Titl e-Cracki ng furnace The invention relates to a furnace
for (thermally) cracking a hydrocarbon feed in the vapour phase in
the presence of steam The invention further relates to a nethod for
(thernally) cracking a hydrocarbon feed in the vapour phase in the
presence of a diluent gas, in particular steam 5Cracking furnaces
are the heart of an ethylene plant. In these furnaces, feeds
contai ni ng one or nore hydrocarbon types are converted into a cracked
product gas by cracking of hydrocarbons. Typical exanples of

hydr ocarbon feeds are ethane, propane, butanes, naphtha's, kerosenes
and at nospheric and vacuum gasoils. 10Processes for converting
hydrocarbons at hi gher tenperature have been known for many decades.
us 2,182,586 bllsgfd i.n %539 descri bes a reactor and process for
the pyrol ytic Y&8%iver SFBHBF TYDPEY,i d hydrocarbon oil. Use is nade of a
hori zontal |y arranged single reactor pipe (the publication refers to
"tubes", but these ar con cted in a serial w copnection and thus
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cracking tenperatu WD, 97/ 28232 describes a cracking

e..
furnace for tﬁé?WWiFVCEPQXﬂ?HﬁnﬁmP#&U|d hydr ocarbon feed in a spiral
pi pe. Theiburnace is P&adedsetsetoﬂmmeem@e@uﬂﬁﬁkboﬂs siEmighdd wniperdtake Bolee
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steamw th s pleSC].!nL(Iig oip a (g:l?zscusntalji na?r&ér?g%d%{]n%le rea&or pipe (the publication refers to
“tubes”, but these are connected in a serial flow connection and thus form in
15 fact a single tube), which results in relatively long residence times which are
common in the process of thermal cracking of liguid hydrocarbon oils to
improve motor fuel quality such as visbreaking. The use of the described
heater for a process like steam cracking or for the cracking of a vaporous feed
is not mentioned. Rather, excessive cracking and excessive gas formation are
20 avoided.

US 2,324,553, published in 1943, shows another heater for the
pyrolytical conversion of hydrocarbons, wherein the reactor pipe is formed of
serially connected “tubes”, which are horizontally positioned in the heater. In
the described process, oil is passed through the tube to a temperature below an

25  active cracking temperature.

WO 97/28232 describes a cracking furnace for thermally cracking a
liquid hydrocarbon feed in a spiral pipe. The furnace is said to have a reduced



5 process characteristics. Herein, the hydrocarbon feed is thermally
cracked in the vapour phase in the presence of steam The cracking is
carried out at nuch higher severity than applied in the noderate
cracking of |iquid hydrocarbon oils to inprove fluid quality. Steam
cracking furnaces conprise at |east one firebox (also known as a

radi ant sectron), which conprises a nqpber of burners 10 for heating
the interior. A nunber of reactor tubes (known as cracking tubes or
cracking coils) through which the feed can pass, are disposed through
the firebox. The vapour feed in the tubes is heated to such a high
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The inlet sections (extending frominlets 4) and outlet sections
(extendi M from out |I@tcgac$.)ng naces, the reactor tubes may be arranged vertically

in one or-more passes. In the art, the term cracking coil is also used. One or

more of the eracking coils , which may be identical ox not identical, may be

present to form the total radiant reactor section of a firebox. Conventionally,

ethylene cracking tubes are arranged in the firebox in one lane wherein the
25 lane is heated from both sides by burners.

Such a lane may be in a so-called in-line arrangement whereby all
the reactor tubes are arranged in essentially the same vertical plane.
Alternatively, the tubes in such a lane may be in a so-called staggered
arrangement whereby the tubes are arranged in two essential vertical parallel

30 planes whereby the tubes are arranged in a triangular pitch towards each



10 are heated essentially equally by the burners 5. It has
been found that this leads to | ess-optimal cracking conditions It is
thought that this is due to a not so advantageous heat distribution.
The cracking process is an endotherm c process and requires the input
of heat into the feed. For the performance (selectivity) of the
cracking process it irs . 15 desirabl e to maxi m se the heat input to
the inlet section of the cracking coil” (tube). The inventors
therefore sought a way to alter the input of heat into the cracking
t ubes. In addition, it has been found that the use of a
known furnace Y ar bon.. va in.the
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In addition, it has been found that the use of a known furnace for

(thermally) cracking a hydrocarbon vapour in the presence of steam, thereby
20 forming ethylene, propylene and/or one or more other alkenes (also called
olefins), leads to less favourable conditions for mechanical stability of the
cracking coil assembly.
The inventors realised that due to the fact that inlet sections at one
side of the staggered lane have different temperature conditions and heat
25  distribution-conditions than the outlet sections at the other side of the
staggered lane, different thermal stress and thermal creep conditions exists
between the inlet sections and the outlet sections. Creep is the irreversible
expansion which occurs when heating a metal. Creep is the result of thermal
" stresses inside the metal due to heating. Thermal stress (caused by thermal

30  expansion) is the reversible phenomenon when heating any material. Both



hydr ocar bons where a sufficient extended staggered arrangenent with a
properly designed coil support systemwi th variable adjustment
paraneters could be adequate. However continuous operator attention
is required to 15 adjust support systemsettings in case of different
operating conditions and during the operating life of the furnace as
coil dinensions and strength change as a consequence of creep over
tinme. It has been found that the input of heat, in a

nmet hod for (steam cracking a hydrocarbon can be altered by desi gni ng
inlet- and outlet sections of 20 the cracking coils in a specific
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could be adequate. Howevér continuous operator attention is required to
15  adjust support system settings in case of different operating conditions and
during the operating life of the furmace as coil dimensions and strength change
as a consequence of creep over time,
It has been found that the input of heat, in a method for (steam)
cracking a hydrocarbon can be altered by designing inlet- and owtlet sections of
20  the cracking coils in a specific way.
- Further, it has been found that the thermal stability of the coils
can be improved by designing the cracking furnace, in particular the inlet-
and outlet sections of the cracking coils in the fire box of the furmace in a
specific way.
25 Accordingly, the present invention relates to a method for cracking a
hydrocarbon feed, comprising passing the feed, comprising a hydxrocarbon and
a diluent gas, in particular steam, through at least one cracking coil (in the
priority application also referred to as cracking tube) in a firebox under
cracking conditions, wherein the outlet section of each said coil is more

30 thermally shielded than the inlet section of said coil.



10 firebox provided with a plurality of cracking coils, said coils
conprising at |east one inlet section and at | east one outl et

section, said firebox conprising at |east one | ane of outlet sections
of the cracking coils, at least two | anes of inlet sections of the
cracking coils and at | east two | anes of burners, wherein the at

| east one | ane of outlet sections is %ocated bet ween the at |east two
| anes 15 of inlet sections and the | anes of inlet sections are

| ocated in between the at |east two | anes of burners. The
| anes of burners are usually essentially paral lel to each ot her The
burners are usually bott nd/ 0

roof of the firebox. @%@ﬁ&a@%&ﬁg Clac % Oy(gjslﬁovg‘eén %811
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Fi gure 3A sho oBudop view i ntersection of a cracking furnace
according to g invention with a herri ngbone-1i ke set up. Figure 3B
shows a front view ificerdegy, ibr podsehhmvéntiondoethef reldtgeitoen 6ﬁckmg
Figure 4 sho t] fq%% t of e sane | e 5 and
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inlet sections of the cracking coils and at least two lanes of burners, wherein

the at least one lane of outlet sections is located between the at least two lanes
15 ofinlet sections and the lanes of inlet sections are located in between the at
least two lanes of burners.
The lanes of burners are usually essentially parallel to each other.
The burners are usually mounted in the bottom and/or sidewalls and/or roof of
the firebox.
20

Figure 1 schematically shows a conventional cracking furnace
(GK6™),

Figure 2A shows a typical heat flux profile of a GKX6™ furnace and a
profile under similar circumstances for a furnace according to the invention

25  (simulated by SPYRO®).

Figure 2B shows the process temperature along the coil of a GK6™
furnace and a profile under similar circumstances for a furnace according to
the invention (simulated by SPYRO®).

Figure 2C shows the coil wall temperature along the coil length.



Figure 50 shows a side view of the single coil of figure 5B. Figure
5D shows a front view of the coil of figure 5B. Figure 6A shows a
furnace with a 4-pass coil. Figure 6B shows a coil as in the furnace
of Figure 6A. 15Figure 7 shows a furnace according to the invention
wherein the outlet sections are in a staggered configuration. Figure
8A shows a furnace according to the i%vention with a highly

symmetrical 4-1 coil layout in a three lane in top view intersection.
Fi gure 8B shows another furnace with a symmetrical 4-1 coil lay out
20 (top view intersection). Figure 80 shows a front view

I ntersection of a fug o ing to .Fiqure 8A.and 8B. .Suitable
cracking coils (al ng‘ 1?23?923;@%18%{5% ' V%Wanéte?ﬁeég?]ﬁgg%ﬁadﬁpé fgatoneral Iy
known. The coadesrdmgytotde fiprembidn efithonkeronghmedikeyskt aglr i cal t ubul ar
condui ts, preferabl yg.w lrcular or .oval cross:section.. Jhe
condui ts may be con@%@%@ﬁogosna#é%}tivheg AP gngﬁfchr‘? aﬁﬁf’fan-%ltle 3B.
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Figure BA shows the top view of a furnace according to the invention,
wherein the coils have a two-pass split coil lay out.
Figure 5B shows a 3-D view of a single coil as in the furnace of
10  Figure 5A.
Figure 5C shows a side view of the single coil of figure 5B.
Figure 5D shows a front view of the coil of figure 5B.
Figure 6A shows a furnace with a 4-pass coil.
Figure 6B shows a coil as in the furnace of Figure 6A.
15 Figure 7 shows a furnace according to the invention wherein the
outlet sections are in a staggered configuration.
Figure 8A shows a furnace according to the invention with a highly
symmetrical 4-1 coil layout in a three lane in top view intersection.
Figure 8B shows another furnace with a symmetrical 4-1 coil lay out
20  (top view intersection).
Figure 8C shows a front view intersection of a furnace according to
Figure 8A and 8B.

