nozzl es nounted al ong the center]| | nj ecting

decoke ef 1‘2\583%05% Ward into the radiant fi rebox; HG 4114#1{7&%@(13{05{9@5 an

el evation 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 30FIG 6 is a plan view taken along line 6-6 of FIG 4. DETAILED
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and a plurality of decoke effluent injection
centerline L of furnace floor 14 and on the same side of the centerline L as the second row of

burners 18.

25 [0021] Still referring to FIGS. 2 and 3, and a plurality 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.

30 [0022] In one form, furnace 10 may also include a second plurality of burners 100
arranged along at least two parallel lines D3 and Dy to form a third line of burners 26 and a
fourth line of burners 28, each 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
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nozzles 24 is nounted along the centerline L. Decoke effluent injection
nozzles 24 are provided for the injection of decoke effluent upward into
radi ant firebox 12. The plurality of decoke effluent injection nozzles 24

are fed de‘g‘gli elgg.js%#ent t hrough distribution piping B%Q%ﬁs%og}rqgggsute coke

anong the deco effluent injection nozzles 24. 30 [0 orm
furnace 10 nay al so include a second plurality of burners 100 arranged
along at least two parallel lines 133 and D4 to forma third |ine of
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secti df 39ONVECLOBERPE ﬁh%va@g if?eeﬁhlpwtea&? e AR YDA Py heptrd ia ghe

outl et tepapnakedion (300 aBllieveaticalldsirs® éveP bf Mo RIMERRkMe CAMhDQoll Mokl T ange
of from 1450F %uZQOC to_about 1500F (815C) for lg);as oi | ?eeds about 1500F

(8150) t o"HBEWHA 660 phradignt sestiom Af trommonbeer, baithgiyange afsom 1480%0) t o
about 1650160408 Gholt A0FEBISC) Torl £38 Ui foldh! MHouf NDOIEHIEAY) BGBbGAH0H Ner ol

cracki ng has been achi eve fadiant section 34, urnace effluent is

rapi dly ofeAdhdar nephihiatfaeds, and abaut 15OTF (RATC)eteathamtgi50°F6 (980U dor btpartche

di rect; i nj i f 1ot t ( il . 4

ment i (%Snedf:g ﬁg\é%ir;feeggers @%&fdfﬁegm%e%%g{ﬂgéﬁgEeeélnnaﬁhﬁ%éggi&g%?w%\%%%? bﬁ an
undesi r ab aceleflilugat ¢ rapidly qichalxdan leither @d iodirectf hebthex clmgenddorapdfor bgdigs i s
t he depos&i} .cpiﬂ' Jio %ac rtp deposi t.s (ilﬁ%'et on the inner surfaces of the
radi ant cm% S Jfg an fgleocg'q}m %ﬁ%‘g(&%. % di ng on the feedstock being
cracked, [00R4] nay Aal mentiecdepos, regadlcss dfithe Gedsterkt heinp @ailed, &r €ifne an
convection sectian, 32, .or in.ithe.quench tem 36 of furnace, 10, . For

f eedst oc klénds%’ﬁi’fﬁﬁmt iadgeﬂ% H9V8fdé@FIb§PW9W 6’%&6"0%%‘?“&3%?1 I‘Sytahf’ Seposition qfy a5
asphabd en@sbonrd2posits (GUkePbh @b, inkdd seifactt Of HORBRAEEbIl 20k W2FCirdale Y Ch the
convectl Olgepselei\ 1%1& (()JQ t]!nes feg U(I)c%pbei\agng\/\grgcrlle&ncoke may also be deposited in the convection

coils 38 of convection section 32, or in the quench system 36 of furnace 10. For feedstocks

containing non-volatile hydrocarbons, commonly referred to as asphaltenes, resid, or pitch,

which are processed in a furnace in which the convection section is equipped with an

25  intermediate vapor-liquid separator, coke deposition may also be expected on the internal
surfaces of the separator.

