WO 02/ 085623 PCT/ US02/ 13096 Pyrolysis Heater Background of the Invention
The present invention relates to a heater for the pyrolysis of

hydr ocar bwo2asst2particularly to a heater for the steam cragkisoyimbe 5
paraffins to produce ol efins. The steam cracking or pyrolysis of

hydr ocarbons for the production of olefins is alnbost exclusively carried
out in tubular coils |ocated in Pyradysissbleater The pyrolysis process is
considered to be the heart of an olefin plant and has a significant

i nfl uence on Barkgsewnd of dbe Invention he overal | plant. The hydrocarbon

f eedst ock may be one of th i de riet of .typic crackin

f eedst ocks such azﬂx%t%g?%ﬂft ' V%QW@P { Y%Bgntg?'a lﬂﬁﬁtgﬁ or ?%I‘QFQMQ Sbg 0.tfhese
gases, napht hagdro8asbopis! 8nd ParticdiBRy PloOd UsdateP bR IRE S1BAR BRackingildfety of
conponents the concentration of which are 15 dependent in part upon the

feed s®l ect ecvargffinshto pordunet olefink. pyrol ysis process, vaporized feedstock
Is fed together wifh diJution steamto a tubul rh[rygactoga'hoc ted, within

the fired heater. TN FGAR i thre N94i9ruPYEAYSS: SAmhVEERRARANS s cbfeﬂ@ﬁd_ent
upon the feeqshaaktish! FCcoRfins it HMhest ckeR[RINE l&%rr?ébc Buf$n @LBERAF JoRgui I e
/[1b. feed), whil ee

| ower steam (0.2 Ib./I , I1e 20 heavi er dst ocks such as napht ha
and gas oil s lpegtedria fitedanddtessd Thatpyoslysis frosess id cOnsidlbeddid beithe st eam

has the dual function of_ | oweri the partial pressure of the hydrocarbon
and reduci ng et 0 aPisiein alang anpas %fsi'%m@aﬁwefi%cg Ubhesecaneraicsy pi cal

pyroly§i s progess mfeed mxture is 25 preheated to a tenperature
j ust %(ZI ow t he ons%\%}glfl%tl e cracking reaction, typically 650 C. This

preheat occurs in Thehgdromebowfeedstotk anaybetdiy beabéthe Widevatidthen
passes to the radiant section where the pyrolysis reactions occur.
General |y theofr é¥pigaheeacking feqdsiaekspsue yas snetbianei ethanehereranfe of 0.2

to 0.4 second@utgng’ R'HHL%S of these gases, naphthas, gas oils, etc. The product

stream contains a variety of components the concentration of which are

15 dependent in part upon the feed selected. In the conventional pyrolysis

process, vaporized feedstock is fed together with dilution steam to a

tubular reactor located within the fired heater. The quantity of dilution

steam required is dependent upon the feedstock selected; lighter

feedstocks such as ethane require lower steam (0.2 Ib./Ib. feed), while

20 heavier feedstocks such as naphtha and gas oils require steam/feed

ratios of 0.5 to 1.0. The dilution steam has the dual function of

lowering the partial pressure of the hydrocarbon and reducing the
carburization rate of the pyrolysis coils.

In a typical pyrolysis process, the steam/feed mixture is

25 preheated to a temperature just below the onset of the cracking

reaction, typically 650° C. This preheat occurs in the convection

section of the heater. The mix then passes to the radiant section where

the pyrolysis reactions occur. Generally the residence time in the

pyrolysis coil is in the range of 0.2 to 0.4 seconds and outlet

30 temperatures for the reaction are on the order of 700° to 900° C. The

reactions that result in the transformation of saturated hydrocarbons to



30 tenperatures for the reaction are on the order of 700 to 900 C. The
reactions that result in the transformation of saturated hydrocarbons to WO
02/ 085623wP@2/8i%02/ 13096 2 ol efins are highly endot her m @Crhise2/1m®gai ri ng

hi gh | evel s of heat input. This heat input nust occur at the el evated
reaction tenperatures. It is generally recognized in the industry that for
nmost feedstocks, and especially for hedier feedstocks such as naphtha,
shorter resi deletiosreihigislyvéridothemudict thulsi rgheiringehigbt levelsyoft neait inpuene and

propyl ene since. secondary degradation reactions wll be reduced. Further
it is recognf@ﬂ%?‘?ﬂﬁmﬁuﬁ@‘i’%“{rl?étgﬁ E?Vé’lte‘gf"é%%l?ﬂetemp?rﬁ@rﬁ%r'BLsar bon

