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Title: Cracking furnace The invention relates to a
furnace for (thermally) cracking a hydrocarbon feed in

woheoswapoar phase in the presence of steam TheCT/NL2005/000078

invention further relates to a nethod for (thermally)
cracki ng a hydrocarbon feed in the vapour phase in the
presence of a diluent gas, in particular steam
Cracki ng furnaces are the heart of an ethyl ene plant.
In these furnaces, feeds containing one or nore

hydr ocar bon types are converted into a cracked product

_a%rby cracki ng ,of hydrocarbons. Typical exanples of
ﬁ@ ocar B 4rngcE et hane, propane, butanes,

napht ha's, kerosenes and at nospheric and vacuum
gasoi |l s. Processes for converting hydrocarbons at

hi gher t'Elgéiedrtien belveedren flunowes Ho(thermalideadtdsng a
US 2, 182,586, published in 1939, describes a reactor )
hytroprehaasipetlgn theevanausighase tbbhveprisencepf gtemmy Bhe invention

FPIAIRER 8 LoestB 4" (B ERe i) g A Blrofeghopdeed im the

vahourylifsse inbiHe HRBEBcAbLa GINRAE AY, inpRrtiRilhAktdalndW
connection and thus formin fact a single tube), which

resul t s Cracdkshgtfiymdces|ayaghedwiattntan eithglenehilant. dnghese
ommon i.n the process of thermal .cracking of liquid )

S BRGEa 6 rTHaOn s O O oKD PE AT OB JEP T sty egled into a

HhSREE Bk DGet JEDYERaHing Wﬁ"l%&ﬁfﬁéé&%ﬁsh%ﬁ%l EQAm les of

process |1 ke steam cracking or for the cracking o
hyahocatsod feed sisgreredhamepiopaad, biEes; napktle®s, lkerosenes and

cracki ng. and_excessive gas formation are avoi ded. US
atmospheric and KACUREHERIPE943, shows anot her heater for

the pyr OPYJéeFQ)?égeﬁ?gXﬁ@éfﬁeﬂgg g%d%é%ﬁ’@?s; Qgg?ﬁ]he %ﬁf)&ature have

t he reactor or serl a ecte

bdetbRAOwnWOI Gita1gy debudidsz OI8 2182, 788; iplubbisddd iin 19189, describes a
heater. In the described process, oil is passed .
reRcbrgnd peogassdox bheypyealpkie spuversing ol Amid dyrdyecarbon oil . Use

i% aﬁ%g% gg fa\g}fﬂ? Oél&r%i leeg:/rrc . %%ci ié’l%%%eg %eaq:%glc H&e&hg p(flrbﬁggﬁglq refers to
“tubes”, but these are connected in a serial flow connection and thus form in
fact a single tube), which results in relatively long residence times which are
common in the process of thermal cracking of liquid 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
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
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
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liquid hydrocarbon feed in a spiral pipe. The furnace
is said to have a reducedsensitivity for coke
woanisarseon and an i ncreased |iquid residence tPAENLR05/000078
is not disclosed to use the2installation for steam
cracki ng. Steamcracking is a specificformof thernal
cracki ng of hydrocarbons in the presence of steamwth
speci fic process kinetics and ot her process
e i ¢ . . .
PRy ok Sk forat BB Rnd AELONURIANGD [ Riehd e, Tois not

dﬁclcgbéa;musﬁrtheqnamﬂatgm ﬁ)rcsaéathﬂaQﬂhgat much hi gher
severity than applied in the noderate cracking of
| | qui d Wm%%@@ﬁgdﬁ Bs SP@lelﬁﬁrl"m/éf fthar@adualraoﬂ:yng of

Ki c r ast one f.i
hAFEEBRAAL B LISRRSERT SRR W BedfERoli HebB hnd other
pf’(w@bg chetaddtFiBaes Heveihegld W&B@rﬁoﬁtf@é doiks.- thérﬂlémﬁieéracked in

of reactor tubes (knomn as cracking tubes or cracking

tl@@lVﬂmepb@@mlnAkhazhrqsmw ebeteann liiaes@acknmg d@$ sposediout at much

el 08 b PR TR St SRSl Sl Bl Bl B ocaron
oﬂgf«e@mﬁb&é A0iPf ulBE CYlEsn ALkl Se mxﬁﬁze)é' g@at &kt one

I ght ol efins such as ethylene and propyl ene.
f1mb(dm€aéscokntwdrasca m«hmm‘t asectiang vdneianmnmusml 4 yuenber af burners

i Rt HEP tatiGRoA i %p#{ga%‘%ngf‘té@efs B ab Sraakpe tubes or
c{]a{;%ri ogg%@%@@& wﬁﬁcﬂ q%é Bbd @ dp%&bw@ dqglsggr%gsthrm%h the

ns react 1nt es an

ficeose Medvapdur faedas ehel $ubsoBUutdated it€ buich ephig‘mte/knperature that
ol efins such_ as ethy| ene and propylene. In cr

raRidricemposHion ézféﬂglﬁcwﬁﬁcw W@eclaylfezldge?&su@rithgﬁt plpfins
sﬁ&l ?Q %tﬁ%]]eﬁg ra%dgggﬁ)i)gene %‘hehzgug{l ¢ ﬁﬁydrgce{(nbc raaf(g:%ililn d steam

e or nore o e Crac

t;vmbslmy eRYerethedentiozatults 4404 vhant AttadhoutBYOLE. In the tubes ,
present to formthe total radiant reactor section of

the papbsce lsweﬁm kandbd yo abony BenEChyadie hgat u@easai by flrmg
I wh in
AR RHE daiPetin st Y ket Barhtt oI Searr i SR pre
chvdrile @180 £ 8hddis hrbl (6, #dhARIHTRALy WEHRE Xudh lastdi®iylene and
reactor tubes are arranged in essentially the same
pvantlesal pl ane.

In cracking furnaces, 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 cracking coils , which may be identical or 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
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

planes whereby the tubes are arranged in a triangular pitch towards each
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Al'ternatively, the tubes in such a lane may be in a
so-cal | ed staggered arrangenent whereby the tubes are

wanro@ngsm7i n two essential vertical parallel pPamed.2005/000078

whereby the tubes are arranged in a triangular pitch
towards eachother. Such a triangular can be wth equa
sides (i.e. equilateral triangular pitch) or with
unequal sides mhich is called an extended pitch.

oEXATERH LtrigHEd c%ﬁtmﬁc% @c#&aﬁlhsufe%n{ ' gﬁha‘eeraﬁ tpangular

I sosceles trra gu ar pitc rian

piichd h oardtia lmylequbbmde@ nwBiph ils a:bﬁé&ant éxmm@ iteh.t ch.
An exanpl e of such a furnace with an extended pitch is
GK6(t m IFieg of sugh) afexsendqadpiteh cemfguragon are isosceles

| h. dual
oA DS Fhnd oA BeRlbebiel aB R DS i uitatera
trianbeddepitéh. omxb&tim?lectﬁ"%u% DEABES wAth %%ﬁ@nu@dt Pfch is

bott om and/ or side The inlet sections (extending
GEK6M (see @hsune) l)a‘hdtmumg atissweldsoms- (e@uﬂamilad griam@mlar pitch in a

o i Sod] affbiarEnao R Tae MG RnacH Gt Salodf (30 lanes is heated
fll&ﬁ $oPR IR byPhafkdrl S eI inoRR- boltforhle alii(i}'BP et DR The inlet

his is due to a not so advant ageous

sekl:tsdms MeMng’EhemanﬁtkMr) gunidr atbestssetioan (eﬂﬂﬁidiﬁfgrﬁ"cgn outlets 3)
cess_and requires_the input of heat into the fee

ap:% epfrd Wﬂb’n‘%@@b’e‘l’%é@ Dregarsér the cracki ng

processyl f,k podf %6151?&)% ol Ghi SR dL t%%é{' S{)P Erg%l) (I:r%%tbngt Conditions.

the inlet sectron o e cracki ng coi

Tt m/ﬂmmﬁ thhetkeisds dusayghbotisoradvditagebts heh€ digtRiHut®dn. The
heat into the crackin 1%1 tubes. In addition, it has been

UHAE PiagessHe ansandothermisamacess ant éeqwe:@ theinpit 9§ heat into

C¥
rbon vapour ence of
ofif RS TSRS RARIAIRG ARSI o 5 SR Bufisms dhis -
d@élrﬁbleetooﬁaﬁﬁimﬁﬁekﬁi@%ﬁea(t@hﬁﬁt ﬁ@tﬁeefiﬂ@d Sédtﬂﬁ) of ﬂ?@éﬁacq&ng coil
| ess favourable conditions for mechanical stability of

(ttuhe) cT]a@ Kiveptows thexefaeisbyghtThavasniceatter she éap ik efiheat into the
th%té etothefact that inlet sections at one side
B Ep%lijgered | ane have different tenperature

condi ti pR% dANGoR ei@‘hag ibebh ifHkhA @ al?fggj’%l&% 8Ps LA ifnace for

outl et sections at the other si
(thermally) cracking a hydrocarbon vapour in the presence of steam, thereby