Suitable cracking coils (also referred to as cracking tubes), ave
25  generally known. The coils may be formed of one or more cylindrical tubular
conduits, preferably with a circular or oval cross-section. The conduits may be
connected by connecting devices such as but not limited to connecting tubes
and bends to provide a number of passes, e.g. as shown in Figure 3B and in
Figure 6B. A cracking coil may be formed of a plurality of tubular conduits

30  joined together, for example having an “m-like shape” or “w-like shape”



wherein the outer |legs represent inlet sections which nmount in a
single outlet section, represented by the central leg of the wm
Particularly suitable exanples wherein tubes are joined together to
forma cracking coil are shown in Figure 5D and in Figure 8
(wshaped). In the art, such cracking coils are 5 commonly known as
"Split-Coil" designs. The coHIs general ly each have at | east
one inlet and at |east one outlet The inlet of the coil is a conduit
via which, during use, the feed enters the cracking coil and usually
t hereby the firebox; the outlet is the conduit via which, during use,
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Usually, a plurality of the cracking tubes are connected to each other
25  toform a parallel flow path for the feed. Thus, in contrast to a design wherein
the “tubes” are connected in a serial manner and wherein the feed enters a
first “tube”, is partially converted and thereafter enters a subsequent “tube”,
the present design allows the composition of the stream at the inlet of each
tube to be essentially the same for each tube. This allows short residence time
30  and thereby high through put. If desired, during use, a plurality of the



10 sections of the coils being nore thermally shielded than the inlet
sections of the coils, this nmeans in particular that the heat
transfer into the cracking coils at the outlet section of the coil is
shifted in favour of the heat transfer into the cracking coils at the
inlet section of the coil, during operation of the burners conpared
to a coil configuration whereby such shielding is not_or |less 15
occurring. The tern1essenti§ﬁ|y vertically is used herein
to indicate that an entity (such as a coil/tube or part thereof, a

| ane, a wall, etc) at |east during use is at an angle of nore than 45
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45 wth a hocqnzlmnéthhgaanluﬂtaeesﬁg]sumhﬂmtbh&ﬂtbﬁ@f of the firebox), in

ticul ar at 1 e of
Bhout “00. 57 " "9tk Py R ab di ey Qo e Bt ©

geonetri cal sdnskdyd"us defel iereini as Heat, ibaitigdl derédidthedParifirtddyin{csihe h as
etc.) .a

a tube or parj .th a.l.ane , ur e,

at an angle o% DS SLig lfsﬁ%ﬁ?l }f’gnpaﬁtl%daalnlbsfaﬂg?w@h%l? °*E“8%§%F’gtﬁ %‘]?q”}é‘f%lf‘l ty
is said to behwgeMmedcﬂhtharbakﬁeeh duting pperlatmméfahe atacking dnglaee Bf 30

| ess than 10 ,. f a ngl e_.of . 9 he
term "about " %@E@ﬁgg ﬁ%ﬁé,ng%aeéregsgt Qhe?%lfelﬁle ?]%tlﬁthﬁtéﬂ"ief%ﬁﬁf E?rtha(?flﬁﬁted
as includilhg sectiend dtthe roilsfbeing hore tBei¥gallyothéelded thantlhecm[l@rsmt{@nh of5 %
A process accgr. he i.nven espe C

i nvention maty&o%p gg %‘%{,‘é’-‘rg -1 va%rll Lgabretél a§§1‘echeﬁgf‘fa¥%f§]f]£$ Ptl’? r%%ﬁlge(fo ®
section of a wioihe ou’deitﬂmehmbﬂme stil éd dﬁntftéctmrfavdm obihabet tmnsfelnénuonl et
secti on, aS 0 ssed in.det bel ow.
Due to the |n1£c}lre ecg%%%{%?op g aﬂhel IL%%? e OF ﬁl 'n 1e‘1ﬂn§e°8{amt1r?n Rhre % h
occurs at theblampsrwmpafe&ﬂo@rqmdlconﬁg@ra@m whereby suchtshpddihg tnafor dess
cracking ¢ reS|dence time is needed to reach a certain feed

conver si on T?n S allow 10 the furnace designer to apply a
shorter reS| dence coT]he ewi aqgseniizdn vedivally is wgd hefein tododicaiepthatng t he

et on Dk 0 F MRt ERRSE e VLSAELL SRR 55,

expense of t He at oraatlkof mofe thanadit “ewith ¢ rotiduttlssurfscngegaintheyfloot el s

SIEALS O 80 A BGOSR Y Tk, 5
20 of about 90 °.

The term essentially horizontal is used herein to indicate that an
entity (such as a coil/tube or part thereof, a lane, a wall, etc.) at least during
use, is at an angle of less than 45 ° with a horizontal surface (usually the floor
of the firebox), in particular at an angle of less than 10 °, preferably at an

25 angle of about 0 °,

The term essentially parallel (used in the geometrical sense) is used
herein to indicate that an entity (such as a tube or part thereof, a lane, a wall,
etc.) at least during use, is at an angle of less than 45 ° with another entity to
which the entity is said to be essentially parallel, in Kp articular at an angle of

80  less than 10 °, preferably at an angle of about 0 °.



The shielding may contribute to a reduction in cokes formation at the
outl et section of the coil which is alimting factor in furnace
on-streamtine. As a consequence, the furnace can operate | onger
before it is 20 required to stop the cracking operation of the
furnace to enabl e decoking of the furnace. Alternatively, instead of
extendi ng furnace operation, the furnace capacity can be increased.
The inventors have realised that the shielding of the outlet sections
by the inlet sections, optionally in conmbination with other factors
(as discussed 25 below), contribute to an inproved nechani cal

stability of the coi al sp,at, el evated te ratyre, .in particul ar
when used under cond!r[‘ﬁf’f)er’@”L @B%ﬁn?&xe %o APt R S IR PRy @Y heat i ng

of the coils &éﬁxﬁdh@ﬁﬂﬂﬁeﬁhyhﬂeﬁfaﬁaﬂeﬂﬁpm%lﬁéreﬁﬂﬁﬁrt(&ﬂﬁ-up to 5 %.
tenperature at outer surface of the coil wall ). The tenperature may

even rise to about 14dBOESHRCCHHHRS tojthe Mypplienyespechel A Henacarhtie i s
30 nearing t havetitbroiay vffearelial hdnmiard a furnace decoke operation

becones 10 necessary. Such a high. tenmperature, of the coil.s.i
usual ly refatively c?lljo%@%‘f"gla‘f' e ‘ﬁ@]re% F%OBB%%F"’]OFS *thﬁ’én"fﬁlg}f %1“?13?5 fraw
coi | s are nmadéedurtaycly &% iflegboctibh,oyhith RRehe A0 veRsoBE EEdudbdd inl N
A A R L
design of a rabustatehe bxpaseotthyrmal dutf oML HuROCtER afkivagkihyeaiace.
tlos gn par andbt SSGELETRe i BIFEH andts pestiph farp ghmersion Tk wil imow
W][ hout b ngthb(fumnicfo;lesﬁ&lmrw ﬁplﬂj% alshofey Ee@iﬁ@ﬁc%tcﬁfﬂ d&shi@? whbi 6dhstiigng a
inlet sections are clpse to.the burners, t COi tenmperature at
the intot 10 Lataer gapPEts e RuDHn. e re the Hogrier eskpes oy Be of |t he
i nl et secti oneatthm leineid fasousdhé foamatite 6hehk deéiﬁkﬂr;&bdh&t@iuchh@ ei;lis}liﬁie
section incre s and will he closer, to the,cre a t he t herm
R sttt o et o RS bR LY P A B B b iaeRr1 ook

expansi on of %
t enper at ur e | @Engeneoifebd ishveghiesd totgraduck A gived quahtity dehé Hesied pbdict,0
di fferencghi N CI eﬁa([:%1 an /gr in thermal expansion between the inlet
sections ahd T5"PKEBt e ™ secti ons the deformation of the radiant
coi | during operati Ohhd shi¢ldhgaegy contribute to a rdduefied Bldoktes Bahaiidmaes of

8 20t on Sl DRl s LSRR B s T
each other. time.
As a consequence, the furnace can operate longer before it is
—— . 20 required to stop the cracking operation of the furnace to enable decoking of the
furnace. Alternatively, instead of extending furnace operation, the furnace
capacity can be increased.
The inventors have realised that the shielding of the outlet sections
by the inlet sections, optionally in combination with other factors (as discussed
256  below), contribute to an improved mechanical stability of the coils , also at
elevated temperature, in particular when used under conditions common. for
steam cracking, such as heating of the coils to a temperature of about 850 °C
or more (i.e. temperature at outer surface of the coil wall ). The temperature
may even rise to about 1100 °C or more, in particular when the furnace is