within the 68 trhgv r%gp'gﬁ&eaemt thé hﬁ?@%tﬁgetrpia?e rS@ggﬁtfggag%ckIh%nu ue gas

t enper at ur es ra nt section o eater are typically
above 1, 100 Gespetiallyc forvbeaviendéedistscks suchpgy oaphthiel shadPert esidnoef t he
heat fired as .fuel i,nh&qéhe heater is _ transferred into the coils in the
radi am sect | BnesTwd! ke higher galegti¥ity tosethydeneabd prPRWRNE §IESCt i on

section i thege g, 4260106 EReRbnOTo AR WRNTEALLIE. - GNERef e is

l[imtation of sma e“volune to achi eve short resi dence tines and the

hi gh t enper at pgcegnizbdtthat tHeoRRSSr, thegsdrtiblr priesére ofi thiethyidreca®aa twidhint ube is
difficult. H gh heat fluxes are used and the operating tube netal

t enper at ures regction enyinomenertic filaginigher|thaisetedtifity.even exotic

metallurgies. In S ub tal tepperatures |imt .the extent to
whi ch residence trméc@ﬂe %:asrteﬁﬁé%%%érfsamr ggeﬁlr? Gk ase'fé'o@o%itﬁgtﬁr&q of

hi ghero pr ocesgedterPaieatityipieally esbved ,aoohe. cold suddBlentndl tdesigwduced
tube | ength (hence tube surface area) which results in higher flux and

t hus hi gher taprroximately elddo AQfocof thtideak dired asefud! intedbe iheateruises

| ocated in the radiant. section of the cracking heater, represent a
subotantf al  pEPPSEHEBrnTh e, Gals oy adREneer e el RalBat REHT ARt « ha
they be utiligedchbibred in'thé CbAGédtRIh seutipf diftef RFc08 Bf?ﬁeéd%gnr alst@gmhi gh and

as uniforma heat flux and netal tenperature as possi
generation. Given the limitation of small tube volume to achieve short

15 residence times and the high temperatures of the process, heat transfer
into the reaction tube is difficult. High heat fluxes are used and the
operating tube metal temperatures are close to the mechanical limits for
even exotic metallurgies. In most cases, tube metal temperatures limit
the extent to which residence time can be reduced as a result of a

20 combination of higher process temperatures required at the coil outlet
and the reduced tube length (hence tube surface area) which results in
higher flux and thus higher tube metal temperatures. The exotic metal
reaction tubes located in the radiant section of the cracking heater
represent a substantial portion of the cost of the heater so it is

25 important that they be utilized fully. Utilization is defined as operating
at as high and as uniform a heat flux and metal temperature as possible
consistent with the design objectives of the heater. This will minimize
the number and length of the tubes and the resulting total metal required

for a given pyrolysis capacity.



consistent wth the design objectives of the heater. This will mnimze

the nunber and length of the tubes and the resulting total netal required
for a gi vwo opgssRysi s capacity. WO 02/ 085623 PCT/ US02/ 130PE6T/IB02/mB0bhre
majority of cracking furnaces, the heat is supplied by hearth burners that
are installed in the floor of the firebox and fire wvertically up along the
wal | s. Because of the characteristic flae shape fromthese burners, an
uneven heat flux pinothé¢ enajority exft echcking: fuma'ceal tBe pheagti isesghpliex] hypeak

flux near th elevtlon of th th ottom
Dorti oma” of " cinarii HgBers B Areinstafied it GRS tagt of the "Grsibn, AnAiTa: ¢
radi ant wal | r [ %p]s to
equal i ze the eg?glg ug %‘?%‘wﬁl%ﬁiwaﬁgt hgéb‘{aggeﬁ%??yarﬂ?@%eﬂé@%a I ux
profil es and fretathdsenmanats)ran pneferl beatf thux ardifilaris lerdatederTentydiOalf or a

combi nati on of h_earth and wal | burners at the sane heat Ii,beration rate
show 1w heat POl SAaw s Pafk fhrrraattthe center slevatior P jle firehoXef withhe

| mpr ovi hg- e R T bhptiar pefibrs, bF iUy Ehilin3 BAREN, bk

addi ti onal N@éléaqheanene,maﬂ;arﬁndabemuae are ihbmllaaaacthbytolpnpmaﬁlm 15
demand of hi gher burner heat rel eases. Another way m(i_ual I ze the flux

profile is ustiAgWats Itopeayrlize tHel heatyflux profle 'f‘h’@'en&ﬂ iYiirshtsurfagieease of
a wal | bur nerhéasc fﬁgpﬁfod‘]r%e%hmeéa? ‘Bgr%?urtfooa}t f|P r a aera{rﬂkbl? il gre?{nl O;h.erhe