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
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

expansion) is the reversible phenomenon when heating any material. Both
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staggered | ane, different thermal stress and thernal
creep conditions exists between the inlet sections and
woheosmasdoet sections. Creep is the irreversi bl @CT/NL2005/000078
expansi on whi ch occurs when4heating a netal. Creep is
the result of thermal stresses inside the netal due to
heating. Thermal stress (caused by thernal expansion)
is the reversible phenomenon when heating any c
2l . t . re of, in
D R IO Y B e B bR B THE Tl R sgoo the
abeed nieritioned riestridtiorsy mcitien@racking 66t hasdadlicdlanélut.
Therefore such a staggered coil arrangenent is usually
consi defBgraferss sagh ma¥inegeredseodlatirengeriony i$ uswaldysconsidered

Li.ght hydrocarhb ases, such as,.et hane. In.the
Lo eabte il St A R RS g e P Lifhor B Gioopitbprpases
s6leipas ethate. TR HeNEE AR @hckit FQthand OPudHE &t HRAL AR carbon
in thermal stresses and thermal creep may cause tube

deperdt A the inside of thd coiligbameuctHonkalemcee enghemhbhséresses and

i n-1imne arrangenent, convent.ionally applied in_fhe art
it R RE kAT, DG T aRF SYHR RO up bR FLasv gver, even
weEHRh i AhROa S8 SRR Q:Bﬁvéﬂﬁ&ffam}aﬁgéﬁgd 5!? i) art bt Eine

and bottom part necessary to cornpensate for ttae
citavdnimg | sushraas semngethdteraplires £ epmphibdied @il kapplole system at

' ki heavi er vapour hydrocarbons where a
B et | eiklekand BT ity SPERRSAFY 39 GEMBRRSHioLAT dhe thermal
j iy t t i .vani .
SBE0RET L (RSN, 69 Py PR GRS ETL NN vapors

hydrdcanbars wipareat uffidetixitondddstagguidEariatgaticdst with a
support systen1settinq? in case of different operating
PRI floni8neth Qo sHPReT SYStepavithiviagiable edpistiest parameters
c [ | ensions and strength change as a
CAUENRERIAR,8: RS, RS B o RGNS B
adfigtisappbricdysbaatsettingSinBAROSK ditferdist GAThtiRER N%ioRs and
hydrocarbon can be altered by designing inlet- and
daiipg the operatinadife of the fumackiasgotdalierisiors apbetféngth change
way., Further,fit has bQ§n found that the thernal
AL HaBrPTEY B R BY§'s" ®én be i nproved by desi gni ng
the crapkidighdd# fRGERL thal tR8TADGEHbARedt) 8h WA or (steam)
outl et sections of the cracking coils in the fire box
crgfcking athydmeearbon can be altered by designing inlet- and outlet sections of
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.

Accordingly, the present invention relates to a method for cracking a
hydrocarbon feed, comprising passing the feed, comprising a hydrocarbon 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

thermally shielded than the inlet section of said coil.
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speci fic way. Accordingly, the present invention
relates to a nethod for cracking a hydrocarbon feed,
woanpra7siong passi ng the feed, conprising a hydpcooarzasmoooss
and a diluent gas, in partigular steam through at
| east one cracking coil (in the priority application
al so referred to as cracking tube) in a firebox: under
cracki ng conditions, wherein the outlet section of
each saj [ Y '
ot sbrramothod TRt Sk EhABhaBR GRS phd Pl Blon, the feed
campeisinmg staeee adidnigydrociiRn Bvestiallgfed ttbéhé @61l as a vapour or gas.
conprising steam and hydrocarbon is usually fed to the
Uzdess speciliqdiptharvipe, ghe terml agposy ersspeeiavely uappreus” as used
he t.ermy vapour" respectively "vuaporous" as used
h%%?lg i 1§01:Rr(11 ¢ Fuggg 'ra%%%%rvgi}be%ﬁ%elé? y "gaseous". In
addi ti ola alleiéd) MRBtiheEn#ich 3bRIed B & MIQ¥EbraekatKidhace,
furnace, suitable for cracking hydrocarbons, in

spdablecior gra¢king hysirhearbavs oindpangicudar ivea inetdrodi ameording to the
.Accqcr di ngly, the present invention further relates to
V% i ng furnace (for steam cracking a hydrocarbon

feed), AeMdiRENY ﬁl"i‘é pr&RRk iﬂ@&ltfi(;dr{ ﬁﬂ%FePféMi:é&% PckRelBing

plurality of cracking coils, said coils conprising at
fhesse (fresteminetraskity @ hydnotazboh ézesl), ameprisirgest le ast one

section, .sajd . firehox conprising at |east one |ane of
f%%'e%w%_ %9 g aque%lfar%trc RYaEIREDFLL, saig colscompyising at
85 AR 6 A8 b RuBEPEILIR, 14 BN Bhmprisng

at deest oheduhb of oatlet sedtiorissof theajrackingteotien st Neadtttwo lanes of
least two | anes of_ jinlet sections and the |anes of )
inlgt sections ¢ighe pekingcilsdand apdeasddivo lnaenof bussers, weherein

e85 oY B oL OB R HTEG BYE Wt o anes

0O eacC

ofiilat kectivmgnielithdlddee d¥ahledBeafich ParsSlodea InShaRdéOi the at
roof of the firebox. Figure 1 schematically shows a

leashvwntlpoaapl buerddsng f urnace (GK6(tn)).

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.

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

Figure 2A shows a typical heat flux profile of a GK6™ furnace and a
profile under similar circumstances for a furnace according to the invention
(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.
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Fi gure 2A shows a typical heat flux profile of a
GK6(tmfurnace and a profile under simlar

woizowswrsances for a furnace according to the PAVRILROSH00078
(simul ated by SPYEQ(r)). Figure 2B shows the process
tenperature along the coil of a GK6(tm furnace and a
profile under simlar circunstances for a furnace
according to the invention (sinulated by SPYRQ(r)).

Fi gure i : rature al on he

oI | e ORI sholvs Gk BV indeTRRFIRLY £ 081 Rl e
ascordaktathd vt el dhegrihgbdhielikegeptpon Wi th a

herri ngelé)_one-l i ke set up. Figure 3B shows a front view

i nt er seliguan 35 shows pdrenicaewfintengaetdo Bf the fumecy of figure 3B.
shows an. alternative arrangenent of the sapg coil t

and coi | 1EA58 g En AltsipetlS R dneoment of e samg b tvpe
ahtli RNHYsam Y ta%fFi%ﬁké\%tht_t\ﬁ%h landight e @ Yhibng Ak Bch

Figure 5A shows the top view of a furnace according to
betwedmilenindimjdwaleodisectibmes.coi | s have a two-pass split

coil lay out. [Figure 5B shows 3-Dview of a.single . )
col | adtienTe fid FROWRERS D BT BRaE? o dies $h e iavention,

iV oGl i Qf o1 5B. Figure 5D
@ﬁg%rsn gﬁ%‘,\?dgfnstﬁ%\feeévtg}% ﬁsg@&h)]it?g%fl é?iggﬁ're 5B. Figure GA
shows aFifgureaddeshewd aB-B-yawofeosihgldtqgliae i®Bhe Hovgaee of
coi | in the furnace of Figure 6A. Figure 7 shows a
Figiee accor di ng to the invention wherein the outl et

secti ong; i ' [ i e-B8A
Shovs S EARE SCsBot AYNEL GiEoF A MHMDal: Bt of B AEsB:
hi ghl y BignmretD showd-d froat hidvaybtlie tdil af fibagesBane in

top view intersection. Figure 8B shows another furnace
with a Bighweod ehowsafuerice with aodtpase pilvi ew

1 SR DL TR B R e o

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

(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), are
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

joined together, for example having an “m-like shape” or “w-like shape”
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Figure 8A and 8B. Suitable cracking coils (also

referred to as cracking tubes), are generally known.
wOoheoswasdos may be forned of one or nore cyli ndPCTAIL2005/000078

tubul ar conduits, preferably with a circular or oval

cross-section. The conduits may be connected by

connecting devices such as but not limted to

connecting tubes and bends to provide a nunber of

i re 6B

VRESEE [h o fherBBe s ApHRstal S K R8s Bl oG & ARete outlet

stetion, arepeesedite d byjtheredtiz0d6 bethe m @é@ﬁ@hl@lﬂjﬁémtﬁble
an "mlike shape" or "wIlike shape"wherein the outer