30 nearing the end-of run conditions and a furnace decoke operation becomes



20Preferably, the outlet sections and the inlet sections of the tubes
are positioned geonetrically essentially parallel to each other and
positioned essentially vertically, at |east during use. I t
wi |l be understood that in particular (part of the) internediate
sections (such as returning bends 8, see Figure 8C) of the coils
connecting inlet 25 section(s) and outlet section(s) may be
positioned essentially non-verticallyl!® Preferably, the
cracking coils are arranged in a staggered configuration, in
particul ar a non-extended or extended staggered configuration. The

| anes of burners are usuyal.l. ssentii al | arallel to each other. 30
The burners a?%:effélﬁ%léj‘vﬁﬁbmgk geﬁlﬂeﬁa%eeo%ggf’%ﬁﬁ%ﬁﬁf reladizgli|cloge tha/ or
roof of 11 tthe héltieh@uint bhile meatblialthe ReilsSartmadears Rash bt BRAGIOH

ei ther the bojft he sidewal | r in the roof, or burners may be

resent at b% c%gi—ghﬁon%ﬁuﬂge#ql?i' lgﬂ L A %L{ggﬁm@?‘ﬁéﬂﬁl s and

p ' :

roof or bur netemditivynsheeqy @eat byeithethg]l Sicdesdebdndtant it obahi ptcand and

at the roof. 5ln.a pr e]; erred fo?r n,%)?e f‘ﬂaii I eaﬁlt .a_nunber, OLI t hii

burners are pBSTRHCEHRE a5 AR Of P 5oush Fra) 4erghlyin @ cppsmtional cracking 1o

cracki ng coi | frnag, Ketdl abhyerbturarchangfdad sml 54 DYYLLRERIY are Khporead

staggered arrangenent such that.a. high degree of symmetry in the coi

| ayout is obt%iS cﬁar%‘@%ﬁ 8 %ucﬁl ?ﬁﬁho‘?}%’&t%‘ﬁ%&pﬁf Y%¥nd/ or i nproved

thermal stability, iWithsuphdss uadihy theal]ises datenlaRekhagicapasi ty

per firebox vglune,.due tq the,allowanc to.rgﬁ.ce space befween the

t ubes, and tH et%ﬁ?%%m% Prerr@?g}l" gﬁeeb%ﬁ]fsi’ gtl?r(‘&’tliw %eppeﬁpaguré*r?&ité%ﬁﬁﬁ t hat

in particll arseatidiistincra@9dcuikhc highérempastueat theintfiisattiadiietrédpe

same firebox zysovlve 48 &%%glreex%axtlscfo@ ofctgg \lllﬁgi;[ sl,eg{%c%i increases and will be closer to
the creep and the thermal expansion of the outlet section of the coils (wherein
the wall temperature is generally higher, than in the inlet section). Due to
difference in creep and/or in thermal expansion between the inlet sections and

15  the outlet sections the deformation of the radiant coil during operation is
reduced.

Preferably, said lanes of inlet sections of the coils, cutlet sections of
the coils and burners in the firebox are positioned geometrically essentially
parallel to each other.

20 Preferably, the outlet sections and the inlet sections of the tubes are
positioned geometrically essentially parallel to each other and positioned
essentially vertically, at least during use.

It will be understood that in particular (part of the) intermediate
sections (such as returning bends 8, see Figure 8C) of the coils connecting inlet

25 section(s) and outlet section(s) may be positioned essentially non-vertically.

Preferably, the cracking coils are arranged in a staggered
configuration, in particular a non-extended or extended staggered
configuration.

The lanes of burners are usually essentially parallel {0 each other.

30 The burners are usually mounted in the bottom and/or sidewalls and/or roof of



15 designed furnace. Further, it has been found that a furnace
according the invention, shows good nechanical stability also when
exposed to |large tenperature variations. As a result, nmuch sinpler
and | ess operator sensitive tube supports are required, to secure the
tubes to a firebox wall. 20l n particular, a furnace wherein the inlet
sections are essentially positioned synnetrically relative to the
correspondi ng outl et sections, nay be brovided with cracking coils

t hat need not be supported with guiding aids at the bottom (when the
inlets/outlets are at or near the roof of the firebox) respectively

at the top ( | et s/outl ets are at. or_ nea botto of t he
25 firebox). \A%’?Hisr Q?thﬂg%laﬁs}m?lhelf e e Peptiongdin ‘?}é’reﬁlnﬁh

free- hangi ng mé@pﬁlstdr\iﬁ liye fonfer biliwatk ]ﬂgy be present at bEﬂbmg@a@ﬂmhlaJHtC al
symetry (an her stablllt t he firehox

d%%FerebX roved [
preferably cofpris&8® £ @ PTG VAL iy ‘toﬁg?l 8‘3’? B gsenbpf theeo | s,
i .e. crackingsidevdlis at@h@rbbﬁ:bmgmﬂemdraaEhéfﬂoﬁt sections per outlet 12

secti on, erein th_ i nl e%%l%fgl'%@% a eg o&s%% n Ogtheatﬁﬂrrlé)rélaggzﬁl Zl)ol »

symetrically rel ati
coils are pr qfceftﬁihleﬁaﬁﬁﬁeﬁabedndlbﬁﬂﬂﬁlrb&' conprising an even nunber of

sections per outlet ctl erein on rt ( ferably half) 5 of
the outlet sections @Wég‘\fgﬁfﬁayl Sé‘ﬁ%‘ (ﬁff?‘gﬁesé‘:é%ﬁaﬁﬁ?eﬁﬁﬁ

anot her part e(xpéxﬁfeﬁl‘sﬁiﬁg;’reﬂh&aﬁl@&ﬁénﬂﬁbﬁ ):hzﬁ;fa hiBR degibé Gﬁsyﬁﬁﬁt@ﬂlsthﬁor m
t he second Ian utlg sections, the | anes being on opposite sides

of the | ane o(ig s. Preferred exanples of split coils are

cracking boils corrpr]B&u(hag ﬁprmbmhisﬂmg amﬁoraﬂ@rdvealﬂmdrﬁial sRBllitpnsid 2- 1
ar r angenent

cracki ng coi | ﬁﬁpp.rg rﬁmfrf’ Fﬁagjfsnslgé%‘fa}c E'Q’gﬁﬁ%fx ks ‘tuFlg'te U'se&glt L%m ?Zdl
arrangenent) .allowance to reduce space between the tubes, and the three or more lane
configuration. It is envisaged that in particular a 10 to 20% capacity increase
can be obtained in the same firebox volume compared to a conventional
15  designed furnace.

Further, it has been found that a furnace according the invention,
shows good mechanical stability also when exposed to large temperature
variations, As a result, much simpler and less operator sensitive tube supports
are required, to secure the tubes to a firebox wall.

. 20 In particular, a furnace wherein the inlet sections are essentially
positioned symmetrically relative to the corresponding outlet sections, may be
provided with cracking coils that need not be supported with guiding aids at
the bottom (when the inlets/outlets axe at or near the roof of the firebox)
respectively at the top (when the inlets/outlets are at or near the bottom of the

26  firebox). Thus, the coils in the firebox may very suitably be free-hanging
respectively free-standing.

For good mechanical symmetry (and thereby improved thermal
stability), the firebox preferably comprises cracking coils that are so called

split coils, i.e. cracking coils comprising several inlet sections per outlet



In the split-coil design applying the invention, bending of the
coils, caused by the difference in expansion and creep between inl et
section(s) and outlet section(s) is reduced, partly because of the
shielding effect as described 15 before, partly because of the
stiffness of the nmechanical design which is caused by the coi
whereby for each individual coil the inlet ends are |ocated in the
two outer lanes and the outlet sectio of that coil is located in the
i nner |lane which results in a highly symmetrical coil design. Such
system can therefore be operated very well w thout a guiding system
for the crackin COi 0 are normal. sed int e art to

gui de the cra®krA @vﬁlbqrfemtvgg llrﬂ%t PGS 8P Rogl %‘éd%?ﬁpé?’flﬁ’t?f’?@t are at or
near the rOOfermlneftrfbaﬂjr@ﬂﬁtl(rdlﬁtd:&ﬁ@utlﬁi@Et’l@iﬂl|et are at or near the
floor). The,s efera Si such, that at

| east two inlet sect? ﬁ% ;F I%rﬁvﬂﬂgér %ﬁ?%%ﬂ&?mg PP EAbsi t e

si des of eachewutdwibes@f tdctitins Ry outler @aiod, @dlekdih e PArEEsFRlabB half)
symetrical cojl design (such as sho in,any of the fi s 8A and
B b ch i |1 e OB e T stie) ot et seotons and ShesEor e on
i's highly suiadbmbiythelsker Hall) bfthe batlki oetiafs f&xﬁlﬂi&@@@ﬁh@ﬂe sfeRlet N
t he presence of  .ste St eam cr rret hod

: cki.ng
according to §eﬁgor?%@é%]ta]ugsﬁb%%,m§/@%9s§ ‘F%Fo?fﬁh‘béﬂﬁaf ﬂl"etc?eﬁtﬂns
m xi ng the hydr ocar bt fére@lesaiiplesSif €510 alsl ateepaliking: ¢oﬁlsE$tﬁ@1H@ﬁgEhﬂlet
tubes in the aboy ﬂ@ oned fyrna §+ |t has €§§§ found that in
accor dance vm?eﬁ ?IffeaP Ffbsﬁc S g BEHEHEBH™ b ag mere et 169% fked
very wel | 10i fs]:da@sd/ﬁv&{ha@éd eoil) ayfdetradkexdd coile Bahpiysihd @ fnleNseatidod 1
furnace. In par%;cular he inventjon is very advantageously enpl oyed
in the productft&hs Cftm&(ﬁ%aéf?é‘ge%e?ﬁ)l propyl ene, butadi ene and/ or
aromati cs as possi bl & ihesplinetictesion Bpplytnecthe careheion f BadiipohRe edikeked