nunber of burnérs Wo omne exc 4 apP§

preserg i nvenfor@ncérdbiiagidnt of WEHrel HSd SvdIEBUREPs atoﬂfet samlaaféaynbefanohhe
cracki ng of hydrocarbons for the production of olefins, with a burner

arrangenent ifiate isBo fagdieat dluxngnd meetehtempernattiledr t@ﬁdomrmortloerqfer ature
profile: The G Gabions ichimBAY 5L Rl B SOUGE udher By voes
surface to i nghpasS@Enghhd Rbrthl Blirde? filbe preffe L RiffidBRSbEaddie of the
additional NO, requirements, and because of the steadily increasing
15 demand of higher burner heat releases. Another way to equalize the
flux profile is using wall burners only, but since the maximum heat
release of a wall burner is about 10 times less than that of a hearth

burner, the number of burners would become excessive.

20 Summary of the Invention
The present invention relates to pyrolysis heaters, particularly for
the cracking of hydrocarbons for the production of olefins, with a burner
arrangement in the firebox to improve the heat flux and metal
temperature profile. The objective is to provide a burner arrangement
25 which includes burners to heat the floor of the firebox so that it acts as
a radiant surface to increase the heat flux to the reaction tubes in the
lower part of the firebox and produce a more uniform vertical heat flux
profile over the firebox elevation. These floor burners are called base
burners and work along with vertically firing hearth burners and

30 optionally with wall burners in the upper portion of the firebox. Itis a



| ower part of the firebox and produce a nore uniformvertical heat flux
profile over the firebox elevation. These floor burners are call ed base
burners awo oamsiczal ong with vertically firing hearth burneC3/isazi1806
optionally with wall burners in the upper portion of the firebox. It is a
WO 02/ 085623 PCT/ US02/13096 4 further objective to increase the total heat
transferred to the radiant cracking coi4 with no increase in the netal

t enper at ur e offurthes elyjettive Boiistre@sscthieptdtehheét tramsireed rigsthd fEidigante 1 is a

sinplified cross-secti.on.representation of a i cal rior art, pyrolysis
neater . Fi gurdasking spibpafinheiauenge it typmetel mpaiatuteeat the Gailpt of i | o

t hroughout the elevation of a prior art pyrolysis heater. Figure 3 is a
graph showi ng a typical nmetal tenperature profile 10 throughout the

el evati on of Brigh Descriptiopyf thg firawivegs er. Fi gures 4A and 4B are sinplified

cross-section representatjions, of _pyrolysis heaters illustrating two
vari at? ons of bur ngBuUEAtisRiEeRIHird crasssieglting represadtatier aita tyRieal i on.

Figure 5is LVE: Vi f the |l ower portion of one part of 15 a
g;?rﬁ’&f é@ﬁﬁéﬂﬁtg{s hée

pyrolysis heater 1l Ing the base burners and hearth burners. Figure

6 illustrates an eXgopd @ rf aaraphesHowingra agpiealistefate e fleoipedfilgent of
the invention. Figure 7 is a cross-section view of an alternate base burner
conpri si ng a ispediRowcthenelevationef a pionargnyselysis heated are graphs show ng

e surtace neat e WROHRHISHEL RIS A Safb AN E Bl o o
eI, e Y OUOn A st o r BRIRRRSED 82 92013 Bl
for the four passelsigures 4A and 4B are simplified cross-section representations of
pyrolysis heaters illustrating two variations of burner configurations
according to the present invention.
Figure 5 is a perspective view of the lower portion of one part of
15 a pyrolysis heater illustrating the base burners and hearth burners.
Figure 6 illustrates an example of a base burner according to one
embodiment of the invention.
Figure 7 is a cross-section view of an alternate base burner .
comprising a porous ceramic burner.
20 Figures 8A to 8D are graphs showing the surface heat flux
through the elevation of a pyrolysis heater for four different passes
comparing a prior art type heater with a heater of the present invention
having base burnérs.
Figures 9A to 9D are graphs showing the average metal
25 temperature also through the elevation of the heater for the four passes

comparing a prior art heater with the heater of the invention as a

function of the position along the coil length for the prior art.