[0025] As may be appreciated, the furnace designs disclosed herein enable incineration

of unburned coke particles of & decoke effluent stream. The decoke cffluent stream is

injected into the furnace radiant section fire box in close proximity to the flames produced by

30 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 190, as radiant coils 20 and 22 provide
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25 internedi ate vapor-liquid separator, coke deposition may al so be
expected on the internal surfaces of the separator. [0025] As nay be
appreci ated, the furnace designs disclosed herein enabl e incineration of

unbur ned Icles of a decoke effluent stream ffluent
strean1ing§ @@%ﬁ into the furnace radi ant section fﬁﬂgw%@ 5?9 ose
proximty to the flanmes produced by 30 at | east the adjacent pI urallty of
burners 100 in the floor of furnace 10. Such cl ose proximty provides

naxinun1heatin? and oxidation to the coke conbustion process. As may be
appr eci at ke toplestrytfaces gristingdn ithe rediant sirebox 12 and sugh ¢losé prapinutytrenyirafawkthe t he

decoke eff e proximty to radiant coils 20 and 22 of
furnace 1&&2@&;)35?%%@%%@ R’%O and 22 provide WO

2010102754{QmiN82069/CMGQS®ﬂtﬁIBI1 &80 bsin astypicelcinglesadisni mbe 'phnt fiecbpadi ant

{17 e00X 1 encOihiBBR oSS R B/l NolRY LAt Wit BARIP AR Skl COK

particles an rom yplca S|n e-radr ant
t ube plsanené isidelandt the codlarmdienti @ils onahe ptheosidb.utif the demplmefﬂum sttemke
ef fl uent i.nt

nt f|r | anme 5_one.si ol er
a ant . ool RO R o4 ki 8l Aol d waRGRBR S PTG A sRhe Pt Rf cot e
t ooI cl ose ftHeOraﬁla‘n?.bd)ﬂSO:E thgtél Extikits iherpmmnalz farneradiore bf @ddiant Gvalll ﬁﬁﬁﬂ:tﬁ@ $nbe
cooling effect t adi an ere exists t entl or
crosi on ofliatiedhhy inske parities Fos Secte SR sirat erbpdirEn Lot S5t i o1 s
as the degfk@orhbizAtgat strean1expands after leaving the floor injection
nozzles 4. 1t0 [0027 Advant ageousl y, the furnaces and net hods di scl gsed

her ei t9pef9l%7]t he Adyastagsauslyothe Hispasreandrmethodsdisclosesd herrin permitishscdniestion at

maxi num hggigedte fe‘fﬂ[&ﬁ Mo WY ARMbEx G@%hﬁ%@ﬁﬁihﬁ%éﬂm%“w G 'ﬂ&]yf peom t he
radi ant coils may be experienced, and the potential for erosion of the

radi ant wadhieviedshinimusp gooking from the sediant geilsyme| bavgxpamienged, and the potential for
erosion of the radiant wall refractory may be essentially eliminated.

[0028] In various exemplary embodiments, the plurality of burners 100 of furnace 10
15 may include raw gas bumers, staged-fuel burners, staged air burners, premix staged air
burners or combinations thercof. In another form the plurality of burners 100 of furnace 10
may include premix staged air burners and optionally with combinations including the
preceding listed burners. Examples of premix staged air burners may be found in U.S, Patent
Nos. 4,629,413, 5,092,716, and 6,877,980, the contents of which are hereby incorporated by
20 reference in their entirety. With bumers of these types, tall flames are produced and
commercial experience has confirmed there is no need for supplementary wall mounted
burners. While the third line of burners 26 and the fourth line of burners 28 may of the same
type as the first line of burners 16 and the second line of burners 18, flat-flame burners may
be employed the third line of burners 26 and the fourth line of burners 28. As those skilled in
25  the art will readily understand, a flat-flame burner is one that is typically stabilized, at least in
part, by the furnace wall.
[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,
30 or such as in a burner well in floor 14. The burner tube 112 includes an upstrcam end 116, a
downstream end 118 and a venturi portion 119. A bumer 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] I n various exenplary enbodi nents, the plurality of burners 100 of
furnace 10 15 may include raw gas burners, staged-fuel burners, staged air
burners, prem x staged air burners or conbinations thereof. In another form
the plural{h%efforRyy ners 100 of furnace 10 may include, Aredlkeshaged air
burners and optionally with conbinations including the preceding |listed
burners. Exanples of prem x staged air burners may be found in U S. Patent
Nos. 4,629, 413, 5,092,716, and 6,877,980, the contents of which are hereby