GK%@?I?%WJ’%W tybes etresivinadotrgeilrricte fosuma cracking ceiglage shown

33450, SOELL L R B DS 55 g Bl o

choini@dlytlagsihek “Bplif-Wal dlegig@iki ng coil are shown in
Figure 5D and in Figure 8 (wshaped). In the art, such

cracki nd h@cﬂOﬂl§ generelyraachyhavecstrieast omphilet Goid 4t least one

oftfipb T iraf POt b B Bt Fi whivie, dyringase e foed enters
tRe 6RNMKHE cMﬂaan‘M"'l'léiiblly Eﬁérrb tHS Giveld PI o fé@t f‘%rtﬁie tBRduit via

cracking coil and usually t ereby t
wiuth edurng hee,dbadubduct laaves the cradkmgn goﬂ;md theeeby usually

duct | th Ki l,. t hereby .usual |y
B B o R Soyibl BT ShRgediad o atheuptcate e RaRBment
seepagm%tq ;tem%etheaw gszcﬁal#ne aglgy%ﬂ q@R4&d, L0 heat

exch angers and/ or quenchers section of a

coil i s%anﬂetr@btmﬁrdf a(doil figvehd firgi gaidi(iathallohgituidoml
of the c that is_inside the firebox, startlngfrom

dngetipp) eg th cqih dhebiy insidethefrehosestacting framy thedndsiof the

céﬁﬁ) 1%1(3 Fg fﬂgg '}1? ee}f)% Irﬁ[% 1? u% 9he Eeéltnlg(fﬁgl 8# E}m ?ISlltlet section. In

pﬁhﬂl&hld@dlttlb Ethe tp'&@t ehu ﬁtle§seﬂielrﬁfhllyl shidl eI 8 outlet section.
enmbodi nent, the inlet section is the part of the coil

In ramrecfwdeﬂmboobmeeqtdﬁm ndefpsadtion isdbeipput of theeoik shht

cheF Ry SRR L9 oy LR S S PG SERL pmce
of the qgl odtllﬁtsebﬁoh%%'a%ﬂt I@tﬂé Ia%@ Art gﬁ‘%h@goﬁ’éltﬁtﬂﬁal
outlet of the coil going out of ire I'n

dpactivoybbthe ¢oil shahes pende t}teaﬁretmmndmgmt ﬁm oytlet of the coil

going out of the firebox. In particular it is the part that is more thermally

shielded than the inlet section. It may extend up to the end of the inlet section
or to an intermediate section connecting inlet section and outlet section (such
as return bends, as will be discussed below).

Usually, a plurality of the cracking tubes are connected to each other
to form 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

and thereby high through put. If desired, during use, a plurality of the
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shielded than the inlet section. It may extend up to

the end of the inlet section or to an internedi ate
weeaisioasoconnecti ng i nl et section and outl et SECTiINQR005/000078

(such as return bends, as wsl| be discussed bel ow).

Usual Iy, a plurality of the cracking tubes are

connected to each other to forma parallel flow path

for the feed. Thus, in contrast to a design wherein

1n% lﬁgﬁﬁenfz{ge %%@ﬂ #IP?. g%rf‘@% §111;5HBQP81[ c&?&imr Ithat is split

itieny anheskrasfd faddesteed e e it ﬁﬂ%o&l@dhﬁe&@f&%rackﬁfgetube and/or
t he present design allows the conposition of the

the Pé‘é‘iﬂ\l‘%‘étStN@nl lppeinggtheadnakibbel tubeseviesthernutidtimay he

d
SRt aRi b Blpelf it o eab G Guring. use,
a plur amhteyte@ﬁa thacRekiing (Judhess Fayil tbusohas ety

a sin Ie contai ner or conduit that is split into a
shiglted" isfdeffined kevednas heaticheingdinderddetoi i gansferaed into the

T U A B S Beh e
h@gﬁ'gﬂnéfgt@d 3HySIHRG Erre?’ Q'dkfngoﬁi péafiodl Jtehe cﬁ"@ﬂhg eri[“rrace is

hat an entitfy (such as a coll” section) 1s "
hshdesdede“o bd wragefarned! inortie rs}nsldhdmtitbeﬂh@ hésybet e«dth@ outlet

SELS SETohe li Whade T o
the %B %@Qn@i’n @Qﬁ Q’ger ?éé)i f’ﬁ%h@:?tr ans @f'lﬁﬂ) ﬂ{e éﬁ%kmg coils

Cr ack |ng urnace [ erre
at hhe shtlek deckienbf tlye coll tis shipatin faovouef ol Iedat transfer into
s of .the coils being nore thermally shiel ded

the gltﬁellqﬁag crileat she tnlghsoasion ﬁfeﬂe%ﬁmb durmg eperedien ofithe
b@glfl{aﬂ'ss lteﬂlafo + H?l &@ﬁgﬁfﬁn SI{ ltughes fléf:lflg dg fnﬁt or less

fie %ot on o
oﬁ@M@ﬂﬁ;Of the heat transfer into the cracklng coils at
the inlet section of the coil, during operation of the
bur ners @@rﬁ@ame@ssentlallmewtmﬂy iig) usag hereintienedicataighat an
currin

BT s B8Pl eBR cryport ShEAEI L P, Sralls P a lash during use

i@8at eAtddgle 6§ HidredBad 4P WilHB RoPlzoR I surbfeq@tuaBy the floor of
| ane, a wall, etc) at least during use is at an angle

the¢ ﬁreb@i)t hapaniﬁcu]wtam aa dwgle ofmycae thanf 88 refarablyat an angle
of BBotit §8%. ©f

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
angle of about O °.

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 particular at an angle of

less than 10 °, preferably at an angle of about 0 °.
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the firebox), in particular at an angle of nore than

80 , preferably at an angle of about 90 . The term
wegswsrrsal | y hori zontal is used herein to indi eareLRé0&E000078
an entity (such as a coil/tube or part thereof, a

| ane, a wall, etc.) at least during use, is at an

angle of less than 45 wth a horizontal surface

(usually the floor of the firebox), in particular at

an angl f S n f .an. angl e .of

about o HEEEE SPRAECaRR the RS 81 Blhd pRteidlislith Siefipar
dgfnaitkiineludies acdevistion od upabaiomst thdr8dh gat-tichRatuto 5 %.

entity &S:Il)mh as a tube or part thereof, a lane, a

wal |, = efcprpcess pecasding jiol thy ingentips raspestivahyaduptace of the
. .than 45. with another entity to which the entity
14‘%%351%31&37 (%fgere%esvgh?f%cﬁa;ptsg?%l lel, in particular at

an angl gn phriieshrtthadulle.seBi®h 6f akby ALtk $hiffded from
about 0 . The term "about" and the |ike, as use

theebuimers) byithepaletiseotion, whichrigdbeasficiad) fotiragsens discussed in

O BLASD BB 20 B SR 55 B B it whicn
oddi8 %&%h@felxb@ﬁsé BY Sfdrin®At dBY & Hd ?ﬁﬁgﬁéfﬁzkioﬁddf@éﬁgﬁﬁlg coil,

In particular the outlet seCtion of a coll Is

lesheesiehye shmeligadedadin tdaehbucereain fopdtchaversiat. This will allow
section, which is beneficgial, for, reasons, djscussed in |
thic{aach degignene ARPLY Aok assilenge crd dpenduhen cgnstruing a

Hechelownanie Y fie
Rk AP s o Hbfy INCH i indsps SAPERE dhhe the

rdas B leisiedies fevounthd Hraegitedof ther it daprodib sudkegslethylene
conversion. This will allow the furnace designer to

a b gxReRItride fosmpgioncd weranteddiprodnels. Conseuamily, less
aﬁlofufﬁgg ag ?ee?f%{e I)élqure'ﬂ?cg aﬂr%&%ﬁé ;e(l%nrl]\ée%rlpglsela%lg]\% réf tl?ehh géstireéd product,

residence e ctro

fordnsBiri@netbllddee desired products such as ethyl ene at
the expense of the formation of unwanted byproducts.

Consequé&he|shieldass mayoeomtsibote teedeflyctien in celdes formation at
oL SEEE R P el A Db o
tingduction in cokes formation at

As a consequence, the furnace can operate longer before it is
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
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

nearing the end-of run conditions and a furnace decoke operation becomes
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the outlet section of the coilwhich is a limting

factor in furnace on-streamtine. As a consequence,
wohaeosfoasaace can operate | onger before it is requiNLees/000078

to stop the cracking operatliton of the furnace to

enabl e decoki ng of the furnace. Alternatively, instead

of extending furnace operation, the furnace capacity

can be increased. The inventors have realised that the

' ' t t ) i e .
R Sioud R BB o B o I ot bslapigebcpigee to

tiamatingussad ob thoimter ahthd &uilearteomade iofPg@esks high alloy
mechani cal stability of the coils , also at el evated
NghgleFhromiun mageried cln nartigidar yader snde high hieinpevatsire

s f t i ng, ;such as, heating of the
S Ao P REP LYo BaL SRR GohetaRine Hh Panprtagt factor,
chepbieatihdribealestttl 6f a SHBURRIIssbRHIF 9h la WRvbntiondDEracking

tenperature nmay even rise to about 1100 C or nore, In

fyrmace cMednl tdranexatord whanges i as sealliasglQ AE adredhdyfarelimportant
diti daf d ti

IR AR RR o ol B R TP S eIor R of the coi l's

: ; | . ! . _

the mat oy rap® Peigan B fhody s BBRLGREIERRN Bhairipgs the

1Nt kedticiie ard cosertd Bre dinerbnthpacdil wallae mprdatusugththe inlet

hi gh t enperature _conditjons, creep caused by thernal
S%@?%kﬁé%ﬁ%ﬁe?" ith a; highet femperatige of &bwllf%& gectien. tthe creep

SR ot RSk DRI Y DAEOL AR close

tlas ci@pGiad thadyemidl dxppakioaniof §Bs bgtlepaséi®di 6f theddoils (wherein
such_hi gh el evated tenperatures. Wthout being bound
thy, weklslsmgpenature icganeantly dgher, thandntbe inles seatien). Due to

' e.c e rners. the,coil .1 .
AfREERO0E B b G o IR B A iplgtysegtions and
the ghielet bedtRAIAIHY &efefm hfiBniofikBE ra@RiIEQBIl d1ens LRI is

wel | as thermal expansion of the inlet section

re¢dirgedases and will be closer to the cr eep and the
e Rk ) b1e P PL P O 0% S Sctions of
th@sild RunldISudddr8tin $RE HirOhox a@?oéiﬁoﬁé&fg%bﬁfé‘ﬁﬁcéﬂy CE&hRially
and/or in thermal expansion between the inlet settions
parallel to each other.