30



conparing a prior art heater with the heater of the invention as a
function of the position along the coil length for the prior art. 30 WD
02/ 085623wB@2/&i$02/ 13096 5 Description of the Preferred Bayasomesws Bef ore
describing the details of the preferred enbodi nents of the present

I nvention, a typical prior art pyrolysis heater will be described along

wi th graphs showi ng the operating param® ers of those heaters. 5 Figure 1
shows a crosDesaription of tlseiPrefarnedi Embadimémdst er. This heater has a

radi ant heating zope 14 and.a copvecti.on ating zope 16., Located in the
convection heatin %ftS’ﬁ%deC’é{?'BgttH% detalls x&?d?fﬁgerr%??“i’@é@“i@sa‘#dt whi ch

0 Lhi's 035 SeSoht RHERHC ficdRReat BYrdIDEs HUAEOGA BLashet?. Thi S

zone nmay al so contal n heat " ex (!1 or producing steam The
pr eheat ed f eealohgamith lraplosnshowiing the operdting paraatet2ds v thdee heatiersig coi |
generally designated 26 |located in _the radiant heating zone 14. The
cracked produ€igurechshawsmresfqssgsecsion obsugy atsiofarbbeateie Hiadeatercoi | s

et pr odub9ureohiebe s atasteessian obsuehairsionarsbedtiie Heatieaterco |
e are common i 1 AERAS hnd 8! WD RLELAR PP LRSS COc ©

wal | s desi gnateshtdd ianthe IoneBdtibh agdatiig R6AEt N6 4are WhairHieell @xcHdMgyef | oor
are the vertically firing hearth burners 46 which are directed up al ong

the wal | s ancsuifrcas b8 @nds2@pvhigh inithis ease arg ibyrirgted fongrehgaling thenount ed
in the walls are th || ners. 48 whi ch are radi ant-type buyrners
designed to &%%SEQ%nﬁe%%'aniﬁﬁalz?B? n'?a%h?léﬂ 3?%ta§rbr (o & he

val | sio avoiglrfdcor proaubBRSRENAN ThEGreRbAtedUReE - frétnOtHeCc ikl 2

typical surface heat flux profile for a prior art heater such as
i |l ustrated izore iguied at 2 tth thetheating dulgenerblly designatet! 2@dbtategk imer s

ARG T X RENTER L AT N R
26 exits at 30. The heating coils may be any desired configuration
including vertical and horizontal coils as are common in the industry.

15 The radiant heating zone 14 comprises walls designated 34 and
36 and floor or hearth 42. Mounted on the floor are the vertically firing
hearth burners 46 which are directed up along the walls and which are
supplied with air 47 and fuel 49. Usually mounted in the walls are the
wall burners 48 which are radiant-type burners designed to produce flat

20 flame patterns which are spread across the walls to avoid flame
impingement on the coil tubes.

Figure 2 shows a typical surface heat flux profile for a prior art
heater such as illustrated in Figure 1 with both the hearth burners and
wall burners being on in one case and with the hearth burners being on

25 and the wall burners being off in the other case. Figure 3 shows the
tube metal temperature under the same conditions. These figures show
low heat flux and low metal temperatures in both the lower part of the
firebox and the upper part of the firebox and show a large difference
between the minimum and maximum temperature or heat flux. They

30 clearly show a cool hearth and suggest the under utilization of the coil



tube netal tenperature under the sane conditions. These figures show |ow
heat flux and | ow netal tenperatures in both the |ower part of the firebox
and the upper/ogwmwes of the firebox and show a | arge differ @raSobeioneen t he
m ni nrum and maxi mum tenperature or heat flux. They 30 clearly show a cool
hearth and suggest the under utilization of the coil W 02/085623

PCT/ US02/ 13096 6 tubes near the hearth.6 Figure 3 al so shows the inportance
of firing pruoftesenegothepbaarthubBigoet & alsengtenas tthe. inffuetaridec ofvdiringour ner s
are turned off, increase firirr‘;%3 of the heart urners is required. Due to

the shape ofProlile vEIP RRak,FYRe Metal: teprarglien  Wihengthe; yyigll byspgrs are
t t j 00X | S A di t
enperat ures ﬁrh%%ﬁﬁﬁc@és?@ﬂflgﬁgﬁhglﬁéa@ éaorﬂﬁyn% r%gﬁirr&ﬁsﬁljéaﬁx thel! FEec

negative inpact on the cyc a conventi onal

cracki ng heasteape & the ksardibanter43at Irblosse ptofil@ytubleyrabtal hembersurds h
burners configured according to one embodi ment of the present invention
with 80 the iNgmwassbhapproygmasaly 49° & Ehisuinereaseshesvendirectfneaativiear i at i on