i ncorporated by 20 reference in their entirety. Wth burners of these

types, tal® theupscanyend Hogdseksdl 12rad deradnecsifugl g the huspee duliead 2 dmshored
th i - ML ird
ere i s ngwALSH: {htrsited ﬁwﬁﬁx;ﬂaﬁie%mzs gbﬁrﬁagjus%?l'e dBmbde3bh 1

| ine of burners 26 and the four urners the  sanme type
as the firtemixiwith b fhael o dhe unstreamend Hd 6 b Guimenabe fl 15 gnd epss wsyardly

flat-flamg,Q L SedtBY SR O ' ' 1@39 he
fourth line @%nﬁqrnersp%§9 Xgitﬁggg&gg?%F%éﬂF%bgg?ﬁéagﬂ%aaﬁﬁ?gg%a |P§
under stsandhe turtfer ip 129.ame burner is one that is typically stabilized, at

| east in by e § 130l QO2RIAN 5 | ar orm of rem x
staged ai i%%or]ner u“rélitgg‘gfazr p1r38 %el ng t rsleé‘? arqi Ic’%1 3{5 §/1 FiespEdy &
benef i ci alcharmber h32 indrpracizsough thenfatmacxdBoadild dito eduinececlh Frsshi drlandientdied i n

FIGS. 4-6. Burner 100 incl.udes fr eest andi urner.,tubge 112 | ocated in a
Furmace. § FHEH B Secdiion) GBS Ao EiE5H SN BRERS 194 Bifoass eefiRufS o0
tube 112 itagdddiegmrian30i{iss the fithes to frboide Secndums b staged eoitbubfiéh. and a venturi

portion 1 burner .tip 120 js Jocated at, the downstreamend 118 and is
surr odﬂdeﬁu&ﬁan aﬁn‘lffi%fr trF‘f"é’“%‘fZ. uengas, fZem dhe E’i"@@e ﬁih,e RIFRECY, 2feRramben ocat ed
Wi thi n f uBGRsqudel1 762<ktenids %ﬂp@k@ﬁ%auo,tm%é 4br @ theHfimBccdBFintd Bk pfilngSraid 65 and
I's located WO 2010/ 027541PCT111 $S2009/ 046988 at the upstreamend 116 of
tube 112 SHIYeRIQqFESSas deMravy thraugh BGR dust Gy the smspicstingrefiset ainficlent air

I's i ntrodygsile tbibhdveRfutiMYYbf BinneCllBdPEY. 1h46s hh Hhe AdmAF HSiha P gglamper
13" 7b to mx with the fuel at the upstreamend 116 of the burner tube 112

and pass #sveired i nrimasy g chambey &2, (hichgs prieton theizpne eheamigmsiion Berafore,  uel
and freshyRl fmdnf O SnddOHBRHAP HRA! with e ARV Bliseh! Breleh§ reducing the flame

temperature, and as a result, reducing NOx emissions. Closing or partially closing damper

1370 restricts the amount of fresh air that can be drawn into the primary air chamber 126 and
thereby provides the vacuum necessary to draw flue gas from the furnace floor 14.
[0032] In one form, mixing may be promoted by providing two or more primary air
20  channels 137 and 138 protruding into the FGR duct 176. The channels 137 and 138 are
conic-section, cylindrical, or squared and a gap may be provided between cach channel 137
and 138 to produce a turbulence zone in the FGR duct 76 where good flue gas/air mixing
OCCUrs.
[0033] Mixing may be further enhanced by a plate member 183 at the lower end of the
25  inner wall of the FGR duct 176. The plate member 183 extends into the primary air chamber
126. The plate member 183 also makes the FGR duct 76 effectively longer, and a longer
FGR duct also promotes better mixing.
[0034] Unmixed low temperature ambient air (primary air), is introduced through
angled channels 137 and 138, cach having a first end comprising an orifice 137a and 138a,
30  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