Conbi nat | on-t FErtor, MERENEt B utba R PR L e an
conbi nati on

pr opalne, but amﬂgai; sfmmh(s?la;&gdﬁmﬂ,qmtig%fcauaé ofithp Ilamkldﬁngaﬁ@t h:sdes\tztaBWm
gasoil s, avy .di st i at ed,,gasoil s s. condensat es

m xt ur es II' alymgmgf patlklg% cauR, 8%1&13\7 @i S(?r? hﬁﬁircf'? %ﬁf%w t5B1%8°% o
crack a gas Stest mtcedimméd:ﬂmh individpalreeil auhd ileixdnds @ese bbaigd e thes
hydr ocar bons' The 1% sta?n e ou%l?_ii;ﬁﬁl 39 %ﬁ%t cg'fhids gﬁlétgii Tﬁlgth%rlgﬁé(r lane |

vapori zed heaV| er S suc t

has further bekih i@muittd i\ ha]nlghlyfsymm&d:ﬂcamw Besigp el etbtan con thelﬁqofeo

the inventio ch hi at_densi t ive e for
st eam cr acki nnbge,0 elnaot\e/\nyhverﬁ Vf‘%i; 31?‘%“% ulmﬁ“lm %%W??ﬁé? 5*‘31"%‘115& {int 3’(.’1
for__the capitak nﬁ&na]ﬁasusaderr}bh@mdo gsidé ahe thekmgreil cofhedloby (mfdaléebox

di mensi ons can ternatiyvel or the si ons,
much hi gher e%)?felelﬂgt rO |o%i‘?5°° ortl\{elo%fzmcasemle?foﬁetalea

near the ﬂoor)
The split-coil is preferably designed such that at least two inlet
sections are provided essentially evenly on opposite sides of each outlet section,
25  thereby realising an essentially symmetrical coil design (such as shown in any
of the figures 8A and 8B, which will be discussed in detail, below)
The invention is highly suitable for use in the cracking of a

hydrocarbon feed in the presence of steam, i.e. steam cracking.



anot her product) can be obtained, thereby reducing the nunber of
furnaces required to feed a worl dscal e steancracker plant. For
exanple, it is envisaged that in a worldscal e stearacracker plant
based on naphtha feedstock with an 25 annual ethyl ene capacity of 1.4
MIlion Metric Tons, the nunber of furnaces using conventional art
(such as GK6) would be at least 9 (8 in operation, one spare). It is
envi saged that 7 furnaces according t& the invention suffice for the
sanme annual ethylene capacity (6 in operation, one spare). It has
been found that a furnace according to the invention can be operated
with arelatively | oy 30.t erature.di.fference across e outle
section and thus haswamgtt}alpgn?c%enﬁg olt&ﬁlmfﬂ%laﬁé‘}aé’é’eﬁ‘fsﬁl Wé‘??ﬁrii‘feéy.

I n a convent i owiaby prigipgske ihydecaxbou detlivatinstefumrand deadifid themghkithd ur e
rise of the g rass.,the |ast tube of the outlet section of the
coil in a cr a@%e%gn%?eo%bgg%nﬁega?%e&%&%% about 60-90 C, whereas in a
sim | ar process carr lidshsdieen found thatrinacerdnee wdihnde tiivenlien nvent i on

the tenperatuge,5 rise.is usually.less typically,about . 50-8Q C. .Thus
the i nvent igonf’% CeRiRoL fee ésd%cul?eocr]fg% gé’ﬁlguvféigbtc SF%d? ﬂ%ﬁhﬁi h?ag depgly
whi ch i s ener get ival knovadwanrcagaqussticular, the inventidnlis yeidyhelvaxaigagely
process tenperatyre. can be rel.ati hi gh,, all owi n o a relatively
short residencer O?I?r%],nafthg pf/?dé’ICL O%Ogs/%ié%lf”f?’ g”ﬁe@&"’iﬁ”%%ﬁ@fei‘%qe %j n
conpari son t oamncdirpas atsibld er-padects t hout shi el ded outl et secti on.

For instance, the regj tine.f GK6TM fur,nace is typicall
0.20- 0.25 sec, V\/nerZ%gﬁfﬁg%mk%nn%ggéqoﬁeecrﬁ%yé%?’ %en%yﬁgaol%éhvaé’of hace
of the pr&8enliqhid\edtdcarbon ieedroe si cdmbietivh Meereefy Ehemples ufedtable fabisut

0.17-0. 22 sec, [ Nt inventi al l,ows for reduction .in
esi dence &1 it Sile, REBREN bl e Narilind G, PR SRERARRUD
conpared to avagk@mngdsoilsdwayy distillates, hydrdgehaied zhsblshgesrohdansdteshad i n
a furnace accgrdir LV i .respectively w. a,_nmet hod
according to ehjl&%\?ggﬁ; gﬁlﬁ% ?gég‘?q’g%%g Fealt t(l)crllﬁ %efuél%c%i)ll?/*fotcﬁa(fq‘sa gas
feasi bl e, showlevgedafromelethanecprpphavandontémey of gastousthydnetashionedThe

bypr .OdUCt ¥5 %Ql‘ev‘eﬁ’rx i%%hsoh/g%} sr.{h!a%fe iBrcggchilv%p Ifize% hgé%lMe];Hg 368 si%a
profile under simlar circunstances For YaPfur nace accor di ngato tHe

i nventi on ar enagiidaand gageilgure 2A (sinul ated by SPYRQ(r), a sinulation

tool nuch used in t Ly..f.0 I i cr.acki ng,.
furnaces). In accor a&%%%%?%ﬁq{eh@ﬂ%ﬁﬁget%ﬁ %ﬁ?%ﬁ%&%‘%@ﬁﬂga Ecl??dzﬂl%d
t hat the coi |todhpasiention aba cush highet hea dexsifyptedatiedupauethc fortsteam
GKGTM is abo L0~ % 1. u 0% 4 I nd/or .1-3
%in olefin ség ‘éct?’\]5‘?%‘“5%\%%E}Pr‘?%:l‘r%agﬁ%ﬁégP?‘ﬁ’?ﬂ%%&é’%%&%‘?%;‘&a et% A ltas}arre
cracki ng 2evewstsyemnlosed s dorsthe same capacity, firebosdimeheipns ¢an reasdbednor
found that a NaG& ' ' t1: ... with
a |l ow tendenc{}{:{%ﬁiﬁl co lggog?%%r%% %%#%?P%gﬁ/ t eﬂl%héggii%glﬁﬁg gécl%{o,%q?rn
conpari son t cauobhe Hepdwh) dnbrabtainede tipaeivaletlycing thetmurlhgriof fureacksof

t he

required to feed a worldscale steamcracker plant. For example, it is envisaged
that in a worldscale steameracker plant based on naphtha feedstock with an
25 annual ethylene capacity of 1.4 Million Metric Tons, the number of furnaces
using conventional art (such as GK6) would be at least 9 (8 in operation, one
spare). It is envisaged that 7 furnaces according to the invention suffice for the
same annual ethylene capacity (6 in operation, one spare). It has been found
that a furnace according to the invention can be operated with a relatively low

30 temperature difference across the outlet section and thus has a relatively high



15 cracking coil. Thus, the invention allows for a high availability
of the furnace, as intervals between subsequent mai ntenance sessions
to renove cokes can be increased. In a furnace according to the
invention, the outlet sections of the 5 coils axe advant ageously
positioned in the firebox in at |east one | ane, which at |east one

| ane is in between a first |ane of burners and a second | ane of
burners. For practical reasons, the | 4hes are preferably essentially
paral l el . As indi cated above, very suitable is a furnace
wherein the inlet sections of the coils act as a thernmal shield

and/ or nechani,cal stabiliser for 10 the outlet sections, such as in a
cracking furn Q%%‘e%\ffe?%tﬁ“ﬁrﬁlﬁﬁy-ilﬁ|aé€n%@é{°%¥&f°%%mp% crventienel fHnBes ween

the outlet secid @fpetdidrd H& dTHENRIsSacrokl kite 126 Yubg Uf Eel WBleh@StiDE B the
found very eff$flent, ith res BCt'tﬁlhﬁg heaé distribution, the
symmet ry and/ S FERICERATE PAOGESE Pty ahorhel-2Q r GrThaeiinsugRdat t he
| ﬁ{; g'é h of t heﬂfméds&arﬂ@“@.ﬁ_ ok difixglhaye adicbhrdihg\/@rthe &ﬂz\éﬂﬂﬁﬁmf Mperature
enbodi ment, the presept_ inventipon re . a c¢rackin ur nace
conprising®a FF$ %W?HWF@?’WC y 8rb83§$6'§§eé'ﬁ3'ﬂﬂé t{‘}? ygsetier 2leWs 3 ons of

the coils , ateduead off about BNESinGbmipslRireseR| WaRth i9Endrb&icuy ! s and at
| east two Ianel? of burners are present, in which firebox the at |east
one |ane (0) Bf"33{R4°8PSsections is |ocated between the at |east two

:anes <(:| | % \M%_o of i Inl efrhagehd Ma@lﬁoédaﬁtelnﬁfé@&ulﬁé cdﬂmeﬁﬁo?la&ﬁﬁlyimgﬁ, are

ocate ich.inlet section ct, as.a ther shje uring

cracki ng) in Betige ort%’éaaa&fv.eﬁ’l Sg’ﬁ’éttre%‘ﬂ%n*ﬁ%gg? Y’SE]I[EF %ﬁec&?é‘ﬁ%ons and

}3 he at Ifeas:1 édftd_@eﬂs&mem afmpatistietosa {dBjpard bl Survib&WvitBodt Bivldddeoutiep Or
ottom of the fj.

rebox,. this gonfi.quratjon, ca L E€ resent ed_as
001 B contrstiPasinda, B uE et 5 St B P e BE S D e
sho¥m in Figuoes sﬂc,flwliﬁarﬁas7ma&rtdnﬁlara'5ﬂke§f@céﬁ;&@ﬂi@kﬁ&diﬂhf&ﬁl@w &t the f
configuration with.inlet 0 et .of t coils at or nea e roo
and burners b%ﬁeﬁﬁuqdil%ﬁ@egﬂ%fefﬁﬁaceo%ﬂsW@’ edpdigqd tp ﬁﬁ@ﬁ&fr?-@ S¥nds
of the tubes, This thagrédeadinvaniddr0illdwicosi celvalidBin dekidshuide beareat esl
that it is.also possible to erate a furnace that_ i ot at ed
rel ative f% t et%%%%S\ﬁPaé%ﬂ’ggrgqﬁP‘éﬁrﬁ’Bﬁz copypa ff’iac‘{ﬂ{ﬁﬁi P4fPnace
wherei n the inlet/oultllek abpdsewfound Ghdthie atfiiliSe atrdihg @ the @aventide,
bott om of the fur?a case thgﬁ&ﬂoor burners are preferably

b th ‘
fepl aced by BPPRAPYSIEE F BHRAEPLASOGAEAR 10 MESRIT = PPHOESA FeatEHant
of outl et secdelatisitaicfehsibief sivetid HAdativly low tendency to form undesired by-

products.