the  radi ant RISt e Vhie D ARL B8ufthe o EBLLERan el °

wi t hout wal | héateners. Al though these Figures 4A and 4B depict a
single-cell heater, the concept can be applied equally to nultiple cell
heaters or 15 cr ackigHiesebh eard vi#B hillbstraiee pypeliysisoheatars awitn buseerseen in

h Fi 4B and i.n Fi whi ch. sh ti f . th
1 hase pur iep iR dRcRdfaaR lPHBoRmEh s MiCHRedhnd Sivertibdhitle “°"
burnere 50 argheCrRpdrtUsdatrhd forfd N2 dTCFibét%nhNéﬁbvgi?lb%ﬁréth%rfdtwwiﬂh or der

to heat the floor itself whereby it becomes a radiating surface. In the 20
preferred enbwailemnerst 42 de thasppéupordion dotharradidn heatiegaoneransd thiel ar  to

e, Vel | b0 e i e B0 L, 4B Gl 2ottt e
fuel /air m xt{ag hmeRd.r IdUeATHH M&d BiyuPsd AN B8NEB AdpicdgdiggiRi&s SO
heater, the concept can be applied equally to multiple cell heaters or
15 cracking heaters with a more open configuration. As seen in these
Figures 4A and 4B and in Figure 5 which shows a portion of the zone
14, base burners 50 are located on the floor or hearth 42. These base
burners 50 are constructed to fire horizontally across the floor in order
to heat the floor itself whereby it becomes a radiating surface. In the
20 preferred embodiment, these base burners 50 are the same as or similar
to the wall burners 48 in that they fire in a radial or elliptical flame
pattern around the burner. An example is shown in Figure 6 where the
fuel/air mixture is introduced into the burner generally designated 50
through the conduit 52. The fuel/air mixture flows through the slots 54
25 under the cap 56 and is ignited. The flame is thereby directed
horizontally by the slots and cap across the floor. The base burners can
be operated at different heat release rates to provide more heat to the
colder passes of the coil and less heat to the hotter passes. Also, the
slots that are facing the coils can be blocked or omitted to avoid flame

30 impingement on the coils.



t hrough the conduit 52. The fuel/air mxture flows through the slots 54 25
under the cap 56 and is ignited. The flane is thereby directed

hor i zont aWwby2logséehe sl ots and cap across the floor. The b&e#/usoz/m®pe can
be operated at different heat release rates to provide nore heat to the
col der passes of the coil and less heat to the hotter passes. Also, the
slots that are facing the coils can be bl ocked or onitted to avoid flame
30 i npi ngenent on Aheltarhbte eiDodPhe86623heErEEEI2INYV8a86N UseAnpalousr nat e
enbodi ment of the present invention uses OI‘OLi refractory or cergmc

burner bl ocks"Hf YATSPTRBY gener blagksw mﬁ'%‘hfefrn at frastiagRRrtigP Hearth. A
prem xed f”el'(hg)ﬂ%ért&?ﬁé%r‘tﬁ. f@gr%rﬂixteﬂefugf}éip%”cré%;ﬂ/ﬂj? %Gﬁﬁﬁwet BhLeeanghe

por ous nedi a. ustion takes place essentiall on the surface of the
burner such tedsesitardbugmetie pacsusaneddienCentiestiopytakleg placd essantldliyel f
beconmes a highly radiant surface. A typical ceramc burner is shown in

Fi gur 2 7 and oipe issekacg efthegumer aihait thetnenenfrcuand deagedhsl ock 60

and havi ng an.i Lal; | X Lo f Lalir. . xture

" oue ¢ hr ougrPYRRls fige? Bieit BodtEs oHign T rtlbe yrrdll, WHHGh ooffatics” 7,
flame 66. Thes@nerisiehswrein Figafe JoaHdtompeidkalaytasing®ebatainihgahadvant age
of these porous ceramc burners is that there is no direct flame on the

f1 oor since iRoroysenamihblecti@thand hexingean ilett624ar e fuslfaiaméxture.f ur t her
advant age i at. the. heat, is.adde at tr I ow, NO | evel.s, These
ot oy 292 1 o el Rtk RS hroBn Hib PRk B 88 S0Py Erdngy |
burner@ whi chs@fscd! Baakbimingt tHealflafied®6. OhdsBSPuir€ B rd188 Tontdihs

contributes to the |l ow NOX capability of the ceramc floor base burners.
It shoul d be catabdic heatexidli | €he adveptage 0t thérer perousxeerphis bareerseiscr i bed,