[0030] A plurality of air ports 130 (see FIGS. 5 and 6) originate in a
secondary air chanber 132 and pass through the furnace floor 14 into the
furnace 10. Fresh or anbient air enters the secondary air chanber 132

t hr ough ad%%iaomzﬁéfiarrpers 134 and passes through the ﬁ@ﬁgﬁ?@g@ﬁorts 130

I nto the furnace provi de secondary or staged conbus I n order
to recirculate flue gas fromthe furnace to the primary air chanber, FOR
duct 176 extends from opening 140, in the floor of the furnace 14 into the
primary air chanber 126. Flue gas is drawn through FUR duct 176 by the

i nspi r at i ngsramfiegeffast of the fuchpassing hreushghe)frel enifiagy whith eagbe igomtrined withie 112.
In this rr%g d OB TRE LABEM aFrka i 4L 08S: . xed in primary air
chanber 1 ,gévni chis %ﬁﬁor ato I)Tﬂ%%;gne of cg%gfsi%qvgh. Therefore, is the
amount of [0A3Fk natdvamagenisked mikture oftfeoni alxjut 28%ta plsed 80%Heqay andefiloroi ng
the flane oAt ur esul ' LSsl ONS. oging or
partially %’?@%ﬁ’g tganggfgqlég%ntﬁ%détaﬁ#gédg({ ﬁgl%%%ﬁwlﬁ”}:régs ucgiIF% hgtlscan be
dr awn isnt gattivelapy ipnaferyedathat < mintire rof bBGut Hi08h flhe gabandpabouti 586 atbient aie bam

xi ng. ey AR BEPrRYS sPB Aot oo SR eor PR Hetdis oo B BRI o 137
and 138 probtainntie depired harcéntapeddIflud pat ant Ambichingir.channel s 137 and 138 are

coni c-sect] cylindrical, .or squar d a e provi ded bet ween
each chanr{w&ﬂw a °H‘?§§1°Poﬁﬁ'ﬁ6’5‘88% Iiﬂt%ﬁﬁlﬁll"é’%ﬁe %%@Ei"ﬁ 1 2 Epudy 76
wher e gOO(ﬁiichﬁ%esg'ﬁél/iﬂb bufiextubs] 12G GUER it ﬁl&@ﬁﬂtﬁ/gﬁh_ﬁhg aiiecheulited filegas@phanced
by a plate nenber 183 at the lower end of the 25 inner wall of the FOR duct
176. THe phRxEs mits The miguieaducl; weiruland icrgeapyd arimayitben disgareeshe

pl at e NeNtpRm hdterdpS00 MFKEMiinlle i HRvElieh pdifioR T { BEA HukRE Yubk ﬁ‘lg R maifBfled

| onger FOR duct al so pronotes better m xing. [0034] Unm xed | ow t enperature

anbi ent  aibplopihe fugl-yick flammabikity Kmitowr disge ishiniiient vi i dhe rrnfk fossupBaTt and
138, each hiitisiin 2 ddchitlyr B 1€ UBE] ¥ DAL He! felrahadS4R 1R he Todifred 3
370, ce which

control |l ed by danper 1 and a second end conprising an ori
communi cacemobugheth FOR duct 176. The anbient air so introduced is m xed