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
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 to each other.

The burners are usually mounted in the bottom and/or sidewalls and/or roof of
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the outl et sections the deformation of the radi ant

coil during operation is reduced. Preferably, said
woOams®78d07i nl et sections of the coils, outlet BETINLOGIS/000078

of the coils and burners inithe firebox are positioned

geonetrically essentially parallel to each other.

Preferably, the outlet sections and the inlet sections

of the tubes are positioned geonetrically essentially

. e L4l onad_essent.iall

tRERRASS, SRR Ao, P b E RS PRAARIAEL i hobim e

sideatallsomiar tHeCrdofiror(lpaier®ind B E!r@éeﬁftr&tddofﬂi(ﬁn S@etdi@Bwalls, at
(such as returning bends 8, see Figure 8C) of the

begops and Aaek et sifawdlls avdceofonleyrerd maxt bepresent at the

ctipn(.s be positioned essentially
Slﬁsﬂ%ﬁv\} réti %}%ﬁn]%é?toﬁ} g?élaé‘&o?t thE%r acking coils are
ar r angeth bR e 98 BkeC ALY AhuMber thﬁé%h%ﬁé‘f@%rea
non- ext ended or extended staggered configuration. The

positenedfatithefnos saaddowsushé yoafssential |y parallel to

each other. The burners are, u |y nmounted in the

bot t om AH8ieBRCSRE SRAR e ARIBD b KrGTRaRd i Spggored or
T BRSO BES| ARS8 GBS & Wity i o

chiklpymdeanbbidinbdt t om and si dewal I s, at bottom and
r oof , ag sidewal I s a roof or burners may_be present
P

at the Seadsarmprayed phieldingandeyinRoyed t&lﬁém.gé stabiligy, it is
f . . .
ol 5 L1 e 0B B AL M bR bl MR

allo@elicego eodh@ spRite betwabh Yhoeubéd, angiethe thrae 8f agderiade
or extended staggered arrangenent such that a high

coplggamtion. sliifenvisagadthat soprriieylonta 16 toB0%i capdcity increase
[ imar-oved shi el.di,ng and/ or i nmproved thermal,.

o0 B R0 iR B8 SIREHEHIK SR clBREES A HEkfBhyional

desipasithiriede. fi rebox vol une, due to the all owance to

reduce space between the tubes, and the three or nore
| ane 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.

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 are at or near the roof of the firebox)
respectively at the top (when the inlets/outlets are at or near the bottom of the
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
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configuration. It is envisaged that in particular a 10

to 20% capacity increase can be obtained in the sane
woi20mas60vol ume conpared to a conventional desPgmned.2005/000078

furnace. Further, it has bedén found that a furnace

accordi ng the invention, shows goodmechani cal

stability al so when exposed to |arge tenperature

variations. As a result, much sinpler and |ess

SQBER Wher RERS] E'ﬂH%ttsEPt?oﬁ’éJ pe%ggpﬁgs? gae@gpgﬁggméa@ .

securet etu es to a |re 10),4

sfumeirécallyerediativélyeol theetutidtcietioas.ar e essential ly
positioned symetrically relative to the correspondi ng
out| et S¥EhisHHS cotayatseysienAbde gelnrted fmracqonlﬁg:omm@ng an

bR et Bl HPRBLIBE bk hcked® BBt phBraty halo
of €164 o@flet BEetidscoex) tHeeBRAAhhY oF Yualbt g&%mtr@par{d\aﬁ&ﬁel%epart

inlets/outlets are at or near the bottom of
(}ﬁlqu@l!&bly thaletler hald efdibesouthett deetlbns &irox thay;ecmniylane of outlet

tabI gﬁge free- hang res ctl fre ]:egndl n
o SHRIEREPEHE Uy PRSI TdFR0 o ipieb pegions.
t her nal PebaRidd E}Yampié?s%ff égiggqie%& ﬁ: : C%i fhESPéTP(ISﬂag%%mg 2 inlet

cracking coils that are
sectaoid ragldcbpuﬁet seqidrs @gl aemrr@hnentl, €tuched inons opdsss m-

tl t i t.h |et t _ .
%g? Sreepilos ﬁ;«?@w%g;c;ﬂ%@p%%%glﬁg 4plefsopbiops pnd 1
t@é‘éﬂéﬁi @?%Q n%h split coils are preferably

ect om COI rising an even nunber of

Sect i on¥nphe spht-lceﬂ d‘ééﬁgtﬂ Qpplyietled hveneiopdrBending of the coils,
(preferabl y.half) of the outlet sections formthe
capped by she differsice ép expansionsantheresh dehiweeparlet section(s) and

r f r of h sect
oS EREAL BIBREAL nty hocock ATARE MBI RE HIREEs describea
blefiragp Qf’clﬁ Bp@fiseefThe esiffifesk RE tha ﬁfbcﬁﬁnidﬁt'l FesPRCIWhISis caused
Preferred exanples of split coils are cracking coils

by dlgraodi \ﬁbe@bivrﬁomeagb endigpdualmgill theiinlet ende tarealmatai in the
RSP TR e L 0 o BRha ERP ier tan
wieh eOMtds 1 SBEHIPRyhfindtr3dd1 2B YBRMYN). Such system can therefore
be operated very well without a guiding system for the cracking coils, which
are normally used in the art to guide the cracking coil to the floor (in case
inlet/outlet are at or near the roof) or the roof (in case inlet/outlet are at or
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,
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.
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In the split-coil design applying the invention,

bendi ng of the coils, caused by the difference in
wexpaEnsson and creep between inlet section(s) RAWNL2005/000078

outl et section(s) is reducdd, partly because of the

shiel ding effect as described before, partly because

of the stiffness of the nmechanical design which is

caused by the coil whereby for each individual coi

the i nl of o5 ALEoASELS th fhlfidi R 0UL8E L AIETy Bldarried

the outlet section o col

oty niaires W dydresitbboa feed sith Qﬁﬂa‘m syiditeadingait thebhgh the
desi gn.. Such system can therefore be operated very
tHbP$1W$h%ébPW%H§ﬁ¢HHW§~§¥E%@h1for t he cracklng coil s,

whi ch th t t

o ki nde BAE PO e Fat h ot Bides Wit Btion, o
hldrotarhearfebdEc410BE )cré?ékeﬁ%rz(%@éll (iie He§1§§d3 ak 1l l?’tg'h@if' thegt density

are at or near the floor lit-coil is

tba@fleraabngwaégrgm Igmﬂrtmulm ahe ireeegitionis very etdvantageously

cBidoe S0 EE R oS’ pith BAGPYbaf: kR e andor

a@éﬁfamicgadslyosgmsrﬁreahct%mI deS' gn (such as shown in
any of the figures 8A and 8B, which will be discussed

in det aillhe }hmimw_)rbﬁmfeled\teﬂm aracked hiayhbeyanpighabdws, fvaporous,
R0 PRy b  THRE E5 el it o
11?8?1&@% Qn@ cbxtog?lnb nﬂ&fgﬂe t¥&5 y ﬁ@é y ﬁ?rhos&herlc gasoils,

carrle m Xi I Ng rocdr eed W

vanduhﬁgahmb; Iheatvlyrdla‘gﬂatéke htydb@named Igas@hg\g@s condensates and
nentloned furnace. It has been found that in

opk thespeThe vavantem isHpdpad wu&%m sugiedde saarack a gas
Fec% e%eir% né E g?ﬁm‘%&rdesagf Igsh ! dlhoecat ns. The
ArRe

ensi urnace ICU

mmeu%m Qﬂalss V‘é@i’ %uﬂﬁ%%t@@%@kiﬂaﬁoﬁi@ﬂQﬁéﬁ@‘lérrfeé(ﬂ@ such as LPG,
production of ethylene, with propyl ene, butadiene

aangdrgametli cs as possi bl e co-products. The

PR RN Ty TN T p—
tb BRé @@\?entgé&?gﬁggﬁugfg hi%héﬂﬁaﬁzedregls%gﬁfefg&ﬂlg?% ggﬂg{ﬂﬁe for steam
cgcraggralggknovlén in the art. & This is particularly aofvantageous for the capital
costs employed as for the same capacity, firebox dimensions can be reduced, or
alternatively for the same dimensions, much higher ethylene production (or
another product) can be obtained, thereby reducing the number of furnaces
required to feed a worldscale steamcracker plant. For example, it is envisaged
that in a worldscale steamcracker plant based on naphtha feedstock with an
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

temperature difference across the outlet section and thus has a relatively high
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vacuum gasoils, heavy distill ates, hydrogenated
gasoi | s, gas condensates and m xtures of any of these.