B 20 A typical heat filux profile of a GK6™ furnace and a profile under
similar circumstances for a furnace according to the invention are shown in
Figure 2A (simulated by SPYRO®, a simulation tool much used in the ethylene
industry for simulating cracking furnaces). In accordance with the invention,
it has been calculated that the coil capacity increase in this example (compared

25 to GK6™) is about 10-15 % in throughput, 40 % in run length and/or 1-3 % in
olefin selectivity when cracking full range naphtha at the same cracking
severity or conversion.

Further, it has been found that a furnace according to the invention
can be operated with a low tendency of cokes formation inside the cracking

30  coil, in comparison to some known furnaces, especially at the outlet end of the



advant ageously be configured in a herringbone-like arrangenent. Wth
such 5 an enbodi rent a very effective shielding and nechanica
symmetry has been found feasible. Figure 3 shows a cracking
furnace with a herringbone-like set up. In this figure, the cracking
coils each conprise one inlet (4, Figure 3A) and one outlet (3,

Figure 3A). The cracking coils are coqglgured essentially vertically
in 10 a three | ane assenbly. The individual inlet/outlet sections are
arranged in a isosceles triangular pitch viz a viz each other.

Al ternatively the individual inlet/outlet sections maybe arranged in

a equilateral ch. or a tively in a.ti - | ed
triangul ar pi t%:%]kin%%g%ra]éh‘%) h’c? mgﬂtg?l gcll)? aY%'}aﬁle%ghﬁe & or
non- scal ene traBautgnda&rbqﬁwée)hsublseqdéngufaﬁlt&;amuEen;e:roﬁsEoﬁh&:véBo]&d@(@mbat
the fl oor (floor Sg&ners 5a) and the side walls (side wall burners

5b), althoughubur ners may be placed only at the floor 12 or only at
the side walls 9. | nIngerfenabe adcbrdsmghs thenimn’aoxarthe aﬁteea:ea&mdnm ofithe

furnace of th nvent on ge are r 03| ed int op
ol £ of tnd o rol bR b AR plionRl 5 SleTRonh Bt 1aPESR ot Sl

t he roof, and aptwsitqn@risna i3 ih betv@ehlacﬁmifﬂahé offfurhére a&d(iesew&ldl 18n@6f i N
case the inel . al}r:%(g\s t#g&ctm?heason ? ar t ee m% && S ﬁﬁ}g{)e‘ ﬁ L
(wherein Figure Ko op Vi frer SE TSR HN Sl‘ff1 ¥ g
front view intersect Aemdicatedakivagrerpshitsblha\uefuiitet whepdie thelindatd
outlet 3 at or_near e r.oof 11 nle
sections (6, IEECtIBPSéO%EfC ];j/ép??:ta Ia&fhgf%?ﬁ[ Eléeﬁf ‘gmi ’ﬂFCgTanﬁgSté‘}Z{héWd%qrn

t hi s enbodDneplte atlet bedtdoes, pach aoin R&ratiting fonbcewigireintthe iniad @tctm&(:atrieon
i's connect ed t. Uk N n i,qur.e 3B ut, of th | an
by the inlet gsé Oﬁeﬁlg%ewpe n%‘é?ﬁi{%ge thoﬁlﬁer%ai‘ ONEPEE ﬁr‘% 8%%‘1’% ?I? ne

of the furnacbas hdea fmmdmrysﬂiﬂeh:nmtm Yespédt geithe 13B) disinibutiinl vhest art  at

Section can oSy ARay oo hokdbiue Btk gruol  RE Bl it B R80T

in particul ar of the cGls. outlet section is consi dered the part of the
coil betwegn the out

cco dl t hea Ly 1% Oou q&mte %’mge 5 etsh col |
bends out "of the planée ﬁ{fdmb etrﬁ out fer ‘e Rl Hig,pye: better
mechani cal st Em’Bhﬁl'tIyI'eﬂ@BS)bi acnaeldngi fwrnhee ¢0h:@1il’sa(gta fillehtx, iwheaein at least
one lane of outlet sections of the coils , at least two lanes of inlet sections of the
coils and at least two lanes of burners are present, in which firebox the at
least one lane (O) of outlet sections is located between the at least two lanes (I)

20  ofinlet sections and the lanes of inlet sections are located (which inlet sections
act as a thermal shield during cracking) in between the at. least one lane of
outlet sections and the at least two lanes of burners (B). Thus viewing from the
top or bottom of the firebox, this configuration can be represented as a B-I-O-I-
B configuration.

25 Examples of highly suitable embodiments are shown in Figures
3,4,5,6,7 and 8. These examples all show a configuration with inlet and outlet
of the coils at or near the roof and burners being disposed at the opposite of
the inlet/outlet ends of the tubes, at the floor and/or the sidewalls. It should be
noted that it is also possible to operate a furnace that is rotated relative to the

30 shown configuration, in particular a furnace wherein the inlet/outlet ends of



(geonetrically) parallel |ane arrangenment of three or nore | anes
formed by 5 the cracking coil sections, the inlet sections and outl et
sections are nore isothermal than with a one or dual |ane

arrangenent . Figure 4 shows an alternative arrangenent of
the sane coil type and coil assenbly as Figure 3 but with a
right-angled triangular pitch between the individual individual coi
sections. The main distinction with 168° Figure 3 is the arrangenent of
the coils, each coil now being essentially perpendicular to the |lines
W th burners Figure 5 shows yet another highly advant ageous

design, the L i fference C?}&F?% gﬂjl ures 3 4 bheing the
desi gn of the"€oiTE Rt ReHIW PY wacg Jp; a'i:%’#? theflpoput . The
coi l's have tmbunmfﬁm phefesgdlly teplde@iby Bﬂdleﬁ!@sftﬁan@&lﬁf &tne%r EhOtog SA
shows a top view of iﬂch“fur nace. . Fi gel,tjre 5B sh%\{g -D view of a
single coil in such A°fAFAGEEeTEfontet sectiony an ??biﬁﬁ‘?@lﬁﬁéétl vely a
si de vi ew andadvahtapebuali BWc@j‘ﬁgaleﬁlJﬁgl lférﬁﬁgﬁonellﬂkefaiﬁ%eﬂﬁbﬁmﬁi fidhe

is more or less mlike or

5D), theapearaneof etu

wlike. | ngcasne ]3 Eﬁ?ﬁ) lhf%@“ﬁ%%“%“%ﬁ@?@ﬁ%l bagfregaed
at the (I O\A/erfohaﬂfea@fblet.he) 5| des 20 and/or the roof, instead of at
the fl oor. ] ur e 6 shows nace th a pass, coil .
Herein the better thE’rgﬂﬁel ghattsia ?rﬁg}“?%gﬁﬁf‘célvﬁ\g%aﬁ'ﬁﬂénﬂb%‘h%e pet\et It
i sot her mi ci t ythisifigweh) it diradingoilNedarcbingribedneShied ¢4, Gdzhy sahan®oné of
the coil from I%g %\landﬁégelfshle ded ection_in particular cogﬁrlses
the part of tH TS hs cecking GoPlR Arecopfigpres easenkially yertic

e.g. as showm thre(Flagaleraese&;blha&ebﬂﬁmdﬁaallﬁﬂbm&ﬂbt Sodticnd Me%ﬁ‘aﬁ@éﬂﬁl 4 or
cracking a feedstl gggl rll{gg a rel atlveg r‘%gng reS| nge_ time for
realising a partreurae VB VIR GRch ofbb AlieThad Vel eéﬁl‘%ﬁ‘ﬁ}l

et hane. mlet/outl&%/ﬂcﬁomrmhéﬁ adfanged i0d bynibyeraRitdrgalardithh, R |

| ayout inat ne. arr. n i nvention are _shown
in Figure 8 (\/\;1 T twe Sﬁmgu%lggtg W&A”?ﬁ%%épg‘ﬁ%@% of, pligynatively any

i ntersection fofmbﬁ\m smmmlrmﬁtssﬂaﬁujtrfamgurae p&@h 31:855&1@&\/3 Burhb&H aﬂé' ew
i ntersectjon, ;which a i cable to bot of F|

8A and Fi ig%rehﬁg atth ?088%1 o Rmeﬁga) h(\}l‘ r@gg'fl{:{e f’r’%eﬁ% 0| I s

are positi oneedthonghbumss:ﬁdagm placadhgihle aV tie 1‘&700!! [12 ool a@i:llibeﬂdé/\hﬁﬂﬁby
the inlet” secIt ical relative to

t d {
the outl et sec!ﬁ%g%rag fs1gog+r§%95pa§[a g?ﬁg)s\%&(nogﬁﬂéacéé’% }}eemy?rﬁgm( 55 Ah
the | ane of qutfesdblypoditiond)in thd gy halfdBiig sidéswhlleins@sethb-idle€ ghd
t | t l
v aua 1 bbbl B8 (3R Fode B s By OB BIBoAAE sidg gyt

i nl.ets 4 2hd iogasedht sl &c{attle@arm ﬂeh:etlre(ﬂmbr 11 of the firebox 1).
The inlet sections (ﬂl ﬁ%%%.b 3 ?v?herem)ﬂlglgr%lsjAysh%%vs a top view intersection and
Figure 3B a front view intersection), cracking coil 2 have their inlet 4 and
outlet 3 at or near the roof 11 of the firebox 1. The coil inlet sections (6, Figure
3B) typically start at the inlet and extend in this embodiment until the part of
25  the coil where the inlet section is connected to a return bend (8,Figure 3B) out’
of the plane formed by the inlet sections, away from the burners towards the
centre-line of the furnace. The outlet sections (7, Figure 3B) typically start at
the end of the return bend (8,Figure 3B)) . In principle, the outlet section can
extend to the position where the inlet section ends. More in particular the
30 outlet section is considered the part of the coil between the outlet and the part