G rectly, WL R AL HeneBel £ Pl e 7 1
2010/ 0275 irRCTlAtoSRDGR a6 thiidi(gh dilution is through the use of steam injection. Steam can be
injected in the primary air or the secondary air chamber. Steam may be injected through one
or more steam injection tubes 115, as illustrated in FIG. 4. Preferably, steam is injected
upstream of the venturi.
20 [0038] Still referring to FIGS. 4-6, a wall 160 may be provided that encircles the
burner tip 120 mounted 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 fumace and one or more air ports 130. In one form, a partial wall 195 is provided in
addition to wall 160, to provide a further barrier between a base of a flame downstream of the
25  burner tip 120 and FGR duct 176.
[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
3¢ 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.




inspirating effect of the fuel passing through the fuel orifice, which may
be contained within gas spud 124. The anbient air may be fresh air as

di scussed above. [0035] Advant ageously, a m xture of from about 20%to about
80% flue g Faﬂ) m about 20% to about 80% anbi ent aj I dr awn

t hr ough Fcﬁ% uc?’zlﬁ . It is 5 particularly preferred f#éj{/ﬁ%i?#{og@gsree of
about 50% fl ue gas and about 50% anbi ent air be enployed. The geonetry and

| ocation of the air ports and bleed air ducts nay be varied to obtain the
desired percentages of flue gas and anbient air. [0036]1n operation, fuel

orifice 11/004¢hi ch Aldgughethe invantion has bhendegeribed rith refezencel fospantigudas andens| i nt o

burner tu iflis B0 RESndM i YR [ L eyl at . as or
10 m xtur gig_at%l%agsr aeﬂ(g‘lﬁﬁﬁ}sﬁéttl?ﬁmxt ur %%JB? Eﬁe @r%‘é‘??érbfsarﬁgg&? F%%—tgggyg%ﬂgri mary
ai r then dlissddsed yesexiendviopl eaeivaledtpwitlvio theBheperaf thaplamsn the venturi portion
119 of burner tube 112 is nmaintained below the fuel-rich flammbility
limt; i.e. there is insufficient air in the venturi to support conbustion.
Secondary air is added to provide the renainder of the air required for
conbustion. 15 [0037]In addition to the use of flue gas as a dil uent,

anot her technique to achieve |ower flane tenperature through dilution is

t hrough the use of steaminjection. Steamcan be injected in the primary
air or the secondary air chanber. Steam nmay be injected through one or nore
steaminjection tubes 115, as illustrated in FIG 4. Preferably, steamis
injected upstream of the venturi. 20 [0038]Still referring to FIGS. 4-6, a
wall 160 may be provided that encircles the burner tip 120 nounted on the
downstream end 118 of the burner tube 112 to provide a bather between a
base of a flame downstream of the burner tip 120 and both FOR duct 176 in
the furnace and one or nore air ports 130. In one form a partial wall 195
is provided in addition to wall 160, to provide a further barrier between a
base of a flame downstream of the 25 burner tip 120 and FOR duct 176.
[0039] I n operation of the furnace 10 disclosed herein, it is desirable to
make the transition fromthe single decoke effluent line 30 to the
plurality of decoke effluent injection nozzles 24 by passing the effluent
through a series of symetrical dividing lines. In this manner, the coke
contained in the decoke effluent streamis distributed anong the various
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30 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. WO

2010/ 027541PCT/ 1752009/ 046988 [ 0040] Al t hough the invention has been

descri bed gy eference to particular neans, materials and forns, it is to

be undersg%%%ﬂgﬁht the invention is not limted to the particulars

di scl osed and extends to all equivalents within the scope of the clains.

CLAI MS: at.ii,cl ..med is: 1.A furnace for the cracking of hydrocarbons,

conpri si ng ﬂlscmnFQ}&a radi ant firebox, said radiant firebox conprising a

furnace floor having a centerline; (b) a plurality of decoke effluent

i njection nozzles nounted al ong or adjacent to said centerline for

i nj ect i ngl.decoldunfaté forthe erpekinglof pdvosshahsy aaipising: i r ebox; (c) a
lurality of burners arranged to faoarma first |ine aof, burners and a second