woheosims@nti on is in particular suitable to crackNL2088900078

sel ected from et hane, propade and m xtures of gaseous
hydr ocar bons. The invention is also very suitable to
crack vapori zed heavier feeds such as LPG naphta and

gasoil. It has further been found that a furnace nay
d .
eSS BB ASERL LS Ay Hob YRR PR g frmace

the aekipegatuseqide d)ﬂthfefgfasaédross'rfhéildsﬁ t0Bs bf €hé 8Gtl¥t section of the
advant ageous for the capital costs =(@e\(;Bpl oyed as for the
cedmin @@p%kmg PrH¢asepd Iy Ricay sibons 60 He, wherrasdn meimilar

for he_sane di.nen h hi
Bl Rt shioR e ar ARest i Bt Mo fHdn U mperature
1£8ét1§|1{§t@,11yt lags ebyicaBYutiong 50bgo PONMIRGs Phe ﬁwm&% allows a
required to feed a worl dscal e steancracker plant. For

restactpde of pbous 1@ AV dguxpetrhtitrei mses Winichds eakegetically
a?r‘( g\:racker pl ant based on naphtha feedstock with an

1Yy | ene capacity of 1.4 MIlion Metric Tons,
t he nuriyey,Ofhé H&é‘l%%%%x%?éé"sgteﬁgﬁe MG ROnA bé"iv&la(tﬁz‘ég;?h?g%

GK6)woul d bé at | east ration, one spar
allowingdow asabpivenahoit fesidemce dime ctrmr;deld;ats@etﬂﬁle feed

I AT TN T L -
L0, P SRS RO LA SRl o0

0e25 a8, wherens ined c@ﬁphkﬁﬂe@ﬁdcéé@lﬁn@hijed ih &l firhMed ¥f the
hi ghdegr ee of isothermcity. In a conventional process

prfﬁsealtcl@ﬁe@ﬁpndhalresﬁldenaec‘élmq et egrprdunedrte atioss 0@17~Or?e2 sec.

cr | et sect £t
198 B AR RehE Rl Riton Bt FofiaR i Sk egimh o about 15
% Go mﬁé@aﬁ paitidulir Foh Pér<60 @B 480 th @IGRE™ firRace.
f'urnace accor di ng to the invention the tenperature
rise i slubaalalsp b@glsfoun}imh@almyﬂ favpace BOco@digCto tHeumvention,

I RN T A —
sﬂé@ﬁmt&ﬂ% i@é(ﬁb%g %h%ﬁ’fgeﬁsreia%f%% A ﬁ:@n&é‘fb}pﬁ) form undesired by-
relatively high, allowng for a relativ

preductence tinme, to yield a specific feed

A typical heat flux 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
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

coil, in comparison to some known furnaces, especially at the outlet end of the
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conversion, in conparison to a conparable furnace
W t hout shielded outlet section. For instance, the

woesisdesoe tinme for a GK6(tn) furnace is typi caPCYy/NL2@BA00078

0. 25 sec, whereas in a conparable process enployed in
a furnace of the present invention the residence tine
may be reduced to about 0.17-0.22 sec. Thus the

present invention allows for a reduction in residence

g o s Iy RePR W By blatSheRanitipy of ghe farmace,

Reabervalibetwidin siibquEhd atAndGrcdi R9sibAs th®emove cokes can be
[ nventl on, respectively with a method according to the

ipexeased.on, a very good reaction select|V|ty is

f easi bl omnn Lat | ow t en to form

undesi r ZB 305"1}5‘1&8 &E‘f%r %E@%H}V%@P, HPBfS?‘Ftéorb? of the
BilHEHet éfﬁ\féiﬂ:ﬁ@@&lﬁ&‘ (ﬂ)oéltﬂﬁféfd' 151@:h‘érﬂ%'bo§'1ﬁla!t%ast one lane which

ci rcunstances for a furnace according to the inventionh
adrleastrmwenlaine iFiig beéwadn e lane df byrﬁ‘:d?h(lﬁd 3 seeond lane of
si mul ati on t oal ch used:glsl n the ethy i ndustry for
hurpgrs fonPractet wgseus thedanes pre p Hessqtially parallel.

| nventi of inglicdtad 568 x?e%rcsl&@a&ﬁéj id %gﬁn%g%bg d&ﬁ%rlein the inlet

capacity increase in this

seafhs ilse edibubcl Bs ATh¥rmal th@ hﬁdﬁor MecHamicalUstabiliser for
ength and/or 1-3_%n ol efin_selectivity when crackin

elqut 4REELPRD IR aginiheraskine Eaere Nhereuethe inlet sections are
%gﬂYﬁ{c?%f 191“[%9’5 etnht% odt@et s%%tip)ﬁg g dq:gxgr &{rg%tr%alt‘lwgifgﬁg%uratwn

accor nventi on can

Ha%ﬂf@ﬁicfbuﬁﬂ Rk %$f1él@hﬂ&t'itﬁ&eblﬁk§jt 46 thb etk AsdtiribaitedH, lthe
in conparison to some known furnaces, especially at

syrenelt| anpderdchievinger desiratge tshermalnpresile theoughout the length

enthon allows for a high availability of the
Hj- 8% as intervals between subsequent mai nt enance

sessi on oka$ r
fur nace%ggggilglg%%?% t hé %gﬁfgl %dr%& eﬁﬁg&ggl %ﬂ;cf the present

igeention sekafces trea cwdlsngfermbemhqgwngl ay fipasixt, Mdma-diri at least

hﬁaﬂ%rg ﬁsﬁﬁe\%éqpsao tﬁl,e l an : MMS lé)gggltgt Soctions of the

cﬁﬁgoemjd Bﬁi@as@ftwlatl%ﬁgé of b\'fﬂ{er@ {x‘g tp'r@?érftr ﬁf‘%ﬂﬁéh fBFox the at

| anes are prefera essenti al paral f
least one lane (O) of outlet sections is located between the at least two lanes (I)

of inlet 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.

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

shown configuration, in particular a furnace wherein the inlet/outlet ends of
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As indicated above, very suitable is a furnace wherein

the inlet sections of the coils act as a thernal
wehbwslodseand/ or mechani cal stabiliser for the oBRCIeWw2005/000078

sections, such as in a cracdki ng furnace wherein the

inlet sections are positioned in between the outl et

sections and the burners. This configuration has been

found very efficient, with respect to the heat

tHL HhBAPRE B or bl BTG G sfics 16 R Sare the fag
boohéiss arcsmsteially Yepllaﬁediby wnaﬁg@émﬁgﬁea 2t OFRAL FRBroof,

t he present invention relates to a cracking furnace
conpri silig aarrﬁng@m@nt Oﬁ\me’frlet spchtonseast irdaksédivmsatn
t two | anes

TN P e .
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fourebfeaswdel anes (1) of inl et sections and the | anes of
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as a th ev8 a&aﬁ?lﬂglg BRehYYh A hosringbane fike set up. In
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R L il o i
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nﬂeﬂbuﬂbe sé@dnamaybel l’aﬁﬁrﬁ%dﬂeﬂnﬂﬂ edlapRsal tAbnklRwr pitch, or
posite of the inlet/o et ends of the tubés, at the

alﬂ%‘éﬁ‘“‘éﬂ&ﬁ@ra mélt@m&datm@ngular sm@hn @igarad) @daltthatu\tely any

oy B SRR SfBSE M Ra QeSS ke b b s
slflcbkﬁﬁaﬁesh‘éﬁ’fﬁﬁﬁl (ﬂobfwsufrmrgtd Zla&ﬂdettheeéiéé “Piliéﬂﬁldéi%ﬁ mh%ers 5b),
at or near the bottomof the furnace. In that case th
ahh@ughmrnemnmyebq)pbted ablyat tpd Hoed 1B yrmminat she 31de walls 9.

th f. Th nt
T EhetTo i S Hen oo s AR CAGURAR G these are

L LR L A
owdehars atbr sgarmbhe yodfpandeesitions in the bottom half of the side walls
in case the inelt and outlet are at or near the floor.