10 at the inlet and extend in this enbodi nent until the part of the

coil where the coil is connected to a return bend whi ch bends out of
the plane fornmed by the inlet tubes, away fromthe burners towards
the centre line of the furnace. The outlet sections (7, see

Figure 80) typically start at the end of the return bend 8. 15In
principle, the outlet section can extend to the position where the
I nl et section ends. Mire in particulaﬂ7the outlet section is
considered the part of the coil between the outlet of the coil and
the end of the return bend. The section between outl et

section and inlet section.is then referred . to as the return bend. 8.
201 n figure 86*l RO HEgEe %186?4 {S?P 03{ of %8&3(1%95%‘@&%8#1%%“%@? the
and outl et seatilons 7, thereby partly thermally shielding the outlet
sections 7. i nl S trical, distrjbuytjon, of. in]et
sections on opposite @P%gqg %@X@ﬁﬁ%‘éﬁy 1§ ghtamsd dup %tbﬁ’g@‘f’? thating2
beneficial w (é@omeﬁ'ilﬁﬁ?z) ﬁm?naﬁhﬁm}aﬂgm@trasﬂaleebﬁﬂ:mrlmds fdﬁﬁ?m?mt i on
of the tubes gs a result. of, .ther tress and, 25 extent life
time of thd cyldEackhas oilsgetigns, thfw@leiﬁsfgweﬁg%w%e@ﬁéﬁmﬁa PESPBAL in
the firebox wistiteuinabidgiangvitiip pae bedudlduhdaadingentsdt.t he bottom (in case

the inlet and outlet_are no rovi.ded i.n the bott but | eave the
firebox through the Fdfe 6?1%%‘536?31 ﬁlﬁFén?%‘Eﬁ ﬂTaP’é%%%g%%ﬁ?mte&Oﬁﬁﬁper oof
(i n case inl eindhedl asérhbly safope 8dabvitha rhat-bagkd wiaigull pirar t he

Dot oy, T ey B AL L EREh, YobyyBLant el 1
respecti vedy Bigueo$ isgihe deranihieerstiaf klheeebilpaagh Boilidw hdingwssbamallye buil d
~an apparatus I\Jl\él'}agndicular to the lines with burners.

Figure 5 shows yet another highly advantageous design, the main
difference compared to figures 3 and 4 being the design of the coils , which now
is a two-pass split coil lay out. The coils have two inlets 4 (split flow) and one

15 outlet 3. Figure 5A shows a top view of such furnace. Figure 5B shows a 3-D
view of a single coil in such a furnace. Figure 5C and 5D show respectively a
side view and a front view of a single coil. In front view (Figure 5D), the
appearance of the tube (coil) is more or less m-like or w-like. In case of an m-
like shape, the burners are preferably placed at the (fower half of the) sides

20  and/or the voof, instead of at the floor.

Figure 6 shows a furnace with a 4-pass coil. Herein the better
thermal stability is obtained by a higher level of isothermicity and shielding is
in particular effected by the part of the coil from a to d and the shielded section
in particular comprises the part of the coil from d to g. A furnace with a 4-pass

25  coil, e.g. as shown in Figure 6, has been found particularly suitable for
cracking a feedstock requiring a relatively long residence time for realising a
particular conversion, for instance for the cracking of ethane.

Two examples of a highly symmetrical 4-1 coil layout in a three lane
arrangement applying the invention are shown in Figure 8 (wherein Figures

30 8A and 8B show a top view intersection of two embodiments and figure 8C



sui tabl e di nensi ons, based upon the teaching herein and conmon
general 5 know edge. In principle, the design of an
apparatus of the present invention can be based upon criteria
commonl y used when designing a cracking furnace., Exanples of such
criteria are distances between coils, between burners and between

burners and coils, coil inIets/outIete outlet for flue gases, design
of the 10 fire-box, burners and other %arts. Burners that fire
gaseous fuel are particularly suitable. The burners nay be

positioned at any place inside the firebox, in along the floor and/or

side walls Ve 00 ve be achl rac

furnace 15 mgel?"é‘% n ?ﬂﬁte‘ﬁg‘ir’nztﬁgg%}og os gﬁe@f’\% h‘gthfscﬁ ?%8 13

firebox and tBRmuwoBh auth1ghe§Bthn(ﬁg(lﬁe)smxhenﬂbaduaﬂlsemmgbofﬁxe cbﬂ@ineof

the firebox o |de

Optional Iy, dg?tﬁ?llc?ﬁa burs?leg'%gc are Hrlze%‘el a%ﬁ Ctklﬁ g?rggy&ge Frget

pref erably at selceam azerpotitienédot lvalyf symmetrical relative bd tHaeamt]fetlsetcheﬁ baeen

found advapt a r .ar nt y.

opposi te. o dolst HopaNEt RETARESH BuBlER B0t of ik BP0 BB s

of the coils presidnmtsame 4~he)ﬂfa1r€a‘i®ment but with a sddler® tvipagdslak gitchnor e

i sot her nal t I tion over the length of each coil. For
eéﬁ H{e fal BiLL

a sym’retrlcal Irin tern over the width of the firebox, it is 25
further preferred i nIraFi‘gurm&ccmchmg@Dﬂl Nbad fout tndets maﬁdtone) nutléﬂﬁacat each

Oppostt @ | aney ol RUEDRNT Uit R LECKIdthe; SERELANEBPOM HHREIRATE
anount of heat ,& 0g ous in a t'ho 011': %Cﬁgsf% 3

pref erredl@ haat fétavmln’gan:d extkmdtg thsaamibodppmtnm_@l tlw‘gmrt)of ﬁlppms ivherestte of
l'anes of bur n(%ﬁlslsgzgl\.{gec%@cf% Olret%grgen@ rr%cb Q ?0{??82%18{1%%688%%6%119 n

characteristics ¢érac | ng cor ¥
t hose known |lmlexth@bafs,tav&@arﬁdnetheﬁmdnerAtm;ﬁatﬂeezehnﬂéimedftﬂ]mﬁmaces for

Foodet ock quality anit ARUE siofst & e SGRRASIRUAREE 'S st e
coils are preféradiepdddsposed essentially vertically in t he f | rebox 5
(g, Brleceoty, thoueeyenty SaRaSate ity R o ey
coils may be iptbweatiog ends. More in particular the outlet section is consudered the part

of the coil between the outlet of the coil and the end of the return bend.

The section between outlet section and inlet section is then referred
to as the return bend 8.

20 In figure 8C the inlet section 6 are positioned between burners 5 and
outlet sections 7, thereby partly thermally shielding the outlet sections 7.

A (mainly) symmetrical distribution of inlet sections on opposite
sides of the outlet sections has been found beneficial with respect to resistance
against detrimental deformation of the tubes as a result of thermal stress and

25 may extent life time of the coils.

As a result, the cracking coils may be present in the firehox without
being supported (guided ) to the bottom (in case the inlet and outlet are not
provided in the bottom, but leave the firebox through the roof or near the roof),
respectively to the roof (in case inlet and outlet are present in the bottom or

30 near the bottom). Thus, the coils may hang freely respectively stand freely in



with features such as but not limted to extended internal surface,

t hat enhance the internal heat-transfer coefficient. Exanples of such
features are known in the art and comercially avail able. 10The
inlets for the feed into the coils preferably conprise a distribution
header and/or a critical flow venturfa. Suitable exanples thereof and
sui tabl e ways to enpl oy them are kno in the art. The
outlet sections nmay suitably be arranged in an in-line configuration
(see e.g. Figures 3, 4, 5 and 6), wherein the outlets are along a 16
single line along the box (typically along or parallel to the centre

line of the b t red configuration (e.g. Figure 7). .The
st agger ed conf% ?%;g%’i ‘?{b?{l%ggt eéngaﬁ?iiﬂlf H’é?é&%@?%ﬁ‘%&ﬁﬂ%ﬁ?‘% PEPECT . e.
wherein threesgsidesequent outlet sections are disposed in a triangul ar
pattern with equal siges ngt h _of. b,an j(gentical' seeg e. g
Figure 7), also knomﬂgsSkJ(édc?giprg}éstméFalip?‘?'gﬁag?g}’ﬂ AR aRPagtysw

ext ended st aggertade doménsipnsabased upon the tedvhirg heréihendwbheions@aéiadns
are di sposgd El{gox?Iei Eé)scel es triangular pitch forned by the sides a, b
and ¢ (as indica e& i'n figure 7 ) wherein side c is different from
the sides a and b andnyphiariplentls déeignaf andpiaraties of dhepres@it idvonsioakkene
triangul ar pa formed. by sides.a. b,.c (as.indicated ji.n fiqgure 7)
wher ei n each IE))% %% %éi uélloaec?t%r?abfogn?%%y Beod PRAT e iegma F PRgkPe TPa ¢t he
ext ended tri afighmpthisfof enchi anitéxdan gtehlistnoows hiviaveeh heails, beesn burners and For

a very effecti i i f .1 he.ou t ctigns n in-line
confi gurat i onb%tgvsé (}aag%] ggﬁ‘gc?/ﬁesf ?ﬂsﬁekSZ%}“Ze%’ outlet or it gases’lcﬁmgn of the
cracki ng fllr nfrebeax borntirngnd othehpantavent i on, the pitch/outside 30

di ameter ratio is pr I | ected in,the range.of 1.5 to 10 nore
preferably 21 in t%téﬁlﬁegga%atﬁeggﬁeg?%@e]{anre_tpﬁlrtéc %I}]i’f@‘f‘%al]_g?'tch is the
di st ance between t he Tbehtrmers agde pbsitiovedadjang ehice intdhdsthie firéhoe, Rame

pl ane ("c" inaﬁhgg{leeﬂg()r.andjo side wall> cracki ng process according to the
invention is usudlly carri ea 54" R the absence of catal ysts.