Fine of burner@é ea%ﬁmﬁﬁﬁé%ggmﬁuf r dﬁﬁ%ﬂ%?@%%d”ﬁﬁ“@ﬁgd%i a§?dﬂ§”of sai d
pl ural i t yhfingdeekaligd;f | uent injection nozzles; (d) a first plane of

radi ant coils &gaced at a distance greater than the distance that said
first line of ®rnet Plwgligpat ddcakeoeifivgntd injestior hozztesomounted flongace f 1 oor

and on thgy: i f Ldecenterlin s said first row of. burners; and
(e) a segﬁjﬁ%%gfgﬁgggf&? geg%n orcloni]efcén %p(ge(% Sﬁiugntdlug‘fvﬁlﬁicgl\{\"brs@ ’é@'rdiac“ﬁan t he
di st ance fifebdx;sai d second |line of burners is spaced fromsaid centerline of

said furnace f] oor and qon the sane side of said centerline as said second
row of burner <€)  a plurality of burners arranged to form a first line of bumers and a

second line of burners, each line of burners positioned on opposing sides of said
plurality of decoke effluent injection nozzles;

(d) a first plane of radiant coils spaced at a distance greater than the
distance that said first line of burners is spaced from said centerline of said furnace
floor and on the same side of said centerline as said first row of burners; and

(e) a second plane of radiant coils spaced at a distance greater than the
distance that said second line of bumers is spaced from said centerline of said furnace

floor and on the same side of said centerline as said second row of burners.

2. The furnace of claim 1, wherein said plurality of burners is arranged along at
least two parallel lines to form a first line of bumers and a second line of burners,
each line of burners spaced a substantially equal distance from said centerline of said

furnace floor and on opposing sides of the centerline.

3. The furnace of claim 1, further comprising a second plurality of burners
arranged along at least two parallel lines to form a third line of burners and a fourth
line of bumers, each line of burners spaced a substantially equal distance 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.
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2. The furnace of claim1l, wherein said plurality of burners is arranged
along at least two parallel lines to forma first line of burners and a
second line of burners, each Iine of burners spaced a substantially equal
di stance fromsaid centerline of said furnace fl oor and on opposi ng sides
of the cepterl4ne . furn of ' further comprisin second
pl urali tylp'of btﬂeng%%gr(ﬁgcg%%ldihﬁgﬁrgmﬁaﬁﬁh éﬁé@tp]l?%g{ﬁ%q & }snzggan% forma
third |i ngralfel bior aeplananshssing otrddgh! sdieé Entddlihid) &ITS sai€ aftlfndek NBodtf akdir ner s
spaced a substantially_equal distance fromsaid centerline of said furnace
floor at PETRFOS: & ghid Jraacefiofh sai d di stance that said first plane of
radi ant coils and said second plane of radiant coils are spaced fromsaid
centerline of said furnace floor, respectively. 4.The furnace of claim1,
wherein said fThesfurmpicané claim ladherein said becond phane af geliap @i 1sedrrahgedd pl ane

passing thr h said centerline of said furnace fl o0 nd perpendicular to
sai d furr?&Eagfé 1'8oft . PIaNerAs§ing rfg’?é‘ggf & a‘feﬁ{erijl?n%\ﬁ‘i’ér@% @maﬁgs n#d| ane of
radi ant GRideddicilaftd MWARInRRRLEE! to a plane passing through said

centerline of said furnace floor and perpendicular to said furnace fl oor.
6. The furnace of claim11, further conprising decoke effluent distribution

i ping to distgihute coke anmon aid decoke.efflugnt injectjion nozzles.

g. 'FI)'hegf u r‘lacetlf)hi‘5 F?r?ﬁ‘?lawgi’r gﬁ“ﬁ%%@ﬁ"ﬁﬁ gﬁqo[(? eﬁ&%ﬂ&%’ﬁ@%ﬂ’ﬁﬂ% es raw

gas bur nes distrifubdeskelatfingbidiREbske ¢Hla&f thjddtionHezAes. s, prem x staged air

burners or conbi nations thereof. 8. The furnace of claim7, wherein said

plurality of burners conprises prem x staged air burners. 9. The furnace of

L2 & quher SR e BF Eftint 19 WARRen 3 PHGES St Bl Sl fos°"
burners, staged-fuel burners, staged air bumers, premix staged air burners or

combinations thereof,

8. The furnace of claim 7, wherein said plurality of burners comprises premix

staged air burners.