In figure 3 (wherein Figure 3A shows 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
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

outlet section is considered the part of the coil between the outlet and the part
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found feasible. Figure 3 shows a cracking furnace with

a herringbone-like set up. In this figure, the
wonrewskirsg7coi | s each conprise one inlet (4, Fi garaL2005/000078

3A)and one outlet (3, Figuri® 3A). The cracking coils

are configured essentially vertically in a three | ane

assenbly. The individual inlet/outlet sections are

arranged in a isosceles triangular pitch viz a viz

t IVI ual t/ou

of B0 31 Stlers b ol oty St B Bited BY B¢ BilipEbna of the
cpilt ch, or alternatlvely in a rlght angl ed trlangular

pitch (Figure 4) or alternatively any formof a

scal ene Shetin-mechasriealistabywliaobprined. duertorthg fret ﬂ;at in a

FHRER Tt e PR T e i ahToe o FBhgney forsbed by
the fc:ﬂ&élﬁn@%ﬂ%@cﬁbﬁ@ QHe ORI @éct{olh% fa{rf&){)utl@t QctBRLYafd more
the side wa . I'n general, if de burners are

igntbeemal tlmala Wlbh aacee of duhk larra/emangemeﬂhes e are
si de

Rl o | N ithaeT shu¥? s Cosnativg, Petangcangit ol ibaesame feil type
a'hﬂo(fml AL DA Fﬁ%ﬁré @ Bt itfld QRliehheRE thlgt%ﬁﬁﬁﬁejg]ﬁch

I's 1n case the“inelt and outlet are”at or
bétween the ifidigidwal 3inditieheil koffisgetiend AThb ensinadistipcsibawrith
ntersection and Fig B a_front viewintersection)
Elé%‘é&? A% the arrazlgempélttqfégp cpilp.crach eibinetess gssemtiplly

ngﬁ%n%@ﬁlagggftbﬂl&f ‘%ﬁfi l{dr[n%%’x 1. The coil inlet

ypically start at the inlet

and ext @hguids thows sebadbtiiithighly hdiAgtagablis Bbsikiethe main
coil where the inlet section is connected to a return

dbfé@f@D(CB crpared 3@figyues dfandré bpingithe design obyhe peils , which now
et sectl urners t

it Brflosl o e e Bk O B4R, R ApblE fow) and ome

otiti@yre FRired ¥AIshokYa fowddf e RRHaBS. HiBErd SBWHOWS a 3-D
bend (8, Figure 3B)) principle, the outlet section

vees ofatsingletaoil lhilesqﬁlbsa fummcahErwrerﬁC antd&D sh@Wweapectlvely a

S B Rl 8 b2 ek 5
PSS A 58 5 by B A L o
liﬂxe@ﬂmpeg: the btimiedsidarg freferhbhi plkded e the (lowerfladf of ﬁ&i) sides
alnlgl/oar the roof, 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
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

8A and 8B show a top view intersection of two embodiments and figure 8C
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(geonetrically) parallel |ane arrangenent of three or
nore | anes formed by the cracking coil sections, the

wonbesto7s®et i ons and outl et sections are nore i sorNazomE000078

than with a one or dual |and arrangenment. Figure 4
shows an alternative arrangenent of the sanme coil type
and coil assenbly as Figure 3 but with a right-angled
tri angul ar pitch between the individual individual
s é{ﬁﬁé%‘é g@h tnI o?SG{Eﬁigﬂé W}fiah 'i]éé é%ﬁﬂcé%l{e tE% g)\(/)vglg t&e émbodlments of
EhgsmBA&iﬂdl Fipsrrp B T ffigiure @A RBe hh@ﬁﬁlmltslécﬁdﬁﬁ of Bhe coils are
Figure 5 shows yet another hi ghly advant a%@ous desi gn,
ﬁ%l%@mnoﬁt igosealp éfl%ﬁlﬁa‘flédi Yig erichother whaneby theiindet

L85 B RLighBE pEP LA st ARGl i Bof B BBy tion b
aﬂé&ﬁ@laﬁﬂ@ t6 ke @éhﬁﬂl@thrfé (tﬁt(ﬁkglﬁt}x@iaiﬁ%lﬁlét%cﬁbﬁw CFflgure 8B
such furnace. 1Eure 5B shows a 3-D view of a single

gewis thersasag@Hc heol aresggenFnbw WithamscaBens hoangular pitch

bg %vel%wadshewewandafront view of a single

EBVren Fhe fpyNIddaldlibes gure 5D), the appearance of the

tube (cohlBighfe Qoér%cli‘fnéb B dhdd ff)%lCihlé’ﬁ’é Iy :%x?d oh{Q 09@%@ 3 (at or
y place

of an mike shape, the burners are prefera
natr the rooiolkpf tiazl ﬁredfoxt]je’l‘hsudm sacidéws of dwchr @nf typically start

i nst e of at th ure 6 sh a furnace with
a; the @g% j §xte rﬂé. 15 %ﬁa&n@@rﬂ Whal Tha Paxtzalt %Ptcylh where the
bt Al e i
Cgl?i %I %ﬁ%& p?/esd atlonr%l géz}r%? F(]:O ul ar e;cfh ec e%d&ecg{? Otcfﬁielgﬁ) Q{ge g?m?%% by the
imlet | tublesmaway drainahd bultaeshi@rdeld theckhor life of the furnace.
particular conprises the part of the coil _fromd to
g. A f ur ddeeouwiiatisegtigng b6 seediigure:8fy) typicalpwinntmt the end of the
r@&g’kﬁe 6 éwas been found particularly suitable for
ing a feedstock requiring a relatively |ong
resi dentg printpleQthd e@ilesbdt@ioh Rl bxterdan thePHRiEd®Where the

for instance for the cracki ng of ethane. Two exanpl es
Liglet aeqaﬁl@h epdsyMere in pattionlar gbe putley emthmlsapqrm@ared the part

th t i
ok P APGER S SRR PR S A P
i nterse ‘I‘Heoslécﬁf)ntﬁé@w%@ QatIREREG G Qna Q1% %e@t@&@ Qé"@héh referred
front view intersection, which is applicable to bot

to he thatyetiimmeberyl 8f

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
may extent life time of the coils.

As a result, the cracking coils may be present in the firebox 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

near the bottom). Thus, the coils may hang freely respectively stand freely in
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Figure 8A and Figure 8B). In figure 8A the individua
sections of the coils are positioned in a isosceles

wonrb@ngs®7vi z a viz each ot her whereby the inl @CT/NL2005/000078

sections are positioned notl9only symetrical relative
to the outlet section but also relative to the centre
line (through the | ane of outlet sections). Figure 8B
gives the same 4-1 coil arrangenent but with a scal ene
[ i vidu tubes
(bl (ERBHE S E A ARRL Y 4 Bhitof Pl Bty  root
glutléet 3 (at or near the roof 11 of the flrebox 1).
The inlet sections of each coil typically start at the
i nl et ar%hees(klélﬁd paars«vmmllémwuhawmo huinld antdppapatus with
&%g ol where t ‘ﬁ g% cteg.to a thurn bend 1
e dimibeiohe. Bisfwen Bty gyFtpred framon genera
KiReedgaway from the burners tovvards the centre |ine
of the furnace The outlet sections (7, see Figure 80C
t ypi cal |In mineiplegtthe kesimmdofdn apparattsof the pde@ntlinvention can

t%o‘%r?%dg‘#f%t‘érq 19 EOTIRY G500 Ui R AU SRS & crcking furnace.,
Féél sl sch%rﬂ;@haeatreStﬁgfa! @Bs bét&?ﬁ? LSS %‘et&%g %rrher and
of t e coil e the ‘end

et ween the out et o col’l
heftwebha nehersniahéredils, dodl indeisionmldist ovedst fou tfhet geRe! d@eﬁgn of the

glaénl et secti t hen referred to as the return
fH@ g burgery @Haét%@(w ﬁnl et section 6 are positioned
bet ween rfe?% %hét ﬁp ]g% u%tf gf“ﬁet ]?QI‘Ethllai g:@?%le

partly t I'y"s i ng the OU Sec

(mai nl y)fl‘lﬁeymmidrls G4y B pokittvticdant My prcetinsRIet theGredBx, in
opposite sides of the outlet sections has been found
pensthe ilgpr Wlﬂtﬂl‘rsé@‘p@f@ﬂlst 0 resistance agai nst
detrine or A of, the ube

t her mal Iv'(Jtrry es¢ darrﬁ3 8‘1#3&&3%)33{1 acenteye |‘?ﬂ},hosfu ?ﬁlgg furnace
wseih 8B4 blurnbRead pkiitge £ Lise MBYr E’Pt}iyﬁ‘f&i& Afd tRE coil
firebox wthout being supported (guided ) to the

dmélettcﬁ@p‘(mn(% astend(e) thtmighaiie wof béthafieehnt opabldadgedhrough a
sbrfe nglr k(): P&B.?)l{'too% %f\%?or}aqﬁr, fa'dﬁ?t?gﬁ(altbrglgl% Q agrg %résoe%ft at the
side-walls, preferably at least in the top half.