e, Soope o HIE AOMERION LS, Aohel LU oo SoLhese bauky eyl ok Bgaer . 20
oxygen | evel syerdhlib rh&GaHE SuMaePYA F64HE! BEvAr13EE it SRREIR! HEASs added
at extremely low NO, levels. These burners are essentially forced draft
15 burners as opposed to the wall burners which are usually natural draft
or inspirated burners. This contributes to the low NO, capability of the
ceramic floor base burners. It should be noted that while two specific
burner examples are described, the scope of the invention is not limited
to these particular burners.
20 It is known that operating under substoichiometric conditions
(reduced oxygen levels) will reduce NO, by reducing flame temperatures.
The substoichiometric conditions also create a reducing environment
that reduces NO,. It is further known that staging the fuel (combusting
the fuel at various levels) will reduce NO, by also reducing flame
25 temperatures. In one option for operating this combined system, the
base burner can be operated substoichiometric producing an effluent
with unburned fuel and essentially no oxygen and minimal NO,. Then
this gas, because of its position on the floor and in proximity to the
hearth burners would be entrained in the vertical flame from the hearth

30 burners. The vertically fired hearth burner can be purposely operated



The substoichionetric conditions also create ' a reduci ng environnment that
reduces NOX. It is further known that staging the fuel (conbusting the
fuel at wvapiocowssskevel s) will reduce NOX by al so reduci ng PCAMSIZBI096
tenperatures. In one option for operating this conbi ned system the base
burner can be operated substoichionmetric producing an effluent wth
unburned fuel and essentially no oxygen8&nd mininmal NOX. Then this gas,
because of i twithosx¢essnawn (lings Woald mndsel lpmeeri flatng tempbmtuteeandh

burners woul d be entrain in the vertical flame fromthe hearth 30
burners. The "¢EHEE Oy fiheegnEaach fuel @rmc@w base R WYHEES Yveyer g’f’ed W's)
02/ 085623 PCT, 6 | eyt i N I ower
flame tenpera'%c}lfﬁgg‘éétr%g%r% ﬁéé’ékﬁ)ggﬁé&ﬁ@ﬂéﬁtﬂro g.\ll ﬁgj(lﬁ Fﬁghbﬁtg%l{rﬁiﬁbiyes bur ners

woul d be condumbiedtias of opestity cahditidnsncdlld ihé orwvérsed dritk thedydske bur ner.
This conbination of operating conditions could be reversed and the base 5
bur ner® oper RWACHH APEEXIEEs YWiEh rexghas t3e anshibe hrarHekirpges gpetated

orocess. 1 educhb bl E, IR AR ORI o ReCPAPISYRR | cant)

reduce the ovsroabss NGdubeomHehdoanatish ngf eal.er s @dmbRiitionaledtidheat
rel ease. 10 The floor of prior art |‘%rol ysis heaters is not effectively

utilized as signifigeaty reduracive eyenadaNDpdremetha eoacking heater bers@nbur ner s
of the present .i%vepbi O,Qr lthe floor acts as a radiant surface thereby
i ncreasing t$REMYNEEM PPE%'9'%®S%e | ower portion of the firebox and tending

to equplize the hmag ribbhst B! by BSOS hobRIBRLIVEN iliRedigsebox.

This can be 15 seen in Figures 8Ato 8D. These Figures present the heat

flux profil e & oadiaptishriatet hBy frmatingothe flaseadithvfthe Hmset Iyinens of rtheki ng

heater for a so- call ed._.normal , case which es wal |l burners.and hearth
burner s and. {HESCHENEBLPREMEHORT 87tS(9%a pralean PUTAVRMSTBRY JATRESHAs e

ggépgi Zd 2’?' Lthebdﬁdi%ﬁq irPfHe 1857 Ldbrilbh ¥ Mthe Gitblox HRE RASMPY B§iaIA ©
the heat flux profile throughout the height of the firebox. This can be
15 seen in Figures 8A to 8D. These Figures present the heat flux profile for
each of the four coil passes of the ethylene cracking heater for a so-
called normal case which uses wall burners and hearth burners and the
base burner case of the present invention using base burners, wali
burners, and hearth burners only. The base burners are operated at a
20 firing rate of 1 MM BTU/hr each. Thus, the overall firing is increased by
a nominal 11% above the normal case where the hearth burners operate
at 7.6 MM BTU/HR and the wall burners at 1 MM BTU/hr. Under these
conditions, the feed to the coil is increased 11% as well resulting in a
net 11% increase in radiant coil capacity. The surface tube metal
25 temperatures are shown on Figures 9A to 9D. The maximum peak
metal temperature for any pass has increased by only 6° C for the case
with 11 % additional capacity. In practice, the firing rate for the base
burner across from this pass could be reduced slightly to achieve