9. The furnace of claim 8, wherein said premix staged air burners of said
plurality of burners each comprises:

(a) a primary air chamber;

(b) a burner tube having an upstream end, a downstream end and a venturi
intermediate said upstream and downstream ends;

(c) a bumer tip mounted on the downstream end of said burner tube
adjacent a first opening in the fumace, so that combustion of the fuel takes place
downstream of said burner tip; and

(d)  afuel orifice located adjacent the upstream end of said burner tube, for

introducing fuel into said burner tube.
10.  The fumace of claim 1, wherein the furnace is a steam cracking furnace.
11. A method for incinerating a decoke effluent stream of a furnace for the

production of ethylene, the furnace including (i) a radiant firebox having a furnace
-12-




(a) a primary air chanber; (b) a burner tube having an upstream end,
a downstreamend and a venturi internedi ate said upstream and downstream
ends; (c) a burner tip nounted on the downstream end of said burner
tube adjacent a first opening in the furnace, so that conbustion of the

fuel tak I QYR f i0: hur: LR ) - el
orifice ?g)gg’ttgg a jacer?!ti- %?ﬁgggp%?ifgg%\’ Qgg{%ﬁaggf gﬂgeﬁ(rﬂr{]%?m[ué‘gtel?ﬂ %6#?
i nt r oducinogzits eovinteddoaleng dr adjavent touthe. cehferlihe féruimectimg adecokaieffivent wher ei n

t he furnace is, t eam cracki ng..f ur nace. .A nmethod for_.inciperating a
decoke. enprahinteedait R filht BRROR ohBuBeB AR R OB PRI | ¢ he
furnace igpGlHidghd 4 decdnd Fk P bubder£RAh RAY b Surfierds \PoSifioRed oﬂ-%pposﬁ oor, the
furnace floor having a centerline, (ii) a plurality of decoke effluent

i nj ect i osides of theplmalitit efidesblon offlmentzigjestiom nozabes; ki) e dinsteplarienef radiant nj ect i ng
decoke effluent upward into the radi ant.firebox (i} | yrality. of

bur ner s SPIARREa Bh % diafie” lenr Y 2 syfep B, i b R o Himard i o
burners, spaed flom the@enfHinRsthe BrhideoMR 208 oA RRO Sdisidk d€ theQfentelithep! Ural ity
of decoke effluent injection nozzles; (iv) a first plane of radiant coils

spaced a@s thedfiest zow of Jruanars (v Bagcendeplane of faddant ieails spaced jat gt distangs of
b i ' d th
CVTnCs BRI PR Ry B b Bebr bl B3RE WAPincdafic! he oo

radi ant obithe fispaeefioat ardl oh shesage gideadfethet deaterlidcad s s9rond rbwtoft he
second Ijne of burners is spaced fromthe centerline of the furnace floor
and on t W@h@‘eﬁlﬁ@‘g@@%%ﬁ%@i e as the second row of burners; the
met hod conpri gjyng efchife ! i of f into the
radi ant fireb >2 aIE) ég‘“?‘ e cent or Iégﬁu@ﬁﬂ%@ﬁlﬁﬁﬁd&aﬁ %%érﬁgi Wﬁ%e met hod
of cl ai nediterlintef the fumhee fddarr al ity of burners is arranged al ong at | east
two parallel lines to forma first line of burners and a second |ine of
burners, each line of burners spaced a substantially equal distance from

the centeslinehofneidR JrIRACEL, fWHRIn MpIaA; ' '
centerline. 13. ‘Ighe met hod of c]:%g%rurln 11,%@?2??\@%3%%%%@?3 atdecoke