Accordi ngly, in geneVaty gded resudis hiangbdenebicval with shick aacekagdarcicng
to the inygnt] firee of : ti teri.al A such a .
catal yti c\iged?‘rfﬁ@}f&]i ‘31'9 glﬁgﬁlﬁeargsgsr?%%eﬁg& g‘%‘*@"s"aP %ﬁllen t ﬁoex aé?%;tc icﬁa coi l
i's in general ontddtapeticai(y) ekipnd(s) thpagh teutoaf oflths Srdboanr 4Olehstrihrough a

A L
1.5-2.5 bara. sittrerafisapysferablant lehet infihetopitmlhi gher than at the outlet
"Ml et and outl et of Frordb) bERAER b BEERS U Wbl OB SR}
- 0.5-1.5 b3P. (radially)each opposite side of the two outer lanes containing the outlet
sections of the coils present in the firebox.,
This leads to a more isothermal temperature distribution over the
length of each coil.
For a symmetrical fiving pattern over the width of the firebox, it is
25  further preferred in a furnace according to the invention, that each opposite
lane of burners during cracking, generate about the same amount of heat.
Analogously in a method of the invention it is preferred that during cracking,

each opposite lane or opposite set of lanes of burners have same or similar

mechanical and process design characteristics.



The hydrocarbon feed is usually mxed with 'steam The weight to

wei ght ratio of steamto hydrocarbon feed may be chosen within w de
limts, 15 depending upon the used feed. In practice, the ratio is
usual ly at |east about 0.2, in particular between about 0.2 and about
1.5. For the cracking of ethane a value of |ess than about 0.5 is
preferre (in particular of about 0.4). For heavier hydrocarbon feeds,
normal ly a higher ratio is enpl oyed. Pleferred are in particular: a
ratio of about 0.6 for naphta's, a ratio of about 0.8 for AGO 20

(at nospheric gas oil) and for HVGO (hydrotreated vacuumgas oil) and

aratio of about 1 for, VX.(vaguum gas okl ). ocarbon feed

typical ly nixed wit hiéiﬁr%%%é&cog‘?gc ﬁ%ﬁ%*‘%?%f%‘é’kg% P thp 2 be

coil (s), aftemsébidngnitabdet iddert diametoe ipfer ataniyle chosen i tHehang SR I 20n0r €
preferably to t ture af 580-700 C.even re preferably a 2
tenperature i r’:{[%J h%er{)ggé\%g i %?Otg ecggc&g ugr“f’f %%‘gl%a““(n%erlogﬁ%st%yper i
partially) |i Ghedrdolad dofls equteferdlily disp@hé atdentiaiie natiadllyyinrtds irdtexi N
vaporisatin of the |iqukd ase... | n_the cracki il(s),
feod 15 pr o efoPoinatBe BB imord sousB e e R Bk 1 s
up to 950 C, rueetipiebepabdiyulbotethe dlobd etthSfreber)pFhatdilsanaynbd hrevidahge
of 800-900 C. _|. he. crackin uhes hydrocarhon.i.s 2 cracked to
produce a gasw\}\%% LBulusjs Seur?ir’gli'f’lcsz g%n? h—‘ﬁ%ﬁ?&?‘gﬁu@a&]%% HYg&aces as

et hyl ene, propyhare thottiemabheftitrimsfes ongifivindsEandples obs@liddatGres are

conpounds. Thﬁmgr ackghdea%odéjct | eav Y\ﬂti{gﬁ firebox via the outlets and

is then led to the heatexe aﬁod%lp S Eékil?i it is cooled, e.g. to a

t enperat ui@ of |ess (Thamle@dorGhe Seddyiptodhtb kailsi prefdreblyamgeried a 450- 550
matural oi reufaiianioestiPeril 4 Gl R SRR Rt Brbretss
was si nul at edabdpuitatilemaps® cagdoy tengaedmbie in theemtti on and a GK6
show the neat {1 ux prf s SAR® shsl QheaSPIR N G BB 10 Coi
and the tube weoifigusdtimysecme.Fogdres Aph Byand @), ttereinvibea biidets whedlohgia coi |
di mensi Ongs of sihgﬁ ]Iﬂérﬁglfgebhe box (typically along or parallel to the centre line of the
box} or a staggered configuration (e.g. Figure 7). The staggered configuration
may be a fully staggered configuration (i.e. wherein three subsequent outlet
sections are disposed in a triangular pattern with equal sides (length of a, b
and c identical; see e.g. Figure 7), also known as equilateral triangular pitch
20  or an extended staggered configuration (i.e. wherein the outlet sections are
disposed in a isosceles triangular pitch formed by the sides a, b and ¢ (as
indicated in figure 7 ) wherein side c is different from the sides a and b and
wherein sides a and b are equal, or an scalene triangular pattern formed by
sides a,b,c (as indicated in figure 7) wherein each of the sides a,b,c (as
25 indicated in Figure 7) of the extended triangle differ in length from the other
gides.
For a very effective shielding of the outlet sections, an in-line
configuration has been found very suitable.
In a cracking furnace according to the invention, the pitch/outside

30 diameter ratio is preferably selected in the range of 1.5 to 10 more preferably



15 according to the invention are the sane as those of the GK6
furnace and whereby all process paraneters such as flow rate, _
cracking severity, etc are kept the sane, run length (max. operation
time without needing shutting down the installation for naintenance)
is extended from60 to 80 days. Results are tabulated in colum
"Equal ". Keeping sane coi l dinensions29nd appl ying 20 the invention
whereby all process paraneters except “capacity are kept the same and
whereby capacity is increased to maintain sane run length as with
K6, results in an increase of capacity from40 to 45 netric/tons,

t hus 12. 5% nor. A r ion fhan, w.t 6. Results are
tagul at ed (I) n clg Itﬁ%m%g&g%%? ? ?#1 %}prBPéf’?rﬁ%lt%@ %%@W%ﬁé%wﬁe? g}f‘%‘&?&re
cont ai ni ng coillmes bhiawo adjecedbtubes gtledamisplaRY"d" on PiRee3s t he sane

amount of feed, operafing at the sane _severity and designjing for same
run length at that o%%?la 188 PROgfs e5oRgHeda d@ﬁ %/’Ffe‘@@l lsr”ég%h %"ﬂf"lﬁé gt
i ncrease of etihyheaweptedfdafalyts. Zbcotdingly?dh denetHorBdclayding ¢aldaan af eed,

e 520118, el oL S8 ks entO SRV BB BEL
Sel ectivity catalytic bed).

The operating pressure in the cracking coil is in general relatively
low, in particular less than 10 bara, preferably less than 3 bara. The pressure
at the outlet is preferably in the range of 1.1-3 bara, more preferably in the

10 range of 1.5-2.5 bara. The pressure at the inlet is higher than at the outlet and
determined by pressure difference The pressure difference between inlet and
outlet of the cracking tube(s) is 0.1 to 5 bar, preferably 0.5-1.5 bar.

The hydrocarbon feed is usually mixed with steam. The weight to
weight ratio of steam to hydrocarbon feed may be chosen within wide limits,

15 depending upon the used feed. In practice, the ratio is usually at least about
0.2, in particular between about 0.2 and about 1.5. For the cracking of ethane
a value of less than about 0.5 is preferre (in particular of about 0.4). For
heavier hydrocarbon feeds, normally a higher ratio is employed. Preferred are
in particular: a ratio of about 0.6 for naphta’s, a ratio of about 0.8 for AGO

20 (atmospheric gas oil) and for HVGO (hydrotreated vacuum gaé oil) and a ratio
of about 1 for VGO (vacuum gas oil).

Hydrocarbon feed, typically mixed with dilution steam, is preferably
fed to the coil(s), after being heated to a temperature of more than 500 °C,
more preferably to a temperature of 580-700 °C even more preferably a

25  temperature in the range of 590 -680 °C. In case a (at least partially) liquid
feed is used, this preheating generally results in vaporisation of the liquid
phase.

In the cracking coil(s), feed is preferably heated such that the
temperature at the outlet is up to 950 °C, more preferably to an outlet

30 temperature in the range of 800-900 °C. In the cracking tubes hydrocarbon is



Total flowt/h 40 40 45 40 Twall at end-of-run C 1100 1100 1100 1100
End- of -run days 60 80 60
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cracked to produce a gas which is enriched in unsaturated compounds, such as
ethylene, propylene, other olefinic compounds and/or aromatic compounds. The
cracked product leaves the firebox via the outlets and is then led to the heat-
exchanger(s), wherein it is cooled, e.g. to a temperature of less than 600 °C,
typically in the range of 450-550 °C. As a side-product of the cooling steam

may be generated under natural circulation with a steam drum.

Examples

A cracking process was simulated for a furnace according to the
mvention and a GK8 furnace using SPYRO® (See Table 1 for conditions).
Figures 2A-2C show the heat flux profiles, the process temperature along the
coil and the tube wall along the coil.