equivalent metal temperatures with substantially higher overall coil

30 capacity. If an equivalent capacity increase were to be achieved



20 firing rate of 1 MM BTU hr each. Thus, the overall firing is increased
by a nomnal 11 % above the normal case where the hearth burners operate
at 7.6 MwbDesiReand the wall burners at 1 MM BTU hr. Und@CTiUse%€3096
conditions, the feed to the coil is increased 11 %as well resulting in a
net 11 %increase in radiant coil capacity. The surface tube netal 25
tenperatures are shown on Figures 9A to BD. The maxi mum peak neta

t enper at ure fWithahy pdasenhyrnaicrtbasbepmly Riingr fiing ovoulse hedgeto et h 11 %
additional c ' P ARGt t [ rd r L th S bur ner
across from tai ﬁ?géa%gsgggumﬁbéeﬁ?@&uggn ésrl 1%hg%%fe Icﬁbtct%cr)"f' %@H%E@e&%eﬁﬁﬁlaa Cent
met al tenper ghup&sk Wub® rabkit ehiparbture NWOORT beveoald, equivahtcapasaty. |f
an equi val ent capacity increase were to be achieved WO 02/ 085623

PCT/ US02/ 1309%h0ownint 3 where tharhdV Bhd/heaatl lusaemeasfturnedyofoul d

have t©0 be inc sed b MM BTU hr.. Under 't hes [ tances, the
‘nreste i n PELRNS dsar iU HOIPESSR AV AN e A RS o ¢ ha
shown in Fi guiigovd, WAl Witid. NASBTH RigmatanDuképdtiveasefbginesk offhed and
the hearth burner firing increased by 1" MM BTU hr. As stated above, this
woul d have a peérfgrimhanent negati ve ef fect of tube performance. 10 WO

02/ 085623 PCT/US02/ 13096 10 dCdains: 1. A pyrolysis heater for the

pyrol ysis of hydrocarbons conprising: a. a radiant heating zone having a
bottom hearth, a | ower portion adjacent to and 5 extending upwardly from
said hearth and an wupper portion extending upwardly fromsaid |ower
portith;



b. at |least one tubular heating coil for processing said hydrocarbons

| ocated in said 10 radi ant heating zone and extending into both said upper
porti on awo 02@8323 ower portion; c. a plurality of hearth Parnsoyiicecat ed
adjacent to said hearth directed upwardly for firing vertically up

t hrough said |l ower portion and 15 into said upper portion; and d. a
plurality of base burners |ocated on sall@ hearth for firing in contact
with said hearth Clameby creating a heated radiating hearth surface. 20
2. A pyrolysif heater a regited inclaiml wherein sajd radi ant , heating

zone incl udes! wal | 8 RFAMSIF PRRtETFAC TRRIPKEPIVRIP OT hydrRecabpPBs £OBWIING s aj d
wal I's in said uppeg porji ; AdPYoRLY FhSi recited in claiml
and further incl ud%ng a gé(}jﬁ?/@%t%gﬁ gec?ﬁ%nﬁggw@:a‘igo&%w ant heating
zone. 4. A pyrolysis heatathasa rlevcidregortiorc| adjacdntvter @ind sai d base burners

are directed for firing horizontally across and in contact with said
heart ® 30 WD 02/ 085628xtiendingsopyvesdlyefromsaid heaptfy 8ng @Ns heater as
recited in claim1l whergj Ld: ha Lse rous ceramc
burners and wherein sai gb%%rrsg%@'ég’eg)gtﬁihgmbgEEW@?@%&%} Fé}@ at least a
portion of said hearth.|owér pditiopater for the pyrolysis of hydrocarbons in
the production of olefins wherein said heater includes a radiant heating
zone having a botlPom hatrigasta arenetulpdar | bpating ackait far and ext endi ng

upvar dly from said heap}l) 80 A dRRGHoRRbbhS L Ts0g upvardly from

sai d | owner
10 radiant heating zone and extending into both
said upper portion and said lower portion;
c. a plurality of hearth burners located adjacent
to said hearth directed upwardly for firing
vertically up through said lower portion and
15 into said upper portion; and
d. a plurality of base burners located on said
hearth for firing in contact with said hearth
thereby creating a heated radiating hearth
surface.
20
2. A pyrolysis heater as recited in claim 1 wherein said radiant
heating zone includes walls and further including wall burners iocated on
said walls in said upper portion.
25 3. A pyrolysis heater as recited in claim 1 and further including a

convection section above said radiant heating zone.