ef f | uent leastj twiot pagalleh dings & forn) adirstdésoddebwhéns radta sqennd dine wif dmeners, al | y
al ong the pl.ane passing_throu the .centerline of. the furpace floor and
per pandt SR o REa Shicai 3 Hbobpaf el istie? ot B hliiedt Bher o n
t he fur nfggack Mobh@id oEppéaRg siies O HeGeiMeklidl i ty of burners arranged al ong

at least two parallel Iines to forma third line of burners and a fourth
line of burners, each |ine of burners spaced a substantially equal distance
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radi ant mizles ifjeet ddeake efffuctimpwied Gabstaitiallpaleig theepiing pasingftheaph
respectively. 15. The nethod of claim1l, wherein the furnace further
i ncl udesthg sperding pf thedpnace floor and perpendicular to the furnace floor.

14.  The method of claim 11, wherein the furnace further includes a second
plurality of burners arranged along at least two parallel lines to form a third line of
burners and a fourth line of burners, each line of bumners spaced a substantially equal
distance from the centerline of the furnace floor at a distance greater than the distancé
that the first plane of radiant coils and the second plane of radiant coils are spaced

from the centerline of the furnace floor, respectively.

15.  The method of claim 11, wherein the furnace further includes decoke effluent
distribution piping to distribute coke among the decoke effluent injection nozzles.
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distribution piping to distribute coke anong the decoke effluent injection
nozzles. - 13 - 16. The nethod of claim 11, wherein the plurality of

burners includes raw gas burners, staged-fuel burners, staged air burners,
prem xed staged air burners or conbinations thereof. 17.The nethod of claim

16, wherggn t i r I ] I ur ners.
18, The. maPhod 15 A of i, Pk n PRIV, & Glfhats HEA AW o)

conbi ni nhufnesy, sypeddoe turersf Istagedadr barnetsstpremixed hstagdf aiat ben@sestet er m ned
| ocation adj acent fuel spud within each of the plurality of burners;

(c) di scRh&® Wﬁﬂ‘”ﬁsr@eff’ﬂgl gas and air, flue gas or mixtures thereof at a
burner tip downstream of the predeterm ned | ocation, the burner tip

peri pherally surrounded by a tile; (d) for each of the plurality of
burners d7aw Ye ansthod afrclaim fli6y &vhgeesn theoplutalidy biibnmes ¢omprésep praaixt 0 t he
inspirati ng f.fect of unconbusted fire! gas exiting the fuel spud; and

(e) combtéB¥HY: PHESH) r el gas downstream of the burner tip downstream of the
predeterm ned | ocation. 19. The nethod of claim 18, wherein the furnace is a

st eam cr acki n&hf urnace. 20.The nethod of claim 11, wherein the first plane
of radi ah8- coilhemethogdraf ghadimd 7purther eamprising e gieps plissi ng t hrough t he
centerline of stthe furnace fﬁllqor J si de of tf}ﬁrce&{t er i ne and
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per pendi cul ar(bt)o t RETP U Race ffgﬁgiéngn%&’[ﬁf Cs8E0 G ’6]1"%1 0 %eggi%mta coils is

ar r angedpiedétairhiakd loeatiorpddinenpafinl Smdtwitiat ghcH dfethepiekityi ofdugferd; he furnace
floor on a side opposite of the first side of the centerline and
per pendi cul ar{®@o t tschagging ghe foplgas and air, flue gas or mixtures thereof at a burner

tip downstream of the predetermined location, the burner tip peripherally surrounded
by a tile;

(d)  for each of the plurality of burners drawing a stream of flue gas from
the furnace in response to the inspirating effect of uncombusted fuel gas exiting the
fuel spud; and

(e) combusting the fuel gas downstream of the burner tip downstream of

the predetermined location.
19.  The method of claim 18, wherein the furnace is a steam-cracking furnace.

20.  The method of claim 11, wherein the first plane of radiant coils is arranged
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 is arranged paraliel 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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