Applying the invention wherein coil dimensions of the furnace
according to the invention are the same as those of the GK6 furnace and
whereby all process parameters such as flow rate, cracking severity, etc are
kept the same, run length (max. operation time without needing shutting
down the installation for maintenance) is extended from 60 to 80 days. Results
are tabulated in column “Equal”. Keeping same coil dimensions and applying
the invention whereby all process parameters except capacity ave kept the
same and whereby capacity is increased to maintain same run length as with
GKB6, results in an increase of capacity from 40 to 45 metric/tons, thus 12.5%
more ethylene production than with GK6. Results are tabulated in column
“Capacity”. Applying the invention to furnace containing coils that are
designed such as to process the same amount of feed, operating at the same
severity and designing for same run length at that operation, all compared
with GKB, results in an increase of ethylene yield from 27.7 to 28.1 wt% on
hydrocarbon feed, thus saving 1.4% of feedstock for same amount of main

products ethylene and propylene.



60 C114 yield w.%dry 15.7 15.7 15.7 15.6 02114 yield w.%dry 27.7
27.7 27.7 28.1 03116 yield wt.%dry 14.1 14.1
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Table 1
Invention
GE-6 |Equal|Capacity|Selectivity

Total fiow t/h 40 40 45 40
Twall at end-of-run| °C 1100 | 1100 1100 1100
End-of-run days 60 80 60 60
CH4 vield wt.% dry] 15.7 15.7 15.7 15.6
C2H4 yield wt.% deyl 27.7 | 27.7 | 27.9 28.1
C3H6 vield wt.% dvy| 14.1 14,1 14,1 i4.3
Relative runlength % 100% |+13%| 100% 100%
Relative capacity % 100% |[100%! -+13% 100%
Relative selectivity % 100% |j100% | 100% +1.4%




14.1 14.3 Relative runlength % 100% +13% 100% 100% Rel ati ve capacity
% 100% 100% +13% 100% Rel ati ve sel ectivity % 100%
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Claims

1. Method for cracking a hydrocarbon feed, comprising passing the feed,
comprising a hydrocarbon and a diluent gas, in particular steam, through a cracking coil
in a firebox under cracking conditions, wherein the coil comprises at least one outlet
section and at least one inlet section and wherein the outlet section of said coil is more
thermally shielded than the inlet section of said coil,

wherein the firebox comprises at least one lane of outlet sections of the coils, at
least two lanes of inlet sections of the coils and at least two lanes of burners, wherein the
at least one lane of outlet sections is located between at the least two lanes of inlet
sections and the lanes of inlet sections are located in between the at least two lanes of

burners.

2. Method according to claim 1, wherein the coils are arranged essentially

vertical and essentially parallel to each other.

3. Method according to any one of the preceding claims, wherein the feed is passed

through the coils in a parallel flow in at least part of the coils.

4. Method according to any ome of the preceding claims, wherein the
hydrocarbon feed including diluent gas (steam) is heated to a temperature above the

vaporisation temperature prior to entering the cracking coil or in the cracking coil -

5. Method according to any one of the preceding claims, wherein the feed
comprises & hydrocarbon selected from the group consisting of ethane, propane,
butanes, naphthas, kerosenes , atmospheric gasoils, vacuum gasoils, heavy distillates,

hydrogenated gasoils , gas condensates and mixtures thereof.

6. Method according to any one of the preceding claims, wherein at least one
product is formed selected from the group consisting of ethylene, propylene and

butadiene.



100% 100% +1.4% 24 Clainms 1. Method for cracking a hydrocarbon
feed, conprising passing the feed, conprising a hydrocarbon and a
diluent gas, in particular steam through a cracking coil in a
firebox under cracking conditions, wherein the coil conprises at

| east one outlet section and at |east one inlet section and wherein
the outlet section of said coil is nore thermally shielded than the
inlet section of said coil, wherekn the firebox conprises at

| east. one l.ane of outl et sections of the coils at least two | anes of
inlet secti ons f the_.coils.and at of burners

wher ei n t hé regldpg BLH%aCFafﬁ%StS"‘F“ afafliﬂa 2@@0 SEERE T POREIEE BiEhRen

at the | eagiovtdwutltaraqmratftylom bRtkiseedilsail fablsbxt ddgplising St letst bid Rie of
sections are | ocated IP between the at |least two Ia s bu e

2. Method SuHehseeAR RfSherodis maf leashiug ngs AHalecssFies af eatml%twgéﬁa east
essenti al | ¥yo/Rhdsi FBLrn8ROIWRSSE Ml Alldadt BB TAk bLbutle® sRAGI i91JREd betieen

Met hod according to any one of the preceding clains, wherein the feed
i s passed #hihedenst teelapes ofsinjeh saﬂmsratdnét lanpo el inket gections ste lgeated i
the coils ny one of the preceding clains,
wherein thgwﬁgﬁygi %1 Q%g% klnc ing diluent gas (steam) is heated
to a tenperature above the vaporisation tenperature prior to entering
the crackipg c i any
one of theﬁ'pr eg(ngatlzlﬁﬂgg h.FhaEQ?cc&\fﬁﬂag% ’aﬁl 2 \'N ere?ia t}lééﬁ]%rgeg%reagsg&lt gfy)pdga:{i:l%l o
sel ect ed foeachdteergr oup consi sting of ethane propane, butanes,

napht has, kerosenes , atnospheric gasoils, vacuum gasoils, heavy
distillates, hydrogenated gasoils , gas condensates and m xtures
thereof. @. Whﬂdn@ﬁ@ﬁcéhé@rmﬁg mrtyalmrieorcs‘ whBinpthe o ekt RertiohandBhe
wherein at, | east. one produc rned ectegjfrontthe gr oup

consi st i ngi"5f SestieRsa “BF‘EE%}??BQH@ a’ﬁﬂ‘cﬁl QHIF%?F\ MNg38e.7 - Cracki ng
furnace, for steantcracklng a hydrocarbon feed, conprising a firebox
provided with a_plurality of cracking coils, Sald firebox conprising

at | east oMe | dr@ckine Bunacepcceriing feﬁgy of the glaingsof-p avherely the aletseqtigns

l'anes of '@&&Etw%%dtl@@s%cﬁ;nsﬁm@laﬁé)ark rr#Eed flanl lﬁl%torrstﬁ? @S0 Sdment
burners, wherein'the at |east one |ane of outlet fons 1s | ocated

bet ween at Vit Beviz eaphtothapand am a staggeredheandiguratien with respect it outleisecsions
inlet sectj : o Yelo i t t e
H§%é}‘%bﬁi"!ﬁé§ s?&t?o‘i‘.s o2 W@E ddPGertpa a‘?l@ls nE:'Iﬁ la@Rest ﬁ.&le} Anes

bur ners. arnace according to ereint
ar e essentseetidny rgspactivélpinletseciamsh ot her .

— 11.  Cracking furnace according to claim 10, wherein, the arrangement of the sections
is in an equilateral triangular pitch, a isosceles triangular pitch, a right angled triangular

pitch or a scalene triangular pitch.

12. Cracking furnace according to claim 11, wherein the tubes are unguided. to the
bottom.
13. Cracking furnace according to any of the claims 7 to 12, wherein at least a

number of the burners are positioned at the floor and/or the roof of the firebox and/or the
side walls of the box and wherein the outlets of the coils extend through the roof of the

firebox.



9. Cracking furnace according to claim7 or 8, wherein the outl et
sections and the inlet sections are positioned essentially
vertically, at least during use. 10. Cracking furnace according to
any of the clainms 7-9 wherein the inlet sections respectively outl et
sections in a lane are arranged in an inline or staggered arrangenent
Viz a viz each other and in a staggered configuration with respect to
outl et sections respectively inlet se@ions present in the adjacent
par-al | el Iane or .l anes. of outlet.sections respectively. inlet . )
secti ons. sl AlndLOBEEAG IRY NP o180 15 M her iR cfpard 1
arrangenent of t ctions 1s | equi atera triangu pIPC , a
i soscel es thblcaacgmgaqrollm are hapramgediighat ar:mgd:mdlt tailoumgmaaﬂllebﬂvwmfdhe deed
scal ene tr aQ%E hﬁ%hec d%%] Cracki ng furnace according to claim
11, wher ei et e Lols (R WEd to the bottom 13. Cracking
furnace accordlng to any of the clainms 7 to 12, wherein at Ieast a
nunber of eb ers_are positioned at t oor nd/ or .t of of
The 11 1 ebok.and BRaTA B uen SO RElGRY Bhw obids Cafie T Whereit A St et
of the coilefecdti®rd t hrough the roof of the flrebox 26 14.
Cracki ng furnace according to any one of the clains 7-13, wherein at
| east par t- hls cpapEsingiwoniglet sretians agpeged te alinye garpiiel £0afr¢uaﬁgélﬁﬁemd one

al | owi g gl dohorfih MMl lifick At O @B fla the col s, during
use. 15. Cracking furnace according to any one of the clalns 7-14,
wher ei n t hecotlocdmpriging out indet septippsamangeditp slleww pprelld ifloy dugivgiupg and one
sections I f use and one outl et
section |ﬁ6#ﬁ%g§%gdmﬁlc§gpﬂ§%%vént i thée)%egkge ghgectl ons; and coils
conprising four inlet sections arranged to allom1parallel flom1dur|ng

e BN Ot OV R G S SRS ASee e B S
7- 15, whersettiont hage (atrh:’n@ti ineat imie amﬁganafanged Stapgaredi mnlﬁgmetmn and
f t d f d [t .

o1 i out strec ot AP HHEE SEmERr baPEHeL s ufigeotk 1o 1 el inthe

pref er abl yrangd of b 6.ange of 2 to 6. 17. Method for cracking a

hydr ocarbon, optionally a nmethod according to any one of the clains
1-6, wherein a cracking furnace according to any one of the claim

7-16 is us@d. Method for cracking a hydrocarbon, optionally a method according to any one of
the claims 1-6, wherein a cracking furnace according to any one of the claim 7-16 is

used.