uIt

It has further been found advantageous that burners are present at
(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 firing pattern over the width of the firebox, it is
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.
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respectively to the roof (in case inlet and outlet are

present in the bottomor near the bottonm). Thus, the
woabdsw7emy hang freely respectively stand freePgTiNLREIE/000078

fire box, w thout being fas0ened by a bottom gui de

respectively a roof guide. The skilled person wll

know how to build an apparatus with suitable

di mensi ons, based upon the teaching her ei n and connnn

gener al t

appar at ¢ S RHAPooil LA R Bos) Mokt TR B0 488 g can be

wedt Hémt@lﬂﬁﬁﬁﬁb:y dia&ﬁéite\ih§ ford@simgplethodef iRGkE REnge of 25-120
furnace., Exanples of such criteria are distances

rb@%,mnémg ypom gheueaslsbenknenalityn dnddbhaaurmber nbpasseager coil.

out | et

B bR ool v BT Sroniiet Bher Sty VGRS im the firebox

(Ber pestsT #‘th& chids HASBRPSsdd §11c19ﬂ@aﬂ0é1ﬂlaﬂélﬂ%h)gh the tube is
suitable. The burners may be positioned at any pl ace

gspenidelly perpéndibular tiOrthaIfbmg of ke fireloorx)afitie @oils milwy be provided

R R s SR

t
G?Eﬁaf{c% SRS ) %f?&%@*ﬁ%@?@%ﬁﬁ@#ﬁsfﬁw& fogfures are
korovat ih dahslart hndmgmnaemaigr waiailablel ose to the rgof
i I ddi b t_at the
o de el T il Grigr S5F jocdt v dBe ool (hreleighngamprise 2
oo @aegn{m WA R A2 S BUIC E R0 Bibfes thereof

present at rad "y) eac opposl

amdi euithbleegagott @anpidigtlidie apekinetvisectlicoas. of the
coils present in the firebox, This leads to a nore

i sot her e @@%@e&mmé 1gRY SHiteh bmaskangedia arenghneof

CS%%EH?Q#IB{IIS ? %Y Ures 't;il % P&Ptéf’?e%hﬁ?%lﬁlg{}? 31\1/1;?%135 aare along a

singledeee apﬁl@rmenm (@yﬁf&ﬁlly RIS bPPardlidttodRe f&eﬁ\%éQ%hé Bf the
| ane of burners during cracking, generate about the

bozrer anttaggenstl demfiguration (e.g. Flgure 7). The staggered conﬁguratlon

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
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
indicated in Figure 7) of the extended triangle differ in length from the other
sides.

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

diameter ratio is preferably selected in the range of 1.5 to 10 more preferably
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Anal ogously in a nethod of the invention it is
preferred that during cracking, each opposite |ane or

woppsars@7set of | anes of burners have sane or PETMLR2GNS/000078

mechani cal and process design characteristics. As
cracking coils (cracking tubes), those known in the
art can be used. A suitable inner dianmeter is for
exanpl e chosen in the range of 25-120 nm dependi ng

| e f t pc it nd, t he nunper of sSses

%‘12@% le)aithg.e (ﬁﬁ%?ocg'ac ﬁﬁg 083%?@ PAf lﬁrtE‘F ﬁ%‘iﬂnfe &1%2?{8% dhe centre
lesceol {ved biljacent taedd i ddife bi4RPEY" {i Feowleefier abl y

the coils are disposed such that a plane through the

tube i s &ssackinglpryceseraseorilingltathe mvémtidn tonswdlly berried out
firebgx). The cpi.ls be.pr.ovj ded with featyres such,

10 PHE #B5nee oF Rt e oA LS qa MY, TEeharal toe Fragkine ¢hges in a
RIAAEE Beddiin LI VRGRon! a{r’aﬁiéee&f &Eséélgﬁb Hhterial (such as a
Exanpl es of such features are known in the art an
wdatyiched)l y available. The inlets for the feed into

the coil referably conprise a distribution header )
and/ or a’ﬁ&‘?PP?I@&}ng WhshEntuthe gracking el dsan gepesal relatively

l?ﬁrg 513 gbtfarﬁ_[?_ﬂla%l'l%?ﬁkaql T@%ﬁr&?p%gé}lagﬁﬁ ge%%m}/ﬁ%l% ng’%i egpressure

e outlet sections e arrd
dtrtharoutibet isnerefarablygitt thd Bmdesefel . B-Pb ity wie® prefdsabdy in the
and 6), wherein the outlets are along a single |ine
TR Pitlhe- o Rara ybhe arespuse shghoinlphishighertbantag the outlet and

i X 0F st aggered,.qonfi quration.
GRRLLBALIE 50 RIE OB TSR SRR A0 it ana
dutldtyofshaggacleit sambb(Yus ati @5 bhar.ep¥RE£hIY (.58 bar.
subsequent outlet sections are_disposed in a _

t ri angulBee padrecasben faedeiguruadlycutxed wiidt steam. Lhepweight to

dent. cal . .see £.0. . Fiqgure 7 al so known .as . .
A BN 53 R ottt e RS 8 iy e,
depRhidas abbARhe usdIBEd. S fddic® WHebla tRER! ﬁéifbsllgﬁ%@leaﬁt about
di sposed In a isosceles triangular pitch forne y the
&2 despagtidtnlanetwéars abowti @ 2t adl abodti hr ot thevdrarking of ethane

n romthe sides a an wher ei n

e B BN BT a5, U P B
A By A el 5 g PG M e ar
iBipguteul)r: od ratie ofnbeutl6® forimapbite’sda rhtib dfmbbatotdhfor AGO
(;{Jgg]sgltl]eerig tggse E)il) and for HVGO (hydrotreated vacuum gas 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
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

temperature in the range of 800-900 °C. In the cracking tubes hydrocarbon is
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sides. For a very effective shielding of the outl et
sections, an in-line configuration has been found very

weubisans®? | n a cracking furnace accordi ng to PO®NL2005/000078

invention, the pitch/outsi® dianeter ratio is
preferably selected in the range of 1.5 to 10 nore
preferablyin the range of 2 to 6. In this context
pitch is the distance between the centre lines of two

cPeliacen piddhes 4 éhst‘;}ﬁl% & r{}h&{l}h 9 i, unsar{ur%% Ircg)l%éc&gﬁ% such as

cracklng process- accor i ivent

etlayleneppmgylée, tdtRenbleéinéecsthpeahdd Yatfor ASERMH AFhYounds. The
in_general the cracking tubes in a furnace according

CFaFKAsPTOREhigass dhe Trpbex wia ‘dl&:famﬁeigst and fatthemi ket to the heat-

a I: d eratin sur o
oS At naR B i P SRS Reroidng of Iies an bo0 -c.
typichllguhahelragge o 450—"55(1’@' Ag Qrsﬁieﬁf)?(gﬁﬁ/ctlo?§ﬁe E&@ih% steam

bara. The pressure at the outlet is preferably In

e genenated Jisier matmoaleciprdatipabyighimstehen dange of
1.5-2.5 bara. The pressure at the inlet is higher than
at the outlet and determ ned by pressure difference

The pregsangidifference 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 m xed
m The wei ght to wei ratlo of steamto

with st
hydr oca%b?fﬁck’é’egdp-"f?& SHwag ﬁi‘)@é‘?ﬁt\ﬁﬁt far A fwrpaece ageprding to the

s usua?lﬁf} %g??%%fglg?ag QS]tn%(e)éigth(‘)@é (%:If:éﬁ il%%reﬁ%téjéﬁons)

F@mﬁs ZA-ZChshbvabbeJheit ﬂuxﬁﬁ‘bﬁl&& thé ?@&Le@g tOfp8 A8 Aong the
| ess than about 5is preferre (in

ng edF‘éﬂ”@%@ ngﬁhamﬂkor heavi er hydrocarbon

f eed d. P red

are i n AR L iLANOn SR Soif TBngH e EfRf hisdiace
aécordingt®thahthtBngrkaheAGd at @Héé?é"@fﬂlfé GRS ﬁ&h&@gﬂd

for HVA (hydrotreated vacuumgas oil) and a ratio o

wheseby allfocessm qraneatans gach as flpw t@tdr ccakbunséeeity, etc are
PR o ot B30 o RS o
déRherHeNaRtA0Ri6n 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 are kept the
same and whereby capacity is increased to maintain same run length as with
GKS®, 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 GK6, 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.



nore preferably to a tenperature of 580-700 C even

nore preferably a tenperature in the range of 590 -680
wQ20d5m78@mse a (at | east partially) liquid feedPCs/NL2@3/000078
this preheating generally r8sults in vaporisation of
the liquid phase. In the cracking coil(s), feed is
preferably heated such that the tenperature at the
outlet is up to 950 0C, nore preferably to an outl et
tenperature in the range of 800-900 OC. In the
cracki ng tubes hydrocarbon iscracked to produce a gas
whi ch i Sadlyiched i n unsaturated conpounds, such as
ethylene propylene—other olefinic conpounds and/ or
aronatic conpounds. |The cracked phowation| eaves|t he
firebox via the outllet@E-&niEqwal{CapacligBelativite
Thegtewehanger { syh whewei njihgi 8 copl ed, epg. o a
TedTPEY HdlbErdl | €8S [1hapo60@18s [ TYPAEA] T Yilop thhe range
FHA-3PRm0°0 OC At gi G%ODI' aggT of 60 | ner cogyy! ng. steam