4. A pyrolysis heater as recited in claim 1 wherein said base burners
are directed for firing horizontally across and in contact with said hearth.
30



portion and at |east one tubular heating coil for processing said 10

hydr ocarbons | ocated in said radiant heating zone and extending into both
sai d uppewopefsicen and said | ower portion and a conbi nati @aTafSo2/epeers for
increasing the uniformty of the heat flux in said | ower and upper
portions of said radiant heating zone and increasing the uniformty of the
tenperature of said heating coil, said ¢dnmbination of burners 15
conprising: ab. a pAurvablysis hfatercas técitedrinelaim boshegirasgid dase buroersai d

hearth directed upwardlly for firi vertical | ug t hrough sai d | ower
portion and FHPBMS&iRP'OHPTC'BBNE iq@f{,”eésndmgo ereinnp3HaPPRAHSOFERIRIS bur ner s

[ocat ed 0N Sahghnohe@bibrisdar Ibhéd piifiS of kapiaaiyfl hearth” ther eby

creating a hot radiating hear surf ace. 7. A heater as recited in
claim6 wherein said base burners are directed for firing horizontally
across_said hearth. WD 02/ 085623 PCT/ US02/ 1309 12 8. A heater as recited
in clamé6 wierei rAhfIehiet PW@'\@SI%&#ﬂwdgecarggﬂéug therRierddcHap Rl s and

wh [ id : : ; j I ' f id
e T 5% BB EEOR uHEBCcOI SSa e Y Bl oL,

hydr ocar bons bdattdrimeheareit uclovest pirtion eldidtentvie aed Rxseidind epireirdiyomdni ses:
a. a radiant heating zone having a bottom hearth, a | ower portion adjacent
to and ext entRiddagsiapad\arf vppelshedioneaxiendieupwardly ippepaigolovyein

ext endi ng UpV@c';rQilo)/\ farn(ama%aliegst qu]vgertuBB{aﬁ_i Rgéting coil for processing said
10 hydrocarbons located in said radiant heating zone and extending into
both said upper portion and said lower portion and a combination of
burners for increasing the uniformity of the heat flux in said lower and
upper portions of said radiant heating zone and increasing the uniformity
of the temperature of said heating coil, said combination of burners
15 comprising:
a. a plurality of hearth burners located adjacent
to said hearth directed upwardly for firing
vertically up through said lower portion and
into said upper portion; and
20 b. a plurality of base burners located on said
hearth for firing directly on said hearth
thereby creating a hot radiating hearth

surface.

25 7. A heater as recited in claim 6 wherein said base
burners are directed for firing horizontally across said

hearth.



b. at |least one tubular heating coil for processing said hydrocarbons

| ocated in said radiant heating zone and extending into both 15 said upper
porti on awo 02@8323 ower portion; c. a plurality of hearth Parnsoyiicecat ed
adjacent to said hearth directed upwardly for firing vertically up

t hrough said |l ower portion and into said upper portion; and 20 d. a
plurality of base burners located on sdiZdl hearth for firing directly on
sai d hearth & her ébheateeasiragjted imotlainadi wherain Isewr bdse Isumbeceompese net hod
conprising the steps of firin base burners 25 and said

plurality of PREAS rPels_anér@rgg@ﬁ%aglv@@{%}s%ﬁ{@fsvar%ﬁrﬁwc oPUTNSI$ ner s is
150 et crBBAR i Cabl ¥ dh Spbeant, Sod pi Ly of, burrecs i
said | ower and upper portions of said radiant heating zone thereby
reducisng the 9f.0r m%f in?enth%]:i cl}llp’op?é(r)ating a pyrolysis heater for the pyrolysis of
hydrocarbons in the production of olefins wherein said heater comprises:
a. a radiant heating zone having a bottom
hearth, a lower portion adjacent to and
extending upwardly from said hearth and an
10 upper portion extending upwardly from said
lower portion;
b. at least one tubular heating coil for
processing said hydrocarbons located in said
radiant heating zone and extending into both
15 said upper portion and said lower portion;
c. a plurality of hearth burners located adjacent
to said hearth direc;ced upwardly for firing
vertically up through said lower portion and
into said upper portion; and
20 d. a plurality of base burners located on said
| hearth for firing directly on said hearth
thereby creating a hot radiating hearth
surface;
said method comprising the steps of firing said plurality of base burners
25 and said plurality of hearth burners such that one of said plurality of
burners is fired substoichiometrically and the other of said plurality of
burners is fired with excess air whereby the combustion of fuel is staged
through said lower and upper portions of said radiant heating zone

thereby reducing the formation of NO,.
30