Xy&?d gener d\ﬁq%lﬂll Ellgl,fll Ullgl .,I Ilbl.,?l dl 1 U] bé\n t I a
%ﬁg{e% o qﬁll(y,&ﬁa AT { pt-gces s+frul at ed

nnnnnn AT POGeSE ey ST
BHE el o oo % dmmndd [ ddd iraddd 1] ¢ '4§ i
Requnmgth S gl ed 200%C| 51380 + HO%\e - To0te,
afive eapacithe or%ce s 19ehpet@%r etBH%ng t1868%coill and
pefbactive dpdeciiaitly | al ¥ng |t AB0%oi LO0%AbPLeaY% g t thé.4Pmveént i on
wherein coil dinensions of the furnace according to
the invention are the sane as those of the GK6furnace
and whereby all process paraneters such as flow rate,
cracking severity, etc are kept the sane, run length
(max. operation tinme w thout needing shutting down the
installation for maintenance) is extended from60 to
80 days. Results are tabulated in colum "Equal"
Keepi ng sanme coil dinensions and applying the
i nventi on whereby all process paraneters except
capacity are kept the sanme and whereby capacity is
increased to maintain sane run length as wth GK6,
results in an increase of capacity from40 to 45
metric/tons, thus 12.5% nore ethyl ene production than
with GK6. Results are tabulated in colum

=wii=v]
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"Capacity". Applying the invention to furnace
containing coils that are designed such as to process
woheosgam®7 amount of feed, operating at the san®BCT/NL2005/000078
severity and designing for dane run | ength at that
operation, all conpared with GK6, results in an
i ncrease of ethylene yield from27.7 to 28.1 wt % on
hydr ocar bon feed, thus saving 1.4%f feedstock for
same anount of main productqﬁgjgglene and
propyl ene. Tabl e 1C ainms 1. Netrod for cracking a
hydrocarbon feed, conprising passing the feed,
conpri Si a hy drocarbon and a di | uent gas, in
Ipart Mat}mgd ﬁ)@f@émklnﬁrﬂohz;%r%amfeedgcmpnsmg passinglsbr feed,

d di h
SRR LT % Db e
cS L8NG Mo M@él%}f‘uhﬂ& %kﬁi%&ﬁﬁltl@ﬂs Gl hefif theIchill (%mprlses

nmore thermally shielded than the inlet section of sa
agdeast ene petlpbsechiveoand ag least ohaiindet seviien aind wherein the outlet

fi rebo ses at | east .one.lan f tle sectl on

telioRet soid Wil 3¢ T asdornply Shicldnd hipdhedblatgrtoprt said

cbfle coils and at |east two |anes of burners, wherein

the at | east one | ane of outlet sections is |ocated

Zoet widatlatd adverdimgsto dlaim |1amderein thel ftebvacbngnsseasnat least one

the lLanes of i nlet, sections reIo ted| et ween t he

lape g QuEIeF Rectionsaf the wienat easttwad fg@i‘ﬁfﬁﬁcﬁ@nﬁd’f the coils
¢

QL el hyo JatrothiuddlS fRbidn P?y%é?%%%% lapg of outlet

sottiens islochidibstveeeodidilgleh st By 1:008 FfinldieeptieR§dndGhe lanes

clajms, wherein the feed is passed through the coils

of gnlgt ﬁaefaom%aref mwtedqlrabeﬂw theaattlegst twie lands of bwgners.

Met h d d
Fver SRR BB 30 eeRh G AP Bhieca
ekSé ey 'v’élﬁi@ﬁtaﬁﬂi bt tiBRPSARAILI €0 ARV BtHdie

vaporisation tenperature prior to entering the
dcr ac Nleighasoadcondinigriotany enackihegpreseding clavbnposherein the feed is

acco t. 0,,an ne of th ecedl cl ai er ei.n
viecd Eaihaln i i T AvnaraBeP BER Betdefatpantheot.
59T OURIEAHI é@cb%n%ftoeiﬂiaﬁ‘ﬁe 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

6. Method according to any one of the preceding claims, wherein the feed
comprises a 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.

7. 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.
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propane, butanes, naphthas, kerosenes , atnospheric
gasoi | s, vacuum gasoils, heavy distill ates,

waypadsggsnat ed gasoils , gas condensat es and mi RCUMNER005/000078

thereof. 7. Method accordim§ to any one of the

precedi ng cl ains, wherein at |east one product is
fornmed selected fromthe group consisting of ethylene,
propyl ene and butadi ene. 8. Cracking furnace, for steam

ot ovi e KILERR, R S o R R QbsBebb B comprising a

fldebek @roﬁmr\lvﬁ;lhn@ pﬁiraﬂﬁﬁ%f cﬁ&lh? 06119f sidtfil®box comprising at
sections of the colls , at |east two I'anes of inl et

leash eumlangs of rietletosactionn of the Feidst at least tmedanés of inlet sections

wh LN t t le one | ane of tle
PRy P08 RE et s nes 3 bt Mextin (B #Eleast gpe lane of
dutltsesfioht 90 Focated bbBvd &SI 128t %ko $864d ORI Sctions and
| ocated in between the at | east two | anes of burners.

the lanes kf mjet sectawes medocatiedgntleteleanrth8 atibasteiwo tames of
anes are essentially parallel to each other. 10.
kt‘jlé'@ﬁ 'ng furnace according to claim8 or 9, wherein

d.he qutd&ins e&id LR c@&qhﬁ? %o cgé,[ ﬁf SS@ﬁE é}ﬁschac}ﬁnes are essentially

posi tione essentl ally vertic east

pesrallel fio efxlaokhary f ur nace accordl ng to any of the

cl ai 8-10 erein the inlet sections respectivel

Wt 1 g@fﬁs@&l@g W@larqe agcoring 4o slagny 8958 viherain the pwdetopections

aHPHUE A 854 vt a%os‘fﬁéne?c}]gés%n%ﬁqgn? Ial%r I?E?t 1dhsE during use.

st aggered con on w respec

131ect | @R kieg Peatdcéelcroidihgtto s@agtdfans c[dflﬁfseEB‘IlO' whéhgn the inlet
éacent paral l el |ane or |anes of outlet sections

9@% resraofiviely entlgbesedtioms injp lage ack prprigedriacan inline or

wh h t.he
BEEenHA b Ref R edn whf S0 OharbpBi A R EE R e Lontiration

WitRSe8pES o dutHedtioRs &@@ecﬁvélﬂﬁﬂe@é&kﬁﬁstﬂrbm iREhe
pitch or a scalene triangular pitch. . Cracki ng

Adpperade aradlel dmgor anssafwutzt sottooms resphetlvwllyauleirsectlons.

O e SR e ade 1o TRt L bR fud ST ehent of

the sections is in an equilateral triangular pitch, a isosceles triangular pitch, a
right angled triangular pitch or a scalene triangular pitch.

13.  Cracking furnace according to claim 12, wherein the tubes are unguided
to the bottom.

14.  Cracking furnace according to any of the claims 8 to 13, 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.

15.  Cracking furnace according to any one of the claims 8-14, wherein at
least part of the cracking coils, are arranged in a arrangement allowing
parallel flow of the feed through each of the coils, during use.

16.  Cracking furnace according to any one of the claims 8-15, wherein the

coils are selected from
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a nunber of the burners are positioned at the floor

and/or the roof of the firebox and/or the side walls
wohodasiesdoox and wherein the outlets of the coi PeTRLRE3®00078

t hrough the roof of the firwbox. 15. Cracking furnace

according to any one of the clains 8-14, wherein at

| east part of the cracking coils, are arranged in a

arrangenent allow ng parallel flow of the feed through

S5 e R B AU, i e
a6 bse atitles eb&idie th fluddreo®oh isica€ioRWish RBe tiMlet isbéidns; and

sections arranged to allow parallel flow during_use )
-grds samigingtfoye dnleb gegtiond arrangedormllom parallol flovw Huring use

i ions: and - .¢oil ising four jnlet,.
A e REk) PEiRE T grouf PSP FaR B RH el sttems
1Emd  anechithd ShrifRetdcedrdifg ftb Wing GRNGLHeCRndN8VE, Rvidi@in the

inlet sections. 17. Cracking furnace according to any
owritetafectings elraiamsadgzetbin amendine condignratien ozecstiaggsred

BBt Bt oRn PR Hhe PRAB ARSI PR Erlepiadin b range

[ ' t. [ of 1.5 to 10,
AIOTE 3D, bR Bt e aBe SO 1 Nt hod for

1&. ackViathal fordrackingon hydpddaobean,| op tiomatlyha thethodratcogling to
to any e of .the clainms 1-7,wherein a cracking
X AR BT Hee ehadgmggl-t oWZlﬁyelar?ecwrcif%ﬁenn@iC?nasc ing to any one of

tﬂ%ecqaim 8-17 is used.



